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SUMMA Y 

Th s p 

Ethi J ~ i 

f L ~ kl! Aw s 

w ' s stu d i €: fr ) m S c r t mh t: r 1 93 5 t ) July 1986, in 

r l .) ti .Jn t .) S (J rnc e n vi r 'l nm l..! nt n l f <l ct .l rs inc1u rl in ::; th l: r m. l , li , ht , 

h ~m icn1 c h a r ct ~ ristics . ' urin ~ th o stu d y . ,1 p r1. '::' ~ , 

iJ h .J. S C S u f t h Ii! r m <l 1 s t r a t 1 fi e a t 1 : n t. e r e r ' c () p n i z '':I 

t h r ,; C! 

1 . An 

un s t ab ~ 5 t r a t i f i c a t i , ' n ~ (;: r i ') d d ur i n f1 S Ci t c: m b 2 r t ,) ti r, v m b e r , 

f u ll : wc .J b y c o m 1 e t e mixin i~ in .j ,-~ c "' rn ' r, 2. A 5t .:lb 1 L str a ti -

ficati r, n p e ri o n r!ur i n r, J a nu a ry t o Ap ril '\l it h t h~ c p, inn i n f, J f 

r\ e 5 t r a t i fie a t i ',l n i n May. a n d 3. Ami x i n g \) I.! r i " d ~ uri n "; J un \.! t ,) 

J u ly with . n iS 0 th e rm {.l 1 c u n c! iti 0 n in th e wh o le l a k e . 

mixin g in J un e wa5 5 5 (' C i fl t d wit h c ;) ~, ) i n g u f 

wit h a n in flu x r) f C(' 'J 1 r a i n a n ~ h i ~ h r :l i n f :>. 11 -' uri n ~ Ma y L , 

J un c . 

The u n ( e r w a t e r 1 i 8 h t pe n e t r a t i ';"1 n s h ' .. w c: ,J. a. s i mi l a r fJ a t t ..> r n :) v e r 

th e wh o l e ~ e ri 0d with t h e hi 3 h ~ s t in t h e r €~ , a n d t h e 1 0w~ 5 t i n 

th e b lu e 5 .. (;: ctr a 1 r s i n n . Eu p h v tic d ep th va ri ' d '.::: tw ee n 1 . 6 i'ln ri 

3.0 me t", rs with th e: hi r. h ~ st mea sur C' mLn ts c (' rr e s p '.J n d in , t ,J t he 

st abl e str a ti f ic a ti ' n p.::: ri :1d . T h ::. 1 a k" w,qt ' r h a . "! f a irly h i ~ h 

c o n c e n t r a t i e n ' ) f p h l' 5 p h a t e ( 2 3 - 45 u ~; 1 - 1 ) • L .) w nit r i) t c ,' n c n -

tr a t i 0 n (7 - 14 U E; 1- 1 ) d uri n ;' J ,. nu :lrY t o Ma y in c r ea 5 er, pp r e ci -

a bl y in Jun e - July with 5ur fa c ' val u ' 5 xc,- ;: i n ) 1 00 ~ p; 1 - 1 in 

July . 13 0 t h nut r i e n t s 5 h 0 W • ·:1 i n c r ca sin ~ v:t 1 U C 5 a 55 J ci a t (. T i t h 

mix i n )~ pe r i c· d 5 a n . / ,} r th E.: r a i n y s " ' J s :; n . 

A t o t .:1 1 ~, f 1 0 0 P h Y t () p 1 n k t :) n 5 ? 0 c i ,_ s w c r ' i r\ L n t i f i ~ i n L < k c 

A w a 5 rt wi h 4 8 % ') f th e t .1 X 

b 1 u '" - ?, r e n a 1 i~ a ~ , 1 1 % b y . i i1 t f\ m s, a n th e r t> st b y h y 5 .) i'J h Y t l' 5 , 

i n o f l a p,e: l1 t (~ 5 , cry ' t o m ~ n :J.,1s ;- n 1 y 1 4 s P L C i 5, 

w hi c h c " m p r i 5 e d a J ut 90% () f t h C' p' \ Y t (, 1 n k t ') n h i u ma s 5 

c o unt ", f o r th e wh ~ l e sam r lin ~ p e ri o Th d lJ min a n p hy t r·-

[I 1 rt n k t " n 5 p t.! C i e 5 w r t. L y n g y a n y S 5 a \~ , i> u tr y 0 c () C C U 5 l> run ... i n n (1 

M ic r ~ cys ti s 5 pe c i~s . s '. ') 5 U n ill h 1 0 m.:l s 5 V i A t i (. n w s " r ;) n " u n c 



In h ~ f ir s t W J • ut n u t In 

;> h Y t ) 1 a n k t ') n ,.., i J m '\ S S. m l! '! S U ,.. '­

p I ;; m n t ::\ n < J. y sIs. i nc C ' j s e l f ( 

s ;, ci l.!s. T hL. t il l 

'lnkt n c · un In l' <l n d 

1 n :, t h (; mix 1 n I! ;) L r 1 r, in 

: e CL. mh · r , a n rt th c r m ~ l d ~ t n ti f i c n ti l n ~ u in ; Ma y t ~ J uly whi h 

W s a ls r) ':! re ri "'i wi th hi ·., h r , l nf a ll a n c rLl ':l tiv c ly hi g h 

nutri nt c 'l nc ~ n t r .1 t i ,) n. v ri a t i () n IJ f t h 

t ) t <1 1 P h Y t ') lJ 1 n k t o n c m m u nit yin L n k l.: A w .:l S <l wa s L l .1 ti v ly l {J w 

(c GC:.f fici · nt o f v 2l ri ti u n < 20% ) . i t was hi S h r in s u rn e o f th e 

in j ivi . u a l c o mp 0 n nt s pe ci e s. 
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CHJ.P TE I 

INT Gn UCTI 0 N 



Phytop1Jnkton a th primn y cnrbon-fixing 0 ganisms in the 

qua tic environment. T y provide th bas~ of the aq ua ic ood 

chain, including h f i sh populn ti n whi h helps to sus ain he 

eve r incr easing food d emands of an. Th ey a €! also of g rea 

impo t a nce in the main n nce of aq u a ic a nd te r s t ia if in 

generating abou t 70 % of th ea th' s atmospheric oxy ge n . 

With th curr e nt fast ~ owt h of th e human population and he 

a dvanc eme nt 0 technolo g y, lr a 10na1 ut liz a tion of freshwa ter 

resources, utrophi a tion and t oxi ci y problems, pose a g reat 

dan ge r to th e e co logical balance of th e aq uatic biota . It is 

ther fo r e of c ons id e RbI impor t a nc e tha an understa n ing of 

ph yto p l a nkton com unit ies, th ir composition, seasonali t y and 

pr oduction, as we J as th e fa cto s which gov rn th e ir b havior 

is acq u ired. 

Et hiopia is a d veloping country with a g ro win huma n population 

depending mostly o n agric ul ur for food, and has be e n acing 

drought and famin for some years. In rhe abs nce 0 ~ ologi cal 

und ers t nding abou t the aqua i co mmuni ies, th e n d fo an 

alternative sourc 0 food wil l undoubt ed ly l e ad to th I':)is -

m n ag - men t a n d ove r- xploi a tion of th e aquatic resou c€!s 

available . If usc effi c iently an in a ation a way, th 

potentia csourc c n be of g e con omic Impor a nc in 

providing 'on r inuous u pp l y 0 food and wa an d s ve in 

d cr ~asi n g th burden on th m ch xploit c d arabI and . He nc e 

th t? aquatic ommuniti s in h ... coun y should be g iv n impo r-

tanc and studied in d ai l. 

Ithough th e g a) 

5 u dicd , our k n owle e 
c a alo u 5 an ch ck · 

flo 

i 5 fa 

5 t.." 

o some Af ican kl"s h ave cen 

r ro:n 

as we 

b 1 ng 

I 

om p t e . .\ n m b r 0 

d", ail d nv st atio ns 

on pa t S 0 th f r i an 10 a , hay b ' n r vi'w d by L~mo e 
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:ll. (l9 b l). Th vi WLrs hav e pnint ou h n fo 0 ~ 

·om pr c h c. nsiv l.:! s udi c. n 11 1 gal g OUp!'i 

g og nphic 1 di s L ~bu ion. T cy aJso omml;!nd 

plank on st u di.!s s hould not only Ji s t th~ major 

h p a nkt o n, bu · lso the rart.! SPLCi. ~S so as 0 

knowl e dg~ of th ~ r di st ib u ion nnd bio' cog a phy. 

in g iJ 1.011.. r 

tha phy 0 -

coopon~n 5 

gab 

of 

e r 

Ti:lliing and TaIli n g (1965) h av d,-s ribcd the ch ~l'l ica c oopo -

sitio n of som lakes in Afric and discuss~d the c onscqu nces on 

th e distribution of p l ankton ic org ni sms . Th ' authors have dis­

cussed th e 0 curr e nc e of d L smids . nd diatoms in r e lation to 

ionic omposi t ion, alka lin ty and s l inity gr a di e nts, conduc i­

vity and pH. Gnss ~t 1 . (1 ~8 3) lat ~ r m ad~ syst em atic s udy 

of E st Af ri ' a n] ak 2 s and id -.: n ifi 0 d d i a om a s,-mblag 02 s in 

relation o S om cnvi ronm"nt al v ari b l ·s, incl din g th e. o n es 

mE! n tioncd abov • 

The r l: a r l. 0 n 1 y a sma 1 1 n u m b ., r 0 f stu i '" s m d _ 0 nth phy t o-

plankton communities in Africa d ea ling with th 2 t o al biomass as 

W 11 as the quantitativ~ distribut i on of th e compon nt spe i s . 

no wl >dg of th l' splcies co mposit io n nd th t.: nvironm ntal 

cuntrol of th ir distributi on is ne 2 ssa y to unders t a nd th 

spacia and t e mporal chan g~s in phytopl nkton bioMass . 

The input of sola r di a tion i th ultimat controlling 

m~ chanism in th e annual patt rn 0 phyt p l ankton distribution o f 

t mp rat ", 1 a k s . This is both ir._ctly th oUbh irs c f o n 

p hot osyn th sis and E ow hand indir e tly hou gh i s L! ~c t o n 

he ma l s ratifi a ion e havior an its subs qu e n e ff on 

nutri ", nt and phy op a nkt o n dlstri u 1 n . In h tr op ics wh r 

s ' a onal han g~ s in solar radiation input d C ~lnlm 1, h c rm a 

st atiflc on p tt rn s IHL m n y dep nd en on 1 kL morpho -

Me t y, a nd ~tm0s h ~ ic f -c r o s uch eva pora o n, wind ~gim\;! 

nd humidi y. How v. n ux o f 00 1 i.n,n du Ld Insola -

tion during w t s e:Jso ns C(ln J so b 5 g nif lc nt s shown by 



T~ llin g ( 1 969 ) who 

Af i c rtn d d s 

t e n a ~ stu u 

has 'j> n i n d 1 n u .h~ of s 

ibcd om Cl n n u a J ycl 

h ... mic 11 on d it ions , nd 

p Cln k toni c 0 ga ni s ms. 

p, 

3 

:'lk 

t r ns :'lffe 

p r odi i y 

n 

in g 

o 

S c a s on n l ' hang s in speci e s comp os i ion nd bio 'l SS hav e be n 

d ... scrib e d 0 some: Af n l o k es in ludin g l ' k 'b Vict o i a 

(Talling , 1966), G 0 gc (Ganf, 1 97 ) , Ta n ga nyi ka ( HL: ky and 

Klin g , 1 9(31) , Sibaya (H a t and Ha rt , 1')77), Chad (Co mp Lr ,. n 

I tis, 1 9 83) and som e e: qu a 0 ia l a k s (th .. a ck , 1 976 cited in 

L0mo a ll c ct a . , 1 9 81) . na s d on comp a a iv in ve s 1 9at o n of 

a vailab c wo ks , Mc l a' k (1979) ha s p opo e d thr e pat e rns of 

tempor a l h a n vS in .:tb und a nc L n l o r ph o osyn h e ic ra s of 

phytopl a nkton in t o pic ) Af ic n l a k s 

A. Tr opic lak~s exhibitin g pr o nounc e d S 0 sona l fluctua ­

tions (co ef fici e nt of vari tion (C V) ) 20% ) 

in rainf 11 , riv 

usually 

dis-

B . 

corr e spondin g wi h vari a tions 

char ge or v 2 rtic a l mixin g , 

L a k e s wi . h muted fluctu ions (CV <2 0% ) in which 

diurnal ch a n g s o f e n 

and 

xc e Ld mon t h t o mo nth h a ng e s, 

C. Lak e s wh n b up ch a n gL 0 urs fro on e p ~ sis n 

al ga l ass ~ mbla ge a nd l e v e l 0 photosy nt h l ic tivi y 

to anoth L pe rsist e nt patte n . 

Ka f f a nd \v son (19 8 6) 

phy oplankton biomass 

nd OJ o id e n in Keny a , 

h v d s r 'b d 

nd communi y s 

h 

u 

t mpor a patt rns of 

ur e f o r l k e s a ivas ha 

in 0 her o pi a nd 

n od mad 

'm pe r. 

for a ny 

c omp a ris o n of p a tt ~ n r port~d 

l ak~ s . Th~y h ' vc o nclud d h a 

th e is no ·vid nc [un daml; nt h e. 

fr Ls hw t ... 

k s , nd 

phy o p a nk o n ompositi n find cl yntl mi s 0 r o pi 

c m p~ r n l a ' ~ s du in g h su mmLr . 

n o v e view o f th ' s as o n .1 11 y 0 

h a b Ln i v'n by T in g (l9 6 ) . 

phy o pJ a n k o n in 

H h , x (ll'li n e d 

f i ca n k 

h ,' v i o u s 



p~tt~rns of phy L op l ~ n k on s ~son~li y 

distinguished '" we. n p:l .e n wh h 

l ogi 1 f a ur s (wat inpu - ou pur ) 

hydr og r. ap hi on s (w a t ~ c ol umn TU 

Diffcre nt M8n su s of s~ Son"l V(l i 

dc. i b .. ' 

dom n . 

so fa 

by 

4 

nd 

hyd 0 -

a nd thos~ do in t y 

UT C n nd ula ion). 

bili y hav..: a lso b~ n 

discussed in h e comparison of phy op) n k on y na mi s f o m 

diff rent k ... s . 

V ry littl e is k n ow n about th ~ basic li mnology of Ethi op i n 

l ak altho ug h s've r a ) inv s i g t or s hav giv n sporad~c r ' ports 

o n morphomc t ri, h mi 3 1 and bio og lc 1 f tu es . Thes ar 

b - ing ompiled in a bibliogr3phy of Ethio p i a n limnology ( Bela y , 

in pr.LP r a t i o n) . Tal in g and T~ li n g (1 965 ) h . v r e ported th ~ lr 

own a nd I::a rli r ch -mi I a n alyses o n somt. E hi opia n l a kes , 

includin g th e l ift Vall y 18k sand 1ak ' To. n o. in th nor h . 

Detailed lim nological inv ~s ti gat ion s on Et hiopi a n l a kes in l u d e 

Pros sc:: e t a 1. (1 968 ) a nd Wood (> t aJ. (1976, 1984). Th Y have 

mad a n 

wi th in 

int e n siv e n s o n 1 study on J g r o u p of c):at r 

th a Rift System, 45 km south - e st of ddi s Ababa . 

l a k e s 

The i r 

morphom try , therm a l a nd chemi a1. s tr a tific i on be h av io hay 

bee n de scrib e d. Basd o n shor t t e rm i nvcsti gn ti on s, th e ma l and 

ch LMic al st a tifi cat i on pn tt e rns of fou o f th e large P. if t 

Va ll e y l Akes in Ethi o pi a - Lang a n o , bi ja a , Shalla a nd was a 

( Figure 1(1) havt! b<.: n d0s crib d by Bax r: . r (' t 1 . (1965) . These 

s t udi s 

c a n hrtv 

h ave shown th~t, in gl nerq J, th ~ mo d crrlt ly 

P ' i o ds of wc:: l -mark ed str a tific a ion whil e 

d eep l ak s 

h sh a ll ow 

I nk ' S havl o nly diurn t ra ti fi' tion . 

Tallin g ' f: a ( 1 r; 7 3 ), h a v studl ' 

ti o n by phy opla n k t o n in wo E hiop 

th L: pho osy nt hLt'ic produ -

n s o da 1 k~s. n uo.d e an d 

n IU .'ldl... has n a bund nt nd Ki l ole . Th y rl.!p o d tha 1 <.lk<.. 

almost uni ~ l ~~ usp n I o n of 

and Ki l o L: on ins t wo a bun dA nt 

in b , Ch ooco ccu s a nd J pi u llna 

bJu -g 

pt;; c l c 

..! n 

( Com . ) G\.. i 1., 

fll~p_ pp 

Th , hi g h 

, 



... ur 

1 DE E IT 
2. L. ZWAI 

3 l. AS' AT 

4 . LA GANO 

5. l. SHALLA 
6. l. AWASSA 
7 L ABAYA 

8 l. CH MO 
9 I. CHEW 

BAHR 

b. 

L 

M P ot E hi 
Hi f t < 11 y 

t t ion 1 nil i 

I 
I 
\ 

t ( 
d). L 

(h) 

500 km 

----, 

'--'--' 
2 m 

, 

a. 

h md j r 

rnp 1 i nq 



d nsity of .h· 

produc ivity h as 

phytoplankton h~s 

1 kes in E h op i 

C 0 l' k nd t h T: h " t pho y n t ~ i c. 

b· n <lls u s 

ill s h e n rudl 

(I3eJ :J. Y . nd Wood , 

P 1 mn r y p 0 u 

In lve of h..: Ri 

198 ). 

1 vi. Y 

I 1 J 

S~'l sJni.l studil!s in ludin r phy ie ... l, h ell il J nd bio oglc 

o 

y 

CJ tur 5, wi h ~mphas s on prim'lry p od u i on , hay bL n c ~ i d 

out on lak s Lan g no a n Abi ' ta (Wod jo , 192), :lnci .W:lS < 

(Kiflc, 19 85) . p esc n much mor", comp r ' h n Iv wo k, in -

cJuding b 3 cteriaJ nd zoopLnkton produ 10n ( nd fi phy io -

Jogy, is Ling mad o n L k Aw SA . 

Th e s~ason patt n of phy oplank o n i rlbution i n Et iopinn 

n k s has n o b n p iv ~n .) t ntion so f 'lnd tlls pilp(. 

pr 5 nts 5 ::1sona1 study o n LakL w a, o n 0 thl.: r.l jo Rif 

Va J cy l:l k E' b in E hiopia . It attl.;mp 5 0 ~iv n , c o unt of h 

s 'a son a l v : 1 t lons in phy o pL nk o n pc ics cornposi i nand 

biomass In r ' l ti o n to "om ' ·nvironm ' nr. " a t o s. 
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STUD Y 

T h L' E t h lop 1 n set 1 0 n 0 f t h (;! (, r - '1 .\ t i "'I n rt. it' ale y run s 

:Jlong th midd (' f th country In ,"'I no h-south di ion a nd 

covt:.rs an lr auf 1bou 1 50000 km 2 . ThL: sou hl! n par f h 

'H t Vall y ontains s~v~n modL:rat 1y J g ing a 

tota ar. a of 2500 km 2 (F eu 1a) . B s(.d on drCl n & 
in e r onnee ions , th ese 1 k~s a r l! divid in 0 th " major 

basins Z~a i-Sh al ) q basin in ludin g A s Zw i , Langano, 

Abijata a nd Shalla, Ab"'lya-Ch mo - Ch w-Boh basin , Clnd h Awasa 

basin lying bctuecn th two bnsins . 

Lak 

with 

~wasR has ~ vole no - t e toni 

'1 dia ma t r of a bou 30 km 

origin, nd 1i sin "'\ c Id r a 

nd ,'l n , ~,"'I of 136 0 km 2 ( Ha kin 

a 1., 1975). Th lak e bas in is t0t ally c nelosL:d by f u1 ing wi h 

its w~stCT.n b undnry 

movemen ts alo n g i ts 

from th · n rth by t3 

s arp howing signs 0 som r ~ e n rev rs~ 

,i u J t Z 0 n ( 1'10 h r, 1 '., 6 2 ) • I tis 0 V \ r) 00 k (; d 

g0 vo le nle omp l ~x Chabbi and Ug i, ~ nd 

the a r ea surrounding th ' 

01 0 h r , 1 6 0 ) • 

The AwasD r eg ion has a d y , s bhumi 

in by q u a r z a n pumi 

lim 1t a n d lassified in a 

'linfa 1l g iMc 1<1hi h is tE:.rized y on <'Iiny [I nd c n d y 

l.!aso n (Gama \U, 1 97 7). t' in f.:1J 1 is \.!. lid i S 1 i but rl tho u ~ h 0 u 

thL I...ight r ai ny mo n h s, from t-i"'lrrh 

av r ag", r ai nfall of 11 54 mm (T bl 

o 0 t ob' with n a nnu ) 

1 ) • Thl... nnu 

ev~po -tran piration fo th egio n is b e> w en 11 00 , nd 125 0 mm 

hus in ur in g :1 wat·r c iei during thL d Y P rio G· machu 

( 1977) r po ·d r hL m Rn "i l mp I... of h warm t month as 

20 - 24 o C 'l~d hI... c d st mon h as 16-20o C. C m 1...0 logic J 

datA o th s mp in ~ p ior! in his wo k ·hol./ mil h hi hL: 

values (28 - 30 0 e) d r ng th~ y l...:1son . 

i fl. d by il mtlJ iv h Tiku W h ) 

whi h d ins .:l , mpy Il.!fI 0 1., 1975) 



1 • n 1 o La d th r g n. 

----- ------ ------------ ------------- ------- ---------- ------ --------- --------------------- ----------- -

------------- ------ ------------ ----- ----- ----------------- - ------- --------- --------- ---- - ------ -o if . 0 ORPl O~ET A .HE. I~TRY CLIM T 

t n °3 
, - 7°) 

, ros 50.Li g , -1 (d) 

18 0 22'-38 0 2 Q ' E 25 851 um,.o cm- 1 ( e ) 

1 ,68 pH .85 (e 

90 2 ( ) a 'i I rng - 1 (e) 

2 k ( b) K f) g 1 - 1 (e) 

17 k ( ) Ca 1 1- ( e ) 

1 1 (c) M ') • 7 m }- . ( e) 

22 (b) H~() ..... 0 .1 q 1- 1 (e) 

1 1 ( b) Cl 4 . I mg -1 (e) 

l. x 109 "3 ( b) SO _.2 (e) 

1 50 m ( ) SlOl 75 • ~ mg -1 (e) 

1 t Ti ur l.: ha R v 1;" 3- ' 76.6 u~ 1 -1 ( 

0 t °4- P 21 • ') 'Jg 1-1 ( ) 

Tora P 8 'I 1 - 1 ( f ) 

---------------------~ ------------------------ ------------------------ ---------------- --------

( 

n ., 175 

1., 98) 

(b, C nf14CI':.i. n ,]m~ (', 1947 

'f) ling ar. all Lng, 1965 

c) W lcome, 1972 
(g) Ga (" \1, 1977 

(d) Loffr do .1 d u 
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whl h Is h mn '1 n of a Mu ch o l d 1 kl;, Llk", ha J J 0 . 

Ith o u ' h L'1 l! ~si n with no o bvious urf u 

o utJ c t, h k ' wa t h OlS r e n in e d '" 1 (\ I: 1 v f_ 1 y rj i 1 u t h ns 

b to' l! n s u g e s c d by M 'l Id n l' l. , (1 ('75) h .l 

n ~a n u t f ] 0 W b y s e (; p '1 '~ (: t h r 0 u gh t n \.: b of k c on th 

s o uth - we st a nd n o h e r n i d(, wh l h r. ~ y '1 

( g l a y a n d Hoo d, 

vu nt: f o r .:I r.1 ' j o 1 o s s 

of wa t e • Ot h e r a utho r s 19 11 4 ) h '3Vl su gg s c 

i ve.. d ainin th l SW :l mp y a r a t o b ~ t hL pl u b '3 blt 

CA. us e . Th 10k wa t e ] (; V ' J f l u · tu a t s c o nsld 'r1b l y o V I.! h 

y~a rs i n r p spo n s e to v r.l ri A. ti o n s i n r n 1 n 1 n n d I.' VlpO r a I o n. 

Th e m.:lx i mu 1 d p th r ~ 0 d ' d v a rl s fr om 2 1 . 6 in 1~37 , t o 1 7 . 3 m 

in 1 96 4 ( Ba xt e r , t a . , 1965 ) <w d 22 m In 1 98 T h sur f 

.1. r ", a of t h e 1 ak ... a lso VA. 1 ... s a n d h a be ' n e p o r l: \!d L O be 129 ".,2 

(C a n ni cc i a n d AJm ng l , 

r~ c ~ n t 1 y a s 88 km 2 (H e 

1 9 47) , 90 k m2 (M"Iki n ~ t' :1 1., 19 7';) a n 

ma nn , p so n a omm u ni · <' ti (l n) . Th 

s h u J:' c li n " h a s e n I I... sl o p t. wI h <:x t \. n s iv f! em> l g e nt a nd 

su bl'1l r gl. n t v cgc t nt o n a l mos t -Ill '1 r o u n th ba s i n . T h l: m'1c ro -

phyt ... po p u a ti on in clud ~ s Paspa l idl u m 

s ch wc infurthi ' Typ h :l J. i fo 1 1 n , T . n r usLi fol i 

& P . Th e f i sh inh .qb l in 6 h~ k in ' lud ~- Bn r b u 

Cl a ri a mos s amb i us a n d 0 
~-'-"--'------'-

Comm ci n 

fish in g pr G t i '", d by '1 F i s h \.! M n ' s 

so l · l y o n 

nil 0 icus . 

h( · mos t om mo n i hU d fi" h in th 

pl..-n 

l .:l k , 0 

mo st 

omi s 

Lak L Aw S 1 a 0 s up po t s i 

V., i c.. ty of fi hin g bi r s , av n g 

p ub ' sh l.!d wo k s o n t h ._ a 'I f lU o 

po p u 1 

n d wn d 

r. h tif 

I o n 

V.'" 

-------

includin g n 

J i 0 

Y L. k i 

n v ~ l n b .... 1 Urbn (1 970 ). Th \.: ~' n nto un d t h\.: k i ' be s 1 -

n 11 y ng ul U I '1 l a n d xc p I: o r h r owin t wn of 

wh i ch u n s n rlh- o u h 1 0nA r,hL e ns t n sho o t. h I rlk 



1 1 

CHAPTE l{ 

MAT RIALS d D ETHODS 
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S M L NG 

• \ sin g 1 ~ 0 f s h 0 r I.,; s a ion w 1 _ h a (i..' p th o f 17m WAS C h s n !) s 

repn.:s ntdtive s it ..! of thL ) • II. l! 0 h whol n plin p. iod 

(FigU T 1 b) . Wa L r s ::lmp s W o 1 J t( d o nc ' on h from 

'v ' n dlo.p hs (0,1,2,3,5,10 nd 1 5 m) usin r, a K m ... T.!T sampl r of 

2 lIt ( ca p ci y • Sub-s l'lP 1 ' S 0 W;'l f r o CP h rI P h WLrl.. 

transferred to 250 rn) bot 1. s '1 n I ixed wI h a 10 Lugol's 

solutio n ( 0.5 ml/l00 m l n m p 1 f ( J r qua n t 1 '} i v 'l n nl ysi s . 

Sampllls frurn th s ame dupths wc;!r rJut In poly thyl.:.n batt ~s 

and tr a nsport Ld In 'In ic", Lox l') th'_ l abo 'lo ry 

h~m ic 1 annlys~s . 

or pi 1'1cnt ,nd 

A phytopl '1 n ton n (· t o f ml sh 511.", 25 um 1as u .; c. d o colle ct 

p h ytopJank t o n fo r idLn t if c l t ion . Oup iCCltl.! I.!t S orl we r 

fixl..d wi th id Lugo l 's so J u ' on and form3Jd~hyri solu i o n. 

PHYS C L PA AMETE S 

Ve ti cal dis trib u ion of en I.! r nt: I ~ i nd dis~olv<;d oxyg n W.:l S 

m 'Clsurl?d in- s itu u si n g a iss(,) ved oxy ~ ' n p ob\. ith rl built-in 

th Tmlst ot' the mom , t (:1:' :l,nd ,1n oxyg, n m ' I..r wi th , 'so lll ion of 

0 . 05 - 0 .1 0 mb )-1 (YSI mod~l 5 7). nd'Twot r 11 gh pl..n t ,\ t lon 

was m~ surl.d usin g (l scl ~n ium <1 r .i.. 1 - 1 y '- 1- 'il fitt -d in a 

wo3t - r r r oof h ou i n, wi lh difft: ",nt p. l . cul fill ~ nn 

opal . 

cally 

(Sch e tt 

0.0 f il s oVL rln f' th . n \;! of phi () yn h 

Ive ad i a ti o n (hA") T I.! .y p s BG 1 2 I VG 9 I 

, 1 i n 1. W. G ~ 1'1 c1 n y) wIt h t t: .c.! op U mld 

460 , 540 I a nd 630 n m sp~ tiv· y. 

ThL VI.,; iea l x n ' t J on 01. flcit-.:n • V ( 1 n unl 

eu l a t ",d o r h dlf u )"~n l\vcll. n lh C , h by 

th fo r mu l'l: 

E = L/z n 10/1' 

wh r 10 i l h ' in n ~;ity ju b ow h u n ,- In 

nd ,G 

pol n 

- 1 ) 

ply 

1z 1 

w 

"n 
1 -

30 

of 

h 
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int n bi ty d <!p th Z in t. I: r .u It o l' ( Z", ) .. '11 

de L m o d u i n' h · np o xi mn LJ o n o c r i v d b y T in (1 5 o 

n n op tic a 1 y wi ne a n · of E s A i 0 Ilk 

u = . 7/ Evmln 

wh r e Ev min is th ... • I..: x t in ti o n e Ol.!ffi i ' 0 o t th · mo s p n ra-

in g W"lV l e ng t h f ht. Eu p h o ti d p h ( Z u) J 60 1 u -

t e d by s e ibin g 3 0 , 35 . od 35 " in o b J u • 

Rn o r e d p e c a 1 bJock s s p ~ Cli v 1y ( To lin g 1 95 7) ,"l. nd k n p 

th d e pth [I t wh i c h th ' i e h n ~ o s ity q U R 1% s ur f c i r n dl -

(l nc ' as 2' u. 

S~ cc h i disc t ~ n sp ~ r e n y w s m ~(l sur ., 1 (l (! 

c a 1 c ul a t d 7. U applyi n r, l. n 'p p 'x i mn i o n o f 

eq u a ti o n : 

00 

ZS D = 1. 7 /Ev 

wh e r e 2SD i t h ~ S c h pth i 0 m ' . s (I ds\) Ro d 

1 9 7 4 ) . 

CHEM I CAL PAR METE S 

wi h h ' 

k i ns 

Gi b e .. 

M' as u r.:!mc. o o f Ill! fo r u f. C ' wa t r was m c in - .: itu wi h a 

p o rt .l bl \.. digi t pH m tlr ( e n . b , ud.! l 60 7) l dab ) ' t o 0 . 0 5 

pl un i s. e rbon ..! bi bo n t L a J k Jinity w \ m n ed b 

titl: a ti o n g 'li n st He with ph 0 l phthal ' io n cl t o pI! 4 . 5 wi h 

mi xL iodi (l o. E I ri o j o on u vi y w u '<1 i n - u 

with o nbin c u n u . i v ir y / n l in i ty n nd t 

pro b ' (Y S I -l od · J 3 3 S-C - T m ). T ':Ipr 

ma de t o 20 0 e a s ' umjn n m n \.. P ;l rU i ' n 0 2 . % p r 

o ( T '1 1 . 0 g ~ 0 .1 Tn i 0 " I f) 6 5 ) . 

lJ f ur h \.. h\.. i ;'\ n n l y s S w. d n o n w, I. p l " P d 

rhl: o ug h Wl n t m n GF/ i 1 r . ph r 

w " rl· cr. i n ed c h ut 3 h u o n 

' s d r in \;. as 01 it \.! l\ r r ·J tiun i n 

o lu mn . i r - n t 0 ·n W • d wit h ph D 0 -

- (1-M ~ ' r by d i azo i Zlti o n i up I' ng 



n phthyl )- r y d1- ' CI 

esc t"i b d in C, llt. min .,1 , 
I r: c. 0 1': d 1 n 

78) , I t ! I 

hI.: hod 

(on' e n ;'\t on 

bL .. OT ,. . u tion o L oi e WI fo n" t ') he t.oo ) w o dc 

o 

ct 

wi h t h\! m - thoc! 'mpJoy' lI.ncl! v.i, s o f ( U 

s n it t - nitr op,c n onct;nt ~tio n wi hou t k n 

oitri 

xt r 

2 . S lub e '03 C iv p osphor.u w det.t in\; 

10n or 

wi hou 

ti o n < 0 ding t o M kl: (H78). 

SPECIES COM POSIT ON 

Mos of l h~ si n g l - c,l cd sp i ~ h ad b iz of l L s th ~n 25 urn 

and wo uld p ss t hr oug h th e samlJJ n g nct. Su 1 dcntific1 i o n w s 

don Co b o t h 0 n n ~ t il n L d i en n t e cl q u n 1 ( i v m p 1 s . Th (. 

lit e r tu r ..:. r ~f r d 0 in h C UT 

1\ u 

of hi s ork in UdLd 

Va n Huber - Pestn J o zzi (1 938 - 1983). \,; 1 1 (19 6 - 1970), 

11 - <.! 1 ( 1 95 4 ) • T h e t x in th · li s t of P ci . r , a T Cl n ged 

1C o r in g to Chri s ~ns, . n (1962 , 19 0 ). 

PBY T PLANK TO BIO AS S 

Es t imatio ns of phyt op Ank o n bioID1 s wer.e don~ b s o n h 0 0 -

phyl me s u em'nts Hnd J coun og . 

C un g­

L bo ~ o ry 

Ups " 

Samp . cs p s v ' d 

Sw d 

o lin nl1yz' ar 

Bo 

inv 

t h 

d. o 1 t iona1 h .l:. nv l nmt" n t: i' 0 '-

~w ... n. Ai ou n w " ~ un o ' u'in 

mi ros op 0) owi n l h U t ' m hi l ~ hniqu (U 

p elitninar y oun t of omm)o hy u>llok n 

two s .. mp I.. uS 0 

u s !" th h1.m b 

Gn con i c t"in 

s. mp c 1 ' 

biolr., 

WI') ound 

' 0 n ' So 1 1 

diml.. n 

h ", "moun 

wh h 

c n in :I l l 

t 0 hir h 

p 

i h h b\.. r ho 0 wi 

ion l!:'Imb 

mJ) . B s",d 

o im qlli 

co r.q r i' c\ n' 

.1 pI $ . "i'h 

o u·.. 10 

1n 

o 10 

n h· 

f r 

h n 9 0 

hy pl 

lion 

111 

958 ) . 

m o n 

n fi lin g 

bo 

o nrin lJ 

of th 0, 1 

y 

(u h 

c unt 

c ion . 



C) oniL s 0 1\0 u s braun 1 -_..:!-.:.....::...;.::....::...:...=-=.. 

ive in 1 50 ml s dim nt~ti on h nmb 

. un I un~ 10 o J t-

5 " m p 1. -s fro 'TI t h u P P c 0 - 3 l:1 1 c1 Y . 1 U t. h J , w r ini 1'1}1y 

poo l ed and cou ntin g w ~ s on on . h~s pool~d, ~s w~ n 5 , 

10 ~ n d IS m samp 0 thr ~e sdmp1.ing dn 

morL app ropriat e t inc ud 5 tn amp]' , I W lJ 

It wn lh n fund 

in h e pool 0 0 -

3 rn, a nd the 

() unting, th 

llobro - WiJ) ;do 

r s t o f th sImple w'r ~ r .1 t d as 

simpli i~d m ~ th o ds d ' sc i b'd y ~it le o 

( 1 97 7) we ref 0 1 J 0 W t'! d • T h t.! t () _ 1 nub ( 

su h . In 

(19H) nd 

o indi-

vidu a ls coun ted fo ] Spl.. . ies 

max i mum ~ r o r of + 267. , assuming 

th spe ci ~ s w r c fil ~rn' nt o us b u r. 

W .1S t 

" nel n 

.1 n s t. 

1 I 

60 nvolvin 

i bu 10n . i s o f 

coun _ wns 

o ne by m as urin g th e i t o t 1 e n h, l~ o 

h I..: C 

1. o g h c ing 

t!<\ui v a lt:nr: to 0 mo I.: thCln 60 in'Uvidunl 

pla n kto n su h as icrocyst s spLci's r 

in ividual c s. For tlo try o or.cus c el l s, h 

c olo ni e s W1 S meas u d lnd e l llt~d thr.; 

trl h om~ 

how ' v 

su 

numh r 

h • 

o f 

. h.1mb 

of 

Col nl'11 

oun I.. IlS 

of t h e 

c 1. 1 5 

bo 

p c 

o m 

i on<l]s 

colony r ea . Since th l.. pl a nk on d o s i y o n 

WAS hi g h fo r m st sp Eci es, _o un in g ~ smal 

wns sufficient . T 1nsformAtion 01 I:']] 

numb 

o un t o v o l um was 

doo~ by fit in g th ~ p lqnkton pp op i st Lom tric sh p s . 

P i m o t An ys i S,1mp s w r !n ' Y7.l! d fo P o,- n ('on 0-

tr t 0 abo u . 3 hou 1f ,- r ,mp iO b tir.l~ . Ii u o - .:> 250 m] 

lak· water W I.. > P s ~d h ouSh \h r.m n (; Ie ,S5 f ib ... r i1. s . 

l'itim -ot \-1, s ex t fl ct t. wi h WCl m 901 m..: h no1 I..n rif r, d nd 

i s Ibsorb<1n y m', s u ~d 665 nn , 4uO nn n n 750 nm h lyl:. 

UnicPlr.l S.' 6 - 50 vlsib spc. orho om' l ( P'l h r.l) . 

Co r i un fo po ib ~ ur bi y m by lC in 

r in 5 "t 750 nm f l")ln h 0 <.! p:> n d ln om n 

4801111. Chlo ophyl l rl cion P? l.' 

(1 (, 3 ) 

o 

1 ,_ on 

h 

t nction 

f r 

'" 13 . 9 U " 

I) dl:. g t da ... on 

Y T in -; n o i 

• 1 r. 

r ) u 
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THERH ST { T HIe T ON 

The ve-cticql dist 'bution of temp r , tur", nn (11 s s 1.v ~ d o xyg n 

JurlnE; th e sampling pe io was oJlow·fj rom th· surra oown 0 

15 m. T es ul s show hr e ph Sl.; 0 h .. 1"\. 1 s a ific tion 

(Figur\...s 2 n nd 3) . During the fir t phi1s ' am S ptcmb to 

Novl"mber, th l! rmnl iscontinultiLS r~ r,-lativ~)y uns b \: w th 

a gentl gradie nt of bout 0.2 in 

th 

t.h<..: J ow · r 

wnt<.r c.olumn. Th t Lmpcra tur L 

.:lnd 15 m w s b tW ' Ln 1. 6 nJ 

diffe coce bLtwcl!n 

2 . 8 0 C nnd su fncL st 

su f Ce 

ifie, tion 

WdS moro;) pronounced in Octnb r . ThL' Wi1S OmlJIL L nixing in 

D~c rnber and th e l ake h,rl nn isoth d mal c ndlt on " x'",pt f r hI 

stratification in th upper 0 - 3 m co umn 0 tcr . This w s 

superficinl grad ~ nt fo mcd during .:1y w' th in u\&",ci so • 

hat i n g, 0. n d ~ s t roy (: d d uri n g t h '- n i & h t (u I.! ' 0 C) 0 1 n ~. , 

Th c sc o nd pha ( du in ~ J,ouclrY 1 chnr, tl! iz e d b 11 

stJ: o n g th ~rma l st at ificnti on , Th~ Lmp\: ature dl f\...rLn 

between th sur (lCI and 15 m V;lril. n(>tve l" n 2 . 7 an 6. °c Ii h 

the maximum difL"r - n occurring n JPlnuary . The. high S 

sur a c u ternp~r turc rL ord durin h 'amplln~ period (25.4 0 C) 

occurre:d in 

th e surface 

J, nu r:y p . orl u ~lng a 

nd m wi h c1 dr(,p 

St"'LP hcrm 

phase, th rm dis con i n \ i L yIn t. h c d ~ P 

n twe n 5 nd 9 m an t. r move lIown 

- r Ddi nt 

t h s t: < I' 

w., • r 

I!) w 9 m. 

'" w Ln 

of thIs 

u r d 

u 

Fcbru r:y 0 Apr ' t was os i11D ing b~ w ~n 9 1n 15 m. In lay 

h~rL w J a ively g ' nt t. th r ,l g cllln!. h ch mo v d up 0 

7 m indi In h b.:!g'nniol o f h m 1 rr '\tlficlli n . h 

third phas~ f om Jun to hl nol 0 July W' s ~ p il)e n m x n 

wit h :) n i SOL h m' 1 con d i i t ) n i n LI e r p r. 

f o r: th s r ~ CL Welt s which h1 1'\ S Ii, h t mp" U 1 ' 

The f::mp" t ric d ffLl.. .. n h w~ n h u r .1 c: n 1 5 '11 

~ tw~ n 0.5 nnd 2.SoC. 
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14.9 ,1985 10.10 7.11 12.12 
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'fT' 
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J/ 1 
I 

.oj 
I 

/ :-r ] ( .. ~/ 
(, I 

15.J 
31,1.1986 27.'1 21.3 17." 

0 4 8 4 8 .. 8 4 8 12 02 (mg'-') 

21 23 25 21 23 21 23 19 21 23 T'C 
0 I... 

1 
1 rr I 

I 
I 

I I 

5 
, I , I 
I I t 

j 
I , 

10 
I I 

] f 
I I 
I 

, 
I I 

15 I I I 

16.5.1986 20.6 10.7 31.7 

l-iq'Jr ' l . i>cp h pr o files of lcmp r t.un· (-) dod di~solv d oxygen (---) 
1 0 Ldke l\,,"illUlfl on t.hc :>uB1iJlin9 d"lf tnd i"t~ indicnt d . 
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Although s r ad l a ti o n in p u W e !; no t m 

st u d Y p' r i ) d , d . i 1 y .. ,_ c or in . s -:) In X i mum 

tLmpe atu ' (T'lbll! 2 , a i o n al ~1LL\: o r o J () len 

1 -)86 ) have b °Ln uSl!d s .'In in di r ... ~ Ind !x In 

of th s tr ti fi tion pa tt n o f t ~ ak . 

d d r i n 

\ n d • n j 

... v C 

It un d 
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his 

um i 

F r om Scptc:mbl! r t o Jflnu a y he ' W S .:I cu muJilti v lnl:rc~( e In a ir 

t emp ~ r [l tur e urin g th ", day with t h mon h Y tlV a ge mn i mum 

risin g f rom 24.6 0 e in Sept em b r t o 28.q o e In J nunry (T bl, 2) . 

This w,s a ccompanie d by a n in \.:.51.! in th dif l!r\~ nC L b n 

max imum a nd 1'1inimun t c:mp r nt u C o f the , y wIth th' minimum 

go in g down in th l! ~v nin gs from 1 2 . 7° C in S. p t' mb c t o 7 . SoC in 

J a nuary. Th mo nth y a VE-rage i ff~oL nc incr s ' d f om 11.9 0 e 
t o 21 0 e in J nu a ry . This p o n o unc 1 urn ,l f l ue u,tion in ai r 

t · mpc ratur e pr ~ v c nts th e fo r mat i on () tab \ t:hcrm < ti i -

c a ti n. On c a lm d ys, soJar rgrliation wou l d W1 m u p th , iT . s 

we l l a s th e 1 akL watcr thus i 1ucin S 'lti j R I v n in th L l ~kl.! . 

A si g ni fican t d r op i th ~ ai r tLmp ' r~rurl! d urin g h · n 1aht wou d 

b e expec t ed to coul th l! l(k~ wn t nn~ ed u 0 h~rml1 s t bi i y, 

thus al lowin g c omple t e or pial m xin' . t 1 1 k nd Kl lh am 

(1974) h aVE: r e l a t d ai t Lmp ... r tu ..: and win vcl uc l y 0 show 

th im po rt a nc e of nue u nal co o lln ~ ~ nd wind l S mix in ~ Db n 5 In 

Lak e: n k uru, a n al k .:!l in ... , o d s < lin '? J n k ' in '\;; nY 1 . o n 

p Olt t ° rn c o ul d b e se n in the' win I r.\ov'm",n "1 un w sa "I od i 

o was ge n e r y calm i n 

and 6 m 6- 1 urln , . h r ' s t 

ffe:ct m y b nn i mport d n 

i 0 h e k . • 

~.' l y mo rn n s , '1nd 

th · .'y tnd ni"h 

C o r in h ' mixing 

Vl 1 "u 
o w\.! V 

OCt! 

Ll.: n 

in 

b L vl.:d 

Thou g h th a ir temp r~ U[L n nULJ b hi 'h n h y, 

th d iff e r ence in mn imum n d minlmu ir 

dl.! c eo In l,t Jnn u ry ( T1b 1 2) . hi 

s , b l > h e s fl '\1:100 ph ~ b l! rvl.! 

Jan u y 1. 0 i·f1y . Conp .. t \.. m n In Ju n 

de lA in so n 1 I v in~ U , :1 <I 0.. i 

r d 0 

o h .. 

ur in . 

b n 

te p :1 -
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TabJe 2 . Mon hly ~ve ~cs of m ximum a nd minimum ir 
t empe r t ur, nd the monrhly rainf ]1 in .w S~ . 

M x i mum 

September ' 85 2 . 6 

" ct ob er 26.2 

No v e mbe r 27 . 6 

Decem e r 2 H. 1 

J.qnuary , 1) 28 .8 

Februc1 y 29 . 4 

Ha rch 28 . 9 

April 26 . 3 

Ha y 26 .5 

June 23 . 9 

July 23.5 

TEH t>El. AT UIE ( 0 ) 

lti n imu m axlmum - mlnimum 

12 . 7 11. 9 

10 . 5 15 . 7 

8 . 8 1 g . 8 

7 . 8 20 . 3 

7 . 5 21. 3 

11. 2 8 .2 

10 . 5 10 . 4 

14. 8 11.5 

] 3 . 7 12 . 

1 .4 1. 5 

13 . 5 1" . 0 

All F LL 
(mm) 

11 5 

50 

13 

fl 

i.J 

5 

70 

112 

167 

11) '3 

72 

------ ------------------ ------------ ------- --------- - - --- - --- --



t u ~ , ~ nd i ofl x 0 c oo n ' h I h 

(1 96q ) h Ll s sh o wn f o r o t h ' Af . l n n . nit · s . 

,1 0 h 
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T ) 1 10 

mou n f 

r ;:li nf , J) in thl:! eg i o n 0 CU r .. J n Id' Y n June 

1 he t. 

( l tl b l 2 ) wl t.h 

th e mn xim u m a i r t ' mpe "'l u Go In g () n i 1 0 \J · s . V u\; f. 

th sLl Qp li n g p r iod . 

ga s e d o n m e As ur ~ m e n t s 

a n d J un e , Bax t e r t l. 

ak n i n L ~ kl! wa in F\! 

(1965 ) h v ' o bs \"! V (J he 

e y , 

ecp 

, h , 

hI.. rn a 

str a ti f i c a t io n w s ru d i m ~ nt n T Y d u in F bru a ry n n Jun e , bul 

we ll ma r k e d in MLl r c h, with th ~ m 1 dis o n Inu Y b > w ... n 5 nd 

12 m . C o mplc t e o r a mos t c omp t t.! mixin g 0 h e ,k W <J, S 

r e c o r ded in F eb ru ary, J u nl.. nd DLC mb T 19B4 by ' If (19 8 5). 

Th 0 s ~aso n a l pnt t rn uf h r m str a Ifl ti o n 0 (; v ·d in L,k 

Awas a is s i mil a r t o h t d 0 S ib e d by Tn J1in (1 u 6) f o much 

l a r ge r 1 k c in Afric ,'l , L a k ' Vict o ri a ( F i g u r 1 ' ) . H' d s c ib .... d 

thr c ", p h a s E:. s pha s e wi t h:-ln so c of so n g h ma l 

disc o n ti nu i t y f r om S c:: p t mb ' 0 D ~ \.. mb ~ T . s e co n ph a o f 

s t abl~ s tr a ti f i t i o n f o m J no u~ Y 0 n y, n n th i r d ph~ s o f 

fL~ bl c d ev e lopm n t of str a t i i ti u n c t ull.. n un ~ n Au u st . 

De pth pr o fiJ s of dis so v tl OXY ljc n f o l ow ht 1 -

fic R t io n P l tt rn ( F' g u s 2 :ln d ) with n sh:1 p e r as o 

y g n co n c nt r a t i o n ., b o u t th ..: r ~ i o n 0 h .... me mn u n . 

Durin g th e s t a ific , i n pc ri o i, I h x y ' n o n c c nt: 1 .io n boy 

th c m~ t ~ limni n vn i d r o m .,bo u " l O mr, 1 - 1 \.Ii h 3 m mu . 

v n lu<! 0 10 . 4 mg - 1 in JA nu a ry. Thi max i (' u l"l 

th ~ hi h c hi o o phy " n d phy up l ~nk o n v urn ' 

dAY ( F i e u 7) . Du 1n hL mixin g p j o 

unif o m d is t ibu i o n of o xy ge n h , h au h 

on e n t' u ti . n a n b n ' r om abo 

de c ':"01$ 

o ft h 

th 1 K' 

of o nc ' n 

\.,s mu r lc 0 

\.!d t u hi h s f c 

ci o n W" S o un 

s n 

l s !'l i x 'o , . 

l 'm r. u c; I n c 

'; t ) 7 

in th · 

sih l y 

I) t' S P 0 n .' t. 0 

d f t' h 

n 

'o l um n . h 

, - i . .\ l g h 

n ny 

Ju l y o 

" 0 

o n ich by 



h~~ting wa ul JLcr~'s h so ucil! n d /u in u 

inhibi tion of plotosy nr h~ is. 

A nan 0 x i c 1 ayE:! row:1. t (; r \ s p r S .i n t b..: ] 0 w 13M 1 nO r 0 r.1 n d 

Nov(;:m e r. This wa" f o ll wl!d by (l mOT 0 S uni 0 oxy 'n 

dis tr ib uti o n in De c e mb e r with v, U ' a 4 . 6 .0 . 3 m - 1 I n 

th e se c o nd ph a se o f t h e rmal st t fi il i on, he ,nox d'p h 

osc ill a t ed b tw ee n 11 Dnd 13 m . B ... (1965 h ve 

r 0po rt ~d a d oxyge n ~ lay of w tc in L k Wft (l b n dbou 

10 m in their H rch s Mp l T h c:p ct on of oxyg n in h 

hypolim n c t ic wa t er r f e c sits consump i o n by cC0mposi ion of 

orga nic ma tt r , a n d respir 'l tion of orG ' nisM in p . W:l trs . 

In th 2 a bs nc o f fr ee y circuLi in g wa I:: hl.;!re i no t L -

plenis hm c nt of ox y g n f om th e t h og ni zon..:; h e nc e:.. h 

a n ox ic lay e c n persi s t thr o u g h o ut th &t ,t 1 i a ion p ioo . 

In all cns s of str t i fi tion 

mc t a limnion was bel o w 5 m, and 

d urin ' th e sa mp lin g V r' ud , 

th e o xy ' n eli t ibu I o n in 

he 

hL 

wa s mo r 0 J 5 s upp(~ r 0 - 5 C1 o fw at.:: 

fdc t that th e 0 u p h ot i 

it possible t o c o nsld 

un nrm . ThiS , lod h 

dE:!p th was 1 -ss han m (T:1 JI:: 3), III d 

. h 0 - 5 Wctt o u mn s ~ ... p , ­

min -s8ntat i ve unit of th e 

n ti . n s in thi s stu dy , 

tr u ph og~ nic zon~. Thus [or d d' 

· r s<.mplc t k n OM di fer~o 

in this co ] u mn w _re: 'i tll ' 

Cl n d th e v.:\lut:.s avc r t\gL~ 

diffLre n ' s in d p th. 

in cf' d n· nllyz'd 0 

by m k • P pop i C)· C 

UN DE WATER L GHT 

Th se son 1 v i 

by the ve ic 1 

ON 

i n of u 

x in ti o n 1 '1 - 0 

h P 

(Ev) h 

b UL, g r -.:.n, {I I w v·l n hs 01 

an 630 n m pectiv y (Tah l c ) . 

e xtin _ 

lnwest 

sp 'ctr -l 

ion \o1aS s'" n 

x in i n i 0 

\.! .ions (Figur 

h u I' h (' U 

thee ,I n h 

4) . Sio" 11 h 

ion 

d 

t un 

o 

in 

p hs 

10 ' tyz • 

on o 

p 

60 5 0 

h 

w1 h h 

h b} u . 

h 
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by the vBrti c 1 extinct ion 
r·cd and t(J t J 1 i ght.. 
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i i<nt ([:.v) n , 



cip 0 '1 

blue li r~ h 

of I.!X iocti o o) t"1.! li ~ h P n·t: 

is pi ly n ~ ou ~ ~d io Lnk 

r.h 

25 

u .h nd 

This sp ct ' patte n of ligh 'x Inc i 0 , 'po a ]1 r u r 

L.JkL Awas'1 ( Kif e , 19 5) , h bL " n o un 0 b l.; Y i.'1l 0 kes 

wi th v ry tur b id 0 

pla nkt n ( Sak a mo t o 

Kilham , 1974; Bow lng 

olo r ed w t s, 0 

and Hog t s u, l S6 3 , 

e t 1 . , 1 I) 8 6 ) . T 'I J 

..: 0 

Cf,ln 

io g 

.ops 

1 J7 ; 

a • 

of phy o ­

k a nd 

(1'J73) h v (! 

descri b ed th ' sam p t e n f r 1 Ak S r aogu. n Kil u] wo 

cr ? t er s oda l' k es io Ethio i a with v e y dens 

blu e - g r ee n a g c . 

popu tl o ns u 

Abs o rpti o n of li g h t by p Euti ul t c s Slhnl>oid 

orgnni c a nd i nor g . o i pa t ic s, t r i us - In . urbi 

q uite Si g nific a n t, particularly t 1 0wL wav 1 '0 

visiblt· sp trum (\Jet zL 1,,33) . P h y t op l . nk o n 

inclur:lin g ca ten a ids, 

phyl1 , contribute 0 th 

p hyc o Y:l ni n , phyco;.:ry hl.in 

tt nUB i o n of ]i ht in rh o 

P :lnk o n, 

i 

hs 0 th 

pirm n 5 , 

c nd h 0 0 -

blul.: , r;rc n 

And red sp etr .') l re r, i on s ( Ho J ')c 0, .. yn It! 19 34) . 

P 0 0 0 u ned c.1 (; C 1 i 0 e wa s S L .~ n i nth t. c x i n i ' n b .l u a S w c J 1 1'1 S 

g r ee n Rnd r ed li g ht d ur.l.n g h ( sub!, 

ph S0 of this study. Th s m y bl! dul. 1:0 

sus pA nd cd mntt r in th ~. uppe olumn ') 

m tt e r sinking t o t h e b o t t om n no 

W." C 

lC in 0 

'1 i o n 

, n Ci f 

I II II 1 

lil a i o n 

in th 2 pr'slC ne o f th ermn h -.;for dl.: n it:y din This 

WtiS a ls o a p ri oel 0 f ~ tiv in hlOl:u nyll i\ :l d 

p hy opla okt o o volum ( i g u ~ 7 ). 

Eup h u tie d p th ( ZL U) h d P h :l hie l 1. 0 h 1 

pL:n.:tr i n g t h ' u n " W:1 t. } ' i foun w " . in d from 

t o t al li~h L.xtin ti o n (dL: i b,d in method ). Th 

ompa 'd ith h I.; PP oxim IJO of 

eq u C' inn Z u 3 . 7/Ev1\in (T 11 n 

~xtinct'o n e o, tfi i ~o 

c SL rL d . h v u ~ s 

o f he mo' 

om t h' ""0 

19-5), 

ul .c 

. min 

11 h 

f 0 

c n 

hI.: 

th 

n t hi 

o In t 



correspond we ll (T Cl ble: 3) • Th ~nn u ;)J In ' ' ) n ZL w a bout. 2 
wi th the hi Zh C! st v a lu~s (2 . 5 5 u 3 . 00 m) Ul in iu n t. h 

stAble thermal str t if l a i ,_' n p h as" < n r! th J ow v'\lu c (1. 0 

t o 2.20 m) du r i n g th e mi xer:! on d uns · b th mal st i 1 ati n 

p h ases. 

Meas ur e me nts o f Se cch i d l s c t r a ns parency, ZS D ( T bl~ 3) show~c 

r e latively c l o s e ag r eeme nt wit h S c c hi d l'p h app r ox l :l 1 n by 

th Poo l ~ -Atk ins e q u at i o n ZSD 1.7/ E v Th ('rc was on(; 

ex c ep ti ;) n in Ma rch , wh e r ~ ZSD me s u r d was much 

c a lcul L1 t ed va lu e , whi c h wa s p o ss i bly due t o a subjl:ctiv e 0 

in Secc hi dis c readin g . 

Th e mE:a n e uph o t ic d e pt h for t h e s ampl in r , p~ rl oJ d· . rmlo ui 

by th e t ota l li ~ ht ~xti n ct i o n ( Ze u De t.), 1 0 e as approx lm "d by 

t h 12 m 1 n 1 mum ex t i n c t i () n co c f f 1 c 1 e n t (Z u C 11 . ) W ' \ s 2 . 1 2m ~ n d 

2 . 0 1 m r espe ctively . Di vi di n g th es v a l u e s by th m <1 n S) chi 

depth v a lu E (0.70 m) g i VE S fa ct o r s o f 3 . 03 nd 2 . 37. 

ave r age of 3 a s a f acto r a n d mul t i plyin g wl h in c i vid u ~ Sl.:C hi 

de pth r e adin g s , g iv € s :1n app-r:oxlma t i o n of Z u. Thes ~pp 0 i -

ma t ed v c: lues deviated fr om v a lue s of Ze u (c n . • ) an 

by a b o ut + 0 . 4 m. ~ifle (1 9 85 ) fo u nd a m a n Zeu 0 2 . m I'l O a 

m~an ZSO o f 0 .7 7 m f o r L a k e Awasa . H I so d e rmin ld a ;Je t o r 

of 3 t o multiply wi th 

th e dep th o f e u p h o ti c 

Se cchi d 'pt h r endin>s hu s .:lpp r o xim 'l in~ 

zonl:! . T h S ' V il 1 u '-' S 1 g r ., 

pres0n t work , a n d it i s s u gg ested h ~ r th at: 1n f ut u 

fet o r c an b e used as a n 

Lake AWilS .J . 

pp r o xim a t i o n 0 th u p h n t ic 

T llin g (197 1) h as de s cri b e d th rc p r in c i pll c m p 0 n ., n 

minin g th e: eff ec t i ve un de r wa t r li g ht f i E: d fo c 

h h 

wo k this 

p h n 

d ! 

ul. ing 

c e ll : 1 . Th e time eo ur s _ of s u r f a c 1 r (ld l.n e~ ) 2 . Th' l. J v 

p - n e tr a ti o n o f r a d i a nt ~ n e r g y i th 

o f i 11 u min a t (,; d a n c' " da r. k Ii t .... a t t= r 

cp th, .1 n 

in h e mi 

3 . Th~ p 

D is r ur a ti o n of surf a c l:! ir r ;) , i a n e " a o und th " (: qua t o 

P J i n 
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Table 3 . 'J tica l re l a t i o ns hi )s of ext i n ti o n 0eff i c i e n 
e u p h o t ic a n d S cchi d e p th in La k Awas s a . 

------- ------------------ --------------- -- -- --- - ---- - ----- -----E v (I n uni t s m- 1 ) Ze u ( m) Su (m ) DA TE - -- - - -- - - - - - ---- -- - - - - - - - - - - - - - - - --- - - - - - - --- - - -- - - -- -
B 1 u e G r e _ n I; e d To t al Cal Ca 

--- -- - - ---- - ---- - -- - - -~ - - - - - - -- -- - - -- -- - - - - - - - - - - - - - - - - --- -- - - --

14 / 9/ 8 5 

10/ 1 0 /85 3 . 30 3 . 00 2 . 2 0 

07 / ] 1 / 8 5 3 . 42 3 . 23 2 .3 3 

1 2/1 2 / 8 5 3 . 3 8 2 . 5 3 2 . 5 3 

3 1 /1/ 8 6 

27/ 2 / 86 

21/3/ 3 6 

17/4/8 6 

1 6 /5 / 8 6 

2 0/ 6 / 86 

1 0 /7 / 36 

3 1 /7 / 86 

3 .17 2 . 55 2 . 2 9 

2 . 23 1.7 5 1. 4 7 

1. 95 1.50 1.33 

2 . 4 5 2 . 25 1. 7 4 

3 . 3 1 2 . 4 6 2 . 0 3 

2 . 7 0 

2 . 38 

2 . 7 3 

2 . 6 0 

1. 74 

1. 5 3 

1. 8 3 

2 . 11 

2 . 43 

0 . 70 

1. 68 1. 68 0 . 68 0 . 6 3 

1. 6 0 1. 59 Ll . G5 0 . 6 0 

1. 70 1. 46 0 . 69 0 . 6 2 

0 . 7 2 

1. 77 1. 62 0 . 68 0 . 6 5 

2 . 6 5 2 . 52 0 . 64 0 . 98 

3 . 00 2 . 7 8 0 . 80 1 . 11 

2 . 55 2 . 4 8 0 . 71 0 . 3 

2 . 2 0 2 . 13 0 . 70 0 . 80 

1. 9 0 1. 82 0 . 7 0 . 70 

- - - -- - - -- -- - - - -- - - -- - - - - - - - - -- - - - - - - - - - - - - - - - -- - - -- -- - ------- --
ANN UAL 

2 . 83 2 . 36 1. 9 3 2 . 2 8 2 . 1 2 2 . 01 0 . 7 0 0 . 7 8 
~,l E A N 

--- ---- ---------------- ---------------------- ------- -----------

Ev To t al 
Zeu De t 

Zeu Cal 

Su n e t 
SD Ca l 

3 0% b l ue + 3 5% 0 r ee n + 3 5 % r r 
Eu pho t ic d e p t ~ e t e r rn in d f r o m t o t a 
p e ne t rat i o n a s the d e t h o f 1% s u f 
Eu p h o ti c de th c a c ul a t e fr om 
Ze u :-, 3 . 7 / Ev mi n 

a i an e 
ti o n 

Se c c h i de r t h de t e rm i n e d with S c hi i e 
Se cchi d e p t h ca l c u J ate f o m h e e l a ion 
Ev =1 . 7/ ZSD wit h Ev=Ev o ta l 
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constant wit h 3 bou t 1 2 hours o f dcyli[~ht, an this cJ 0 do~s 

not play su ch a n i mpor t a n t r o l e in opi s a s t do s in 

Th e r e l a tiv p · n ~tra t i on of r d i a nt n • r g y , te mp Lr fl t c lake s . 

wh ich de n o t e s th e u p h o t i c dep th , i s of mu ch m r~ io po r a nc ~ in 

det e rm i ni n g p h y t op l a nk t o n physi o l08 Y and pr ductl o n, p~ tl -

cul a rly i n r e l a ti o n t o t h e p r opo rt i o n of il l umin - (I ( up ho i 

zone) to " da r k " z o n e . Th e p r opo r t i on wi l l i n cr ea s e in mixing 

w3t e r col um n , thus in c r ea si n g th l! r l a t i v 

dark n e ss b y t h e a l ga l. c e l l s . 

i m sp n i n 

Th e rati o of mix e d d e pt h t o e up ho tic clep th ( Zm i x/Zeu) 1cfin as 

th e op t i ca l d e p th , i s R limi ti n g f a ct o r n phy oj) ank un 

production whe n it e x c ee ds a c ri t ic a l val u e ( Tolling , 1971) . 

Some authors h a v e g iv e n a cr i tic a l va lu o f 4 t o 5 (S i c k 1 nd , 

1 'j 65; Hood e t a I . 1 9 7 , ) above wh ich l i ght limit ion 

expe ct e d t o p r eva il . I n La ke AWR s a , the me n ~up h o ti dep h w s 

about 2 m p.; i v i ng a rnt i o of 5 . 5 dur i ng th ' mixi n g n uns < bl 

th e rm a l strJtif ic a ti o n pe ri od s (i. e . assu mi n ' t he m'3D d p h 0 

be ;-t n e s tima t e of Zm i x ( o Dd <..! t a 1. , 1978) . Th~ fl i o wou d b ' 

l:ve n hi ghe r (7.5 ) t ak in g the mi xe d d(;pth of 15 m during Jun - and 

J uly (Fi g ur e 3a). Th i s wo u l d su gge st hat phytop nkt o n 

production ca n b e li g ht limi t e d d u r in g th e mixi ng periods . Th 

op tical dep t h wo ul d b e mu c h l e ss t a n 5.5 u in th - st bl 

stra t if i c a ti o n pe ri od a n h E! OCI2 l i g h t l imltCltivn wo u b 

mlni rnn l . T a l l in g h a s fo un d lim i ti n g op i ~] ,-,p th s in h :> hly 

productive l a ke s s u ch as L~ k ~ Ki l o ( Ta 11in8 , t 1 . , 197 3) anc! 

in d eE p lak e s durin g i s o th erma l mi x io su h \J in LIn' o h 

Bi1 s1n, United Ki n g dom (T a Il i n g , 197 1) . Thi h 1 S so be- n 

rt.;por t ed f o r l ake s S h a lla ( a dC:t!p ake), Ab 1.n 1l.nrl L:'lng n o 

(wi t h hi g h amo unt of p, r ti c u1 a t su s pensoi d s) in mixin 

( ~lo o d t I ea . , 1978). 

DenS0 populat i o ns of p h y t opl a nkt o n qbso inlj nc r , l 

i1re said t o bQ "s I f-.s h aoed ' . As n me as ur " of h i1: on 

p 10 

)igh 

ibu 1 n 

t o light ex t i nct io n , C). n extin i o n a U L! - Es - hrl b ",n t.I t 
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mi n ed t o b e b e t wee n 0 . 01 - 0.02 In un it s p· r m~ ch or 

st-v e r al n a tura l pop ul a ti o ns (T a llin~ , 1 965 l L 71 ' G nf 1 74,' ~ ,;7", , 
i, ~ y n o l d s • 1 9 8 4 ) • As su min g an Es va lu E! o f 0 . 015, t '"' (:x i n ti o n 

of li gh t d u e t o a l g al bi oma ss, wit h chl o op hyJ l 's a n index, in 

th e ' u pho tic zon e o f La k e Aw a s a , vari e d b ..=: tw e\;. n 0 . 69 nnd 1 . 56 

with a n a vern. ge of 1. 29 In units m- I • Th mean p r c n ng~ of 

li g ht e xti n c t io n due t o a l ga l bio ma ss \\l3 S 57% . whi h 5 muc h 

hi g her t h a n wa s f 0 u n d for 0 th e r id f t Vall e y kcs i n E th up <l . 

Wo od · t a 1. (1 9 7 8 ) h a v e f o u n d valuLs o f 3 %, 4 %, 6i~ 

l akes Zwa i , La n ga n o, Sha ll a a n d Abi j ta r ~spe c t l vl! y . 

n 22% i n 

Ho w ' v r , 

r c ent mea sur eme nts o f chl o r op h yl l ~ i n l d k e s Zw ~ i , Abija t ~ ,nd 

Sh a ll a ( Be l ay a n d Hood , 1 98 4) sh ow much hi g hLr v U I:! 5 in h · 

eup h ot i c z onE, which wou l d g iv e 

~x tin ctio n du e to a l e a l b i o ma ss . 

hi g h r pe rc nt ag o£ i , h t 

Se lf-sh ad in g beh av i or v a ri es wit h a l gR l s i z e n pi gn~ nt comp o -

siti o n . A con si de r ab l e decr ea s e be l ow "n o r n:l l" was fo un i h 

Es v a lue of de ns e p op ul a ti o ns o f Ce r q tiu m by T31lin ; (1971) . H 

a cc o unt ed this deC r 2!3. S e t o t he " s i p ve -f £ect" in,,£f...; i ve 

li gh t int e rcepti o n by s omL:: of th c e ll i e m nt in r g .:1 s . 

:'~ ey n olds (1984 ) h as po in t e d o ut th a t Bs <.l ' crc, scs .1S unit v v Juml; 

of p hy t o p l a n k t o n incr ea s e s abo v e bo ut 250 um 3 . Co o ni s f 

Bo try o c o cc us br a u n !i a n d Mi cr ocy stis S P e ie 'c ' din p chi 

v o lu me mak," up a c o n s i dera blL p r o p o rti o n o f t '" t o <11 phy 0 -

pla nkt on in Lake Aw asa (Fi g u r ~ 6 ) . This wo u d impar t th~ " i v' 

0 fL ... ct " m ~ nti o n e d above a n would b x p-.!ct d t .:> und 

E soC 0 n v e r s ely, E sis h i f\ h e r i n b 1 u ' 0 n ,) 1 t\ l! , 

phyc o bill ins, th a n i n g r ee n alg a ('irk, 1975) . 

a l gae mak in g u p a majo r p r o p o rti o n of th e phytopJ~n 

wa s a (Fi e ur .: 7) wo ul d be " pl! ct ed t o inc 'ilSC h L Es 

ge n ~ r i1l , it is ev i de nt th a 

pI n k t u n c a n b e s i g ni ficant 

cl i mi'l t of Lnk e Aw ,'ls.'1o 

th a tt nu n t ion of Ii h 

in de t mi nin g th · un j 

con, lnin 

B u - r n 

o n in L k 

v J U "' . In 

by p hy 

i h 
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CHEMICAL FEATURES 

The r e s u lts of ch e mic a l de t e r mi na t ions i n Lak e Awns, ~ r~ p s 

t e d in Figure 5. Alk a li n i t y a n a ly si s a nd pH me sur~mLn 5 w e r ~ 

done nnly f o r t he s u rf a c e wa t e r . So l u bJ 2 r eA ct iv e phosp hnt nrl 

ni tr a t e a naly si s included d e p th s am pl ~s fr om 0 1 , 5 , 10 nnd 15 m, 

bu t t he r e s u l t s d i d n o t s h ow a ma r k d ti l f e e nc c wi h d p h . 

He nc E: o n ly t h e mea n c o nc e ntr a ti o n o f t h u ppe r 0 - 5 m w L 

c o lu mn i s p r e s e nt e d ( F i 8ur e 5) as a r p r e s e nt d ti v e va u o r h 

tr op hog enic zo n e . Th e s J me i s tru ~ fo r ele ctr i c I c ond u ctivi y 

measuremen t s. 

Ca r b o nate and bIc a rb ona t e a r e t h e p r efio min a nt an i on s i n h 

l .:-t k t: , with so d ium a s t h e majo r c a t i o n ( Ta Iling and Ta l i n 

19 65; Kifl 2 , 1985) . Thi s is a t y pic a l fe .l tu r of m ny .nk sin 

Africa, p,rt icul a r l y th e l a kes f ou n d I n a nd sso ci a t ed wit h he 

Ea st Africa n Ri ft ( TaIl in g and TaI li n g , 1 965; r ross 1 . , 

1968) . Carbuna t e - bic a r bo n a t a l l<a li ni ty in Lake Awas n ho w d 

s aso anl v a ri a ti o ns ra n g i n g b e tw ee n 7 . 33 a nd 1 0 . 52 me q , - 1 , wi h 

t he m'lx i mum in J a nu a r y < n d t h e mi ni mu m i n I II July . Hi h 

alkal ini t y va lu es in J a nu . r y ma y b a s so ci t d wi th hi g h 

evapo ra ti o n ra t e s J ur i n g th e d r y s ~a s o n whic h would one n a 

the i ons. Ja nu a r y wa s t he d ri e s t pe r i o d o f t h ~ y r ( Fi UT 5) 

with a ver y hi g h l a k e su r f a c e t e mp r a tur (F i g uT ' 2) . Th 

lncr ea s ,- c an <11 s o be d u e t o a n i n c ca s t. in photosynth ti 

a c t ivit y u f p h y t op l n k t o n, which h ad pop U ' t i un p' k in 

J ,lnunry. Th e co nc e n t r 3 t i o n o f di s s o l ved oxyg n w~s 

uri n g th is pe ri :) d ( Fi g u r e 3b ), a pos sib 

photo s y n th · ti c ac tiv i ty . 

c ons qu ' nc 

5 hi ·h 

o f hi h 

El e ctr i c a l co n J uctivity 

with mo st o f th e v a lu es 

( K20 ) wa s be t w · n 7 30 a nd 825 umho 

be ing abo ut 100 ti m s h lk · lini y in 

meq 1- 1 • Ta ll in g a n d Tu l1in " (196 5 ) f o un d this rio! 

bctwLlln c o nduc t i v it y a nd d l k a linit y t o be ru fo mo 

E~st Af ric a. Va i n t i o n s in c o n u c ti vi t y ~ c i vl.: Y 

i o nshi 

• k n 
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s\.! tl o n with an incr eCt s€ in th e. dry n nd E!cre Se? in h I:! we 

(Fi g ure 5 ). Th e hi g hest co n 1 u etl vlty me a sure w n h·. 

ri e st IDu nth (J a.nuary) when a n i ne reas \:! in th E" . va p () r i o n of 

l ak W3tcr resulted in c " nce n tra ti o ~ o f th ~ i o ns . se In 

a inf :'l1 1 couplerl wi th h i e h v apo rati o n r n te wou l 

the i u ns, while it s in c r en s ~ wo uld ilut e: th i on i o ne n-

tr a tion thus r ed u c in g th e 

ion ic input from r a inf a ll 

to incre a s ed conduct i v ity. 

July sample (Fi g u r ~ 5). 

conducti v ity On t h ~ o t h ~ h n t he 

a n d th e d r a ina g e ar a maya n ibu L 

This l a t t ~ r eff ~ ct WA S see n in h 

Lake AwasR belongs t o th e Clas s II l akc s of TaIl in g ~nd Ta l in g 

(1965) wh.J.ch i nclude s l a kes wit h c o n d u c tivit y b t w n 600 ilnd 

6000 umh o s c.m- 1 , an d alka linit y b e tw _en 6 and 60 meq 1 - 1 . Its 

c onductivity is close t o the valu e s g 1 v n by t h ' same u h o rs 

£ 0 r I a k es T a n g any i k a , A I b e r t a n d E d war d nth c E a s r n l~ i t 

sy s t em , .''1 nd lakeS Ab a y 2nd Ch a mo in E thi op i a . Th ? o f t hl.! 

surfac2 watcr v.qrl ed bl:'tw<.!e n 8 . 3 a n d 9 . 0 wi th s li gh t y e r ea -

sing values from Jan u a r y to Ap ril . 

P h o s phat e-p h o s Jho r us co nc e ntr atio n v ari ed 

1- 1 With peak s in De cember and J uly (Fi g ur 

b e t wee n 22 , n d 

5) . T "-£ is 

45 u g 

p 

C.1n b e .""lsso ci.qtcd with th L. c o mpl t t0 mi x in g in th 'ak wh · <! b 

~ n i'l ccu mulAtion of pho s p h n t e in the hyp l i mni on 0 '1S C fr om 

decaying o r g ~nisms could h ave bee br o u g h t I nto e ircul'1t- o n . 

mark ed incr ~a se of pho sph a t wa s f u un in th u hy po imni o n urin 

h stabl\:! st r a tific a tion pe ri ed , b ut it is poss i ~ hn 

o 

, CCUT!lU13tion t ake s pla c e d~epe r i n t h '" Lkt:, i. be:. ow 15 m. 

The J cr ease o f phosp h a t e in January a n J un e, f u ow in g h 1 

mixing r~ riuds9 may b e ttri b ut . d t o its consu mp ti o n by h 

incr~nsing pop ula t ion o f phy t op l n nk t o n (Fi ~ ur 7) . 

The s o nd pea k in July is as suci .'} t d !th t h (linf1 1 , hi 

Was lit i ts m, ximum fo r th~ samp li n3 (;:ri d , a nd h ... nc 

inc t-> '1. se d nutrient from t h e d ( i n to -
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pl an k t o n a ssimilat i on of p hos ph a t e co uld aga in b a possi lc 

c a us e for the sharp dec lin e found a t th E! 2n d o f th month . I s 

inc o r po r a ti o n by phyt o plankto n a n d bacteri a can c a us e a v y 

rap i d cl~j1letio n u f a v a ilabl e ph o spha t e ( We tz el , 19 83 ) . no t h 

po ssibl e caUSE: is th e decrease in th e r e leas e of ph os hate fr om 

th e s ed iments in t h e prese nce of oxyge n. Th l ake wa s c pi -
ttd y mi xed from June to the e n d o f July durin g which i m 

d iss olved oxyge n a t 15 m increased fr om 4 .2 mg r l to 5 . 2 mg r 
Th o u gh th e r e was n o me as ur ems nt f u r th e s e diment surfac e , it 

s eem s hi ghly p r obable the r e wa s oxy ge na t ed deeper v t · r ff -c -

in g ph osp hate rele a se from the s diment.s . Wood et a l. (1 984) 

hav e foun d t he l owe st p h o spha t e c o n cen tr a ti on in t he g r o up o f 

Deb r e Ze it lak e s (F i gur e l a ) t o oc cur durin g , or at t he e n of , 

t he ir mix i n g peri o d s. 

Hi g h ph o s p hElt e co nc e ntr a ti o ns h a v e been r epo rt d for m n y 

Afric 3n l a k E: s (T a l ling a nd Tal l in g , 1965 ; Pr oss e r e t a " 1 965 ; 

Ta Ili n g e t a 1 • • 1973; He lRck, 1 9 7 8; Wo od e t a 1 • , 1 984 ) CiS 

0pp os i2 d t o t heir low nitrAte c. ont e nt (Ta Iling n nd 

Pr o ss e r -.:t .3 J •• 1968 ) • In th e p r e vious 5 e s onal 

,\.\.laS 2 ( Kifl c , 19 8 5 ), s 0 lubl~ r ~a ctiv e phos p ha t e 

va ry be tw e e n 5 a nd 45 ~g 1- 1 • 

Ni tr ate a n~ly sis wa s mad from J a nunry t o t h e 

T J i i ng , 1965; 

work .) n Lak· 

.:lS f o un d o 

n J 0 f Ju Y 

durin e whic h time th e c onc e ntra t i on incr~ n s ed 

5) • In most cas e s th e value s we r e low, varyin g b 

Y ( Fig u C 

t\J ~ n 7;) n 20 

.u ri . A t 

surface 

Th is Coul d bl;! 

h ~ raina g e 
a t ribut ed to 

the t:!n d 

wa t er s 

cl u e to 

a r (" a 

o f J uly ,q pro n unce d 

with c o nc e ntr a ti o ns 

th e hi g h r a in fa U a n 

a t th e t ime . So me 

in cre a s 

o f i1b ove 

nutri n t 

mo unt" mi 

nitr oge n f ix a. ti o n by th blu - gr ' 0 n 

~psis r ilc lborsk ii which had .3 ma jo r bi oma ss P f1k 

t c J a tiv e ly hi g h c o n c.entra ti o n i n t he sur f c W' t E: r 

In La k 2 Victo ria, a p op ul a ti o n ma ximum o f 

o cur t! 

100 u 

In 

h ·1 

1 - a 

( Fi :> u I.. 

wh · h . d ''! S 
lC occurr ed in a sl igh t - s tr a ti f i c ti on P 10, 

ss o i'l 

in 

-1 

om 

b 

) . 
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wi th hi g h concentr a tions o f n itr a t Q in th e 1ak (T II' 1 66) 1. n g , • 

Un f o rtuna t e ly there is n o bi o mas s da t a f o r t h 

fi xin g a l ga e in Lake Awa s a. 

th Lr nit 0 cn -

Wood et a 1. (1984) hav e shown f o r t he Debrc Z"' it lak t! S in 

Ethi opia that a mm o nium is th e p r edomi n a nt f o rm of nit rog- n, nd 

nitr a t e i s in l o w conce ntrations . Ammo n i a a nd ammo niu m nit ro g~ n 

(NH3 + NH4-N ) value s for Lake Awasa (G e br e Hariam, unpublish 

da t a) show ed th a t in Ha rch, 1986 th e re was a c o n e ntr ti o n o f 

a b out 5 tim e s the nitr a t e -nitro g en in th e u ppe r 0 - 5 m o f wa t e , 

a nd 10 a n d 25 times in 10 and 15 m r e sp e ctiv ely . Thi s is (I n 

indicati on o f th e hi g h p r opo rti o n o f reduced t o oxidized for s 

o f n it r ogen in th e lake, pa rticularly in t h e deep e r wa t e r d u ri ng 

the stratific a tion peri o d . Th o u g h th ere a r e no ammon ium v lues 

avail a bl e f o r the r e st o f th e samplin g pe ri od , th e incr a s o f 

nitr ate in th e trophoge nic zone during July coul d ha ve b t! n u e 

t o th e ox i da ti on o f th e r ed uc ed forms in th e deepe r wa t e r w ich 

hav e b een brou g ht int o circulati o n. But th e l o w nitr t 

c o ne ntr ation s found in d e epe r oxy g e n a r- d wat rs ma k thi s 

r ea s o n unlik E ly. Ki fl e ( 1 98 5), h as repor t ed nitr t c! co ne n -

tr a tions o f 25 t o l 6 5 ;U g 1-1 f o r Lak \,; Awas a, whic h fl r e r J a -

tiv e ly hi g h e r th a n th e valu e s f o un d in this stu y. Thi is 

po ssibl y d u e t o th e diff e r e nc e i n th e me th ods us e d f o r nit 

r e d ucti o n (Zn as op pos e d t o Cd-Cu r ed ucti on ) . 

No d e t e rminations wer e made in this stu ~y on t o t a l nitr o 

pho sph o rus which would hav e g iv e n a much b tt t= r piet u 

n nd 

s t rt tus o f the tw o nutrients in th e lake. In th e gb n ~ o f hi 

info rm a ti o n it is n o t pos sibl t o discuSS th non 

phosph o rus rati o which p lays a n im por t a nt r o l e in phy t op J a n k 

Ph YSiol ogy . Joweve r th e n itr a t e t o phos p h a t r t i o W V ~ Y 0 

du r' 5) Th e o ns ' u >ne c' 
ln p, mo st of th e s a mplin g period ( Fi6 u r e . 

of thi s f eature will be d iscus s~d lat e r in r I ti oo 0 s ~ 0 0 

lty o f phyt o plank t o n. 

(I 

n 



SPECIES COMPOSITION 

A t o t al of 1 00 p hytopla nkt o n sp ec i e s Wl?:re i.~ ntifl e 

s qmples coll e ct ed o v e r a y e ar fr om t he pela g i c z o n 

3S 

n h 

of L a 

Aw a s a (s ee Spec i e s Lis t belo '", ) . The q u a li ta tiv e compo si o n 0 

th e algal flora sho~vs th a t th e g r ee n a l ga h av e th hi g h 5 

numb e r of taxA repre s e ntin g t.3% o f th e t o t al t axa of which 3 % 

be lon g t o th e Chloroco cc a l e s g ro u p . De smids c o nstit ut Gd n y Y% 

o f th e t o t a l, which is e qu a l t o t h e pe rc e n t age comp ositi o n o f 11 

s in g l e g enus v f the Chl oro c o ccal e s, Scene de smus . Th Chlor o -

phyt a a ls o c o ntribut Gd th e hi g h e st n u mber of ta xa in a t h 

tropic Al lake s com p a red by Ka lff a n d Wa ts o n (1 9 8 6) . Whi 

pl a nkt o nic Chl() roc o ccales a r e widely d istrl but ' d i n w t e t o f 

dif ferin g a lkalinity a n d sal inity ( He tz el , 19 3 ) , mos t sp cie s 

o f de s mid s a r e char~ cte ristic o f f re sh wa t e rs low in t o t al io n s 

(T a llin g and Tall in g , 196 5 ; We t ~c l , 1983 ) . aed u cd r ' p se nt a -

ti on of de smids in th e phytoplank t o n o f Lak ~ Aw s a may b u o 

th e r ~ lativ ely hi g h i o nic co nc e n tr a ti o n ( K20 72 8 - 82 umh o cm- 1 ) 

a n d a lk a l init y 

Tallin g (1 9 65) 

( 7 .3- 1 0 • 5 me q 1-1 ) o f t he l ake . T 111 n g ( nd 

have r epo rte d t h .:1 t de s mi ds a r c nu mc o u s in h ' 

Cl a ss I lak e s ( K20<600 prnh n em-I) but unc ommo n in Cl a ss II (K 0 

600 - 6 00 0 :u mh o co r r € s po ndin g t o a n a l kali nit y o f b ut 6- 0 

ml!q 1 - 1) 'f ' 1 k rt tl.can [\ e s. 

li mit of a lk.:lli nity a t 

ex ists was rea ch e d in 

Ac c o r di n g t o th 0 s 

which a n appr ci ab1 

La ke Ma l awi ( Ny a ss 

a uth o s, th U?P 

d s miJ (l o k 

( 2 . 5 m q - 1) 

this li mi t ma y be exte nd ed in mo st Afric a n l ak s with a u 

mo noval e nt t o di v a l e nt c ti o n s . Thus, t h o u h 

0 0 

nd 

l 

h ' hi e h r a ti o of 

a lkalinity of Lak e Awasa (7.3 - 10 . 5 me q J.-1 ) is hi ,h r h 1n lh 

1i i t 1 i v a J.c..nt c a ti on 1 m t l2po rt e(l . th e rat i o o f mo n o v a " c n t to 

abo u t 10 : 1 ( Kif le , 1985 ) whic h c a n ll ow th a cur e:n o f 0 

desmid popu lation in th e l ake. 

a 1 50 e compos e d 30 % of th L i oti 

th e gl!n us with th h i g h st nu rn 

Th b1 ue- g J:een 

~crocystis a s 

th e g roup. Mi cro cystis 

.- mpor t a nt g enus in the 

was als o q u a nti a tiv ~ 

l ak2 , n ex t t o Ly n g y a . 

i <..d 

t h 

Th ' 

X1, wl h 

o n 

b 1 u . -
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• .dBa<:! havl' a w i d e [,cog r ap hi ca l d istrib u t i o n , e v e n t hough th 

a r E s o me spec i e s ch a ra ct e ris ti c o f hi g h -_ r or l owe r l ti u \,; 

Examples ar e Oscilla t o ri a spe ci e s whic h s eem mo r ch a r c e r's ' c 

of t emperate zo n .:: s , Sp ir u lin a a n i1 An aba n op si s sp ci es which 

oc cu r mo r ,:; freq u e nt l y a t l o we r l a t itud e s ( Gi bs o n a n Smi h , 

1982 ). It i s a ls o tru e t h a t p l a n k t o nic bl u e - g r ee n a l g . g . 

Mic r o cysti s sp e c i e s , a r e mo r e c ommo n l y a ss oci a t ed wi t h eu t r op hic 

lak e s (Gibs o n a n d Smi t h , 1 9 82) a n d usu a lly il l k l in e 

(Hetzel, 1 98 3 ). 

Identi f ic a ti o n of th e d i a t o m flo r a , whic h c o n sis t ed o f 

t I:! r s 

n y 11 

taxa, wa s done mos tly t o t h e g ~_ nus l e v e l. The l ist is r h r 

incomp l e te beca u se it is lik e ly t h a t t h ere a r e mo r t h n o n 

Am o n g th d i a m sp e cies in the ge n e r a i de nt i f i ed s o f a r . 

p o p u lnti on s in L ak e Awasa , Nit z s chia a n M l o s ir a s p i es 

a p p e a r ed t 0 h a v e a n .) p p r e ci a b 1 e n u m b e r , -~ i t h th e f o r me r b e i n g 

more c umm o n. Th i s may be r e l a t ed t u t h e a l k'l init y cf h e <k - , 

a fact o r whic h TaI l i n g a n d Ta I lin g (1 965 ) h ave r e as 

i mpo r tant in dete r mi n i n g th e d i a t om c o mmun i t i e s o f th e i c n 

lak es t hey compa r l" d . Th us , t h e y havt. r epo r t ed th a t sp ' i e s 0 

l1e los l r a a r e n u meru us in mo st l a k e s o f r l a t iv e y 1 w lk ini y 

a n~ s ali n ity (C l as s 

a bunda n t in lakes o f 

I) , a n d t h a t s pec i e s o f it zsch i a i? 0 t e n 

int e rm ed i a t e a l kal i n i t y (Cl n s II) o which 

Lake Aw a s~ b e l o n g s. G I ( 19 83 ) h ' vl:: i dntifid a s se e t 8 _ . 

dia t om commun i ty of LakE' Awa s a as tr a n si ti n al bl. w ... (; n 

lel ,) s i r a - domi n a t ed a n d a Nitz s c h L l - d o min a t au di,1t m n s m 

with a ri c h e r Ni t zschi a fl o r a. 

C Y P t h C h h e '" E u g n 0 p h Y c o p YC..!8e, Di n op hyceae , ry s op y c 

Tribop hyc l!<le c o n t r i but e d t o o nly 11 % o f t h e t ax i lkn I fl ·d 

hc 

the lak~. Id~n t ifi c 8 t i ' ) n of s pe ci e s n pr s u rv ed s a m 
( - - 1 

months) did n o t a l l ow mu c h t axo n om i c wo rk o n fl ag I wh h 

has un rlcr e stima t ed th e n umb8 r of t a x a i n t h SL 8 l i pS . 
Th' l o w 

r"prL:S l:: ntation of chrysophyt l: a n d cry p t u p hy sin L . k W;} 

can b e r e lated t o th e rela ti ve l y productiv n ... tu o h .! l it 



7 

Som" <1 uth ors h avE: r cpor t L! d th n t th ..! sc o r o u ps ar J q soc' a ,n i h 

o l i go tr op hi c 

198 6) . L e wi s 

l ak~ s ( He cky and Kli n 8 , 1 98 1 ; K<t lff a n d Wa so n, 

( 1 ') 7 8 a) h a s e mp h a s i ze d t he i ill I' 0 r t an c 0 f c h Y s 0 _ 

ph Y t e sin t ~ m p ;2 r a t e 1 a k e s r € 1:) 0 r tin g t hat th e g r a u ~' i s vir t u 1) y 

a b s ent in th e p l a nkton of the l o wl et nd t r op ics. H OW ~ VLr , He eky 

a nd Klin g (1 9 8 1) h a v e sh o wn t h a t it d o es n o t a:)\» y t L k e 

Ta n g a n yik3 wh e r e chryso ,:, h y t e s and cry p t o p hyt e s mak e UiJ 13 % nd 

5 % o f th e t o t 'l l t axa a nd 30 % n n d 10% o f th t o t 1 bi o m 5 S 

r e s ,-, e ct i v t l y . Th~y h a v e a ls o r e p o rt t; d tha t t h g r o u p s r c o -

do min a nts d u r in g pe riods o f l ow bi o ma ss, and h a v e ' ss o ci a t cd t h e 

occurr e nc e o f th e s e g r o u p s with th e o l i ;:;o t r o hic natur o f t h 

l a ke . Thi s v i ew has a ls o b e e n sU C1:lo r t ed hy Kalff s n d \~ t o n 

(l Y86) wh o h a v E com j:Ja red tr o~ i c a l a n d t ~ m p e r a t I k e s , n n 

de d u c ed th a t th e r e l a tiv e im p o r t ;:t nc e of chryso [ hy t e s is u 

f uncti o n o f th e tro p h ic st a tus o f th e l ake s r a th r th n o f 

l a titu dC' . 

Th e t o t a l n u mb e r o f tax a fo un d in L<tke A~v '1sa is c om[, r a bl 0 

t h a t r t2 \' 0 r t e d f or the t r 0 \' 1 c a lla k cs T a n g a n y i k ( He. ey e t a . , 

1 ':178 ), Na i v a sh a and Ol o i den ( Kalf f a n d W ts o n , 19 86 ) n h 

s ub t r Oil i call a k e Lan a 0 ( Lew is, 1 9 7 8 b) w h i c h had 1 0 3 , 1 4 3 , 9 4 n 

70 t axa re s "\, e cti ve ly. There is als 0 a simil a rity ~i t h r ' s , 

t o th e r e l a tIv e c o ntri b uti o n o f th e t a x o n om ic f, r o u , s o t c 

Th ey a ll h a v e a dominanc o f t o t al nu mb e r o f tax a . 

(35 - 63%) , f al l owed b y th e b l u e - g r ' e n al g11'- (1 13 - 30% ) . 

G '~ r k c ~ if f c r ~ n 
\.!'" ge , a 8 h a ll o \<1 eq u a t o rial l a e , Sll O WS -~ 

n i 

with a t o t a l o f 58 taxa ( Canf, 197 4a ) n d a d o min a n o f 

g r ee n a l gae (50 %) f o ll ow e d by g r e e n al g a (31 %). 

u , -



SPECIES LIST 

CYANOPHYTA, blue - g reen alg ae 

Nosto c op h y c ea e (= Cyan ophyce ae ) 

Ap hRn o th ~ce micr o s po ra ( Men . ) ~bh . 

A. s 1' . 

Chr ou c o cCus lim n e ticus Le mm . 

C. minutus ( KGtz . ) Nag. 

C. tur g idus ( K~tz. ) Nag . 

C. s jJ . 

Coc l o s ) h ac r ium min utiss i mum Le mm. 

Eu c a ::- sis a l ;lin n Clem. a n d Sc h a ntz 

MGrism 0~cd ia ~ l a uc a ( Ehr.) N~g . 

M. p unct ata Meye n 

M. t e nuissima Lemm. 

t1icr .) c ystis ae ru e in o s a ( K~tz.) Kut z . 

M. d 0 1i ca tiss i ma ( W. a n d G. S . We st ) Sta r m. 

M. e l ach!s t ~ ( W.a n d G.S .W e st) S t a rm. 

M. c l Achista f. p lanct o ni ca (G. H.Sm . ) St a rm . 

M. w~s e nb ~ r g i i ( K0 m.) St a r m. 

Sy n e ch n c o ccus e l cgans ( Wo l o sz. ) Ka m. 

An nbae n oJ sis r a cib o rsk i i Wo l o sz . 

A. ta n 8q nyi kae ( G.S . Wes t) Wo l o s z. a n d Mill e r 

Ap h a ni zo me n o n a~ h a n i z o m e n o i des ( F o rti) Ho r e ck 

A. flo s- aq u ae f . g r a cil e ( Lem m.) E1 2nk 

LYn gb y a hier o nymusi! Le mm. 

L. ny a SSG P Sc hm id l e 

Oscill a t o ri ~ b o rn 2 ~ i i ( Zuk a l ) For t i 

O. lAcus t r is ( Kl a b .) Ge itl . 

O. t-.!nuis C I I r, 
·r\.·"~6 · 

O. s p . 

38 

a nd (' m. 

~ s e u da n Rbae n a rnucic o l a ( Hub . - ~ ~ st nl. nnd 

Sp i rul in il lax i s sim a G. S . O ' st 

1 U . ) Se h..,1 ' 

S. S I' • 



CHROMO PHY TA 

Cry ptophyce ae , cryp t o mo na d s 

Cry p t omo n a s s p . 

Dinophyccae , di n ofla ge ll a tes 

Gymn " d ini u ffi s p . 

Pe r i d inium inc o n s ~ ic uum Lem m. 

Chrys op hycca e , g olden algae 

Ma ll '::' mon a s s p . 

Sp i nifer omon a s s p . 

Di a t omophyc e ae, dia t om s 
" Me 1 ( 1 s ir a c is t a n s (Eh r.) Kut z . 

1 . n y a ss e nsi s v. v ict o ri ae a . Mu1l. 

St~ p h 3 n 0 d is c us s p . 

A c h n an t h (; S s i~ • 

C y m b e I I ::l S j ; • 

Eun \' "i: :La zasumincn s is ( Ca b . ) Ka rn . 

Fr ,'"!>; il a ri a s ~ . 

N .l vi c u l a s p • 

Ni tz sch i a s l' , 

Suri r e ll :1 s F . 

Syn(; d r a uln a v • .J. mphi r hy nc hus ( E . ) Grun. 

Tribo phyceae , y e ll ow- g reen alg ae 

G.' ni (,chl ') ris f a ll a x F0 tt 

Tc tr a e dr i Qll a r e gul ::nis ( Klitz . ) F; tt 

CHLO ROPHYTA 

Euglcnop hyc e a c t e u g leno ids 

r hn c u s l c' n t' ic 3 ud8 (Ehr . ) Duj . 

Tr a ch c L ) ffi On ,l S s pi " 

Chl o r o Phyceae , 5 r een a l g ae 

As tr ~ ~ h 0 mcn e ~ ubcr n a c u lif r a ~ C 0 k 
/ 

C h .1 a ffi y '1 ' ,m . ' n a s s jl • 

EUd. rin d ele : 'I ns Ehr. 

9 



P3ndor in a mo rum ( G oF . Mull.) bu r y 

Act i nas trum s p . 

Ank is tro~e smu& be r n a r d ii Ko m. 

Ho t rynco ccus b ra uni ! K~t z. 

Coe l a strum ast r o ideum De - No t . 

Cruci ~e nla quad rata Mo r r . 

C. t e tr ap e d i a ( Kirchn. ) W. a n d G.S.W e st 

Cr u ci g ~ n i ella n e[ l e ct a ( Fott a n d E t t l) Kom . 

Dict y o s p haer ium ehre n be r s i a n um Nig. 

D. p ulch~ll um Wood 

Colc nkini a p a u cisp in a W. a nd C.S . We st 

Kirchn e r ic ll a ,pe rt a Te il. 

La ~e r h e imi a su b s a ls a Lemm. 

Oo c y sti s mars so nii Lemm . 

O. par~ a W. An d C . S . WEst 

PeJ i a st r um b o rya nu m v. b rev i c o n e A. Dr. 

P . bo r ya num ( Tur p. ) Me n e g h . v. bory a nu m 

P . d u p l ex Mey e n v. d up l ex 

P . te tr a s ( E hr ~ n b .) Ralf s 

Qu ad ric o c c us v e r ru co s uS Fo t t 

Sce n Erle smus acum in ~t us ( La Bc rh.) Ch ed . 

S . a c ut i fo rmi s Sch r o d . v . a cuti f o rmis 

S . ca u da t o - a cul eo l a tus Chod . 

S . 1 i mo r p hus (Turp. ) K~ t z . 

S . d isci f o rmis f. dis cif o rmis (Cha d .) Fo tt a nd Ko rn . 

S . g ut winsk ii v. h e t e r o s p i n a Bo dr oc k . 

S. mi c r o s p ina Ch a d . 

S. o bl i q uus (T ur p .) Kutz . 

S . qu a~ ric a u da (Tu r p .) Br b . 

Schr o ede ri a s e ti g er a (Schr o . ) Lemm . 

Se l ena st r u m b i b r a i a num P e ins ch 

Te t r ad e s mu s wis c n nsin c nsis c. M.Sm ith 

TetraeJro n c a u da tum (C o ri a ) Ha ns r, . 

T. minimum (A . P r.) Ha n5 ~ . 

T. t r ia n g u l n r e ~or s. 

o 



- T E.! t r a 5 t r u T11 ['. 1 a h rum ( i~ 0 11) A h 1 s t r • -'l n d Tiff . 

Dic n 1 c o n no r d stedt ii K1 e b . 

Cl o s terium ac utum v . va r i ab i l e (L emm. ) Kri e . 

C. monilifcrum v . mo n i 1 if e r um 

Cosmarium c ap~ n s e v . ny a ss ae 

C. c ont r act um v. mi nutu m We st 

C. wem baere ns L Sch mi d 1 0 

C. s p • 

Euastru m Turn e ri v . sim p l ex Fo rs t e r 

St a ur a strum 0 r ac h i op r omin e ns 

S. t e tr a c e rum ( Ku tz.) Ra lfs 

Tilb le 4. Phytop l a n k t on spe ci e s c o un t ~d i n th e s t udy , 

a nd th e ir un i t s i z e . 

41 
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( u rn) Cu m) ( u rn ) (u rn ) 
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Ana baen o psi s raci bor s k ii 

LY ng by a ny a ss ae 

Me r is moped ia ~ unctnta 

Hi c r ocystis 8 e ru g in o s a 

M. e l ac his t~ 

11 . e l a c his t a £. p Ia n et 0 n i c a 

11 . wesenbe r c i i 

Spir u1i na la x i ssima 

S . s p. 

SYnech o c o ccus e l cps ns -, 

Bo try o Coccus braunii 

!)o cYStis par-v a 

O. mar s s onii 

T(;! t r a ,1 r o '. 
- \.: '" n m 1. n .1. mum 

5. 5 2 . 5 

8 . 0 4 . 5 

4 . 6 4 .6 2 . 3 

--- --- - - --- - ...... -- - - - - -- - - - - - - - - _ .... __ ..... - -- -' - - -- -- -- - -

1. 8 

1.3 

3 . 0 ll. 

Lf . 5 8 

1. 3 

3 . 0 14 

4.5 3 

O. J 

O. S 

1. 0 

1 2 

18 

A5 
49 
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42 

PHYTO PLANKTON BIOMASS 

Sea s on a l vari a ti o n o f phyt o plankton species - Th , phy t :"\ 1. n 

(I f Lak E: Aw a s a was ch a ra ct e riz e d by a 1 a r i:, E' vari ty f s Lci(: 

wi t h a f r E-. q U E. n t d ,) min a n c e ' ) f C; I C C ') i d a n d f i 1 a m e n t ) U s 1 u - ,- r n 

a 1 g a e , a n d c ;) 1 " n i e s c f B () try c c o C C usb r au n i i • A p r - Hmin ry 

obs e rvati u n o f s '.J me samples sh owe d a c nmm 0n <> ccurr ' nc e 

d i a t :) m sin c 1 u d in r; He 1 c sir a ny ass .: n sis, Sur ir e 11 a i'I n 

s pe ci es, 2, r e en a l g ae inclu d in h Scenc de smus s p e ci e s a n . 

f s l! 

c 'J n t rae tum, a n d t h e di n c f 1 a g e 11 ate Per i di n i u ill 1 n C;. n s pIc u u m • 

T h o u ~ h th ei r numbe r was sufficient La a (J r pe r c (' unt, th e 

c () m p r i s e (j '.) n 1 y a b i_) utI 0 % u f the t l; tal p h Y t IJ pI a n k t ,J n v f) 1 u m . n 

wer e n o t c o nsi dt? red f o r furth e r c.(\ unt. Th e 14 s pe cI e s C1unt d in 

this stu d y include 1 0 blu e - g reen and 4 3 r ee n al ::' 8 ( T8 bl 4) , 

a nd t heir s eas o n al d istributi o n pattern is illustr a t ed 1n Pi / ur I.. 

6, wh er (' the t axa have be a n p r e s en t ed in ·.) r de r .f t h ir r I tiv 

cantributi o n t u th e t o tal phyt o p l a nkt o n bi oma ss. 

nIue-Green Al g a e wa 

r e l a tiv e ly l') W d urin p Ser, t e mber-N c. v e mb e r. Hicr J c ys tis s .l: cl s , 

An a bae n o -1sis racib ' rskii a nd Syn e ch o c c ccus e l r a n s sh w 
r 

n 

v ~ u l a ti n in 

(, C cur r e d wh e n t h e 
(F i pur ll s 2 a n d 3 ) 

wa s in 

which inv o lves 

th e Vr ') c e ss " f 

r e sus p ensi u n o f 

\oJ 11 a s nutri " nt in th e wa t. e r c o lumn, f n 
<= r e p le nishm e nt 

fas t i uti li z a t i o n b y the g r o win g p o pul a t on. 

A f' n ' th f / e maj o r ~ hyt op lankters ') 
s Pec i e s . . . w1 th th e hi g h e st b1 0mass was 
t Us a 1 ~-

6 B with v e ry n a rr ' w trich 0 me s 

Awas a , th In 
L3 k 

nl a s s 8 
Lyn . bl <l 

1.3 pm) . E c ( c;} 

n 

ow 

1 i lu '1 

1 n-

r n 



Oocyst is 
parva , 
marssonii 

Tetraedron 
minimum 

Merismopedia 
punctata 

Synechococcus 
elegans 

Anabaenopsis 
raciborskii 

Spirulina 
spp. 

Microcystis 
spp. 

BotryococcUs 
brauoii 

Lyngbya 
nyassae 
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th e f e w o cc 2 si (' n s ~ inc lu d i n s; B o try ~ c J CCuS p eak in J <l nu t' y , 
Ly n o_,by a l1)T a s s'l e h ad t he h l ,'-'. h ESt n"' rc e n~ h ' 

h ~ ~ ,. a e € J. ~ m a s ss C m sin 

thr u u g h c\ ut the sam t:J li n g p e r i o d . Its l (;p ul a ti ;-) n sh )w c i s inc 

sea s o n a l v a r i a ti ,) n with r e l a tiv e ly l uw bi o ma s s d ur in g S . rnbl.!T 

t ,j December f n ll ~) w ed b y a sm a ll pea k in J a n u a ry a nd a m j "\ r ,-'1k 

i n Hay. Do th p ea ks ma y b e a ss :)ci a t ed with nutri nt ava il b ' i Y 

( F i '~ ur e 5) si nc e th e f o rmer o ccurr ed a ft e r c Offi i1 1 t mi xin , 1n 

De c e mbe r and t h e l a tt e r wh e n th e lak e ~'Ji'lS in th - p r J Ct SS 

de s tra ti fyin G ( F i 3 ur c 3). 

The v e rtic a l d i s t rib uti o n o f Lyn p, bya wa s f o un e t v ri b c , 

with th e hL~ h e s t de n si ty usu a ll y c c currin g in th t r " , h · n c 

z o n e . Str a ti f ica ti o n wa s m'.; r e p r c, n ,) un ce d, with hi .; h >r b i c, ffins s , 

durin [.; th c: th e rm a l s t r a tifi ca t i o n pe ri ,)d. 'xin 

i n J u n e t h e r e was r 2 (1 i s t ri b ut i () n l ) f th e \l J P U 1 , t i l' 0 wit h '\ 

de c r ea s e in the surfac e wa t e rs a n d a n in c r c<l s e i n t h 

wa t e r s. l{ e d is t r i b u ti 0 n c r) u p 1 € d wit h de ., 1 e t 1 () n ,~ f v 1 b 1 

nu t r i e. n t s in th e w a t e r c (l J u m n c o ul d have c a u s ed t h e ;)) I u (l t 1 c n 

fa ll in t h e tr u~ h Ofl e ni c z o ne . 

~{2 Y n o l r:J s et a 1 0 (1 98 3) h ,qvc f n un d a d n min a nr e 

l.i mn e t ic a in a st a bly str a ti f i e d t r l"! \) i c a l lak - , L k 

They b e l ieve thc; i r 0 b s e rv a ti n n t o b e t h e fi rst tim ' '\ n y \.l h~r .. 

t h a t a o f L y n g b y a wa s th e d ..... min a nt ", r . ni m. 

p r I:: s e n t s t I l J t h a t a n o t h e r s ~j ci s 0 f L Y n p by u e y ." s r\ , r CVC8.S 

t h t: r:l o min n nt p hy t fJp lankt e r in l ake Awa s a . 

~cr () c ystis s p e ci e s ela c h ist a , !i. ' 
f • 

M. we s e n be r f, ii) sh o we d P ia n c t () n i c a , 

bu t . 
l O ll p a tt ", rn' 

~ h 8 nc e th e ir t ) t a l v o lum 

a , ~ . 

a v te ry s i r.li 

is ' r s ot 

M i c r ,) C l s t 1 S ! 'I U 
o f 6 a s Hi c r o c y s ti s s p p . Fluc tu a ti o n s 

s h o w a ma rk e d s ea s o n al it y a n d a;.: pe1 I.! t o 

R 'J W", V <> r 
c , t h -.:re was a r e l a ti v e ly ). o ,v d n si t Y f r s 

'\ 

l 

N( v emb e r a n d 
t mi xin C J n 

b u t h r r i c r .' 

b i ,) ma s s 
h · l e 11 k "' C in th e 

J a nu a ry 

l a k e . Their o v e r th e 

i 

ur. 

Th 

n 'i 
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r da tiv e ly hi ~: h in Dt c e mb e r Cl n d Ma y whe n th 
n 

a lm o st i s ,,! t hermal c n ndit i t) n and .:I t th e st a rt c f th \.. rm cll 

b r eakd o wn res p e c tive ly. This pop u l.g.t i n n inc r e 1. s (: c '": ul -1 b 

ca us e..] by r cs u s i')(~ nsi () n f) f c o l o ni e s 1 0c"t ed in t h cd il:l Lnt s 1n 

th e s t a ble pe ri rj ds. In Lake Vict o ri a? Ta llinz ( 1 966) o un d h 

s ea s l) n a l fluctu ll ti () ns in t he numb e rs o f Mic r o c y t is wcs t; n b(! 

we r e n o t ;.; r n n <. u n ce d . l.l u t sh o wed a sm a ll inc r ' as 

st ra ti fic a ti o n. In hi s qu a lit a tiv e (,bserv 8 ti o n s, h ha 1 ) 

f 0 u n d a n a i) jl r e ci a b 1 t2 inc r (:: a s e in t h '" n urn b E' r 0 fan 0 t h , -

c y s tis s 1-' e c i to sat th e s am e tim e '-; f mix i n L • Key n o l d s a n 1 ,,.I' 

(1976) h avr~ s h o wn f e r tem p e r a t e l a k e s t ha t Micr t) c ystis c o l o n 

pa ss th e wint e r mo nth s u n th (! b o tt om mu d s a n mi Lr at e u p t v th 

ep ilimni Gn i n th e summ 0 r. Ga nf (1 9 74 a ) has a ls n s hn wn in 

tr op ic a l l ak", (LLlkl2 Gec: r t; .::) tha t l a r p,' nu mb e rs :) f 

c ol o ni e s r es i d~ within th e l a k e se d i mLnts in c . lm c ) n 

are br (l u )~ h t b ;::( ck in t o cir c u lati o n b y turbulenc • 

tu a ti ,m o f th e H icr :)c>:stis pop ul Gl t i o n o bs e r v ed in Lak. 

u c -

m y 

b e d u e t ·) thi s p h e n o men o n. In La k e Ge o l' ? c , a sh 1 0'.-' , tr o r ic 

l a ke with a di urn a l stratific Ati o n cy c1 0 , Gn nf (1 97 h tl 

r e "r) () r t E; d t \V 'J d c. min a nt M i c r u e y s tis s }) e c i e 5 wi t h 1 a r L but FI n·j m 

de nsi t y fluctu a t i o ns which h e sU 1g e st ed we r d u ' t o ch n , 

c a lm t o t u rb u l e nt c o n di ti o ns in th e l ake . 

Ne x t t o Lyn g by a a n d Mic r o cyst is 

~;, 1 s s i m? a n :i S. s p .) W E: r e t h e 

s p e ci e s, Sr iru lin a s pe ei 

rn 0 s t i mpo rt a nt bl u - r ~ n 

i n th e ir e :) n t rib uti 0 n t o t h e l' h y t ,) P 1 a n k t o n v o l u m ~ L k · 

u y 
A de clin e o f th e ir pop ul a ti o n fr o1O S ep t emb~r t o Fe 

f o ll o wf>d by fr o m Ma rch t o J u ly, 
1<1 h 

- a ma rk ed incr ea s ~ 
t.1 ( n 

val u e s a n d l a t e J ul y­ Th ir J isr rl 
in Na y 

Distinc t dC Dth h i . s 0 w e d v a riati o n with t · me . 
str i 1 

th 0 _. 1 M h 
i' ~-' P U . -'l ti n n \V' a s f f, U n d d uri n g a r c 

t o M Y (lith VI:: 

e nSity 

th e r ma l 

in t h e d ee )J e r 

st: r a ti£ ic a ti r; n 
W • r e 

r (~ C o r de:1 in t he 

th u s C'f rr ol S ['I,) n i r wat e rs ? 
. i . J y si mi1 1 

i)e ri od . ii.ela t V I.: . 

J ·i urin 
wh o l e wa t e r c o . u mn 

in 1 l 1 " \,1m D~ c e mb\:!r. This p a tt -: rn o f str a tific a t i " n 

n 

h 

i h 



mGr e ev i de nt in Syncch r) C 0 CC U S e l e e a ns t,Thlch 

s e a s c nal pa tt e rn simila r to Sp iru li n a s le ci s . 

J ) s 

7 

s h ) " 

Nv distinct r'at tt;;rn o f s ea s :, n al i t y was f o un d in t h J is i hu 1 n 

~, f Anaba r:o n t'p si s ra ci b o rskii ex c e TJ t f o r t he p r ') n (, un ' d nc 
o f popul ati o n i n th e surf ace wat e rs in July . Samp l in Ju y 

had unu s u ally l ;m g t r ich o me s o f b o th th i;! s p ir a l n n d st 3 ' h 

f o rms o f t h e al ~ Cl wh ic h in d ic a t 2 s a g r owin ;.: 'op u l t L , n pr 1r 

i visi ·') I1. I t ap ;H:! '11:" ed t h at i twa s th e V .. ) 1 u me r a t h (: r t h 1 n . h l! 

n um be r ·.:· f indivi d u al trich o me s t ha t r e sult e d in th 1 

incr ea s e. 

Fluc t uati o ns in H :o: rislTI "Ipe d i a p unct a t a we r e i rr er- ul a r i h 

r e lat i vely L .' w prJP ul '1 t i n n (1urin .? Sev t e mbe r t 'i D c em~ r , n 1 

pea k in Ja nu ar y . S trat if icati o n (I f this p hyt fJ pL. nk t v n , cIs 

Iva s e v i de n t :l uri n g J a n u a r · y t \) ttl a y iii t h a l m .) S t n ') c 11 :l 1 5 

durin ~ Febru a ry t u Ma y . 

Am (> n S t h Q b J. u (! - i~ r ", e n a l l~ a e C J U n t ed, d is tin c t s ea na Inl 

(F eb ru a ry) an d ma x ima ( May ) wer E:: f ~) un d o nly in th e fil m n u 

n 

s pe ci e s. An abcuo; n ':' p sis r a cib o rs ki i, a n d th e c Icc ll id 

a n d M i c r () c y S tis s Ii _ c i E! S s h w d uC u -
p unctata 

ti " ns with r e latively hi g h e r p o p ul a ti o n s a t tim ~ • 

we r e o b vi o u s d urin g this <} k . 0 1 

c <' ul d in th r.i r nut riti ·., n 1 r q ui . a ri se fr 0 m d iff e renc es ~ 

a s well a s b u . ,yancy r e s ulati 0 n me ch a nisms which c n 

in th ~ e ffici e nt uti li za t i u n ,) f a v a i la b l nut i t! 

Ha r t (1 977) h d SJ.·ffil·l a r b ·h o. vi .) r in L \«, av e r ep o rte . a 

wh r \:: thr p. L' f .l - ,~ 1. am e n t c· us s pe cies (I f 

POl-> ul a ti () n . maX l.ma a n d minima a lm c. S t 

c l 1 0 ni a l b lu ~ - ? r ce n a l g ae , rli a t :) IDs ':-lnd 

They r ep ..; rt thi s 
e n t . 

P lcturl.::. a s 

e n\7ir :;) nm '~ n t ~i l f .. J 1 " - r e q uir em en t s (l (~. ttl r c. 

bl u c - fj r c n 

c o ncurr Ln 1 

smi s sh e w rI 

i ' i n a n in 

bJ.u . - c. .. n 

hll 

t h 

w • 

Simi l a r . Se l e ctiv 0 p raz in ~ by Z J ') ~ 1 ~ n k t J n c n ds u 

b u n 

cr nr. 

n 

h 

V C 

n 



?, ss i ble c a u se f en d if f e r e n ces in s r n n 1 h 

;:' h Y t -, iJ 1 a n k t r, n s , 1 e C i e s t) f d i f f r L> nt mo ph Ie 
(1.J - t ze1, 1 9b3 ) • 

Green Al g ae The f Cl ur s pe ci e s c )unt e in t h' s 

Te tr aed r u n minimum, Oo cystis ~a r va. 0 . ma rs s a nii 

brauni! with the l a tt ~ r be i n g the m s t im po rt n o in 

s I 

t ,~ t h (; f) h Y t G P 1 a n k t ()!1 b i f) ma s s 0 f t h 1 k ,:; ( F i u t (.) . 

C" CCUS bra u n ii sh o w ed a d ist i nct 5 aS u n a 

r 

' y nc 

C ' n s p i cu r , IS p\:!ak in J a nu a ry in th e sur f a c wa t r • Du in rh 

uns t ab l e s t ratif ic a ti ' )!1 pc ri r.· d ( p t e mbe r v"m b n h 

mixin r; pe ri e d ( De cembe r , a n d .] un t c J ul y ), i h , d l o w 

nd v er y sim i la r v a l u e s a t al l d p ths. Thl. " '1 In Jnnu 

f , 11 ; w G ' 1 by I.' e n (! r a 1 1 y d G C r F; [I S i 11 n: v a 3. u s U p t ) h L ,. n ! t h 

sam p.lin ,; per i '~ rl in J uly. S t r a t i f i ca t i -, n ') f t h nn n '" 

n 

dis t in ct 'lurin ;~ t h e: s t rat i f ic a tLJ n ;)c ri ' d (J1 0 n y t I .t • tJilh 

1 (; tv e r v al u c sin dee 11 'v a t (' :r • In th o a : s ' n CL! 

flu tr y-,c ) CCUS c o l o ni es , wh ic h h a v e il hi,\h li pi 

b u J y ' n t a n de.:; n C (2 n t r a t e i nth c s u :r f il C e wa t r s • 

th e sE: co l u nies a re usually s 2 (" n Gn th 1 k~ SU 

f o rmin c; s tr eaks a t ;) 1 ace s • l ' 0 (· 1 in .l, s a;n i J s 

f u hul"n 

nt L n , e n 

u tJn 

ACl. I!l 

f - 5 

c )untin g red uc :.l S t h C' e r r ,j rs in b i ,; ma s "' s m.7l l u n 1 h 

hay bee n c u nsi dr.: r ao 1 d u e t ,) h G r i z e n t 'J. Vl il.1 ns ' n 

surface with s li 0 ht win d mo vm c nt . 

Th il c r ulati o n max im a in B,) t r YCJ c 1CC u s ur l.' in h 

pe r i od , a nd whe n a lk a lin i ty , c J n d u ctivity ( Fl ou 

tl.!mpc:ra t u r. es th e hi g h es t £ 0 t h e 

o 

h 

s i mil ar b (, h a v i v r was a J. s ,) r L :) ) r t d f \l 

1982) wher-.! ]3,) try o c n c cu s bra u ni i i s ,n ' h In 

h C) pc n wa t e r. It sh ,.)v] ~d 2. (10 min a n tJh .... n thL 

1 t 
S C '1 S ') n a 1 min i mum . T h ...! ill t~ (l h s h . c-

su f 1 1 I " x tr CleJy wi c C C: S S u .. y un (, ~ ra n '-

I i v n 

i 
~ r ow n 

C ) n d iti ~ ns in nat ur al wat.rs ( ~~ lch ' , 1 ~68) . 1 h 

Stra tl fi ,"ti ,"' n f 1 ) , ".' ~. l.· r".l f m' ,' ln , n , "(' . . " .l 1. n ' " '-
hy n 



"ff iei c: nt )u v y a n cy me ch a ni s ms t.:a n m"\k. ~ b 

n u t r i e n t s ( F i ~; u r E 5) and 1 i 1; h t C1 v a j 1 a h 1 " i n t h su 

a 1 t h ~' U i" h 1-1 '-' si t i v e b u f) y a n c y i s n (; tn t: t: l' S S a i y f 

d va nt a [" e t tl th e p l a nkt o n sinc e it 

li g h t a t th e surf a c (='! . Ho weve r, th e u y n y d 

us 

c o l o ni e s, c o u p l ej with th e i r c a r o t e n o i ~ pi ~ m n 1 i 

ser ec ni n x £ ff ec t f r ,) m h i f, h l i s ht int e os i t ' l! s fund 

surf a c e , c a n make th e m m'ne c c mp e t itiv e wich h . h~ 

thus e nh a ncin g t h e ir 3 r o wt h i n t h e surfac e wn t"r s . 

Oo c ys t i s a n d T e t rae d r o n s p ec i e s we r e p c S n i o l o w 

t ra t i " n s (l n d s h (; W <2 d s ma 11 v a ri a t i . ' <l s in tim e i t II n ' i 

pa t ter n . Th e i r v e rtic a l d i stri b u ti o n Ivhieh Is s h r w ... 1 

vnri.:tt i o n s a t tim e s ,vas a lm o st uni f u m d u In ~ t h " mi in 

in J un e an J July. Th is was a ls o tl: U in ;)" c t.m "r h n 

b L ) m :l s s va l u e s we r (, s i mil a r 1 y 1 '.J w a t a ll .J~. . t h 5 • 

a t 15 m w e re f.; c n e r o ll y l o w f o r o (; t h Of) eys t i s Olnl 

S jJt~ e il.! s . N"J s t v f th (~ irre p, ular fl u ctu :;t ti ll n s ,. f h i 

wi th ti m~ ma y be a ttribut 2d t o r ed lstri b u 

c o lumn d u e t , turbul e nc e . 

) 0 in . h 

Seas o n a l v a riation o f p h y t o p l a nkt o n p i g m nt - Th .. Ii 

) f c:: h 1 ' r :, ;) h y 11 a in t h e w h (j 1 w t ~ r c . l um n i , r 

F i ~4 u r ( 7 f.l • Th L c 0 nc 8 ntr a ti j n v ~ r.i 

. (' J nu y . 

f 

c . -

11 h 

h it 

n 

n 

u 1 n 

n 

hi t h va lu 8 s 

f 11 1 Jwc d b y 

( 4 1 - 5 e IU g 1 - 1) fr om S i t e r.t b r 

de er c a sin ~ v a lu e s urio h Fe b u a r y- Ie Y hi h r. 1 -

cides with th e st ra tifi e t i n n p ri . .1 
Th e 

f r v m J un e t v th 0 e n d li f J u l y whi h L , 

;le ri ) d in t he l a k e . Th e l (;' wc ' st chl l r ' hylJ v1 lu • 

Wa t ' r c . J. u m n (2 3 u g 1 - 1 ) w ,. r e m a s u d n ·11 h • 
1 - 1 

42 % . f th e h i ..., h c:s t e h 1.r 0p hyll 

JlnUa r y . This max i mu m o eeu r~(1 

f 1) 1 e, wi n r th e r.l i x i n ;' in D ... c c.mb\.! 

I, h t 8 e n 'cn tr aLi , n t c i 5 

p ,- i 
(F i e u r . 5 ). 

v J u '-

rl t th " 

h ich 

hi ., hlS , 

( 55 u ' 

hn 

, 1 u 

1n 

c 
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The . ill e an ch I 0 r (, r h y 1 1 ~ c o n c e n t r. a t i -, n f J l: t h l t r '" p h . . n 1 c 

(0-5 m) cf La ke: Atvas a was 43 U ~; r 1 whic h i s rou h h i .h 

c l. nc entr ilt i ·:. ns in l ake s L a n L~\ n () (7 U,r,; 1 - 1 ) a n Shall ( 6 

z nl! 

nn 

1 ), E t h i 0 p i a ( B e 1 a y a nd H () l. d , 1 9 8 4 ) , a n d L a k e Vic t <J r i h i h h 1 

1.2-5.5 m ~:: m- 3 ( Ta1U.n g , 1 9 66 ) a n d T a n ~ a nyik a which has n m ... , n 

u f 1. 2 m:>, m- 3 ( He ck y Dn d K l in ~ , 198 1). Th rt 1 :- 1 c ')' i n L.k 

Aw a s a is c v mr a r ab l £ t - lak e s Ab i j a r a ( 6 5 u t; 1- 1 ) a o 2""'1 i ( 9 1 u ,. 

1- 1 ) in Eth i ) p ia ( Be lay a n d \\1 oo d , 19 8 4), a n l ake s a iv ash, , n 

0 1 1i d2n in Ke nya wh ich h a t) S C(1 s o n al mea n s .' f 27 u t, 1- 1 n od 23 u 

1- 1 r es p ~c tiv c ly ( Ka lff Rn d Wat s o n , 19 86). 

T h e r 2. t i ,j '_ f car ') t '" n 0 i rJ. t : chI 0 r '_' !J h Y 1 1 c:.- was C '1 1 c 1 y 

c ') mpa rin i; abs o r p ti .! n c. f p i ~!. m c nt ex tr ac ts a t 480 om n n d 565 n 

r p r l' s c ntin :-: t h e nb s r p ti ::o n p eaks ;, f c a r n t c n ,1 i d s 3n,I ch '. Y J J 

res pec t iv,~ ly ( T a 11_ in ;'. , 1 96 6 ) • The r R t i ~ whic h b Wecn 

2 . 00 - 4.7 6 (F i ~ ur e 8 c) is r e l a ti vely hi ~ h c r th n t h~ v u ~s v n 

f o r Lake Vict o ria (T "llli n g , 1 9 66) a n d L k Si ayn (H n 10 ( 

Ha r t, 1977) . This hi r h r ati ·· ma y Lc a ttri b u tl.<d 

b r a unii wh i ch W:iS o n c c f the d o min a nt r' hyt 'l' 

Awas!1 . Jo t rY J C S CCU ~ is kn nw n t o h a v e hi . h '1m lun t ~ f ~ r ' n i , 
l r 

ji8 rticul El rly p -c a r v t E: n c , wh i c. h g iv es th c , l n ny 

( Be l c h (; r, 1 9 6 8 ) • T h i s a u t h '.:r h .9. s :l 1 5 u H : II u r t (; d n '1 

" f c n r o t e n -' i d s in th e a l g a wi th a ;~ " in p" 

hi !, h 1 i [' h tin t e n sit i e s, i1 n d d uri n C'! n i 

c ) n s i d 8 r i n 8 t h .) e n t. '( 3 11 Y 

li p ht in t e n sity in t h e: t r 0 p i cs, it is l i k 

h i l' h 

r a t \.! 

h i " h 

y 

c r.lf l! 

d r 

t lm 

h ' t 

t (' tr y ) c (1 C C U sin La k e 

thu s i n creas in ~ th e 

A was a w i 1 1 t (! n d t '1 3 cum u 1 • c 

c a r c t c n .. "l i d: chl ' r oi1 hylJ. rati 
. inhi .i in 

a r be li C! v eJ t r, h '1ve 

in t e nsitiC!s ( Y. rinsky, 

a p r o t e ctive T( J ::l ~·.a ~ s 

1 966 , c it ed by ne l y , 1974) 

1 n 

n ' 

i 
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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 r~ 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 t~ 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 

~ hyll ~ valu ~ s 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 th~ 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 h ~) r u s w hi c h v a r i ~ d ",z t w..: C n 2 

d urin ,~ 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.! . ~ <lS , a n e n C(3 a ~ i: e r " 
itr ~\, ' f h ;m ~')l 'c t cl in hl 

~~ en ~2 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 ~1 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 , 
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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 
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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 
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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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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 • 

f ,' r "en a l ;:: ao , s h o ws some sc a s e, nal 

Th ..:: r ! n ~~", (,f SC'Cl s () o al v a ri ab i li ty, 

W hi c h \.1 S r L l a t i v \.>1 Y J.. w w h L: 0 C " iTl i) <'1 .t'l.! .-j t ( I 5 () m c.. t r 'I f' i c a I 1 a k '" s 

With in1rkl;J 5 ;)s n n .:l llty, WRS l ' ff t } ( 1. . t.. r ..: 0 _ Cl. mo o Q t , 1 C C d rn p 0 n e 0 t 

ncl.ls in 

sp il.! in 

1n h • k 

10 

P 

h 

1 

in his stuJy. This is :) r<cflL!c ti o n o f d i ff -
m ) r p h l 1 0,l' ic and ,. hysi.j l ·);~ i ci'll l~ chClv i ,n' o f th e 

' nvi t', nml.nt q ) c o nc iti r.. n s p rcva ilin ~ ",I ti n n t: o th o::! 

C ) fl Z i n ~ L) Y Z 1 0 ' J 1 n k t t 0 a n j f ish c. ;;! n h e 'J n e 

i n1 '-' ,. t! 1 rn i. i n 
o r m () (\ 1 f yin~ , t h c: s e 2- s o n a 1 

.'1 1 
rn n. s s ,-' n :1 / 0 l ' C :', M ~ () n e 0 t 

u 'I ' f h l: f ish .") n d z '-' u ~ 1 i'I. n k t " n c 'J rnrnunity 
wi, h i I h Y } p l ·' n k t \ , n stu . i -: s 

n < 1 :>.1 L r n . 
( ( . (~ .:.: t '1 be t t e r 
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