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ABSTRACT

The study of environmental factors including temperature, photoperiod and pH from the
dried Terminalia catappa extract to either sex ratio and growth performance of halfmoon fancy
betta fish. The objective is to reduce breeding problems for halfmoon betta fish in the cool season
(October - February) which the number of male fry and the survival rate of halfmoon betta fish
fry is decrease. There were 4 experiments the first experiment was the study on the different
water temperatures affecting on sex ratio in larvae. The results showed that soaked fertilized eggs
at different water temperatures at 28-29 (control), 24-25, 30-31, 32-33 and 34-35°C, the survival
rate of larvae was significantly different (P<0.05). The temperature at 28-29°C gave the highest survival
rate of larvae at 83.67 + 17.43%. The sex ratio of larvae was not significantly different (P>0.05) The
nursery of larvae after 7 and 14 days post hatch underwater at temperature (control), 30 and 32°C revealed
that the survival rate and sex ratio were not significantly different (P>0.05). The second experiment was
study on photoperiod that affecting to breeding and sex ratio in Betta splendens. The results
showed that the photoperiod of different ratio as: OL: 24D (control), 24L: 0D, 8L: 16D, 12L: 12D
and 16L: 8D gave in the number of eggs, egg weight, fecundity in breeder and the hatching rate
with a significant difference (P<0.05) when OL: 24D presented the highest number of eggs and
fecundity with an average of 1,002.5+1.98 eggs and 1,106.62+2.72 eggs / fish, respectively and
photoperiod at 24L: 0D, average egg weight and hatching rates average were 1.24+0.01g and 62.18+
14.21% and there were no significantly different with the OL: 24D (P>0.05). The sex ratio and

survival rate of larvae were not significant difference (P>0.05). The different photoperiods showed
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the effect on the development of gamete in the breeder. The female B. splendens, the stage of egg cell
development can be found in stage 2-6 and the male B. splendens development of germ cells was in
primary spermatocytes, secondary spermatocytes, spermatids and spermatozoa. The third experiment,
study the effect of pH from the different quantities of dried Terminalia catappa leaf extract on
sex ratio, survival rate and growth performance of halfmoon betta fish. It was found that the
amount of tannin in the dried 7. catappa leaves at 0, 2.5, 5, 7.5 and 10 g were significantly different
(P<0.05). The 10 g of dried T. catappa leaves contains the maximum tannin 943+0.01 ppm.
Soaking the different quantity of dried 7. catappa leaves in a water period of 24 hours to change
pH in the water. There was a significant difference (P <0.05) at 15 hours. The pH from T. catappa
leaves soaked water at 0, 2.5, 5, 7.5 and 10 g/l. As a results, spawning rate and survival rate of
breeder and survival rate of larvae were significantly different (P<0.05). The pH from dried 7. catappa
leaves water soaked 2.5 g/l (pH 6.67) presented the highest spawning rate at 80.0+44.72 % but
the pH from dried 7. catappa leaves 10 mg/l (pH 5.91) caused all breeders and larvae to die.
Immersion of fertilized eggs in pH water from different amounts of 7. catappa leaves affected to male
ratio and growth performance of the B. splendens larvae. It was found that the amount of dried
T. catappa leaves at 5 g/l (pH 6.71) resulted in the highest male larvae 74.13£9.08 % and increased
the number of male larvae 35.27+22.97% differ from control (pH 7.50). The growth of fighting fish
larvae were not significantly different (P>0.05). The fourth was the experiment comparison of
culture and control factors (environmental sex determination; ESD) on sex ratios in halfmoon
betta fish. It was found that breeding and nursing of halfmoon betta fish with controlled factors during
November 2019 — January 2020 (Cool season) and December 2019 — February 2020 (Late cool seasoon),
resulting in survival rates and sex ratios were significantly different (P<0.05). Therefore, the breeding
process of halfmoon betta fish by controlling environmental factors beging with breeding of
breeder in the photoperiod at 24L: 0D, followed by the immersion of dried 7. catappa leaves at 5 g /1 for
15 hours in fertilized eggs and nursed the larvae 7 days at 30 °C for 14 days. It might be promising to

breed halfmoon betta fish in the winter and increase the number of male larvae 25-35%.
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0L:24D uganiuguiiaannumsmiziuguuulnaveunsasnsgimizi@asstlaina wun
Y

s lahmiinly anwan’ly wazeasimsinuesgniaina lanuuanawedaiivsdiany

NNADA TENINYANITNAADI (P<0.05) (113199 4.4)
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' 9

d‘ ] Y = J o 1 o @ ] 1 [
MA1919N 4.4 %30L’Jﬁ11ﬁllﬁﬂﬂﬁﬂﬂﬂ@]@ ﬁ]”ILl’J‘L!lIGU ‘Ll”l“riuﬂll“‘lj ﬂ’J”I?Jﬂﬂllle ag 9ns 1NN 11!

gnianaanyu
Glg'ﬂﬂ']ﬁ‘ﬂﬂaﬂx‘l
1" A 4
ANUAIIEN
0L:24D 12L:12D 16L:8D 8L:16D
(YANILANN)
31uu'ly (Woa) 1,002.5£1.98"  381.5471.09  53.0417.08" 232.0£91.10°  487.8+60.76"
min'lv (a5u/aa) 1.1740.07" 0.73+0.06" 0.3+0.09° 0.2120.14 ™ 1.2440.01°

C

ANnwanlu Mea/d1)  1,106.6242.72°  293.52470.23°  27.67+10.53° 116.25+57.44

657.75+93.13"

9AIINITND (%) 4975+6.66 "  44.04+11.82°  8.74+7.49" 8.56+3.84" 62.18+14.21°

a,

vinevg " @enysiuanaenuluuuueunaasdnnuuana uiuedTiisd Ay Nedda (P<0.05)

pamsaneIsiuIu liimziug lugranarlfuas  oL24D TAundegaga Ao
1,002.5+1.98 o3 (P<0.05) 5998911 Ao FaaaaI¥uas 24L:0D, 12L:12D, 8L:16D 1ag 16L:8D
N1 luimae 487.8460.76, 381.5£71.09, 232.0491.10 1@z 53.0+17.08 Woa emuddy
min lidardain ldnnnsmgius lusaarliuas 24L:0D Tswmamiminlidal
d' =) 1 2 d‘ = [ 1 Y 1 1 ]
Wnfiga Av 1.24£0.01 n3w/a7 onfSeumounusaana s oL24D  luuanaigeda

o w aa o

iedrayneada (P>0.05) ualinnuuanawediiiodwynananuyan 1iues 12L:12D,

g q

8L:16D @z 16L:8D NN lumae 0.73£0.06, 021+0.14 118 0.320.09 ATU/AI AIWAIAL
(P<0.05)

@

ravesnuan lululanameiis wua Januuana e niivednyneana (P<0.05)
Tagranalduas oL24D  Tinnwanligega 1,106.622.72 Woe/@a 5090901 Aip 24L:0D,
12L:12D, 16L:8D gz 8L:16D fianuan1vin@e 657.75:93.13, 203.5247023, 116.25+57.44 1z
27.67+10.53 Woy/@1 muaay

navessasimailniludivesgnilaida nui anuuanasedaiiisdwyneana
(P<0.05) Tapsranan1iias 24L:0D Hdasimsfinmasosas 62.18£14.21 5098431 A0 0L:24D,
12L:12D, 16L:8D 1iag 8L:16D  118a51msiinmasdouns 49.75:6.66, 44.04+11.82, 8.74+7.49 gz

8.56+3.84 MUAIAL (A3197 4.4)
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A ~ ' ' Y A o v 3 9 '
WonfSeufouseraeyan1inaaeas19a1 Inua 24L:0D Hd1uau 'l dminla
] [ Y A o 1 Y =S A 1 Y
anuan 1 tazoasimsin IndiResny saraa1iias 0L:24D (yanuan) 3udens a1 14
~ Y ~ dy gl.: a [ v 1
waai 24L:0D T lumsmsnaasufToumeumsmiz@eauuauaununuuaIug Nl ateae
aasaduwalugnianagyu
[ [ v J ] Y 1 [ 1 =1
9n31M33eAvRIgNaInannMInsHuF lus a1 liuaunna iy wua Iy
uanaed Il od M Nana (P>0.05) Tao 329a11% 0L:24D, 12L:12D, 24L:0D ag 16L:8D
oMM ITeAMmass peaY 92.7842.64, 87.0346.08, 91.69+2.54 1AL71.23+9.89 AUEIAY UAW
1 1 A o o W aa % [} Y R A v A ° A
HANANBINNWBTIAYNIADA (P<0.05) NUFINIANTH 16L:8D FIUBATINTTOADAY A1 AD
Y} ~
598aL 61.13£9.30 (MTNN 4.5)
v J [ ] 9 1 Y 1 1 9 ] ]
vinmanziugUardasyulusisaa Iduasaisnu wun srea1d lidawane
[Y] 1 Y (% d' (% 1 9) =} 1 (% 1 =
gas1aumad lugniaine 91015199 4.5 9as1a1uwed liinuuana 1 uog19d
v o w aa [ 1 ald‘ ] 9 A 9
Hed Ay nada lunngan1snaasd (P>0.05) Tasdnsd1unaARNY1919a11% 8L:16D Ao 308
A% 53.06+2.36 399290170 529138119 24L:0D, 0L:24D, 16L:8D uag 12L:12D Uoasiaumne
Y
H300Az 49.45£2.94, 46.70+5.61, 39.899.69 1Az 35.08+10.57 AWAIAU WaveIHIMINLAL

o

anueMdiarvesgniaiia wun lilianuuanaediadivedngyniedda (p>0.05) Tnoll

Y]

Y v v
PHUNINGY 0.17-0.33 N5Y LATUANVENBINUNAY 1.54-3.1 LFUALUAT

H 1 Al % Q 1 % 3 o -
M3 4.5 wammmmaﬂﬁum A0 DATINITIDA DATITIUNA LIE UIHUN AITNYIIATAND

Tu gnilainaealyu

YANTINAAD

AIATIEN 0L:24D 12L:12D 16L:8D 8L:16D 24L:0D

(YANIVAN)

b

9M51N5599 (%) 92.78+2.64"  87.03+6.08"  71.23+9.89"  61.1329.30 91.69+2.54"

LWﬁﬁj (%) 46.7+5.61 35.08£10.57  39.89+9.69 53.06+£2.36 49.45+2.94
NG (%) 53.23+£5.61 64.78£10.46  60.11£9.69 43.524+4.39 50.75+£2.94
‘L%!””mﬁﬂ (2) 0.33+0.09 0.21+0.09 0.24+0.08 0.17+0.06 0.19+0.07
AMNYIAIND (cm) 3.1+0.19 1.63+0.51 2.24+0.20 2.02+0.34 1.54+0.61

a,

vneg " @onpsiuanaenu luuuiueunaasdnnuuanaenuediiisd vy neada (P<0.05)
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\ v ' o dA o \ LY o
4.2.2 Ni;l‘lli’N‘IﬁN!'JZ’Iﬂ?‘i!!ﬁﬁﬂﬂfni‘ll‘l%l1—!1!‘1!@%1@’1]7‘11—!@11“‘19!!317‘11—!@1]a1ﬂﬂ€l1wﬂu
= ] 9 1 o A YA @ =\ =
ﬂ'lﬁﬁﬂiel'l‘]f’.]ﬂl’)a'lslﬂllﬁﬁ mmiwmmmaaauwuﬂuﬂmﬂmwmm INNITANHINN

a = 9 =% . . 1 [ 4 ]
NYIBANINNNITIDNANIY hematoxylin LAE eosin (H&E) WU 5$ﬂ$ﬂ1iwmu1gcﬁaa"lm1uﬂa1

v
A =

v =) 1 9 ] d'
ﬂﬂlWﬂLiJElﬁ"lﬂJ"liﬂLl‘]J\‘]@@ﬂulﬂ 59282 AD 392N 2-6 (S2-S6 ) TﬂﬂWUL“ﬁaﬁﬂ"lﬁgﬂ$ﬂ 2-6 Glu‘l(!ﬂ

= A

1A 1 A I A 9 A Y4
PFNNIINAAD L“]fﬁﬁﬂlallﬂW‘]JﬂJ']ﬂﬂﬁﬂ A9 328LN 5 1AL 6 (S5, S6) LﬂuigﬂgﬂW§'ﬂMﬁ'Uwuﬁl!a$

q

1A v 1

% d' A a = 9 a A %’ a .
’J'N"l,"ll Tanvaziaugsaluscozh 500 mnm"lcﬂmwmﬁmu goUAATUUIUUDY hematoxylin
a = 9 a . o ' A~ A =2
Hunage (N) JoUAATBUIWUDI eosin ANHUSLAUITZYEN 6 ND (11,‘!11‘3]11@]‘1/‘!61@%5% WU yolk
Y a A 9y . A o 1 =KX a = =
granules (V) JONAAT TNWIUNUD eosin u,azu=’um'sumﬂﬂizma@g“lu"lcﬂmwmﬁw wuna gy
3 9 a A U A A o I 1 J J
VUIAANYDNAATFNNODU (NN 4.1) NNINN 4.2 uammmmcﬁaa"lmmazizﬂz WU
1 Y = ] A A A 9
29 1#Las 0L:24D (‘mmuqu) mmaaﬂlmzﬂzw 6 NNNFAADIDYAL 32.81+3.20 I9IAIN

Ao 919172119 24L:0D , 8L:16D, 12L:12D uay 16L:8D lagiiwas liszesi 6 Sosas

28.6043.20, 26.57+3.20, 25.68+3.20 LA 24.57+3.20 MUA1AU
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d' Y SA o :{ B o =1 ] 1 Y] Yy 9
MNN 4.1 ﬂ'lEWGJJH'IL%ﬁﬁﬁ‘UWH‘QﬂJ’EN‘]Jﬁ'IﬂﬂL‘WﬁlllEJ”If’NL’Jﬁ'IGlﬂLLﬁQLmﬂﬁ'l\iﬂﬂﬂ'lﬂi@]ﬂﬁ’é]\i

yanssenimasvers 100 11 1&un (A) 0L:24D (yanuqw), (B) 12L:12D, (C)
16L:8D, (D) 8L:16D g (E) 24L:0D. oocyte stage 2 (S2), oocyte stage 3 (S3),

oocyte stage 4 (S4), oocyte stage 5 (S5), oocyte stage 6 (S6), yolk granules (V) Hag

nuclear (N)
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R
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T aaurEUERRTT RN i v
poe IAANARNAE B T e
e TANRRRRERERRRIAY PRNRRRVONY
B e R b ]
B
Bt
AN

AR

AR AR
] e
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C

Il s4

W82 W S3

S2 1S3 [Is4 S5 2 S6

ARG s

N Y
AR oo,
R A A USRS SRS
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‘o
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B iR
B
v
B AT
(AR,

poe
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w85 2 86

S 85 2486

R

1 [} 1 9 1 [} 9 1
”FJ“’ﬁWﬁHu111!‘]5’3\1L’Jﬁﬂﬂllﬁ\ulﬁﬂﬁNﬂu "lﬂllﬂ A)

0L:24D (yamiufy), (B) 12L:12D, (C) 16L:8D, (D) 8L:16D iag (E)

24L:0D. oocyte stage 2 (S2), oocyte stage 3 (S3), oocyte stage 4 (S4), oocyte

stage 5 (S5), oocyte stage 6 (S6)
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- = ] Y A 1 o 1 ] SN o J [
NMNN 4.3 ANYIFIWIA IHLLE 1/1uﬁﬂmaﬂum]mswmmwaaﬁuwuﬂuﬂmﬂﬂ

o J o
mﬂwfwumiwmmwaaﬁuwuﬂuizﬂz primary spermatocytes (P), secondary spermatocytes

2
(Ss), spermatids (M) Lt81g spermatozoa (S) TaslanHULHANAINNY Al primary spermatocytes

=

o A A a a A Y Ay . X a a
ANHUTNNY 1D u’JLﬂaElﬁﬂ\l‘llumﬁl‘lfitym@ﬂﬁmﬁﬂ’m hematoxyhn LLag eosm(H&E) LT

a ? A

a [ a
WU secondary spermatocytes HandoalvLIAENAGOUAATUUIUYNVYDIT hematoxylin

@ J J . < Y A a 2 2 ' 2 <3
wmwaawmumﬂ'lﬂ spermatids mmsnmu”lmwmmmaemmgﬂmmmmzmmmaﬂ

a ad a

] @ I <
ﬂizﬁn%ﬂu seminiferous tubules LAY spermatozoa flaﬂymz1‘1Juigmu1maﬂf’famﬂﬁumu

N329189gAINUTIUAIUNAVDI seminiferous tubules FIAWITANDMTHAUUTAA AUWUT

lannszezlunn gamsnaasa

.'\ -.q“

A '_g 1
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aN3IAUMAIVEI0 1000 1911 141A (A) OL:24D (¥ARUAY), (B) 12L:12D, (C)

16L:8D, (D) 8L:16D ttag(E) 24L:0D. primary spermatocytes (P), secondary spermatocytes

(Ss), spermatids (M) L48 spermatozoa (S)

4.3 annilunsa-ana (pH) MNEsanaluENNWHAIAIATITIMNA ONTINITI0A

WMniin waz anuemsdlugnilanasvlyu dszneudis 4 nmsnaassdes Asil

4.3.1 Wanamsmuiululuynng
A a Y =3 1 v A v 9 g =
1NN 4.6 asunuiunnluynNunalsnamsnunanaae JUsnuems

a Y ' ' A v o W ana a2 a
unuiululuynaauia uanavedalivedriAgn1eada (P<0.05) Tasdsaaisunuiiv
4 2 v A ' a
vl maluynmats naluynnes 10 nfu/aas Samsumutiugaga 943 ppm

A Y v A = a

T99R9NNAB TUYNNUKY 7.5, 5.0 tag 2.5 nTw/ans BilSnamsunuiiu 816, 314 1ag 178 ppm
ANAAY

$ a Y
M3199 4.6 Ysmnuasumuiiululuyninaumig

Wnaluynnwds nfu/das AIUNUUY (ppm)
0.0 0.0+0.00"
2.5 178+0.01°
5.0 314+0.01°
7.5 816+0.01°
10.0 943+0.01°

v
abe ¥ o =

F
HUL1e G]'JE]ﬂ‘l&l‘i‘VILmﬂVl'Nﬂ‘Ll1HLLH'NNLL’CTﬂQaﬁﬂ’J'IiJLmﬂVI'NﬂuE]EJ'NﬁHEJﬁ'I WNNT0H (P<0.05
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4.3.2 szaznamsnazdSinaluynnaufisnasiunem pH luih

MNMINAdo Ut 1UYNLRILSUIUA 1NN 52821981 24 52 119 A1 pH mAsisuAY

=1

N pH 7212005 W Ysmnaluyninauied 2.5, 5.0, 7.5 uaz 10 n5w/aas Taunde pH 1o

AUTANITNAADIN 6.6520.08, 6.25+0.05, 5.70+0.08 1A 5.30+0.05 AMNAIAY (A13199 4.7) 1Ay

A3

] ] Y
oS lugnnumtanuduaawalda pH anasedsiiiedannieana (P<0.05) Ysnmluy
9 v Aa = ' H] 1 ] A 2 A ~
NMILAY 10 NTU/aAT UN3aAAUBIAT pH AUANAT 3 ¥ 134 oA uganisnaaeIlaunay
=2~ < =~ ! Y1 = 9
pH 5.30+0.05 aaiianuilunsauiniga o1ana1nlan welSualuynnwduaznains

A A dal [ Y
urRUuaIna v pH a@aN

4 ' 9 H a < 1o ¥
ﬂ1§1\3ﬁ 4.7 ﬂ’lfl'l,!,ﬁlfslﬂh?ﬂj'l\ulwqcluu'l 1 9917 52821001 24 (’])"JI?JQG]@?]'] pH Gluu’l

Yinalugnaauds (nSu/das)

a1 (¥ 1u9) 0 25 5.0 75 10
0 7.21+0.05" 7.12+0.14° 7.14+0.09" 7.13£0.04"  7.09+0.07"
3 7.33+0.02° 7.14+0.28" 6.91+0.20" 7.02£0.06" 6.58+0.21"
6 7.45+0.01° 6.91+0.20" 6.72+0.13" 6.76£0.11"  6.30£0.12°
9 7.55+0.01° 6.76+0.18" 6.57+0.12" 6.6140.13"  6.10£0.19
12 7.62+0.01° 6.60+0.14™ 6.41+0.16™ 6.3240.04°  5.90+0.17"
15 7.65+0.01°" 6.56+0.08° 6.31+0.07° 6.10£0.01°  5.64+0.15°
18 7.69+0.02" 6.73+0.14"™ 6.35+0.09° 5.96£0.04 © 5.47+0.12
21 7.7240.05" 6.61£0.09" 6.224+0.04 5.85+£0.04  5.34+0.05'
24 7.75+0.01° 6.65+0.08 " 6.25+0.05° 5.70+0.08"  5.30+0.05'

[ F
winevg " @onysiuanasnulunududasdinnuanalnuedsiiisd Ay n1wada (P<0.05)

VNN 4.4 1AAINTAAAIVIA1 pH 1INAsana luyneudensumannude o,

[ a é ] =Y 9 d' 1 % 1 9

2.5,5.0,7.5 wag 10 n5w/ans deszeznarlunmsusuazfSualuygniadanaenudanaly
A ' H ' J ~ < ' '

UAIANNUANAINVOI pH AdUATZEZIIAT 12-24 52119 Tagszoziialn 15 97109 ogluga

MyuzaudImsumsneasn 4.5.3 uag 4.5.4 Ua1 pH N0y 6.5620.08, 6.31+0.07, 6.10£0.01

C:)

18 5.64+0.15 Ay Felianuuana e eiisdnyn1edta (P<0.05)
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8
a a
a a
s e —e——
? e — — 8= > —" »—
7.5 a R .
a -
- >
£ a
7 a
T 6.5
oo
6
— o— - T.catappa 0 g/l
+— T.catappa 2.5 g/l
2.5 —a— T.catappa 5.0 g/l
—=— T.catappa 7.5 g/l '
—— T.catappa 10 g/l :
5
0 3 6 g 12 i " 21
Time (hr.)

q' 1 Y d‘ 1 [ 1 1 1 (%
MNN 4.4 ﬂﬁl!‘;lf(lﬂhiﬂ’ZlNLL‘VN“I/I‘iE?ﬂﬂMNﬂH@]@ﬂW pH Tuszeznainanu

winevg " Aoy tuananuluuuueuuaasdnnuuana iued I Tiisd Ay NEda (P<0.05)

v 1

1] 1 1 90’
11015199 4.8 Anwduiusszreansunuiiululuynnautsaear pa Tuii uaas

Y < A a A dﬂ! 1 Y A A
Trundedsmnaasunuiunnauainalvia pH anas laedSuaaisunuiun 943 ppm

@

A 2~ v o =) ' 1A
UA1 pH 5.30+0.08 %Qhﬂmﬁﬂﬂﬁlﬂuﬂiﬂ UASUANUUANANDYINNY

Tunnganisnaass

H {1 1 H
ﬂ1§1\‘iﬁ 4.8 USuaasunuilunanan pH UD3IU1

sy NIIada (P<0.05)

Pinaluygnaauds (nSu/das) FISUNUHY (ppm) pH vouth
0.0 0.0+0.00" 7.7540.01"
2.5 178+0.01° 6.65+0.08 "
5.0 314+0.01° 6.25+0.05°
75 816+0.01° 5.70+0.08"
10.0 943+0.01° 5.30+0.05°

a,

[ F
LAt e G]TJE]ﬂHi‘l/'l!mﬂ(m\iﬂ‘LlGl.Ll!.I,Llﬂ(ﬂ\‘il,!.ffﬂ\15\‘1ﬂ7113Jl,mﬂ@lNﬂNE]fJNiJuEJﬁOWﬂEUUﬂNﬁQGI (P<0.05)
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(% (Y] v d
4.3.3 finya pH anansanalugnnuwialSinamanuaemswasiugnglivesne
Vo ¢ [ (Y] [
miuglafarazdnnmssealugnilarias iy
Y o o v Y & o Y A
e luynnudanenundsanusiin w15 521 W a1pH - veeul
HANANRE NI AYNNTDANNYANINAADI (P<0.05) TasliAunde pH 7.65+0.33, 6.89+0.33,
o w 1 I 1 ¥ 1 [l
6.6740.33, 6512033 1A 5.67+0.00 MUEIAY HazA 1A A1V NINANUUANA 19081
A o o (% an = | d‘ 9 (% a
edAyNeana (P<0.05) NArgegandsmnaluynaaui 2.5 nu/ans 156.0412.01 mg/l as

o aa

v 1 %‘ [ ] ] v {
CaCO, FIAINNNTZAWUDNINTANULANA DT B AN NEDA (P>0.05) amniigalu

o

YANIVAN (0 NTW/ANT) 189 mg/l as CaCO,

H Y Y 1 =) 1 Q 1 Q'J
Ms1eh 4.9 daulsgummihveniusluynnudalinaaenuiszezna 15 9 Tua

1‘1J1jﬂ31\u!,1fij\1 pH Alkalinity Hardness
(ﬂgu/a@lﬁ) (mg/l as CaCO,) (mg/l as CaCO,)
0 7.65+0.33" 101.0+2.86" 189.0+2.90"
2.5 6.89+0.33" 156.0+12.01° 160.0420.13"
5.0 6.67+0.33¢ 121.3+11.62° 155.342.66"
7.5 6.51+0.33° 116.0+2.08" 163.3+0.88"
10.0 5.67+0.00° 102.046.11° 167.3+1.33"

] F
g " @onysiuanainuluuududasiinnuanalnuedsiiisd Ay n1wada (P<0.05)

pamsanuInszuglainalasld pH vnarsanaluynnaielTuaeieiu
T URE0 pH 7.90 £ 0.07, 6.67= 0.04, 6.48= 0.04, 6.33= 0.07 1A% 5.91 + 0.17 AWAIWY WU
manauuge livesneuiiuglardaiinnuuanarsedeiivedyneada (P<0.05) Tag
ARG pH 6.67+0.04 anensaialuynaudad 2.5 n5u/aas wunsnauiugaeladun
figane Jovas 80.0+44.72 FalinnuuANAY “]qfﬂﬂﬁ‘ﬂﬂaflx‘i‘ﬁVlﬁi%ﬁ1mﬂﬂﬁuﬂﬂﬂ1ﬁﬂ’nﬂ
ufa Aunde pH 7.90 + 0.07 tazyAnInAned pH anesanaluynnuiaiua 10 n3w
das MilAunde pH 591+ 0.17 Fawun Snswawinuinelidesas 200024472 was
0.00£0.00 AWEIAY 1A liTinNuuanaegTiiedAyneana (P>0.05) NUYANTNAABY pH
vnasataluynnauieii s uag 7.5 n¥wans Smsnelidosas 60.00£54.77 ud pH 1N

analuynnaurafFina 10 n¥u/aas (pH 591 0.17) Tanuilunsaneudisgedanali lud
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0o w aa

v ] @ 1 |4 1 ] o
ﬂ1§Wﬁ'3JW1J‘§’J1QVlGU HAZOATINITTOAVDINBLUNNUT HANNUANA NI NUNIT AN INEDA

E) g

(P<0.05) NUgANTNARDL pH 3 nensanaluygnauied 0, 2.5, 5 uaz 7.5 nFn/ans

] o @ P v g ] Y 1 ]
@ﬂ31ﬂ133ﬂﬂm@\1gﬂﬂa1ﬂﬂ@1q 2 gl WLW1$Wu‘ﬁhluu']llsb'cll]ﬁﬂ')1\1ll1’i\1ﬂgu']mﬂ1\iﬂu

0w aa

wu danuuanaedeiisdingnedda (P<0.05)Tag pH Mnasanaluynnuialin
0, 2.5, 5 ag 7.5 N3W/AAT UAURAY pH 7.90 £ 0.07, 6.67 + 0.04, 648 + 0.04 1AL 6.33 + 0.07
awd1a Ioasimssoamasuosgnilardoons 9.1624.53, 43.68+11.55, 43.72+18.15 uaz

40.40£16.61 UANNANANDINITIAIAYNNADA (P>0.05) NLUYANITNAADI pH 1INENITAAATY

ynnwialSua 10 n5u/ans Amae pH 5,91+ 0.17 HoasimIseamasiovas 0.00:0.00

4

H (% 9 1 ] [ 1 (Y
ﬂ"l‘ﬂ\‘iﬁ 4.10 Wavey pH ﬁ]1ﬂﬁ1iﬁﬂﬂi“].l’lﬁﬂ’JNLWN@@ﬂ1i’JNhleU BATINITIDAUVDINDUUNUD

Q

wazgnilarnaanyu
- . Glm;gmwuﬁ’q ("T1/an3)
ANIUAITIEN
0 2.5 5 7.5 10

pH 0 %2114 727+0.11°  7.25+0.01" 7.43+0.14°  7.34+0.04" 733+0.12°
pH 15 %2114 790+ 0.07  6.67+0.04" 648+0.04"  6.33£0.07° 591+0.17°
pH 13U 7.52+0.08 6.96+0.08  6.90+0.03°  6.75%0.04° 6.39 +0.19"
pH 3 U 6.92+0.11" 7.19+0.07° 7.28+0.03"  7.30+0.05" 6.43+0.21°
8951115219 19 (%) 20.00+44.72°  80.00+44.72"  60.00+£54.77"  60.00+54.77" 0.00+0.00¢
SATITOANDUUNWUT (%) 100£0.00°  100£0.00°  100£0.00° 1000.00" 0.00+0.00"
8n3130Agn1/a1(%) 0.16:4.53"  43.68+11.55" 43.72+18.15" 40.40+16.61° 0.00+0.00°

abe ¥ o ~

vinevg " @onysnuanarnulunuueunaasdsnnuuanauiuedliivdwyneada (p<0.05)

434 a1 pH anmsanaluynnaiaSinaaiatunedasiaiuma 9nsn1ssen
WnD ez anuemamvesgnilaiinalyu
(% ] Y =3 1 v [ a ' v
wasnnmauyluynnaialFiuaani (0, 2.5, 5, 7.5 uaz 10 n5w/aas) Tulvlaiia
AY Yo a a g @ 1 ] o Y [
n1dsumsdfeaus Wunar 15 ¥ Tue wud a1 pH Minarsanaluynaeuis Ianumanaig
P19 IAYN1ADA (P<0.05) TaslAURAY pH 7.50+0.02, 7.3120.06, 6.71+0.02, 6.51::0.04

1AL 5.42+0.10 ANA1AL
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(% v A 1 ] A o o W an d' 9
gasIMiseavesgnlainalinnuuanaedsiiodnyn1edda (p>0.05) Tae pH N'la
[ Y 1 a S 1 d‘ [ ] ] [ d‘ Yo

nnensenaluyneuie 10 nSu/aas UAunde pH 5.42+0.10 viasnnuslu lidarnain 1dsy

a a 9 1 Y 1 (=} 1 (=1 1 ] =) o % Aan
msdgausuds dewald ludarlidinisdn ua liinnunanaedsiidediagynieana
(P>0.05) N1 pH MNANSANAIUENINLAT0, 25, 50 LAz 7.5 nFu/aas laelonsImIsensznin
fovaz 64.07-95.62

9 v a

HavessasdImAd lugnlaina wu Tanuuananediiiednyneada (P<0.05)

o

9y

Tao pH 9nasanaluynaauis s nfu/aas aAunae pH 6.71£0.02 Hoasidiumagimasgega

u £l q

A 9

ABIOYAZ 74.13+9.08 c'f?ﬂﬁgmJa1ﬁﬂLWﬁé’Lﬁwﬁmmqmnwmammuau%’aﬂaz 35.27£22.97 Uag
sanaumaile Innuuanaveslisdwaneada (P<0.05) Tag pH 110 ensana luynams
5 nSw/ans Teanduumeiionga fe Jevaz 25.85:1.16
dmfnuazanuemdivesgnimieny 6 dilant lifianuuanaisedeived sy
a0a (P>0.05) T@ﬂﬁﬁ1ﬁ1ﬁﬁﬂm@ﬁgﬂﬂﬁ1ﬁ@méEJ 0.25-0.65 NSu uazlinue1VeIgnilaina

DAY 2.80-3.61 FUANAT (115197 4.10)

H 1 1 U 1 % U 1 90’ o
A9 4.11 WaGU’E)\1ﬁﬁﬁﬂﬂGl‘Utuiﬂ’Zﬂ\1Llﬁ}\iﬁlmﬂﬂﬁﬂuﬂ@@ﬂﬁﬂﬁi@ﬂ AT IUINWA UINUN

tazgaNueIad lugnilanaemiyu

Y v A
Glm;imwum (NTU/a89)

ANATIEH 0 2.5 5.0 7.5 10
pH 15 %2114 7.50£0.02°  7.3120.06°  6.7120.02° 6.51£0.04°  5.42+0.10°
IWAIE (%) 41.13£6.40°  42.667.11°  74.13+9.08"  37.92%11.76" 0°
WAL (%) 58.86+5.83"  57.3449.25'  25.85+1.16°  62.07+15.32° 0’
9131300 (%) 95.62+£2.08"  94.09+17.89"  83.73x12.62"  64.34+17.35" 0’
i (o) 0.29+0.21 0.65+0.46 0.25+0.11 0.38+0.23 0
AN (cm) 2.80+0.26 3.6140.45 2.88+0.30 2.94+0.32 0

wneme " donuinuanasnulunuiuesunaasiinuuena e lisd Ay 1ana (P<0.05)
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v d ; a o (Y] (v}
4.4 ﬂ15!ﬂ%ﬂﬂ!ﬁﬂﬂﬂ1ilw1$1"|u§!!ﬂ%ﬂ‘%‘ﬂ1ﬁ!mﬂﬂ¢llﬂNﬂﬂl!ﬂﬂﬂ?ﬂﬂuﬂﬂﬂﬂdi')i')ﬂi”ld?‘t!

melugnianaesmym

o J [ Y a
Eﬂ'lﬂﬂ"liﬂﬂaﬂ\uﬂdiﬂﬂlﬁEJ‘Uﬂ']iLW1$°Wu‘]§Lm%@Hﬂ1ﬁgﬂﬂa1ﬂﬂllﬂﬂﬂ\‘]mu uagttyy

a

AT $NYGHU TTUINABUNYATNOU 2562 -UNTIAN 2563 Tgangiiemamnae

U

1 { v o v
2841£0.09°C WL 9INAIITNAN 4.11 MIzwuguazeyuiagnilanauuualIuguilade

@

9 v
1l @]ﬂﬂﬁi@ﬂlm%@ﬂi']ﬁ’)uLWﬁéliJ']ﬂﬂ’NLL‘U‘UﬂﬂlﬂiJ (P<0.05) ﬁﬂ%ﬂﬁﬂlﬂ?ﬂ‘u%}ﬂﬂﬁg 82.41+7.21

[

1AL 08AY 63.78+4.25 AMUAIAY UANULANAII0E19T

@

pdAYNIAda (P<0.05) dIUIHIN

%

9
uaxmmanaﬁmgﬂﬂawmm 2 ‘yﬂﬂ'li‘ﬂﬂaﬂﬂlluﬁﬂ’ﬂmmﬂﬂNﬂu@ﬂNﬁuﬂi’h UNNADA

(P>0.05)

d‘ = Y4 Y] 3'.; a [ [ a
MmN 4.12 Wisumsumamizgiuglanasyuuuaudunuuuunuguilede (umgil
Fraa IRua s uag pH 1Inasanaluyni1ania) AeonsIn1550a oas1d U

E 1 a
il waz anwedid lugniainae vy $29991u1d (AeungaInIoY

2562 -UNIIAN 2563)

DA . PANIINAAD
ATUATIEN 7
HUUAUAN vuuauauilady F-test

RUNHNINA (°C) 28.41+0.09 28.41£0.12 ns
gangiih ) 25.76:0.02° 30£0.00" *
pH vo41h 7.74+0.06" 6.92+0.02" *
9131509 (%) 66.93+2.05" 82.41+7.21° *
IWEIE] (%) 46.14+536° 63.78+4.25" *
ey (%) 53.86+5.36" 36.22+4.25° *
vhin (g 0.36+0.03 0.34+0.04 ns
7214817 (cm) 3.30+0.13 3.26+0.19 ns

nneme ns lulinnuuanaedaiiiedidy (P>0.05) * IanuuanavediiivedAynwada (P<0.05)

*grenysnuanannu lunuueunaaidiinnuuanaiuegiisdnyneada (P<0.05)
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a

] 1 o 4 :
GI)"N“]JQWEI‘E]@.TTH']'J i%ﬂﬂW\?La@uﬁUUWﬂN 2562-NUNINUD 2563 ﬁ@mﬁﬂu®1ﬂ1ﬂlﬂaﬂ

U

J { 4 o @
31.10+£0.06°C WU 1NA519N 4.12 ﬂ13!W1$WH§!Lﬁ$@1§U1aQﬂ‘ﬂaWﬂﬂ!L‘U‘UﬂTﬂﬂNﬂﬁ]ﬂEJ .

9 1
AT mis@mzazammamwﬁ’ummnmummu (P<0.05) ﬁmmﬁammu%’aﬂaz 87.96+5.27

v IS) SIS

J 1 o v an ! %’
uaz%’aﬂa: 52.88+3.4501001AY UANUUANANDYNNUUITIAYNNADS (P<0.05) AIUUIHN

o

n
Y
nazAuEEIdIgnla1ven 2 ganisnaaed lilianuuana uiued nivedingneada

(P>0.05)

A

a = o J [ Y a o o
M3190 4.13 nfseumeumsmnziugilanasyuruuauauiuuuuaIuguiade (Quugl
F29 IRLA 1ag pH 1Inasanaluyn1auie) AooAIIN15500 0ATIEIUNA
901 b4 o % % 1 A [
Wniin tag aAnvead lugnilarnasyu ¥9laregerund theusunau

2562 -NUAWUT 2563)

YANTINAADI
1A 4
ANIATISH )

HUUAUAN vuuauauilady F-test
9UNYNOINA (°C) 31.10+0.06 31.10+0.10 ns
gUNQN (°C) 26.240.20° 30.0£0.00" *
pH 489111 7.98+0.02" 6.88+0.09" *
9031509 (%) 66.52+5.91° 87.96+5.27" *
IWeIE (%) 36.85+5.15" 52.88+3.45" *
ey (%) 63.15+5.15° 47.12+3.45° *
WM () 0.39+0.02 0.41+0.02 ns
A48 (cm) 3.26+0.09 3.30+0.05 ns

Wnevg ns Lulinnuuananedniisddny (P>0.05) * Tanuuanaediiioddyniedda (P<0.05)

*@onwsiuanaenulunuaueunaasdinnuuanaenueg e lisdAynwana (P<0.05)



UNN 5
a d
JV1IUNANTIINCIAON

5.1 gangiihaedasaumalugnlmiasnlyu Usznoud e 3 msnaassdey Al

5.1.1 mimf"lsu1Jmnﬂﬂ"lmumiﬂ;]auﬁ“luamﬁ aanuaedns Al ugnaiaavlyu

3 \ 3

a I 7
mﬂ‘ﬂﬂammm%”lmﬂmﬂwllmumﬁﬂgﬁu Tugamgiaeduiuna 8 91
1 o~ a % A = A 9
WU TUYAAIVAUFINYUNYUUURAY 28.4£0.24 °C UOATINIITOANTET0BAE 83.67+17.63
' ada a ¥ o ' ' o
1A ¥INQUNHNUIN 24-25°C «mﬂu@mwgummmwﬂmmumwa“lﬁ'ﬁamwmiiaﬂ?aﬂaz
48.28+20.03 A1NI1YANIUAL HOAAGDINY Thepot and Jerry (2015) naassmsin litlangwani

Qavifil 26, 28, 30, 32, 34 1Az 36 °C WU QKN 26 °C WiTMmaTnvesgnilanzmwevn uaz

E4
IS

] [ [ d' Yo a a 1 IA o [
msus lidlanad IasumsdfansTugamgiin 3435 °c dawalilionsimssoavesgmlaiia

Y

Sounz 40.28£8.39 HIAINIIYANIVAY SI00ANGOINY Abozaid et al. (2011) ANYINAVDA

Q

Y
gUNHYUUT 35°C AOMIMUUAINATUTZ 8 m'iwmmm@@ummﬂmmmﬂmﬁ@m AN

q

Wann@deeu 3 sve laun gastrula stage (5-10 hours post fertilization; hpf), segmentation stage
(524 hpf) 1@ pharyngula stage (5-48 hpf) WU QUNYU i 3sc dewalilionsimssoaves

Y @ 9 A
gnianhansanaaluszey pharyngula stage (548 hpf) UoATIMITOAMNBIT DAL 2.38 MINUHI©

a

E 1
aAYUNNY umqwa‘l‘mfJmwmssammaﬂﬂmaﬂamaﬂuﬂmmwuﬂ"hJumsﬂmﬂum Lu’f)\i’lﬂﬂ

a

v H 1 =)
QUNRI mﬁqwumﬂﬁ’mﬂmmmﬂﬂ@1un15wwummammzmﬂmmwﬁﬂﬂmqmﬂmwiu
(] @ 1 a %’ ] [l 1 o a 1 @
FanmaInan Iaggangiiiungw limugauaemsasdintedawa lioasimssonanad

gaunginus ludaina lilinadesasidumaduesgniainasyuainniinaass

Q Y

ligeandony Selim et al.(2009) WiimsnaasufFeuiiounisin ludargidasu

] v v Y ' 3
(Oryzias latipes) NYUUYNUN 27 °C HAZINUYUNYUUUIUDY 32 °C WU NQUHANFIUUAING

U Q u Q U U

Y
Tlarfimsuaaseonneil Tu Infnndawwadodvlaunsduiniulugnilaieig o-10 fu

[
1 =3

wasnnmIia Fuflugreiignlarfinnuldedenszquitvilfinansndsunlaslu

QU

@ o < A o ' a3
ﬂi$ﬂ3uﬂ1iﬁ%}1\n‘ﬂfﬁﬁﬁﬂwuﬁlﬂﬂﬂf,:fﬂ 1aY Abozaid et al. (2011) YAINVIYUN) ‘L!'l 35°C llNaﬁ’f]
o o v 1 9 = 9
mImmuamaluszeeMInaaI9oUYeIai 858y pharyngula stage Iaeiignilaiiate

9

2 X a%} Y ~ 7| ~
weadifintuoony 52.63 Fsgamgiiigadnaliiimsuaaseonmail TuInilingmlauweiiie

Wlugnilanwer
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U

5.1.2 Mavesaunaiithmsnudeda@unalugnilarnas vy o1y 7 Ju

[ a

¥ A
VINNITINANDIYUN Hihnaawan @’E]G]i"lﬁ’JuL‘Wﬁiuaﬂﬂa1ﬂﬂ@1ﬂ 7 T WUN RUNYY

U

11130 1Ay 32°C SaTEIumAdinaesooaz 49.54+9.83 1Ay 43.38+3.20 lilinnuana190619

A o

WedAyn19ana (P>0.05) d0ANRDINY Zhang et al. (2016) NAABUALIRNUAINANAININNS

Win 3 ¥iia ldun Pelteobagrus fulvidraco, P. vachelli Wag hybrids (P. fulvidraco x P. vachelli) i

1 @

QUUYIUANNU 6 T2AU A0 20, 23, 26, 29, 32 1A 34°C U 45 T WU BaTIEIINATUgN

3/ a = 1 [ 9 A A o 1
Uarnans 3 via "luummgmwnmu TﬂEJTJ?%‘H"IﬂﬁJ’ENTJa"IﬂmWﬁF;IJLLa$LWP(L1]81]’E]G]§"IQ"JHLWP(

1:1 110N 4,000 69 c'f?aa;ﬂ‘lﬁ”jvﬁaqqmwgﬁ"lajdqwassiaﬁ‘i’mmmmﬁcluaﬂﬂmﬂﬂ'ﬁy’a 3 ¥iig
ua hidoandoen Wang et al. (2014) NaaoUgungil i lums@eanasu 4 sedu e 17, 23,
29 uag 34 °C Giamiﬁ’mumwﬂugﬂﬂm buluegill sunfish (Lepomis macrochirus) Ha9I MW
wugnaunerd lugavigh 20 uag 34 °Cnnfiga ifiesan masmuamelual bluegill sunfish

o 9 v d
ﬂﬂﬁﬂﬂﬂﬂ'l\iwu‘ﬁﬂﬁiugnuﬂaﬂlﬂﬁ Haldane ﬂ'ﬁ] Lll'ﬂllﬂ'lﬁWﬁllWu‘ﬁm’lﬂJﬁ’lﬂWHﬁﬂJ@ﬂﬂaW

a

2
V1Y
1 G ﬁ = dy = =
ﬁ\?WﬁGl nLn ﬂﬂ'liﬁlﬂﬂVHﬂﬂiﬂﬁﬂﬁﬂﬂlﬁl\‘igﬂﬂﬁu‘v\lﬁim‘Wﬁﬁuﬂ Mﬂ?iﬂﬂﬁﬂﬂlﬁﬂ\i@ﬂﬂﬁwﬁﬂm&lﬂ]

(Paralichthys lethostigma) ¥iaa0InmMsWn Nguuala19niy 3 5zaU Av 18, 23 1Az 28 °C WUN

QU

aamqil 28°C danaliignladnideunadSovas 96 e ndmEniu Paralichihys lethostigms
lusssunadunsadsdialdlueangd 535C iehumaasalugangiith 28 °C dana

v Y H
TignUawmeriiuiuuadnuazvesgnilaritsing e gaiar@n@eil 3 TuIndlidluaune

[

=) = Y = IR Y g an 1 [
$\}{) l,miJﬂ'l‘iL!,ﬁ@\‘]@’E]ﬂﬁﬂHm$ﬂ1QwTu1ﬂﬂLﬂuﬂﬁHWﬁﬁ ANUU QUNHUUNANDNITNIHUALNA

Q U

ua luimanonslasun)aanad Tulngl  (Luckenbach et al, 2003) azdaliaoandosny

a

Desprez and Melard (1998) @ N[y nlamuemeat1aay 0199 I (Oreochromis aureus) °1uammu

AN AD 21 11AZ 34 °C WU QNN 34°C uuuﬂuuﬂmwmummaﬂﬂmwmmmNmfﬁaﬂ
) 4
ay 97.8 FamstvuamsuesgniamuemaAT A g Taudu s furanedae

a

] 1 o o a a @ A
IFU ANUUANAWNUDITIWUT msmaﬁmiummm@ LLﬁ$’E]G]§1ﬂT§GI'IEJGUENQﬂﬂa’lﬂi%qmﬁﬂﬂ

U

Y
lumsRes

5.1.3 wavesgaungithaanunesan@nalugnlarnaavlyu o1y 14 Tu
9
nnmanaasalugnilainaeiy 14 4 gamgiii 30 1ag 32°C WU SATIAIUNARVD
aniardaayuluiinnuuandisedaledidynadanunngan1snaass (P>0.05)

54 l1ia0And09RY Tessema et al. (2006) Ant1gunginesandumealugmlaiiiaey 10 fu
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MINUNAINNIANAY (MZIAT1D Manzala 18202181 Rudolph) WU gaivigil 36 °C aama 1

' Y ]
gnianiianinnziad 1y Manzada Joanadrumadiiuiudosas 80 ienfssuiisunugnial

v [ Y
HanAUHAINIBY LAY Azaza et al. (2008) Naapuasagnilaiiia 01g 12 T4 lugamgiiaany
v A 1 1 A =~ 9 A 43!
45301 A0 19, 32, 34 Uag 36°C WU FNYUUYUN 36.5-36.9°C Wuu? THUMINVYUVDIGN
Uartamagiovaz 64-80 ualusisgangiin 19, 32 wag 34°C lidewanodasidiumaly
gnilariiaeig 12 Ju 1oz Wessels et al. (2011) Anyigungiiaenmsmvuamelu gniaiiia
4
01 10-20 11 e lugamgdl 34, 36 °C 1Az 28 °C (YANIVAN) WU gannll 34°C dawaldiign
vy A o 2 Y o [ @
auneriosas 46.1-61.7 1110anInMImmuamAveIgniavuegnunateads mu WignIsy

J aAd g

o o ~ v 9 Y a = @
oW ug Mskaunug gaugiuwiluieattelunsnssqulinansnlasuulasanvay

a a

=

mamu"lmﬂmﬂgﬂﬂmmﬁmEJndJugﬂﬂanwmﬂﬁ’umﬂdwhﬁumhhjdqwadaﬂmﬂﬁﬂuuﬂm
mad Tu'lndl 1dun ﬂaw«?aﬂi’nms@:ﬂu (Selim et al., 2009) 1Jan buluegill sunfish (Wang et al., 2014)
YanFnifed (Luckenbach et al, 2003) a1vinemev19a18 (Desprez and Melard, 1998) Yaniia
(Tessema et al., 2006, Azaza et al., 2008, Wessels et al., 2011)Lwi'lajdqwassiaﬂmmwﬁﬂ 1&un

9
anznavn (Thepot and Jerry, 2015) tazlaina (Zhang et al., 2016) NNMINADOIATIU qmwgﬁ

ligwadegnianaaniyuery 7 uaz 14 31 vasmnmsiin

L £ 4' Y 1 A v d (Y] J LY
5.2 menaﬂmgmﬂmwaﬂamia‘uwuquazammmma‘luﬂmﬂﬂmmgu

4 1 U dw
ﬂi%ﬂ@ﬂﬂ?ﬂ 2 MINAQDIEDY PINH
1 4 1 v d 1 [ J [
5.21 ‘U]Q!]@ﬂ‘ﬁ!!ﬁﬂﬂﬂﬂ"lﬁNETN'W‘L!§]1insll!!azﬂﬂﬁ]ﬁ%u!ﬂﬂiugﬂﬂa]ﬂﬂa]ﬂﬂu
Y] 4 [ ] Y 1 @ U ) []
%TﬂﬂTSVIﬂﬁﬂQLWWZWuﬁﬂﬁTﬂﬂ31V\IHHiU%?QL’JﬁWiﬁLLﬁQ@WQﬂU WU 6ﬂ”l“L!’J‘Iﬂl“l‘ll

@

1 %’ @ 1 [ I = [} [l = o @ Aaa
ﬂ’JﬂJﬂﬂ]laU ‘L!Tlfiuﬂ]lall taz oM sinual Yanuuanaeed el UNNTDN (P<0.05)

Tagtiaundogagavessiuiu lunazanuan 14 Ngan15nAae 0L:24D (YAAIUAN) 5098901
A ' Y v 3 @ 1 @ I @ 12
Avgan1INAnoIBIIa1 1R 24L:0D ua viin lunazoasimsiniluaivesgnilar 1l
mmumﬁ’uswdwﬂ;@mﬂmam 0L:24D (¥ANIUAN) ag 24L:0D (P>0.05) ADANADIN
v J ] [
MIWIEWUT an pikeperch (Sander lucioperca) Tugrananldues 3 19 Ao 24L:.0D, 12L:12D
9/ v J ' ' Y ' 9 = nm yvag

18 OL:24D ANMTUILET 630 andF WU Faa1 1vues 24L:0D dawalianiinsnaluldG
2 = v A X @ ' . A '

U waziianuan luminiu mnmsdunanailunsnaivesdar pikeperch 1015219190

] -9 ] A = 1 9 . =Y = ]
FINIATNANIUUINNINUINTINANAU mmwaﬁlwﬂm pikeperch hliJLﬂﬂﬂ’)'liJLﬂiElﬂsluﬂﬁ”JNuleU
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%2998 1911219 24L:0D (Sarameh et al., 2012) LA ADAAABINUNITANHURIULUUFIIAIAY
Y

F35U¥IN (Simulated natural, SNP) nazn s e IaI9eIUIuTY (Accelerated long day;
ALD) ANUuLLad 350 andf aamanomsauus 1uila black sea bass (Centropristis striata)
U9 Howell et al. (2003) 1131 M3 159529aa ALD Jualan black sea bass aunsaigaliinams
A Y4 nm ya g Y A a a dy 1 "o J a

auviuguazna 1185 %y sazms 19 waaiuranaagniartialasms@esioniwug Uaiiia
Tuaranan Iiuaaaany 1dun 6L:8D, 12L:12D, 18L:6D tag 24L:0D Wi a8 e

= ] ] d' 4‘ ] Y S 0o o

18L:6D ttag 24L:0D iims1ela anwan lumniiga iesan saena liuastidiudianylu
nmsnszduldinanisnelilagsrauasnmunzandos lifinsnaoundasuimnu 'l
(Mendoza et al., 2004) 11AZ8IADANEBINUIIUITBUDY Bapary and Akihiro (2010) NAFDUSIULE
H [ o [ [ I ]

WilnagemsauWug lutla1 damselfish (Chrysiptera cyanea) TasuiagrananIiuaailu 3 %24 fe

4

10L:14D, 14L:10D 1ag$LaaIusisuana w1 $219a119uas 14L:10D nswauiusg
(] A A = [ 1 v 7 [
M lunngailieieununnganisnaas uaInHan1TnaasunIzugdainas vy
Tuganan Tiuasarany ligeandoanumsanuIved Migaud et al. (2006) 13 susigusaues
a Y4 1 1 ] Y]
MUTITUMA 16L:8D 1A 24L:0D ANMYULAI 500 AR WU HIWa9 24L:0D TUTMIwamves
IA A . ' =) Il
iad AUWUF 1Ua1 eurasian perch  (Perca fluviatilis) 1oz Tus19ud 16L:8D Huuravo'la,
ao) Y] [ Y] a a @ I @ 9 ~ A A 49!
wiinla, onimsUgaus vag sasimsinidludives gnilandesiige iesninmsimuau
9 1 1 9 = v = a
Hazanadvedszeza IMLdIaINanonIsUIUNTa wadauNuFveaunslsuevia
' ' o o 3 A
Taesz1 AN U a0 199 I Han oM A UWUE 1u1lal eurasian perch Tasaudunauiuds

9 U

H Y
nszAUNd AR5 lunazdugimsne v RN UNMIMAaewes Giannecchini et al. (2012)
A [ 4 o [ a 1 J o
nlFanuduuds 500 andg zviuglainalulszmanndalasldyranarlduasarenu
1 v 9y =~ 1 %’ @ 1 1o A 9y '
WU F29a71 19 e 24L:0D Hanwanvesly dmiinly msnela dngalasldguai

4 A

FUAINTANUAINNIUIU FINAADMINAUUFAS FUWUTUAZNTTUIUMTAUWUF lud)an
naewia

@ [ A YL ] 9 A o

931N seavesgnilarnaaiyuinmiz wug luaaanar e 8L:16D Uon31113500
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