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EnhanCLml2nt :i f C[J.r :,) t e n '') id sy nth s i s 'vi h 1s10 o 1 
r at i ·) s a 18 0 oc curs in surf PIce i hy 1, 

Hie r vcyscis ae ru g in Ci sa. a po sitively b u e' yant ) ,'11 . 0 \ 1. 

(1983) have o bserved e n h El nC l' m2 nt {, f car o t l.! n f id syo in 

b u 0 y a nt P Yl) U 1 a t i :) n s ,"') f H i c r c c y s tis a t r u f; i n o s < (1 0 1 

th is a s an ada p tati o n t o wi thst a n d th h n m ul f 

ultravi o let radiati r: n. Be in g o n e o f th m j o s: ,c ci in L 

A wa s a, M i c r c c y s t i 8 S P e c i e s ill a y a 1 s ,', b e cot rib uti 0 l 

car c' ten '" i d : c h 1 n r ',) p h Y 11 1:' "l t i " s f 0 un , in t h 1 11 k (, • 

") h hi h 

The rati n u f cac,:.te n o id t .) chl o r op hyll sh ow ,1 S <) ID" va 1a 

t 1 mew i t h r 2 1 a t i vel y h i 8 he r v 3. 1 u e s d uri n .; F u n y 

n n 

, 1Y , 

Dutin 0; Ja nuary t '_l Ap ril , Bo try o c o ccu s b r llu o i1 hn ,I hi h 

P I::! t c c. n t il c c u m iJ ' ) sit i o n i nth 8 tl h y t op 1 A n k t ) n ( 2 0 - 4 0 t ) h c h 

a 1 s ·) a c c ) u n t f () r t h e h i (' h car ,J t C2 n , i ('l c , 0 e n 11 1 o . 

P U I' u 1 a t i () n m a x i m u in f o r th e a l i-; e.. was i n J nun 

C 'J Lm i '" sin t h f I , 11 0 iv in :!:; m () nth sma y a J. s . , e oJ n r 1 hut 

c. en {J t '- n ,; i d c D n c. e n t r ::l t i o n i nth e Fi g me n t c t r a ti;. Th 

were al s o l o w d ur in ? F r u n r y t 

eh1 0 r J r hyll sy nth esi s in t he p lankt o n c 11 . 

1ay h 

In surface wa t er s ( 0 -5 m) nitr a t -nitr ', n 

(j nly betwee n 7 a n d 14 :U f; 1- 1 durin g Jan u a ry y , 

t ) p h (, s I' ha t € - r. h u s IJ r u s w hi c h v a r i d ",z t w..: C n 2 

the wh o le samp lin g pe ri ,) d ( F i r- ur 5) . 

, oc · 5 

Thl,; t' 

nitrate t o p h GS ;:, ha t e t h e l a k e 'vat\? \Vh1c h ' s v y 
in , 

f the time, si g nifi es nit r ':J},cn d , flci 0 Y io 
p r obab l y 

wh ich may have r e sulte d in a hi (; h r L 

C r l) t '" n - '-' oj h h ' h e:> ·r () t n C' id: chI l.! . a n e n C(3 a e r " 
' f h t cl in hl icicncy h a s ce n 

r 

c (J nt \:! ot \,. f p hyt :) p l ankto n c 12 11s ( i)- l eher, 196 8 ; 

in 19 66) 
and Vaccar :) (195 8 , cit e by T (J 1 

Jc L th e nitr oge n c o nte n t : f m in p hy 

imp(l rt nt detcrn;i n c nt Df t h " ('1 r (lt n l) l d : ehl , 

i.! X ulanat ' i .l ' th ' )P 
I (J n s E! em s 1 i e 1. y c u n s e r n " 

o 

n hi h 

h r-

o 

0 0 w 

n u 

-1 

f 

) , 

l -
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ur C 

wa t e r s ( F i f ur 0- 8b ) , Th e d r o ~ c o inci de s wit h t h e hi ~ h 

C 'J n C L: n t r. d t i o n me i'. s ur cd in t h E: sur f a c e w (\ t r s ( F i L u )' 5 ) • 

Ve rti ca l d is t ri b u t i !JD (; f chl n r Dp h yl1 sh " ''' e d l l' SS v r i a n h n 

T h e l a tL. r sh 

Jr 'l n 0 u n c cd str a ti f i c a t i 0 0 (O f a l E: a e in mo st _a s ~s , wi h mu 

10 WE: r l' i ::-- mas s v a l u e s b e l u w th e t r 0 r h I)?, n i c Z 0 n l! • l i 

c (J n c:: €: n t r f l t i r) n h o w ~ v C' r, r e m a i n Q Ij f " i r 1 y s i mil a r t h ,.., U So, h u 

W <I t e r e .) 1 u m n f ,) r m ~) s t () f th e s a m p l i n f' :' c r i , 1 . Du n, t h 

s t r a t i f ie R t i rm P'" r Ll'l. ( J a n u a r y t ') Ma y ) th e (! c c 11 n l' ,) f hI.! 1 

p (, f' u L~ t L .. n wit h de j) t h '" a s e l ea r.1 Y s Le n \y i t h th e :) h y t J ., n k (. n 

v o lu me' , ;.'A. l. t ie ul a r l y at tim es ~ f hi g h e r b i l) ma S va lu e. Th 

wa s n :' t S. ,) b v i G U S wi t tl t h e C h 1 () r c l' h Y 11 ~, b II t t i 5 b" 

ill ustra t ui i n F i ); u r e 8 \v hi e h in c 1u dt:: s t h t.. c o nc e ner , t n in 0 -

5 m, Cl n d 11 t 1 0 TIl a n d 1 5 m. It sh ows f a ir ly s iM i 1 1 val u 

" 11 d h 'D b d n 1lm J~ t u ni t n t: p t S d u r in ~.: SC iJ t c mbc r t t, ' E.C t: m c r, a n , 

d i s t ri b uti :: n d urin ~ J il nu ary t o ha rch . Th e c n c ~: n:: r i n n 

was r el R ti v~ ly l o we r i n Ap ril , a~ d d e c lin ed mo r e in 

] ' we st chl ' r. ,,~p hyJl a a t a s in Gl e de p th (1 0 ,U ) 1 - 1) 

Wi t h C ,.1 In 1) J. ~ t e mixin g i n J un e , v ' u 

in e l" ",a sc <'I t 15 m wit h 
, t h (l U ,J ,) . , r C " 1 u m 0 a de cr ea s e 1n - . -

t h u s s h ') wi n ," th e d i s t r i b uti {) n (' f t h (l 1' 1 n k t 1 n i 
h 

e I) 1 u m n " f wa t I;! r • Th i i s 1 5 

f r o m F i ~ ur. e s pe e i ' s s h - w n in c a in 
6 wh ,,>r e mc st , 

15 h , WI.. v ~ 
m f r. '" m Xa y t o J un c . Chl o r o p h y l l ~, 

i n c r ea s e a t a ll (It,,p t h s. 

:J n r1 ~r ;~ h y t o 1' l a n k t (l n t O C' t :\ c C: lI 
st :l 'u l e e C) n d i t i r; n s ? 

h , o 

t e e 

h '" 

15 

o 

h 

t r p h ( I~ C n i c Z (l n e l' r I) v i r1 C' i t h ;; y !) r,,; n (' r 
1 A S L Y 0 t. E ' --!.!.=..::.~~;,--
(I)m in il n t h l u c - r~ r;: e n a l g a .':! in La k e W , 

n Il Sll i r ulin a S tH.e i c " , a r 02 a l l k n ~ w n t , 
55 <: 

th e ir CGl l s 

! ,mi n ' l1t t 1 ;;a Ikl tr. y n c 'l ccuS 

J l' Y n 

, 1 h u ) n 
which -d v C' th e m fl ,) s it i v • 

u 



S/. 

hi : h Cl (' C U 1;1111 u. t i ' ,n , f 1 i ~) i C C' o i r':. ri 1;' th _ t: 1lI, 5i i n 

r. h Y t " l' 1. c1 n k. t .. ' 11 v.T h i e h a r .~ m .:, s t ) Y b u " Y '1 n (F i U t ) 1 '" 
fic.3 t i., n ) f l d . £1 n k t '~. n is · Xi' ( c t <:: d t () . c: c ur , u n 

In t h ~ c h 1 c· r (; ;1 h Y 11 ."\ E1 n a J. y sis. n ,) di s tin (' t i J n w" . 

de;: '( a (~ i1 t i 'J n T' r '.) d u e t s (' f r.. 11 1 () r c ;) h y 11 • Th c (. n 1')u i n 

v a lu L's thus mask in i' a ;: OGs i b 1 (; j", cr t.;a s~ wit h 4 ~ , the l' l 

which h a v ~ ce ll wi1 lls (I f sillc 1 a r c m>1 s t i ~ n 51. , -11t h 

'; r a i t Y c f v .U 6 '.) m1 1 
,.~, . i n :~ xc ' 5 j t Ft S l:Juch ·'1 5 ::h 

( M'l SS, 19 8 0). Thus th ey vlJ ul1. ~0 ,. X :'2 C t ~c1 t , C n n n 

",:') watL·· C un .L.: r strt h l .: c o n :'lit i )ns. '7'h ~ r i '-I t 1m , u1 i n In 

n h is 

(' ') n t r i ~ u t (> S t r) th e r i (.: In E:' n t ee n C '2 n t r .") t: i , n, ma y h", il n r r: h 

f ) r t h c: J .1 f f Eo '( '" n C 2 S f (. U TI 1 bE: t ~J C! " n C h 1 ~ r " .: h 1. 

:, 13 n ~( t ') n v ;) 1. U (Tl [: 0 

'I 'n 1 hy 

t h 

t 1 a nkL)n l ens i ty c hl o r o:"l hy11 a ( Fi t:: ur 3 ) nc hy v, 

1 ) h J 1 1 oJ, hy r I") I 
v f) u m r: ( F i ? u r l;; ~3 d ) • T h '" r a t i 0 (l £ c h ,(; :)" y .. ' 

va1u!'" ' , 1 in Fi ,c ur e Ba. (i n /'! J , .L .1n :' f~rc c·nt.3 ·::c .lS Sl () Wn 

Wa t~ rs. r ,J :3 si b 1 ,.: r (-; Cl S r n s w hie h h ,'1 V (, I)' t: n 

th n In 

jj!;c'u:oS lU 

i . I: (1 C: ,-; r a c1 C1 ti l; n ;-, r ,) U u c t san d th e d i ' t () m 1) (l, \l 1 I 

in th _ il hy t ,'~) l (j nkt u n Cl.l unt, may a ba in e ,) nt i 

It ma y a l s 

h J' h Y 
C ntcnt "L r c ~ 11 incr ea s e s wi t h ll! l' t • 

i n rl c. '.: ',', ':~ r vJ J t e r 5 can h ;J v e :1 r L 

t h a n c ~ lls i n t e s urf a c e g J t c r 

rlsL1jn 

c. ntcn t 

t ) m"ke !~dx imu m .Jtili Z 1 t i ' ) TI 
t h e 1 ',w 1 i . h t 

W " t f'. t' ( l . to' y n u l d s • 1 I) [\ 4 ) • T his 1 ,) J i - h t 

"xhi ' ir :,' ' , L ~ ya ' )') u l , ~n n rn~ t R l lmn ~ tl c yn nw 
t 

(' "t 1 r h ,-3 ) 'j' 

- ", y11 1 c)n t .: nt: ( 11 U b rnr.! 
h 

u '" 

h 

1V 

wh;' 

n h 

h 

n 

n 

t , 

h 



a ti '.1 n t , extrciTl<.. ly l :,w l i g h t int e n siti ~ s ( ~ yn ) d 

19 83 ). -
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1 . • 

Th e rati o o f chl '-'>J:- ,)~' hy J.l ~ t o phy t u p l ankt o n v () lu m ' in 

0-5 m wat e r c o lumn v a ri e d be tw ee n 0 . 43 a n d 1 . Bl . Th~ 

h· up 

v .:llu c s r e c o rd ed , 0 043 g n d 0 . 62 , w" r c i n }la y a n M reh 

tiv e ly. Th e se rat i o s c o rr t:: s po n d t o th e t lv O hi ~ h c 6 t 

de t e r min ed f o r car o t e n o irl t ll c hl f)t o ph y ll. Th e l-, v(:r o'l 1 

e a 1 r e 1 a t i o n s hi p 'J f t h e t wo r a t i 'J s ( c f. F i i: u r e s 8 , b ) 

th a t l o w rat t=! o f chl o r o p h y l l synth e sis i s n ss c i atl! wi h hi h 

c ar' l t e n ,) id synt h e sis i n t h e ?Ll n kt o n. 

SEAS ONALITY OF PHYTOPLANKT ON 

T e mpv r a l n i st ri b uti o n o f p hy t ('0 1 a nkt o n s .; mc o 

influenc ",-j b y th e th~> rmal s t ra ti f i ca t i o n L eh viJr ') t hL 

Tot i'l l L. i c lTLEt ss lncr (! ~1se d wi t h t he l) n sL t o f str"! i i el in 

f oll owin g c ~; mp l E. t l: mi x in ,i'! i n D8 c e mbE r, a n rl. with th -I;; , innin 

ies tr Dtif ic a ti 0 n in May. Thi s i n cr"as ma y be a l) c i 

ve rtical mixin g in thl! wa t er c o lumn wh i c h re is t r l !) ut (. s 

' cd ma tt e r a n d influenc e s t he t em p r a t ur e a n d I ft h e lir.l t' . , 
nd 

nutri e nt ava il a') ili t y wh i c h in tu r n de t rmi n 

i1 hy t ol, l e. nkt v n. LZ ainfall a n d d rain a G f r " m t he 

rJ u 1: i n ~ t h c' r a i n y s ea s \) n a 1 s o c () n t r i b ut e cl t o t h ' n 

) f t h l; 1 a k (!. e n han c i n g !; r (l w th o f f\ h Y t 0 }J 1 a 0 k t .) n . u 1 0 

pc ri 0 d in Jun e - J u l y . 

h ' 

Th 2 ma ); n itude () f s ea s c·n a l cha n ;-:e s, i o th e 
,h yt o )1. nkrc n 

a s ch l n r f'l l,hy11 _ , f L J k e A was ct ex 1) r ~ ss e, 

with u th e r tr . 1 l akL"' ''' °iae .:! ~ p r e s ente d 

v a ri a t i ' Jn 

in Mt.l 'k (1 ~79) · 

AP;1 1i ed th e c u(: f fi c i e nt ,, £ 
(CV) t n n 

LA So n a l variA. b ility in t h e a Gun da nc 

l f . r h y to p 1 3 n k t o n a m 0 n i\ tr or: ic n 1 l fl kl. 

tcmj l(. r a l rei t t e rns. 

wu rk which I.,; a ve I'l 

Acc o r 1 ing 
t ) Kif ( 19135 ), 

cv 20 % w1ch t: h t! c 1 

Was a fa lls 
h' 5 I 

h 

C" I 

u ) . 

j in 

H 

L 

r. 
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i n w hi e t: t h c.: [ h Y t :J p 1 3. n k t u n i1 Ss e IT' ~ 1 a f. f:! i s C f) n st · n t I 1n 

s pec i e s eir e a-l'lV tl:;j t e) th r. f ul l r i'l n b~ I) f env ir o nme nt 'll c n 

i u n s ; as c, n d i t i () n s c han 8 e in the e n v i r 0 n men t , 1 '- c i E.. L 

adap t ed a tt a in numer ic .1 1. do mi n a nc e . Th i s c o nf o r s wi h 

findin g s i n Lake Aw a s a wh e r e the p h y t o p l a n k t u n c om-;)(" siti lJ n 

th e s d m (, t h r \. u g h ' ., u t the SAm p lin 8 I) e ri o d a n d S 0 m s r ei h 

pop ul a ti c n r e a k und~r d if f e r e nt e n v ir o nme nt a l c c nd it1 0ns . 

h 

1t -

S a s () n ali t y , f '') h Y t :) p 1 a n k t () n i n 1 a k e A wa s a was a 1 s ') ass e s y 

a r i) 1 yi n f t h t.:. r .q t i .) ;, f sea s o n 8 1 r 0 i U 1 a t I o n m a x i m < t '" n i 

( , a 1£ f 2. 11 d W:1 t S ') n ~ 1 9 8 6 ) • To tal ph y t op l a nkt o n " V ) a r 1 

2 . 8 f u r c e ll v Glum(:; a n ,l 2 . 4 f o r th e chl c)'t op hyll a c , nt n t in h 

t r 0 l' [W f, E- n i c z ,_, l1 C • Ex r r e s si n g t his r a t i ') a s th e 1 'J r I O 

t iv e 1 n ,~ :ci L r s ( , f ma g nit u d E. ( T a 111 n :3 , 1 9 8 6 ), th E.! 

va ri.J.ti J n was fuu n d t o be o nly 0 .4 5 a n d 0 .38 r S f) c t iv c ly. 

is v e ry similar t e, th e a nnu a l am p litude ub s e rv d in Lak 

ri Vrl -

T 1 

i y. 

Th L t J (Har t J n~ H:n t , 1977 ) ane! Lake G €{Jr ~ e (Ga nf, 1974c) . 

c ') mmunity sh ,) w('J a n El mp litu c1e " f 0.42. i n Lake Si ba ya , a n u 

0 . 2-0.4 in LakE. Ge o r ge (T a 1ling , 1986 ). Meas ur me nt o f h 

r h y 11 a f u r 5 ye a r sin La k (: 1'1 a i va s h a s h () w ve 't y s i m 11 l' 
mI ' i t uJ ~ 

f ' ( 0 34 0 38 O. 0 , O. 5 , . var~a t iJn with thl! ab '~,ve l a k e s • , • , 

1.08) wi th the t wv excep ti o nal va lu e s th Lak ( 0 . 65 n f 

in c.- n v ir v n m n tal cvnil ti Jn 1 .08 ) 
r 

su gg esti n g th a t c h an g e s 

1 9(6 ). s lme t imes g r \2:1 tc r ( Ka lff a n d \~ats u n, 

Sli f htly s ea s o n a l am p li tu ~e o f v r 1 t i n ( . ~ ) 
1 (,'W (; r t h a. n t h e 

in thE:' hl C ,. o r cp hy ll a c o nt E-n t 

Vic t () ri a (T a lli n e . 1986 ) . 

The 

L<lk 
s ",a s o nal o f va r i at i n n 

t h e ;> r o u ti v ' z nl.! in 

i n th e 11 m,' nc n 
1 

it ~] a s \ r c r fma n1 tu ' 
th a n wa s f j un 

".(11 l.i t ud ..: 

m"i nltu d c: " f 

sti ll 

Lyn gb y a nyass a~ ( 1 . 28), 

1 (1 16 ) Am ,-, n /; e .< sa n s • • 

hi ~ h~s t ( 0.88 ) I n 

1 var i Ati c n i n seas,1na. 

~lrulina 

th e ~ r ~ n 

t h ' 
c O 

un 1.1. . 
un1 



mas k c, (1 t 'J (-l C 2 r t a i n ex t e n t b y t h 12 d iff e r e n c i nt h ... 

p (: ri o d s (; f the ,1 \) min a nt V h y t op 1 a n k t ,-H\ 13 ,) t ry J c J C ,_ C C U s 

Lynp,"JY3 nyassae. Co nsidt::: rin g th a t th e amp litu ,~_ 
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m;t j I 

was relatively l o w2r in th 0 p i g m'2 nt c u nc c' nt rati 'ln t h:'ln in 

t u tal cell v ~~ lum(;, va. ri a ti c n in t o t a l p hyt \L l a nkt n C' un 

c o ul d hav e A.lso bl!e n maskE:d d l.l (~ t o unc o unt ", ;' h Y , t' 1 it n t n 

s p ec i es whic h c o ntributed t o th e p i g me nt c o nc c n tr a ti n. 

tiv e ly I nw c u mmunity val u e s a s c omp a r ed t ) C0m J' n, n s 

were a ls o f J un d in lakes v ict n ria (T a llin -; , 1966 ), Si bn Y1 r 

a n d Ha rt, 1977) a. n d Geo r g e (G a nf, 1 9 74c) . Tal in (18) 

acc ', unts th is i i f f e rencE o f pa tt e rn in L a k e V1ct u i1 

influ ence o f ah un dan t h ut l es s 

s pp., and the c 'J mp 10mE.ntary iia tt e rns o f Cl ccurr 

d i a t oms a n d b lu e - ~ rL ~ n a l sa e. Small a n d un c o un t 'rl s r c ~ h;t 

bee n su gi'," st ed t o) be the p r o haL l e ca us e in Ldk S1;" , y1 (H1 n' 

Ha r t, 1 <) 7 7 ) , 

Gr az in 2 i s o n c-! '.I f thl~ fac t o rs in flu Encin g th ", t Lm!)rOl n 

s pa ti a l d istribution o f p hy t op l a n k t ,l n. Thl. abuudan \.: r.h 

h i f t: tin.' hl it g raz in i3 pc)p ul ,q ti J n, se l e ct i ve g razin g a n t -

influences th e s pc: ci es aDundn nc e a n d s ea s 0 0 a 1 bch vi U I 

~I h y t ()r lankt () n o n which t h e y f eed . Th e mo st i mpe t~n 

the.. Comme r ci" l fishery u f Lak e .c\w a s a , 0 r e 'l chJ:' J mi 

a phyt op lankt J n f2 ede r. 

which m" ke U l) 9 3% o f th e t o t a l h i o ma ss i n Lakl. 

u n p u b 1 ish c d d a t a ) , T h l: r m 0 c y c 1 0 \ ' s c (j n s i mi l ' 

~cisum C1 n c Al o na 
, J'uv n11 ,-,s d i ap h a n a, ana 

~ u a t o r i a 1 .i. s s i mil i s ar c h e r 'b i v 0 r u us . 11 n l: i 
J ' 5 

f 

f fer e n c C'. s l' I1 t 1 a 1 D a t t t: r n f CI ~ u n ,1 n " 
, 1 0 s ea s o n ! ' 

I' 0 ;J U 1 a t i o n s , with 

J" n u ;,rY-Na rc h J uly-Se p t ember, 

Arril-J un f. • This I ~ a tt e rn 

k r " Ze r s c :) U 1 d v e r y we 11 
I'h yt ( 1 k 

" d n t ~; n f' U P u 1 a t i o n, e ith ~r Iy ma skin , 

i h i 

i 



o r b y ln d uc.in g o n e ? d u e L ) in t en s i v e u r s ~ l e c. t lv · ) 

S (, \lle re ri od. 

s 

z n& 1 n 
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CONCLUSION 
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CONCLUSI ON 

T h · ,) V C r:ll J. d is t r i b uti 0 n r i1 t t e rn Ii f p h Y t u p 1 a n k t r, n b i (' ma s sin 

L a k e A w , s " was b e n (3 raIl yin f J. u e n c (! d h Y th e h y ct r. () g rap i1 i cst r u c -

tur e u f th .:: wa t e r c o lu mn with a n incr ea s e (~ f ::; i o mR ss u pc n 

par ti al m ixin ~ o r f o ll ow in H c o mpl e t e mixin ~ . In n r g8 nic p h os -

I) hat .:: was r e la t ive ly hi ~~ h I ' 
{.l U r 1. n g t he s a mp lin g ps ri () cl whil e 

nitrat e c n nc ,_ ntrat i l, n, d~tc r m in ed duri n g January-July, wa s l u w 

eX C,,- p t (~ urin i; th e r a iny s ",C!s o n in J un e a n d J uly. T h '::' P i i-: m (-~ n t 

x t r a ct s s h o we J a :~ c n e ra 11 y h i i; h C f1 r () t e n v i ~~ t ·::' chI () r () p h y J. J. r a t i 0 

i n d i cat i n i, t h ~ p 0 S s i b i Ii t Y (: f ni t r. () t, to n d e f i c i e n c y in th e r h y t 0 -

r 1. a n k t () n c \:: 11 s • HO WEv e r, de t a il ed inv e sti "a ti c n n eed s t o be 

c ar r iC! .1 u u t o n t h e 0 i t r 0 g e ns t a t u 5 :J f th e Cl 1 :~ a e, a s well a s (') n 

th e nitr e. '.;e n [1 0 -1 r h osp h n r u 5 d y nam i cs o f t h e l ake: , t o c o nfirm 

t his s u .;~' e st i () n • 

Ll.n nl..r(1e <.I n J ', n ::.: sp,"-ci<!s 

i' a te tn ' f oJ i s t r i uti () n • 
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