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Abstract 

The study is divided into 3 experiments. The first, effect of calcium hypochloride on 

the variations of osmolality and minerals concentrations (Ca, Mg, K, Na, Cl, P, S, Cu, Mn) in four 

salinities (15, 20, 25, 30 ppt) were examined. The second, the variations of osmolality and 

minerals (Ca, Mg, K, Na, Cl, P, S, Cu, and Mn) concentrations and HCO
3
• in larviculture medium 

including the minerals change in Litopenaeus vannamei body at each larval stage (nauplius, zoea, 

mysis and postlarvae) were investigated. The third, effects of minerals supplementation in 

larviculture medium at four larval stages on growth, metamorphosis period and survival rate of L. 

vannamei larvae were evaluated. 

The results of the study indicated that minerals concentrations were generally affected by 

using calciumhypochloride in 2:25 ppt for water treatment. Especially, Na and Mg were 

significantly (p<0.05) decreased. 

Except for zoea stage, the osmolality in culture medium was significantly decreased 

(p<0.05). The significant (p<0.05) decrease of HCO3• in culture medium was found in nauplius, 

zoea and mysis stages. Concentrations ofK, Na, Ca and Cl were significantly decreased (p<0.05) 

in culture medium for nauplius stage. K and Mg indicated obviously in the body content of 

nauplius, whereas missing of Ca. Concentrations of Ca and P were significantly decreased 

(p<0.05) in culture medium at zoea stage while high content of Ca was found in the body at this 

stage. Minerals concentrations in culture medium of mysis and postlarval stages were not 

significantly changed (p>0.05). High content of Mg was found in the body content ofmysis stage 

while Ca and K were highly found at postlarval stage. Cu and S were not detected in all larval 

stages of L. vannamei. 

Bicarbonate was supplemented in larviculture medium of all larval stages except 

postlavae. Mg and K, Ca, Mg, Ca and K were respectively applied in culture medium for 

nauplius, zoea, mysis and postlarval stages. Except for nauplius stage, survival rate of each larval 

stage of L. vannamei which minerals supplement was significantly (p<0.05) higher than that of 

the non-supplement one. Metamorphosis period and growth of each larval stage was not 

significantly different (p>0.05) between two groups. 
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'11i1ij 6 'U~O~ 1m~ri1'W'H1~" 1 il~o~ nn~tl11'1.h~mw 0.8 l'Vl1'\ltl~fl111Jtl11L'I.HionflftlJl11 'ff'U • 
' " ' 

n~ff~ ilc11t1n~ur11J ri1u'IJu~n~""fl1,JW~1ilum11miit111iHhtfl~o11tl1911c, n~~1'U'U'Wij'Nu s ~ .. 
~,u",~" 2 ~ -io~'U\Jfl~:UO~l~'U lfli'f!L,J'U '111L~'U"ff'U11 nmJ1fl 1 flLL'1~9\11HYllfl~l,lJ 1ililofl .. 

j} dd 6'!9 -.I Ad ,, -•~ j/ Q/ j/ ,.t.4 j/ d I 

'IIO~fl~'ll11:Uff'll110lJ'JflJ~tl~Ufl~ 1Jft1tl'H1~lJ1:1'Ufl~l'IJlJ l1Jfttlfl'HlJ9\1fl1'U'U'U'\lO~luftOflfN 1Wfl11 
q cu q q 

, ,I ,, I ,d 1 I : .el I I 2 j/ 'j} 

l'Vltl fl'Vl (Tergite) fl1\JftHYlfl'JlJ fl'U'IJ111tl'U11Wfl11 ~l'j1 (Pleura) ff1'Ufl1'U'Vltl~'IJO~fJ~ 

d • 1" j} d1ddA d ,,, o].d 
l'jtlfl11 m1,10 'U'Vl (Stemite) '\l'U1fl'\ltl~fN'\l11llJO 9\l9\lJ'Vl,J~lJ'\l'U1fll'1flfl11fl~fl'11fl1 lflfllJ 

• • • 
" ' 

r11111t111il'i~mw 23 l9f'U~llJ9\'j tlmtl'n1-l1miit1 120 ni'1.1 (Utl~'l.Jl,l'i 11-u'Jf~~1J1fo'{, 2545) 
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., 
fll'i~l>ll'Wlfll'i'Uo-:i-nnn'-:iV1::mff1m':it1m.ln:ion 1~ 4 ':i::t1:: i-:i-u .. . 

d 31 d!':'I llJ ''1 , d d 
1. 'i::t1::'Wfll'Yrnm.1 (Nauplius stage) \}flfJ-:!VlnflOOfllJ71l7fl l'U l-UJ "1 ,i::lJ'U'Ul~mfl'lJlfl 

., 

i1H1-:irio'W~l-:ifl'n'lJlht11-:ir1 3 ~ ~lt'ifl1l::1,11t1J!il'W'H'W1fltiff'W (1
st 

Antenna) O~~l'WMT'!~ 'itll-:ifi~ 

~ 2 1lt!1l1t1J!i:l'W'H'W1~~tl71 (2
nd 

Antenna) um:~~ 3 ,1::rn1t11til'W'Ulfl'i':i 1m (Mandible) og~1-n-:i 

~ 0 ., ,1 31 llJ '"' A llJ 31 1'I I 31 I 

'lJl!lJ'W'nl~'U ':itt1:::'W'nflfl-:!1l::: l'lJfl'Wfll'\17:i !'WO-:J,Jlfl lf\01'117:i 1llfltl-:.t l 'UU~-:i (Yolk sac) 'nflfl-:.t1l:::Otl 
qJ q q; cu q cu 

., ' ., 
~ d_ I CV <t' d Q.I j/ & Q.I j/ I J!:i O Q.I 'J,/ 
l'U'i::t1:::'Wu'i:::mw 45-50 ·in l'lJ-:i 'lJfll'i'nOflrl':il'U 6 flH U'n11l-:i'Wl>l!'Wl!'U7ff'ittl::9HOtl ffl'H'i'Ufl-:i .. .. . 

.cl & d ocv .Q~ 

P. semisulcatus 'i:::tl:::'Wfll'W'ntl'CY 1 tl-:.1 6 'lJfl17lJtl71"17fl1 (Body length) 0.32 - 0.45 lJ'n'nl'lJfl'i 

(Turkmen, 2005) 

d o Q.I _, j/ I ~ CV 

2. 'i:::t1::imt1 (Zoea stage) "'1fl1u'itflO'U~1tl 3 ff1'W flO l11 (Cephalic) Ofl (Thoracic) 

j/ t=lo cv ~ 1 cv d 'J)cv " 1 

U'ntVIO-:i (Abdomen) (Turkmen, 2005) \}flQ-:!1l::'lJ"17fl1tl71'U'W ff1'Wl11 iflt'H'W 1~'lf~ 'JflfJ-:!1l!:flOtl 

QI .1 IQ : d .Q 91 , ,1 , '1 , ?f , ~ 
"1 "10tlfl1'U'W '1;!~1'W7U'nt! 'i 'lJfl'W fll'H 7:i fll'H 7:i 'U 0-:i\}flfJ-:i 'W 'i:: tlt'W "1'1'W l1 tlJtlJ'W fl'3'lJU'W'n-:iflf!O'W 

., ., ., 

~'lf'U'Wl~ 50-1001lJ 1mtlJm ,1::od'l'W:i::t1::-u1.h::mw 41'W -nonmTu 3 fli'-:i u~-n:::fli'-:i:i'U<J1-:i,1::: .. .. 
' ., 

1iJi'it1'W hl,11m~" i-:i-u 

d d 4 td & Q.I, 1 .a d:::. a 
2.1 9HOt1'i::t1::V1 1 !lJO'nOflfl';il'UflHVl'H'W-:.t flltl-:!Otlflltl 'W!'U'nOfl'lJO-:it'H'WllJ'W\lflff .. .. . 

o _ f"I ., d llJ Id 31 31 1 31 31 ., -~ "I ~I ~ o' 
~71 u"10flfl'n'lJ111! 'i tl'U l lJ'lJ11 'W7'lJ ~l'W l'l 'W lflO'W 'Ul-:.t fl'n'lJ Vil-:! m'W 'l-rn-:i117l!lflO'Utu'W!nlJ f!H Wl-:ifl • 
rimnf!HUmt11iiihmn 'it11-:iri'Yi~ 2 fl'i-:iumt1ihmnu-n::t111n11'it11-:iri'ri~ 1 'U7flnlmtil'Ww·h.J .. ., .. 
U'UlJ ") U'nt'HVflflllJ'UO'U UlJflt}f'nliluf! (Maxcilliped) fl'W~'Hd-:i1rn::ffO-:i'U'ilfl{l!llWi'fl flH'U'nlfJ 

1flu1m mf-:iYi ulJncir-nil11'f! fl'W ~ffo-:iii'Uu 7flt~ nn-110\J ~,,., d-:i 'ff1'W 1-11-:itfl'W u 'i1 nii l'l lJ 11Ju 'H-n1J'li'1-:i .. ., 
., , d 'J,/ ,::lo cv ... I .:::::t. ..e:i, 

-n::: 7 O'W 'W'i:::t1::lJfjflfJ-:!1l::lJmf!1t111u'i:::mw 0.85 lJ'n'n!'lJfl'i 

d d ,,;. <;- ,,i _1a ., d31 d A 1'1_131 31 

2.2 "lfltlt11::t1:::Y1 2 i-11l11J H-rn'Y'l'WlU"'Oflfl'nlJl11 lJfl7'W\>'11tl71 mu'H~lJtllJ lU'Ul-:.t'H'Wl .. . 
91 'JI , d 91 , Q.I d _ 1~ ..e:i. Q, ,. I cv d ~ cv .d 

mi:: ~ml-:if\l'W "7-:il'nfl'W Otl ff1'W l11'lJ! U'n Oflfl 'fllJUlJfl"lf""! ufl O'W VI l'l 'W-:.t!m::o'U VlffO-:i ffll.Jl'j ti 

lJO-:.ttif lJ i~i'~!,J'W iiih~1t1711l7fl'U"'7tlfl1U-:iff~ilmu111-:iu'i::mw 1.77 iJ-nil!lJfl'j • 
2.3 11flt1'i::t1::~ 3 UlJfl9f"ilt'Uflfl'W~ff7lJ!1l1tlJ'U'ilfl!)!'H'W 1~-i'~ 'Ul!~'W (Pereiopods) 

., ., 

'1 lJ 'j :::t1:::'U\>'IO'W t.1-nwu-:itil'W U'i1 mt~ hiii'U'W 11-a'o-:i'W Ofl'UO-:i 'itll-:!flfl'W 'U ,I:: tl71fl17 tl~o-:i 1'W ii 7~1tl71 
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ll'VnJ'Hl~ iil911tJ11 2.56 iJ't'liil1J\91'j '\Jll~'Ult11ii•u\nJi;i'0~l'tt'U i~i~,'U 3 ~ll':ifHl::iiclnllut::1tJmi'111 

Q.I J~ I :~.=,,_I,,,, Q.l.d I pd,, "' 
Ufi::'rlm'WltJ11'1l'Ul':ifltJ "l 'lll1ltJ'Ull':ilJlf1~ 1J'clfl~'Vlfl~fl'U'Yl 6 \l::tJ11f11lfintM'V10f.J 'U':i::tJ::C)f!0f.J 

qJ q qJ qJ 

., ' 
1iJ~0mHJ1J'Ui;i'0~\Pi1~ "l 'IJ0~ff1'Uflf1'n~'H'lJ~fl111JtJ11 1.0 i1't'lii111m Wl~flti'fl 6 (Uropod) l\l7qJ 

.f 91 "' 91 91 91 'i .J' "' ,:: 1Jlf)'IJ'U 'Hl~\l::llfltn'IJ11J'IJ'U'lll•rn:: 7 lff'U fif1m\l::0tJ 1-J'j::tJ::'UiJ':i::1Jlut 3-5 11-J fiflf)fl'jllJ 3 flH 
"' . "' 

., 
'i' "' 91 "'" "' ., 4. 'j::tJ:: 1mrn111 (Post-larva stage) 1::tJ::lJ\lf1fJ~\l::1Jm~1tJ111J':i::mw 5.56 

i1nii11J\91'j 1iJ~0nmp.1ri1u111v11iJ'j:1J1w 1.57 i1"1iitlJ\91'j 'llll~lJ 3 ~mniiclnllw::1~uti'111110~ 

d a.,, i ,.d d ,, "1 J'~a rl 
l'HlJ'lf~ tJllrnfflJll'cl:t}'Yl 3 tJ11'YI"!~ 'Hl~\l::llfl1Jl'lll\l'Ulll1'11J \lf1fJ~ lJ':itf.J::'Ulrn1JWl~rlfl'jlJ 

~ ,, d Q,I ,, <=I Q.I ~ - f dt ,, t !JI Q,I I ,, ,, 

l'tt'lJ0lJfl~l~lJ1f.J tlf1fJ~\l::lJtll':i'clflf)rl':il1Jll'1::'rlm'Wltll';i mtrnf.l "l \l'Ul'lll~fl~1tJ1'W fJ~\l::fl~ 'U 

'j::tJ:: 1'rlff"1111iJ1::mw 3011-J iir11111v11iJ'j::1J1w 1.5-2.0 IC)flJ~llJ~':i m!niJ'j::mw 1 nfo 

., 

'U\l\l'U'Wnl':ifllJ1Jl"1"1nti'-rn::m\l::vh 1 mfoiJui~0dn't'l1-m ~~11101 u 11 ~110ui1ttcr~m 
q • " q cu qJ 

I I J/ J/ I 

1~vff!1~1fo 1ucrm1w::nnl.ll170'Ufll'tt~tJ1J'lllJl~l~tl'flffl1Jlrn1Jn~'l.h i~i~ulei 1- 5 911-J l'Ufl~\llf) 

mrn1rn1m:m1i~tll'j'Ufl'Yh ,~~ltJffll'Ufl'lllJl~ lmu fl'UlJ~ 911-Jff~:'rll'W'll' 1rn::r1w:: (2540) 
"' u • 

'Yl~"10~0umn"1nti'~nm~n::v:: 1'rlffm11 1-t51uti0~mmi1 ih1~'jl'jfl~\91ltJff~ni11rl0uumn 
q 'V q Ill 'U q . ., ' 

1 uti otlu 111Pi1ij uou mnnnti'~i ~ulei 'j ::tJ::u fll'Vi~m,11 u tiu~u \l::ii-8'~ ':iltll 'j ':i u~ \91 ltJ\911'.I.Jltl cu q qJ q 

Ji •~ ti e&1tlt ")'.cl j)j) d Q./ j/1 i""' ~ 
llJ0~\lltlt1tlfil 11Wll'rl'cl~tl\910lJff\911 l'lflJ tfl'Vi'Vifl~ tl~\910UJtll':i'VimlJl\l'Ul'lllff'j::tJ:: lJC)fff 3 \l~\l:: 

"' . "' 
◄ ., 

~ ,,, ~ " Q.I ,I 'Q.I ,91 
mm1 m11mrn11rn::nu11 Vin ~f1\91fl'U ff \911m muu ~ 

"' ., ' ., 
iu \9101-J 1 ~vli1 i 'I.Jiu mrnu 1J1"1ti'-rn::rn1vo0u mmrn ff1tli ~i~i1 • • • 

' ., ' 
,, A Q ' QI Q O Al 91 

1. flf1fN':i::V::'Wfll'Viflllff rl1':ifl'WlJlfl'Ylrl'll'lJl1lJlll'UlJ 70-150 \>'11/'1\Pl';i 'Ul'Yl::l'cl'YI 'Jl' "' . . 
'jl ,:-e:r d d , 1 ~ 

11-Jt11':ifl~lllfl\Plfl~ff::fll~'JJ-;nff\llfU'lffl t ':ifl 1Jr1111J!r11Jfl~':i::l111~ 30-33 ppt 'fJUll'lf.;)1J 28-30 °C 

r111l.l1~um,wh~'llo~if10d1::tti1~ 7.7-8.3 l'lf01mft'1>1,rn~nm r1111Jm~'llo~-.fo~01mr1iJ1u 
., ' 

mn~ ~tlQ~'j::tJ::U\l::V~ iiin'W01'11l'jl'U0~\l1f)V~iiq~ i,iu~~ un::ff1'U'IJ0~tl1n (Mouthparts) v~ iii 
o 91 d"I 91 "I t .J'_ f 91 'i'. I "' ', 'I t ', "' ,/ 

ff11Jl'j(l'YJ1'HlJl'YI l~ 0~ t'llllfl~'W1J'j::tl01J111ll llJ':i\PllJ tlJlfltlc\ 1mu, llfl t ';i'Yl'Ufl{Jfl (Carotenoid), 
• • u 

., 

tl1~1n 1rn::i'llJJlJ (Scott, 2001) 

j) .c.t J j} ~ Q t ,c!t GI A d 
2. "1 f1fN'j ::tJ::C)flfltJ 1::v::u c,nn~\l:: 1rnm.,1 mmrnm u 0~ 1inniJ1ntJ~lJ'lllJ 111rnn 

'U q qJ V Ill 

.d o Q.I j,I Ja I ,/ d. .d Q i ~ 9I I 

01'Hl'j'Yll'l11Jl::fflJff111)U'clf1f1-n::tJ~lJfl0 ffll1'jltJIC)fftnt~tJ1 'Yl'I.J[JlJ 'If 1111m Chaetoceros 1rn:: 
"' . 

'i' 91 .J "'. I d d"' , 91~ ~ 
Skeletonema t11£.Jl'U'rll~f1~'U719$~1Ju7f1'1llJ1111'1f11Jlt1 Oll'll'j'Yl'I.JtJlJ 'll'\l~llJlJ Chaetoceros . 
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,:!I .d. fl d ll'} , ,, I i ~ i ,:!I G\ ,,.d 
1'WV~'il1fllJ'\l'W1fl1CJHHH'VW~ 5-6 tlJfl'iV'W fll'i 'Vlfll'Vl1'i'il::11VtlflH'Vlfl 2-3 'lf1 l.J-:J 'Vl'ifl t'Vll.Jfl11lJ • 
l1'W1U'U'W'\JV-:Jffll111tl1"1f{l't)1~lt.11 l'W1iVfl'41l1€l 'hh!t:it1fl116,0001"1f€lcl/i1€liiil11'i ('1flfl11~ff'.i1>1lJ, 

, V "' ~ o d ti I V 'i I , ,, "' itl o i ,, 2543) fll'il 'Vlfll'Vll'i1ft'ilJ1U'Wfll'Vl1'i'fl'11'i'ill 'i1lJfl1tl U\¥1 lJrl1'i 'VllJlfUf)'W 1'Yl'i1::Vl1 'VI 

Q.I 'J} I 'J} Q.I : I 'J} I fl.d. el 9) 

v. ~ 'W 1 m'i '\I t:i-:i €l n n-:i m'lf1u ci:: V\¥1 'i 1m 'i 'i t:ifl 111um n11m 'i 1'lf i1rn 'i 1 t11 CJt€l mf°lt11 m'i rn t1~ €lfl n~ cu q cu q ,, ' . ,, 
'i ::t1::ilm'i 1 "Hiir1111JY1'W1uil"W mh::'Yl11-:i 70-150 \9i11ii11'i U€l::1~1Jiim'i1tl~t1"Wri1t1ihtl'i ::mw 20-., 

ti ,/ d ,I ~ V ~ 'j} 1 d .J V 
50 1 fl'i1CJf'W\>11lJff~flfJ-:J1'ilJ1'\11"J'i::t1::tmt1 2-3 CJf-:Jfl1'ifl'4111cl'ijflfJ-:J'\111 L. vannamei rl11lJ 

l1'W1U'U'W 150 \9i11viviim iflt11'H Chaetoceros muelleri fl11lJ'tt'W1U'U'W 100 x 10
3

1"1f€lcl/i1€liiii1,1'i 

0 QI ,, ~ .d. .c::i I ~ tie\ ~ .c:t jl 'JI 3 t/ 
ffl'Vl'i11'ijflfJ-:J t'W'i::t1::tmt1 1 tH 2 1rn::r1t:it1 "l 1'YllJ 'i1J1W'il'Wm::V1.:J1Jr1111J1'\ll.l'\l'W 250 x 10 tCJtcl€l/ 

.c:,, .c:i,..::::i,, ,:!I 9,1 I .d. ,di , "' O , 'JI j} .d. .C::. ~ l A .d 

1J€lclcl1>1'it1Jm'\l1iY'i::t1::CJtmt1 3 tH lJtJfff 1 ro::m t1€lflMlJfll'it'il'iU1t1>111 t1>1fltrn::1Jm'iff::ff1J 
cu 'U cu q u 

"' .c1,/ • • • i,1 ,, 
ffl'HJ'WVl'itl (Orgamc weight) 't;l.:J (Pma et al., 2005) Vl.:J'Wfl1'iV'4111€l\lflfJ.:J'\111 L. vannamei 'i::tl::1 

A .c::i'1.i=t. 'JI .r::l Id oGij/ 'J).dcv 

ttltl 1 tH tlJCJfff 1 fl1tl Chaetoceros muelleri 1'Yltl.:Jfltl1.:Jtfltl1 Vil A'Vlclflfl.:JlJfl\>1'i1fl1'i'iflfl\>11tl fll'i ., . 
TI~'Wlm'i r1111J u11 1rn:: fll'i ff::fflJ i11'i fl'W VJ~ V"l .:J~"!fl 1rl t:ittl~ urnviu11fi11m'it:i '4111€l~ 1t1 

Jsochrysis sp., Tetraselmis suecica, Jsochrysis sp. 111Jfi11 Tetraselmis suecica, Jsochrysis sp. 

' Q.I ' QI ,:!I 

'i1lJfl11 Chaetoceros muellen·, Tetraselmis suecica 'i1lJfl11 Chaetoceros muelleri 'Vl'ifl fl'4111€l 

j/ I r/e::t i -=:t. I QI 

fl1tlffll1'i1tl1"1f€l€llfltl1VM 3 'lf'Wfl'i1lJfl'W (Pina et al., 2006) 

,, i "' ,, ,1 ., d.c1 , ,,1 I "' ,/ J· 'ijflfJ.:J'i::t1:: lJC)fff 'ijflfJ.:J'i::t1::'l-Jff1lJ1'j(l'j1Jfll'Vll'i'VllJ'\l'Wlfl 'tt(\!'\l\.J 1'lf'W h111rlt:i'i 
JI I I I JI 

'Vl1fl l'i'W11~lJvitvi.:Jll!mi'.lu\9i1 i1hnu 12 'M1 im ,~ iflt1ff1\.JlJ1fl'il::i°Hi'i'W1t~lJ1i'.l'Wm'Vl1'i t'V'l'il::ii 

, i ,,, : d , , d 'j} •, , "' J' o i ~ : d , , 
fJWflTV11.:Jflll11'i't;!.:J fll'i 'YI 'i\.JltrllJ \.J'lf1.:i'Vlt}flfJ.:iflg 'W'i::t1:: lJCJfff 1-2 'Wfl1'i'Vl1 'VI t'i'WltfllJ lJ 

tfl~fl'W, 'Vl1~1tlfl1'i U'lf1~'Wl11fl€l1ml1f fl'W 1'dt:i.:i 'illfl€lfln'.:J'i::t1::d'u.:J11t1tl1 ,~,1'V11 i "Hi:UffllJl'j() ., . 
.,, :d,,,., ,,, I • <Id',, I 6)'JJ 'J)d. Q.I 

'il11 'i'WltrllJ fl'Vl'W 1rn::u1ro 'Vlffltt'i1t11CJt€lclmt11'i11Jf°l1t1 t'V'l'il::'lf1t1 t'Vl€lflrn1Jfll'i'V'l~'Wlfll'itrn:: 
' ., . 

V V 

O\91 'in t:iflff .:J 1 'W 111.:Jifou1,H ff~ 1J~1t1mm'iff1t ~ 'il'i'Uffi111fi11 i 'i tl 1t~1J r11'i iim'i flfl 11::nm.1 trn:: ., ., ., 
_ 1.d 1 't cv ... I ... I ti d ti 2 d' ~ Q.I d : ,.d 

t1J€lt1'Wmtr'W1Vlfl1\..11J'i::mw 20-50 tufl'itCJ$\.J\>1 €lflt1.:J'i::t1::u,i::t'ilJli'i1Jclflfl11l.l1fllJ'W1cl.:Jl.J1fltlVl 
q qJ q cy 

25 ppt 

,, 1 ,, ".ct " .~ .d"' .a QI d QI , : 

4. 'ijflfJ-:J'i::t1:: 'V'li1€l111 'ijflfJ-:J'il::l.J'\l'Wlfl t'Vl(\!'\l\.J lJclflllW::1l1lJfl'W\>11t\>1lJ1tl 11tl'W1 
I JI I I I 

ti ':i lfltm tl1 fl1 l11'i vi i"HV.:Jfl.:J ti'.lu 19iTOV'W l 'i'U lt~lJvitvi.:J'W f)'j 1lJ tl11flll11'ifl1t ~ ronl tifoci nn'-:i1-u'1rl 
'U 'U q 'U 

.J( o 1 :dG>dGJ ,,,, Q/G.11 ,:d ,!i~ JI j/ 
'i::t1:: PIO '\l'W tlm,iu1 'i'W11rllJ~111>11J1t1m 'Vl'i11Jn11111uvu ':i\.JltrllJ t'Ylflf-lfl 11-1€lnmmm'it1 "' . 
.ei. ~t~ i ,J cv ti .ei. , , d .d Q.I y 
fl'Wfll'VIWYllJ'\l\.Jlfl 'Vl(\!'\l'W ('lJ(\!'i\>1'W tl'i::VJlJ'lfl\¥1, 2544) fltll.:J 'ifl\>11l.Jfll'H1'iVll'VllJ1::i1lJfl11'ijflfJ.:J 

1 a, ~ oJ I i : Q ', ~ 0 'j/ o ', ,, 
'i~tl:: 'V'l'ftcl111tl.:Jf1.:J11J\.J\>11flfl\.J 'J'WltfllJ l~tl1lJflV11fl1':ifl'W111€lfl.:Jfl€llfl1'i::t1:: t'Ylff€l111 7-25 fl1tl 

q /' q q 

.c1 ,1,,. .c1 , d l , d ,/.c1 .c1 • .I o d ti "' , " 
\.Jflt'Vicltl'tHll'iVltlJtltt')Hl'\l.:J ':itt~Htt"JH1'\l.:J fll'i'YltlJtltl"fclf) trn::m'l11'iff1t'i'il'i ')$\.JflFN 'Yl1111 f).:J ., . 

I t I " 

fJ€l 1~1Yifl'4111 {l rr 1tl'W flt Vi~ ti 'ft~ 11-vhiJ tlU 'lfi t ~.:J t ilu 'Ol'VI 1 'i vi t 'VI lJ 1:: 'ftlJ vi "!fl 1 fl t1ii \J 1 'VI 'W f) trn:: rl 11 lJ 
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.d.dJ ~a., , t .Ji tda.,oa., a.rd.s 
Ul1Vl!VUJ'\l'U ':i11JiH fl~ ':ilfll'fi tl~~lU".l-:Jfl1lmllJfll':iVl~HHl·nl'U OUl·UJ'UUfflflty (fl-:Jfffl~ !':iO.:llJty 

' !JI ,! "' d: !J/o ., !JI ..,\ 
ff .:i, 2544) 'JflfJ.:J 'lu1::v::ut11'illlflTHw1r111mt111'1.J1 lum'H>'lfUT,rn.:i i~ ffl'Vl':iU~flfJ.:JVltmo'W 'l 

t 1' I d •=ud'. OQ.I 

!'lf'IJ Penaeus semisulcatus 1::v:: tVf,Hl111 'Yn.J11 fl1llHfllHm::fJtlJ'VlfJlJVl!'VllJ7::ffllffl'tt'i'Ufl1'i 

'j/ ~ d ~ ~ Q.I " A 

0'4'Ult'HJflfl.:J flO fl11lJ!fllJ 40 ppt ml::tJW'VlfJlJ 28 °C (Soyel & Kumlu, 2002) ril'Vl':i'U'Jflfl.:J'lf'U~ 

d Q.I el ~ 'j) "I 'j) I d .c:9 Q.c:::I t 

!~U1fl'U'U Kumlu et al. (2000) l~':iW.:Jl'U L111 'l'U':i::fJ::91'ttJU 1 fl.:J 1'Yfffij111 1 tJW'Vl.fllJlJHij\Plflfll'i 
~ . ~ 

,, . 
i\PJJ'Ulfll':i'\JO.:Jijnti'.:imnn11r111m~mh l~tJijflti'.:111::iinnrnion~'U 1mm::mni\PJJ'Ulfll':ivi~ cu q cu q u 

t ' ' ,, 

L'U'l$1.:JOW'Vl.fl:IJ"nUfl'U (30-34°C) '\lw::vim'i111iru1~'U l\Pl1rn::mni\PJJ'IJ1fll':iV-:Jfl.:JUfl~ djvmi'l-uih 
q cu u cu 

~iim11.11~1.1r1111.1u\Plnvi1.:io-uo.:i 10 ppt (25-35 ppt) 1~vr1111.11~mf11m::tJW'VlfJil~mm::fflJ 

d1wi''Ufl1':itl'4'Ulij'Jflfl.:J'i::fJ::1tflfJ I o.:i 1'Yfffijl11 I ~ti 30 ppt trn:: 30 °C;? 
,, . . 

m'i o-u 'l.Jlijijflti'.:ivi::mi'miomi .:i'Yi1w 'lfV'U 'I.JlJflO'U miivir111lJ'VI -u 1u il 'W ff .:i 1~0 'l 'Vl"i ~ 
q cu q q cu 

HijHi;\Pl".l .:J ~ .:J\PlllJ'tt '1flVltp,J~fl1'itl'4 'lJ1ij~f111lJ'tt 'IJ1U,J 'U ~1 ,J7,1:; ff .:J Hij i-J~ flQ.:JiiU\Pl'i lfll'iHI~ 
,, 

\PlWr.!.:J u~q~r1 'Vlfl.:irn~ 1rn::r1w:: (2542) i~'Vl~ijfl.:Jfl'4'lJ1ij~.:JQij1~11mivu~.:iuvi':i::fJ::11fltJo.:i 

':itfJ:: 1Viffm11 3 ~1fJtll'V11'iff1!~,l'jU'l'Ufl\Pl'j1fl11lJ'tt'IJ1Uil'U~U~flvi1.:iou 'Yi'U11 fll'jtJ'U'lJ1ijiJflti'.:i cu q cu q 

I I 1 I 
d I o GI ~ .c::IQ.I o I d I 

Vlfl11ll'Vl'U1U 'IJ 'IJ \Pll 66 \Pl1/il\Pl'i lJ O\PI 'ilfll'i 'iO~\PIW\PlllJlfl m.:i 111flfl1':i0'4 'lJ1ijVJf11llJ'tt'U1U 'U 'U 
t ,, ,, • 

Q.I .:::rt. d,::1 Q.I I I .cl Q.I o GI Q.I d ~ I 

100-225 \Pl1/ij\Pl'J 'VllJtl\Pl'ilfll 'i 'i fl~\Pl1fJ"J .:lfl110Ul.:JlJ'Utlfflflty 'Vl.:J'U! 'U fl-:J 1l1flfl11ll'tt'U lU'U'U '\lfl.:J 
,, . 

Ol'VI l'i 'l 'Wil 1ii '(J ovm111.li mw tl1'Vll'i n'l tt' vi O'O\Pl'i 1fl111l'VI 'U 1u,l 'U'\ltl.:l'JflfJ-:1 'l u iiu ;-:Jii HijVh 'l tt' 
= "I !)I,,. ,, ,, "I_ I,, di = d d I 

U'i mw m'i i ~ nu m11 n '\JO.:J ijfln.:J'W OfJij.:J m~1v C}f .:J Hii Hij\Pl'Vlff .:i111nm':ifl'U 'U7il'Vlfl17ll'tt'UlU'U u 
CU q IU q 

.J'll) 1 d d 'J} O d t t I A 'j/ A t I 

ff .:J'U &lH'Yi fJ.:J'Vi'U!llflO'U 'lJ1ij~ 1fJOl'tt l':i ff 1! 'i 11':iU! 'Vll'U 'U U\Pl!lJOO'U 'lJlij~1UOl'tt l 'i li'i'i ll'lfl\Pl \Pl.:JU\Pl cu q cu q 

"" ~ !)I "1_1d I !)I ,, ' 1 ., ., I d ., 

'i::v::1mv 2 !1J'U\Pl'W mfl'Yi'U17fJ.:Jt'\J1".l'i::tJ:: 'Yiffm11".l.:i 50,000- 100,000\Pl1/\Pl'Wt'lf'IJ!~fJ1fl'W 

(1J.:JO'i rt11Jfl~1, 2530) . 
~ iJ tf_ f ,-=t ti~ V ,-=t 
g fl'i -ltY'il-3Utl~el-3flu';i~ flel1J't11-llfl'll'UeHl tlelflfl'itll vU 'VtJU 

1~viiur1m~u11mf'Umu1v11tluo.:iri'il1::n01m'1t1 ri1uul.lfl'W!~fJlJ -noff~vi'ff 191't~fJ1l 

lri!!Vlff!~fJll!il'UO.:JflU':itflO'U':itJ.:Jij.:JlJl '\JW::~iio.:iri'il1::norni'Jum1fl'IJ'Vl1uo~ 45% 1~uiilfl~'U 

(Chitin) 1iluo.:iri'1h::flfl'Umfo 1rn:: 11h~u1ilut1.:iri'il':i::flt1'U':ifl.:JM1Jl (Pratoomchat et al., 2002a) 
' ,, 

"' = ""' 1 d !)I -1"' 'l l"'I l!J/ I 0 mm ,17 tyt\Pl'U \Pl11::11m'.i ff ':i 1-:i 11Jijt1fl '11 lJ'\J'U mmv \Plm:: ~o.:i1m1rn::vi1m'i ijflflm1rnmm::~ v.:i 
,, . ,, 

!f11Yl.:J, 'LI ffllJl'j fl~lU'U fl'1fl1:l w:: lfl':i .:ifff 1.:J!'lrnvnn,!11 'i 1.:Jfl1fJ'f1\Pl1fli'ff!\Pl!'lf(J'U flflfl! tlwifo 'l . ,, 
(m'Vivi 1) fl.:J'W ?1v (Camaron ,.1985; Pratoomchat et al., 2002b) 



,, . 
1. lfl'rffl1~lfl1:I (Epicuticle) ttl'U<M'Wn0y1H.lfl"!~ 1.h::f101J~1tl'ffWVl1fl 11:1 l'Vt hh~'W 

.c:i ,, 1 0. Q.I .J I t 0. tlo. 
(Lipoprotein) "lf·H'l"n~ll1'il7fl1101Jt'Vlfl1llJ'W'Yl'fl ( Tegumental gland) 'Yl0~l'U'lf'UL0VH~0rnff 

, :: .f 11) ' 11) "" ~ " d V d_~ "' ,,9 ' V : 
(Epidermis) 'U'll'U'Ui:: 11J'Vt1J 1f11t'Ut1J'U0·Hl1h::mJ1J lJl1'Ul'Vl1Jfl~fl'Ufll1CJflJfn'Wt'll700fl'll0~'U7 

A .Q A ~ _ fl!!I. .J I QI t .Q r/,ea 'JI 
2. 1ilrn11tlfl1:I (Procuticle) nJ'Wlu1:10fl'Vl0tJO~lJ1'il7fl'lf'Utt:J'Vtl~flrnff 1.h::nmrn1t1 .. ,, 

"' .a 2 'll'U flt:) 

o. .-c. o. £fl t d.c:t d .c::l 

2.1 rnfl l"lffl1~lfl1:I (Exocuticle) llJ'U"ll''U'YllJfll1ff::fflJ'll0~llJ~ff (Melanin 
,, ,, ,, & ,, ,, 

pigment) 'Vi1lttl~tlfl'M'WU17 'M'Wl~~ft (pigmented layer) C)f~Li:l'U~~fhl'u~il,h~ "l i-uilii1fl~'Ultl'U 

.. _, '.I d .a d V 
0~flu1::fl01J0tllJ1::lJ1tU 40-45% Lm::lJflT:iff::fflJlfH'lflllflmCJftllJ~1tl .. ,, 

2.2 tfl'U 1~tt1~lfl1:I (Endocuticle) ii1fl~\Jli'.l'U0~ft'l.h::fl01J ll'U~flt:Jflltl'W 2 'M'U 

' .a tlfltl flt:) 
jl I ,, t 

a, d.c::l 4 d. ~ GI .c::l.c::l 

2.2.1 "ll''U'YllJfll'Jff::fflJlfl'fl0llfl'fll"lftllJ (Calcified layer) lU'U'lf'W'VllJfl11ff::fflJ 
,, 1 ,, ' 

.i:!1 d A.!I d jl I CLI ~ 

lfl1:10llflm"lf tllJ lJ'Vt'U 'Vl fl11~fl17'lf'W fl'W "l ,, . 
Q.I d~ Id 4 .d. .i:!I 

2.2.2 'lf'W'Vl 1lJlJf111fftfflJlfl1:10llfl''1l"lftllJ (Uncalcified layer) l1rn 
,, J/ I I 

'M'UllJlJl1J1'U'U7ff (Membranous layer) Ltl'W<M'Wnt:1yl-u~~'llfl~l,J~0f11~m~0lJ0y1::l111~Lilil0flf1'U ,, ,, 
LO'rflflfl{iJff l~t1i''WUiljijfl11fftfflJ'll0~lfli\0Llfl'fll~tllJ 

,, . . 
0. o'e::. ~ QI . tie:! , ,_, ,, o'.cle:!QI 

3. l0'Vtl~0'ilJff (Epidermis) lll'W'lf'Wl"lf1:l'cllJ'll'U7~ myu'J::m:1'U~1tll"lf'cl'cl'VllJ'clfl1:ltUt 

d ,J Q.I I d~.!i d QI "' d.ct 
ffll1'cltllJ'VlHff~0~ll'W'W lJl'W0W0lfltl1'Vt'W (Connective tissue), l"lf'cl1:1'1tllJ (Grand cell), llJ~ff .. 

. I .I • V d.., q_f• 'IV= _1d ti .la 
(Pigment) Lrn::ucl1tl1J1::ff7'Vl 'Ylll1'U1'Vl'll'Uff7100fl llJ'Vll 1l1lfl~fl1'jl1J1:ltl'Ull iH'll0~llJ1:10fl 



Calcified 

Noncalcifird 

Ba,oement 
membranl' 

Pr~ysal 
proc1.1tk:1<~ 

d 'i v . 1a ., "' 
fll'VfVI 1 tfl1~ff'fl.:JIIJclflf1'\JO.:Jmtl!\PH'lH.l'W (Stevenson, 1985) 

'j} t ,C\A A A 1 A A oC\ Q..I A 6) I _J. .e:t 

ff'.il.:J'lf'Wtfl'Yifl1\vl!flclUcl::lfln 9ffl1\PHflcl 'ttcl-!l111f1l.lf11'.iclflf)fl';i1U t'ttl.l"l 9$.:J NaOH-protein l.l 

11 

w.nmhri'qJloiOm'.i'Wl i1fof1.:J11Hh1n ittij (Sclerotization) Itel:: HCl-protein ffl'tt'.i1.J'lf1tll'ttdt11tl1 
,, ,, ,, 

1-tt'tnf'lm'.ifffl.:JtViloniwh~rnfom (Pratoomchat et al., 2002a) i~i1ViU11 i'wu~fl1~1flcl trn:: 

i'Wmn Lr.iffi1~tflcl 11::i:im'.ifff 1~tiu'Wmrnonm1u 1f'lt111djmrnf'lni\'u (Resorb) ffl'.itl'W'Vl~O .. 
,,. "'" , .I... , "' li)j/ di jl .I ... ., " , '1 ,, 'I , ., li), 

uc,::t:i'W'W'Vl'.it11.JHff1'W111m1Jclt:immmmu rn'Yit:iff'.il~t1Jcl0no'W i'ttl.l mi r1Hffn~ m1.111::t1.:J 11.1 

d 0,1 ~ ,t a, A .cl Q.I A 

tl'\l.:J\9111l'Wm::V1.:1m::U1lJf)T:ir;"lflf)f'l'J11.J'tl'lJL'!fl flltl'ttcl·:.lclflfWl'.i11.J11::l.lf)l'Jff::ffl.lllflcllCJftll.l'Vl'U'VI 
,, ,, 

t'U~uni:ir1111.1u~~mn;iu 1tcl::i:im1'fff1.:Ji''Wm'W 1f'lfl1~1flcl iunmlvium (Coblentz, et al., 1998; 

Pratoomchat et al., 2002b) 

I du.:J ,Jlf)ft\vl)l 'W ffal.lfl'.i tl!\Pll it1'U ii 1 fl';j .:J'ff f 1~'\JU.:J t'Uilun~u ~ .:J f)l';j rn~ illl~U 1 \91 l f'ltlf)l';i 
• u . ,, . 

t~l.l'\l'Wlf'l 1iJm11'Yh i${\Plclt:if'lt1m i~tl''W~.:Ji:im'.iclt:inm1rn~ut1uf'ltm1tlilumfo1~1.1uon 1tcl:: 

d ~ d fJJ J 61 le.,,·, d Q.I t , ~ J 1IJ j1 d d ~ 
'\JW:: 'VII ti" onn'ff'.i 1.:J '\l'U m 1.1 ti~ 1.111 '\l.:J \911'W'W '.i 1.:Jmt1ffll.ll'.i m'Yil.l'\l'Wlf'l'\J 'W , f'lt\Pll.l'VI 11\J m ::'Vl.:J 
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.i::!l 1dcv1 d .d , cvl d t, 
t 1hrnn hn.Ju 'IJ~lil1 11~mun'il::: 1-n.111m'H'VilJ'll'W 111 m1,rnnr1·nu u 1::;u::;1,11om.J ,i::;mnnur1Hn11 • 

-==~ Q.I d Q.I j} o i, d 1 Q.I ll) CV,/ I .c:r, 

lilt:i'W'Yll1J'Wlil1llillJ1UUci1 'il7'W1'WflH um1ci0nf1111.m,i::;u1,1n1,11~nu 1tlh.Ji11,11u~ci:::'lfm1 1~'il'.i 

'i .:, "I. I I , ,, ?I , V I .... V 
m1ci0nm1u 111uV11 rnmmrnuu~o0n 11mu 4 1::u::; 11un 1::;u::;1-rn~mrn0nm1'1.J\910'W~'W 

e!I CV .a d .a 
11'.it:i'.i::u:; A (Early postmolt) 1:;u:;11ci-:Jf11'.i'10flfl'.il'IJ'l1rn'.i::U::B (Post molt) 1::u:::m1'1.JU'IJ~'11rn 

'.i::U:; C (Intermolt) '.i::U::f10'Wc!0flfl'.il'IJ'1170'.i::U:; D (Premolt) uci:;1:;u::cit:iflfl'.il'IJ'l-170'.i::U:: E 
' y 

dd O ,j/dcv I ll) !Jl4 ,, CV ,,, I 

(Ecdysis) '.i::U::f11'.ii'l0flfl'.il'IJ'YllJf11HllU'Wfl 1'WU~ffllJlrnutlflU0U 1fl0fl 9 1:;u:;111Uf1'W flllfl 

A, B, Cl' C2, C3, Di' D 2, D 3tm:;1:;u:; E (Pratoomchat et al., 2002b) t.Jf1i1VVHf11'Hl0f1fln'IJ'lllN 
y 

tlV1::mti:lui~il .. 
v v a ,J' ~ d_l ~ d 

1. "j:;fJ::'Hil~fll'.it\6flfl11'UV18UVIU'H181::fJ:: A '.i ::v:: 'W11J'W '.i ::t.1::'Yl1JV1::mm-:itff'j 'il .. 

,11nci0nm1u ttlil0niJ1:1mHu::t~um!-:imilv1 "l itu "l u~::i1r1111Jti0u~:u trtvi11JHffiY1wnuiu 

Q " d d : I ,J'OJI I d d 

tm::'IJ'J nw ! l'W'll'W 'll o-:i '.i u1-:i fl'il::mrn-:im ~1ff'W 1~1ci'IJ'.i '.i ~0g '.i:; v::u \I 'il::t 1:uff::fflJUflmC)!UlJtm:: 
j/ I I ,, I 

o 'J) CV lfl Id .c!I d .c:!li Q di 'J/ ,,. I CV -=.-
flfl'Wlt'll7~1 l:UlJfll'Jtflc!O'W'Yl '11'.iVfl'W07'117'J '.i::t.1::'U 'lfl1~l1J'.i::lJlt1J 12-24 'lf11lJ-:J (Pratoomchat .. 

et al., 2002b) lu~ Blue crabs (Callinectes sapidus) 1::u::m1-:i~t:if1fl'.il'IJ 'Vi'U17~v-:i1,Ji1m'.ifl'W 

011111 tm::'V-1 m:i1,1'.i7f11'J111 m 'li'1'llv-:iur1mciiulJ~ -:it111 111vuri~1ttfumhu 1 YI aj~11ci1mhu1.f11mm-:i 

<!I . ,¼ , ,, ""'' <!I ,,, 
m-:ion (Neufeld & Fhk, 1994) C)!-:Jfll'.i 11m'llltl'Yl1iHl'W'Yll-:Jlm10flffllJ1'.i(Wl'J1'ilff0'1.J fl'illf1 

fl17lJ"1lJ~'W11'1J0-:ifll'J'U'IJ07Ul~ 111'Jt'il'W (Apparent hydrogen excretion) 1m::f11'J~fl'lflJllfl~lCJfUlJ 

""' .,I "' V .I"' ""' J "'!'Yl1i (Net calcium uptake) mv-:i111um::'U1'Wf11'.iff'.i7-:Jtu~Vf1 tfifl'll'W\,lllJfflJfll'J 

2• - + 
Ca + HCO3 ~ CaCO3 + H 

y ' 

i-:ii! u t'" 0iJ m1 'll'IJOW ,~ 1 fl '.it ,iu fl oou oon1J1mn u i111-:i 11 fl\91'.ilfll'.i u 11mmCJft1lJ 1 ,Jl ~1 u 

m:::'IJ1'Wfll'Jff!1-:it'Uiioni1-:i (Neufeld & Cameron, 1993) .. 
v ~ ~ d ~ d ~ ~ .Q Q.c:r. 

2. 1::t1::'Hil~m1ilt>flfl1111't'l101::mm mu'J::t1::Y1m1m'.i lJU'll-:i'll'W mu 1f1r11\91m~ 

.6.d CV CV d ddd QJ ,:,,, Q.I,. .;.,,_I I 

t'.ilJlJf11'.iTiwtlJ7 um:'il:::ff~m~m'Wll.JflfflJf11'.iflOUf1'11J 1::m:u '.lfnm 3-5 1u 111£1V11 u'Vi'IJ17 

'U!lJltU OOtJlJ 1 milt:i fl 'IJO-:ifl f ff!~ t;}U'W i 'W '.i:; t1::mi~f11'.i '10flfl'J71J'il::ijfll~lf1171 'W '.i:: U::f)O'Ufll'.i 
" ,, ' ,, ,, 

~onrinu 11-:iil1ilo-:i'il1nijm'.i l 11m'li'1'll0-:iihmuu 0m::1111-:inn~0nm1u \l-:ivh 1..r0oi11llmil~ 

'IJ0-:JLiiv11111:1-rnonmTUlJftlclflM (Chang et al., 1995) 

c:1 4 ~ .d t::1 dd.d.JtGI 
3. 1:m::fl11'UU'U~'H'ltl1~fJ~ C 1 - C 3 !1J'W'.i::t1::l'lfl'.i71JlJf117lJU'll-:JtlillJ'Yl llJVff-:Jtfl~ 

y 

,i1nn~0-:i~~ 'YI '.i'.iflU'Vi'IJ17 1~11 i1"m'.i (ltJUf1"'1.J l ,Jod'IJ! nw ,Jmuit~'IIV~'ll'W '.i ::v::il~ 'il::"fll'.i 

' ~ i , ,. ' d t d,:::1 d ~ d J A 
ff:::'1lJ ffl'.i 1,17-:J "'} trn:: H1'lf'W 'W t 11um Vil:: 0Ul-:Jtl-:J'lf'W 'YllJfll'.iff:: fflJ UflmC)!UlJ 'il::t '.ilJH 'IJ-:J'll'Wt mu "l 

<JI t Cl , ~ A d. d d A ,, ,, A 

1 'lft1mV1-:i1-1 lJ11 24-30 1u tj u'J::u::u'il::m'10'W'Yl'.i111tn lJ~q~m'.ilJfl71'.i11u~::m.JmY11rn1n 
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V ' 

':i:::t1:::UtJ·:i'Vn.Jm':i 111,wu'1 (Influx) '\Jtl~UflcW:iftllJ u\Pi~lf111':i:::tlt'tt't1~fl1':iclflf1fl':il'UlJ1f) (Neufeld & 

Cameron, 1993) 
V 

4. 1::t1::flB'lftUlf)rl'HU i'U'J ~tl::fitl'U fl1':icltlf)fl'jl'l.J'U'Vl1.111VjlJ1UJ ffl':i1Pi1~ "'] i 'Ul~tl\PI 
V 

Q,,I d a ,, ,, ~ d ... ,.a , , 1 v 
'\Jtl~fl':iffl\>U 'lftl'U ,ig;lJf111lU'\JlJ'\J'U ff ~'ll'U 'Vl'Ufn':i Cl ::Clltl'\Jtl~U fle1!9WlJ 1llfH1Jel'OfHfnff ~Hel 'ttfl11lJ ... 
vv "'1"' .r vv .,..,~ 

l'lllJ'\J'U'\J'O~Uflm9ftllJ 'Uteltl\Pltl~'ll'W (Neufeld & Cameron, 1993) Ueltfl11lU'\JlJ'\J'U'\Jtl~'\Jtl~8 &lJ &9f 

A 'l.l!!i CV d da.,~, .., vv 
tll'U'U (Hemocyanin) L 'Uteltl\Plfl':i fft\>ll'lftl'U C)f ~lJfll\>11 'U ':i::: ti::: 'tt Cl~Cl t)f)fl'j 11.l 11::Y11.Jf111lJ l'\JlJ'\J'U 

.1, ,! '·"'.., di 'I .,k 
~~'\J'W 'U':ittl:::'U (Chang et al., 1995) l'lf'Wmtl1f1'Uf11':ifff1'1:11 &'W Lobster Homarus americanus 9f~ . 

j1 j} d.,, ll\ A a.I d I o 
'W'Ufl11lU'lllJ'\J'U'\Jtl~8 llJ l9ftll'U'U 'Yltl~U\PI~ 1rn:::u~n:::ff'Q;~'1\Plf1tl'Ueltlf)fl':il'U 1rn:::11:::e1\Plel~l>ll'l\Pl 

1rlt1t1~'1'U'J:::t1:::'ttt1~fl1':ieltlf1fl':il'U (Engel et al., 2001) ':itt1:::fit1'Ufn':ieltlf1fl':il'U[J~ffllJ':it1Utlf1Utltl 
V 

flt)f) ,~flf) i~il 
' ,, .a J 

4.1 'J:::t1:::mrne1t1f1fl':il'U\>ltl'U\>l'U'tt':if:l':i:::t1::: D1 (Early premolt) ':i:::U:::'W 

1t1'Vit\Plt1filu11:::'tt\Plf1t1'l.l11u1lf 'U1fJuuu11~-M\Plrn'Utm:::'ll'W'J!IPI lm.h~llijfll':i'WWJ'Wl i~ne117-101'U 
V 

I <!I d. 

4.2 ':itt1:::f1t1'U€\tlf1fl':il'U\>ltl'Uf1Cll~'tt'Jf)';ig;t1:: D2 (Mid-premolt) ':i:::tl:::'W 

"" """' . I d £lj "' ,f 'I ,,% "' d "'- "' ~ V 'I V 
1tl'Wl\Pltl':ilJffu'flf1{)t'tt'Wlll'UU'U1'1f\Pl'll'UU€\t !'ttqJ'll'U ff ~tn\>lt'tt'U'\J'WlJUffl:IW:::lll'Uf)l'W 1 'lfnC11 7-10 

1'U 

4.3 ':itt1::fi'O'W€\tlf)fl'jl'l.J\>ltl'UVC11t1'ttrm:::t1:: D3 (Late premolt) 'll'Wimhiwiu1 

ti Q tie::,, c, :J. I d llJ Y CV d t.c::I I 

fflJ'l.l':i w rn-Wt\Pl ti':i lJff'tt \Plne11.1mn'll'W t1t11~m 'W 1 \Pl'lf\Pl m :::\Pl'O~U'\J~mnul>l 1Jfl111mh 1:::uu::u\>lm1t1 ... 
... I A, y 11) ·~ I d .c::l 'j) d '1 V .., 
u 11:::nu tll'ttl':i'W tltlU~uu:: tlJf)'Uteltlfltl'W c'ltlflfl':il'Utl'Wl\>l ':i tllJ'VI ':i tllJ'YI 11t€\'Oflfl'j l'U 'lft1C11 5-7 1'W ... 

5. 1ttlt1t't'i1Ht10f)fl11'U't'i~t>1:::£1:~ E 1fJ'U'Jtt1:::~iJ'Yl:::l€\lJf)l'jc'lt)f)fl':il'UUU:::d'.l'U ... 

'lf1~~ijfl11lJ6tl'WU tllJlfl~ff \Pl 1-u 'j:: t1::i'1ll 1i~1~1\>\10U1'1 'j 1\Pl !~ 1'YI 1.:1':i tltl!!\>lf)'Ylf)~ lJfll'Jtii' 'Ufl11lJ • • 
i'Utitlff llJ~fl hui°if:l\Pl i..f u\P'IU.:I 1dt1~111mf~ itl'J~'Ultelt 1'llir'W i'Utilt1mvi1Jiunt1'Wfl1':i€\tlflfl'jl'l.Jl'll 

. I"' "' V V I "' d .., .,1 . I':! d. di 
l IJ€\6f)9f'U9ftl'W 'U fltlf)11 ':it tlt\>11!\>llJ'ltl llJ'O!IJ':i tl1.l l'Yltl'Utl~ 'jg; t1:::nm'\J'0~1~ ,J'j fll'j{l tlf)fl':il'U 

V 

fli' ffll>l l;tl'W 'j :::t1:::1t166'W ,:,:;ij 1~ 'il 'j f)l'j{\t)f)fl':il'UiY'U f111lJ1fl fll'j u 1h 'j::: t1:::fl1':ieltlflfl'j l'U,. 'U 

fli'fftl>ll;tl'U'J:::t1:::1-l'l6'0'WtJ~ 1ijffllJ1':itl!Wf1Vtltl i$i'mifoun1.1 l 'W\>l'l!~lJ1tl Anger (2001) i~flmn 
V 

i ,.f QI I I d d GI d 

':i:::t1:::Ut1f1fl':il'U 'W\J Spider crab (Hyas araneus) ':i::tlt'ltl'Otl'U vm'lllJ':ilt1e1::1t1t1\PlM'U 
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.., "' 1. 1::tJ::'Hil-:tfll"Jil8flfl'll1J'H'l8'l::fJ:: A-B 
I o, jJ 1 fJ} A ,/Q d. I I 

':i ::1111-:i ':i :m:: tt "-:in w,rnn fl "J TU \9'10'W \91 'W m -:i 'ff '.i 1-:i '\10-:J mvu ~ fl "J 1J ff 11:: lJ 'lffl-:J 11-:i m nm o 

4 'J/ I ,l a i A tJ'A ~ ,d I ~ ~ t 4 

t1J0t'll7'ff "J :::o::: B t'W flW0'lf'Wlfl'VU~0"J1l'ff '\l:::trn1lfl11lltt'W 1u 'W 'WtW1l'll 'W 'Vl-:it1hrnn .. 
t=:t d d ~ C:,-=1 d d 61 d 61 Q.I, -=t 

11:::1Jf1111Ju 'll-:Jt'Y'llJ'll'W 11u m::: 'Vl-:i 1lfl17itU'll·UJ1n'Vlf!~ i 'W "J :::v:::fl"J 11.1u 'll-:J i 'W \9'11flfl'W '.i::: o:::1mo 1 
I " I JI 

'llfl-:!~ Spider crab (Byas araneus) 'U~l.JlW'\10-:! ifl91'U'\l:::t'W1l;j'WlJlf1f117tlfo-nrnfl'W~1fl'.i-:!U"Jf1 

'U"J:::lJlW 4 tl17 i1i11'0::: i,i'f 1J01'1-'!1"Jtl!0 iii~\9'171l m1:::l'W"J:::o:::mr-:i,rnnfl"J71Jtl!fl'.i:::a::m11.1u~,:i 

j,1 01 d Q.11 d ~01 AA1 

\9lfl'W \9l'W m mm'lfO'W "Jt o:::1000u 11:::llm'.i ff::: m.rn1t1 nmn 9f-:Jfl\9l"J 1m<J t 'il"J qJt\911.J \91 trn:::m<J "J0~ 

'I ~ jJ jJ -1 ., d 

\917£1'\l::: "~ c\-:J t11 n i 'W "J :::a::: t "J 1J \9l'W 'll fl-:! 1-:i 'il "J m rn fl nm 71.J\9'1 fl-:! 1J "J:: ff 1.J n1.1 m1::: fl171.lt fl w~ 111 n 

m-:ii'W0fl'ff1ll91f1'1-'!!flff7'.ifl1tl7'.iilit'Yi£J~Wfl (Osmotic or nutritional stress) (Torres et.al., 2002) 

., I d 1 .:, ,.... .ct ... 1.a .di Id d. 61 "d ' 
\911fl0'W'.i:::o::1mo ~O'V\1 1J'il:::lH1Jc\flf1'Vl 1l1Jf17'.iff:::'fflJ'Ufl-:!Uflc\t9fV1l Uff~,:j ttlt'l-'!'U17 

"" ... 1 Q.I ' .l '01 " ... 1.a t dd A .d ,I ?I cf' ... I 
f11 '.it 11 '.i UH\911.J \9'1 'U 0-:!\911flfl'U 11::: 'U 'U flO f1'U f17'.i ff'.i 7-:! t 1Jc\ flf1'lf 'U 'Vl 1l 'ff7"J fl'U 'Vl "J m 11 'U fl-:! fl 1J '.i::: f1fl 'U u .. . ,, 
1~mu1n:::flci1-:iu-:i<iumu 1~fi1~tflc\ u~l'W11TOV'W'.ito:::mm 1"iJ1 (Megalopa) trn:::'.i:::o::iviu 

1 ,, _,.a d d ' t A d 

fl '.i -:i 'ff '.i 1-:i 'll fl -:it 1J" 0n '\l :::ii fl 111J u 'U-:imnn11u":: rn-:i 'ff 1'W 'il:::" m <J 'ff:: 'ffit 'll fl-:! u fl m 9f £J1J m '.i 'ff:: ffll 

d ,f "" ,J ., i <'i d 'I .d ., • 
Uflm9Wit'W 'O::: m~'ll'Ut1c\-:imrnflnm 7'U iJ 'il'U tH'.it o:::fl'.i 11Ju 'll-:J i 'W'V'I 1m~mw fl~'Vl mrwflg l u 

J/ ,, 1 I ,, 

o Q d i 9,/ O d I r ..::I I Q.I 'G\ 0 -=9 i jJ 
'WltfllJ Uflc\tCJfVlJ'\lt ~lJ7'\llf1'U7'Vlflgmo'Uflf1 'ff1'UW1f1'Vlflg1J'W1Jf1ltc\:::mfl'vflg t'U'Ul'\lfl'O::: fllJl 

" d A Q.I ' 

'\llf1f11'.ifft'fflJ'Ufl-:!fl1'.i1J0t'U\9l'Vl1J"Jt1W\9'11JOO'U (Hepatopancreas) 
& ,:1 I ,/ A ,le:;. 

'\llf1f17"Jfl'f1ll71-:!'\l'.if11"Jc\flf1fl':i71Jl'W'.i:::£J:::'U W1J1119fc\c\tfl'VH~0"J'lJ'ff (Epidermal cell) 'O::: ,, 
N7'Ufl7'.iU'U-:J\911 (Mitosis) lmh-:inmtl'u "1 flfl'Wmrn0nm11.1 vi1ltttCJfc\it0vit~vfi'.Jffij'll'Wl~ 

m ~£J'llfl-:Jt 9fm,1~nmmrn:::iitl'~ rl1u 'llfl-:J L cif 1 fl'Y'I "7ff 95ll~vihtfl ~v'ff ~1mn 'll'W 1~t u ~ t1'\Jfl-:Jt9fc\i 

I ,d J A j/ I Q.I i ,I A ,le,,, ~ d ,d. O 

'O:::flfl(J ") IW1J'U'U Ill fll'U7~"J::: v:::tt c\-:Jf17'.i c\flf)fl';il'U '\l lf1'U'UICJfc\c\lfl'Y'lm0rnff 'ilt t"J lJlJfl1'H'\1'11l '\l1'U 1'U 

O 'I j}d I ~ ,J I I 'I 'I o, I _ I 
'V\7 t'l11Jfl111ltl'U7U'U'Ul'Y'llJ'U'Wtlc\:::'lffl-:i17-:!fll£J t'Uc\~c\-:! t'Wfl1fl0'W'Ufl-:!~ Spider crab (H. araneus) 

01 C.61 .d 91.c::I G11'f1 \fJ'J/G.1 
'.i:::£1:::tttl-:imrnflnm11.1 A trn:::B 'il:::m~ iunm'Vl lnmflo-:inu 11J'fflm'.irnwn tfl'lfflt'il'W 1~0 

,, ,, 
' QI ..::::1 _ I .c::I I 

'lf1-:inm'll fl-:i "J::: o::: ttc\-:Jf17"J c\flf1fl':i71J'W 1J"J:::mw 10% 'll fl-:!1-:J'\l'.i m'.i c\flf1fl'.i7'U u flf1 '07f1'W'\1'11J11 
,, 

f11'.i fl1'UfJlJU '.i-:Ji'U flfl'ff 1ii~ nmo l u-i 1-:ima l tt ~ -:in11tl1mo'W flf1 (Hyperregulate) f11£Jtt 'cl-:!f17'.i . 
1 ,'1 -1"' d ., 

c\flf1fl'.il1J'Ufl-:! Homarus amer!canus "J:::£1::: 'Y'l'ffc\111 (Stage IV-V) 11:::c\~c\-:!llJflt1J'.i£11.Jl'Vl£11Jf11J 
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d a 111 31 : 
'.i::t1::fl'HUU'll-:i 01'1l'I-HHlJ1'1lflfll'.i t'IHU'lll'IIO-:i'Ul'1lflflltl'UOfl'IIWti;10flfl'.il'U (Channantier et.al., 

2001) 

, QJ ,d Q,I d QI ~ ,, d d .d d 

um 'l;l't\Pl t •1mu \Pl 1t\Pl'l.J1tlfll '.i Im \Pl'U 'II o-:i '.i ::t1::m 1u u '11-:i ,i::" fll '.i ttl i-i tl'U t1 ti i-i -:i m-:i t fllJ 'II o -:i 
t I JI t 

1tlilt1n u~tilu fll'.i t11n'Vi,1::\Pl '.i1'1ffO'Ufll'.i 1tl~t1u111fo-:iill u 1::t1::n1ilu 1t1oou ,11nm'.i i1m,nm-:i 

~~A 1 Jt ~.Q.i=it.A .cl QI dd 4 i el .d. 

l'U 0Wtl1'VH.11 'U '.it tlt'U'lf'U tO'U & flfl1\Pltflc\,Jt'l.Jfll '.i 'rfm'U lt\PllJVI 11foonV1-:i'l1 lJfl ,Jt'l1'Wl'll'Ut1"t lJ 

fl1llJ'H'Ulll'W'U'i;l' ,:j'i;l'fl l'U\PIO'U 'Uc\ltl'IJO,:j'.i ttlt IO'VilflOf iiff,i:djfll'.i'lltlltlvl100fl 1u 'Jft1-:i11-:imt11 'U .. . 
,, a., d cvdQ.I .d. ddJJa ~ 1 m ,:j'i;l'';i 1-:imt1'U Ofl'IJO,:jfl'.i ffl\Pll'lftl'U \Pl1t\PllJ10'1tlJf11llJll '\Ml'VilJ'll'UI '.i tltl "l '1'U (M'.i ttlt C3 

a ,, ' ,, t d ~ I i QI ' _,a ,d d 
tmtllJOl'lll~'.i~Ot C4 fll'.iff'.il,:j'lf'UllJ'l.Jl'U'.i'UlJlff'1tlff'.i'1ff'U ff1'U lJ\Pl1tlO'U l1Ji;10fl'1tlJf111lJll'II-:! 

d d ,, \IJ 1.d. i .d.c1 d 4 QI , GI d QI .cS .cl t 
l'VW-:imfllJ tltl 11"~ t'l.JlJ'lf'UVllJfll'.i fftfflJliflc\lCJf OlJl'H lJO'U fl'U 'U\Pl11\PllJ1tl '1tlJl'rf 0,:j'lf'I-JllJlJl'U'.i'U 'U lff 

•,31.,.t I c:l?j I 11)3/1 c:I _,, dd 
'Vil '111lJ'c1'1'l.Jl'iflU'U-:i'ittltfl'il'Ull'll-:il1J'U'i::OtOOtl "l I~ 'U'.ittltfl'.il'Ull'll-:i'UO-:i\Pl10tl'U'.i~tlt11tlt1VI 

.c:I QI "l_l I QI I QI d ' .c:! Ct, ' : Ct, ;J 
lJfll'.i'rfm'U 1 I 1Jff'.i t Ot1tl'.i'U ,it ff ,:jlfl\Pll'H 'U1llJ'llllfl'I-Jtll;lt '111110'U llflfl'lllJ .. . 

'ittltll'.ifl'IIO-:i\Pi1001-Jlflfll'VfOfl'l1i;1ltl'lflJ~ 'lf1-:il1"1'110-:!'.ittltfllrnOflfl'.il'U A-C '.i1lJf1'1-J 

1.h::1J1ru 1 iu 2 i1-:i 1 lu 3 'llo-:i1-:i,1'.im'.i1;1onm1u 1t1'rfl~'i~t1~m1ut1~-:io~1-:i1~01,1::l"M111;11 

1.h::mw 20-40% 'llon-:i,11mrnonf111u 

' "' 3. ':ittltfl0Ufll"HHlflfl".il'U't'l"Hl'ittlt D 

t 'J} 4 QI d d A 

3.1 'ittltfl0'1-J1;10flfl'.il'U\PIOlJ\Pl'U'l1 'iO'i!:O~ D0 'ttl;l,:j,Jlfl'ittl~fl'.il1Jll'll-:!'1~1'ilJlflflfll'.i 

'11fli1'IIO-:imii1~ofiiff 1"1on11 o:: i'rf hcifff (Apolysis) i~Ofll'i'l'lHl'U'llo-:imuiCJflfiw¥iio 11;1~n 

A A .ct ,, ~ I QI I 

(Poteolytic) 1m::lfl'YI 1011;1\Plfl (Chitiolytic) llc\tlJfll'iff'il-:i'll'U (Setae) '11'1-Ji'HlJ iu\Pl100'U'ittlt . ,, 
11~t1 fll'il'U~O'Ull1fo-:iiu'i1-:i'llo-:iw1-:iflUflff1'1-J'l1i~ (Posterior thoracic) ,idjm1ff!1-:im\'1rnifo 

d ., ,/ 1 I I 1 d ,/ "'-

lJfll';j'rfmlJl'IJ'tJ,:j'H_ll,:jfl'l,!~ 'H'l.J l'lflJ lJ'.i~t1::1mt1 2 1m-:ifl'U'il1WOfl (Thoracic appendages) 'ilt 

., "I. I ?I "" 31 "' 
'rfm'Ul 11Jl1J'U'llll~lJtli;1tflllJ'H'U1J 

, a d QI A rlA 

3.2 'ittltflO'I-Ji;10flfl'.il1J\PIO'Ufl"1,:j'tt'iO'ittlt D 1 'IIWt'YlfllH1~\Pl1'110-:!tO'rflf!O'.illff 

QI ..::::\ ~ I QI I .e::l d 'J} ~ ,A z A ,/CJ,, , 

tl-:!lflfl'll'U 'il,:jfllfJ'UO-:i\Pl100'U'1tlJ'iOOIWfl 'l.Jfll'il11 (Invagination) 'IJO,:jl'I-JOWO'lf'UIO'rflfltl'.i'l.Jff 'U 

'i ::o:if fll':i lV~tllJ mfo-:i 'iltl ~ 'U l~'U 'M~ 10'~1~ o{ii fftl'ilfl~':i 0£.Jlltlfl'Mfll 'il'U l'rf ':i 1::1 d'o1to 1 '111mm1 

,,.,l.,j..,!' d 31 ,l 
1'1'itJ!'lllJ llJOfflJ~fl'ittlt D 1 ':iOOUtlfl'il~lJfl11lJfl11,:jlJlfl'lllJ 

3.3 'ittltf10'1-Jc\'tlflfl'.il1J\PIO'Utlmo'l110'.i~O:: D2-4 l~lJ'illflltli)0m1ulmj'il::f1'0tl "l 
A JI 1.c::I Q.I d et , QI I .dd d Q.I d ~ 'U '.ilflt) 1JlJffl'l1 'Ul 'lllJ '),!fl i111111m1 'Vf m'U llff 'i 'ilff'U lJ \Pl10tl'U Vl'l.J'll'Ulf!ll;lfl'ilt ff ,:jlfl\Pll'H 'Utllfl G}f ,:j 

ti \Pl fl~l-:! 'ill fl v111 ~ 111 ti t11 ti-:! 'il lfll 'U i, ti fl 'il t '11 lJ 1 fl1ltl 1;1 ti'.i fl1 'i ff:: fflJ 'II t1-:i II fl "1 cif tllJ i'Yl'H f 1J i10 tllJ 
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., ' 
Vi'U11 i,.mm'.iu1ff1'.i 1 'Ufl '.il'Ulfllflf;)'lJlJl 1 iDn 1 'W'lf1~ 1m1'crnnm1'U'il::1Jm'.i'llf.J1t1i1'llo•m1 mvo 

' d ~ d. .di ' : " "'- I ~ ,Q d Of.J1~'.i1~1'.i1 lnllJfl1'.i"ll'lJfn'U'llO~'Ull'll1 m911l.J'.i0tllltlfl "ll'~'.i::f.J::11cllfl1'.ilfl~'.i::t1:: D
2

-4 'il::lJf111lJ 

H'Ull 'thmniun'Ul~ fllV'IO~ ll~c\::'.lf'l1 ~ ri1'U mnov1 u 'lf1~ 10-30% '\10~1~ 'il'.i fll'.ic\Oflfl'.ilU .. 
I ,,:t 

4. 'l::U::'l::1111,m0nt1'll'U't'l'n>'l::U:: E (Ecdysis) 
., 

'I "' r "' 'I ~ 91 o '1'1 V 
t'U'.i ::t1::91100'U fl'.i ::U1'U fll'.ic\Oflfl'.ilU ,i::irn lJlfl t 'U fl1'.iMfl'lJ1910~'Yllflltl t9lflc\O~ 

" 0 Q,I o'd '61 ~ ,Q I 61 ,,,Q 6l Q.I d Q.I 

~cl'Yl'.i'.ifl''U 1,ivmfflvl1'YIO~ t'U'.i::tl:: D4 lJllHllvl~lvlllJOtll~ tflcl'll'~ t'Ulvl1llvllJ1tlfl1'.iclOflfl'.i1U'il:: 

.ci. J ~ I .d a.I I I I 'j/ 61 .dGI I cl 

lfl~'ll'l,J t ~tlfl'flU lfll'il!:lJfll'.i lWfllvl100fl'.i ::'111Hff1'U fl'.i ::~o~m,:: ff1'U'Vl 0~ t 'U 'UW::'Yllvl100'U 'il:: ,I~ 
., 

"' I "i "i ,, I O V 11111 • 'I ""' \,1110~00fl'illflfl'.il'Ulfl1 t~tlfll'.i tfl~~O'llO~ff1'U Posteriorly pleon 'Ul'il::1'111 t 1lllJ'rntllltlfl 'Yl1 tl1lJ 

Q,ld.J~ d~ 
'll'U l~\,11lVilJ'll'UllJ 01~ 'il'.i fll':i clOflfl'.ilUlff':i 'ilff'U 

I _I t:t ~ 1 V t:t 
ff11-hf':i~flt>1J'YIH&f11J'U6•:mrn~ (Hemolymph) 'U1.:.11l'ifll'ii;lt)flfl'i11J6UeHfl'ifflfU'titJ'U 

. . ., 
m1cionm1mnv1,o~n1Jm11tl~t1uutlcl~ff1J~ci'llo~il11rn::Loooumvlu-i1~mt1 l,iv 

lJfll':iltl~f.J'UUtlcl~'Yll~lfllJ'IIO~lilo,i ci1~"11'11l'Ui1fl0'Ufl111J{l~f.J1f)1Jlto~rl'v~ih~v~1~ml'ot1 fll'j 

1tl~t1uutlci~m1m,1J,'W'llO~ iooouuci::ff1'.iiluv1i6\9i1~ '1 l'lf'U filOOff 1mnill'llo-31ilo~ ,1::i'.ifi1 
' ., 

~lfffl 1 u1::t1::ml~fl1'.ic\Oflml1J\,IO'U~'U (Mantel, 1985) 'illfl'W'Uml1J'il::1Jfl1':i'llf.Jlt1i1n111l1n~ . . • ., ., 

fll'.i HlU 1,10on'llo~mrn1n~u v'i111"i'.im'.illV'l'I'll0-3ffl':i mv1 uv11oon-rrmt1uon ~-3'W'Ufi100ff 1lJ .. 
., 

.t::ll.d Q.lf Q.ldQ.I • 

cllcl\,l 'll0~\,1100'1-Jl~fllV'IO~'il::clrlcl-3'Vl'U'Yl'l1cl~fl1':iclOflml'U (Charmante1r et al., 1994, 1998) uci:: 

~ J ,:::t t I d .d d 61 cv 1 

'il::lV'llJ'll'UOflflH'.i::'1111n::t1::ml'Ull'll-3 lJfll':ifl'fl'lJl t'U Homarus americanus 1::t1::1t100'U (Stage 

' ~J ,!I ~,161 ' & 
I-III) Vi'U11 OOff 111mcl\,l'IIO~rno,1,1::m1J'll'U t'U':i::t1::flO'UclOflml'U (Charmantier et.al., 2001)C)f-3 

t ;f I 9/ o "Q.I a, t d 

':i ::t1:: flO'U fll':icltJflfl'jl'lJ'U fll':i fn'Ul'lllOOfl'lltl~ffl'.i 'il::cl~ "~ 'Vll 1 '11 tll>l'.i l'lltl~fll':i'll'Utlltltl':i 'U (Urine .. 

excretion) 1rn::nnimhm101J 1mtlv (Ammonia excretion) cl~M (Regnault 1979, Mantel and 

Farmer, 1983) 

, ~ Q,I ti , GI d. d _ 1d ,Q d a 
ff1'1-J tl'.i:: flO'U'IJ0-3 rn 0~'110~ ff\,)1flcllJfl'.iffl\,ll 'll'f.J'U 'il::lJfll'j l lJclf.J'UUtlcl~fll':i f-.lcllvlllJ~rn Of! • 

, ~ ') 'J) d,.Q. a, '1 d 4 d 

':i ::'!111-31-3 'il':i mm Oflfl'.i11J t ~ti t '1-J fl-3Vi'I.J ~ 1::t1::'11 cl-3fl1'.icl0flfl'.i11Jlv!O'Ulvl'U 'il::Vi'UllJf!lclO~lV'ltl-3 
• ., ' ' 

1~ntl'ot1l'Ul'UOlffoirnnni1? 1-31~0,t (Hematopoietic tissues) (Martin and Hose, 1992) lu'.i::'1111-3 

' d ,!I d ,, ,1 " ' - I I V '"- t'I I ,!I "' 
1::t1::mmmH10flm1rn11~rn0,1'il::1Jfll'.iff':i1-3'1lU nm um;,1::\}fl1JclOm'll1 m iuuo-3rno~ lfcl-3'illfl 

! .., '1 d ,9 .Ji ,I • ,1.., "IV 
'I.J'UOlvl'.ilfll':iff':i1-3llJ~mo~'il::,rnt'l~ "lf~t'111vlfl1':iWl'll''W'Utl-3ffllJ1':itl'W'U t~ 1mJ Shore crab Carcinus . .. 

"i ,,s.., 31 d ,,:i , d 'I , -• 
meanas t ~ tl'il::lJO\,l '.i lfll'j ff'.i 1-3llJ~ rn 0~ Otll~':i1fll '.i1 t 'U ':i:: ti:: flO'U fll'j clOflfl'.i l'U\,IO'U lJclltl 
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.d .... I 61 .et .et ti • .c:!I Q.I .:1 Q.I d 
m1 n.lm.1uu 1HM i u vn-:i'Jl'11f11Juc1:::v-:ifl1h :::nvu'I.I v-m 11i 11P11 umv\9lfl1fft\Pll •1mu \9111\9\lJ 

• 
Q.I ,::l ~ lit 'J) ''I Q.I ' Q,I .d ..:9 'JI Q,I i '"' "' 
1tl lJfl11Mfl'lfl l1lJlfllJltl U\9l l'U1:::t1:::\9'11flfl'Utl-:llJfll'H'l'fll:11'U0tllllflttcl:::tt-:J lJlJfl11lJ'll'f1111'U 

Q.I ' ' d .a Q.I .d Q.J d Q.I ~ .J' 6l I .:6 
\911Vt11-:i1'll''W 1,.h \Pl'U 1 u rnvf1fl1 fft\Pl 1 'Jftt'U 1:::tt:::\Pl1t\Pl1J1t111 :::t'VllJ'IJ'U i u 1 :::v:::nvu mrnvnfl 1111 9f-:J 

ti'.lm-rn111111nm1t1c11t1'1Jfl-:J hh~u111-:irl1u111nm1rnri1ll11111i'111,j u~1 u 1:::v:::1vhrl0u t'if'U 

"' i • o • 1 , 'I !JI . I"' "i. I "' 'I : a d , t 
1mt111::: lJ'Vl'llfl11'l-.11ff11u1:::nv11111nf111rnmm i'Jf 1rn:::u1mw mrnu t'W'l-.111,Wf\11:::fl-:JVI U\PlVl-:J 

G) Q.I d Q.I Q,I ., ,, ,, <r .... l d .d ' ; , .de:s ,, 
l \..I 1 :::t1:::\Pl1l\PllJ1tlUcl:::1:::tt:::\Pl1flfl'Ufl11lJl'UlJ'IJ'l-.l 'UV-:! t li'l'\Pl'U 11:::lJfll\Pll'il\91 \..I 1 ttt:::VllJfl11ffll-:ltv'U 

1f1~1~l~cl (Anger, 2001) 

.,_, ... ""., ... ""~ ~ QJ "" 
tl-:lf11J'i~flt>1J"lltl~ill'it>UU'Yl'iUUfl~ilne>U'Yl'iU &Ulfl0~fl'iillvll'titl'U 

fl1ffl\Pll;tl'WlHflHfff1-:iv~flltl'Uflfl (Exoskeleton) l111t\Jl~'ll l\Pl 1f1ttfl11clfltlfll11J Vlfftl 

vd1uil1 iu 11vl1rnuuc1t'l.lv-:11ittt~,i11ci1t1u0nml!n11tvd1u1,.luv1J 1mi1tt ~-:iiif1111Jii1riru 
cu cu cu u 

l~t11~0-:in1Jfltl!fflJ'U~'IJV-:JlilflflUcl:::fff1-:im1ff~l~t11,u-:in11m1111t1111 l\9lV0,:Jfl,.l1:::mJ1J'IJ0-:! 
• 

~ di 1 d,~ -=l ,::J.c/ ~ .d.t/ Q.I ti 4:::ri, 
tcl0fllJVl-:Jff1\..l'Yll1J'l-.lff110'U'UVl1vtm:::ff110\..IVIW ('lJt\J'l'\Pl'U ,.l1tlJlJ'll'l\Pl 1m:::fltl!t, 2546) 

.... "''i!J/ '"i "' "i "' "' """' i ,I ,,l 1. i;Tl'lt>'UUTI"UI f\Ufl l9flf\VlJ. ll'Hl'YlfflCJftllJ UflcllCJfVlJ UlJtl'l-.119fVlJ 1m:::flc1fl 'jfl mo 

"W'il11w1~,.l1mwwu11 19ft~tllJ r1c1v i1~ uc1:::u1Jni11cifmJ 'IJV-:J'ff\Pl1~0111vv~iuV1tmi'.i,.l1mw 
I JI I I J/ I 

mnn11tl'\Pl 1vimtit1vd1 ull 1 if'l 'IJW:::vium11cif t11J 1 u1ilvf1 'IJV-:incil.l'Vivdl u il 1if'l 'il:::mnn11ncil.l'Vivd 
CU Cl CU Cl 1U 

Q.I ti ,=,, d " I ;f ,, ,, d .d i U'Yl:::m 1m::: m.1111:::'Vlt11t1llJrl11JfllJfflJfl cl'U0-:1 ff11 uu u VI 1m11c11u111 fltl 'W ff fll'Vl'Ylfl-:JVI Burton . . ~ ,, 

(1995) i~i1n1:11f1111J'fflJliui'llu-:im1uiiuV1~611-:i 4 'lf'Wf'l lmilvf'l'l.lfl-:Jfli'mlPl1;t1unci1J . ,, 

1Jlcllflflff\Pl11fl1 (Malacostraca) 74 'll''Wfl 'Vl'll11 l1-:J 1C]ft~tllJ 1'VlUVlfflCJftllJ Uflcll9ftllJ UlJfl'Wl9fVlJ 

uc1tflc1v i 1~'il:::iJm11,.l~vuu ,.lc1-:ivd1-:ifium 1:lmfou i ,J 1 r1ufo1:11fl 111Jff1m1 Cl i u m1 fhu1tvtt'1J 
• 

" ' ' A ,d i '' 1"' l "' "' l 9f cl cl 'Vl 1J 11 fl1 fll 'H fl cl fl lJ 'YI H cl::: fflllJ ff1 lJl 'j Cl 'U m rn 'l"l rn 1 'U 'I.I fl -:I 9f l Ip) ti lJ 'VU l'YI ff! C]f ti :t..l U fl ell 9f ti :t..l 

"'"' i " d U:t..lfl'UlC]fU:t..J tm:::flclfl )lp)fl-:J'YI 

t.t 1"1fl~[Jll 

1 d QI 1 ~ t d,,::;:1 j/ 91 ~ d, i "I "' "1 

9ftlp'I U:t..l'W tl1111J'UU 11illvJVllJf111lJt'UlJ'IJ'W \1-:llflf)'Jl''I-Jlp)11 '1-J-:I 'Wtclflfl'IJ fl-:lfllffl\oll'Jftl'U 
' ,, ' • 

U~'il:::i1fi11v'hn11ihmt1uom~mfot1 viT1-n.hvifo1:11fflJf'lclOOff 1lJ~fl ( Osmotic balance) f1111fii ,J . ~ 

n'lJflclfl i 1 ~l \9lt11'.H 'l"IUVlffl9fVlJ UlJfl'Wl9ftl:t..l 1m:::Uflcll9fU:t..llTI'U f11'lf1tl'll 1\J 1m:::i' fl'lflff fll'Vlfl11:t..l 

l ~'Wm lp)-~ll-:1 i 'U ';i 1-:lflltl ii fflJ(plcl vi TH 'Ul~l~t11,i1 o-:in'l.Jfll'j vi1nu 'I.I 0-:lfl~llJ dlmmt 1:::1J1J'll 1:::ff1VI 
• 

1 "1 I , r/ d Q.I QI t/a., o 

fll'j fl 1\J fllJ ff lJ Ip) cl 'I.I fl-:! 9f l Ip) t1m::: 1111-:1 flltl 'U l tel::: fl1 tl'W 0 flt 9fcl cl 'ii::: lJ fl 11lJff lJ'Vl 'U 1i fl 'lJflll 'Yll-:11 'U 
• • 

i "++ i a ,k • lll" 
'IJ0-:llfl'U CJflJ Na /K -ATPase llcl::: V- ATPase flltl 'Ull'l-:lflfl CJf-:lflll'Yll-:ll'U'IJfl-:ltv'W t9f:t..l 
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JI I JI I I t 
+ + .cl A. ~ 1 ~ .-=i, ,i:!I A j/ 1 d 'I 

Na /K A-TPase 1m:: V- ATPase '\Hltl'VO.J'll'W 2-3 l'Yll llJtllfWlfll'HflclO'W'Vll'IJ100fl'IJO-:J cifl'1tllJ t'W 
., 

91 • .,i 

fl-:J'W111'1 Cherax destructor (Zare & Greenaway, 1998) 

1.2 mmi1~ 

Y11J1u'IJ0-:imc11mt11um1tmt1uomcifc1i ff'11'ff1m·H1ff::fflJl~mnn111cif1~t1lJ 

m,:: 1Y11t 'Vlffl;t1lJ iifl111J1-u'mi'u 1m\'iflt1~ti1J 1cif1~t1lJ ,J!mru'llo~flcio h;1 u1g0'1'1JO~fli'mmit1u 
., . 

11t1'Vi1timll'Vl::m11101n~1flt1~tiu ~~ 1:iJiH:hy1111um'i1111JfflJ~c1milou~1vu '1 11c1::ii'~1i:lu11'i 

1i 1,i~i'im'i tfltou ~ltl'i1'11~ 11rloJ1mt1u oniim'i 1'l.1~t1umfo-:i 1 ,J fl ci o l 'i ;i1t1i' fl'lflfl1llJi'W • ., ., ., 
oo ff hi~n fl 11JfJlJfll'i 1-u'1oon'llo~mrnc1ttl 1mt1'W OfllC)fcii li'~ii'~iiihu m ::~uihdot1ot ll.Jmff ., ., ., 
(Amylase) 1ifvh~,u~;i'W i'mflfl11lllfl'Wfl'i'fl-~ii~'IJO~tl1dot11m::1i:luri1'W'U'itfl01JhJtl1rit1t1~1t1 

flcltl lHll~tl1~t1~ti1Jfll'Hfl~fflJ~cl'llfl-:J ltl0tl'W1J1fl (Cation) llclt lOflO'Wcl1J (Anion) 1~tltlV'.i1lJ 
• q SI 

ti1J 1C)ft~mJ t51flV1'Wffflll'lfflJ~clfllrnclnt'U~tl'W'IJO~lllJfl'Wl;mJUcl::CHmvl,i,i::1n~ ,~~ 
SI • 

.:t 
1.3 UiUUCJf tlll 

Uflcllt)ftllJli:l'Wri1m.h::no1Jfflrlty'IJO~ 1f1Hfff1~flltl'WOfl'IJO-:Jfli'ff1~uit1'W ci1~"11'W 

111 t\! 'II:: t1~1 'W 'l,'U'llfl~11flcllt}f tllJfll11JOl'W ,I ( CaC03) um,~11~fl~Yl1J1liifll';j 'ff::fflJllflm;m.J 1 tJ 
., ' 

':i1~flltl'IJO~fl'.iffl'11~tl'Wij 3 Um\~ f\O i1J (Hepatopancreas) Yl1J1'Wfl'.iffl'11;tlmY1'WlJ1flli'~'n01fftl 

I -: 'ta d d _,k ,9I 
fl~1'W'W1'Vl::m11c1::'Wl'll~ lJfll'.i'ff::fflJl1flcllCJftllJ1'W Cardiac stomach C)f~Yl1J ~1'W Crayfish 1m::~ 

1J1~'lf'W~ 'ffl1111JIIOlJWYIO~ 1'lf'W Orchestia cavimana Yl1Jfll'i'ff::fflJllflcllt)ftJlJ1'W Posterior caeca 

~ 'I ., ''I - I d _.. _.. I d " 

C)f-:Jfll'iff::'fflJ !'W'11J'll::O~ i 'U 'l, u'IJfl~llflcllCJftllJTIO'ffh1'1 (CaPO 4) lJ1flfl1lllflcl1C)ftllJfl1'.i1Jtll'W'1 

(CaC03) (Zanotto & Wheatly, 2003) -d',i-fo1'lliifll'ifftfflJllflcll;t1lJl'W1go~1m::~ihutu'IJo-:i 

'i1~mt11~m~o1Jti1J 1,J'.i~'W (11wi',iu 11'.i::'VllJ'ifl~ 1rn::flru::, 2546) od1~l'.i~mrn1flm~t11J'ff1u . .. . 
1my (80%) Y11Jt1~1'W 1m~fff 1-:J'IJO-:Jl'UgOfl l11Ylt1-:i 20% ~oy1utgfl~ (Wheatly et.al., 2002) 

el d. QJO jldd QI QIQJ ~ CV 

'W Ofl'il1fltJllflcll9ftllJtl-:J 'Yl111 'Wl'Vllfltl1fl1Jfll'.i 'll1J'11'1J o~m fl~ (Blood clotting) fll'.i 11 ~'11 ., 
91 "' • _ I 

'IJO~flclllJl'WO (Muscle contraction) fll'.iff~m::uffu'i::ffl'Yl (Nerve transmission) fl1'.UfllJfflJ~cl • • 
lflgtlll':i (Osmoregulation) 1m::1i:lu 1f11t'Vlfll'10{'IJO-:JIO'WlciflJ~l~ '1 (Lovell, 1989; Cheng et al., 

., ' . 
2005) 'Won 'll lfl'Wii'-:ivi111u'1n1 i:lum'.i iYo'l.1'.i:: 'ffl'VliY111i'11nwvh~1'W 'llfl-:i ~rn.f fou od1-:i 1 '.i ~'11lJ 

ff'11~fl-:Jf11'.UfllJ 1:iJ1 ,f '.i ::i'.IJ '1Jt)~l1fl m;tllJ 1 utg O~ff ~ lfl'W, ,J i-:i~ O-:Jl11fl1';i 'IJ1JO Ofl'WOfl'.l l~flltl 
q SI 

tl11 'l.11-N1 'Wfll'ifff 1~1,Jgon111fl1~1Jff::'fflJ 11'1uo1t11::~1~ '1 

1u'i ::1111~1~11':i mrnonfl'i11J 1to1JH1'1lt1-:ivn~1~u01111'i m~on ~olluoumui!ci 

(Antennal gland) 11c1::111~flfl (Integument) 'll::tfl'Wi1fl11JrJlJf11llJl-u'll'U'W'llfl-:Jllflm;t1lJflltl1 'W 

1 .c:t .c::i lft rJJ 11 QJ d 61 a., 

'il~flltl (Ahearn et al., 2004) 1~mw1WlJ'il::1Jfll'.i t'Ylt11'1J1J;!'il-:Jflltl'IJO-:Jfl'.iffl'11'lftl'W i'W'.i::t1::mMfll'i 
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m:inm11J hai1v1n 2 mmol/kg/h 1m:::i1.mm11'1.J~vumh1-:iiu1:::t1:::fl'.il1JU~-:J (Zero net flux) 
,, ' ' ,, 

'il1nuuY11111uflmCJft11Ji1m11fl~ouvhrnn i'l.J~thmtimlfl (Efflux) iu1:::v:::rloumrnonm111 . " . '61 d o d jl 'J} d o o " 'JJ 
(Zanotto & Wheatly, 2003) lllvl tlJfll1:::'YIUlflltllJOflllfl1llJl'lllJ'lllJ'llO-:JUflmt]ftllJlvll 'il::'Yll t'YI 

" Ufl€H91tlllflltl i lJ 'j 1-:JflltltHIH ifooomi,1 lflltllJ Ofl fflvl1'1-:J~O-:iiimrn~CJflJt-u'1ri-i 1-:Jflltl 1~tlflcl in 
qJ u 'V 'V 'V 

m1i~m1-:i-:i1u (Active transport) ~-:Jfll'.it'l1~vuu'l.Jc1-:im11.fh- OOfl'llO-:J1.h:::1 ivHh 

"I 'JI= r 'J/ II) 'I 'JI ., d o a, 

(Electrochemical gradient) fllWOll t'YIOOOW-11'\-Jt'lll-mlfl uc1::nc1 tflfll'.i t'lf'Vlcl-:J-:JllJ 1lfl111lfflflt\J 
" . . 

ff l'YI i' 1J fl i' fftlvl 1 ;fou i lJ fl l '.i '1-J 1 l l fl cl l 91tllJ 'ii lfl 'W lfi 1 vu Ofl vi i1 fl 11111-u'11-u' 'U 'll 0-:Jt 1 fl m 91tlll ~ 1 t-u' 1 ti 
'jl-:Jflltl (Neufeld & Cameron, 1993) 

1.4 lvumm~mJ 
<;' d ''I ,I I ,!I <;' I 'JI 'JI 
t vm 'Ylfftt]ftJll'VI 1JO~ t 'Ult]fclcl'llO-:J'.il-:JflltJUcl::mo~ t fltl'VllJ 11fl11:t.Jl'lllJ'll'U 'll o-:i 

. " 
hm'Ylfft91VlJi'Ut~O~'llO-lfl1'ffllvll;}v-um'il'i:,l-:J'Yl~V~lfl11\JTYl::mmv-uon (Burton, 1995) t\'111 

<; d 'I ' A ,_ I A i1 di 'JI QI ' ., <k "I 'JI 
t'VIU'Yl'fflt]ftllJ t'U'.il-:Jflltllllfllfl'U IJ'il::lfl~ t\J'Yll 'il-:JlvlO-:J'll1JOOfl'Yl1-:JlvlOlJUO'Ul'YIUUcl Cl]f-:J t'UfJ-:J P. 

monodon 1rloiim1c1~fl111ll~lJOU1-:J\11J'Vlft'U'illfl 45 ppt 1\iJti'.1-u 15 ppt 'il::i1nc1 innnf mnfflJ~'fl 

ooff 1J.J~fl 1 fl vm'.i vi1-:i1u 'll o-:i~oJ.Juo-u t'Vl'U U'fl ff 1v11 'il::'VI vw11Ji'mnfl11lJt,rlJ'l1'W'll o-:i 1 'VI U'Ylfft91VlJ 

ll)'J/ QI<; d & 'JI 'JI <; d 'I i1 ''I ,!I d n 1m::'ll1J tCJHfltllJOOfllll 'il-:J'Vl1Jfl11lJl'llll'll'U'llO-:J tt]fl~tlll t'lJ ffff11::'i:,l-:Jfl11 t'Ulclflfl 'lltU::'YI 

1'VIU'VlfflCJfVlJi'Ui1ffff11::'il::~1n11 i-ut~O~ (Lin et al.,2000) 

...... 
1. 5 U'IJ fl'l-U Cl]!' £1 'IJ 

. . " 
i u fli' fftm ivu i11\ iJvimrYvocii uu l'VI:: m 'il::iifl11mru'J.J-u' 'lJ 'llO-:JttlJ nutCJftJJ.JflltJ i-u ., . " 

-i1-:inwy,11n11,l l'Vl::mmv-u on (Burton, 1995) ttllfl'WtCJfmrndi-u 1 m-:ifff 1-:i'llo-:ii1-:imm.h::mw 

' d i ,! ,,I ,!I i 'JI • • A ... -•., 
70% ff1\Jflfl 30% 'Vl1J 'lJl'lJOWVltcl::mv~ 'UfJ-!lfJ'11~1 P. monodon llJOlJfll'.iIJ'.i1Jfffll'Vl1llflfl1111 

d , ?I '.,' dd 'I i1 ,!I A,% 
lflll 5 ppt 'l.Jtu'U 25 1m:: 45 ppt 'Vl1J11 ffflff1'U'llO-:JllllfllJ!CJftlll tU ffff11::: mo~ l'Vlll'll'U,Jlfl 2.3 

ttlu 13.5 Ufffl,:j i tt'n1u11 ~Ollttfl'Ul'Yl'UU'fl'lf1tlfl11J~llfl1'.i'IJ1Jllllfl'WlCJftlll00fl'illfl'j1-:Jflltl l~O i ,r 
. " 

0-:Jff1111'Hl1fl'hll'.i::~1J'll0-:JU1lfll!l91tllli'Utiiofl ittfllfl1ll.JlfllV'UOfl (Lin et al., 2000) 
q 

1.6 'ntHf'nt)jtf 

iifl11J.Jrl1r1ru~om1fff1-:i1'1.J~on-i1mfouflm91v11 1~m'ilY11:::oci1-:ifi-:i'lf1-:i~ti'-:iiim'.i u q 

fff1-:i1iJ~on hn.i (Pratoomchat et al., 2002a) vJm11foi'ffff-:i1tluri1u'l11::no1J'llfl-lfl'.i~'U1fl~flfl 

1m::ffn1.h::nm.1vJoff 1-vJi'flilfl (Phospholipids) ~fflflt\Ji'W'ii-:Jflltl l'lf'lJ lfltV'U i9fu NADP 1m::: 

?I 'JI <k 'i A - I ., o' - I = ATP l1J'Ulvl'W Cl]j'-:Jfl~ 'U1J'.il1Wff110-:JUcl::'.i::1J1JIJ'.i::ffl'YI ('l.Jt\J'.ilvl'U lJ'.i:::VJll'lfWI tm::flw:::, 2546) 
" . " 

ihtti'1.1ti'-:i i um,11 Penaeid u-uiim1J.J~O-:Jfl1'.i'VJomfoi'ff111muo-:i111n i 'Wthiifl11J.Jtru'11ru'i.t ~lt)fl 
q q • . 

(Cheng et al., 2005) 
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~ .ct ,I "' "''> 11) 11) ., 1- I d & _di ., d O , 91 91 91 , 
2. tll'H>'Ufl':iEI flfl fll':i ilJ HJ111':i\ol i'lllJ'U 11'1:: U':i\ol'U CU.:J11J'U\o11'Vl'Vl1 'ttfl1llJ1'1llJ'll'U 'U 

~ ~ ,I~ I a., 

1'1011'llfl.:JiY\o11lJfl1llJ 11\ol n\ol 1-:J n'U 

2.1 fllfl'U1eJA~':ifl 

"' .ct .. , 1 '\' o 91 d, 91 a, 91 J' Ji 91 _di 'J A ,,i 
ill':ifl'U'Yl':itl 'Un'1lJn'1 im'Y'Vll'tt'Ul'VI 'tt'Vrn-:1.:Jl'U il':iHl'UflltlO 1m::il':il.:Jl1J'U ifl\ol'Ul'VW . .. 

1~11'.lu im-:inf1-:i11Hfon ~-:in" 1r1niJm11tlgt1umfo-:i'lu10111.:J'il':im1"onm1'U 1m::\o11lJm1 .. 
l'U~tl'U U 'lfo.:J'IJ0-:1~ .:JU111a OlJ.flltl'U on 1 'U m::'I.J1'U Ol':i'10nfl':i l'I.J'IJO.:Jfl f 'ffl\oll it1'U 'il::1Jf11':i'1fl';i:!~'I.J 

'llfl-:Jn'11 fl ni 'Ul~fl~1".:JflVl-:JlJln 1 u ';j:: ti:: ~m1rnt 1111,J-:i 1d fl-:1 ,nmflflf)l';j i1-:i1m1:m.., fl9l'U vh, ..r .. 

j/ l 'J} CV I 'J} ~& , el & d a., a., ,la., d ,, 1 

\olfl-:J •1rrrn-:i-:i1u flfl'W'lll-:J mn mm1Jfl'1CU1J urn fl fl ,i-:i11r11111n1JV'l'U 1i n1Jm':i'1flnm1'1.J o-:imn1 

n~ fonimi1iflfl'il::m,i1nm1'lluri-n::'tt11-:i~mfou ulviium::1J1um·HlJ\oll'I.Jflil9flJ'llfl-:i 

"'1 11) "' d O ., I ., & - I"' - I 'I ., 0 l 91 91 91 
fll';i 'I.J HH11':i\ol 1"fl111Jfl17lJfflfl\}/lJlnf117\ollJ CU-:Jfll':i lu'1tl'UU1J'1-:I i 'U\ol'I.J'il::'Yll 'ttfl171Jl'lllJ'll'U'llfl-:J 

n'11fl'ffiutifof'!l'U~tl'UU'U'1-:J (Pratoomchat et al., 2002a) il,iit1tu 'l t.1fln'il1nm11'Ugtl'UU'U'1-:J lu .. 
d o'ljl., <; i "I "'1., '191 I d 

':i :: t1::" fl n fl 1 7 'I.J VI mm ':i om , 'tt 1 :: fl mm , fl n urn fl 11 'tt rn u \ol lJ '111 '1.:J fl 1 'lf'U fl 11111 m t111 m 1 fl 11 .. 
d: A 41!ta,,/ I ~,, 

fll'ttl';i q~m" fl171JlfllJ'U7 tJW'ttlJll 1-:J'il':ifll':ifflJV'l'Ul! 1m::ii'fl1V'l':il.:Jmt1 lll'U\ol'U 

2.2 1'll1Yu 

i 'll"uV'l1J11iJtl'flt1mn ri1u lmu'il::flcil u1tl'llfl-:ivJfl'ff 1 vJi "ilf'I 1rn:: i\olrnihciffl h~ ., .. .. 
(Triglycerides) l'lf'Ul~tl1t1'1.J~V'l'I.Jl'Ufli''ff1\olli£J'U1tl0fl'W l'lf'U ~-:i Ghost shrimp (Lepidophthalmus 

!ouisianensis) ~i'll"uri1uimu,1::flcilunJvfonhHlil11 cso %) iJ1rit1.:Jri1'U'Wflt1 (16 %) ~flcilu 
U 'U 'U 1U 

iui\olrni11cufl h~ (Nates & McKenney, 2000) i'lllJ'UlJfl17lJ'fflrlt}!l'UU~fll'j'U';i:;mjflfl7';j1-N 

V'l"1-:J-:17'U 'UjlJlOl'llfl-:1 i'1ilflih1111Jfflllfo1it11J'll'I.J1'Ufl7':iff'Ufl7U (Catabolism) 'llfl-:Jfllfi'I.Jim11Hl 

~-:iiim11il~vuuiJ"-:i i u 1 €1'1.J'l-:i 'il':i m1c\ flnm111 uc\::\o17llfl7':i 1tlgt1uu tle1-:i'llo~~ ~u 111 lto lJflltl'U on 

tln9i'il::iim11~1Ji1lulviu1JV11~1~hrnm11 (Midgut gland) h.1i1~rioum1e1onm11J 11e1::'il::'ll1J 

a, 91 d ,,i 191?1 I ., 'j 91 .f"I 
flflnlJl'tt '1-:l 'il7nfJ.:JlJf)l';j'1 flnfl':i 71J1V'IO 'lflli'Wll 'ttc\~V'lc\~-:Jl'Ullc\:: l fl';i .:Jff ';j l~lum>n 

2.3 hhgju 

iJ!mw'llfl~ hh~uiutl11~0fl (Plasma) 'IIO~fli'nt\oltit1'W1J'UjlJ10l 4% ~-n!11111~'U 

_, A .ctd'd.ct_,,,. d 1 "' .I 91 "'i 'I A & 
ill':i1J':i::fl01JO'U'VIW'VllJ1J':ilJlOl"J.:JVl"!fl 'U1"011 1J':i::t10'I.Jf11tl ~ lJ lciftll'U'U (Hemocyanin) C!f~V'l'I.J 

' ~ 

lJ7flTI"!11'U':i::mw 80-95% '\JO~ 1t11~'U't1~'ttllf'I 1u1C!fi'11 (Serum) Ucl::'1Ylu!lu1,iu (Fribrinogen) 

L 'U':i ~'U lJ fl17lJ'fflrl \}/\vi flf)l':i ,lfl':i ::1 flt1'1.J L flHiYf 7~ '.il~fllm~Ofll':i 1 'ilj t\j191'1.J 111 fll':ii\PJJ 'Ulfll':i 
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i1vHl-N7\J U'tl:::'ff1".id1-:imt1 li:lufl-:ift'U'.i:!:flfl'IJ,Jfl-:imf1"U1fl1:10fl rnu1GJf1J 1mflu1GJf1J 1m-:i1;1f1-:i 

i u 1! m rn fl 1mpHl.lv11 'IJ fl i; CJflJ u cl::: fll ".id 1t1 'VI fl f1 VHl -:i -:i 1 u u cl::: iJ fll ".i ff fl'lfl v. 'IJ 11 hh ~ u m vu fl n 

IGJfclcl (Extracellular proteins) i1ff1\Jfl1'Ur.)lJfl1".i'fff1-:it1Hfon (Mineralization) (Coblentz et al., 

1998) 

... 1d - I 'JI " 1 A e::::.. J ' d ' fll".i t ucltl\J u ucl-:ir111m,ilJ,i u ,ifl-:i iJrnu 'l uv.m1;1m11:::tflf1,J'I.Jflt11-:inf1t n 'l u ".i::: t1:!:flfl\J 

'l - I I j/ j/ 1- I d 'l ,;. ,J 'l fl7".iclflflfl".il'IJ 'I.Al,J'Vl:!:tcl (Scylla sp.) 'Vl'IJ17fl17lJt,JlJ,J\J,Jfl,:j u".i\Pl\J \J'Vlcl7'fflJ711:!:t'VllJ,J'I.Jtl-:iitf1 \J 

".i:!:tl:::fl1'.itUJflfl".il'IJ\Plfl'I.J'lhnt1 '-:itvi1n'IJ 97 mg/ml trn:::ij~7~1-qf1~ 23 mg/ml 'l'1.J".i:!:tl:!:l1'1,:j'i;lflf) . ,, . 
m1'1.J -vitrJu1iuiltufl-:im111n 'l u'.i:::t1:::riflumrnflnm1'1.J ~,i:::ijm".i~f1flt1'1.Jff1".ifl\J'Vll fJ~1-:i ci 111n 

,, ,, 
1 fl".i -:i'fff 1-:itn1V11 'l tttilflf1i1r111m'li'll'li'u,ifl-:i 111".i~u1;1-:i;iu trn::: lu '.i :::t1:::clflflfl'.i7'1.J'U'1:::i1m".if1f1'W7 .. .. .. ,, . 
,, ' I O 'l ,, QI ,, 'j/ 1- I d 'l cl d QJ ,:!I 0 

t,i 7'ff'.i1,:jfl1tl'Vl7 l1 ".i:::f1'1.Jfl17llt,Jll,J\J ,Jfl,:j lJ ".i \PI\J \J tclflf1 clf1cl,:j \J flfl117flUtl-:it'I.J fl,:jlJl,l 7flfl7".i\J7 .. 
1'LI".i~U,'U'l•num'.i'fff1-:i if1".i-:i'fff1-:ihnj~1t1 (Pratoomchat et al.,2002a) 

rl1,-d' 'IJ fl-:ifl'll'.i::: nfl'IJ,Jfl-:iffl".i ou 'Vil u 'l ur1i' 'ffmt'!St1u ".i:::t1::: 1t1flfl\J'Vl'IJ11 111 'll'.i ~ut rtu 

fl-:ifl'U'.i:!:flfl'IJ-g-:iiy,i (30 %) ".ifl-:icl-:im flfl 1,i:iJu (< 20 %) 1r1~u (< 15 %) trn:::m{i'Uimf1".i\91 

fl'ff'.i:!: (< 5 %) ,-:iffmY1Ufl7'1iifl7'.it'U~tl\JU'Ucl-:i11.l,!umin'UiJ'1,ltl'Ylcl7tl'U'.i:::fl7'.i t'lf\J flW'ttfllJ .. . .. 
'l 

~ d 
fl17ll'ff7lllrn \Jfl7'.ifl\Jfl7'117'.i tm:::fl17l.ltflll (Torres et.al., 2002) 

fl".i:!:'IJ1\Jfl7'.i,J\Jff-:iuin1~ 'lufli''fft\9lt'!Stl\J'fflll1'.itli7ll\Jfl 1~ 2 11i (Rainbow, 1997) ~fl 

I l" QJ I ~ J. CV I Q/ 

l. fll'.i,J'I.J'ff-:iU'IJ'IJ 'lf'Vl-a-:i-:i1u (Active transport) 1;11umm1:::tnf1,J\Jfl'I.Jtt'.i1i7~'1-rnfl 

t'lf\J 1GJft~tlll trn:::Uflcll~tlll 1f1t1i1m'.i'lir.i1-:i-:i1u'lufl1':i,J'I.Jff-:ill11i7~~7-:i '1 1'1i'1~1GJfmf t'lf\J mm 

,Jfl-:i 1GJft~tl1.J ~1Jfl7'.itfl~fl\J~t'li'7-flflflH7'1.J'Vl7-:im~flfl if1viin'1fl'.i'.ilJ,Jfl-:ittm iGJflJ ATPase 'lf'lfJ 

I 'j} j/ I t/a., : I 

fl1'1.Jflllfl 17llU\91 fl\Pl7,:j,Jfl,:jfl17lJl,J lJ,J\J '.i :::tt 1Hfl7fJ 'l \JIGJf't'lcl fl'IJ\J 7'Vl:!: tclfllfJ\J flfl l f1tlfl11JfllJ'lffl,:j • • 
I j/ 1 d 

Nl\Jl,J7-flflfl,Jfl-3 GJftf1tllJ 

2. fl7'.ill'Vi1 (Passive transport) 

2.1 fl7'.i,J\Ji1-3 l'1fJH7\J\Pl1flcll-3 (Carrier-mediated transport) Oflfl\J,Jfl-:Jll11i7~ 

., ., 1- I d d .A j/ ,/ .A d I .A j/ ,/ j/ 111 _ I 'l 111 1 1 
'1:::'11Jf)lJ lJ'.i\91\J'VIW'cl'tpHGJfi'li'l tm:::tflclfl\J'VIH7\Jltlfl'!1lltGJfclcll,J7 !1Jfl7tl \J lGJf \Pl GJfcl (Cytosol) 

t JI I t JI 1 I I 

ii11! nm iloflfl\J 11:::111~ vu mi'Unu l 'U'.i ~u 'Viij,iu 1,1 'l mJ;iwrn::: 1 fl ilflu iii 'li'1rl mv 1 u I GJfclcl i,iv'Vi u .. 

11h ~\J ,i:::oni fH)'IJ, 1fl7tl\J flfllGJfclcl fll';j lfl~O\J~t '7"11GJfclcl,J0-3 OOO'U '1:::tnf1 iu '1\J m :::..t-:ifl17ll .. .. 
j/ j/ ~ 'l ,/ . 

I ,JlJ,JU ,JO-:J flflfl'U flltl \JI GJfclcl "1-:ifl17fl7fJ\J flfl .. 
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2.2 fll':i'll'Uff~Hl'U'lftl~ iih~'U (Protein channels) hHJfltlO'I.J'ilg:tfl~tl'U~Hl'U'lfO~ 

d .a,, tip d.dt 
i,J'.i\9l'Ufllt11'UWO'lflJICJHHl~ll'U'YllJ'll1 (Hydrophilic cores) 

I ~ 1 • ~ ,d 9/ I ,/'j/ ,:u::Sef 

2.3 fll':i'll'Uff~ l~Wfll':iU'Yfi (Passive diffusion) tltlO'U'Vll'lllfflCJfcH'l~1tl11i'U'ilg: .. 
I f I jl 

1il'UflOtl'U'nffllJ1'jt)'flg:cno1u i'lllJ'U ,~ nn1g:'i)g:1fiiiouni~omrnvr:iH7'U'M'U i'lllJ'U (Lipid bilayer) 

A 'JI " 
'lltl~Wt1'11lJICJrnc1 

'"i' A.cl .J.q~,d. ~jl ,I 

2.4 fll':i'll'Uff~ 1~t111i Endocytosis m::'U1'Ufl7':i'Yllfl~'ll'Utrn'il1mt10'11lJIC)f'fl'fl 
V • 

"' y y "I. l'i' 'i' y "' ' 1'! y , ., "' <!! 'JI 'JI i 
m~m-;;1111'111rn1~01t1'Uc1t1lJt1t1t1'U\9l7~ "l nmo 'U 'il7f1'U'Ut1t1t1'U'il::\Jmflc1t1'Ut11t11'll1mt1 'W 

,I 

lC)f'fl'fl 

fll'lfl11Jf.lll0t>t>U U!l~':i~'U'Uilll~tUfl~flU'j (Ionic Regulation U!I~ Osmoregulation) \< 

,J fl7':ifl1'UfllJfflJ~c1mi1ou1 1rto~~u1mfomnt1'UomiJ~ouu,fo~1i'luiwiu1m-;;~jj • • 
fl17lJfflflt}llJ7f1ff7'tti'rn11,111un~lJfljffl\,}l'lftl'U (Pequeux, 1995) ti'!'U~'Vl';;l'Un'U~U~Tllfltltl'U~ 

V 

1i:luo~ft11'j::f1t1'U'IIO~ti10~ 'il::;jfl17lJU\9lf1~7~nmhmouon (Mantel and Farmer, 1983) 'ffl'tt'i'U 
V 

Q~'ll71 'Yt'U17 fl17lJU\9lMll~'lltl~Uniu ti Off iJ.J~m::tti1~1~o~nmh.flW'Utlf) (Osmolality 

J 'Q,I .di y., ., 
capacity) 'll\JO~f1'U'll'U7~ ff7':i07'tt7':i'YI ~':i'U 1m::-;;g:o::mH'4Wl'U7fl7':i (Lignot et al., 2000) • 

1i'lu~'Vl';il'Un'Ul'Y1 iiJi1 lC)fl~tllJ fl'flO~'U l'YiU'Ylff191tllJ 't11ml1~i'mnfflJ~clOOff ll.J~f) . 
'i' ct ct ,,. ct ~ ., • .I"' 'JI 'JI 
t~tllJ UflmC)ftllJ 1m::UlJf1\JlC)ftllJ11J\J\9l1'lf1tl11':i'U (Pratoomchat et al., 2002a) fl17lJl'lllJ'll'U'lltl~ 

lC)fl~tllJ i'YiU'VlfflCJftllJ UlJniM1t1lJ tm:: UflcllCJftllJflOO'Ui'Wtiio~flfl17lJU\9lf)lvi7~numn iu 
Q.I .c:l I ~ I ,l I QI cl : d. Q.I 1 O CV CV .cl d Q.1 I 

fl'j fflm 'lf tl'UU \9l'fl:: 'lf'U ~ ff 1\J lJ7 f1 \lg: 'II 'U tl~f)'U fl 17lJ1 fl lJ'U 7 'VI Olff ti ti~ ff7 'tt ':i 'U fl ':i ffl\9l I 'lW'U 'VI Olff tlO ~ 
V , V 

1 uvig:m fl17lJt,i'mfo 'II tl~tiio~ \)g: iihvhnm'l 1moii on i ~ t1UlJf1'WICJftllJ'i1::;jri1111ni1il lflltl'U tlf) 
V , V 

,,, A ~ II) j/ GI' I .c:!li o I o I "')' .c::l d. 

U\9l l'YtU'YlfflC)ftllJllJ'U l~'Vl~~~tn111·rn~lfl'll'Ulfl1tJ'Uflfl (Burton, 1995) 'ff'l'U lC)fl~tllH!ft::fl'flm\J 

i ,!I ., 1 j/.d QI I .d ,J .q ,, d 
umo~lJf)'ilg: nmfltl~fl'Ufll'Yl'il~fflJ~'fl C)f~f17':ifl1'UfllltlOO'U 1mc1nm~t1'l (Monovalent ions) 'ii:: 

q Cl q q 

..,.J'd ,!I , ,,. ,,.,,. 'i •lllY 
m~'ll'U'Yll'tt~Ofl (gill) ff1'UUflcl!C)ft.Jll uc1::UlJfl'UIC)ftllJ\}f1fl')'UfllJ l~tlcll l'ff (gut) (Dall, 1974; 1977 

V 

~7~ l~tl Lucu et al., 2000) '\1~ff1'U'lltl~ Midgut trunk tm:: Anterior U'flg: Posterior midgut 

~ ,'JI '.,d., 
diverticula (Lovett & Felder, 1990) fl7Wlfl'lfl 'Uffl P. stylirostris ':i::t.Jg:flO'U\9l11\9llJ1tl (sub-adult) 

3 'll'Ul~ (11.0-12.6, 12.7-14.3 Ucl~ 14.4-16.0 lC)f'U~llJf'l'j) 'Yt'U17 t!~YJfl'll'Ul~'ilg:fo11ng:~'Umlll 
• • V 

1~J.J,i'u'll-rH tC)ft~t.JlJ i w~o~ 1 i-f r1~vi 'IIW::-n':i::iu'llu~ l'YiU'Vlfftcift1mrn::ooi1 i1Jm~~'il~U\9lfllvi1~nu . 
, ')J I ', 'JI i Id ', 'JI r "1 'i ct <:> I ,!I 

'Ufl~Uf'l'fl::'ll'Ul~ l~tlm'll'Ul~ 'tttlllJU'U1 l'UlJ17lJf17'jff::ff:lJ l'YtU'VlfflC)ft.JlJtlOO'I.Jlllf)fl17 1m::mo . . " 
..,.,! ,!I d. J' ., .,. i .,. d. J' i ., , d ,,; 

Oliff llJc17'fl\9l'IIO~rno~1'Ytll'll'U .i 'YiU'YlfftC)ftllltm:: C)fl~tllJ'il::t'YilJ'll'U 'Uff~ff1'U'Vlm'Vl (Vargas-



ITT'Wf1'11l:l"'l1fl l.Jrll1tHJ ltiU'!Jl\ft 

fl.llff'Utl,i fl.l"O~ ll. 'llll~1 20131 

" '1" ' .d Q.I 'J) Albores & Ochoa, 1992 tll-!I t~tl McGraw & Scarpa, 2004) l'lf'\H~W1fl'UfJ-!1 West king prawn (P. 
d l ~ef ~ ~ d t d d ,l , d .d 

latisulcatus) 'VlfHH1' , lJ il Tfl \Pl 'II 0-!l lclO~ 'il:: t1 -!I 'll'U \Pl 11.1 fl 11m fl lJ'U l'Vl m lJ 'II 'U u \Plfl 11mfl lJ 'YI mm:: fflJ 
,, ' " ' ' 
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ff1'11"l 'Ufl1'i liit1-rn~n 22-34 ppt 1'Vl'i1::jjmno~\Pl1tl\1-!l"l~Uil::O\Pl'i1fl1'i Uilfll'UO~l"'l~ i ~tl'Yifl11lJ ,, ,, ,, 
lfllJ'U7 28-32 ppt 1rlu1~fflJ~il (lsosmotic point) ooff1lJmil~'llV-!!lilO~l'Vllf1'U'W1flltl'UVfl (854-

937 mOsm/kg) 

ff1'Ufl1'i'ifl'lflfflJ~il'IJ0-!10VV'U~jj1.h::12 lnl1t1 (Divalent ion) jjfl17lJti''UiD'Wl.J7flfl11 

1.J1-!!ri1u'IJo~uflmCJft11Juil::u1.1nil1ci}t1lJ'il::1n,1-wu11::tiu i1.h~m1100ooutu '1 1rn:;1ti11ff~-!lm11.1 

d .c::i, CV 1 I - I .c::S .d t 1 ... 1 .d,. 
IU'UDDV'U \Pl1Dtl7~1'lf'U u Gecarcinus lateralis lJUflill9WlJ'Vl~11lJ~ 'UlclO~ 22 mmol 'U'IJW::'VllJ .. 
!Viti-!! 8.6 mmol 1'UlilD~~H1'Ufl1'ifl'iD~DU1•Hl::tfltlfll~D'lli~ hh~-wmm hi irut1ojj11flmCJft1lJi'U 

lvi1ti'U hh~uouo~ 13.4 mmol (Skinner et al., 1965) llflil!CJftllJ~lfl~'W'U1l::tl'Uffl'it'U'il::i1-u'i::mru .. ,, 
10% 'llfl~Uflil!CJftllJ't1-!111lJfl 1utilfl~'llfl-!I Emerita asiatica (Sitaramaiah and Krishnan, 1966 ~1-!I 

,, . 
')' d ,v 'I A d d ''I 
t~tl Mantel and Farmer, 1983) Vfl'Vl-!I t'U CrayfishAustropotamobius pallipes lJUflill9H.llJ'YIDij t'U 

'iU'IJD-!lflflfl'Uu'Dt1fl11 50% h.1'1Jru::~ri1ut'U '1 iuln~'W'U1l::f1'U hh~u 0VD'U'llfl-!lffl'i0'U'Vl1a .. 

• .c:::I d .d ·~ ftfQ .el .c::S d ' ~ 
Orconectes limosus 'Vt'U11 lJllflill9WlJ'YIVij t'UiIJflVO'U 82% llcl::UlJfl'Ul9ftllJfl'Vt'U11llJ'U 

1'lf'Wl~tl1f1'U (Andrews, 1976 1,iti Mantel and Farmer, 1983) Vflfl'W~ihh::~ 2 ml1t1 ~Um'ifom 

"J !JI ~ • d "'I 2+ 2- I ,!I .,i ,v ,I •, : !JI !JI 2+ 
fflJ~i'I t111J'Ufltl1~~ flt) Mg mi:: so 4 fl"11flfl 11.lflff\Pl10ij 'U'U7Yl::m fl11lJl'lllJ'IJ'U'llfN Mg 'i):; 

.,, . 
ud'i::'1111-!I 20-80% 'IJD-!lfl11m'li'1.1'1i'-wl-wil1'Y1::rn 1~t1U'i1tl·n'Wfl1'ifffl1J1'n'Vt'U11 Hyas Lithodes 

.cl 9/ CJ) dd 1 I .de:::I : 

1m:: Dromia lJfl111.ll'lllJ'll'W'IJD-!!UlJfl'Ul9ftllJ 'U'iHfllt11.h::mru 80% 'llfl-!!UlJfl'Ul9ft1lJ1'U'W1'Yl::rn 

"' 1 .I .I d !JI !JI d "" 1 . . 
'11':ifl 'UJJ Uca sp. 1rn::1.1 Ocypode Quadrata lJf111lJl'\ll.l'\l'U'\lV-!!Ul.lfl'Ul9ftll.l 'U'i7-!lfl1tllJ1flfl11 ,, 
65% '\lfl-!!Ul.lfl'WICJftllJt 'W'W1'Yl:;m ff1'W~ Grapsids 'Vt'U'hjjfl11l.ll'li'l.l'li''U'IJfl-!!UlJfl'WIC)ftllJ 1'U':i1-!lfl1tl 

,, 
1h::mru 20-30% '\10-!l'Ul'Vl::m (Robertson,1960) 

fl1'ifl1'UfllJU 'j-!j~ 'U OD ff 11.1~ fl 11 ! ufolJ7fflJ~ilflflD'U '\I fl-!! ff \Pl11 'U mi lJ fl'j ffl\Pll;tl'U 'il:: • • • 
u\Plnv11-!lt1'U,'Ufl~t1'Uttmt1i1'ilit1 t'lf'U ~-!lu1,it\'m.1~tnifood 'i::t1::nni~u1m'i 11!t1'1J'Ulfl'\lfl-!I ,, . 
ff \Pl 1 i'.i-!!1'U1,ltl'\1"1tli'U"n 'i1tl-!11'U i tlu 'U'U'IJ fl-!lfl1'ifl1'UfJlJU'i-!l~'U DD ff i l.l~fl l 'U fl1 ffl\Pll :i}tl'U 

(Charmantier et al., 2001; Lignot & Charmantier, 2001; Torres et.al., 2002) 'V11J17 fl1'ifl1'UfJl.l . ,, 
m-!!i'UVfliY ilJ~mU~tl'UUUil~ 1u\Pl7l.lfl1'.ii~'U1fl1'.i ffll.17':i(Hllh iri' 3 'i'.UU'U'U ~-:J'U .. ,, ,, 

l. UHi\JVflffLl.l~flmt1llJ'il-!lfl1tllllhiiJ\Pl1l.l'Ulfiltl'WDfl (Osmoconfonner) ~~II~" 

'i ~ u~1uriuu 'ill.Im~ 1'1'~1~1.J~11~1.1iut-:i mm'i ofomffl.l~ilVflff i1.1~nmt1 i 'U i 1-!lmt1 i~1gnu' flu 

b9(1 ' (i 
I , t, ! 

249047 
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Q.I C1 ' ~.d ' d 'J} I I 

fl'HYI\Pl!'ll'tl'WfH:}lJ'WlJfl171J'Yl'W'Yl7'W\PIOfl171JlfllJl\PI l'W'll'1-mfl'IJ !"H'W Libinia marginata, Chionoecetes 

opilio 

2. ffllJ7';j(li'fl'l471;1'1J~'i;I001;1' hJ~fl (Osmoregulation) i~n'WTI'l-1'1'-:Jfll':ilfo 
'JI JI JI • 

(Postembryonic stage) vtlJ1707fftlOtji~n-:i l'W'Ul;\PI 'W7fl171Jt~lJ\•17lJ7fl'tt1tliJ-:JlJ7fl '1-110 l'W 

~ ,, d d ... 1..d ... I .t:1 , d llJ ~ , ,, , 
1;1' -:JU1\Pl'i;I tJlJ'YllJfll';i !U'i;ltl'WU u 'i;l,:JlJlfl 1Jfl171J'Yl'W'Yl7'W\Pltlfl171Jtfl1J t \Pl t 'W'll'1-:Jfl17-:J !'ll''W 

Macrobrachium petersi, Palaemonetes argentinus 
,, 

3. ';i:;t1::1t100'WU 'j-:Ji'W001;1' 11l~flflltll 'W '.iHfl1t1U1.h i 'U\PlllJ'Ulflltl'WOfl 

(Osmoconformer) u~tt'1'-:i~1mtl~t1'Wl'U'.iH (Metamorphosis) ~::fflmrni'fl'l471;1'1J~(l0tJ1;1' 11J~fl i~ 
(Osmoregulation) !'lf'W Penaeusjaponicus, Cancer irroratus 

l'W European lobster (Homarus gammarus) l11J17!,'.J'Witluuu~ 3 1rtt1'1'1c\-:J~lm'U~tl'W . ,, 
1tli1-:i (Postmetamorphic stage) dfomit)Jf11J'W7'Yl::tm;0~1-:i ~::fl11JfJlJUHi'W001;1'11J~flmt11'W ,, 
':i7-:JflltlL'tt~-:Jfl17'U7fl7tl'WOfl i~1~m!0t1 (Slightly hyper-regulation) (Furriel et al., 2000) 

t'lf'Wt~v1nun'-:i l 'Wfll'llJ Penaeid ~fl171J1;1'71J1'.it1 l 'Wfl1'.ifom1;11J\Pl'i;I001;1' 11l~fl l'W'i::v::1v0o'U . ., . 
flti'Ucu'7-:J~lf1\PI U~trloWWJ'Wl! ,j'7~';j ::t1:: 1vt1;1'(l717 ~::1;1'71J7'.it1i'fl'l471;1'1J~'i;I001;1' 11J~fl trn::~7H;}1\Pl 

tlq ,,,. : d ~ .J I d . I . d 
O~ t\PI 'W'Wlfl171Jtfl1J\Pl7 C)f-:Jfl171J'Yl'W'Yl7'W\Pltlfl7'.i!'U'1;1tl'UUu(l-:Jfl171JtfllJ (Salinity telorence) ~:; 

d ,% !J/., t <!I ,.,,~ .,,1., d !J/lq!J/ 
!Yl1J'IJ'W\Pl71J07~'1JO-:JcJflfJ-:1 \Pl-:J'W'W~-:J1;1'7JJ7'.itl "lftlJ'W\Pl1'll'1\Plfl171JU'IJ-:JUH'IJtl-:JcJflfJ-:J t\PI (Samocha 

,, 
et.al., 1998) Ylt}~fl';i';jlJ'W[J-:JvtlJl'W Homarid lobsters '.i::v::i1ot1'U (embryos) 1m::'.i::t1::1tl00'W 

,, . 
(larvae) m -:Jfl 'W tltl1;1° 11J~mnt1, 'W '.il-:Jflltltl'l.h l 'U\Plll.l'Wlflltl'Wtlfl u~i 'W'.i ::v::\911flO'W u-:i ih~O'ttlJ • 

,/ 111 I O !J/ d_,t ., ., 1 ,,,. ., 1 I 

lC)f(lil'IJtl-:1 t'IJ (Egg membrane) 'Yll'l'l'Wl'Yl1Jt1-:Jfl'WUH\Pl'W001;1' l.l\Plfl U\Pl 'W'.i::t1:: 't'l1;1'"717 l11J17 
' ,, ' ,, 

tihm--1irun1J'W 7fl'171Jt~mh~::nm'.ifl11JfllJU'.i-:Ji'WOtH1' 1ll~fl L 'Wtiio\PI L'ttfl-:Jfl17'W7fl7V'W0fl 
u • .. 

i -1 J., d Q.I c: Q.I ~ d cv , 1 ., 
(Hyper-regulation) u~'Wm::'Yl-:J!U'W\Pl1!\Plll1tl t'l'l~f-rn'l'l'W-:J'YI\Pl1tltl'W'.i::v:: 't'l1;1°"717fl11JfJl.lU'.i-:J\Pl'W 

JI I I I 

vvfl 1ll~n 1 wilo\PI ii~ -:in11il1mv'W on 1i!o-:i~1n~o-:im'.it'W1Jfl171J'tt'\J7U'U'\J'IJO-:J'.i7.:Jmmvloi1t1 
,, 

, !JI • "'""' .,. !JI • 111 !J/ 
'l'l~lJ!!(l::\Pl7H'll'1\Pltl~ \Pl'Wl t\PI (Charmantier et.al., 2001) 

0 ..di ... I ,d I .::I: d 
Anger et.al. (2000) 'Yllfll'.ifffllJl\j Armases miersii 'i::t1::11vt1 Yl1J17 'Yl'Wlfl171Jtfl1J~-:J . ,, ' 

m -:Jfl'W001;1' 11J~mnv1 'W i1-:immtlifowttl(l.:J l'U\PlllJ'WlflW'Wtlfl ( Osmoconformer) 1jjt10'WlJ7(l~1V . 
'JI I JI JI JI 

'Wlfl17l.H~1J 35-45 ppt vtlJ17ijfl7'.it~1t)J!~lJ 1\Pl~fl17ti'it1t1'41Jlil~1tl'W7fl171J!~1J 15-25 ppt 11.:JU 
' ' ,, 

ii!o.:i~1n iJJ~o-:immiYt1vt'1'-:i-:i11J i tl1ilomnli'ufl1J\Pl(l vt'1'-:i-:in.111-:J'tt1J\PI liih'tti'um'.it~!rut~u 1fl 
,v u Cl ti 

"' I "' I 1 .I ~ ., .I I "' 
t't'IV.:JOV7-:J!\PIV1 ff1'\J'.i::v::t1Jfl7 (lul (Megalopa) 1m::'.i::v::t1J'W\Pl11,,1 (Crab I) YllJ17 1Jfl7'.i 

.C\ ~ ~ .dd,. I d 'j) ~ d , ., 

!~H\J!\PllJ t\Pl'YI\PI 'W'lf1-:Jfl171Jtfl1Jfl17-:J 15-35 ppt !'WO-:J~lfl1Jfl171Jff71J7'.itl 'Wfl7'.ifl11JfJlJUH\Pl'W 

"" , , 61 'JI • t "I ,,d d ~ t e1 

Ot11;1' i1lflflfl7V 'W'.il-:Jflltl m ff -:Jfl17'Wlfl7V'Wtlfl (Hyper-regulation) t\Pl'Ylfl171Jtf11J\Pl7 '.i11J'Yl-:Jl.l 
" . 
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J I I JI 
,!I ,::S o j/ d \I) 9/d d ,!I A O Q.J I & Cl I 

m~en'Yl'Yll'tttJl'YI ,~Wl mi:amm1JH'H1l'tt'JUf1l'i'll'Wff~'lltlltl'll'Wl\vl'll'IJ m1:: \I Carcinus maenas 

1::t1::,1ot1 1 'il:: 'h.i'ffllJU tl~lH;11Pl6di~~fl1llJl~lJlll~ 1 rd t)~ 'illfl'lh:: ff'Ufll1::lfl1 tl\vl 'illnm1~ 
" . . 

tl1mt1tJeniiu1~iueefffo~m-hni11u-:h~mt1 (Hypo-osmotic stress) l\vlt1tifo~vtni1eemrnrl'W 
" . 

11ot1 1 uci::iim'itll¾'Ulcl 1tJ'Wlfl1llJl~lJ 15 ppt 'il::ffllJl'jt)~lH;1v'l6Y,~'iltJm::li~~91lltJll,rl~ 

" 1::t1:: rieum1 cienm 1u tl'il::iim1 ff::ffl.lffl'ifltJ 'Yl1 orlrn i' um1cienm l'Ufli' ~tl\vl 1 tl u~ 'il::cien .. 
11t•odG11 ,AGI 9]t A 

fl'il'U UJffll'i'il IPl166tJ'il::v'lltlllJ6lJtJ'VttlltlllJcl6nm1'Ul'lll"J'i::t1::1mt1 2 (Anger et.al., 1998) 
" . . 

tJ6n'illnfl1llJl~lJ'UlU~1 il'ilit11~6~U'IJ6lfft1~iiHcl~t)f1l'ii'n1nfflJ\vlcl066tJ l'J1tJ tl . .. 
" d "' 1""'1 <!I 1" •• Chasmagnathus granulate 1::t1::1mt1 1 ffllJl'it1ffJUrllJU'i~\vltJ66ff l.lvin tJ!cl6\vl 'tt"J~n11tJ1 

i ,, d 'JI Jt 'i : d ~ J. • : d 
flltltJtln \vllcln'Wtltl (Hyper-regulators) ll.166~ 'IJ'IJlfl1llJlfllJIPll uci::tlJ66~1tJ'IJlfl11lJlfll.l"J~ 

" " 
m ~iu eeff il.l~nmt1 h..11ile\vl'il::mh hf ml.I'll 1mt1tJ en u1v1o~fl~\1 ~n11tl1mt1tJ en (Hyper-

" " . 
osmoconformers) 1tltJt'l1'1J'U'iltJ~~'i::t1::Clf!Otl 2-4 'illn'WtJtum,Y1-;;h::t1::1l.lm im.h 1ilu~tJ itltl'il:: .. .. .. . " 
ffllJl'it1fl1UfJl.l11"m~ilJ66ffllJ~n'll6~1il6~"J~'tt16~ln1lihmt1lJ6n (Hyper-hypo regulation) 

~~fft>~fli\'e~nuiumr1t1'lle~tl~1::t1::GJf1ot1 1 iim1rlnu~nwtl1rnnhl1 1rn::1fl~eu~1mfo::rn~~ii .. .. .. 
f111m~l.lff~1rn::fl~~1u1::t1::1::t1::CK1ih1 2-4 1rn::1::u::1l.lm icitl111:h..1~tJ'il::evwvm~ummr1t1ecl .. ~ .. 

" " 'U~nwtJ1rn11i'\l1onfff ~ (Charmantier et al., 2002) 

rl1wi"Unt1~1tJ1'1Jfli'fflv'll;tllJ"lfU~glJ 'l 'ViU11 ~ Hemigrapsus edwardsii 1m:: H. 

& Q,J I : .l : a, d QI QI '11'1 'jl ' d : 'JI 
crenulatus 9f ~6lfft16tl i 'IJl'll\vl'Wl'll'IJ 'Wlcl~ \vl11\vllJ1tlffllJl'i t16lfft16tl , ~ i tJ'lf1~fl1llJlfllJ mn11~ .. .. 

" 
(Euryhaline) uci:mm1t1fl1'UfJlJUHiueeff il.l~n 1iuile\vl 11""J~ni1il1mt1uen i~1i'.lum.h~~ 

. " " 'i Q.JI ,!I AQ.lo O ,!I 

(Strong hyper-osmoregulator) ff1'1J lJ'i::t1::1P1166lJ llJ61H'lftlJnU'\.Jl'Yl::rn 100 % Ucl:'1Jl'Yl:rn1'il6 

'ill~ 50 %, 10% uci:: 1 % 'Vi'U111'W'l11~ 96 i1 llJ~ 1::t1::1rJui1oetJ~o~ediu N (Detached eggs) 

" .::::1 .d. 1 0 t:9, ')'J/'j/ QI 1 A 

1rn::1::t1::flcll1'il (Cleavage stage) lJfl1llJ'YltJ'YlltJIPl6tJl'Yl::m1,rn'ill~ &~tJ6tl uci::UH\vl'IJ66ff l.lv'ln 

. " ' 
l'IJ 1{;6\vl"J ~ni1uci::1t.l~t1tJ U 'Ucl~ i U\vlllJtl lflltllJ en {Hyper-osmoconformer) 'lltU: ih ::t1:: 

" 
t'ViffUnfflPllcll (Post-gastrulation stage) 'il::fl1'UfJlJm~i'W66ff ll.l~n 1'Wtile~ 11"'1~n1TUlflltltJ6n 

'M1il'IJ ecl1~~ u~fl 111Jmm1 t1 i u m1 i' mnfflJ~cieeff 1 lJ~ n,i::ci~ci~ 1 u 1 :u:rleu m1Wn 1rn: • 
" 'Vi'U1lfl'ilnfilJ'IJt)~lt)'IJ lciflJ Na +/K+-ATPase 1:!~;jtJ\vlllJf1l'j~91ll'IJlf1l'j'IJt)~i1oetJ (Taylor & 

Seneviratna, 2005) 

ff1tJ fl f ff llPltitltJ 1 lJ 'i ::t1:i1t~lJ1tl'Vi 'U11 fl1llJffllJl'i t11 tJ nl'i f fl1flfflJ\vlcllf1il6U eJ • 
' Q.I" ~ IQI ~ fJ} dy ~ 1 ' ~ d : 4 QI o',J 

u1v1n1P11~ntJ l 'U 'lltJ et1n'Ut1 ~111\vlclt)lJ'Yl~t)~IH'Jl'W \vlt111rrn::et11~t1~f11llJ!fllJtJ 1 llJ6ff v'11vl6~ 
~ u 

1 j/ I I 

,J1: ffunum1:lifl11lJ lfllJU 1iim11tl~t1tJ11 uci~ 'il:ii'Viq~ nfi" 1-vi mH 'U\•1111" mm1 t1f111 ~;11P1 
. " . 

ooi~ 2 'Yll~ ftt) l1~rn~tl~ lU'illnfffll'Vi'WtJ 'tt16,jm::'U1'\.Jf1l'i'Yll~ff1'i1'Yltlll'Yi6fl1lJfllJUHitJ 
(lJ •. q 
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tltlffLJJ~fl (Channantier et.al., 2001) mu1C)$1J Na+/K+-ATPase 1iJum'lJ1C)$1J~ih.J'VlUl'Vlffltlqjl'U 

fll';i'ifl'lflfflJ~r;ltltlff LlJ~fl l11-!11'Ul~tl1ru'ti.:in'I.Jfll'jlfl~tl'U~ltl 1C)$1~tllJfltlfl'U (Flik: & Haond, 2000) . . ,, 
1 u fl'iff!Y!l<Mtl'U 'Yiu ':i .:iiu ooff 1JJ~nrrn.11 t.1 ~1.:immiJ~t1uuiJn.:i 1 iJY1111,l1mt1t.1 tlfl 

"' '"' 1 Q.I .a ' .,d (Osmoconformer) 'ii:: tlJJJfl11JJff1JJ1':itl umnmflffJJ~mflnt1m (Osmoregulation) 'il-:Jffllll':itl 

o d.ci. '"I 9'1 d : o a., t 1 ,,i •1 : d 
~1':i-!l'lf1Ylflg t~ 'Ufl11JJlfllJ'Ul'i11fl~ l'lf'U 'U Spiny lobster Palinurus elephas IJJt1flg lfU7fl1llJlfllJ 

J} I JI I t JI 

'U1"J-:J ri111111i'111i''U'ut1.:itilfl~'il::~1ni1,l1mut.1t1fl (Hypoosmotic) u~1i1mriifou~1t11iJ~il1VJ::rn 
,, . 

di 'j) 'J) 4 I Q.I o 1 _, "j I 

!'iltl'il1-:Jfl17JJl'I.IJJ'IJ'U'l.ltl-:Jtntl~'il::1'Vllfl'IJ'U1fl1f.l'Uflfl (Isosmotic) mu 'U 24 'lf1 llJ-:j un::vm11 

fl'i)fl'j';ilJ'IJtl-:Jltl'U lC1$lJ Na+ /K+ -ATPase 1iiiifl1':i!,Jgtl'UUiJn.:i !'lflH~t11n1J fl1ff!Yl!'l1tl'U~ff7JJ1'j\l 

O .d.ci. •lit 9'1 f d , I 

~1H'lf111flf.l t~ 'U'lf1-:Jf111lJlfllJUfl1J (Stenohaline) l'lf'\J Maja crispate un:: Dromia personata 
~ . 

,, I 

(Lucu et al., 2000) ~h.:i'1iJ_'illfll'U~-:Jn'1lJfl':illJ'U1;fl Macrobrachium olfersii l1'Vi'IJ11 fl'ilfl':i';ilJ'IJtl-:J 

"I ti + + ~ A QI tl'J} .Cl, Q.I : d ; 
ltl'U tt)$JJ Na /K -ATPase 1m:: Carbonic anhydrase "J-:J'U'\J !lltlffYl1Yltl-!l!H'lfqjfl'IJ'U1fl11lllfllJY!1 

td'j} da., a., "" ,. Q.,f Ao .a" 

'YM'Ufl-:J l'U'il'Uff Macrobrachium 'il::':ifl'lflfl11lJl'IJJJ'IJ'U'Utl-:Jfltlff illmn11un::t1flfl'\J l 'Utnfl~ l 'Hff-:J . ~ ,, 

fl11'U1fl1tl'Uflfl (High hemolymp osmo-ionic concentrations) (Furriel et al., 2000) 

ij.:i,u1it1'HnltlllU1.J~t1mna-:if111JJ"1llJ1':itl'Ufl-:J Lobster Homarus gammarus llJfll'j 

f mnffll~nmil0111 (Lucu & Devescovi, 1999; Flik &Haond, 2000; Furriel et al., 2000; 
• 

' & Q.I ,- .ci. .a ... I Cl.I : 

Charmantier et.al., 2001) 'Vi1.J11 Homarus gammarus Cl$-:J!!Hfl'Utltlff tlJY!fl'Utl-:Jtnflfl!!1J':iH'\JY11JJ'U1 
I J/ I )} I "' ., 1 0 ' .c!I. Q.I QI QI O 4 4 .a '1 

fl1tl'Uflfl (Osmoconformer) 'I.IW::'VlmrW '\J'\Jl'Vl::rn !!YIIJJflffJJHfffllJ'U7'Vl::rn1'ilt1'il1-:J l1':ifl!JJflflf.l u 
~ ,, . ,, 

il lfl 11JJ!~JJ~lffllJl'j tlfl11JfllJ i ,r 11 ':i -:ii 'Ut)tli1' LJJ~fl l 'U 1i'it1fl ff-:Jfl1l'W 1fl1f.l'U flfl . ~ 

"i ,, "1 : d ; & ' "I d' (Hyperosmoregulation) tflf.lffllJl':it1tlg fl '\J'U1fl11lJlfllJYl1M 17 ppt 'Vi1J11 flr;ltl t':ifl un:: 

1 cin~vll 1 u1i'it1fliim':i ,,Jg vuu iJn.:i1l1t1-:i1~n'WflV 'I.IW::~u11ni119rv11ut1t1'U 'il::fl11JflJJ 1 ir~1ni1tl1 
• 

'4 1 1 •1 : d , 1 d & "' 1 ., 
fl1V'\Jtlfl tlJ17'il::tltl 'U'U1fl11lJlfllJl'Vl1 flfl\91111 C)$-:J Lobster 'il::JJfl11JJffllJ7':itl '\Jfll':ifl11JfllJ!!H~'U 

~ . 
ovff 1"~nl.:iuvh~v:: L 'Viffm111ilu~u 1,J l'U':i::t1:: lvrnm11iiY111i1ij ijtJ{lJJu~fl11JflJJfflJrrn • • 

1 ~ _I ~ ~ a. ,A .ci. a, : d ; 
tltlff tlJY'lfl1J':i1flQ'U'U ':i1JJtl-:JlJ Crustacean hyperglycaemic hormone llJtllH'lft)jfl1.J'Ulfl11JJlfllJY'll 

Q.I d o 'JI di a., QI ,- .ci. .a .a .c:i..,- .c::!"I ,1 
tl1tl1~'Vl'Vlll1'\J1'Vl lJfll'j'jfl'lflllHfl'Utltlff tlJ\Plfl flfl ll1-:Jtlfl U1J':i'UC1$ ttlff\91 lfl'Vl (Branchiostegites) 

,:::i ~ ti & QI I ~ a., d a., ~ ~ ,/ O j/ d\'\ <J,/ t I 

1m:: ltll'l L'Vi tflYI (Epipodites) C)$-:itl1tl1!::ll11;17'\J'Vi1J'Vl'U'Vll1n-:inwrln ltl'Vi L'Vi tflWl'Vlll1'\Jl'Vl tfl\91-!IU\91 

a., I I ~ d\11 fl' O <J,/ d"' 'J) A 'J) 1 <i' Q.I I ,1 ?I d ..Q 

':i::t1::1t1t1fl'U ff1'UlllJ':ilJC)$ Ltlff\91 lfl'Vl 'Vll'H'U1VI lflllJtll'Ulff':i!::V:: t'Viffn711 t11t11::mm'Ul1J'\J'VlH'1YI 
~ 

"' .. + + ~ "" "'"i , ,I "'"i "1 lit ,/ "1 ., "" 
ltl'U tC)$lJ Na /K -ATPase WOlJffl'l.10-:J!tl'Vi tl'l fly\ un~U1J':i'UC)$ ttlff\,} lfl'Vl lJ1;1fl'l:IW::'Vilf11:lmm::: • . ,, . ' ,, 
rlrnf1J'l.l'\Jt1-:io0uu dfo1Hiwn11il1ri11m~l.l~11ut11JH1U'il::iim':i'l.lt11vl-i1mnninln~ fl1':i 

Q • 

. i _. + + "" 2+ _ 1d + 2+ 
'Vll-:Jl'U'l.10-:J!tl'U CJflJ Na /K -ATPase fl'ilfll':ilJ'l.10-:J Ca transporter trn:: fll':itlnfll1J1;ltl'U Na /Ca 

A A"j , d' A"j "'lit ,/ ,l I ,'I O j/ "'1 1 I 

1J':il1Wltl'Vt t'Vt fl\,} ttn::UlJ':iWlf ltlff\91 lfl'YI n'-:J'IJ'U n'1'Ull1-:Jflf1 'Vlll1'Ul'Vl 'Ufll':il1lf.l 'illJ1flfl11flfl . ~ ~ 
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,, j/ I 'JI t 1 I 

"I.,. • 1 1 A~ .c::S ... I a a .d.d. ~ Q,I ~ 
91'lJOOO'W'illfl'W1 m1::: 'W':i:::tJ::: 'YHH\111'Wl':il.llJfl1':iIJ':ilf1{)'110-:Jl'WOWO'Yllfltl1'1JO-:JfllJfl1':ifl11JfJlJO 

,, 
• 1 !ii., , 1 ?I !ii ,- I"' ' OO'W (Osmoregulatory tissue) 'Vil 11\Pl-:JII\Pl':i:::tJ::: 'VHH'l11111J'W\Pl'W IJlJfl11lJ'Yl'W'Vll'W\Pltlfl1':i 

_ 1d d .J !ii ., d , !ii 
lIJcltl'WlliJrHfl11:utfllJlJ1fl'll'Wfftlflfl'ilO-:JfllJ':i1tl-:J1'W'llO-:J Samocha et.al. (1998) 'Yl'YtlJ11f1-:J Penaeid • 
':i :::v:::1vi 'W uc1:::1::: v:\Pi11~1rfoijfl11l.lt1\Pln~1-:i 'il1m::: v:::1mfou ti ou1m1 Ofl11JfllJ u 1-:iiu ootY 1lJ • • 
.,. 1 4 1 ,, ; 4 ' t .di O .Cl~ ' 
\.lfl umo,i 11\.ll'tt':itl''J-:Jffll'Ulflltl'Wtlfl (Hypoosmotic and hyperosmotic) 'il-:Jff1JJ1':i0fll'H'Jf1\910~ 

I JI I JI 

i~1ui1-:ifl11lJt~1m11-:i djo~-:io~1ml1fl11m~mh11
1
lunm1-1mvii'tJ,rn1'il:::ijfl1111Y1umu~ml1 

d ~ i fJ/ J. A _IGJ QI l:i ~ , v 'JI : d ~ 
fl11lJl'fllJ\911 fl'U l'W 'll'W I 'U 0-:J 'il 1f1fl1':iIJ':i1J\911'Yl1-:Jff'.i':i 1'Yltl1\.ltlfl11lJl'lllJ'll'U '110-:J'Ulflltl'U tlfl'YI\.IT,H 

1 1 !ii.,_ ' !ii 4 d o, ,1 _,j 
(Hypertonic) fl tlfll':i tltllJ l100 tl'W Hl'Wt'll1-0tlf1'1ltl-:JI 'H-:J Of1'il:::lJfl1':i'YtWJ'U llJlfl'll'UIYW\9101Jff'U t1-:i 

, ''1 : d ~ ~ ~ ~ a , 
\910fl1':i Otl 'W 'U 1'fl11lJl'fllJ\9111 lJ'Wl1"1'W l'W 9$-:Jfll ':i'fl11J'fllJ':i :::1J1JfflJflclOOO'Wtrn:fflJfllllmrnu ':i cu q q q 

(Iona- and osmoregulation) 11'.lum1vi1-:i1ui11Jt1'U'llt1-:Jl'l-'!1on ~OlJUO'Wl'Yl'Utfo um:rl1 ii 1,iv~ 

4 1 i ,!ii ., , ., • !ii d 
ll1-:Jtlflfl11JfJlJ fltlf1'1 flfll':i 'lfWcl-:J-:Jl'U (Active transport pathways) \.ltllJUO'Wl'Yl'W'Ucl 'Vl111'Wl'YI 

,, 

'fl11JfJlJfll':iirnhv~1'W 1m:::ih i /vi1-:i1u'i11Jt11Jll11on '1 'Wfl1':ifl11JfJlJfl1':i~flCJflJ\Jl (Mantel & 

Farmer, 1983) l'lf'U~Vm1u Q-:J'1111 L. vannamei 1:::v::: 1'Wffm11 'il:::iju'\.lnmrn1vc1,ic1-:i1rlmhitJ 

- I ., 1 !ii '1 : 4 !ii 1 - I ., ,1 .:, d I 
u11Jt1mvt 110~ 'W'Wl'ilfl ( < 1 ppt) m1:::v:::nm 'Wfll':iu':i1Jfffllvt'Wl'U'll'U (48-72 "ll'11m ,im1 

32-40i11m) (McGraw & Scarpa, 2004) l'lf'Wt~tl1tl1J ~ Arma.ses roberti 1:::v:::mm 1"tJ1 mY-:i 
' ' ,, 

c1on'fl'n1J 'il:::mvmv1u 24 i'11:u-:i Ol\]fllflilou~witJ~i.h'fl11m~:u :5;3 ppt u~ti11ijm1tJi'1Jmnvt 

U1J1Jfiomrlufiovhl'il1n'fl11m~lJ 25 -:5; 3 ppt hw1~nm 61u 1rlum1i1t1c1flfl11lJt'fl1t1fl'illfl 

m-:iiuoou 11J~n~1tJ~vuutJc1-:i tJ'il:t111111ovf~m1i1ih:::v:1Pi1tJ (Crab) i~ 1rn:::mm100£li~~ 
cu cu cu cu 

d ~ t 

fl11lJl'fllJ\911f111 0.2 ppt (Torres et al., 2006) 

'1umw~ff\911~0-:Jli:-tiwn1Jfl11lJl~lJlll~ff-:ilJ1f) 1110~1lJ1fl 111tlff\.l'J~0£11'1Jl'll\.lJ1iu 
u ~ ~ 

J 1c1-:i~ -:itl1~ 01ffvociijm111.J~vu u tJc1-:imn ff \.I 1mh.1if ,1:::ih :::111Ji' n111fflJflc1 ootY 1 JJ~n~u\.ln~1-:i 
~ . . 

'J/ I ,, I JI 

f)'W iiJ l<Jf'I-J llfllJYlvtafl'Ul;fl Gammarus tigrinus dfood'1umhl1vmm1tJu1ilolJ'IJO-:Jlflilt1 (Salt-

polluted rivers) ffllJ1':iOfl11JfJlJfl11lJl'UlJ'UlJ'lltl-:J flclO'ilJ icUvJ\91 vJoinvJ~ 1CJft~tllJ 1vtU'Ylffl9ftlll 

lllJfl'Wtt}ftllJ Ui'\:::11 flcltt}ftllJ00 OlJ '1 lJtilOfl i ~ 1 fltlfflJJl':i O'YllJvltl"lf1-:Jl1"1~fl11lJt'\JlJ'U'U 'IJ0-319ft~tllJ 

uc1:::'fli'I01'Wff-:JlJ1f) (> 380 mmol/l) hwi1mm1i1J 191'1~tllJHcl:::fli'\01'U'ff1lJtfl'UOOfl'WtlfltCJ$cli'\ 
~ 

"'1 ,:::t Q,I Q.I ~ ,,1 ... Id ... I d d " 'IJW:'YI 'YtU'Ylffl91'tllJ'il:::':ifl111':i:::~lJ n ~t1~1Jfl1':it1Ji'ltl'Wlt1Jcl-:Jl'Yttl-:Jti'lfl'Wtltl (Koop & Grieshaber, 
' ,, 

2000) t"lflJt~tl1f1lJUOlJ~'Yttlfl Gammarus oceanicus dfoi.hitJtJi'11fffnvt'11Jf111lJtfllJ'U181::i1J 
,, 

4 I o, 1 .,_ '1 4 '1" I 0 
flt) 5, 7, 14, 20, 25, 30, 35 trn::: 41 psu ~1JJ1'il:::rl11JfJlJU'H~'UOOff lJ\.lflflltl lJtc\O~ l1'c,l-:Jfl11'Ul 

d d: Id d I 

flltl'Utlfl (Hyperregulated) 'Vlrl11:UtfllJ'U1 5-31.5 psu i'\'1'U'Vlr111lJtfllJi',l-3fl11 31.5 psu 'il:::rl11JfJlJ 
' ,, ' 

m-:iiumJff ilJ~mnv'1u1~0,1 'lif\oi1n11ll1mvuon (Hyporegulated) i~vvir111lJtftlJ 31.5 psu t~lJ 



28 

. y 

'il~ffllflrt II Hi'\.JOOff ilJ~f)fntJlu1itof11 ir1vi1n'IJ'Ulflltl'\.JOfl (Isoosmotic) flOO'\.Jtl')lJ l 11rul '\.J 
• • u 

.a .a d d .cl .cl "I ,Id _ td d : jJ 

1mm fl'O itJfl~tllJ llflclltJftllJ UlJf)'WltJftllJ llcl~flrtO rm llfl1'.il1Jrttl'\.Jll'l.1rt-:i1Pllllfl11lJlflll'\.J1 tlf)l1'\.J 

1 .ct .ct _ 1d _ I .ct d '1 o .., _ I 
t'YHl'YliY!tJftlllllfl1'.il1Jrttl'\.Jll1Jrt-:JIVW-:Jlrtfl'\.JOtl (Normant et al., 2005) ff7'11'.i'U\J Hemigrapsus 

..,d..,.k.., "I :,1: ' "'' 
edwardsii llrt~ H. crenulatus '.i~tl:IP1111Plll1tl9f-:ifllfftlfltl t'\.Jl'IJIPl'\.Jl'IJ'\.J'\.Jlrt-:i Yl'IJ11ffllll'H'l01fft10tl ., ., 

i$\l utl1i1-:ifl11ll1~m111-:i1rn:fl1'1.JfJllll'.i-:iiuflflff ill~n l m~fl~ l irt1-:in11tl1mt1ufln i~1tlumh-:i 

~ (Strong hyper-osmoregulator) (Taylor & Seneviratna, 2005) Neufeld & Cameron (1994b) 
' y 

llnt1'1.Jlnt11J~ Blue crabs (Callinectes sapidus) lijfl'Uli1.hH''I.Jfffl1Yll'\.J'Ulfl11lll~ll 2 ppt llrt~ 28 

ppt Yl'IJ11'11"'-:irtflflfl'.i7'1.J 1 i'1 im fl1Pl'.ilfll'.il~J1 (Drinking rate) l~lJ;fuJ-:i 2 '.i~~'IJ u~~~fl~lu 

: d ,=IQ.I v: I .Jz 'J)'t 'J) ,, ~ ~ : CV d 
u1fl11mflllff-:JllO\.l'.ilfll'.il'lfu1i1-:in11 9f-:Jfl1'.il'lf'\.J71'1J7ff'.i7-:ifllt1flfllu'\.J 2 lu 3 'IJfl-:iu111unY1 ., ., ., 

' y y 
a. ,e9 IO 'J) 11 I I ,a I ~ d j./ 

l'Vfll'IJ'\.J llrt~Yl'IJ11'\.Jll'U1\1'.i1-:Jflltlf-tl'\.J'Y17-:i Midgut gland lllflfl111'11-:i't>fl ff1'\.JIJffff71~llfl1'.iff'.i7-:i . ,, ,· 
luo1P1'.ilnlm\'1fit1-:itiu'.i~'l111-:J 0.5-1.0 ml/100 g/h ;1ir1~u-h ~flllll0'\.Jl'Yl'\.J'Wrtijmhn1~t1-:i 

d jJ : CV 

lrtf)'\.J 0tl l '\.J fll'i fl1'1.JfJll '\.J 1 l '\.J '.i :t1:'11rt-:ifl1'.i rtflf)fl'.il'IJ 

.J fJI p : .a ,A 161 : .a a : d 
'IJW:Y1q-:it11llfl';illl'\.Jl'ilfl Macrobrachium rosenbergii lllflfl~ t'\.J'\.Jl'il~l'!'ifl'\.Jlfl11lJlfllJ 

• J/ ' ,, 

~7 'il:i'mn'.i:~'1.Jflflff illmil~lut~fl~ lirihh 450 mOsm 1jjmHiqJti1J'Wlfl17lJt~ll\l-:i i9fl~tlll 

d .c:t d d I J "i' e.ef d ~ J d d CV .cS Q.I i 'Vill'YI fft9f till llrt~llllfl'\.Jt "lftlllllfll ff-:i'll'\.J \9llllfl0ff tllrtlrt\.l'Yll'Vf ll'IJ'\.J 'IJW~'Ylll flrtl"lftlll t1-:if1-:ill'.i :;~1Jff-:i ., ., 

"I :!!"I , , °t "' d • 'I .,j "' .. _I -=- 'I _1.a • 
l1 tll11'\.J 1.Jlltl'\.J flf)'il: lJfl11lllfllJI 'Yl1 t ~ llrt: lll O'Vf 'ill'.i W 10-:ifllJ'.i ~ffO'IJ 'IJ'0-:1000'\.J t 'W llJ rtOfl'Vi'IJ'll 

,d 1 : .i!i .ci d ?I ti_ I .d.a") d 1' d d d 

lllflflt1luu1'ilfl 1Jllflrtt"lft1lltuufl-:ifl11'.i~Ofl'IJ 25 % 'IJW~'YllJ t9fmt1ll t-Wll'Ylfft"lftlll 1rn~Ullfl'\.JltJft1lJ ., 
.., ,, ' .,j d : ,1 l d l d d d ~ ,1 

'.i1llf)'\.J'\.Jfltlf)11 2.5 % llrt:llJOfl11l.JlfllJ'Wlff-:J'IJ'\.J t"lflfltllJ t'VHl'Ylffl"lftllJ llrt~lllJf)'\.Jt"lftllJt'WlJ'IJ'\.J ., 
' ' ' ... I , .c1 e::1 cv .c:t _ IC:,,, , a. .a 9,1 61 ,, .s 

lJ'.i~lllW 2 tm 'IJW~'Ylllflrtl"lftllltl-:Jfl-:JlJIJ'.illlWl'Ylllflll l'\.Jfl-:i'illfllPlfl-:J t'lflYWfl1'UfJl.lm:'IJ1'\.Jfl1'.i'Y11-:i . 
ff~'.i1'Yltl1 llrt~iilum'.iff!1-:it'l.1i1flfl (Wilder et al., 1998) rl1u~-:i Palaemon djmhi1h.lfmHn'Vi 

y y ~ ,, & 
'illfl'Ulifl ( < 0.5 ppt) i'I.J~-ul'Yl~trt 42 ppt IU'\.Jt1rtl 101'\.J 'Vi1J11 fl-:I Palaemon "lf-:1 i~t11.ln~mfft1 

y y ' 
161 O O I d .a Id a, .d. 1 

o~ t'W'Wll'l~Lmrn~'W1f1'HW l.l'.i~'lJ'lJ'ffl.l~rttmrnu'.i'Yl'Vf~'\.Jl~ (Hyper/hypo-osmotic) ~tlffllll'Hl 

m'I.Jfll.J i"lft~tlllll'fl:::flrtO i'.itlirmiiu'.i~~'I.Jfl17l.ll~l.l'lhumn-:i (Freire et al., 2003) t'lf'\.Jt~t11n'IJ . ., 

~ Ghost crab Ocypode quadrata trlfl-u1i1h:idlufl11llt~l.l <l, 12, 22, 32 llrt~ 48 ppt 1tlu11m 12 
I JI I I 

<i1 ill-:i 1~0offi1Jrt1i!~'IJ0-:Jl~flfl'Vf'IJ17 lm\\i"it1-:in'I.Jtjl1t-W-:i,fomY111rtfl-:i (806-864 mOsm) Ufff1-:i11 
y • y 

tj'lfil~i1"fl111Jffll.J1'.itl, '\.Jfll'ifl11JfJllll 'j-:i~'\.Jflflff ill~f) ff1'\.J i"lfl~tlJJ'il:::fl1'UfJlllir~lf)11'U1 

mt1u flflmnni1t1-:in11tl1mt1u flfl rl1u i'Vf u 'Yl~l9f t1ll l u1~flflrlflW~1-:ifl-:i~lJflfl'lllltfill 'IIW~~ 
• y 

111Jfl'Ul~tlll'il~fl1'1.Jfllll,r~lfl17lhmt1'\.Jflf) (Santos & Moreira, 1999) . 
y 

'\.Jflf)'illflilluu Blue crabs (Callinectes sanidus) 'Vf'IJ11 O\91'.ilfll'.iflflt}flJllflrtl~tllJ llrt~ ., r ~ 

t:\ ~ j} A ~ ,% IOI j} ~ .c:S G) : 
YI ff'Yll-:i fll'j t fl rt fl'\.J tlltl'IJ fl-:i It fl rt t C)f tllJ 0 fl fl'\.J 'IJ'\.J fl tlf)'IJ fl 11:iJ t 'IJ lJ 'II '\.J 'II o-:i ll fl rt I C)f tllJ t '\.J '\.J 1 ll rt~ fl 11:iJ ., 



29 

• ,, ' ,, ' 
ll\,lfWll-:l'\lfl-:lfl171Jl ,r11,rium mci}om :::1111-:imo l u 11-:immrn:::il1mou flfl dj trndl u il1viiifl1111 ., ,, ,, 

V V ,,. ,,. ,,. 11) V ., ,,. ci o 

l'\J1J'\J'Wllflm"ll't11J"J-:I (6 mmol/1) umu"ll't11J'il:::1Jfll'.i mm'\17 '.i11J'Yl-:11Jfl1'.i~fl"ll'lJ'illfl'W1 ur:i:::m'.i 

imht1iij 1fl'.il'il'Wflflfl'W (Apparent H+ excretion) lvi1J;1'W 50 % ll9hrlfl~lt1i1fogluil1~iif1111J 

l,r1J,r'Wllflr:ll9ftl1J~1 (0.10 mmol/1) llflcU9ftllJ'il:::iim'.i i11r:iflflfl lu,tJ1111on.nn i,.mmrnflCJflJ ., 

llfltlltJft1mnml1 '\ltu:::~fll'.i'U'I.JOltJ iij 1 fl'.i l'il'Wflflfl'WV-:ifl-:1~11i1u9ifl i ,tJu9iiiD\,l'.il~r:i,1r:i-:i ~-:l'U'il::: ., 
V V d "" , <!I , Vd • _ I a V V 

f11'1.Jf11Jf1111Jl'\JlJ'\l'W'\lfl-:lllflcU"ll'tl1Jflff'.i::: 'Wlr:lflfl l11Jfllu'.i:::1Jltu 8 mmol/l llJ'Elfl111Jl'\llJ'\l'W'\lfl-:I • ,, ,, 
llfltll9ftl1Jlmhmt1'Wtlflll'llf)'I.J 1.4 mmol/l l1rfl~-:lfl11'U'W u9ifl111Jl,rlJ,r'W'\lfl-:lllflr:ll9ftf1Jflff'j:::lu 

' ' ., ~ Id ~ JI 'J} .d , o I o, 

n'lflfl'il:::r:i,1,mJ1flij'YI 5.6 ur:i::: 4.6 mmol/l llltlfl111Jl'\J1J'\l'W'\ltl-:lllfl"19W1J 'W'Wlflltl'Utlfll'Yllfl'I.J 0.25 

o a., d lfl 91. _ 1 Q.I d Q.I a 
ur:i::: 0.10 mmol/1 \,ll'l.Jr;llfl'I.J 'il:::ll1'W lfl111J blue crabs (Callinectes sapidus) '.i:::t1:::\,11l\,llJ1tl llJtl 

,, ' 
il 1m,tJi' 'I.J ff fll'W l ,r t1dl 'U il1fl11m~rn,h 11:::iim1 fomf1111JL,rmi'u 'llt1-:I Ufl r:i 1cit11J l ttiim1 ., 

d - • ,, ,- , ~ a., .J 'JI e:t ... 1-C\ 
l'Ur:ltf'Wll ur:1-:l'W tltflJlfl 1fltfltl 'W 1:::t1t11-:ltl-:ll1r:l-:lfll'j r;lt)flfl'.il'I.J C)j',:j\pl t),:jfll'j llflcU9W1Ju'.i1J7WlJ1fl 

o a., '1 .... ~ , I Q.I I 'J} ,, .c::I d , ~ Ji ~ 
ffll1 'j 'I.Jfll'.iff'.il-:llur:I tlfl l11J ur:i:::tt-:i'W 'I.J11fl111Jl'\J1J'\l'W '\ltl-:lll1Jfl'Wl9ftl1J 'Um tlflr:lflr:1-:1 llltlt'rllJfl 111J 

,, ' 
l ,r'l.J,r'W '\ltl-:1 llfltllt)ftf'l.J, 'U 'Wlfl ltl'Wflfl l"fl'Vi 'ill'.i tu TU11J1W '\Jtl-:lll1Jfl'Wl9ftf1J, 'Wl 'U~tlfl'U'W'I.J11iiri1 ., 

' ,, ' 
1vi1t1'W\,ltlt1flfll'.i'Yl~tlt1-:i u9i ff flff1'W 'llti-:iu1Jni11CJftJ1J9itiur1r:i19ft11J ff-:i 111n 1ijt1,tJodl u 'll 1viiir1111J ., .. ., 
,,,, ,d; l!J)d,.c::1 ad d d a<C\ 

l'\JlJ'\J'Wllfltl19ftllJ\,ll ll ff fl-:! l11 l1 'W 111.l fll'.i ff:::ffllll'l.lfl'W l91'tf1Jll 'l'l'W 'l'lllflcU9ftf1J llJtllflflfll 1::: '\Jlflllflr:l'W 

llfltl19ftf1J (Neufeld & Cameron, 1994) 

I J/ I I 

lll 1il~lil 'W ti-:it,tJ1 :::nti'I.JTI iYlftt\J l 'W 1 m-:ifff 7-:ll'U~flfl 1rn::: 1 ii t1lVt1TI cit1u ~ 1J (Soft 

tissues) l'lf'U f111J:::t.1'W (Sulfer) lu l'U'.i~'W u-:in:::i1 (Zinc) lu Carboxypeptidase (Metalloprotein) 
,, 

nm,-:i 11'.lirn-:it,tJ'.i:::flt1'1.J1111 (Cofactor) lulo'Wi91'tl l1"1tl'll"Ufl l'lf'U fltlfllil'Wvlt1ffvl1191'1' 

I d bJ j},d O 'J} d, 
(Alkaline phosphatase) ll'.i1i19J'l'lc'l:::mv lflfl (Ca, P, Na, K, uri: Cl) 'il:;'l'lll1'Wl'YI 'U'.i:::'1.J1JffJ.Jfjr:I 

' ,, 
lfl~md 1:::11i1-:i11-:imt1ff\,11tl'I.Jff-:lll1fl~fl1J 111Ji-:ii'mnff1Jf,Jr:lfl171J1r!'Umft-~1-:i (Acid-base 

' QJ' o' ~ .d Q.I ' Q.I ,d ~Q.I 'j/ .d 
balance) 1rn:::f1111J911-:lfffltl'\JO-:ll'UOWO (Membrane potential) 'U'I.J11tl-:lfl-:llJ-:11'U'l'ilV'Wflt11Jlfl'YI 

I I J/ J/ 

1f1tl1t1'1.Jfl111J~tl-:lfl1'.illl1i1~ (Dietary mineral requirements) '\J0-:!fli'ff19119fV'U'¥101fftJ1'U'Yltrn i-:iil ,, 
Mendes et al. (1997) 'W'I.J11fl111Jl,r1J,r'W'\J'tMll11il~llTit 1r:il1tl1'Ufl i-:ii1tio 191'1~t11J 

' ,, 
1'Wll'Ylffl9ftl1J llfl"19fV1J ll1Jfl'U19ftl1J 'YIV-:lllfl-:1 U-:!fltff m~fl llflflliit1mm:::91:::n'l l'W91'1.J fltlllJlUV 

' ,, ' 
t j/ ... I~ 'J} \I} Id I a., d d. d 

'1'1'W'YIV-:I (Abdominal muscle) 1m:::1ut1Vfl'\JV-:lfJ-:I P.californiensis 11J1Jf1111Jll91fl911-:lfl'U11Jtllc'ltl-:l'l'l 

fl111Jl1'Wlll'U'U 4, 8 Ur:1:::10 911~'0911'.il-:ll'l.191'.i 
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111om':ifffl'j,j 1vru11ffn 0u\.J YI~ v1h111mhflt\jlPi 0m':i, ~f-!ff111 \.Jfl7l11':i vf-:i~-:i1J l~Ylt 

(Semi-purified diet) umrn7l17':i~f-lil911\.J 1H-:i7\.Jtl911:fll1 mm w1111 l\.J ml1n~-:i1J!irnf ~,j1d . . 
ti " • 'I 'J)'J} Q ~ "i' d QI 

1i1~~~11ff111J':iW (19.5% 107) ,ig:ff-:JHcl ll'lfl-:J P.japonicus nl':it\Jl911J 191~1170 llcl:::tl\Pl':i1fl7':i . ,, ' 
.Q. .Q. ,. 'J) a., I I QI .c9, d 'J) d .. l Q 

l 11':i t\jl911J 191'\Jfl-:itJ-:i1t11 \.J L. vannamei 11:::cl~cl-:it1t17-:J'lf~l,1\.Jl1ltllc\tl-:i~1t1ml17':i YIIJ':i 7ff117flfl7':i lff':i 11 

mfimd (Mineral supplement) ( Castille & Lawrence, 1989 ~7-:J 1~t1 Davis & Lawrence, 1997) 

~ "I lq'1t d I ~Id I j) QI d .di j/1 o., ti: 
m111U'W 1 iJ ,~ 11 t 1-J 07l17':i 11m 1i7~ 1111l'W-:JWt1\Plflf11111\Plt1-:Jfl1':i 'llt1-:im ff l\Pll'lftl\.J rt-:iu1111i1911\.J111::: 

QI I ' :e1~ d 
ff7111':i m lJ U ':i 1i 7 ~ lJ 7-:Jff 1'W 11 lfl'W 7'Yllcl ti-:! fl\Pl 711 

I ._, 

1. U1fi7~'t'it'Hl (Macro Mineral) 

1.1 Uflmtvm.m~z-rlat11fot« (Calcium and Phosphorus) ,, 
tJmu<l:::n-:i ff1111rn~~ci1111111i7911J7-:J'lfu~ 111ntl1 1'liu UflmCJft111 t111111:::w1Jmrn~ci111 

q cu q qJ ,, ,, 
l1-:Jl111~l1~tllJ7-:Jff1'W117fl'U7 (Desshimaru et al., 1978 ~7-:J 1~t1 Davis 1m::: Lawrence, 1997) ~-:i i1.1 ,, 
~111'1m~t1-:Jlffl1lllflcllciit111l'Wtl1l17':il~tl-:Jfl-:i L. vannamei (Davis et al., 1993 ~7-:J 1~t1 Davis & • 

JI JI I " JI I 

Lawrence, 1997) ll~1J7-:Jfli'-:JW1J11"1911'W7tl71lijfl7':i'\11~llflcl!CJftl11!lfo'W71 tJ1~t1-:i 1'W'U7TI,jfl1711 

1,m!'W'lltl-:Jllflcl!CJftl11~7 (Robinson et al., 1984, 1986, 1987 ~1-:i 1~t1 Davis & Lawrence, 1997) 
,, . 

I ., dd d 'I ,. ii .I"" .I 
Perry et al. (2001) vtlJ17 'lf\.JYl11fl7'iff:::ff11llflcllciftl111'W 1fl':i-:Jff':i7-:J'\Jtl-:Jl1Jcltlfl1J 

I 't ~ ' ii "'1'1 ii d 
Blue crab ( Callinectes sapidus) ff1\.J117fl117117fl'W 7fl7tl\.J tlfl llJ'W ff1'W'W tltlYI 1 ~ 117flfl7':i lfl1Ji1'::: ff11 

11'1\.Ji1~ 1~mrlt1t'tt~cltlflfl':i7'Ut'WJ7fl17111~1112 ppt ~,jfll'jcl~':i:::i'Ullflcllciit111 ( 15 - 136 mg/I) 
d 'I y., cl ., .I"" y Ji y y d 'I : Ji 

11~11 Hcl 1 l1 tl91 ':i 107':i ll'\J-:!911'\J ti-:!! 1Jcltlfl'lf7cM111tlfl11111 '\J11'\J'W '\Jtl-:Jll flcllciftl11 1 \,I 'W 7cl~cl-:J 1rn:::mt1 ,, . ,, 
1mt1rnvit11Jm':it~t1-:i~"V11.'hr111111~11 5, 12 1m::: 25 ppt 'jg:l111-:i11muciit1m~i1JtJn~ ( 54,139,281 

I J/ JI I 

mg/1) Ucl:::cl~':i:::irn1flmciit111cl-:J {40, 42, 43 mg/1) vt'U17 ~'Vll~tl-:Jl'W'W7YJ:::m'Vlijfl7':icl~':i:::i'U 

d d .d . I"" ,d ,1 cl 1'! y., , . I"' 'I 't cl 
Uflcllciftl1111:::11':i:::t1:::!1cllYll1Jcltlfl'W1l'W1\.J'\J'W tl'l'W l~'lf~l11'W 'W1J'Ylcltlflfl'i11J 1'W'W7fl17111fl11 25 ppt 

~ih~i1Juflm;mJ~1c1-:i 1~t1~11dh:::v:::11m~1tJtit1nil11v111-J11-Jn11~r111111~11 5 1rn~ 12 ppt i-:i 
' ' ,, d d. a., -.I A d CV d .d ,, g,/ d 61. o 

n 11 fl m cif vm::: ~ 1JIJ mum::: lJ m ':i ,m 'i::: m.J Ufl cl I cif tllJ t 'W t1-:i 111n fl 11 lJ t '\J lJ '\J'W '\I t1-:i u fl c119HJ 11 1 \.J \.J 1 m111 

1~11 25 ppt 1rl0cl~':i:::irn1flm~t111cl-:i (43 mg/1) ijfl11lJll91fllPi1-:i117nn1Juflcllciit1mg:i1JiJn~ (281 

mg/1) ~t-:i~t1,:iij fll'i tJi' 11i 11~ 0fom'i~i'U'lJ'tl-:JUflcllCJft11l l 'ttt1dt1-Jm1g:fflJ~cl 'Vil 1 'tt'i 'Ufl1\.J 

d QI ... ,~ " 'j} d 1 d d O QI I j/ ... ,.a 
fl'i::: 'U 11-J fll 'ill '\1-:J 911'\J ti-:! l lJ cl tlfl ll ff ~-:i 1 l1 ll1 'W 17 U fl ell C)f tf 1111 fl11 lJ fflflt\J 117 fl\Pl tlfll 'i ff 'i 7-:J I IJ'o tlfl'\J ti-:! 

i11Pl1t1-Jn~1Jr1fm911;a1-J 
)/ JI I )/ ,, 

i-:iu m':i rri11t1~117tlHlrlcll9ft111 t'W t11l11 'i ,i:::117n~t1t11'Vit1-:i 1 ~ir 'W;j'W t1Ufl'U .. 
tJgi11.nfon {Interact) ':i:::l117-:Jff7':itlll11'it'W "'] l'lf\.J vlt1ff<tfo'iff 117flfl17fl17lJ~tl-:Jfl7rnflcllC)ftllJ 

1vit1wu1~1~t11 t'Wtl1l17'i l'lf'W~.vtlJ17tlll17'i~lffl11vltlfflfoi''ff 0.93 % (0. 77 % EPA; Estimate 
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,, ,, 
available phosphorus) 1flt111h-c1'llJUf1"19ftllJlV.tl.:J'Vfflfl1'tt'fofll'Jlilt1.:JQ.:J L. vannamei •hJ'U7fl17lJ 

d ~ l'1 ~ A cv d ~ 
lfllJ\911 2 ppt U\91Clll'VilJfil'il1filJ'Wtn'l''WO'iffU-O::UmHC)l'tllJllJ'U 2 % (1.22 % EPA) U-o:: 1 % 

1Pnmhi'I.Jvm11 Q.:Jihn'it'illf.lJl~'I.J 1\9l~~n11 ~.:J'il7f1fll'i'Ylfl-OO.:Jl'f'I.J17f17'itff111-womfoi'ff'lirnrn1'i 

el 'Q.I Q.I d dd ''l I "' ... , 'JI 
'U'UOQf11J'i::fl'I.J'IJO.:JUflcUC)l'tllJ'YllJtlQ 'Utlll17'i (Cheng et al., 2005) l'lf'Utfltl1f1'1.J 'Ufl.:J P. monodon 

'i::t1~1tl'i'Uf17'ilffllJ'Wtlff'W07ff 0.5 % 'luml17'i 1flt11l-itff11JttflcU9ftllJ vh 'liti'.:Jflf17'Jl'i11f.1H~1J 1\91 . . " 

~f1171~t1iif17'Jlff11JUflilt9ftllJ'j11J~1tl (Penaflorida, 1999) ~.:Jt1fl'ff1'1J'lltl.:J Ufl'ol9ft11Jl>iO'WOffTI07"1 

~I ff11JcM 'lu 07'1-'il'i~ tl.:J~'il l'i w 70.:J'U1 mwu 'j 1i1\9'1Ul>i'1~i1~ihiv'l 'IJ OTttl'i fll'j lff11JUf1'119ftl1J1Jlf1 . .. 
"' "I. I "' 0 , 'JI 'JI "' 'JI . .I .. I ., ,1 • 'l 'JI 'JI ,% ' 

lfl'IJ rn'il~lJ ~c\'Yll 11fl.:J1lfl171J\9'10.:Jf17'jnflffnO'i ff1llf1'1J'IJ 'Yll 11'i7fl707117'i fl.:J~ .:J'IJ'IJ Uc\~ fll'ilff .:J~c\ 
,, ,, . 

\>iorjWflll'f'lltl.:J'Ul tflflf17'JU1JV.:Jf17'i'U71;1l'i07117'ii1fl'IJ 11u'liu'i~ 1t1'lf1J (Cheng et al., 2005) . ,, . 
l'WO.:J,llf1 'luUl1i;l.:J'Ul1i'J'jlJ'lfl~flu1mwTIOff'tfoi'i11vl1 mrnfl9f1JTiml'Tit17ff'lltl.:Jff\911 .. 

iJ JI JI I JI 

'U7117f1'U7ifll1~0'U7t~lJ 1fltll111ua.:Jii11it'Vftl.:Jl'f0 (Cuzon et al., 2004) ~.:J'U'IJTIOffTIOi'ff'l'Uml17'i 
,, ,, 

ff \9'11'Wlf .:Jiifl171Jfl1fif.lJ t1Jtl.:J ~'Ul'f 1J17fl7 fftlP!t9ftl'Uiifl17lJ~tl.:Jf17'jTiflffTI07 ff'l 'IJ07'1-17'j 1-2 % 

(Kitabayashi et al., 1971; Deshimaru & Yone, 1978; Kanasawa et al., 1984 a1.:J 1flt1 Davis & 

,k I • I ,k 'JI •• I .. I ... . I . 
Lawrence, 1997) C)l'.:J~.:Jf1171JnlC)l'.:JIP!t1.:Jf11'int1ffnfl'iff1J'i~1JlW 0.3-0.8% (National Research 

'JI 1 . ,s ... 'JI ' "' 'JI Council, 1993 tll.:J fltl Davis & Lawrence, 1997) ri711'i'I.Jfl.:J L. vannamei l'f'I.J171Jfl171J\v'IO.:Jf17'i 
• ,, JI ' ' 

TIOffTIOi'fft1Q'lmh.:J 0.35-2 % djot~t1.:J'l'IJ'Wlfl171J1~1l~7 (Cheng et al., 2005) ff71'1-1~'nQ.:Jflfl17lJ 

'JI . .I . .I ., .A 'JI • dt 'JI , 'JI . .I . .I ., , 'JI . I"' 
\vi 0-:Jfll'j TI Offn t)'j ffff .:J l'IJ tl.:J ,llf1f1.:J ,lll'U'IJ\v'IO.:J 'lfntlffn O'iff 'IJ fll'j ff'j 7-:JI ll'1 Of1\vlc\Ofl 1-:J ,l 'i mrnon .. . 

'JI 1 , 'JI d, 'JI • .k "' 
fl'il'I.J Cazon (1982) 07.:J fltl Davis & Lawrence (1997) 'i7tl.:J7'1J11fl.:J'Yl 11110tlll1J'1.:JfJC)f.:J1J 

.J .J GI ; Oj d o , 'J/ "' "' 1 'J/ GI , 'JI ,k 
nOffnO'ifflvll 0.7% l'U'IJ07117'ilJ~c\m 11f17'il11H1JIIPl'I.J \vlc\flc\.:J ff0flflc\tl.:Jf11Jf17'j 'lfOlmrn.:J 

~ dd.::1 a., a., d j/ O , ,,.,. 

'I.J'HfV11iV11J'i::fl1J'WOff~tl'lff 0.41 % Uc\~ 0.56% tc\tl.:Jfl.:J L. vannamei Uc\~ P.japonicus 11::m 1111 

fllvl'i7f17'il111f.lJl~1J11v1clflc\.:J (Civera & Guillanme, 1989 a1.:J 1flt1 Davis & Lawrence, 1997) 
,, ,, . 

u flfl 111nilfl1111 ~t1.:J fll'i 'llfl.:J'W off'Woi' ff 'l u ~.:Ju.:J,i1Jt1Vt1'1.Ju1 mwu -i 1i 11v1fl1J 'l u OTttl'i . .. . 
~1tl l'lf'IJ Uflc\t9ftl1J Uc\:: 1l'fUVlffl9ftl'lJ (Pan et al., 2005) ~.:Jf11'JV1~'1tl.:J~'lio1v1'JTtY1'1J'i~H17.:J 

d. ... J ... J QI I O , 'JI j/ QI I ,:::f, ~ A 1 
Uflc\lC)l'tllJUc\~l"IOffnO'iff 0.56 \vltl 1.10 ,l~Vll 11f1.:J1t1i'IJ Hormarus americanus 'lJf17'it'il'if.lJl\vl'I.J \vi . • ,, 
~111nff'~ rl1u1~mrlu t.55 11 ~ omnn11,i~ih:mvi1 'l tt' m'i ff! 1-:J I ui1t1n-i'umu 1flfi1~1ficl~flun~ 

1flt1i11uo1v1'ilff1'1J l \>it1 1 iifl171ltm.n::ffllfl7117'1.J'li'lum111'iQ.:J P.japonicus (Kitabayashi et 

'J/ 1 "' d al., 1971; Kanazawa et al., 1984 tll.:J ~ti Davis & Lawrence, 1997) fll'llff'ilJUflcUC)l'tl'lJ 0.34% 
,, 

'lltl.:JTitlffTIOi'ff,1~u1JU.:Jf11'j'Wl iu'l ~1h:: 1t1'lf1J'lltl.:JTIOff'WOi'ff'l 'UQ.:J (Phosphorus availability) 
,, . 

~.:J'U'IJ'i::fl'I.Jllfl'11;tllJ'fl~illJ'l'IJ07117'i 1J.ifl1'iln'IJ 2.3 % 
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0 Q.1 jl Q.I ' ~ i 
ffll'l'.i1.Jfl~'\111 L. vannamei '.i:::tl:::1tlllJ fll'.itff'.ilJ Calcium phosphate monobasic lJ ., 

Oll'll'.iilll~'il!,Ji~vi..roQilJruvhnrvhifrrn~'ttlJ~ 0.91 %, 1.05%, 1.18%, 1.33%, 1.48% m,::: 

1.63% 'rl1.J11 fll'.itff1lJ'riOff'VhlfffilJOll'll'.iffll'li'1.JQ~'\1111t11lJ~tl'llJ1:::fflJ ftO 1.33% (Calcium 
d,,-=1: Q.I.J.d~ .d QI A 

phosphate monobasic 1.7%) 9f~fJ~lJlJll'llJt1'Ylt'rllJ'\llJ"l~'YI"!~ (Weight gain) m1:::o~'.ilfl1'.iUt'lt1t'UO 

,: ' • I"" V "" • .I • .I "' i ' ' ,1 (Food conversion ratio) ~lfff°l ff1lJIJ'.ilJ1Wtm Url"1t9ftllJ tm:::noffnO'.iff lJ'.il~t11f.l'rl1.J11 ff~'lllJ . ~ 

~n1iJ1lJltUfll'.itff1lJ (Pan et al., 2005) 

fll'.iflll'llJ~fll'.i~f!C)flJ'lltM'VJorrvfof rr (Apparent phosphorus availability, AP A) ,nn 

u YI rl~1~0~1.Jl'lmt1"1$'Uf°l 1 u ti'~1m::: m1 rrw1itt111101 ;o 'ill~ 'illf101l'll '.i r11'j ~ ,i:::-rhmnh :::tfiuimrl~ 
q q cu ti 

, "' <I ' .,;_ V ,k 
ffl'.iOll'll'.i lJt'lf~'IJO~ffl'.iOll'll'.i lftHJjft'lff~'.i m1:::r•mm:::Y11.J~Off~tn~c1olJ C]f~ Davis & Arnold 

., 
(1994) ifimilmrnn19f~ (Chromic oxide) l~lJ~11foi (Marker) 1'1-Jfll'.i'n'ill'Jilll APA '\JO~ 

Inorganic phosphorus tm:::f-Hl'IIO~fll'.it91lJl!ffmqrvlJ~O APA lu~~ L. vannamei 1f1t1ilJfll'.i'YlflclO~ 
., 

livJorrvJofrrlu1iJ1mulvi1~ "l ~~ij 
~ 

Calcium phosphate monobasic 

Calcium phosphate dibasic 

Calcium phosphate tribasic 

Potassium phosphate monobasic 

46.3% 

19.1% 

9.9% 

68.1% 

Sodium phosphate monobasic 68.2% 

'rl'lJ11fll APA 'IIO~Oll'll'.i~li Sodium phosphate monobasic 1rlu1mrl~1forr...Jofrr 

1 ''I '""~ ,s , V 'il:::Omlf°lrl11lJff7lJl'J(lcl~ f°ltl Calcium lactate (50% AP A) ll~ tlJlJIJU.ll'llllJO 'lf Calcium 
~ u 

carbonate (65.5% APA) l'l1tl Calcium chloride (68.2% APA) ., 
t1T:il iiJ'J::: ia'lfl-J 'il1m1r1mqrt1lJU"1:::vforrvfof rr 'il:::Qniruir~ 1~v1...Jt~ff (Phytase) 

. . ., 
(Cuzon et al., 2004) l'WO~'illt1'il::1n11m1iJ1::n0rn.'.ir~,tl'l-J'n iiJc1:::mm.h iu1:::1.J'lJVflt10ll'll'j 1 uti'~ • 

P.japonicus U'1~ L. vannamei ~~i'UQ~ P.japonicus ffllJl'Hl'rl1JivJ1~ff'Wflff'WO'.iff (Phytase 

'I V"l 1 V • V 1 . phosphorus) &fl()~ 47.3% Uc!~ 8.4% 'l-Jfl~ L. vannamei (C1vera et al., 1990 01~ rltl Davis trn~ 

Lawrence, 1997) t'lflJt~tl1f)'lJfll'H91lJl'VJ1~ff 1.5% iuo1Y1l'.i'ffll'lf1.J~~ L. vannamei ,i:::vhi..r'111 

m1iivJt1mfofrrtm:::.i~n:::iY (Davis et al., 1993, 81~ 111t1 Davis & Lawrence, 1997) 
., ., . 

n~i1ri1Y1i'uti'~ L. vannamei '.i:::t1::: 1'rlff'1111 1flofft1't:ll(l~'J:::~1J'IIO~...Jorrvfofrr 3 
• 

1:::i1.J (0.4, 0.8 tm::: 1.2%) ~lff1lJ1'l-JOll'll'j m1:::m111mmrl~~lvi1~tllJ ftO CaHP04, N11iHP04 tm::: 

NaH
2
P0

4 
Y1u11nnn1,i1ty1&lu 11vltm:::mnof1\v!W~1,Ju\vln~1~nu u~il1mwvJorrvJofrr'j1lJ~ij ., . ., 

nnff:::fflJOVluih (Total reactive phosphorus accumulation in the water, TRPAW) ,i:::ijfiT'l~;j'l-J 
~ . 



33 

1rlD1~~'U'llt1-rrhrff•rhii'r1~m·1 rnriJJ~'U tt9itrlfl 1-N CaHPO 4 t1J'Uttl'I '1-!l'IJtJ,l'r!flff~fli' ff~1.hmtff1lJ . ,, . 
TRPAW ,l~~1fl'l1f)1'il~ N!½HP04 tm~ NaH2P04 i,n!u1::imm~umi-:i'llt1-!l~flff~fli'ffvi'il~ 

tilflfl l i ;-!lfl1'i fll 'U-!10-!lflWfil'Yi'IJfl-!!tlltt"~~ -!IU1fli\'fllJ 1 flfl iii11'1tflflfrnfl'i ~'Vl1.lf1'Ufll'i l 'il1Wl~'U 1\91 
• u 

'llfl-!lfl-!I (Velasco et al., 1998) l'Vi'i1~i1~flff~fl'lffl~fl-!I 13 % 1'Yi1\Tuit1.«1iilflUl'Uti!t1t~f.l'llfl-!lfl-!I . .. . . ,, 
ri1uvimilt1'il~t1Jimmn1~D~llml'l'1•nl1 (Briggs & Funge-Smith, 1994 i1-:i 1flti Cheng et al., 

2005) 

1.2 lciJt~tl'J.J h-mrli:rt;f.l'J.J Ut1~flt161'i~ (Sodium, Potassium and Chloride) 

1 C)ft~tllJ 1 Vitt 'VlfflCJftllJ tm~fl"fl h ~ tl' u1111Juu ':itil\91 ~iifl111Jri1tiw9iom ~u1u m-:i 
• u 

. ,, 
ff1'i1'Vlfl1 fll'il~lJ 1C)ft~fllJl1"~ 1'Y'IU'Vlffl9ftllJ l'Ufl\91'ilff1'U 40-43 mmol/mmol "-!I l'U'Ul'Vl~mfl17lJ 

d O 'j/ 'J/ Q.I I d .C::. .C::. e::t~ 1 fJ} .el C!it. d 

lfllJ 30 ppt _'Vll ll'lfl-!I L. vannamei 'i~tl~1fl1'UlJfll'il'il'iqjl\91'U 1\9\fl'IJ'U U\91flllJfll'il\91lJ 1C)ftfltllJl1"~ 

'i "' 1 ., ' .d & • 1 'J} 'JI 1 .,_ 1 ., 'JI 
iVm'VlfflC)ffllJ 'Ufl\vl'i1ff1'U'Vl\l-!ltM 150 mmol/mrnol 'il~'Vll 11fl-!1\911tlfl1tl 'U 2 ffuflll'I trn~m'\llfl . 

'\' d O 1 'J}'J} <> i I C!it. dc:t. O 

llfl"'U t'Vill'Vlff!C)ftllJ'il~'Vll 11fMlflflfl11~ lJflfllflfl'Ufl1111'i (Anorexia) lJfl'ilfl'i'ilJ\911 fll'i • ,, . 
l'il10H~'U 1\9\"fl"-!I trn~mfl (Zhu et al., 2004) 'UOfl'illffUl;jm,J~vmvit1rnrn~11Jn'U'i~l'l11-!lfll'i u ,, 
lff1lJ 1'Y'IU'Vlffl9ffJlJl'U'U1 f1'Ulff1lJ 1mmffl9ffllJl'Ufl1111'iff111i''UQ-!1 L. vannamei 'Yi'U'll fll'ilff1lJ 

,, 
1Vitt'Vlffl9ftllJ"-!ll'Uih (132, 156, trn~332 mg/I) i1i:rn~9io fll'il'il1tyl~'U 1\91, fl1'ifl'Ufl7l'l7'i, fll'i 

,, 

ff~fflJffl'iflll'll'i (Nutrient retention) 1m~om1mrnm11ifo lJ1flfl11fl1'ilff1lJ 1mmffl9ftllJl'U 

flTttl'i 1flv 11'1 N'1~\vl1JJil1mw m11ff1JJ~rrhJ~'U u9iil1mru 1 'ViU'Vlffl9ffllJ 1u-i1-:imv iiiuY1n9i1-:inu 

, It .c::. ct :.a ef91d1'JI ~J: d 
lJ111l~lff'ilJ 1 l'lU 'VlfflC)ftllJ"-!I l'U'Ull'l'iflflll'l l'i 'll'l 'ttl11 'U11 Q-!1 L. vannamei llJflli'W-!I l 'U 'Ulfl11lJlfllJ ,, 

30 ppt 1rn~i1f1111J1,m1t1'llt1-:i 1 l'ltt'Vlffl9ft1lJ 1 t1tl1mm~ff1J m11ff1JJ 1 l'ltt'Vlfft9St1lJlt1fl1l'l11 ii.iii . . ,, 
o?j ')lo,~ d 1,!l .. 'J} 

fl11lJ1lll1Jtl (Zhu et al., 2006) ffflflfl"fl-!lfl'Ufl1'il1fl'lfl'llfl-!I Roy et al. (2006) 'Vl'Yi'U11 llJfl1"tl-!lfl-!1 L. 
~ ' . ,, 

vannamei ltl'W1fl11lJl~lJ~1 (4 ppt) ~-!l'il~i1tl111tl'n~1 {Individual weight) fl\vl'ilfll'il'il1qjl~1J 1\91 

O ,Id ,1': Q.ld~~ .l "" 
'il11Vn~ (specific growth rate) m'l~ tilflWlftl\91tll'H'Ufl'Vll'Yi1J'lltl \1-!l'lltl\vl1lJfl11lJl'IJlJ'\ltl'llfl-!I 

'i "' 1 :d J ,c:!ldQ.I, "i' d '"i' d & Q.I, 

tl'lU'VlfflC)ftJlJ 'U'Ul'Vl\1-!l'll'U l'l'ifllJffflff1'U'IJO-!I t9HfltllJY!fl t'YiU'Vlffl9WlJ "flM C)f-!lffflff1'U'\IO-!I 
I JI 'JI I I 

1C)ft~tJlJ~lfl 1l'ltl'Vlffl9ftJlJ ,J1~mw 28 ~fl 1 'il~n111'1fl-:ivit~v-:i1utl1f111m~1J~1iim11'il1w1~111Y1-n 
• u . ,, 

~ ll'l'i1~11J'Uffflff1'UTilm\'1ifo-:in'Ul'U'Ul'Vl~m,Jn~ ff1tl'iltl-!11'U'llfl-!I Sowers et al., (2006) l'l1J17 

'JI '\' d 'JI , I "' ll)~'J/ 'JI 'JI 
fl11lJY!fl-!lfl1'i tl'lll'VlfflC]ftJlJ'\lfl-!IQ-!1 L. vannamei lJffllJ1'iflfl1i'U1tl t~lfl1tlfl11lJl'\JlJ'\ltl'\lf.l-!I 

,, . 
'\' d "I o, I ') d '\' d 1 o '\' 'JI "I '1 
t'Yill'Vlffl9WlJ l'l'iflfl\vl'i7ff1tl'\Jfl-!I t9Hfltl1J: tl'lU'VlfftC)ftllJ tltll tfltlfl-!l'\111 L. vannamei mmJg 'U . ., 

.c=:i. dA :ii 'j) .c:. 1 a., o .a 

ffl'i"~"ltlflflfl'Uf-lfflJ (Mixed-ion solution) 'VllJf1111Jl'IJ1J'IJ'UtlflO'Ul'Vllfl'U'Ul'Vltml'ilfl'il1-!I (2 ppt) 

: .cl d d ,:::I Q,I Q,I i .c:1· 1 .a 9,1 .d. I ~ 
im~ 1 u t1 rnt mmmrnfl111J1 fllJl~ t11nt1 1~ fl'U'llo-:i il'ltt 'Vlff!C)ftllJ t1 mofl'IJ fl-!! fl-!l'Vl flfl 1 u mrn~mvo . .. . . ,, 
flfl'UHfflJ \vllfli11,jt1fl~lt1th'Vl~1mvit1u 



,,.,,. 
1.3 111.Jfl'l-Uciftlil (Magnesium) 

i1f111'l.l ii1fYtYIPi o~~'YI:: m l-wu~l rJ-wi1~'JbmJi'1J tl'l.J~ mn~ou -:i mul -w-:i1~mu fl11'l.J 

\9'i1~fft1V'IJO~l d'otto t11':i i1f l~l tl~on uc,::mn11~1-u'llo~m'W i CJfl11-rn1u'Jfu fl ti:1-wu-:i 111~~vm 
" . . 

tl!mru ~ ~ lmhVJ::m (1,350 mg/I) 1flu111 itlmi'1Q~uc,:::~vi~1H;11,myl-uY1::m\l::vw1mmilJ 

mmii tciiu'l.Joon ,nt1-:i1~mm ~o l 1ri1m1m ,rll,r'W~1t111J1mu,.,1 on i~J-wti'~'Yl::m~ti u~ l'W J1 • 
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d I 'J) "I I ' .Q -~ I "I d,:::t I ,, d .:::a, .c::), d 

fl11'l.Jlfl'l.Jtl~OUUc\1\l::: tll'IJ1flll':i1i1\Pl'Jf'Wfl'W OUl~ t':itlfl'VnJ11t1~ L. vannamei \l:::lltll':il\l':iilll\Pl'U 1\Plfl cu cu q . ta u 

~qm-nni1t11':iltl1'l.JU'l.Jt1ihciiv1J 1.2 g/K.g l-wm111':i UY1\l:::ijt11':il\l1t\Jl~'U 11Plc\flUOmMmni1m':i 

m·!ummn-w 4 g/K.g i11ili~11 l-wmmrn1':iUU1Jt1i1tcifu'l.logl'W':i:::i'U 0.25-4 g /Kg \l:::rl~r-ic,~\9io 

fll':irn!rut~'U 11Pl'lltl~O~'Yl:::rn (Davis trn::: Lawrence, 1997) Uc\:::U'l.Jt1Ult)f£J'lJU~i1fl11'lJ"1lJ~'W11 nrnt-:i " . 
., 4 • 1 "' 1 " dllJ ,,., ,d,,. ~ "'"' 1'1.1 "' 1i1\Pl\Pl'ltl'W l'Jf'W 'VUl'Yltll"l!'U'lJ flUtl~ L. vannamei 'YI tfl':i'Utll'l11':i'Yl'l.Jfl1':ifl~U'l.Jtl'WlcifU'lJtltlfl UJ \l:::'l.J . . . 

ilj'l.JlW'llti~ 1vm'Ylm;vll1-wtil~ot1flc\lJ'H1c\flc\~ uc,::trlo ltt'o1111':i~~~ 1wu'Ylmciiuuoon iii W'U17 • . . 
A - 1-=rt. d d G) GI O 'J) 1 ,!I 
lJ1J':i'l.JlW'lltl~U'l.Jtl'WlCJfUlJ t'W\Pl'Uc\fl\Pllc\~ (Davis et al., 1992 Ul~ fl£/ Mendaz et al., 1997) Uc\:::llJO 

,, ,, 1 ,, 

l~U~Q~'\111 L. vannamei 1'W'Ulfl11'l.Jl~lJih (4 ppt) fll':iltljlJUlJtlUlciiUlJc\~ 1'W'W1Ufl1111~1li:lt.1 

nit1~,i1mrloY1flc\O~ltlj'1Ju11t1i1tcliu11l'Wtl1~1ur111ut,i''lJ,i't.1~U\Plt1Y11~nt.1lmY1 10-160 mg/1 W'U11 
I • I I JI I 

1~YirN11JU'l.Jt1iitciiu'lJ 10 mg/I ih1\Pl':ilt11':i':it1flmv~1qfl uc,:::tj'~viodl"Wtl1viijw,nm,Ym1'W'IIO~ 

UlJflUlciiU1J~1,i:::ut11':i'l1lUl,imt1t111lrltrndl'WJ1~ijfl1l'l.Jl,,,lJ,,,l,IUlJflUlclium1~ O~U"'11fl1':i 

"> "> 1 !JI ') I 1'J I J "' '. I"> "' A ') "' ~ .1 
l,l':iilll\Pl'U \Pl'IJO~tl~ t'WU\Plc\:::fll':iYlflc\tl~'il::: tllU\Plfl\Pll~flt.l U\PlIJ':illlWU'l.Jfl'WlCJfU'lJ t'W\Pl'U'il:::lW'lJ'IJ'W " . 
~ CJJ 'JI did q ': J tJ',;. J' 6l: d ~GI, 

llJtlfl11lll'llll'IJ'W'lltl~U'l.Jtlt.ll9W'lJ rwmff~'ll'W 'Yl~'Wlllfllc\U~ L. vannamei t'W'Wlfl11lllfllJ\Pllffflff1'W .. 
'lltl~ u11t1Ul9$U11Ylflltflm9$£Jll ~mm:::fflJf11':iod~ 3.1 YlO 1 ~~t1'.lt.1"1flff1'W~W'Ulml1Y1:::m (Roy 

et al., 2006) 

I 

2. U'a1il~'jM (Micro Mineral) 

2.1 'tl6-!1Uvl-!I (Copper) 

' . " 
tuo-:i'il1t1'YIO-:JUfl~ijiJ;mru ~1mt1 l 'Wth'Yl:::m ;~vi1 l tt'ti~ i~i''U ilit~v-:rvrnvior11111 • 

" 4 • 1'J. l'I !11'1 "' "' 4 ' 'l " = = = 1 " \Pltl~fll':ilWO'Wl m t'Jf t'W'IJ'U1'Wt11':i'Yll~ffn:::m'l.J lWtlfltl t'l1lflflfl1':il\l':it\jl\Pl'U m~~qfl tll':itlH:i 

" . ~ 
lUtllUtl'illtlfl1':iff::ff'lJU'j1i1\,,} (Tissue mineralization) mi:: fl,Jfl':i':ill'lltl-:Jlfl'WiCJflJ (Enzyme activity) 

flfl'l:iti-:J~ tl-:J, i'YIO~Ufl~l~m ,'J'W tl~fl 1h:: fltl'U'IJO-:J 1111 i CJf Vl'U'W ~~l1'.l'W ';j-:Jfl 1\Plrnrlv1n'U'l11£J,,, • • 
.d'J)QJ 'J).e!l .di (I.I " 

(Respiratory pigments) lt1£11'1JO~tl'Ufl1':iff'fl~lc\tlfl (Hematopoiesis) ':i1llfMfl1':iff~lfl':i1:!:'11 

.c:l ~ • CJ} 

mrnmrn'W (Collagen) trn:::mmff\Pl'W (Elastm) (Cuzon et al., 2004) '111flfJ-:J'lllfl'Yltl~Ufl-:J'il:::W'U 

il!mru'YIO~Ufl~~l l'Wtilitt1t1"11t.1'111n'-:i tilflfl i'U m1:::i1 ,,, V.'U11t11':il\lji\.ll~'U 1\Pl'llfl-:Jn-:i L. . " . 



diets) (Davis & Lawrence, 1997) 1rn::'hJ01'YITHh1,rfuQ.:i P. orientalis r1111hffllJ'Ylt1.:i11,1.:.ih.1 

'U~lJlW 53 mg/ kg (Liu et al., 1990 ~1-:i l\Plf.l Davis & Lawrence, 1997) 

1tJQ.:i P. monodon 1::v::1t1ilJ iJ1mw'llo.:iY10.:iu,1.:.i~1mn::m.Jff1'Yli'um11ff!1J1lJ 

.t:!I .t!I fJ/ , 'j)Q.1 d A O 1 !VA 
01Y111r10 15-21 mg/ kg mi::llJOfl.:i ,11umm1Y11ff11JY10.:.i11,i.:i 10-30 mg/kg 'il::Y11 m.1m1 
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\vlt1UfflJt1.:.J'Y11.:.JfJlJ~lJf1'W~i,J~11vn:::1,11:::'il.:i (Non-specific immune response) (Lee & Shiau, 2002) 

2.2 l'l'itlfl 

1i1~m~niifl11lJff1i'1~~om :::1J1lJ fl111r,rn-rn1~ i 'lllJlJ (Lipid oxidation) fll':i'\11\Pl 

m~fl 1 tJn'.:i 1,Jfltlf.ll''mlJlm!n U~'YllfliimmnlJ i 1.J'il:::iiH"tif vy'h 1 'Hfl11l'illf.1Jl~U l\vl"fl".:i ~.:ilfltl'W'U • u 

1 '1.JQ.:i P. japonicus 1dt1.:i'illfl i ,J1~1Jm11mHm~ i'llirlJ 1rn::: i 1.J"flfl11lJ!ffClf.11'11fl.:imf111flffflfliiin 

(Ascorbic acid) lflf.lJ1 iiJm\'1 i1rn11fl'IJ~t1.:itff!lJ (Davis & Lawrence, 1997) 

2.3 '10fo~u 

lflt1i1 i,Jmi'1 iiiflot1i~111m11.J':i:::1iJu~.:ifl111.1~11iltJ'llt1.:i 1o 1 o~tJ~oir111'Ylt1l'IIO.:i 

Q.:i m11ffl1J'U1mw io 1o~lJ 1 mg/ kg 1tJ01m1 ;.:.iil1~'il:::1vlv.:iwodrni'um11'il!qJ1~u l\vl'llt1.:iQ.:i 

(Davis & Lawrence, 1997) 

cl 

2.4 1AlJ.:Jfl11U\' 

m11ff1lJmM mil ir1 lJ 0111 n ffl'YI i' u~.:iii f1111.1~11 iltJ 1 d o~'il1n111mw111.1.:i milff1 lJ 
,, ' ,., ,, 

th'Yl:::miifl1~1mn (0.01 mg/I) flfll1.:.J'll'U1'1.Jfl11il1111.1.:imilffi111~111:: lf.l'lflJ1tJ11.:.imvff.:ionvuv~ 
' .. 

~1vm,1 ivJ~n (Phytic acid) fl1':ilffllJ1tJ01Y111;~1fltJif.:i~~o~~'ilnw1 01fl1':i'll1f1111-Mfl1'Wff'il:::l'11 

1'Hl\vli'7 nnirlllJ1'110.:.Jl1.J~flflH\Pl'Ufl~ "fl1f.lflOlJIPl1f.lff~ 1rn::O\vl11fl11'Wfl'il:::~1 (Davis & ., ., 

Lawrence, 1997) 

A.cl cl 
2.5 cimmuii 

""'"' "' dt .d dt .. _, i .. "I 1 _, .,,,,,. 
e1rnl'Wf.ll.HUlJ1il\vl'Yll1JlJO-!lfl1J1 :::flO'U'\10.:JlfllJ CJfl.Jfl"\vll l'Yl OlJIIJt11CJfl\Plff ( Glutathion . ., 

.k i .,, = ,1 • !V d· d "I l _, i _, "I_I 
peroxidase) CJf.:JlfllJ CJfl.J'lf'IJfl'IJ'il::'Yll'Yl'IJl'Yll1.J"tJ'IJ &ij fl':il'illJ!UtlHJtlfl CJffl(Hydrogen peroxide) rn 

,, 

1flmh 1mdiilfl lijl'UfliOflfl 1CJf~ (Lipid hydroperoxides) i,J1fltJml\PlUfl"flflijt1i (Lipid alcohols) 

1 m::: 'lhvil ti .:in lJ I CJf" i 'il 1flfll':il'11"1 f.1'11 fl.:i I ,J fl { fl o fl9f I \Pl ff (Peroxidase) hlJ f1'U 1\vl lii lJ fl 'YI 1 'YI ti' 7~ 

~1lJfllJl.J"Vff1::: (Antioxidant) l~flilt1.:intJvJm11vJ~il\Plff1f.lf.111~l,J~1.1~1 (Polyunsaturated . ., 
1 ~ 'J} ti o _ I ti .Q A ... J ~.d 

phospholipids) lJ Wfl 'I'! l.JI CJf"" 'il 1flfl11 'Yl1"1f.l'II fl-!I I lJ 01 fl fl flCJf I \Pl'YI TI (Peroxidative) 01fl11 '111\Pl CJf" 

' "' .<!I • i 'J} Q.I ... l.c9 A ... I ,t:l 1 'J/ Q.I I ,. .c::ld .d 

I\Jf.ll.Jflfl 'Yl1 'YlflU'WrlllJl'llfl-!ll1J"OflH\Pl1Jfl\vl 'W'U11fl.:.J L. vannamei 1::t1:::1f.11lJ'il:: t\vl\Pl'Yl'tl\Pl'Yllfll.J 

fl111ffl1J~ihilt11.1"~ i,J 0.2-0.4 mg /kg flU1~ i':in~tlJ01'Yl1':iff11~'ili'U'il::'WU11ii,J!mw1-wM'Wtl 

mn 1 i,J"1iltJ1iltJri1lJ'U':i::flt}'UlJ1flfl17 15% 1rn:::fl11 ':i:::1J1P11:::1.:i1dt11ff1lJ9f~l'Wf.llJ!f1'1J 0.3 mg/kg 



tiltM'illfl"UlJ1 lu'1nfluvh1 (Davis & Lawrence, 1997) '\"11J'llfll'Hff~lJ~~tih.1lJ1mnttT'Hhtti'u 

v "' d "' 11)_1 d. ~ "' 11) 11) .t, v .,k 
fl.:J'\.111 L. vannamei 1m.hmru'YllJ1fltfll! rn'il::t'\"llJf111lJtul!'Vfhl'Utl.:J tl! tWl'J~Wltlfl.:i CJf.:JffllJlrn . . 
t11i1Jlt1i~~1m'tt~ffr;l'tt'11t1'l.h::m'J t6Jfl!'tl1 hltn~ CH3se· tr:u'1 iiJ1u1oiom1~t1flCM (Redox cycle) 

• 1 ""' • . I " 11) " "' "' • .I "" "' "' 11).1"' ., "" t rn:: m 11 m~ fll'J 'YI 1 mt1'il 1 fl1t u t1'J t1 t1fl i CJf ~ trn:: t1 t1 fl CJf t~ 'YITI ,,,, 'J t1 m~ t1 l¾\!'1 t1 ff 'J:: rn 'ii 11 nu 'tt 'J t1 

V'lJ~.:imn11Y1u'1~'Ut1.:irnuiCJflfu'1:: 1iJ9iu~ihrYt11 (Wang et al., 2006) 

i.:in::iM'.lu imrvJmwit1f '\.1t1.:irnuiCJf"U'tt'11tl'lfW~ !6Jfl! Hydrogenase enzymes, 

Carbonic anhydrase 'tt~tl Alkaline phosphatase (Davis et al., 1992 01.:J l~tl Cuzon et al., 2004) 

fll'J tff~lJff .:in:: ii1 u t11'ttnijfl11lJ ~11,:lu iil t1.:i 'ill fl ivhwiff 1 u iwit:i~ 1Jt11 'tt l'J 'il::'1~mnh i iJ1i'Ut1.:i 

-&.:in::ii vmf .:inni11i.:in::iiiiJ1iiJ'J:: tt1'irului1.:imm1.:ii1n11lJimfotm.:inurif1lJn11iJ!mru 

'Utl.:J iwirnfl'1!CHt1lJvlt1mvlwi (Tricalcium phosphate) iJ!mru'Ut1.:Jff.:Jfl::ff1u\Pi1J (Hepatopancreatic 

~ ., I ,f dl ,, ., "' ,,l "' 1 .,k ll)_J O , ,,_ I"' 
zinc) 'il::tuuwi11J.:J'lft1.:Jfl11lJ\Pltl.:Jfll'Jff.:Jfl::mrrntff'JlJ'1.:J l!tll'ttll CJf.:J m!Wlff'il::m 'tturn1ru'Ut1.:J 

.i"ln::i11u\Pimwm.:i 1umtll~ijivhwiff 1.s% 1ut11m'J~1i,:lu ~t1.:itff~lJ.i.:in::iio.:i 200 mg /kg 

I ,, J ,,l ~ ll)_lll)V I "'1 ,, ,,l "' 
(Cuzon et al., 2004) UWl'\.11J1l!fll'Jff'J1.:J!l!tlmmuu m t~t1t1HiJm1 l!fl'1 L. vannamei tlJmffrn 

ff-m::ii 33 mg /kg lut11l1l'J l~WiJ'JlrHllflivltwiff (Davis & Lawrence, 1997) 
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OJ d 

' .::I 
tJ't1't1 3 

""""' 0 "" ""QJ 11Wlll'U'Uftl'i1iltl 

1. tlv11't1~'16~ 

,, "' 
1.1 tlf1fJ~'\JT11::U::lHH'YHH.lffA(Nauplius 4) 

,, "' 
1.2 "f1fN'll111::UtCJftflU 1 (Zoea 1) .. . .. 

1.3 tlf1Q~'\111':itUt1JJ9$ff 1 (Mysis I) 

1.4 t}t1Q~'ll11':itU:: i-wff"111 l (Post Larva 1) 

QJ ti ,! • "" 
2. 1tl~ fl fl'iWU'1~tll'iUUJ 

I "' ,( 

2.2 uof!o'Wmfl'\J'Wl~ 3 mm1ffmlJfl':i .. 

2.3 ivmun'1'll'Wl~ 15 ilfl1 

2.4 'lf~1::uultt'o1mff • 
'J/ 0 CV Q.I 'j} 

25 1m1ff1tt1ufln"nn~ .. . 
,, ,( 

2.6 nm:i~~m1111ff'W 

2.7 ifi~mo~u-w"~f1flO'W'\l'W1~ 481JJmo'W 

2.8 m::oi~'\l'Wl~ 350, 420, 500 1JJfl'aO'W 

" 2.9 t.J~ffHl·:il.Jl 'IJ'Wl~ 2 1m1':iO'W 

2.10 fflm.m 

"' ,("' "' 2.11 'WOl'Wm.lffOl':i'YlllJU 

2.12 Uflm9fttlJ1~itlfl"o~hfl (Ca(OC1)2) 

2.13 ,-fo{mil'W 

2.14 11-:itil\;J (il:Jft~t11J1'1.Jfl1{ 'IJ0l'Wfl UlJfl'Wlt)ftllJfltlO 1-:;; i'WU'Ylfflt)ftJlJfl"O 11; 

urim9fttmrno 11; 1rn:: iJJ i'W i-wu'Ylfft9ftJJJTIO'fftTifl) 

A ~ Q.I d : 
2.15 lfl':i0~lJ01~fl11lJlfllJ'W1 Hand refractometer 
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2.16 lfl~V~ YSI Incorporated model# 85/10 ri1'ttf1J1~,J1mwvonGJf1,nmtr11fJ ,, 
fi1f1,11Jtl11-r1vh 'Virn'lf 'tlw 'tt 1Jfi11r1tfl,1m~·mh 

2.17 lfl~O~ C203 Multiparameter Ion Specifie Meter ffl'tt11J1~,J1mw1ul\Pl1\9111rl~ 

IIOlJ tlll'WfJ 

A ~ 
2.18 1mo~ X-ray fluorescent spectrophotometer ED 

2.19 lfl~V~ Freezing point osmometer (Slamed 1000) 

A.:tAV 

3. 11i1il[J 

3.1 mnHUf-l'Ufll1'YlvltlO-:J 

,, . ,, 
111r1r1011;ium11J1-u~tl1111m1'Yl~r1e~iim1m~mh 4 1ti1J fio 15, 20, 25 1rnt 30 ppt m1 

' ,, 
d o 'J) Q.I . "ISi 1 d .el bJ 

'Yl~rlfl~'YI 2 'Yllfl110'U1Jlrlm'll11'tH 4 'l'tfJt l~llfl 'l'tfJ:'Uotl'frlfJff 4-6 1:fJ:C)(lflfJ 1-3 'l'ttl~ lll . . ~ 

t}fff 1-3 llrlt'l':Ot tl'fffi'\1111-10 l~Offfllllfll'l'liJgou11iJr1~f1111Jl.fflJ,'U1i1(,Jllrltffl'j,J'jtflfl'IJ'j1lJ ,, 
10 'lfW~i~llfl Ca, Mg, K, Na, Cl, P, S, Cu, Mn 11r1tHC03·tull1ur1tlu~1t1n~~ 'lle~111Pir1t1tt1~ 

fll'l''W~'Ulfll'j 1rlt:1'Y1111J fll'j 1,JgfJ\J 11 iJr1~'ll0~1l11illv.Jll"'1~ ~11~11H\Jllrl~ eom11J1J fll'j 'Yl~rlOsl~ 3 
' ,, ' 

ll10l~llll11il~lrl~ tuiutl1 t~fJll'U~l,:l'Uflfl 2 'lf~fll'l''Yl~rlO~ i~llfl fl111~1Jll'i1i1\Pl1Jlsl'lf'W~niim1 
• • • 

11J~vu11 tlri~ iuuloir1::1 ~o::'llosinwvr~u1m1r1~ i tf1 u1~1J1Jm1vu1J1r1 ur1~1~1JlJl~ll~ilJiim1 
• ,, 

l~lJU11i1\Pl ('Jj'~fl11Jflll) 'Ylflfl11'Yl~<lfl~'Vllrl11'Vl~HHH 3 i1 
q q q q 

<:I <V ~ 
3.2 m·nA ·rn1-JtTA'1nmm~ 

61 'J)'j) QJ I d d "' A 1 .. I o' 
l'}j'flsJ'll111fJOO\J'l'~fJt1.JVll'frlfJff 4 CJHOfJ 1 llJCJS'ff 1 ll'fl~ l'fffi'\1111 111flTI11lJ10fl'll'\J . ., 

3.3 fll'ilA1tltl'lfoTivitl0-:JUtlt'll1iil..num101fUltlt)flQ-:J 

3.3.1 'UO'Yl~rlV~ 

fl11'Yl~r10'1~ 1 : i-Nt'ttr1Un'1'll1.Jl~ 15 il1Pl1 

fll';i'Yl~rlfl~~ 2: ii11of101.Jfl11Pl1'1flrlll'll\Jl~ 3 rlfl1Jlfff11ll\Pl'l' ~~71.Jfl11l17fl17ll ., 
I ,J 'J) d O 1 'I 'J) ,K ~ .I I 

m:m~llrl~CJJll'lf0~1fJflrlO';i\J \PlrlV~fll'j'Yl~rlO-'l'Yllfll';ifl11Jr.!llUff~ ~fJ l')j'fl';i~11J0'11J~1Jlfl1JO 
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m1n~c10~~ 3 : li5~ivk1rn{ii.Jm1v'llu1~ 300 ~\pl'.i ~r-l1um1li1f1111Jff~m~ 
V . 

m,~~11tifo~1vflc101u \plclfl~fll'.i'Vl~c10~li1m1fl1'UfllJllff~ 1~v1-NVimff~m'f'.i7~llff~tl~111nti0 • 
V • • 

3.3.2 tl1iilfii11-1i't1m1n~c10~'Vi 1 

'JI: d : "'! "' "' o' ~,11 d 
1'lf'W71fllJ 30 ppt uc1~u1,i~,i1n h~m1t-rlnmfl1'l!'1111'l!'fflff\pl'.i Hirnh, 1'f1f1111J1fl:1J 

V 
0 ., "'! 

'Wl 4 '.it~'U flfl 15, 20, 25 llclt 30 ppt 
V • • 

3.3.3 tl1'Vil~umrnl¾'U1i:l\lf1~~rl111i'1Jm'.i'Yl~crn~'ti 2 
V 

3.3.3.1 'U7'W11f1i)f) 
J/ I J/ " 

tl1u1mi)0'Vi1hml~lum1'Yl~i:lfl~fli'~ilm,i1nu1lf1i10 'Uinru \pl_ m~i.Jtm 
V 

fl.'U1~i.Jtn~ ,i_ mai~t'Yl'.il fl17lJ1~lJ'U7 78 ppt iifl1f1111Jll1ivHh 93 mS 'rim'lf 7.96 

lJ'fl~t1iJ'.itf1fl'U'llfl~ l9H~VlJ 14,570 mg/I fli:lfl1'W 21,210 mg/I lllJf1'W1CJftllJ 1,280 mg/I flllJtt:l'W 
V 

1,220 mg/I LViU'VlfflCJftllJ 790 mg/I llfli:llCJ1tllJ 600 mg/I TI'flffvfoi'ff 8.47 mg/I flclfllnii~ 217 

lit " " mg/I t'Ufll'.i'Ufll'U\pl 157 mg/I llcl~fll'.i'Ufll'U\pl 40 mg/I 
V 
0 "'! 

3.3.3.2 'Wl,l~ 
,, ' ,, ,, ,, ~ 

tl1'1'~'Vill1mlilum1'Yl~clfl~fli'~ilm,i1nflc1fl~tl1'1'~ 'U~nru R-u11u l'Vifi 

~ d : d I o -~ ~ .cS d 
1l. \ltl'lf~l'Vl'.il fl17lJ1fllJ'W1 4 ppt lJfllfl17lJ'WllTITI7 4.36 mS Vilfl'l!' 8.02 lJ'fl~fliJ'.itf1fl'U'llfl~ 

L9fl~tllJ 1,480 mg/I fli:lfl1'W 1,770 mg/I lllJf1'WlCJ1tllJ 63 mg/I t"17lJtt:l'W 17 mg/I LVill'Vlffl~tllJ 
V 

100 mg/I llflm;tllJ 105 mg/I TI'flffTI'flf ff 45 mg/I Vi:lfll~'W~ 174 mg/I l'Um{1Jfll'U\pl 122 

" mg/l llfltfll'.i'Ufll'W\pl 31 mg/I 
V • 

3.3.3.3 ll1'Vil ilw fll'.ifl'lfUifl 

d : c:: CJ) : ~ d Q.I :~d 
1\pl'WlJ'Wlfl11lJ1fllJ 28 ppt ~1tlfl1'.iHfflJ'W1'Wllf1'1flfl17lJlfllJ 78 ppt f1'l.l'W11l~'Vl 

I oQlj/ d 

Hl'W f11'.i 'Ul'U~ ~ 1tlflclfl'j 'W 
V • • 

3.3.4 tl1'Vili'lunTrn'W'Uli:li:lf1n~rl1'Hi'rnn1'Yl~clt1~'Vi 3 . "' . 
V 

3.3.4.1 ll1'Vltm 
V 

lfll1mfl~'Vl'.iltl1l7f11l. 'lfi:1'41 fl17lJ1~lJ 30 ppt lJfl7fl17:1Jtl1iTiit1 50 mS Yilfl'lf 

"1 "•• 1 d d d d 8.4 l.ltHflIJ'.itf1fl1J'llfl~ 9fl~tllJ 8,340 mg/I flclfl'.ilJ 16,980 mg/I lllJf1U19ftllJ 1,030 mg/I 

t"11lJtt:llJ 580 mg/1 l'Vill'Vlffl;tllJ 400 mg/1 llflmCJ1tllJ 410 mg/I TI'flffTI'fl'iff 12.92 mg/l flflflln 

.,.,1 " " 
'lJ\pl 120 mg/I i'Ufll'nJ'flllJIPI 90 mg/l llfltfl1'.i1JflllJIPI 30 mg/I 
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,, 
0 ,!I 

3.3.4.2 l-11'i1'fl 
,, ' ,, ,, 
0 4 0 Q,I d G\,, 0 ... I -• "I' d .-=::. .-=::. o' 

l-1 l'i1rH1'111 'i11fll'.i'Vl'fl'1tl-!l'Vl 3 l 'lflJllJ'.i ::111 'i11tl l 'i .:i1vn:: lclfJ.:Jfllf11'lf111'.i'lffflff\vl'.i 

d f ~ ,t; 
fl11l.HfllJl-11 0.1 ppt iir11f1111Jth lvhn 180 µs ~m'lf 8.1 iit1.:ifl1h::nt11J'Ut1.:i i9l'1~01J 980 mg/1 

f1'1t1'i'IJ 1,100 mg/1 lllJtl'UlCJffJJJ 120 mg/1 f)llJ:::tl'IJ 16 mg/1 i'VIU'VlfflCJffJlJ 100 mg/I llflcllC)ffJlJ 
,, 

76 mg/I vJvmfofff 41 mg/1 fl'1m~ii~ 32 mg/I 1mn1um'IJ\vl 20 mg/11rn:::m1mH'IJ\vl 10 

mg/1 
,, . 

3.3.4.3 ihn1-it1um1vurnct 
q 

d: d CJ} :d a.,:.a.J, OGI 

1\vl'WlJ'IJlf111lJ!fllJ 28 ppt 'fl10tll'.iHfflJ'UllfllJ 30 ppt tl11l-11'i1'fl'YIH1'Utll'.i1J11J'fl 

91 "' 'fl10flcltl'.i'IJ 

"""" 4. 1fifll'i'tl~Hlfl~ 

.. ' 
,:!I ~ SI " il S/ ,=t " 'LI " d O V O ,=t d ._, 4.1 flfl'lflf-l'il'UB.:im·u,mtt:: I'll 'lfUfl'illciftlil lei mfl'ilB l':i~1.J11.J~'Ul'tlffllillflil 4 'l::~11.J 

A: d a,,4 ~ ,i=:i.' 

4.1.1t\vl'.itJlJl-11fl11lJlfllJ41:::'fl11 flt! 15, 20, 25 uct::: 30 ppt 1.hm\vl'.i 10 ct\vl'.i lffct.:.i 
,, 

iu il1'111~1 11tl.:i1rlu 2 'lf'flt11'.i'Vl'flctt1.:ifiv 1~1m:::1iiHtuflmciialJ1g ii.lr1'1t1 inilffct.:i 1uih u~ct::: • ,, 
tll'.i 'VI ffcrn nh 3 tJfl 

. I "'1 91 'l 91.,I ; , .., "i' 
4.1.2 11.:i'.i:::1J'lJt11Jtl'.itU l'ltlltllff ll'lnt1.:io1mr1m:::,1wi1m1fflJO 1m:::1mt1'1JV1t1 nm 

q q 

I ,, I . 

i'fl£J\vl'.i1'i1fftlU'i11tlf11tltltlt}$1'i1l-1vict:::ctlfJl'IJ'Ul (DO) fl(JlJ ll1cl~10'Vlcllff~tl lff l~t1ilt1.:if1l-1tll'.i 
,, . . 

i1w1ifm1'.itil\vl'i11tltll'.i'.i:::m o'llt1.:itl1 11.:i t l'lct ii'u111wviih1i1 .:idv.:imhli11Jt1 
.. u q . ,, 

4.1.3 'lf'fltll'.i'Yl'flcltl.:JllL-ifllflcllCJftllJ ,g 1 Uflcltl l'.i~1.Jl'U'fl'Ul l~lJllflcllC)ftJlJ ,g 1 Vflcltl 
q 

l'.i~ 20 ppm ff1'1J'lt'flfl1UfJlJliium'.il~lJ 
,, ,, ,, 

4.1.4 1~rni1mh.:itl 1tivum1 'Yl'flctt1.:i11ct:::ilu ff 'fltll'.i 'Vl'fl'tltl .:i i 'flffff'IJ ff 'fltll'.i 'Yl'flct v.:i 
q q . ,, ,, 

1ii0r1'ot1'iuiuihmrn.1i1r11J'fl (t.11:::mw 2 1u) ll1~1mh.:ill1m1'fll11tl~mwui1i1\vlul>i":::'lfii'fl 
q 

"i' 'l91 .,\ 2000 """' &'flfJ 1'lf lfl'.itl.:.I X-ray Fluorescent spectrophotometer Oxford ED \vlllJ11itll'.i'UO.:J Pratoomchat et 
,, . 

al. (2002) 11'1:::1'flrlltltlff llJcll~~lrWL~lfl1tl.:J Freezing point osmometer (Slamed 1000) 
,, . ,, 

4.1.5 il1mwu-iti1\vl iutl1 djv 1;11'1:: il.iiiuflm~vlJig 111fl'1V 11ri'ih1J'fl'Wl u1mr11 

fllfl11lJ11\vltl\oll.:i'Yll.:Jff(l~~10tll'.i11fl'.il:::'tt'Hlfl11lJ11\vltll>i1.:.!'.i:::'l,11l.:it1rilJ~101fi T- test l'flfJ 
. q 

hhumlJ SPSS 
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4.2 ftfl'l·Jl'lfimw'UMU1fiUJ~l,J~f.l'l-Hl'lfo-3,,n'l-!1t'lJ'lJfl110~lllt1\}flQ-3'1ffJ 

" Q,I ' d. 4.2.1 fl1'Hl'41Jlc\fJ-:J'lll11tl00'W'jtl:Jt'WOl'VH'lVff 4-6 
,, ' 

4.2.1.1 tjlJ~10Ul-:J'WOl'Wiltlff'llO-:JQ-:J'lll1c\-:Jlilt1-:i 1 'WUfJ0'41.J1c\-rifl1llJl1l.JlU'l-AlJ 
I I JI I 

200 ~1/~m (fflll11,JTili'um-wilt1ff'i::t1::'ri 4 lJl'tllf11'jO'lfl.Jlm.ru1il'o-:i,nnffm-w1rlm11-:i'llo-:im'j 

~ d I d dtod I d dd d 
ClfO'llltl'I-Hll'Wc\tlff,Jt'llltl'Jf1-:J'WOl'Wc\tlff 3 llJOc\lrnt1-:ilJlc\-:JlJOOlJ1Jlm'Wt1-:J 24 'JflJ. f),ltlJfll'jl'Jfotl'W . . . 

'j} ' d 
l'lll\l'jtl:Jt'1fl0tl) 

t J'll) Id GI " .A Q,I d "I I I 

4.2.1.2 lJ'jtl:JtlJ tlJlJf1l'j t l101'Hl'jl'lJO·Hllf1tl-:JlJtl-:J t'IJU~-:JOtl . .. 

4.2.1.3 li1f11'j\Pl'j1,JffO'Uf11'j~9ilJl.Jlf11'j (Metamorphosis) l'Jf1-i11lJ-:i ,J'Wm::..t-:i 
,, 

'j} I A CV 

l'lllff'jtl:JtC)l'lOtl 1 l'Nl1lJ~ 100 % .. .. 

0 Q.I O tJ} d A 'j} CV fJ/ I 

4.2.1.5 f1l'j'j0~\Plltl 'Yllf11'jlJ'lJ11llJ1lJ\)f1fJ-:J'j::tl::'1flOtl 1 llJO\)f1fJ-:J'W9ill'Wll'Ul\l 

' d ,!j <V 

'j::l:J::ClflOtl 1 fl'j'lJ 100 % l'WO'tt10\Pl11f11'j'j0~\Plltl .. 
QI ,,,A~jl CJ/I d 

4.2.l.61~'1ll.Jl~'IJO-:Jc\f)n-:JllJOlrn\Pll.Jlrn::l'Ulff'j::t1::1-JfJl'W{ltli'\' 6 .. . .. 

1 QJ t dty o d 
4.2.1. 7 f11'j\P"l'j1,JffO'UOOff lJc\lc\\PI (Osmolality) '\10-:J'Wl'YI 'lf0'4'Ulc\ 'Yllf11'jlf1'lJ 

Q.I I : ~ d " .A 'j} ' d CV ' 1 ,,..,11 t y 
vl10tll-:J'WlllJOl'JlJ\PllJO'U'Ul{I Uc\tllJOl'lllff'jtrJ::ClflOtl 1 fl'j'lJ 100% lJTl~fllOOi'\' lJ{llc\\PI ~ti 'lf . .. .. 

lfl1o-:i Freezing point osmometer (Slamed 1000) 

" " I _ IQ Q d. o'd O 111 " I 

4.2.1.8 i'11llJl'lllJ'll'WU 'j1il\Pllrn::1J'JlJlWffl'j{J'I-J\J'Yl'j tl'Yl'Yllf11'j\P"l'j1,lffO'U t~un 
• 

Ui'lc\lCJftllJ (Ca) UlJf1'Wl9ftllJ (Mg) 1Clfl~tllJ (Na) flc\O~'W (Cl) 1-WU'YlfflCMtllJ (K) flllJttl'W (S) ,, 
-noffv-lufff (P) 'YIO-:JU~-:J (Cu) UlJ-:ifll'Wff (Mn) tm::l'Ufll1'Utll'W\PI (HCO) 1~1:.1tjmn'U~1oci1-:iih 

'j}.A~'j} _d ,,.c:::l CV 'j}I ,:::! .=k a,, 

Uc\::c\f1fNllJOlrn\Pl'Wtl'W1Jlc\ tm::llJtlc\f)n-:JlJf11'j'W9ilJl.Jll'\llff'j ::1:.1::ClflOtl 1 fl'j'lJ 100% C)j',:jf11'j1~ 
qJq q 'UCI 'U CV ,, ,, ,, 

fj/ 'j} I C) Q.I 'j} CV O I ,, I o O ,~,,O a,, fj/ 

fl1llJl'\llJ'll'Wm1il~ t 'W\Pl1\)f1fJ-:J'W'W 11::'Yllfll'j"!lJ\)f1fJ-:JU\Plc\::ClfllJl,ll'W1'WlJlf)'W0 l1 l~'Wll1'Wmm-:i 

1h::mw 1 nflJ o'U~~WlHJll 70 °c mmh::mru 24-i11lJ-:i uft1ih1iJdt1a~1t1nrn l'W\P"lfo 
,, 

(HN03) 6 N 'U1'U'U!lJ7\Pl'jt,n~ 1 ""~~\Pl'j lfl'Uli'1'Wl1c\O~ eppendroff ,Jlf)Ul.Ji11m1~m 

. I""' ' ' ""' 1 i, 9' ,,\ 2000 1J'jlJlf.UU'j1ilvJU\Plc\::'Jf'W~ ~ti t'Jf li'l'Jfl-:J X-ray Fluorescent spectrophotometer Oxford ED \PlllJ 

11if11'.i'll0-:J Pratoomchat et al. (2002) Uc\::\P"l'j1,JffO'U'U!mw l'Ufllf 'Um'Wvl 1~tl11if11'.i'll0-:J 

Strickland & Parsons (1972) 
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j/ d 

4.2.2 fll'.HllJUlc'lfl..:i'\111'.i::tt::C}l'lfltl 1-3 . . .. 
., . 

4.2.2.1 ri11i1mh..:ir1nti'..:i'U11'.i ::tt::C}l'tfltt 1 r1..:itilt1.:i h.1'liflfl'W1J1r111r111:t.J11 mu il u 
II CU q CU q 

, :ti V d ,j/ I ,,,._ ~ 
4.2.2.2 fll'i l1fll'ttW'JflfJ..:J'i::tt::C!flfltl 'ttffl'tt'iltllt}l'nm,it11 (Chaetoceros) nrn 

flll11'i hw1,.fiifl11lJl1'WlU 'W'W'llfl..:J Chaetoceros fl~~ 40,000-50,000 l!.)l'n"1/il9l'i 9lnflflfl1Hl'lfUln 

4.2.2.3 'Vllfll'i9l'i1'ilffflllfll'i'WrJJ'Wlfll'i nn 12 i'1 h1..:i 'illJm::ir..:it,1rinv:: h1CJfrf . .. ., 

1 l1..:Jl1'1J,1 100 % 

d 'J)o,, 'J), 111~ Id Cl.I,, 

4.2.2.4 \Pl'i11lrl'tl1J'i::tt::nm'Vl~flfl..:J'Yi\9lllJll'IJl"J'i::tJ:: t'lJ!.)j'ff l'lf'Wlfltl1fl1J'IJO 4.2.1.4 

Cl,I ,, 11).c:::i. .A 'j)a., ,,, 

4.2.2.5 fll'jH)f19lltl ')11fll'i'WllhW1lJc'lflfl..:J'j::tl:: tlJ!.)j'rf 1 l:t.JOc'lflfl..:J'VirJJ'Wll'Ulff 
1111 II CU II CU 

'i::tr::ilJ95rf 1 fl'i1J 100 % l~ffl-'1109l'ilfll'i'i0fl9lltl . . . 
Q.I 'J)t!l,.c:::i.'J) ,i:!I 9,/1 'kl.c:::i. 

4.2.2.6 1fl'\JlJlfl'IJO..:J".3flfJ..:Jl:t.Jfll'i:t.J9l'WUc'l::l:t.Jfll'IJT~'i::tr:: t:t.JC}l'ff 1 
• ,, jl • . " 

4.2.2. 7 fll'i 91 'i 1,1 iro110orr 1 :t.Jmil~1 mhvi1 io'4 'Uln 1f1tr'Vllfll'i t~'Ui1mh..:itl1 
1 ,, JI ' , ., 1v ., .,. iv ~ iv"'•"'-

flfllJltn::'ttn..:JflT;i l1flll11'i'VJfl1'W (l'Ufl..:J'illflfll'i 'tt Chaetoceros 11J'Wml1n,1:: 'tt'Vl..:J'Wl'Vll'Yil::'lltlltl 
,, JI ,, • ,, ' 

Chaetoceros i..:i1fo '1..:J~O..:Jl'llfll'i tn11i1flVl..:J'Ul'Vlflflf ~vimm9l 'i'W 11 'W 1h1iim'i nlilvu u 11"..:i) 'il'W • 
'J) .d, QI 'j) 1 d Q.I I 1 c,,,11 1 j/ .,\ 

t}flfJ..:ilJfll'i'YirJJ'Wll'lll"J'i::t1::cymv 1 m11 100% :t.Jl1f1fllflflff 11mn91 fltl 'lflfl'itl~ Freezing point 

osmometer (Slamed 1000) 

_ I-=:,, .c:::i, d ~ 'j} " I O I d Q.I 

4.2.2. 8 lJ'j :t.JltU ffl';j fl'W 'W l'l'i mm:: fl11'1Jl'IJ :t.J'IJ'WU 'i 1il9l'Vllfll'i \Pl 'i11lfffl'lH 'lf'W lfltl1fl'U • ., ., 

,i'fl 4.2.1.8 1f1mnui1f1Vl..:J'W Wlf'Wl~tl1f1llfll'.i9l'.i1,lffO'UOflff 1lJn1il9i ri1ur1nti'..:itnui1oa1..:i'Vlfl'l'W .. . . 
nm os.oo 'W. 

V ri ""' 4.2.3 fll'.iO'WUlc'lfl;j'\111'.i::tt:: t:t.JC}l'rf 1-3 . . . 
., . 

4.2.3.1 i1lJi10Vl..:J'1flfi'..:i'Ul1'.i::V:: i:t.JCJfrf 1 n..:itilf.l..:i i 'lJ'Uflfl'lJ'Ulnl1fl11:t.J'tt'WlU'W'lJ 
q cu q q 

4.2.3.2 m'i '1 ,.f mtt1rnnti'..:i'.i::v:: i:t.JCJfff 1,.f um~ilf.lrrm{vhiivn1nrrmrlu .. . . 
m111'itJtmw 3-4 ~11-ioiJn1..:i 1 ~11f1f.l1,.f VJfl 4i'11m 

4.2.3.3 'Vllfll'i9l'i1'ilffflllflWtirJJ'Wlfll'.i'VJfl 12 i'11lJ..:i 1l'Wm::if~t'li'l~'i::£J:: 
., 

1'Y'lffn111 1 l1..:Jl1lJfl 100 % 

e:1 'j/'j)J 1 Id. Q,I,, 

4.2.3.4 9l'i1'ilfffl'U'.i::t1::nml'lnflfl..:il'lllff'.i::f.l:: 'Y'lffnl11 l'lf'Wlfl£J1fl'U'UO 4.2.1.4 .. . .. 
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0 QI O CJ) 1 ~ 'J) QI " 

4.2.3.5 fl7'.i'Hlf111ltl 'Yl1fl7'.i'UU'ill'U1lHlflfl-:J'.ittlt TitH'1717 1 lllflclflfl-:JTI\Pll'Ull'lll 
qJ q cu q 

'ff'.itti:: 1vt'ffcn11 1 mu 100 % 1~mnt1\Pl'.i1mnt1f1\Pllt1 .. 
' ' . 

QI p.i!l.e:.CJ) ~ "' 1 
4.2.3.6 1f1'1J'U7f1'1Jfl-:J'.lfltJ-:Jlllfll'.ill\Pl'Ulrn::lllfll'll1'/J'.ittlt TI'ffcl117 1 

1 e:.e:f o d a, 1 : ,d -A y 
4.2.3.7 fl7'.i\Pl'.i1'il'ffflUflfl'ff llc\7cl\Pl 'Yl1fl7'.ilflU\Pl1fltl7-:J'U71llfll':ill\Pl'Ufl'UU7cl Uclt • 

td: ~ 1 ~ j/A cv j/t 1 
'illfl'U'UlflU'Ul'Ylfl 12 '.In 11-:J 'il'Ufl'.it'tNclflfl-:illfll'.i'Yt\Pll'Ull'lll'ff'.ittlt TI'ff'1717 1 100% ll71f1fi7 

q qJ q cu 

., ' 
flfl'fflllmil9i1f1t1H'm~t1-:i Freezing point osmometer (Slamed 1000) 

,., l.q -Clo d t/ 'j} CJ) I o I ,::t 

4.2.3 .8 lJ';j lllW 'ffl'j fl'U'U 'Yl'.i mm:: fl17lll '1Jll'IJ'U U ';i 1i 11,J'Yllfll'.i \P)'j 1'il'ffflU l'lflHfltl1 
,, ' 

nu~fo 4.2.1.8 lf1t1i1t1U7-:JlJ7\Pl':i1'il'ffflU'Vlfl 12 i'11m 'ff1'UiTuUl-:JclflN-:im1'il'ffflU'Vlfl1'U 
q " q q 

4.2.4 fll'jfl'UU7tlO-:J'IJ71';i::tl:: ITI'ffcl717 1-10 . . . 
,, ' 

4.2.4.1 ~11i1mh-:i'JflQ-:J'\ll1':i::t1:: 1 vt-crcn11 1 c1-:i1~t1-:i 1 'UUflt1'4mc1n 

I QI ,c:::. d : 
fl17l.Jl1'U7U'U'U 150 \911/cl\Pl':i fl17lllflll'U7 24 ppt 

, 'J) 'J) 1 l 'J) "' ""' "' !:Ii 4.2.4.2 fll'.i l1 flll17'.i'.lflf:J-:i':i ::a:: TI 'ffcl717 lt 'U fll'Ytcltl'ff fll':i'Vlllltlcl1fl"!fll 1J'U 

- I"' d, 91 ., ' 91 ., I , 'JI .;, "[ 
tlll17';i 11'.illlW'YI l1 8-10 \911\Plfl'.lflf:J-:i 1 \911 fltl lt'VJfl 4 '111 11-:J 

' ,, 
4.2.4.3 l"W'.i::l111-:in1m':it1'4mmiJ~aucl1t1ll1 20% 1"U1i'"U1'U uc1::iJi'uc1f1r1111J 

cl : ... 
lfllllJl'illfl 24 ppt ~Pltmrn 8 ppt 

4.2.4.4 n1mrn'.i1'il'fft1Ufll'.i-W1P11mm':i'Vlfl1'U 'il"Um::J-:i1,i'1d1::m~ 1vt-crm11 1 o . .. 
o Q.lo 'j}A "QI"' I 

4 .2.4.5 fll'.i 'Hlfl\Plltl Vllfll ';i 'UU 'illlJ 1\Jclflfl-:J lllflclflfl-:JTI\Pll'Ull'Ul'ff ';i:: ti:: TI'ffc\717 
qJ q qJ q cu . ... ., 

10 l'Ytfll17fl\Pl'.ilfll';i'Hlf1\Plltl 
r J/ I I f 

4.2.4.6 'lf-:J'Wl'tt'Wmrn::1f1'1JUlfl'IJtl-:Jrlfln-:i1i'.im!11~lJlrn::1i1m,i'1ih::t1:: lvt'ffcl717 .. . .. 

10 
,, ,, ' 

4.2.4.7 m'.i\Pl':i1,rfft1Ut1t1'ff 1mn~~ vi1m'.i1fiui1t1u1-:iil1vin 12i'11m ri1u . 
I JI J/ J/ I 

1\J 'Yliifll'.i ti ltll.J 7 'il::tO U'W 7fl70lJlrn::l1 "-:Jfll';i tlltl'U 7 'illJ m ::ll-!li:lflO-!liifll'i 'W \PlllJ 71,j'l'ff';i:: ti:: I 'Vt mn .. . .. 
,, ' ., ' 1 "'"''i , 'J) ... 17 10 ll71f1fllflfl'ff llcllcl\91 1f1tl 'lflfl'.ifl-:J Freezing point osmometer (Slamed 1000) 

- ,~ .Cl, d. " " j/ ' 0 4.2.4 .8 lJ'.illlW 'ffl';j fllJ lJ 'V)';j mm::r117lll'IJll'IJlJU'.i 1i11,J'Yl1fl1':i \P)'j 1'il 'ffflU 
,, ,, 

l'lf\Jl~t11nu,i'fl 4.2.1.8 lf1tl!fimi1t1cl1-:iil11ilJt~tl1f1Ufll"J\Pl';i1'il'ffflUflfl'ff 1mnil~ ri1ui1t1UHrlfl .. 
'J) ., 

fl-!1 \Pl '.i 1'il 'ff tlU 'VJ fl1 lJ 



44 

,, 
4.2.5 fl1Hl'j1\lff01JfJOUll'Vi'Wl 

,, . . 
hfi::: 11-i1-:im1 'Yl ~nrn-:ivi1m11~flrumwu l'Vlfl'J'W i ~uri ow 'I-H1iJ tl!mru ooncif 1 'il'W'n 

q •q q IU 

,, . ,, 
'1:::"1Ul'I-J'Wl (DO) vlm'lf (pH) fllfl111l'WlivJvh (Conductivity) ~1mr110-:ijjoi'~fJOlfflJU~'llO-:J'Wl 

(YSI Incorporated model# 85/10) iuil-l'j\Pl (NO) ur;1:::110111mwu (NH) tm1r1~0,:ijjo1~ ,, 
iuilvl'j\Plll'i;l:::lloll 11lt'WU ( C203 Multiparameter Ion Specifie Meter) fllfl'1rllil'W~ (Alkalinity) 

1~u1innint'Yl'j\Pl 

"' "" 4.2.6 fll'j'Jlfl'jl:::'11'\1011'1 .. 
'J,} fj} I I e.ef Cito A d. ,/ 

'llOJ.l'i;l'llO-:ifll'j'VJ~'i;lfl-:i i~llfl rllflflff11lm'i;I\Pl (osmolality) 1.hmoHfl'jfltJ'I-J'Vl'jmrn::: ,, 
'U51lltull 11il~ l 1-J 1-J l 'llO-:ill~r;l:::fll'j 'Vl~'i;lfl-:j 1J 111111lfllrl1lllll\Plfl~1"'Yll-:i ff a~~1tJfll'j 11fl'j l:::'tt 111 

r1111111\Plfl~l-:i'j:::11-i1-:inrlll~1u1i T- test 1~u 11h11m11 SPSS d1utl!m011111iw11,rnmi'-:i il1m 
Ill q 'U q 

Cito r/ I .e:t.Cl. 'J/ I I 

11m1:::11'11lfl111lll\Plflloll-:im-:ifft1\Pl ~1U Analysis of Variance 1rn:::'Vl~fft11Jrl111lll\Plfl\Pll-:i'j:::'1111-:i 

fl~11~1U Duncan New's Multiple Range Test 1~u1i1tl'jllflrn SPSS 

m.nm111v1 1) tl~mtum'j 1 tt'm1111~n1-u~u1iim'j~tfifluJ1 i 1.11 utHnW'il~ -:i'l10-:ivh{11 

mh.:i i 'j~\PlllJ fll'il'il:::110-:iiim'jtli'rnr1.:immn111111m:::mJ 1~t)fll'jtli'11,i:::11fl-:i 
..,. ., 

t'\1 lJfl'Wfl'Wl'Jflfll'j 'Yl~ 'j;jfl-:j 

d : d VG) ,, : d t!l I 

2) fll'jl\PIWlJ'Wl'Vl:::rn'Yl l 'If I 'W fll'j'Yl~'i;lfl.:l'il::: l 'lf1-Jlrl'Jl1llrllJff .:l'illfl1-Jllfl'i;lflll'\1'i;l.:I .. 

l~U1tl'W m'l.Jf 1J l ,.\'ij r\11111 ~ 11\PlllJ~~fl.:lfln 1 ~ tJ l 1-J fll'j 'Yl~ 'i;lfl.:I ,i::: l itll~l\Pl~ UlJ i 1i 1-J 

'Ufll~U1t1'W l~fl"~r11111 H~wm~'llfl.:itl! mru Oflfl'W 'l u ii fl'Vl f!'i;lfl.:I 

3) 'Ufl'Vl~"fl"'ll'Wl~ 3 ~fl1J1ffn111\Pl'j 1~'W'UfltY11111Jm1u~rn" 'l'Wvhf11J11t1 

"" ,v ' "".. ,., 4.3 ftntm·H16UMtnj 'lfUj1ilY11JH'lfl-A~ nn:::1J1JB1-!1JUlfH6Ul1 
q q q 

A _1d -• , l 'J/ 'I , ., 'J/ 
llJfll'l'jl'I.Jfll'jlIJ'i;ltl'W l11J'i;!.:l'lltNm1il\Pl 1-J fll'j fl'W 1Jlr;lfl.:i'lll1 t 'Wlllvl'i;l:::'j::: u:::fll'j'V'f\Pll1-Jlll'i;l1 • • • 

o v d11t v A & l 'J/ , .,,. 'I 
'Wl'llfll1"'VI 1~1110flflll1J'I.Jfll'j 'VJ~'i;ltJ.:l l'V'f flfffl'1flH'i;l'llfl.:lfll'j 'JHl'j Jil\Pl'I.J 1-:j'lftJ ~ I 'W ':i:::'I.J1Jfll'jtJ'I.J 1Jl'i;I .. . . 

'J) _J o.e:t. GI AA.~ 

'JflfJ.:l'\111 C)f-:jfll'jflll'W'Wfll'j'VJ~'j;jfl\j fl1':i\Pl'i1'ilfffl'I.Jfll'j'V'f\Pll'Wlfll'j fll'j'jfl~\PllU mmJ'jt}Jl\Pl'I.J !\Pl 
,, . 

'J/'J/ I,•, 'J/ d.dl ', 
11'1:::fll'j \,l'j 1'ilffO'I.Jrl111ll'lllJ'll'W '\10.:111 ':i lil~ 'W 1-Jlll'i;I::: 'W \)flfJ.:1 'illm::: u::: 'W Ot'V'f '1Ufft1.:i'J:::u::: I 'Viffr;ll11 

,, . 
o 4 GI A'J,/ 

1m:::fl1'j\,l'j1'ilffO'lJfJOlfll'Vi'Wl l'\11ltJ1-Jfl'I.Jfll'j'VJ~'j;jfl\j'Vl 2 '\10 4.2.1, 4.2.2, 4.2.3, 4.2.4 1rn::: 4.2.5 
,, 

\Pl111th1l1J ri1'1.Jfll'j1Lm1:::11iu'o11r;1ir'W ihiu'm.m'llo-:im'j'Vl~"'o" i~uri % fll'jrn~1v11u ':i:::u:::nmiu .. .. 

fll'jiWJ'Wlfll'j 'll'Ul~~1vi11iu i11tl'j:::iY'YliwrnJ11tlnh1u'llo.:ir11111ur.nh1v111rn:::tlim011111i1~ 



,, 

iuil1ui'\:::tui'lnti'-l'llt1-m1P1i'l:::fll':i'Yl~i'\V-l tl1m111ri1f11111u~n~1-lV1l-lffil~i1t1m':i11m1:::l'i'111 "' . 
r11111u~n~1-lntt~1-lnci11~1t11n T- test 1~t111hum11 SPSS 

• ,, 

fll';jfff)'lfl'Wll'U-lVVmi:lu 2 ,~fll';jVJ~i'\tl-l ~ti 

- 'll'~fll':i'Yl~i'\V-l~ 1 hinm-:it~mdTi1~ t'W':i:::1J1Jmrnu1J1i'l i~1ih.J'll''flfl11Jr111 
q q • q, q q 
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. ,, . 
- 'll''flfll':iVl~i'\V-l'n 2 tff'i1JU'jTi1~1Jl-l'll''W~ i1t11nmrn:::,nt1,l111~11'ffi'l-l 1'W'Utl'nTilfl1':i 

• • 
I I JI I I 
~ Q/ Q/ I , ,,.c:t ,, fJ} d'I J} .c:t Q.I o di A fJ} i 

tl'W 1.Jli'\ l'VW':i f)'},Jl';i :::~1.J'IJV-ll!';iTi 1~ '11 lJfl1llJl'UlJ'IJ'W fl-l 'Yl l m'llfltl-lf)1J'W lllJtll';ilJfll.l fll';i Vl~i'\V-3 ~ti 
• • 

':i:::t1:::umw~t1'ff O-l ';i:::t1::: 111cir-c11ritdTilf!Vlf11l.l nm 08.00 l.l. ri1u';i:::t1::: 1wi1m11 idvin1u111;1-l 
• • • ,, . . 

ci1t1tl1 iJ'imw1dTi1flfiiriiui'lnti'-ltt~i'l:::':i:::t1::: i-lfll';il-l'fl 1 . .. . 
d , .d c.:. , ,, .c:1 .c:1 .& 

fll';il-l'YI 1 ll';iTil"J'YllffHJ 'Wf11':ifll;f1Jli'\~f1Q-l':i:::t1:::'Wt11Wi'\tlff (mg/1/15 °lflJ.) ':i:::t1:::110t1 f:H 

iwffi'\111 (mg/l/1'W) 

d 
,, 

11Jm{1Jml.lfl iWU'Vlffl«qftfl.J 
.... .. 0 

" fl1llJ!fllJ'Wl- lllJf1'WIC)ftl1J Ufli'\IG)ftllJ 
'j :::t1:::i'lf)f1-l 

"' . (ppt) (HC03) (K) (Mg) (Ca) 

N 28 29.25 104.70 61.50 -

z 28 24.72 - - 125.04 

M 28 25.68 - 408.24 -

Pl 24 - - - 119.04 

P2-3 20 - 29.04 - 48.48 

P4 17 - 94.08 - -

PS 15 - 72.48 - 46.56 

P6 13 - 12.72 - -

P7-8 10 - 59.52 - -

P9-10 8 - 36.00 - -

,, 

11111 t1 m fl 1) !l'jTilflll~i'l:::'lf'W~lfl~tllJ 1~tlfll';ifll'W1W1llf1ffl';ilflij\ell-l "j i-l'W 
• 

- 11Jm11Jt11'Wfl ~ it)ft~t11.1i1Jm{1Jm'W~ 

- iwu'Ylfftcift11.1 ~ iwuvifft«qft11Jflftt1 i'j; 1m::: 11.1 iu 1wtt'Vlffl«qft11J'Wflfft'VJf! 

d&:l dd. ,,/ 

- lll.lf1'Wtt)ftl1J ~ lll.lf)'Wtt)ftllJflflfl ';i~ 

.. .. i ,I - u fl m C)$t11.1 ~ u fl m C)$t11.1 fl" fl 1 ~ 



' <::I 
1J'Yl'YI 4 

""'v 
i:-rn n111ilt1 

' 9' ' ., 
"" 191 \II !GISI .c( o u o q ct o u 

fll'i't1Ai18..:i't1 l f.lil"U8..:ifll'i ,ma~ n.1 l'lffli18'i'U1.J11.JA'l.fl't'lfl1U.Jlfl1J'Ul 4 'i~A1.J 
., 

' :i ~q 1. flUl0iin.JtlltlVI 
,, 

1~£J.flTVf:i11Jui\'1m11imnuCJf£Jll1fJ ltlmrn i1; (Ca(OCI)) 11-.1m1ii1li~u1 i1H:if,rn 

Q,J' ~~J ,,,,~ t ,: QI c:S 
'll'~l'il'U ~vm rn~~-:J'tt HH't'llJ 'IJ'U 'IJV-:Jrl111Jl'IJlJ'IJ'U Vtltl'U lN'H lJ~ 1-.1 'Ull'Jfl':i~ ~Ufl111Jlfl lJ (p>0. 05) 

, . d Q,J d : , ,, ,, .Cl, #:I ,.,, 
1 

d .... 
U~'t'llJ11'Yl':i~~Ufl11lJ!fllJ'UliJ-:Jfl11 25 ppt fl11lJt'IJlJ'IJ'UVtlV'UlJU'U1 t'UlJ~~~,:i 'U'IJW~l'l':i~~1J 

fl11lJt~lJll7 20 irn~ 15 ppt fl171Jtou'1Jou'1-.1ovv1-.1iiri1iJ-:il1-.1mh-:ihiihrmhriqJl'll-:JffO~ (p>0.05) . 
(.fll't'l'n 2) 

1,000 

900 
5 
"' 800 0 

5 
•111;: 700 f(G ,.. 

(G 
;:; 

600 "ii 
G:I 
G:I 

500 

400 

. 
15 20 25 30 trmm'iinh (ppt) 

D iiiH Ca(OCl)2 ■ H Ca(OCl)2 

. ,, ,, 
fll't'lll 2 llli£JUl'n£JlJtlVff 1ll~lil~11-.1u11~1111-:i 1iirn~ 11i1iuflmCJf£JlJ ifJ ltlrrnv h; (Ca(OC1)2) 

ocv'td d: a,, 

1J1'U~'U1 'Ylfl11lJtfllJ'U1 4 'j~~1J . . 
I d I 4 

11mm11~ - mi,rnv ± mr1111Jr1m~irHrn1-.1mm111-.1 
,, 

- ri1l'l1-:iffo~imvrnlivumt111-.1u~~~':i~~1Jr111m~1Ju1 

CV G.I d I Q.f 1 d, I Q.I' I .:I QI o ca,, .c:t,.Cl, 

- V il'hl ':i .fll'lflV-:J fl(}'lJ l'l ~ H fl'U U ff~ -:J 11lJ fl11 lJ U~ fl~ H il 1-.1 V tlH lJ 1-.1 Vfflfl tl}l'IH ffO ~ 

(p<0.05) 
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I 

2.U11il~ 
,, ,, 

ff1'U, 'YIWU~1fll'i'U1,j~,l1~1tlUfHH9ftllJ l81 ilmrn, 'i ~ iji:,fi;'l'Yh 1<tt'1::i11u'11i1\PI 1uu1 
u • 

!II l .ct ' QI a1 d : .P , a d QJ d ! .ct 
'i;'l~'UOtl'i;'l-:j ~tHltl.lH'1'i1l.lflll'it~llfl11l.llfllJ'U1~11tl fl'i;'l11flO'Yl'i::~llfl11l.llfll.l'W1-g-:i 25 ppt ~::l.l 

H'i;'!Vh1l1'fl11lll'li'll'li''U'uO-:i 1"1fl~tllJU'i;'ltUl.lflUl9ftllJ 'i;'l~'i;'l-:j0V1-:iij-Jt1ri1rit11V11-:iffo~ (p<0.05) (flTW~ 

3 U<ltfll'W~ 4) 'IJW::~fll'i'i;'l~'j;'j-:j'IJfl-:jl.JoffvJoi'mlv1-:ii1-Jvri1rit11V11-:iffO~ (p<0.05) ~::1n~,'W~ 

d : ~ d I d O QI ,::S d j/ 'J} I 

fl11lllfll.l'W1\Pl1 15 ppt (fll'W'YI 5) ff1'Wfl'10'i'W flll.l::t1'W U<l::llfl'i;'ll"lftll.l l.lfl11l.ll'lll.l'IJ'W<l~'i;'1-:jfltl1-:j 
,, . 

ll-lliUtlff1rltlJ'Y11-:jfft)~ (p>0.05) 'VJfl'i ::it1fl11lll~l.l'W111!0'U1'1J~~1tlllfl'i;'ll91tl11 l8 h.lfl<lO l 'i~ (fll'W 

d di , ,,. 1 1· 1 1 .. ,,. " !II !II !II ,,. " : ~ ,1 
'YI 6 o-:i 8) 1rn::-w1111uf1'1l"lft111 8 IJfl'10 rn l.lH<l 1'11fl11lll'll1l'll'U'llO-:i 1-wu'Vlffl"lftlll &'W'Wll'Wl.l'll'Wlu 

J/ t ,, I ,, 'JI 

'VJfl'i::illfl111ll~mh vm1uvh::i1Jfl111ll~mh 20 ppt (fll'WTI 9) 111-i11-:iiliilijfl11l.lll\Plfll>i1-:inu 

od1-:ii1-Jvri1rit11m-:i1;1ti~ (p>0. 05) 

10,000 1,200 

a 
8,000 1,000 

~ ~ ,5 6,000 ,5 800 
;i 

;i 

,! 
4,000 I' .-

2,000 

0 

" . 
15 20 25 30 11111JlfUJU1 (ppt) 

D 1iiHca(OCJ)2 ■ Wca(OCI), 

"' fll'Vi'Vl 3 

,ii! 
,;i 

C: 600 
~ 

400 

200 

15 20 25 30 fl'l11JlftUtll (ppt) 

D hili Ca(OCI), ■ H Ca(OCI), 

e1 -~ d ,, ,, 1 ,d. d .c::1 Cl d " : , ",, 
flWf'YI 3-4 lIJ'Hllll'YW1Jfl'l1lJl'\llJ'\I\J "lH~WlJ (fll'W'Yl 3) U<l::Ullfl'Wl"lftl'U (fll'W'Vl 4) &'U'U1'i::l111-:i &'lf 

,,, .ct o' o<Vt..J d'! QJ 

m1:: lll l 'lfUfHll"lftllJ l81 'Ufl'10 l 'i~ ( Ca(OCI)) 1J11J~'U1 Vlfl11'Ulfl'U'U1 4 1::~1J . . 
I d f ~ 

11111 vm \Pl - mm,:, v ± m ffn l.l fl m 11 m "m.n.n \Pl 'i i 1 u ,, 
- fi1V11-:i1;10~1mumviu11mt11uu~m:1::imn1111~1l'W1 

- flflll 'i fl1ll 1fl-:ifl(lll ~1-i Hfl'U II 1;1~,:i-;i1ijf1111lll\Plfllvl1-:inu OVHiiumilfltlJVlHl;l'O~ 

(p<0.05) 



t 30 -t--,a-----..--;-----,. 

! 
"' ·~ 20 
E ., 
~ 10 

0 

15 20 
d : 

25 30 fl111Jlfl1JU1 (ppt) 

D llilf Ca(OCI), ■ lfca(OC1)2 

m'l'lii 5 

800 

a 
t (j()() a 
! ,s 400 

" a a ;,: 
.f 

200 

0 

15 20 
d : 

25 30 fl111Jlf11JU1 (ppt) 

0 llilf Ca(OCI), ■ li'Ca(OCI), 

fll'l'IYi 7 

500 

a a 

1 400 

;,: 
"' 300 
'" a 
E 

.E 200 

100 

15 20 25 30 fl111Jtft11J', (ppt) 

0 lliW Ca(OC1)2 ■ Wca(OCI), 

' 
mn'Vi 9 

48 

18,000 

16,000 

t 14,000 
! 
;,: 12,000 , .. ., .. 

10,000 c;:: 
a 

8,000 

6,000 

15 20 
d : 

25 30 fl111JlfllJUl (pp!) 

D liilfca(OCl)
2 ■ lf Ca(OCl)2 

fll'l'lii 6 

400 f--------~ 

J 350 +------=~-...---¾l---1 

£ 300 ---------1 

'" ! 250 _,_ __ __, 

200 

15 20 25 30 fl11JJLftJJli1 (ppt) 

D hilfca(OCI), ■ Wca(OCI), 

d 
fll'l'l'YI 8 

,, . ,, 
11r1m~m/l~ 11'r1c1v h~ (Ca(OC1)2) tl1u~u1 vir111lJ1~:uu1 4 ':iii11 

. ' f ,::S, I ,:!f, 

t1mmt1\,l - m1mu.1 ± mr111:ur1m~lflcl'fl'UlJl\,l':iJl'U 

I ~~ d • ' Q.I d : 
- mV11~-«t1mt.ffomV1u1Jmulu11\,lc,i':ii~11ri11mr1:uu1 

- flfll-J':i fllll lfl~ fl(]ll ~~Htl'U II irn ~11i1r111:u 11\Plfl\.ll~tllJ'flUH i1ifo-dli'1t)!Vl1~ 'i:'f()~ 

(p<0.05) 
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' ' "" - I"" - I ii ii ' - I m ·rn ~il6·U1 2 fll 'i I 1Jiltl 1--Ul lJ il·Ul111J I 'U1J'U'I-UI 'i fil ~ U il~ iJT'ilJ 'i~ fl6'U 

1. t11'i&t.l~uuut.l'il-:.t'Ue>-:.tJ1ti'l'tilum101;f1Jl'il\)flfJ-:.t'Un ( L. vannamei) 

... 
1.1 'lZtlZUe>&'ft'iltlU 

e:::uf . ?9 I ,I ti 

1.1.1 Offt1h1miw1 ri11mu'U~1-:i i'I.JriTrnm'U~ Uil~m1'1.Jot'U~ 
,, ' 

~1flfll'j'Yl~'10-:J'Vf'I.J1l~flQ-:J'j~tl~'UOl'rl~m,. iim1'WlflOO'U~lfl'Wlvi'l.rlum1 

i 'l 
j/ d i j/ ., ,. ,,,.,1 ?I ' i ,I -: Ji 

O'U'I.Jlil ,J 'lf ~::mu ~~lmt~'I.JOOff tlJ"1'1~ fl111JIU'U~1-:Jtrn:: 'I.Jfll'j'I.JOl'U~'l'U'UlllJOO'U1J1'1 • • 
' ,, 

~flQ-:J'\111~h'U i,J 12 i1 i1J-:i iim1il~il-:iorii-:iiitl'mhiqJm-:iffil~ (p<0.05) i~vooff i1Jil1~~ ri111J 

="I I i ,I d. " 'J) 0 Q.I d ~ 
IU'U~l-:J trn:: 1Jfll'j1Jfll'U~ 1Jfl11lJl'\JlJ'IJ'U'1~'1-:J 1.8 %, 5.3 % UilZ 29.3 % ~11J"1~'1.J (mvm 10 t:M 

'l 
a., 'J) j} 9) ,I Q.I d t ,J J d QI o QJ t:.\A 

12) 'U'Yll-:J~ 'j ,:j fl'U '1111Jf111lJt 'lllJ'IJ'U '\I o-:i fll'j'I.Jfll 'U l>lfl'1'1.J1Jfll"l -:i'IJ'U Otll-:ilJ 'U tlfflflqj'Yll-:i m1 !>I 

d ,. d ,, ,, ,x 
(p<0.05) (fll'Vf'Yl 12) t~tllJfl11lJt'lllJ'IIU"l-:J'll'U 20.2 % 

860 

i 
850 

.§ 840 ~ 
-5 160 

••c 
•i;! 830 -~ .. 
"' 'is 820 .. ~ 

~ 150 

"' C 
810 

800 140 

IZ •n1. 
0 12 '1111. 

.fl1Yln 10 .fl1Yln 11 

100 -+------< 

~ 
5 80 

-~ 60 -t-----.---------4'1----i . ., 
~ 40 
C 

20 

0 

carbonate bicarbonate 

0 0'fll. d ■ 12'lf1J. 

mm112 
I I ·JI I t 

m'rlvi 10-12 fll'jttJ~vuutJil-:iooffi1Jm~~ (m'rlvi 10) ri111J1i'lu~h-:i (fll'Vf'n 11) ri1{'1.Jot'U~ 

111 <I d °t d d'l" ,, 
!lilt t'I.Jfll'j'I.Jfll'Ul>l (fll'rl'Yl 12) '\JO-:J'Ulfl111JlfllJ 28 ppt 'Yl 'lf0'4'1.Jlil~flfJ-:i'\111 

(L. vannamei) 1ttlt'UOl'r!~m,.~fl111J'\1'U1UU'U 100 ~1/ii~1 "lh-:i 12 i'1 ilJ-:i 

' ' I d I ~ 

'ttlJltll'tt~ - fllmiltl ± fllfl111Jflill~lfliltl'UlJ1~1jl'U 

- fiTvn-:iffil~1mvrnvit1'1.Jmt1'l'Ui1-:i 12i11m 

' Q.I Q.I d I QJ I d I Q.I t A QI o Q.I A.£:::1. 

- Ofl'l:I Hll'l:110-:int:p,J'Yl~l-:i fl'U llff~-:i111Jf1111Jlll>lfl~1-:ifl'U OtlN lJ'UtlfflfltlJ'YlH fft:11>1 

(p<0.05) 
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1.1.2 ll'J1i19J . ,, . 
-•"' -• 'JI 'JI ' 0 "'i ~ 'JI Ol'.it1JiHJ'Ull1J'cl-:Jfl11l.Jl'U1l'U'UU11i11-l'UO-:J'IHYI 'If l'Unl'.iO'U'Ul'cl'clf)fH'IJ11'.ittlt 

q q IU q 

umTI~mY irlonmHl'W hi 12 i1 im 'rl'U1111-in1\91'Vlf1'lfU~vm1m·fo,1'rh:ii'ff ijf1111.11,i'1.1,i''U"~"-:i • • 
Lfltl iCJft~v1.1 fl"101'W (m'rl~ 13) i'rl11'Vlm;v1.1 m1~11flm;v1.1 (m'rl~ 14) ijm1"1,rn-:iod1-:iij 

a,, o a,, .::::i.-=:. ~ .:s ... I o' d o' 
'Utli'\'lfltlJ'Vll-:Jfftl\91 (p<0.05) t~tl1JIIJO'.ilCJf'U\91f11'.i'clfl'cl-:J 23.1 %, 18.9%, 19.8% lie\~ 34.5% 

\911mhf1u ci1'Un11.1~ti'Wuc\~1111n-ti1;u1.1 "m1"1~"-:i1i'Wn'U11~1,mf1111.111\91n~1-:im-:iffo~ (p>o.os) 

(fll'rl~ 14) 1'W'lltU~~vloffvlofffijfl11lltimr'Wff-:Ji'U (fil'rl~ 15) 11~hiijf1111.ltt\91f1~1-:J'Vl1-:Jfftl~ ., 

(p>0.05) 

a 
14,000 ,-----------, 1,000 

t 12,000 +-----------! 
E 
,j 10,000 

~~ 8,000 +--r----------l 

~ 
i:: 6,000 

~ 800 ! 
,$ 600 .51 
~ 400 ,. 
" 4,000 200 

2,000 0 

Na a Mg s K Ca 

00'1111. ■ 12'1111. 0 0'1111. ■ 12'11J . . .,. 
mvm 13 fll'Ylfi 14 

50 

~ 40 

5 
I: , .. 

30 "' E ., 
,:: 20 

10 

0 12 'lflJ. 

d 
flWl'l'l 15 

mTI~ 13-15 m11il~t1'WIIU'cl-:J LCJft~vmm~fl'cl01'W (fll'rl~ 13) n11.1~ti'U u1.1ni11~v1.1 L'rlll'Vlfft~v1.1 
1 I JI 1 

11'clt1tflmCJft11.1 (mTITI 14) 11"~-vh:imfoi'ff (m'Vfn 15) 'Uo-:itl1f111111~1.1 28 ppt '¥ii' . 
jl d d I a,, ..i:::ii, 

O'UU1flflf)f)-:J'IJ11 ( L. vannamei) '.i~tl~'U0t'Vf'c1Vff'Vlfl111J'H'Ulll'U'U 100 \911/'cl\Pl'.i . ., . 
"li1-:i 12 i1im . . 

I d I ~ 

'HlJltll'H\91 - flllu'cltl ± fllfl111Jfl'c11~1flc\O'U1Jl\91'.ij1'U 

- fll'V11-:JffO~til1vrnnvumvhm~fl~'lfU~'\JO-:Jll'J1il9J 

a,, QI d I a,, I .c::! I QI I .ct QI O CV -=:.~ 

- Of111 '.i fllll 1 o-:i nq ll 'Yl,I H f1 'U II ff~ -:J 111.1 fl 111.1 ll,lfWll-:J fl'U Ot.f 1-:J 11'1-.t tiff lfl tlJ'VI H ff (I,} 

(p<0.05) 
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' ., ' - ,.,. - I O "'1 ,,, ,, d 
'il 1nm19111 'il ff OU m ·n 1J c1 vu U 1JM '\I o..:i 'W l'Vl 'll' um rn 'U u1c1 c1 n n..:i '\I 11'J ~ v~ cifLOtJ 

q cu q <u 

idorrn1f-i1u iii 12 ..#11l.l..:i 't'IU11 r111l.lttl'Ufl1..:i1m~1um1umu(9liimrn~rn..:imh..:iiii!vd1firun1..:i .. 
' ' """" 1 d 'J) 'J) o QI d d 

fff:191 (p<0.05) ~t1l.lfl11m'\ll.l'\l'Uc1~c1..:i 2.4 % uc1~ 12.3 % 1,11l.lm~1J (mV'l'YI 16 1m::mV'l'YI 17) 
., ' 

lU'Vl1..:Jf1irrnium111mu1,1iir111m,i'l.l,i''U"J..:J,i'U 13.2 % mh..:iiii!tiff1flty'Vl1..:Jff(I~ (p<0.05) (mV'ln 
., ' 

17) ffl'H'i'Uflflff 1l.lcl1~~iifl1'Jcl~c1..:Jl'lf'Uf1'UU~1uiifl1ll.11!(9lf1~1..:J'Vl1,H1'(1~ (p>0.05) (filV'l'n 18) 

170 120 

~ ~100 

.S 160 ..5 ., .i; 80 
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- flf1ll 'J .fl 11:l lfl ..:J f1(] 11 'YI (911..:J f1lJ II ff~ ..:J11l.l fl 11l.l U\,l nm..:i f1'U fl tlH l.l'U tiff lfltl.J'YI H ff f:1(91 

(p<0.05) 
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I 

1.2.2 ll11iWl . 
91 9I I 'I : ,d'I 91'1 91 "1 ,A I lJ1 

fl'l1l.Jl'1Jl.J'IJ'WU'.i1i11-J l'W'Wl'Yl !'lf l'Wfl1'.it1~1J7rHJflfJ-:J'IJ1'l'.i:W:::1!lfltlll.J'tll"Jcrn-nu !'LI 

12 i'l hM 'Vf1J111C]ft~VlJ (fllYI~ 19) rhii:::6u UlJfl'UICHVmm::: 1YIU'YltllCHVl.J (fllYI~ 20) "fl'lllJ 

1<u'm~mwm-:ivd1-:iiiiiji!mht1qJ'Yl1-:iffo~ (p>0.05) 'IJtU:::~um11civ11 (fll'Vf~ 20) 1m:::vJvffvJvfff 

' .d. At l.d.C1.10G.1 ~.oi. , .4::1 t..:::t 

(fll'W'Yl 21) lJflll:l~l:1-:J 28.6 % tm::: 43.7 o/o VV1-:JlJ'WVfflflq}'Yl1-:Jfff1~ (p<0.05) ff1'Wfll:IV'.il.l'W1J'l1lJ . ,, . ' 
m51tl~vuu1lMuvvmn (mwri 19) 
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mYI~ 19-21 m·Htl~m.mtl1:1-:i 1C]ft~v111rn:::r11:1v1u (m'W~ 19) n1'lJ:::t1u U'lJfl'UtCHV'lJ 1"WuVJtnCHV'lJ 

111:1:::Ufll:IICJfUlJ (mv.~ 20) 1m:::vJvffvJvfff (fll'Vf~ 21) 'IJv-:iJ1r1-;i1m~11 28 ppt ~i~ 
j} ,d d. I CV .oi, 

V~1J11:l~flQ-:J'IJ1'l ( L. vanriamei) 'J:::u:::,rmU'Ylfl'l1'lJ11'W1U'W'W 100 \911/1:1\91'.i 

'lf'l~ 12i-;i1m 

' ' ' .c:t ' a 'tt'lJ1Vl11\91 - mm1:1v ± fllfl'll'lJfl"t'll~lfll:ltl'Wl.11~':ijl'W 

- rll'Yll~ffO~llli U1Jl'¥lf.11Jfl1V 1 'Wll~l:l:::'lf'U ~'IJV~ll 11i 1~ 

' CV Q,I .d. I Q.I I .d. I QI I .d. Q.I O Q,I ..::::::t...::::::t, 

- tlfl'l:l '.i fll'l:l ltl~flqll 'Yl\91Hfl'W llff~~'l11Jf111lJU\9lfl\9l l~fl'W tlfJH'lJ'Wf.Jff1flt1J'YIHfff1\9l 

(p<0.05) 
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~cf ~•"I ,I ,I 

1.3.1 ~n:ii1 l1Jm,w1 fl11lJl1J'U~1.:J mmnrnL'U\PI um:fll'J'Ufll'U\PI 

1'Wfl1'Jfl'W'U7crnnti'.:J'll71'J~V~llJCJfff tflflnm~huiil 12 i1 llH ~'U11 . .. . 
,, I JI I 

flflff 1:ucnil~ r111mtl'W~l.:J 11r;1~i1Jr1111Jm'W\PI (mwri 22 ih 24)1mlTri'Yl1m'lfl\.!'Ulcl iimrn~cl.:J 

flV1.:Jiitl'vri1f'itym.:Jffo~ (p<0.05) 1~viifi1r;1~r;1.:J 3.0 %, 3.2 % 1m~ 9.9 % \.11mh~'U 1u'llru~~ . ,, ,, 

m1'Ufll'U\PI (m~n 24) ihhg.:J;i'UflVl.:Jiitl'milti'ty'YIHffO~ (p<0.05) 1~vijfl11:Ul~:IJ,'U~.:J;j'U 
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d 
fll'V'IVI 24 
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d 
fll'V'IVI 23 

12 YU. 

I 1 ,, 1 I 

fll~fl 22-24 fl1'JtiJ~t1'UUiJr;t.:J flff'1l:Umi\~ (fil~fl 22) fl11l.lltl'U~H (fll~fl 23) mfmH'U\PI 

" ~ .I d t d ""1 3/ 31 
trn~ l'Ufll'J'Ufll'U9'1 (fil~'YI 24) 'llfl.:J'Ulfl11:Ulfl:U 28 ppt 'YI 'lffl\.!'Ulr;l~flfl.:J'll11 

( L. vannamei) 'J~tl~llJCJfc\' ~fl11:IJ'tt'UlllU'U 100 f11/~9'1'J '111.:J 12 i11m . . 
I Q I ..i:!!i 

'ttlJltll'tt\PI - flllllcltl ± fllfl11lJfl"1~lflclfl'UlJlmJ1'U 

- fll'YIHffO~tiJ~vmnt1'Ufllt11U'l11.:J 12 i1 llJ.:J . 
Cl.I QI .c::l f QI I .cl I Q.I I d. <V O Q.I t:lt.t:lt. 

- fl fllJ Hlll.l lfl.:J flt) lJ 'Vl9'11.:J fl'U 11 cf M 11:U fl11:U 11\91 fl9'1 H fl'U fl tlH :U'U ti fflfl tlJ'Yll .:J ff ti 91 

(p<0.05) 
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1.3.2 Ul1i1~ 

,Jlflfl1'j'VJ~clfl-:Jfl'4tllcl-afltl:i,i111::f.l::i111~hnrlt1nmH1'U iu 12 i'1 lm 'ntl11tll 
,, I t ,, I JI 

1il~ l'Jfl'll'U ~ i mhvhhm1 fl'4tll'1"fl1'j tU~f.l'UU U'1-:Jl1-:J~1tm::t1 -:i;i'U u~i:Jijr1111JU\Plfl~l-:J'Vll-:JffU~ 

(p>0.05) 1~£l 19ft~f.lll fl'1fl1'U (fll'n~ 25) 1-numYtCJftlll Ufl"19ftlll (fll'n~ 26) uc1::1fot11foi'ff 

.d ,:::t fj/g} Ji do a, Ad ,J ~ ,,,, 
(fll'nYI 27) llfl11llt'\lll'll'U"l-:J'll'U 'U'\JW::Ylfllll::trntm::u11n'Ut9ftll.J (fll'n'YI 26) l.Jfl1ll.Jt'\ll.J'\l'U(l~cl,:J 
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1rn::ur1mtiv11 (m-n~ 26) tt'1::l'fot1vfofi1 (m-n~ 27) 'llt1-:itl1r111111~11 28 ppt ~,, 

fl\.Jtl1'1'1flfl-:J"111 ( L. vannamei) 1::t.1::ll.JCUtl ~fl1111'11'UlU'U'U 100 \Pi1/il\Pl'i . .. . 
.Ji1-:i 12 i'1lm . . 

I d 1 .c!1 

'11lllm'tt\Pl - mmml ± fllfl11llfli'll~Hfl'1fl'Ulll\Pl'ijl'U 

- ri lYll-:J tlU~tm vm vi tltlflltl i 'UU~cl::'lfU ~'llfl-:JU 11i11PJ . 
a, a, ,d I QJ I d I QI I ,d QI o QI ~4 

- fl fl'hl Hll'hl lfl-:J fl t]'hl YI \Pl 1-:J fl 'U U ff~ -:i'lll.J fl 1ll.J U\PI fl\PI 1-:J fl'U fltlH 11 'U ti ff 1 fl tlJYI N fft:l \Pl 

(p<0.05) 
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e.ef ~ ' ti ~ 
1.4.1 m:i'ff1mniw1 fl11lJ11J'W~1~ 1um'i'I.HJl'W(,l uct~fll'ilJDL'W(,l 

'ltHJflQ~'ll11'i~tJ~ 1V1'ffct111 1rlm11m'ifl'41J1c\~flQ~•1h~nm 7 iu 1~vijmnH'u ,, . ,, . 
ct~fl111Jtfl1J'U1~1fl 24 ppt ct~m~D 8 ppt U'tl~"fl1'J(,l'J1~'fffllJfl1'Jttlilvuutlct~'lltNil111'1-rlum'J . . " ' . 
fl'WlJ1c\li1t111c\l~l'Witlvlfl 12 i'11m VilJ11 flflff11lct1il~ (fllVi'\128) Uc\~fl111ltfl'l-J~l~ (fllVi'\1 • • ,, . 
29) 'W'l-J'ff1'l-J'111ajijm'Jct\Plct~flri1~ij,Tvri1i'it\J'Yll~ffo~ (p<0.05) rl1'l-Jium{1rnt'l-J1P1 (mVin 30) 

rhu'lmyijmrn\Plct~flti1.:JiJ.iij'l1vri1i'itY'Yll.:Jffa~ (p<0.05) 'luY11.:J1P11.:Jtiwf11:um{umu1P1mi'I.Jihh 

..J. J ' d Q,I Q.I .Q.Q d Q./ d : d 
IVill'll'l-JfltJHlJ'l-Jf.lfflflt\J'Yll~ff(l\PJ (p<0.05) Yl1::\Pl'I.Jfl11lJlfllJ'W1 24, 20, 17 Uc\~ 15 ppt (fllViYI 31) 
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t I I t/ I 

(mw¥i 3o) uct~r11{m:im1v1 (mVin 31) -ii1~ 12 i'1111~'1Jo~tl1n'lio'4rnctt1flQ.:J'IJ11 

( L. vannamei) ';i~tl~ lViffc\111 tll~ 1-7 1'l-J~fl111J'l1\J1U'W'l-J 100 ~1/il(,)1 fl1tll~fl1'J 

d : ~ 
'tl\Plfl111Jlf11J'W1 24 fl~ 8 ppt . . 

I A t 4 

11111mm, - mm,w ± mr111llflc\l\Pltflc\fl'W1J11P1'JJl'l-J 
,, 

- ~ lYI 1~ ff O~l ID tJUI 'n f.l'I.J U ~ cl:: 'lf1~ fl11lJl fl ll'W 1 . 
Q.I Q.I d. I Q.I I d, I QJ- I ,::::9, QI O QI -=:...e. 
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(p<0.05) 
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1.4.2 U11i11Pl 
• ,, . a 

tl~mwu11i11P1ri1uhrnihnhvi'Vi1nTrn'W'U1'1'1n~-:i'll111tt1t hm·m11 11.rn11'11 
q u q qr q 

fhu1tl 12 i'1 hi-:i vn.111 ijrh1l.iu1P1n!Pi1-:itium-:iffo~ (p>0.05) 1P1'1o~m1fl~t11c11~uri1CJf1~t11J 

(fll'Yi~ 32) flt'\flj'I-J (fll'Vi~ 33) 1VittVlfft9ftllJ (fllVi~ 34) Uflt'llClftllJ (fllVi~ 35) fillltfl'W {fllVi~ 

36) trntvloff-rJof ff (mVi~ 38) ri1uu1Jnil1tj}t11J (mVi~ 37) ijm'.it'l~t'l-lmh-lih!mhiwvi1-.lffo~ 
" . ,, 

(p<0.05) 1'1-J'.}fi~-:J'.i~tlt 1Vifft'l111 5 'tlfl~tllt'\~1tl'Ulfl11lJl~lJ 13 ppt 
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QI QI d I QI I d. I Q.I 1 d QI o QI l:\~ 
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(p<0.05) 
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I JI I I 

d. o I a., 1 &::I') j/ j/ 
(fllV.'Vl 38) 'llO~'Wl '1$'H 12 '1$1 :U~ 'YI t'l$0'4U1'1~flfJ~'ll71 ( L. vannamei) 'l~fJ~ 

1 vrc1m11 ow 1-7 1u ~f111:u11muilu 100 i11ii~1 mvi~m1c1~1~~11 . 
d : ~ 

fl11:Ulfl:U'U1 24 fH 8 ppt 
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I d. I ,:!I 
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(p<0.05) 
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2. miiu1udi,1~1ugmj~'ll11 ( L. vanname,) 

1;\ fl~~'U l'J'Vlfl'.i ::t1::'YOJ11 i C)l'I~ tllJl~'U ll '.i li1\9l~'YnJ 1 'W ff ~ff'J'U lJlfl~ff ~ i ~tl'VnJff-HY~ 1 'U 
qtq q q 'I q,aq 

'.i::t1::1llcifff (71.7 %) 1mvm-nt1'UD'U'.i::t1::~'U "l ihlimw l"lf1~mJ1~~t1 46.1 % ff'J'Ullllfl'U19'svm1:: 

, d , d "I "" .J d cv , 'J/d cv 
W'UlJlfl 'W'.i::t1::uo1wmm 1m::"~·Mm lJ'.i::t1::1mmm:: tlJC)j'ffC)j'~lJ'.i::~'U nmrtv~nu tm::"~"~ 

mn~"l~ 'lu'.i:::t1::: iwrrm11 'lum~\9l'.i~n'U,1ll11-J'.i::t1::uo1w~vm1:: hiwrnm"119ftllll'1tl 11\>i,i::w'U 

'lu.i~rl1u~'il~ lu'.i::t1::C)l'1umm:: iwmn11 nmi''U iwu'Vlffl9ft1llll1;\t'tforr"Yfof1:11~u11'.i1n\9l~'Ym1u .. .. . 
'Jfl~~i'Jm::v:: u~,i::w'U iwuY11:11;vmm::vJmnfoi'1:1lm1~d1u~~~1wJ::t1:: ivHrn111 (mw~ 39) 

N z M p 

■ Na O Mg m Ca II Cl eg K ~ P ■ Mn 

d .I ,Id ,I ' , 'JI d d "' ,. 
fllW'Yl 39 l1JO'.J!ClflJ\9lll'.ili1\9l lJ'1flfl~'ll11 ( L. vannamei) '.i::£J::lJvtW'1tlff C)l'!Vtl tlJC)j'ff 1m:: 

q qf q qf 

'JI d : 
lWff1;\111fl1£J1\9lfl11lllfllllJ1 28-8 ppt 

d d "I "" l 
l1lJ1tlll111 -N = 'WOIW'1tlff Z = 1!1Vtl M = tlJC)j'ff P = t'Yiffm'Jl 

2.1 1 'Viumnc'iirn.J 

. I"" i d d , .., 'J/ d i 'J/ I 'J/ d 
IJ'.i lJlW Wll'l'lff!C)l'tlll'l'l'Yi'U 'U 11':l'JflQ~'IJ11llU'I.J1 t 'W llflO\J '\ll~fl~'Yli'Jfl'.i::t1::fl1'.i 

irlJu1m'.i i~vw1111lu-:h~mt1'1flfl~'ll1Tj::t1::umw~t1ff C)j'lfltl 1m:: iw1;1m11 ihJimw .. . .. 

iwt1'1'1ffl9ft1ll1ii11\9lfl~1~nuod1~ih!t1tl1ri't11m~fft191 (p>0.05) i~vijfi1m~t1 12 mg/g 9'~~~n111u 

"I .,. d 'JI 'JI d 1 "'.I"" 
'.i::£1:: tll9m' (9 mg/g) 11;\fllJOtl 1m::'Jflfl~'\Jl1'.i::£J::'WOl'Yi'1tlff t'Yiff'1111 3 tm:: 6 ll1J'.ill1W 

l'Yill'l'lffl9ftllllJ1flfl11 'lu'.i::t1:: 1ll9fff 1 1m:: 3 11'1:::'.i:::£1::: iwt1m11 7 0d1~ij,!vn1r1~'1'1l~tltl~ 

d 
(p<0.05) (fll'V'l'YI 40) 
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2.2 lcv,~rn.1 

1l1mw 1cin~m.J~vml'Wtjf1~.:J'\111nfl':nt11191n~1.:Jti'Wl'Wu~"::1::t1::mni\Jll'Wlm1 

I ,!I ,, 'I d ti"" ,. d i I I 'I d 

f1"11fHJ tif1fl.:J t'W1ttlt\.JmvrnmY vm nnw &9fl~WlJ \..111.:Jflltl 90 mg/g t1.:Jn11 ,u1::t1::1mt1 1 . 
(48 mg/g) u"t1lfltl 2 (65 mg/g) ua1-3ih!mht1ty'Vl1-3ffil~ (p<0.05) li1t1tin~wu'1~1::t1::1lflt1 3 

di i ,,. ,. ,,. .,; ,,. , .,; -1 ti ,,. .k 11"" .. 
'il\.Jt1.:J'.i::t1:: lJ9f'ff 3 19fmt11J'YITI1J'il::1Jml1ntt1tl.:J'\l\.J 1::mw 50 % '\lt1.:J'.itt1::1mt1 2 9f.:J 1111wY1 . . ~ 

TI1J l n~lfi tl-3f1\.J ucit\1 '3f111 l \.J'.i ttltfl\.J ua1-3ih! mhr1ty'Vl1-3ffil~ (p<0. 05) 'il1ntl' \.JTI1J111limw 
~ V 

19fl~tllJcl~cMtl01-3lh!t1ri1t1ty'Y11-3ffi1~ (p<0.05) um1i'-3l\.J'.i::t1:: 1v.m1111 1 111t1'.itt1:: 1Tiffcl111 il 

iJimw i9fl~tllJ~l'flJfltl'lJ'u'1.:JtH~ ijfi1m~t1 30 mg/g Lm::niJ1mtu~l~"l~ l'W'.ittlt 1l'lffcl111 7 

l~f.llil~t1iifi1c1~cl-370 % 'illf1'.itt1ti1J41fff 3 (fllTI~ 41) 

.,. 
2.3 fl~61U 

1l~mwflc1t1~'W i \.Jt}f1~.:J'\111TI1Jtl-3~"!110a1.:Jiitl'mi1tity'Yl1-3ff~~ (p<0. 05) l \..I 1::tt:: 
V ' 

1lfltl 1 (19 mg/g) 'illfllJ'lJtlimru'iltc1~c1-3~0l'Utl-3t1a1-3j'j,Jt1ri1t1ty'Vl1.:Jffo~ (p<0.05) lutinQ.:J 

1::t1t9flUtt 2 Cl-3'.itt1::i1141fff 2 11um::J-3 i"v.1Jrnt1lu1::t1:: i1141fff 3 Lm::Lrluc1nn-3L,i'1ri1::t1:: il'lffm 
CU CU II 'V 

A QJ ,,A i A~ I 'J/ ,d .ell ,d .&1!:11 

11'iltTI1Jflclt1'.i\.Jl\..1911tif1fl.:Jtlflfl'.i-3 uc1::11tlrn1wflt1\.J'\ll.:Jfl-:J'YI 1~t11Jmmc1t1 7 mg/g 9f.:JlJfll 

61 j/d a.1 .et .c=t d 
Lf1cllfltl-:Jf11J'.ittlt\.JtllTicltlffUclt11tltl 3 (fll'Vi'Yl 42) 

.,. .,. 
2.4 lltlOUlCVU'lJ 

- I"" d d l ,, ' d ' .,; ,, d ... ,% 
1J '.i lJlW l llJf1 \..I l 9f tllJ \..I ti f1 fJ-:1'\l 11'\'41J11lJ fl lei~ cl-:1 llJ ti ti f1fJ.:JlJfl1'.i l'lWJ \..I 1 f11'.i lJ 1f1 '\I \..I 

111t1lllJf1Ul~t11JihHmrut1.:J~q~t1a1.:Jnirt1fflflt}J'Y11-:Jff(l~ (p<0.05) hnttlt'WVll'l~tlff (49 mg/g) 
t.ct, A,,,,, d ~ ,, At Jd t '.d 

'illf1\.J\.JlJfllcl~cl-:J'U'.itlJ1W 70 % ll.ltlclflf1-:Jl'\llff'.ittlt9fltltl 1 tl-:1 2 lm1'iltlJfllff-3'\ll-.!flf1flHtltl1-:Jtl cu q cu cu cu 
~ ' 

'Utlfflfity'Yll-:Jffii~ (p<0.05) t\.J'.ittlt1l0tl 3 (44 mg/g) 'tt~.:J'illfl'Ul-.!'ilt;jfi1c1~c1-3fla1-:i~t1lUtl-:Jl\.Jtifl 

fl.:J'.i::t1::i1J41fffil-:i1::t1:: 1Tiffm111~olu1::t1::ilJC)fffTI1J'Uimwll1Jfl'WlCl$t1l.lm~t1 27 mg/g uc1:: 5 

, ,. ,k - I"" d d d l ,, ,. .1 ~ ' .,i 
mg/g 1.n::o:: Ll'lffcl111 C)f.:JIJ1tl1WU'l.Jfl'WlC)Wtl'VlTI1J 'WtjflfJ-:1'\111'.i::tl:: Ll'lffcl111\..1911fl11'.i::t1::mJ .:i 

oa1.:J;jirt1iht1ty'Yll.:Jffil~ (p<0.05) (flll'l~ 43) 

2.s vfo«-nat« 

'¥1t1ffvfofff ;j1'11J1Wff-:J,'Ulrlt1c1flO.:Jjjfl1'.i'nffl\.Jlfl11lJ1fl''W 1~tii'Wclfl0-:J'\l11'.ittlt cu • . cu q cu q 

\.Jt1lTI~t1i1;jtl1mwvleffvloi'ff 5.30 mg/g ~1n11iu1::t1::iu .:i uci1-:iiitl't1ri1r1t!Jm-:iffii~ (p<0.05) 

111t1iifi1ff-:i'u 74 % lu1::t1::9flUt1 I Lrn::;jiJ1mw i1hl\Plfl~1-:inuua1-3iitl't1ri1tirum-:iffil~ (p> .. .. ., 
d dlfl~ did QI id~ ~',.A 

0.05) lu1::t1::1mt1 2 tt-:i ilJ9fff 3 i11t111mmc1t1 8 mg/g 'ttcl-:J'illfl\.J\..11J1hmwt1-:i'\l\.Jt1t11-39ltll\.Jtl-3 

uc1::fit1u'\i'1-:ifl-:i~iu1::t1:: il'lffm11 1 il-:i 7 i11t1;jfi1m~t1 10.5 mg/g (fllTI~ 44) 
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"'' .d fil fJJ d I ,1 I 
'illflnl'i 9l'i 1'ilff01J tl.J't'l1JUfl'f'UtlHJll l\J~flfJ-!l'Ul1'i:;U:;'U fll't'li'!tlff U1P1'il:;'t'l1J".l .:J'U'U fltlVI 

11,11j1ui1:;~.:i"l,10cl1.:iiitl'uri1fit1,Jvn.:iffo~ (p<0.05) 1'U1:;utcit1ila 1 (41 mg/g) 1m::cit1ila 2 (32 

"" 91 -• , 91 "" .di "I "' ; mg/g) llfli'lltJWll'il::i'lfl'I.JO[li'!.:JIJ'j:;1J1W 75 % 'U~flQ.:J'i:;[l:;,ma 3 (l.:J'j:;[l:; tlJC)fff 2 u":;"f)".:J\911 

I , "' .Qi a -~ .cl QI d QI i d ~ .d t 
fl11 95 % 'l.,l'j:;[l:; tllcifff 3 lllfll1JW1Jl'Vl[l1Jfl1J'j:;[l:;1ma 1 'H't'l.:Jmfl'U'UUfl'f'UC)f[llJ'i):;~.:i'IJ'Uflflfl'j,:j 

1rn:;iiu~1J1Wfifl'U,rl.:Jfl,:j~,'I.J'j:;[l:; l't'lff't'l111 1 o.:i 7 lfl£liithm~a 20 mg/g (fll't'I~ 45) 

,:t 

2.7 Ull-lfllUtf 

,J~mwumni-u ff 1 'U~flQ.:J'll71ll~n:;1 :;u:; 1iiiir111l.Ju~n~1.:inum.:iff o~ (p>0. 05) ii 

r1111J11 U'i U'i1'U ff-i un:;Y11J 1 u ,J! mw ~1mn'ilu ilimmrn~11'ilff01J 1 ~1 unnti'.:i'U111 :;v:;CJftflu 3 
qJ cu q qJ 

"I "' d 1m:;'i:;v:; tllcifff 1 1m:; 2 (fll't'l'Vl 46) 

o CV 

2.s ria-iu~-iui,:;mii::tm 

ilivmn0.:iu,1.:i11n:;r\11J:;tlu1u~nQ.:i'U11l'Jm:;u:;mni\Jll'U1fl1'i 

i 
15 

·a 13 ~ 

~ .. 11 
oil 

.a • ll;l 1_ l! l -'-
J . 

~ 
al,! ah 

ah . 
• J 

,§ 
9 ;; 

"' tf: 

• ~ I 

~ -
~ 7 

ii: • .... 
5 

N I Zl I Z2 I Z3 I Ml I M2 I M3 Pl P2 P3 P4 PS P6 P7 

28 24 20 17 15 13 10 8 fl') Ullfl ,nh (ppt) 

m't'I~ 40 il~mw 1'rlll'Vlffl~Ul.J 1u~nfj'~,n1 ( L. vannamei) 'i:;u:;um't'li1£lff cittO£l llJ~mm:; 

91 d f 
1mrn111mu1~r1111J1fllJ'\..11 28-8 ppt 

'HlJl[ll'tt~ - film~u ± fi1fl1l'l.Jflnlfltfl~fl'UlJ1\p)'jjl'\..I 

- N = 'Uot'rli1mY z = CJftilu M = llJCJfff P = 1mrn111 .., . 
GI QI d t GI I d I QI I A GI o GI .ct..c::). 

- 0 fl'hl 'i fl 11410~ fl() 14 'Vl~H fl'\..I 11 ff~ ~11lJ fl 11'l.J ll\p) fl~ N fl'U 0£ll-l l.J'\..I £lff lflt1J'Vl Nff fl\91 

(p<0.05) 



~ 200 ---r-----------,,---------------
f 1wf--------a;;----:---=----t--------------1 

t 120 +-'~----

j 80 .. 
,i 40 
~ 

0 

. 
28 24 20 11 15 13 10 8 m1111ii1nh(ppl) 

24 a Z' 
j, 20 : h ... 16 .. 
"' ~ 12 
,§. 
;;, 8 , .. 
"' .. 4 5' 

0 

28 

j 70 

: 
t 50 

"' ¾: 40 
,§. 30 .. 
"' 20 '" ,;i 
C: 10 ;; 

0 

28 

d 
fll'Yl'l'I 41 

24 

d 
fll'Yl'l'l 42 

d 
.flWl'l'l43 

20 17 15 

24 20 17 

1::o::9n,j~ 

13 10 8 fllllllftllUl (ppt) 

" 1::0::unfl~ 

15 13 10 Ill 111ii11li1 (ppt) 

m'Yi~ 41-43 ,J~mw 1C)$t~tllJ (m'Yi~ 41) fHl'tJ1\J (fll'Yi~ 42) Uct~UlJfi'Ul;OlJ (fll'Yi~ 43) l,_,1 

\)fiQ~'\111 (L. vannamei) 1~0~\Jm'Yiiiorr 1100 1l.1'11rrm,~ l'Yirrm11 mol~ 
d : 

fl111HfllJ\J1 28-8 ppt 

1-1mmr1~ - ~1m~o ± ~1f1111.1flm~1fltuu1.11~111t1 

- N = t1mr1iiorr z = tJrtoo M = 1wirr P = 1Yirrc1111 
qJ . 
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Q.I Q.I .d I Q.I I A I Q.I I A GI o Q.I ,=::,.~ 

- 't)f)'l:J ') rl 11:11 'tJ~ f1 tj'l:l 'Vl ~ l~f)\J ll i'I~ ~111.1 fl 111.1 ll~ f)~ 1 ~ fit.I ti 01~ lJ lJ O fflfl t!J'Vl 1~ i'ltl ~ 

<p<o.os) 



a ah " ahc ah ah 

he r.rl hr. 

4 

'Z2 Z3 P2 P3 P4 PS P6 P7 1::u::11nii'~ 

2S 24 20 11 Is n 10 8 flluuihnh (ppt) 

.fll'Yl°ri 44 

C r, 
r. 

,ct C 
r. 

0 

P2 P3 P4 PS P6 P7 1::u::11nii~ 

28 24 20 11 Is 13 10 sfll 111t'hnh (ppt) 

fll'Yl°ri 45 

0.06 ~---------------------~ 

i i 0.05 
a 

~ 0.04 -1--1------1-----------1----__,.._ ______ __, 

J 0.03 

1~ 0.02 
C: 

~ 0.01 

0.00 
a a a 

Z3 Ml M2 

28 24 20 17 IS 13 10 8 fllllllflllYl(ppt) 

.J 
.fll'Yll146 

m'V'l~ 44-46 il1mw-rlofflfof i1 (m'V'l~ 44) llfl-attJrrm (m'V'l~ 45) tm::ummilff (m'V'l~ 46) 

ll-Hlflfl~'\171 ( L. vannamei) 'i~El~lJot'V'liltm CJftOEI illcifmm~ i'V'lffc'1717fl1Ell~ .. . .. 
d : 

fl17lllflll'U7 28-8 ppt 

l1lJ1Ell'l1~ - fill'u~El ± filfl17'J.Jfl'17fltfl~O'UlJ1mJ7'U 

- N = 'UOLYl~tlff z = CJfl0£1 M = i'JJCJfff p = imrn111 .. 

62 

' Q.I QI A I a., t d I QI I d a., o a., ~Cl 

- Oflll 'i fllll70~ flt)ll'Vl~Hfl'U U fffl~171.lfl171.lll~fl~Hfl'U 0£1H2J'U£1fflflt)l'Vll~fftl~ 

(p<0.05) 
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4. fll'Ull1flJl~UlA 
ti 

,, .d O Q.I ~ J Q.I 1 
t}flfJ-:i'll11lJfl11lJtl1Ttn~n (Total length) l'YilJ'll'UmlJ':i:::t1:::fll'i'Vl~'Ulfll'i fltl'i:::t1::: 

d Q OQ.l~'jl QA CV i..:.J 
'UtH'Vlrltlff 4 lJfl11lJtl11rll\Pl1l'ilJ\Pl'U 0.56 ± 0.02 lJrlr!llJ\Pl'i 'ttrJ-:i~lfl'U\.H'VllJ'll'U 33 %, 590 %, 700 

~ j}y1 d AA lflA 

% uri::: 1,425 % llJfl\}flfJ-:it'lll"J'i:::t1:::,imt1 1 (1.08± 0.03 lJrlmlJIPl'i), tlJ9fff 1 (3.86± 0.20 

iJriiitlJIPl'i), L'Vlffm111 (4.51± 0.06 iJriiitlJ\Pl'i) uri::: L'Vlffm111 (8.55± o.13 iJrii!tlJIPl'i) 1P11mh~11 
, I 1 JI 1 t 

(1P1111-:ivi 2 m'Vlvi 47) '\lru:::virinn'-:i 1'U1:::t1::: im1m111 ihl1ml'm11J,i''U 0.63 ± 0.06 iJriiini'lJ dj-o .. . 
JI t I J} 

t~1ih:::t1::: L'Vlffm111 ihhm!n 3.65 ± 0.13 i7riiini'lJ (1P111wri 2) t~lJ;j'U 482 % .. 

d 'j/ d ~,- 4o 
\911'.iWVI 2 fl11lJtl11rlflfl-:J'\111 ( L. vannamei) 'i:::t1:::'Ufll'Vlrltlff 4 CM t'Vlffrl111 7 lllffYllfll'i .. . . ~ 

. -0"4mrivir1112J11u1uilu 100 ~1/ii1P11 mt11,i'm1rifl'i:::~mn11Jt~lJi11 28-8 ppt 

V 
f1112Jt111 (iJriilmm) 

: Q.I AAQ.I 

1:::t1:::mm-:i 'Ul'tt'U fl (lJrlrlfl'i lJ) .. . 
"' 'Ufll'Vlrltlff 4 0.56 ± 0.02 -

"' C)Hfltl 1 1.08±0.03 -.. 

,lJ~ff 1 3.86± 0.20 -

1 'Vlffr1111 1 4.51±0.06 0.63 ± 0.06 

l'Vlffri111 1 8.55± 0.13 3.65 ± 0.13 

' d. I A 
11mt1m\ol - mmrit1 ± mr1112Jr1mfltr1ri-oum1P1'i)l'W 

d 
fll'Vl'VI 47 

10 

58-+--------------------< 
_§, 
)i 6 -+--------------------;<----l 

·ta ,.. 
c:i 4 t------------=----=--------1 
~ ,.. 
'-=2--t-----~-------------< 

N4 Zl Ml Pl 

. 
o Q.I 'J) d Id?~ .i:!I. o 

fl11lJtl11rll\ol1rlflfl-:i'\111 ( L. vannamei) 'i:::tl:::'Ufll'Vlrltlff 4 CH &'Vlffrl111 7 llJfl'Yllfll'i .. . . ~ 

-o'Urnri-rir1112J11u1uii'U 100 ~1/iilPl'i mt11~m'irlfl'i:::~1Jfl11m~mh 28-8 ppt 
• . . 
I A I ~ 

11mm111P1 - mmrit1 ± mr1112Jflmfltflrlfl'UlJ11P1'iJl'W 

"' "' llJ .,. '\" - N = 'U-ot'Vlrltlff Z = 9ftotl M = tlJClfff P = t'Vlffc1111 
. " 
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" . ' . 5. fJW.fllfiUl'l::'t'llHflT':i'fl~~tl~ 
V V 

,i1nm1v111'iltH)1Jfltufll'V'l1.hhmTHl'W'UT,rnnfl~'ll11'V'11J11 r1111Jt~1J1.hod1mh~ 28-8 
II q CU q CU 

ppt r11111i.l11vHhod1w1h~ 48-15 ms r111mrl'Wm~ - ~7~ ih;h 8.1-8.2 vit'lt1~f\1'ifl'l.!1Jl'fl 
V , V 

oru '11.fl1J'lltNi.l1od1w1h~ 28.3-30.0 o~ffWlft'ltCJftl'ff iJ!mwoonit'il'Wl1":m1t11'Wi.l1 ii,h 4.5-5.6 . ., ., 

fit1~fl'f'llvio~v11 (vin1~~ 3) ri1uuo1J imifoii,h l:W"J~fl11 0.5 ""~ni''ll~o~vi'i ut1:;1u1vin, iifi1 

111'ff~n11 o.o3 iit1~ni'119io~v11 ., 
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' " ' ' d. o I 'J/ I d I ,:!I 

\ilTH~'Vl 3 fJWfl1'VfU7':i~'1117-:Jfll'Hl'4U1"1~f1fJ-:J'Ul1 ( L. vannamei) (mmm.1 ± filfl11llfl"11'fH'fl"1tJUl.JWl':ijl'U) 

d : 
fl11ll'Wll'Vh~1 "" 1l!mrutitinGJh~'U~"1~"11'JLUtl1 j/ 

fl11l.Hflll'U1 tl\\!'11 fill 
~ ' • .. 

':i~V~"1f1fl-:i m1m um'fl-'fll-:J .. . 
(ppt) (mS) (°C) (mg/1) 

d 

u ti L vrn m'I' 4 28.6±0.00 48.68±0.11 30.02±0.20 8.12±0.01 4.50±0.09 

d 
0!HtJV 1 28.32±0.05 ., 47.24±0.10 28.92±0.12 8.17±0.00 4.90±0.08 

2 28.23±0.05 46.40±0.09 28.23±0.15 8.13±0.00 5.16±0.12 

3 28.05±0.05 46,56±0.16 28.65±0.25 8.13±0.00 4.77±0.10 

lll9fi1 1 27.84±0.04 46.06±0.10 28.47±0.09 8.09±0.00 4.94±0.08 

2 27.67±0.03 46,12±0.09 28.80±0.10 8.11±0.00 5.04±0.11 

3 27.45±0.10 46,11±0.07 29.20±0.22 8.13±0.01 4.80±0.05 

1v-1irn111 1 24.47±0.03 41.26±0.11 • 28.77±0.09 8.13±0.01 4.85±0.04 

2 20.18±0.17 33.20±1.72 28.96±0.16 8.08±0.04 4.94±0.09 

3 17.15±0.05 28.42±0.17 28.95±0.35 8.06±0.09 5.14±0.03 

4 15.20±0.07 26.86±0.18 28.85±0.26 8.17±0.03 5.21±0.13 

5 12.96±0.04 22.97±0.11 28.31±0.16 8.14±0.01 5.35±0.08 

6 9.80±0.00 17.86±0.00 28.45±0.05 8.08±0.02 5.48±0.17 

7 8.08±0.19 14.86±0.39 28.93±0.22 8.13±0.02 5.56±0.09 
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' <=I "- I '11 :ii m·rn~nm~n 3 N~ 'Utl~ on rn-·nm ';j tili'J m ';j ~ 11110 lJ 1JltlQ o fJ~ 'UTl 

illflf11':il'lfl-Crn-1vurn'tl'tlfln'-i'll11~1fJm1 tff~ mm:: i iitff~ mt i 1i 1\91 l u 1 ::mrnu rn'tl i fl fJ 
'I qJ II II Cl 

lum11ff11J1d1i1m:f u 1::fJ::uvrr1iifJmff11J 1cir1~fJ1J i'l.lmfuvi'U\91 L'V'lunm;mm'tl0 i1; tm:: . . 

"'"' 111 ,I "' "'1"' "I o' "' 111 .. "I"' mmu1cirl'.l1Jfl'tlt1 t1~ 1::fJ::cirmmffrn cir1~t11J t'l.lfl11'l.1Vt'U\9111'1~11fl'tl1ttft11Jfl'tlt1 t1~ 1~t1~ t1Jttfff 
"' 

"' 1 "' 111 "' "'"' 111 "' 1 "' i "' tffrn cir1~t11J mm1'l.lt11'U\91 U'tl~11"nu1cirt11Jfl'tlt1 t':i~ 111;1~1::v:: 'V'lffm111ff1)J 'V'lt1l'lff1cirt11Jr1'tl0 
., 

i1~ umu;fJ)Jflc\t) i1~ m1:: i)J 1 'U L'V'IUl'lffl;fJ)J'VIVmYl\91 'U11fl!)f-H'li-iu 

V 

1. 8\il".ilfll".i".i8~\ilUJ 

i~fJ\jflQ"~ii m11ff1m111ill,J 1 u 1::'l.l'l.10'4 m1;1 ii fl\9111m1 '.iv~ \9llt1iJ-in110d1" iii'r fJfflritl!m"ffo~ 
., 

(p<0. 05) tlmf 1J\jflQ"1::rJ::'U01'V'liit1ff'W'U m11ff1mti1i119Jii11in 1 tl'mh 1 ttti\9111m1rn~\9llt1'llv-1 

\}fl1""l"''U 1~1v1iiiiir1111J11\9lfl\vll"nu0d1-iiii'rt1tl1ri't\!l'1VlffO~ (p>0.05) (fll'V'I~ 48) 

a 

40 

28 28 28 
d : 

24-8 fl111JlfllJ'Ul (ppt) 

N4-Zl Zl-MI Ml-Pl 

~ Q.I 'J) d .el 1q et, 
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q II qJ q 

' U'J1i11,J 

"' tl1lJ1WOOfl9ft'\J'U~"::;"w1-u\l1 OWl1fllJ 
• .. 

~ (oc) (mg/I) 1::;t1::;"f)fl-:j .. • 

"' ' ilitff1lJU71i1~ "' ' ilitff1lJU71i11,J tffrnm1i7~ tff'JlJU'J1i11,J 
• • 

"' 'UOtl'rntlff 4 30.00±0.82 29.75±0.82 4.84±0.05 4.77±0.03 

"' "1Hfltl 1 29.87±0.19 29.73±0.11 4.75±0.06 4.77±0.05 .. 
2 29.77±0.03 29.63±0.12 4.79±0.09 4.74±0.11 

3 29.47±0.03 29.30±0.15 4.71±0.06 4.72±0.10 

ilJCJfff 1 31.00±0.00 31.00±0.00 4.83±0.01 4.69±0.09 

2 28.63±0.09 28.23±0.23 4.81±0.06 4.79±0.10 

3 29.03±0.03 28.63±0.03 4.85±0.03 4.75±0.10 

1'rlff"111 1 30.03±0.03 29.87±0.03 4.42±0.04 4.54±0.08 

2 29.23±0.03 29.00±0.06 4.79±0.03 4.86±0.04 

3 29.30±0.00 29.13±0.03 4.68±0.05 4.85±0.02 

4 28.63±0.03 28.53±0.03 4.76±0.07 4.93±0.02 

5 28.33±0.03 28.13±0.07 4.81±0.15 4.80±0.05 

6 28.17±0.07 28.00±0.06 4.91±0.04 4.87±0.06 

7 27.77±0.03 28.57±0.03 5.07±0.07 5.14±0.08 

8 27.20±0.00 27.00±0.06 5.33±0.03 5.35±0.09 

9 27.77±0.03 27.60±0.06 5.27±0.12 5.34±0.09 

10 27.83±0.03 27.73±0.09 5.34±0.03 5.37±0.04 

' ' I d I ~ 

l1lJ1fHl1~ - fl1t11"tl ± fllfl11lJfl"1~tfl"O'UlJ1~1j1'U 



' "" 'U'YIYI 5 

ff 1 iJ u 'ii~ o fl 1.h 1m,m 

. ~ 

t. m11 i'm,~iii 1i'uflm ciiu1Jie1 hlflt10 i1 ~u1u~li1 
'1 d t/oQl:d. d dY 1 

111t1fiWl'i1llfll'i 1'll'nfl,w1mll 18 hJmrn i 'J11'Ul'U11'W1llf-HHl'W-mH1'WOt1~om'.imt1hl 

,. A ,,,Q,I : d I 't ..:::1,.-:::i, A QI ~ A 

'llO-IOOO'W llJO 'll'fl'U'W1fl11lltfllltl-lll1flfl11 25 ppt t11tllJOV11il'HllH'lfllJ1'il1fl tcif111tlll11'\::: 
' ' ,, ,, 

1111n-u19ft111 -riii~1r111uot1ri-iodHihlmhrii\JV11-lffO~ (p < o.05) vifl11m~mh 25 ppt ;11f1i'.hr.h 

11fl'119ftlll lff 1 tlfl'10 l 'j;"fll'J'Yhtlfim tl1fl'U1171i11v.]i-imh1vh 1lfijmrnn~:::flO'Wl1!01 'U~tl'Wl'Ul ti 

od1tJ'.i'Uff7'i'U'i:::nou -d-:ir,rnm:::'Vlmiofl11m,rmi'tJ'llo-11cir1~mJ 1rn:::11:1Jfli11CHumiomi'1-imn 1tJ .. .. 
: d .d, 11)..,l.ct I A A 't a, .cl d 

'W1fl11ll1flll\l-l C"J Clf-!Ol'il'il::: rnmrnm:::'Vl'U~flfll'jl,J';ii\Jl~'U l~ fll'j'Vf~'Wlfll'j uri:::'.i:::'U'lJff'j'j:::lfllJ 

mt11tJ·h~mv,io-irinti'-i i~ .. . 
11 fl,11iiru11 lff 1 iJflm) i 'j ;ihJtu fflJtl~1i1tJ ffl'j flflflt]f l,1~ ffllJ1'j(ll11 ti fin! tllfl'lJffl'j 1 ~bci1 . " 

'Vlfl'lf'U11'¥10V1'Wih i-:ifflJfll'j~lm'\1-1 . .. 
Ca(OC1)2 + 2Hp __. Ca(OH)2 + 2HOC1 

~-in-m1:::~~m'lf 1tJtl11i1tJm11'l1tJ Uflr11iift111 iB 1 tlflrio l '.i;'il:::11~ni1 1tt11flmiift111 
. " 

iiootJ (ca2+) uri:::nrn iB 1tlflrioi'n- (Hoel) u~1wrn11:::viri1vi10'lf1mh1iJtJmff ,i:::u~ni11tt 

" HflrlltMtllJOOO'W ( Ca
2
+) um: 181 tlflrio i 'J;oootJ ( ocf) lff 1 tlflrio i '.i;OootJ"Uffllll'.i tH1~ni11 tt 

flrlfllHlOOO'W (Cf) ('ll'ii'Vf'J 'VfWJ'W1ft, 2533, Newman, 2004) 1do-i,nn1tJtl1~'Vi1m'J'Vl11rio-iij 
• • 

. " 
'Vim'lfod1mh-i s.0-s.2 m'.i1tliit1tJuiJr1-i,io-111flft1iif t111181 tlflrio h;1 u,hi-:i i~uflmCJft111iiootJ .. 

" . . 
uri:::ig 1tlfl'10 h;OOO'W flrlfl l'J~OOOU'lJUffllJ1'j(llfl1l'UQfl!t11 l~fl'UOOO'W'U1fl0'W "l -rinod1'W 

'tdlo'1'1 '1'1 "' ') ') d dd &d j/j/ 
'W 1 M'Vll l'H fl11lll'llll'll'lJ 'llfl-!Ofl OU 'i 1ll'111'1-I t ,imiu 'Vf 1::: l 9H11tllllrn::: 11llfltJ1Clftlllcif-lllfl11ll !'llll'll'W 

" " & 
tl-1, mh ff1'W11flft!~fJlJOflOUfiffllJ1'j(llf),l'U6m r.Jlfl'Uflftfl i 'j;flOO'W, mh Clf-l'il1fl~rlfl1'.i'Vl11't'IO-:i 

d "I ,, ' .ct d ,, 'J} .J QI d : 'J} ,, A d - IA 

'ii::: 1 'H 'W t 1111 fl clO 'J 'W lffl11ll1 '\l ll 'll 'W ft 11'1-I 11ft::: 'VI 'j::: f! 'Ufl 1111 lfl ll 'W 1 'tl-1 fl 11ll1 'll ll'll 'W 00 0 'W lJ IJ'.ill 10! 
. " . 

lJ1flfl17n'J:::i'Ufl11lJ1~lJ'U1\.11 f-iij1 Ofl1ffl11'Ufim tl1fl'U11flftlCHrJll l81 'Ufl'10 i rn1~ll1flfl11 l~'W 

" . " 
l~'i11flrl100ff 111mi1~HmutJ11 ullftflrl-J 1mhfl11ll1~m1-i (l-!Ulj''il::: i1rnf11111u~nlvi1-im-iffo~ .. 
(p> 0.05) 

rdo-i,nn u-in11v.J~1-i ci iifl17llff1rli\Jl>iom:::u1tJm'it'il~i\Jl~'U 1~ nwti~'W7fl1'.i 1m::: 

ff1'.i:::!flijfilrJ1'W71-JfllrJ'llO-lrlflft-l l'lf'W t 9H~tlllijfl11ll fflrlt\J 1 'W fll'J 1 fl'l:llffllflrlOOff tll~fl 
~ q . u q 
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,-d. ' G) ,/ .dlo 3,1,d,d 'J) Q.I 

fl 11JtJ lJ fflJ ~ cl '\J fl -:i t t_lfl ~ tllJ ':i::: l111-:i filtl l 'Ull cl!:: filtl'U flfll t_lfcl cl ':i 1lJfN 'Yll lf 'U 1 'Vllfl tl1'\J fl-:i fl1J fll ':i 

" 
vh-:i1u '\Jfl-:iflt\'llJl umrn::: 'j::: 1Jm.h::: Ul'Vl lllJfl'Wl;tllJlrl'U \Pl1'lf1tl'U11J fflJ~cl00ff 1 lJ~flflltl 1 u . 

1 _d jl Q.I fJJ _f4 O "t ,I ~ d ~ 
':i1-:imt1 lfltl1'\J0-:ifl1Jfll'j ffn-:ilucl0fl llcl:::fll':i'Yll-:il'U '\10-:ilfl'U l t}flJlf clltl'lf'U ~ llflcllt}ftllJlU'U 

,1_ I Q.I <i' 'JJ 4 Q.I ,1 ~ JI , , ef d. 

fl-:iflu':i:::flfl1Jl1clfl'\Jfl-:i tflH'ff':i1-:i1ilmm ('l,lqj':i\91'U 'U':i!::lJl.l'lfl\91 1rn:::mu:::, 2546fl) mmn19:immu1J 

fl111Jl'IY1J'IYu11~\1i~ri1u ~ltlgauu 'Ucl-:i it101,1 i tlihrnm:::n1J~0m':i l,11ru1~1J l\91 m':iiwiu1m':i 
u 

'J) I.If 'jl Q.I t G) fJ} : .dt:1 d I ,J I O Q.I j} 

llcl!::fl1':i':i0~\911tl'\Jfl-:i~flfl-:i l~ ~-:i'U'Ufll':i l'lf'Ul'VllJf111lJlfll.liJ-:ifl11 25 ppt 'VlH1'Ufl1':i1J11J~~1tl 

d "I 'i ... l lit ,I&, ,, Q.I Q.I. QI d d .cl : ,, 

llflcllt}ftllJ Hl rnflclfl l ':i~ ,i-:i\9IO-:i':i:::lJ~':i:::1-:i':i:::~1J'\JO-:i Lt}fl~tllJllcl!::lllJfl'Ult}ftllJ 1uu1~1t1 

d "" , 'LI 1'I " I I V V "' .,i V 
'\JW:::'Vlllflcll9llJlJ ~ rnflcl0 l':i~,1:::i1-:ir-rnm:::'Vl1J\910fl11lJl'\JlJ'\J'U'\JO-:i1°'off1°'0':iff lml 1'lf 

,, ' ' ,, ,, ,, 
f11J'Wlfl11lJl~lJf11vi 15 ppt 1~t11°'mY'rhii'i1tl'u\911m11:.1-:i1um':i~~~lJ1°'oi11"oi'i1,:i1ntl1'Ut1-:iff'\911ii1 

I I • JI 

ii1m.l1mwvi~1 ri1u1l1tyff\911lh,i:::1;1°'flff1°'ofi1,:i1n01l11~ (Davis & Lawrence, 1997) fll':i 

"~"-:i'\10-:i vfoi11"oi'mJ 1,:i::: i 1Hhrnm::: 'Vl1Jmntl' n~om':i 1,11 Wl~1J l\91 fll':i':i 0~\911tl ucl:::'\J1J1'U m':i u 

' tl<:I ti 9191' ti 2. fll'll !1£n-Ul !l~fl1ltll6Utl6Ul!U'Jlil\?JU!l~ffl'l 'l~flt>'U 

ef jl .d cv t 'JI d A ~ ~ : 

moHclfll':i'Vl~clo-:i'lf 1 lf l lf 'U 'lf~t,iu 11'.')flfl-:i ':i::: t1:::'UtH'Viclt1fflJfll':i1J':i 1nmrnou 1 uui 1 u 

'UllJlW~lJlfl'Vi'tl'fflJfl1':ilMit11 ~,ll':iW1,Jlflfl100ffllJmiii ~-:icl~cl-:i£1ci1-:ii1tl't1rl1iqin1-:i~o~ (p< 
' ,, ,, . 

o.05) 1urn1J 12 i1 llJ-:i 1~t1fl1t1clfll~il~ 11Jm11J0l'U\91 ':i11Jn-:iuin1\91vi\91':i1,J'fffl1J'Vlfl'lflJ~ • • 
" ' 

t1rn{u1"oi1wtif ffijfllcl~cl-:il1-:il1lJ~ 1~tll\l'Vil!::flVl-:ia-:i lt}fl~OlJ llflcll9ftllJ LVill'Vlffl~tllJ llcl!::flclfl~'U 
'j/ )} I )} 

Q.I Q.I q 'JI d A d a, QI G\ di 'J) '9,1 QI ~ .c=.d 

~-:l'U 'U l 'Ufll':i fflfUlcl'Jflfl-:i':i !::tl:::'U Ol'Vicltlff'U ,i-:if11':i ':i !::lJ~ ':i :::1-:i l 'Ul':i O-:ifl11lJl'\JlJ'\J'U '\10-:i flclflTfl'U \91 

L 9$l~tllJ llflcll~tllJ 1 'rill nm 9f tllJ ucl:::flclfl~'U 1 ttl'Vitl-:i'Vioucl:::mm:::fflJ l'd o-:i ,11nclnn'-:in:::rn':i::: v::: .. . 
" " 1t1vouiimrnomn1mfoufli'~ l'M'U clflfl~':i:::r.i:::um'Vi~u'tl,1:::iim':iclonm11Jo-:i 6 fli'-:i 1unm 45-.. . 

' ' " 
60i11m ('l,lqji'\91if th:::VJmn~, 2544) 1h:::flfl1Jf11J"fl1':ifl'41Jlcl~fiQ-:J'Yif11llJlf'UlUU'U\1'1 i-:iu'U 

;-:iiim':i1ieflfl'U~l..:J "l hfr~Ofll':ifff1-:it'U~Ofl fll':iiWJ'Ulfll':i llcl:::fll':il,Jlq/l~1J L\91 

fl..:J'\J11Lrlui\9111 un~1Jfli'mm;t1u LflH'fff 1-:imt1uomrlultl~tinu~-:i fll':i 1,11ru1~1J 1 \91 
• • u 

rl ,k "" rl ·i .,,. "' 
fl-:Jfl1h:::nfl1J':ifl..:Jcl..:JlJ1 (Pratoomchat et al., 2002a) t}f..:Jllflcllt}ftllJfll':i1JOl'U\91'U'Ulfl~,11nfl1':i':i1lJ\911 

A 2+ 1'I r/ • "' ,., I 

'\Jfl..:JUflcll9H.llJ (Ca ) llcl::: l1Jfll':i1Jfll'U\91 (HC03) ~..:J~lJfll':i~l'Ucll..:J (Perry et al., 2001) 
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,, ,, 
"11'UOcl'fllilU~ l1!mn11J1i:J'U~l1~'Ufl~'Ul 1fifl'illfl imnf1.J0t'UVlflOO'U (HCOJ um: 

,I "" 2- d ''I : 1 .:, "I V V 111 ,I ,. 
fll'J1.J01'UVIOOO'U (C03 ) vmg t'U'Wl um: m.t'Vl'l 1iJ,1:::Vi1.Jfl11lJ1'UlJ'\J'U'UO~ 11.Jfll'J'UOl\JVIOOO'U~~ 

)I I t/ I 

n11m{'U01'UVlflOO'UlJ1t1 (Brown et al., 1995) ~~'W'U 1"0 i'Um{ 'UOl'UVI lui11i'.im11iJ~uuuiJcl~;~ 

, 'I""' ..,..,,%,,., .Id .I v d 111'1• :J! 
ff-nm ll10clfl7cl'UV11Jt11111Jcl uuu 1Jcl~f11t1 ,i:::m u 1 f111,11nm1O'U'Ulclclfln~'Vlm:::u:::lu101.J 12 

q cu ct ct . ,, ,, 
i11m fl171J1'1i'11'1i'u'Uo~ l 1.Jf11{1.J01uvi11cl:::Oclfllilii~l uihclflcl~ 

d-i r/ G) : .d O 'J} d d j/ 'J/ 
t11'J 'VI 1 'U fll'J 'U 01 'W \91 1 'U 'U l'Vl'VI 1t11'J O '4 'Ulcl~ flfJ~'Ul1'J::: tlt'U 01 'Vicl tlfflJ fl11lJ1 'U lJ 'U 'U cl fl cl~ 

'IV d • V ""' o 111 <I "l.l'l :i!'I 2! .14 •1 V • 
Ufffl~ ll11l1'U1l~flfJ~'Ul1lJt11'J'Ul 1'Ufl1'J'U01'U\Zl rn t'll' !'Ufll'Jff"Jl~11Jcl0fl 11\Zl fl'J~ff'Jl~'Jl~t11tl'Ufl~ 

'J} J'~ I ' ~ d rl ~ GI dd ~ J 'I ,, t ' 

~flfJ~ 'Jttl!::'U llJ'Ul,J!:: 11J'U 11 fl cl1C)ftllJfl7'j 'U01'U \Zl1l1 lJO'U fl'U 'Vlt)l:lt)'Vllflfl'\J'W 1 'U fJ~'U'Ulfl 1 my 1Vi'Jlt11 

d 61 'JI d A 'I .... IA " QI A ti , cq QI ,, 

lJfll'J 1 'll'UlJ fl\JlC)ftllJ t 'U lJ'J lJlW lJlfl ff OflflclO~fl1JHclfll'J11fl'Jltl111 'J 1i 1VI t 'U \Zl1clflm'\J71'J !::tlt'UO . ., . 
.ct .d I 'J) 'J) 1 d .ctd I 'J) Ji d. QI 'J}G) 

1'Vicltlff 'V1Vt'U1lclflfl~Vlfl~fl7'J 'Vi11'Vlff1C)ftllJ 11clt11lJfl\J1C)ftllJflO'U'U7~ff~lJ1flllJOl'Vltl1.Jfl1.Jclflfl~ t'U 
qJCI qJ CU~ 

..,; 
1 

,,., , .., c:1t ... d ,, ,,., "" ,,.,,,., "i ,, 
'J:::tl:::O'W "1 f!tllJfl11lJ!fl'W'll'fllJlfll1J'Wl'Hffl:l'Vl~flfJ~'Jttl!::'WOl'Vicltlff 1 'lf11lJfl'W!C)ftllJ l'U fl'J ~ff'Jl~ 

d. ,k "l I d V "' d ''I. I : d'I V d <'1 V I 

11 'VI 'U Uflcl!C)ftllJC)f ~ llJ'Vi1.Jlcltl flffOflflcl fl~fl'UHcl'Vl'l11tl rn'17fl'Ul'VI 1 'lfO'W'Ulcl'Vlclflcl~ tl~11lJ17t11'J • 
clflcl~'Ufl~UlJflUl95tllJ,J!::i:uu\Zlt1~l~tl'UOUl~iit!t1fflfltlJ'V11~ffii~ (p> 0.05) n\ZlllJ 1i:lu i,JU'111rlo 

,, . ,, 
V V d. d. 'I O ,!I 1 ~-11 V O 'I V"' I ..,. 1 0 ..,. 

fl1llJl'UlJ'U'U11lJfl'Ul9WlJ l'U'Ulclflcl~l'Wfl~,Jlfl\}fl '11' llJ fltl~flfJ~ 'Vil ll1'ffflff1'UOOO'U 'W'Wl1flflfl11lJ 
,, . 

il.i'fflJflcl 111Jnil 19it11Jfl11mu 'U\Zl 1ui11;~i'.im111vin\oi11'r!o 1 ,fl ~111Jt1'U195tJlJDooum,J i' rnrnflclO • • ,, ,, 

OO'U 1uih 'Vil 1ttUlJfl'U 19ft11Jl'U\Jlclflcl~U~llhl\Zlfl~l~tl'U ou1~i'.it!t1ihfltlJ'Vll~'ff(l~ (p> 0.05) 11'flt 

"' -=1 -=1 <I dll) :J! <I "" V .k c:1t ""' .J d o 'I V 
fll'J 11\ZlflVl1'Ufl~11lJfl'Wl9WlJf11'J1J01\J \91 fl 1 ~lfll'J 'UOl'U \Z'IOOO'U fl1tl C)f ~07111U'U Oflffll'l-19.Jm-H'Vl'Vll 1 l1 

<I °t -=1 V 31 ,1 A 'I • ''I.I "' t A 
fl1'j'l.J01'U\Zl 1 'U'UllJfl11lH'UlJ'U'Um'U'U 1lJOl'Jcll t'Ufll'JO'W'Ulr:IHl'U rn fl~'W'Wl'Vifl\Zlfl'Uff'WO~fl17lJ ., . 
'J/ .d.c:S ' ,, ~ .d ,, 'J} d" , " .e:i,, ~ 
VIO~fll'j'V\lJflfl'U 'Ul~~ ~ 'iM fl 1'J'Vl,l!::\Zl'j 1'1fffl'U m1m '\JlJ'U 'U 'VI\Z'IO~fll'j Otll~U 'V\,l'j ~l'Vi 0\9101.Jff'U 0~ . 

'J} A .ct .e:i,, ~l/Jg} .ct Ai d. -=1-=I 

fl11lJ\Zlfl~fll'j'V\ l~'ff 'j'j::: lfllJ Ucl!:: 07,J '1!::1VilJHclH'fl\Zl lfll1 lfllJfll'j mm 'ViU 'V1"1'1C)ftllJl!cl:::11lJt1'UlC)ftllJ 
,, . 

1 'U 'J :::1.J'U\Jln'Vllfll'J0'4 'Ul'fl 

d V d. '131 -=Id. 11 V d. .kvi, 
,Jlflfll'J 'Ylclflm'Ul'J'Jttlt'U 01Vir:ltl'ff t 'lfUlJ fl'U!C)ftllJ 'U flH'ff'Jl~U 'Vl'U Uflcl!C)ftllJC)f~ llJ'Vi'U ., . 

mtt l~'Ul~tl1tl'Utl'U~V41.Jl'U~ Spider crab (Hyas araneus) 111m~irr1~~f)~'J:::t1:::11vuiliiim1 

ff:::ff1J'Uo~uflm9it11J m11,i'iqi1~1.J i\Zl~o~i'.im11 ~ffl'Jfl'UV116mn 1 u ir11 ~'fff l~'Uo~.ffumu iflfl1~ 

1flcl (Endocuticle) 11~luloi1vou1::t1::11Jm 1m.h (Megalopa) 1rn::1::t1:::1'uiu im~fffH'U0~1,J~on 
,, ,, 

,i:::iifl11lJ11 ~~lJlflfl11l!cl::1Jl~ff1'U ,i::iim1 ff::fflJ'UO~Ut:nHCJitllJ (Anger, 2001) 'tl~Ufli' ff1\Zll;tl'U 1 'U 

1 :::u::1urlou iii fl'J ~'ff f 1~vf u i 1u 'UO~ 1,Jt,omttijou n'Ufli' ffl\Zll;tmloi' 11~1J1t1 11~f1111J'UH'llfl~ .. 
,!I I V 1 ~ ,, 0 dA 

1,Jclom.11nn11 (Christian & Costlow, 1982 01~ fltl Freeman, 1993) 1m:::l'Ufl~fl1tlfll'Jf!lH'll'1\Zl 
,, ,, 

QI d fl .c!I 'j/i d d QI 1 Cl -=:i, o t 

'\lfl~fl'J"1'1\Zll'll't1'1-!'J:::t1:::11'ViMfl\Zl'tl'W l1'JO'flflfl~ '\.J'J::t1::uo1mwff'\.J'1::t11fftlflt.l'U'Jl1WH1'Ul clfl~'f\Otl ., . ., 
,, ,, ' " 

i,J\Zl11Jm::umh 'll111vtl1t'r~iwiu1 ili1~"vi ~-:iu'\.Jt11,Jilflniim1ir:ff1J'llo~u-ifi1~"J ~ ,i:::vh 1,fhJ 



92 

. ,, ' ' 
ffllJl'jflfi~-:J9l'JfldTI'U1 l1Wfhth, ~ ;,:i~hdlw ~t1-:iiinJihmnrn-:it~tl, if mlJ7::fflJ~fltl1':i ~1'j -:ii11P1 

(Scholtz & Richter, 1995 u'1-:i t~l'J Anger, 2001) 

ff1'W'tfoirrfoi'ff Vi'U11~flQ-:J'i::l'J::'Wt1l't1~l'JffiitJ1mwwt1ffWt:ii'ff1'W'i1-:Jfl1l'J~1fl'h'j::l'J:: 

,!{ , .d jl JI .. .I .. J QI i : ,d O ,, .c::I I I 

tl'W "l 'W 'IJWZVlfl 11lJ l 'UlJ'IJ 'W '1J tl-:J TitlffTifl'i ff 'W 'W lVI Vl7fl1 'j tl'W 'lJ1'i;l r1 flfl -:J 'i Z l'J:: 'W Ol 'Y'l'i;!l'Jff llJUIPI fll>l l ,:i . "' . 
nut:id1-:iiii!m:i1fi'tlJV11-:i-;;10~ (p> 0.05) rdt1-:i'il1n 1~l'JJ1itJfli'fft1P1til'Ju~rvi-:i~n t'lf'W\lflQ-:iiu1::l'J:: 

.ct Gld I a i' I V 1 'Wtll'Y'lrll'Jffl'J-:JlJU'l·1"-:Jtl1'117':i fltl fl-:J 'IJU~-:J (Yolk) tll'J (Rabalais & Gore, 1985 m-:i ~l'J Nates & . "' 
McKenney, 2000) 1uq-:ii,iu~-:irl' mm~ ~-:it:idiuitJwt:iff1wml~ (Phospholipids) ~1'W1'Wl.llfl l~O 

1rluu'1'1~-:JViil-:J-:Jl'Wffl'l'li''Ui1t:iou (Costlow & Bookhout, 1960, 1962; Thessalou-Legaki et al., 

1999 u'1-:i 1~l'J Nates & McKenney, 2000) 1m::1i'.lu~V1'il'U~-hwo-;;1woi'mrlurl1utJ1::no'U'IJO-:J . ., 
m1tJ1::flO'UWofflwir;1iJ~-nd1tiru (Davis & Lawrence, 1997) i-:itl'uimi'1r;1nn-:i;-:ii'.iml~~,u1u .. "' . 
l.llfl'illflfl-:J i'liu~-:i 1rlu itJi~11r;1nn-:iiivfo-;;1woi'i1iutJjlJlW~l'Yil'J-:J'Y'IOU~1 1mz 1~l'JJ1 itJ~il1ii 

• - CU Ill ., 
fll'j i ~WOffWVi'-tY'illfl'W lflll'J'Wtlfl 

iuihwuo-:i 11:)ft~l'JlJ f1r;101u ~-:i1rluu11il1vJ~•1hl'Jfo"M1fflJ~r;1ot1ff 1lJ~fl'llt1-:i1ilo~ 1m:: ., 
fo"MlfflJ~'i;l'\ltl-:Jfl'i~-l'Uff (Pratoomchat et al., 2002a) ii-:iuJj'-:i11'W'Wl'ilZiifl7'i'l'l7l'JltJod1-:iii • 
i!l'JUltltlJm-:iffo~ (p< o.05) iurn'U 12 ci1 tlJ-:in1P11lJ u~1rlt:i~'il11w10-:ifl11lJ~o-:im1 tC)ft~mmr1:: 

I " I I 

f1r;101 u 'illflt1jlJlW 'n'Y'l'U i u -.i 1-:iml'Jr;1nn'-:i'll11 i u 1::l'Jz u VtVi~l'Jffi!u mil u 1::i'U-n i,fo -:immiJo 
CU Cl CU 1\1 

.c:l QI .A .1,,,d ' ,, cl .c::l ,, .cl d .c::::i, 

lVll'J'Ufl'U'i::l'J::O'W 'l 'I$ 'l'll'l'l'W11 \lflQ-:J'i::l'J::'WOl'Y'l'i;ll'JfflJfl1llJ\olO-:Jfl1'j tC)fml'JlJl1"::fl'i;IO'i'WiutJ1mw 

" "' t " i ,1,,. d t "' .J "' " " t "' "' 'W Ol'J OflVl-:J~flQ-:J 'W 'i::l'J::'W lJfll'i0'4 'Ul'i;!Vl'Wlfl1llJlfllJ~ -:J C)f-:JlJfl1llJl'UlJ'IJ'W 'IJO-:J C)fl~l'JlJU'i;l:: fl rlfl'i 'W 

i1-:iodu~1 ;,:i il.iil 1v.'UiJruV11m1'1J1~uflr;1'U 1 C)fl~l'Jmrn:: fir! 01 u rlrn i''Ur1nn-:i 1:: l'J::'W om~l'Jff 
CU 1U Cl CU Cl 

d 1') I O .., i I ,, "' ,1 ?I 1'1.11'1 ,, I I "' 

fll'jVJ llJ'Y'l'UflllJ::fl'Wl1"ZVIO-:JU~-:J '\,J'jl-:Jflll'J'i;lf)f)-:J'j::l'J::'WvtVrnm1u lU'W l1J l~1l'Wl'il::lJ 
• "' . 

I I I J/ I 

tJjmw-n~1mn ci ;,:i il.iil1,1::iii1rnm::vi'U~oi111::1flii'l'l1om11'il1tlJ1~u 11>1 'IJwditJjmwiuihri 

't1lfll'j 0'4'Ul'i;l'W l 'il::mmnu 'Y'IO ff1'UUll-:iflTW ff i wl l-:Jflll'J\lfl~-:J'\111':i:: l'J:: 'W Ol'Y'l~l'Jff'Y'l'U 1 'U tJ! mw 

~ di : d. 0 ,, t "I I .c::l d 1 .c::::i.d I : 

l>ll 'IJW::VI 'U'UlVIVllfllrn'4'Ul'i;l\lflfl-:J'U'U IPl'i'J'ilffO'U llJ'Y'l'UUll-:ifll'Wff C)f-:J ~l'Jt1fll>lfl'Y'l'U17imn 
., . 

vi::mtl'ui'.itJjlJlWUlJ-:Jfll'Wff,'i1mn (0.00003 mg/1) (Brown et al., 1995) Uff~-:i11~ntj'-:ii~i''U 

.ct d. 1 91 'JI dl•o ~ !II ~ .ct. i 
UlJ-:Jfll'U fflVil'J-:J'Y'IO\o!Ofl1llJIPltl-:Jfll'j U'i;l1 'il-:J lJ 'il1l1J'W 1>10-:J I ff'ilJUlJ-:ifll'W ff 'W 'i::'U'Utl'W 'U7'1 • . ., . 

1~l'Jff'itJu~1iu1o'U 12 i1 ilH'U'U fl'J'j~'ill'iWllffjlJffl'jtJ'j::flO'Ul'ftfljf)'M7'j:;iu • . . ., 
iumf 'Uot'W\ol l'Y'IUVlffl;l'JlJ ur;1::ulJnu1;l'JlJ i'lf odlu1::iuviiiod1~l'J111 itJ1mhvi::rnV110 i1" 

mnn111~ml'ol'J 1~o"ll'~l"ll'l'Jfll'i'l'lll'JitJ,11nm'ii~itJ'IJo-:i~ntj'-:iV110~-:iii;11>1tu "l im.it1t1'4'Ul'1 
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d ca, , d a., d .J 'J} d d ,~ ,/ 

'lJ fl'l1'1J 'lf ~ l 'il lH 'lf'U l~tl1fl1J'J ~ ti~ 'U tll'rl'fl tiff CJ$-!! ~flfJ-!l'J ~ ti~ "l{lfl tn.Jnl'l' 'lf l1J fl 1'J 1J 'eH 'U ~ 
V V 

11c1:ollt1'U hnhmn ;,:ivh 1 tt'ri1-oc1milii~ 11c1: l 1m1{umu~c1~c1-:it1ti1-:iihfod1ity (p< 0.05) 1'U 

mu 12i11'1J-:i 1~v1'Wfl~'lJOt1t1'Uc\~,rmm-:i't'Jfl'lfii~ 1flt11Ul'fl::t1ti1-:it-:i11flmCJfmJ11c1:'rlt1fflfofc1 

,k ' , 'JI "" "" 'JI "" "" .. I . .I "' , "' d CJf-!l'VllJ'l1 l.l\1flfJ-!l'J:t1~"l{ltlt1 1-2 'lJfl'l1ll~t1-:imrni11mCJft1ll ft'fltl'll.l 1m:nt1ffrtmff lJ'j:~u'Ylg-:i 

1vit11.rlu 1 m-:ifff 1-:iuc1~'lllJTl-.lfl1'JIPi1-:i 'l 1i1t1-:i'illfl'Yl1JiJ7mw~ff-:i 1ui1-:imvc1n~-:ifft1~ft~t1-:inu .. .. . 
,J7mw~'t'luc1~c1-:i 1 utl1 uff~H 1ifrif u11c1nn'-:i'J:t1:i1jjm'jtl1ot1t1u~-:imh-;i L iJiimh-:imn .. . 

, lit d 'JI • i - Q , "" d' 'JI d ~ 'JI d 
vv1-:i irn~11Jft'l111~v-:im'Jmti11PJ'Yl-!I 3 'lf'U~'il:c1~c1-:i U'J::v::cumv 3 'lfh11Y1ut1-:im111~t1-:iflTH1 

c1~u'mm-:i 

~ d ..c:S Y d d 1 ,d j} I d Id 

'flfltJ-!l'j::t1::CJf1t1tl llffllll~tl-!lfl1'JllllfllJltJftllJ ~tllll'fltllJtltlfl11'J::t1:lJtll'Vl'fltlff ll~llft'll'lJ .. . .. 
'JI "" d l'J/ 'JI d .IQ "" 1 :JI "" ' ~tl-!lfll'J llft'fl!CJftlll\1-!I 'il::111 lJ ~ 'illfl'lltl\!'fl'Yl'VllJu'J lllW'lltl-!111 ft'fl!CJftlll lJ \1fltJ-!l'J:t1::1ltlt1''.l-!!fl11 

~ "' Q lit 'JI' 'JI .1 4 'JI "" "" ,'JI "" 'JI 
'J: ti: tllJ 'l fflJ lJ 'l:!JllJ t ~ 11m::lJ1lJ fl1'Jff'J1-!llu'fltlfl'lltl-!I \'!flfJ-!l'J:t1:"l{1t1tlllfll'j 'lfllfl'fl!CJf tllll 'll1lll 

'l ' "' ,k ' lit.I "" d , """" ?I , .., , 
t lJ'J::lJlJ tltll-!l'lf~l 'illJ CJf-!1~1-!I m'illfl'j ::tJ:lJ tll'Vl'fltlff'Yl'VllJ11Ullfl'UICJftllll1JlJ ll'J til~l'l'flfl lJ • 
lriHfff 1-:i'llt1-:ii1-:imt1 t1ti1-:i l 'J~~1ll11u11 u'llm'J i-NuflmCJft1lJ1u'J:t1~tJf1ot1 3 ij,J7mwc1~c1-:i~-:i .. 

d d 'JI ,1 ,J' & d 'JI.., r "' t d d 

lJ'YllJl'Yl'lltl-!IUllfl'UltJftllJ'il:l'llllll'lJlfl'lllJ 1 'j,J 'j~ tJ:'U CJf-!l'il::111 'U lfl'lf~l 'il'U 11ff flff1lJ 'lltl-!I Ullfl 'UlCJftllJ 
• V 

~t1Ufl'fllCJft111 iui1-:imt1c1nn'-:i'J:t1::tJf1ot1 1 il-:i 6lf1ot1 3 iru'il:ijri1f-lmlmiu 't'lui1.i~ri1u'llt1-:i 
CU II 1U cy 

!l'lJfl'UlC)ftJlJ1Pit1Ufl'fl!C)ftllJ 'il::ijri1ni1nu 1 ~ti 26 lu1::t1:"l{lOtl 1 1m::c1~c\-!!LrllJ 1 ~ti 1.65 1m:: 1 ~ti 

, d .cl O ~ ~ 'J/ d f • .cl I ?I I .dc::1 

0.3 'U'J:tl~"l{ltltl 2 ll'fl::"l{ltltl 3 ~lll'fll~lJ Uff~-!I tl'lil'llJ11Ufl'fll6lftllllJ1'il:l1J'Ull'jti11PJ'YllllJ'YllJl'YI 

OGIG\ "1 'J}1 'J} d d I QI 

fflflUI t'Um::lJ1lJflUff'Jl-!I flH1;f'Jl-!l'Jl-!lflltl'lltl-!l'flflfl-!l'J::t1:6lfmt1 1 1m::6lf1t1tl 2 tltll-!llllfl l'IM'illfl u cu q 1U cu 

t dd & 'J} .dt I ~~ QI ,J I ,,'J} dd 

'U 'U Ullfl'U 16lf till 'il-!I I'll 1lllll ff 1'1-J 'j 1ll 1Jlfltl-!l'll lJ ~ -!I 'Jltl-!11'1-J 'YI 'VllJ11fl 11 ll 1 'll ll 'll 'U 'll ti-!! llll fl lJ lCJf till 1 'U 

il J. I d 1 V _ 1d ... I " di QI d .,! QI A I d A " 

l'Utlltltlm.:J 'l llll lJ 1 lJ lJfll'j l1J'fltl'Ull 1J'fl-!lfl 'fl1tlfl'fl-!lfllJllfl'flt6lf till 6lf-!lftlJ 'U 1:1 jl'U 11 Ullfl'U ICJff.lll hf 
d d .J ~ • ,d O QI 1 " ... 14 Q,I d 1 ,, Q,I d Q,I 

11 'Yl'W 'Ylllfl'flt"lf till "lf-!lllJ'U 11 'J 1i1~'Yltl1flUI 'U fl1'Jff'J1-!111J'fltlfl'\Jtl-!lfl'j ffl~l'lftl'U 'U fl-!l\vl1l~ll1tl P. • u • 
QI .,.._. .-=ii, 

indicus (Vijayan & Diwan, 1996) um: P. monodon (1.J(YH"l'U u'J::'t'Jll'lfl~ U'fl::flW::, 2546fl) 

1iJu~'Yl'Jl1Jn'U~i1 uin,~lHlfl~ihiruium'Jfff 1-:i1iJ~t1fl flfl llflmcirt111 (Ca
2
+) 1m:: 

• u 

lit ,/ - 'JI "" , 'JI "" 
tlJfll'JlJtll'U~ (HCO3) (Perry et al., 2001) 'illflH'flfl1'J'Yl~'fltl-!l\1flfJ-!lllfl1'J 'lfllfl'fl!CJftlllll'fl:: 

V V , 

1um1ut11u~t1-:i 'J111n-:ium'Jmt1LiJ'il1m.hvti1-:ijjirmhitym-:iiYil91 (p< o.os) iu'jt11J 12 i11m 

,di ~ ~ d'J} A 61 ~ d , ,/ 0 a., 'J} 

'il-!1111 'WI rn-:i'Yl~tl-!l'Vl 'ill'J W 1 t 'U fll'j lff'j llllfl'fl!C)ftJlJlm:: lJfll'j lJtll'U~ffll'l 'jlJfll'j tl'4 lJ1'fl\1flfJ-!l'J:: v:: 
d & d I I , 'j/ 'j/ d "' Q Q 1 d,1 

1rnv C)f.:Jtll'illlff1'U'lf1tl 'H\lflfJ-!lll'Vl~'Ulfll'j fll'Jl'il'Jqjl~lJ ~ U'fl::fll'j'Jf:)~~1tl~'ll'W 
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"' ,!.,. d : d <k "' ii ii "' "' , ii , ii <!i 
'j::; tr::CJf tflt.llJ lJfll n:JlJ 1J l i'l VI lflfl1llJl fllJff -:J CJf -:J lJfl 1llJl 'IJlJ'IJ lJ 'I.I {M UlJ fllJ l CJf tllJ fl OlJ 'IJWff -:J flt.JU '11 ,i -:J 

qJ q qJ cu cu ,, 
I .d. I j/ ,, .d. 

lJl,J::;tl'ltl-:J'Yi0\910fl1llJ\910-:Jfll'j'IJO-:J\)flfJ-:J'j::;tf::;lJ . ,, 
'I.IW::'Yi-rlom-ltJi'ffii-:iu'l!11,1:djmnnvitJ,11mhmh-:iih!t1d1fiqJ'Vll·HYi'i~ (p< 0.05) u~ 

irtovt,11'jw111.Ji1i'lnn'-:i 'Yi1111iitJjmWi'l~'1-:imh-:i~otilo-:i,11m::t1::CJftVt1 1-3 li1fo'.f 1Jo-:ir11111 
" - q 'U 

I • . t/ I t 

lo-:im'jTii'J~i'l-:i ttff~-:i11m'j'1~i'l-:i'l.lo-:i-rloi1-rloi'i1i1Jil1'Yivhm'jo'41Jli'lth,i::tn~,nniJ;iit1Dl.l . ,, ,, 
nri11titJ il ,if trnvh, tf-ntJff'n01ff1 mhiifl1lllt,lJ'l1lJi'l~'1-:JU lJ 'Wl,J::tfl~,Jlfl\}fl Hf"l tJi ~tlffll111tl 

,I "' ,k O ,Y. ?I ~ , "' ,! 
lCJfi'li'll~tl1 ( Chaetoceros) CJf-:JlJllll "1HlllJOll1l'j'IJ0-:Jt)f1lJ-:J lJ'j::tr::cifl6tl'IJO-:Jtll'jVl~{ltJ-:J'IJ 

-rloi1-rloi'mrlu1i1\91m11n~~11rilJ~Ot11'jt,1jWt~11 il91'1.ltJ-:JffTtt-i1mCJfi'lc\t~t.11 t'Yi'j1::ihbrn~t.11iy'o,:i • u 

., , ., ii "' "'"' 'i a ii 1 il .. 1 . .I ., 
num::1111.Jfll'j mmVl'Yii'l-NllJ tm:: m ::111\J fll'jff'jl-:Jm ~ 'IJ1fl{!Ofl 1 ~t.Jvt'lf\910-:Jm'j 'lfrtOffrttJ'j ff . ,, 
11.J'jtJ'IJtJ-:Jffl'jO'UlJVl~U (~~~11-:it1i'911.J, 2541) tm:: i~v111itJvfoi1-rloi'i1iuih,i::t1~11.J'jtJ'IJo-:i .. .. .. 

ffl'jtJ'j::;f)O'lJ'ntlfftW\91 l'JflJ NaHP04° 'MgHP04 ( Kennish, 1999) l1l0 HPO/' Po/, H2Po4· 

(Brown et al., 1995) 1dmn'j1h::nomfomrl\91\)fl 1.fltJtvitJm::'lJ1lJf1l'jt'1jqJt~1J il9l'I.IO-:Jffll111tl . ,, . 
,/ "' di ?j "' 0 , ii •. I .. I o, ,. , 0 ... , I lit" I 

t C)f i'j m ~ t.11 ,i -:J l1J lJ m ~ P-rn VI Vil l1 TIO ff TI tJ 'j ff 'Hl tJ IJ ,11 fl lJ 1 U.JO l1 i'l 1 'IJ f)l 'j O '4 'lJl i'l Hi lJ l1J 

, I .cl I ,, .t::I .Q 7/ d 1 ... I~ _A 
'IJ ff1lJ '1.10-:Jfli'JO'j 'IJ'Yt1J1li'lflfl-:J'j ::;t.1::CJfl6tllJf11llJ\910-:Jf1l'j fl'10'jlJ 'IJ IJ'jlJlW ff -:Jff~llJ 0 

qJ Ill CU 1U II 

t TitJ'lJf1'lJ'j:: v::tu "1 u~idovt ,11'j w 1,11n.i~ri11J ~111a '1 tJ,11ml1i! uvm·:h,l ovmn ii1 o-:i ,11n~mj-:i 

d d : d ,k "' ii ii "' A "' , ~-• "' d ii di lit I 

'j::;tJ::;lJ 0'4'lJli'l'YllJ lfl1llJlfllJ.;x -:J CJf -:JlJf11llll'l.lll'IJ'IJ'IJO-:Jfli'l fl'jlJ ~ -:J llJtJlJf)l'j 'If rnt'VW-:JmfllJ tlt.1'1-:J tlJ 
,, 

ri-:ir-rnm ::'Ylmiofl1llJl ,rlJ'lrlJ 1 lJ \.A llllflUfl 

\91llJ~'Yl'jl'lJfllJ i~vJ1'1tJ-:h itJft~VlJ fli'l01lJ il'IU'Ylfftt)ff.llJ vill1'W1~1fl'lflfflJ~{I • ,, 

tJOffill~fl (Pratoomchat et al., 2002a) Vi1J1lfffl'ff1'1J'IJO-:J itJft~f.llJ1tJi'l~flQ-:J'1.111'j::;f.l::;1tflt1UlJ°'.l-:J 

I .d. _.J f d , ~ 'J) 0 QI d QI dGI I 

fl1lfl{lfl'jlJlJlfl CJf-:J\911-:J'1lfl'Yl'Yt'lJ lJmO~fl-:ifli'll~l P. monodon 'j::;tr::\911l\91ll1tl 'Ylff~ff1'1J'l.ltl-:J 
• • 

~ d 1 .d. d ,, d, _IL!, .c:l 1 , ,, d GI Q/ ~ ... I ~ 
ttJfl~tJlJ,i::lJlflfl1lfli'Jfl'j'IJli'JfllJOtl'IJW::'YI lJlIJi'!OfllJfll fli'llfltl-:Jfl'IJ (1JqJ'j\91'1J IJ'j::;lJll'lfl\91 tm::; 

I .eii, 4.d_ ,CV j} .c:i tr 'J) .d 
111w::, 2546n) i111.J1hmw il'ltt'YlffltJftrll'Yl'Yi'lJ lJ\911\)flfJ-:J'l.ll1'j::a::1mu 1-3 l.l'IJflOlJ'l.ll-:Jfl-:J'YI 

,fild • ii .,.,! "' • llt~ildl V• 
'lf1ml1lJ1li'lflfl,:J'j::;tf::CJftof.l'UffllJlrnfl1'lJfllJ'j::1JUfflJ~{ltltlff ilJ\91fl 11.J'jl-:Jflltl n 1~ tl-:JUlJ11 

CU q CU q II 

a<ko;fj., d .,. 'i d ''i"' "' 
ll1-:JtJfltJf-:JllllJ01tl1!:'Ylfl11JfllJOOtJ'IJ 111mnm~a1 (monovalents) t'lflJ 1CJft~f.llJ fl{ltJ'jlJ tm:: • • 

il'IUVlfft9ff.llJOOtJlJ (Potts & Parry 1964) ir-:i "lii'ti~iJlt~lJ~ tm::,nmw-:i1mm-:i Bouaricha et al. 

(1994) 'Yi1J11~lJm1tifl (Gill bud) ,i::vt11iwitof.l'j::;tJ::~~'ftltl U~\)mj-:inffllJl'jftfl1UrJllflOtJ'IJ\ell-:J 

"1 ,11ml1mt.11.JOfl~tflitou~tiy'1g11-:imt.1~11.,1m-:ittJiion 11~0 im-:ii1!1-:imt.11.JOfl (Integument) 

(Anger, 2001) ~-:Jfi'V'l'!Jl'Hlv.jfll'jtu~m\
1

1t.1r1ii-:in1.,11u1-:i Thalassinid ghost (Callianassajamaicense) 

"' ,k ., , IA .f!!I ,d ~ I , I , ii I 

'j ::;t.1::tJftOf.l tJf-:Jf.1-:J lJlJll1-:JOfl U\91fl'ff1lJ1'j rtrl1'lJflllfflJ~i'Jlfl{ltltl'j fllf.l lJ 'jl-:Jflltl 'H ff-:Jfl1lfllf.llJ Ofl cu q q cu 

(Hyper-osmoregulation) (Feldf!r et al., 1986 ti'1-:i iflf.l Taylor & Seneviratna, 2005) 1rJ1.,1itJ'1~11 
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vmru~ij '\J'W1~lgflffl1Jl'.i mhu1,1~flltl 'l lJ'Jl,:jflltl ii~fl1lfl00lJ '\JU 1~ l 'VI aj i CJfl~tlllflOOlJ~ij 

d I ') tic. ~ ,, t I · 'JI 11'1 ,, I O ,, I 'J} efd. .Cl, 

'\JlJl~lclflfl'llflcrn l '.i~OOOlJ 'iJ,:jl'\Jl~'.il,:jflltl~flfJ,:j l~1Jlflfl11 l'll 'l 'Vl'VnJ1l~fltJ-:i'.i::t1::'W1J'U'.ilJlW 

iCJf1~t11Jff-:in11mrn1umnm~t10-:i 6 1vh i~t1'ti'~rl1u'\Jo-:i mrn1u~o iCJf1~t11J 'il:::c1~c1-:i'il1m::t1:::CJf .. .. 
d d d o G.I 

lOtl 1 o,:i 6lfl0tl 3 ,1l1Jcll~1J 

'illflfll'rn'i1'il ffo1J iiiVt1Jt111J::t:1'Uuc1::V1 o-:iu~,:i 1i'.lu i 1.Ji i 11il l'il::ihJ!mw ~~1mn 1 
, I ,,.,k, "> 'l I "''l,, d 'l 

'W'il,:jflltltJ-:i C)f,:jlJl'il:::1JlfllfllJVtO 'W'i:::1J1J6'41Jlcl ff1'UUmflllJff 'Ut)flfJ,:j'\Jl1'i:::t1:::1mt1Vt1J 'U . 
- I"" O d _ I _ I '} d d I .c9 d 11) I 

1J'ilJlW,llUcl::1Jf1111JU1J'i1J'i1lJ~,:j l~tl'.i::t1::6!{10tl 2 1Jfllcl~cl,:jtH 50 % 'illm:::t1:::,rmt1 Hm::: 11J 

'l "' J,,,d l!S 'JI d .d :d.o ,, t 
VtlJ!cltl 'U'i:::t1:::1{10tl 3 'lf 'ttl'VllJO,:jfl111J,16,:jfll'il'lcl~cl,:j '\JW:::VI 'l 'WlJlVIVllfll'i6'41Jlclt)flfl,:j'U'U 

,1'i1'ilff01J iiiVt1J11mmilff ~,:i i~t1Ufl~nvm·:h 1uJ1n:::1m!uihJimwummilff~l1Jlfl (0.00003 

,, 1 lfl '1G.1 .d. & I .d. I 

mg/I) (Brown et al., 1995) t)flfJ,:j'Ul'iJ::: 1~'i1JU1J-:ifll'Uff'illfl6l'Vll'iCJf,:jlJl'il:::lVtt1-:iVto,1or1111J 

,, 1! .c9 11) IO ?j ,, "> d 'l 
~o-:imrn-c11 'il-:i 1JJ'il111Ju\910-:ilff'i1Jummui1 'W'i::1J1J0'41J1c1 

'illfl,0\!clfll'ilU~tllJUUcl,:j'\J0,:jfl00lJ~,:jmh1 Uff¢i-:il'Hl'H'W1lt)flQ,:jl'U'i:::t1::11vt1" 

,, I I ""-''l" ,S "> "> '} d Q I fl111J,10,:jfll'ill'i1il~,1l,:j l1J ')HVtOfll'il'il'ityl\911J 1,I 1m:::m:::1J1'Ufll'iVJl,:jff'i'i1l'ltll,ll,:j 1 
1 .d a., 9,1 .Jt .::::rti & Q d II) ,I o QI 

l 'lf'U l ~ tl1fl1Jfl,:j 'i::: ti:: OlJ 1 fl 1':i Vt 'il l'i W 10,:i fll '.i lff'i 1J 11 fl ell CJf tllJ llcl::: 11J fll'i 1J 01 'W \91 ffl'VI '.i 1J fll '.i 0'41Jlcl 
,, . 

1! "'"' "' ,, \l fltJ-:i'i::: ti::: lJ l'W O ,:i 'il 1 fllJ fl111J 110 ,:jfll'i ~ ,:i 

,, . 
9} "I A d 'l ,,-Clio Cl.I A A.c:I I I ,, 'l QI ,. "i' d 

c1flm'i:::t1::: 11JCJfff1Jfll'i 'lfOOO'WUcl:::Oclfllcl'W\91 OtlflOlJ'\JHlJlfl lJ'.i01J 12 'lf11m l~ltllJ .. . .. 

,, ,, . 
ihfoiilftt\JVll,:j ff ()~fi,lllJ i ~ti i 11m{1Jm 'W ;iu 'U"fll'i'Vlltl i U'illfl'W 1n'l iou 1Jlc10Vl-:iijtl' tlfflfttll u • u 

,, ,, 

VJl,:jff(l~ (p< 0.05) ff ,:jf-lcl 'l 'HOclflliiii~ijfi1c1~c1-:i~11J i U~1tl i'l 'Hl'tt'W1lclflfl,:jijfll'i 'li .. . 
llJ .,, ""- I ..i ,, . I"' "" A 'i' 11Jfl 1'.i1J6llJ,I rn lVtOm ::1J1lJ fll'.i ff'.il-:!llJc\ Ofl uc1:::m·n 'il'.i tlll\911J t,iff ,:j u .. 

,, I ,,_,. ,, d '} d d '} 'l 
'il1fl'\J01Jc1Vt1J1lclflfl-:!1Jfl111J\910,:jfll'i Uflcllt}ftllJ l'VHll'lfflt}ftllJ Ucl:::flclO'i'Ucl~cl,:j l~tl lJ .. .. . 

a.,'J) .d. G.ldC. d ,: OQ.I b).:::. d'!.C:::. .ck 
~HfllJ'\Jlll it}f1~t1llflcl1JlJU'.ilJlWV1ff-:i1J1n'\J'W\9111l"1~1J'il1m:::t1::: 11JC)fff 1 t:H 11JCJfff 3 C)f~VtlJ .. 
"' I 'i' "' I "' -• I 'l" d ''i' "' I "' ,1 ff~ff1'W'\JO,:j 1C)fl~ltl1J\910flclfl'i'W u'i:::lJlW 60 110 1 llff~~ 'Vll'Vl'W111C)fl~tllJ'Wl'il:::lJ1Jl'l1Jl'Y11Jlfl'\JlJ 

.c1 d .e!I QI , .c:t , er .c1 c1 , d 'l ,, J ~ 
1m::r111onu'i::1~uflo ff~ff1'W'\JO~ it}f1~t1J.J110 1VtuVJfflC)ft1lJ 1Jm~~lJlflV1"!~ U\1flfJ~'i:::t1::'U 'il-:i 

I d ll).A IQ.Ir/ .t!IA .&Q.I, ,.d I 

'Wl'il:::llflcl tfllVHJfl11JT.)llfl1lllm~fffltl'\J6~l'UOltlO (Membrane potential) C)f,:jff~ff1'U tt}fl~tlll\910 

.cs ,, \IIC.~ ·~ IQ.I Q.ld 'l,, 'i' 
1VtUVl'ct'lCJftllJ 'l'W\1flfJ,:j'i:::t1::: tltt}ffflJll,lfl,ll,:j t'UOtll,:j'lf~l'illJfllJVIVtlJ WJflfJ-:i'i::ti:: LVtff"111 
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'JIG.Id• o i" ++ d~, da'J} 
fftWlflcHJ-:JfllJ'Yl'VflJ11fll'j'YJ1-:Jl'U'UO•mru t)flJ Na -K -ATPase 'il:::l'VflJ'U'UOtll-:J'.i1fl!l1l1JOfl-:J P . 

• 

japonicus o~1'U'.i:::ti:::1lJGJfff 2 Ucl::: 3 (Bouaricha et al., 1991) 

.d 'J} A Q 'jl \Ii Q ,IQ.I ,::I I I t ,cS Ji 
'UW:::'Ylfl11lJ~O-:Jf11'.iU1Jfl'Ul&Jftl1J'UO-:J\lflfJ-:i'.i:::tJ::: llJCJfff'Utl-:Jfl-:JlJO~Otll-:J~Ol'UO-:J l'UO-:J'illfl 

'Vf 1JV1 mw tioui1-:iff-:i 1 u 11-:i muc1nti'-:i 'illflfll'.i iiJ~ouuiJc1-:i'Uo-:iulJfl'Utt)ftJlJtm:::uflmt)ft1lJ 1u .. ., . 
' 'J} , 'J} d ' 'J} • I... 'J} , ""' , 'J}., ' d d 

'.i 1-:Jflltl'UO-:J ~flQ-:1 mrn-:i 11 l'tt'U 11fll'jff'.i7-:J!1Jclflfl'IIO-:l\lflfJ-:Jl:::m: 1JC)$ff 'lfffvlff1'UU1Jfl'UltJftl1J 

mnn11uflmt]ft11J lflt1ih1f!ri1u HlJfl'U!t]ft11J,iouf1mt]ft11J m~u 4 l>io 1 ~Hti'ui1m1um~mlw~ 
• . 

A J ,ct J ,, d ' ,, " J,d 'j/ d ,::I 

!flfl'll'U iu'.i:::t1:::1mo 'lf1m11 u111 m-:iff'.iH'llO-:lcJflfJ-:J'.i:::t1:::umn11J~o-:im'.iu1Jn'U19it11J'Q;-:J fll'.i 

~ d .cl "J tJ' , 'J} , .c:::a .J'~ J. ,dgJ .c:::a 

l ff'.ilJUlJfl'UltJftllJ!lcl::: 1 lJfll'.i lJOl'U ~ 'Uf11'.i0'41Jlcl'JflQ-:J'.i::: ti::: 1J9iff'Ul1J'U!'.ifl-:Jl'l~O-:J'Vf 'ill'.iW 1 

.,l d ,PQ.I ' ,d O Q.I , " ... 14 'J} i Q.I I ,Id. 
l'U 0-:J 'illfll'tt 'U ~l'lffll'il'U 11lJlJ'Yl1Jl'YlfflflqJ iJflllff'.il-:J!IJcl Ofl llc'l:::\lflfJ-:1 'U'.i :::U:::1tJOO'U'U lJ1-:J'il '.ifll'.i 

.Jt 9/ 'J} d. I 1 d ~ , I td'J} 
clflflfl'.illJ'YlfflJ Q-:1 'ii:::~ o-:i 1Jf11'.i ff:::ff1JU'.ili1,JOU1-:J'j1fl! '.i 1l'Vf0f11'.iclflflfl'.i 111 'UU~c1:::m-:i tJf-:107 

u'ili1,J~i1iflu\ph-:i '11 11i1'Yit1-:i'Vfou~1 m'ilri-:i~rnm:::V1u,ionnt'il1qii~u 1~im:::mnt9'll'U7fl1'.i'UO-:i 

'J} 11) 'J} 

'JflfJ-:1 lfl 

'UW:::~fl11lJ~O-:Jfll'j'lJfl-:J'VJoff'tfoi'ffo-:Jfl-:Jii'Q;-:JOV1-:J~O!'do-:i 'UW:::l~tl1tl'Ufl111JlilJi'U 

: c:lll) •11) 'J} ' ' ,:It ,1 'J} d ' 'J} , ,!, 'J} ., ,:It I 

i 'U'Ulfl llJ lvlcl~HNU~Otll-:J if! !lJ'Ufll'.i'lf 1 't1!'11'U11\lflfJ-:I 'Ul:::tJ:::'U f1...Joi1vJolff'illflfll'ttl'.i!lJ'Uff1'U 

imy ido-:i'il1fliim1~nnlJflllfl'Ufll'ttl'.iU1J1Jfl'Ui~1 (Carnivorous) im::: lflt1i11il1im{'Yi1iit1 

., I ?I "'I 11) I I I . I"' .. , . .I ., 1 : ' ' , ,k ' 
'.i:::tJ:::1tJVO'U!lJ'Ufll'lfll 'ii-:! 11Jff-:JNclf1'.i:::V11J~OIJ'.i1JlWTIVffTifllff 'lJ'UlU~Otll-:J fl 9$-:JU~fl~l-:J'illfl . 

d. dd -=t. .c:::a 

'.i::: ti::: 1m tJ'YI" 'Vf q ~m '.i 1J fll 'j m o-:i nu 

'illflf11'.i~'.i1'ilff01J 1ii'VflJtlllJ:::t:l'U!lcl:::l'IO-:JUfl-:J l,'J'U 1 u1~11'Ul'il:::iitJ1mru~~l1Jlfl '11 

i 'U1Hfllt10-:J c)j-:itfl'U, u1~11Ul'il:::1Jlfllfi'U'Vf0 iu'.i:::UlJO'U lJlcl 'IIW:::~ummuff 11i'Vfm'lf'Utl'U iu 
• • 

11) "' t . I"' . d ; 1 11) "' 1 'J} d "'I O ?I d 
'.i:::tJ::: llJCJfff l tm::: 2 'illfl'U'U'VflJIJ'.i1J7Wl'l~11Jlfl 'U'.i:::tl::: 11J9iff 3 Ufffl-:J 'ttl'l1'Utl-:Jf1111J'illlU'UlYW-:J 

d 'J} di : d O 'J} t 11) I d ,k 1 .I .,.c:1 I , 

lclfl'Ufltl 'UW:::'YI 'U'Ul'Yl'Yllfll'.iff41Jlc'l\lflfJ-:l'U'U ~'.i1'ilff01J llJ'VflJUlJ-:Jfll'Uff CJf-:J fltlufl~fl'VflJ11 'U 
p p • 

tl1V1:am!ujjiJ1mruulJ-:Jfll'Uff\911lJ1fl (0.00003 mg/1) (Brown et al., 1995) Ufffl-:111\lfl~-:J1~i'u 

d d I 'J} jl e!i,lo ,:It 'JI ""' d 1 
ll'JN fll'U ffl'Vf tl-:J'Vf 0\910fl11lJ\910-:Jfllrne11 'iM lJ 'ill!lJ'U ~o-:i ! ff'.i lJUlJ-:J fll'U ff 'U '.i :::1JlJ0'4 lJ1cl 

,, .,, JI I 

'illflimrnfll'.iclflcl-:J'UO-:JtlOff l1Jcl1~91 oc1m~iJ91 tm:::1um1um'U1Pllflfl~'UOV1-:Jl>iod1o-:i .. 
J 'JI d 1 'J} 1 d o "' 1 : , i ~ 1 'J) .J Q.I Q.I 

'lfimtt'U11c\flfl-:J'.i:::tJ::: 'Vfffc\1111Jf11'.i'U1VOO'U 'U'Ul 'LI 'If llJ'UOtl 1m:::f11'.i'Yl'il:::'j:::1J~'j:::1-:J1Jlfl .. . 
dJJ. d: d:'d~i • I "1 d o,'J} 
t1-:J'\l'U11Jo?1~fl1111m1Ju1cl-:i t'Vf'jl:::f111mfl1J'U1V1muu'il:::ff-:iN?1m:::vm~ocJntJ-:i fltl~H mrnm 11 

• p 

?1nti'-:i~o-:ii' mfl'.i:::~umiiou ,j mo 1 u "11-:imo 1 i fl-:JTI • l'Vf '.i 1::: 'il:::ii fll'li'Vf?11J1'illflflll ! f V'il 1-:i lf\tJ'W 1 ., . 
_d fJ,/ I I 'J} 'j/ a£:i 'j/ .cl i j/.c:::a 'I : 1 J O .,. I Q.I 

flltl'lJ Ofl'Yll'Ul~'jl-:JflltlfJ-:1 cJ flf}.-:J 'il-:J~O-:J1Jf11'.i 'lfVVV'U t 'U 'U 10tl1-:J1Jlfl!'Vf 0l'l1flll u 'j lJ'j::: lJlJfflJ~c'I 
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'JI I I I 

milmd t111 lff1 lJ fltltl'U'Ul~ 'lfU fl,M 1 ui 'U'W 1,rntlutj t1~'Yilt1~~,111 W1l'ntlc\flfl11lJlfl7 tlfl, ,1' n'Uclfl ., 

SI l ,,. SI 1 ,,. ,,. ,,.,,. 1 ,,. 
t}flfJ~'U111::tJ:: Viffc\111 l -7 lJfl11lJIPltl~fl1'j C)flfltll.l flcltl1'U 1111fl'Ul&Jftl11 'YHl'Vlffl&JftllJ 

d ' ,, d JGf ,, d ' " d ,, ' i .J' d Q.I ,d .d ,, ' 
11c1:::1tflc\l&JftllJfltl'U'Ul~fl~'VI 'lf t '111 '11'W 11t}flfJ~11fl11111Pl tl~fl1rn11i1~1'11c\1'U'VJ'j :::fl'U'l1 'U~ 'l (MUlJ11 

d °t 1 d di ?t ef SI d , 
fl11lllfl11'W1'1:::c1f!c1~,11nmrnumc1111m:::t1::: wffc11111- 7 fllPlllJ ,H11J'Wt111'lfi11mu11lt1-:i • 

V , V 

1:::irfl1:::1~u1mw111n1~ 5 'lf'Ufl'U~1mijflli1fl1nlflfl111ll~ll'lh 1W'j1:::m,i,i:::11knt1~mlff1'11l'U 

SI 1lJ SI 
fl~ tfl • 

~1[11&Jft~tllJ flclfl1'W Ile\:: lWU'VJfflt)1[JlJ 1ilu1d1i1~~1ilmhuu1:::flfl'U'l1ilfl'Utl~J1'Vl:::m 

~~~fltil'Wffflff1'W 3 iu 4 'llt1~1d1i11P1~iifldiuill'Vl:::m ( Kennish, 1999) 1m:::if1111i'luu11i11P1'11clfl . ., . 
~'1$1tllfflflff11flc\tltlff 1"~fl'Ufl~1Hfl1tl (Pratoomchat et al., 2002a) 1wn:::u1mW'j1lJ'UfMU11i11Pl . . . 
t ef &.i I t t Gf 4 'JI d_ d A d ~ 

'VI -:i 3 'W lJ m n n 11 90 % 'll ti~ m n 1 IPI 'VI~ '11 lJ fl m 1::: 'lJ m" fl fl n ~ 'll w::: 'YI u ri-m qr t11J u"::: 1111 nm qr t1 u C)f ~ • • 
1i'luu'i1i11P1~ii1ri'tUium:::'U1um1ff!1~1uiifln 1m:::1~v1,Yt1~n'Um1f11'Uf111rn1mh~llnv'llt1~ 

• u • 

,% A ., _._1 "" 'I .J,,. ., 
l'Wflltltl (Membrane potential) ('l.Jt!J11Pl'W u1:::1pJ'lfllPI 1m:::f1ru:::, 25460) t'Wfl11tl\fl.l1cl&Jf~lJt111'U'j'lJ 

V V 

clf!f111111~mh ff ~f-m i ,1'1 &Jft~tllJ flclfl1U 1 wu'Ylff1~t111 u11ni11~m.1 1rn:::uflc11~t111 imhl1ffn11 

,, y Q.I d: 'J).d 91 d QI QI , d QI 61 
t 'll 11 'll'W "fl"~ IPI 111 m 1 u 1 u elf! fl 11111 fl 11 u 1 "nm ,i~IPI fl~ 11m1u1u1P11t1 m~m rnw fl1 nm ffllfl" tu 

I 'ISi d SI 'I ,! 
11~ flltl t 'ttfl~'Vl ,J1f1'lltl1.Jcl t 'W fl11 'Vlflc\O~'W 

., . . 
-1"" ,,. ,,. "'1 lit I ,,. I SI lit SI A SI 'I : 
IJrn1W'UO~U11f1'Wl&Jftl1111 Ofllff t111Wtl~VifllPltlfl11lJIPIO~fl11 tfl111fl0'W'U1clclflfl~ t'W'Ul . ., . 

m1111~11~1n11 13 ppt 1rlt1~,nniimrnflc1~odvJiit!t1ii1ri't1J (p< o.05) t1d1~11~1P1111u1mw 

,,.,,. d '1, SI 1 ,J,,. d°t d d '1 
UlJf1'Wl&JftllJ'YIVi'U t'W11~fl1tlt}flfJ~1:::tJ::: Wffc\111 5 &Jf~1lfl1'jtJ'41J1cl'Vl'Wlfl1111lfl11 13 ppt f1W1J t'W 

,H mw ~~1mm '1$lJ nu 11\91 ,Jlflfll'j'VJflc\fl~U fffl~, ,1'1 if 'W 11tlf1fJ~iinnui'mh l ~~vi{)fll'jc\fl cl-:l'Utl-:1 
'JI I f I I 

d d Gf o _a 'J} 1 _ 1..c:::.. A d o 1 4 A 

UlJf1'Wl&JftllJ t'W'Wl l'Ufl~,Jlf1t}flfJ~l:::t1::: Wffc\111W1JIJUJ1WUllf1'Wl&Jftl111Pllf111'j:::tJ:::O'W 'l 'UW:::'YI 

., 1 d. d .c:t ,:,f, .ct. , ' ,, d d.ct 
'j :::fl'lJ'Ufl~ &Jflflf.111 l'H\fl HJ tllJf1U lCJWlJ llrl:::llflc\LCJftllJ 'lfi1~fl1t.Jr!f)f)~fl~'YIIPl'1tlflfl11tl'U 'U1cl'Vlllt111 ., . . 

d : ,, c1 ~ 'JI ,A '1 Gt 'J)c. , ef d 
'1flfl111llfl1J'W1 m ,i:::tt ff fl~ff m1:::1m tlfl t fl l'W ti~ ,Jlflff0~Vitl1U11Jfl1'Uf11J t 'MflOO'UI '11 c\l'W fl-:l'Vl • • 

d ,, " ~ .lt d : ,, a., d, a Q.I r1 
'U ill::: 'Ylfl 1111 l 'U1J 'U 'W 'U fl-:! 0 fl fl 'W cl fl cl-:1111 fl cl fl fl 111.l I fl 1J'W 1 ff flflfl cl 0~ f1'U l '11 ~ Nc\'YI 111 '11 ~ 0 fl 'U 0-:1 ff lPI 1 

I Q.I .c::l d QI O 'J) .J111 j} .a 'J) I 1 "" ,!I 

f1'Jllfl1ffl1Pll'lft.J'W 11:::1tfl11l'f~'W111cl:::'Yl1'11'U1'YI tfll1lfll'U1~1:::t1:::lflfl1 Viflfl (Decapodid stages) '111tl 

'j:::tl::: 1-Wffc\111 (Felder et al., 1986, Furigo, 1993, u'1~ 1fltl Bouaricha et al., 1994) tm:::m~orni'Ju 

fl1t11:::~fl11J~1.lflflO'U 11JmQm~t11 (Monovalents) t'lf'W 1&Jfl~tl1.l flcl07'W tm::: 1vm'Ylfflt)1t11JVDO'W 

" .,., SI <j di 'i,,. 
(Potts & Parry 1964) fl~'W'Wt}f1fJ-:l'U111:::t1::: tWffc\111,J~ff11Jl'jtlfl1'UrJ1lff1l~c\'UO-:I tC)flfltl1Jllcl::: 

A I \I) j/,=;t ~ oC\ I I ,!I t .ct I ,d 9/ QI o 

fl"'01'W i 'W 11~fl1tl t flfl 9H fl11 fl11J~110flfl'W IPl1~ 'l Nl'W 'Yll-:11'11 ~flfl'W 'W1lff1'Wlf1t11'\JO~f1'Uf111 'Vl1-:11'U 

lit " + + 1 "" lit _.,: d ,1 A ., t1v ,. ., 
'llfl~IO'W t&Jf1J Na -K -ATPase. fltlfl~m11l'UO~IO'W t&Jf1J'W'1:::tWlJ1.11f1'U'UllJOfflPl1~fl-:IIH'lft!Jfl'Ufl11::: 



d~ ... 1.d - I d : ' .J 
'VllJfll'HucUJ'UUIJ'1.:Jf1111HfllJ'UO.:J'Ulfl1tl'\.J'e:Jfl (Bouaricha et al., 1991; Charmantier, 1998) l'lf'Ul'I 

, ii I o i r/ + + d Q.I ,l_d a 
l'l'U 'UfJ.:J P. japonicus 17fl1'.i'Vll.:Jl'U'Ut"Ml0'\.J CJflJ Na -K -ATPase lJl'IWJ'Ulfll'.ifflJ\j'.iWl'l"!~UlJO 
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lilc'l'.i::v:: il'lff'1717 5 (Bouaricha et al., 1991) ~7.:J'illfl~vm1ufli'ffl1v1lit1'U'.itt1::1P11l~lJ1t1 l'lf'U ~.:i 
~ . . 

.,d., ,i ,i 

P. monodon '.i::t1::f11l\ollJ1tl (Lin et al., 2000) fJ.:J P. japonicus (Chen & Chen, 1996) fJ.:J M. 
,, 

rosenbergii (Wilder et al., 1998), fJ.:J Palaemon northropi Uc'!:: P. pandaliformis (Freire et al., 

2003) lm::uoJJrhlo~ G. oceanicus (Normant et al., 2005) ~,Hmw iCJfl~tllJl'Ul~O~'il::U'l.hM'U 

d : 
\vi 7 lJ fl17 lJ l fl lJ 'U 7 fl7 tl'\.J O fl 

,, d - I"' d , ' ,, ., , ,, d ., 

,llfl'U01Jrll'll'l1JIJ'.ilJ7Wllflc'llCJftllJ 'U'.il.:Jflltl~flQ.:J'.i::t1:: mffm11 flrllfltl.:Jfl'U\olc'l'e:J\Plfll'j . . ' 1' d ,, d , ., d d ,,, ,, ,, • ., l 
O'\.J 1Jlc'I U ff \Pl.:J17'1fltl.:JlJf117lJ\v'IOl fll'.i Uflc'llCJ1tllJ 'U '.i ::\Pl'U'Vlfl.:J'Vlflltl \elff fl11::fl111H'UlJ 'U'U 'illfl\PI 'U . ~ . 

: ~ "' d : , ' , ,i ,i "' "' i ,i ~ ,i ,i 
'\.Jl l'U'e:ll'illfllJfl1'.ic'I\Plfl17lJlfllJ'Ul 'Ufll'.i'e:J'U'Ulr! ff .:ii:,m 'ttrlflfl.:JlJfl17lJlfl'rn\PI \Pl l'UO.:J'illfl\v'IOl 1 'If 

Cl CU Cl • ,, 
l'l '1.:i.:i1u l u fll';j tl 1u r1mcif t1lJ 'il1ntl 1m 1 ~lm::mn 1 u 01m1 iiur1mcif m.111.frrlv.:ivrn m'il ,i ::iif-lr1vh 1 if 
1h ::-N'Vln ml'lm1r1onm 1uu c'l::nn'.i O\Pl\olltlc'I\Plrl.:J 1~ uc'l::,11n fll';i'Vl\Plc'IO.:J't'l'LI11ium11rnl'U \ol 1 mf 1 

d j/ j/ , j/ d I j/ d o 11! ,I ,- ,, ,,, j! 

lJfl171H'UlJ'U'Uc'I\Plc'l.:J (p>0.05) Uff\Pl.:J 'ttl'tt'U17~flfJl'U71lJfl11'Ul t'Ufll';i1JOl'Ufl IJ "ll' 'Ufll'.iff'Jl.:J 

<!I d i ,I t ~ 1 o a., j1 
l 'Uc'IOfl l't'l';i 1::UflrllCJftllJlm:: 'Ufl711JOl'\.J\ol'\.J'U l1J'\.J ff1'\.J 'U';i ::notJfflfltll'UO.:J im .:Jff'jl.:Jflltl'\.J on 'UO.:J ., 

., "1 , Q.I .c::s QI cf .... I A 

ff\911 '\.Jfl"3lJfl';iffl\oll'lW'\.J ('lJtYWl'W u';i::'YJlJ'lfl\ol 1m::r1w::, 2546fl) 

I .d .do Q.I O Q.I QI r1: a: A.ct I ,, It _d 
U 'ttc'l.:J'UO.:JUfl'1l9WlJ'Vl fflfltYffl'tt 'j1Jff\ol1'\.J1 fl'e) '\.J 1fl1tl'\.J on lJl't'ltl.:Jff1'\.J '\.J Otll'\'11'\.J '\.J 'VllJl 

'illflfll'il~rnY::fflJi1'mt1l'W~1 (Cameron, 1985; Cameron & Wood, 1985 o'1.:i i1P1t1 Perry et al., 
~ ,,, QI ,I: .dl .d t ..c!I ' : 

2001) t1.:JUlJ11fflvl1'\.J7'il::ffllJ7'.itWl\PICJflJUflc\lCJftllJ'Vl.:J'ttlJ\Pl'tt'iO'Ul.:Jff1'\.J'illfl'\.Jl (Desshimaru et al., 
~ ,, ,, . 

1978 o'1.:i i1P1t1 Davis & Lawrence, 1997) ll~l'ltl17'Ul.:Jfl'i.:JcY\911'U7011liifll'i'Ul\PIUflc'llt}ftllJl~lijO 
JI JI I I 

tl1 itll~tl.:J 1'UUTniiur1mcift1lJ\oll (Robinson et al., 1984, 1986, 1987 o'1.:i i1P1t1 Davis & Lawrence, 
,, 

1997) cll'tt 'i 1JU'ttci.:J'UO.:J l 1Jfl71 tJOl 'U\91 ff \9111l:: i ~i' ti 1llfl'W lflltl'\.J Ofll'lf'\.J fl'U ';i 1lJil .:J'illflfl'j ::tJ1'\.J 

, _J CV & d i ,I ,1 I o, j/ j/ C> 

m1 mt1 11 C)f .:Jt)\91 'jlfll'j ~flC)flJ'IJO-lU flc'llCJftllJUcl:: tlfll'jtJ'e)l'\.J \vi 'il ::'lJ'W O~fltlfl17lH'UlJ'U '\.J 'UOWOO'\.J 
,, ,, ,, 1 ,, 

mci1i1iutl1 (Greenaway, 1983; Cameron, 1985) i.:iu'U1'Ufll'i0'4t11c'lviiimnli't1c'lflfl17lJl~lJlh 

_J,_ .,,, j/ j/ d i ,I , : I I cv 

9!'.:JlJHcl'Vll 'ttfl171H'IJlJ 'U'\.J 'UO.:JU flc'llCJft11Hm:: tJf11'j1Jfll'\.J \Pl 'U '\.Jlclflcl.:J Ol'ilff .:JHclm::'YltJ\v'IOO\vl 'i1 

& "' , ,I ,,,,, d ,, ., d ,, 

fll'.i ~\PICJflJUflc'llCJf tllJlm:: tlfll'.i tJOl'\.J\vl'U Ol'ijflfJ.:J fl llcl::fll'.i'Vl ~flfJ.:J'i ::m~ 1 'Viff'1717lJfl11lJ\9l'eJ.:Jfl1';j 

.,. i " i .a a Q.I , Q.I ,ct ,, , d.ct o .c::IA d 
Uflrll9WlJllclt tlfll'.i tJOl'\.J \el ff l'\.J 'W l'W Ol1llflllJ 0\91100'\.J mffllvll'lftl'Wl'\Jlff'i ::t1::'VllJfl1';i \Pl 1'i .:J'lf1\el'Vl 

~ ~ 

~ 'J}: 4 t jl 4 t AAA 

l'l'U'YIO.:J'Ul (Benthic stage) 'tt'iO'ittlt il'lffcl717'U'U im.:iff';il-:Jl'UclOfl'lf'WLO'W i,1r11mr1mm::mn 19!' 

C> C>C> d d ,1 i d <!I d .J ,1 ... .l j! 

fl1\vllflcl'il::l.Jfl17l.JU 'U .:JU 'i .:JlJ 7 fl'\J'U \PltllJfll'ifftfflJ'UO-:Jlflcl OUflc'll9WlJ CJf .:Jfll';i ff::ffl.J'Wlflfl'U'U fl1tl 

fl1'ifl1tlfJlJ'UO.:J iCJf i1v1l'lmffiin ~o~mt1l~lCJfclcllOWlfl0{1fo (Epidermal cells) llflc'llt}ftllJ'illfl ,, 
flltl'W'e:Jfl'il::Hl'Ul.«1mm.:iio.:i~~fl ~ (Pore canals) 'UO.:Jl0Wfi1~lficl (Epicuticle) "11'\.J'M'WlOfl iCJffl1~ 
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~ d d ,d. ,, Q.I A Q.I 

trHHJ::lJfll'Jff::'fYl.J'Utl~tlJflff (Melanin pigment) (Anger, 2001) fftlflflcltl~flll'Ytt)\Plfl':i'JlJ'Utl~fl'Jffl\PI 

.c:::I d d 9J I d d O d.:::a d ,: 'JI : Q.I cl A 'J}.c:::IA Q.I I : .et 

t'lW'U 'VltlJtlt'Ulff'J::t1::V1lJfl1'J fl1H'.lf1\PIVl'Yt'U Vltl·:i'Ul 'ff \Pl1'il::lJfl1'J i 'lf'll'1\PIUclt tllfftltltl 'lvru1 fll'Jll ... ... 
'i ,, d "' ,1 I i ,, _jf "' "" "' "' ,1,1 d d 
t fl'j ~ff'Jl~flltl'U tlflVIU'U~U H'U'W 'il::'ll'1tl '11 'ffllll'JtlUtl~fl'U'lhff \Pl '11'Jtlff \Pl1'Yt'W Vl::tcl'U'UlfltclflVI 'ii:: 

mrl1irui~ (Verity & Smetacek, 1996 flVl 1flt1 Anger, 2001) t'M'Ut~t11ti11 fJ~ Penaeus monodon 

1::t1::~1t~lJ1tl ( 'lJfY'.i1P1111h::VJll'll'l~ 1m::mu::, 2546fl; Cheng & liao ,1986 o'1~ 1fltJ Lin et al., 

'J) 

2000) fl~ Palaemon pandaliformis, Macrobrachium potiuna ttcl:: Macrobrachium olfersii 

(Freire et al., 2003), ~ Ocypode quadrata (Santos & Moreira, 1999), fJ~ Penaeus japonicus 

(Chen & Chen, 1996) ~Vf1111'J::imm~ur1mCJ1t1lJUt'l::Ullfl'WtCJ1t1ll'lrnnt1fl'Ut1~n'~fl~~ tdtifl11lJt~lJ • ,, ' 
tl1ttl~t1U1ttlcl~it1 ulP'ilP'i1~itl'il1fl Ut1llvltlt1fl Gammarus oceanicus (Normant et al., 2005) Ut'l::tl ... 

Scylla serrata (1JfYi'm1 tl1::VJll'lfl~ tm::mu::, 2546'U) ~tl'imt1.1UlJfl'WICJft1rnm::uflc1tCJft1l.l'lW~t1fl 

"' ,, 
U ti 'J \91 llJfl 11lJt fl lJ 'U 1 fl1 tl'U ti fl 

'UtU::~tl'i mru 1 'Ytu V1fft;t1ll 'l u loi1c1fln'~1 ::v:: 1 v.ffm11ijfl11rniu'mlu ff ~lllflfl11 iu 1 :m:: ... . ... 
"I "" "' 'i ,, ,1 "' I 'i .... di 'J) "' .... i 'J) d • I 
tlJCJfff tm::lJU'W1 t'UlJff~'U'UflllJ'J::tltfll'J'Vf\Pll'Ulfll'JU\Pltll'.J 'U'J::flllVI flcltrll'.J~fl'U Ufffl~ '11t'l1'U11 ... ... 

,, 'i ,, 'i "' i . I"" d ,1 "' 
cl mH 1:: t1:: i vt ff cl 11191 t1 ~ m 1 iv. u VI m '1f t1 lJ u" rn 1 ru VI 'ff~ m fl 'U 'I-! mm :: t1:: m 1 v. \Pl! 'I-! 1 m 1 ... . ... 

tdt1~lll'il1flfl1'Jclflfl111Jt~mlwmt1flfll'Jt1'4111'1 'il::ri~r-rnl-it1m'Jt'lflct~'Ut1~ ivumm;al.l ;~r111~ 

'il::1::irfl1::1~t~'W'Vitff'U11tl~mru 1 v.u 'VlfflCJfl'.lll i u\11~ i it1'41Jlcl t11'il"Ut1t11n'W i ti ~~ij1 tifllff'il:: 

I I QI -=a Q<r j/ll),9/ 
ff~ Hclfl':i ::Vl'U\Pltlfll'J'Yt\Pll'U lfll'J fll'J l 'il'J fYl\vl'lJ t\91 Ucl::fll'J 'J tlfl\9111'.J'Utl~\l flfJ~ tfl 

jl 91 d t 9,/ ~d -=a 

fll'Jfl11J~lJfl11llt'U'l.J 'U'W i vm VI fft'lfl'.Jll i 'U'Jl~flll'.J'Utl~\lflfJ~'J ::a:: 1 'Vl'ffcl111'Ull'Vit)\PI fl'j rn 
,, -,9..,.J i" . 'J) 

flclll'.Jflcl~flll'Vl'Ytll 'Ufl~ Macrobrachium rosenbergii (Wilder et al., 1998), fJ~ P. monodon 1::a:: 

~1t~lJ11'.J (Lin et al., 2000), Utl'l.JVhfofl a: oceanicus (Normant et al., 2005), G. dueneni 

(Sutcliffe, 1971 o'1~ ifll'.J Normant et al., 2005), G. tigrinusi (Koop & Grieshaber, 2000), ~ 
,d Q.I Q.I 3)'jl ,. d 

0. quadrata (Santos & Moreira, 1999) 'Vl'ff1ll1'Hl';ifl'U1'.i::fl'Ufl11lJt'Ull'U'U'Ufl~ t'VIU'Vlfft'lftl'l.J 
' ' ., 

ma i 'l-!11~mt11 fl~ i u'Uru:: viijm'.i ttl~ou u tlt'l~m1rn~ 'l.J'Ufl~tl 1mt1'W flfl ul-i~1~ i ti 'ill fl i 'I-! tl'Vl::m ... 
Q.ld 01 .J 91'J) "i" di .a a, ~ Q.I d :'.J 
\911t\PllJ1tl (S. serrata) Vlfl11'l.Jt'U'l.J'U'U 'Utl~ t 'YtU Vlffl'lftllJ \HcltlfllJfllff ~'U'U\PlllJ '.i::fl'Ufl11lJlrllJ'U 1VI ... 
~ J Q.I ~ -• A .d d,, Q.I Q.I d. i d.: 

t'Yt'l.J'U'U ('lJfY'.i\Pl'U 1J'.i::'VJ'l.J'll'l\vl tm::flru::, 2546'U) 'lf~fl\Pltl~'.i::'l.Jfl'.i::1~lllfl'Vliffl 'Ufl1'.itl'4'UlclVl'U1 

r111m~1.J~1n11 8 ppt tdt1~'il1m::i11 i'YtUV1fftCJft1l.l'lui1~mat'lflcl~t1ti1~11flt~1 ;~,J1'il::iiHt'l'lJ1~ 

tl'J::m'J ~vh l if tnflt 11 ~m'J ru i~mi11 

"'"',,, .J .... "' : ; ,, ,, l".... , "l.1..i i 
'il::m'W tfl11Vl'J::fl'Ufl11'l.JtrllJ'U1f111'.J'Utlfl\911 clflm\vlfN 'll''Ytcl~~l'Utll'.Jl~lllfl rnt'Yttlflcl fl ... . 

' ., ' 
i 'Uf11'J'.ifl'U1'ffl.lflcl'Utl~ i 'YtUVlfftCJfl'.JlJ U'Vl'Wvi'il:: i~iim1~~l'U'tl~'l1'l.Jfl l tlt'ntlfll'Jt'il'iWt~'lJ 1\91 • u 

t d ti~ 'il1fl~'J::i1Jfl11lJl~lJJ'1~) rl11lJ!iu'm!'W 'Utl~ 1 Vf u 'Vlfft~f[JiJ i 'W ll1nclflcl~ 'i1diNc1Vh 1 if ll1 
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. ~ 

,rn.1u tJofiihn1m ;mnurr1-i 1,1~-i1~mt1 ur1::u 'i1i7\oJ~1~ "l 1 u-i1-m1t1~ ~::u'Vi-itJtJfl~thmt1'WOfl 

{;~t~~o~ii fltl 1n 1um'.i,iml1000~10-:h~mt1 ri~Ntl 1 ir~~1vi:1Jt1\9l'.i7t11'.i'U1Ji1itm1::~ihn1m;o 
• • 

d QI d d QI I ' "'" , I I .d , ,, 
~7~ 'llW::lfltl1fl'Ufl~::lJfl1'.i~flfHl'UU'.i1i1~\911~ "l nmu 'U'll~tlltJ l'lf'W'Yl'Vi1J 'WfJ~ P. monodon 
A ,, .c:::. QI : .d.et d ~ • QI d 0., 

llJ0\910~lH'lftyfl'lJ'W1fl7tl'U Ofl'YllJfl11lJlfllJ\911 \910:IJUO'W l'YI 'W 'W tl (Antenna} gland) ~::lJfll'l ~~fltl'U 

1'tm'Ylm~t1:1J~1nilffm1::1rn::-u'U lCJft~m..100011hmu 1~of m,n1::i1J'llo~ 1 'ViU'YlfftCJftllJ 1milo~ 1 ,r 
fl-I~ (Lin et al., 2000) fll'.ilffllJ l'Vitt'Ylfft~m..1drnf1Jm10"4'U1tl'.1flQ-l'lll11'W1::t1:: 1'Vifftl717 

l~t1m'Vi1::od1~t-11rloiim'.ir1~1::i1Jr111iJ1~:1JJ1;~iir111:1J~11i:lu ~-iih~::'li1vlir1o~~iiiwiu1m1 .. . 
... ... 'i ,,.,% 

1rn::m11~'.ityt\91'U 1\91fl'll'U 

vloffvlof ff u1J111i:lutt'i1i1\91~iir111:1Jd1iruoti1-il>io1i10-11umrnumr1~::n'f u11 . .. . 
- I"" -·' .. , ., , ,, ,,. I ,% I I ,,l d ,'9 'i ,k 
u'llJlW'llO~TIOffnO'lff 'U'.1flfJ~lJfl1~~'ll'WOtl1~\910t'W0~~7m::t1::'WVl'Yrnt1fft1~'j::t1:: 1V'lff"111 CJf-1 

~0~1::1J~'.i::1-ion'll7ftvloffvlofff1u'.i::t1:: l'Viffm11 tV'l'.il::iiuu1 lu':1.1'l1o~r1111J~o~m1ff-1 .. 
I I JI I I 

I "I , "'1 o d ,J ,J I ,J d ,!I ,J 
lJ1flfl11'.i:: t1::t1\J "l 'W 'llW::'YI 'U'Wl\91rlO~fl1'.i0'4'U1rllJfl11lll'lllJ'll'U flfl'U 'lll~fl~'YI l lJ O~~lfl'JflfJ-1 

1 ~f 1Jv!offvlof ffmnmll 1'.i 1 i:lu ri1u 1 my vloffvlof mf u iir111:1.1d1ity~ om1fff 1-inHioo'llo-1 

r1i'fft\911:i}vu 1t1~r1-im~1our1mCJft11J11r1::11Jmf 1J01'U \91 1 ~t11\1'Vi1::oti1-ig~,1h~~iim'i fff 1~11.Hfon 

, I 1",4 o, "'Ill"" ,J 'i 
lllJ "l (Pratoomchat et al., 2002a) trn:: 'lfll'Wfl1'lff-11ml:rn tfl\91'U (Renaud, 1949 01~ 1~t1 Luquet 

<'9 _ !"I '1 , 'i ,1 ~ "' d ,J "' 
& Marin, 2004) nmrnutlflfl'llO~tlflfH 'U'.i::tJ:: 1V'lffr1111u~::t'.ilJ:1Jfl11lJH'll~lJ1fl'll'U ur1:::1Jfll'.i .. . 

I ' ,::. I "1 d &lf) ~ d "" ,, d 1 
ff::fflJ'llO~U'.itillPJ\911-1 "l l'VilJlJlflfl11~flfJ~ lJ'i::t1::'UOlV'lrltlfft1-I llJCJfff ~::mu l~~1fl'll0lJrl'YIV'l'U11 

,, ' ,, ' 
- '"' d _J _J o, , o, ,J d I ,!I o, o, ,!I , ,J 
u'ilJ1Wllfl"1CJftllJ tm::nflffTIO'iff 'U\911'llfl~~flfJ-l'i::tJ::'U~~fl11':i::tl::O'U "l ~~'U'UlV'IO ll 

m ::1J1'U m1 itf 1-111.Ji'.ion 1rn::m11 ~! ru1~1J lv1~11il u 1 t11 ~ oti1~iith:: ff'Yl 1i mw tl!mw vloffvlof ff .. 
~rlfl~-1 l~f 'Ufl1'i oti1 'U '.i::fl1J ~l'Wtl-l'WO~flfl11lJ~O~fl1'j .. . .. 

d 1 j/ ,J1 j/ 1 ,d d ... J ... .I a, ~ ~ d o , ,J 
lJ'jltJ-17lJ11fJ~'YI lll!OtJUlJMfJCJf~lJ'nOffnO'iff\911 0.7% lU'\.Jflllll'i:IJHrl'Yll l1fl1'j 

"' "' 'i ,, 'i . ,, ., 1" ,k l~H\Jl\911.J 1\9ltl~M (Cuzon, 1982 m~ l~tl Davis & Lawrence 1997) ffO~flrlO~fl'lJfll'i 'lfOl'ttl'ifl-1 

A d.da °" QI ~ ef ,, o 

1J'i"1'Yl1i'YllJ'i::~'Uvloffvlt11ffv11 0.41 % ur1:: 0.56 % mtl~fJ-1 P. vannamei 1m:: P. japonicus ~::'Yll 

1iriiu\91'.ilfl1':irnltyl~'U l\91tl~rl-l (Civera & Guillanme, 1989 ~1~ 1~t1 Davis & Lawrence, 1997) 
• ,, 1 ,, ,, 

l'Ufl~ ~lfl 1 '\.,Ill 'YI ~~,l 11i'i 'j lJ'Jfl~iitl!mwvl offvlof ff ~1 fll'j ~~9flJ't'loffvl fl1 ff'llO~ 'ff\91 {,l 1 ~lfl'U 1;~ 
~ . 

11rvil1t~lJ l~t1n11tlv~ii11.i1ftt1-1'Y'lO (Kitabayashi et al., 1971; Deshimaru & Yone, 1978; 

Kanasawa et al., 1984 ~1~ lflt1 Davis & Lawrence, 1997) fl1'Jlff1lJvlvff't'lt1fffii111f'U'.1flQ~'lll1 

1::t.1:: lwffm11i-11i:lm~t1-i~r111Vi~nw1 n~1i:lum11ff11J1uml!n iii11~::iimrn~r111rn~:1.1J1 

a 111 ,d 
'YI 'i V l lJ fl \911 lJ 
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'\JWt~fhllttl\Jll'f;lt'YlU~llrl~ ii7'1t'VnJ1 '1-J'jl~flltlQ~, u,Jimw ~~1lllfl "1 ci1~1il'W ii.Ji~ 
11ii1'lt1J1mntJ1•rn 1tJ'it'U'Uffl.fU1" 1r1mt1 tU'lt'Vi'U'VlU~11r1~ 1u,Jjmw~~llnfl 1tJ 1m~ff!1~ 

_ 1-'I .a1 'JI ,X 'JI <!I , , , , .a1 A .,. 
l11'f;lUfl'tt'iUf1"1lJI\JUfl~'\J\Jlrlfl'f;l1~ tH '\J'I-Jlrl my 11\Pl'lt'Vi'UlJlfl \J'it'U'Ul'f;lUfl l'WU~'11fl'VlU~ll~HlJ 

,, 

fl11llff1fi'tlJ 1 'W fl'1fl'i 'i lJ'\JU~tfl'W l CJflJ (Enzyme activity) 'i 1lll1~1ilu U~ HU'i~flU'U'\JU~ i 1" i CJftJTW\J 

ci1~1,:f'WHfl'JIPl()lrlt11t1'Ufll'i'l-'11tJ1'1 (Liu et al., 1990) ri1'Wf11llttl\J'Vi1J1'lJU!ll7W~flU'W;f1~~71'WA'~ 
• • 

'\J11'\J'W1r'I 1my 11~1utj~1'aouu tli'Vi'Urnm1fff°I~ 1i\'1iltJ~~f1111J~11rlutfotJ;f1~~1mm110 hnf1ii 

c,, <!I 'J/1 o OI d 'JI 'JI d : 4 1 

lJ lfl lfl'W'ViU tH I Ill 11fl 7 lJ to 'I-! '1:: lJ fl 11lJI '\JlJ'\J\J 'f;l rl 'f;l~\Pl llJfll';j(l r1 fl 11lJ I fllJ\J 7 I \Ju~ '11fl'Vi 'U 11 fl 17 lJ 

'JI 'JI O "' 'l : i d _,d _, i C: ,1 4 'l I "I 
l'\JlJ'\J'W '\JU~flllJtO'W &\J 'W 1'W tJ lJfl1'i l1J'f;ltl'Wll 1J'f;l~'Vl~l'VilJ'\J'Wllcltclrl'f;l~llJUl1cl1 l 'W fll'i U'4'Ulcl Hl'W l ,J 

11~i:ui'.if117lJII\Plfl~1~'Vl1~ffO~ (p> 0.05) 

,J~ lJ1WlllJ~fll'W ff 1 \J (lflA'~'ll71'ittJ~ 1 Vi ffcl111'Vi1J, tJUjlJ10J~7ll'f;ltiifl11lJIIU'iU 'i 1'W ff~ ., . ., 
d'l : d O JI i "I I d & 'f _ 1 c,,d I , : 

'\JWt'Yl l'W'Wl'Vl'Vl1fll'i0'41J1'f;l~fltJ~'W'W \Pl'i1'1ffU1J lll'Vi'UlllJ~fll'Wff CJf~ lrltl11f1\Plfl'Vi1J11 'W'Wl'Vltlcl 
,, ' 

11'Wi'.iujlJ1Wllmfl1Uff~llllfl (0.00003 mg/I) (Brown et al., 1995) llffr1~11~fltj~,11'1tl~i''U 

.c:t d I 9J j) .d'tlo ?f fJJ .q .c:t, 
umm'W ff'11f1Ul'ttl'i l'Vitl~'VW\PIOfl11lJ\PlU~fl7rn'f;l1 '1~ llJ '1111J'W\PIO~lff'ilJ lllJ~fll'W ff 'W'i t'U1J 

1f1tJff'iU1'Wfll'iOtJ'U1'f;l'f;lflll~'\J11'itUt 1'Viffm111r1m~'Vi1tud1~t~1duiim'i"f°lfl17ll 
II Cl CU Cl 

d : .c:t A llJ ti d d .d d : 

lfllJ'W 7 fl1'i'1tllfl1'i lff'ilJ l'Ufll'i 1JOl'W IPI 1 'Vill'VlfflCJftllJ fl'f;lU'i'W iCJflrltllJll'f;ltllflcllCJftJlJ 1 'W 'Wlll'f;lt 

-·' _.. "' d d ""' , A I , 'JI 'JI d ., ""' ""' 'i dd.1 
TIOffTIO'i ff flfl1'illfl1 'i I ff 'ill 'WU1'111'i ll'W'Jf1tl 'tt~flfl~llfll'i 'Vil>JJ'l-!1fl1'i llcl~fll'i 1'1':i tlJIIPlll l \Pl'Ylrl'll'W 

& 0 ~ 'JI 'JI ,,;.,. ., ,% 
CJf ~ '1t'Yl1 h1 l rl~flfl~VllJfJWfll'Vill'f;l::tJ\Pl'il'itlrl'tl ~'\J'W 

O QI ,/ , : d 'JI 'JI ,1 4 , I ,.._,, 'JI 
ff7'1-1'i1Jfl1'i1JUl'W\Pl 'l-!'W1lJfl11lJl'lllJ'\J'W'tl~'ll'WllJUl1'f;l1 'Wfl1'i0'4'Ulclm'W m 'W~flfJ~l'.)fl 

'ittlt ..f ~ifl'dti~'11fl 1r1ai1 i Ufl111Jti'W lr'IUtlfl lCJf~~u~1 'Wll1'1tl11Uijm t11t11.nl1 mnmil'Wmrl 

,I ""' d "' ~ "I ,I ,I "' 
fl1'i1JU'Wfl llcl::'1::lJfll'i ll\Plfl\Pl1UUflllJ'W l 1Jf11'i 1JUl'W \Pl llcltf11'i1JOl 'W \Pl rl~fflJfll'i 

CO
2 

(gas) + Hp ~ H 2C0
3 

(aq} ~ H+ (aq) + HC0
3
• (aq} 

t 2 
H (aq) + C0

3 
• (aq) 

-k" "I 111.1 c,1d 't ""''JI 
CJf~fll'i'UU'W lrlUUfl 1CJfr11U'iU'\JU~fl7CJf'Yl'f;ltcl1tJ'W7'1~'Vi'UU'ilJ1W'WtltJll7fl (0.23 ml/1) .. 

ri1tJlllfl'1tud1tJ'iU'\Ju~i1..1r11{11ut'W\PIUt1U'W uc1tm111om1P1uoou (50 ml/I) 1r1mlf1ri1'W'\JO~ ., ., 
,, 

i 1Jmf m:il'WIPIVUO'W ff ~fl11fl 11-um 'W\PIVti ti'W mn 11c1tm11Jo1tJ \Pl l'W tl 1rl1'W 1,,-, ru'1~vdl 'W'iU'llU~ 
CU U CU V 

,, ' 
ffl'iU'i~fltlll 1r1a 67 % vdluiu'\JU~lllJflihcirm.1m11Jt1l'W\Pl (MgC03) i'.it-viM 9 % rvi1irtJnt1d1'W 

_ I ,1 ""' ""' "' d111 'JI ' 'JI 'JI ' 'JI 'JI 111 
'i11'\Jtl~fl1'i1JUl'W\PltltlO'Wtlff'i~ (Brown et al., 1995) rl~'YI lrlflcl11'\J1~\Pl'W11fl17lJl'\JlJ'\J\J lll ., 

,1 : "1 'JI"! 'JI o 'JI ""'""""" o ""' 'JI "I_ 1 A , 'JI 
fll'illtll'W\Pl, 'W'Wl'f;lrl'f;l~ l'WU~ '11,fl\}fl h 1 u1r1u~flfl~ 'Yl1111uoma1r111'W'U '11flCJf1tJ m'\J11l'ViU 'ttfl'irl 
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. .. 
mf llO'UfllJfll'H'Uilt1u l'U i 1Mh.1 i 'lJfllillOll!\PllJlfl;jl! (\oll:IHt'lJfll'j) 1rn:: 1 l! 'U gm t11i.:int"i11 i I 

.. ,, 0 , !JI .. , : ~ ,1 ,,\ , ' "' ,!f "" 

m111mu\Pl~1t1 'Yll 't'lmnrnm\PI umnu,mn'llumonm um1ou11T,unu 111 't'lrn01i'lJ1t1LI . 
'JI .c:t ,!I 'JI , ~d. :do .ct, 

~1tl0fll'l1~m, flO fl1101-!'lJ1'1t}flfJ.:J't'Jfl1ttlt l!fll'j'VJ~H\fl.:J\J 'VUO'tf'IIO.:J\.!7'Yl'Y11fllrnl!'IJ1'1:I.Jfl1 8.1-

d QI A QI ' , t ~ i " ,, ,I d 
8.2 m'lfl~fl1101-!'lJTc1 Uc'lt'Vl'Jt~'IJ'YHO'lf~.:Jflcl11 l!U71~tl'Vl1 'Ufl11lH'lllJ'II\J'IIO.:Jfll'J'lJOtl!\Pl'il!:l1:1.J 

4 ,1 , .J"t o' 4 , y d , y "I , !JI 
t-n:I.J'lll! l!'lltllt'YI 1'1.Jfll'J'lJOtulPl'iltl'J:1.Jc'l~c'l.:J (Brown et al., 1995) mrn.:i '11t'l1\J11c'lflfl.:i 1:1.Jl~ li .. . 

d .&..:::.. • ..:::..l _. 1 "' "'"' 'illflfll'J'Yl~c'IO.:J'YI 1 G]l'.:J'Yt'il11tU711fl11lff'rn 'lJfll'j'lJOll!IPI 'Ytll'Ylff!G]l'tllJ llc'ltll:I.Jfll!IG]l'tllJ . 
l ,, "' ,!f 'U-Clit, ' QI ' , ' y 

l!'Jt'lJllO~'lJlc'l\)flfJ.:J'Jttlt'U Ol'Ytc'ltlff l'U 0-:J'illfl'Yt'IJ 1 lJltUll 11i1~~.:Jflc'l11 l! 17.:Jflltl\)flfJ.:J"J .:J Uc'I!: 

iJm1c'l~c1.:i i 11 'il1ml1~vi1mrnl!mc1mn ;,:i ilvi1m11ff11Jl1t11G]f 1~t1lJ 1\umf 11m u\PI 

" "' i "' "' "' "' "' iiJl : .Jl" " "' l'Ytll'VlfflG]ftl:1.JflclO 'j~ llc'ltlllJfl'UIG]l'tl:I.Jflc'IO &1~ c'l.:J 'U'Ul'YI 'lffllfU1c'l\)flfJ.:J1::tJ::'UOl'Ytcltlff 

i111nt1i1 t1nt!.:i~iltum11i111J1111i1~iiv~11n111o~~w'llo.:it1n~.:it1.:in11n~11~i"1i111111-;i1i1~ 

o.:iu"'11'il:: i:i.iu\Plnl>i1.:imh.:iiJifoihftqJ'YIHff(i~ (p>0.05) -d1um1liWJu1m1 11c'l::m11'il1qJl~'lJ 1~ 

i:i.i111P1n1Pi1.:itiuod1.:iiJi'fot11ftqJ'Vl1.:iffil~ (p>0.05) 

fll'j~c'I nn.:i, l! 'lf~fl1'j 'VJ~c'IO.:J~"fll'j lff1llll '.i1i11Pl lJOIPl17fl1'J'J0~~1tl~ff .:Jfl11lgflUOtl 
'U II q q qJ 

,, ' . • 

07'il'il::iJ,o i~1mt11JlJl'illflflWmvttl1i1.:i 15 i11m'llo.:J'lf~fl17'Yl~c10.:ivi1ff111u11i11P11 um1 
• • • 

• • ,, JI ' 

ou111c'liJm11iJitvuu'l1c1.:i~1 mh1ifo ihhooff 1:1.Jmil~ 11c'l::fl11m~111.hr1.:in ri1ur111mi1um~-
• 

' ' .. 
~7.:J cl~c'l.:Jl'Vftl.:J 0.71 % 'Uru::vi'lf~fl1'j'VJ~c'IO.:J"niii1ff1llU'.i1i1\91 ooff1llc'l1ii~c'l~c'l.:J 0.51 % fl11lJt~ll 

. . . 
.. . 

tl1c'l~iH o.25 % 1rn::r111m,:Jum~ - ~1.:ic'l~c'l.:i 1.42 % ri1ur11111tl1ivHhiim1c'l~Mm~t1 
• .. .. 

, V"' ., "' - I ' y ., . "' o "" o "I_ l'I "i mHfltl~fl\J flO 1J'J::lJlru 6 % Uff~.:J17clflfl.:J'Yl.:J 2 'lf~fl7'j'Yl~c'IO.:JlJfl7'J'U7000lJ'il1fl'Ul m I'll 'U .. . . . ~ .. .. 
OIPI 11-vil m\'t~v.:itiu G]j'.:Jflrumvttl 11 'W fll'JO'U 'Ulc'l'U 'Uri .:i Hc'I 1 ~ t1\Pl1 .:il>i om ::111um'Jm.:i ff111Y1t11 • • 

I ,, I 1 

1rn::m11'il1qJTIWJ'U 1'110.:it1n~.:i fll'J'nfJWfl1vttl11u mrnl! mc'log1u1 ::i urir1.:ivi 't'l!oiim'J 

d _1 ,::,1 d jJ , , .c:t , 'IJ/ A 11) , ,, d a., WI .c:!t 
l'Uc'ltl'Ulluc'l.:Jt'Yttl.:Jrnfll! OtltlOlJff .:JHc'l~\PIO"!'llfll'Yt\)flQ.:J 1'1-!fH'illfl !ll\PI o.:i "JqJlfftl'Ytc'l.:J·:nl! I 'Ul'YtO 

., ' , I ,, <ii l " ., l: i- I ,,\ ., 
1 m,n'J::ll1JfflJ~c1\Pl1.:i "1 u11.:imt1 \JflfJ.:J 'ii .:imm1 o 'lfvtc1.:i.:i1u 'Yl.:J't'llJ~ 1Jtvtom1vtWJu 1m1 uc1:: 

fl7'Jl'il1qJl~'U 1\PI 'llru::~1~m'J'Yl~c'lo.:i~iii1ff!1111'.i1i1~ ~.:ivtu11f_}rumml1iim111l~t1'UU'U'f1.:J 

' y <!i ,, "' - I ., ., I ~ - I ., ., • ?I ,, , ,, ., I i- I ,,\ 
lJlflfl17 '.)flfJ.:J 'il .:J\PIO.:JlJfl1HJ'J'lJ\Pl1lJlflfl11 G]l'.:Jfll'JU'J'IJIPl1 'il111J'U ~O.:J 'lf'Yt'f1.:J.:J1'U111.:Jff1l! ut'YtO 

QI I ~ j.l \rf I Q,I I 'II( :3) 1 i ,, !J/ 
m n m,n 1 :: 'lJ u ff lJ ~"' m .:i '1 '11 'Jo m n.1 mm 'J fl rn m 'J :: 11 'lJ ff lJ ~"' ~ 1.:i '1 1 ~ 'ii:: ff .:i H"' lf'J n fl .:i IPI 1 t1 

"H"lifo\Pl'J1n1'J10~\Pl1t1~1"'.:i 
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' ,, 
m·n~lJ L"ll'1~tllJ imni'mm,191 lu1~n1ff7lJ1111i11P,}'WlJ vh ltt't11f111JJlriu~h~ 1m::: 

"J o' .d ,l o., ~ di "J.t"JVd .:1, o,~ 't.:1""' 
11Jm'.iumum'V'fJJ'lllJ 10 um:: 11 % v11mn~u 'iM11J'I-J m 1~'YIV1'ill.lff1'1-J'Yl7 11 mmm.hmw 

fl ~ I oi ~ ,, ,9 cli QI o' 
i um'.i uvm vimmnu'V'f oviom'.i'I-J 1 ,Jl 'lf I um :::u1umnl".i 1~1tJc1on Ofl'Yl~'.i:::~u i um'.i'LIOl'I-J vi 

d ~ i i· I,. 0 1 ,, Q,I ~ ' .d .d ~ 1 Q,I ~ .cl d I 
'Ylff~'IJ'I-JlJlJ'il::: ulJHcl'Yll 'H'.i:::~'Uf111lJllJ'I-Jfl'.i~-~1~ lJfl1'.iltlcltllJ11tlM911 lJ'.iO'IJ1'1-J C)f~lJHcl~vlO .. 

d "" • 1 I V O 1 V V • I "1 "'ti ""' ""' ,l 
ff'.i'.i::: lfllJflltl lJ'.il~flltl'IJO~ 'JflfJ~ 'Yll 'Hfl'.i :::'IJ1lJ flWff'.il~I uclOfllJ '.i :::ff'Y11i fll'V'f \1 ~lJlfl'IJlJ 

QI , d .:::::a , j/,, , 1 : ~ "i , ~ .d.d 
Im::: tl~'V'f 'U 11'!l~'Yllff '.i lJ 11'.i 1i 1 liJ fl 11lJl 'IJ lJ '1J lJ 'IJO~ll'.i 1i llPJ l,11..,11 \1 ~'Ill,! ! ~ tll 11 'V'f 1::: Otll~ ti~ UlJ fl lJ I C)f tllJ 

t1~iu 37 % ou1~ih'fod1flqJ'Yll~ffU~ (p<0.05) UlJfl'UICJftllJ'lJ'IJ11iif111lJfflflqj~O'Jfl~~'.i:::t1::: 

"" d Id ,~ 'i' V "" ,k, I 
lJOl'V'fcltlfflJlfl 'illflfll'.i'Yl~clO~'YI 1 'V'f'U11lJfl1'.i 'lf !lJ !fl'.i~ff'.il~U'YllJllflmC)ftllJC)f~ lJ'V'f'Ulcltl 

,, 
fl1'.ilffllJlllJfliM}t1lJ-i1lJf1'1J i 'Ufllf 'IJOllJ\Pl vh 1-.\' '.i:::i'IJ'IJO~UlJfl'UICJftllJUcl::: iumf 'UOllJ \Pl hnh 
d O .J V ~ "''i' .a , ~ V tl,s l V 1 "" 
'Yl'Yllfll'.iO'U'Ulclff~'IJ'U clflfl~'il~lJ !Ofllffff:::fflJl'V'fO 'lf !'Ufl'.i:::'U1'Ufl1'.iff'.il~l clflfl ~Otll~lJ 

• 'U qJ q 

tl'.i:::ff'Yln fll'V'f 'il:::ltt'U ,~ 'illflfl1'.i'Vi'Utl7lJ1WlllJflU l~tllJ 1 'U 11~flltlclflfl~ff ~fl110Ul~ihr mhftwm~ 
'U q cu u 

""'""' 4 V V tl,s ., 111 V d o 1 V V "" ""' 
ff()v! (p<0.05) ll.lO'JflfJ~ffllJlHlff'.il~I clflfl'Hcl~fll'.iclflflfl'.il'IJ !~l'.i1 Vil 'H'JflfJ~lJfll'.il'il'.if\J 

., ,,. ,,. 'i' d.:1 "' , l Vo, .,.,l 
V'IWJ'l-rnrn:::fll'.il'il'.iWlvl'U !vl'YI~ ff'IJfll'V'fll'IJ~UH 1rn:::ff~Hcl '11091'.ilfll'.i'.iO~vlltl~'UlJ u • 

,, ' 
V V d 'i' d 1 o do 1 1 V 

f11llJl'IJlJ'IJ'U 'IJO~flclO'.i'UUcl::: ! 'V'fU 'YlfflC)ftllJ 'U 'U l'Yl'Yllfll'rn'U 'Ulcl um:: '1-J '.il~flltlclflm . .. . 
,, ' 'JI ,, 

Vi'U11 iliuvifl~l~fl'U'\1~ 2 'lf~fll'.i'Yl~clO~ 'IJW:::nm1m,m1u LC)fl~t1JJ1mh iiiuvimh~nu'ti~ 2 'lf~ • • 

fll'.i'Yl~c10~1iunu u~1rto11m 1 um'.iournm-hu i,J 'lf~~tffllJU11i1viijm'.ic1~c1~'1Jo~ LC)ft~t1lJ l utl1 
• • • 

I ,9""- 1' 'J) t 'J) .d ,JA I 

lJlflfl11Ucl:::llJOV'l'il1'.iWl lJ'.il~flltl'JflfJ~Vi'IJ11 'JflfJ~'.i:::t1:::lJOIV'lcltl'ff - 4 'l,(~'Yllff'.ilJU'.i1i11PJ 

1n"lf1~t1lJlu-i1~fl1tl"J~fl1l'J!~~iiitffllJU11i11PJOUHii'Wt1fllflqj'Yll~ff(l~ (p<0.05) 1rluitJi~11 

.-1 d ""- d i o' 1: • • ,V V V 'i' <'i ,l ""-
llJfl)Jfll'jl'ff'.ilJ L9H~tllJ 'Ufll'.i'Ufll'I-Jvlcl~ '1-,1'1-,11 tlOlJff~Hcl l1f111lJl'IJlJ'IJ'I-J'IJO~ !"lfl~tlll\l~'IJ'I-J lfl~fll'.i 

,, ' 
1 "i.cl j/11 j/ 'J/1 d d.GJ I Q QI 

ll'Vi'.i'IJO~ !"ll'l~tllJl'IJl\1'.il~flltl~flfJ~ trn:::~flfJ~ 'I-J'.i:::t1:::'UOl'Vicltlff'I-J01tl1:::\Pl1~ "1 lfltl1fl'Ufl1'.i 

I ,9 d ~ Q.I d ~ "i d 
f11'UfllJ'.i:::'U1J'fflJ~cl l'lf'I-J ll1~flfl (Gill) C)f-!11J'I-J01tl1:::'Ylf11'UfllJflflfl'U 1lllclflcll~t11 (Monovalents) q q q q 

(Potts & Parry 1964) fJ~~1'11'1-Jlliiff:IJ'l,J'.iof ~Ulf.1~1'1-J'UO~ Bouaricha et al. (1994) 'Vl'IJ111'1-Jfli''fflvi 
,, ' 

d QI I I .!f 1 .cl 'j} Q.I' a., 4 'J/ ")' .c:l ..:9 
l'lffJ'I-J'.i:::t1:::1UflO'U IPJllll1~flfl (Gill bud) 'il:::'V'f'U u,rmu'.i:::t1:::"!~'Ylltl ~~'UlJfll'.ilflclO'I-Jtlltl !"lfl~tllJ'il~ 

oll!Vd d V 'i' 1 'i' V • •,V ., 'i' d 1 • V d 
'Yl1 !~IV'ltl~mfllJOtl !~fJHl'U'Yll~ 1f1Hff'.il-l'fl-lflltl 'Yl1 'H'V'f1J'.i:::~1J'llfl~ 19H~tllJ 'I-J'.il~flltl'.1flfJ~'l,(~'YI 

l'ff7lJU-i1ilvl'ff ~fl11 i~rl'm'.ilfl~fl'I-J~ltl LC)fl~{J)JflflO'I-J (Na+) V~l~tn,o.:inumnh-11u 'IJO~IO'U i"lflJ ... 
++ <'iV ,k ~ ,V d 

Na /K -ATPase Ofl~1tl (Flik & Haond, 2000) C)f-!'illflfll'.ittfl'lfl 'I-JfJ~ P.japonicus '.i:::U:::'1-Jfll'Vicltlff 

I O i ,/~ ..:9 I 'J) QJ ,, 

llJ'V'f1Jfll'.i'Yll~l'I-J'IJO~IO'I-J "lflJ'I-J (Bouaricha et al., 1991) 'il~'I-Jl'il:::ffO~flclO~fl1J\lflfJ~'Ul1 P. 
,, 

vannamei '.i:::t1:::'I-JOIV'l~t1'ffl'I-Jfl1'.il'l~clfl~U ~1~ l'U'illfl~~ Ghost shrimp (Lepidophthalmus 

louisianensis) ~Vi1Jfll'.il11~1'1-J'UO-IIO'I-Jl"lfif Na+/K+-ATPase 't1'1-Jnmi~'illflfll'.i'Wfl 1rn:::v~fl~ii 

'.i:::~1Jff~1rlm,1ih:::t1:::1Uflfl'I-J (Channantire & Channantire Daures, 2001) .. .. . 
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. ,, ' 
rwo~,nn lCJft~tll.J mrnlu 1m::: l'ViU'Ylfftciit11J'U'W 1iJuu'11i11PJviiifl111Jd1r1t11~m:::uu 

fflJ~-aooffllJ~f)'IJO~l~O~ u-a:::i1t1i't1lllff'l.J~'a'IJO~m~-l'Uff (Pratoomchat et al., 2002a) 

i 11vJ1 i tJ-d'v11l 'W n~1Jfli'ff1vtt'Jft1u 'il:::-rm1t111Jf11'1J fJ" i M'vdi whm1t1 i u1:::iu~iifl1llJl'Yll.JltfflJ 

4 v,,:. V <1 ,Jd tJ "ltJ , a :JI <1 i , <1 
tMU1Jff~U1flcl'01Jflltl'IJ0f)'il:::1Jf11'.il cltl'IJU ?M 1 llvll'WO~'illf)clf)tl~';ittlt'IJVl'Vicltlff'IJ'IJ'Ul'iltl.J .. . . . ,, 
'Vi(l~m rnvim ~~ 'WV-Off ll.J~ flflltl i 'IJ '11~mmtJ~t1'1Jll tJ-a~ i tJv111J'W lflltl'IJ vn ( Osmoconformer) 

, d i v . .. • 4 "I "' , iv 
l'lf'IJ'Yl'Vi'IJ Ufl~ P.japonicus ';i:::t1:::UtHVrnt1ff tH 11.JCJfff (Bouaricha et al., 1991) ff~r,m l1fl111J ,, ,, 

1'li11J,ru vvv u mv i i.t'J1~mt111 tJ'j v111J-w 1mt1u on mh~ i 'j ~v11m11 vtm';i w u 11hhri ~ r-mm:::V11J~vc1n . .. 
fl~ !Vi 11:::-ami'~'lffl~iim'j lff11JU';i 1i lvltJ~ffll.Jl'j tll 'il1 Wl~'IJ lvl i~tiJ'W tJn~ trn:::ir~iiovt';ilf)lfi Vflvlltl q vqca ca u • 

'tJ ~ 011')!11~ ilJtff11Jll'J1il(PJ 

ri1i.t 1mmciit11Jm~i1 iiiiifl111J ~111'.lutl111 i'1rnmi'~';it t1:::i.t v1-w~t1ff rdv~ 'illn iii'Vi1Jrnt1 .. . 
>) I I 

iu,J1~mt1'IIO~t)f1Q~l1~ 2 ')!flfll'j'YlflclV~ t'lf'IJl~t11011m';i'Yl~rnv~vi 1 vi'Vi'IJ17'Jfl~~';i:::t1:::umn~t1ff 

l~1t1Jfl'UICJ$t11Jiu im~u!1~ll'Yl'IJllflcllCJ$tll.J l'lf'Wl~tl1f11J~ Spider crab (Hyas araneus) ~l'l'IJ11 i1 

00'1,J 'j :::t1:::CJftfltl (Zoea) 111t1J1 i tJ'il:::iiib~tflcl~ iiiiinnff:::ff1J'IJV~llfrntciit11J u~i ui1vou 1:::t1::: .. 
1 tJ 

., , i v _ I"' .. d , , 
11Jf11 cl 1 (Megalopa) llclt';ittlt1tlii.t f1Hff';il~'IJV~l1Jcl'Ofl'il:::1Jfl171Jll'IJ~l.Jlf)f111Ucl:::1Jl~ff1'1J'il::: 

iim';ifftff1J'IJV~Uflmciit11J (Anger, 2001) 

""' 3.2 ':i:::u:::1mt1 

'il1nnnV111c1o~vit1u~ 1 vi'il7';iW111fl11iinn1ff11J1tflc11ciit11J 1rn:::i'Um{11muvitl111i'11 

V <1 ..,\ V d i t V d itJ 
fll'j ti\¾ 1Jlcl'JflQ~1::: t1:::,tmt1 l 'IJ v~ 'illflt)f1Q~1Jf)l'j vi 11'ill'l'IJ 'j,J'jl~flltl'Qflfl~"l ~ llcltl.JflWtt ltl 'ill fl 

>) I >) 

tl1t1rJHiiirmhr1t)J'Yll~ff(l~ (p<0.05) ii.tf11'j'YlflclO~n 2 i1~~iifll'jlff11J lCJfl~tl1Jl'Ufl111Jt11'1Jvl mi::: 
,, ' ' 

mrn !CJ$t11Jflcltl i 1 ~1 'IJ'W 1nl1lf11';i'0'41Jlcl l'l'IJ11~f1Q~iJOvt';i lf)l';i';i Vflvlltl~fl11'J!fln tii iJfll';i lff11Jll 'J 

1i11-JtlV1~1h!tirl1r1t1J'Yll~ff()~ (p<0.05) "11'1,Jf)l'j~YlJ'l,Jlfll'j 1m::;m';il'il1t)ll~'IJ lvl iiiuv1n~1~nuvrJ1~ 

iiut1fflflt)j'Yll~ffO~ (p>0.05) 
: I ~ I .d id O , iJ ,, ,d,:::1 ~ I ,:::I GI 

fJWflll'l'U 1'1J7'il:::l1J'U ff1'1Jl1 'U ~'Yl'Yll 'H\lf1fJ~')!fl'Y11Jf11'j lff';i 1Jll ';i 1il(PJ1Jtlvl ';i 1f11':i ';i tlflvlltl 
,, . 

~f)17 'illf)f11':i'Ylflcl'O~'Vi'IJ11 VOffl1Jcll~ij fl171Jli'Ju~,~ 1m:::ium{11vmv1 m1umuvilm1~nii 

f11'jlff11Jll'J1ilvtiiu u1 i tl'11ff ~iu1~t111m lumrnu111m-hu itJ uc1:::ii~,ff ~ni1'lf~~iiH'im'j 1ff~1J 
q CV q " q 

' ,, ' 
ll 'J 1i 7vl 'IJW:::nfl11lJlfl1J'W 7 ll cl::: fl11l.Jltl'U m fl- ~1~'\Jtl~f)~l.Jniim';i lff11Jll ';i1i7vlff71Jl':itl7 fl'lfl';it~'IJ • • • 
i fl~1~m1c11 i umrnurnmhi.t itJ u~lum11J~iiiiim11ff11Jui1i1vtiiuu11,r1Jc111c1~ fl111Jtl1 • • • ,, . 
~hHhiim'j c1~c1~i~ 2 'lf~nnV1~c1v~ u~'!fflfll':i 'Yl~-av~viiinn 1ff 11Ju ,j 1i 1viiir1111Jtl 1 i vJ~1ff ~ 011 

q q q " 
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' ,, . ' 
'iltlll 'W, ~'Jl')!,lfll'j'VJ~rno,rvi um-:m1'1itU '.i 1i1,J rJWfil'Vi\Jll1Ufll'j 1il~£J'WU1..l'fl-nr Otlfl11 ri-urn i lf 'Jfl 

~-:J 1-J~o-:Jffw1itvV1t1-:J-:Jl'W i u fll'i tli'-ui1mm!n V1t1-:J-:Jl'W ri1umn;-:Jfflll1'i t:nh 1 iii ii u ml 1iim • ., u 

<><!I , iv Y "' "" "" 'l' "' d .... ,,f .k v .... .,, 
'lJO'flCJfit ff-:JH'fl 'tt'JflfJ<lllfll'il'il'it)}l~'lJ t~,1 U'\Mll'i-:J fl\pl'jlfll'i'ifl,1~1£1\l<l'll'W CJf-:Jt:lltl'ifft~l'll'fJ'W'itfJt 

1fJOO'W1Hiwtimn1ittfl1£l,1'illflfll'jlilg£J'WUil'fl-:J'llfl-:JUHi'Wflflfflit~fl (Osmotic stress) 'iltvhilf 
u 

m'ivi1ttu'1~tt70 im-:.in-!1-:.i'llo-:.1 tCJfmi 111milmto1ifomv ti~llfll'illJ~l1Jflil'liii1ilgvuutl"-:.1 

'tt7flff-:JH'fl1lflfl'fl lfl i'Wlt'lJ'lJ\911"1 "l 'llfl-:.1'.il-:JfllfJ t'lf'W~'Vi'lJ11 Homarus gammarus, Cancer pagurus, 

Carcinus maenas U'flt Chasmagnathus granuluta 'itflt1lflfJ 1 uiJ1mw1'1n1u1rnt 11.h~'Wi'W 

• ; ,A,, ~cv: d~ 
'il-:.lfllfJ\,'llM titfl~fl-:JtH'll't)Jfl'lJ'Wlfl11ittfl1J\.11 (Torres et al., 2002) 

o cv\l) rl 't d A I I J 
ffl'tt'i'lJ t'lJfll'i'lJOl'W\,'l i 'W'Wl'llfl-:.l'J!,lfll'j'VJ,1'10-:.l'Vltff'iitU'i1i1,j'Vi'lJ11 i;!-:J'll'W 16 % 

1 .c::l cv 'J,) 'J} d i : d I " I d CV O Q.I QQ i 
l'lf'W111fJ1fl'lJf111itt'\11J'll'W'II 'el-:.1 Ufl'fltCJffJ1J 'W'W11Jf11\1 "1'1l'W 'el£11~1J'W fJfflflty'Vll-:Jff O\,'l (p<0. 05) 11tl 

.f ='1 d "' "', "' Ill o' ~ , _1 "' 'l' v 
ff-:J'll'W 59 % IIJ'W'Vl'Vl'il'Ufl'W,111Ufl'fltCJffJ1JU'flt t'lJfll'i'lJfll'W\vl llJ'Wff1'WIJ'itflfl'lJ'tt'flf)'IJfl"1 tflHff'il-:.1 .. 
- I"' "' "' "' _J _J "' "' "' lIJ'fl'eJf) 'i'eJ-:JrHlllfl'el 111Jfl'WICJffJit U'fltrt'elffrtO'iff (Pratoomchat et al., 2002a) fll'iitllfl'fllCJffJitU'flt 

Ill o' : • "'• • iv V V "' lllV d "' 
t 'lJflWUfll'W \,l i 'W'Wli;! "1 'Wl'ilt1Jff1'W'll'1fJ 'tt'JflfJ-:.lfflitlrnff'il-:Jlil'flflf) t,l'j1,1l'i1 lmtitfl11it 

ffll'IJ'i w '110-:.111.Hfon"l-:.1 1mt 'illflil1 mwur1mcif oitu'fltllitfl'Wlt)$fllJ i u '.i1-:Jfllfl'Jf1Q-:.l'JI,1~1i11iiu '.i 1i1\PJ 
' ,, 

"l-:Jf111')!,1vi llh ff1 itll '.i1i 1\PJ -eJa1-:.iu,! fJillfit)}'Vll-:Jff(l~ (p< 0. 05) ii lf 1 if u ')1f)'jt'lJ1'Wflllfff 1-:.11il~flf) 
' ,, 

j1 d A I A .::9 'Ill jld .c9 O i j) fJI .cl A d1 
'110"1~flfJ"1'lj,1'Vllff'iitll'i1i1,Jff1"1'ifJlf111'11'W t1111 'il-:J'Vll 'tt'JflfJ-:.IU~'llfil'Vi,1 U'fltlJ flfllff'ifl11\vllfJ 

J 'JI cv d Ji 9' : d 
"J-:.l'll'W ff'el11fl'flfl-:Jf)'IJ'ilfJ"11'W1'W'IJ Armases miersii 'itflt°Ulfltl l1Jfl0l!'lJ1'1111fJ'W1fl11itlf11J 35-45 

.J,,=1 'J}'J} A Id A A1d 1Jt 'J}: d 
ppt CJf-:J1Jfl11itt 'lllJ'll'W 'II fl-:JflOfl'W "l-:J VI 'IJ111Jfll'i l 'il'i t)Jl\,'l'IJ ~,i fl1111Jflfl'\.! 'lJ1'1111fJ'W 1fl111Jlf11J 15-25 

t J) I JI 

ppt 1 u o-:i 1Jl'il1fl~'lf'W 11-wi u ':it v~it.10-eJum -:.iiu oon-1ii ~mno i u 11-:immil~vumfo-:.11 U\,'lllltJ 1 . ,, ,, . 
filfJ'Wflf) ( Osmoconformer) l1fl111Jl~it\Jlff-:J i-:ii!u ;-:i lll~fl-:Jff Wlfftl'Vit1"1"11'W lill'WOfll'iU1'1.J ., ., u 

,, 

ff1J~'fl VHl-:J-:J1'Wl1"1'ttlJ,1 iirlmi''Ufll'il'il1t)Jl~'IJ 1\,'ll~fJ-:J'ela1-:Jl~£11 (Anger et al., 2000) 

0 CV .c::l d 1 "',:&! ,,,, JAd Q' 

ffl'tt'i'IJ 1CJft,i£Jit fl'flfl'i'U U'flt 'ViU'VlfflCJftllJ 'W'U11Jfl11itt'll1J'll'Wff"1'11'Wl1Jfl1Jfll'ilff'iitU'i ., 
I ' 'J} ' ~ Id I Q.I i Ji ,, d ' ,, d 

lil\PI U\vl hJ'i1"1fl1£1'flf)fl-:J'Y'l'IJ11 t1J1Jfl111JU\vlf)\,11"1fl'W'Vl"1 2 ')f,lfll'j'VJ,1'10"1 'lf 'ttl'tt'W11'flf)f)"11Jfll'j 
II CU Ill Cl IU q 

I I ,!i V ''I I d V V .... ,k ,k ''I .... d.,. 
fl1'1.Jf11JU 'J lil~l'tt'fll'U 'tt flfJ t 'U'i 1"1fl1£J'Vlfl111Jl 'llll'll'W'i t~'U'tt 'W "1 CJf-:JflfJ t 'W'it~'lJ'Vl1Jfl111Jl'tt1JltfflJ 

Ill q CU . qt ,, ,, ' ,, .,, .. 

~oi1-:.imv i-:.iil1uo"1'il1mdn1\PJ't1"1 3 'lf'W~'W i11111riuuin1,Jvii'm:11lti1Jff1J~'flfl'elff lll~mnviu 

'.i1"1f)lfJ (Pratoomchat et al., 2002a) 111vJ1 i,Ji\Pl1'iltVW1fJ11Jfl11JfJllilfurt111JrH~ihufh fl111J 

V ,., "" "' _ 1d _ 1 l d V 'I "' ,1 <> 
t 'llit'll'W'll'el-:JflflO'W filfJ'W flf)'iltlJfll'i l IJ'fl tl'W u IJM iln\.111J U'fl:::\}flffl t 'W 'it£1t1lfl£1'W 'Y'l'I.Jmlm rn 

, ,I + + ,,f I d Vd 
'\Jfl"1lO'W 9f1J Na /K -ATPase ff-:J'll'Wf111'ittlt'UfllVi'flfJ'c1' (Bouaricha et al., 1991) 1m:::'flfln-:Jfl " ., . 

'J/ I t t 

ff11Jl'jf;)fl1'UfJ1JUOfl'W~1"1 "l 'illfl'Ulflltl'WOflnlfl~fl'WVh'li'1~'.il-:Jf\1£1Hl'W'Vll-:Jlil~of) 'tt7fl 1m-:.in-f 1"1 

filtl'Uflf) (Integument) (Ange~, 2001) ;"1Uff1'W'lf1fJfl1'UfJ1Jff1J~~'llfl-:JU'elfl'W~1"1 "l mt1i'W'i1"1fllfJ 
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111" , d , QI 'JI Q,I , :' .Q 

tfl l'lf'W'l'l'Vi1J11 l1cN'illf101ll lobster H americanus '.i:::0:::1llOO'W (stage 1-3 ) 'illf1'Wl'l'l:::milrn1 (850 
V , v 

111_ I ' 0 d.A .i:!I I 1 ,Or,,=i ~ .idil 
mOsmol/kg) 11Jtl'Wl'Yl:::mV1lJf111lJl'ilO'i17-!l (500 mOsmol/kg) momY lJr!TcWl'IJO-!lta011'il:::fl.:i~~ 

I JI J J/ 'J/ I 

ffll11ct imfo1oi'Wn,n 2 i'11ll.:i 111oooff 1llmil~vii~ihhff .:in11ooff 1mnil~'llo.:iill'l'l:::mviii 
• V 

fl11llt;O'il1-!l 10 - 20 mOsm/1 (Charmantier et al., 1988 ti'1.:i 1110 Lucu & Devescovi, 1999) 

1 d I ,, "I"' ct ,, ctct ,l ' 
'Wf11'.i'l'lflc\fl-!l'l'l 1 Vi1J11c\f1f1n:::a::: tlJCJfff llfl11ll\vlfl-!lf11'JUllf1'WtCJfllllff-!l'IJ'WfltlH 

V • V 

I _.A A ,Or, 1 9I i I 'J) ia.J 'lit ti d i 
\vltlt'Wfl~ l'WO-:i'illf1Vi1Jil'Jll1Wflfl'W'IJ1-:J~-:J 'W'Jl-:Jf11ll~f1fJ-!1 'l'l-:Jll-:J'Vi1J11 t1Jfll'.i1Jtlt'W\vlllf11'.il110 ii 

V , V 

'illf1'U10Vl-!liitl'mhtiqrm-:iffo~ (p<0.05) f11'.i'l'lflc\tl-:J'n 2 ilf-:imrllmmiliciimmctfl iHi' tm::: 

ct lJ) ,/ i !'do 'JI lfl ,0r, , 'J)dQ.I 1 CJflf!llll t 'Ufll'J1Jfll 'U\vl 'U'Ul'l'l'l'llf11'.i fl'U 1Jlc\c\f1f1·:i'J:rn::: tlJCJfff Hclf11'.i 'l'l~c\fl-:J'Vi1J11 clf1f1-:Jllfl\vl'.il 
II 'V q CU q . 

f11'.i'Jflf!\vllll~f111'1.f~~,,Jiim11ffrllmh-:ii1tl'ad1tiqJm-:JffO~ (p<0.05) il-:iu,r11f11'.i'nffl'Wlf11'.i uct::: 

f11'.i rnrqJl~1J 1\vl'il::: iiiU\v1f1\Pl1-:JflV1-:Jiitl'mhtiqJ'l'l1-:JffO~ (p> 0.05) 

,0r, 1 d 'J) ,0r,~ ~ 1 d :lfl ' 
f11'.ilff'.ilJU'.i1ill•Jlmcl 111-0-off 1llcllc\\vl fl11lll1J'W~1-!l fl11lltflll'W1 t1Jfll'.i1Jtlt'W\vl tm::: 

m1mH'W\v1'tl-:Jf111'1.f~~iii1ff11Jul1il9.l 1110"!-:ini1 10, 14, 8.3, 9.57 1m::: 38 % \v11mhi11 r1111Ju1 

1vHh'll-o-!l'J.ffl~lff7llUl1i1\.J'tl-!lf111 im:::ri-om1vm-:i~ 'llW:::~,11~iiitffjlJUl1il9.liinur111r1-:i 7 % 

ri1'Wr111mrl'Wm11 - ~h-:ii1u'W11,!llm1i'WJ-:i 2 '!f11m1'l'l~r10..:i U\Pl'lf11~1ff1llUl1i1\v1i1m1 
'V q II q 

1il~a'W u ilr1-:i,fooni1 'il1n-u'-01Jr1r1tufl 1Vitl1 'ii::: 1 i1'W i ~11J1~vhm1 O'W 111r1 r1 n~-:i'llo-:J'lf~f11'.i '1'111r1-o-:i 
qJ q q cu q q 

t J} •• I JI 

Yi1ff11Ju11i19.l 10-oil1::: 1a"lfu9lom1~1Hi1\v1mnn11 m1Yiri10-off 11rn1il~ 1m:::m1ll-u1 ivl-M1"!-:i 
, V V 

n11•1m'Yiiii1ff1llUl1il\v1 uff~-:i i ..f1i'.1'W11iir111m-u'1J-u''W flo-ou1,h-:i ci i'W u1ff-:in11 i-:itl''Wr1n~-:i;-:i 
q q . cu 'V q 

ffllll'.ifl'U 1 i iii fl ~\vlc\tlflf11'.i'nffl'W 1f11'.i 1 fl ll i,J ~o-:iil'.i :::ff1Jf)1Jfll1::: 'lll~Ufl cl'W 

d ,, ,, "I r/ d ,Or, ' I CJ)& 
'illf1f11'.i 'l'lfl1llll'llll'IJ 'W t 1Jfll'.i 1Jfll'W\vl'lltl-:J'lffl'l'llffrnm 1i l\vl ff -!lf111 c\f1f1-:J'il-:Jffllllrn ff:::ffll 

q q cu cu q 

j/ I I lJ) j/ I d O , j/ ,, _ I "I <V «. ,1 , j/ct I , ,, 

l'llltl'.il-:Jf11ll t11flllN'.i1111'.i1 'I'll 11m:::1J1'Wf11'.iff'JHl1Jc\Of1lrn•ml'.ic\flf1fl'.il1Jlf11l'll'W 1111 ff-:JHc\ l1 

,,ct d ctt "'"I ,I d .It ll)ct D,,., ?I 
c\f1f1-:Jllfl1llJU'IJ-:JUH flf1'1'1-:J'.i:::111J t 1Jfll'.i1Jfll'W\9l'l'lff-:J'IJ'W'W'W 'ii::: t UlJHct'l'll i l1'.i:::111Jfl1lllt1J'Uf1'.ifl-v • V 

, .:::1 ... Id ... I ~ d l 'JI d ,0r, , .c:t -1~ ... I " , di , "' 
117-!111f11'.il1Jrlll'WU1Jc\-:Jm 'il:::ll1'W 11'illf1 'lf11'1'llff'.ilJU'J1il\9111f11'.il1Jrlll'WU1Jc\-!l'Wtlllfl1l'lf1l'l'l 11lff'.ill • • • 

• V 

u ,J 1i 7\91 ctn~.:i;-:i ili~ o-:i 1i1am1.:i.:i1'W i il1-wom1il i'11ffll11 r1m 11-mff ff1m1 fl'U Tvn,-:i-:i1'W n-:il1 ll~m 
q cu q q 

'l-N1~-om11'il1w1~u 11v1 1rl-onn1'il1w1~u 1mm:::m1-nffl'W1m11n11i'W i~~ ..f-:ii1il1:::ii'l'limVihrn11 
u u 

(p<0.05) 
V • • 

UllniltciiolJ 1 u 'U l'lf~Yiiim'.i I ff 7 llU,] 1il\vlff-:Jf111"lf11'n 1:iJi c1!m1 'j 1i 1\vl'OV1-:Ji1uad1tiwm-:i 
q q 'U q q u 

ffo~ (p<0. 05) u\9li u-i1-:ima{!n~-:i i:iJu1v1n\911-:inu 111mil1ciia1Ji~1i'luu i1il\9,}~thtiqJi unn:u1'Wm'.i 
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V - I <!I ' ., "' lJJ ,t ., "' 'I 
ff':iHlIJ€lflm1lJf11JUfl€llCJ$VlJ um: 11Jf11':i1Jfll'Ufl (Pratoomchat et al., 2002) 1m:t1~lJ1J'Vl'UTYI 1'U 

.c:i, ' Q,F o' ~ 4 Q,F o' 
fl1':ifl1'UfJlJfflJ~€lflflff LlJflfl 1m:t111lJ91Vlfl'fW'\Jfl~l'Ufl!Vfl (Membrane potential) ('l.Jtlj':ifl'U th: 

..., .Ji . 'I d d lJJ V, V _,.,. V 
'VllJ'lf791 m1:t1ru:, 2546n) C)$~,11nm1V1~mM 1'Wflfl'U'Vl I ,i:nrn 1~11m'jff'j1~11J€lflfl'\Jfl~€lflfl~ 

q . qJ q 

'j :u: 11.1cif ff l-Nd',1rl1tJ111.1nu1;v1.1mnn11ur1m;v1.1 l ,1viid',1rl1tJ 111Jnu1;v1J~uumwiiiv1J m~v 

' ~ 'JJ 61 QI • Je:!J. d i ,, 'JI .a , 
4 flfl I 1m:nrn~,i1n€lflfl~ n.,1'j:t1~1t1Dfl'U'UlJ1~,i'jm'j€lflflfl'jl1J'Vlff'U m,i:,1D~1Jfl1'jff:ff1Jm ., . . 

, d A 61 , t a1 i dG) : i=t 'JI ,, .a ct 

Ti1flfltll~'j1,1l 'j11Viflfl1'j €lflflfl'j11J ! 'UU91€l:m ~ ,l~'U 'Ufl1'j'Vl ! 'U 'U 7lJf111lJl'\J1.l'IJ'U 'IJfl~UlJ fl'UlCJ$VlJff ~ . ., 
V<!1"'1 I O QI" _1.cS lt)j/d ' d,, .c::.. ' 061" 

~flfJ~,J~lJ flfl7ffff~ff1JU'jti11-Jff1'11'j1Jff'j7~1IJ€lflfl !fll'j1fl11'lj,lfl1'j'Vl,1€lfl~'YI lJlff'jlJU'jfill-J 'Vl1 ! YI 

V"' d V _l"I "' ,1 • 'IV V "'"' 
~flfJ~lJfl11lJU 'IJ~U H U€l~m ~1J1'U fl1'jff'.il~lIJ€lflfllJfl11lJfflJ\j'j W ff ~f-1€l ! l't~flfJ~lJflfl 'j7fl1n fl,) 

91Wff ~fl111~fl 11hff11.1u -;i Ti7911 tJ fl1'j fl'U1J1€l ri1tJuflm;olJ ci1~iir1111Jff1r1ru 1 tJm:'U1'U nn ff{ 1~ 
qJ q q u 

nrnflfl';l11.lt11JUlJfl'Ulciitll.JU€l:: 11Jf11{1Jm'U ,n! 'U 1rl fl~ ,Jlfl 1i.iiifln lff1111 'U fl1'j fl'U 'Ul€l€lflft~'j: V: . ., . ,, ,, ,, 

11Jciiff Uflm;VlJ'1~iirh 1liu91fl,h~t1'U't1~ 1'WU1U€l~ l'U';l7~fl1V~flt!~n~ 2 'lj,lfll'j'Yf,)(lfl~ UflmciivlJ 

61 QI QI' ' I .d ' .Q .c:i, 1 ., V d ,v 
t 'U 'j:,)1Jfl~fl€l71'U l,J~lJf111lJ1'11 lJ1:ff119lflfl1'j !'il'jtljlfl'U flU€l~fl1H~ffl'U1fl1'j'IJfl~~flfJ~ ,i~ ll't'U ,1 

,11flfl1'j~€lmi'~iifl1'j!'il1UJ1~1J 191 U€l~'Wffl'Ulfl1'j~~ .. . .. 

ffll't r 1J 1 C)$l~V1.I fl(lfll 'Ulm: 1 ViUmnciivlJ~iifl17lJff7firu 1 'U fl1'j r fllflff1Jfl(lflflff fo~ fl .. . 
,, . 

(Pratoomchat et al., 2002a) Vi'U171CJ$l~VlJ 1m: lVill'Ylff!ciit11JltJu111vi1mrn'4'Ulmrn~ ltJ';ll~mv 
~ r ~ t 

~fl~~ 1liU91fl~1~t1'U't1~ 2 'Jifl fll'j'Yf ,)(lf)~ '\JW:vifl11m'\i'mr'U fl(l Ul 'U 1 ml 1'\Jfl~'Jt,ll1lff11.IU';l Ti11PJ'1 ~ . ,, 
fl17'Jt,1n1li1ff11.1u-;iti11PJud1~ih1't1ff1r1t:ym~uo~ (p<0.05) ri1tJltJ-;i1~mv~n1~tl'tJ l,1vm'Yin1J1li 

IQ.It d ,,,, e:!J.G): ~ ·~ dfi) 

Uflflfll~fl'U'YI~ 2 'lff)fl1';j'Yfflc1U~ fl1'j'Ylfl11lJl'IJlJ'\J'U'IJU~fl(lfl'jtJ !'U'Ulff~'\J'U umJrn1Wf1'1fl'j'\,J t'W . .. 
, V 111 , d. ,l lJJ_ IV _:: .,i V "' -1"' ., ..l ., 

'.i 1~ fl1tl'IJ fl~~ flfJ ~ 1 m'Yi lJ'IJ 'U flllJ m fl 1tl'U 'W m ,i 1 u fl~ m ,i 1 fl~ fl fl~" m 111 'j 'U 911m fl rn111ff1J~c1 . . ,, 
'IJU~Oflfl'W 1 '\,J';l 7~fl1V flftfll 'U ~11'.lu Oflfl'Wnii1J'Yl1Jl'Vlfflfit:y 1 'W nn 'i fllflfflJ~c1flflff 11.1~fl !Utl'U 1 

.flltl'Uflfliifl17lJl-o'1.l','U'\Jfl~flc1fll 'U ff~ fl1n:imJn~mfl vh 1 tt'iinn U'Yi ';l 'IJ fl~f1'1fll 'W!-o'1ri-;i 1~fl1V ., ., 

V .lc1v"' l.,io.,..., •..., • •V1 
'\Jtl~ftflfl~lJ1fl'\J'U 'il~fltl~lJflft fl!'Viflfl1,J~flflfl'W ff1'1.J!fl'U flflfl,J lfl n~ mv 1m:cWlfl1'j U'Yi'jl'IJl ,){) ., . 
flcl lflfll'j'Yl1~7'U'\Jfl~m1Dfl 1vlui'm-n'j~fl1Jflc1t11'W 1 ii tt'udl tJff m'Yiff1J,1c1 t~li1111',Hmw ., . 

"' d 'I , V l , _1d _I V v "' ., , .I 
flc1fl'jtJ'Yl'Yi1J 1'1.J'j1~fl1V'~flfJ~ lJlIJc1tl'UUIJc1~ 911lJfl111.l!'IJlJ'\J'U'IJU~flclfl'jtJfi1V'Uflfl fl~'.iltl~l'U 'U 1.1 . . ,, 

I e:!J. ,:!I d QI o 'J) .d, 'J}.c::::t a, 1 .d 'J/ 
Eriocheir sinensis 11lJll't~flfl'Yl'Yiffl'U1 1rn:'Vl1Yl'Ul'YI flflfl~U91CU!fltl'j:£J:'clfl'Vl1V (Anger, 2001) 

.,\ V 1"" 'I• lJJ~V<!ld 'I~''°'~ 'I 
!1.lflc1flfl~ffllJ1'j(lfl11JfllJffllflc1flflff lJflflfilV 1'1.J'jl~flltl n lfl 'iMlJf-1€1 !l't llJlJIJUll'tl !'Ufll':i 

cu q • • u 

'Wffl'Ulfll'.iti.iU9lfl~HUV7~iii'rvihfit:ym~ffO~ (p>0.05) ffUflfl~U~t11J'j7£1~7lJllJtj Armases 

miersii 'j::f.l::mm im.h (Megalopa) uc1:'j:t1:11'.ltJ~1tj (Crab I) Vi'U17 iim'j!'il!qJl~'U 1vi~~l'U'lf1~ 

d V .,i ., 1"" 'I' 'IV ' 
fl111.l!fl1.lfl11~ 15-35 ppt !'UU~.'tl1flfl17lJm'lJl'jt)fl1UrJl1m~~'UUUff lJv'lflfilV 1tJ'jl~fl1tl !Yl\l~fl11 
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JI " , r , 
o QI d 4 d. O j/ d.lfl '1.c::I d. t:!f: A o QI I 

'Ulfill'J\Hlfl (Hyper-regulation) '!i11J'VJ,UJl'l-1-:rnfl'Vl'Vl1'tt\Jl'VI t\Pl\Pl Uc\::1JWfl1Jf-11ffl'tt'i'Ufl1'i'IJ'Uff'1 
,l 

'lll'Jll'J'U'Ul\Pl'll'U (Anger et al., 2000) 

3.4 1::u::1vttnn11 
OQI fJ/,. .d I 

mtt 'i 'Ufll'i ti'W 'U1c\c\flm'i::t1:: t Viffm11 ,11nm'i'VI\Plc\ti-:J'VI 2 Vi'Uu·rn ,~uc\:: mnh::nti'U 
II CU ll II 

d A .c::1.d.c::1 -1°" d f 61 a i ti ,- d ..:1 

'Vlfl1'i tff'i1Jfl'iW 'V11Jfl1'i1J'i 'Uc\\Plfl111Jtfl1J'U1 t 'Ufl1'ifl'4'U1c\ flfl 'Ufll':i 'Uflt'U ~ tViU 'Vlfftttftl1J flc\fl':i'U 

,- ,:1 a •....s QI "i' .ct .c1 .:t ,,, ,, ,:1 ,, 61 QI d 
t ttft\Plt11J tm::ur1c\tttft11J u~ '1 l'H ':i'U tttft\Plt11Jtm::r1c\ti'i'W t1-:JU1J11"'J flfJ-:J,1::1Jf1111J~t1-:im'i i u ':i::\Pl'U'VI 

t JI JI I 

fl'1'n umi'1ijfl1c\\Plc\~~11Jfl1'iUi''Uc\\Plfl111JtftlJ\J1 u1>1llllft~t11Jtm::f1c\fl1'Wtri'UU'j1il\9J'n"fl111J 

,, ,, : ,,\ ?I "'· I ., : ~ "''i' JJ d JJ 
t 'll1J'll'Uff ~ i 'U 'Ul 1 'U fl~,JlfltlJ'U fl~flIJ':i::flfl'U'tt c\fl'llfl~\Jl'Vl::m ,1'11J tflfllff'U fltl'Vlc\flm,1::'111\PlUflc\'U .. .., . 

,, ' ' Gt d..dl A 61 jf.c::1 ,Q ,-: d .c::I 4 .cS ,, ,, 0 GI 
t'Ufl1':i'VI\Plc\fl'1'U 'iMVi,11':iWl t 'tt1Jfl1W.Y':i1J lViU'VlfflttftllJ tm::Uflt'llll)ftllJ t'Wfl'1,11fl1Jf1111Jt'll1J'll'Um t'U 

: "" ' ,,,1,,d,,c1 ,, ,d ""I 

u1n::m 1m::Vi'UU':i1J1W "l ~ i 'W'il~mtl"'JflfJ'1 'If 1 mttu111Jf1111J~ti~mTcJ-:i lllf ~m':i tff':i1JU'i1i1~ 

., ' ' ., i· '" ,, ' ,l ' ., ,, :JI 'I :: \Pl~fl"11\J::U~fl~1'1fl'U lJ t'U"'JflQ'1U\Plc\::':i::t1:: 'IJ'Uflijfl'Ufl111J\Plfl~fl1':i'llfl~\}fltJ~ t'U':i::tl::'U'U "l \Pl11J 

f-!c\fll':i'VI\Plc\fl~~ 2 1m::,11nm'itff71l 1Viu'Vlfft9ft11Jflc\fl i'i; Ufl"19ft11Jflc\fl h; tm:: 11J 1 u 

1ViU'Vlfft9ft11Jlfamvl~ 1um':ifl\!'U1c\\}fl~~'j:;(I:; lViffc\111 1 er~ 10 Vi'U11vi1 ,,,r~fl~~ihr~':ilfll':i 

'jfl\Pl\Pl1tl~fl11tdti iimm':itff71JU11i1~flU1'1"'Utlff1flt)J'V11~ffO~ (p<0. 05) t1'1U~11fl1':il,17t)Jl~'U 11Pl 

,i:; iiiijfl111JU\Plfl~1'1mh~ihj t'Jfflflt)J'Vll~ffo~ (p>0. 05) ,, ,, ,, ,, 
m':ic\\Plf1111Jtft1J'll1"f-1" 1tfotiff 11lmii~ m1mft1J'll1 1m::f1111J'll1 ivlvhiiT11c\\Plc\~ i~ 2 

,, 
'b'\Plfll'j 'VI\Plc\fl-1 ih1t1'11'U11fl1'ic\\Pl'j ::i'Ufl111Jlft1J\J1 ff '1~c\ 1 lf U':i ::ff'Vlfi fi1Vifl1':i t ,17 tllt~'U 1 IPl'llfl'1U . ., .., 

Shore crab (Carcinus maenas) ':i::t1::1mlfl'Uc\\Plc\~ l\Plt1i1hvtt1'1Ul>l~\Pltif1Jff1':ifl'U'Vl1fJ\J1flfll'tt1':i~ 
I 1 J} I 

111 9'GI ,, QI • .c::1 .::9 a ,, -.a a . Q.I ,, 

t\Pl':i'U'UflfJM ff\Plff1'U'VI\J::~\Plttf1J1Viflff':iHt'Uflll'Jfl (Tissue growth) fJ~c\\Plc\~\Pl1fJ (Anger et al.,1998) 

tm:: 1\PlfJ~1 i utrlm1~1~fl-:Jtf-litllt1'Utl1m11Jt~1J~l fl\Jfl'i':ilJ'lltMtfl'U illlflJ Na+ /K+-ATPase tm:: ., 
oQ 2+ ~ 0 'Jlc;v A ~ ~ ,, d 

fl\JflfilJ'llfl~ Ca transporter ,i::ifl'll'U m1ttti\Pl':i1fl1':itlJ\Pll'Uflc\fl (Metabolic rate) tVilJ'IJ'U \Plfl'11J 

fl1':iU1'Uff1Jl9lc\fl'i\Pl-t'Uff tm::t'fi'JJfl1':i'U'UOW'IJtl'1li1tl (Henry & Wheatly, 1992; Piller et al., 1995; 
' ,, 

Flik & Haond, 2000) Ul>ll'Wfl'1,11flff1'U1.h::flfl'U'llfl'10flO'Ui'U'lJ1 jjfl111Jff1flt)J1Jlflfl11':i::i'Ufl111J 

d : QI t .d ,, d QI d : ',, d. ,Q t d,:::1 

tfllJ'Ul (Davis et al., 2004) \Pl~'U'Ut1'1U1J\J::1Jfl1':iU'ilJMlfl111JtfllJ'U1 U\PltlllJfl1'itff':ilJU':i1i11]'VllJ 

0 ., 'I 11 ''I ., d I ' 'I ,, ,, "' - 1d - I 
fl111Jfflfltll mov tu ':i ::\Pl'U'Vlmm::ff1J tlfll.lff ~f-lc\ i ttc\flfl~c\\Plf111mm V\Pl ,11nm':i t11c\l'J'UU 11c\-:J'llt1'1 

U CU CU II 

1"" ' 'I,, ,,,,,, "' ., 111.1..\ .I"' 
':i::'U'Uffll~c\O'Off tlJ\Plfl (Osmotic stress) 'lf1V t'tt\)flfJ'1 lJ~'O-l"Jt)JlfftlmM'11'U rntVit111nn::'U'U 

ff1Jl9lc\~1~ "l 'IJ-o-:ii1~mt1 vi1ilf mm':it11~m1-:i~1uri1u1mljr~tim':it\J7\\jt~'U 1vi ff-:JHc\ 1lfiim':i 

~ ~ .dA d lfl j) ,& d_,c:t ~ 1 A i.> 

t ,J'j tlltvl'U 1 IPI tm:: fllfi'O\PlvllfJ'VI\Pl ,i::m 'U t \Pl,11f1f-lc\fl1':i'VI\Plc\fl'1ttf'1'.lf\Pl'Vl1Jt ff'j 1JU 'j 1i1vllJflvl 'j lfll'j'j O\Pl " . . 
v11v~n--.iwu1'1ih!vd1fi'\\lm'1~0~ (p<0.05) 
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'il1n'li'v1Jn 1'W fll'i'YlflcltJ.:J91 V'W ~ 2 vnrh'.l ntj.:JihrnlJ~tJ.:J m1 ur1m;mJ 1 'W'iti1J~fl.:J~ 

mal~irn11tm1n,in.:J'UtNur1m;t1lJlmf11i'1v.:J'il1n,jmrn,ir111m~mf1i"Wm1v"41J1n 1dv 

"' d , : d do , ,,,, 
'Ylflcltl.:Jlff'ilJUflcll9WlJcl.:J 'W'Wlfl1llJlfllJ 24, 20 11'1~ 15 ppt 'Yl'Yllfll'ifl'l.11Jlcl'W1J11 f\11111'\JlJ'U'W'Ufl.:J 

,, ' ' 
llflm;tllJ, 'W ,hvhhm1 tl'l.l 1Jlcl\l .:Jfl1l'J.f flii i,mm'ilff7lJU 'i1n~ tlOl~,j,rtl'fflflty'Yll~ff ii~ (p<0. 05) 

' ,, 
u~dfo-n'ill'iW 11 'W -i1~mannn~,.h 1n rd11.limw11flm~t1lJ 'b.Hhn1l.lu91n~1~nm;~ 2 'lfflfll'i 

CII Cl ~ Cl 

'Ylflclfl~ fftlflfl~tl~fl1J~'WmJ Blue crabs (Callinectes sapidus) 'itt1ti11~lJ1tl 1dm.hmilf1Jfft'll'Yf 

itt'v~1'WJ'lfl1llJ1~lJ~l'ilti1fll'jf fllllfl1llJl'li'll'lfo'IJtJ~Uflcll~tlll1tt'i1m11ilgt1'Wl!iln~-u'vani1 

1 "' ,!! i ,I i I ~ ., ~ ,, d .I"' 
cin ,i t11J YI 'i vr1nt1 1 fl fl am 'Yf lt v t11.:J tl.:J YI n ~ m1 n vnr1 'j 1u 9f ~ 91 v~ m1ufln19f tllJ" rn1w mn 

0 Q/ ,, ... 14 , I ,i:i ,, I - IQ d d i 
ffll'l'.i1Jfll'iff'il~IIJ'1tlfl YllJ (Neufeld & Cameron, 1994a) tMlllJ11IJ'ilJ1Wllflcl19ftlll'Yl'W1J 'W 

t ,, • ,, 
':il~ flltl'JflQ~'ilt i1fo9lfl~l.:Jt1\..I U~l 'U tl~ 'illfl'Jfl~.:J i \..l'ittl~1tlfltl'W i},j1~'il'i fll'i clflflfl'jl1J'Yltl'W Q~ 

, JI 'JI r JI 

'ilt~v~i:im1fftff1JU':i Til~ t1d1.:J11,11 ~11~t1m1nt1t1fl'i 11J 1 \..111~ntr1f .:J i.:Ji!'W m'ivii in.I 1i1r11111 

,, ,, d ,, 4 "'1 I O ., ,, • l"I lit ,, c:l I 

1 'IJ ll '\1\..1 '\Jtl.:J II fl m 9f till~ .:J 'J fl fJ.:J 'ii .:JlJ ti fll ff ff~ fflJ11'i Ti 1~ ffl '11 'i 1J ff'i 1~ I IJ cl tlfl & fll 'i 1fl11'),{fl fll'i 'Ylflcltl~ 

d111 I "' I O , ,, J! d c:l ,, . l"I d ,I ' , ,, 
'YI &lJlff'jlJU'jlil91 l'll '11clfltMlJfl1llJ11'\J.:Jll'i~ 1rntmt1J1\..lfll'jff'jl~1IJcltlfllJfl1lllffll1J'iW ff~fm YI 

q cu q cu 

'J)dcv ,A"I•~,, .cl 'j)t .::L:~ 
'J fl fJ.:J lJ ti 91 'i lfll n ti fl 911 ti~~ fl111lJtl & lJ I ff 'j lJ 1l'i 1i l~ \..I fll'j tl'l.fUlcl 11mm ~UlJ 1l'J.f flfll 'j 'YJfl cl tl.:J 'Vil.I 

,, ' ' 
fll'j1ff1lJll':ilil~~.:JU~'j~tl~ 1 'Yfffn111 4 1tl\..l~\.,I iii ,jfi1 iumf 1Jtl1\..191~11l'Jifl'YlilhffilJU11il~ Uf\ 

I i I I "'~ I ,, . I "I ,, I i ,I ., ., ., 
fllfl11 ll\..l l'ilt lJIJtyYl 191tlfl'i t1J1\..I fll'i ff'i l~IIJcltlfl'Utl.:J'JflfJ.:J l'W'iltfll 1Jfll'i1Jtl1\..l 91tl.:Jtlg \..l'i ~fl1J 

~ff .:J 1rn~nfln~ i1.milum11'Wfll'il'il1t\Jl~1J 191 1if \..ll~'illflHclfll'i'Ylflcltl~~fll'il'il7t\Jl~1J 191 i1mm1lJ 
cu cu II u tJ u ,, 

!191fl~l.:Jfl'Wl1~ 2 'Jiflfll'i'Ylflcltl~ 
,, ' 

rlmf u 1 'Yf u nm~amm11 i:ir111rn,fo'li''Wnf!n.:J91llJfll'i ,J f 1Jclflfl11111~mh 11~1flmff1 l.l 

d : c:l I o '1 '1 '1 
1'WU'Ylff19ftllJ'1~1\..l'Wlfl1llJ!fllJ 20, 17, 15, 13, 10 Im~ 8 ppt 'Yf1J1l'YlliYlfl1llJ1'\JlJ'U'W'Utl~ 

,, ' 
1 'Yf u nm~alJ 1 \..l'U 1'\Jt1.:J'l.!flvirn·1l.l111 n1~~ .:J fl1lt1V1.:Jiii!mht-i'tym.:Jffo~ (p<0. 05) u~i 'W':il.:Jfl ltl'.1 fl 

'JI ' I b1, Id ' Q,I 'J) , i d ' d.c::1 ~ 
fl-:i'Yf1J11 ff1'WlJlfl &lJlJff'lllJU91fl91l~fl'W tlfl11'W 'W'ittl~ 'Wffn111 6 11'1~ 10 'Yl'W1J1l'Jffl'YllJfll'ilff'ilJ • • 
11 'i 1il91ii1H mw 1 'Yf II 'Ylffl ;tllJ, \..I ':il.:Jflltlff .:Jfl1l'lffl~iiitff11JU ':ili 191 tlUHi1'W tlfflflt\J'Yll ~ff O~ 

Cl CU II II tJ 

(p<0. 05) rd t1.:J 'ill fl 1-w u 'Ylff!cif arntl\..1111 Til~~i:ir111lJfflflt!J l 'Wmrn11JtJl.l'i~1J1Jffl.l,Jclt1t1ff 1lJ~fl 

1 d "' 4 d , '1 'i t , ., '1 '1 d 
'itl~ MlJl'illfl 9J'lfltllJWJt flcltl') 'W 'il.:JlJflU fl11JfllJ '11tltl 'W 'il.:Jflltl \..l'i~fl1Jfl1llJ1'\JlJ'U 'U 'Yll'l1lJl~ fflJ . .. 

d ,, ,, 1 "' i : d • "' ,, ,, ,, & ,, "' i 
fll'j 'Ylfl1llJl'\JlJ'IJ\..l 'Utl~ 'WU 'YI ffl9J'tllJ 'W\..l l'Yl'YJlfll'j tl'l! mn lJfl1llJl 'UlJ'\1\..1 elf! '1-:J '.lflfJ.:J'il.:J91tl.:JlJflcl fl 

' . ,, 
i\..lfll'ji~m1~.:J1\..lvv1.:Jmm~vnflm1~t;y1i1a 1-w11'Vlff!~t1lJ~1hmt1\..ltlfl un~~.:J i'Yfunmcift1lJ'illfl 

t ,, ,, .Qi, .c:::l i :~ • i" ,, ,,, Q/ A 
\..I lfiltl\..ltlfll'lllff'i l~flltl fll'i lff'i lJ 1 'Yf 11'Ylffl9J'tllJcl~ \..I 'Wl'il~ '.lf1tl Ylclflfl.:Jclfl fll'j 'Jf'Yf cl.:J.:Jl'Ul'Wtlfll'i 

<u .. • ,, 
ili'-1Hrn,1c1vvff 1ii~fl ih11f 1Jfl11m'li'm~

1

\..I i 9J't~t1111m~r1c1v~\..I i'Wtl11m~ 1 'W-i1~fllt1(lfln'~ 'Yf1J11 iii . .. . 
' Q,I i ,1 " d I ,, d. Q,I ' i .Q i ,, d 

1191fl\,ll~fl\..l'Yl.:J 2 '.lfflfll'i'Ylflcltl.:J 'lfil'l1Yl'U1lclflfl~lJfll'ifl11JfllJ'i:::fl1J'\Jtl.:JU'ilil91l'H 3 'Jf'Wfl '11fl~'VI 
q ~ qJ q q q 
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I ,, 1 'J/ JI 

il<Juir11'il:;iinTHtl~tn.J utl(l<Jfl11l.Jl,rlJ,r'U'\IU<l'I.J 1fi1tl'Utlfl l'WU<l 'illflU 'i 1ill>Jl1<l 3 'lf'U~'U ttl'UU'i1i 1\>J ~ 

iifl11lJ'fflrlqJ1'Ufl1'.ifl1'Uf.!lJ'.i:;'U'U'fflJ~(lUUff ll.J~n (Pratoomchat et al., 2002a) u":;tlfl~<l t'U1:;u:: 
,, ' 

) d ,=ii I 'UJ'J,ld J d I 'j/ °l 
, 'Vfff(l111'Uff71Jlrnfl1'Uf.!lJfflJ~(l'\JU<lflUU'U 1ll<l 'l ,~~ l'lf'U'Yl'Vf'U11fl<l P. japonicus 'i ::t1:; 1'Vfff{ll 

~ "I tf + + ~ J ~ .ct I .d_ 
11 fl'ilfl'i'ilJ'\IU<ltU'U lttflJ Na /K -ATPase l'VflJ'\l'U'illfl'.i:;t1:; 1'Vfff'1711 3 f:M 4 U(l:;lJfl1\1<ltffl'Yl'i::t1:; 

,, ' ,, 
1 'Vf ff (l 111 5 ~<l 'U 'U ~ fl Q<l '~hii ti 'j:: ff'YI i .fll'Vf I~ lJ vi t 'U fll'j fl1'lJ f.! lJfflJ~" fl UV 'U 'j:; '1111<l 'j l<l flltlfi'U 'I.J l 

,, ' 
flltl'Uflfl (Osmoregulatory capacity) '.i1lJl1<JiimrnJitt1'UUtl"<JltlU'U'Ut'Ufl1'.ifl11.Jf.!lJ'NlJ~(l0Ufl'U 

,nfl Osmoconforming mttl'U Hyper-hyporegulating (Bouaricha et al., 1991) t'JS'Ut~tl1fi1.J 
I I JI I I I i _d,.Q .ct ... I 4 4 .dd 'JI QI ~ 

Homarid lobsters '.i :;t1:: A 'Vf if(l111 'YI! '.ilJlJfll'.i IJ'.ilflt)'\lfl<ll 'U UWU'Yltotl1'\l U~fl'lJfll'.i fl11.Jf.!lJUUU'U 

Q ++ J~ ~ca1: d~ 
(Osmoregulatory tissue) U(l:;fl'ilfl'i'.ilJ'\IU<l Na /K -ATPase 'il:;\1<l'U\.JllJOtH'lf(!Jfl'lJ\.Jlfl11lJlfllJ1l1 

t.d r d d ~ l!!l 

'.i1lJ'Yl<llJfl11lJ'Yl'U'Yll'U1lflfl1'.ittl(lt1'UUtl(l<Jfl11lJlfllJlJlfl'\l'U (Charmantier et al., 2001) 1m:;m<Jflfl 

QI tf I QI d .d QI O 'J,I d'M) J} Ja 'J) I i ~ 
'\lfl~'ff1l1fl'llJfl'.ifft1ll'lftl'U lJfll'.i'Vf ~'Ultm:;'Ylll'l'U l'YI lflllJflt'\11\1'.i:: ti:: !~fl 1 , 'Vf ~fl (Decapodid 

stages) '11~U'.i:;t1:: 1'Vfff'1111 (Furigo, 1993; Bouaricha et al., 1994) ~~m~omiJ'Uo1t11:;~fl11.JfJlJfl 

Ofl'U 11JmQ(ll~t11 (Monovalents) l'lf'U 1ttfl~tllJ fl(l01'U 1m:: 1'VfU'YlfftC)ftllJflUO'U (Potts & Parry 
,, 

1964) ~<Ji!'U~flQ~'\1111::t1:; L'Vf'ffm11;<Jil11J1'.it1fl11.Jf.)1J'ff1J~""'o~ lttft~mJ fl{IU1'U 1m:; 

1'Vf U'YlfftCJ1tllJ t 'U'il~flltl i ~~ 
,, ' ,, 

i 9} I o .c:I o QI .c::t j/ 

Davis et al. (2004) ~'.iltl<ll'U11 'Ul'Ylm1J1:;ffJJ"11'11'i1.Jfll'H(ltl~fl<l'\ll1 L. vannamei • 
,, ,k ,, 

r11'.iih1~-d1'U'\IU~ ur1"1cift11J~o 1'Vfu'YlfftCJ1tllJ l"Utl11i'.lu 1 ~o 1 ttf<Jln~1ifo~ti1.Jff~-d1u'\lo<Jtll'Yl:;m 
,, ' t ,, ' 

1m:;, lJ fll'.i'Ylfl(lfl<J'U ,~vi 1"11 lJU 'j 1ill>J ffflri1'1.J 1,i tllll itt1'\lfl<l u fl{IIC)ftllJ~ u 1 'Vf U'YlfftCJftllJ 1 lJ ih'Vivh 

9/dt , ,d, ?Id d.d, 1" ,, .d. Q , d.QI 

fll'.i fllJ'lJl(l(lflfl<llJfll 1 1ltl 1 'il<l'I.J 1 'il:;lll'U tlfltl11l r,,l(ll1 lJ <l'Yl'lf1tl lf {lflfl~'lf~'Yll1;\''.ilJU '.i 1i11llJfl1l '.ilfl1'.i 
q qJq q qJqq q 

' ' ,=I QI O QI ~~ 
'.i ti~ ,lltl\1 ~fl110tll~lJ'Utlfflfl(!J'Yll<lff t11l (p<O. 05) 

fll'.i~rhr111mrl'U~l<J ium11.Jm'U;i m11.Jm'U;i 1m:;T111milum~ - ~1~ '\lfl<l'J1~~iinn 
I t t I ,, 

1'ff1lJtd1n~whn11'lf~'Vii,j1i1!1Juin11>1 t'WU<JlJl'illfl'lfflfll'.i'Ylfl(lO<Jniim11i1~mdn11>1i!u 1~1lJ iu 
q q q q q 

"I'. A • .f .J ~ ' "J' d •"' V "J' .Ad 
A 'Vilt 'YlfflttftllJTIUfflTil>I nJ'WU lf {l<J'\ltl~ l Vlll 'VliY!ttftllJ "1111 '.i 'lJfll'.ifl'U'lJl'Cl(lfl fl<l'.i:; ti:; l'Yiff'1117!lJUlJ . .. . 
m'.itli' m1,im11J1~ml111'.lu 20, 17, 1s, 10 1m:; 8 ppt ci1<J 1lJ 1u 1viu'Ytmcift1lJ'rfom'rl;i iiio 1,i'.it'il'I.J 

dj ,/ <ii o, .A :.,,,:d dj ,1 I 7/I dj 
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