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Exclusive Summary

Study on Status of Nile Tilapia Sex Reversal to Reduce Cost

Problem statement and importance

Monosex male tilapia plays an important role in aquaculture of Thailand. The
main method to do the monosex is orally hormonal sex reversal. The method starting by
adding 17a-methyltestosterone (MT) as male steroid at 60mg into 1 kg feed. The MT
feed is applied to start feeding tilapia fry at least 5 times a day for 21-30 days in order to
get 87-100% male. Recently, the method to produce all male fry has been developed to
use YY male broodstock. This method need to use both males and females from the
same strain to obtain all male fry. The method however, has some disadvantages on
identifing of the YY and keeping the same strain broodstock to avoid inbreeding
problems.

In addition, the hormonal sex reversal can be applied by immersion as well. In
salmonids. The use of MT at 200-400pg/L immersed the newly hatch larvae 2h and then
repeated another 2h immersion in the following week resulted in 82-100% male (Baker
et. al.,1988). Similar to Piferrer and Donaldson (1989) reported a single immersion of a
salmonid in 400ug/L.  for 2h resulted in 73% male. In tilapia, the immersion age was
confused. Yang Yi (1992) immersed the 26-35dpf fry in the Smg/L. MT for 3 days to get
90-94% male. While Fitzpatrick et. al.(1999) got 79.3-82% male from the immersing at
13dpf fry in 200pug/L methyldihydrotestosterone for 2h. The immersion uses less
hormone in a short duration. Thus it is an easy, flexible and low cost. The method for
tilapia however, is unclear.

Main objective
To obtain effective commercial tilapia sex reversal by immersion technique.

Experiment 1. Study on appropriate time for tilapia to begin hormonal sex reversal by

immersion technique

Tilapia eggs were collected individually (No. § and 9) and pooled from 10
females. They were randomly counted 35/L into plastic incubators. Next, they were
immersed in 500pg/L MT at 2, 5, 8, 10, 11, 12, 13, 14, 15, 17, 20, 23, 26, 30, 32 and
35dpf for 24h before cleaning up with well airated tapped water. The fry were fed with
28% protein until 60dpf before disecting for sex determination by acetocarmine squash
method. The results showed that the sensitive time of the fish were 2, 5 and 11dpf. The
MT immersion produced 86-87% male which were significantly higher than the controls
(73-79% male).

Experiment 2: Study on appropriate dose and duration of MT immaersion

The 35/L density of O. niloticus at 2, 11 and 14dpf were randonly counted into
plastic bottle incubators. They were randonly immersed in 250 and 500pg/L MT for 6,
12, 24, 48, 72 and 96h separately. For the controls were immersed only in ethanol at the
same amount and duration. The fry were fed with 41% protein pellet and disected in the
same way as in experiment 1. The 250 and 500ug/L. MT were significantly increased
male percentages (84-87%) to be higher than the controls {66-76%). While the 6-96h
durations showed no effect to produce high male.



Experiment 3: Efficiency of MT and fluoxymesterone (FLU) to reverse sex of
tilapia at high density

Experiment 3.1: Effect of MT and FLU on sex reversal at high density in closed
system and shaking table

The high density (20,000/L) was selected for the experiment in order to obtain
commercial scale. The 2dpf were immersed in either MT or FLU at 250 and 1,000pg/L
for 48h in the closed system and the shaking table (page A3-3). Both systems had no
effect on egg survival. The MT and FLU produced similar male (61-73 and 67-75%,
respectively) as the control (70-73%).

Experiment 3.2: Efficiency of shaking table and wheeling systems for incubating
tilapia egg during immersion

The 2dpf tilapia egg were immersed either in 1,000pg/L MT or FLU on shaking
table (page A3.2-2) and wheeling system (page A3.2-3) at the density of 15,652/L for
48h. All shaking and wheeling systems had no effect on egg survival rate as well as
%male. The MT and FLU got 72-78 and 68% male, respectively, while the control had
85% male.

Experiment 4: Comparative efficiency of the shaking table and wheeling systems
for incubating egg during immersion at high densities and concentrations

Experimental unit had been reduced from 1L to 100ml in order to compare
efficiency of the shaking and wheeling systems (page A3.3-7). In addition, dosages of
MT had also increased to 5-80mg/L while the immersion duration was fixed at 48h. The
experiment had done twice. The reduced wheeling system size caused high egg mortality
while the shaking table did not. The male percentages however, showed no significantly
different from the control. The shaking system at last had been slightly changed to slow
speed shaking (18-27/min) by using battery (DC 12V; page A3.3-11) in strate of AC
(220V).

Experiment 5; On farm trial at Boonhome Farm I

High density immersion at 19,895-23,200/L had been carried out at Boonhome
Farm for commercial purpose. The experiment had done 3 times. The on farm eggs
could be immersed only 24h due to mixing egg stages between 1-4dpf. The 5mg/L. MT
immersion for 24h caused higher male (79.49%) than the control (59.76%). The extra
MT feed 5-8 days post immersion reduced %omale (50-62%) significantly compared to
the single immersion. While the 21 days of the 60mg MT/1 kg feed procedure of the
farm produced 97% male.

Experiment 5.2: On farm trial at Boonhome Farm II

Due to low efficacy of the high density immersion (15,000 -23,200/L), the
experiment 4.2 was carried out to compare egg densities between 5,000 — 20,000/L in
large scale (1L) and small scale (100-200m!). The 5mg MT immersion for 24h at
4,980/L, produced highest male (63.45%) while the other higher densities had 52-45%
male. For the control, there was 48% male which was similar to the MT immersion.



Experiment 5.3: On farm trial at Boonhome Farm III

Due to the 5,000 — 20,000/L in Smg MT immersion for 24h had no effect to
reverse sex of tilapia, the frequency (0-12 times/day) changing MT solution was
designed to control concentration of Smg/IL MT solution. The 1 day immersion (24h with
out any changing solution) caused high mortality while the 12 times changing solution
{every 2 h) caused high survival. The mixing of bad egg (27.9%) and older age egg (3-
4dpf = 19.7%) effected quality of the immersion solution to be high turbidity (page
A4.3-5 — A4.3-8) and caused high mortality. The %male of the experiment however,
showed non significant difference from the control.

Experiment 6: Problem of concentration of the MT solution

Due to the results of experiment 5.3, concentration of the Smg/L MT solution had
been questioned. Thus, only the Smg/I. MT solution and Smg/L MT+eggs (19,068/L)
had been samplied at 15, 30, 60min, 2, 3, 6, 12 and 24h after adding the MT for
testosterone analysis using '>°I RIA Kit at Srinakarinth Hospital, Khonkaen. The RIA
detected only 0.32% of testosterone at 15 min after adding MT. In addition, melting
point which showed chemical purity had also been determined. The melting point of the
MT were 152-166.6 °C (14.6 °C difference) while the melting point on the botile was
writed at 162-168 °C (6 °C difference). This indicated some contamination of the MT
from Fluka.

In conclusion, the single immersion in MT alone could induce all male at the low
density as 35/L. For high density (5,000 - 20,000/L) immersion in only MT solution
(250pg/L - 80mg/L for 24-48h) found less effective. Thus, the project could not reach
the main objective for commercial purpose. There is a possibility to increase
effectiveness of the high density immersion by using physical and chemical enharncers.
As Athauda (2000) succeeded to produce 91.75% male from 2h immersion in 500ug/L
MT +ultrasound at 100/L. density.
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Abstract

The immersion techniques had been carried out in O. niloticus to determine
appropriate age, dose&duration, densities and designed equipment -for hormonal
immersion. The appropriate time to masculinize the fish were 2 - 14dpf at the low
density as 35/L for 6-96h in 500pg/l. MT, which resulted in significantly higher male
{84-91%) than the controls (66-76%). The %male from the immersion between 6-96h at
the same dose however, showed no significantly difference. The MT immersion at
higher densities (5,000 — 20,000/L) between 250ug/L upto 80mg/L. for 24-48h had no
effect to induce high male. On farm trial had been carried out several times at Boonhome
Farm. The results showed that MT immersion alone could not produce all male
commercially.
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HazeNn IUNTITA1aEN .UA'W?’“JOWF}“ T LANTIAINRTIIRG LY ASILERT VTR



[ ar ] e o b =< =, qr gf 1 3 a
mavansinymounugn Iironangnadamedanluiy F1oomwsizdesinuime
@  oq ¥ o = Y (- L - = 1 dyl vV kg a o
wugIAuSgnt wazse i bildidansnaudents Jaymimariidawaldmsnrudniiug
lAsuanuiisranaasou

] 1 Vv

mil¥aeslanlaana Wuismsiidonldmanafigalullopiu ms1ziEmsil

AfidoR

(McAndrew, 1993) INANTINISHANT LTS &ail

1. Wiswiiudeado e lumsifuiugdarila 2 aia

2. Lhi%‘l!ﬂ”ﬁﬁ]ﬂﬁ?ﬁﬁﬁ»ﬂﬁ’li‘ﬁuﬁ'ﬂﬁM (homologous, heterozygous, intersex,
polyploidy, autosomal gene 18191 ﬂ?aﬂqmu?qwﬁiqmqmuﬁ’uﬁﬂm i
Umesiifugnssuguls 53 msldees Tuuaunsdiitszdng
nnids mnsnldees Tmuwsaidesmamilonih I ldmefiaeanis

3. dmddmsuaunsudasmehhifumeduds sos Tuumedazilign
Tarfimumsulaawsdimaniyduladnhawedsssung
°lﬁﬂmﬁphu‘umummﬂaamﬁuﬁ’mﬂuﬁﬁﬂmmcnymﬂsé’gﬁymﬂm
W'l

%'m:igzﬂaqmﬁﬂmﬁaﬁmmmﬁflﬁ' Iﬂﬂms"h’fa§qumﬁﬁ¢’mqmsﬁ'uaﬂﬂmcéfuwi
UL ﬁ a'ln.hmgma {undifferentiated gonad) Lﬂunmmuﬂmuﬂquwayuﬁﬂumumswwmmv{
(sex. differentiation; Yamamoto,1969) NuAA A TR uRUYeeR MDY 1 8 Tums1Feei Tuuy
augunatlaufinsduazediuilugasmnssy "3"Emsf‘:"lﬁ’f§’uwanszwmnwmﬂﬂﬂi"fuff'ign
AIUAUBYNFUEDY o biochemistry LO% neurology YDIWOF UL BANHULAIATNUDIAA
dedoesiautduosursme M3 INGUEUFAFITY steroid (receptors) HALHANTENUVDY
fladuuIndon (environmental factor) Hetara Im s aame ezl ldidadar 2 me
(intersex), Mittlaunetldmanssdufoanudosms wu deansimlauwagnilaniudag usna
msudaame nduldgniaunmiofuaumnuny (paradoxical effecty UazMIs1FITMIsNURUWEA
uupdotulutaidawin 7l¥nas1aty Sudu (McAndrew, 1993)

03] WAL 2545 Deviin 422 Nagahama 2002) T8¥hmssrusmdoyamsfnmisufoady
mslaawelarluszos 20-30 kN a3Unens Ty steroid wﬂumwmﬂm‘lumsmumm
Tl dmeidoants wntinisldeaslun seroid Younandsms lulSadifee Tuszoed
PanfioSuzmes soS uguif a9z uNANN (undifferentiated gonad) Tﬂﬂmaﬂﬂmﬂﬂuumsasn
305 UMD 1D IR Lmzm:ﬂzmﬂwaas‘qumumaum;ums:U:ﬂgﬂﬂammiwwm
IWEl (sex differentiation) ?Jr'—ﬁ‘ﬂ'lﬁ‘f:ﬁlgﬁﬂﬁmlﬁ,ﬁﬂﬂﬂWL‘Wﬁﬁ@?\)ﬂ\ﬂﬂﬁ (Yamamoto, 1969) ﬁﬂ'l‘iﬂﬂﬁﬂﬁﬁﬂ‘hl']
Fuutlaamelutaaianie s 55 vialdans 1ui steroid 373 18 ¥1I9 1Y 17CLmethyltestosterane

=41 ey a3 Q < gr ) v = . = = oA
MTy 1LHaeT luy m%"l MIATE UL EWA U Ueel 19e) 9 42 e dseanininuems



10

1 ey 3 tas Y o FT 1] 9 o
ulnunAuARzITesINOYAY Hinveeansd Iuu (ype) nduiuuAzszuzInIMs 19ueaged luu
i ey 3 o 3 o
{dose&duration) 5015 1% (application) uazmqﬂm {age) (uau (Devlin 0% Nagahama, 2002) 35113
¥ ¥
wilaunedaoges Tuudl Gnslfees Tuuld 2 uuy dail
¥ » ]
n1slfaesTnumsdon Tnstifidhmnehezudagnumitamadin Ty 18 dudady
" v 1 A 1 3 =, ::ly o, = cg
o5 luuTagass wemsdseentmidagaaialulszmanguylsy F5nsiidesdndums 2 9u
o 1 o =L ' - e =)
Aoy Usgnouday duasud 1 1dees luwmadionauluomnsidungmlaiiadwaTufueivis
. v ¥
wevhma/fsumagamimiladiumeiionou ¥imsibosgaardindsuauysalng fanwty
1 4 = ° [ a e .
wiitlandfensdiTns TnTammendlu xx, xy iimsnumidarinil Tns Ty Tesweiiu xy Tassiwaide
wanua llziuvedufyndndl Tns Tu Toume xy dusittarglalignonadludas 3.1 uaneh
v 1 - r kY 1
widadniudiIns T Tanwer xy Aideems Funeui 2 dosgndauwadi lomnivug xy gn
b
ar v =1 a = L4 L] as v
Umdanarozdilns luloy xy uay vy imadegna ldauyssimeuassi i sauduuida
] 3 ]
ualndnii Ias I lawme xx dignalansonlaldgniamadianun naaswerduinldfons
w - s = Amy a . na o ¥ e
Wug vy nieqilesiun (Hunter and Donaldson, 1983) FTmsilfivedens uitmsiineudiedu

- d Yt a4 4 "
dou deslddbvamammizne wazlemanez dnewugyplnleswalifivsdosaz 25 winiu

& o P 9 ad o ' 4 o & ' 1 e o Saq
wenuiniifSinagntaunadnez1denitdndn  wudumoteavesenazuiiuilamls
W30 autosomal sex modifying gene DNAIW MswARgNUMTawafAwITAInadivald ldgnian

v 4 w = Y o o M a w o g
MAMBEIOUNE 95.6 (Mair et a1, 1997) WENNINTIMI levoLNNUeNiRaaReITH vi1l¥ Tona
MSHAUERATR (inbreeding) e iWndonassz T maznswamfeada or1nszdimansznuaons

a = o iy 1R oo ' ar - = i1

wiggAula azdnuaed Winsdszasdionszdsinglujugn Tapfumsuiagnilardiamed
fuTimananludszme lnvasanudrdyasuin

< 1
msldgesluumanss 1Wumsldees wunaulueims @y n13lF 1700 methyltestosterone
¥ r

1) ludan 30-60 Hadnsumaulueims 1 flaniu eyuagnilaiia (o. riosicus FMzuAY
3

pnsfluna 24 - 30 Ju MR 1&amUaunadiTanua (Tayamen and shelton, 1978) TuddaTud

Guerrero (1975) 185303 WanAi (Tifapia aurea) YUIR 9-11 Taamasoinvomiz 1 ldees luu

MT weruenisiudast 60 Tadnfwemis 1 Alandu Wunanu 18 Ju wuhldamlauwed

9 S oA ] a Y P L=} of 4 (=)

Jovay 85 Annseyinagnimilafinau iWumsoyinalugnizenuistsmuuan lifla1mis

& & Y o g WY Y_ g YoM s w aasg ¥

sssummnneades hlddesdimsdrehnnuavomduiovenniu h3sildssaulums
= r ny 1 o H <" i @ o
nfasudeihseudiann 5nsisagnilszgnalay Budde (1989 Tanlavuitgtnsaloyuia 14
nezFeninmeyluieduuny  woeasilyvuwssnulumsiarmazen  lagnaaodld 7o
ethylnyltestosterone (ET) Wy 1U8M15HoRT1 60 Aadnsuemis | Alansu syuialaningaray
woa 1= [~ ar !
(0. niloticus + 0. awreus) TUATTFIAM P Tutioau ihuna 25-28 Tu wunldgnlaunadiovas

' o =4 [ = n ¥ n & o+ A o ‘ ot o
96 wafummuumﬂu?ammamwa {AIT) Lé'fmmﬂ ldlastunwali ez seana IMmu1gguny

a
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a o’: 1 - @ ! = @ od T
Uszmelng Susuwmsmnzilarfialunszdeludeudhana 120 mmawns Hinradvlden
' o o ) ' = = oA a A 4
thawitamadda ihlddanlanflnlurenaisdnuazaireglideniimben egnilan
Gsuiuemistegnlar leyuinlunssdaludeudfhvna 1 - 5.4 msawes eyuadseinis
»
warss MT Tudas 60 fiadnfwes 1 ATandu dlunar 21 fu wunhldgnmilamedifanun
(Ponza et al., 1996) tiloiinstHounsmaiinginuasns wieudumsaanuwamsufaunagniaiiia
YouNEAsNT NuInnwmsnsansahmsulasmagmlouned 1diesas 86 —100 (Bhujel, 1998)
d? @ t o =t ar o =
Jufvszaumssansuma IuTadvounyasng (Liwe et al, 1995) Tagtiul lsuwdnilaiiaves
] ] = = ar U u’: [l of - ; a
vy Ammsaaadardamed Tasvuaunsdanarisvnalnguazidn davuduiiaumnn
¥ 1
Asegnlszmang
& 9 o .:y ar sy 9/ g el L ; @ = .
a1 mrlieed lwunsasell §enunsal18A0T5MIuY G(mmersion) AR Piferrer and
Donaldson (1993) 11w 1ufanniln I Id Az uquinagnilaiideanisdrons 1dees Tuu steroid
<a 3 3 o ¥ w ar 2 =
Tudsimiiesq lusseznmdug dugniaissezdus vesmswannedvazineg uieluszech
o < S ra ar o
{50R91 labile period FUTUIZzFILATUNMINALVauwa T iTueSo e (gonadal development)
= o oA d’.’ - Y
asounquiztziln lilvudsszoruing vesmsiSuiuems lussezfifiussoztgnilarfianw’a
' ¥ A o =y ¥ ' ¥
avn1s 19ges luumouemuilvniunanasens uazldnonsumuesemsulounags minly
o . . . ¥ o et oy o
805 1UU steroid UDATLUY lablie period 1472 MM sudaunavzAl Ensuri Iinad lunisudlaswe
U uwauou (Oncorhynchus sshawywscha) wasmuggniaiisiinoonunlna lumsnzaw MT #i
ar e o .: ] T [y ar « 1 o
Aty 200 TuTnsadwdas Wunm 2 $2lue Taefegraheiu 1 e Tausdn 2 $2Tin
a1 1dgniaunadiosas 82-100 (Baker et al., 1988) ABANRBINUHANITNARBIVDY Piferrer and
Donaldson (1989) NMINARBIUFNUa N ANBY (0. kisurch) NEW 6 FUndailn Tumsazarw mT
400 tuTasndu/dnsu 2 ¥ luafvansader dewald Idgniawwadienns 73
¥
drumsneasaaswd TaoisusTudaidall vang vi 0992y Tdimsnaaswsgnifa
iao1y 21-30 Jundsiln (Uszanm 26-35 Fundansly) lumsavats mT Ansuududu s

Ans Ngungiin1 27 ssmuwaBen wiu 3 Ju wun ldgnilarilagededosns 90 dauds

El au

f=d)}
hs )]
2p
=
)
=
e

SUTIUUDY Ficzparick et al, (1999) Tineapusulasmagaiaiiiafiony 364 CTU (Celsius
Tempearture Unit ﬁaﬁmﬁmmqmﬁgﬁﬁyw x e 51@&1414;3331';1 28 vamrAIFoE  x
$unuiundinaly fio 13 4 @pn s ld1do1y 364 cru; dszwa 89 Tundeiln Tuens

£078 methyldihydrotestosterone 200 T TAsNTI/ERs 1w 2 $2Tnua v lW 18 andawed3osas 793
Tuwnefimaurgailarit 280 ctu szana 10 Fundamsnels ﬁqmwgﬁfﬁ 28 DI UFAUTOH
wui) anudwalt lagniauwad liuand 1991ngARIURY daUMTuY 2 ateit 280 uax 364

{ 2t 4 ] 3 =
ctu dweedluu Ranududuiezszeznaifosiu dwwaild dgmlauwadiviniluievas
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82.9 siwumaniaulaanmlaniiodedtuy tdetaudaiuluswazifon wazdelitlszdnd

MAWNINATS

tymmstuilevves mrgdunaden

mswndngnilarfiamaduesineilegiu donldiimsnavees luuluemsIdiugnla
n’z‘ [ oA e Qs [ Y g/ o =y a o
AasiszoziTuAuoTINu 2130 Ju uadsmisdesidees luulwlSuanafuanusuiiy

L
(Piferrer and Donaldson, 1993) INT12ADY 14805 INUAIA undifferentiated gonad UIUATOUARUIZUE
ot & o
gonadal differentiation (Yamamoto, 1969) A288NTLEXNI INYNTTN LD AU (2544; NIANUIA N)
uaaaliiiun dwnatszmelnelinsnaagniatiasdaunadaeitasndlszanailaz 600
d1uda vzdesld mT gade 11 Alansy Nezgnldasiludesyiagndamalsema vemanil
[ ¥ 14 [
Aosfimsdunsoniodluszezs manfdsusioimmiseyuiail Tanuduld1dan mr ezdu
E 4 ' ¥ td
deueengdunadon udd Mt huhezaaedanielu 7 Jundanndugamsldoms MT us
4 O N TN 9
asiuldermaney MT wlaanagndarlunszdaiu Sulindoudu iidszesduganis i mr
¥ R ¥
linfoudu uazluduneumswdnnisigndosiu sxdesdimsmndoszunm 3-5 3w ualuna
- ] o d dﬂ r 14 ! o 3/ 1
Ufiaudszosmsmntessdunhil  wishilimsminveiae Milddymmsdudlonves Mt
| ¥ ¥

gaunedeusouifuinnuiiullldqs  Jgmivudulgmlngiinzdwansenude

a & Aoa '3 ! 1 o Wt o =4 &
szuvilnvesdidliFiesouphsundnudauinnds lu 1adideds

Tnssmsfnmamumwmsubanagnilmiiameandunumsnan
3
anmzamnsudaawmlndatlogtuwun dszmalnedilsameindantiamaiy

" e = < = = YV <
MAUH I s3nA 11935 mawdagmlatameadalsmsulaunslasass Aoldens luu MT 60
¥

naanfuwavasluomis 1 Alaniu ﬁlﬂffmmmagmagﬂﬂm@{mdiwzﬁqﬂﬂmﬁluﬁuem13
wneszanm 21 - 30 $u w1 dgmlanad 86 - 100% 33m3h 14e0sTun MT fistoudhags
wazl¥szesnaifienuny AMInnIuszeEingm (avile period) vosdarila nieszezinlaiiial
arwlanenisldeed Tuulaams sz ldansedinsulaunslaedtus #ldees Tuudies

1 9 = » ﬂ Qs = n’: ﬂ o .
IRNUDY UrU u\lﬂiﬂiﬂiﬂﬁﬂﬁﬁi 1US$Ua‘$l'Jﬁ’lﬂu“] L ‘L!‘U'J.IUQ (Piferrer and Donaldson, 1993)

121 Qs

1 (] =y P = = 1 et o

wioluidu uahld ldgnilamedludSinailndifoamseann3tns deed Tuuwanluems
[} g A =~ = e ] 9 9 (K a o

e 5@ seaudinmsudaanadaria laedtugeginwda uideyaogloiian luazming

¥ )
aufumsusess luunlauwmiudendsiu sy vang vi (1992) TwumIsuagniatiiafiony 21 -
N ar = oA = ar a Wi 9 8
30 Jundsiln @ph) Tumzazats MT 5 Tednsw/dns w3 Tu Mldldgndaunad 90% Tuvae
L=

5 1 1 s A 3/
#1 Fitzpatrick el. al. (1999) WUNNISUENUMTafio1gieeniine 364 cTu (1Uszinm 13dpt 130 8-9

. ¥ '
aph MnmMnIing 28 osenaad@ac lumsayate vont 200 Tulasniudas w2 $2lue 1agn
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Yaunad 79.3% sy Whdoyanulaune/aria Taetusdalinmuduan uazdaudainluy
d; :fd o .3 d‘ oot 4:; E) 9 oy o <y
waeq 1589 lasamsiidsgadiluiendsmstezyh idnmsulsawrdmdaeansoduidums
9/ oyl ] 1 =1 FoN—
AwIsuver1ailsed@nsnm
al d
ngilszasn
1 we a9 msudasmelatila TaedsmsurnidssAnsawiEanisan

2. el idgunselfimanzenlunsiln lidardaseniumsuslumsazavees luu

A

1 el [ 1 o H a o
3. wowmeunsIsnsudauwe lanTSus g ismsashinyasnsinaaRugdan
Hatwnie
= b e
ISIUBUIE 0

o =

o s =y o |q'4=1 =Y 9 1
Mminsnaaesnsnsudaanadaiila Tag susilidsednindanmsat  Taouyanis
»
nanssenumInanotens Aail
1. maneassmeigiminzayiumauslaawemlatiafanunuintiug,
E Y ELE P
2. AEVARBIMIANNENTUA TEozna e MT lFuslumsulaunmlardaiingw
MUUUAT
3. nnveasswnlszdniammsutlaunslagisus MT AnumuivgalSeunioy
150 fluoxymesterone (FLU)-
a3 - 1
4. nmeonuruglnsalauininliznounisuy
5. NIINAABINIATUIY
o 3/ a 1 = 1
Tunmsiunamnaaes deseyinagnilamdsmsnaasusutlaunsmds 1¥egedie
3 A P N o L o
0y 60 dpf WIDNINATT Wz imsnura lagnsinounUTlotes Iz AR 1IN TAT 19N
1A% Acetocarmine squash method INITTVDY Guerrero and Shelon (1974) YINITATIVLDANFAIY

AADAYANT A (x100)

maNINAaD WAz 0158l

minanesfi 1 nsanmeglariiafisanzmlunsulaanatariialagdsuy
mmﬂamﬁyLéuﬁwmiwﬁﬁmqﬂnmm 2,5,8,10, 11,12, 13, 14, 15, 17, 20, 23, 26, 30, 32
(AT 35 TUNBINISHAL (day post fertilization:dph NATTUHUWNY 35 Wow/AAs Tuensazais Mt
armdudy 500 Tulasnfudas win 24 $91us Taeld ladaramuifeanns 19iswein 10 w
(swnzBvaiarnamsnaaonlangluniasand 1) nmeassimuiaiacursaviinig
wlaawalagdsusld  Tasiadm haemsusudauwadulsaiugnssuveanilar  Tagn

[ T T t v i, L. .e_q ¥y .
Umanyiaaiasurupinsnissila wnmgs (i sl ¢ mauarfiony 7 uas 1Sapr M1 gnan

W
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A 94.78 — 95.56% gaoteilTud A neada (p<00s, m31ei 12) dedivufugananguiimed
73.38-77.93% luvaiziuy 8 uermanwldenisusiivsoonde 14 apr IRgnuanwadifios
89.6911.83% gandasreiiudifamieandn (p<aos, msni L1 Wodeusuganauguiwed
69.49-76.82) 8913 lsfRgamsnanasiisawlssor@satunn 10 iy @umssauaauan
A19YBITIRUENTsuRBuTLE 13da0su wud Umilaneuaussiensus vt ey 2, 5 uas
11dpt 1R 18 qmnuned 86.83-8748% gandeeniiiodiamania e<oos; M 13 o
fvufuganuguifinadifies 73.8579.77% waasiunaiiamsusiinademsulasmsata
Taoogii lmSamnzaudemsusutlasme o 01 2, 5 uag 11dpr mgmdﬁ'{ﬁmxag‘lmhﬂﬂ
$2an913YD952023N0A (labile period) 7 Piferrer and Donaldson (1993) T8 HAMY Taren s
a0¥ Tuuiinudududig Lmzel.uizﬂmmt"rguq Iﬂﬂi:ﬂxaﬂﬂﬂ‘f{ T I T Pt
AIRAUIDIDTEIZINA (gonadal development), UM UA7 "lﬂﬂuﬁaszu::ﬁgﬂﬂm{?nﬁummi
wamsnANBaT gﬂﬁmmﬂ“luﬂﬁﬂszqﬁmmiﬂ%ﬁﬁ 39 wsaumIngdunuasmans 1 wer
2544 (maruani 1) dausealumaauand 1.2 ﬁﬁaa:_j“luifumaum‘:ﬁqﬁﬁnmmwmﬁdw
Uszna

ﬂﬁN?‘; 11 sundonlodiSuding eso gnuaiiafi 18110050 Mr s00 per 11y

24 %7113 NO1YA19 YO &

Age Male Female Intersex Survival Remark
(dpf) (%o) (%) (%) (%a)
2 69.49+7.60 19.34+10.3 11.77+10.5 62.40+11.0 control
2 71.85+9.25 20.08+2.06 8.07+7.21 65.24+7.02
5 68.79+1.89 13.29+4 28 17.07+5.78 60.95+8.46
8 74.71+1.99 16.09+7.19 9.69+8.68 73.0546.72
i0 80.02+8.68 6.90+6.24 13.09+3.67 84.76+6.08
12 80.134+3.33 8.74+3.50 11.13£3.38 82.3846.41
14 89.69+43.17* 1.9613.39 7.08+4.94 35.20+£19.0
17 8§2.11+145 7.90+8.37 10.0043.15 60.50+13.3
23 79.22+4.76 4.57+5.06 16.21+9.49 43.3349.94
26 75.83+17.5 1.66+2.88 22.50+19.2 37.50+13.6
30 72791116 3.70+6.41 20.94+8.54 27.6245.85
32 77.56+4.30 2.561+4.43 15.27+10.3 42.38+3.12
35 79.1445.20 2,39+2.10 18.46+4.26 41.40+10.0
35 76.82+7.45 5.26+9.11 17.92+14.5 28.57+1.43 control

dpf = day post fertilization; * = significantly difference from control {P<0.05)



m31d 1.2 mumdolesiFudme (+SD) grulariiai ldmnmsis MT 500 g utu 24 $3 T fiongeneg
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¥BHU 9
Age Male Female Intersex Survival Remark
{dpf) (%) (%) (%) (%6)
2 77.93+19.6 19.51+8.70 2.57+4.45 52154125 control
2 94.78+4.40*% 3.67+3.86 1.55+1.37 82.86+13.7
5 82.23+3.19 15.0744.00 2.6941.21 72.38+8.61
11 79.39+6.75 14.3616.03 5.48+1.52 89.05+6.44
13 90.4246.04 7.20+5.32 1.80+1.75 84.76+9.72
15 95.56+3.90* 2.2942.46 2.15+2.01 80.50+12.0
20 92.63+8.50 3.94+5.33 3.4443.34 63.80£33.9
26 85.56+1.92 13.33+3.34 1.1141.92 80.95+2.98
30 87.0246.82 8.86+3.22 2.78+4.81 58.60+21.3
32 88.10+4.92 6.21+6.29 4.01+8.75 68.33+15.5
s 85.93+1.39 7.97+2.18 5.49+2.13 58.60+17.3
35 73.38+16.2 15.9043.65 9.73+10.9 75,71+3.48 control

dpf = day post fertilization; * = significantly differences from the control (P<0.05)
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mmaf 1.3 Aundenlefiduding (+5D) gailariiafi 18 1nn13us MT 500 Lgd w 24 2 Tus Hiorgeen

VBLIIN (10 L)
Age Male Female Intersex Survival Remark
(dpf) (%) (%) (%) (%)
2 79.7742.93 10.98+3.50 9.88+1.37 87.35+5.77 control
2 87.30+3.07* 6.154+0.29 6.55+2.86 88.66+3.95
5 86.83+4.50*% 5.99+2.30 7.1743.01 85.3647.41
8 75.10+1.37 12.55+3.60 12924523 90.99+2.89
10 92.59 7.41 0 96.43 remained
1 aguarium
11 874844 35% 4.87+1.37 7.65+4 38 B7.75+5.77
12 82.43+7.34 11.36+2.36 4.55+7.88 93.99+1.75
13 76.73+9.37 9,1314I.IO 14.09+10.3 94.64+6.10
14 83.76+10.4 7.94+9.34 8.29+1.04 84.10+1.89
15 85.36+7.41 6.08+5.63 8.5542.22 94.4445.09
17 75.83+14.5 11.93+11.6 12.2442.96 93.76+2.75
20 79.44+16.0 15.12+12.7 5.4343.53 81.73+15.7
23 73.25+1.78 14.98+4.00 10.06+4.07 93.85+5.91
26 68.35+9.82 15.78+8.37 14.73+5.40 94.0143.91
30 79.31£2.27 9.52+3.19 11.1743.12 83.33+5.40
32 67.38+0.31 18.98+5.98 13.08+5.98 90.95+5.40
35 73574395 9.90+0.71 15254268 75.24+5.77
is 73.8545.16 16.609.70 9.55+4 80 78.5048.63 control

dpf = day post fertilization; * = significanily differences from the control

nIsNAaBi 2 SzuzIamazANNENTHYR MT MHINzaNnuNsuYuLla WA
PINRANIsNARDIH 1 Jadoniimsnaasenuyal 3 81y # 2, 11 U8z 14dpt Jun1Inaaes
# 2 Tawiiony 2 uaz 11dpr Wueghreuaussdensusoieifoddymeata luvashong 14
- g v o R v =
dpt WuogN ARG (83.7625.98%) 16 LUUARINIIMUANAIIINYARIUAL  S1DAIBURLAY
wazHansnaansd 2 dsinglumanuinii 2 wamsneassagd 18 1msus wr Aamandudiu 250
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STEIMINTUFUIY 6-96 FA1ue Dauiszazmausnumyn s i Idmedgetiu uananisus

MT U 6-96 5 1anD MNTAIRIIUUANA TN IIEDA

o 1 o & o o oy T P
a1suA 2.1 sunfonlesiFudne (sp) vosgnlmiait lnnmsuavriiony 2 dp

1 2 ] o
{57.7CTU) ﬁﬂ'}l’]NL%N%HLLﬁ&ixﬂmﬁﬁ’lﬁﬂﬂu

Dose Duration Male Female Intersex Survival at
(Ug/L) (h) (%) () (%) sexing (%)
0 6 77.3514.01 2141415 t.2410.80 95.2810.81
12 78.7715.09 21.234:5.09 0 93.19%3.04

24 80.4613.59 19.1213.78 0.4210.42 95.55%1.65

48 65.6416.81 33.21%5.98 Lt 96.4810.24

72 80.6914.14 17.61+4.35 1.6910.98 91.11%2.84

96 71.34%5.15 2694tss4 1727068 85.24715.46

average 76.1512.02 22.8242.02 1.0310.29 92.65%1.36

250 6 75.0015.84 24.61£5.99 0.397%0.39 97.71%0.43
12 83.441436 15.6013 .47 0.9610.96 91.41%2.45

24 80.1243.34 10074304 082t 96.44%1.07

48 91.5511.24 7541093 . 091309i 85.9616.78

72 89.0612.73 10.9412.73 0 95.0111.39

96 87.53%2.52 12.4812.52 0 94.0411.29

average 84.4511.76* 15.047F1.71 0.5110.25 93431138

500 6 82251519 [7.74%5.19 0 95.51F1.20
12 87.2812.25 12.7272.25 0 95.12%1.07

24 88.18£5.33 £3.497%5.40 0.8310.83 88.601%5.18

48 86.85:42.66 12.66X2.79 0.4910.49 92.747%3.08

72 91.47%1.84 7.77%1.92 0.7610.76 79.00%10.1

96 89.70%2 56 9.4673.04 0.8310.83 94.1512.06

average 87.62%1.43* 12.31%1.49 0.4910.23 90.86£2.15

* = Significantly kigher than the control (P<0.05)
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Dose DPuration Ma]e Female Intersex Survival at
(Ug/L) (h) (%) (%) (%4} sexing (%)
0 6 69.18%5.62 29.5714.62 3.3911.41 73.7516.31
12 89.38+2.13 10.6212.13 10.12%1.86 70.0014.68

24 65.6314.87 31.80%4.36 2.53%1.02 76.566.52

48 83.13%11.1 16.90%11.1 2.1911.34 66.8815.72

average 76.8313.94 2222368 0.9530.45 71.80£2.78

250 6 91.90%2.51 7.46£3.01 0.6410.64 65.3112.99
12 92.5615.00 6.9614 .51 0.6310.63 66.2513.75

24 90.0014.08 8.7513.15 0 73.1316.34

48 91.2612.99 6.2412 40 0 72.81+2.36

average 91.4311.70% 7.35%1.52 0.322+0.22 69.3712.08

500 6 90.9910.81 8.3610.73 0.64-+0.64 75.6214.58
12 9287%2.65 15.8313.18 1.3010.75 69.0614.77

24 95.6812.43 6.3242.43 0 80.3142.41

48 50.25i4.35 8.4714.49 1.281+0.74 64.2517.89

average 89.4511.64* 9.74%1.65 0.8130.31 72.31%2.85

* = Significantly higher than the control {P<0.05}
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Dose Duration Male Female Intersex Survival at
(Me/L) (h) (%) (%) (%) Sexing (%)
0 6 64.6315.22 31.98t4.11 1.39%1.41 76.64715.18
12 63.57£4.91 26.3114.84 10.12%1.86 75.501:2.45

24 66.85%4.45 30.6714.31 2.4710.83 79.7614.30

48 68.95L7.74 28.8617.15 2.191+1.34 77.03%5.47

average 66.0012.61 29.45%2.41 4.547F1.05 77.23%2.06

250 6 78.76X4.91 18.6313.74 2621168 73.74+3 98
12 84.8015.04 13.9513.83 1.2511.25 71.77%£7.36

24 89.2012.69 8.4110.95 2.39%1.85 75.31£0.79

48 87.6213.20 8.4811.19 3.8912.38 83.43%6.21

average 84.8712.16* 13.49%1.65 2.6510.87 76.0612.60

500 6 79.6613.50 18.0113.43 2.3310.99 83.4215.58
12 88.8712.06 7.46%2.52 3.6612.12 77.6912.60

24 91.90%4.21 7.6413.76 0.46X0.46 75.01£0.79

48 90.6610.56 8.51710.80 0.8310.83 83.5013.20

average 87.77E1.81* 10.40%1.71 1.8210.65 79.9011.83

* = Significantly higher than the control (P<0.05)
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(mg/l) male Female intersex survival abnormal
0 86.0615.84  13.961%5.87 0.00 91.87t1.71  10.46%8.22
5 93.28%0.10  7.04%0.64 0.00 9748436  0.85%1.47
™5 81.9614.50  18.04F4.61 0.00 90291435 1327981
10 83.8412.81 15061236 0561097  93.77k275  1.49%1.66
210 69.681T450 29251252  108t1.87  89.201539 3331334
20 90391293  9.71%3.01 0.00 80.47t567  1.16+1.02
220 77.76£17.23  22.25%17.23 0.00 87.71F486  9.95%11.55
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Problems of the Orally Tilapia Sex Inversion and Immersion Techniques
wlounssos ARanadien, 2eflgn nuaiml, ugna gyunatu, aueT sy, Smus faing

URTLHANANA ANTusiug

Penpun Srisakultiew®, Wongpathom Kamonrat®, Naruepon Sukumasavin®, Somsri Ngamvongchon®,
Wattana Leelapatra® and Padermsak Jarayabhand®
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unAnte: Aimaudauwalaifiavesinglullqauflenliisnmstiawsuan 17¢ - methyltestosterone (MT
60 Jaaninluamis 1 Alaniu ldewmns MT ﬂumﬂqnﬂmﬁaﬁ?\lLLﬁﬁ:ﬂ:ﬁqnﬂmL‘%uﬁummi fuaz 5 Ha ih
1A 21-30 Fu e llignuamed 86 — 100% MawlatwaARNaNINBNIINAdIEMATING MT RnéY:
Tutuasiuay  ulguudnzesmsulaamadagiasnann Uszneufufureumsiamstiotasnnnng
$uilufasfesAoummingemsd e uarenatssyuaiitdienng MT SearadulUlen MT lukua:
AuauszgnUdesaangnauenifi waranadenaiiiens e liedunadenludnaniy mewlasnalas
Autiuniedenlml #14 MT uBinoafes 5.36% 10933Mfu auasaRmsuTULAIAFIN AN AAT
wugatie 20,000 WavAns wau 1 A wudwinWldgnuauway 75 - 80% wallansulaunalaeBuniiuii
mstiine gzaanlumsdansiy Wussles uanmnﬁﬂ’q'ﬁqaamﬁwum MT uar usanaaafaumAsie:
3.25% vadiamsiu UsmsqerineiidgndgAeiinsutiuaniromunuoe il fniaaiidinsiiaoe
Uranfardld fuilna uarRuwrndon

Abstract: At present, the main method used for tilapia sex inversion of Thailand is the use of 60mg
‘17a-methyltestosterone (MT) in 1 kg powder feed. The MT feed is daily fed to the started feeding fry
5 times a day for 21-30 days, which resulted in 86-100% male. This method was reported a remaining
of the MT in water as well as in mud of the MT nursing pond. Due to farm pond management, either
. a part or all water in the MT nursing ponds might be drained or cleared up at the end of the nursing
period. Therefore, the MT water and mud will be released to natural water, which may affect
environment around the farm. Immersion is a new alternative technique for sex reversal. The
technique used only 5.36% of the MT feed. For commercial immersion, the eggs were immersed al
the high density of 20,000 egg/liter for a short duration of 1 day which resulted in 75 - 80% male.
- Therefore, the immersion is easy, need less labour and reduce cost of MT & alcohol to be very low as
3.25% of the orally method. Nevertheless, the immersion should be the safety technique for user,
consumer as well as environment.

Keywords: Tilapia, Sex inversion, Immersion, %male
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wargnUmdutian annsausnauisannsssliussgnualdity 5 ssos Fuanaluansed 1 1
TlanfluenFszez 1-4 dglzamzdn damminliuazgmiafindeseudessurmauasnnaiiion
Taaudunseana dugniaissozdi 5 Musunsodroana wiensefioynalulsamisiinay
ATINIIITEAN Lﬁﬂqnﬂmﬁ.‘uﬁumuw (27ep7zanou 8-9 Muudsnisonald) Hnasdhugnianaanseds
ayLaluasausaly

o Lo , a e dny . o o~
P19 1 nsuiianmMsraslivasgriatiiadugsuitlianniamaz lunssdafinw ludedu

ruzndlaan wanniseealdignlaiiia AU (%)
1 livaiidmaeasen  Thmngriaunns 22
darsusiannlan
2 i lanAfiaengiuuld 20
3 Tidanraunsiin 20
4 ananiisigalalug 33
5 anuaifisrzAaluiu 5

AN Little et. al. (1995)

3. fumgumsiasmatian Usznaudon 3 Sumention Ussnaudon
n. nmm’:"ﬂuénﬂmﬁaﬁﬁiuﬁumm? Lﬁagnﬁmﬁﬁfi'néﬂummmfhﬂﬁn?ﬁuzﬁﬁqﬁ'\ {(angulszui 8-9 u
uiall) gnuanazinfiueis Withogmiaasnszieeyuna Fmsudumitanntsdaihm an
Umliafiuiuenssiduinlsanaies 8 - 10 Teaniu (ade 9 nf) ﬁwﬁn@nﬂmﬁﬁmm?
@:‘%uﬁmmmn-r:ﬁqﬁl-n”ﬂqmﬂ éqf@_ﬁumwmm ViU nss IR 2 x 3 x 0.5 wiAs Avsdantgnuanila
ammefison 324 niu vijedegnuans 2916 nFuAMILNsEfeaLNIATLIA 3 x 1.8 x 0.5 AT
Hhusis e Wildgniafiefimmisnnuiszwinnseyunadeemisuanaslussan 12 fv@ns
(Little et. a). ,1995)
1. e NTANaesTg 49 17 O methyltestosterone (MT) FaTusefluuwed] win 60 Dadns
arauazieantlulonsuen 95% Uszun 240 fadans neufissihluwldluewmisuadodantiu
1 Alanfufitunsaeuwannszgnuaznineenuds thansllfaBesntilufisnlsunm 1 funeu
nmsthlyWigndan
A, W wsuan MT urigmisfianuifonlilunsedade n fuscesnalon 5 p%a vy Tnuusazdlans 1
nMaF B inue B furesiwmindy wazs%msliemnsesuwiazdnnd Fuandly
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MERT 2 MeasBannisensifents MT watwelanlia uardetrainueimne Mt Allunssiagns

- amisHandaunasuta 3x1.8x0.5 int UsougnuanFusuaIug 32,400 #7

nmisldews  Banewar msayLalunsEFIruA 3x1.8x0.5 11.{32,400 67)

o ¥ v e ¥ o. v . o -
47N (Ghunmineiady)  wawindat (nduda) awsdwnisds e dUsnd (n)

1-7 30 0.009 87.48 612.36
8-14 20 . G020 136.8 957.60
15-21 15 0.100 486 3,402.00

#aH9°M73 MT Tuntseyua (nFa) 4,971.96
dnugrufIFusy () 32,400
Rnou MT 13w (Tadniu) 298.32
ARTITIAAEY (Yo) 48.4+12.17
rasAmgmAndafiliafuganusunisuaana () 15,682

anuURIRIN ; Little et. al. (1995)

Tywinsudaunadaiiianigatis
nslinmaman MT Tusnumsualaanadaiais Fesinslfamstuinufnifiue dets:
andnwlunsulaammlan emns MT doumnazgngmiaiudnly deufiacgniesaas Meruounis
reduction Uaw/ie hydroxylation (Cravedi et al., 1993). lunmsnaatyansuasdunnareadaseningnit
wan sl MT 1igvE 208,32 Dednfilumauaanelandadiuou 15,682 # (Aneed 2) Fild
sansmlsznunsld MT seatalssnalunsdiindmlaiauaand 600 &wshdn Simsld MT 3qnana 11.4

Ao o 4 4 [ :
ftaniu mliduiwiuinsaiausnsznuees MT seduilnauazRunndan

A3 3 Uszanunsli 17 Q- methyltestosterone 1343 Aldlunsulasnmlasiiaresing

ﬂ?mm@nﬂmﬁﬂuﬂﬁetwaﬁ%ﬂqmmﬁm () Vi MT 714
15,682 298.32 HannIM
1 0.019 IaAnu
1,000,000 19.000 niu
100,000,000 1,800.000 N3
600,000,000 11.400 Alanuy
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1. HANTEVLIAI MT RO fu’élﬁmf"u Johrstore et al. {1983} kAL Goudie et al. (1986)IHALTIEAR
aaruannTi MT lwrnounsudaswetiatudn woindl MT lusmlanhuBunodsrennimicoduunTung
nfu vde @nluiududausings Tay MT aﬂﬂamuﬂqﬁﬁ'fiuﬂ:ﬂffmzmu'iuTm;mm:ﬁtmE}qﬁqqﬁﬂﬁLLa:riT
(Goudie et al., 1986) Tilusnlan MT azgniaueanofssuinada ausofuansnBuees MT tusadan]
AINANNTINANBELBY Johnstone et. al., (1983) uat Goudie et al., (1986) fimadn MT lusLlafiaszanay
1 100 pgrg (100 #aulumilednudngny meluiuil 8 uas 40 uFaINAUgRTLIUNS1H MT Wl ddL 1
e MT azanaanieyssun 100 pg/g Lﬂ@ﬂmﬁmqﬂ?zmm 1 -2 deu fesldrrumainindnreludnlys
nd1 3 - 6 ey Annlaaumimingar 500 ninfinaafednas V‘T‘qﬁﬁwuﬁ’ummmqnﬂmﬁuﬁu aruwugia
uasAEnade Fofuifin MT fnawdeegiosni donazfasgneissaanasime ussasnanasiaes
3-6 Faurowilaimiuazgniuiduesns

2. USnmives MT ﬁiu‘qn@nﬂmﬁm:a:maLm:mnm:nﬂu@ﬁ'luﬁumu qréeusalaonuAiiFuuand
mlhuduuanit fewnsodesaany MT iy CO, WAt H,0 (Sandor and Mehdi, 1979) atinslsfiil Fitzpatric
WRZATLT (1999) wulliuineass MT 'luu?ﬂs:w:hqma‘faw'\ﬂgnﬂmﬁmﬂmmej?:mm 1 -2 ug/l (1-2 daul
uikadudnn) it 14 KAz 21 zeennsidemismT faunos MT hhthsanasauasadabildnnely 7 4
UARINUEANNT IFaWNTHAN MT UdD danludniaui wodrinng MT 0y 1417 ug/ﬁ?ﬂna*u'luﬁ’uﬁm
nsliasulasne (28 Tu) Wi MT Srnslasauaiuaaussiinisaaeinfiognuasuns  widewi
109 MT uAufiszdy 0.8-1.6 pg/itaniuluin 3 flamudsniaiaduruaunisWiownsiaiwAuda nnsaan
fees MTIRhanhiTalédememnie Taghvisamamnuglifarmmin wissuuntssaninisrasln
dnunndnidatawinaudn Gbidpadikimansusedewaden Jlfszuznalumasinnisdy a1aiim
mntsetramniiies 1 - 2 Sty ﬁ’rﬁﬂmqmaﬁ'lﬁnwna‘:'ﬁ’qLLﬂmmﬁﬂ.meﬁm‘fu uslaznszdadinsidu
uazAugaresrunsWasTuud binauri FafuteRueunagnuaila tifiazléFy MT Wlanauditlunnng
MT FFlunsmarseten Fitzpatrick uazAnz (1999) nmmasastugnssanuazamadeniuaziuficnunisl
MT finsrfadion dnindlninedalnn MT fensszandegluiuaufuisaying nMassnaiheenaintie
a1maedl MT vudleulon Ussneufussuuintundudoumnniduszunldudaia 5nﬁqq:ﬂan1ﬂejﬂams:m
fhluvhiuiiRasetuumaninenti dsanalnedelifinguaeiaiuiaiunm MT fandalnifieude
aangnuuanwiiy 'lummxﬁﬂi:mﬂﬂu?gﬂm‘%mﬁﬁaﬂéﬁulﬁﬁﬁﬁﬁmﬂnmnﬂﬂs‘uuﬂmnw‘%ﬂmﬁaqﬁ MT
nﬂvﬂuﬂg‘lmﬁu 1 ug/ams (Green uay Teichert-Coddington, 2000) ﬂ"aﬁ'uﬂ'ﬁn%"uﬁm@nﬁmﬁauﬂmnwmﬂ
uimastiiertiai Bisazsdumstinadantsanarnay wierisfafleanBunnes MT hahiawindun
melunignase u‘%aﬁaﬁmanzjmuuﬂn FneAFMeian1TAINEN? Green uaz Teichert-Coddington ( 200C

sreunsuidleures MT Twindabivinfszdananssnused1iadautasauing
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watAanITwlanwelned§

mstaanalnesuidumaiaivi nswamaszanaznety gaunsldseRuarzssusian
dhilunsuriiemih idamemriniu safunsurtalfoefnluBnoitooss wasinnsutluszozandug tu
mingraedaluanedy figanisidunuaalulatananen (Baker UALAMET, 1988; Piferrer WAY
Donaldson,1989) uazianila (Yang Yi, 1992; Fitzpatrick WarAuL, 1997) iamnmuﬂauwﬂﬂmuauuummh
1mwriu 90-94% uaz 79.3-82% AINAAL ﬂﬂnaﬂmm‘lu-nmmum'mm? Faruana, A iuainayulasaniside
7 Gusous mawagitewlsensuaamalasifdreniania manszosnagmdidusasassln
giarasaedlun ArumIdNTEuINNYST AEnsutudaswaidinsdn  waznsmrasutalunIAAuNN La
Uringd walimsusanntaidieads angiitailadensutseiluuaamaionty 2. 5 was 11 Tuud
niswld (EUnesns uAzANE, 2544) MSUTAAEMINLY 40 WovAns w24 Falue i lEldgnUaT A
86.8-67 5% maututlasmaBannsdtatnsoiinisiifanumauiugeie 20,000 Havdas usum 1 Fu il
hgnanuwad 75 - 80% aplulsuFunisulaanalagisnsliamsuasAanisug fausidsduntsiysude
fuyunisiansaiizasusasmaiiawandlilummed 4 mslranalaedaugidansdieeluaio 5.36%

uaziifuvuAaefluuiasion-aueaRes 3.25% 1035 eI

- o e v s PO as
AT 4 LLE‘?JULm:mﬁlm:ﬂuﬂum?mjmtWﬂlJmuﬂTﬁmﬁnuuﬂ:'Jﬁu‘n

35nar nsldanung MT NTWT MT nMsug MT
ngEda 2x3x0.5 u. 40 Hav/ams 20,000 Wavang
{481y 2 Sundaonly - - wiMT 24 FaTua WEMT 24 4olna
v 15@s 30%
. Wn 80 % N 80%
_amlafiGuiuemns 36,000 512 3250 11,200 Fa
| Wigwe | MT219u  8Amren | 50%  eamsem|  50%
fRsT8A o 50%
18,000 s 16 #M 5,600 617
B MTH sy 300 Hafnfu 250 lulmsndy 5 finfiniy
16.67 lulasniusein 15.63 Iulasniusmia 0.89 lalasn§usen
100% 93.76% 5.36%
AVATRE DR 150 UM 0.1 um 1.525 um
- MT (300 uan/nia) 90 1M 0.075 1 1.5um
- ansues (S0uwa.) 1,200 NA /60 UM 0.5 u98./0.025 U 0.5 ¥a./0.025 U
0.83 aip./80 0.625 AR./67 0.027 4R./79
100% 75.30% 3.25%
anuauwag 86 -100% 86.8-87.5 75 - 80%
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nrudasnalaedsetll dusuaumsisuunamzussintsmiloudiinislfams witidious
Fnaf mﬂﬁﬂmsm‘mm?nmﬁmﬂﬂﬁqnﬁmuﬂummj‘lﬁﬁqum'?:ﬂ:’l'ﬁﬂmﬁmq 2 fundanisanld (Reywes
uazAnz, 2544) Mszomammisuties 1 - 2 Suriniu Taoutfrnniusiie 40 Weving uazarrim
iiuget 20000 WevAmsdmiumautBansdn WisAugeauaumsududa loarazgmituinsdelussuul
wsinUaniiaiall Wegnuan@niuenns snsoeynagnuatlusdulagbifedldinssde Aliiuszudas
nesdauazAusslumaiiauaza auasdonLTunssda asmanlunnsdantse fnnsldseflauienirugift
5.36% 1893 5n17 e M lidunuasandaies 3.25% 1ea3imsiiomns widnsutiiymnGe:
avsnwlumslaanafei i inadifioy 75 - 80% vt Tusnziimauasmalagiansliomasium
v WignuanuwAtiszns 86-100% (Bhujel, 1998; A13197 4)

fginBasntmandress MT Wufawnadenrou) vfueangmladaulasmaradineiy delidilay
nAnw uRlifayaray Fitzpatrick uavAndz (1999) ﬁﬁﬂmmmﬁﬂﬁuluﬁn?:qnLﬁﬂﬁuammumﬂﬁmw
uLlaaind 1 A¥e uRzATIAAUgAFLITUEIEN 3 dUawidenn wuindl MT Tuhug 1.4 17 uaz 0.8-16 g
Ataniu mndrdy dadufiudante MT Adlumsuasna Galsznmdniasiinggligeis 11.4 Alanfiulun- |
waanrgmlaniia 600 Fwiradneiiadszing (el 3) winamnsoRmumsiaanAlagEuT s |
avsnindidadianislsens Aolilignuauwadiiszan 90 - 95% nfinztaaanBnninsld MT aavd
Fiae 0.611 Alaniuwindu oywsansnuyes MT sedwndeinifazanas Ussnaufidinsutanunsnaoun;
mslfuszmssamstuseflndldude Anfumalamswlaawalaediud nhasfiunrmdsussnanszyyse
MT AeRaunndanfintqasiiey wedsdulutigiusszlusunanfiiuatned -
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theadiRuazansaumAnsLszan. 2543, adAnsUszaswistszndlng 3 w.a. 2640, ianansariu 52543, nes
wrgfamslrzi. naudseng. wih 1927,

Wieywssny AFanaiien, A gy niadmd, wna qranalu, aued 9anedmy, Jas fauing, gl nesiiuaz
LANANG ATEeRI. 2544, mq'?;mm:ﬂuﬁummﬂmmﬂTmﬁ%wﬁ: Tinwidenuazwisa. ms

Uszatnnnaaiedt 39, NWTINENREINEATAIART, UL, NTIVN.
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Bhujel, R. 1998. Fry quality in the main factor behind the success of AIT’s joint venture tllapla
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Appropriate Age for Male Sex Inversion of Egg/fry from Single and Pooled Tilapia females
Winywszos Fenmdnn’ 2edtgu nuadend’ wowu ayunein’ aued owsede’
Jauz fa1sny a%u neal’ uas WANANE NILRUG ?
Penpun Srisakultiew’, Wongpathom Kamonratz, Naruepon SukumasavinQ. Somsri Ngamvongchonz, Wattana

Leelapatraz, Suchin Thongrnee2 , and Padarmsak Jarayabl':anc!3

Unangda

miﬁﬂmﬁfﬁi’ﬂqﬂ‘;‘:mﬁ%:mmqmao"l‘ﬁ/ﬂmﬁﬂﬁﬁmm%cﬁaﬂmmamﬂmwa@’[@ﬁ%wﬁ Sunnms
Lﬁaﬂ'h}ﬁﬁmqﬂi:mm 1 TunasmInay inthnudUamiiainsaen 3 meﬂwqml.mﬁm (W3] BUBT 3 9) udz
garaali(10 un) guuzvieny 2,5, 8, 10,11, 12, 13, 14, 15, 17, 20, 23, 26, 30, 32 Uax 35 Tumaansxan luas
azany MT 500 Ugh Fenummuin 358n7 w24 7l ayneanUanama e 28% aulagaty 2
Waw Yhmsarramagniawuh 'Luqmm?{mﬁausj 8 gnﬂmﬁlwﬁ MT f"imq 14 Fwaanwey lelwa
89.69+1.83% ganhadwiibmAynIaia (P<0.05) Lﬁam‘%umﬁﬂuﬁu‘q@muquﬁﬁmﬂg £9.49+4.39 —
76.82+430% FIMMN 9 ATIWT MT ﬁa’lq 2 usz 15 Fumaamiswan ldgndauwar] 94764254 sz
95.56+2.25% @ ufneu LWﬂQ’ﬁTﬁi@qﬂﬁ’gmmuquﬁﬁLWﬂQag 73.38+9.39 — 77.93+11.3% atnilinb@mammid
aiie (P<0.05) FIWYAUITINNTIWE MT ﬁa'}q 2, 5 Uar 11 MURAIMINEN ﬁua'lﬁ’lﬁmmg 87.30+1.77,
86.83+2.60 WAz 87 48+2.5% MuUdAL g NatnlibiAyneaia (P<0.05) lﬁallﬁUULﬂUUﬁu'J;ﬂﬂ?l!quﬁﬁ
UWFIE) 74.9143.34-70.77+1.69% mqﬁmmzamiamm'ﬁ MT wusatweamsmae a1y 2 Tuwadnsway

ABSTRACT

Aim of the present study was to find out sensitive age of tilapia egoffry for male sex reverse by
hormonal immersion. The 1 day post fertilized (dpf) egg batches were collected individually from the female’s
mouth of Chitralada 3 strain and separated into 1)single bafch (No. 8 and No. 9) and 2)pocled batch {mixed
eggs from 10 females). The egg/fry were randomly sampled at day 2, 5, 8,10, 11, 12, 13, 14, 15, 17, 20, 23, 26,
30, 32 and 35 dpf and then immersed in 500Llg/ MT at the density of 35/ for 24 hr. The fry were fed with 28%
protein diet until 2 month old. They were then randomty sampled for sex determination by acetocarmine squash
method. In single batch, immersion of the No. 8 at 14 dpf resulted in 89.69+1.83% male which was significantly
difference (P<0.05) from those of the controls(69.49+4.39-76.82+4.30% male). The No. 9 in comparison
showed significantly (P<0.05) male when immersed at 2 and 15 dpf (94.78+2.54 and 95.56+2.25% male,
respectively) while the male in the controls were 73.38+8.38-77.93+11.3%. For the pooled batch, the immersion
at 2, 5 and 11 dpf resulted in 87.30+1.77, 86.83+260 and 8748+2.51% male, respectively, which were
significantly differences (P<0.05) when compared to those of the controls (74.91+#3.34-79.77+1.69%). The

appropriate age of the tilapia for commercially MT immersion was concluded at 2 dpf.

1Department of Fisheries, Faculty of Agriculture, Khonkaen, Khonkaen University, Thailand
2 Départment of Fisheries, Ministry of Agriculture and Coopratives

3 Department of Marine Science, Faculty of Science, Chulalengkorn University, Thailand
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' ' 1Y o Hdal sl X v w =
LLG]ﬂ@n\i?rﬁ'n\’LWﬂELLﬁ:lWﬁLUUYIﬂJLWﬂ 3ﬁﬂ75u’ﬂﬂdl“ﬁLLide%tLﬂ:ﬂ%ﬂNﬂi:ﬁUﬂq?mﬂl%ﬂqfuﬂnlWﬂlJa’]

fia 2ymsitaeflunnlannalan Lﬁﬁ%nwﬁﬁuu'l‘ﬁmnﬁqﬂ'luﬂ%qﬁ'u Taomslaaafluwmad w1700
methyltestosterone (MT) 30-60 Laaniunauluans 1 Alanfu ﬁﬂﬂLgUdﬂﬂﬂﬂ’lé‘:\jI.L@il%lalﬁuaﬁ'ﬂ’lﬂ‘ﬂu
N 24-30 ThdawaldlaanLaniway 100% (Tayamen and Shelton, 1978) FEmstisedldusiuanluy
msﬁnmmazmwﬁﬁaﬂamﬂaouﬂmmem Buddle (1984) ﬁaﬁ’mw‘maaouﬂmn.waﬂmfeagnwam
(O. niloticus + O. aureus) lunsegorine i ludadn luen 25-28 T4 wuh ldanuanwag 96% anndu
malulsiwiseds (AT TsTnIshuwause TrﬂUﬁwmﬂm:v‘fufﬂmﬁa’lum:ij’aﬁmﬂﬂuﬂaau
FuleinthaudUsdlenias 1 at wnlaluwawansdinuazlumaegiiiioy Lﬁagnﬂmﬁ"uﬁua'\mﬁq
Sognianluennatunssdsfimaliluedn snnadpamwisway MT 60 fsdniwams 1 Alanfy
Hwaa 21 s wudtlagnauwer 97-100% (Little and Turner, 1995;Ponza, 1996) viail AT letnn
LLwéLmﬁﬂ:staLW'l:ﬁnLanmu wulnunweInsmusoniagnuanagle 85.6-100% (Bhujel, 1998) it
Jususzdunshinafia AT WUfiReuniaanuvasusassiy (Litle and Tumer, 1995) usii3m3
megnﬂmﬁalum:“ﬁ'ﬂuﬁaﬁuﬁ sfmaflumndoussandarslwiuasan fas1unuves Fitzpatrick et
al. (1999a) msiamsimuUsunmnes MT 'meﬁﬁ'l"ﬁmgmagnﬂmu.ﬂmmﬁ WUl MT atjtszanm 2
g Twiud 21 vasnsldemisnan MT ussezampsamuanaly 1 dlevimasnnasezuiumsly

. v o oA v [ o
2T FulmauiuUany Fitzpatrick st al. {1999a) TEUITIAMIHAN MT ATU 28 TUUET WU

MT atlmantszanm 1.4-1.7 gkg wazanaainie 0.8-1.6 Lk uin 3 flasidaan Fowrinan MT 7
andelwhusziamnait ziaumna@iagﬁm‘lﬂﬂﬁﬁﬁmﬂuﬁa uﬂ:n'mﬂ%’wdmﬁ']ﬁamnu'au,ﬁmLWﬁgy’
mMuwanwriudandmansnussunsnihuasfwadousey g

mslisaslunladsmaud mmersion) sftanieuamafiszaadFinaunisldaasTuuussite
’Lunﬁmuquaaﬂmuﬁ‘l'ﬁ Tumsudsawagnuaiuaauai (Oncorhynchus tshawytscha) f28n1IuEgn
danfiRadnaanunlui g luasaeay MT Aamudududio 200 Pgn D 2 $9lus fedresnaiu
1 flawiEainsutdran 2 Hlue rlwledgnusuned 82-100% (Baker et al., 1988) Indlfanuws
NNINARDIVAY Piferrer and Donaldson (1989) ﬁmaamﬁ@nﬂmumuau (O. kisutch) ﬁ'mq B TUNRY
Fin Tusnaszany MT 400 oA w2 $alusifissaiadion dawalildgnismasy 73%  saunisulas
melasdturludafiann Yang Yi (1992) 51m"m'i'm'rmﬁgnﬂmﬁaﬁmq 21-30 SundamIWnd
qmmqﬁmf’l 27 pdenoaidua luansazais MT 5 fiadniwaas uiw 3 Tu sanalhlagnuanines 90%
TauSIRUTIDNIUEY Fitzpatrick et al. (1999b) Tinamasudadweimitadisifuswiaunuiinndy
qmﬁqﬁﬁmﬁﬂmﬂumqgnﬂm (Celsius Temperature Unit : CTU = qmw&gﬁm‘%‘waaﬁw X ITUIUIW)
lasuggmianilaany 364 CTU (Jzanm 13 TURaINIIAN ﬁqmmg:ﬁﬂiﬂ 28 pymTaldoa) lumTazany
methyldihydrotestosterone 200 g/ Wi 2 72l FINR 1A W gnUauwag 79.3% fhumm'dﬁmq 280
CTU (U3zu1mh 10 TURRINTIHAY ﬁqmﬂgﬁﬁ:ﬂ 28 pyenwariun) stkaldlsgniatiwed liuansd1sain
ganunN wonuniinaugeailam 2 a%s fleny 280 CTU uaz 364 CTU Muzasluuzila armidudu
uazszHzIWALITL  dnalRlagnuannery 82.9% anmwldinsugoaTunudsanafiafeuunil
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squash method (Guerrero and Shelton, 1974) mummnLWﬁgnﬂmmnammﬁm?jalﬁné’aaqaﬁﬂﬁ
ARNdsTeny 100 1Hh vinsusniwenSuwinas iwelio uazdan 2 iwe(g+in)

8. MmTiarEdmaniuandaniaaia T@mLtﬂmﬁifnwag'ﬁvlﬁmnu@iamq weazlsl @ar arcsine

transformation HawfinmITIATERAE ANOVA M5 lsunsy Minitab 19.1 FjUTons

HRLAzIATOE

minasadulasnadmialugeuiifien (single femate) Wumsinwmaunlsswamslue
Gandnadn  dsdaifywiaauuansesmadoaniaRunssvacia-uiviug  lun1mesnoiile
Fuiiunsluuy 8 uaz ux 9 uaﬂ@‘ftﬁanqﬂ'lﬂjﬁﬁﬁqmumnn’h 3,500 Warvuddniudummasad ua
wuildgnuanfoniasoduso g ﬂaa@mmﬁaﬁnwﬁaaﬂuu Midnesasuidoa laansady
ut&aaﬂuummmqﬁﬁwum 'énum‘smaaa‘g@‘nmuﬁﬁ”lé’swvhiﬂm‘s: cAThImse 10 waitin Fmom
Tddannnfinne %’1\1mmin'ﬁ;uu"ﬁﬂaﬂuﬁﬁmuuuuﬁ*m'ﬁ’ myhensinanatassseiinmioy
Wy luudazual lissnsodnaveaus 8 waz wai 9 mnﬁﬁuLﬁuu‘[ﬂﬁmamﬁ:mqﬁaju'm i auiu
wue Wahwreinusdawud wi 8 Sanwhsdeniug MT ﬁmq 14 Tuwdanen Tusldldantas
Wy 89.69+1.83% mandnataihiudigmiada (P<0.05) Lﬁmﬂ‘%nmﬁuuﬁ’nq@mmuﬁmq 2 T
WRINEA ﬁﬁ@nﬂmmﬁ@lﬁm 60.49+4.39% (Table 1) @auid 9 undanyladanisus MT ?imq 2 Uas
15 Jundomanga MAldinad 94.78+2.54 uar 95.56+2.25% mudwiy ganhadnlinpdagn
®O@ (P<0.05) Lﬁaxﬁwﬁ’ummuﬂuﬁmq 2 TUWRSINEN (77.93+11.3%; Table 2) Waaiin sus MT
mrsnuaamaUaiatd Aot 8 uazial 9 vmnansmntderIug MT Alimiaui

sinlsRanutuaswalmiademedn  Wewnsommntfazua  1SeResmananIug
MT Tuudisoy wudranyledanmsus MT adanuud 9 ﬁaﬁa'}q 2,5 Uaz11 TUNAINITHAEN INatA L6
\wete] 87.30+1.77, 86.83+2.60 uaz 87.48+2.51% anwdan gand athaiibm AN eeha (P<0.05)
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Tabie 1 Sexes of tlapia fry {mean+SE) when immersed in 500 Wa/ MT for 24 hr at different ages of

female nurmber 8

Age Male Female Intersex Survival Remark
{dpf) (%) (%) (%) (%)
2 69.49+4 39 19.34+5.93 11.7746.05  62.40+110  control
2 71.85+45.34 20.08+1.19 8.07+4.16 £5.24+7.02
5 68.79+1.09 13.29+2.47 17.07+3.34 60.95+8.46
8 74714115 16.09+4.15 9.69+5.01  79.05+6.72
10 80.02+5.01 6.90+3.60  13.09+2.12  84.76+6.08
12 80.13+1.92 874+2.02  11.13+195  82.38+6.41
14 89.69+1 .83 1.96+1.96 7.08+2.85  3520+19.0
17 82.11+8.37 7.90+4.83 10.00+3.55 80.50+13.3
23 79.22+2.75 4.57+2.92 16.21+5,48 43.33+9.94
26 75.83+17.5 1.66+1.66 22.50+19.20  37.90+136
30 72.79+6 67 3.70+3.70 20.94+4 .93 27.62+45.85
32 77.56+2.48 2.56+2.56 15.27+5.97 42.38+3.12
35 79.14+3.00 2.39+1.21 18.46+2.46  41.40+10.0
35 76.82+4.30 5.26+5.26 17.92+8.40 28.57+1.43 control

dpf = day post fertilization; ™ = significantly difference from control (P<0.05)

-

Table 2 Sexes of tilapia fry (mean+SE) when immersed in 500 [lg/t MT for 24 hr at different ages of

female number 9

Age Male Female Intersex Survival Remark
(dpf) (%) (%) (%) (%)
2 77.93+11.3 19.51+8.70 2.57+2.57 52.1540.72 control
2 94.78+2.54* 3.87+2.23 1.55+0.79 82.86+7.87
5 82.23+1.84 15.07+2.31 2.69+0.70 . 72.38+4.97
11 79.39+3.90 14.36+3.48 5.48+0.88 89.05+3.72
13 90.42+3.49 7.20+3.07 1.80+1.01  84.76+5.51
15 95.56+2.25* 2.29+1.42 2.15+1.16 80.50+12.0
20 92.63+4.91 3.94+3.08 3.44+1.93 63.80+19.6
26 85.56+1.11 13.33+1.93 1114111 80.95+1.72
30 87.02+3.94 8.86+1.86 2.78+278  58.60+12.3
32 88.10+2.84 6.21+3.63 4.01+5.05 68.33+8.94
35 85.93+0.80 797+1.26 5.49+1.23 58.60+10.0
35 73.38+9,38 15.80+2.11 9.73+6.28 75.71+2.01 control

dpf = day post fertilization; * = significantly differences frorn the control {P<0.05)
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Table 3 Sexes of tilapia fry (meantSE} when immersed in 500 Mg MT for 24 hr at different ages of

pooled 10 females

Age Male Female Intersex Survival Remark
(dpf) (%) (%) (%) (%)
2 79.77+169  10.98+2.02 9.88+0.79  87.35+3.33  control
2 87.30+1.77* 6.15+0.17 6.55+1.65  8B8.66+2.28
5 86.83+2.60" 5.99+1.33 7.17+1.74 85.36+4.28
8 75.10+0.79  12.55+2.08  12.92+302  90.99+167
10 92.59 7.41 0 56.43 remained 1 aquarium
11 87.48+2 51 4.87+0.79 7.65+253  87.75+3.33
12 82.43+4.24  11.36+1.36 4.55+455  93.99+1.01
13 76.73+5.41 9.18+2.37 14.09+5.97 94.64+3.52
14 83.76+5.98 7.94+5.38 8.29+0.60 84.10+1.09
15 85.36+4.28 6.08+3.25 8.66+1.28 94.44+2.04
17 75.83+8.38 11.9346.67 12.2441.71 93.76+1.59
20 79.44+9.21 15.1247.31 5.43+2.04 81.73+9.04
23 73.25+1.03  14.98+2.31 10.06+235  93.85+3.41
26 68.35+5.67 15.78+4.83 14.73+3.12 94.01+2.26
30 79.31+1.31 9.52+1.84 11.17}_1.8@ 83.33+3.12
32 67.38:0.18  18.95+3.45  13.08+3.45  90.95+3.12
35 73.57+2.28 9.90+0.41 15.25+1.55 75.24+3.33
35 73.85+2.98 16.60+5.60 9.85+2.77 78.50+4.98 control

dpf = day post fertilization; * = significantly differences from the control

disnfSuufisuiuganiuaniieny 2 TWRRINIHEN (79.77+1.69%; Table 3) danuniwulas

walasifutuuugeemn  swntaduiiunsdsmany lidaaneas quiiddaein uddod
m‘%’imwmjﬁ“lﬁmnr,mhwa:ﬁmﬁ'mﬁmej'ﬁ”lﬁmnumﬁm Fenafunmeunysanldymanuuansie
vavsniaawausnuiianty Tmnfﬁ:u:ﬁ”lwiamm*'ﬁﬁmq 2 (qmmqﬁﬁﬂ 28.25  58.5CTU;
H=87.30+1.77%), 5 (141.25 CTU; 1J=86.83+2.60%) Uax 11 (310.75 CTU; ¢{=87.48+2.51%) Tundams
W ﬂ’wm%{ume‘?ﬁ'l.@‘fmnmmmaai’fﬁdwg@niwmmmaa Fitzpatrick et al. (1999b) ﬁ‘lﬁﬁnﬂmmﬂg
(Reg 79.3% iniu ﬁ%ﬁﬁmmamﬁuﬂauwagnﬂmﬁamﬁmﬁmﬁuﬁmq 13 TURAINTINAY (364 CTU
ﬁqmﬂ{}i’rv‘fﬂ 28°5) lumsazarzofunauazwiiada  Methyl-dinydrotestosterone  (MDHT)  @aidn
aaﬂmmwmjﬁﬁw:ﬁﬂs:ﬁﬂ%mwﬁnﬁ MT anuutuilifirinauie 500 lalasniu@es warhnisus
sepzddios 2 9l wwiendu 24 Alussidldlumsdnmehil dwderurnisudensasans
sailunias Fitzpatrick et al. (1999b) anazdrlivunefazutlanwaldagiaiitaednimn lusued

- Y 1 - ' a 1 s [ P Qu -
Yang Yi (1992) Minmimeaasniuladiwal daig it :.mmnmm‘lugnﬂmwmq 21 - 30 TURNINIT
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Abstract

The study aimed to find out sentitive age of tilapia for masculinization by
immersion technique. Two dpf tilpia egg were collected from 10 individual females.
The eggs were randomly counted and put into 108 plastic bottle incubators (35/L; 2
bottles/replicate). The incubators were randomly addded with 500ug/L of 17a-
methyltestosterone (MT) at about 2, 5, 8, 10, 11, 12, 13, 14, 15, 17, 20, 23, 26, 30, 32
and 35 dpf for 24h (27.93+0.53°C). After treatment they were rinsed with well
airated tapped water and further incubated in the incubators until started feeding fry.
The fry were fed with 28%protein diet until 60dpf. They were all disected for gonadal
sex determination under microscope. The MT immersion at 2, 5 and 11dpf had
87.30+3.07, 86.83+4.51 and 87.4844.35%male, respectively, which were significantly
higher than those of the controls immersed in ethano] at 2 and 35dpf (73.85£5.16 —
79.77+£2.93%male). The 2, 5 and 11dpf were the sensitive ages to MT immersion.
However, the appropriate age was concluded to be the 2dpf age.

Introduction

Tilapia {Oreochromis niloticus) had been introduced from Japan to Thailand
since 1965. Production of the fish was first statisticcally recorded in 1981 at 5,500
tons. Then the production had gone up to be top fish production (18,400 tons =20.6%0)
of inland aquaculture in 1986 (Fisheries Economics Division, 2002). Up to present in
2000, the tilapia production was 82,363 tons which equaled to 30.4% of the inland
aquaculture production. The production was worth about US$ 49.5 millians (Fisheries
Statistics Analysis and Research Group, 2003). Therefore, tilapia is one of the
Thailand economics species which played important roles in domestic consumption
and export.
As male tilapias grow faster than females. The culture of a single sex eliminates
propagation of the fish which'is the main problem of over population in culture. Thus,
monosex male culture of tilapia is the most favoured for commercial scale (Mires,
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1977; Guerrero, 1982). Production of the monosex male tilapia can be produced by
manuaily sexing, hybridization and hormonai sex reversal (Mires, [983). The
manually sexing required experient labour on tilapia sex which eliminated 50%
population after 2-3 months rearing and 2.7-10% error (Chervinski and Rothbard,
1982). For hybridization, The technique requires at least 2 or more pure lines of
specific species to obtain high%male progeny. The hormonal sex reversal is the most
reliable and widely used method at present. The method can be done by either direct
or indirect hormonal administration. The indirect method was complicated due to
producing and keeping super male (YY) to produce all male tilapia. The method
however, produced about 95.6% male from the same strain of broodstook (Mair et.al.,
1997). For the direct method, 17a-methyltestosterone (MT) was added into powder
feed and feed the start feeding fry for 24-30 days to obtain 100% male (Tayamen and
Shelton, 1978). In commercial scales, the farmers could produce 86-100% male
(Bhujel, 1998). This method however, had been appliedd and carried out in earthen
pond due to labour intensive, which might caused MT contamination to environment
(Fitzpatrick, et al. (1999a). Then, sex reversal by immersion technique had been
carried out in salmonids (Baker et.al., 1988; Piferrer and Donaldson, 1989). The use
of MT at 200-400ug/L. immersed new hatched larvae 2h and then repeated 2h
immersion in the following week resulted in 82-100% male (Baker et.al., 1988).
Similar to Piferrer and Donaldson (1989) reported on a single immersion of 6 days
post hatching O. kisutch in 400pg/L for Zh resulte in 73% male. In tilapia, age for
immersing hormone was confused. Yang Yi (1992) immersed 21-30 day post-
hatched tilapia fry in MT 5mg/L for 3 days resulted in 90% male. While Fitzpatrick
etal., (1999b) got 79.3% male from  immersing 13dpf tilapia larvae in
methyldihydrotestosterone 200ug/L. for 2h. The present study was aimed to study
suitable age of tilapia for hormonal sex inversion by immersion technique.
Materials and Methods

Oreochromis niloticus of KhonKaen Inland Fisheries Research and
Development Centre was used in the study. The Centre had 25 spawning tanks. There
were 50 females and 25 males in a concrete spawning tank (50 m?). The fish were fed
with 25% protein pellet at 1-2% daily and weekly removed their eggs. At the
removing egg day, water in the spawning tanks were drained off. The eggs in each
female mouth were removed and age of the egg were determined approximately to
day after fertilization (dpf) according to their development as shown in Table 1.

Each egg batch was kept separately in a metal bowl before put into metal tray
incubators. The spawned females were removed to resting tanks and replaced by new
3 wk rested females. Then spawning tanks were topped up with water again. Only
pigmentation egg with tiny black sports (Fig. 1; about 2 dpf) were selected from 10
females. The eggs were pooled in a metal trays and tranferred (about 5 km) from the
Centre to KhonKaen University for the experiment. At KhonKaen University, the
eggs were cleaned up with 100 ppm formalin for 2 min in order to avoid any external
parasit. They were washed up with well airated tapped water for 2-3 times before
adding into a plastic tray for the experiment.

Thirty five eggs were randomly counted and put into a cylendrical plastic bottle
incubator which contained the well airated tap water 1L (Fig. 2). Each bottle had an
air stone for circulating the eggs during incubation. There were 108 bottles in total

which carried out under 27.9340.53°C.
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Table 1 Age determination of tilapia egg by visual details of embryo development
at 25.91+0.25 °C water temparature

Stage* Visual details Age
determination
(dpf)
1 Undeveloped egg  Yellowish egg,
- yellow egg with out any pigment on egg 1
2 Eyedegg Pigmentation (Fig. 1)
- tiny black spots at animal pole of egg 2
Eyed egg
- groups of black spot look like eyes and 3
start blood formation
3 Prehatched egg Prehatched egg
- two visible eyes, blood system, unhatched 4-5
4 Yolk sac/larvae Hatched larvae
- hatched larvae, transparent body 5-6
Pigmented larvae
- pigmented body, yolk absorped larvae 7-12

*= stage according to Little et al. (1995)

Fig. 1 Pigmentation stage (2dpf) of tilapia embryo showed tiny black sports at
animal pole of the eggs (x6.7) '



Fig. 2 Cylendercal plastic bottle incubator (1L)

Stock solution of 17a-Methyltestosterone (MT; Fluka) was prepared with
cthanol (BDH) into the concentration of 2,0001g/ml. The freshly prepared stock MT
250pl (500pg) was randomly added into a bottle incubator (2 bottles/replicate; 6
bottles/treatment) at the different ages of 2, 5, 8, 10, 11, 12, 13, 14, 15, 17, 20, 23, 26,
30, 32 and 35dpf. So, each treatment age had 3 replicates. There were 2 controls
including of 2 and 35dpf which MT was replaced by adding only ethanol at the same
amount of the MT(=250ul/bottle). The egg/fry were immersed in either MT or ethanol

. for 24h. Next, they were thoroughly cleaned up with the tapped water 2 — 3 times. The

. egg. after immersion, were further incubated in the bottle incubators unnl ‘hatch.

Numbers of the hatched egg were counted and recorded for survival after treatment.
They were transferred into 10L plastic containers which initially stocked 2L water.
They were fed ad libitum with powder feed (28% protein) 3-5 times daily. The
containers were cleaned up and 70% water changing everyday. Water volume in the
container was slowly increased according to larvae size. They were nursed in the
containers for 2 wks before transferred into glass aquaria (15x15x30™) which initially
stocked 30L recirculated water. The water will slowly increasing according to their
growth. They were nursed with 28% pellet until the fry were at least 2 month old
(about 60dpf up). Numbers of the remained fry were recorded for cummulative
survival at sexing. Then all of them were dissected for sex determination by
Acetocarmine Squash Method (Guerrero and Shelton, 1974). Sex of the fry was
examined under microscope (x100).

Data were firstly tested for Homogeneity of Variance. If the data were not
normal distribution then arcsine transformation would be applied prior to ANOVA
(MINITAB for WINDOWS version 10.1). The differences were considered
statistically when the p-value was less than 0.05.

Results
Either tilapia egg or larvae could be immersed in 500pg/L. MT at 35/L for 24h
with 80.48+ 0.83 to 100% survival after treatment. Then the larvae were nursed to
approximately 60dpf before starting sex determination. Survival rate of the fry at the
sexing period were 73.85%5.16 to 91.43%. These survival rates were not significantly
different among the treatments and control, Thus, their survival should not had any
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effect on the result of %male of sex reversal by the immersion technique in the
present study. When immersed tilapia at about 2, $ and | tdpf resulted in §7.30+3.07,
86.83+4.51 and 87.48+4.35 %male, which were significantly higher (P<0.05) than the
controls (Fig. 1; Table I and 2). This indicated that the tilapia egg and larvae at about
2 — 11 dpf should be the appropriate time for MT immersion technique.

Table 1 Sexes of tilapia fry (meanzSD) when immersed in 500ug/L MT for 24h at

different ages
Age* Male Female Intersex % Survival % Survival ~ Remark
(dpf) (%) (%) (%) after immersion at sexing
2 79.77 10.98 9.88 87.10 85.35 control
+2.93 +3.50 +1.38 +8.70 +5.77
2 87.30% 6.15 6.55 83.33 80.66
+3.07 +2.89 +2.86 +297 +3.96
5 86.83% 5.99 7.17 89.52 85.36
+4.51 +2.31 +3.02 +5.73 +7.41
8 75.10 12.55 12.92 89.05 80.95
£1.37 +3.60 +5.23 +5.41 +2.90
10 92.59 7.41 0 95.71 91.43 Remained |
aquarium
11 87.48* 4.87 7.65 85.71 82.86
+4 35 +1.37 +4.38 +2.37 +5.95
12 82.43 11.36 4.55 83.57 78.57
+1.93 +3.03 +4.04
.918 1409 . 8048 76.87
44,10 %10, 1083 +6.10
0 7.947 . < 8571 84.10
17.62 +2.02 +1.53
6.08 . 81.43 79.44
+5.93 +2.22 +2.48 £5.09
11.93 12.24 87.15 83.76
+9.43 +2.42 +8.08 +2.26
15.12 5.43 86.66 81.73
+12.65 +£3.54 +0.83 +15.66
23 73.25 14.98 10.06 85.71 83.85
+1.79 14.00 +4.07 +8.92 +5.90
26 68.35 15.78 14.73 94.76 89.05
19.81 +8.37 +5.40 +2.97 +3.60
30 79.31 9.52 11.17 100 83.33
+2.26 +3.19 +3.11 +541
32 67.38 18.98 13.08 100 90.95
+0.31 +5.97 +5.97 +541
35 " 73.57 9.90 15.25 100 75.24
+3.95 +0.71 +2.68 *+5.77
35 73.85 16.66 9.55 99.52 78.50 control
+5.16 +9.70 +4.80 +0.83 + 8.62

dpf = approximated day post fertilization;
* = gignificantly difference from the control (P<0.05)
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Table 2 One-Way Analysis of Variance of %male after arcsin transformation of

Analysis of Variance on arcsinMale

Source DF SS MS F P
Age 17 9914 583 246 0.013
Error 33 783.1 23.7

Total 50 17745

Discussions
Hormonal sex reversal is the most common used in the world wide tilapia
industries. In Thailand, AIT has a commercialized process for mass production of
tilapia egg and yolk-sac fry in hapas (Little, et al., 1996). The process collabolates
with |7a-methyltestosterone (MT at 60mg/1 kg feed) then administered to the first
feeding fry in hapas sustained in an earthen pond for 21 days produced 100%male
(Ponza, et al., 1996). When the technique had been extended to farmers, the %male
depended on degree of adoption (Little, et. al., 1995) which resulted in 86-100%male
(Bhujel, 1998). The farmers who adopted all the process would get high% male. Due
to efficacy of the hormonal sex reversal technique, depends on aging and timing of
the treatment. As Yamamoto (1969) stated that the exogenous sex hormone should be
administered before sex differentiation occur and last until the process completed. The
sensitivity to action of exogenous sex steroid change during ontogenesis, reaching its
maximum during the critical period likely located just prior or during early stage of

sex dlﬂ“crentlatwn (Pifferer and Donaldson, 1993)

sy "+ Sex- differentiation of tilapia is”species ‘and temperature specific. For the O.

; zrlo:zcus, Alvendla-Casauay and Canno (1988) reported on set of sex differentiation
= by histological study occured bétween:30-33 days post hatch. The fish age in day post
hatch (dph) was about 5 days after the day post fertilization (dpf) at 27-28 °C
(Personal observation). Thus, the sex differentiation (30-33dph) of the O. rniloticus
based on Alvendia-Casauay and Carino (1988) report, should be equaled to 25-28 dpf
or older due to 1-2 °C lower water temperature. In comparison, the age of the fish at
20-35 dpf (27 °C), Baroiller et al. (1996) found oogenesis proliferation of the fish
which indicated sex differentiation into female completely. Thus, the 20-35dpf should
be the end of the onset of sex differentiation. The period however, Yang Yi (1992)
immersed O. niloticus at 21-30 days post hatch fry (about 26-35dpf; 27 °C) for 3 days
in Smg/L. MT which resulted in 90%male.

For the beginning of the onset, Srisakultiew and Rana (1991) studied effect of
stocking densities on the sex differentiation of the same species and found gonadal
proliferation began as early age as 11-14 dpf at 27+2 °C. These ages were similar to
Baroiller et al. (1996), who reported the critical pertod of the fish to exogenous steroid
for orally sex reversal treatment must begin between 9-13 dpf and last for 21 days (27
°C). Therefore, a protocol of 21-day oral steroid treatment had been suggested by
initially begin at the 10 dpf and last to 31 dpf (Baroiller et al., 1996). The beginning
treatment age at 10dpf was similar to the 10 and I1dpf of the present study. Although
the study lost 2 aquaria at 10dpf but the remaining aquarium gave 92.59%male (Table
1). Thus, the 10 and 11dpf should have the similar respond to MT immersion. In
addition, the 10dpf (5dph) was found undiffirentiated gonad (Srisakultiew, 1993;
Baroiller et al., 1996) where the exogenous steroid treatment should be begun for
effectively sex inversion (Hunter and Donaldson, 1933).
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For the Sdpf was the hatching period of the fish at 27-28 °C (Personal
observation). This period was found primodial germ cells which is the beginning of
the gonad before they developed into undifferentiated gonadai sac at about 10 dpf
(Srisakultiew, 1993). The undiffirentiated gonad was reported to be the labile period
of coho salmon, when the fish gave maximum respond to low given dose steroid and
short duration treatment (Piferrer and Donaldson, 1993). Thus, the hatching period of
the fish (5dpf) was also the sensitive period to the MT treatment. The period,
however, was rarely use for inducing hormonal sex inversion of the tilapia. This may
be due to the after hatched larvae was very weak and high sensitive to poor water
quality.

At the 2dpf, was the egg stage, where the egg developped pigmentation. One
of the advantage of this period was the clearly visualize stage for determining age of
the tilapia egg commercially. From the personal observation under microscope, during
this period the tilapia embryo had started developping head bud and tail bud. Thus,
the embryo was possively forming germinal ridge which was the origin of the gonad
(Balinsky, 1968). This stage, however, requires further embryological and histological
studies for more details to explanation why the stage was sensitive to the MT
immersion, The labile period (Piferrer and Donalson, 1993) of the O. niloticus in the
study was found to be 2 - 1 1dpf which possively before 2 dpf and last up to 15dpf.

When the hormone was administered through water. In comparison to the
study of Fitzpatrick et. al. (1999b) who immersed O. niloticus at 13dpf in 200ug/L
methyldihydrotestosterone for 2h and get 79.3% male significant higher than the
control group. The present study aimed to find out appropriate time of tilapia for sex
reversal by immersion technique. When the fish were immersed in 500pg/L MT for

- . 24h at different age started from.egg stage (2dpf) until fry. stage (35dpf). The results

- showed that the immeyssion at 2, 5 and -11dpf were significantly raised up %male
(87.30+3.07, 86.83+4 51, 87.48'_".4.35'%; respectively) to be higher than the control
groups. Thus, the 2, 5 and 11 dpf were the sensitive age of tilapia to MT exogenous
steroid via immersion. The 11dpfis the closed age to Fitzpatrick et. al (1999b) studied
at 13 dpf. The 11dpf fry had fed ordinary feed with out MT for about 3-4 days prior
to the immersion. General apparence of the fry was similar to other fry aging about 9-
13 dpf, which depends on water temperature. Thus the fry at this age is difficult to
guess or predict their age from external characteristics. Therefore, collecting the fry
for this age without knowing their spawning date will including some insensitive
ages, which might cause %male. At 5dpf, the larvae was in hatching stage. The larvae
should be immersed after complete the hatching. Because the hatching stage causes
water quality to be poor. It might cause low survival after immersion which affected
reliability of Y%male at the end of the experiment. For the 2dpf, this is the egg stage.
The embryo at this stage was forming head-tail bud which may possively forming
primodial germ cells. The cells were sensitive to environmental factors (Nakamura et
al.(1997). Thus, immersing tilapia eggs at 2dpf gave the similar result as immersing
tilapia larvae at 5 and 11dpf which gave significantly higher %male than the controls.
Advantages of the 2dpf is the present of the tiny black spots around both sides of the
eggs (Fig 2). The spots are clearly seened by simple eye visual. Therefore, the 2dpf
should be the appropriate age for hormonal sex reversal via immersion technique.
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Abstract

Thirty five per liter of the 2, 11 and 14dpf Oreochromis niloticus were
randomly counted and put into plastic bottle incubators. They were immersed in 250
i s 2 andiS00pg/L 17a-methyltestosterone (MT) for 6, 12, 24, 48, 72 and 96h separately.
: W}ule the. controls, were immersed in only ethanol (250pl/L) at the same amount and
f‘duratlon as: MTi#At the-end-of -the, treatment "durations, they were washed up and
" nursed in plastic containers (10L) and glass aquaria (100L) which stocked water
according to their growth, respectively. They were fed with 41% protein pellet until
at least 60dpf. Then the fish were disected for gonadal sex determination using aceto-
carmine squarsh method. The results showed that both the 250 and 500pg/L MT
induced significantly (P<0.05) male ( 84.45+1.76 - 87.62+1.43, 89.45%1.64 -
91.43£1.70 and 84.87+2.16 - 87.77+ 1.81%) to be higher than the controls
(76.15£2.02, 76.83£3.94 and 6612.61%) when immersed at 2, 11 and 14dpf,
respectively, While the immersing duration between 6-96h of the 3 ages, however,

showed no different to raise up the male percentage.

Introduction

Tilapia (Oreochromis niloticus) had been introduced from Japan to Thailand since
1965. Production of the fish was first statistically recorded in 1981 at 5,500 tons.
Then the production had gone up to be the top of fish production (18,400 tons
=20.6%) of inland aquaculture in 1986. Up to 2000, the tilapia production was 82,363
tons which equaled to 30.4% of the inland aquaculture production. The production
was worth about US$ 49.5 millians (Fisheries Statistics Analysis and Research Group,
2003). Therefore, tilapia is one of the Thailand economics freshwater species which
played an important roles in domestic consumption and export.

Due to male tilapias grow faster than females and culture of a single sex stop the fish
propagation. Then the main problem of over population is under control. Thus,
= monosex male culture is the most favoured for tilapia commercial scale (Mires, 1977;
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Guerrero, 1982). Production of the monosex male tilapia can be produced by
manually sexing, hybridization and hormonal sex reversal (Mires, 1983). The
manually sexing required experient labour on tilapia sex which 50% population was
eliminated as unwanted female after 2-3 months rearing with 2.7-10% error
(Chervinski and Rothbard, 1982). For hybridization, the technique requires at least 2
or more pure lines of specific species and known generation in order to obtain
high%male progeny. The hormonal sex reversal is the most reliable and widely used
method at present. The method can be done by either direct or indirect hormonal
administration. The indirect method was complicated due to producing and keeping
super male (YY) to produce all male tilapia. This method however, produced
approximately 95.6% male from the same strain of broodstook (Mair et.al., 1997). For
the direct method, 17a-methyltestosterone (MT) was added into powder feed and feed
the start feeding fry for 24-30 days to obtain 100% male (Tayamen and Shelton,
1978). In commercial scales of Thailand, the farmers could produce 86-100% male
(Bhujel, 1998). This method however, had applied and carried out in hapas suspended
in earthen pond due to labour intensive of cement tanks. In addition, the sex inversion
in earthen pond might cause MT contamination to natural water resources subrounded
the pond and the farms. Then, sex reversal by immersion technique had been carried
out in saimonids (Baker et.al., 1988; Piferrer and Donaldson, 1989). The use of MT at
200-400ug/L immersed new hatched larvae for 2h and then repeated another 2h
immersion in the following week resulted in 82-100% male (Baker et.al., 1988).
Similar to Piferrer and Donaldson (1989) reported on a single immersion of 6 days
post hatching Oncorhynchus kisutch in 400pg/L for 2h resulted in 73% male. In
tilapia, Yang Yi (1992) immersed 21-30 day post-hatched tilapia fry in MT 5mg/L
-for 3-days resulted in 90% male.- While Fitzpatrick et.al., (1999a) got 79.3% male
from. immersing 13dpf t:llap1a larvae m methyldlhydrotestosterone 200pg/L for 2h,
Dosage- and’ duration of hormone 'immérsing - tilapia: are:d " lots" differrent between
200ug/L to Smg/L and 2h to 3 days. The present study was aimed to study lowest
dose and duration of MT for tilapia sex inversion by immersion technique.

Materials and Methods

Experimental fish

Oreochromis niloticus of KhonKaen Inland Fisheries Research and
Development Centre was used in the study. The Centre had 25 spawnmg tanks. There
were 50 females and 25 males which added into a concrete spawning tank (50 m?).
The fish were fed with 25% protein pellet at 1-2% daily and robbed their eggs weekly.
At the robbing egg period, water in the spawning tanks were drained off. The eggs in
each female mouth were removed and age of the egg/fry were identified according to
their development. Each egg batch was kept separately in different metal bow! before
kept into metal tray incubators. Only pigmentation egg (about 2 day post fertilization;
Srisakultiew et al., in press) from 13-15 females were selected and kept together in a
metal tray for the experiment. The selected eggs were tranferred (about 5 km) from
the Centre to KhonKaen University for the experiment.

At KhonKaen University, the eggs were cleaned up with 100 ppm formalin for 2 min
in order to avoid any external parasits. They were washed up with well airated tapped
water for 2-3 times before adding to a plastic tray for the experiment. Next, 35 eggs
were randomly counted and put into a plastic bottle incubator which contained well
airated tap water (1L). Each bottle incubator had an air stone for circulating the eggs
during immersion. The study was carried out under 27.47+1.23°C water temperature.



Experimental design

T'wo way anlysis of variance was designed for the study including ot dosages of [7a-
methyltestosterone (0, 250 and 500 pg/L) and immersing durations (6, 12, 24, 48, 72
and 96h). Each treatment had 4 replicates. There were 2 batches of egg from 13 and
15 females, were collected for 3 experiments in the study. The first batch was
immersed either at pigmentation (2 dpf) or larval (14 dpf) stage. The latter batch was
immersed at only 11 dpf. For the immersing at 11 and 14 dpf, immersing duration
were reduced to 6, 12, 24 and 48h because limited of facilities.

Hormonal preparation

17a-Methyltestosterone (MT; Fluka) was weighed into 0.015 and 0.030g. Then each
wasdissolved with 15ml absolute ethanol (BDH). Thus, the MT concentrations were
1000 and 2000pg/ml, respectively. At the beginning of the experiment, 250ul of each
stock was added into a bottle incubator (48 bottles). Thus, the MT concentration in
the bottles were 250 and 500 pg/L, respectively. For the control, 250ul absolute
ethanol was replaced the MT stocks.

Eight bottle incubators from each concentration were randomly removed at 6, 12, 24,
48, 72 and 96h after adding MT. They were rinsed thoroughly with the tap water and
further incubated in the same bottle incubators until hatched. During this period, the
bottle incubators were replaced with new well airated tap water everyday. When the
larvae start feeding at about 8-9 dpf, 2 bottles were drained into a 10L plastic
container which initially stocked 2L water. They were fed to excess with powder feed
(40% protein) 3-5 times daily. The containers were cleaned up everyday. Water
- volume in the container was slowly increased according to growth of the larvae. They
- were nursed in the containers for 2 wks before transferred into glass aquaria which
‘initially “stocked 30L water. The- water will slowly increasing according to their
growth. They were nursed with 40% pellet to at least 2 month old (approximately 60
dpf). Then all the fish were dissected for gonadal sex determination by Acetocarmine
Squash Method (Guerrero and Shelton, 1974). Sex of the fry was examined under
microscope (x100).

Percentages of male in each treatment were computed using MINITAB for Windows
version 10.1. Data from each replicate were analysed and checked homogeneity of
varience prior analysis of variance. Arcsine transformation was applied when
necessary. The differences were considered statistically when the p-value was less
than 0.05.

Results
MT dosage
The trial had been carried out 3 experiments from 2 batches of egg. The first egg
batch was immersed either at 2 or 14 dpf while the latter batch was immersed at 11
dpf. At the end of the experiments, survival rate of the fry ranged between 85.24-
97.71, 64.25-80.31 and 71.11-83.50% when immersed at 2, 11 and 14dpf,
respectively. There were no significant difference among the fry survival in each
experiment. Thus, these fry survival should not have any effect on the male
percentages.

Resuits of the immersion experiments were shown in Table 1-3. Dosages of MT either
at 250 or 500pg/L significantly (P<0.05; Table 4) raised up male percentages (average
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of 8445+ 1.76 -87.62+ 1.43,89.45+1.64-9143 £ 1.70 and 84.87 £2.16 - 87.77
1 1.81%) to be higher than those of the controls (average of 76.1512.02, 76.8313.94
and 66.0012.61%) when immersed at 2, 11 and 14 dpf, respectively. This indicated
that MT solution induced sex inversion of tilapia via immersion technique.

Duration

Duration of MT immersion, the male percentages were slightly increased with longer
duration. In Table 1, the 6h immersion in 250pg/L. MT at 2 dpf had only 75.0+5.84%
male. The male percentage increased to 83.44+4.36, 80.124+3.34 and 91.551.24% in
the 12, 24 and 48h tmmersion. Next, these percentage slightly dropped to 89.06+2.73
and 87.53%£2.52% when immersed at 72 and 96h, respectively (Table 1). In the
500pg/l. MT, the male percentage peaked to 91.47+1.84% in the 72h immersion of
the same age. Trend of the male percentage were similar to the immersing at 11 and
14dpf which peaked between 12 and 24h immersion (Table 1-3). However, statistical
result in Table 4 showed that immersion in both 250 and 500ug/I. MT were
significantly raised up male percentage to be higher than the controls. While the
durations of MT immersion either at 6-96 or 6-48h had no effect to increase the male
percentage in every immersing age.

Table 1 Average percentage (£SD) of tilapia sex immersed in different dose and
duration of MT solution at pigmentation stage (2dpf= 57.7 CTU)

Dose Duration Male Female Intersex Survival at
(wgl) () (%) (%) (%) sexing (%)
0 6 77.3584.01 21.41+4.15 1.244+0.80 05.28+0.81
120 78.77+5.09  21.23£5.09 0 93.1943.04

24 80.4613.59 19.124£3.78 0.42+0.42 95.55+1.65

48 65.6416.81 33.21+£5.98 L11+1.11 96.4810.24

72 80.6914.14 17.61+4.35 1.69+0.98 91.11+2.84

96 71.34%£5.15 26.9445.54 1.72+0.68 85.2445.46

average 76.15+2.02 22.8212.02 1.03+0.29 92.65+1.36

250 6 75.00%5.84 24.611£5.99 0.39+0.39 97.71£0.43
12 83.441+4.36 15.60+3 .47 0.96+0.96 91.41+2.45

24 80.1243.34 19.07+3.04 0.82+0.82 96.44+1.07

48 91.55+1.24 7.54£0.93 0.91+0.91 85.96+6.78

72 89.06+2.73 10.94+2.73 0 95.01£1.39

26 87.534£2.52 12.48+2.52 0 94.04+1.29

average 84.45+1.76* 15.04£1.71 0.51+0.25 93.43+1.38
500 6 82.2545.19 17.74£5.19 0 05.51+1.20
12 87.28+2.25 12.72£2.25 0 95.12+1.07

24 88.18+5.33 13.49+5.40 0.8310.83 88.60+5.18

48 86.85£2.66 12.66£2.79 0.49+0.49 92.7443.08

72 91.47+1.84 7.77+1.92 0.76x£0.76 79.00+10.1

96 89.70+2.56 9.46x3.04 0.83+0.83 04,151£2.06

average 87.62+1.43% 12.31+1.49 0.4940.23 90.86+2.15

* = Significantly higher than the control (P<0.05)



‘T'able 2 Average percentage(+5SD) of tilapia sex immersed in different dose and

duration of MT solution at larval stage (11dpf=297.2 CTU)

Dose Duration Male Female Intersex Survival at
gL O (%) (%) (%) sexing (%)
0 6 69.18+5.62 29.57+4.62 3.39+1.41 73.75%£6.31
12 89.38+2.13 10.62+2.13  10.12+1.86 70.00+4.68

24 65.63+4.87 31.80+4.36 2.53+1.02 76.5616.52

48 83.13+11.1 16.90+11.1 2.19+1.34 66.88+5.72

average 76.83+3 .94 22.22+3 .68 0.95+0.45 71.80+£2.78

250 6 91.90+2.51 7.4613.01 0.64+0.64 65.3142.99
12 92.56+5.00 6.96+4.51 0.63+£0.63 66.25+3.75

24 90.00+4.08 8.75+£3.15 0 73.13+6.34

48 01.264+2.99 6.24+2.40 0 72.81+2.36

average 91.43£1.70* 7.35+1.52 0.32+0.22 69.37+£2.08
500 6 90.99+0.81 8.36+0.73 0.64+0.64 75.62+4.58
12 82.87+£2.65 15.83+3.18 1.30+0.75 69.06+4.77

24 93.68+2.43 6.32+2 .43 0 80.314+2 .41

48 90.25+4.35 8.47+4.49 1.28+0.74 64.25+7.89

average 89.45+1.64* 9.74+1.65 0.81+0.31] 72.31+2.85

* = Significantly higher than the control (P<0.05)

e i:-:z:.ii-TﬁbléLS;Avefage'peréentage“(iSD) of ﬁlapié.‘ sex immersed in different dose and
duration of MT solution at larval stage (14dpf= 404 CTU)

Dose Duration Male Female Intersex Survival at
_(pg/l) (h) (%0) (%) (%) sexing (%)
0 6 64.63+5.22 31.98+4.11 3.39+1.41 76.64+5.18
12 63.57+4.91 26.31+4.84 10.12+1.86 75.50+2.45

24 66.85+4 .45 30.67+4 .31 2.4710.83 79.76+4.30

48 68.95+7.74 28.86+7.15 2.19+1.34 77.0315.47

average 66.00+2.61 29.45+2 .41 4.54+1.05 77.23+2.06

250 6 78.76+4.91 18.63+£3.74 2.62+1.68 73.74+3 .98
12 84.80+5.04 13.95+3.83 1.25%£1.25 71.77+7.36

24 89.20+2.69 8.41+0.95 2.39+1.85 75.31+0.79

48 87.62+3.20 8.48+1.19 3.89+2.38 83.43+6.21

average 84.87+2.16* 13.49+1.65 2.65+0.87 76.061+2.60

500 6 79.661+3.50 18.01+3.43 2.33+0.99 83.42+5.58
12 88.87+2.06 7.46+2.52 3.66£2.12 77.6912.60

24 91.90+4.21 7.6413.76 0.46+0.46 75.01+0.79

48 90.66+0.56 8.51+0.80 0.83+0.83 83.50+3.20

average 87.77+1.81* 10.40+1.71 1.82+0.65 79.90+1.83

* = Significantly higher than the control (P<0.05)
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Table 4 Analysis of Variance for %omale tilapia after immersion in different MT
dosages and duration at 2, 11 and 14dpf

Immersion at 2dpf

MTB > GLM 'Male' = Dose Duratn Dose* Duratn.
General Linear Model of the immersion at 2 dpf
Factor  Levels Values

Dose 3 0 250 500

Duratn 6 6 12 24 48 72 96

Analysis of Variance for Male 2dpf

Source DF SeqS8S AdjSS AdiMS F P
Dose 2 1700.64 182425 912.13 14.52 0.000
Duratn 5 467.56 475.00 9500 151 0.202
Dose*Duratn 10 1159.60 115960 11596 1.85 0.075
Error 53 3330.05 3330.05 62.83

Total 70 6657.86

General Linear Model of the Immersion at 11dpf
Factor Levels Values

Dosell 3 0 250 500

Durall 4 6 12 24 48

fAnalysxs of Varlance for Malelldpf X .
: + Source- -z DF - SeqSS: < Adj SS- Ad} MS F P

Dosel 1 2 114379 114379 57190 6.64 0.004
Durall 3 92.85 9285 3095 0.36 0.783
Dosel1*Durall 6 1174.76 1174.76 19579 2.27 0.058
Error 36 3101.89 3101.89 86.16

Total 47 551330

General Line Model of the Immersion at 14dpf
Factor Levels Values

Dosel4 3 0 250 500

Dural4 4 6 12 24 48

Analysis of Variance for Malelddpf

Source DF SeqSS AdjSS AdjMS F P
Dosel4 2 452693 452693 2263.47 29.23 0.000
Dural4 3 53335 53335 177.78 2.30 0.094
Dosel4*Dural4 6 147.13 147.13 2452 032 0.924
Error 36 2787.68 2787.68 77.44

Total 47 7995.09




Discussion
Application of exogenous steroid for inducing sex reversal, should be started
at undifferentiated gonad and continued until past the sex differentiation process
(Yamamoto, 1969). This is the first principal of orally exogenous steroid sex
inversion. Based of this principal, either a male or a female steroid is applied at an
adequate dose and duration to the fish at the right time or the labile period (Pifferer
and Donaldson, 1993) which depended on fish species. For immersion, is one of
cxogenous steroid treatment for producing monosex. Avantages of the technique were
using very low dose of steroid and shortly at the critical labile peroid but resulted in
greatest response (Pifferer and Donaldson, 1993), which should be the easiest and the
main target of monosex production. Thus, exogenous steroid would be applied at the
critical and effective period, i.e., period of sex differentiation, present of cells,
receptors or enzymes involved in steroid production (Devlin and Nagahama, 2002).
17¢¢ methyltestosterone (MT) is the most commercial synthetic androgen used
effectively for masculinization of fishes more than 42 species (Devlin and Nagahama
(2002). In’ addition, the MT is commercially used in tilapia hatcheries world wide
including Thailand. Therefore, the MT was used in the present study in order to find
out efficacy of MT immersion based on dose and duration in the sensitive ages
suggested by Srisakultiew et. al. in press. The oral MT required higher dosage
ranged 5-500mg/kg feed (Devlin and Nagahama, 2002) or 60mg/kg feed in all male
tilapia standard protocal (Little et. al., 1995). When compared the immersion at 250 —
500ug/L in the persent study with the oral MT (60mg/kg feed) standard protocal, the
immersion dosage used only 1/240 — 1/1000 MT of the oral technique and resulted in
significantly 84.45-91.43%male compared to controls (66-76.15%; Table 1-3) in all 3
-+ ages. These indicated that’ MT:masculinized the fish statistically -via immersion
. technique. L e : IR
LT in the oral administration, the first feeding tilapia fry ‘(about 8-9 dpf; Personal
observation) will be treated with the MT standard protocol (60 mg/kg feed; Little et.
al., 1995) for 21 days (between 8-29 dpf), resulted in 86-100% male (Ponza et al.,
1996 and Bhuyjel, 1998). This method used more MT (costly) and longer duration
(labour cost), which effected higher cost sex reversal fry. Srisakultiew et. al. (2001)
calculated the cost of MT immersion at different densities (35/L and 20,000/1.) with
the oral MT administration. They found the immersions costed only 75.3 and 3.25%
of the oral treatment and resulted in 86-88 and 75-80%male, respectively. Although
the immersion at the high density (20,000/L) had low cost (3.25% of the oral), which
was suitable for commercial scale, but the method had low efficacy (75-80% male).
The result, however was similar to Fitzpatrick et. al. (1999b) who reported % male
was affected by higher density during immersion. Thus, a future experiment should be
carried out for increasing efficiency of higher density immersion for a commercially
tilapia hatchery production.

- In the present study, the male percentages of the MT immersion at 2 and
11dpf comfirmed the sensitive ages of the fish reported by Srisakultiew et. al. (in
press). While the 14dpf showed the sensitive age only in the present study but not in
the Srisakultiew et. al. (in press). This indicated unconsistant efficacy of MT
immersion at the older age of 14dpf, which diffirent water temperature might affect
carlier or late onset of the sex differentation. The immersion, however, could produce
higher male in the wide range of age starting from egg stage (2dpf) up to larvae stage
(5 — 14 dpf). The %male of the current study, however, were higher than Fitzpatrick,
et. al. (1999a) who immersed the same species at 13dpf in a higher effective
nonaromatase androgen (17a-methyldihydrotestosterone; MDHT) at 500ug/L for 2h,
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but resulted in only 79.3% male. This may be due to longer immersing duration (6-
96h) of the present study compared to only Znh of Fiizpatrick ci.al., {19%%a). In
comparison to salmonid, a shorter duration of MT (200-400ng/L} immersed at newly
hatched larvae for 2h and then repeated another 2h immersion in the following week
resulted in 82-100% male (Baker et.al., 1988). The result was similar to Piferrer and
Donaldson (1989) reported on a single immersion of 6 days post hatching
Oncorhynchus kisutch in 400ug/L MT for 2h resulted in 73% male. Therefore, the
immeresing duration require a further study to tind out a shortage significant period to
obtain effective sex inversion.
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FaNTAIIAdRINARLE Acetocarmine Squash Method (Guerrero and Shelton, 1974) @9y
@Jﬂﬂmﬁmﬁﬂmnmmmamﬁ Wildeyunadelunsedslugdaudninauem 16 faa/ils 1una
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iR ildnewesaun Ya usadh fifduausaunITNY 1450 TaUANT wseden Ty
Fasmmananafnauiesaduausauasviie 56 sauand sedauununyuainiles
Faned iwin TRy evmnnatdwieundenintiy dedesnisugliiuairaraieseflm
hmaurusnlduszasayaeseilsnaauuninlisl  dowEnlwinluemeiina
deratiwihifvaduaiandllantuwwmny  lanliafiegluarsazainasiadeuiludan
vinlldan li@esswinamsutaeiluu (nwdl 3.2)
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Aanaauon 1 aasldadlunssnwanafinaunenng 1.5 8ng 49N 5 nesyn e
ans8zatY MT way FLU fimasidindy 1,250 uas 5,000 lulasniudiadans ziu@maaﬁuuﬁ'
wizanldanudnduas 0.2 Haddms 1ﬁﬂqluﬂ?:ﬂm§ﬂ 1 Amsnuaitenlden 4 nezin dou
nsvAlngavinegm ethanol 471U 0.2 faaansldalunii 1 amslfidugamauAuniImaaes
3.2.4 nsusonlianiia andlumawilenda 3.1.2 dndenlidaniifieny 2 Jundine
ranlFifies 8 wil sanimiinle 176 ni vianseasldleniildliuanfuatiaiaie dudain
minli&aaeTasdelifimaion 2 dumis deldtan 5.6 nfn (1,020.3Wes)nmuzints 1
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ar

neRsiney sruIansugiinnaidindueuliUa s @ lunrususiazly wiaust
wenla @eiel) wrldluansasaasailuundinainfiiunaiu 48 Falue Rednalidae
vhavens fheliluiingelumananadin ayuragnialuluawaiasin fnszan waTRsIa
wAltwAeALde 3.1.4, 3.1.5 uaz 3.1.6

3.3 Aimnidaysuarileuneu

AB¥NITVIAREY

'Lumiﬁnmammw"nfaw::uumsﬁnlﬂﬂmﬁﬂ%q 2 sruupe sruulleuassruulfs
el wus usassauninifldUandeiintluwiazganimases Tetusulndosinei
Ly
mrudislarfialuszuntla  wudiladefiiaiuszuwinamsudlussrazarauasaneasasiien
wiedy 53.75+2.78 vias IndiFesiusrunule@efilannganimasadiiutluansazans
MT ARosdindy 250 ladasniu@ng (50.75+3.75 Wae) Teeliuanepauupnsnantenti
(P>0.05) lurnusiinisutldlugnsazane MT finsnudndu 1,000 lesniudns uezans
azant FLU fipnadiudu 250 wax 1,000 lalasniu/ans fualildlailafiugidaulade
wnduilu 88.0+8.67, 72.75+5.74 uaz 68.7545.75 vas SIS LE‘JJ’]mHLaEI’ﬁQQﬂd’]
aeinaThindn Arunn9add (P<0.05; msnad 3.1) Weufuflenfuduslsdei Reaulugn

fuduaanezef uastaiutluansazans MT Ananadudu 250 lulasniu/dng

daunsutldanfavusrunlszaen wudqiﬂiaﬁﬂmmLwia:mmmmamﬁlﬁ‘mmﬁ'
pradruiussuuln Ae ﬁﬁmuhiLﬁﬂﬁwulmgmmmmamwﬂ'gﬂmugwﬁlﬁLLﬂﬂﬂ@afaé‘r (Alc;
91.6+5.89 Wa4) LLﬂ:‘gﬂﬁlwﬂuﬂﬂﬁ‘ﬂzﬂ’m MT Airmdady 250 lulasniu/ans (76.81+3.79
Wa: A9 2) fiannuldRaganitetnailtodnAnyniaads (P<0.05) deuFeuFauiy
gansnaaeanudluasazann MT fraudadu 1,000 Tulasniudas uazarazas FLU
fiaonandadu 250 way 1,000 bilasnsdms Taldmouldiduson 62.18+3.26, 60.06+4.59
WY 66.22+2.20 e MR (ns97 3.2)
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Weduganismasssraanisugiis lalusrunTouazsruulfnaci wudn
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wesiiurgnanwagnlsaanusiazganismeassiaindidssiu  Iasluuanianuunneig
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N9A05 (P>0.05; 3199 3.3; 3.5 war mM3eh 3.4; 3.6)
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Type Dose aranlt (Wes)
Bud a5 T Ae %tal\ At

Air 0 687 673 14 2.04
Alc o) 2,443+31 2,184 53.75+2.78a 2.20
MT 250 2,443+31 2,190 50.75+3.75a 2.08

1,000 2,443+31 2,137 88.00+8.67p 3.60
FLU 250 2,443+31 2,237 72.75+5.74b 2.98

1,000 2,443+31 2176 68.75+5.750b 2.81
AV EUIOTE)

Air = neinladanludhersuuausinuianseldauminuduaininluszuutle

ar

18nwe a,b HAneaTuluuaaAares %lds uariIdeNNuANANIIED R (P<0.05)

- o 7 - | J A: 3 @ ] P WMo
ATan 3.2 IE’NWm‘hlﬂ/lﬂﬂlﬂ@ﬂﬂﬂﬁ?:ﬂ:ﬂ'ﬁ%’ﬂ 2 U ‘ﬁ'f’NlLﬂﬂ:‘qﬂﬂ'}ﬁ’Wﬂ@'ﬂ\lLﬂJﬂLL'ﬁi‘ﬂﬂ

ARG UusTuLTAzaen

Type Dose aould (Was)
Gudu 1ol Taid@e AR
Air 0 657.67+3.63 571 71 10.81
Alc 0 944+3.93 834+7.7 91.60+5.80a 9.70
MT 250 944+43.93 878.6+3.25 76.81+3.79a 8.14
1,000 9444393 884.7+8.47 62.18+3.26b 6.59
FLU 250 944+3.93 872.4+13.10 60.06+4.5%b 5.36
1,000 944+393  892.82+5.54 £66.22+2.20b 7.01
LETLINT

Air = nsinlddatludqeszuuanitwianse A unuindusnd i nluszuuie

o e d‘ 1 - : = [ ] =y
ARan®s a,b NANALlLLa A9T8Y %At WAAIINHAITHUANANN AT A (P<0.05)
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F19199 3.3 wansuguilavnagnianfaiiaotumuiugs doe MT uaz FLU Tuszuuila

a0 2 Ju

Type dose ARTIAIUNA (%) ARTITAA
LLg/! g ey (158 (%)
Alcohal - 70.43+2.20 21.93+2.16 7.63+1.46 60.30+9.00
MT 250 £61.24+4.95 29.75+5.63 9.01+3.24 70.12+7.30
1,000 66.29+6.64 22.09+5.46 11.62+4.39 £61.85+7.42
FLU 250 B87.90+5.40 24.08+4.79 8.02+2.15 58.11+2.03
1,000 71.91+2.85 21.64+4.29 6.44+2 26 71.37+1.64

4 B o ' i " ay
A5 0 3.4 manIsuTulaanAgnaflianAmmiugeion MT uas FLU uuszuulss

e a2 U

Type dose DAFIAVULWA (%) DRFITBA
Ug/ f e g+ (%)
Alcohol - 73.32+3.83  6.84+2.58 19.60+3.36 87.67+6.70
MT 250 72.50+3.29 5.11+£1.80 21.82+4.19 87.59+5.31
1,000 73.78+3.64 5.8140.32 19.864-3.80 91.06+3.07
FLU 250 75.73+1.56  7.08+1.33 17.24+2.45  86.94+6.05
1,000 71.06+5.12 5.48+0.91 23.47+4.35 92.94+2.26
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dl = L3 T sy i 1 | i o as 61
AN 3.5 N’ﬂﬂ’]ﬁ")LF\.ﬁ?'lt‘l,z‘m’lTLhﬁﬂﬂLWEa*.-,@?J'J'ELL@I‘I‘!!L‘:?}’VJE‘W‘;@".Q TWEINTINGH 81T

ro

AxANH MT way FLU fiAnuidndu 250 waz 1.000 Wwlasniy wiu 48 dolualussuutla dqn
Plsunsy MINITAB 10.1

General Linear Model for male

Source Df Seq.SS Adj.SS Adj.MS F P
Type 1 150.9 150.9 150.9 1.39  0.261
Decse 1 82.1 §2.1 82.1 0.76 0402
Type x dose 1 1.1 11 1.1 001 0.923
Error 12 1303.7 1303.7 108.6

Total 15 1537.8

General Linear Model! for female

Source Df Seq.SS Adj.SS Adj.MS F P
Type 1 37.4 374 34.4 036 0.557
Dose 1 102.0 102.0 102.0 0.99 0.339
Type x dose 1 27.2 27.2 27.2 026 0616
Error 12 1233.3 1233.3 102.0

Total 15 1799.9

General Linear Model for intersex

Source Df Seq.SS Adj.SS Adj.MS F P
Type 1 38.07 38.07 38.07 0.96 0.346
Dose 1 1.07 1.07 1.07 0.03 0.872
Type x dose 1 17.56 17.56 17.56 0.44 0.518
Errar 12 47452 474.52 39.54

Total 15 531.21

General Linear Model for survival

Source Df Seq.5S Ad).SS Adj.MS F P
Type 1 6.7 6.7 6.7 0.06 0814
Dose 1 259 259 258 023 0644
Type x dose 1 459.5 4595 4595 3.89 0.068
Error 12 1380.8 1380.8 115.1

Total 15 18728
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AN 3.6 uantriarzinn lhawalasftudldianiiafions 2 Jundsntowanluans
araiy MT waz FLU fAonududy 250 waz 1,000 lulasnsy w48 d2n9 vulf=iadn
siaellsunsy MINITAB 10,1

General Linear Model for male

Source Df Seq.SS Ad].S5 Adj.MS F P
Type 1 0.26 0.26 0.26 0.00 0.946
Dose 1 11.58 11.59 11.59 0.22 0648
Type x dose 1 35.34 3534 35.34 0.67 0429
Error 12 633.00 633.00 52.75

Total 15 680.20

Generat Linear Mode! for female

Source Df Seq.SS Adj.5S AdI.MS F P
Type 1 2.349 2.349 2.349 0.39 0542
Dose 1 0.644 0.644 0.644 0.11  0.748
Type x dose 1 5.748 5.748 5.748 096 0.346
Error 12 71.561 71.561 5.963 )
Total 15 80.301 __,.

General Linear Model for intersex

Source Df Seq.SS Ad).S8 Adj.MS F P
Type 1 0.95 0.95 0.95 0.02 0.900
Dose 1 18.34 18.34 18.34 0.32 0.581
Type x dose 1 66.95 £6.95 66.95 1.18  0.299
Error 12 683.05 683.05 56.92

Total 15 769.28

General Linear Model for survival

Source Df Seq.5S Ad]).SS Adj.MS F P
Type 1 . 151 1.51 1.51 0.02 0.892
Dose 1 89.59 89.59 89.59 113 0.309
Type x dose 1 6.45 6.45 6.45 0.08 0.780
Error 12 952.01 952.01 79.33

Total 15 1049.56
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lungnasesht 2 n1sld MT fimanadingu 250-500 lalasniu/@ne Snanaliinig
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NPA8dR 2 BlEANMLILLLIZWININITUTREY 40 Wayans fuaiuuLduidasuin
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b= =i = = 1 1
3 U [ygnaoeunwiednsanuduldifeesnisulaanwaleedsudiianununuiugs

au

5308 20,372 - 20,406 WavanT Faduaruuuiutuilndideeduacnumenudui 1 9Wn

warayuagnlatiasedlsawisintafialutfaaiy  wianduiinsifinedudindura
aaftuudi it 1,000 tulasnfi/ans
nsneaaei 3 TEansudliuartiaany 2 Jundanasuan (53.5-56.3 CTU) Usng
Iudeddusminagaesgniaiilalugnganisnaassrasszunle (915197 3.3) uazsruulds
| dl = 2 = Qs ' ] o2 ] ::v
e (Ae9i 3.4) DArlndAsaiulagliuasiaonusnsan9atR (P>0.05) uanadng

FUALAYAINITNTRIDEeF WA Tl un mvasesh 3§ luinasdenirudaswAreslantia

LﬁﬂLL’D"?’iﬂf;'mumuﬂugquréiﬂﬂwlm Fefuammenedd 2 uaselfifivetedmauin
gafluu MT HnasanisudasnalagdsudatafidadrAyniada (P<0.05) TUNINARe
3 fmadfiuaumnuiuresldlansninmsudain 40 Wevans u 20,372 - 20,406
Wewdnr Aafimmmuwningedude 510 wihanmmesesdl 2 AvmNLTgEuT
Srisakultiew Was Rana (1991) ?ﬂﬂmudwﬁualﬁ’@unﬂmﬁmmme?‘q"iu ThiFa auoung
sex differentiation aufatudandninfilszanns 3 Su wilwianisreslivariiaeng 2
Sundanisuay 1 annedananuddaseulafialimunnnsluszes organogenesis fifls
liflesver sex differentiation wmatiala szez organogenesis ‘ﬁ’ﬂ’]ﬂq 2 JuudenIHan
(53.5-56.3 CTU) 3 omiussesiatnwra ety primodial germ cells Reufiaz
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ffoynnandd (namaaesdi 2) usiluniameaesd 3 Snafiueommnuiugsiui 510 wh
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safluuiiutlunimaaedi 3 T e1marbifivaneiazminai e dawdeadumed
AAAARBINLTIENULRN Fitzpatrick WAz AR (1999) AW AN ST
Lu-ﬁﬁqq%umn 33 1Ty 66 uax 100 Fa/Ams Tualdnnsutlaamalanilalaedausdan MDHT 7
pradasdu 500 Tulasni/Ans win 3 dalus WEefifufgniannadianaan 80.3% (33 M
/AnT) \MABLAES 71.7% (66 WAz 100 AV/ART) Wiy WABNITATINMIUNYFRA W Bla/gn
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Fitzpatrick, M.S., W.M.Contreras Sanchez, R.H. Milston, R. Hornick, G.W. Feist and
C.B.Schreck. 1999. Effect of fish density on efficacy of masculinization by
immersion in MDHT. p.75-77. In: K. McElwee, D. Bruke, M.Niles and H. Egna
{eds), Sixteenth Annual Technical Report. Pond Dynamics/Aquaculture CRSP,
Oregon State University, Corvallis, Oregon.

Srisakultiew, P. and K.J. Rana. 1991, Effect of stocking density on sex differentiation of
Oreochromis niloticus (L.). p.289. In: A.P. Scott, J.P. Sumpter, D.E. Kime and
M.S. Rolfe (eds) Proceedings of the Fourth Internation Symposium on the
Reproductive Physiology of Fish. University of East Anglia, Norwich, U K.
7-12 July 1991.
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