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U'Vl~~Vtl 

m~~m~n(:.Jr;'l"UeJ':J'll\l~(J~.:) bb 'W1~mJ'Ul':)u~~ m~~m)(91 'Jl'JeJ~"UeJ':)fl1m'UeJ tJ~1f1~'VieJ~'W'Ut 'UU~b1 ru 

"ul(J~':)~TU~-Ul~mtjl~(Jl'VltJl?ll~(911'Vll':)'Vl~bmbr;'l~?l'U~!J niJ~(91 i bm~ai.:) ~':)~l~"ur;'l'U~ b~mU'UI'l'Ubb'U'Ut 'U 
~ . 

m~~~'Ulm'H'Wl~~~(J':)fllm'UeJ(J~1fl~'WeJ~ 1'Ub-deJ':)I'l'U'W'Ufllm'UeJ(J~1f1~'WeJ~ 5 ~~r;'l AeJ Aeortio spp., 

Acroe%nus spp., Co/anopia spp., Pseudodioptomus spp. bbr;'l~ 5ubeuc%nus spp.l~(Jt'U'Ih.:) 

b1m~'Vhm~~m~1'W'Ulfl~'WeJ~?1 nr;'l Acroe%nus bu'U?1nmlii'U~'l11lJ1r1~ bbtJnlnb~eJ'Vhm'Jb'Wl~b~(J.:)1'U 

~eJ.:)uB~ b~eJ~1?1Jll1~bb1~~mJ~b~lJ1~ ?1lJ~ eJ m 'JeJ~ 'JeJ~"U eJ.:)lfl~'W eJ~ 
n1~~m~l ~'Vl5'Wr;'l"u eJ.:)tJ \l ~(J~.:) bb 1 ~~eJlJ'U l':)U'J~ n 1'J ~ eJ B(91 'Jl~eJ~"UeJ':)fllr;'ll'UeJ(Jvllfl~'WeJ~1 'U 

'J~(J~b1m 4l'U 'W'U ';h lfl~'WeJ~\l~ijB(91~ln1'J'JeJ~bu~(J?1':)?1~b~m~(J':)~eJru~Jli1 25 DC (50.00±5.77%)
'U ... , 'U 

bbr;'l~ 30 DC (23.33±8.82%) bb~b~(J.:)lfl~'WeJ~~eJru~Jli1 35 DC ~':)~lJ~\l~(911(JJll(J1'U 6 .rr11lJ':) (p < 0 .05). ~ 

fllr;'l1'UeJ(J~1f1~'WeJ~~'l11m'Vl~r;'leJ':)b~tJ.:)ijfll1lJ~eJ'U1~1 ~eJ m'Jbu~ (J'UbbU~':)fI11:lJ bA:lJAeJ'UoVl':)lJ1 n l~(J'W'U';h 
lfl~'WeJ~\l~ijB(91'Jl~eJ~?1.:)~?t~ (56.67 ±8.82%) b~m~(J.:)1'UfI11:lJbA:lJ"Utl .:) tll'Vl~br;'lt 'U5'J'alJ"U1&l (32-33 psu) 

~ . 
,d d • I .. ~I '1 "" "" .., d, ..,

bb(91blJmUr;'l(J'Ubbur;'l':)fll1lJbfl:lJbu'U 20 bbr;'l~ 30 psu bfl'W'WeJ~\l~:lJeJ(91'Jl'JeJ~bur;'l(Jb'Vl1n'U 6 .76±3.33% bbr;'l~ 

3.33±3.33% m:lJ611~'U (p < 0 .05) ~1'U~fI11lJbA:lJ 10 psu lfl~'WeJ~~':)~lJ~\l~(911(JJl1(J1'U 48 .rrl1m 

hJ"Uru~~fll1lJbA:lJ 0 bbr;'l~ 40 psu 'W'U"h lfl~'WeJ~~':)~:lJ~\l~m(JJl1(J1'U 1 .rrl1:lJ':) (p < 0 .05) B(91'Jl'JeJ~"UeJ':) 
lfl~'WeJ~bJijfl11:lJ bb(91 n~ 1,:) n'U b~ m,'l ~r;'l C).:)1 ~?t1~~1 (J"UiJ~liil':) 1 n'Ub u'Um~l~ 1~(J'W'U';i1 /soehrysis 

go/bono bbr;'l~ Tetrase/mis gracilis 'Vh1mfl~'WeJ~ijB(91~1'J8~b'Vhn'UAeJ 73.33±3.33% 1'U"Uru~~b~eJ1~ 
Choetoeeros co/eitranslfl~'W8~\l~ijB(91'Jl~eJ~ 50.0±3.33% bb(t~b~8t~?11~~1(J~1:lJ~':) 3 "UiJ~'Jl:lJn'U 
\l~ijB(91'Jl'aeJ~bU'U 60.00±5 .77% ~1'Ulfl~'WeJ~"u~fI1'UfI:lJm:lJ1~m~l'J\l~ijB(91'Jl'JeJ~b'Vhn'U 46.67 ±3.33% 
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Project titLe: Study on copepod cuLtivation as Life food source for aquacuLture 

Name: Dr. Porntep Punnarak 

Year: March,2017 

Abstract 

The effect of selected environmental parameters on the survival rate of calanoid 

copepods was conducted in a laboratory scale at Sichang Marine Research and Training Station, 

Chonburi Province, Thailand. The cope pod genus Acrocolonus was sorted form 5 genera of 

calanoid copepods found in coastal area of Sichang Island including genus Acortio, 

Colonopio, Pseudodioptomus and Subeucolonus. This cope pod genus was subsequently 

used for later experiments. 

After 4 days, the higher survival rate was occurred in calanoid copepods reared at 

25 O( (SO.OO±S.770/0) and 30 O( (23.33±8.820/0) while the copepod cannot reared at 35 O( 

which all of them was dead within 6 hours (p < 0.05). Acrocolonus spp. is susceptible for 

salinity changing which the highest survival rate of S6.67±8.820/0 was observed in natural 

seawater (salinity 32-33 psu) whiles lower survival rate of 6.76±3.330/0 and 3.33±3.330/0 were 

detected in copepods cultured in 20 and 30 psu seawater (p < 0.05). In contrast, all of them 

were dead within 48 hours when exposed to brackish water (salinity 10 psu) and all of them 

were dead within 1 hour when exposed to freshwater (0 psu) or hyper-saline seawater (40 

psu) (p < 0.05). No significant difference among different diets. (opepods fed by /sochrysis 

golbono or Tetroseimis grocilis showed an equally survival rate of 73.33±3.330/0 higher than 

that of copepods fed with Choetoceros colcitrons which showed the survival rate of 

SO.0±3.330/0. In addition, cope pods fed with mixed of 3 algae showed survival rate of 

60.00±S.770/0 and the non feed group showed the survival rate of 46.67±3.330/0. 

Keywords: calanoid copepod, temperature, salinity, microalgae, cultivation 
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o 
'U'VI'W1 

1.1 f1111J6h~ruml:aVi\ij~"... . 
1fl'Vh~e:J~bu'Ubb~"\ln\ije:J'Uml're)~1'U1'\"J~lJ Arthopod e:J~l'Un~lJb~EJln'UbblJ"\I ~\I klbbm:~ bU'U~\ij1 

~ijb'll~e:Jf1bb~\I~1J ij'j~EJ1\1fibb"~~11'i'1bU'U'll~e:J\I 01 1fl~~e:JmU'Ubb~"\ln~e:J'U~~1~ij'll~1J1rulJln~~~1'U1"n• I • 

bb"~1fl~~e:J~ijmllJ'Vlmfl'VmlEJ ~11J1'jt\~'Um~~lEJe:JEJ1 'Ubb'Vl~\I,hvlfl bb vi\l~\l1'UJ1~~ Jlb~lJbb"~ bb 'Vl~\lJl 
\J • 

n~e:J EJ'IllEJ~\I 1fl~~e:J~ bu'Ue:J\lfi'll'j~ne:J'U'Vl~n'V e:J\I~lEJ1EJ e:J1'Vll'j1~mo~l~1'U'Vl~ b" ij'U'Vl'Ul'Vl~1~1\j~ e:J'j~'U'U 
-UbIf'l1~EJ~~Vll'VlUl~bu'U~'U~1[lfl~'UIIl'U'Ve:J\I~lEJ1EJe:J1'Vll'jb~e:J\I~ln1fl~~e:J~ 6'11'U1'Vl~iJn~~f)'Ubb~"\lnl'1e:J'U 
~'IlbU'Ue:J1'Vll'j bb~nij'Ul\1n~lJ~f)'U~l'jB'U'Vl~~'Vl~e:JI'1~ne:J'UbU'Ue:J1'Vll'j 1'U'V ru~~1'i'1'Ve:J\l1fl~~e:J~ be:J\I~'U~~ b u'U • 
bb'Vl~\le:Jl'Vll'ji'U~'Ve:J\I~~1Jl~ij'V'Ul~1mUnl1~\lbb~n~lJn\l 

QI 
'Vle:JEJ 'll um1'll~'U(i\l'llmllVl vh1Vi1fl~~e:J~vll 

,,~ ttl 

'VlUl~bU'U~~lEJ'Vle:J~~~\I\ll'U~ln~(;.J~~1'llfJ\I n~1J~'U~1[lfl~l~'U~~\I~'U1tJ1 'U 'j~'U'U-UbIf'lBnvllEJ 1fl~~e:J~ bb U\I 
'U 'U" 'U 'U 

e:Je:Jf1bU'U'Vl"lEJ n~lJbb~~~'Ubu'Un~lJ'Vl~n11'U'Vl~ b"1vlbbn n~lJfl1m'Ue:JEJ~1fl~~eJ~ (Calanoid copepod) 

n~lJ1"ll1fl"~ e:J EJ ~1fl~~ eJ ~ (Cyclopoid copepod) bb" ~ n~wJ1i bb 'V'IflVifl e:JEJ 1fl~'V'Ie:J~ (Harpacticoid 

cope pod) ~\I~l'Vl'r'U1'U~111'VltJ~'U~~~'U n~lJ1"ll1fl"~eJ tJ~bb"~ n~lJfl1m'UeJm,ltfl~'V'Ie:J~1 bU'U n~lJ b~'U 
1fl~~eJ ~~~ bU'U e:J1'Vll'j~ij~1 ~~ij flrufll'Vll\1eJ l'Vll'jfleJ'U.rrl\1~ \I bde:J bViv'U n'U bb~" \ln~e:J'U ~~1'1l-u~ 

• \J 

~'U1 b'li'U e:J11VibijV VI~eJ h&1b'WeJ1 bU'UIIl'U ij'jlV\ll'Ul1bde:J1~eJl'Vll'j (~l'Vl~lV'V'Ul~b~n) eJ~l\1b'VllJl~~lJ ~~ 
v1l1~mfl~~eJ~ij'll~1J1ru'VeJ\I Highly Unsaturated Fatty Acids (HUFA's), Docosahexaenoic Acid 

(DHA), Eicosapentaenoic Acid (EPA) bb"~ Arachidonic Acid (ARA) ~~\I bU'Ubb'Vl~\I(;.J~~~l'jllll'WeJ'UlJ"
\J '\J 

B~'j~ (antioxidant), bbeJ~~'jlbb"ll'UVi'U (astraxanthin) bb"~fJ\lmm~'U~bb{;'l~1m~'UB~\I 'UeJn~lnffifl~~eJ~ 
\J 

fJ\liJ'V'U 1~~ b~ neS\I b'Vl1J1~~lJn'U'V'Ul~'llln'VeJ\I~ n'llm'Vl~mr~1Jl1v~eJ'U bb{;'l~ fJ\I~'Ul1~~&1m'jlJ f11'jl1VJl 

'VeJ\l1fl~~e:J~~~ bU'U l'i'l m~IIl'U f11'j f)'U e:J1'Vll'j'VeJ\I{;'l nu m~l tJ 
• \J 

~1'Vl-r'U1 'U ~ 1 \I'll 'j ~ b'Vl f'liJ f11 'j b~v\11 fl~~ eJ ~ b~eJ1.rr~1'Vl-r'U bu'W eJ1V11 'j~iJ~1 ~'V eJ\I ~I'llJ 1 n'U eJ ~1 \I 

bb~~'Vlmm'ti'U fll{;'ll'Ue:Jv~1fl~~e:J~ Acartia sp., Parvocalanus crassirostris, Pseudodiaptomus 

pelagicus, Acartia tonsa, PaNocalanus sp., 1"ll1fl{;'l'V'leJtJ~1fl~~e:J~ Oithona rigida bb"~~nibb~flVi 

fleJv1fl~~e:J~ Tisbe holothurioe, Tisbe sp. bb{;'l~ Nitokro lacustris bU'UIIl'W ~1'Vl-r'U1'W'll'j~b'Vlf'l1'VlV~'WfJ\I 
\J,jfle:JEJ1~fllllJ~'Uhn'Uf11'jb~EJ\l1fl~~eJ~lJln'l1n bbl'lniJf11'jPif1'\~l'VeJ\I M111~ ~""~f'1'j bb"~flru~ ~Pif1'\~l 
bb{;'l~1vlvllf11'j b~EJ\I~11bb~flVifle:)CJ1fl~'V'Ie:J~ b~eJ1.rrbu'U e:J1'Vll'jiJ~1~ ~1'Vl-r'U" n~~1Jl b'1l'U "nn\l bb"~{;'l n'll{;'ll 

" 'U" 'U 

f11i~'U bU'WIIl'U ~l'Vl-r'Uf11'jPimnb~m'V'll~ b~tJ\l1fl~'V'IeJ~1'Un~lJ~'U 
't 

01 J'WfJ\liJeJ ~~ln~ 
'U 

~\lf11'jPif1'\;lfl#\ld~~
'U I 

'lil EJ b~lJ'Vll\1 b~ eJ n 1 'U f11'j(;.J~ 1'1e:J1'Vll'j~iJ~1~~1'Vl-r'U f11'j b'V'Il~ b~CJ\I~\9dJll'l eJ1'll bb{;'l ~ e:J1 ~ b~1~ b~EJ\I b~e:J1m'U 

f11'jPimn'Vll\11'VlEJ1f'11~~1~lEJ btie:J\I~ln1fl~~eJ~~~~mU'Ul'i'l bb 'Vl'U'VeJ\I~\lij~11'11'W~lEJ1EJe:J1'Vll'j (trophic 

level) n~lJ~'U~1[lfl~'UIIl'UBn~lEJ. " 

- b~ e:J Pi n \;1 U~ ~ EJ 'Vll \I n 1 EJ.Ill ~ ~ iJ (;.J {;'ll'l eJ if~ 'j 1 'j e:J ~ bb {;'l ~ n 1 'j b &1 'U 1 ~ 'V eJ \11 fl ~ ~ e:J ~1 'W 'j ~ ~ 'U 

~e:J\l'll~mf11'j 

- b~eJPin\;l~'llbb'U'Uf11'jb~v\l1fl~~eJ~1'U~eJ\l'll~U~ f11'j bb"~ bb 'Ul 1 illJ 1 'Wf11'j~~'Ulb~eJf11'jb~EJ\l1'U 

'j~~'UlJ'VllJl" 



2 

1.3 "!JeJm"!J{P1n1'a~1bihH1'U 

~m~nu~..ijEJ~-lLbJVl~v:lJ~ijB'VI5Ym~vnTJL&l'Uhm~~Bml'JvVl'lJv-llf1V;'WvVl L'li'U vruVlJlil fIdl:lJbf1:lJ , " 
tl1V11~ tJ~:lJ1ru bb?l-l i~ i 1'U ~~~'U~v-ltJ5u&l n1'J bb~~-W~'Ul~tJ bb 'U'Unl'J b~EJ-ll'U~v-ltJllUlPlnl'Jbb~~~m.'Jl 
f1'Jl:lJbtJ'U1tJ1m'Un1'J'lJEJ1EJtJ~:lJlrub~vn1'Jb~EJ~1'U'J~~'U:lJVI:lJJ~ 



3 

d 
'U'VI'VI 2 

2.11flrh'4el~ (Copepod) 

11'l~~eJ~btJ'Wbb~~~n(91eJ'Wml"j1'W1'W~:u Arthopod btJ'W~(9rJ~iktJ~eJmb~~~:u ih~cJ1~fibb~~(;\'1~1 
btJ'W-umJ~el~ 11'l~~el~btJ'Wbb~~~n(91el'W61(911~~1'l11:UVlmnVlmCJ bb~~~LJ~:w1ru:U1n~?l~1'Wl~n ~"j1CJ~1'W11~u, 
11'l~~eJ~LJ"j~:U1ru 12,000 "(jiJ~ 1~CJ~~m~~1CJeJCJ1'WbbVlci~1h~tl1LJ~~J1~~ 'Vl~b~bb~~J1n~eJCJ"(j1CJ~~bb~~

'II 

LJ1n bbllJ1 11'l~~eJ~btJ'WeJ~fiLJ"j~neJu?hrltlJ"1JeJ~?l1CJ1CJeJ1Vl1 "j1'W'Vl~ b~ ~U'VlU1'Vl btJ'W~u~11l1'l.fr'Wt9i''W~~1rltlJ 
"1JeJ~?l1CJ1CJeJ1Vl1"j1'W"j~UUiJbIf''11~CJ11'l~~eJ~611'W1VlrulJn~~ f)'Wbb ~~~n(91eJ'WVi"(jbtJ'WeJ1Vl1"j bb~i1u1~nci:U~f)'W

~ , 
?l1"ja'W'Vl~6Vl~eJ(91~ neJ'WbtJ'WeJ1Vl1"j 1'W"1Jru~~~l"1JeJ~11'l~~eJ~ bVlci1~'W~~ btJ'WeJ1Vl1"j~~1rlqJ"1JeJ~61(911J1~~ 
"1J'W1~1Vl fl1 n11 b"li'W n~ VleJCJ LJ bb~~LJm 11'l~~eJ~~~'Vhv!'u1~btJ'WbVli1eJ'Wern1CJ'VleJ~~~~~1'W~1nere.J~(91~'Wt9i''Wo~ .. 'U 'U 'U 

fieJ ?l1Vl~1CJVl~mb~~~n(91eJ'W~"(j1LJEJ~~u~11l1'l(;\'1~u~~~~'W1LJ1 'W"j~uuiJb1f"1 (Davis, 1955; Rippingale and 

Payne, 2001) 

11'l~~eJ~611'W1Vlfll~"jLJ~1~'Vl"j~m~u eJn "jLJ1~Vl~eJ"jLJ m~ueJ~ (;\'1~1 bb~~"jCJ1~fi~~ bb U~ btJ'W-ueJLJ~eJ~
D~ 'U 'U '\J 

611'W1Vlqj~"1J'W1~b~nI'l11:UCJ11(;\'1~1~~bb~ 0 .5 il~ 5.0 jJ~~b:U(91"j (;\'1~lbbu~eJeJn1~btJ'W 3 611'W fieJ 611'W~1 
611'WeJn bb~~611'WVl1~ 611'W~1 bb~~eJn~ ~ b~eJ:u&1~ti''W111 b~'W"jeJ CJ~eJ bb~611'WVl1~~LJ~eJ~~~eJti'u611'WeJn~~~el1~ 
~"jCJ1~fibtJ'Wr1LJ~eJ~~~ 1 r1 ~~~~btJ'WbbUU biramous bb~~ uniramous ~:S1'Wl'W 11 r1 FieJ611'W~1~ 6LJ~eJ~ 

'II 'II 'II 

b~eJ:u&1~btJ'Wbb~'Wb~CJ1ti''W~''jCJ1~fi 5 r1 611'WeJn~ 6 LJ~eJ~ ~"jCJ1~fi 6 r1 ~1'WVl1~~ 5 LJ~eJ~111~"jCJ1~fi bb~(91"j~
'II 'II 

LJ~eJ~?l~Vf1CJ~bb~'W~'WeJeJn1LJI'l~1mtJ'W"jCJ1~fiVl1~ 2 bb~'W 1~CJ~n~ru~~1rlru"1JeJ~1f1~~eJ~bb?l~~~~1LJ~ 2.1 
, '" 'II 

1\1l1~IlIKIC 

ProSonlC 

iVl...·I~l s"'mc 

GCl1ilal $\.'snh::ntrurca O( cauda) ralllUS 

"jLJ~ 2.1 "jLJ~1~~n~ru~"1JeJ~lf1~~eJ~ 
'II 'II 

(~:w1: http://www.sahfos.ac.ukleducation/Edu_plankton_bio_indicators_otchange.htm) 

http://www.sahfos.ac.ukleducation/Edu_plankton_bio_indicators_otchange.htm
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2 3 4 

M 

o c 

• 

o 

I. PLATYCOPIOlrM 
Z. CALANOtDA 
I. MORMONILLOlrM 
4. HARP A4"1'1C:O%DA 
l . p~TOmA 
• . SIP~TOI[M 
7.~rM 
•. fI\ISOPHIIOIDA 
9. cya.OI'OIDA 

'1 q ~ ~ QJ q Q.I d I QJ I 11 q ') q ~I QJ ~ .J d 

bflVf~eJ~VI ~()l b()l:!..r.l~m~~:::lJ(;l n~ru:::Vlbb()l n()ll~ n'W 'J:::"'11~bYH'lt:.J b~(;l ~ b~~~lJ EJ bfl~~eJ~ bu'W?I()l1V1lJ
" 

m'J'lJn?l'W5eJ~mEJ1'W1Jl1bi1EJ l~EJ",~~,nm~~~bb(;l~ b~~bi1EJ t:.J?llJ~'W5n'Wbb6"i'11"11~:::i1m'J~~'WleJ~1'WfI~1"11 (eoo 
dJ ~ ~ \ ~. ~~ 

sac) ~~eJ~U~b1ru'lJ6"i'eJ~"'l~ (Urosome) ~'W~~'J~EJ~~b~EJnll "'Wm~~EJ?I" (nauplius larvae) ;~~~"'(;l~" . 
eJ eJ n~l n f1~ 1"11'1JeJ~ 1Jl1 bi1 EJ 1~ EJ ~::: G'i eJ ~(;l eJ EJ1'lJ 1'l1lJm::: bb?l.Jl bb(;l:::i1 b~U11'lJl1 ~i5 nl'J (;l eJ n fl'J1U 6 'J::: EJ:::• 
(nauplius stage, N1-N6) bb(;l:::~~i1m'Jb'lJ~EJ'Wbb'lJ(;l~~'lJ~l~ (metamorphosis) bU'W1Jl1eleJ'W'J:::EJdflm~~~ 
Bn 5 'J:::EJ::: (copepodid stage, C1-C5) ~'W~~'WlbU'W1Jl1b~lJ1EJ (~'lJ~ 2.2) lfl-W~eJ~?ll:1J1'JmbtJ~eJeJmU'W 

",mEJn~lJ ci1'W1",qj~ld~'l11()l11EJ.JlbU'WB?I'J::: (free living) Ul~'1J'W~m~~eJ~mlJ~'WVi'mVl:::b(;l (benthos) 

~~(;l:::i1Ul~'lJ'W~~ld ~'l11 ()l ~U'W'lJ 'J~ I'l (parasite) Jl1 EJ 1~ EJ lfl-w~ eJ ~~:iTn~:::~u1'W 'J:::UU'W b 1 ~Vll~VI::: b(;l~ ~ 
'lJ'J:::neJuJl1 EJ 3 n~lJ",~n11Jlbbfi n~lJfll(;l1'UeJEJ~1fl-W~eJ~ (Calanoid copepod) n~lJ1"1l1fl(;l~eJEJ~1fl-w 

~eJ~ (Cyclopoid cope pod) bb(;l:::n~lJ~n{bb~flYlfleJEJlfl-w~eJ~ (Harpacticoid cope pod) (Mauchline, 

1998; ~~m 'Nf'l-r()ltJ, 2543; Rippingale and Payne, 2001) 

~ I (.80",,) 

~ 
~ n

•~ m 
; 
~ IV 

v 

n ~~r:-~VI 
'J'lJ~ 2.2 1~~'J'l1i()l'1JeJ~lfl-w~eJ~ 
" 
(~lJl: http://www.st.nmfs.noaa.gov/copepod/aboutlindex.html) 

~ 
Adult ..,;, 

-------.. .• Egg 
:::~ 

(, 1.000 .... ) 

Nauplius 

~tI 
~ /~

10 . ...YILLOIrMNew phylogeny oIl1le ccpepod ordorn aner Hu\lS & Bosllall (1991) 

d'lJ~ 2.3 fl11lJ",mn'V!mEJ'1JeJ~lfl-w~eJ~ 
"..,; 
(VI:IJ1: Huys and Boxshall, 1991) 

http://www.st.nmfs.noaa.gov/copepod/aboutlindex.html
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1fl~~elVl~mtJ'W81V11diJ~1 (1) (live feed) ~iJflrufil'V11~81V11dfiel'W.ffl~61 'lbdmVi fJ'U n\m~(;l~n(l)el'W, ~ 

~(I)1'll'WVl~'W1 b"ll'W 81ivhiJfJ (Artemia) VI~elhJl (h~ b'l"Jel{ Rotifer) iJdlfJ~1'Wl1bdel1~611V1~lfJ'lJ'W1Vlb~fI 
(phytoplankton) btJ'W81V11d1'WtI~1J1ru~bVllJ1~mJ 1fl~~elVl:u~iJtI~1J1ru'lJel~ HUFA's, DHA, EPA bb~~ 
ARA 61~ bb(;l~iJ~btJ'WbbVl~~~~(I)611d~1'Wel'WlmB61d~ (antioxidant), bbel?i(l)dlbb6(j'W~'W (astraxanthin) bb(;l~iJ

~ ,~ 

1 (l)lij'W~bb(;l ~1 mij'W~61~~fI~,)fJ ~m~~1fl~~elVltT'WiJ'lJ'W lVl b~ fI;~'Vh1~bVl1J1~?i:W n'U'lJ'W1 Vltll fI'lJel~~ fltI~lV1~el 
~ ~ 

~(I)1Jl1fJeJel'W bb(;l ~ iJ~~'Ul1~ fl~md:W f11dl1 ClJ l'lJel~1fl~~elVl:U ~ btJ'W ~dm~~'W f11 dn'W81VI 1d'lJ el~ (;l fltlm~') CI0' , ~ 

(McKinnon et at., 2003; Schipp, 2006; Camus, 2012) 

:Ulf1f11dPifl~l'lJel~ Bell et 01. (2003) dlC1~1'Wl11fl~~elVliJtI~1J1rumVl1'll:u'W1lJ~:W~d (High 

Unsaturated Fatty Acid: HUFA) dd:W~~ DHA bb(;l~ EPA ~~fll1h~b'I"Jelibb~~81iVibiJCI ((I)ldl~~ 2.1) ~,)'W 
f11dPifl~lel~r1t1d~flel'U bb~~tJ~1J1ru'lJmmVlel~m 'W1 'Wbb ~(;l~n(l)el'W~(I)1V1(;l1C1'll'WVl1~bbri miVibiJCI (Artemia 

salina), hJl~Vlfl~:Wflm1VlL"/Ieldl (Moina sp.) bb(;l~1fl~~elVlfl~:Wfl1m'WelCl~'ll'WVl Acartia clausi bb(;l~ 
fI~:w~nibb~fl~flelCl~'ll'WVl Trigriopus japonicus ~'Ul11fl~~elVltT'WiJtI~1J1ruddl.J'lJel~mVlel~m'W (g/100 g 

crude protein) dd:w~~mVlel~m'W'\IlmCl'll'WVlb"ll'W Methionine, Cystine, Treonine, Valine, Histidine, 

Alanine bb~~ Glycine ~~fl1181ivlLiJmb(;l~fl(;l11Vlb6(jml ((I)ldl~~ 2.2) (Watanabe et 01., 1983) 

'Welfl:Ulf1.Q Camus (2012) iJ~1~61dtJ b~Cld n'Ufldlll LVl1J1~?i:W'lJel\l1fl~~elVl1 'Wf11dbtJ'W81'\1l1diJ~1(1)1'W~1'W, 
~1\11 b"ll'W 'lJ'Wl Vl'lJ el\l1fl~~elVl~fiel'W.ffl~VI (;l1 flVI(;ll CI~\I bb~d~ CI~ ~dBel'W ('W m ~~ CI ?i'lJ'W 1 Vl b~ fI fill 80 

1:w1fldb:W(l)d) 5\1lJ1db~:W1C1 ('Ul\1'll'WVl'lJ'W1Vl1V1q!fll1 1 ij~~b:W(l)d) ;\lbVl:Wl~n'U'lJ'W1Vl'lJel\l~fI~(I)1J1V1(;llfJ1 'll'WVl 
" 

VlmfJ1 "lld~81~ d'):wVi'\I~rufil'V11~81'\1l1dVlmClel~l\1b"ll'W HUFA, DHA, EPA, Phospholipids, bb~Lil~bb~~ 

1mij'W~l\11 ~\lfll1 bb~(;l\ln(l)el'W~(I)1f1~:W81iVi biJ mb(;l~1d~ b'l"Jeli~d CI ~ fI~\I~~~ md:Wf11dl1C1Jl'lJel~1fl~~elVl 
:U~btJ'WIJ1')m~~'Wf11dn'W81'\1l1d~(I)1Jl~'W1 ~dCl (mdl\1~ 2.3) 

(l)ldl\1~ 2.1 el\lr1t1d~flel'U'lJel\lmVl1'lJ:u'Whj~:WlJ1d (% HUFA ~elmVl1'lJ:U'W~\I'\Il:WVl) 1'W1~tJ~lflelVl (Cod) bb(;l~ 
tJm.;am~fJd (Halibut), h~b'I"Jel{ 81iVibiJtJ bb(;ldfl~~elVl 3 'll'WVl (*) .. 
('VIm: Bell et aI., 2003) 

SamplefHUf"A 20:411-6 20:5n-3 _2:6n-3 OI-1 A1E PA EPA/AI{A 

Cod eggs' 1.7 14.~ 29.3 2.0 8.7 

Halibut eggsb 1.6 13 .8 27.'J :l .U 8.6 

Rotifer (unenriched)" tract' O~ (1.1 0.5 

Rotifer (TOO),' 1.1 4.6 12 .7 2.8 4. 2 
Rotifer (MO)d 0.8 13 .1 6.5 0.5 16. 
Anemia (unenriched)" 1.2 5.3 0 .0 lUI 4. 1 

Anemia (TOO)d loX 7.6 10.0 1.3 4.2 
Arlemia (MO)d 1.2 II .f) 3.0 0.3 9.5 

' Ellrylemora ve/ox 1.8 10.8 21.8 2.0 6.0 
. 'lisbe ! lIrcau,c 1.7 11 .2 24 .7 2 .2 6.6 
• Acarli(l fOIlSaS 0.8 6 .X :W.3 4.5 9.2 

a Wild cod eggs (Klungsoyr et al.. 1989). 
b Bruce (1999), PhD thesis. 
C Rodriguez et a!. (1997). 
d TOO = tuna orbital oil; MO = Marino l, a blend of sardjnc, anchovy ant.! pilchard oils (Estevez et al.. 1999). 
C Mixture of nauplii and copepoditc (Shields et al.. 1999). 
f Shields et a!. (1 993), unpublished data. 

8 Nauplii (St0ltrup et al.. 1999). 
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(P1111\1~ 2.2 tJ~mru'tJ€l\lm~mdJl'U (g/100 g crude protein) 1'Ubb~(l\ln(P1€l'Ui1(P1itJl\1n~:u 
d 

('Vlm: Watanabe et al., 1983) 

Amino acid 

Isoleucine 
Leucine 
Methionine 
Cystine 
Phenylalanine 
Tyrosine 
Threonine 
Tryptophan 
Valine 
Ly.ine 
Arginine 
Histidine 
Alanine 
Aspartic acid 
Glutamic acid 
Glycine 
Proline 
Serine 

Total 

Artemia l 

salina 

2.6 
6.1 
0.9 
0.4 
3.2 
3.7 
1.7 
1.0 
3.2 
6.1 
5.0 
1.3 
4.1 
7.5 
8.8 
3.4 
4.7 
4.6 

68.3 

Acartia 
clausi 

3.5 
6.5 
1.5 
0.8 
3.7 
3.6 
4.2 
1.1 
4.5 
5.4 
4.3 
1.9 
5.4 
9.0 
9.5 
4.6 
4.6 
3.3 

76.4 

Trigriopus 
japonicu5 

2.5 
6.0 
1.1 
0.7 
3.5 
4.0 
3.8 
1.1 
3.3 
5.7 
6.2 
1.6 
4.9 
9.0 

10.8 
4.5 
4.8 
4.3 

75.8 

Moina 
sp. 

2.5 
6.0 
1.0 
0.6 
3.6 
3.3 
3.8 
1.2 
3.2 
5.8 
6.1 
1.6 
4.9 
8.3 
9.8 
3.7 
4.2 
4.0 

72.6 

d 
m11\1'Vl 2.3 

btJ~EJtJbV1EJtJntJ€l11V1bijmb(l~11~ b~€l1 
d 

('Vlm: Camus, 2012) 

Prey 

catelories 
Size 

range 

Motion 

Pattern Digestive 

enzymes 

Main nutritional characteristics 

Micronutrients 
HUFA DHAjEPA ratio 

and vitamin5 
Pho5phalipid5 

Sources 

Artemia 
400

S<XJv,m 
(In5tar I) 

continuous 
(weak feeding 

response5) 
Low 

deficient, 
enrichment 

needed 

very low 
enrichment 

needed 

generally <1, even 
when previou51y 

enriched 

mostly 
triacyglycerols 

enrichment 
needed 

Browne and 
MacOonoId. 1982; 
loill ...... 1999; 

Vi" SlillPpeR. 2002; 
Bd ~ Ill. 2003; 

Uu and Xu~ 2009; 

NAVarro et IL. 1993 

mostly Schtpp MIl. , 1999; 
-lQO- conUnuous defident, low, generally <1, even 

t:r1acyglycerols OUIPo e.IR. 2002; 
RotJler 150tun (weak feeding Low enrfchment enrichment when prevlou51y YoshKta ~'( II., 2003; enrichment 

(s type) responses) needed needed enriched Hoff and Snell, 2008; needed 

more 
higher Copepods 8ustey ~'( al., 1993; substantially >1 phosphollpld5
level gene",1v contain lulZi 1M II... 1999;"5tap and go" 5ignificantly higher (>5~)than

<8Ojlm compared more vitamins, Belt et It., 2003; 
(strong naturally levels of DHA and trlacylglycerols in 

Copepod (early to pigments and trace ~In de-r Meoeren et II., 
feeding high level EPA when compared proportion 2008; nsuplll) Artemla minerals than 

response5) to enriched rotlfers when compared Concmlo Hit, 2010;and ratifers and 
or Artemla to Artemia and Koedljk et .,., 2010;

rotifer Artemla 
rotifers 
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2.3 n1'HW1::t~fJ.:jl~.yh'4B~ 
nTH'Yn~ t~ tJ-:Jlfl~'Yftl~iJ nl'~~w.J'UllJ1'Ul'U:Ul n bt~l 1~tJiJ~ltJ-:Jl'U1l~-:JLL~hh-:J'lh~:Ulrutl fl. ~. 

1960 n1~L~tJ-:Jlfl~'Ym~iJn1'l~w.J'UTtl~1-:JlJ1mL~~?11:Ul'H1L~tJ-:Jlfl~~e:J~l~~lL~\l~-:J'lb~:Ulru 60 n1l'IJ-U~ 
(Mauch line et ai., 1998) ~le:J~l-:Jb'1f'U n1'l~f1't·nn1'lL~tJ-:Jlfl~~e:J~'IJ-u~ Rhincalanus nasutus l'U'l~~U 
~e:J-:J'\.Jl)'\J&1n1'l (Mullin and Brooks, 1967) LL~~l~iJn1'l~m;lL~e:J~w.J'Uln1'lL~tJ-:Jlfl~~e:J~~-:JLLUUfll1:U 
VI'U1LLti'U~1 (extensive culture) Lb~~~w.J'U1LtJ'Un1'lL~mLLUUb.u:u.u'U (intensive culture) 1~ L'1f'U 

Acartia tonsa (St0ttrup et ai ., 1986), Acartia spp. (Schipp et ai., 1999), Gladiojerens 

imparipes (Payne and Rippingale, 2001), Acartia sinjiensis LL~~ Bestiolina similis (Camus, 2012) 
. dud ~ 

bL~~ Caianus heigolandlcus (Carotenuto et ai., 2012), LU'U~'U "1l-:J\llnJil'U'lJe:J~~'lJe:J-:J Roskilde 

University (http://copepod.ruc.dk/main . htm) ~LnU'llU'll:u.ue:J~~ LMtJl nUn1~L~l~L~tJ-:Jlfl~~e:J~'IJ-U~ 
~1-:J1 'lJe:J-:Jl~mL?1~-:J~-:J\?ll'll-:J~ 2.4 l~tJ1'U~l-:J'lh~ bVl~J'UiJu~';Vl~~~\?l Lb~~'lJltJlfl~~e:J~~1'UVll-:J~'UL~e:J4b.u~ 
rle:J'U.ul-:JVlmnVlmtJ ~-:JbL?1~-:Jl'U\?l1'l1-:J~ 2.5 

m'll-:J~ 2.4 n1'lL~1~b~mlfl~~e:J~'IJ-U~~1-:J1 Lb~~Mnl~m.ub~tJ-:J 
(~:Ul: Drillet et ai., 2011) 

Acartia ~rani 

Acartia sinjinensis 

Acartia sauthwelU 

Acartia tansa 

Amphiascaides atapus 

Apacyclops royi 

Centrapoges typical 

Eurytemora affinis 

Eurytemora affinis 

Eurytemora affinis 

Eurytemora affinis 

Euterpina acutifrons 

Gladiojerens imporipes 

Mesocyclops lon~isetus 

Microcyclops albidus 

Oithona davisae 

Pseudodiaptomus 

annandalei 

Temora lon~icomis 

Temara lon~comis 

Temara stylifera 

Tisbe batta~liai 

Barcelona Harbor (Spain) 

Townsville Chanel (Australia) 

Pin~tun~ (Taiwan) 

<2>resund (Denmark) 

USA 


Pin~tung (Taiwan) 


Gulf of Napoli (Italy W Mediterranean Sea) 

River Seine Estuary (France) 


Gironde Estuary (France) 


Loire Estuary (France) 


Baie de l'lsle Verte/St Laurent Estuary (Canada) 


Mediterranean 


Swan River (Perth, Australia) 


Florida (USA) 


Florida (USA) 


Barcelona Harbor (Spain NW Mediterranean) 


Pin~tun~ (Taiwan) 


North Sea 


Plymouth (Devon, UK) 


Gulf of Napoli (Italy W Mediterranean Sea) 


Brixham (Devon, UK) 


ftI111::;lIII!J~ 


CU\1 il / fl11alL~1I / ~1~L1ft' fti,~:jj.. / 1I,...,ntlf,lfl4 

19·C / 38 ppt / 12L:12D / Rhodomonas solina 

27-30 ·C / 30-35 ppt / 18L:6D / Tetraselmis chuii and T-iso 

25-30 ·C / 15-20 ppt / 12L:12D / Isochrysis ~albana 

17 ·C / 30 ppt / dim li~ht / Rhodomonas salina 

25 ·C / - / 12L:12D / cultured phytoplankton 

25-30·C / 15-20 ppt / 12L:12D / Isochrysis ~albana 

19-21 ·C / 38 ppt / 12L:12D / Proracentrum minimum, Isochrysis 

galbana, Tetraselmis suecica 

10-15·C / 15 ppt / 12L:12D / Rhodamonas marina 

10-15·C /15 ppt / 12L:12D / Rhadomonas marina 

10-15 'c / 15 ppt / 12L:12D / Rhodomonas marina 

10-15 ·C / 15 ppt / 12L:12D / Rhadomonos marina 

19·C /38 ppt / 12L:12D / Rhodomonas salina 

23-27 'c / 18 ppt / continuous dark / T-iso and Chaetoceros 

muelleri 

http://edis. ifas. ufl.ed ullN 4 90 

http://edis.ifas.ufl.edulIN490 

20 ·C / 30 ppt / natural li~ht / Oxhyrris 

25-30·C /15-20 ppt / 12L:12D / Isochrysis ~albona 

15 ·C / 30 ppt / continuous dark / Thalassiosira weissjlogii, 

Rhodomanas salina, Heterocapso, Proracentrum minimum 

Temp accordin~ to current sea temperature / 30-36 ptt / 12L:12D / 

mixture of Isochrysis galbana, Rhodomonas and Oxyrrhis 

19-21 T / 38 ppt / 12L:12D / Proracentrum minimum, Isochrysis 

~albana, Rhadomonos baltica 

http://edis.ifas.ufl.edulIN490
http://copepod.ruc.dk/main
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m~l~~ 2.5 lf1~'Vfe:Wl'IJ{jVl~l~"1 ~ljn1~1~'ttrul"tl1~vn~B'Ub~Je)1bu \il 
(~lJl : Drillet et at., 2011) 

11ft1 

AlgaGen Pseudodiaptomus pelagicus (1 ,000 ~'l) 50 US$ English 

Acartia tonsa (1 ,000 ~,) 50 US$ 

Parvocalanus sp. (1,000 ~,) 100 US$ 

Tisbe sp. (1,000 ~'l) 35 US$ 

Guernesey Sea Farms Acartia tonsa and Tisbe sp. female 160-255 £ English 

(300 (i~ 1 ,500 ~'l) 225-355 € 

SeaHorseMania Mix of Calanoid and Cyclopoid copepods 29.80 € En~lish 

(1,000 ml) German 

Acartia tonsa adult (1,000 ~'l) 65 € French 

Nitokro lacustris (200 ml) 18 € Spanish 

Acartio tonsa eggs 11 €l IB €/ 27.5 €I150 € Italian 

(10,000150,000/100 ,000/1,000,000 ~'l ) 

Tisbe sp. 200 mVlive ReefPods 15 €lIS € 

Tisbe sp. 200 ml 

Seahorse Sanctuary Gladioferens imparites nauplii AUS $110 English 

(5,000-10,000 ~,) 

2.4 n1~toH'lh::la'tnh)1nlflV4wB~t'Un1~bu'UB1V11':iij~1~1'U~~1J1 
~1 nn1Tvttf1~'VmVlbU'U61~l~ljf1 ru f11Vll ~ fJ1Vll~ ij'IJ'U1Vl b~ n b Vl:m~ ntJ'IJ'U1Vl'lhn'IJB~~ n61\illJl~~ij, ~ 

'IJ'U1Vlf1B'U-rrl~b~n v1~tT'Um~Pin'ttlb~tldntJ n11 b~~~lf1~~e:JVl~1'U1'Ill fll~~iTn~~ b~ ~~ lVlCJij1\il~'lh~G'1~fib~e:J10ff.~ , , 
bU'UfJ1Vl1161~lJl1mie:J'UVl~m~e:JPin'ttlbb'U111!lJ1'Un111mf1.w~e:JVlbU'UfJ1Vll1ij;gi\ilb~e:JVlVlbbVl'UfJ1Vll1ij~i\il~ 
{jCJlJlimJL~lJb'1f'U e:Jl'~vhijCJ bb~~h~byJe:J1 bU'UIPl'U lVlCJ1'UVl~lCJ'l.b~bVlI"1~~1'UVlitlCJhtl mlJ~m e:Je:JG'1b\il~b~CJ 

~ , 
bb~~ bm~CJ ijm1VlVl~mt111f1.w~e:JVI~~n~lJf11m'Ue:J CJVl1f1.w~e:JVl 161l1f1~~e:JCJVl1f1.w~BVl bb~~~l~ bb ~f1Yifle:JCJ~, 
1f1~~BVllJlbU'UfJ1Vll11~~ntl~lVlmCJ'IJ{j(ilb'1f'U tlmb~e:J~~~ , tlmbnl, tlmm~~~ bb~~tlm6/1m~~1 bU'UIPl'U 

'II 

~1lJ~~~nn~ b'1f'U n~nm bU'UIPl'U v1~G'1~t~'U\ill~l~~ 2.6 
\J" , , " 

----- Rhodo/llonas sp . !Iud Isochrysis sp. ----

---- Bmcliionlls )'ofllndijOl'llliS --

Amnia sp. uiluplii 
---- Art(,lIIia salil/a nBuplii ---

-- AI1itlciai food -

35027 9 12 25 30
Days post-hatchingI Lm"vae added St,u1 water 

exchange
Fertiliser !Iud 
adult Arm'fia $p. 

~tl~ 2.4 n111mf1.w~e:JVll'Um~tJ1'Um~b~1~b~CJ~tlmm~~~ (Golden snapper) 
'II 

(~lJl: Schipp, 2006) 
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Denmark! 

Norway 

Scotland, U.K. 

Ancona, Italy 

Ciupea harengus (herring) 

Flatfishes 

Amphiprian claekii (yellowtail clownfish) 

Acartia tansa 

(calanoid copepod) 

Eurytemora velox, 

AcartIC} tonsa, 

Calanus Jinmarchicus 

(calanoid copepods) 

Tisbe Jurcata 

(harpacticoid copepod) 

Centropoges typicus 

(calanoid cope pod) 


Tisbe spp. 


(harpacticoid copepods) 


Pedersen & Hjelmeland (t988) 

Bell et 01. (2003) 

Olivotto et 01. (2008) 

Hawaii, USA Caryhaena hippurus (mahimahi) Euterpina sp. 

(harpacticoid cope pod) 

Kraul (1993) 

Florida, USA Trachinatus carolinus (Florida pompano) Pseudadiaptomus pelagicus 

(calanoid copepods) 

Cassiano et 01. (2011) 

Perth, Australia 

Darwin, 

Australia 

Stigmatopora argus (pipefish) 

Hippocampus subelangatus (seahorse) 

Glaucosama hebraicum (dhufish) 

Lutjanus jahnii (golden snapper)' 

Centrapyge lariculo (flame angelfish)' 

Cephalophalis argus (peacock hind)' 

Lates calcarijer (barramundi)** 

Serialo rivoliana (almaco jack)

Caranx ignobilis (jiant trevally)'" 

GladioJerens imporipes 

(calanoid copepod) 

Acartia sp., PaNocalanus 

crassirastris 

(calanoid copepods) 

'Need copepods at first feeding 

"Use copepods as supplement 

Payne et 01. (1998); 


Payne & Rippingale (2000); Payne 


et al. (2001) 


Schipp (2006) 

Japan 

Japan 

Japan 

Taiwan 

China 

China 

China 

Pagrus major (red seabream) 

Lutjanus argentimaculatus 

(red snapper) 

Epinephelus coioides (grouper) 

Epinephelus coioides, E. malabaricus, 

E. juscoguttatus and Cromileptes altivelis 

(groupers) 

Hippocampus trimacalatus (seahorse) 

Paralichthys olivaceus (Japanese flounder) 

Epinephelus coioides (grouper) 

Acortia sp. 

(calanoid copepod) 

Acartia sinjiensis 

(calanoid cope pod) 

Acartia tsuensis, Pseudodiaptomus 

spp. 


(calanoid copepods) 


Oithona sp. (cyclopoid cope pod) 


Apocyclops royi, Pseudodiaptomus 

annandalei 

(calanoid cope pods) 

Pseudodiaptomus annandalei 

(calanoid copepods) 

Schmackeria (Pseudodiaptomus) 

poplesia (calanoid cope pod) 

Pseudodiaptomus annandalei 

(calanoid copepods) 

Ohno (1992) 

Doi et al. (1997a) 

Toledo et al. (1999) 

Liao et al. (2001) 

Sheng et at. (2006) 

Liu & Xu (2009) 

Sun et al. (2013) 



10 

Philippines Epinephelus coioides (~rouper) Acortia tsuensis, Pseudadiaptamus 

annondalei 

(calanoid cope pods) 

Doi et al. (1997b) 

Malaysia Penaeus monadon 

(black ti~er shrimp) 

Acartia clausi 

(calanoid copepod) 

Farhadian et al. (2007) 

India Lates colcorifer 

(barramundVsea bass) 

Acartia clausi 

(calanoid cope pod) 

Rajkumar & Kumara~uru vasa~am 

(2006) 

,hVI-rU 1 U'th~LVlP11VltJJUfJ-:J:wnl'~~n'toJlbb(;)~n1db'Wl~ b~tJ-:Jlf1~'WeJVle:]tJ1ul-:J~lillnVl b 'liu n1d~n'toJl 
'lJ 

'lJeJ-:J ~.fll1~ ~(;)(;)~P1d Lb(;)~f1ru~ ~-:Jv\'1n1d~n'toJlbL(;)~L~tJ-:JH11Lb'Wf1Vif1eWlf1~Yle:JVl'lliJVl Trigriopus sp., T. 

thoiiondensis, T. joponicus, Poromphioscelio choi bb(;)~ Nitokro koronovici L~mU'UeJ1V11d;;1l'VI-rU 
(;)nn-:JLb(;)~(;)n'IJmn11(1lu (?l.fll1~ "ilm~~P1d, 2553; ?l.fll1~ "il(;)(;)~P1d Lb(;)~f1ru~, 2556; ?l.fll1~ "il(;)(;)~P1d bb(;)~ 
'V" 'V 'U"" ,,, " " 
f1ru~, 2558) VI~eJn1dVlVl(;)eJ-:J1mf1~'WeJVl Apocyclops sp. ~b~:w~rufilV11-:JeJ1V11dv1'ltJ?llV1~ltJ Isochrysis 

goibono b~tJ-:J~n'IJ(;)1n11~U~lbbVl-:J (Amphiprion ephippium) (eJm-r(ll-u nun1-:J bL(;)~f1ru~, 2556) 

ueJn"illndfJ-:J:WdltJ-:J1Ub~tJlnUn1db~tJ-:Jlf1~'WeJVln~:wmmueJmi'lliJVl Pseudodioptomus onnondoiei 1u 

Ue:J~U1v1';;11b~"illVltJm:w'IJd~:W-:J m~Vldl-:Jbn'toJ(Ildbb(;)~?lVlf1dru (~'Il~1 -tltJUlf1, 2559) (\?11dl-:J~ 2.7) 

Litopenaeus vannamei. Penaeus merguiensis, Penaeus 

monodon 

(shrimps) 

Amphiprion ephippium (anemonefish) 

Penaeus monodon 

(black ti~er shrimp) 

Amphiprion clarkii 

(Clark's anemonefish) 

Ornamental fish larvae/ shrimp larvae 

Trigriapus sp.• 

T. thoilandensis. 

T. japonicus, 

Paromphioscella chai. 

Nitakra karonavici 

(harpacticoid cope pods) 

Apocyclops sp. 

(calanoid copepod) 

Tirgriapus sirindhoenae. T. thailandensis, 

T. japonicus 

(harpacticoid copepods) 

Trigriopus sirindhoenae, T. thailandensis, 

T. japonicus, 

Paromphiascella chai, 

Nitakro koronavici 

(harpacticoid cope pods) 

Pseudodiaptamus annandalei ~'lIqJl 'IlmJlI'I (2559) 
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'UeJrl"iJlrl.Q tJ-:JYflr;h b~eJ'Vl~G1m1mrI'Vh~eJ~btJ'UeJ1V11)b~tJ-:JG1rl~\9l1Jl"iJ~'Vh1VfG1rl~\9l1Jlije)\9l)1)eJ~
~ ~ 

LLG1~f11)L"iJ~t1!b~'Ul\9l~~rlllf11)1Vf~\9l1Jl'1JiJ~~'Ub~'U eJ1HhijtJVl1eJb~ b'VJeJ1 btJ'UeJ1V11)Brl~'HJ (\9l1)1-:J~ 
2.8) 

m1LR"t" 
hJ,\I1l'n;lL;j2l~. ms) 

Lates colcorifer 

(barramundVsea bass) 

Amphiprion claekii 

(yellowtail clownfish) 

Pora/ichthys olivoceus 

(Japanese flounder) 

Penaeus monodon 

(black ti~er shrimp) 

Trochinotus corolinus 

(Florida pompano) 

Lotes colcorifer 

(barramundVsea bass) 

Acartia clausi 

Brachionus plicatilis 

Artemia sp. 

Centropages typicus 

Mixed Rotifer/Artemia sp. 

Schmackeria poplesia 

5. Poplesia mixed Artemio sp. (4:1) 

Artemio sp. 

Mixed copepods (Macrosetel/a gracilis, 

Pseudodiaptomus sp., Oithona rigido) 

Artemio sp. 

Pseudodiaptomus pelogicus 

Mixed (P. pelogicus & rotifer) 

SRD (standard reference diet) 

Oithono rigido 

Brochionus plicotilis 

Artemia sp. 

5B.13 

39.93 

41.62 

90 

43 

91.10 

86.70 

82.20 

100.00 

100.00 

57.3 

37.8 

45.5 

72.64 

36.00 

28.66 

67.62 

47.39 

32.20 

5.B 

4.5 

(at day 11) 

5.30 

4.70 

4.10 

206.00 

162.66 

0.13" 

0.22" 

0.21' 

'Standard 

(mm per day) 

92.18 

58.73 

52.69 

Rajkumar & 

Kumara~uru vasa~am 

(2006) 

Olivotto et at. (2008) 

Liu & Xu (2009) 

Ananthi et at. (2011) 

Cassiano et at. (2011) 

length 

Santhanam & 

Perumal (2012) 
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.d 
'U'VI'VI 3 

15~1bU'Wn'),~An'M1 

m~i~~ f1~,rd~l b D 'U m ~ b n'Ul'll eJ ~ 1~lf1~~eJVl ~1 n'U~ b 1 ru'1J1 ~ ~'rvI'Lh~{11{ji~~i'Vl~1~1~(;l{'Vl1~ 
'Vl~b6'l bb6'l~~'Uv~nD~(;l bm~~oU\I eJ.bm~~oU\I ~!1J6'l'U~ bb6'l~th:lJ1'VlVl6'leJ\lb~l~b~~\ll'U,xmtJf)'\J~m~~~m-u

'II 	 , :;.J 

i~~i lVl~:wi5vhm~P1mn~\ld 

3.1 	nTnihJi1mhmm;m'a~VlbbfJnbf1oW'WBVl 

vl1m'jbn'Ul'lleJ~l\11f1Vi~eJVl1'U'U~blru"1l1~~\lVl,j'1~m{ji~~i'Vlmm~(;l1'Vl1~'Vl~ b6'l bbm~~'Uv~ nD~ (;l
'II 

bm~~oU\I 	eJ,bm~~oU\I ~,"1I6'l'U~ ('jtJ~ 3, 1) lVl~1i{1\lmmb~6'l\ln(;leJ'U61(;l1'U'U1VlmtJ'j~:IJ1ru 250 hJf1'jeJ'U mn 
, 'II , 

bb~6'l~n(;leJ'U61m1'Ubb'Ul~\I~lm~~'U bVl-UB~'UVleJ\I'Vl~b6'ltJ'j~:IJ1ru 1-2 b:lJ(;l'j ~'U:lJ1~\I~lJ11Vl~~~vl1m'jmn 
Vl6'll~'l f1~\lb~eJ1W.~l'llBti1\1:WtJ~:IJ1ru:lJ1n~eJ~~~\h1tJb~l~b~~\I~eJ1,x,xeJ\ltJ~'\J~m'j1~ (~tJ~ 3.2) lVl~~l 
1'U'1il\l1Vl~f1~'U6'l:lJ1'U'Vl~ b6'l ~eJ'UoU1\1 bb 'j \ln~~1ii5m'j~'UJ1'Vl~ b6'l~'U:lJlbb~l mB\Ic.J1'U{1\16'l1 mb~6'l\ln(;leJ'U61(;ll

'II 	 , 

'U'U1Vlb~~ln'UtJ'j~:IJ1ru 5-10 'U1Vl b~eJ1:lJ"l,xbb~6'l\ln(;lB'U61(;l1:wtJ~:lJ1ruVl'U1bbt1'Ubn'U1tJ~\leJ1~~~vl11,x~lbb6'l~ 
m~1~~1~ ('jtJ~ 33) ~lmr'U~\lthl'lleJ~l\1bb~6'l\ln(;leJ'U61(;l1~1~~lni5oU1\119i''U1~'U1Vl~m~~ nVl~eJumneJ{

'II 

bb~TI.h1tJl"lVlbb~ n bb6'l~~l bb'Un'UDVl1'U,xeJ\ltJ~W1m'j~B1tJ 

bdeJ niA''U:lJ1~\I,xeJ\ltJ~'\J~ m'j ~~vl1m'aI"lVl bb~ nlf1~~ eJVl~Hlfl1~119i'n~eJ\I~ 6'l'Vl'j'j~t1bb'U'U~ b(;leJ~l eJ 

(Stereo microscope) bb6'l~~lbb'Un'IJDVllVlm)l\18\1m:lJm:lJ~:WeJ'UeJ\I ~-uv ~lih1'U5 (2527) bb6'l~ Boxshall 
'II 	 " 

(2004) b~eJm'jPlmniA'm~ru~fl1~'UeJn lVl~~~vl1m'jf1\1~fl1~lf1ViYleJVl~1~J1~lyJeJ{:IJ1~'U1,x:Wf1l1:lJ boU:lJoU'U 

~VlVl1 ~ bvh n'U 4-6% bdeJ I9i'eJ\I m 'jPl m~l~\lt!l:1J1 ~l\1J1 ~lyJ eJ 1:1J1~'U eJ eJ n~l ~ J 1 ~~ eJ1Vl c.J1'U {1\1 mm'U'U1Vl(;l1, 	 , 
100 1:lJlf1'jb:lJ(;l'j lVl~m~:wm'jiJeJ:lJ~b~eJ'1il~1,xI"lVlbWn'IJDVlbb6'l~Plm~1'j1~6'l~ b5~Vl'UeJ\llf1~~eJVll~~1~~'U 

- . 
GulfofTbaihmd "4" 

SampliJ1!l sit. 

d d ~ Iil.I I 	 ~ 1.I.oCIf4Ct, V q Q.I d 0 ~ 
'jtJ'Vl 3,1 bb(:.J'U'Vl~Vlbn'UmeJ~l\1bb6'l~~Jl1~'UeJ\I~'U'Vl'U'jbdru'IJ1~ ~Vl'U1~m'UT'iJEJi bm~~'IJ~ 'Vl'Vl1m~bn'U 
\J , 

I'll eJ~l\11f1~~eJVl~'U:IJ1 b~eJvl1m'jPlm~n 
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3.2 n1'H~v~1f'l'rh~B~'Pil'Uf')'a'U1~~'a1i1~tt);l~n1"H~~m~1ru1'U~B~tl~U~n1'a 
.q1 d 0 .J' 1 q ~ ~ 4 1.q1 d ~ ~q 1'"1fl'V'l'VHWlVl"ll::;V1lf11'jb 'V'll~ b,HJ~ 'lml'ji"lfl~lm ~'U"Il::; b~afl fl'V'l'V'la~V1bfl'U~1\1l1~,)5fll'j 'U"lJa 3.1 

"Ill fl'U ~ b,) ru'lll fJ ~~ bn 1::; ~-tl~ vll f11 'j f1~ bbfJ n fl1 ~ 1 'U a fJ ~lfl'~'V'l a ~ 'llD ~ b~'U1 'U'lh ~ b,) mt!'U '1 b~mll:Wl 

vllf11'jP1n~11~fJ"Il::;1~vma~bbn') (pasture pipette) ~~blfJfllfloW'V'la~1~1 'W"Ill'Wb'V'll::; b~a (Petri disc) "lJ'Wl~ 
b~n "Ill'W~::; 1 l11')l~fJ"Il::;b~aflbQ'V'll::;l11,)bijfJ~ijml"ll bb~~vll.fllfJ1\9\mra~"Il~V1'j'ji"lt1bb'U'U~b\lla~la l~fJ"Il~\9\a~, , 
m~'Vhach~'j~lJVl'j~-J~b~a1~1 ~bb:J~'W51floW'V'laVluau4l bb~ ::;vllf11'j b 'V'll::; b~fJ~l91a1tJ1Vl fJ1~t11V1~ b~~~l'W f11'j, 
ma~ 1'W~'Ubb'jn1~~1V!~lfJ~1:W'llDVl~ij"lJ'Wl~l91l~n'Ufia Isochrysis galbana, Chaetoceros colcitrans 

bb~::; T etraseimis gracilis b~a~"IllflbU'W~lV!~lfJ~ij~rurilV1l~mV!l'jbb~~~l:Wl'jm'V'll~ b~fJ~l~~lfJ lVl fJ1~-J'U 
b1'W-J'W1'WtJ~:w1ru~boWm'V'la \II'j,)"IlVlf11'jY1n"lJa~I11J~a'UlfloW'V'la~'Vln-J'W.fllfJ1\9\n~a~"Il~V1'j'ji"lt1 ~l'V'lUI11J~a'W 

'\J " 

'j~ fJ::;'W a b 'V'l~ fJ ~ bn ~~'W1 'W "Ill'W b~ fJ ~ b~a "Ill'W 1~ "Il ::;vll n 1 'j bbfJ fl bb:J~'W5a a fl b~aua~ n'W fll'jn'U n'U b a~, 
(cannibalism) "lJa~bb:wlfloW'V'la~ "Illnt!'Uvllf11'jb~fJ~I11')~a'WlfloW'V'la VlI91 a1tJ"Il'W m~y(~~\}lJ'Wl bu'Wl11,) b~:W-JfJ bb~::; 
'V'lfJ1fJl:Wb~m"ll'Wl91a1tJ"Il'Wfl'ju,)~"Il'j~i~ 1~fJvl1f11'jb~fJ~\II1:wi5f11)~~~bbtJ~~"Illfl Camus (2012) ml1')fia 

b~fJ~~aruV!.flij 28-30 °C ij~J~'j~fJ::;bJm1~"Il'jfIJ1:wij~-fIJ1:w~rh~ bU'W 12: 12 -B'11:w~ bb~~1~~lV!~lfJvr~ 3 
• '\J 

'llDVl 'VJfl'1 2 -J'U 1'Um:w1ru:w1flbn'U'V'lm~mJafJ 
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3.3 n1'aAm~nillil~~~.:j bb1~~f):lJ~ bVi:lJ1::~:lJ~mj~'a1'af)~'YJf).:jlfl-w'Wf)~ 
1.uVl6"lel~bbnl~~f1~bbtJnbfloW~v~ b~~~mm:IJf1~bW fl'lli1~b~~lfl'U1n'UUflbflv1 b~~'J f1'U b~~vhfll'~ 

" 
~flbfloW~v~~bwfl1mn'UUflbflv1'1.h~:lJlru 1 ~'U bb~1;S.:J111:1J1vllfl1J'Vl~G'lv.:Jb~v~fl~nih)',ij~~.:JbbdVl~v:IJl'il.:J 1 

~ b~ ~ l-rrv.:J f1'lJ fllJ b'<iJ ~ fli b~ 'lJbl'1 bbG'l ~ erml J v VI'll V.:J bfloW ~v~ b'li'U v ruVl.fl:W fl'J 1:1Jb~:IJ bbG'l~'lli1V1'll v.:) Vl'Vfl J 
.~ , " 

(~IVl~I~'ll'U1V1b~ fl) (i).:JJ1~G'I~ b€i~Vll'ivhJt1 
.CIt, .0:;;), .CIt, I V ') ..::::.I 

v 'VI u~ G'I 'll V.:J ~ ruVl J.;]:lJ ~V V 1'1 AlAV~'UfNJ,fl ~'Wv VI 

vllfl1J'VIVlG'lV.:Jb~~.:J1floW~v~~J~(i)'lJf)ruVl,fl:Wbb~fll'il.:J f1'U 1~ ~vllfl1Jbb~ n1floW~vVl1~1'U~'J~Vim~ ~ n , " 
~ihl1'V1~bG'l'<iJlnuJJ:IJ'llI~~e.h'Ufl1Jmv.:Jbb~1 (fldl:lJb~:IJ'l.h~:IJ1ru 32-33 psu) ~1'U'J'U~l~G'I~ 10 ~l '<iJlmT'U 

111hJbb'll1'Ue:ll.:JflTUfl:IJvUJVl,fl:W 1V1~vllfl1J'VIVlG'lv.:J~vru'Vf,fl:W 25°C, 30°C bbG'l~ 3YC vllfl1Jb~~.:Jm:IJi5fl1J~ 
"" " " 'U

(i)~bbtJG'I.:J'<iJlfl Camus (2012) 1V1tJ1,xeJ1'VflJbtl'U~IVl~ltJ'U'U1V1b~fl~.:J 3 'lli1ml:IJfI'U (~Vl61'J'U1V1~tJ~:IJ1m 
bvhfl'lJ 1: 1: 1) 'Vlfl1 2 l'U 1 'UtJ~:lJlru:lJ1flbn'U~m~m.Jv~ bbG'l~ij'li'J.:JJ~~~bdm'J.:J'<iJJfl'Jl:IJijVl-~ll.:J btl'U 12: 12 

off'Jb:IJ.:J (JtJ~ 3.4) '<iJlfl~'U1111tJ61v.:JVl1~fl~v.:J'<iJG'I'VIJJP1t1bbG'l~I'1Jl'<iJiT'lJ~1'U1'U~11floW~vVl~JVVl~i~ b~v'Vfl 
" '" 

el~J1Jv~'Uv\l1floWVivVll'Uoff'J1:lN~ 1, 2, 3, 6, 12, 24, 48, 72 bbG'l~ 96 (flJ'lJ 41'U) 

.CIt, .CIt, ~ I Cl.I " q 

v 'VI uVi 6j"lJv\l fl'J 1:IJ bfl:IJ~vv ~AIAVVl'U v\lJ,flViVivVl 

vll fll J'VI VlG'I e:J\I b~tJ \11 floW'W vVl~ J ~ (i)'lJ fl 1 1:IJ b~:IJ bbl'1 fll'i 1.:J fI'U 1 ~ ~ vll fll J bb~ fl1 floWVi v ~1611'U ~'J ~ 
ViG'lI~~fl ~1'U'J'U~'JtJG'I~ 10 ~'J ;\ll'UUflbflv1~'U'<iJ~ijJl'V1~bG'l~~I'UfllJflJv\lbb~1 1~tJijfldl:lJb~:IJ~vllfl1J 
'VI~G'lv\lbbl'1fll'il\1f1'U 5 J~(i)'lJ ~v 0, 10, 20, 30 bbG'l~ 40 psu bbG'l~ij'll~fld'lJfl:IJ (Jl'V1~bG'l'<iJlflUJJ:IJ'llI~fldl:IJ, , 
b~:lJtJJ~:IJ1ru 32-33 psu) bbG'l~vllfl1Jb~~.:J(9n:IJi5fl1J~(i)~bbtJG'I\I'<iJlfl Camus (2012) ~~ruVliJ:W,xv.:J (t~m1'li 
1'U ell\1 fll'lJ fl:IJ vru'Vf,fliJ1,xv ~1 'U'lil \ltJ J~:IJ1 UJ 28-32 °C) 1~ ~1 ,xeJ1VllJ bbG'l ~ m 'lJ fl:IJ'J \I'<iJJfll l:IJij~-~ll\1 

"" '\J \J " 

b'li'Ub~~lfl'lJfl1J'VI~G'lv.:J-rrl\1~'U (JtJ~ 3.5) '<iJlfl~'U1111tJ61v\l~1~fl~eJ\I'<iJG'I'VIJJP1t1bbG'l~I'1Jl'<iJiT'lJ~I'Ul'U~l1floW 
" '" 

~V~~Jv~~i~ b~vVller(9lJ1Jv~'Uv\l1floW~v~1'Uoffl1m~ 1, 2, 3, 6, 12, 24, 48, 72 bbG'l~ 96 (flJ'lJ 4 l'U) 

http:UtJ~:lJlru:lJ1flbn'U~m~m.Jv
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~ Q, ~ I ~, IV 1 .. 
eJ'V1t5~6'l'lJeJ'I'U\W)'e:nVllA (611VlAl tJ'lJ'Yl V1 b6'l n) (JJ eJeJ(JJ A1AeJ V1'lJeN fI~~eJV1 

Vl1n1~'V1V16'leJ,:jb~tJ,:j1f1-W~eJV11V1CJI, ~eJ1Vll~bbl'lnllil'1n'Y ~eJ 1) I,~ Isochrysis golbono eJ~1'1b~tJl 
2) I,~ Choetoceros colcitrons eJ~l'1b~tJ1 3) I,~ Tetroselmis grocilis eJ~l'1b~tJ1 4) 1,~611Vl~1tJ~'1 3 

'UijV1~llJn'Y bb6'l~ 5) 'UV1f11UfllJ~hj1~mVll~b6'lCJ (non feed) lV1tJvl1n1~bbtJnlf1-w~eJV1I,611'Y~ltJ~6'll61~n, , 
~l'Yl'Y~l(J6'l~ 10 tJll ~U~~~t!l'V1~b6'l"illnt5~~lJ'Ull'l~~l'Yn1~meJ'Ibb~l (fllllJb~lJ'lb~lJ1ru 32-33 psu) Vl1 

n1~b~(J'Il'lllJ15n1~~~V1bbt16'l'l"illn Camus (2012) ~eJruVl.nlj~eJ,:j I, ~eJ1Vll~bb6'l~fllUflm'l"il~fllllJijV1-611l'1
, 'U , 

b"Ii'Yb~tJ1nUn1~'V1V16'l eJ'I.vl'1~'Y (~t1~ 3 .6) "ill nt!'Y'Lh 1 t1?ieJ'IV1I,~n~eJ,:j"il6'l'V1~~~'l1bb6'l~ml"il'l1u~1'Ul'YtJll1f1-w
'U 'U, 

~eJV1~~eJV1"811'l b~eJVllerl'l~l~eJV1'lJeJ,:jlf1-w~eJV11'Yil1lJ'I~ 1, 2 , 3, 6, 12, 24, 48, 72 bb6'l~ 96 (fI~U 4 1'Y) 

3.4 n1';j~hfl';j1~~'VI1.:j~~~ 

Vl~'I"illm61~"il~'Ybblli 6'l~ n1~'V1V16'l eJ,:j 'Lh.veJlJ6'l~11illJ11 bfl~l~l1r1lf11llJbbt1~t1~1'Y (AnaLysis of 
" 

variance: ANOVA) btl~CJUbViCJ'\Jml:IJbb(9lnIli1'1I,'Ybblli6'l~'QV1n1W1V16'leJ'I1V1CJ1-rr15 Turkey's comparison test 

~~~~'\JfllllJb~mj''Y 95% (p$;0.05) 1V1(J1mtl~bbm:IJfleJlJ~lb(9leJi~1b~"il~t1 SPSS version 22 (~'lJ~'V1B'lJeJ'I 
"il'\416'l'lmrulJVll1'V1CJ1~CJ), 
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4.1 lflw'WB~~\h~J1t"li'Vhm~V1~(;lB,:j 
~lflm1~fl~lll(;'t~ In'U I'll eJ ~1,:) II'V'l(;'t.:) rl(l) eJ'U 61(1)1 ~lfl'U~ l 1 ru'l11tJ~-:JVltJl61 mUl~tJ i lm~~-U\l 1~tJ ltJ'U 

1flYi'V'leJ~1'Ufl~lJfl1m'UeJtJ~1flYi'V'leJ~ 1'UldeJ\l~'UJ'U611lJ11tl~lll'Ufl1~ 5 61fl(;'t 1~lln, , 
1. 61~(;'t Acortio spp. (~U~ 4.1) 

2 . 61~(;'t Acrocolonus spp. (~UVl 4.2) 

3. 61~(;'t Colonopio spp. (~U~ 4.3) 

4. 61~(;'t Pseudodioptomus spp. (~U~ 4.4) 
...J 

5. 61~(;'t Subeucolonus spp. (~UVI 4.5) 

...J ~ ..
1UVI 4 .2 fl1m'UeJtJ~bfl'V'l'V'lel~61fl(;'t Acrocolonus spp. 
'U , 



17 




18 

1'W 61h-!lL1m~'Vhfl1~Pim'nt!'WVl'lJlfl~Ym~(;1~~ Acraealonus spp. bU'Wlfl~Vle:J~(;1~~b~'W ~-!llli1'Vh 
fl1~rl~ bbtlfl bb~~ b~ e:J n:lJTvh fl1~Pi fl~l'tl':\J~tJ~\I bb1~~m.J'lJl .nJ~~fl1~~ bVl:Ul~G'I:U(J) e:Jfl1~e:J~~eJ~"lJe:J\llfl~Vle:J~1'W 

'IJ 

~~~'lJ~e:J\ltJiJu&lfl1~ 1~tJ;;lfl~ru~;;11rl,\!"lJe:J\llfl~Vle:J~(;1~" Acraealonus spp. lli1bbrl ~1'W~1lfi'-!l:U'Wbb"~b~e:J:U 
&l~n'lJtJ~e:J\le:JfltJ~e:J\lbb~fl bb,,~tJ~e:J\I~ 4 bb~~ 5 b~e:J:u&l~n'W Urosome ij 5 tJ~e:J-!l Vl'W1~f1~ 1 b~e:J~'lJhJ 

'IJ 

1i11'WVl;;l\l':\J~ijfl11:utJl1b"tl~1'W caudal ramus ltJ tJ~~:t.J1ru 3 tJ~e:J\l1'WbVl~~ "lJlf1~ 51~(;1:U:t.J1~~1~tl~"lJl
'IJ 'IJ 

.11.1' 11;:1 '" .1" .J"lJ11"~';iu u (;11'W"lJ16111tJbu'Wbb'lJ'lJ uniramous :u 5 u~e:J\I (~tJ'Vl 4 .6) 
'IJ 'IJ 

A. 

C. L-________~~____B. 

D. L-__________________~ E. '----____ 

~tJ~ 4.6 ;;lfl~ru~G=11rl'\!"lJe:J\lfl1"1'We:Jtl~1fl~Vle:J~~~" Acraealonus sp., A) ;;lfl~ru~6'1111i\ B) Vl'W1~~bb~fl 
st v ,d.d

(1 Antenna), C) tJ61e:J\lVll\1 (Urosome), D) "lJlfl'Vl 4, E) "lJlfl'Vl 5 
'IJ 'IJ 
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4.2 n1':i~m~1~'WbbUU15n1·H'W1:::b~~.:jlf'l-w'Wij~1'Wl1ij.:jtJliU~n1':i 
n1'.iPim~n15n1'.i bi1:J'l1f'l-WV1 eJ~11 'W'.i~vl'U~eJ~tJ5U~ n1'.i11 iHIIl ~tJ'.i~'Hrl b~eJVll61.n lV1tl ~~I:J 

~~ bb1 ~~eJlJ~ bVllJl~6'1lJ~'Vh1Vl1rr~V1eJ~ijelml'.ieJ~61~61~bbfl~611lJl'Hlth1tJYr\PlJ'U1 n1'.ibiI:J~1fl-WV1eJ~1~ij
\J , 

tJ~lJlrulJ1n~U 1~l:Jij(:.Jfln1'.iPim~nvl~11 
4.2.1 nn£ rn::£tmrfJ WWvvU ;Iv£riJJ'/.Fi3.nill 

1~vlln11'Vl~fleJ~ bV11~biI:J~1fl-WV1eJ~ b~m~lJ1i11'Ul'U1'U~eJ~tJ5u~ n1'.i1~1:J1u~'UI1l'U'!'U~1~l:Jijfll1lJ 

~'1h~~fi'~bbI:Jn1f'l-WV1eJ~ bV1l"!bijl:J~ijfl'l1'lieJeJnlJl1~.nl"u'U~ bb~lvlln1'.i'Vl~fl eJ'I bi1:J'I1fl-WV1eJ~~~ bb~'.i~I:J~~18eJ'U 
d.":I 11 c6 ~ 

, 
Q.J iI 4 0 0 d d 1 J'Q..I 

'Vl¥lneJeJn~lnfl'l 'lJ~UfI'I'.i~ l:J~m bllllJdl:J bbm~'1'Wlm'Vll n1'.i'Vl~fleJ'I bV1eJVllMll1~'Vl bVlm~61lJ Un1'.i b V11~ bfll:J~, 
lfl-wV1eJ~"UD~'!u '1 bblJieJcil'11'.in~ 1U'lil'1~vll n1"jPim~lfl~'111V1'Ulfl~V1eJ~bV11"! bijl:J~ijfl~1'Ii~~eJci~ll:J.ueJ I:Jm n I , \J 

1 U'lil'1 bb'.in~'11~vlln1'.ifi'~bbl:J n1fl~V1eJ~~'1 bV11"!~bbfl~ bV11"! bij l:J~hjijfl'l1 'Ii (b~eJ~~ln1~V1'U bV11"! bijl:J~ijfl'l1'Ii) 1~1:J 
\J' , 

1iVlfleJ~ bbnl (Pasture pipette) ~~bb~lbbI:J n1fl~V1eJ~"UD~b~c.n flU1~1'U~lUbV11~ b:BeJ'lJU1~b~n~1'Ufl~ 
Vlfl11:J1 ~11i11UdU 2-3 1Il1U (~tJ~ 4.7) 1~1:J1~6'11V1~11:J~'1611lJ'lJD~~eJ Isochrysis golbono, Choetoceros 

colcitrons bbfl~ Tetroselmis grocilis blJUeJ1V11'.ilutJ~mru~b~CJ~V1eJ (vlln1'.ibil:J'Ibbfl~61~bnllln1'.i'.ieJ~1Il11:J 
VI~eJn1'.i\ll1mlJ'U'.i~I:J~" ml:J1I1ln~eJ~~fl'Vl'.i"jI"!11 V1'Ul1 1~611m'.imiCJ~lfl-wV1eJ~1~ b~eJ'I\lln1'U1''U~'1~U1fl~I , , 

V1eJ~~'1V1lJ~nlllll:J ;\I~1~I:J61UD'Ij~1'U11eJl~bn~~lnVlfl1I:J611bVI III b'Ii'U 1) n1'.iliVlfleJ~bbnd~~bbI:Jn1fl-WV1eJ~ 
'\I d..I , 'U 

eJ111l~~vlI1~ij'UI~~dU'lJeJ'I"jCJ1\1rl'lJeJ\l1fl~V1eJ~1~-r'U'Ul~b~'U\llnn1'.iflnVlfleJ~bbnd'Ul~ 2) eJ1\lbn~1Il1 n 
\J 

mllJbfl11:J~~1fl-WV1eJ~~fi'~ bbl:J n1~l1leJ\llJleJci'.idlJ fl'U eJci 1\1V1'Ul bb~u 3) eJll1l bn~1Il1 n n1'.i~lIll'UbV11~ b:BeJ'lJ'U1~ 
\J 

b~nij~'U~r1eJu-1fl'1.ueJl:JeJ1l1llll~vlI1~bn~ n1'.i b tJ~CJUbbtJfl\leJruVl.niJm I:J1'UlillUbV11~ b:BeJ1~'.il~b~d '.illJ~\leJ1l1lij
, \J 

n1'.i'.i~bVlCJ'lJeJ\IJ1'Vl~bfllUlIllUbV11~b:BeJvll1~fldllJ b~lJ'lJeJ\lJl1UlillUbV11~ b:BeJ61\1~U blJUI1lU 
\J 

vl'l'!'U 1 'U nl'.i'Vl~fleJ\lfl~\I~ eJlJl ~1~I:J~~1~'Vl~fl eJ'I fi'~ bbCJ n1fl~V1B~l~CJ btJ~ l:JulJl1iVlfleJ~VlI:J~ 
\J 

(Dropper) V1fl161~n bb~d~~~dUtJfl1CJ1~ij'lJ'U1~1VI ~~Ub~eJ blJu n1'.ifl~ nl'~i'Ul~1 b~'U'lJeJ'I1fl~V1eJ~lIllnn1"j~n 

VlfleJ~bbnd'U1mtl1'lrl ('.itJ~ 4.8) bbfl~1~bbCJn1fl~V1eJ~1611'UiJmnB{'lJU1~b~ntJ~mlll"j 50 iJfl~~IIl'.i ("jtJ~ 4.9)
\J \J 

;'1n1'.ib~lJtJ~lJll1l'.iJI'Vl~bflm -1f bi1:J'I1il ~ blJ'U n1"j'lill:Jfl~n1'.i b tJ~ l:J'Ubb tJfl 'I eJ ci 1~'.il~ b~d'lJeJ'IeJruVl.niJ bbfl~m IlJ 
, \J 

b~lJ'lJeJ'IJl bbfl~vll1Vi1fl-WV1eJ~1~ bfl~l:J~lJl n ;\lvll1~611lJl'.iflbil:J'I1fl~'WB~1~'U1'U~'U1~1:JV1'U11 1fl~V1eJ~ 
611lJl'.iflvll1mfl~V1eJ~ij:U111l"jeJ~eJci1~ 4-5 l'u bb~d1fl~V1eJ~~'1b~lJ\Il1mbfldfl~V1eJ~~'1V1lJ~nlll~1Il11:J.nlCJ1 U 7 

\J 

1''U bb~ b~eJ'Ililln1'U'lid'l~vlln1'.iPim~n'!'U1~V1U1fl-WV1eJ~bV1l"!bijl:J~ijm1'Ii ~\l1~611lJ1'.iflPin'ljlYr\PlJUI n1'.i'lJeJ'I~d, 
8eJ'U'lJeJ\l1fl~V1eJ~1~ ~'11i11blJUIIl~ l1leJ\lij n1'.i Pin'ljrl b ~lJ b~mdlJ~~ n1'.iPin'ljl b ~lJ b~lJlIllmll:J\ll'U1'UlJil\1tJ'.i~ b'Vll"! 

VI~meJn6'11'.iBI'1~'1~U1 b ~BtJ-r'UtJ1\161.nlV1 bbd~~eJlJ1 'Un1'.ibil:J\l1 ~bVlm~61lJ~eJ1tJ 

~'111 tJ~mrulfl-WV1eJ~m~lIllnn1'.ibV11~ bil:J'Ilu~eJ'ItJ5u~ n1'.illlln~ n~ld-1fl'1I1l'W'!U1~ b-WI:J\lV1eJ~~~ 
'1111 'lilivll nl'.i'Vl~fleJ'I b~l:Jl fl'Utllll~l:J~bVllJl~61lJ1'W nl'.i bil:J\l1fl~V1eJ~1~ ~'11~~lbD'Unl'.i'Vl~fl eJ\l1~ I:J nl"j 

fi'~b~eJnlfl-wV1eJ~61~fl b~UlIlln'B'.i'.ilJ"ul&il 'U'lid\l bdm~vlln1'.iPi n'ljl b~eJ'I11m'Vl~fl eJ'Itllll~1:J~'1 bbd~~eJlJ~I\11 ~ 
bVllJ1~61lJ611V1-r'U n1"jbil:J\l1fl~V1eJ~1u~eJ'ItJ5tMn1'.ivl\llll~n~ld1u~l-1feJ~eJ1tJ 

http:lfl-WV1eJ~m~lIllnn1'.ib
http:bblJieJcil'11'.in
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~ I Q.I 1 q4.2.2.1 t:.J~'tJ'€l~~ruvj,Q;J\We.l'€lm1)e:W)'tJtl~ fl'\"rVf€l~ 

t:.J~ m)P1fl~lBVl5'Vm'tJ '€l~'€l ruVlf1ii~m)m1)'€l~'tJm1fl-W'W'€l~ 1~~m )Vl~ ~ '€l~ b~ ~~ 1fl-w'W'€l~~ '€l ruVl.flii 
1 \J " 'U 

)~~'U 3 ~'€l 2S0(, 300( bb~~ 3S0( 1~~m'Ufl;JU~~~~~bb1~6i''€l;J~'W1 b'tf'W fl11;Jb~;J 'tf1~bdmn~:6111~ bb~~ 
m)1~'€l1V11) 1~bVln'€l'Wfl'WVlfl'tJ~fl1)Vl~~'€l~ 'W'Ul11fl-W'W'€l~~b~~~~'€lruVlf1ii 3S O( nelm1)'€l~~lfll1 

" " " \J 

~ruVliJii 2SO( bb~~ 300( '€l~1~nl1m11rlqJ (p < O.OS) 1~~1fl-w'W'€l~~~b~;Jm~~~bb~-8'11;J~~ 2 (el(}l)l)'€l~ 
d 1"":; 1';"1 d 1 <J.;.,. d.¥ d ...

bu~~ 46.67±8.820/0) bb~~ fl'W'W'€l~~~m~Vl~VI;J~ 'W'lJ1 ;J~Vl 6 'W'lJru~'Vlbfl'W'W'€l~'Vlb~~~'Vl'€lruVlf1;J 2S O( ~~ 
q \J 

nelm1)'€l~bu~~61~61~bi1'€l~'W61~fl1)'Vl~~'€l~, (96 -8'11;J~) bvhn'U SO.OO±S.770/0 ~1'W1fl-W'W'€l~~b~~~~\J , 

'€lruVl.flii 30 O( ~~nelm1)'€l~bu~mvhn'U 23.33±8.820/0 ()tJ~ 4.11)
, \J \J 

120 

100 
---0-- 30 O( 

~ ----t:r--- 35 O(
<i> 80 
(OJ 

~ 
,~ 

Ii: 
v-;; 

(OJ 60 
ii" 
<i> 
(OJ.,. 
r.,. 
6: 40'(OJ 

20 


~ ' 
- f- ' - - '- '- '-'- - . 

-'-'-'-'- -'- -.~ 

a 

a
\a 


0 


0 20 40 60 80 

~ I Q.I t Q4.2.2.2 t:.J~'lJf}m11;Jbfl;J(}ltlW)11'W~'tJ'€l-Lfl'W'W'€l~ 

tJ~m)P1fl~lBVl5'W~'tJ '€l~ m 1;J b~;J ~ '€lel (}l)1 )'€l~'tJ '€l ~1fl-w'W '€l ~ 1~~ fl1) er'W bb'lh m 1;J b~;J'tJ '€l ~J1'Vl ~ b~ 
mib~m1~bb(}lfl~1~n'W~'€l 0, 10,20, 30 bb~~ 40 psu bb~~1iJ1'Vl~b~~lfl5));J'lJl&l (m1;Jb~;J 32-33 psu) 

dJ'W~~m'Ufl;J 'W'Ull elm1)'€l~'tJ'€l'l1fl-W'W'€l~~b~~'l1'Wm1;J b~;J~1'l1 nfl11;J bb(}l fl~1~n'W'€l~1'lnl1m11rlqJ'Vl1~ 
61~~ (p < O.OS) LL~~'W'lr;hfll~1'W'€l~~'1fl-W'W'€l~~t11m'Vl~~e:J'l:iJfl11:IJeJe:J'W1Vl1~e:Jm)LtJ~~'WbbtJ~'lfl11;Jb~;J 
fi'€l'W-if1'lmfl1~mi1e:J~'W61~fl1)'Vl~~e:J'l~ 96 -8'11;J'l 'W'Ul1 1fl-W'W'€l~~~:iJel(}l)1)e:J~61~~61~bi1m~~'l~1~fl11;J

, \J , 

b~;J'tJmJ1'Vl~b~5));J'lJ1&lmfl-W'We:J~J'W'€l1~~e:J~ (32-33 psu) bVl1n'U 56.67 ±8.820/0 1'W'tJru~mfl-W'We:J~~ 
~ l.I d ~ v ~ I ~ ~ d.:!' diI 

b~~~m~ml;Jbfl;J 20 bb~~ 30 psu ~~;Je:J(}l)1)'€l~Lu~~~'lfldlm1;Jbfl;Je:J'W1 b;Je:J61'W~~fl1)Vl~~'€l~fl'€l 

6.76±3.330/0 bb~::: 3.33±3.330/0 m;Ji;h~'U bb~~'W'Ul11:U611m)m~~~lfl-W'We:J~~m1;Jb~;J 0, 10 bb~~ 40 

psu 1~ b~m~lfl1:umfl-w'We:J~)e:J~<g1\9lb~mi1e:J~'W~~m)Vl~~e:J'l1~tJ1fl-w'We:J~~b~tJ~~1tJfl11;Jb~;J 10 psu 
do 1';"1 d 1"':; 1 ';"1 d 1 d.. :;,~~L);Jm~ 'W'lJ1 ;J~Vl 1 bb~~ fl'W'W'€l~Vl'lVl;J~m~ 'W'lJ1 ;J~Vl 48 'W'tJru~Vlm1;Jbfl;J 0 bb~::: 40 psu 'W'W'W'U11 

1fl-W'W'€l~~~VI;J~~~(}lltJf11~1'W 1 -8'11;J'l ()tJ~ 4.12)
'U 
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120 

100 
-0-- control 

----0--- 0 psu ~ 80
<;;: 
(OJ 

~ 
u~ _ ·fr 10 psu 
(i: 

V;; 
(OJ 

60 
--+-- 20 psu0" 

<;;: 
(OJ 
Ii" _ ... - 30 psu r 
V'" 
6: 40 

.(OJ 

- -,.- - 40 psu 

20 

0 

0 20 40 60 80 

4.2.2.3 [:.J"'(JeJ.:]'Ij'W~'(JeJ.:]e:nVll)~m)~)l)eJ~'(JeJ.:]lflY;~e:l~ 

[:.J"n1)Pim~1'(J.y~'(Je:l':]eJ1Vll)~m1ml)eJ~'(JeJ':]IflY;~e:l~ l~CJ n1)'Vl~"e:l.:]1~e:l1VllJ~ bblll n~,.:]n'W S 

bbUU~e:l 1) ~~fl'd'U~lJ~1lJl~e:l1VllJb"CJ , 2) 1~ Isochrysis golbono e:l~l':]b~CJd , 3) 1~ Choetoceros 

co/citrons eJ~l':]b~tn, 4) 1~ Tetroselmis grocilis e:l~l':]b~CJ'd, S) 1~?llVl~lCJ~':] 3 '(J.y~J'dlJn'W ~'Ul1e1ml 
JeJ~'(Je:l.:]lflY;~eJ~~b~CJ':]~'dtJmVllJ~l':]'lllJ~n'Whj:Ufl'dl:Wbbllln~l.:]n'WeJ~I':]:U,rm11~qJ'Vll':]?l~~ (p > O.OS) l~CJ 
dje:l~'W~~mJ'Vl~"e:l.:]1'Wl'W~ 4 (96 .rr'dllJ':]) IflY;~eJ~m~?llVl~lCJ Isochrysis golbono bb,,~1~?llVl~'tJ 
Tetroselmis grocilis ~'W:Ue1I1lJ1JeJ~bO~tJbVl1n'W~e:l 73.33±3.33% ~'d'WlflY;~e:l~~1~?llVl~lm'dlJ~':] 3 

'lllJm'dlJn'W bb"~1~?llVl~l CJ Choetoceros co I citrons b'U'We:l1VllJ~~:Ue1I1lJ1JeJ~bO~tJbU'W 60.00±S.77% 

bb"~ SO.0±3.33% 1Il1lJ611vl'U ~'d'WIflY;~eJ~'ll~fld'UfllJ~1:w1~e:llVllJb" CJ:Ue1I1lJ1JeJ~bvl1n'U 46.67 ±3.33% , , 
d 

(JU'Vl 4.13)
" 

http:SO.0�3.33
http:60.00�S.77
http:73.33�3.33
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d 
'U'VI'VI 5 

ft1t1bb~~1~1'HU~~n11Am~1 
~ 

5.1 lf1~~B~~'th~J1b-til:unT'a'VI~6'lB.:j 
"iJ1flf111LnU~1mhm~!;'l\lnl9le:J'U~l9l1~1tJl:1\1mmb~!;'l\ln~e:J'Ub'UU~b1ru'IJ1tJ~\I'VIUl6'1mi11~cl"1 bf11~~, 

oU\I ~\I'VI1~'IJ!;'l~~ 6'11:1J111:1~lbb'Ufl11"1Y;~e:J~fl1!;'l1'Ue:JtJ~1~ 5 6'1f"l6'l fiB Acartia Spp., Acrocalanus sp. 

Calanopio sp., Pseudodioptomus spp. Lb"'~ Subeucolonus sp. ~\lbU'U1"11m'Ue:JtJ~'\11"1Y;~e:J~~ih1tJ\l1'U 
116'11lJ111:1~U1~~1h.it'UU1L1ru'IJ1tJ~\lLL!;'l~B111'VItJ~e:J'Ul 'U (Suwanrumpha, 1980) 'Ue:Jfl"iJ1nd~\I~u11"1Y;~e:JVl 
l'U1~tJ~11"1m~~Vl (copepodid) ~\l1lJ6'11lJ111:1~lLb'Un'IJi1Vl1~ 1VltJ1'U-d1\1L1m~vhf111Pim~1t!'U~u';h 11"1Y;m)~ 
l'U6'1n6'l Acrocalanus Lu'U11"1Y;~e:JVl6'1n!;'lL~'Ul'U~'U~Pim~n ~\l11"1Y;~e:JVl6'1n!;'l Acrocolonus d~Vle:J~l'U 

" , It 'U 

1"11e:JUI"11'1 Paracalidae LU'U11"1Y;~e:JVl~ih1tJ\l1'U116'11:1J111:1~U m~"iJ1tJ~11'tJ1'UU~ b1ru'IJ1tJ~':)LL!;'l~'VI~L!;'l1'UL'IJ~ 
~ v 

1e:J'U (Kimmerer, 1984; McKinnon, 1996; McKinnon and Duggan, 2001; Araujo, 2006) vl':)U'U ~l~tJ 
'U 

~\l1~~tJ1tJ1lJv11f111~VlL~e:Jn bb!;'l~ bLtJ n11"1Y;~e:JVll 'U6'1fl!;'l Acrocolonus :IJ1v11f111'V1Vl"'e:J\lL~e:J'VI16'1Jl1~bL1Vllle:JlJ~, 
L'VI:IJ1~6'1lJ~v111~fl1m'Ue:J tJVlll"1Y;~ e:JVli1 er19l111e:JVl6'1 \I~ 6'1 Vl ~\I"iJ ~ b U 'UoiJe:JlJ !;'l~'U \i1'U~~1~ru~"iJ ~oJ1lJ1~\9lJ'U1f11~ 

'\I " \J dol QJ 

b~tJ':)fl1m'Ue:JtJVlll"1Y;~e:JVl~e:J1LJ 

5.2 m~fin~l~LJbbUUn1'H~£J.:jlf1~~B~b'Ul1B\ltll]u&im-a 

~1~tJ1~v11f11~LnU~1e:J~l\1bL~!;'l.:)n~e:J'U~l9l11'Uu~b1ru'IJ1tJ~\I'VIUl6'1mi11~tJ"1 bm~~oU\l1VltJ1~oJ1lJ1 
'U 

~VlL~e:JmL!;'l~LbtJnI"11m'Ue:JtJVlll"1Y;~e:JVl'VImtJ6'1nmL!;'l~'VImtJ~~tJ~ ~\llYllL~lJlmL!;'l~~~ tJ~11"1Y;1~~Vl ~\ll 'Ubtre:J\I\1l'U, 
~1~tJi1m1lJ~\ll"iJ"iJ~ b~tJ':)11"1Y;~e:JVl bLUU'IJ-UVl b~ tJ1 (monoculture) 1VltJ"iJ~ b~e:J n~Vl LLtJ n11"1Y;~e:JVlL~f'lLi1tJ~i1I:1\1 
'U , 

1-d bLlll L~V\llYlleiB'U'IJ€l\I11"1Y;~e:JVl\l'UI"1~Ul\1"iJ1</ill9l LL!;'l~L~lJ~1'Ul'U"iJ'U:IJ1 n~e:J~"iJ ~v11 f11~'VIVl!;'l e:J\l1~ Lb~ e:J ~1\11~n~ 
1'U-dl':)~v11m~Pi mJ1t!'U~u11"1Y;~e:JVl b~f'l Li1 tJ~i1 1:1\11-due:JtJ:IJ1 n bL!;'l~v11m~ L~v.:)11"1Y;~BVl1mlJ'U1'U11"1Y;~e:JVln, 
~lV m~V~\lLJ1'u LLt:J'Uf11~V1Vl!;'le:J':)11'1CJ1.rr15~I'IL~e:Jnfl1m'Ue:JtJVlll"1Y;~e:J1'I"iJ1n5~~lJ'lJ1&i:lJ1v11 f11~V1Vl!;'le:J':) b~e:J'VI1 

'U 

m1lJ b'VIlJ1~6'1lJ'lJe:J\l6'1Jl1~ LLlVllle:JlJ~"iJ~v111ml"1Y;~e:JVli1erm1~e:J Vl6'1 \I LL!;'l ~i1m~L"iJ~ru b&iU1~~~ 1Vl CJ~tJ1tJ1lJL~ e:J n 
'U v 

11"1Y;~e:JVl~Lu'Un~lJL~'Ul'U~'U~fie:J 6'1n!;'l, Acrocolonus :IJ1v11m~Pin~l'U"iJ~tJ~\lLb1Vllle:JlJ~\I 3 U"iJ~CJ fie:J, 
e:Jru'VIJl:W 1"111lJL~lJbb!;'l~m'VI1~vtl-bL~V\l11"1Y;~e:JVl

, 'U 

e:Jru'VIJl:W'lJe:J.:)J1V1~ b!;'l bU'UU"iJ~tJ~ \I Lb lVlll e:JlJi1m llJ~l~ru~ e:J~\9lJ'U1 f11~ bb!;'l ~er~~l~e:JVl'IJe:J':)11"1Y;~e:JVl
, 'U v 

(Mauch line, 1998; Hirst and Bunker, 2003) ~\I"iJ1nt:J!;'lf11~Pin~1I"1r.:)d~Ul1 e:Jru'VIJl:W~L'VI:IJ1~6'1lJ~v111~ 
, 'U 

er~ 11 ~ e:J Vl 'IJ e:J \111"1 y; ~ e:J 1'16'1 \I fi e:J ~ e:J ru 'VI Jl:W 25°( LL 6'l ~ 300
( ~ llJ ~h vlU 6'1 e:J 1'I1"111 e:J \I n U t:J 6'l n1 ~ Pi n ~11 'U 

'U ' 'U 

~e:J\lLJ DU&i f11~b~ tJlnUBV15~"''lJe:J\lf)ru'VIJl:W~e:J~1'U1'ULJ~~'lJ1m'IJe:J\l11''1Y;~e:JVl'IJi1Vl Acartio sinjiensis ~~U1'U 
~ , 'U 

U1b1ru'IJ1tJ~':) Townsville, Queensland, LJ~~bV1f'le:Je:JmmL~tJ ~~ltJ':)1'Ul1 ~1'Ul'ULJ~~'lJ1m'IJe:J\l11"1Y;~BVl"iJ~ 
ql d % d ~ I -=t I q V ~ 
lJf11~\lLlJm6'ltJ\lV1'Qru'VIJJlJ~~'VI11\1 25°( 1:1\1 300 

( (Milione and Zeng, 2008) L'IJ'UbVltJlnut:J6'l"iJ1nf11~f'lfl~1 

1'U1f1Y;~e:JVl'IJi1Vl Schmackeria dubio ~~U1'U'U1~\ll 'Ubi1e:J\I Zhanjiang lJ6'l·vmm1\1~\I V11\1l9le:J'U1\1l'IJe:J\I 
.1 "".., "'... ) 1 "" :; ..u~:::LV1f'l"iJ'U V1~Ul1 e:J~~lnl'm1e:J\ln'Um'VI1~ (Filtering rate bL!;'l::: Grazing rate 'lJf)\I f1~~e:JI'I'U'U"iJ:::~\lV1~1'I 

Ldf)V1Vl!;'le:J\lL~tJ\I~f)ru'VIJl:W 25°( LL!;'l::: 300 
( L-d'Un'U (Li et al ., 2008a) 'Ue:Jn"iJ1nd t:J6'lm1Pin~1'IJe:J\I 

, 'U 

McKinnon (1996) ~\I~Ul1 m1lJtJ11"1IYll (Prosome lenght) 'lJe:J\l11"1Y;~e:JI'I'IJ-UVl Acrocolonus gibber 

b~f'lbi1tJ"iJ:::LbLJ~t:.Jflir'UnUe:Jru'VIJl:W 1'U'lJru:::~e:Jru'VIJl:W~L~lJ~'U"iJ:::v111~erl9l~lf11~!;'le:Jnl"1~lU (Moltino rate) 'IJ€l\I 
"'U "'U ~ 

1f1Y;~e:JVl6'1\1;'UbL!;'l:::i1t:.J!;'lv111~-dl.:)mtJ (Generation time) 'IJ€l\I11"1Y;~e:JVl~'U6'l\l€in~ltJ
'U , 
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mm'Uf) (I~1fl~~f)~Vlm (I'1lD~~ f)111l(If) til'U'U~ l1 ru'1l1 (I~~Vl~f) bf)61'Vl~~dj fl11lJ611lJl'H11 'Ufll"j'Vl'U 
~ ~ 

fll1lJl~lJ1Jit'U'lh~nl1~ (Lance, 1963) ~lmlml'Ufll"jPim~ll~(l1 n'UB'Vl6~~'IJf)~fll"jb'\.J~ (I'Ubb'\.J~~mllJ l~lJ 
~f)e)ml"jf)~ fll"j~'Uvr'U~lb~:::(;..J~(;..J~(Ol'1lmmm'Uf)(I~1fl~~f)~'1lD~ Pseudodiaptomus annandalei ~'U11 

lfl~~f)~'1lD~d611lJl"jf:)f)111l(I mJ1Jit'UmllJ b~m:::Vl11~ 5-20 ps u 1~ (I fl11lJ b~lJ~b VllJl :::61lJ~ f)fll"jf) ~ "jf)~f) ~ 
~ ~ ~ 

I I ~ d 0 1I.J.c:::rI oCto d ~ IV l.d d1'U'1l1~ 5-15 psu bb":::'1l1~fl11lJbfllJ'Vl'Vll VllJ(;..J"(;..J~(Olmn'Vl~~flf) 10-20 psu lb":::(I~~'UllllJm'\.J~tJ'Ulb'\.J,,~ 

mllJl~lJf)~1~b5(1'U~~'Ulillnfl11lJl~lJ~~'Ulfl~~f)~1'U5"j"jlJ'1l1~ (20 psu) lfl~~f)~l~miJ(lIil:::611m"jf:) 
'Vl'U'V1l'U~f)fll"jl'\.J~ (I'Ulb'\.J"'1mllJl~lJ1~~n111fl~~f)~b~Pl~ 1~(Ilfl~~f)~l~PlbiJtJ'Vl'U1Jit'U'lh~ 4.5-40.5 psu 

~1'Ul~Pl~611lJl"jf:)'Vl'U1Jit'U-d1~ 12.9-38.7 psu (Chen et 01., 2006) ~1'Ufll"jPim~n1'Ulfl~~f)~'1lD~ Acortia 

siniiensis ~'U11 mllJl~lJ~'Yh1mfl~~f)~iJ(;..J"(;..J~(Ol'lb:::'1l1m61~~61~1'Ul1m 81'U f)(l1'U-dl~ 25-35 psu'J \J , 'U 

(Milione and Zeno, 2008) f)~,~bn~ 1'Ufll"jPim~lflf~d~'Ul11fl~~f)~iJe)(Ol"jl"jf)~61'161~1'U'1l~m'UfllJ~~
~ 'U, , " 

btJ'UfllllJl~lJ'IJf)~t1I'Vl:::b"5"j"jlJ'1ll~ (32-33 psu) ~l'UmllJ b~lJ~'U1 ~'Vl~~f)~tT'Ulfl~~f)~iJe)(Ol"jl"jf)~Af)'U-rr,~ 
~'lJln l~(le)ml"jf)~'IJf)~lfl~~f)~~l~(I~~ltJfllllJl~lJ 20 ll"::: 30 psu iJAll\J~m~tJ~ 6.76% lb~::: 3.33% 

mlJG'11vl'U l'YhtT'U bb":::~mllJb~lJ 0, 10 bl"::: 40 psu tT'Ulfl~~f)~Iil:::m(lvY~VllJ~ ~~~l~~ln(;..J~fll"jPimn 
'1lf)~ Ohs et 01. (2010) ~"jl(1~l'Ull e)(Ol"jl"jf)~'1lf)~1fl~~f)~'1lD~ Pseudodioptomus pelogicus iJA1~'1~~ 
b~m~(I~~fll1lJb~lJm<ifl~(I~lfl~~f)~'\.Jn~~f) 35 psu bb~hju(Oln~l~~lne)(Ol"jl"jf)~'1lf)~lfl~~f)~~l~(I~1 'UflTllJ 

b~lJ 15 psu bl"::: 42 psu f)~l~iJiTm"rl'1J 'Uf)fllillnd~1~m'T~"jl(1~1'Ull mllJb~lJiJ(;..J"~f)fll"jl~'Ul(Ol 
(maturation) fll"j61~''l1'1l1'Ul~PlliJ(I (ovigerous) '1l'Ul~'1lm1'libb~:::-d1~b1m1'Ufll"j6'l~'~1'Ii (brood size and 

interval) lb~:::fll"j(;..J~(Ol1'11Bf)'U (nauplius production) ~1m-d'Un'U 

1 'Ufll"jl ~1::: b~CJ'Ilfl~~f)~b~f)vr~'U lbtJ'Uf)1Vll"j~iJ~1 (Ol'1lf)~~(Ollt1ItT'U f)1VlI"j~ f) btJ'UDIil ~m=11rl'1J~n 

DIil~(lVl~~~iJ(;..J"~ f) fll"jb~'U1(Ol vr~'Ul fll"j'1lf)'11'11B f)'Ubb":::(;..J~(;..J~ (Ol'1lf)~lfl~~f)~ 1~(l6'llVl~'CJ'1l'U'~b~nVlmtJ'1lD~ 
f:)m.hm'Vl~~f)~1<ifbtJ'Uf)1Vll"j~lVl~'Ulfl~~f)~b-d'U bb ~"~n(Olf)'U~'1lnr;1lJ1~f):::(Olf)lJ 6'I1Vl~'CJ~b~tn bb~'\.Jl(Ol1yjl9l
~ , 
Vl~f)n~lJfl~'L~(Ol1yjl9l btJ'UI'l'U (Klein Breteler et al., 1990; Kleppel, 1993; Milione and Zeng, 2007; Li 

et at., 2008b; Camus, 2012) ~'11'Ufll"jPin'r}lflf~d~1~tJ'Vl~"m1~6'I1V!~lCJ'1lD~ Isochrysis golbana, 

Chaetoceros colcitrons bb"::: Tetroselmis grocilis ~'Ul1 e)(Ol"jl"jf)~'1lf)~lfl~~f)~b~f)1~61'Vl~,mb~":::'1lD~ 
111bb(Oln~,~n'U l~(liJe)ml"jf)~61~nll 50% 'Vln'1lD~f)1Vll"j f)~,~1"jn~ ~'Ul11fl~~f)~m~6'I1Vl~ltJ I. aalbana 

~ , ,) 

ll"::: T. grocilis iJe)ml"jf)~~~nl1b~f)1~6'I1Vl~lCJ c. calcitrons Vl~f)61IVl~lCJvY~ 3 '1lD~"j1lJn'Ub~mj'f)CJ 
6'lf)~fl~f)~n'Ufll"jPin'r}l'1lf)~ Klein Breteler (1990) "jlCJ'Il'U116'l1V!~ICJ'1l'Ul~l~n Isochrysis golbona ll~::: 

Rhodomonas sp. btJ'Uf)lVll"j~bv!lJl:::6'llJ~lVl~'U1m'Ufll"jb~CJ~1fl~~f)~'1lD~ Temoro longicornis U"::: 

Pseusocolonus elongates 1'U"j:::CJ:::'Um'l"l~ (16'1 ~1'Ubm 'Ylf)b 1 'Vl"jYJflblyj"mlilm"(Ol'1lD~ Oxyrrhis marina 

bVlm:::~,Vl~'Ulfl~~f)~1'U"j:::CJ:::1flm~~~ 1'U'1lru:::~(;..J"fll"jPin'r}l'1lf)~ Milione and Zhen (2007) "jlml'Ull 

lfl~~f)Vi'1lD~ Acartia sinjiensis ~b~CJ~~1tJf)1V!I"j(;..J6'llJ"j:::Vlll'l Tetroselmis chuii bb"::: Isochrysis sp. 
q':: ,d~j.I I oCtoQ ~ I 4d I 

(Tahitian strain) ~:::lJfll"jb~lJ'1lf)~'\.J"j:::'1l1m~~mlblJm"tJ'IVidCJ6'llVl"jlCJ'1l'U~b~mVl"jf)6'llVl"jltJ'1l'U~f)'U1 l'1l'U 

Nonochloropsis sp. bb"::: Rhodomonos moculoto ~1'Ue)(Ol"jlfll"jV1n1'1i'1lf)~lfl~~f)~Iil:::~'1~~~bnm~CJ'I 
" " ~lCJ6'lIVl~'CJ T. chuii '1lDVib~CJlbb":::f)1VlI"j(;..J6'llJ"j:::Vlll~ T. chuii lb"::: Isochrysis sp. ~'1iJ~bVliJf)'Ulle)(Ol"jl 

fll"j b~'U1(Ol bb"::: (;..J~ (;..J ~ (Ol'1lf)~lfl~~f)ViIil:::iJAl6'1 ~ lnf)1~f)1Vll"j bb 'U'U(;..J6'llJfl~:::'1lij~61'Vl~'CJ f)~1'l1"jn(OlllJ Iill n(;..J" 
~ 

fll"jPifl'r}I'1lf)~ Camus (2012) ~'Ul1 e)(Ol"jl"jf)Vi'1lf)~1'11Bf)'U"j:::CJ:::'Um~~CJ6'lbb":::"j:::CJ:::1fl~1~~Vi'1lf)~ Bestiolino 

similis bnf)1~611Vl~l(l'1lD~ Povlova salina U,,::: Isochrysis sp. (Tahitian strain) bb'U'U'1lijVil~tmU'Uf)1VlI"j 
iJAI1l1~,~~lnfll"j1~f)1VlI"jbb'U'U(;..J6'llJ 
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II ""ramn;iel1..:1e:J..:I 
v v 

~... ., dj 'i .. .1 co ... .. 1 .. 
'W'lJf;u1 'lJtJ'U1fl. 2559. '1J€JlJ~'W'U~l'U'1J€J~bfl'W'We:J!i) . be:Jn"1)u)~neJ'lJfn)e:JneJ'IJ'UJ'Vl~nij(;l'ml'n'W1~~tJ\l fl'W 

" " ... 
'WeJ!i)hl'tJ€J~'Ub~€J"11'IJ"'4'U~)n'OJ01) b5tJ\l~\lVl~ b~. ru ~'UcJl~f.1 bb~~~(9),j'U1'\J)~lJ\l'lJ1tJ~\lJJbn(;l ~\l'Vl1!i) 

~ Q.J d v tf 

,mO(;l l'UVl 11-12 OWl1'W'Uli 2559." 

II 

'Vl'U1.

",M "lJiiW5. 2527. bb'W~\ln(;l€J'U1'Ua111VltJ: riijeJ01)Pio~lbb'W~\ln(;l€J'U~(;l1. beJO"1'Ht:-Wbb'W1 OU'IJ~ 9. , , " 
"m'Ul~tJ'\J)~lJ\lVl~b~ neJ\l'\J)~lJ\lVl~b~ o)lJ'\J)~lJ\l. 

q 4 (( Q, ~ o<::::iI V IV I1 
afnl!i) 'OJ~~~m . 2553. fnWln~lfll1lJ'VIflln'VlflltJ'1JeJ\lfl1)bb'WflVlfleJCJ fl'W'WeJ!i)VleJ1l"1tJ eJtJn'IJ"1'VlA1tJVl~b~ 

" .. '0 

~ c.: qQQ, II V ~ Q, v 0 CV 


bb~~ b'W1~b~ tmD'UeJ1'Vl1AlJ'lJl(;l'1JeJ\l~ nO\l. )lCJ\ll'UO'IJ'IJ"lJ'IJ)ru bfl'j\lfn)l'OJ tJ "1'Uf)\l1'U
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