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bm:;~-tl'llVltJ1 'UtJ'IUtJ'S:::lJlru 2556 d'Yhn1'SLnu~1B~1'1~bn1:;"1JllJ1 'UncilJ Ln1:::LL?llJ ?ll'SbL"':; Ln1:;"lJllJ 

,Jew1tJn~:Wbfl1:;~.;r'l LLm~ri'1il b~v fl"'lV1~ltJ"1JtJ lVl b~nmbYll:;b~tJ'I1'UVlV'ltJ~~~ fl1';l b ~vn1'S Lnu-rfl'l'n?lltJ 
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1Gm'a~h Lil'Un1'SAm~11 

I. 	 m';lAn't~I1B'V15'W6'l"tlv,rll\J~v~ 'I bb ';1 Vl~vlJ!?iB fl1'a L~UllJ1"t1B.:ja1V1~1tJ"tI'U11il b~ n 

1. 	 B'V15'W6'l"tlv.:j"tlB.:ja1'Sv1V11';j!?iBm'SL~ullJ1"t1v.:j Amphora sp. 

f!ifl'l~1fl11L~UllJ1bb"':;lJ1",';1.fllYl1 'U'StJ"lJB'lfl"'B bYJ",~ LV "lJB-:J1~B:;IJ1B:W'S1lJ 4 '1!1J~ 1~Lbn 
" 

"lllJlil Amphora sp1., Amphora sp2., Skeletonema costatum LL"':; Actinocyclus sp. ~LttJn1~ 
~ln'1!ltJ~'1 bfl1:;~i'lLL"':; Lm::: LL?llJ"'l'S 1 'UV1'V11'S L~tJ'I L~B?lI'1'S f/20 ~iJm1tJ-ruu~:Wlru"'11Bl'V11'SVI~n~B 

" 
1'Ubl'1'S'Vlbb"':::~B"'b~1'11m~1J11lJeJml611'U1VltJllJ'" (DIN:DIP molar ratio) ~LLl'1fl!?il'1n'U 5 fb 2:1, 6:1, 

<V '1 iJ~ ) .oJ ~ 0 ou,12:1, 24:1 ( Bml"'1'U 'U f120 b 'U~lilmUfllJ LLm~ 36:1 'Vlm1lJLfl:W 31 psu 'Vl .ln1'S'Vl~"'B.:jBI'111"'1'U 

"':; 3 ~111iltJlVliJmllJVI'U1LL-U'U"lJB-:JL'1!",,,,1IilB:::I'1BlJL~lJ~'UhiLil'U 1000 L"l!,,~/:D,,~~I'1';l b~tJ.:j1~B:::I'1BlJ11 

l'U~1'1Jl~-d1tJmUfllJBruVl.fli'i11~ 29.7 ± 1, 93 B\lPllb"l!m~tJ'" bL":::1V1U.?l'l?lil\1~lfl'VI"'BIil~"'Bm'S?lb"l!'U1'l 
" " 	 '\J 

uuu cool daytisht fl11:WboUlJLL"'.:j 32.00 llJLfl'SLlJ"/1'11.lJ .!1'U1Vi LtJ'UL1"1 12 i11:W'lLL,,:::-d1-:J~1il 12 
, .oJ 

-tl1LlJ-:J (1U'Vl 1)
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1tJ~ 1 'VI-U1tJYlIil"'B'lB'Vl5Yl"'''1Jv'leJI'111611'U DIN:DIP ~vfl11L~ull'1"1JB\llIilB:::I'1BlJ 
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~lJvl'''.reJ~1.:j?11Vl~ltJ:IJ1 1 0 i)aaa91)'llf1Lbl9lm:'1J'Wl ~.:jbbI9l1U~L~lJ\;lUm)fif1'\~lbtJU"li1.:j '1 VlllJ 

"li1.:jb1m'1JB.:jm)L~'ULVI ~'1V11)1'1~ 1 uU'Ivl')mh'llJ1 10 ilai'li'lVl':i L-rlBVI':i')';),rWJ1U,)Ub"ila~~';lU 
Sedgewick-Rafter counting slide I'llU')UFl11lJ'VIU1bL'I1uLba~1'l1U,)U~lJth~~'VlBm)b~'UlVi (specific 

growth rate, ).1) mlJ15'1JB'I GuiLlard (1973) m,),;)ll11m)L~B'ILb?1'1'tlB'Ifm hYJm~ LV 1UL"ilm~~iJ.:jii 
-liiVl (in vivo fluorescence) ~,)CJLfl~v'l AquaFluor (Turner Designs) ~lJvl')v~1'11I11V~VlBlJB1~ 12 

1u ~b~tJ'I1UflJllJL-illJ-ilU'1Jv'l(11)B1Vl1) DII\I:DIP eJVI)1?f1UI9l1'1 '1 lJ1VvlJ~1~~L~v'lbb?1'1 Nile red LYiv 

VI)1'l?1v'Um)?I~?1lJ'1Jv'l1'1J11'U~btJlJnm'l (neutral lipids) Vl1lJ15'tlv'l McGinnis et ol.. (1997) 

"lVl{'U1I11v~91BlJ"l!iil1l Amphora sp.1 '!.hvl1v~1'1vVl'1-UvtJ 30 i)(laamlJlmv'la'l'Uum~\9l1,\,} 

mv'l GF/F 'l11vl1vVl'1?11Vl~ltJ~fl1'1vV'UlJm~19l1~mv'l1tl?1tll1l~1tJ?11':i(l~m~ 90% v~~VllJ (1)1"1111
\J 

nl'~b~v'lLb?l'l'1Jv'lflavhYJ(lft LV 1lJ(11)(I~mV~1mfl~v'l AquaFluor (Turner Designs) ~tJ-r'UbVitJ'U 
Fl11lJb-illJ-illJtl'U?ll):IJ1V1).21lJfl(lVhYJ(lft LV (Chlorophyll a standard, Sigma) LL"'I9l'lt:·m1U'VI'I11tJ'tlv'l 

1lJlfl)n{lJl9lvaVI) ?f1lJJ1~e.h'Um)mv'l'l111tJiLfl)1~~tl~lJ1ru"'1)V1'V11)vii'U'Vl~Vl'ULVI) L'lU1u)tl'tlv'l
\J 

1lJLVI)'Vlbb(l~LLvlJLlJLUVlJ mlJ15m)mVl)~llJ'tlv'l Parsons et ai" (1984) 1 'U~v'ltJillliinl'J 

m)l.:j~ 1 m)LLU.:j-d1'1nl'~b~'ULViLyjv(11)Ln'Uvl1vVl'1lJlfin~leJmln1':ib~'ULVl1lJ?11':im'\l11) DIN:DIP . 
Vll'1 '1 

' . . 
tV !ILl " I ,CII"-d1~n1':iL~ul~ 1U'VILnU9l1vtJl'1 

OJ d 
"li1'1m':itl-ruvl1 (b~lJ~lJn1)fim~n) 1lJ'VI 1 

OJ d 
Early exponential growth 1lJ'VI 3 

OJ d 
Late exponentiaL growth 1lJ'Vl 6 

OJ d 
Stationary growth 1'U'Vl 9 

... d OJ d 
Senescent phase 1U'VI 12 LL(I~1lJ'Vl· 15 
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II. m'af!I1ILWn L'Wl::L61tJ.:j LL61::LnUa1t1'WU5aTVI'a1 tJ"lJ'lJ1f1 L61ml1m::UU'lJL 'JfI"tf1tJ ~.:I'tJV.:j Ln1::"lJ13J• 

(Vl~Ln1::LLa3Ja1"a)LLa::Ln1::'tJ13JUatl (Lm::~'t1.:1)
~ 

1. n1"aLnuvi'Jati1.:1.Jl1f!atJ13J 

LnUvl1vVl'1"'lVl~1tJ'1J'U119l L~n1lJ':i~UtJ'UL1P1'V11'1'Vl~ La 2 U~L1ru fiv "l!1tJ~'1 Lm::'lJl3JUvtJllJ 

nci3Jbm~~-tl'lbL(I~"l!ltJ~'1Lm~'1Jl1Jl'UVllhm~LL"1J(11) v. ~1Pl~U "il . "l!(lU~ LLlJ1tl~m{'1'lJv'lLm::LL?l1J?ll)
• \J • 

Vl~mm~5lJ '1 U~L1 ru"liB'I LL?11J(11) ll11tJli~'1LnULLV'l(l'lnVlB'U'lJ'U119l911~.:j 20111 lfl)L1JIPl) mnllJ1J1aJl 

Vl~B':ivU 'l nB'UtJ~m-r'lL~v1m~vl1vci1.:j~l1UlU UlJV'lv!;11Jfl1) Lnuvl1vci1'1~1~'U'1J1VlV'lal?1~n'1JlJ119l 
fl111J'l• 1-5 aVl':i vi!;1~ml1l L~1JJ1'Vl~L(I~Ln'UllJ'U~L1ruL~tJ,)tlUvl')vcil'1LL(I~mv'lt:J1'U~lmv'l'lJUlI9lVll 10 

l111mL1JVI':i (I'lltll~iitH111V1':iJ1tl':i~:IJ1ru 2/3 '1Jv'lfl')l1J"il'1Jv'l'1J')11I Lnuvl1vci1'1H~~1111J"l~(1mL!;1'1
• \J 

1I9ltJlPl';j'l"illJt1'1~V'ltlnD~ f11 ':i LLa~ Lnu~')vcil'1~Ul\11tJ1iV'l~')ijv~n~'U"illmL'U')tJ~m-r'I LL(I~ LL"liLVlJ11''lUt1'1 

lXv'ltlil~m) nvun1)dhJvl1v ~1'1vilnTnj'uYif1~tl\11~Lnuvl')vVl'1 LL(I::1Pl':i1 '11 I1IU"il~m1.JllV'l Lb 119l~vlJfiv 
~ ~ J 

Bru~j)il fl111JL~1J vBn~iL:y'Ua~altJ Lba:: pH 'tlB'I'I11Y1~L(I Lnu'I11'V1~batJ~1Jl\91';j 1 ~\J\';j lV'lB'I111tl 
• \J 

~ .., .9 ~I CIt. 

fll~I'l~LLCJflLL~::L'Vn::L(1EJ'I(11~~1EJ'!J'U1~L~flv1m::'UtJ\Jni'1V11'1V1::L~ "mu'U1~CJVI~'VIEJ1mVl1'1~1 
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1 bfl11~~U~lJ1UUI1'H:nVll'J~),u'U'Vl~m'UlVl'J b'J'U (\1'JB1'V11'H){'j'U'Vl1~'Yh)(\r.Ju-r(\ U.G'I~&1l~LFlVl VlllJ15m'J 

lJ1m~l'U"Uu\l Parsons et ai., (1984) lU~B\lulj"mm'J 
., G/. , ~~ J 

2. 	nT'ii'WlLbEJnlJldBEJI-3611'V1~lU"!.l'I.J1V1Lam'WBn1~'W1~LaU-3 

'tJl1hillB Vl\1(\lV1~lV"u'Ul~ L~n~LnU'Jlnt11'Vl~ LG'llJ1G'1~U~lJlIJ111'U~B\lUljU~m'J bL"'l f1~Lbvn 

b'llG'l~(\l'V1~lV"lJ'Ul~L~ nlJ1L-U'UVIJ b~u1~v1-ilL'VlflUfl'VIG'lB~ bLnlumv bbVlalJ (micro-pipette isolation) 

bba~nl'H~B\11\1b-U'U~l~U (seriaL dilution) L~V\lL'Ila~(\l'V1~lV~LbCJn1~(\1'Um~VlalJL~V\lL:BB (muLti­• 
well plate) ~iimVlldL~V\lb~m'l1'l1 f120 ;\lb~B\11\1'JlnmVlld"'Vl1 Guillard's fl2 (Anderson et ai., 

~ 	 ~ 

2005) a\l~hJL'Vh LnUmVlVlalJ111'U~UlJb~B~FnUfllJBruVl.flijbba~bL"'\IH~ 25±1 B\ll'!lL'Ilm~V'" bLa~ 32 
, \I 1'" 

1lJlfl11lJa/m.lJ.n'Ul'Vi l~vl~"lil\1iiLL"'\I : "lil\lii~ byhfi'u 12~11lJ\I : 12 -B'11lJ\I ~l'Uvllmh\l~'UVl~nB'U 
'tJllJ1LL'lhlVi1~U~lJlm'lh~lJlrub'Vh~11l1~~1r.J l~a\ll'Um~VlalJL~V\I L~B~iiU1V111L~V\lL~B(\Vl) f120 

1 	 ~ 

U~lJ1m 1-2 ijG'l~~IJI'J UlJ1n'U~UlJL~B~"'.fl11~ L"Ii'UL~Vlfi'UvllBV1\1t11 ~\ldfll'l1'U~LLG'I~BUm ru 
~ 	 1 

i'VlVlI'!IMl~m-il~v\l~I'Un11~IL~umlJ~)~u111'U Guillard (1973) Lba~ Guillard and Morton 
1 

(2003) ~\I bnIJHll1 L ~lJ..j'I'Ul'UL'Ila~"UtJ\I"'IV1~lVtI'Ul~b~nmv1~n"'B\I\1a'Vl11I'!UVI1n~u 'Vl n1'UVI~m~B 
1 	 1 

bi1'Ul1mVll)L~V\lb~B1'UmVlVlG'llJb~lJii~b~vlV1~Bt111'11a• 
Q.I 	 fl. c:t 

3. 	m~"!.IU1V'W'l.J5611'V1~IV"!.l'UI~Lan• 
L~tJ(;11V1~IV~b~V\l1-n'Um~VlG'llJL~lJ-.6'I'Ul'U~'Ul~vii~i~b\1'U 'vhm)LbVnL'Ila~"'IV1~lVlJliKl\1• 

1~'" ~ B1~l~VbLCJnL'Ila ~ \11 n m ~VlG'llJ~l Vb'Vl flU flVlG'l u~LLnlU G'll VLL Via lJ iK1\1 L'Ila~~l~~l vt11'Vl~ LG'I ~ 
1 

U111'!\11nL~tJVI~tJmVll1b~V\lL~v~LVl~VlJ1'Ut11'Vl~La~c,h'Un11~IL~mbiKl 3-4 fl~\I ~llJti''lJm)~'ULVI~V\I 
1~L'Ila~l'InVl~nB'U \1'U1v1b'lla~~U)II'!'Jln~\lL~mJ'U L"Ii'U "lJV~ VI~B'Illm'lla~~IJIIVVl~B1U'J11'1 'XlJ 'Jlm1'U 

cllVb'll"~"'I'V1~IV"lJ'Ul~ L~n~l~a\ll'UVlavVl'Vl~aB\I~ii vl'Vfl)L~V\I b~B f/20 UlJ 111 'U~UlJb~B \1'U 

"\ILnlJl Li1'U~"lJB\I"'IV1~lVi~L\1'U cllV~Jb~v"'IV1~lV"\lvlV11'J1mJ'Vjn 1 2-3 "U~1~ L~v 
~ 

1Vi1~~J b~v 
"'1V1~1Vbb'lJ'lJ mono-species 'Jlm1'U'Vll n1)"lJ v1V~U~L~lJU~lJl 1'1) ni)L~I'J \I(\lV1~lV'JlnViau~'Vl ~a v\l 

L-UU"lJJIil)U'lllJviU~lJ1IJ1) 125 ijG'l~~I'I) LLG'I~ 250 ijG'l~~Vl) I'IllJ"lvl'lJ 
~ " 
4. 	n1~IJI~d~1'V1tlmln1~L~UllJ1 

'tJl~,) L~u"'l'V1~ll'JlJlcllV"\ll'UB1 VI 111VI:W lill'U,)u 3 .Jl L~I'J\I"'IV1~ll'JllilVFn'lJFllJLL(\\I LLG'I~• 
vruVl.flij L -UULdG'llvVl\1U U I'J 10 1'1.1 ~lJvlJU Vl\1"'lV1~lV'Vln1'UL~B11ilnl) b~B\I LL"'\lU.G'I~ Vl)')IilUUflJllJ 
, " 	 " 

VlU1LL'li'U"!.Iv\lL'IlG'l~G'llV1~1 £J bbG'l ~/VI~Bl bfl':il~l1U1lJlru"IJv\lfmvl1YJ,,~ l€J Ulr11FnllJVlUI bb'li'UL'IlG'l ~~ 
1~lJl1-ilrll'Ulru~lJU':i~~'Vltm':ib~'lJll'1 (specific growth rate, ~) VlllJ15t1B'1 Guillard (1973) 

u
" .3, c:I ""'" 

rn';jfl~UVnu."~LYn~~"EJ~"'1l1';j1EJ'!J'U1~L"mnm~UU'ULlf'\Y11~Y1~~" 	 "'~1U'U1~EJY1~'WEJ1n';jY11~~1 
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7 

~6ln1"jAm~1 

I. n1';jAn'tt1B'Vl~'V'l61"IJel.:jtl~~V~.:jLt1~6lmJliieln1';jL~'U1\9l"IJtN"1'Vii1V"IJ\J1~L~n 
1. ~V1~'W61"IJel.:j"IJeJ.:jm'JeJ1'Vi1'JlJieln1'H~'Ul\9l"IJeJ.:jlvm::\9lmJ 

l~el::CPleJlJvn.g'l:um~fimnlh::neJ'Uv1'JtJ lvm::CPlellJ Amphora sp. 1 Amphora sp. 

Skeletonema costatum LLfI:: Actinocyclus sp. (~\J~ 2) 

2 

';i\J~ 21~B::CPlm.J vhm'Un1';jPim~n
\J 

lvm::CPleJlJ Amphora sp. 1 ~L~tJ'l1'Ue:J1'V11~~tJ~'UaCPl';i1G'il'U DII\j:DIP ·~·:m~ 2:1 i'i'l 36:1 ij 

m~L~'U11'1~LL,,::i1~lJlh::~V1im)b~'U11'1 (specific ~rowth rate, J...l) ~'lf1-j1 1.00 !Jlel1'U bbCPl"l'U';i::tJ::bb)f1 

m)b~lJ\il'Ul\JlVleJ~CPleJlJi1':i::tJ::tJ~u~1'Vi~eJ)~CJ~ La~ phase tJ':i~lJlru 2 1'U CJf1L1\JlVleJ::(PleJlJ~b~CJ'l1'U 
dCill QJ d .q ~ 0 c:: d q II I 

e:J1'V11':iVllJ 01 N: DIP b'VI1f1'U 24: 1 "Il':)lJf11':iL'VilJIil1'U1'Ub':i1fn1-qVlf11':iVl~"el'leJ'U 1 Lb"::lJfl11lJ'Vi'Ulbb'U'U 
~ , d.Id 'i 1 1 d"" , .., eI..,

L"Il"",1'lfn1'!lVlf11';iVlVl"B'lel'U ., (';iuVl 3 n.) ~VlCJ VlB::CPlBlJ 'Uell'VI1':iVllJ DIN:DIP LVl1f1'U 24:1 lJB(Pl';i1~, I ~ 

f11';iL~'Ul(Plb'Vhn'U 4 .39 ~B1\J ~.:jf1-j11VleJ::(PlBlJl\Jell'Vil';i~i1 DIN:DIP ~1f1-j1 (2: 1 6: 1 LL":: 12:1) 'VI~B~.:J 
\J \J 

Lf1'U1tJ (36:1) ';i1lJ~.:Jm1lJ'VI'U1Lb'Li'Ub"llm~~.:J~Vl (maximum cell density) ;1ijfh~.:jf1-j1'!lVlf11':iVlVl61tJ.:J
~ • U 1 

d.. 4 ~ "".... 1"'.d " d ) '. I"" 1 ~I ~ tJ'U '1 fltJ 2.3 x 10 b"ll""/lJ"""I'l':i 'U1'UVI"lVlVl1tJ'lJel.:Jf11';iVlVlml':) (CPll';il.:JVI 2 LL(Pl u';ilJ1ruflml ':i1,ml 

.del cO " 1 ' S .I d 
tel 1'U'IWIVlVl"tJ'lVllJ DIN:DIP 12:1 lJfl1~.:)m1'llVlf11':iVlVl"tJ.:J 24:1 \J"lI1.:JLL';if1'lJtJ.:jm';ii"ln~1 (':iuVl 3 "IJ.) 

, " , \J 

u ~ I ~ ~ ~ 

m~!'wmvnU"~LYn~L"V~"'1V1~ltJ~'lJl~L"mllm~'U'U'lJnf'1V11~VI~L~ "'Gl~'lJl~tJVI~~fJln~Vll~ul 
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100000 
~N:P 2: 1 

-;;­
-N:P 6: 1 n.GO: 

o (C; 

<(C; 
 ~N:P 12:1 

(C; 

~ 
(C; 

~ 10000 
~ 

-~ 


r 
~ 
;;;: ,;:I; 
C" 
a:: 

1000 

-E!-N:P 2 4:1 

-+-N :P 36 :1 

1 3 5 8 12 
-luv1fi1mr, 

.-... 
;ro 3.000 
e: -N:P2:1 
a~ 

a~ 
 'tI. 
~ 2.500 --'N:P-&.-r 
a~ 

)~
c 2.000 
lr' 
G: 
~ 

~ 1.500 

~ 

,,~ 1.000 

~ 


~ 

lr' 
~ 0 .500 

~N: P 12:1 -_._.__.._._._.._. 
-e-N:P 24:1 

~ 
G: 

---_.. _-_.._._.- _..._.. __....._....._._--_._-_._.__._-_._--­0.000 

1 3 5 8 12 

i"uitFl'mf' 

~tJ~ 3 fl1'Jb~'UlVl"/.le:J.:J1Vle:J~VlmJ Amphora sp.11'UmVl1'Jb~tJ.:J.y1ljelVl'J1~1'U DIN:DIP vi1.:J "1 

n. fld1lJVI'U1bb'l1'U "/.I. mlJ1rufl"eJhYh'\~ W 

d Q ~ Q 1 1 d.1i 1 d"" , ..,
Vl1'J1.:J'VI 2 'W1'J1lJLl'leJ'Jnl'HI'l'U l'l"/.leJ.:J Vle:J::l'leJlJ Amphora sp. 1 'VIL"V..:J 'Um'VI1'J'VIlJ DIN:DIP Vl1..:Jn'U 

, . --- ;-,------- 1/- - -- --- '..:--:- -----c 
V I . ' 

'e:JVI'J1~1'U DIN:DIP fl11:U'VI'U~LL'l1'Ut1.:J~~ fI"eJhYl,,~ ,~ ., «~'\J'ii~~Y1~rl1L~'Ull'l . , .... < <. '\I ' ,: ',,,);5·.....: ' II--J' 

( , . ") " ;: 
~ 

. 1'U~nyn'L~tJ.:J • ~eJrJ'U ,'~ . (L~"'~til"~~~~) (tlJIf)'Jn-r:ulri~~~~))
~ ,- . 'IS ' . :~ '.' (~'":,.;,. .. 

, ' l'U1'Uvi 5"lJtJ~r.n1P1n~n 
)' • • • .:: .~ -'-"' >11 

4 
2:1 3.04 1.60 x 10 1.714 

4
6:1 3.09 1.62 x 10 1.669 

4
12:1 3.00 1.54 x 10 1.775 

II
24:1 4.39 2.34 x 10 1.745 

II
36:1 3.03 1.81 x 10 1.453 

OJ :!1 I c: c:.. " 
m'jrWI~lEJmL"~L'\'jl~~"~,:j~1~~1~'!J'U1VlL"f1vlm~uU'uL1P1'V11~'V1~L" ?ffllU'Ui~CJ'V1-r'\'jtl1m'V11.:jul 



9 -SltJ.:Jl'UtlU'Ui.'flJ'U-sruLfl'Wll-S e:J'Yt"6.--V~ . U2556 
" 

mlJlru?l1~vlV11~1'ULm'Vl1'UvT\t'l1~LitJ'l1~v~l'lvlJ(;l~(;l':)VI(;lv~Llmvi111m~Pim~n1~tJ(;l~(;l.:) 
vcil'l~d~L~l1'Uocil':) 3-5 l'ULL~n "Uru~L~Enn'UfliJnl'm~?llJ"UvmvlJllJLiJ tJ-1'U1I'l'H:u'Uvit:lntl~vtJvvnlJl 

.- 1 ..,.., .,j ~ .I.,j " 
:UlnL<t!(;l(;l"utJ.:) ~v~l'lvlJVm'l:Ulm'U'Vl 5 "lJv':)f11~\"lm~n (~u'Vl 4)

" 

160.000 

~N:P2:1 ~ 140.000 

"v:a: 120_000 
~ 
C 100.000 
~ 
~ 80.000 
Ii" 
e;::


';S 60.000 

--t' 
~ 40.000 

§ 

~ 20.000 


___N:P 6:1 

~N: P 12:1 

- - - ---;:0 - N:P2-4~1 

~N: P36: 1 

0.000 

6.000 

«; 
~ 5.000 

~ 
~ 4.000 
~ 
e;:: 
~ 3.000 
"" 

r-:' 
;:) 

1l~..3 2.000 
;;<; 

~ 
1.000 

3 5 8 12 

i'uitffmf1 

"ll. 

~N:P2: 1 

.·-- .........N·;P--&;.l --·_···_·····_· ..._•..._-_._....._._._ .... 

""';'-N:P 12: 1 

-+-N:P 36:1 

___ u I .. =n . . 1' __.__ 
3 5 B 12 

-)t.lvlflm:l'l 

~ 

~'\.Jvi 4 m~b'\.J~V'ULL'\.J(\.:)'\.J~lJlru?l1~V1'V11~1'U1V1~b:U'U1'Uvl'vl1~LitJ'I1V1v~VlvlJ Amphora sp. 1 viiJ 

Bml6'h'U 01 N:OI P UlVln~l'1 tl'U fl. 1'UblVl'l'Vl-1'U11Vl'H:U'U "u. bLVl.l1lJLUV-1'U11Vl'lL:U'U 

m'lPimn1'U1~v~l'lvlJBn?lllJ"lJiJVI fiv Amphora sp. 2, Skeietonema costatum LL(;l~ 
.,j ~ 1 d Q.I.." ~ I 4 1 ,.~ 1.1

Actinocyclus sp. 'VlL(;lV'l 'UV1'Vll~'Vltl~'Uvl'l~l?ll'U OIN:OIP IVl'lLLIVl 2:1 tN 36:1 V1VmlJlruL'If(;l(;lIVl'lIVl'U 

~~'Vl':il'l 2.00 - 15.00 X 10
3 L<t!(;l~/ii(;l~~IVl'l '!'U ?lllJl'Jm~'U1V111ii''Vlm~~'UmllJLilJi'U"lJv'l?l1~V1'Vll'J• 

OIN:OIP vit-N'VlVl(;lV'l mlv.Jf11'lL~U11'l:Ulnm'JL~mll'Ul'UL<t!(;l~LL(;l~fh Fluorescence LL?lVl.:)':il1V1v~lVlvlJ 
~'l?lllJ"1fiJ~iJ~'\.JLLu'Um'JL~U1V1f)~ltJf)~'ln'U fiv ih~tJ~'\.J-rU~dVl~m~EJ~ Lag phase 1 l'U 1V1v~l'lvlJ 
'Vln"1fiJVliJm'JL~lJ"ii'TUl'ULb'UU exponential 'JllJ 6 l'U 1~tJ'J~v~vii1f11'JL~'U1V1~'l?l~ (ml~nl'H~'U1IVliJ. " . 
fl'JllJi'U~'l6'fVl) :U~vEJ1'U'J~'Vlil'll'Uvi 1 ~'llUvi 3 "lJeJ'lf11'JPimn :Uln'!'UBmlrn'JL~mh'Ul'UL<t!(\~:u~

" . " 
(\V1(;l'l (mllJi'U"lJv'lmlv.Jm'JL~u11'l"lJv'l1V1v~VlvlJ(\~(;l'l) LL(;l~Lil~'J~V~ stationary phase 1'Ul'Uvi 6-9 

"1fv'lf11'JPin~l ~'1'ltlvi 5 LL(;l~'Jtlvi 6 
" " 

u 
" ;: I d "'" 

m~flVlLLtJn LL~::L~1:: L~tJ.:I"1'\<1-S1 tJ'lJ'Ul Vl L~n-Vlm::'U'U'ULIl'1m~~::L'" i.'f~lU'U1~tJ~1~tJln-s~1~ul 
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old '" tI 	 1 ""'1':: Jld.. ", ,
~uVl 	6 n1".iC-l'ULL ".i"1Je:J~ Relative Fluorescence '!Je:J~ ~e:J~~e:J1Jli'Il1J"1I'LWn'Ut)lV11".iL~tI~L"1Ie:J'Vl1Je:J\P1".ila"nl 

tItI d . ", 
Fl11lJb"!JlJ"!J'U DIN:DIP 'VlllVlflVll,m'U 

4.1 'Ji I c: ~ i7 

rn)fl~LLfJml":: lvn:: L"tI.:JG11V1)1t1'lJ'Ul~L" fl\Jlm::'U'U'UL1t'1Vll~Vl::L" a(11UVl~tlVl~~EJlmVll·:nl1 
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nl'H'1..11 ~'UbVi cnJ'V'll~lijbVleJinl'~ L~'UIVl'lJeJ.:J LeJ~VleJlJ~.:J"'llJ'llUVl Lb"'Vl.:J';h lVleJ~VleJlJ'llUVl Amphora 

sp. 2 LL(;j~ Actinocyclus sp.b~'UhMl~iL~mrVl~l~TU DIN:DIP ijI"11tl~~lJ1ru 12:1 LL(;j~ijI"11~lJ'\.h~ 
"'eJ'VI~nl~L~'U1Vl Vl1eJ specific growth rate ~.:Jii.:J 3.13 IJitJ1'U m~~ 0.93 lJiu1'U (;I1lJ"lvl'U ~'d'U1Vl 
eJ~VleJlJ Skeletonema costatum J'Uijr;;'lJ'I..I~~~'V1~m~L~'l.JlVl"''1'''Vl 1.09 viu1'U lVlu~VltJlJ~L~'\.JlVl1'U

'IJ , 

am'V'l~ijeJVl~l~d'U'lJeJ.:J DIN:DIP ~.:J 24:1 LL(;j~ 36:1 ijnl'~L~lJ~l'Ud'UL"1f(;j~il 'l 1'U~~tJ~LL~n'lJv.:Jn1~ 
L~'\.JlVl~-:Jiir;;'lJtl~~~'Vl~m~L~'UlVl~1 LLvi"'llJ1~m~lJ~l'Ud'U L"1f(;j ~';ij'UiifldllJ'UVll'ULL'U"''1'''Vll~~n';h1'U"'Jll'V'l

'IJ , 

~iieJml~d'U'lJeJ.:J DIN:DIP ~1 (Vll~l.:J~ 3) "'eJVlfl~v.:Jn'U~ltJ.:Jl'U~il~Vl~l~d'U N:P IVltJllJ(;j~'Vh1~ 
bL'V'l(;j.:JnVleJ'UYl'll~dlJ~.:J1VleJ~VleJlJ~d'U1Vlt1h~'UlVll~~iiI"11eJ~"L'UYir;;'tJ~-:JLLvi 8.2 ii.:J 45.0 (Klausmeier et 

~ 'IJ 

a/., 2004) 

Vll~l.:J~ 3 'V'll~lijLVleJin1~L~'UlVl'lJeJ-:J1VleJ~VleJlJ"'llJ'llUVl~L~~.:J1'UU1Vll~~ii DIN:DIP vil.:Jtl'U 

'llUVl'lJeJ.:J"'lVl~ltJ 
~ 

'lJ'U1VlL(;jO 

~Vl~.l~d'U DIN:DIP 

1'UU1Vll~~~tJ'I 
«lJ'lh~~'Vl~m~,L~'\.J11Jl 

- 1 "­ " . 

(~eJJ1J) 

I 

fll1lJVl'U1LL'U'U"'.:J"'1'l
'IJ , 

(L"1f(;j~/il(;j~~Vl~) 

Amphora sp. 2 2:1 0.90 9.09 x 10 
2 

6:1 1.23 1.85 x 10 
3 

12:1 3.13 2.51 x 10 
3 

24:1 1.20 2.85 x 10 
3 

36:1 1.65 3.03 x 10 
3 

Skeletanema 2:1 1.09 1.76 x 10 
2 

castatum 6:1 0.91 1.80 x 10 
2 

12:1 0.60 2.08 x 10 
2 

24:1 0.78 2.15 x 10 
2 

36:1 0.95 2.12 x 10 
2 

Actinocyclus sp. 2:1 0.50 8.00 

6:1 0.91 1.10 x 10 
1 

12:1 0.93 1.40 x 10 
1 

24:1 0.68 1.30 x 10 
1 

36:1 1.43 1.00 x 10 
1 

u ,.N q .., ~. d ~,g,

II. nl':iflVlLWn L'Vn:a,m.:jLL(;j~Ln'U6l1t:J'W'U56l1'Vi,)1'ij'U1V1L~ml1n,)::'U'I.J'UL1f'1'tj1t:JH.:j• 
Ln'\.J~Tmh.:j"'TW~ltJ"u'U1V1L~nl'UJ1'Vl::L~lV1CJli~.:JmmL'V'l~'1nlJleJ'U'lJ'U1VlVll 20 llJIfl~LlJ1Jl1 mn, 

Lt1'Ud .:JVl~ t)(;I1lJLL'U'd ~.:Jtl1ntl'UVll(?lL'ViU BLL'Ud'\.J~m-r-:J1'U ~1'U'~~Vl ~1'UeJeJmL(;j~~~Vl~1'UVl n 'lJeJ\I Lm~'lJllJ 
"'I I .. '" 'I • I "''' .. "'I " t I ( tI cJ )'UmH'Un(;jlJLm~"''IJ'I LL(;j~L'UU'UJu::m~.:Jm'UL'VI'UmL(;j::VllWVl'lJeJ-:JLm~'lJllJ 'UVllJLm::LL"'lJ"'11 ~ 'VI 7 

, 'IJ 'IJ 

1'U~~Vlil'11'Uvl16-17 ii'UlfllJ 2556 

.., -:i -.I a 
f)1~AI'ILLE.lf1LL"~LYi1~L"E.I~G11"'11E.1"l1lJlI'1L"fl\Jlm~uu'Un!'1Vll~Vl~L" atllUlJ1~EJVl~YiEJ1mVl1~t11 
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• f\ 1\,
(17 ~t'L!',L~) ~Bl'-U~'(t',g.~~LUm~Un1) ~Bl'-rtLIl.~LU'L~Ut'~m~tALrt'Bn.t!LJ""ruB 

~ . ~~" ~~,rtLl~.I~[!!',L~rt~" ~LU'ftlt1.t'Gn.rtLfl.~LU'rut.'~(W~ln~t'~~'~Ut~ruRU~[! !',L~rt~"~LUm~Unt rtLn. 

~LU'~~" (t'E-~~LU't'~~'~Utrur.,~n.) ~Bl'-rtLn.~LU't'Bn.t'~~LQ,rtB~~r." M.LLJ~LRU~~U;!r.'t'r.p.n t 
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~ 

IPll~l.:J~ 4 f1rumvnh\..J~L1t;lJLm~'UllJ,j'vmb~~bm~'UllJlu'Uru~bn\J19i'1v~1.:J, 

~ . . 

1'U'VI~n~n 
. 

'rl1~1:ULlPlv{ " ~m~'!lllJ'UvV Ln~'!llll 

17-18lJ.f1. 56 vru'VI.fl:U (0e) 
, " 
f111lJb~lJ (psu) 

29.8 ± 0.3 

29.5±0.1 

30.6 ± 0.5 

29.7 ± 0.2 

vvn~k;v'U~~mv (lJn./~) 4.5 ± 0.1 4.5 ± 0.4 

pH 8.0 ± 0.0 8.1 ± 0.1 

LbvlJllJdiVlJ (llJlf1~bJ~) 1.195 ± 1.263 1.156 

1'ULm'Vl (llJlf1~llJ~) 0.164 ± 0.106 0.222 

1'U1\Jl~ii (llJlf1~llJ~) 0.058 ± 0.013 0.097 

vJm1LvJ\Jl (llJlf1~llJ~) 0.430 ± 0.119 0.372 

~~bf11Pl (llJlf1~llJ~) 

eJ~f11~U~ (lJn. CaCO/~) 
2.532 ± 0.430 

176.3 ± 1.443 

6.630 

179.4 

5-6 iJ.V. 56 Bru'VI.fl:U (0e) , " 
f111lJL~lJ (psu) 

BBn~LIi)'U~~mV (lJn./~) 

pH 
bLBlJllJb-uvlJ (llJlf1~llJ~) 

1'ULIPl~'Vl (llJlf1111l~) 

1'U11Pl~ii (llJlf1111l~) 

vJm1LvJIPl (llJlf1~llJ~) 

~~ bf11Pl (llJlf111ll~) 

eJ~f11~U~ (lJn. CaCO/~) 

30.1 ± 1.1 

30.8 ± 0.1 

5.2 ± 0.3 

8.1 ± 0.0 

1.138 ± 1.265 

0.148 ± 0.033 

0.110 ± 0.063 

0.645 ± 0.164 

25.41 ± 4.300 

187.5 ± 9.574 

30.2 ± 0.1 

30.9 ± 0.4 

5.2 ± 0.1 

8.1 ± 0.0 

1.100 

0.100 

0.155 

0.530 

17.04 

189.0 

19i'1 mh.:J~l'V1~l V'!l'U1~ L~ n~LLVn1;{'0\11nl9i'l B~l.:J Lb 'rl~.:J OIPlB'UYi'!lY1Lil\J1'U\J~L1ruLnl~'!l1lJ,j'BCJ 
• 'I '!'l • 1 ... 1 'I '" '" ....., .I d old

bb~~m~'UllJm'U~'VIruBVb'Un~lJ ~B~\JlvlJ 15 '!l'U~ Lm:: 'ilCJ1~'Ubb\Jf1'Vlb1V 1 '!l'U~ ~.:J~u'V1 8 LL~~';ju'VI 9 
., \J , " 'U 

" J' I c:f _ " 
fll'H;1~utJmt"::tYil::tfltJ~~TW~llJ~tllV1trtmnm::tJtJtlni'l'VI1~'VI::L" ~mtJtli~tJ'VI-rYitJlfwvnn11 
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.q, dd:cv I~ CIIII c:;.... I 

"lIij~"lJt:J.:J~1t:J~1.:J tJ'H 1ru'VILfltJI'11t:Jm4 

., ~ '" 
tJ'H 1 ru'VI LfltJIWJt:J lJ1.:J 

Ln1::'tI111'UvV ",,11~ 

r ~ 

~0)~ 

Thalassiosira sp.Adinocyclus Sp. 

C----;l 
'v("2: '. 

~r 

Oitylum sp. Heliotheca sp. 

__ -I{, 

t:;. ~ !.>.. - : . 

Biddulphia sp. Cylindrotheca sp . 

.........t\ 


.......--.. 

~:;u:;; 

Amphora sp. Oscillatoria sp. 

• 1.,1 , a, 1 1 'i d ... .,I 1" ... 1 II ...... 
~ u'VI 9 i,'11'V1';f1lJ"lJ'W1~L"flflmJ ~a~l'la1JLL~~ "lim b'WLb tJFl'VIL';ftJ'VILWfl \9r'iJ1mm~"lJ11J'WatJ flmn1~i,'1'lf..:l 
~ ~ 

.., q I c: ~ 

fll';iI'l~LLfJnLUl~LVn~L~tI'l~1"'i"1t1'tJ'lJl~~n,;)lm~UU'UL1f'1'V11"'VI~L~ ~(l1U'lJ1~EJ'VIrV4EJ1m'VI1"Ul 
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1.1 ... 

~Bm11';jB1,:jB,:j 

1"'.rHln 'UWUJ1.f11IPlnJ 2526 f11~bl'1~VlJ~";m~1.:JlI'lB:::I'1BlJb~Bf11~lbl'l'n:::,.hiil'l ]1A"'1'~nl'~, ... " 
• I",,,,.,. :;'I.d ",.d v 
~ uVl 38 O'U'UVl 1 'VI'U1 67-71. 
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n1~I'l\flLLfJn LL"'~L'Yl1~L'" fJ.:Ii.'t1~~lfJ'(J'Ul\flL'" n~lm~'U'U'UL1Pl'Vl1.:1'Vl ~L'" i.'tnl,j''Ui~v'V11'YlfJln~'Vll~~1 
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