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91 n n1 n':lut':lii (;l'J'tlti 1.:191 nu'h ':I ru'l11u ir.:iY1:::L~1111-w1:::1'u'il'el n'll'il.:i 1 YIU 

.c:1<11:11.., .-:I d.cll ' .. 
ML"1'cl'Un'Umtl'U 2537 LL~:::Lc,\'cl'Uilnt1Plil 2539 Cl.:!L"1'cl'UVi~~Jl1Plil 2539 ViULLViiNnt;]'i)k!Vi'l! 24 

"ll'W"1 LLVi~.:ini;i'tlui1wf 9 "Jlui,i ~1ii1immn"l!U"1LLVi~.:ini;i'il'Uvl"ll'l~u·h~vit°'l-u'il1V11nV1~':ILL~~ 
• ' ., 

'cl1Vl1tLL;.:ILL~:::L~illli'il1CULLUUi!Vlil'J~L~~1Vli1U;L;mLLniitlr,L~'U 2 'l!U"1~'el BG 1 LL~::: BG 2 

Llfl'il:::twaii 6 'l!'W"1f1'el Navicula sp., Skeletonema sp., Thallassiosira sp., Melosira sp., 

Uthodesmium sp., LL~::: Biddulphia sp.LL~:::LLVi~.:Jfl (;l'el'Wii;i1"~1ii1tmLun'l1V.l?l"ll'cl.:I LPIYi~'ell?l L 
u1~Yl~\~ 1 'l1'Wl?lf1'el Apocyclops sp . 

• ., ., 
~1V1hu~h;mLLnii-w1('.5m~u.:i~':ltJ'elT\,n:r~i;ii BG-11 LL~:::ih3'i;inn1n9JruL~h.JLl'l~.:i~~ 

'U ... 'U 'II 

' ., 
vh:::~Url':11i!L~il 30 ~':l'WL'W~'W'ZhW L"1t1i:lm1i1V1'W1LLtl'W 29.50 x 10

3 L'll~~ L"1'el:::i;J'eliJL~tJ.:l~':lt 

'el1Vl1t~(;l:i' Guillard ~pH 7 .5 L"1mim1'W"1'el.:IU{)lmn1t{;l'elLti'el.:iiJ19'Wti.:ii1r.iiu'W ~i:::~um1i; 

L~il 30 ~')'WL'U~'U~'J'W ~1V1i1tJ~L;tJ'JLLniiJ1L'.5rnL~:::1(1)'e):;:(;l'e))..JLiti.:i~'elruVIJln 20-24 'el.:!Pl~ ' ., 

L8ll~L;tl~ Lrl~Y-l'el"1Lim~~CUVIJ,Jn 28 'fl.:JPl1L'l1m;t.J~ H' lsochrysis galbana L11'W'el1Vl1:i'L"1t 

L1i191n1"llr.i'Wti.:ii;i'JL~ii1'u'l-if L':lm~Lim 9-13 1''W 9:::L~ Apocyclops sp. ~1'U':l'U 289 t,1':l(;l~ 

n~~~(;l:i' LY-lPld'.iui;in~nui:::ii1ru 13-28 (;l':)(;l'eln1:i'U~'eltJL"ll 1 rif.:i LL~:::nn1i~w.i'W·Htl'Ut,1')'e)'e)",..; 
"' 

i:::u:::'W'elLY-l~tl~ 6 i:::u::: Lri~LU~Vl 6 i:::t.1::: (;l')L~iJ')tl Arocyclops sp. i:lmwfou:r:::inru 12-

28 ')'W 
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Abstract 

Seawater sampling from 12 stations in the eastern coast of Thailand from 

October 1993 to September 1994 and January to May 1996 in Samutprakran, 

Chachengsao, Chonburi, Rayong, Chantaburi, and Trad province were examined for 

interesting phyto- and zooplanktons. Twenty-four species of phytoplankton and nine 

species of zooplankton were found. Two species of blue green algae and 6 species of 

diatoms were isolated both in liquid and solid media and were cultured in mass 

production.They were BG1, BG 2 , Navicuia sp., Skeletonema sp., Thallassiosira sp., 

Melosira sp., Lithodesmium sp., Biddulphia sp. and 1 species of zooplankton; 

Apocyclops sp. is also isolated . 

The blue green algae were cultivated in BG-11 medium and gave the highest 

growth at 29.50 x 103 cells at d 12 ,salinity 30 ppt . Diatoms were suitably cultivated in 

Guillard medium at pH 7 .5 . Blue green algae , diatoms and the cope pod were 

cultured continually in the laboratory until present for over 3 years in 30 ppt seawater 

at 20-24 ° C and 28 ° C , respectively. The copepod was fed with /so,hrysis galbana . 
4 ., 

The number of Apocyclops sp. reached 28. 90 x 10 I anc developed from eggs to 

adults within 9-13 days. One brood gave rise to 13 - 28 nauplii developing into six 

nauplius stages, and six copepodid stages. The life span of adult Apocyclops sp. is 

usually ranging from 18 to 28 days. 

* Institute of Marine Science, Burapha University, Chonburi Province 20131, Thailand 
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n1nnufott1M"J'rlri1-.:i'Jl'rl-.:i~1vti1t1~LilmLLnl.J~1L1'Wri'el'WLLtlnL;'elu1~'Vl't 
' 

" 
~1vihu~LilmLrn2.Ju1L1-w BG 2 

., 
n1tLY'l1:::L~m~1vii1u~1u~'W{ BG 1 LL'c,::: BG 21-um2.J1(;]s- 150 

n1n'Yl1:::'llmt.1~1vii1t1~1u~u1f BG 1 LL'c,::: BG 21um2.J1(;]J' 2 ~(;]J' 
' 

n1nr.i1qJL~UL(;]'Jl'fl-.:i~1vii1u;L;imLLm.JJ1L~'W BG 1 ~ri"J1l.JLAl.J 5 s-:::01u 

LLMWJl'Wvl'll'rl-.:i lvl'rl:::Well.J Navicula sp. LLtlrl L;'rlu1~Vl't 
' 

LL~vl-.:i'l!'Wvl'll'el~Lwei::;(;]'fll.J Skeletonema sp.~LLtlrn;'flu1-~'Vlf 

LL~ r;i-.:i'l!'Wvl'll'el-.:ilvl'fl:::{;l'fll.J Tha/lassiosira sp. ~LLtl rn;'elU1''4'lVlf 

LL'MM"l!'Wvl'll'f1-.:ilin'f1:::lwell.J Melosila sp.~LLtlrn~'flu1~'1'1f 

LL~vl-.:i"l!'Wvl'JJ'el-.:ilin'fl:::(;]'fll.J Lithodesmium sp.~LLtlrn~'flu1~'1'1f 

LL~ in-.:i-n-win'll'fl-.:i1v1'fl:::(;]'fll.J Biddulphia sp. mm L~'elu1~'1'1f 

LL~vl-.:iJl1YiLriYh"l'elVl Apocyclops sp. LYifi'l~'Jl'el-.:iM"Jl.~l.J'Jtl 

LLMMJl1Yi 'i:riv1Y'l'elvl Apocyclops sp. LYi fill L~tl'll'el-.:iM"J L~2.J1't1 

Ll.~vl-.:iJl1YiY'l"J-.:il"li (egg sac) 'Jl'el-.:iLflvlY'l'flvl Apocyclops sp. 

., ., 'i' ""' ""' 22 LL~vl-.:iJl1Y'lvl1'W'\11'el-.:i'll'el-.:iLAY'lY'l'elvl Apocyclops sp. L'WJ':::t1:::'W'elLY'l"1tl~ 

23 LL'i'lvl--lJl1Y'lJi'1irwi-.:i'll'fl-.:i'i:ri~Yi'elvl Apocyclops sp. LUJ':::t1:::tr1Y1'i:,J~r;i 
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I 

Ft1u1 

n1nYi1:::Lim'Zl1~hm'llflL~tl'lLUULFILflU (colony) ~1tJLUU'l!Uvi~Lijuib'1L'li(chain) 

~1N;mLUU~tl'1fltlU(planktonia algae) 'l~~nU1l-J1L'nLUUtl1~1ti1ntftl11'u~tlULc;imil--li1n1t 

U1LL Yifl'1 fllntlUvl'll L~tltl'4U1fli 1ntftl1 'l~~l-JnUtlth'1',1'14''1l-J1 n n'l1 59 iJ LL~') tc;iui1'll1':l ~~Uzjtl 

27f;l'll L'tl:::'Zl1l-J1tmm nL~'tlu1~V1i'lv1'tl:::f;ltll-J"l1Uv1~~'1~'tl 'Zl LnLfl L!nUl--11 l'ltl~ 1n1il-J(Skeletonema • • ., ., 
costatum ) ~1~futJUU1flflnn'11't1ti'tlUL~~1LJi, 1uilYi. PL 2484 ~'1LLi;JtJUl-J1 'l~ilmt~~U1LLfl::: . " . ., ., 
tl1'ltlH1h:::fo'l!u1umnYn:::L~m~nif;lrfu1L"llu~m.lfl1~ LLfl:::wau LuurXu(ic;ic;i1, 2527) 

., ., 
Luum~1ti (;l'JtJ1 tviuu1l-J1 LYi1:::L; m Luum~1 i 

'tl'4U1fli1ntftl11'mi'rlu L"l!U LimLLYifl'1flf;l'rlU~'l!Yi':ln Skeletonema sp., Chaetoceros 

calcitrans ~1~futluu1flflnfl'11ut:::u::: hhLf;lL'll L~U LLfl:::LimLLYifl'1fl i;J'rlUi 1n1 (Lt~L Yltif hLL"1'1 " . 
2542) 'tl1~1t'll'rl'1flnn'1 'l~LLri'lc;i'rl::;f;l'tl:J Chaetoceros calcitrans ,rn:: S. costatum LLi;li,:::tX'el'1 " . 

I It r t,, I 

LUU'tl1~1f'Vll-J1'-l1nmrnunL;'elL'IXu1~Vlfi(pure culture) Luun,n;U'1'Zl1~i1t.1'l!Uc;itv1'l!Uc;i~il-:i 

Ll'i1'1utc;iu'll-iil~'1ili<5(,l~UtlU'el~LflUL~'elU'el'1nun1itluLt'elULL'lJl'1'Vl~U"'l1n'Zl1~i1t.1 ilmitllju~ 
It I 1 1,, t, 

mrnu n L;'fl 1 uiX 'il'1tlflu~ n1 tV1'Zl:::'el1 c;i111ut ut L;u L;'tl tc;iu L~m 1 um~1tLL i'1 LL fl :::m~:tmflr;iil 

mici1m~'ilVln 3-4 L~'elU LLYifl'1flln'el'W~"ll~Uul-JLiu'1i1~frnimLLYifl'1fl(,l'flUi1n'll~LLri Llnlnr1 • 
L'llfli'.l'Zl (Tetrasellmis chuii) ,L'rlL"llLl'lt;'Zl (/. galbana) .LLfl:::f1fl'elLrnfl1 (Ch/ore/la sp.) 

LL Yi~'1 n waui(;l,f~u1tnri'Zl1~i1m~~1tl'l~LLri h~Lvl'elf, 'el1fvi Lilu, LL~:::Ll'l'VlYi'el c;i LL(;] L71~1 nr.i:::-w1 
., 

1"l,l i1 u ~'1 n ic'i 11 -11 u d:l u,a1"l,l 1 'fi 1wf r.i :::~tMil n, nm 1 Ullil--11 rul--11 nu1L':l run~ 1'1 LL ~'1( outdoor 

method) LL1'1 r1'iluii' 1'1r.i:::mu ril--1 r1ru111Yi n1n1~ lnrl'flU-ii' 1'1U1 nr.i1 n n1ii.lm~ 'elt.1r..i1nclu~:::'il'el-:J, . . . 
LLl-Jfl-:1, LL~:::L~'tlLLurivi~mtlu~u ~'1'l~i1mitl1'lvl'tl:::ln'tll-JL"l!U Nitzschia spp.LL~::: Navicula 

spp.). LULit.1'1~n°l,l'tltlLLl-J~'1rjLL~:::~m.'l'tlmU1i'el( fi1iiU'Vlf, 2532) 

"'l1 n n1t~ n1i1 L~tl"J nu LL Yi~'1 fl (,l'e)lJ~'l!LL~:::LLYi~'1 fl ln'e!Uiln'l1ULL~'ll'tl'1;':l:=jY1U1 L~LLf7':l'1'-lt 

~tn(life cycle) n1ni.l~t.1mLtl~'1ri.l¼1'1 mnr.i1'1)L~ut1n n1nmu~utf t'll-J~-:in1i~1t'1;t,j(;]L~'fl 

1iX'rltj'lc?\\~~1ui'l~(;l (generation) 1uiX'tl'1D~~n1t LUt.1n1i~rn~,L~'rltJ1l-J1LUU~Uj1ULUn1t 

Vi91tru1fl':l1l-J ml-J1:::~l-Jn1ttl11uHi.li::: tu'llu1 ULL~'tl1°l,11t~il r1ru111Yi'l!'tl'1~ ni L>11'tl1 {;]'fl hl . " 



2 

I r l,r t, 

1 . L Yi'tlt'l1Jn).J LLYH:'Wl (;l'tl'W'Yi"l! LLfi:::LL w,M fl (;]ti'Wi (;]'Jtj~~'Vl fi"'l 1 n'Vl:::Lfi LCMJ1fi n1 n~ m LL1J1JLL~.m L;'tl 
• 

.. ,£ 
1Jt~'Vlfi 

• 

2. L ~'tl n,j1 r111).J L~).11:::~).J 1-wmn vn:::,mmLYlfi-:i fl (;]'tl'W'Yi"l!LLfi:::LL Ylfi-:Jfl (;l'tl'Wi {;l'J~ LLEmm 1tn -w 

t/r).11ru).11n 

3. L ~'tl~1 r111).J m).11:::~).J~r.i:::v'h LL Ylfi-:J fl (;l'tl'W~ Lim 1~).11tJ'W1J1fii(;l<J'W1 Lfi).J')EJ'fl'tl'W . 

ti 'i' .-...i ' .,.,..., 
L!l'lilJ'Vlf11"1'l1'-I~ L"1'a\J 

t, It, t,, \I 

~, n n1t14'EJi'luttfiCJfi (;11).J')(;]Cltlt:::~-:if-lvi~-:i 11 r.i :::vi 11 iX~ m-w111Y1n1tLY11:::L~EJ-:ii i;i1°-w1 
• • 

.C:. I I,, qJ' I !:,~ _., 
Lfilrtt~nr.i~fi1EJ"l!'W~WD'W n-:i mJEJ LLfi:::Ufi11'l"1l'WLU'W'tlm-:iinn 'Vl-:J'WLY1t1:::n1nfiEJ-:JL'WU"lliliJ'W d.9 • II 'I 

I i,, t,, I 

UqJ~1~in'tlzj~n1nY11:::L~EJ-:Ji(;l'J'W1')EJ'el'tl'WLLtmnvi (newly hatched larvae) '-l'Wm':::'11-:JL'LJ'W'1EJ 

t-w (post larvae ~1-'tl juvenile) ~1'El1.h-:::~1ru'rl1£J 20 ')'W - 2 L~'el'W ;-:iiir111~mn~11J1rnu-w 

'e)E]1-:J).11n~~1~run~'el'el1~1tiii,j(;l ~1n~1).111Clr.J~(;l'el1~1tiii,j(;l~i1Plrun1Ylma-i1:::~).J vi1Llli(;l . 
Ll'J ~1'Wi'l1'WLtr1i1i(;lt1n1tt'elVl(;l1EJ~-:J nr.i:::'D'JEln1tLYn:::Limi(;l'Jtl1n11ww11tl1,~'Ll1 ~'WVl'Wn1t ' 

CJ~(;l~1 rhh~-:i 'W'r.ln'-l1n~LL~')rJ-:J~:::LU'Wn1tfivimi11rumtln;r:i'W:::LL"'1:::l:l1nr1ii1'W~'Ji{;]Wn~':JEJ 

;,:i,r1J'l1~:::L'LJ'We.J"'1~i,J'el~US'Lflrl 



.. 
1. LL'W~~ni;i'ilU'W"lf 

• ~... I' -ff 1W11!1it L "11!11 LLn i.11.11 L~U 
II I 4 

fl1~i1t1;L;mum.JU1L1t.i (blue green algae) 'tltj1umiu Cyanophyta "ll'tl 

Cyanophyta ijfil'l1l.J~l.J1m-rlt.iL~tl'lnU Myxophyta LLr;iifr.ir..iuuUt1l.J~1')1 Cyanophyta innnrh 

l!nl'l 9 nttfil1fl 1,1fu1~vhu L-rlt.i Robbins 4' vi 1 ~fl1~i1uih11 L1t.iLLnl.J L;im'tltjL u Class 

Schi~ophycase miu Schizomycophyta ~~LUt.1n~l.JL~tl'lf1ULLUi-1V1Cfo J~i1LYln:::fl1~i1u 
,, 

-nUv1ilm:1-1N fl ~1~"l!'el-lU'l Lfil;tlfl 1-1i1u 1-1~-l riuU'l Lf-1;tlfl"l!'el-l LLU 1-1Yi isu 

fl 1l.J1 rn "11-l Lu L"1tL r.iur.i1 n'tl1 n1 FIL'1i' L-rlt.iL~tl'l rirnLUFIVJ isu 1 un~l.J"ll'el~'l-l'-l r 1 u L"1tL r.iu . 
' ,, ' 

L~tl'l"ll1 C1JVI 1-l@l1t.!LLU filVl L1tl~-l{ (;l L ~fl1~i1t1~u1 L1t.!LLnl.J L;m LUt.!LLU r1vi L1t1'JlUv1~c~ ... ' Lrt.Jn'"J1 
,, 

Blue-green bacteria LLv!L t.!Vl1-ll'l 9 nttfil1fl 1,1fnu~ 1-1~{ vl~1 fl1~i1t1 ;u1 L1t.iLLnl.J L;tl'l LUt.!f11~i1u 

-nuvi~il-l Vl1-l ~1u';j-n1~1~i1un{(;l L ~'tltjL umiu Cyanophyta 

,, 
1. L'll'Cli"ll'tl~fl1~i1u;tl1~t.1LLnl.JL~fltl'lLUt.1LLUU procaryotic ~'flii':lLfil~t1flhli1c.Jt!-l~~ 

LL'Cl:::il'lLfil~tlflL~L@fLLU~~'lLLUU mitosis t.1'tlnr.i1nii photosyntnetic pigments L~L~'tltjr':ll.Jnu 

LUt.!n~l.Jn'ellJL\J chromatophere LL1'im::;{(;lnt:::'-l1tl'tlUL\J cytoplasm . 
2. fl1~i1u~tl1L1t.iLLnl.JL;mVJn'llU(;l1~5'.j~u'lvi (flagella) 

3. -nUvi~Lfil~'elt.!L~'l 1@f mnri~'ell.!L~'l'-l!:LUi..!LLUU~~l.lt'el1.JLLn'W (glinding) 

4. Photosynthetic pigments iJr:::n'tlucJi''ltl chlorophyll, B-carotene LL'Cl::: biliprotein 
,:::it,calOcv4 , . 

fl'el~'lll.lvlVlfl1 fil cy fil'el c-phycocyanin LL'Cl::: c-phycocrythnen 

5. m~1r~:::~l.J LuuiJr:::LflVI 't,Jr~ui•h:i cyanophycin 
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L 6J! ~i'll'il-:i~-:i~i,3 i;i'VJ n-niivitJ,::::n'ilu1tJ~'ltiL 'lllJ'WLL~::::rn-(;l L 'lJl!'W 'W'il nr.i1 n LU'W'el-:i1-1tJ,::::n'tlu 

'll'il-:JL6Jl'rl·ifLiiiiLu,mL~'l L'lll1'Wtl'-:i~1ii1,ci'\.-ifLil'WLL~~-:i'Y'li-:i-:i1'W1'Wm::::u'l'Wn1m.Jmu'el~;ii tc;itJ 

LU'W~1,~nn~::::~ii111-nLu'W'Y'li-:i-:i1'Wt.11i1'll1viLLA~'W LL~::::1lX'Y'li-:i-:i1'W~-:in~1~1m~'\.'W~~-:i~u'lu~1 

Cushion tissue LL~:::: organs L'U'W~'l'W1h::::n'ilU~~11°1(1J'll'ilWll~iehi.n!-:iLL~::::L8l!~i'll'il'1ii;if~;'.j ., 
n,::::"1niu~i-:i LL~::::LU'W~1,~'W(;l'el (Precursor) '\.un1,~r1-:iL'J1111i1'W L'il ; J"JJ.-Ji-:Jll'ilnJ.-JUU1~ 

'llU"1 L'llU ~Ll1l'elf'eltJc;i° 

L'lll!'WtJ,::::n'iliJ~'JtJrn'vtL'lll!'W~~uteicinun~L8l!'il,'il~ ~1;;11~ ~1'elLiJ~ (esterified) LL(;l!l19 
'IJ 

' .,., 
vmhl!u1u,tJ~u LU'W~1LllL"1trnfutei'W ;~,:i sterols LL~:::: sterol esters A~11hvl~i LL~::::\.LALJ'~~ 

1'll3!u1u~1~i1u~i-:i polar LL~:::: non polar LUU'Y'l'Jn1i;im~L8l!11Ltc;i° LL(;l'el1'-l'Y'liJrn'~L'lllJU~~;-::; 

wax esters LllL"1trnfu11u LL~:::: sterols L'W~'JU'll'il..:JL'll3!U~LU'WL'Y'1~1f ij phospholipids mi::; 

glycolipids '\.uiJ'1U'W'Y'liJ polar lipids 'lli:l!11'\.~,J 7 L'W~1~i1t1'Y'l'Jn Chrysophyceae, 

Xanthophyceae, Chlorophyceae LL'l1:::: Cyanobacteria ~'l'ilU1..:J"ll'il..:J polar lipids 1mJ~w1__;:'.j 

Chlorosu!folipids LL~:::: diacylglycerol (N, N, N-trimethyl) homoserine [1] 
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'ti;t 'el~ (;l 'el J.J 

Lc,\'tl:::i;l'al-J~(,l?Jtj1u Class Bacillariophyceae ~'J'WLV1ajr.i:::'tltjLil'WL'l!~iL~tJ'li'.ln11wvii 
" I,, .... I,, .., 

m:::'-11tl"JJ?l--l L(,l'tl:::(;l?Jl-J'-l:::'Y"lll'1~ L'WU1~'11 U 1Lf1l-J LL~:::u1 ni'tltl i n"rtru:::"ll?J--l Lc,\'t}::;(;l't)l-J"l:::ii'1--lLLllll 

fi?J--l~?ltl (plankton ic )LL~ :::m 1:::~ "'nrnL Vl~--l~'tltj"ll'tl~ L'11'tl:::i;l'tll-J (benthi c) L "ll'Wll'tl'W~'W L"''tl:::i;l'tll-JJ--l 

~?J--lin"rtru:::tlr.i:::Y11.J1.l1:::iJ1ru 200 ~n~(Round. F.E,1974) . 
m ryr.iu111-n-w ~'ll-J L'Wl-J'Wt-l (2527) n~1r;i11~1V1i1u~1w:in L'11'tl:::1;J?Jl-J~cir;iutV1 t\f LU'W 

l-J1 n~ c,\'l1i1fl'l1l-J~1 ;( n 1l-J1 n 1 ULLVl~--lU1 L'Y"lt1:::Lil'WCJe.J~ l;J'l!'WUiiil-JJliJ(primary producer) L'l!~i ·t: '\I " '\I 

'tl'tl~L"''tl:::i;i?Jmfr:::n'tlll~'lmil~'tln~--li'.l in~mLU'W'tl~r11.h:::n?Jll'tlt1~'lm!un ~t~i;i~(frustule) 
" q 'II 'ii 

I;]~ 1l1:::n'tl1.J~'lmh 2 c.J1 At'tlllfl'W'tltl~V.YlLL\.l'ULL~~:::chsun 'l1i~(valve) rn..1r.hcir;iu~dju . " 
rni ~'JJ'tl--l Lc,\'el:::l;J'tll-Jll1~'llU'11i1i'tl~'Y"l1 (;)'e)t) IStl n nvl (raphe) L'11tl'-l:::i1ul-J~llfl'W?ltl l;]t~n~1--lLL~::: " . "' 

Lc,i't):;(;l'e)l-Jci'J'W L VI rui1~'11i;i1~;--l Lnc,\'-l1nt~ 1-11' (;l(lzj'el l'11'tl:::Lt,li1'W ( diatom in) ~'tlt!Jl1tlL U . " 
I t,, t,, I 1,1 

A~?J Lt'Y"l"'11~ (;] 1V1fo L'11'tl:::l;J?Jl-Jvi'tltl1.utl1,r ni1;u1(,]1"'1LLniJ LVl~'tl~ ti 'JU'Y"l'l nvi Lm:::~"'nllvlu~u 
" 

(benthic diatom) 

(Chlorophyll a, c) ,r11t1viu(carotene '3,L), L'11'tl:::Ll;]LL'l!u'Viu (diatozanthin) ,L'11'tl:::~LULL'l!UYhJ 

( diadinoxanthin), LL 6l!'W Ll;]li'Cl (xanthophyll) 'tl1'1n1~:::~mtluY1'J n'Vlu c,itl1,r'WLL'C'l:::mc,i L"ll,ru 

(~l-J'1~"'1 r.i11;]A'lf,2540) 

i(n(n1 '1-:if'lf(,]'W (2524) nm1-w11-nu"'LL"'1:::uhnru6Jl'tJ,m'Yl'i'1~fll;]'tl'WLil'W indicate 6Jl'tl~ 

1-1ru111Y1~1 L"ll'WLL'Y-1"'1-:Jfll;]'tlUYi'll'Y"l'ln 1"''tl:::i;im-J~n~ Thallassiosira sp., Coscinodiscus sp. . ' 
I 1,/ 1,1 I 

L U'WLA1-'tl--l:ii1'1XY111ll'J1 LL V1~-:iu1vii1 A'l1l-J'f_Jl?"il-l~l-l\j1CULL~1"''el:::l;]'tll-J~ f1"'1 Rhizosolenia sp.' 

Planktoneil/a sp. 

U'tln) 'Y"llJL(;)'tl:::l;]'tll-JVl'i'11tl'JlU(;)L~LLri Navicula, Nitzschia LL'i'1::: Melosira ~~'Y"lul~'Wtl1~iJ1-1r;i1~ 

L~l-l~~LL!?i 25-33 ~r;iu1u~uihu LL'i'1:::mhr;i11in"rtru:::'ll'tl~L8ll"'1i Navicula i1Vl'i'11mLllllL"llU m~ 

L1-m LL1.Jrn1'-'ilm1i:l'tll-l!Uin mfvfi'tlttl't "Jl U'i'11tl L6l!'i'1il°fo1m.11.Ju~i!--li1i'el~ LLllll r1i~ L8ll~ir.i :::i~m 
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n')1~ L 'll~Hrii;tl1l1i1"'1Vl'rN Lfil~?lU~L~ fil~'rl~ LLfi1~'l?l19?ltj L~m1 Vl1'rli1 :1-J flULi'.l'WYl'fl1ULm:::n ur c;J~ 
., ' .., 

1 U'W1Vl1l'rlLUULLc.lUtJ1~~11.!l-.J1 n Lm:::nuf c;iCJ L"llu fl'tlU~U i n~ru:::LU'WLij'il n~U~'W1(;11'Cl?l:I-J L ',I~?}~ • 
Yiu1&i'l'Yrihl 

1~:'1n1i~n~1n1iLr.i1ryL~tJLc;J"Jl'rl~ Navicula sp. L"1tlfl:1-JVltJ 1.hum~urh(2527) ~LYn::: 

Lim1u'rl1tnnVl"'11'1"1U11 Navicula sp. 1uflc;ii'il1tni Walne i:::~Ur1'l1:1-JLf1:I-J 30 ~'lu1i..nfu 
" 

i:::iur111:1-1Ltlu m"1 - c;i1~ 8.0 iimnr.i1ryL~tJL(;]~~~"1i'rl~"'1~mfi'rl ~(;]rn1vi1n'El~ Guillard 

1:::iur111mf1:1-J 20 ~riu1u~u~riu r111:1-JLi'.lu rn-'11 -c;i1~ 6.5 

S.M. Renaud (1994) 1&f~n~1r111mf11--1~1-nlun1nTI1:::Lit1~11il~'Vi'ivmi,l'ilmiL'il1ry 

L~ULc;J"ll'rl~LL'Vi'Mf1(;]'rlU'Yl-n 1umivi'11"'1'rl~fi1f~~1&ft-nLL'l"f'tMf1(;]'rlUYl-n~~ 3 -nil"1 ~'el lsochrysis sp .. 

Nannochloropsis oculata LL"'1::: Nitzschia flustulum LL"'1:::TIUJ1 Nitzschia flustulum i.i:::L"l1t7_! 

L~utc;i1u-rlri~r111:1-1Lf1:1-1~n')1~~'tl 10-35 ~riu1u~u~riiJ 

fl1Vli1tJ"llU1 "1 L~ nr.i1 n LL lH=i~fitn.J"ll1 ~1 UVl :::L"'1fl1:1-J1iC1~9::: 1-nl.~1 umvi1i,J~1 L ~?l -. ivi 
., ' 

LLV1ULL1fi1 c;i 1 un1iLi;ifo:1-J'fl1V11tiJ~TW19 "1 L"1tl 1 -nfl1vii1uvi:::L~"llt.n '1l L~ nvi;111 '-" LL'-"~ LL~'l1h..;Li'.lu • 

ihJh.11ru"ll'el~LL1fi1(1J~LL(;]nl,h~nuL-rlu Tetraselmis suecica 3.8 % lsochrysis galbana :: 7% 

Ounaliella tertiolecta 3.57 % LL'Cl::: Ch/ore/la stigmatophora 3.9 % (Fabregas. J. 3nc 

Herrero C., 1986) 

Haug Arne(1972) L~i11n1t~n~LfiutciuicimL'l"f'tMf1(;]'el'Wv1-nr.i1n Tronaheimsf ·.'Wt! 

1970 LL"'1:::-rlri~ 5 L~'tlULLrn"ll'tl~tl1971 :1-J1vi1n1i'1LAn:::tftn1-nflu1m"1i(,i, 'i:,Ji~-w. L"lllTt.i ~"'1::: 

phosphorus 'l"IU11r.i:::ih~1u,Ji:::n'elu~~1Ary"ll'rl~hh~-w. mfi:u1m"1i(,i, LL"'1:::hl!-w ,Jh .. 1ru 

.. 
'el1tl 2 l"1'tlU 

q 

d' .., d' 

2. LL vrn nf;J'e) 'U 1P1 'l 

Lfl 'W Vi 'el!Pl (Copepod) 

(Arthropoda) iu (Class) r1fflL[;]L;t1(Crustacea) '5-wiu(Order) 'i:A'Y1hJvi1 (Copepoda, 11.,! 

'5uiu"ll'tl~Lfi1~Li.J"11LLD~'el'rlnd'.lu 3 nf'i:1-J~'tl Calanoida, Cyclopoida LL"'1::: Harpacticoida :r1Y1 • 
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~1tlLLUUV11-:i,Jhu~i-:iLL~:::~1uYi''rM(Dorsalt ventrally) "1'lL1~h..11'r.mU-:i'tl'tlnLUU 3 ~'lU~'tl~'lU~'l 

'tln thu\.n-:1 l4~1"1'l"1'ltli:::nt1ulK'lt1 17 Ufltl..:J LPl~Yl'tlfnL91'1)L@l~~~ru~~n 25-30 tl..:Jf'\1 

L"li~L'fftl~ f;l'l'tl'tlU"lltl-:!U'tlLVi~tl~ (Nauplius)i! 6 i:::t1::: LP1v.ttJ~en (Copepodid) ;:J 5 1:::u:::ri'tlULUU 

"1'lL~l.J1tl(adult) L91qi L~U ti;i tc;iun11~'tlnP111u 

Kimoto and et.al. (1986) v.u~1imiru:::n11L91-'1)L~ULl1\"ll'tl'1 calanoid copepod 

Sinocalanus tenel/us (Kikuchi) L~'tl~Pl'l1l-lim{uifa:::~~1-:i~cw;ifaL~:::Pl'l1l.JL~l.Jt!u miYl'n'tl'tln 

r.i1n L"ll LL~:::n11~t,J.JU1"ll'fl'11:::t1:::ri'fluLtll.J1J1Ltlt!u1~e-i~~"li'l-:i'flru~11i1 6.6-31. 3 tl-:iP11L"li~Linu~ 
' " 

LL~::: 6.2-27.1 'fl..:Jfll1L"li~L=fo~ ml.J~1ctu L'l~1~~tl-:in11~i-:ir.i1nn1n1-:i\,i9u~-:in11i.J~tlt1L"li u1-:i 

1:::t1:::"ll'tl..:Jn1t~t,J.Ju1n1m11L~l..l;uLL~:::'e'lru~11i1~1n~-:i ,Jr.i{t1"ll'tl-:IPl'l1l.JL~l.J1ui:::t1:::L'l~1hHi cm . " 
t, II I I 

L~il'tl'W'tlCU~11n ,h-:i1:::t1:::L'l~1uuiu LUU'elLYl;t1M:::t1:::Y1 1 1m\\~mllU'W'elLYl~tlM:::t1:::vi 2 9'W . " 

n~1LYIPILi'.lt1P1'l1l.Jtl1'l"lltl'1~1(;1'l"lltl..:J S. tenel/us 'rJCU~JJi1~"1~..:JLL~:::L~l.J;'W~1~rtJLLi;i~:::i:::u::: 

[ijJ'U1 n1 mm ~UU'tlLYl~tl~ 1 Pl'l1l.J Lfil.J 12-11.'11 nn~1il e-1~ L,itl"11'W1 fn'll'el-:1 ~1 (;l'ltl n L')'W Lr\V.L Vi~ fn5 
f ""f ... ..J , ,.t , ' ., ., ... ... .,:_ .t .. ... 

LL~:::~PIYI ~Ylc;\fn 6 Vl"11U1Cn9::: ~~t1)"11U 15 % ~'WLLln~:::'l'W'elln11n11L91t1)Ll1\U ~11\9:::LYll.J"ll'WLl.J'tl~CU~JJl-l 

L~l.J~'WLL~:::Pl'l1l.JL~l.J~..:J~ 15 ptt ~'191n11tl'11'W"ll'el-:! 'i"51'fi'W1 ,(2529) L~V11n1nir.M Metacyclops 
., ' 

minutus ~'lt1m~11 Chaetoceros calcitrans L'W'W1Vl:::L~Pl'l1l.JLfil.JL'il~tl 30 ptt ~CU~JJ~ 29 

'fl'1P11L"llm;u~ YIU~1 M. minutus i1mtL91qJL~1JLl1\LUU 2 i:::u::: ~'el Nauplius ~'t!nr1nu 5-6 

P1t1u Copepodid ~'e'lnr111uJ-:iiu 5 Pl111J L"nL'l~1'c'l'flnP111utenmtu~t131'-w 19 i'1hN w"1:::Lri'tl 

' ' ., 
'tl'tl'WLUL'l'C\1 LfntlL'u~tl 31.1 'n') Ll-1'1 ct-:iuui:::t1:::L':l~1'll'el'1n11Lr.ii(1JL~1JL(,lLL~:::n1rn'Elnr1nU':l..:J'-1J 

:t,j111 (life cycle)L"DL')~1J-:iiu 91'u 12 i''ltm tl1~'ll'el..:JLPl'YiVi'tlfn~..:JLLi;i~muuf;1')9UnJ:::-vi'-:il1\1mvi1 

flU 33.6 'JU 

Susumu OHTSUKA and et.al.(1993) Vi1J~1'el1~11~U11',L'Wn1:::LYl1:::mm1'll'tl..:J 

Eucalanus bungii LULPl'ViLVi~enJ-:i 6 1:::u::: m~1t~Y11J~'el Diatom, Dinoflagellates, 

Tintinnids, Crustaceans and mineral particles 

fifn1 LL~::: ~1uuv1f (2521) 'l~vhm1Ylfn'c'l'tl..:JLYl1:::Lit1-:i LPIYiYl'tlfn 1utl1ni'Elt11J1--l'lltifn Lfntl 
,IS 

L"DLLYl'c'l.:tfll1\'tl'Wvi"ll 3 "l!tifnLU'W'el1~111Ji'LLri Tetrase/mis sp., Chaetoceros sp. LL'c'l::: Chloreilla 

sp. e-i~n1rnv1~'El'1Y11J'l1V1i-:in11lim~r;iu Tetraselmis sp. ,LL~::: Chaetoceros sp. LU'WL':1~1 
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5 'li.! 

Cho/rel/a sp. 1aJ ml-J1::~l-J~Ti~frntlum,.-,1rn'tl~ LF\Yi'Vi'tl"1J~ 2 'llil"1 

Atsushi and et. al. (1988) 'Vi1J11 Acartia tseuensis L,.-,>-11:::M.J~'ii:::H~1,.-,frnuu 

m,.-,1rn'tl~~mfo1Y1::L~ 1~vi1n1n'Vi1::Lit1~1.,ui~ 24 ~mJ1f'lnL>-1(;]1 'Vi~'tl>-11.lXilu 'lli.!1iil'1!'tl~ 
" " ' 

1.Jt:::,1mtF1YiL'Vi~in LL~:::i;ir;iL~>J'lt1'ii::L~l-Jfu L~'tlLJi'L~lJ~tl ~LLUULil~tl'lJ'rNi.!'tlL'Vi;tl~ tr1fi 

L'Vi~"1 (1-v) LL~:::i;ir;iL~lJ'3't1i11-l'l1lJ,.-,i.!1LL'\JU~~~"1LVl1flUU 374, 101 LL~:: 94 i;ir;ii;i't)~(;]1 (;]1l-J 
" ' 

A. tseuensis 1Ji''ii1nn1n'Vi'l:::Lim1.uti~H1::t1:::L'l~1~vi1n11Y1~~'tl~ 40 - 50 iu LLi;J~::n~l-J 
' 

i!ui11-1r;i 1ii LL(;]ni;i1~ ni.!~i.!'tltj riumn~lJ~tl LL~:::'tl1~"JJ'tl~1.lt::"111 m 1. uti~ i.!'tl LYi~tl ~'ii::L'ii1'1J L~u L(;] 
I I I I,, 

LUi.!1:::u ::i;ir;i L~iiiu Li'.l'tl M'l 2-.J"I! n"I! lJ'll'tl~ i;ir;i L~iiiu i;i1, ru::vii (;111 m 1m ti~~ Lri c,,;u1::~11~ ' . " 



.. a ..., • 
1. 'lHl1'ULn'LJi;J'l'el!11.:! 

171Vlt.!'1l~muLnU(;l')'t}U1'1l'Y-.1il.l 12 ~cni'l L'1ltl~mu~ 1 c;Y-.1'tltj1Jh'JruU1l.lf1fl'tl-.1~1l.l 

'a1LJl'tlU1-.1U'tl 9'1W)'1l~l-J'Vljtlnn,j .~mu~ 2 u1L'lrutl1mLl--ltl1u1-.1tl::n--1 9-.1Vl'l'1l'tl::L;-.1L'Vln 
q ' 

j::;tl'tl-.1, ~mu~ 7 U1l.lA''11l-J1l.l 9-.1Vl'l1114'l.l'V1Ul ~mu~ 8 U1l.!Lr.1::Llli'"1 9'1W)"19t.!'V1Ul ~mi'l~ 
• ' ' ' 

9 tJ1mLl-Jtl1L'lli 'a1LJl'tl"llfl-.1 9-.1Vl'l"19t.!'VlU'i_ ~'11U~ 10 'a1LJl'tlLLVlfll-J-.1'tlU 9-.1Vf')c;)i;J11'1l, ~Cl1U~ 
• q • 

a -.., I d' .QI d' -., d' 

2. nTaL n'LJ i;J'l'el!l1.:J LL vrn.:in i;J'el'U'W"li LL~~ u 'W'i.:J n i;J'el'U~ i;J'l 

Y11n1n'lunl-J(;l'J'tlu1--1r.i1n{-.1vi1c;i ~l-!V11unn11, 'il:::L;-.1LV111, "ll'€'11j~. 1:::m1-.1, 9l.l'Vl1J1' 
' 

LL'€'1:::9-.1Vf'l"1(;111"1 vhn1nf1U(;l')'tJU1-.1'1-i1-.1r.i1nu1L')nJ"J!1tlll'-.1tl1:::l-J1ru 200 Ll-Jm tl1 LUt.1UlL'lruu1 

. " " " 
"l!1mfil.!Lf1U'l-i1-.1'-l1 n ll'--1 50 Ll-J i;Jj ~')l.lU1L 'Jrutl1mLl-itl1r.i:::Lnuu1L') run'€'11'1i'tl'1U1"ll'tl-.1tl1mLl-ltl1 

LL'V'l'€'1'1fli;)'e)l.l"Jll.11"1 691l-ll-11'tll.l (Bolting cloth No. 25) l-1')1l-Jtl1')(M 70 L'llt.!~Ll-Ji;Jj vhn1rn1nlt.1 
' 

,, 
r.i1n,!t.111X'tliein:nLr.i'W LL'€'1:::L~l-J~tl " Guillard medium" "f/2" lli'l-11(;11 (ml-l~'l'W~'1ll11-1i:.J'W'ln)r,i'tl 
., ' 

tl1V1 :::L'i'l LL'€'1:::~1viht1vi'€'11 nl-!11~ml-!1 i;Jj 1 i;Jj ~'J'WLL'V'l'€'1'1 n i;J'tl'Wi i;i11,-if r:M'i'l1 n (;l'J'tlu1--1,il.!1 c;i 
' ' ,, 

100 1l-ll-1t'tl'W r111l-Jt11'ltM 100 L'll'W~Ll-Ji;Jj rnnl'WLL'W'J~-:i ti11~(;l'J'tlc.h-iu'tlt1l,X'€'11n 2 flf-i vii-.1 
q 

r.i1m!'WL~l-!~1vii1t1 lsochrysis galbana 'i'l-11tl1.h:::l-J1ru 5 ~fl~~i;Jj L~'elLU'W'tl1Vl1nL'i'l:::1i\ 

'el'eln;L9'WLU17 

..._ " d 1'"' 3. n1'abL!I n"li'Ufll"ll'el.:JLL 'W~.:J n i;J'el'U'Vl'a'l'LJ'i'l1UJ1 '11 
" ... LL 'W~-m i;J'el'l.!'W"li 

n1-ai 1n LL!I n~1vii1!1"l i'LJ~~'Vlif . 
1. Y11n1mt1nL(;lt11-ifr11U'€'1'&l1~ ULtli;i r.i1nJ'WLv11m-Jl-11U'&l'€'11~ ihtlvi 'i:c;it1tl1L'el1'V'l'€'11~ 

L '-l'tlflJLtJ vl~ih L~'tlLL~'J '&l'W 1 yJ 'V'l¥'tll-l 1-if~l-l ~U~1'Wtl'€'11tl LLVl'€'1l-J Ln'el Ltl'tlLLfl'J'fi'el'W(;l') 11Xt1 nu LUvl'el'tl n 

'\A 1-.1 1 (;l'J LL~'J ~-.1Vl'€'1'el c;i LL fl 'J'el'el n vl1 l..J ti 1 r;i,if 17 LL'€'!::;(;] (;lU '€'11 tl"ll'el-1 LL '11'1 LL fl')~ ~-.1 L m VI '1) n'l1"ll'W1 (;l"Jl'el-.1 

~1vii1 t1 L(;ltl'Vl1Vl'€'1'tl(11 LLtl'J L 1Vl'€'11t17"ll'W1 (;l L 1XLV1in:::~l..J nu"ll'W1(1J"ll'tl-J~1vii1t1 

2. Vltl(;l'el1Vf1J'LVl'&l'J 5 Vltl(;l Ul.l~L'€'1'11Vl'&ll-J 
q 
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4. 1-if ni'il-i compound microscope Lt.ln11"11'J'-lt.n~1vii1t1~~'il-Jn11r.i::LLtm-nilen 

5. r.i'iliJfl1t1 fl1Uflfl1~ ti LiJ"1 ~~'n.Jr.i nm-1~,Jfl1t1"1N1J'iL 1ruLV1U'il~1vii1u~~ra-in11r.i:: • 

LLU nLL~'J fl'ilt11"iJ..JiJfl1tl fl1Uflfl1~ ULiJ"1fl-l Lt.l'll'il-!LVIM 

fl1Ufl~1~ ULiJ"1n11LV1~"11'il-l"ll'il-lLVlfl'J'-l::fl'J1Jfll-J~'Jt1'-lnt11-i (Lewin, 1959) • • 
6. ,1-JiJ~1umtl~~1~ ilL,J"1 ~-i1.t.1ra1vi11LV1~':l~viu111~1H t~ufi'ilu1 i1-11.t.i~1~c;fvi~J..J 

1. 'W-n'il2. fi'ilu1i1-1 LL~::LiJ~ut.1vi~.l-Jr.it.1M1J 5 vi~J..J LL~ ::"11':lr.ien~n ..-if-i,j1ii~'J'ilth-i~ ~,a-i mr'iltl • 'll 'll 
... ' .:i .oC:lt, I _. QQ I 

LYltl-1 1 "Jlt.lvl L'Vl1'Wt.l'VlL1tln'J1 unigal culture 

7. ci 1 m~1vii1u~-i 1. t.l'il1Vl11L Vlfl'J LL~ ::'.U1Vl~'il 111~n~ 1Vli1U'ilt.!L ,J diu 1 ,rt uiX,a-i~,a CUV!ll 'll • 'll 

20-24 'il-!Pl1L'1!~L;tl~ 'W1'W 15 'l'W '-lt.lL~~1t.l'Jt.lL'llfliL~l-J~t.l 

8. vii-ir.i1m!t.1u1J..J1"11'Jr.ien~'Jt1nira-ir.i~'VlttM'WL111t11.-ifLLvi-iLLll'J~c.l1'Wn111hL~'aLLi'Jr.iJ..J .. . . 
1. 'WVl~'il 111LL17'J tenu";jfi aceptic technique Viti Cnfl-!Ut.l~L~ c;1LLfl::tlen~'JmLc.lt.lLLfl'JUl11~ Lflc;) "11'J'-l !11ci1 

'll 

ii~-iii~ "1'atj L fitM"llill11 L~m 

9. r.i::~,a-i'Vi1n11ci1m~ra~-i~'il1vi11trnraen1.viih'.!n1 15 'lt.1 t1nu1.-if LLVl-JLLfl'J~1hL~'aLLi'J 
... ' 

L'Wn1tci1m;,a~')tJ";jfin11 aceptic technique LLfl::u11,Jdiu1.t.1V11X'a-J'ilCUVll7~ 20-24 'a-!1'111 
• 'll 

L'lim:nu~ LL~::1.iXLL~-1~,j1-1 12 -i'J tJ..J-i hliiLL~-i 12 -i1 tJ..J-i ..-i11m-nJ..J"11'il-lLL~-i 1,500 in.f 

10. L111'a::"1'ilJ..J"Jltil111.111~~1l-J1Hl LimL '1U'W'il1Vl1:i'LL;-I 1Ji'r.i:::vi1 mni m Hu'W'a1Vl1 )'LL;~ 

.,. a . 
n1'iLUl'itlJJ'el1Vl'WLL"ll.:1 (Agar media) 

' ... .=t a .di o ...,. d , a 1 1 QQ 

n11L"11tlJ..J'il1Vl11LL"11~LV-l'il~1Vl1Un11LYl1:::L~tN~1Vl11tJ"ll'W1111L~nL"ll'W ~1VIJ'1tl~L"lltnLLnJ..J 
... 

U1 (:i'W LL~:: L111'il:::l,l'ilJ..J 

1. 'W1'-l1'WLYl1:::L~'ilL-if1'ilUL'W~'aUL~Vh(Drying oven) ~,X'il yamoto 

'il~Pl1L'll~L:nm~ 'W1'W 2 i'JLl-J~ 

' ... = 
'Yl'ilCl.JV!lll-J 180 

' 'll 

2. L"11-m.J~1'Vl:::L~~l°l'J1J..JL!ill-J 28-30 ~'J'WL'W'W\.!~'J'W 1,,X fl'J1l-lf'Elt.i bl9ltl~~U\.!L"11 L ~vh 
LLfl:::L~l-l1'WU1~'Vli(bacto-agar) 1.5% LL~:::L~l-.l~t1"11l-li"111~'J'W(i~l711-le.J'W'Jn) L~!lL~l-Jfi1f;J 

' " 't··'·':1 d 1, ,.,,., """"' L ' 1,,.;. .,. LLl-JLVl~n rrrn(magnetic stirrer) LYl'Eln'J'W Vl'J'W~:::~1t1 bl9ll91'-l~L'Yl ~171"l1'W:::"11r,wrn~mL~:::L'Yl ·fif-11~ • 
vi~~"11'il·U11"ll'W:::Ylf'ilJ..JUl91'-lnLn~m1.iXLL'W'WLL~::1-1~1t1Ln~mn-Ku~-w 1 :i''ilUL~'ilA~1t1LLN~'Wl71t1l'W . 
Jl1'llt.!::: 
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3. 1 t.imru~ ~frrn1:i'l11'el1'1.n:i' 1 t.llH'l'tli;)Ln;m L1'1t.1l11'el1Vl1nLUtJL~tN(slant agar) L ~'ti 
I t, I I 

,Qi, di 1,, 'I t,,t,., 4 .,,J .., t,., 'I 4li 
LYO.J'Yit.1Yqt.1'-I::; L"ll1t.i 1.0-1 .3 % 'J!,HH'l~~')U"Jl'el~'tl1Vl1:i'i;)~"ll'el 2. LL~::;LYl L~Vl~'tli;)Ln~mm~1CU 

1 /3 "ll'el~Vl~'el"' il i;ichLL~:::r1~1mn;mniufiuL~m!t1t1 

4. 'W1L"n1Vl,j''el~~r'l')1~iuu1U 15 u1vi ~r'l')1~it.i 15 tlt1Uc;)(;l't}l,l1n~U') 

5. r.n n-if'tl 4. L~'el r1')1~ iu"ll'tl~V1,!'tl~~~"'~~u1'elt1n~1')1~J11t1ut1n 1 lX"ll')"''el1Vl1:i' 

t1ruV1J1l1~ "'~~ 45-50 'el~ ia11 L'l!~ L;tl~ V11'tlll1"llt.1:::'tlt.1'Yi'el~'-l:::~u'lJ')"'mV11:i'LY11~ t"'mYI 1~r.i1-w . " . 
S., I t, I t, I 

L'Yi1:::L:n'elll1tl 1 t.l~ L;m;t1vitl:i'1 fll'-11m=nt1 r'1'):i'LYl~t.1Vlt.11tl:i':::~1 ru 0. 5 L 'l!i.J~L~l,l:i' L~'el LnuH~1V1fu 
• " . ., ... .. "" "" LLtlnL'l!'elU:i''llYlfi . ., ., ,, 

6. LYIL'lll'-lLL~')~~~~Htl:i':::~1ru 20 t.11vi '}t.ir.i:::LLii~~')1lXvhn1miur.i1m'Yi1::;L;'elL~'el 

ilt1~ ni.i 1 t1tl1 ~1i..iui..ichr.i1t.1L 'Yi1 :::L~t1V1t1 "'~~ui..imV11 :i'~t.1 . 

ffl'iL~1:;"11t1,t1 ~1vi·i1t1iL=iit1-;iunii.J1L~1J u-a:; L"1'el:;i;i'eUJ 

1. LnUL9l')'flr!1~r.i1n~~Vl'J(?)~i.JY1u1' u1~1L~~tl1Llil~ 1 o ~l,l:i' 1lXLLfl~LL~:::m,nnimL~t1fl1V1:ht1~ . . ,, ., 
.c::,11 0 ,c::i, 911,, 1 .... ., 

L'lltl':li.i.nJ..J'W1L~'W L'l!'e.11Vl1:i'~l,l:i' BG -11, ~"1:i' MN, LL~::;~"1:i' ASN - Ill (?)'e)::;f;l'el~L~EM(?)')tl~"1:i' 

Guillard 'Yi~'el~1lXtel1n1fll 
S., I I 1,, t, ' 

2. Vli'1r.i1ntl'l.l 2-3 'Jt.l Lij'elL"ll~itlnn,DLL~:::i1~1i.J')i.JLYl~;'W tl1~1vhn1nmm:n'elu1'~Ylfi1lXLU'W 

L"ll~il~m (i'1i'Wl,l'el'Wn1:i'A(?)LLtJn'll1V1i1t11lXu1-'llY1ir.i1n-n'el 1-1 O) L(1Jmim1'WVl~'el(11Ln~m 
' 

m~1(;1:i' 1 iJ~~~m 

3. 91 m!uci1tJ L~'el tvmn1:i'u11tlLLtl nL~'el 1 lXu1-'llYli1 umV11:r1'W . . 
4. ~__,~--,HJ11tJ1~LL'll'11~ 1500 ini ~'eJCU'\)fJJ~ 24 t1'1Pl1L"llm;tl'll d'.l'WLr.i~1 15-20 ii..i '-1:::i.Jnn,D 

LU'WLrl foi11 lXLi:i'WLU'WL6Jl~iL~tl'J 

5. i'l1n1:i'L~'elnL6Jl~iL~t.l'J'el'eln~1'lltl1tl~1'W')'W L(1JtJ~~'-l1n'\)f~'eJ(1JLn~mm~117l:i' 10 ,1~~~1,l:i' 

ci1tJ1~~~1'llfl (flask) 150 ,1~~~1,l:i' LL~')ci1tl~'1~'1J'J(1J 1 ~l,l:i' L~'eli'l1n1:i''lltl1tll1l'elL'WLl-l~'ll'W1(?) . " 
20 ~{,l:i' r.i1m!i..iL'Yi1:::'llmmLutJ~'\)f~')~L'WC1'1l~LtJ'flf'lli..11(1J 500 ~1,1:r LL~:::rn''el'1'W1L'll~~1tlLL-rl 

' ,, ., 
LL;__, L vl'fl~ Lr1:r1 :::-JV11 r1rur11Y11'1'f.11'\)f1rn1't1tl11tl L~ml 1,11"u1 l1l'el 1tl . 
n1'i~mfln1'iL~~tyL~'Ub(;l'Il'el.:I BG1 LL~:: BG2 Yif>l11m~~ 5 ~:;i'LI 

' ., 
1. HL,~iCh..J~'W 3 L"ll~il?l'El 1 n~~~l,li L~tJ--,tuiJmrnif'lll.11(?) 1 ~(;l:i' 
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., ' 
~:-; 3 -n1 n1t11~~ruvri:ii1i'tl~ 36 'tl~f'l1L'l!~L;lm~ 1iLLM 1500 ini t:-;t1:-;L'l~112 i'l UN(;l'tlflJ 

., ' ., 
3. Yi1n1n'Y'11:-;L~tl~LlJUnLn'tlfLUlJL'l~1 16 ')lJ LlJt:-;vr'i1~viYi1n1rnr;i~'tl~tl1Ln(,1'J1ijn1n:-;LV1tl 

vr1'r:l LL i~~~9:-;L~h.J~1~ r;i 1 i'Y'l'tl~nur1'l1iiL~ii~n1vrlJr;i L ') 

4. Yi1n1tfiinruvin1'lJL(;lmnui;i''l'tlU1~(;l't)~~'ltiYl?Jfo1~lJ 4 % LlJ'il'l~t:-;t1:-;L'l~1L~tl'lfllJ L(;ltl~l-J . . . 
' ., 

CV .:::irl a' t CV 0 

lJU'Vlr1'l1l-JLfll-JLL{,l~:-;t:-;"1U 3 '111 

5. Yi1n1t~mrun1t11~ni'tl~9~'VlJ'J'f'llJL(;ltlH Sedwich-Rafter 1lJ1(;lr1'l1l-J9 1 i1~~~{,IJ' . . . 
.Y 

LL flil•mvl'elUl'ti;t'l 

n1~i~LL!lnLFlV.fl'ru1l~t1~~t1t 

1. vri~91n~t'lUJ"liJ(;l'l'tlU1~ii11~ L~iiuiitr1vl'Y'l'tl"1L'Y'lf'ILiju~ij~~1'1l(egg sac) ~vii~ 
' ., 

~'tl~-if1~ l-l1L~~~LlJ91lJVl~l-J (cell well) viijtl1V1:-;L~r1'l1m~ii 30 ~'llJLlJ~lJ~'llJ vr~ii~:-; 1 (;l'l . . 
I I,, I t, t, 

;~u1V1:-;L~viHL~m9:-;~'r)'1c.J1lJ(l~nJ''tl~ 1 Lilr1ffilJ LL~:-;u11u-il1L"ft'tl • 

2. 1~~fl~'Y'l'tl"1~~1u1lJ91lJVl~l-JLL~:-;Li'tl1V11J'~'tl /sochrysis galbana ut:-;ii1ru 0.1 
QQ 6 ' 

l-J~~~{,IJ' (1.33 X 10) L"l!~~ 
I I 

3. tl1viH L~m9:-;LU~fJ'lJ'V1 n·1lJ'Y'lr'tlii 1 i'tl1Vl1J' . 
4. UlJ~nn1J'vl°n'r:l'f:ln91n1,Jc;T~LLi;lGiii,lJ[;]'l'r:l'r:l'Wvl°n'r:l'r:ln91n1"llvrl-lvi 

5. Ln'r:lLLii~rlVIL~'tlnl191nfiJ'J'l-J"l!1~Li~nvriir;i '11n1J'tl1tlL~Vl~l-J(;J'r)LU'Y'1¥'tll-lLimmJ' 
'lJ • 

I I ti I 

~'l'W~ nvi1 ~9 :-;uu~1'W'l'WLL~:-;U'W~ n-ifoii~ Lvl'tlL~m~ nvitrJf 91 n'W'r:IL'Y'l~tl~9'WL1J'W[;]'l L~l-J')t1ih'l'l~ 1 "Ji 
'lJ 'lJ 'lJ 

' ., ' 
Li rlVIL~'r:l n (;l'l LiJtlYlj'j'Y'l'l~ L '11Yl~~'r:l~if 1~ L Yi'tlt!1 LUL "n LU'W°fi'tl LLlJ~lJfi (F 1 ) . 

6. u1L'Y'lf'ILi'.JmLii~'WITT~~~1'W91lJVl~l-l~iltl1L~ii 30 ~'l'WL'W~'W~'l'W LL~:-;1~~~1tJmrn~:-; . . . 
1 (;l'l v&eiiiLi'r:11Vl1J' 

7. Ln'r) [;l'J LLii~ Lim1ifli~n LlJlL(;J~:-;LLiiL~'11n1J'U'W~n-if'r:ll-l~LLtl:'.tl1tl(;l'lLLii1~vrtiii [,l'e) 1,J 
'lJ 'lJ • 

'Yi'tl1l-J1~'W 6 LU'e:ifL,lJ(;l LL~:-;Hn~'r:l-:i camera lucida 'J1(;lJl1'Y'ILflri'Y'l'el"1LL[,l~:-;f:-;t1:-;~-:iLL[,l'W'el 

L'Y'l;tl'cl4lUO~ (;]') L&ll.Jl)tl 
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9. L~?)~c;)L~'eln1~f-1~~?)(;1~U1~vif'lc;iuvhn11Lit.J~L'U vial "ll'U1(;l 10 LLrl::: 

"llt.J1tJl1'UfiL~l-.!~11.111.11-utirnn'flf"llu1c;i 200 ~~;;"11 LL~:::Liu~L~m.fh.J1ruuit!LUL~~uh.n(;l1 20 . 
lsochrysis ga!bana 



i 

91 n n1 j~ l--1 Lil 1J ~'.l'elrl 1-.:itl 11.J5'L '.l ru-n 1m1'-.:ivi::; Lflil 1 rl l,l :::i'W'tl'tl n i-.:i LLf;l'Jl1tl -.:JVl :::Lfl4'-.:JVI') r;i 

~l--JV1ah1n1r -u:::L;-.:JLVln 'llfl1.J1 t:::tl'tl-.:J 4''1!V11.J1 LLfl:::[;111"1 1'.ll--1 12 ~rnu i-.:iLLc;!L~'tl\!l,lfl1rll--l 
' ' 11 ' 

4 - .di dC d o .,. 
2536 ci-.:in\!t11t1\! 2537 LLfl:::LCn'tl\!l--lnnr1l--! 2539 '1-.:JL"1'tl\!Yi~tt1l1f-ll.J 2539 91\!'.l\! 33 m-ath-.:i 

Yi1.J'l1 

1. LLYifl-.:Jfl[;l'tl\!Yi'll~nunl--11~r.i1n 12 ~rn-w( ~-.:JLL~en-.:i1'11m11-.:i~ 1 LLfl::: 2 ) ~12.J1rntl1 

l--11Vl "1fl'eM L Yi1:::Li m 1 '111X'el-.:JU~~n1 j 1~tl1 LLYrn-.:i rf l?l'tl\!~'ll LL'c1:::LLY1fl-.:J f1[;1'tl'Wi [;11-.,,1 n1t"lltl1tl~\!f 

(mass culture) 11Xt~ml--11CWLL1.J1.Jl--!Vll.J'.l"1 A'tlfl1V1i1t1~L;tl'.lLLnl--!'11(~u 2 -nur;i (ll1Yi~ 8-9) 

1,wei:::[;l'tll--1 6 -nur;i (111Yi~ 13-18 ) 'i:r1Y1Yi'tlc;i~1-u'.l-u 1 -nur;i (n1Yi~ 19-20) 

'Yi1.J'l1'i?i1l--!1tmYi1:::"llmt11"1'tl:::[;l'tll.J1~ 6 -nuen A'tl Navicula sp., Skeletonema sp., 

" Thal/assiosira sp., Melosira sp., Lithodesmium sp. LLfl::: Biddulphia sp.'i:r;im~t1-.:i1ur:::~u 

r1'.l1m~l--l 30 fl'.l'WLU~Ufl'.lu Fl'.l1l.JLUU nrr;i - i;i1-.:i 7.5 LLfl:::r.i1rn.Jfln1t~mnYi1.J'l1 Navicula 

sp. ihu¼1-.:i1 [;1Nnfl1-.:JYi'el-.:J'tl'tln U"11t1J-.:i~'el-.:Jif1 ir..i:::LLVlfll--1 n'J1-.:J L"1tlL'tl~tl 5.18 - 7 .68 Ll--1 rl'.i''el\! 
" 

"" Ltr1'tl'W Thallassiosira 

sp. i'.lin~ru:::LUUL"lifliL~mvi1-'tlr;i'tlnULUUL~'W'i?i1m"lifl~G.1"1Ju1r;iL~nn11-.:i'i:r;im'tl~t1 9.6 1l--lr1t'elU 

r1'.l1l--!t11'.l L'tl~tl 6 1m·1rnu 'i?i1l--!11mit1-.:i LflULU\!i'.l L~'el 1~uumvi1m ;-.:i LLfl:::mvi1nV1"1'.lLLr;ii1-if 'tl 

LLr;J n r;i1-.:inuA'tl L~'el Lim 1 umvi1n Vlfl'J'-1:::Lnu 1 ih~hJu1u LLr;i t 1 Lnu 11uwe11vi1 mi-.:i~1l--!1rn~r..i::: 

Lnu1'11.~LU'W'.i':::tJ:::L'J'iN1'W1'Wl--11n n11 1 tl Skeletonema sp. iJi rr11ru:::"ll'el-.:J L"ll'iNi~r;i'tln'WLU'WL~'W 

"'11tl 'i?i 1J-J1 rm r.itCl.J L~u Llil 1~t'J r;i L!'J Yim "li flii1"llm (r\fl'J1l--l n11-.:ivu~t1 4 .4 LJ-J flf'tl'W rl'.l1l.Jtl1'.l L'il~tl 
" " 

4.0 1ii f\f'elU 'i?i1l--111'1L~tl-.:J LnuHLilui'J L;'el 1~L'W'el1Vl1tLVlfl'J LU'Wf:::t1:::L'J"'11'W1'Wl--11n n'J1 1tl LL'tl::: 

Melosira sp. LU'W1"1'el:::[;l'ell.J~i'.lin~ru:::n'iNii1r;i'eln'WLU'WL~'W'i?i1tli'.l"llti1"1f1'J1l.Jn'J1-.:JL'U~tl 10.4 

Lilf1'.i''elti f1'.l1J-ltl1'Jl.'tl~tl 13.2 1m1t'elU 'i?i1l--11rn~r..i:::1.it1-.:iLfl1.JHLu'Wi'JL~'elL'W'el1Vl1tLVl'tl'.l LLr;ihJ 

'i?i 1a-i11ci Lit1-.:i 11uumvi1m ,i,.:i 1~ 

LLfl :::'i?i1J-111m Yi1:::"llmt1'i?i1V1i1t1~ L;m LLniitl1 C~u 2 1u1n ~-.:i'i?i1viht1~ L;tl'.l LLn2.Jtl1 L1-w 

" " ' di <> di .,S A •~ 1" rl'el BG 1 'i'l1l--111m vn:::6JJtl1tl91n91ULYi1:::L'cltl-.:JL'!l'elfo.l'W'1-.:Jn1tLYil.Ju1J-11ruLL1.J1.JilVlil'.l"1 "16JJ't.n(rl 

500 ~!?11 ~'JU BG 2 13-i"'11ii11mimL~'elLtJ91'WLYi1:::L~'elL~LLLil'i'l1ii11mLt1nL~'elLL1.J1.J unigal 

culture LtJVl'tl'el~Ln~mLL'tl:::"Jlt11t11~9'W~--:l"lltJ1(11 500 ~!,lf L~L"ll'Wfl\.! (~--:1171Y-l~ 12) LL'c1:::91nn1j 

LY-l1:::Lttl~~W.l1l--lLAil 5 1:::~u 'Yi1.J'J1~1:::~1.Jrl'.l1m~ii 30 ~'JtJ1tJ~WihW l~f,.J'tlf,.J~l?l'i'l-.:J'i?i1?1Lvi1nu 
" ' 



29.50 x 103 L"llrii "ll'fl~fu~ 12 1'f.l~fl~l-l1~r1'l1mfiii 25 ~'lu1u~uihu "ll'fl~fu~ 6 ~rn,riiil 

f-1'l1lJ~tJ1LLUU 20.52 x 10
3 

L"llrii ~~L"llriir.i:::i1t1[;111n11Lr..i1'L1JL~1JL[;l~nr;l1~r1'l1lJLf1lJ1:::~u~u~ 

1:::u:::L'lm 6 fu (~~111~~ 12 ) ~1:::~1Jf-1'l1lJLf1lJ 40 ~'lu1u~u~'lu t1[;lnn11Lr..i1't1JL~1JL[;l'Wri'flt1 

~'Wn L~'fl Llli'tl1J LfitJ1Jfl1J~1::'.~1Jr1'l1lJLfi1lJ~U1 

LLYit'Mfl[;l'fltJi1wf 1 "l!U'91 ~~Yi1Jr..i1nu1'L'lruu1,1m~t.i"ll'fl~4'~, .. 6"'L,Jn"1 =f~'f.l1~u'flri1utl1 
" ' .. .. 

i'l'e)l;1..!~l1lJ 28 'tMfll1 . " ., .. ~., .. .. 
L"l!flL"l!tli'l /sochrysis galbana LutJ'f.l1~1N1nn11LYi1::'.L~tl~ ~f"l~Yi'f.l'91 Apocyclops sp. 'Yii.J 

11 n11~ 00-Jt.!1 mnr.ilru L~1JLL,J"ll'fl~i'l'ti'flu1 utlTv1:::Lri~i1 r1'l1mfi1l-.l 30 ~'lu1 u~'W~'ltJ ~'f.lru~11i'.J . " 

28 'f.l~Pl1L"l!~L=ntii'l L'9ltljl-J~Ui~LLl,!Lf')~~'f.l'91LYifllLi1ti 1 i'l l-l'Yi'l~L'llfl'fl~ih~LLl,1~::;Yi')~l-JL'fl 9 - 14 

1u i'lLl-ltl 1 i'l l:'l1l-J1rntJ;L,JL'llL~tJ1:::l-J1ru 13-28 ~'fl~(L'il~tl 21 ~'fl~) '1l'lLilu 1 i'l fl1mrn 

t:.1;L,JL'ill~L,J~'f.l"''f.l1~iut"'t1L~fun11i:.il:'ll-J~uf f"lf~L~m Lri'f.lLil-.llX1..1il~'fl~L'li111u1u1:::u:::L'l~1 2 ,r,..i 

i'l1lJ11Clt:.J;L,li'l'fl'f.ltJ1:::tJ::: Nauplius IL~ 13-28 i'l ~i~r.i1n1'livl'mu,..i Nauplius LL~'ll11t1L'W 2 

i'lLl-J~ r.i:::il~'l~L'liLn'9lfu~n,-1f~~rt~ n11~00-JtJ1n11"JJ'eMi'l'tJ'fl'Wi'lf1fltlil1:::u::; Nauplius 61:::u::, 

Copepodid 5 1:::t1::: LL~:::Lut.ii'lL1~h-11't1(Adult) r.nm:::t1::: Nauplius I L'-ll'1.)'-l'l..!~~1:::t1::: Nauplius 

VI L"nL'l~11h:::l-.l1ru 4-5 f,..i LLi'l~OO-J'l..!111i'f.l'-l1m'::'.tl::: Copepodid I Copepodid V L"nL'J~1 

i.J1:::l-.l1ru 4-5 ,r,..i LL~::Lr..il'1.)L~1JLL,J'-l'WLU'I..! Copepodid VI ~·hii'lL1~l-.l1't1HL1m 1 ,r,..i nmf~iu 

'LJ1::'.l-J1C1..! 11-13 ')'\..! (tu~ 22-23 LLt1nnm'l:::L~t1"11~~'f.l'-l1n1'1i~OO-J'W1LU'\..! Nauplius I, 
" 

Nauplius 11, Nauplius 111, Nauplius IV, Nauplius V, LL~::: Nauplius VI H'L'l~1L'l..!n11~00-J1..!1L"1tl 

L'tl~tl 49.0, 15.1, 18.9, 20.8, 18.3, LL~::: 19.0 i'i:i ll-J~L,J1l-J~1~1J ~Tv1fun11~00-J'l..!'1r.nn 

Nauplius VI LU'\..! Copepodid I, Copepodid II, Copepodid Ill, Copepodid IV, LL~::: 

16 

Copepodid V 1-if L'J~1L'Wn11~00-J'l..!1L'1lm'tl~t115.3, 18.8, 18.0, 17.0 LL~:::18.3 i''l ll-J~ [;11l-J~1~i.J 

Yi¥'f.lmr~HL1~1~ni.J1:::l-J1ru 25.0 i'l Ll-J~ L 'Wn11L'-i}C1.)LU'Wf1l'J L~l-J')tl1::'.tl::'.'-l1n L'll'-l'W~~i'lL~l-J')tlH 

L'l~'1~Lit1-:i 9-13 'J'I..! 1~ Apocyclops sp. ~1'1..!'l'I..! 28. 90 x 104 1·
1 

'11':lL~l-Jfti Apocyc/ops sp. 

i'.h:ntiitiu1:::l-J1ru 18-28 ,fo 
' 
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Jl1'V'f\i1 7 ~1~f1t..l~L"Jlt..1 1rnm.J'W1L-.:J'W BG 2 
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' 111Vili 1 o n1jL'Vi1::"llmt1~1'"i1t1~1t1~Ufi BG 1 LL~:: BG 21utlhJ1i;Jj 20 ~i;ij • 

.,j 
ll1Vi'Vl 11 n1nvn::"llt11t1~1'"i1t1~1t1~u€ BG 1 LL~:: BG 2 LLUUJ.J\UJ'.l~1uff.:i 500 ~m 
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1 ;~t·i 1 3 7 3 5 5 
/4t ·3 
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tP 

::z: 
,. 

.,J ... 'l . .J J' ... .c 
ll1YiVI 13 LL~(;).:l'!Uf;i'ltl.:1 l'lti::l'ltltl Nav,cula sp.VILLtJnL'!tlUf~Vlfi • • 

.=iii I t, r 
ll1YlYl 14 LL~ c;i..:i-nu.c;i"ll'il..:l Lc;i'fl~f;l'fll-J Skeletonema sp. V\LLU m=n'flu1~Vlfi 
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I I t., r 

Jl1Y'lYl 15 LL~ !?l..:J"lli'.l!?l"l!'el..:JL(Ml:::rwe1ii Thallassiosira sp. Yl LLtlnL;'elu1~Vlfi 
q 

I I t., r 
A \.1 .Q aJIAA 

Jl1~YI 16 LL~(?WJl'W"1"11'el--1 L!?l'el:::[?l'el:1-J Me/osira sp. YILLtJnL"ll'el'LJ:i'~Vlfi q 
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' 
ll1l'IY1 19 LL~lil~ll1l'ILflril'l'tllil Apocyclops sp. L'ViP1~1'fl~i'lL~t11't1 

" 

I 

111Y1vi 20 LL~~NJl1l'ILrl'Vi'Vi!l~ Apocyclops sp. mP1Lilt1'1J'fl~i'lL~i6t1 



29 

n1Vi� 21 LL�!,1-31)1Vifi'NL'D(egg sac) 'l'tl-3tfilvifi'tl!,1 Apocyclops sp. 



A 

C 

.,. 
A : '1.!'elL'V'l~tl~ I 

.,. 
D : '1.!'elL'V'l~tl~ IV 

0.10mm A 

0.10 nun B 

_0.10111111 C,D 

B : '1.!'elL'V'l;tl~ II 

E : '1.!'elL'V'l;tl~ V 

30 

B 

D 

... 
C: 'l.!'elL'V'l~tl~ Ill 

..i::;il CV Q' CV 

F : 'l.!'elL'V'l~tl~ VI (mL(;ll-J'Jtl) 



C 

E 

A : Lrl~LU~t?l I 

D : Lrl~LU~t?l IV 

i 

j 

0.I0mmA 

0.20mm B,C 

0.20mm D 

0.20 mm E 

0.20mmF 

B: tr1~'i:u~t?1 11 

E: Lrl~LU~t?l V 

31 

B 

D 

o'f'-
F i 

C : tr1~hJ~t?1 111 

F : Lrl~LU~(;) VI (~':lLl~h6ri) 



I ... ... I 

~1~i1t1"ll'\.!1f;lL~n (microalgae) Yitl12-.11Hl1Jn11'Vl"1~'El..:ifilf..:iil r.ii;i,J..:im.nmrJ'Elr.i:::L;'Eln 
• • 

"llil"1LL~:::L'Jl~i"ll'El..:i~1~i1u~iir1'l1i.ir1..:i'Vlui;i'El~J11'l:::LL'l"1i'Eli.1'1.ui'El..:itl~~n11 L~'tl..:ir.i1nu·N'JIU"1 
' ,, ' 

il rl'l12J'eJ'tl'\.!LL'tl hJ rl..:!'Vl'\.!LL~:::ili'5i;i'tlUL '\.!"ll'l..:i1::;u:::L 'l~ 1~il..:i L vl1l!unr.i::;i;i1u ;,.:i 1,J L ~i.11::;~i.i nui f;]') 
'II 

,, ' ,, 
u1finum~11iimi;i L"l!'\.! Tetraselmis sp., Chaetoceros sp. mi.11::;~1~frn;u,.:i~nn..:iLL~:::~n 

'II • 'II 

tl~1ft1'eJ'tl'\.!L~ ~'l'\.! Ch/ore/la sp. 1,Jmi.11::;~1~fuLil'\.!m~11tr1vh'i'tl"1 \fi"11 LL~:; ti1l!'\.!"1f, ... 
,, ' ' 

2521 )LL~:::r;i'l'tlU1..:!~1~i1uiqL;jtl'lLLmJU1L~'\.!'-l1n'Jl1t1ll'..:i'Vl:::L~Yi1'l1J1'll-J'-l1n~..:iwr"1~i.JV111.l11n11 
• 

s, ., ' 

LL~:::r.i1mn1:::Llli'"1 ~..:!W)"1~'\.!Vl1J1 r.i1n\i..:i;u 12 ~milvi~ntt'l ~1'\.!'l'\.! 2-nili;i 2J1Vlf;l~'tl..:!"1n11 
• 'II 

Lr-i1ryL~1JLf;J~fl'l1lJLfllJ 5 1:::i1J ~'tl 20, 25, 30 35 LL~:: 40 £q'J'\.!L'\.!~'\.! Yl1J')1~rl'l12JLfli.J 35 £q'J'\.! 

L'\.!~'\.!£q'J'\.! L'Jl~iil"ll'\.!1"1rl'l12Jtl1'lL'il~mvl1n1J 12.6 Ll-Jrlffi'\.! ~ri1i..:i"llt11tl 200 LV11 Yl1J')1 L'Jl~i 

r.i:::i'.J"ll'\.!1"1fl'l1i.Jtl1'lL'il~t1i.11nntJ1~1:::~rn•1'l1i.1Litli.1i;i1..:i 1 LL~:::Yl1JtJ1~1:::i1Jr1'l1i.JL~i.1 30 t,'l'\.!L'\.! 
II I I,, I 

~'\.! L'l!~i"ll'tl..:i~1~i1ur.i:::iuLL~:::~1n..:i'ElLi'.l'ElLiu..:iLi'.lu1:::u:::L'l~1t11'l'\.!1'\.!i.J1nntJ1 15 iru;..:i~1mi;i • 
I II I I,, I I 

'El1'-l L il,a..:i2-11r.i1 n ri'l12-1 Lf12J"ll'il..:iu1 L ~2J;u~1'a'll1"1fi1 i;im~11Yi~1 LiJu;..:ir.i :::iA',a..:iii n11~mi1 i;l,a 1tl • 

'l.ufhutl 

r.i1nn11Pintt11c;i,a::;i;i,a2Ji!u'l.u,a1~1mi-:i'li;i,a::;i;i,a2-1u'1..:i-nUi;i1,J~1inrnLr.i1t1JL~1Jti;i1~u 

'tl1~11LLi..:!LL(;]1J1-:J"l!V.c;i~1i.11rn~r.i::;Lr.i1ryL~1JLf;JL'\.!'tl1~11L~~'lL~~ 1i;i,a::;i;i,a2-1 Navicula sp. 
! II t,, _..s, 

vi1n1n;t1..:iLU'\.!,r'lL;'a1J1~Vlfil!miliJLLYl~..:!flf;J'a'\.!'ll'\.!1"1L~n LU'\.!L"1'tl:::i;i,a2J"l!V."1 pennate diatom • 

i'.Jinttru:::r1~1t1n1Jn11Pintt1"ll'tNRound(1977) ~rnhJ'J1L"ll~i"ll'tl..:! Navicula sp.tl1:::n'tl1JrJl'lt1 

~1 2 ~1 'elU~'ltlflU~..:iiiinttru:::~lJ2J1f;J1Lrl~'tl'\.!~\~M:; "l!'tl1J'tlUnlJfl'\.!LU'\.!m'llJ Ln1:::~c;inu 
'II 'II • 

•fo~mij'tl'\.!f71Jn11Pintt1"ll'tl-:J ~2JJ7Yl ~'WYJ~'lnru(2525) ~..:!l'l1J'J1 tjE}_vicula sp. 'l!'tl1J'tltjL~m7 
,,., ,, 

~1,a,arh'll-117'\.! 'i:c;iu2-11mJnLn1:::'tlrii;i12J1'~i;i ~12J11m;t1-:iLn1JL~i..:i'l.um~11LL-;i..:iu~::;m~11m~'l 
'II 'II • 

' ., 
mil,auriun11Pintt1'll'tl..:! ~2JJ7Yl i..:i~J71 ( 2534 ) ;-:i1~vi1n11~ntt1n1mum;'tlLL~:::n11vi1'1.i • • 

_.. I t, t, 

u1~Vlfi ~1~fu Navicula sp. L'Vi'tlL'DLU'\.!'tl1~1j')tJ'e)'e)'\.!'l!'u-:J~'elmth~,a i.~vhmn~u-:i Navicula 
• 

sp. u1~V1'tuu~1inm;..:iiimnr.ilryL~1JL1;J~ £q'J'l.!Ltn'e1:::i;i'tllJ Melosira sp. iiinttru:::r1i1uriu 

'll'eM ic;ii;n 'l..:!Plf1'lu (2542)~mh'l')1inttru:::"Jl'e1-:J Melosira sp.Ltnmhu'l.~ajLL~'Jr.i:::iiitlt1-:i 

n~l-1 nJhl ~1'e1'V1Nm:::uan L'l!~i~rni;l'tlri'l.!LUUL~'l.!i;JN~..:i£q,;iu1~nhJnr.i:::vmi;i12-1ulL1ru'!l1t1~-:i ., 

L"1'tl:::i;i,a2-1 Thallassiosira sp. ilinttru:::L'l!~i~i;l,anmumiu~1u~1miu'l.~~tl1:::n'e11JrJhu 

chitin ~1'e1 chitan(i"1"11 'J-lfllfi;iu, 2542) L"ll~iiipJ¼1-1n~2Jrl~1tlflU'-l1'WLLU'W1 ~'J"1~1tl1J'U~1 



; 

l 
j 
l 
I 
I 

J 

33 

" LU'U"!"1L~n1 ~1J1(;11i'lLjtl-:JnULUUff'li'.i LLi'l:::L"1tl:::(;ltll-J Biddu/phia sp.fl'JlJL'Vlt11LL~'lL'll~i~dl 

inttru:::LUUL'll~iL~m1 (Hasle and Syvertsen, 1997) L"1'tl:::(;ltll-J Skeletonema sp. ~Vl1n1t 

~ntt1'Vi1J11i'.in1tL~°10JL~1Jt(;lt1th-:in"1Lj'l milt1un1Jn11~ntt1"1ltM 'ViU~U 'Vi1U"llfl"llLL~:::Flru::: " . 
(2538) L~V11n1nim Skeletonema sp. IA''lti'tl1'V111fl(;lj Guillard " F/2" ~1U'JUL'lli-lii'.imi.J1ru .. 

' " .IICllt. ,4 I CJ 

L 'Vil-J"llU'tltl1'11'l i;)Ln 

1un1i~mi1jtl-:in11L'Vi1:::Lit1--1LL'Vi~--1n(;ltltJii;i1'L~'tlH'~1t-1fun11'aiJ1J1~i(;l1'tl11'u'titlu . 

' ' ' 
~1i.J1 rnt-11"1lu1 (;l"ll'fl--l'tl1'Vl11L fit1 L'J'e1U1J1i'li'l m.li-11 n:::f--11'rn1'e1UL~ ~--1i'.i C-JVJ~u 1 r.iY1r.i:::i!i'uF111 ~ntt1 . " " 
.. .-r .,J - ..r .,J ., ..r 
Cl-:Juqj'Vl1VILn(;l"lltJLnmnrn•1'l1l-JL'Vll-l1:::~l-l"Jltl--ltl1'V111"1lU (Masanori Doi and et.al. , 1997) r.nn 

n1H'Vi1:::Lim Apocyclops sp.Yi1J111.h-:::~1JFl'l1l-l~1Llr.ii:::i1Jt-1~--1Lti'tl-:ir.i1n11~l-J1rnLim1u 

*'a-1u~lliiri11'lcJ\'Ltlu1:::t1:::L'l~1i.J1nn11 3 ti LL~tr1~'Vit1"1n~l-J cyclopoid l!ui'.iif'aL~tlPl'a'-l:::hi 

u~ 'tltl'Vi'J-1 'l ,i~--1vh H1.,J~1l-J11Cl~'-l:::LLtl n 'l "li~LLl-iliuifu~'tltl'el'tl nl-l 111A' <u::i!U~fi n 1J''Vl~'1~'-l :;tl1iJ'tl . 
L'Vi;t1~'luHi.~r--i'tln1rn1'el-lLLt1nl'i'tlLL,Jliuifn1Ju'tJL'Vi;tlfl'tl'elnr.i1nnu~-:i Stottrup, J.P. and et.al • 

S., I S, t,, 

(1985) L~V11mn;m Acartia tonsa ;,:i'l~\;m1u*'el--1Unlliin111~innwh 70 !'W 'i:i;im;tl-'JLU 

5--1 200-450 ~(;It LL~:::1i Rhodomonas baltica ;-:iH"i:1-1Yi'Yl'tl(;liifl'J1l-J'Vl'W1LLiJ'W 50 LL~::: 100 

i'J/~(;IJ' r.i1nl!UV11n1tLn1JL"llVln'JUL'u~tli'lLiiur.i:;1w:Ji 25 YltM/itJl1''W • 
' ., " 

1:::1J1JVlL"nL~U'1L'Wn1rnc;i~'e)-:JUU-:JL,J~'Vi'tl~'tl'1iin1nlfouni:::1J1Jn1J'rli;)LLUrn':;'Vl11'1Vi'el • 

LL1J1Jn1in~1'-i:::i'.i1,1:::n?l'W~-.lU'Wnl-ll-l1n1JLfl'Vi'Vl'ell?l~rn''el'1;-:ir.i1nmi~mi1"ll'el-'l Zhang, O.and • 
" 1., ""' 'i' ""' ' 'I ., .I"".-Uhlig, G.( 1993) "1L'Yl1::Lf'IU·hf1'Vi'Yl'el"1n~l-l harpacticoid ; Tisbe holothuriae 1.l'Vl'el--lu!]l.l(;l 

" n11i.J1ii1nwh 20 ti 'i:c;im~m1ut:::1J1JU"1LL~:::1:::1Jrnuc;i L"1UL'!Xmt-11t Dunaliella tertiolecta, 

Skeletonema costatum Yl1J11L'W1::1Jrnuc;ii'.ii(;lnn11(;11t1~1n11 20 %LL(W•nnn1n'Vl1:::Jt.1-.l 

Apocyclops sp. 'i:i;iu1* lsochrysis galbana LU'W'el1'Vl1t'Yl1J11i'ii"1nf1'J1l-JVl'W1LL"l.!'W~1f1'Jti'i 
' ' ., 

n11Vl i;i ~'e)-'J 1 U'el1'Vl11"11Uf;l~'WL ~'el 1 * i:J i:J (;l ~;ULL~ fl') 1'-l :::f\1 U-'l ~'1flruf11 VI 1-'J 'el1V!11'1l'el'1 'i:rivh'i'tl"' • ' ., ., 
vir.i:::tl1LUL;miwr-w11't1'el'el'W~')U 

" ., ' 
r.i 1 n mrtl 1 L~'W'el-if 'ell-l~'ll'el-:Jnt1--11u<u~1Juu-iii-if 'el1J n'Yl i'el-i L'W'n'W(,l'eltm 11V1 c;i~'el-:JVJr.i:::~tl-i 

" 
V11L~l-JL~l-J;n'Vl~1t1Ut:::mi ~'1L~'Wfl'J111L*i'imt'J1'1LLi:J'l.in11Vl(;l~'t)-'J(9l't)LU;n LL~:::iin11tl1~n~ 

Lif1ii11.lfuuNmtV1f;l~'el-:JL\Jd-'tl--1n11':jL1-1n:::i1-1'J1l-JLLU1U1'llJ (Analysis of variance-ANOVA) . 
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Pl'l1).JL~tJ~i;JT~ LllitJULVltlULt.lLLi;i~:::,"1n1r'VJc;'l~t}~ (treatment) vr~~ia~i'l'tlU1~~tJn).J1U1:::n'tlU 

L~'tl,,:::L~L~t.1~1~a~,,:::cinHfLilt.ii'l-ri'lt1Lt.in11ic;i~uhLL~"1~LL~:::m..lrn~ L~?1tiX~1u14'ui'.itli::: 
" 

~'Vlfill1Yi~~fu 0ntti;i, 2540) 
" 



,, 
°flr,n LTI"l!Tl..lru LLfl::: j1iJuc;if 'tll,ll,l1lJ'Wl1.2521. n11'Vlvlfl'el-.:JL~t!"Lf'lf4'Vitlc;]U1-.:J".0Ui;J. 11U-.:J1lJCJ~. 

mrulju~..:i1lJ'Vl1-.:J';)"ll1 n11. t'l milur:::l..J..:i4'..:iwr c;Jt'l..:J"11fl1. m'l..lUT:::l-.1..:i. 438 lJ. 

.. ' ""' ""' tJ 1 .!; ."1 .f .. ., fi1lJlJ'Vl1 fl-.:Jvt::: ~nT'J1rnJ. 2532. L'Vll-llJRU1-.:J r:::mi lJn11LTI1:::Lfl£Mvtt:imu1ll'el. f'llJtll'ijij.JlJ1 
" ' 

u1:::l..1..:JV1:::Lflll'..:i1,1:::1'ut:it:in, nt:i..:iu1:::l..l-.:J'Vl:::Lfl, n1l..lU1:::l..l..:i. 17 WW1. 

~lJ~lJ TI1il"ll~"11 , l..J1';)'Vlu 'af'l')t:i11'u LLfl:::trrif1,1tl" l-.1:::LR 2538. n11LTI1:::L~tl..:lt'lLn~Ll,IU;.J_J 
I II I,, 1 

LLU1Jl..1Vll..J')fl. L'elnt'l11';)"J11n11 'tlUUvi 13/2538. fHl11JlJ';)4'tJn11LTI1:::L;tJ..:ii1,1tfu1-n1tJrl..:i 
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ll1flt:JU'ln 

... - ., .. f;'l1rt.:l'VI 2 \11Jl'l'!l1,..1i"!l'il.:ln'il'i1'lfl ( Guillard Medium ) ,-.7-a " f I 2 • .. 
n. \11'111::111!1 ~'lu-vl 1 

L'llL~tll.JL'WLf;ltf;I ( NaNO3 ) 

L{;lL'llL~tll.J~'rl~L~f;I ( Na2HPO4.H2O ) 

L~'rl'ir'lr'lfi'rlhi ( FeCL3 ) 

L'llL~t1l.Jii~Y1L'rl ( Na2EDTA ) 
... ... cl 
'J f;l1l.J'W lJ-1 

~i;i1i1u u-12 

LlJL'illi'W ( Biotin ) 
,., ' 

L~l.JlA1 mfo"'l'Wr'ltlJ 

r'l'ilULU'ilfi'fiL~f;I ( CuSO4.5H2O ) 

;~~ifiL~f;I ( ZnSO4 ) 

L"llL~tll.JLl.J~lJL{;lVl ( Na2MoO4.2Hp 

(n1L<nLL'ill.JLl.JLilt1l.JLl.J~lJL{;lVl- (NH4) 6MoO24.4Hp LLVl'W) 

LLl.J~n1il~r'lfi'ilh"1 ( MnCl2.4H2O ) 

Lr'llJ'ilfiVll-lfi'rlhi ( CoCL2.6Hp ) 
,., ' 

L~l.Jtl1mh.1r.iu1-11u 

,, ' 
L~l.J'W1ni'W"'l'\.lr'l1lJ 

......... 
'lfiLf;'l'ltl J.J'il1,..1'l 

42.074 nfl-1 

3.0 nfl-1 

1.45 nfl.J 

5.0 nfl.J 

0.2 nfl-1 

0.001 i1fi~nfl-l 

0.05 i1fi~nfl-l 

1 ~f;lj 

1.96 nfo 

4.40 nfl.J 

1.26 nfl.J 

6.43 nfl-l 

36.0 nfii 

2.0 nfl-l 

1 ~f;lj 

u1~11fi::;fi1mhu~ 1 LLfi::;~'J'W~3 l.J1'ilt.h-:ifi::; 2 ilfi~~lrlt LLfi::;~11fi::;fi1mhu~ 2 l-11 
,, ' 

1 n~~~i;i:r L~ii~--11.-wu1vi:-;L~Vlm'cl--1LL~" 1 ~i;i:r 



J 

c;i1'l'l~vl 3 119l'l'i11,..1'i"il'il~ "Sato medium" .. 
' 

L~tlLtl1L')~1~11J"lltl1tl~1~11tl"llU11'1Lim-rlu ~1~i1t1~L;im,~1~i1t1~U1i;t1~ LL~::; 

Lv'ltl:::IMl l-J LL UUlli'l-J 1 n.ll-J~l-J'l~ 

L'llL;;tll-JLULv11!,1 ( NaNO3 ) 

Lv'IL'l!L;;tll-J~tl~L~vl ( Na2HPO4.HP ) 

L~t11'r1r1~tlL1i ( FeCL3 ) 

L'l!LOOt1l-JL2-Jv11;;mv1 ( Na2SiO39H2O ) 

100 nfl-l 

10 nfl-l 

. 2.5 nfiJ 

5 nfl-l 

500 ;v11 

..,j ..aloio,J' I ~- r ... 
(;11'l'l~'VI 4 119li''il1,..1'i'VI L"JiLi1!1~111,..fi!l11L1l!l'ULni.iu1L~U .. 

"" 
lli'l-l 1 vi 1 ( n f iJ/; vi 1) 

~11Lr11-J 
~vl1 BG~11 ~f;l1MN ~vl1 ASN-11I 
" " 

NaCl - - 25 

MgCl2. 6H2O - - 2 

KCI - - 0.5 

NaNO3 1.5 0.75 0.75 

K2HPO4. 3Hp 0.04 0.02 0.02 

MgSO4. 7H2O 0.075 0.038 3.5 

CaCl2 . 2H2O 0.036 0.018 0.5 

Citric acid 0.006 0.003 0.003 

Ferric Ammonium Citrate 0.006 0.003 .003 

EDT A (Na2Mg sa1t) 0.001 0.005 0.0005 

Trace metal solution 1 ml/I 1 ml/I 1 ml/I 

Na2CO3 
0.02 0.02 0.02 

Sea water - 750 ml -

Deionized water 1,000 ml 250 ml 1,000 ml 

pH after autoclaving and cooling 7.4 8.3 7.5 

38 
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j 

U11'i1~vl 5 flUl'1'el1'V11'iLL'ft~Ltl'im'elfl 'el1n11( protease agar) .. 

fah~L'r.l~ LthJtvn.i ( protease peptone) 

uuM11 "Guillard' ~,;iu~ 1 . " 
uu~i;i1 "Guillard' ~,;iu~ 2 . " 
uu~i;i1 "Guillard' ~,;iu~ 3 . " 
,, 
U 1 'Vl::; Lfl fi 11l-J"ll 1 

39 

13-15 n½'ii 
1 n½'ii 
2 - --l-Jflflfli;]j 

1 - --l-Jflflfl(;l1 

2 i1fl~~(;l1 

1 imi,i 

1 ~(;11 
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