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'I'f~~ b'Vl'l'l1I'1'U ~ l'llMl1 i ~ tJl:w'IJ~:W ~1'll fl:lJl ~ bb~:;1~1'IJ'Vl'U €l ~Vl'U'U fl1 ~1 ~tJ1il1 fl b~'U-:J'IJ'lb~:IJl ru bb~'U~'U 
'I 'I 'I" " 

'lh~~ltJ'l'lJ'th~lJlru 2555 fI ru:; m~tJ'lJ€l'lJ€l'IJflru Vl'l.htJuru'lllfll~~'lfl~l:WYi bi'l~'Vll'lb~€l fl€l'l b~€ltJ'VlTIfll ~ 
'U 'I QJ 'I 

fl€l'll1'W b~€l Vltl"WUqJ'lllfll~'VlVll~~(9lJ'U1 i1lfll'll11'VltJli'l1~1'11'V11'l'Vl~ b~ fI ru~1'V1tJ1 i'l1~1'11 bb~~ b {f1VlthYi'lJ€l'l 

~tlli:il ~tJl'V1 tJ1i'l1~1'11'Vl1'l'VI~ b~ bb~ ~ i'l'UfltJ flU~1'1 bfl1~~.a''l ~tllu'Ul~tJ'VI1'WtJl m'Vl1'l~11 lilVl1 ~'l mru" ::r , 

:WVll1'V1tJl~tJ vh~fll~m1'IJm~'Ubb~~B1'UJ tJfll1:w~~w.lfl1'Um J'Vh'll'Ul~tJ1'U~'U~ bb~~~€l'ltJD'lJl1fll~ 

.. 
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L;hJil1tl~1'lU.'Ym'l n~tltl'r;'(jl'UlJ1mhltlU Lfl1~ u.wll'UVll-i 
\J 
Lfl1~ LL?llJ(;11'm~~ Lfl1~~i'l lJ11?11'U'U1~~ 

L~lJmVl1':iL~tJ'IL~tl?l~':i fi20 +Si LL~~L~tJ'I11t'U?I.fll'V'l~ij~mlJVl.fliJ 25 eNPllL'(jm~m'l .flltJl~flJllJLilJu.?I'I 
" , \J 

'l.b~lJ1W 30 1lJlf1':illJ~/(Pll':il'lLlJ(fl':if.l'UlVi 'li1'1?111'l:'li1'1ij~ 12:12 .a-11lJ'I L~tllVf?llVl~ltJ'U'Ul~L~m~lJ 
~1'U1'U~'U '<iJ In'!mt'h fl1':ir1~ LLtJ nL'1f~~?llVl~l tJ'U'Ul ~ L~n!}btJ L V1f1UflVl~tl~ LLfhLl~1tJ LLVl~lJlJ1 L~tJ'I LL~~'UtJ1tJ 
tJ~lJ1m'<iJ'U?lllJ1':im~tJ'ILU'U monoclonaL cuLture 1~ 5 '(ju~ 'lb~ntl'lJ~1tJ1'1ftJ11'ULL'lJflViL~tJ 1 '(jU~ Atl 

~ 

Trichodesmium sp. LL~~1~tl~(fltllJ 4 '(ju~ 1~LLri Choetoceros sp. Amphora sp. 1 Amphora sp. 2 

LL~~ Pleurasigmo sp. fl1':i~f1'I.'ne)mlfl1':iL~ul(fl'lJtl'l?llVl~ltJ'lJ'Ul~L~n 3 '(ju~ Atl Oscillotorio sp. . " , 
Choetoceros sp. LL~~ Amphora sp. 1 V1L~tJ'I~1tJmVll':i~(fl':i fi20 + 6ll~LfI(fl V1'elWVl.t;]:U 28-29 tl'l1'11 

L'1f~b~tJ?I ij~lJ'l.b~~V1~fl1':iL~ul(fl (specific growth rate) 0.99 ~tll'U 0.61 ~tll'U LL~~ 0.45 ~€ll'U 
mlJ~l~U ~tJLL'lJUfl1':iL~ul(fl'lJtl'l?llVl~ltJ'lJ'U1~L~f1'Vlf1'lJU~ij':i~tJ~'\.J-ruil1 (Lag phase) 2 l'U (flllJ~1tJ':iMI~ 

fl1':iL~ul(flLL'lJULBf1'1f'1'\.JL'U'U~tJ~ (Log or exponentiaL phase) tJ':i~lJ1W 5-6 l'U ~'1Lil~1~tJ~ stationary 

phase. 

Abstract 

MicroaLgaL samples were coLlected from water column around Rad IsLand (Samaesarn 

Islands and Sicahang Island. Water samplers containing microaLgae or phytoplankton were 
2 

enriched with f/20+Si SW-medium with 12:12 hr. light: dark cycle of 30 J..lM/m Is to allow 

microalgae to grow and increase their density. When the density of microalgae increased, 

isolated celL with micropipette technique and transferred to new medium. Repeated 

subculture and increased culture volume until the monoclonal cuLtures of were established. 

These cuLtures included a species of cyanobacteria namely Trichodesmium sp., and four 

species of diatoms; Choetoceros sp. Amphora sp. 1 Amphora sp. 2 and Pleurosigmo sp. 

Growth study of the first three species reveaLed the specific growth rates of 0.99, 0.61 and 

0.45 da/, respectively. ALL three species of microalgae established 2 days of lag phase 

followed by 5 to 6 days of log or exponential phase before entering stationary growth 

phase. 

Keywords: microalgae, isolation, culture, Samaesarn islands, Sichang island, growth rate 



,. 


n(11~f1TjlJ'lb:; n1P1 

tJ'Vl r11'l tl elm .,~n1vm 
tJ'Vlr1l'ltlelm~le1.:Jf1'l~ 

... d 
~l'jtJq)L'jel.:J 

~1'jUq)(111'jl.:J 

~l'jUq)JlTW 

tJ'Vl'L11 
.d.d i.I 

n1'j'VltJ'VlTU1'j'jrum'jlJ'Vlbmn'1Jel-:J 

i5f11'jP1f1~1 

~~f11'jP1n~l 

~'jU Lb~:;ivl'jru~~, 
Leln~l'je)l-:J~-:J 

u'j:;-wluni:il'tJ 

"'WUl 

f1 

1 

2 

5 

6 

14 

15 

16 

I 
U3'1J11\j 

Ul"fI~li}rn' (')15" 0 5 

'1~ Ift811, U 11' 'W . ~ . 06 



"VI'U1 

(9ll'n~~ 1 ,tfhJ1ruh.h~'U hi:u'U fll'flulm(rl'J(9lbb~~b()1 d'eJtJ~:;'lJeJ,nhvl'unbb'\~'1) 1'Ui;nVI~ltJ'lJ'Ul(rlb~n 2 


m'Jl'1~ 2 'lJ~mruh.h~'U fl1f(u lm(rl'J(9lbb~:;1'lJ:U'U1'U1(rl€J~(9leJ:W6'ln~ Choetoceros 2 'll'U(rl
, 3 


m'Jl'1~ 3 mmrul'lJ:U'U (~eJtJ~:;'lJeJ,nhv'lt:lmb~'1'lJ'Jli"1\llm()l) bb~~m~l'1J:U'U EPA bb~:; DHA 4 


(~tltJ~:;'lJtl'lm~l'1J:U'U'JJ:W) 1'U Choetoceros muelleri 10 6'lltJoW'U5, 

m'Jl'1~ 4 U\l~tJ~'1bbJ(rl~eJ:WU1'1'lJ'J:;fl1'JU~bJrubm~ bb'J~bb~:; bfl1:;~i'l 7 




'" 'VI'U1 

'U1bJDJbfl'UI'i":mcil'l'lJltJ~'lbm~am1 f31b.f1B~~~'U bbfl~bfl1~~i.:] f31b.f1mm~~i.:] ~.:]vr'j'~ 6 

'lJfl'U~, 
1U~ 2 1'1lml'Ubb'Uf1Vib~tJ Trichodesmium sp. 8 
" .,j

1UVI 3 'lJiJ~'lJB'l1~B~ ~ BlJ~ bbtJfl bbfl ~ b'Yn~ b~tJ':]1~ 9 
" .,j

1UVI 4 m1b~'Ul~'lJB':]1'1lm1'Ubb'Uf1Vi b~tJ Trichodesmium sp. ~~ru'VIJJlJ 28. 9±1.2 B..'l1"1l 11 
" 

b'1lflb"litJ(I 

fl11b&1'Ul~'lJB.:]1~B~~BlJ Choetoceros sp. ~Bru'VI.f1lJ 22.0 B..'lPllb'1li;U"litJ(I 12 , " 
fl11b~'Ul~'lJB..'l1~B~~BlJ Amphora sp. ~~ru'VIJJlJ 28.9±1.2 B':]Pllb'1lrlb"litJ(I 13 
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'U'VI'U1 

'J~uuikJf'l'Vll'l'Vl~bfl1'tJb'IJ l'1~tl'tJ11'ltJ bQ'I"ll~ b'IJ l'lB'tJl(?Hbtl61lVJfl bU'tJ'U~ nru~tJmJ1'U n'tJl1 lJ Ad 111 

VifllnViflltJVI1'l~1.fl1'1"l~'lnll'VlflltJu~nru1'tJlfln1'tJ~1'tJ1'tJ~'llJ~1l'l'IJUI'l~I'l '11m~'UUUnf'lVll'l'Vl~bfl 
J'tJGl1V1';h tJ'IJ'tJ1W1b~ n~'l bU'tJ~e.J~1'1 b -ntl 'I 1'l'tJ1'tJVl~ bfl~W1 bu'tJn ;;ill~'llJ~1l'l~8'llJAdl11~fl1111 b1511:UUtl tJ" , " 
b dtl'l:Ul n ~ru~n'tJ1VltJl~lJ'IJ'tJ1W1 b~nll tl'ltil1 tJI'11 b tl;;il hib~'tJ bbfl~ fl1'J (i}1'J'l~11'1~~1'tJ1Viru bU'tJ bb'I"lfl'lrll'l tl'tJ 

~ ~ 

;;i eJ'lfl tl tJ 1'1111 n 'J~ bbGnll bbfl~Ul 'l~1'tJtl81 n ~~'tJVItl'l'Vl ~ bfllW1 tJ VI'l bf11 ~ nml1Vi11 tJVi~ tl ~ 'llJ ~11'1~ 'tJ 
" 

?llVi11 tJ'IJ'tJ1W1 b~ n~'l ~(il bU'tJn;;ill~'llJ~ll'l~lJ Adl11Vifll nVifll tJ ?I'l~'ll 'tJ 'J~vl'UA1111Vifll n'IJu (il bbfl~ Ad 111 , " 
Vifll nVifll tJVll'ltill'tJunf'llVl tJ1 b'11'tJ f11'J~lJ~'tJ~mjtllP1tJ 8 tl tJ (micro-habitats) ~VifllnVifll tJ1 'tJ 

" 
'J~'U'UUb1 f'l'IJltJ ~'l b dtl'l:Ul nmVl':h tJ'IJ'tJ1 (il b~ nlJ tl,:j fitl'J ~ ntlU'Vll'l~1 bAlJ~mm'J tI'l.l1 m1itl 'J~ltJ'IJ'tJ'1til 

~,:jtill'tJb.!l'IJ'tJ1 f111 b.f1 ~'IJ f1'J'Jll bbfl~ f11 'J bb'I"lVl cj tll'l?lIVif1'J111eJ1ViI 'J bbfl~ bA~tl'l~lJ bbfl ~tll'1?11V1m'Jll e.J ~1'1, , 
'I"lm?l~n 'J111~'ltill'tJ'I"l~,:j,:jl'tJ'Vl(il bb Vl'tJ f111:u~111?11Vi11 tJ'IJ'tJl(il b~nlJ11itl'J~btJ'lJU~1 b U'tJ\9ltl'llJf11'J bfl'U 

'J1'\J'J111?11tJ~'tJi5, f11'JPimntill'tJ~11Vl tJ1 bbfl~~1 bAlJ fl1'Jrl(il b~tln?l1 tJW'tJi5, 1111~,:j f111Pi mmMtnu:u~tJ 

?I.fl1'1"l bb 'J(il~tlll'IJeJ'I?lIVi11 tJ~?lUU?I'tJ'tJ1Vl?l1Vi11 tJ b~'Ubl'1 ~ bbfl~?lllJ1'JtI?I~?lll/?I~I'l?lI'Jtl 'J~ ntl'U~lJ, 
tl'J~btJ'lJUnull'tJ~cj tl1~ ntl'Un'U bf11~ bb?ll1?11'J bbfl~Vi~ bf11~1n~bfi tJ'Ibu'tJ~'tJ~ bihVilJ1 tJ'lJtl,:jbA'J'lf11'J , " 
tl'tJ1m~~'tJi5m'JllYh 1'tJ'I"l'J~'Jl'IJ(i}1~?lll b~:U'l"l'J~ b'Vl'l"l1l'lU" ~'1?111m'J(i}1 bU'tJ f11'JPi n~1 rl(il bbtJ n?ll tJW'tJi5, , , 
b~eJ'Vh f11'J b'I"l1~ b~tJ'l bbfl~ bfl'\J'J1'\J'J111?11tJ~'tJih~tl fl1'Jtl'tJ1m~bbfl~ f11 'J1111tJ1itl'J~btJ'IJ'tJ1'tJtl'tJlfll'l, , 
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"1V1~1 tJ"lJ'LI1V1l~n~VI LU'LI~~~ 1'1~1 il'U Lb 1 n 1'1..1"1£.11mJ1't--ll1 Lbn ~ L U'LI€l1't--ll11)1 1lJ~1 ~"lJ€l'l~(;ll
" 

'Vl::;bt'11'U?lltJ1tJ€l1V111hm~'U'UtJL1l"!vn.:JY1::;bn n11c.J~l'1nnli1l'r:hJl b'11'U nntl'l nmJm n~m1'L'h?llV1~1t1 
'U 'U 'I 'U 

'U'LI1IilL~nlJ11-lfbU'LI€l1V1111i11'11J1V1~€l b U'U€l1V111'U€l'l bL'V'jn-:Jnl'l€l'U1i11'l1 b~m<'h1'lib U'U€l1V1111i11'l1J1B nYi 

Vld-:J ?llV1~l tJ~UtllJ1 m 'Un11 b 'V'j1::; b~tJ-:J1i11'11'Vlnmu'LIn~lJ~~mmltJ1'LIlJlnJl (bb'V'jn-:Jnl'l€l'UY;~) lv1bbrl, 
" , 

Chiorello, Tetroseimis, Chaetoceros bbn::; Skeletonema 11lJV(-:J?llV1~ltJ'U'Ullilb~nYi€l1i1tJ€lti
" 

VI,jl~'U (?llV1~ltJVI,jl~'U'U'UlIilL~n) b'll'U lVl€l::;I'l€llJ?lnn Navicula Lbn::; Nitzschia ~1m'Un11, 
b'V'jl::; b~tJ-:JnnVltltJ Lthttl 1'Uv11'UtJL1 1"!1'VltJ1?11V1~1 tI'U'U1Vlb~n~~11-:J~'V'j bU'ULb'V'jtl-:Jnl'ltl'UY;~bu'Uil1~llil

" m::;bb?lJl't--l~t1?1m'V'jlJnYi~1'1..1 bb VI~-:JJl 1 'Uv11'Utll'l?llV1nJ1lJ?lllJ11fl1 i?llV1~l tI'U'LI11il b~nU1-:J'lJUIIlc.J~ I'l, 
bU'Utll't--ll1b?l~lJ til Uti, 

1'Uu 1'1.1"!. 1961 Parsons et 01. M'Vhn11Pin~Tt.J~lJ1ruhh~'U l'Ul1'U fllfl'Ulmml'l bbtl::;bf:h 

1'U?l1V1~1t1'U'U1l1lb~n 11 'lJUIIl 'V'j'Ull?11V1~lmbl'l~::;'lJUlIln"il::;~1i111l~1'U'UtI'Ihh~'U 1'l111'U rnf['Ulmlll11'1 

bbt'1::;b~l bbl'lnI'l1-:Jf)'LIil-:J1'l111-:Jv) 1 

fl1t1'Ufl-rl/'lJtJlIl 1'lJJ~'U 1'U11'U fl111'U lmlll11'l 
... 

bfl1 

al't--l~lt1~Mh.ld (ChLorophyceae) 

Tetroselmis maculate 52 2.9 15.0 23.8 

Dunaniella salina 57 6.4 31.6 7.6 
" a1't--l~lt1~hjll'll~bbnlJ'Vm~(Chrysophyceae) 

Monochrysis lutheri 49 11.6 31.4 6.4 

Syrocoshaero carteroe 56 4.6 17.8 36.5 

l!1lB::I'lBlJ (BaciLLariophyceae) 

Chaetoceros sp. 35 6.9 6.6 28.0 

Skeletonema cos totum 37 4.7 20.8 39.0 

Costinodiscus sp. 17 1.8 4.1 57.0 

Phaeodactulum tricornotum 33 6.6 24.0 7.6 

l!1lb'Uttvl~m~~t~1'l (Dinophyceae) 

Amphidinium carteri 28 18.0 30.5 14.1 

Exuviella sp. 31 15.0 37.0 8.3 

Myxophyceae 

Agmenellum qudruplicotum 36 12.8 31.5 10.7 
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611 Vt~1U'lJ'U1m~ f11~ tJ~l1 U611lJl'H1 bnUtJ1'V11 'J61~61lJ111'U'JU'lJtJ.:I1'lJlJ'U~.:I611lJ1'Jt:1\111 'IJ1it'U 
" 

tJVl611'V1m'Jl.nl1lJ'U1v)v)lu 1~tJmlJ1ru'lJtJ.:I1'lJlJ'UtIl~ilf11'Jer'UbbU'J1V)~.:1 4-28 % 'lJEmll'VIuflbb,x.:l Ll.~f11, 
61ml~bbd~~tJlJb'VIlJ1~61lJtJ1~~~1il1'lJlJ'U61~61lJlV)~.:1 90 % 'lJtJ~J1'V1Umb,x~ 1~tJ~liltJlJb'U'Uf1i:il.Jbbw!;1~n, 
1il€l'U~'1l~ilU~lJ1 ru1'lJ:U'U61~?llJlJ1f1~?I~~~ 39 %'lJtJ~J1'V1Umb,x~ 'VI1 f1?1llJ1'Jf:1~~1il1v)dJ'U~1'Ul'UlJ1f1n, 
til ~?lllJ1'J millU~~ IilJ1:U'Ulv)bb!;1~1'Uu~~u'U nil f11 'J1i?ll'VI~ltJ'lJ'U1~1'VIqj~~ Iillu 1 €l~ b"1l!;1V)ltJ b'Ii'U 

f11'J~mI11'U1~€l~Iil€llJ?lfl~ Choetoceros 2 '1liJ~ fitJ C. colsitrans bb~~ C. gracilis wu';hmu'J~'U 
" rl1fbUltlb~'J1il bb~~1'lJlJ'U?I~€ltJl 'U'Ii'N 12-34% 4.7-6.0% bb~~ 7.2-16% t11'V1Umb,x~1il1lJ~1~U ~~ 

" " 
bb?l~~1'UVl1'J1~~ 2 (Braw, 1991 B1~Vl1lJ -tl'1lD1.rmU ?I'J'Jfl€l'4-rm'J 2545) 

C. colsitrans 34 6 16 

C. gracilis 12 4.7 7.2 

'1liJ~ Choetoceros muelleri ?l1tJ~'U~~1~ 1 Mh1tJ'l1'U'hnm1lJbblilf1~1'l'J~'VI11'lU~lJ1rul'lJlJ'U 
EPA bb~~ DHA (Johansen et 01, 1990 B1~mlJ -tl'1l{)lmru ?I'J'Jflm~-rf1'; 2545 ) ~'lbb?l~'l1 'U1il1'J1'l 

~3 
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\9l1'j1~Vi 3 'tfhnru1'lJll'U (~mm::;'lJB~lhvI'Umb~.:JU';i11'\~1mtl1) bb~::;m~1'lJlJ'U EPA bb~::; DHA 

(~mJ~::;'1JB.:Jm(?l1'lJlJmll1) 1'U Choetoceros muelleri 10 ~lEJYr'Ui5, 

~ , . "" 
~lEJ'Yi'U5, bb Vl(;l.:J'Vlm u~mru EPA DHA 

1'1JlJ'U 

CHAET6 Cowpond, New Mexico 14 34.0 0 
) 

CHAET9 Sheep pond, Utah 18 34.3 5.6 

CHAETI0 Great Salt L., Utah 18 35.4 0 

CHAET15 Zzyzx. spr., California 18 12.1 0 

CHAET39 Utah Lake, Utah 11 31.3 0 

CHAET57 Utah Lake, Utah 16 19.1 3.9 

CHAET58 Soap Lake, Washington 21 23.2 0 

CHAET59 Great Salt L., Utah 17 20.4 4.0 


CHAET61 Great Salt L., Utah 14 30.5 0 


CHAET63 Great Salt L., Utah 17 31.3 5.8 


~111: Johansen et 01. (1990) fh~l~EJi'1JDlmru ~';i';iflB'U1n~ (2545)
, 

.... 'lI <f1t91fl ';j~a.:l~• 
.diI IV Q../ fi I ~ """ QCV 

1. b'Yi€ll'l ~ bbEJnYi'UD~lVl';il EJ'lJ'L!l ~ b~ n ~1m::;uu'U b 1 Pl'Vll.:J'Vl::; bn"U B.:J bnl::; bb~l1?il';i bb~::; bnl ::;?i'll.:J, 
2. b~B'Vhn1';ibYil::; b~EJ.:J bb~::; bnU';ilmll1?il EJ~'Ui5~lVl11EJ'Vl::; b~'lJ'Ul~ b~ mhVI1Un1';i'l.h1uH, 


U';i::;1EJ'll 'L!1'U~1'U1'l1.:J 'l 1'l€l1 u 
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"'... 	 .1. nl'Hn'Uj;l1vtl1~mR61'U1:!J 

lnU(9)1mh~?llV1118'lJ'Ulli)l~fl'yjtiil1~'1l1 \illU'U II 'Yi,,~fi\ile:J'U1'UU~l1ru'll1 8~.:J'lJe:J.:Jlm ~ ll11i)~~e:J ci 
" 

'VI1~Y11"1\il ~1'U\il m58~ lVltJe:J'lJe:J.:J lfn ~ ll?lll?l11 ell bi1El ~\ili1u :5'~Vll1i)'ll"U~ ll"~'lll 8 ~~ lm ~~-tl.:J, 
ellli1mf11~~-tl~ :5'.:JVllli)'lmU~ bli)81off(1.:JmmL'Yi,,~fi\ilEl'U'lJ'Ulli)\ill 20 111bm llim mn1'Ubb'U11~~U, , 
VI~ml'U1 L58~ 'U~b1ru,,~ 2-3 flf~ bnU(9)l e:J cil.:Jt!l'V1~ l"yj:IJ?llV111 8'lJ'Ulli)b~n1'U'lJ11i)'Yim?l~n1?1 yj 

~~ Ell Ii) ll"~ b~lJ1Jl'V1~ b"yj Lnu1 'Uu~ l1ru b~ 81 nu (9)1e:J cil.:J~.:J(1 nn 1e:J.:J~1'U ~1 mEl.:J'lJ'Ul Ii) \ill 10 
'U 

111bfl1lll\il1 ,,~hJ 1V1:IJU~lJ1\il11hlh~lJ1ru 2/3 'lJe:J.:Jfl1111:U'lJe:J.:J'lJ11i) (5 ~\il1) bli)mwne:Je:Jmu'U 4 , 
'lJ11i)1'le:JU1 nru 1 'Ulll'l"~'lJ11i)1~mVll1l~8.:Jlb'Yi".:Jn(9le:J'U~'llyjbL(9lnl'll.:Jn'U 4 ?I(9l1 l~€J1m~?llV111 8 

" 
1'l1~'llUli)n'U ~e:J ?1m f/2+Si f/2-Si h/2+Si lL"~ h/2-Si (NCMA,

'U 

https://ncma.bigeLow.org/node!78) bnu (9) 1 e:J ci 1.:J 11yj 111 1lJ1 VI ~ n ll?l.:J b Ii) 8 (9l1.:J:U 'U (1 ~ 
Vle:J~ u!Ju~ n 11 ~.:J'I11 (9)1 e:J ci 1.:Jyj1~1I ll~8.:J1 'U ~fl1 'U ~1I Ll?l ~ ll"~ ~ ruVllJil bli) 8:IJ fl1111 l.ull'lJ e:J.:J ll?l ~ 
U1~lJ1ru 34 111bfl1111"/1'l111~lll\il1n'U1Vi LL,,~'lil.:Jnm1Vlll?l.:J: 'li1.:J:lJ1i) lvhn'U 12:12 -lflll1.:J bb"~ 
ElruVli1m'Um1l'Yil~l~8~ 25±1 e:J~1"11l·lml61J8?1 LU'Ut'Jf;11 3-71'U 

, 'U 

Q.I 	 Q.I I I c:.:: d J1
2. f11':iRVlbl.tlnVl18t11~m'VI·:mJ"U'U1V1Lf;1mVH)m':ib'V'l1~b61tl.:) 

'111 t!1 (9)1 e:J cil.:)yj:IJ?ll'V111 8'lJ'U1V1l~nlll rlli) Lb8 n b .@~'lJ tJ~?llV1118'lJ'Ulli) b~ nVif;1~ 'llUli)lI 11?11'Ufll Ii) 

VI~lI~~ll~ml~lbIi)81off b'VI flU flVl"e:J Ii) llnlum mb'Vlf;1l1 (micro-pipette isolation) ~1~ l'll"~yj lwn 

1~~:,8t!1'V1~L"me:J~tJcil~~e:J8 ?fl,f~ :Uln~'U'I11 b'1f" f;11?11 'Umli)~~lI ~multiwell pla:e) yj~1'Uf111 
~ll~ml~lllf;1~:lJe:J1'Vll1l~m l'1le:JVi-01:U 1 n'l11'V1~ If;1l~lIm'Vll1l~ 8~ l'1l e:J ?1m f/20 '1l~ l~e:J :Ul~:Ul n 

" 
m'Vll1?1m GuiLlard's f/2 (Anderson et oi., 2005) f;1~~'Ul'vh 

~ "Q.I Q.I tf Q.I fI 

3. n1':ibn'U':in~1611t1'V'1'Ul)bbf;1~n1':i"Utl1t1'V'1'Ul), 	 , 
.d Q..I ~ 11 """..::>I Q..I I q """ 0 11 0 

bll El?l~ Ln I'l L'Vl'U vl'Vl 11lf;1 8.:J lI?1:U 1 m.:J I'll (9l f1'lJ El'l?ll 'Vl11 8 'VI L'Yi1l:U 1 'Ul 'U'lJ'U 'U 1 m 1i)'Vl f;111 1I 1 

(9l11:U?le:J'Uf1181~n~m:Uf;1'V1111"1'l1trln~u b~e:J bWn b~f;1~?ll'Vl118lJ11?111.ml'Vll1L~8'1b~e:J1'Vllll'Ui1~'ll'U~, 

~'Vlru~'U 
u 

b~e:J10ffLu'Utr1L~mh'V!'rUf111fl1mnr.iv1u b~8'1?11'Vl118111'U~yjfll'Ufllllb?l'lU1~lJ1ru 30
'U 	 , 

111bfl1111"/1'l111'1lllmn'U1Vi blf;1~e:Jru'Vli1il 25±1 v'll"11b'1ff;1 b61J 8?1 bLf;1~~18trll~e:J?llV1118f;1'1vl'Vll1, " 
1'VllJ'Vln 1 2-3 ~Uli)l~ L~e:J1m~trlb~e:J?llV111mlU'U mono-species ll~~bnU1n~l?118~'Uifl11off 
1'Un11fl1n~11'le:J1u 

~'1ln I'lm1U'U L~e:J'U:Uln ?ll'Vl11 8 'll'W Ii) ~'U bLf;1~ bl 'UflVi b~8'Vll n:IJ m 1U'U L~v'U~1 n?llV111 8 'll'W Ii) ~'U 
-01f111~1'1li)li)b·@~mVl118Vim~b'1ff;1~lJ1~1'1~18t!1'V1~lf;1yju111"1~lm~e:J'Vlm8 1 flf'l b~v1m~L'1ff;1~

'U 

?ll'Vl118mlJ:lJm1u'UL~v'U'lJtJ'IblUflVil~8 bLf;1~'I11l'1f"~~'1ml111Ul'Yil~L~8'11'le:J1U 

4. 	n1':iAmn5\91':i1nl'H~'Ut\9l"UV.:)m'VI11t1"U'U1V1b~n1'U~v.:)tJ~u~m':i 

'I11trl L:gv ?ll'Vl118lJ1~18f;1'11 'Ue:J1V1111 'VllJ ')l'Ul'U 3 ,~1 L~8'1?11'Vl~1 8 1 Ii) 8fll'U flll bL?I'I LLf;1~ 

'Vl'U1Lb'll'U'Uv'l b'1ff;1~?ll'Vl~lmbm~/'Vl~e:J1bf111~'\.hEjlllru'Uv'lflf;1e:J1':iYJf;1~ W 'lh·hfll111'Vl'Ulbb'Il'U b'llf;1r;l 

m~lJ11iFiTU1ru;;1l1U1~~'VIif111b~ul\il (specific growth rate, 1-1) 1'l11115'lJv'l Schoen (1988) 

http:u'Utr1L~mh'V!'rUf111fl1mnr.iv
https://ncma.bigeLow.org/node!78
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5. m";j~lLL'Un"!jil~ 

bb U~~J mh~G11V!~lCJ~ b'Wl~ b~CJ~1~'tJ1~ciJ'UjJ1-rmnMl1'W~J CJG11'.i~~{;j1CJ n~(9neJ{;j~leJ(9\l'UJ1 
'IJ 

VI~ b{;j1'lXiJf1J1jJ b-ifjJ-if'UG1~V11 CJ 1-2 % ~m~liKflHi1'U1Vi CJ1"1Jfl~ ~1V!~1 CJ.Il1 CJ 1~n~EWil{;jVl'l".iI"1Ubb'U'U , '" , 

b{;j'U~'lh~n fl'U bb~~/V!~fln ~fl~ ':\l {;j VI".i'lf"1U~ b~f1 (91'lfl'U bL 'U'U;;11 bbG1~n 'l1(91 (SEM)
, 

dQ./ d ..::::.. ~ d CIt. IV d Jt.d d QJ I 

"1J fl~ bnl ~ bb 'l(91 bb~~ bm~G1'1f~ fI fl 'U".ibJ ruVlI"1 bVI'U mb~~V1f"1 (91 ~J'U (91fl "1Jfl~ bm~ bb 'l(91 '(j~'Vru VI bfl'U(91 J fl CJ1~ 

mfl'UfI~jJ'U1bJru ~~u.~ 1392609 ~~ 1392772 bb~~ 713009 ~~ 713181 1'U UTM grid ~l'UVlI"1, 
bv!Ufl'IJfl~bnl~bb'l~bb~~~~U.~ 1391782 i1~ 1392145 bb{;j~ 712731 ~~ 7129191'U UTM grid ~1'U 
(91d''U(91n''1Jfl~bfll~bb'l\P1 ('ltJ~ 1) U.~~'U1blru'1f1CJ~~~1'U(91d''Uflfln''1Jfl~bfll~~i~ ('ltJ~ 1) fll'lbfl'U 

'IJ 'IJ 

~Jfl~1~m~vl11\P1CJ1im~lmb~{;j~n(91fl'U"1J'U1(91-dfl~(911 20 ljJ1f1'lbjJ(91'l ~ln1 'UJ11 'Ubb'Ul~~tnnn'U~~, 

eJ1b.flfliK(91Vi'U Lbiil:::Lm:::a'li{j el1L.flaLm:::a'li.:i 

:ij{jVl1~"!jiil'U'i (~ruru61n'liru *' u.a~{j. .. .. 
'U~L1ruLn'U~1eJ£il{j) 
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iJ~~~~,m1V1c;i'1)lJ1lJ'lJru~L;hJliilmh~1'UL~1)'U'Y'l~'tImfllJ 2555 LL"V1'1'll J1Yl~ L!;l1 'U'U~L1ru 

Lfll ~ LL)V1 LL!;l~ Lfll~~i'l1'UL~1)'U'Y'lfl'tlmfllJ-ilfl'Ul~lJ iJ1)ru'VIflil Lil~~hjLLI1lf)t>il'ltllJLLI'i'U~ L 1 ruLfll~~i'l 
U I , , '" 

1~~'UBYl5m·)~1 f)"lJl ~~'1"'1f)i1 ~'1 ~~~'1 Lf) 11l1~~1 f) rll fn llJ b~lJ'{jeJ'IJ1Yl ~ b!;l~ ~l f)i1 bf1l::; bb) ~ bb!;l::;
" 

tJ~lJlru"l)m'VIl TV-JeJ" bYlI1l-Yl v~Ylv~~ bL!;l~ea~ bfll1l-ea~f)1)'U1'U'U1 b1rubfll::;~i'liJfl11lJ L .ulJ.u'U"'1f)i1 
" • 	 'U~nruLfll::;bL)v] e111l)1;;11'U'lJeN"1)m'VI1)1)D'UYl~E.J1 'U1mL~'Ul'lv1)D'UYl~vYl1)"Ylv-r~ (01 N: DIP) 1 'UlJ1!;l 

Jl'U~ nrubf)::; bb)~ LL!;l::;~l'Ul1l ::;1'U1) 1) f)'lJ1)'1 bfll~~i'l bL"V1"fi,,"m1~~iJ"1)1)1'VI1)1'U1m b~'UblJ'UiJ~~~ 
:ill tlVl f1l) bM'U11'1'lJ 1)""1'VI';h ~'lJ'U1Vi b~ f) 1V1~ Lil'Y'll::;~~ L1ru bfll~ ~i'l~iJtJ~lJl ru"l)1) lVll)1)'UDYl~V 
1'U1m L~'U~llJlf) ;;11'UtJ~lJl rum1ueJ L'Ul'leJ!;lm~D~~ Lf)l~~i'l,r'UiJrh~lf)'"h~Lfll~ Lb)~ L~f)t!1) E.J 

d 
(l'Il)l'lYl 4) 

" fl1llJ~f)'lIB'I'Ih (Lllm) 

1)W'VIflil (B'If11LSZlm"liml) 
• 'U 

fl11lJL~lJ (psu) 

BBf)6/jL~'I.!a~~ntl (:un.~I'I'a) 

pH 


BD'lJ'VI~tl1'lJbmL~'lJ~::~nml1 

(DIN, l11bfl'ab:U~) 


vlmnvll'l-vlmlvleJfa (DIP, llJbfl'ab:U~) 


6/jaLfll1l-6/janB'lJ <1:ubmb:U~) 


BI1l'al61'J'lJ DIN:DIP 


fll1'IJm'lJI'IB~fllaU~ (:un.~I1l'a) 
'VI:UltlL'VIl1l "-" l~iJ'tiv:U~ 

• 'U 

N 

4.5±2.6 

29.8±0.0 

33.6±0.1 

3.50±0.07 

1.065±0.029 

0.167±0.024 

5.926±0.183 

6.46±1.04 

441±18 

w 
2.4±1.2 

29.8±0.0 

33.6±0.1 

3.48±0.09 

1.472±0.347 

0.223±0.028 

3.812±1.762 

6.54±0.90 

466±10 

E 

30.5 

29.8 

4.61 

8.1 

0.960 

1.490 

19.620 

0.64 

81 

fll)r1~bb~f)"l'VI~l~'lJ'Ul~ b~ f)~~1)'1~11'l blJ'lJ bb i"Ii:)'1nl1l1)'U~lf)lJ1!;lJl'U~L1ru)1)'U bfll::; bL)f) 1'U 

'VIlJ bfll::; bL~lJ~l) LL!;l::; bfll::;~i'l ~"'VI1~'lJi:)'U~ 1~"1'VI~1 ~'lJ'UllY) L~f)f)~lJlV1eJ::;1'I eJ:U 4 'lJiJ~ bLi:)::;1'1l81b'U 
" 	 " 

LL'UflVib~~ 1 'llUIY) ~'1bb"IY)'11'U1'I1)1'1~ 5 

http:6.54�0.90
http:3.48�0.09
http:6.46�1.04
http:3.50�0.07
http:e111l)1;;11'U'lJeN"1)m'VI1)1)D'UYl~E.J1
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Division Cyanophyta 

Class Cyanophyceae Trichodesmium sp. 

Division Chromophyta 

Class Bacillariophyceae Chaetoceros sp. 

Pluerosigma sp. 

Amphora sp.l 

Amphora sp. 2 
L-____________________~________________~______ ~ 

161!m1'UbbtJRik1CJ ?If1(l Trichodensmium ~~eltJ1.'U Order Oscillatoriales 'lJiJWl~bbCJmbG'l~ , " 
b'V'l1~b~CJ'I1~:u~mmJ~bU'U?llCJ (trichome) ~LJ'J~f1eJtJ~lm61!G'liA'~'JLJ~l'1~ b'Vl~mJ b'Vl:UeJ'Utl'UVltl b61!{;1iA' ~eJ" ,, " , 
tltJVll'1~l'Um?"1JeJ'I b61!G'l iA'~'1:U'J~ CJ~?('Uf)';h~11.Jf)11'1"1JB'Ib61!G'liA' b61!G'l G'lVi eJciLJ(ll CJ?ll CJ:uLJm mJ'U "1J'Ul~ 

'IJ 

Rl1:wml"1JeJ'IG'flCJ:Wlf1f111 100 1:w1mb:wm bb{;1~ml:Wf111'1"1JeJ'IG'fltlLJ'J~:Wlru 21:w1fl'Jb:lJ('1'J ('JLJ~ 2)
" 

'JLJ~ 2161!m1'UbbtJRVib~tJ Trichodesmium sp.
" 

Pennate diatoms 3 "/JiJ~ fiB 
Order Biddulphiales 

Suborder Biddulphiineae 

Family Chaetocerotaceae 

Chaetoceros sp. 

Order Bacillariales 

Suborder Bacillariineae 
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Family Naviculaceae 

Pluerosigmo sp. 

Amphora sp. 1 
• 

Amphora sp. 2 

Chaetoceros sp. 

Pleurosigma sp. 

Amphora sp.1 

C J 

Amphora ~.2 

'Uaf11il1f1d~':)G'lllJ11mU'Jmn\td1tl"lJ'U1V1L~f1 f1~lJ centric diatoms 1~5f1 2-3 G'lltl~'U6 bbl'1. . 
G'l1 tl~'U6~1~~.:)'Ll'Ub~ a'U1il1 f1G'l1V1~1 tl 'll'WVI ~'U bb~ ~b'lJ1bVlil a ~~.:)1:wl~G'l1 tl~'U5 bL'U'U monoclonal , '" 
culture 
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1'lHnl'lJbbtJFlyh1tJ'tlDVi Trichodesmium sp. ~b~tJ~~'WeJ1"'l'H~mb~tJ?lm f/2 ~tJru'VI.f)iJ
\J , \J 

28.9 ± 1.2 tJ'l1"11b"1fm'l1tJ?l bbi.1~fl11:Wb-if:Wbb?l-:) 32.0 ± 0.04 1:wbmb:Wi.1/I'1':l.:W.fhnVi iJfl1':lbvimi'Tu1'U 

1'U':l~tJ~?ltJ'l1'Ubb':lflrle1'Uii'1'l'ih Ae1 e1~'1'U'1l1'ltl-r'U1'i'1 (lag growth phase) tl':l~:Wlru 2 l'U "illmr'U~'l 
bvi:w:ih'U1'Ubb'U'U'Vll~ru (log or exponential phase) ~'lbbl'll'U~ 3 iJ'll'U~ 6 <[)e1'lfl1';ib~tJ~ "il'Ubii'l~ 
';i~tJ~ stationary phase 1'Ul'U~ 7 <[)e1'lfl1':lb~tJ'l 1"1ftJ1b'Ubb'UflVh1tJ'1lDVidiJi.1:wtl';i~~'Vltfl1';ib~'Ubl'1 

(specific growth rate) b'U'U 0.99 1'le11'U bVltJ:iJfI11:W'VI'Ulbb,j'U~'l~Vl 77,917 ?lltJ/:wi.1. 1'Ul'U~ 7 <[)eJ'l 

fl1';ib~tI'l rll in vivo fluorescence ?\'l?\Vlb'Vhn'U 24 1 'Ul'U~ 4 "1Je1'lfl1';ib~'Ubl'1 tl~:Wlrufli.1e1bYlm~ lEJ 
\J , 

?l'l?\VlbU'U 236.41:wbfl';ifl-r:w/~I'1';i 1'Ul'U~ 8 <[)e1'lfll';ib~tJ'l (':ltl~ 4)
\J , \J 

1VleJ~{>leJ:W Choetoceros sp. ~b~tJ'l1'Utii'fl1'Ufl:We1ru'VI.f)iJ~ 22.0 eJ'll"11 b"1fm'l1tJ?\ bbi.1~f111:Wbii':w 
'U 't 'i '\J 

bb?\'l 28.3 ± 0.1 1:wbfl':lb:Wl.1/m.:W.n'U1Vi 1'UeJ1'V11';ib~tJ'lb~eJ f/20+Si :iJ':l~tJ~ lag phase tl';i~:Wlru 2 

l'U "illmr'U~'lbvi:w\il'U1'Ubb'U'U exponential bU'UbJi.11 5 l'U "il'Ub-ifl~';i~tJ~ stationary phase 1'Ul'U~ 
8 <[)eJ'lfl1';ib~tJ'l bVltJ:iJi.1:wtl':l~~'Vltfl1';ib~'Ubl'1 (specific growth rate) b'Vhn'U 0.61 l'leJl'U fI11:W 

'VI'Ulbb,j'Ub"1fl.1~?\..:J?\Vl 20,219 b"1fl.1~/:Wi.1.1'Ul'U~ 12 <[)eJ'lfll';ib~tJ'l bbl.1~:iJrllln vivo fluorescence
\J , 

?\'l?\Vl bU'U 6421'Ul'U~ 7 <[)e1'lfll';ib~tJ'l (';itl~ 5)
\J , \J 

fll';ii'ifl'l~n~tlbb 'U'Ufll';i b~'Ub{>l<[)e1'l1Vle1 ~l?le1:W'1lDVi Amphora sp. 1 .f)1tJ1tii'?l.f)11~fl1';i b~tJ'l~1tJ 
?l1';ieJ1'V11';i?l{>l';i f/2 + Si ~eJru'VI.f)iJ 28.9 ± 1.2 eJ'lI"11b"lfm'l1tJ?I bbl.1~fl11:Wbii':Wbb?l'l 32.0 ± 0.04 1:Wbfl';i 

\J '\J 

b:Wl.1/{>l';i.:w.n'U1Vi Si :iJ';i~tJ~ lag phase tl';i~:IJ1ru 2 l'U "illmr'U~'lbvi:w\il'U1'Ubb'U'U exponential bU'U 

b1i.11 5 l'U "il'Ub-ifl~';i~tJ~ stationary phase 1'Ul'U~ 8 "1JeJ'lfl1';ib~tJ'l bVltJ:iJi.1:wtl';i~~'Vltfl1';ib~'Ub{>l 

(specifi~ growth rate) b'vhn'U 0.45 l'leJl'U fI11:W'VI'Ulbb,j'Ub'1!i.1~~'l~Vl 112,917 b'1!m1!:wi.1. 1'Ul'U~ 7 

<[)tl'lfl1';ib~tI'l bbl.1~:iJrll In vivo fluorescence ?l'l?lVl btJ'U 146 1'Ul'U~ 8 <[)tl'lfl1';ib~tJ'l tl~:IJ1ru
\J , 

fll.1€JbYll.1~ Lf] ?I'l?lVlbtJ'U 115.51:wbfl';ifl-r:w/~m 1'Ul'U~ 7 <[)tl..:Jfl1';ib~tJ'l (';itl~ 6)
\J , \J 

http:bU'UbJi.11
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.Q
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Days . 

----- ------ ---------------------~------------------ - -> 

'ruvi 4 m'H~'Ul~'tJtHll"11EJ11'Ub\,'Uflvh'i£J Trichodesmium sp. viuW'VI.niJ 28.9 ± 1.2 
~ ~. 
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~ 400 -~-----·------·---------··li-/_
:0::; 

!II 

Qi 
0:: 200 -+------------··-----aJ 

o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Days 

1tJ~ 5 f111b~Ub(9)'Utl'l1I'ltl~(9)tllJ Choetoceros sp. ~mU'l-1.nlJ 22.0 tl'l~lb"1l~b6/JtJr:I
" , " 
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1.40E+05 ----------------~ 

'!, O.OOE+OO 0I
 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Days


L ..•_. __ .. .. _ ., _____ __ __._. __ .. ._ __..______.. ___.________._.. _..______ .___ ., __.____,__.__,... __ .... _____._____ ____.,.. ________... .___..._......._ ...__ ._._____ ____ ..___....___ __ ____, 


1.20E+05 I 

I:::J 1.00E+05 
E 

.r -- ­ .....- - ......- ..--.--­ .. ­ .....- .."" 

! 

~ 8.00E+04 
Q) 
u 
~ 6.00E+04 
'iii 
~ 4.00E+04 
'0 

I, 

I ~ 2.00E+04 

150 
!13 
c: 
Q) 

~ 100 -,---------- ·..· -·--.... - ··- ..1 
o 
:l 
;;:: 

~ 
:p 
III 

50 
Qj 
c::: 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 


_.__.._---_.._------_..._--_....... _------._..... ... --_...... _._---------- - --- --_..._-------_._ _.._-j 

, 

140 . ! 
I 120 +- - ---------.---- ---...--.- .....- ... ...- ..-+ 

T 
--..----- -- -.. i\ 


2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17
L~O 0 
Days i 
___ ____ _ __ __._ _ _ _ _ ..J 

~tJ~ 6 f11db~'U1~<u'€J'I1~'€J~~'€JlJ Amphora sp. 1 ~~ruVl1JlJ 28.9 ± 1.2 '€J'I1"l1 

b'1J~b6litJi,'l 

I :::J . 
I c, 100 
~ 

I 1: 80

II :: +----.-...----­ - --.- ­ -/ -.......-.......... ..........-.-.-....-.-...- --.--... ­ .- --­ ...-.-... ­ --....... .....--.- .. ­ - ..-- .- ~ 
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• 

?il 'VI~1 tI"lJ'Ul VI b~ n~AVI bbtl n11'1'llm~uU'u b1f'1'V11 ~'VI ~ brl"lJfJ~n~lJ bill ~ bb?ilJ?il'j bbrl~blll~~off~, 

'Lb~m)uI'11t11V1fJ~\9lfJlJ 4 'll'iJVI 1l'1bbr1 Choetoceros sp. Amphora sp. 1 Amphora sp. 2 bbrl~ 

Pleusigmo Sp.bbrl~l"lltJll'UbbUflV1b'1t1 1 'll'iJVI flfJ Trichodesmium sp. ~~1V1fJ~\9lfJlJ~~1'j~1il\9lLtJ'U 
bL 'I"lrl~n\9lfJ'Ut!'ULtJ'Un~lJ~flJllJ'lln'lllJ1'U'j~uu'iJnf'1'Vll~'VI~ Lrl"lJfJ~B111'VI tI LtJ'U~~~\9l~iih')ru1 'UB11 1 'VIti 

, , 'I 'U v 

bbrl~'j~uU'iJbJf'1'llltl~~ b'l1'U 'j~uu'iJbJf'1tJl"lJlmrl'U 1V1fJ~\9lfJlJ?inrl Choetoceros 'VIrllt1'll'iJVI?illJl'j{), 
'I"l U 1 'U fll1lJ'VI'U1 bb 'LI'U?i ~ b tJ'U?i n rl1 'UU~ b1 ru'lll tI ~ ~ "lJ fJ~ B111 'VI tI \9l fJ'U U 'U bLrl ~ ?illJ 1 'j {)vll1 ~Lf1 VI" , 
'LblnDnl'jnhhvl~Lmtl~tI'Um'UB11 1 'VI tI\9lfJ'UU'U (i:llJJl'l"l i~~.fllLLrl~flru~2546) Chaetoceros tJl~ 
'll'iJVli:lllJl 'Jfl111lJl HibtJ'UfJl'VI1T~'\9l1'VI~ L(;11t1BfJ'U11'1 b"lh.Jb~tl1n'Ui:I~rl Amphora ~~ btJ'U1V1fJ~\9lfJlJ 
"lJ'U1Vlb~n i:llJl:an~1'U1'Ui:I~rld'l~L tJ'U benthic species mf(tl1mi'~'U~'U'VI~mlll:;u'U1?i\?)1'UJl ~1'U 
1I91fJ~\9lfJlJ Pleurosigmo ~L 'I"ll:; L~tI~'llnm'j~n~lfl~~.QLtJ'UL"llmi"lJ'Ul1911'VI~ ~m";ij111lJl1'~\h:;lt1'llti 

1'U III 'j L tJ'Um 'VI 1 'j;;1 \9l1 'VI~ b(;1 'VI~ fJ i:I tll91?i 1 'j1i1 LfliilJl1otl'Lb:;lt1'llti~fJ1 tJ iih'U1"ll till 'UbL UflV1b'1t1?i n,(;1 

Trichodesmium ~U:il ~'I"l'U1 'Ufl1llJ'VI'U1 bb 'LI'U~:ythji:l~ tI n b l'U1'U'l11~~iim 'j b vilJ :ill'Ul'UfJ ~1~'j1 VI b~1L'Ii'U 
" ~'I"lU1'U'U~ nru'lll tI~~bLrl~'L.hn bb:wJl1 'UB11 1 'VItI\9lfJ'U'U'U (G1lJJl'l"l ~~i:I.f1l LL(;1:;flru~2546) nl'jL~Ul\9l"lJfJ~, , 

?il'VI~ltJ"lJ'U1Vlb~n~~ 3 'll'U191 ~l1llJl~n~l vll1~'VI'jlU11i:ll'VI~1 tI'VIn'll'UVli:lllJl'jm~u1\9l.f1ltl1~i:lin1~, 
1'U~fJ~tlnu~m'j11'1 bLrl~?illJl'j{)1otl6'11'VI-rUnl'j~n~1'V11?i.fll1:;~L'VIlJl~?i:U1'Unl'jLvilJ:ill'Ul'ULL(;1~1~i:ll'j 
1i1 Lflii~iitl'j~lt1'llu~fJ1tJ1'UUl'1fJ1tl 

http:tI~~bLrl~'L.hn
http:L~tI~'llnm'j~n~lfl~~.QL
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;;UJ.fl'V'l t-l'1.fll 'tlflutn 'YI"l--l~U ~~tl'Jlmru bt!VlJ?llJ\j'Jru ru!l~l-rvl'U U.flll~'YI~ Bl'4.flTYi 'V'llihj~fl 
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ru{)~l-r\91'11 tJ.flll~VI~ bbi.'l:; f1 ill:; ('lJ'J'Jilll6nl 'J) "f1l'J \9I'J1''' b~l'Jd'--lU'Jl n!] f1l 'JuhllVl:; bi.'l 

b U ~ v'U~1 'UtJ'J:; b VI 1"11 VI v" mlJf1TUf1lJlJi.'l-W~ m:;VI'Jl--lVl-r'V'l Vl f1'Ju'J'JlJ'\1l ~ bbi.'l:;~~bb1~~€JlJ 
" ' 

bbi.'l:;?lmu'Ul~vVI-r'V'lmmVll~'Lh ~~lfl--lf1'JrulJ'VlllVlm~v V1til 74-104. (ISBN 974-9623­, 
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L~'\)1Y'j~hJ il~lJ~I'IU LLm~el'ilU~lWHU Ltttl~~~\!~ru 2555. nl'j~\mtl'jVl1~aru]1'LJ1VlU1't1tJ~ Oinophysis 

caudoto (Saville-Kent) 1'LJU~Ll ru'111U ~~~~vr)~ illj vr:iil1fl d l1'nm]YltJlf'11ilI'l1:WvnjYlEn5U!l tJULLOU 

400): 143-154. 

flfl:UU 'Wd'VIlJLLn'J rull~l~IilU tlm'J~'V(~ LLfI~el'ilU~lmru bttmJ~~mru 2555. fl1llJ'VIfllfl'VIfl1U'UtJ'I lrl'V1'WtJ~ , ~ u 

1'U~'Jtllfl'W'li''1 ~'1'V11~'Ufl'JP1~6'j'jm1'U 'J1'H'1l)lVlfJlf'11i;WdlJ'VI11Vl1J15fJ'UeJ'ULLO'U. 40(1): 281-292. 

'1lfl6fJl Vl'j'l~tI ii'~'U;)llNflflLb61'1~% 'J'j'\)11'Ulvr'U~ 1'11'\)1 tl'Uu'J el'ilU~lfl"HU btttllJ~lJ\!'lru bLfI~ruD.li1-rIilU tlm'J 

~Vli. 2550. lfl'j'l ,hl 'Itl d:;'U 1 fl mb'W fI'I rl Iil eJ 'U Yl'11'U ~ L 1 ruU1'U 1 tJLfI'U tlfI fltl1 flbL.J Jl tI'j 1ru'U~ ~'I'VI1~ 
u , 

tld:;'il1'Um'll'Ut5. 11d{;11Aj~fJ1VlUlPl1?11'11 (Section T) tJ~ 6 uu'UYhP1~ 1: 241-252. 

Vi'Wv'lJm 1:11'jdru?1UVl el'ilU'llmru btJtllJ~~'U~ru bbfl:;rull~l-rIilU tlm1~Vl~. 2550. nl'j'WIilJ'Ul'UeJ'I1ll1e)eJ'lJ'llLLillJ
, \I d.Jo.s \J 

Neoepisesormo mederi 'il1flU1'111fJLfI'Ue)lTll1 fl'W'li''I ~'I'VI1~'Ufl'j P1~6'jdlJ, 1'11. 11,illdl~fJ1VlfJ1f'11?11il1 

(Section T) tJ~ 6 uU'UYilP1~ 1: 153-164. 

Ud'111 lNflflbl?1'1?l~V '11f16fJ1 vm,tI el'ilu"nmru btJtI~~~mru LLfl:;rull\j1-rI'lU tlm1~YI~. 2550. lfl'J'I1:1-r1'1 
~ , \l '\J d..J ..... 

th:;'U1fllJll'WfI'InlileJ'UYl'U'U~Ll ruU1'111 fJLfI'tJ'\'l1'UJ1 bAlJ ~'1'V11~'W'I'I1 Llfl~U1'U1fJLfI'U,J1'U'U1'111'1 ~'1'V11~mnlil 
" 

mfJ'VI~'1fl1'jLn~i1'tJ1iJ. J1)?11'j"1~fJ1VlfJ1P11,wd (Section T) tJ~ 6 uU'UYilP1~ 1: 277-288. 

U,'U1 lJ'Iflflll61'1?l%, mmP1 1:1'UtI':;L1:1~~, el'ilO~lmru LtJtI~~lJ'U~ru, ru f1 \j1-rIilU tJm1~YI~ bLfI~lJ'W, 61'l'1flJ. 
, , , cU 'U dJdJI \J 

2547. "fl1dltI~mJlltlfI'I eJ'Il'ltl,~ fleJ 'U'UeJ 'I Ll'Wfl'l rllil €J 'UY1 '111 'UU1'lJ1fJLfl'U,J1'Uflfl€J 'Itfl'U ~'1'V11~?lljYl'jfl'J1lJ." 
11)?llA1~EJ]YlEJlf'11611il1 (Section T) tJ~ 3 uuuvhi'!'1!1 1: 137-145. 

'WdlYl'W 'WJJru'U1-rfl'l~ el'ilO'llmru btttllJ~lJ'U'lru ruf1\i1-rIilU tlm1~YlE Llfl~'W'I~lViI'l ~m'VIi'\fJ'I. 2550. tI,~'111fllJ
" -.J~ 

ll'W fl'l rll'leJ 'Ualilil'U'U~llruU1'U1fJ lfl'Umt>l-r'U~JfI flJ ~YI'U 'II 1mm1.JYi'U~ ~'U1iJ. 1 1':i?1l dl~EJ1Vl Ulf'1161lid (Sect ion 

12 tJ~ 6 ilU'UYilP1~ 1: 289-300. 

l~'\)1'W~'U il~lJ-rIilU '11f16fJ1 VI'l.:J~tJ U1'U1 lJ'Iflfl Ll?l'l'1~V el'ilO'llmru ltJtllJ~lJ\!~ru Llfl~rum1-rIilU tlm1~VI~. 
2550. 1~t 'ULl'l'1f1fl L'IIflbfllil~rieJ1vi\n~el'Ulii 'llfJ'U~ "rue)111YlEJlileJ'U1'U~.:JIiI~l'Ulilfl . 'J1'l?m1~EJ]YlEJ1f'11?l1il1 
(Section T) tJVi 6 il'tJ'UYibl"1~ 1: 65-74. 

i'i~lJ1P1 '1'UtI'~l?l"j.li 1'11'\)1 tl'UUl el'ilu'llmru ltJtllJ~lJ\Pru blfl~ruD.li1-rIilU tlm1~YI~. 2550. tI'~'111fllJhdl'loB'l 
fl~lJVi'UVi'Uu~'U"jLlruleJ{;1,:!~bL.JJ1'U1'1t1:;fl'l. 11,61l'lj~EJ]YItni'!1?11'11 (Section T) tJ~ 6 uU'U~li'!~ 1: 213­

220. 

B'Urufl1 i'i11EJ'W'l1'V1'llJru 'WJLVI'W 'W''jru't.J1-rfl~ el'ilu'llmru LtJtllJ~lJ\!~ru rump-rIilU tlm1~Yli blfl:;~Yi'11qj1 l'lPl 

:a 'U1 VI V. 2550. tI ':i:; 'U 1 fl lJ bl 'W fI 'I rll'l eJ 'U a 1'111 'U 'U "j b 1 ru U1'U 1 EJ l fl 'Uti fl fl til flbL.J J 1 tJ, 1ru 'U ~ ~ 'I 'VI 11'1" , 
tI'l~'ilJ'Um'll'Utj. J1)61l'l%EJ1YltJ1P11611'11 ~D_.TI tJ~ 6 uuuvhP1~ 1: 253-264. 

el\lU~lmru LttmJ~:lJ'U'lru 2545. fll'lPifl~lbl'WfI'Inl'l€J'U'VI:;bfl1'UtI'l~lVlP11YlfJ 'J1'l61l'l1~EJ1'VIEJ1P1161\id (Section
" 

12 1(1):275-290 

el'ilu~lmru LtttllJ~lJ\!~ru. 2546. "'UYI~ 4 1ITfll'lPifl~llb'WfI'IrllileJ'U.y;'11." L'L/: ruml-rI'lU tlm1~YlE bbfl~flru~ 
('U'l,rul15fl1'l), riiJeJ1ITfll'l'l.iJ:; llJ'U bL'U'U'll ~ i11l~ eJ n1,~~ fl1 'lYl-r'W EJ1 fl'lU),lJ'1l1 ~blft :;~'1ll11'1 ~tJ :lJ~'U~'111 EJ ~'1 

" 
YI~lfl' 'l~'U'UULlP1 ih'111tJlfl'U. neJ'Ifl1'lalJ'W'Utj~l'1tJ'j~lYli'! flJ~YI'll'1Pin~l15fll'l. V!1."i1EJtI~U~fl1'lULli'!lVlfJ1 

Vll'1V1~bfl 'ilVl1f1'1flJrulJ'VI11VlUl~fJ ?l'li''U{;1'Uul~fJ UNESCO. 'VIih 91-164. (ISBN 97 4-17-1178-4hJJ~{;1'UifJ" , 
fl1dYilJ'V~ 500 l1:'ilJ 

el'ilu"nmru LtJtllJ~lJ\!~ru, B'Urufll i'iJlfJ'Wdl'V1lJru, 1 YlfJtI11'l L~i'!lYlEJ1t1'l:;~Yl15, 'UflufJ1 YI'l~~tI bLfI:;ruD.li1 

~I'IU tlml~YI~. 2546. "'UYI~ 1 fll'l\llbl'Ufl'11\J\i1 aru.li1'LJ1YlEJ1LLfI:;UllPllYlEJ1'tleJ.:jll'WfI.:jrlliltJ'UYi'11~ltJ'U 
1111 fl1"i 1 ~Ln~tI'll flD fll':iruJ1Y1:;Lfll tI~fJUi1llfl~U'WfI'I rll'lil 'lJYl'U~{;111'l{;11'l:a,Yi~1utl'l:; l YlP11VlEJ" 'VI'U1 1-41. 

tI"i~~'tI-8'EJfl1"iYilJ~ 300 l1:'ilJ (ISBN 974-9623-21-3) 
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