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\J'Vl'U1 

(Introduction) 

VI'}~~ ~ll1J~J1'U LLt;1:m'iv'ULL'U'lfl11llfl~'tlel.:i LR'i.:in1'i1iv 

1 'Ufi'j'jlJ6lJ1~a v1+J11 tltle:J'U'1t f)'U Lr1Y!Yrn~ L U'Ue:JTVl1'j zj~ L zje)11 'tr1vh•re:i~iir1rufl1'V11~i.'111e:JTVl11~ , 

'11L U'Uvie:iav11J11vt1eJ'U~'1tlJ11 iJ1 "UL 'Ufl'jt'LJ1'Ufl1'j\1WJ'U1fl1'jL -u1~1ttJtvi1~ I L~tl Lr1Yl'V'le:J~'1tiim~ 1 "lllJ'U 

n~11 docosahexaenoic acid (DHA) mit eicosapentaenoic acid (EPA) ~avi1J11vt1eJ'UvleJ~fl111'U 

tf1mum~ (Fraser et al., 1989; Evjemo and Olsen, 1997) 'Ue:Jn'11ni.r'U'tr1viml~EJ~iii.'111e1Tvn1~iic.Javi1 ,, 

1 'Ma v11J11vt1e:i'Uiie1v111011 L '1 ~hy L~u 'tvi LLateYv111rn11e:i~~~ LLatv~i.'111111fl-ii1 v 1 'Urn1i.'1{1~i.'111Ll1~~zj~vi1 

1 'Mavi1tl1ii~a'U~i.'11 tl~111 'Uel0'110,1'UEJ~iic.J'1'Yl11 'MavJ1tl11tJtleJ'Uii-WWJ'U1 fl11 fl1'j L tJ~ tl'ULL tJa~'11mt tlt'Vltl~ 

~1ttJt'Vlil~~L~tJn11 Metomorphosis 1~~ (Naess et al., 1995; Naess and Lie, 1998; Shields et al., 

1999) 

1 'Ufl1'iel11'U1'1avi1J11tJt1eJ'U 1 'Un~11 decapod crustacean e:J1'Vl1'i'1el11L U'U'U'1itJ~'111'lqj~'Yl11 'Mii 

e)vJ'j1fl1'j L '1~ru L~'U Lvl LL'1te)vJ'j1 fl1'j'je)~i.'(~ zj~ 1 'Ufl1'je)'U'LJ1'1'1tvle)~l-)1'U~'1~"1J'U1~"1Jme:J1'Vl11~av11J11 tltlel'U ., ,, , 
i.'11111'ifl~'U f1'U 1~ tl~111 '1.le:J1'Vl11vi1 'M'1tvlel~ 1lJ111 O'Vl~e:J'Uelt!Lf1'U L tJ LL'1t vl eJ~iir1ruf11'Vl1~eJ1'Vl11~av11tl11 tJ , 

tleJ'U\11eJ~fl1'j (Jones et al., 1997) vr~ir'Un11e:i11u1aav11J11tJtlel'U~~lil1L U'U\11el~'Vl11'U'1~elvl11fl1'jfl'U 

e:J1'V111"1Jel~av11tl1 r11111'Vl'U1LL 'U'U"lleJ~eJ1'Vl1'i~L'VllJ1ti.'111 L ~eJ'VlanL~tl~fl111 'Me:J1'Vl1'i 1 'Utl~111'1.1~111nLf1'U 1 tJ 

L 'Vfi1t'1~v1'11 iiim'Vl11L 'Vlae:imn zj~vr11'Mr1'1.lil1'V'l'111 'UUeJ'Vl~e)v)eJ'U'U1'1 L~tl LL'1t'1t'V111 'Mci~c.J'1'1~e)vJ'j1fl1'j , ,, , 

'je)~J1a~ 'Vl~e:Jf;111 ~eJ1'Vl11~1Je)tJLf)'U 1 tl'1t'Vh 1'Mavi1J11tJtleJ'Uf1'UeJ1'V11111.iL Yltl~'V'ltlLL'1tvl1tJ 1~ (Sa mocha 

et al., 1989) L~tl~11 tl1 'Ufl1'je)'U'U1aanfl~1tltle:J'U'1t 1 -ff mfviLiimL 1n~m U'Ue:J1'Vf1'j LLviL ~el~'110'V'l'U11 , ,, ' 
u1~ r1 f ~ e:i 11vi Lii vii r1 ru Fi1V11 ~i.'111m'Vl1111.i L vl tJ~'V'leJ vit11-11111 \11e:J~ m 1"1J e1~a n n ~-r v tl e:J'U LL'1t'V'l'U11"ll'U 1 ~"ll e:i~ e:i 11 , ,, , 

vi Liiv 11.i L 'Vl111ti.'111 vielfl1'je)'U'U1'1 L~mu'V'l1t fl1'je)'U'U1'1'1 ntla1LL'1tfl~'Vl~L'1i.'11 tl~111 vh 1 ~avi1J11vae:i'Uii , , 'U , 

eYv111m11e1~J1 vh 1~'U'1~U'Uiim1tl1'1v11J11 'Unq11 cope pods, nematodes LLat cladocerans 1111 m 'U 

fl1'je)'U'U 1a « vi-hf 11 tl am.J LL 'Vl'U e11HiLii tl 'Vl~tl 1-« L tltJel1'V111Li.'1~111 \J fl1'j"lj'J tl L ~l.Jelvl 11 fl1'j L ,I ~cy L~'U Lvl LL at , 

eYm1n111eJ~ (Lavens and Sorgeloos, 1996) zj~,11nn11~m:t1'V'lui1Lde11-u' harpacticoid copepods 1'U 

n11e:i'U'U 1aa ntla 1 LL a ta m1l.iiimt ~n'1'U'VI~ ~ 'V'l'Ui1vh 1 'Ma n'1vi1J11 v ae1'Uiie1v111 n11 L'1~ruL~'U 1vi 1~~ 
, '\J '\J " " 

(Fleeger, 2005) 1~vmh1i1av11'11'VltL'11tltlel'U~L 'U'U carnivore iim1l.J\11e)~fl1'jfl'j~ 1"1Jl!'UL'UO~l.J n-3 

HUFA f1e:J'U"U1~i.'I~ zj~m~hl!'Unci11d'1t'V'l'UL~l.J1n1'ULr1vivrn~ (Koven et al., 1990; Rainuzzo et al., ,, , 

1992; Sargent et al., 1999) 1~mu'V'l1t 22:6n-3 (DHA) LLat 20:5n-3 (EPA) (Navarro et al., 1993; 

Estevez and Kanazawa, 1996) 

vr~ir'U L 'U fl11~n'l:f11i Emf ~d~~ii1v1f.1tl1t'1~r11 'Ufl1'i'Vl~'1el~L'1~11 lr1Yl'V'lelv!L 'U'Ue:J1'Vf1'j"1Je)~'1 nn~ m1vi'U , " , ,., 

1 Eltlel'UL ~m ~11r11111\11mfl11"1Je)~fl'jvj 1 "lllJ'U~,hl'lnlL ~ nu~v11J11 Vtlel'U zj~vi11 ~fl1'je:J'U'U1'1ann~a vi1J11 El 
a~ 'I \J • 
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fl11i.Jfl1A ru LL~ ::'Vii.J1"l.le:i .:iilruV11 
OJ OJ 

av11 Lic.1-:i~1 c.1'11:UL-vi:u:u1n-fi'IJ 1vimovnt1 'IJna:u'lJrJ'1'1\JrJ~1l-li1mtvina'IJvt"''1 L'li'IJ Utmf-:i na:U'lJrJ'1tl-:t l-:i , \J , , 

LL'1tU'VltL'1~1c.1'11:U L U'IJ91'1J zj.,:ii;;'v11L vta1i1'<ilt'U1lJ1'11f1LLvtci-:t511lJ'l11&iJ-:ii'IJ ( Ca Lado, 2003) ~-:ivh 1 ~'Lnvit:.J'1 
" 

mt 'VlU \Ji mt'U'U'UL 1 l"l LL'1 t'Vlf vrn1 mu11:u'l11 &i 1vi c.1 m Yl1t rJ ~1-:i ~-:i 1 'IJ 1 'IJ LL 'IJ,tl t m-r-:i;a-:i L U'IJLL vtci -:ivi rJ cirJ1 ~ v 
" ., ' 'lJ eJ-:t ?I vll 'Vlt L'1 ?11 tJ'11lJ 

iv11tl11 'IJnci:un-:i tr-:i LLattl L 'U'IJG1vl-rl '1Jnci:uvth.iiimtvlf1'1'1JVl~'1zj-:tiiflt1.1f'11'V11'1~1'1JLPl1~\if1'1l-J1f1 ~-:i 
1 1 \J 1 '\I 1 411 

ii f111Yl tl1c.l 1lJ~'nJ'IJ1L 'Vlfl L 'IJ fa ~'V11'1v11'1Jf111 L Yl1t Li tl'1 L viv 1 ~\nvitl1t Lc.l'll'IJ1 'IJL-8-:t'rl1CU'l1Vl-J1 n.fl''IJ LL at 1 'IJ 

'U'<il'<il'U'IJ 1v1ii n 11'U1 n-:t'Vlt La?11 v-11:uvtm c.1'llilvi:u1Y11n11 Pi n~11 ~ v L vle1~ <nJ'IJ11 'IJv11'1Jf11'j'L Yl1t Li c.1-:i L-d'IJ , , 

Lysmata LLat Stenopus (Jones et al., 1997) 

tl1tf111Vl~'1'lJrJ-:tav11tlT1tleleJ'IJ1 '1Jf1cil.l fl-:! tr-:i tl ii1ttJt1tleleJ'IJf'1e)'U6n1.:J'U1'U L-li'U n-:i1 'Uf1cil.l , , \J , , 

Caridean ii'j'ttJt1tJBeJ'UrJci1t'Vli1-:i 14-150 1'U ncil.l Palinurodea i11tcJt1tleJeJ'Uvci1t'Vli1-:i 90-330 1'1J " , " 
zj._:i~e)11L U'U~tl~11fl'11~qj 1 'Uf111~'nl'U1f111L 'Vlfl'Ufl 1 'Uf11'j'eJ'4U1a e1ci1-:i 1-sn\J\1:U eJ1V11-S'UU11 L U'IJ'U'<il~ m11ficy 

v1-d, tJ 1 'IJ f111~ 'nl'IJ11t cJ t'lleJ'1'1 \J\1tl11 tJ eleJ'U LL a t~1lJ1'j'{'l'IJ1 cJ~'U1 t tJ tL ,a 11 'U f111~'nl'U 1'j't tlt"!leJ'1\J11 el rJ'U Lv1 
L -d'Un'U zj-:t'rl'U11L~m'1~l.1Lfl"W'rlvvi 1 i1L U'Uv1V1111 'U1ttit1tiaeJ'U'<ilt-1i1vY111 i1m1i<nJ'U1m-s1 'U1ttit\Ji1-:i 1 "!leN 

1tleleJ'ULv1L~1.fl''U (Jones et al., 1997) 

1viv~11 tl1 '1Jf111eJ'4U1a'1\J\1tl11 vav'U'<iltiltil.l 1 ie11iviLiimLat L 'j'&i L Yle1iL U'Umvt11L ~m?l~:u mvi L 'lJlJ'U 

1 \1LLf1'1\J\1tl11tleleJ'U (Bransden et al., 2005) LL\JieJ1'<iJEJ'1YlU11fltl.lf'11'V11'1eJ1Vl11EJ-:tLlJLVitJ'1YleJ\Jivn11 , 

L'<il~qJL&i'U Lvl LLatf111i<nJ'IJ1f11'j' 1 'U1ttit\Ji1-:i 1 "!lel'1av11tl11 tJ~e)'U fi-:i LL:Wiim1tl1'um11 imiviLiivi LL at 1-s&i 

LYlviLLiA'1 nvl1l.l zj.,:i Lflvi'rlrJvl'UU L U'UeJ1'\1111\J\1lJLL V1ci-:to11lJ'l11&i"!leJ-:t'11,dtl11 tleleJ'U v1iiflUJf'11'V11.:J~11eJ1'\1111?1'1 
, " 

LL'1 tL U'IJv1\Plv-:tf111'llv.:ii v11tl11 miv'IJ 1 'Um-s L '<il~U.JL&iu L\J\ LL at m1i<nJ'U1 m1m1L tl~ ti'IJLL tla-:t'j'tl~1.:i 1 tl~1t tit 
u " " 

\Ji1-:i1 'Uelf1'11f1i1EJ-:t-1i1v 1 \1'1\Jl1tl1ii~G1'U?lvl 1?1anv11v ~-:iiim1Pin~11~v 1'Uf1111 'tlLfl'Vi'rlelvlL U'UrJ1'\1111L?l~:U1 'U 

f111rJ'U'U1ai\Jl1tlTfoae1'Uvta1v'llilvi L-li'IJ tla1 striped tlm cod LLatt1-:t'VltLa?11v.:i1lJ LU'U91'U Yl'U11el\Jl11 , , 
f1111eJvl elvl11f111 L'<il~ruL&i'U L\Jl LL at f111 metamorphosis "!lel'1'1\Jl1tl11vav'Uv1Yi1n11V1vlav.:i~.fl''U 

1viv Lu'rl1t 1 'W ncil.ln-:tVltLa~1v.:i1l.lu1.:i'llilvi'<ilti1,b'Ueih cJ 1 'Un11~'U1t titL 1a 11 'Uf111i<nJ'U1f111 ;.:iiii:.rn\Jie1m1 , , 
t:.J~\Jl'1vl1tl1LLat9l'IJYJ'U1'1Jf11'j't:.J~(,\L-d.:JYl1ru'llV8f1v11tJ (Morehesd et al., 2005, Battaglene and 

Cobcroft, 2007) 

n.:imi\Jl'U (Hvmenocera picta) LU'Ufl.:J'VltLa?11tJ.:J1lJ'llUvl'Vl~.:J~iiflruf'11Vl1.:JLP!'j'~~n'1 ii11fl1?1.:J 
, '\J J· , , • " 

LLatL U'U~9lrJ.:J f111\Jl1l.l'VleJ.:J\Jl'11vl L ~l.lmn.fl''U 1 'U,-:t m101tn'<il'1\Jl1vit La,n v.:i1l.l ;,:i 1 'UU'<il'<il'U'UEJ.:JL U'U f111'U1n.:i , , , 
mi \,l'Ul-11'11 nLL 'Vici .:Jfi1'j'lJ'lf1&i ~-:tt!'U~-:t'Vl1 f1111~ fl 1 'U f111el'U\J 1a fl.:Jf11{\Jl'U 1 i1iim1i'nl'U1f111L ~,.fl''U iieJ\J\ 11 

\J , , \J 

f1111eJvlLLatf111L'<il~qJL&iu L\Jl~~.:i.fl''U Lvlfl 1 mfl'Vi'rlelvl 1 'Uf11-SL?l~l.11 \1L U'UeJ1'\11111 'U1tfltf111el'4U1a L vle1i'nl'U1 

L 'Vlfl'Ufl 1 'Uv11'Uf111L Yl1Liv.:i ~.:i 1 \1Lflvlt:.rntl1t LfJ'lliJ'V11.:J~1'UL-8.:ivnru'llv LLatL -rJv\JleJ\J?l'UeJ.:Jfl11lJ91cMf111\Jl1lJ 

'Viel~ (,la 1 (,) L(,) EJ 1~~~e.Ja m~Vlu~m~uufa 1 lilu.a::VJivm 1 mi:J LL 1 ~~ eJlJ'Vl1~'Vlt L'1 



1fl1-:irnfj•,5i.1i1LiJu1fl1-:JnT~v1m~m 2 tJ (tJ-:iui.h:::ll1ru 2554-2555) 1v1c.11uuLL 1ff'\ltL 'llun11~vivi1 

VieJLLlJi'IJ5 LLl;ltP1n~1L Vlfl'Ufln1';ieJ'\J'U1G'IG'lnfl-:in1{\;l'IJ LL1;1:::vi1n111~e.11 '\J1\;lfl'\.ht'1-:Jfl6DeJ,vi 1 LLm:: 1 utJviae:i-:i , , 1J " "' , 

'1tvi1n11?in~11~c.11 'IJ1(,lmh:::a-:if'iie:iv1 2 , 

3 

1. L~e)'V11n11P1n~1L'U~c.l'UL'Vl!:J'Un11iw.J'IJ1n11 rrm1n111eJv1 LLl;l:::rJm1n11L'1~f11L~'lJL(,l"!Je),rnnn-:i ·~ ,, , 
m{~'U (Hymenocera picta) Li1m·11n11e:J'4'U1l;l\il'"J!:J h~L vle:J1LLl;lteJ11'vhiic.1viLG1~ll\il'lc.Jmv11 "!J:IJ'U LLl;lt 1flii 

vmvi 

2. L~eJ'Vl1n11?in~1L'U~!:J'UL 'Vl!:J'Un11iw.J'U1n11 r)(,l';i1n1';i';ie)vl LLl;l:::rJm1n11L'1~UJL~'U L\,l"!Je)-:Jl;lnn-:i ., ,, , 

mil!)'U (Hymenocera picta) Li1e:i1effa1vii1c.19i1-:i"11'Wv1 (/sochrysis sp., Nannochloropsis sp. LLl;lt 

Chaetoceros sp.) L'\Jn11eJ'4'l.11l;l 

... .., 
"l.lvUL "l.lvin1"a'l'1t1 

vhn11?in~1L 'U~!:J'UL vic.1u n11iw.J'U1n11 e)(,l';i1n1';i';ie)vl LLl;lte)(,l';i1n1';iL "\)~f1 1L~'U L\,l"!Je)-:Jl;l nn-:inTfa'U 
-~ \I , '\I 

Li1e:JeJ'U'U1l;l \il'l !:J h~ L vle:iiLLl;l:::eJ1iviLiimL ';in'~ n Lrn::: 1fliivrnvi vr-:iLL9i1:::c.1:::LL 1nY1n"\l'Uf1-:J1:::c.1:::1c.1i'U LLl;lt , , 
vi'1n11Pin~1L'U~!:J'ULvie.1un11iw.J'U1n1';i e)(,l';i1n1';i';ie)vl LLl;lte)(,l';i1n1';iL"\l~f11L~'U1\;l"!Je)-:Jl;lnfl-:in1fa'ULi1e:i1-if •t \I , \J 

a1vii1e.19i1-:i"11'Uvl (/sochrysis sp., Nannochloropsis sp. LLl;lt Chaetoceros sp.) L'Un11el'4'l.11l;lvr-m9i 

1t!:JtLL 1ff~ff<il'Ut1-:J1t!:Jt1!:J~'U 
' 

,h:: Lt1'tltlvi fl1fl11,1:: 1~i'u LLfl::V1tl1 t1~1'Uvi'lh~ fl n111it1 hfl i,h:: Ltl'tl'U 

1.1 i.h~ la11-u~fl1f111,1~1~iu 

1.1.1 vi11 ~Vl11'Ut1-:J"!1'UvleJ1Vl11viL VllJ1t'1l.1'11Vl1''lJ'U1ll11 m 'Un1';ie)'U'l.11l;ll;l nn-:imi\;l'U , ,, , " 
(Hymenocera picta) 

O 1" _, I 1 d .J O 1~ V ' 1.1.2 Vl1 'V1Vl';i1'U'1vl'11'U flV'IV'leJvlVlL'VllJ1:::G1lJ"\l:::'U1l.11 "!1L'\Jn1';ie)'U'l.11l;ll;lnn-:in11\,l'U , " , " 
(Hymenocera picta) 

1.1.3 vh 1 ~Vl11'Uf1-:J"!j'Uvl"!Jel-:J'11'Vl~1c.JviL 'Vll.11t'1l.1"\l:::il1ll11m 'Un1';ie)'U'l.11l;ll;lnt1-:in11(,l'U 
, \I " \I 

(Hymenocera picta) 

1.1.4 LiJe) 1 "tlL 'U'IJLL'Vlr;l-:J'UeJl;jl;l 1 ~Lnvi'IJ1::: 1c.1"11tl9ie:JV1thc.1-:i1'U9i1-:J'l viii?t'l'UL~m-um 

1.2 V1ti1a~,u~,l1~anT'j1:5'a1 tfl. 'titl'3~ la11-u 
.,,J.,, .. ,f ., ' 

1.2.1 Ln'l!f(,l';jn';i e.l'Vll.leJ1"!1V'ln11L v,i1:::Ll;lc.J-:J'1(,l'JV1:::ma1tN1lJ ,, 
I I I/ I/ 4.CV .J.J II' U ..,._,, 

1.2.2 'Vl'U1EJ•:nme:Jn"!1'U L"!1'U 11'Ufl1 'l.11'\!f'Vl ,1;1., V1Lnc.11"1.Je:i-:in'Um1fl1av11V1:::L1;1a1c.1-:i1l.l 

I _, I 'U I .J .J 1,1 IV 1" _, 
1.2.3 V1'U1c.1-:i1u"1.Je:J-:i1~'U11;1 L'tl'U ml.I 1:::l.1-:i V1'U1c.1-:i1'UV1Lnc.11"1.Je1-:inun11 "11V11V'lc.11mv11-:i 

~ • 
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1.2.4 m;nu'Lin11~n~1vh.:i11'U1::~u1'111:iivi'Vl~a~vil.l~n~1 lviE.11-&''1.h:maun11L~cJ'U n11 

aa'U LLl;l::n111-.5'EJ .,i;l., 

' ... 0 

lit {11 'IJ 'VI 'VI 1 n 1 "i'VI fl~ t1 .:i 
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Q..c:::I O Q, Q Q,,I 

1fifl1 L 'U\Jn1'i1'1 V 

(Materials & Method) 

I I 0,,,, ~ fU ~ 

1. fl1'i~bb~'We)Lb3.J'W'Ll5n.:in1'i~'LI 
'I.I • • 'I.I 

vlmbl-li'Ufifl-:Jfl1'j\;)'lJvfl 'ITT 'Ufl11e-Javl'1flfl-:J'11'Vlf'U 1 'ITT 'Ufl1';iV1~'1el-:Jfi-:ii1b iJ'U'11f.l'W'UITT VIE.I '11'U1'U 5 r1 
, , 'U \J , , " 

Yi1fl11biv-:i 1 n 'U1::'U'UVll.J'Ub1f.l'Ut11bb 'U'UU~;-:ivr-:iav1 'U 1 ';i,:Jb~el'U'11fivl '1fl1'U'U1'Vlf.11Pl1'1vl'jV11-:JVI:: b'1 zj,:ii1m1 , ~ 

vl11'1'1el'UflflJI11'Vn11V1fl 2 '1U~1i1 l'!Xm1bb~-:J (Lvnckia malti) btl'Uel1Vl11flf-:i"1:: 1 ~1 b~el~11bb~-:JVll.J~n , , ., ' 
'1:: 1'l-1~11 Vll.l'Vl'Uvi b ~el 1,X fl-:Jfl1'j(;)'lJ 1~eJ1Vl1';iel~1-:J~el b ~el-:J bb'1 ::i1'1"!.II11~ bL ~-:JLL 1-:J'1l.J'U1ru'11l.J11fle-Ja vl'1 fl fl-:J 

, \J , " " , 

tl1m 1 m 'Ufl11~m-n1,1v 1~a~1-:i~m~a-:i 

., 
2. fl1'ib~'it13.Jeltln'irua1V1i'Un1'ibat1.:i 

• 

Jl1'11'U::~'1::1m'Ufl1';i'V1~'1el-:!~el t1-:J"l.l'U1~ 10 am '11'U1'U 12 1u ~1-:ivi1fl11l.J'1::m~i1-:i ~-:il'IXLL'l-1-:! 

'17m!'Ub~l.Jt11L~ll 1'1'1-:J 1 u1 'Ut1-:! 1 iXmrnPIL'U11 L~f.l 1 "n'11f.lf.11-:J~m -u1nui1V111f.l LLa::tJ~-u1-:it1-:i~1f.1~'11'1~fl~ 

~1L ~elUel-:!fl'Ufl1';j';j'lJfl1'U 

""""' 3. 15fl1'i'Vl~~e).:J 

m11,1v 1 'UU-:iuu1::mru 2554 L iJ'Ufl11Lvl~f.lllvimLl-li'Utn '!Xi1m1l-l~¥allL 'Ufl1111-:i hl Lb"1::Yi1n11 , 

av111G11'U"l.Ja-:i 1flii~a~ 
. ,.,. .,. 

'11'U1'U 1flii~a~ • '11'U1'UL1~L~ai "l1~fl1';j '11'U1'Uel11V1Ll.Jf.l , 
d 

(%) (~1~aa(;)1) (~1~elf!(;)';i) (~1~e)fl(;)';i) 'VI ~ '1 a,:i VI 

1 0 1000 0 1200 

2 10 900 100 1200 

3 20 700 300 1200 

4 30 500 500 1200 
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'1-:1 f1,m 7'fV1Vl G'I €1-:J 

4, 'Vl7n7'H1lJG'lnn-:iflf-:im~ 20 (;11 LL'1::: 1u-uru:::V11nT;H'1m1:::~t1-:JL ~tl1n71"1L'l.JC1-:J~ihrn fl-:JL ~€11 ~Lnvi 'I " , , " 'I 

n11m:::'17cJ(;11'lJ€1-:JG'lnfl-:i ,S,:i L 'l.Jf111'V17f111'1lJ'1:::~t1-:J'V17Ji'1cJfl111.l11VlL ~1 " , ' 

1 u1:::v111-:i n71Vlv"\G'l€1-:J 'V11 n71 V\LLG'l lt,icJ 1 i&11cJcJ1-:J'lJ'l.J1(,I L~ nt,it,ilJl::: nt1uviu~L 1runutr-:i LLG'l:::vi'1 
" " 

m1LiJ~cJu~1mhfo"::: so Li.Jt1{L~'l.J\,J'lJt1-:iiJ~m1J11J1tufY-:i LLi1L~lJJ11~Lvi11:::~rn~11vin1u 1'1.JG'I::: 1 r1f-:1 
' 

L ~€1fl1UfllJfl(U.f)1'VlJ11 ~L 'VllJ1:::&111num1L'1~nlL~U llJl 'V11f111L ,J~m.Jtr-:im m 'l.Jn71Vl(,1(1€1-:Ji,Jt,17'\,1(1:;: 1 r1f-:1 . , ·~ 

L~€1'1Jt1-:inu111'1.~tr-:i&1ni.J1n 

d II • 
n1'a'LnU"llellJ~'a::Vl11~n1'a'Vlfl~el~ 

V 

~ II' II' .JO ~ Cl.I 111' I .::ai, ~ CLI 

nTHnU'lJ€11l'1 'lJ€11l'1VlV17n7'HnUVln1'l.J t,ILLn e)(U'Vf.f)lJ fl111JLfllJ 1:::cJ:::LL'1:::'Vl~'l.J1n71'lJ€1-:J 
" " 'I 'I " 

1;1nn-:in1{1JJ'l.J 'LJel1l'1vi'Vl1n71Lf1UV1nflf-:1vii1m1LiJ~cJ'l.Jfl-:J 1Ji'LLfl ellJ111'aelt,i fi1fl111lL'U'l.Jfl1t,iL'U'l.J~h-:i (pH) 
'\J 'I \I '\I , 

nTl'1Lfl11:::'\-1iJ~mruLLel1J 111L 'UcJ LLG'l:::i.J~mru 1 u 11J11\'1 lt,im:::cJ:::L 1a11 un11i~u1m1'1:::e11-:iB-:11J11111:::cJ:::m1 

i~'l.J1n1'a'lJe)-:J n-:in1{1JJ'l.J H11menocera picta IK-:1LLIJlLL1n'V1n'1'Ut1-:J1:::cJ:::1cJi'U J-:i'VflJ(,I 12 1:::cJ::: ~ 
'I " J' , 

Fiedler, G.C. (1994) LL'1:::n11i-:1Ln1JJ~n~11'Ulfl1-m11iicJ~ 1 'tlel-:JLLt:J'l.JlicJd 

d II '°" tf II 
4. n1''Hn\J'j'J\J'j'J1l"Uel1l~bb~:1bfl'i1:'Vl"tlel11~ 

'U 'U 

~ n~1e11J111 n111e:i t,i e11J111m1 L '1 ~ru L~u LIJI LL'1 :::~::: cJ::: L 1'111 'LI n11i~u1m1-u €1-:JG'I n ti-:i m{1JJ'UIK-:i LLIJl 
" " , " 

LL 1n'V1n'1'Ut1-:i1:::cJ:::1cJiu (Juvenile) ~-:id 
' 

CV O 11.J..!' 

ellJ111n711elt,11J17cJ = 5)1'1J1'1J~F1f1~L3,ltlft'IJ~Y1011Vly}i)f)~X _ 100 
' 0 ,, "" 

'11'U1'UG'lnmL 11JV1t,1'1el-:J 
" ' 

o "a:m:::L1"11'Um1i~'U1n71'llel.:J'1nn.:im{1J11.J '1:::V11n71'1lJ'11'U1'U 5 1'111Jlelf1-:!Vln1'U LLi1,l1 
" , 'U 'I 'I 

i:.1amJ\'111v'i1 L 'U'U m1'V'l LL'1 vi.:ii~m f111'llel-:!'1 nn.:i 
" ' 

., 
Q, ~ Cl,IQ, 0 

n1'a~'l1\laeJ\JLL~::1Lfl11::'Vlf!NalJtJ~"llel~'U1 

- fltl.1'11JU"'&l'llel-:JJ1vi1J111'11(,1Vlff)'U L~LLfl e)(U'Vf.f)ij LL'1:::fl11lJL~lJ , , , '\I 

..,.. l;' .J "" ' "• I '.J O ,J.J ., 1" ' fl fl ' - fltl.1'11JUIJl'llel.:J'U1V11J111'11 Lfl17:::'V!Vln'1uvl1VIV1V11n71L i;lcJ'Ufl.:J t,ILLn fl111JL u\Jfl1(,IL u\J(,11,:j 
' ' 

m1i Lfl11:::'\-1iJ~111ruLLel1J 111L -uv LLa:::,J~111ru 1 'LI L1J11\'1 



7 

"' ~ nTn LFI "a1::'Vie-i fl n, "al'I flfl e:i..:i 

'Vl1n1'~1 Lfl11:::i-H'm.Jl;lL ~m U1tl'UL vit1uam1n1"a'Hlvl t)IJlj1 n1'H '1~filL~'U L\Jl LLl;l:::"j:::tJ::: L 1l;l1 
V ~ 

1'Wfl11nelflfl11'U6lJ€l,rnnn~n111J1'U ~1tlfl111Lfl11:::i.1r111l.JLLU1U11'U (Analysis of variance; ANOVA) LL'U'U 
V , V 

CRD LL1;1::: A Tukey's multiple comparisons test LvltJfl1"j1i1u"jLLml.J SPSS 
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QfV 

~~fl1'j1'1V 

(Results) 

f11';i1~ t.1~..:Jc.Jl;l'l.leN f11';iffU'U1l;ll;l nn..:irnfa'IJ'l t.lelel'\J 1~w Lfl'Vi'We)~l,)e)f11';ii'llltJ1f11';i f11';i LliJ1f1 I L~'U L\,l 
'I 'U 1 \I a~ 

e)(,l';i1n1';i';ie)~\ol1t.l 'l)e)..:Jl;l n n..:irn{vi'IJ'l t.lele)'\J 1~m ·tffouL vit.1'U';i~V!11..:J'll~f11';i'Vl~fl e:i..:ivtlliiln11 L'11lJ Lfl'ViV'lel~ 
'U " 'U , 

( 'll ~ n1 ';i'V1 ~ l;l el ..:J~ 1) fl 'U 'll ~ n1 ';i'Vl ~ l;l el ..:J ~iJ n 1 ';i L'11lJ L fl 'Vi'W el~ L '\J fl'J 1lJVI '\J 1 LL tJ '\J ~ l,l 1..:J fl '\J 'W'U'l 1 iJ n1 ';i , , 

L 'U~ t.1'\JLL 'Ufl..:J~1'\Je1\ol';i1n1';i';ie)~ am1m1 L lil1t:lJL~'U Lvl LLl;l~';i~t.l~L 'Jl;l11 '\Jn11i'lll'IJ1n1';i'l)e)..:Jl;lnt1..:im{vi'IJ ~..:i-d 
.., " , 'U 

1. e1,i11n11·rn~,i1v (survival rate) 

lil1nm1e:i'\Ju1l;ll;lnt1..:in1{vi'IJ1vae:i'\J~'.lt.111~ L v-le.1{ m{vi Lilt.1~v'hm1LG11l.lm~ 1 "!llJ'\J LLl;ldflri'WeJ~~il 
, 'U , " 

'U~lJ1UJfl11lJ'\l!'\J1LL'U'\J~LLv'lnl1h..:Jn'\J J..:i 4 'll~f11';i'Vl~l;le)..:J yj'l.J'J11 '\J'111..:Jel1t.l 0-8 'l'\J Ldm!1~1Lu~t.1~1~m , , 

1Lr111~t-1m1lJLL\iln11h..:iV11..:iai:i~ (p>0.05) 1 '\J'll'.l..:Jmf.! 15 1'\J Ldm!1~1Lu~t.1lJ11Lfl11~t-1fl11lJLLv'ln!,17..:J'V17..:J 

ai:i~ (p<0.01) LLl;l~L'IJ'li1..:imf.! 22 1'\J L~m.i1~1Lu~t.1lJ71Lfl11~ifl11lJLL1J1n11h..:iv11..:iai:i~ (p<0.05) 

cl 
1Jl1'l1~'Vl 2 am1n111e:i~vi1t.1"1JeJ..:Jl;lnt1..:in1{vi'IJ~eJ'\J'l.J1l;lvl1t.1h~iLvle:i{ miviLilt.1~LG11l.lnw11"1J2J'\J LLl;l~ ,, , '\I , 

Lfl'Vi'Wel~ J..:i 4 'll~n11Y1~l;le:i..:i , 

fl11:U'Vl'U1LL ii'lJ"tleH el~'l1n1'l'lelfl % 

1fl-wvrn~ Ci1~e:i 
.., ns .., ns 

el1tl 15 1'\J el1tl 22 1'1J el1tl O 1'\J el1tl 8 1'\J • • • , 

il1J11) 

0 100±0.00 69.17±8.61 34.33± 7.099 
a 

8.67±6.51 
a 

100 100±0.00 47±18.17 0.50±0.87 
b 

0.17±0.29 
b 

300 100±0.00 41.50±18.50 0.00±0.00 
b 

0.00±0.00 
b 

500 100±0.00 38.50±21.78 0.17±0.29 
b 

0.00±0.00 
b 

I .J .Jc:i1 Ill.I '1 U U Q, ' ~ .J I U I U Clt.4 I 

'111111E.IL'lll'J 1. Pl1L'1"UVllJ\Jl1e)m:nJl1'ti1cl.:lnfl'\il'l1V'llJV'IL"nVIUIJlfllJl1.:lm.J U'11Jl.:Jl'l11lJUIJlfllJl1.:lfl1.JVl1.:J'1'11Jl'l::\.111-l 

l'i1L'1~cJtu LLmi.:iL~mnu 

2. ns FicJ non significant LL'11Jl-lP111lJ12-ILLIJlnl1i1.:in1.JV11.:J'1'1~'l::'11111.:JR1L,l~cJL1.JU1.J1i.:iL~cJ11)1.J 
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50 

0 

V V J 
0Vl"!lfl 1"1"!0~'U 0.:iijflQ.:Jfll1(!Jt-& Hymanocera picta 

0 100 300 500 

■ 01'U 

■ siu 

0 15 'l'U 

0 221'U 

9 

,d -., II ' .J II T ,_ ■.al ' ..... .. t 4 .J4 1 

fl1'VWI 1 tl\Jl'l1n1')'"H)fl\Jl1E.J'tltl~~n~~m')'~'\JV1tl'4'U1'1fl1E.J L ')\J'IL11m tl11V11JJE.J uat LflViVitlflVllJf'l11lJ\1'\J1U '\J'\J 
' ., 

vi~1~fl'\J VI~ 4 'llfln11Vlfl'1tl~ , 

Zoeastage 

0 2 4 6 8 1012141618 202224 

01q (1lt) 

9 
7 
s 
3 
I 
II 

9 
7 
s 
3 
I 
II 
9 
7 
s 
3 

0 80-100 

0 60-80 

040-60 

020-40 

00-20 

..I t .., ., ' ..I ., "i .... , ' ,.. .. ..I ... '1 .., 
fl1'VWI 2 'ltE.JtL1'11 '\Jn11Vi9ll'\J1n1')''tltl~~n~~m')'~'\JV1tl'4tl1'1fl1tl L 'l\J'IL 11tl') tl1')'V1LlJE.JV1L'1'llJn'lflL'tllJ'\J LL'1t 

LflYh'lt1fl~"fl11lJ\1'\J1U ,j'\J~1~fl'\J 4 'qfln11Vlfl'1tl~ 
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,nn.n1mLav1.:i'1.:i1:: EJ::'llv.:im1~\PlltJ1m1zj.:i'1~YnJ11 an ti'.:ivivtJu1aJi'1 EJ 11~h 'l"lv{ LL a ~m{vi 
'U • • 

Li1EJviLihJmvi l'lll!mLa~ 1fl'Vi'Welvlvii1rn1lJV1\J1LL 'U\J 100 ~e)~~1 (T2) '1~i1er~11n111elvlvi~vll\J1n111~EJ~vi 

6 LvlEJa n ti'.:im{~tJvivtJu1aJi'1EJ 11~L 'l"lv{LLa~miviLi1EJviLa~l.lmvl 1 'lll!tJ LL a~ 1r1Yi'Wvvlvifl11lJV1tJ1LL 'UtJ 300 
'U , '\J , 

LLa~ 500 ~1~e)~~1 (T3, T4) vii1ivlltJ1fl11'1.:J1~EJ~vi 5 i1wruanti'.:in1{~tJvieltJU1aJi'1EJh~L'l"lv1LLa~m{ 
" , 'U , 

viLi1EJ LL a~ 1f1Yii'ielvlvifl11l.l'VI\J1LL 'U\J 0 ~1~el~m (hJi1m1L'1~ll 1flYi'Welvl)(T1) m ieJ~11fl111elvl 1~~viavl • 
t,I QJ l:f d .d ~~ d CV 

LLa~ann.:ia1m1ri'WvlltJ1n11l.l1'1tJfl.:J1~EJ~'Vl 8 LlleJL'11'1atJn11'Vlv1av.:i'Vl 25 1tJ 
" ' 

., 
........ 0 

3. fltuf:i3J'U(Jl"lJe)~'IJ1 
' 

fltU.f11'Wtl1zj.:i1Ji'LLf1 fl11lJL~lJ fl11lJL'U\Jn1vlL'U\J~1.:J (pH) LL'1~'lfimruaan;L'1tJvia~a1EJtl1 (DO) Li1m11 

fi1La~ EJvi1Ji'l.l11 Lfl11~l1fl11l.lLL~n~1.:iV11.:iai1~ (p>0.05) '11tJaruV1.nil LLBll 1m i1mLa~ 1 tJ 1~1vi L~m.!1 . " 
fl1Ltl~EJvi1Ji'm1Lf111~l1fl11lJLL~n~1.:i'Vl1.:iai1~ (p<0.01) 

1J11~1.:i~ 3 fl ru.n 1-wJ1vivh m11v1V1n1tJ\;1'1 avin11V1v1a a.:i 1Ji' LL ti m1l.l L~l.l LLa~a ru'Vl.flil'lla.:ia n ti'.:im1\;ltJvi 
, 1 , 'U 'U , 'U 

atJu1aJi'1EJ h~iL'l"ld m1viLi1mLa~1flri'Vlavii.:i 4 'llvim1V1v1av.:i • • 

fl11lJVI\J1Lb'U\J'tleH 
0 

f1Wfl1'W\J1 • 
tfl-wwe1~ <i1~aa1J1~) salinity temperature 

0 32±0.15 25.52±0.02 
a 

100 31±0.21 26.16±0.14 
C 

300 32±0.00 25.97±0.05 
be 

500 31±1.15 25.83±0.23 
b 
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h~LV'lv{ v11vidjmL'1t1r1~viv~J~ 4 1~n1-rv1~'1v~ 

fl1111'Vl'U1LL 'U'U'tleH 
0 

f!Wll1'W'U1 

1flii-we1~ <~1Yie1~~1> 
+ 

NH 4 N0-2 pH DO 

0 0.85±0.03 
a 

0.17±0.02 
a 

7.99±0.04 5.81±0.20 

100 0.90±0.04 
a 

0.09±0.06 
b 

8.08±0.07 5.71±0.57 

300 1.18±0.01 
b 

0.05±0.01 
b 

8.03±0.01 5.10±0.45 

500 1.14±0.16 
b 

0.05±0.02 
b 

8.00±0.10 5.20±0.29 
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' " ' 
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:u1 n~an11'Vlviaa.:iYl'U11ann.:imi1,1'U~eJ'U'U1a~1cJ L 1~L 'rle1iLLa~miviLi1t1~ L'1~l.lmvi 1 "UlJ'U LL a~ Lfl-viYleJvi~ 
\J , '\I " 

fl11l.lvt'U1LL\J'UL'U'U 0 ~1~e1~1,11 i1e11,111m1L:U~qJL~'UL{;l~ LLa~i1m1i\JAJ'U1fl11~~'1vi i/1.:i-n~uv.:in'U Payne 

et al. ( 1998) ~vi1m1Pin~1L~c.l'Jfl'Uf1Wrh'V11.:lel1V111"!lel.:I Lfl'ViYlelVlLL'1~'V11fl11'V1Vl'1el.:!il1m 1 m 'Ufl11el'U'U1'1 
' ' 

a mJa1 f),:j LLa~tJ-foael'U '1~Yl'U11V111 \1'11,11JTfoaa'Ui1e11,111 f1111elVl e){;l11f111L'1~UJL~'U Ll,I LL'1~ f111 
\J 'I \J u 

i\JAJ'U1fl11~n11m11-ffmiviLi1t1vt~e111~L Yle1fl 'Uf111eJ'U'U1a LLlJ:u~vi1m1LG1~l.l~1vmvi 1 "112J'U~~1L U'Un1,11ii 
' 

L~e1.:i:u1n miviLi1t1i1flrufi1vi1.:imvt111l.JL-vicJ.:!Ylel i/t.:iLiJ'U~a:u1nm1vi1m1Pin~11viv McEvoy et al. 
' 

( 199 5) ~vi1m1Pin~1L tl1EJ'UL viEJ'U fl11Liv.:iantla1~1EJ Lfl'ViYlelvi LL'1~Yl'U11antla1~LiEJ.:1~1EJ Lfl-WV'lavi:u~i1 
" " 



• .... q "' 
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