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SUHHARY 

The 81)ecies COIDI'osition and phyt:ll>lnnkton bi:)mass 0f Lake Awasa, 

Ethic)[>ia I;~S studied fr)m Sel'tcmh<cr 1935 t" July 1986, in 

relation to S(lmC envirf)nmcntal factc)rs includinG thermal, J.lght, 

and chemicnl characteristics. ';urin~ the study period, thl'<:(, 

ph8ses of thBl:ffial stl."atlficatlt1n l"ere l:c'cognizl-fd 1. An 

unstable stratificatipn peri~)d during Sef,tcmber. t\) November, 

f"ll')I,e,1 by complete mixing in '/)ec"mbel', 2. A stable strati­

ficatir,n per100 during January to April Hith th~ beginning of 

<\cstratificati'.)n in Hay, and 3. A mixing l'uriod during June: to 

July with ~n is,)therm"l cunc!ition in the whole lakE'. 

mixing In June was ass0ciatcd with cooling of air temperature 

with an influx ',f co"l rain and hi"h r'linfall ·;'uring H!lY to 

June. 

The underwater liiSht pcnetr,'lti:')n sh·.ytl}'ed a similar patt\:"rn over 

the whnle ~criod with tho hi3h~st in the red, and the 10wcst in 

the blu0 spectral regi(lno EUllhutic depth varied between 1.6 an~ 

3.0 met"rs Hith the highest mcasurc'mConts corresponding to the 

staule stratificati·)n pcl'i:Jd. Th" 1ak" w"tel' ha(1 a fairly high 

r.onccntration Clf phosphate (?3-45 ug 1-1). L;)w nitrate c()ncen­

tr.a.tion (7-14 ug 1- 1 ) durinr', January to Hay increased appreci­

ably in June-July wi th surface values cxcc:cclinr, 100 !-IS 1-1 in 

July. !loth nutl'i<2nts shoHe-:l increasinr: v'3lues ass"ciatccl \"lith 

mixin~ periods anct/or thB rainy S0as~n. 

A total of 100 phytoplankton speci"s wer« identified in Lake 

AHasa "ith 48% of the taxa r<:l't'esent0.(] by p,l-""n Illo;a2, 30% by 

blu2-grecn algae, 11% by diat')ms, and the l:<'st by clnys:)phytl's, 

dinofluscl1atos, crypt()monarls and euglenaids. ';nly 14 species, 

which c(lmprised ab~1ut 90% of the phytoplanktun biumass ~ were 

counted for the whole sarnplin~ period. The d'Jfninant phytC'-

plankton sp~cies wet~ Lynghya ~yassal~) ~utryucoccus braun!! nnd 

Hicrocystis species. SC3s\)nal l)iomass variation was pronounced 
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phytoplankt,-Jn l)iCJmFlSS s mensuJ":c:} by ;)hyt,,~'1;1nkt'_)n c'Juntlnr, and 

pig m (: n tan a 1 y sis J inc. 1.- £,' a s e (1 f l! 11 n win? t: h c: mix i n ~~ pc 1.- i 0 din 

Dec"mher, an,! thermal ,Jestratification durin!~ Hay to July "hieh 

"as also" perioel "ith high rainfall and relatively high 

nutrient c"ncentration. Hhile the seasonal variation lof the 

tot~l phytoplankton community in Lake A"DSD "OS relatively 1"" 

(co"ffici(:nt of vilridtic)n < 20%), it was hisher in somo of the 

individual component species. 
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INTRODUCTION 
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INTRODUCTION 

Phytoplankton are the prim'lrY corbon·-fixing organisms in the 

aquatic environment. They provide the base of the aquatic food 

chain, including the fish population «hich helps to sustain the 

ever increasing food demands of man. They are also of great 

importance in the maintenance of aquatic and terrestrial life in 

generating about 70% of the earth's atmospheric oxygen. 

l-lith the current fast gro«th of the human popnlation and the 

advancement of technology, irrational utilization of fresh«ater 

resources, eutrophication and toxicity problems, 

danger to the ecological balance of the aquatic 

p os e a 

biota. 

great 

It is 

therefore of considerable importance that an understanding of 

phytoplankton communities, their composition, seasonality and 

produc tion, as «ell as the factors I<hlch govern their behavior 

is acquired. 

Ethiopia is a developing country «ith a ~ro«ing human population 

depending mostly on agriculture for food, and has been facing 

drought and famine for some years. In the absence of ecological 

understanding about the aquatic communities, the need for an 

alternative source of food Hill undoubtedly lead to the mis­

management and over-exploitation of the aquatic resources 

available. If used efficiently and in a rational Hay, the 

potential resource can be of great economic importance in 

providing a continuous supply of food and water and serve in 

decreasing the burden on the much exploited arable land. H.ence 

the aqua tic communities in the country should be giv~en impor­

tance and studied in detail. 

Although the algal flora of some African lakes have been 

studied, our kno«ledge is far from being complete. A number. of 

ca talogues and check"lists, an ,·rell as detailed investigations 

on parts of the African flora, ',ave been rcvieHed by Lemoalle at 
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a1. (1981). The revleHer.s have pointed out the need for more 

cornprellensive studies on all aJ.gal_ groups covering a wider 

geographical distribution. They also recommend that phyto-

plankton studies should not only list the major components of 

the plankton, but also the rare spcc.tcs so as to get a better 

knowledge of their distribution and biogeography. 

Talling and TaIling (1965) have described the chemical compo-­

sition of some lakes in Africa and discussed the consequences on 

the distribution of planktonic organisms. The authors have dis-

cussed the occurr<enee of d"sn,ids and diatoms in relation to 

ionic eomposiU.on, alkalinIty and salinity gradients, conducti-

vity and pH. Gasse ot al. (1983) later made a systematic study 

of East Afriean lakes and identified diatom assemblages in 

relation to some environm(;ntal variables, including the oncs 

m«ntioned above. 

There are only a small number of studies madG on the phyto­

plankton communities in Africa dealing with the total biomass as 

well as the quantitative distribution of the eomponent species. 

Knowledge of the species composition and the ~nvironmental 

control of their distribution is necessary to understand the 

~patial and temporal changes in phytoplankton biomass. 

The input of solar radiation is the ultimate controlling 

mechanism in the annual patter" of phytoplankton distribution of 

temperate lakes. This is both dir •. ,ctly 

photosynthesis and growth • and indirectly 

thermal stratification behaviqr and its 

nutrient and phytoplankton dIstribution. 

through its effect on 

through its effect on 

subsequent effect on 

In the tropies ,,,here 

s"asooal changes in solar r.adiation input are minimal, thermal 

stratification patterns are mainly depcndent on lake morpho­

metry, and atmosph2ric factors 3ueh as evnporation, ,.,ind regime 

and humidity. However, influx of cool rain and reduced insola-

tion dur.ing "lCt Sen sons can also be significant as shown by 
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TaILing (1969) who has examined a Ilumber of stratified lakes in 

Africa) and described S(lma annual cyclic pat:terns affecting 

therma.1. st.ruetul-c, chemical condit.ions, and the p<'riodicity of 

planktonic organisms~ 

Seasonal changes in species composition and biomass have been 

described for some African lakes including lakes Victoria 

(TaIling, 1966), George (Ganf, 1974c), Tanganyika (Heeky and 

Kling, 1931), Sibaya (Hart and Hart, 1977), Chad (Compere and 

lItis, 1983) and some equatorial lakes (Helaek, 1976 cited in 

Lemoalle at al., 1981). Oased on a comparative investigation of 

available "]orks, Helaek (1979) has proposed tlnee patterns of 

temporal changc>s in Bbundance and/or photosynthetic rates of 

phytoplankton in tropical African lakes 

A. Tropical lakes exhibiting pronounced seasonal fluctua­

tions (coefficient of variation (CV) )20%) usually 

corresponding ,dth variations in rainfall, river dis­

charge or vertical mixing, 

0; Lakes ,dth muted fluctuations (CV <20%) in ,.hich 

diurnal changes often exceed month to month changes, 

and 

C. Lakes where an abrupt change occurs from one persistent 

algal assemblage Bnd level of photosynthetic activity 

to another persistent pattern. 

Kalff and Watson (1986) have described the temporal patterns of 

phytoplankton biomass and community structure for lakes Naivasha 

and Oloiden in Kenya, and made comparison of pa t terns l-eported 

in other tropical and temperate lakes. They have concluded that 

there is no evidence for any fundamental difference between the 

fl-esh,.ater phytoplankton composition and dynamics of tt.-oplcal 

lakes, and temperate lakes during th~ summer. 

An overview of the seasonality of phytoplankton in African lakes 

has been given by TaIling (1986). He has examined the various 

I 
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patterns of phytoplankton seasonal,ity described so far, and 

distinH~ishcd betwEen patterns which are dominated by hydro­

logical features (",at:8r input-output) and those dominated by 

hydt-ographic ones (,,'at('r column structure and circulation). 

Different P.leasures of seasonnl var.iability hav-2 also been 

discussed in the comparison of phytoplankton dynamics from 

diffet'ent lak"s. 

Very little is knoHn about the basic limnology of Ethiopian 

lakes although several investigators have given sporadic reports 

on morphometric, chemical and biological f,,!!tures. These are 

being compiled in a bibliography of Ethiopian limnology (Delay, 

in p",'paration). TaIling and TaIling (1965) have reported their 

own and Earlier chemical analyses on some Ethiopian lakes, 

including the Rift Valley lakes and Lake Ton a in the north. 

Detailed limnological investigations on Ethiopian lakes include 

Prosser et al. (1968) and Wood pt al. (1976, 1984). They have 

made an intensive seasonal study on a group of crater lakes 

within the Rift System, 45 km south-east of Addis Ababa. Their 

morphometry, thermal and chemical stratification behavior have 

been described. Based on short term investigations, thermal and 

chemical stratification patterns of four of the large Rift 

Valley lakes in Ethiopia - Langano, Abijata, Shalla and Awasa 

(Figure la) have been described by Baxter ct al. (1965). These 

studies have shoHn that, in general, the moderately deep lakes 

can have periods of well-marked stratification while the shallow 

lakes have only diurnal stratification. 

TaIling ct al. (1973), have studied the photosynthetic produc­

tion by phytoplankton in two Ethiopian soda lakes, Aranguade and 

Kilo1e. They reported that Lake Aranguade has an abundant and 

almost unialgal suspension of Spirulina platcnsis (Gom.) G0itl., 

and Lake Kilole contains two abundant blu2-green algae, appear-

ine to be Chroococcus dnd Spi:tulina spec-ien. The high algal 

I , 
I 



I~iyut'e I. Map ()f Ettljopiu showing the location of the major' 
Hift Valley Lakes (a). Lbke- !\\-'li1SSa vJiLh nampling 

~tat: ion indlc.:lted (b). 

I 



density of thase two lAkes and 

productivit:y hos be~n discussed, 

phytoplankton has also been studlpd 

their high photosynthetic 

Primory productivity of 

in five of the Rift Valley 

lakes in Ethiopia (Belay and Wood, 1984). 

Seasonal studies including physical, chemical and biological 

features, with emphasis on primary production, have been carried 

out on lake's Langano and Abijata (Hodajo, 19(12), and Awasa 

(Kifle, 1985). At present much more comprehensive work, in­

cluding bacterial and zooplankton production and f ish physio­

logy, is being made on Lake Awasa. 

The seasonal pattern of phytoplankton distribution.in Ethiopian 

lakes has not been given attention so far, and this paper 

presents a seasonal study on Lak8 Awasa, one of the major Rift 

Valley lakes in Ethiopia. It attempts to give an account of the 

seasonal variations in phytoplankton species composition and 

biomass in relation to some environmental factors. 
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STUDY AREA 

The Ethiopian scetion of the GrEat African RIft Valley runs 

along the middle of the countr.y in a north--south direction and 

covers an nrea of about 150000 km 2 • The southel:n part of the 

Rift Valley contains seven moderately large lakes covering a 

total area of 2500 km 2 (Figure 1a). !lased on their drainage 

interconnections, these lakes are divided into three major 

basins Z'-lai-Shalla basin including lakes ZI'1ai, Langano, 

Abijata and Shalla, Abaya-Chamo-Ch"I'l-!lahr basin, and the AIOasa 

basin lying betl'1cen the tl'10 basins. 

Lake Awasa has a volcano-tectonic origin, and lies in a caldera 

with a diameter of about 30 km and an area of 1360 km 2 (Makin et 

a1., 1975). The lake basin is totally enclosed by faulting with 

its western boundary scarp showing signs of some recent reverse 

DtOVements along its fault zone (Hohr, 1962). It is overlooked 

from the north by a large volcanic complex Chabbl and Ugri, and 

the aroa surroundIng the lake is underlain by quartz and pumice 

(Hohr, 1960). 

The AIOasa regIon has a dry, subhumid climate and classified in a 

rainfall regime IOhich is characterized by one rainy and one dry 

season (Gamachu, 1977). Rainfall is WEll distrIbuted throughout 

the eight rainy months, from Har~h to October, 1-11th an annual 

a vel: a g£ r a i n fall 0 filS 4 mm ( Tab 1 e 1). The annual potential 

evapo-transpiration for the 1:"8ion is between 1100 and 1250 mm 

thus incurring a water deficit during the dry period. Gamachu 

(1977) reported tho mean air temperature of the warmest month as 

20-24 0 G and the coldest month os 16-20 0 e. HOlOever meteorological 

data for the sampling period in this Hork shoH much higher 

values (28 - 30 0 e) during the dry season. 

Vtke Awasa is f"d by a small river, the Tikur Heha (Figure, 1 b) 

\'lhich drains a sHampy al:ea of about 77 km 2 Olakin ct al., 1975), 



Ta1)le l" GensKal features of Lake Awassa end t~e region. 

---------------------------------------------------------------------------------------------------------
;"J) .. TER CHEM!STRY CLII.'"LAT:E 

~QPOGRAPHY ANJ MORPH9METRY -------------------------------------------------------------------,--------------------------------------
Latitude 
L0ngit~de 

Altitude 
S~"!:"f3.c.e Rrea 
Sboreli~e le~gt~ 

':-::ax:'re'I..li:':, len.gt",l 
t ":Ji .... ~. :: 1IiU~ \ . .,..',~ .... ~'. 
I·~o..· ... ~~ •• , \ ......... ' .. ' 

I N.3.ximu.l!I cer,"ti1 

>lean depth 

'.~'.)1.·..::.::ne 

'DraInage area 

Surface inl.e:: 

Su;:-tac,e C1.;~l.12't 

5033'- 7033' N 
38°22'-38°29" E 
1,680 m a,,"s .. ~ ... 

90 km 2 (2) 

52 "'"'- (0) 
1 7 ~(m (~) 

11 krn ( c ) 

22 :n (0) 

11 m ( b) 

1 ,,3 x 109 1:\13 (b) 

1250 km2 Cr.· ) 

Tik1.}.t" ~·Jehc. R,~ver 

Absent 

'IDS 

K25 
pH 
Na 
K 
Ca 

Xg 

HC03 + C03 

'" ~ .. 
S06, 

51°2 

N03-N 

?OL,_p 

Total P 

650~~ ~g J. - .;. 

853 umho 
_1 

cm ~ 

~\ ~ B 5-
1 11 r.1g , -1 

30 ;:ag 1- 1 

1 1 n;,g ):.-1 

5 .. 7 ;ng 1-1. 

8 .. ~" meq .1.- .l 

34· ~~. r::g 
, , ,- , 

2~2 :ng 1-1 

75 .. 4 1.11g , -' _'. J. 

76 .. 6 ug .l- 5. 

0- -4.r. • :;. 1.~g 1.-1 

98 ug 1-1 

d) 
2:) 
e) 
e) 
p" -. 

( i~ ) 

(e) 

(e) 

(e) 

(e) 

. ., 
i, e J 

(e) . \ 
\ ~) 

( f ) 

Annual rainfall 1154: 
Annual eva?o-tra~sp~ratlon :167t' 
Air tempet~t~~e x2ximu~ 

rniDi~um 

7. ~. () 
.:::Cc 

-----------------------------------------------------------------------------------------------------------
:"I2.J.dl.2t·3, Cd) Lof.ft"edo acd 

(a) MaKin et al,,) 

(e) Ki f J.. e ~ ~ 93.5 

1975 (b) Cann~cci and Almagla, 1947 ( c. ) i~elcome, 

(g) Gat1.:~chu, 1977 
1972 

(f) TaIling and Tal],ing, 1965 
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\'lhich is the :t:l'mnant of a much gr.c.:tt:c.r old Ink!:, LakL' Shalla. 

Although Lake dHasa has [t closed basin Hith no obvious surface 

outlet, the lake wat~r has remained relativEly dilute and it has 

been sUGgested by Makin et al., (1975) that there is a subterra­

nean outflow by seepage through the bed of the lake on the 

south-west and northern side, which may account for n major loss 

of wate): .. Other authors ([\"lay and Hood, 19BI.) have suggested 

the f"eder river draining the sHampy area to be' the probablp 

cause. The lake .. ater level fluctuates consider.ably over the 

years in response to variations in rainfall and evaporation. 

The maximum depth recorded varies from 21.6 m in 1937, to 17.8 m 

in 1964 (Baxter et aI., 1965) and 22 m in 1986. The surface 

area of the l.ake also varies and has been reported to be 129 km 2 

(Cannicci and Almagia, 19 1,7), 90 km 2 (Makin 2t ,,1., 1975) and 

recently as 88 km 2 (Herrmann, personal communication). The 

shoreline has a gentle slope with extensive emer.gent and 

submergcnt vegetation almost all :J.round thc' basin. The ma('.ro-

phyt" population includes Paspa...:.lJ:..1ium germinatum, Potamogeton 

sch .. einfurthii, Typha latifoli8, T. angustifolia and !'lymph""a 

sp. The fish inhabiting tl,e lake includ~ Barbus grogoril, 

Clarias mossambicus and Oreochromis nllotleus. Commercial 

fishing practiced by a Fishermen's Cooperative depends almost 

solely on the most common elehlid fish in the lake, Oreochromis 

niloticus. 

Lake, AHasa also supports a large bird population including a 

variroty of fishing birds, scavengers and Hadel's. .\ list of 

published Horks on tl"3 avifauna of th" Rift Valley Lakes Is 

available in Urban (1970). The ar"a around the lake is basl-

cally agricultural land except for the brol'ling tOHn of AHasa 

.. hieh runs north-south along the eastern shore of the lake. 
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MATERIALS AND METHODS 

SAHPLING 

A single offshore station with a depth of 17 m was chosen as a 

representRtive site of the lake fOl" the whole sampling period 

(Figure 1b). Hater samples were col.lectpd once a month from 

seven depths (0,1,2,3,5,10 and 15 m) using a Kemmerer sampler of 

2 liter capacity. Sub-samples of Heltcr from each rJejJth WCI:C 

transferred to 250 ml bottles and fixed with acid Lugol' s 

solution (0.5 ml/100 ml oample) for quantitativ€ analysis. 

Samples from the same depths were put in polyethylene bottles 

and transported in an ice box to the laboratory for pigment and 

chemical Rnalyses. 

A phytoplankton net of mesh size 25 um "as usc:d to collect 

phytoplankton for identification. Duplicate net samples wU:-e 

fixed with acid Lugol's solution and formaldehyde solution. 

PHYSICAl. PARAHETERS 

Vertical distribution of temperature and dissolved oxygen "'as 

measured in-s1tu using a dissolvc:d oxygen probe with a built-in 

thermistor thermometer And an oxygen meter with a resolution of 

0.05 - 0.10 mg 1- 1 (YSI model 57). Undel""ater light penetration 

was measured using R selenium barrier-layer cell fitted in a 

waterproof housing, I>7ith JiffeJ:~nt glass color filters and an 

opal. The color filters covering the r[lnge of photosyntllE!ti­

cally active radiation (PhA~) were types BG 12, VG g, and KG 630 

(Schott, Mainz, H. Germany) I>7ith estimated optical mid-points of 

460, 540, and 630 nm respectively. 

The vertical extinction coefficient, Ev (In units 

calculated for the different wav,-,len8ths of light by 

the formula: 

Ev ~ l/z In 10/12 

Ill-I) '''IS 
applying 

where 10 is the intensity just below the surface, and Iz is the 
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i n ten sit y a t d e p t h z i n nl<' t n, s • E u p hot i c d e p t. h (Z e u) \., n s 

determined using th~ approximation derived by TaIling (1965) for 

an optically wide range of East African lakes 

ZEoU = 3.7/Ev min 

where Ev min is the extinction coefficient of the most penetrat­

ing "avelength of lighL Euphotic depth (Zeu) ,·",s also calcu­

lated by ascribing 30, 35 and 35% incident PhA\{ to blue, grec,n 

and red spectral blocks respectively (Tallin8, 1957) and taking 

the depth at "hich the li8ht intensity equals 1% surface irradi-

Anee as Zeu~ 

Secehi disc 

calculated 

equation: 

trflllspnt"ency 

Zeu applying 

Has measured and 

nn 2pproximation 

ZSD = l.7/Ev 

reIn t"d wi th the 

of Pool,,-Atkins 

where ZSD is the Sec chi depth in m~ters (ld80 and Gilbert, 

1974). 

CHEMICAL PARAMETERS 

HeaSUJ:2ment of pH for surface T,vater 1..,as made in-situ r""ith a 

portable digital I'll meter (Canlab, Nodel 607) t-eadable to 0.05 

pH units. Cat-bonate--bicarbonate "lkalinIty HaS d.et2rmined by 

titration against HCl Hith pllE;Dolphthalein and to pH 4.5 Hith 

mixed indicato>:. Electrical conductivity Has measured in-sItu 

with a combined conductivity/salinity and thermistor thermometer 

probe (YSI Model 33 S-C-T meter). Tempprature corrections were 

m"de to 20 0 C assuming n mean temperature coefficient of 2.3% per 

°C (TaIling and TaIling, 1965). 

All further chemical analysis was done on water samples passed 

through Whatman GF/C glass fibor filters. NitrAte and phosphate 

wore determined ahout 3 hours after sampling. Nil:rate-nitrogen 

was determined as nil:rlte after reduction in a cadmium-copper 

column. Nitrite-nitrogen Has deter.,ined with a spcctrophoto­

m~ter by diazotization of sulphanilamlde and coupling with N-(I-



naphthyl)-ethyl~nedi8minL 

described in Goltermun et 

di-HCI according to 

ill. (1978). NitJ:ite 

14 

the method 

concentr.1.tion 

before reduction of nitrat[~ 'i.;ras found to be too lOH to detect 

with the method employed. IhHlce values after re.duction were 

taken as nitrate - nitrogen concentration without correction for 

nitrite. Soluble reactive phosphorus was d0t~rmined without 

extraction according to Mockereth et al. (1978). 

SPECIES COMPOSITION 

Most of the single-celled species had a size of less than 25 urn 

and would ~ass through the sampling net. So identification was 

done both on net and sedimented quantitative samples. The 

literature referred to in the 

Huber-Pestnlozzi (1938-1983), 

Neel (195{,). The taxa in th" 

course of this work included 

Bourrelly (1966-1970), and Van 

lint of species are arranged 

according to Christens8n (1962, 1980). 

PHYTOPLANKTON BIOMASS 

Estimations of phytoplankton biomass were done based on chloro­

phyll a measurements Hnd cell counting. 

Countlng - Samples pl'eserved for counting \·,er8 analyzed at the 

Labol'atory of National Swedish Environment ProtectJ.on Boa.rd, 

Uppsala, S"eden. All counts were done using a Hild inve,ted 

microscope following the Ulermohl technique (Ut~rm6hl, 1958). 

A preliminary count of commun phytoplankton specios was made on 

two samples using sedimentation chambers of 10 ml, and filling 

just the chamber bottom (2.15 ml). Based on the above results, 

and considering the amount of time required for counting all 

samples, 14 sp~cies which comprised nlore 1:118n 90% of the total 

biomass wore elloBen In all SnlnI)leso TIle phyto},lankton dCl1Sity 

Has found to be too hi.gh to liSe 10 ml ch,qrnbcrs £01: fur.ther 

counts., So all species except ~otl·.L:2!;,:?"£"<;u_~. bt"aunii \\l12re counted 

In the ch~ffibcr bottom with an objective of 40x magnification. 
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Colonies of Dotryococcus braunil were counted under lOx object­

ive in a 50 ml sedimentation chamber. 

S,1 mple s f rO"!'"fl the upper 0-3 m layer of the lake \o](~ r (J 

pooled and counting was done on these pooled, as Hell 

10 ;lnd 15 m samples for three sampling dates. It was 

more appropriate to include 5 m sample as well in the 

initially 

as the 5, 

then found 

pool of 0-

3 m, and the 1'est of the samples ",ere t1"eated as such. In 

counting, the simplified methods described by Will~n (1976) and 

Hobro-\Hll.en (1977) "'21"e followed. The total number of indi-· 

viduals counted for all species was at least 60 involving a 

maximum error of t 26%, assuming a random distributIon. Host of 

the species were filamentous blue greens, and the cell count was 

done by measuring their total length, the total length being 

equivalent to 01" more than 60 individual trichomQs. Colonial 

plankton such as ~licrocystis species were however counted as 

individual cells. For Botryococcus cells,the surface area of the 

colonies was measured and related to the number of cells per 

colony area. Since the plankton density on the chamber bottom 

was hIgh for most species, counting n small number of diagoRals 

Has sufficient. Tl:ansformation of eell counts to volume was 

done by fitting the plankton to appropriate stereometric shapes. 

Pigment Analysis Sampll~s ~v2re analyzed fo): pigment ('.oncen-

tration about 3 hours after sampling tim~. AJ.iquots of 250 mi 

lake water were passed through Whatman GF/C glass fiber filters. 

Pigment ~Jas extracted with warm 90% methanol centrifuged, and 

its obsorbancy measured at 665 nm, 400 nm and 750 nm with a pye 

Unicam Si'6-350 visible spectrophotometer (path .length em). 

Correctiun for possible turbidity was made by subtracting 

readings at 750 nm from tbe corresponding reodirios at 665 nm and 

480nm. Chloropllyl.J. H vstlmatlons w~rc riane using the approx--

J.mat,c relatIons d",·.i.V2d for 90% m,'thnfl0.l by Tallln" and OJ:ivcr 

(1963) ehl n - 13.9 0665 (path length· 1 em) 

No distinction was mode for d~gtHdatlon products. 
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RESULTS AND DISCUSSION 

THER~IAL STRATIFICATION 

The vertic.al distribution of temp"rature and dissolv~d oxygen 

during the sampling period was followed from the surface down to 

15 m. Th" results sho" thr.ee phases of thermal stratification 

(Figures 2 and 3). During the first phase from September to 

November, thermal discontinuities were relatively unstable with 

a gentle gradient of about 0.2 to 0.40C per meter in the lower 

Hater column. The temperature, differenc.e between the surface 

and 15 m was between 1.6 and 2.8 0 C And surface strdtifieation 

'Has more pronounc.ed in October. There \vRS comv1ete mixing in 

December and the lake had an isothermal condition except for the 

stratifieation in tl12 upper 0-3 m column of water. This ,.,as a 

superficial gradient formed during the day with increased solar 

heating, and destroyed during the night due to cooling. 

The second phase during January to May is characterized by a 

strong thermal stratification. The temperature difference 

between the surfnc~ and 15 m varied between 2.7 and 6.6 o C with 

the maximum difference occut'rlng in January. The 

surface temperature recorded during the sampling period 

occllr.red in Januat'y prorlucing a steep thermal sradient 

the surface and 1 m ",ith a ,h'op of 3°C. At the start 

highest 

(25.4 0 C) 

between 

of this 

phase, thermal discontinuity in the dC2per wat~r 

moved down below 9 m. 

occurred 

bet"Noen 5 and 9 m 

February to April it 

and 

Has 

later 

oscillating between 9 and 15 m. 

During 

I n I-lay 

there was a relatively gentle thermal gradient which moved up to 

7 m indicating the beginning of thermal stratification. The 

third phase from June to the end of July was a period of mixing 

with an isothermal condition in the whole water column except 

for the stlrf2ce watE!t's wIlleh harl a slight temperature ~radicnt. 

The temperature diff~rcnce hct:wecn the surface and 15 m was 

between 0.5 and 2.5 0 C. 
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Although solelr radiation input "'as not measured during this 

study period, daily recordings of 'milximum and minimum air 

temperature Cfable 2, National Ncteorologleal Services Agency, 

1986) have been used as an indirect. index in the understanding 

of the stratification pattern of the lake. 

From September to January there ",as a cumulative increase in air 

temperature during the day "'ith the monthly average maximum 

rising from 24.6°C In September to 28.8°C in January (Table 2). 

This ",as accompanied by an increase in the difference bet",een 

maximum and minimum temperature of the ~ay with the minimum 

going do",n in the eVEnings from 12.7 o C in September to 7.5 0 C in 

JtlnU31:Y· The monthly averag<e difference increased from 11.9 0 C 

to 21°C in January. This pronounced diurnal fluctuation in air 

temperature prevents the formation of stable thermal strHtifl-

cationo On calm days, solar radiation ",ould warm up the air as 

"'ell as the lake ",ater thus inducing stratification in the lake. 

A significant drop in the air t~mperature during the night ",ould 

be expected to cool the lake ",ater and reduce thermal stability, 

thus allo",lng complete 01' partial mixing. Ht'laek and Kilham 

(197 1,) have related air t<emperature and wind velocity to show 

the importance of nocturnal coolIng and "'ind as mixing agents in 

Lake Nakuru, an alkaline and saline lake in Kenya. No seasonal 

pattern could be seen in the wind movement around Awasa Ancl it 

was generally calm in the uarly mornings, And varied between 0 

and 6 m s-l during the rest of the day and night. However, "'ind 

effect may be an important factor in the mixing process observed 

in the lake. 

Though the air temperature contInued to be high during the duy, 

th~ difference in mnximllm and TIlinimllffi air tempurature stnrted to 

deer"Hse in late January (T."blc> 2). This corresponds to th~! 

stable thermal stratification phase observed in the lak~ during 

Jan u a r y t. 0 i·\ a y , Complete mixing in .JUllQ "las induced by i1 

decrease ill solar radiation input, as cleduced from air tempera-
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Table 2. Monthly averages of maximum and minimum air 
temperature, and the monthly rainfall in Awassa. 

W,NTH 
Haximum 

September '85 2/, .6 

("ctober 26.2 

November 2 7 • 6 

December 2 flo 1 

January '86 28.8 

February 29. I, 

Barch 28.9 

Apt-il 26.3 

Hay 26.5 

June 23.9 

July 23.5 

TEMPERATURE (DC) 

Hinimum Haximum-minimum 

12.7 11. 9 

10.5 1 5 • 7 

8.8 111.8 

7 ,.8 20.3 

7.5 21.3 

11. 2 18.2 

10.5 1 [) .4 

14.8 11 05 

13.7 12.8 

14 .4 9.5 

13. 5 10.0 

RAIllFALL 
(mm) 

115 

50 

13 

8 

0 

35 

70 

112 

167 

1')3 

72 
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ture, Rnd influx of cool rain Rnd high rainfall much as TaIling 

(1969) has shown for other African lak~s. The highest 3mOuIlt of 

rainfall in the region occurred in Moy Rnd June (Table 2) with 

the maximum air temperature going down to its lowest value for 

the sampling period. 

Based on measurements taken in Lake AHB.Sa in Fe.br.uary, Harch, 

and June, Baxt.er et al. (1965) have observed that deep theJ:mal , 
stratification was rudimentary during February and June, but 

well marked in Harch, with thermal d.lscont:inulty bet"een 5 and 

12 m. Compl"te or almost complete mixing of the lake was 

recorded in February, June and December 1984 by Kifle (1985). 

The seasonal pattern of thermal stratification observed in Lake 

A"aso is similar to that described by TaIling (1966) for a much 

larger lake in Africa, Lake Victoria (Figure 10). He described 

three phases a phase Hith an absence of 81:>-ong th,'rmal 

discontinuity from September to December, a second phase of 

stable stratification from January to May, and a third phase of 

feeble development of stratification between June gnd August. 

Depth profiles of dissolved oxycen follow the thermal strati­

fication pattern (Figures 2 and 3) with a sharp decrease of 

oxygen concentration Rbout the region of the mctallmnion. 

During the stratification period, the oxygen concentration above 

the metalimnion vnried from about 4 to 10 mg 1-1 Hith a maximum 

value of 10.4 mg 1-1 in Janua"y. This maximum corresponded to 

the high chlorophyll and phytoplankton volume measured for that 

day (Figure 7). DurIng the mixing pl!riod) th~re Has an almost 

uniform distribution of oxygen throughout the water column with 

conr..entr[ltions ranBine from about 5 to 7 mg 1-1 A slight 

decrease of concentration was found in the surface wRter on many 

of the samplIng dntes, except in f)ecl~mber~ June and July Hhen 

the lqke was mure or less ~lxing~ Tllis decrease can be account-

cd to high surface temperaturES and possibly radiation which by 



.. 
23 

heating would decrease the solubility of oxygen and/or induce 

inhibition of photosynthesis. 

An anoxic layer of wat0r was present below 13 ill in October and 

November. This was followed by a more or less uniform oxygen 

distribution in December with values of 4.6 to 6.3 mg 1-1. In 

the second phase of thermal stratification, the anoxic depth 

oscillated between 11 and 13 m. Baxter et al. (1965) have 

reported a deoxY8enat~d layer of water in Lake Awasa below about 

10 m in their March sample. The depletion of oxygen in the 

hypolimnctic water reflects its consumption by decomposition of 

organic. matter, and r.e8pil.~ation of ot'f.Flnisms in deeper Haters. 

In the absence of fn'ely circulating water, there is no re­

pIe n ish men t () fox y g e n fro m t h ('. t r 0 ph 0 g e n i c z 0 n e; hen c e the 

anoxic layer can persist throughout the stratification period. 

In all caSES of stratification during the sampling period, the 

metallmnion WilS below 5 Ill, and the oxycen distribution in the 

Upp0r. O~5 T;l of water Has morE:: 01: less uniformo This, and the 

fact that the ouphotic depth was less than 3 m (Table 3), made 

it possible to consider the 0-5 m water column as a reprc-

sentative unit of thc trophocenic zon~. Thus, for all detcrmin-

at ions in this study, water samples taken from different depths 

in this column werc either integrated and andlyzed, or analyzed 

and the v31uls averaged by making appropriate corrections for 

differences in depth. 

UNDERWATER LIGHT PENETRATION 

The seasonal variation of underwater light perletration expressed 

by the vertical extinction coefficIent (Ev) has been determined 

for blue, green, Dnd red ligllt at wavelengths of around 460, 540 

and 630 'nm rcspectivc:ly (Tah).e 3). The snml~ pntteJ:n of lip,ht 

extinction was S8en throughout th~ s81npling period with the 

lowest extinction in the red and the highest in the blue 

spectral regions (Figure 4). Since light penetration Is tlle 
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Fi9ure 4. Seasonal varialion of light extinction in Lake Awassa exprcssod 
by the vert_leal extinction coefficient (Ev) for blue, green, 
t'ed and tolal light. 
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reciprocal of extinction, rEd light penetrates the furthest and 

blue light is rapirlly attenuAted in Lake Awasa~ 

This spectral pattern of light extinction, reported earlier for 

Lake Awasa (Kifle, 1985), has been found to be typic'll of lakes 

with ve1·y turbid or colored waters, or dc,nse crops of phyto­

plankton (Sakamoto and Hogetsu,1963; GRnf, 1974; Helack and 

Kilhum, 1974; Bow1.ing et al. ,1986). TaIling et a1. (1973) have 

desc1·ibed the same pattern for 1.lIkes Aranguade and Kilole, two 

crater soda lakes in EthJ.opia ,<lith very dense populations of 

blue-green Rlgae. 

Absorption of light by particulate suspensoids plankton, 

organic and inorganic particles, detritus - in turbid waters is 

quite significant, particularly at 

visible spectrum (Wetzel, 1933). 

including carotenoids, phycotyanin, 

).owe1· wavelengths of the 

Phytoplankton pigments, 

phycoerythrin and chloro-

phyll, contribute to the attenuation of light in the blue, green 

and r.ed spf'ctral regions (Horris, 1980; l:.eynolds, 1934). A 

pronounced decline was seen in the extinction of blue as well as 

green and red light 

phase of this study. 

suspended matter in 

during the stable, 

This may be due: 

the upper eolumn 

th~rmal stratification 

to decreasing amount of 

of !;ater. Particulate 

matter sinking to the bottom can not come back into circulation 

in the presence of thermal and therefore density gradient. This 

«as also a period of relative decrease in chlol-ophyll a and 

phytoplankton volume (Figure 7). 

Euphotic depth (Zeu) the depth at which 1% of the irradiance 

penetrating the surface \'Inter is found, 

total light extinction (described in 

!;as determined 

compared 

equation 

extinction 

methods). 

with the approximation of Zeu calcuillted 

Zeu 3.7/Evalin (Tall.ing, 1965), Ev min 

coefficient of the most penetrating light J 

This 

from 

being 

in 

from 

was 

the 

the 

this 

case red. The values from the two determInations we~e found to 
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correspond ",,,11 (Table 3). The "nnulll mean Zeu ",,,s about 2 m 

",il:h the highest vl1lues (2.5:; to 3.00 m) oecllrring durinu the 

stable thermal stratification i'has~ find the lo.,est values (1.60 

to 2.20 m) during the mixed Dnd unstable thermal stratification 

phaseso 

Measurements of Secchi disc transparency, ZSD (Table 3), showed 

relatively close agreement "'ith Secchl depth approximation by 

the Poole-Atkins equation ZSD = 1.7 lEv Th",re ",as one 

exception in HHrch, \"herc ZSD measured '(vRS much lower than the 

c.alculDted value, \.,hich Has possibly dU0 to a subjective error 

in Secchi disc reading. 

The mean euphotic depth for the sampling period, as d2termined 

by the total light ~xtinction (Zeu Det.), and as approximated by 

the minimum extinction coefficient (Zeu Cal.) .]['S 2.12 m and 

2.01 m respectively. Dividing these villues by 

depth value (0.70 m) giVES factors of 3.03 and 

the mean Secchi 

2 I g 7 .. Taking ~n 

average of 3 as a factor and multiplying ",ith individual Secchi 

depth readings, giVES 'In approximation of Zeu. These approxi­

mated v"lues deviated from values of Zeu (cal.) and Zeu (det.) 

by about + 0.4 m. Kifle (1985) found a mean Zeu of 2.34 ill and a 

mean ZSD of 0.77 m for Lake Awasa. Hp also determined a factor 

of 3 to mUltiply ,dth Secchi depth readings thus approximating 

the depth of euphotic zone. These valu'2s agree well Vlith the 

present work, and it is suggested here that in future ",ark this 

factor can be used as an approximation of the euphotic depth in 

Lake Awasa. 

Talling (1971) has described three principilJ. compon"nts deter­

mining the effective underwater light field for a circulating 

cell: 1. The time course of surface irradiance, 2. The relative 

penetration of radiant energy with depth, and 3. The proportion 

of illuminated and 11dar.kli ~yat~r in the mixed Hater eolumn. 

Duration of surfac2 irradiance around the equator is relatively 
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Table 3. ; "tical relationshi)s of extinction ,,,,efficient, 
eUllhotic alii Secchi dej11:h ill Lake Awassa. 

Ev (In units m-I) Zeu (m) SD (m) 
DATIl 

I11ue Green tee! 

14/9/85 

10/10/85 3.30 3.00 2.20 

07/11/85 3.42 3.23 2.33 

12/12/85 3.38 2.53 2.53 

31/ 1/86 

27/2/86 

21/3/36 

17/4/86 

16/5/86 

20/6/36 

10/7 /86 

31/7 /86 

ANNUAL 

HEAN 

3.17 2.55 2.29 

2.23 1.75 l.id 

1.95 1.50 1.33 

2.24 1.99 1.49 

2.45 2.25 1.74 

3.31 2.46 2.03 

2.83 2.36 1.93 

Total Get Cal 

2.70 1.68 1.68 

2.88 1.60 1.59 

2.73 

2.60 1.77 1.62 

2.65 2.52 

1. 53 3.00 2.73 

1. 83 2.55 2.48 

2.11 2.20 2.13 

1.90 1.32 

2.28 2.12 2.01 

Ev Total - 30% blue ~. 35% rreen + 35% red 

Det Cal. 

O. 70 

0.68 0.63 

0.65 0.60 

0.69 0.62 

0.72 

0.68 0.65 

0.64 0.98 

0.801.11 

0.71 0.93 

0.70 0.80 

0.74 0.70 

0.70 0.78 

Zeu Det 

Zeu Cal 

Euphotic depth Iletermine~ from total. light 
penetration as the depth of 1% surface irradiance 
Euphotic depth calculated from the relation 
Zeu~3.7/Evmin 

su net - Secchi depth determined with Secchi disc 
SD Cal Secchi depth calculated from the relation 

Ev-I.7/ZSD with EvaEv Tutal 
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constant Hith ahout 12 hours of dfl'ylii~ht) and this factor does 

not: play such an important role in thl~ tropics as it: docs in 

tempernte lakes ~ The relative pen~tration of radiant energy, 

which denotes the euphotic 

determining phytoplankton 

cularly in relation to the 

depth, is of much more importance in 

physiolo8Y and production, parti­

proportJ.on of illuminated (euphotic 

zone) to "dark" zone. The proportion ,>1111 increase in a mixing 

Hater column, thus increasing the. relative time spent in 

darkness by the algal cells. 

The ratio of mixed depth to euphotic depth (Zmix/Zeu) defined as 

the optical depth, is a llmiting factor in phytoplankton 

production when it exceeds n critical value (Talling, 1971). 

SomE authors have given a critical value of 4 to 5 (Strickland, 

1965; Hood et al., 197B) above ",hlch light limitation is 

expected. to prevail. In Lake Awasa, the mean euphotic depth was 

about 2 m Hiving a rotio of 5.5 during the mixing and unstable 

thermal stratification periods (i.e. assuming the me3n depth to 

be an estimate of Zmix (Hood "t al., 1978). The ratio ",ould be 

even higher (7.5) taking the mixed depth of 15 m during June and 

July (Figure 3a). This '"ould suggest that phytoplankton 

production can be light limited during the mixing periods. The 

optical depth would be much less than 5.5 during the stable 

stratification period and hence light limitation would be 

minimal. Tolling has found limiting optical depths in highly 

productive lakes such as Loke Kilole (TaIling ct al., 1973), and 

in deep lakes during isothermal mixing such as lIindermere North 

Basin, United Kingdom (TaIling, 1971). This has also been 

reported for lakes Shalla (0 deep loke), Abijata and Langono 

(with high amount of particulate suspensoids) in mixing periods 

(Wood at al., 1978). 

Dense populations of phytoplankton ~bsorbing underwater light 

are said to be "self-·shaded". As 11 measure of their contribution 

to light extinction, nn extinction value -Es- has been deter-
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mined to be between 0.01-0.02 In units p~r mg el.l B m- 2 for 

several natural populations (TaIling, 1965,1971; Canf,1974a; 

[(eynolcls, 1984). Assuming an Es value of 0.015, the extinction 

of light due to algal biomass, with chlorophyll as an index, in 

the euphotic zone of Lake. AHasa, va:tied b0twel:-:n 0.69 ant! 1.56 

,'llth an average of 1.29 In units m- 1 • The mean I",rcentage of 

light extinction due to algal biomass '~as 57%. ,·,hieh is much 

hieher than HRS found for other lUft Valley lakes in Ethiopia. 

Hood ct a1. (1973) have found value's of 3%, 4 %, 6% and 22% in 

lakes Z'·l[d., Langano, Shalla and Abijata respectively. However, 

recent measurements of chlorophyll ~ in lakes Zwai, Abijata and 

Shalla (Belay and Hood, 1984) show much higher values in the 

euphotic zone, which ,·,ould give a higher percentage of light 

extinction due to algal biomass. 

Self-shading behavior v8ri~s with algal size and pigment compo­

sition. A considerable decrease bela,; "normal" "'as found in the 

Es va'lue of dense populations of Cerl1tium by Tallini1 (1971). He 

accounted thIs clf:crease to the "sieve effect" ineffective 

light interception by some of the cell pigment 1n large cells. 

Reynolds (1984) has pointed cut that Es decreases as unit volume 

of phytoplankton j.ncreases above about 250 um 3 • Colonies of 

)lotryococcus brauni1 and Hicrocystis species exceeding this 

volume make up a conside):abl" proportion of the total phyto­

p13nkton in Lake AWHsa (Figur" 6). This ,",ould impart the "sieve 

<..=!.ffeet fl mentioned above and \1Jould be expected tJ underestimate 

Es. Conversely, Es is higher in bluc"green algae, containing 

phycobillins, than in green algae (Kidc, 1975). Blue-gre0n 

algae making up a major proportion of the phytoplankton in Lake 

Awasa (Flgur~ 7) would be expected to increase the Es value. In 

general, it is evident that the stt"nuation of light by phyt~'­

plankton can be significant in d~t8rmining the underwater light 

climate of Lake Awasa. 
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CHEMICAL FEATURES 

The results of chemical determinations in Lake Awas:l nre preseIl-

ted in Figure 5. Alkalinity analysis and pH measurements '-lell!-

done only for the surface wate~. Solub12 reactive phosphate and 

nitrate analysis included depth sampl~s from 0,1,5,10 Bnd 15 m, 

but the r.esults did not show a marked ,11fference >lith depth. 

Hence only the mean concentration of the upper 0-5 m water 

column is presented (Fiaure 5) as B representative value for the 

trophogenic zone. The same is t.rue for electrical conductivity 

measurements. 

Carbonate and bicarbonate aro the prenominant anions in the 

lake, ,dth sodium as the major cation (Tailing and TaIling, 

1965; Kifle, 1985). This is a typical feature of many lakes in 

Africa, particular.ly the lakes found in and associated with the 

East African Rift (TaIling and TaIling, 1965; Prosser et aI., 

1968). Carbonate-bicarbonate alkalinity in Lake AHassa sho'''',d 

seasonal variations ranging between 7.33 and 10.52 meq I-I, with 

the maximum in January ADd the minimum in lata July. High 

alkalinity values in January may be associated with high 

evaporation rates during the dry s~ason which Hould concentrate 

I: he ions • Januar.y was the driest period of th~ year (Figure 5) 

with a very high lake surface temperature (Figure 2). The 

increase can Also be due to an increas(. in photosynthetic 

activity of phytoplankton, "'hlch had" populCltiun peak in 

January. The concentration of di.ssolved oxygen Has also high 

during this period (Figure 3b), a possible consequence of high 

photosynthetic activity. 

Electrical conductivity (K20) WDS between 730 and 825 pmllos cm- 1 

with most of the values being about 100 times the alkalinity in 

meq 1- 1 • Tailing and TaIling (1965) found this relationship 

between conductivity and alknlinity to be tr.UE for most lakes in 

East Aft"iea. Variations in conductivity were relatively small 
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nnd n decrease In th(;~ 'W€t sea.sons 

conductivity meEIS1Jred was in the 

driest month (Janunry) Hhen an inc.l.-~ase in the evapo'1:ation of 

lake water resulted in concentration of the ions. A decrease in 

rainUd,l coupled H1th hi8h eVEtp0l:ation r"te Hould concentrate 

the ions, while lts increase Hould dilut:c the ionic concen-

tration thus reducing the conductivity. On the other hand, the 

ionic input from l'ainfall and the drainage area may contribute 

to increased conductivity. 

July sample (Figure 5). 

This latter effect was seen in the 

Lake Awasa belongs to the Class II lakes of TaIling and TaIling 

(1965) whlch includes lakes with conductivity between 600 and 

6000 ,umhos cm- I , and alkalinity bctl-l,een 6 and 60 meq I-I. Its 

conductivity is close to the values given by tha same autho1'S 

for lakes Tanganyika, Albel:t and EdHard l.n th" Eastern Rift 

system, and lakeS Abaya and Chamo in Ethiopia. The pH of th" 

surfac2 Hater vflriea between 8.3 and 9.0 \;ith slightly decrea­

sing values from January to April. 

Phosphate-phosphorus concentr.atJ,on varied between 22 and 45 "lg 

1-1 I-lith peaks in December and July (Figure 5). Th0 fir.st peak 

can be associated Hi th thE' complete mixing in the lake Hhereby 

an accumulation of phosphate in the hypolimnion r"leased from 

decaying or.ganisms could have been brought Into circulation. No 

marked incr0Bse of phosphate I-Ias found in the hypolimnion during 

the stable stratification period, but it is possibl.e that 

accumulation takes place dc'eper in the lake, i.e. be10H 15 m. 

The decrease of phosphate In Januar.y and June, fo110l-ling the 

mixing periods, may be attributed to its consumption by the 

increasing popul.ation of phytoplankton (Figure 7). 

The second peale in Jul.y is assoc.iilt<cd "ith the rainfall, Hhich 

J;tl8S at its m<lximum fa)": the: sampling p<::riod, and hence flO 

increased nutrient londing from the drRinage area. t'hyto-

I 

\ 
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plankton assimilation of phosphate could again b~ a possible 

cause for the sharp J~clinc found at the 2nd uf the month. Its 

incorporation by phytoplankton and bacterL" can cause a very 

rapid depletion of available phosphate (Wetzel, 1903). Another 

possible cause is the clecrense in the release of phoSllhate from 

the sediments in the presence of oxygen. The lake was cOlnple-

t"ly mixed from June to the end of July during \"hich time 

dissolved oxygen at 1 5 m increased from 4.2 mg rl to 5.2 lng r 
1 Though there Has no measuremE:nt for the sediment surface, it 

seems highly probabl<e there "'''8 oxygcnllted deeper \later affect-

ing phosphate release from the sediments. Wood ct al. (1984) 

have found the 101'I(est phosphllte concentration in the group of 

Debre Zeit lakes (Figure la) to occur during, or at the end of, 

their mixing periods. 

High phosphate concentrations have been rqlorted for many 

African lakes (TaIling and TaIling, 1965; l'ross8r et 81., 1968; 

TaIling et a1., 1973~ Hcl<'1ck, 1978; Hood et al., 1984) as 

opposed to their 10'" nitrate content (TaIling and TaIling, 1965; 

Prosser et al., 1963). In the p:r.evious seasonal \10rk on Lake 

Awasa (Kifle, 1935), soluble reactive phosphate HIl" found to 

vary bet",een 5 and 45 PH 1-1. 

Nitrate anolysis ",as made from January to the end of July, 

durino "'hich time the concentration incrLasud gradually (Figure 

5). In most cases the values were 10"', varying betHeen 7 ood 20 

J .• 1 
Jug . • At the end of July a pronounned increase occurred in 

the surface ",aters "'ith concentrations of above 100 ug 1-1. 

This could be due to the high rainfall an~ nutrient loading from 

th," drainage area ilt the time. Some omount might also be 

attributed to nitrogen fixation by the blue-green alga Anabae­

nopsis raciborskii "'hich had n major biomass peak in July with 

relatively high concentration in the surface ",sters (Figure 6). 

In Lake Victoria, a population maximum of Anab~ena flos-aquae, 

which occurred in a slight-stratification period, was Rssociated 
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with high concentrations of nitrate in tho lake (Tailing, 1966). 

Unfot"t.unately there is no biomass dat,) for the (It:h~r nitl"ogen-

fixing algae in Lake AwasBo 

Hood et al. (198 1.) have shown for the Dcbre Zeit lakes in 

Ethiopia that ammonium is the predominant form of nitrogen, and 

nitrate is in low concentrations. Ammonia and ammonium nitrogen 

(NH3 + NH4-N) values for Lake A"asa (Gebr'" l1ariam, unpublished 

data) showed that in HaJ:ch, 1986 there was a concentration of 

about 5 times the nitrate-nitrogen in the upper 0-5 m of water, 

and 10 and 25 times in 10 and 15 m respectively. This is an 

indication of the hJ.gh pJ:oportion of reduced to oxidized forms 

of nitrogen in the lake, particularly in the deeper water during 

the stratification period. Though there are no ammonium values 

available for the r,,-st of the sampling pel:iod, the increase of 

nitrate in the trophogenic zone during July could have been due 

to the oxidation of the reduced forms in the deeper water which 

have been brought into circulation. But the low nitrate 

concentrations found in deeper oxygenated waters make this 

reason unl1kelyo Kifle (1985), has reported nitrate concen-

trlltions of 25 1:0 165 ,ug 1-1 for Lake AI<asa, "hich are rela-

tively higher than the values found in this study. This is 

possibly due to the difference in the method~· used for nitrate 

reduction (Zn as opposed to Cd-Cu reduction). 

No determinations were made in this study on total nitrogen and 

phosphorus which Hould have given a much better picture of the 

status of the two nutrients in the lake. In the absence ot this 

information it is not possible to discuss the nitrogen to 

phosphorus ratio which plays an important role in phytoplankton 

physiology. However the nitrate to phosphate ratio was very low 

during most of the sampling period (Figure 5). The consequences 

of this feature will be discussed later in rolation to seasonal­

ity of phytoplankton. 
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SPECIES COMPOSITION 

A total of 100 phytoplankton species \'lexe idc,ntified in the 

samples collected over a yeax fxom the pelagic zone of Lake 

A'H,sa (see Spc,cies List belo\.,). The qualitative composition of 

the algal flora sho,"s that the green algae have the highest 

number of taxa representing /13% of the total taxa of which 34% 

belong to the Chlorococcales group. Desmids constituted only Y% 

of the total, which is equal to the percentage composition of a 

single genus of the Chloxococcales, Scenedesmus. The Chloro-

phyta also contxibuted the highest number of taxa in all the 

tropical lakes campa xed by Kalff and Watson (1986). While 

planktonic ChloxococcaJ.es axe widely distributed in waters of 

differing alkalinity and salinity (Hetzel, 19B3), most species 

of desmids are charactexistic of fresh waters low in total ions 

(TaIling and Talling, 1965; Hetzel, 1983). ~educad reprcsenta-

tion of desmids in the phytoplankton of Lak~ Awasa may be due to 

the xe1atively high ionic concentxation (K20 728-026 pmho cm- 1 ) 

(7.3-10.5 meq 1- 1 ) of the lake. TaIling and and alkalinity 

TaIling (1965) hdve repot"tcd that desmlds are numerous in the 

Class I lakes (K20<600 pmho em-I) but uncommon in Class II (K20 

600-6000 pmho cm- I coxresponding to an nlkalinity of about 6-60 

meq 1- 1 ) African lakes. According to these authors, the upper 

limit of alkalinity at which an appreciable desmid plankton 

exists was xeached in Lake Nalawi (Nyassa) (2.5 meq 1- 1 ) and 

this limit may be extended in most Afxican lakes with a usually 

high ratio of monovalent to divalent cations. Thus, though the 

alkalinity of Lake A",asa (7.3-10.5 meq 1- 1 ) is higher than the 

limit xepoxted, the ratio of monovalent to divalent cations is 

about 10:1 (Kifle, 1985) which can allow the OCCUXl-ence of some 

desmid population in the lake. 

The blue-green aldoe composed 30% of the identified taxa, with 

Hicrocystis as the genus with the hiehest numbex of taxa amone 

the group. Microcystis was also quantitatively the second most 

impol-tant genus in the lak" , next to Lyngbya. The blue-green 
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dlgae hav,e a <dele gcogr:1phical dJ.stribution, even though there , 
are some species characteristic (If lliJ~hl~r or lower latitudes. 

Examples are Oscillatoria species which seem morc characteristic 

of temperate zones, Splrulina and Anabaenopsis species which 

occur more frequently at lower latitudes (Gibson and Smith, 

1982). It is also true that planktonic blue-green algae, e.g. 

Microcystis species, are more commonly associated with eutrophic 

lakes (Gibson and Smith, 1982) and usually alkaline waters 

(Hetzel, 19B3). 

Identification of the diatom flora, which consisted of only 11 

taxa, ,,,as done mostly to the g(-:l1U8 level. The list is rather 

incomplete because it is likely that there are more than one 

species in the genera identified so far. Among the diatom 

populations in L!lke .lHasa, Nitzschla and Melosira species 

appea~-ed to have an appreciable number, with the former being 

more common. This may be related to the alkalinity of the lake, 

a factor <1hich TaIling and Tnlling (1965) hav," considered as 

important in determining the ,liatom communities of the African 

lakes they compared. Thus, they havL reported that speeies of 

Melosira are numerous in most lakes qf relatively 10H alkalinity 

and salinity (Class I), and that specips of Nitzschia are uften 

abundant in lakes of intermediate alkalinity (Class II) to which 

Lake AwasD beloogs. Gasse et al. (l9R3) have· identified the 

diatom community of Lak€ Awasa as transitional betHeen R 

Melosira-dominated and a Nitzschia-dominated diatom assemblage, 

with a richer Nitzschia flora. 

Cryptophyeeae, Dinophyeeae, Chrysophyceae, Euglenophyceae and 

Tribophycuae contributed to ooly 11% of the taxa identified from 

the lake. Identificatian of species on preserve~ samples (5-16 

months) did not allow much taxonomic <1ork on flagellates "hich 

has unrlcrestimated the number of taxa in these grollps. The 10\>1 

representatlon of ch.rysophytes and cJ":yptophytes in Lake AHasa 

can he related to the relatively productive nature of the lake. 
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Some authors have rcportod thnt th~sc groups are associated with 

oligot.rophic 

1936). Le.,is 

13k"" (ll('cky and Kline, 1981; Kalff and 

(1978a) has emphasi.zed the importa·ncc of 

\olatson, 

clnyso-

phytes in 

absent in 

and Kling 

temperate lakes reporting that the group is virtually 

the plankton of the lowland tropics. However", Hccky 

(1981) have sho",n that it does not apply to Lake 

Tanganyika ",here chrysophytes and cryptophytes make up 13% and 

5% of the total taxa and 30% and 10% of the total biomass 

res,lectively. They have also reported that the groups an, co­

dominants during periods of low biomass, and have associated the 

occurrence of these groups ",ith the oligotrophic nature of the 

lake. This vie., has also be<2n sup;)orted hy Kalff and Hatson 

(1986) "'ho have compared tropical and temperate lakes, and 

deduced that the relative importilnce 

function of thE trophic status of the 

latitude. 

of chryso[,hyt.es is 11 

lakes rather than of 

The total number of taxa found in Lake A"]'1sa is comparable to 

that rEported for the tropical lakes Tanganyika (Hecky et al., 

1Y78), Naivasha and Oloid",n (KaJ.ff and I'Jatson, 1986) and the 

subtropical lake Lanao (Le",is, 1978b) "hlch had 103,143,94 and 

70 There is 

to the relative contribution of 

also 

the 

a similarity ",lth respect 

taxonomic groups to the 

total number of taxa. They aJ.l have a dominance of green algae 

(35-63%), follol"ed by the blue-green alga" (18-30%). Lake 

George, a shallow equatorial lake, shows a <llfferent picture 

"ith a total of 58 taxa (Ganf, 1974a) and a dominance of blue­

green algae (50%) fo1lo",,,0 by green algae (31%). 



SPHCIES LIST 

CYANOPHYTA, blue-green algae 

Nostocophyceae (-Cyanophyceae) 

Aphanothece microspora (Men.) Rbh. 

A. sp. 

Chroococcus limneticus Lemm. 

C. minutus (K~tz.) Nag. 

C. turgidus (K~tz.) Nag. 

c .. sp. 

Coelos?haorium minutlssimum Lemmo 

Eucapsis Rlilinn Clem~ and Schantz 

Merismopcdin glauca (Ehr.) N~go 

M. punctata Meyen 

M. tenuissima Lemm. 

Micrncystis nerue!nosa (K~tz.) K~tz. 

M. delicatissims (W. and G.S.West) Storm. 

M. elachista (W.and G.S.West) Starm. 

M. ~lachlsta f. l.lanctonica (G.M.Sm.) Stnrm. 

M. wesenberg!i (Kom.) Starm. 

Synechococcus elcgsns (Wolosz.) Kom. 

Anabaenopsis raciborskii Wolosz. 
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A. tanganyikae (G.S.West) Wolosz. and Miller 

Aphanizomenen aphauizomenoides (Forti) "orecka and Kllm. 

A. flos-aquae f. sracile (Lemm.) Elank 

Lyngbya hieronymusii Lemm. 

L. nyassne Schmid Ie 

Oscillntorin born~tii (Zuknl) Forti 

O. lacustris (Kleb.) Geitl. 

O. s p • 

Pseudanabaena mucicoln (Hub.-l1estalo and Naum.) Scllwabe 

Spirulinn laxissima G.S.W~st 



CIlROHOFIlYTA 

Cryp~ophyccae, cryptomonads 

CryptoIDonas spo 

Dinophyccae, dinoflagellates 

Gymn-:,dinium sp. 

Peridinium inconspicuum Lemm. 

Chrysophyceae, golden algae 

Hallomon3s sp. 

Sllinifer(lmOnaS SI~Q 

Chrysococeus sp~ 

Diatomophyceae, diatoms 

Melosira distans (Ehr.) " Ku t z • 

H. nyassensis v. victoria" O.Mull. 

Stephanodiscus sp. 

Achnanthes SI" 

Cymbella S1'" 

Eunotia zasuminensis (Cab.) Kurn. 

Fragilaria sp. 

N:lvicula sp. 

Nitzschia sp. 

Surirell" si'. 

Syn~dra ulna v. aml,hirhynchus (E.) GruD. 

Tribophyceae, yellow-green algae 

G0niuchloris fallax Futt 

Tctraedrif'lla reguLnis (Kutz.) F,tt 

CHLOROPHYTA 

Euglenophyceae, euglenoids 

PhOCUB lon8icauda (Ehr.) Duj. 

Trachelomonas sp~.o 

Chlorophyceae, green aleae 

Astrephumc-ne i-;ubcrnaculife::ra P:.Jc.Jck 

Chlamyd()m;~nas sil. 

Eud'.)rina clegn_ns Ehr. 

Gonium pectJrale O.F.Mull. 
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Pandorinn morum (a.F.Mull.) Jlury 

Actinastrum sp. 

Ankistrodesmus bernard!i KUffio 

Jlotryococcus brauni! K~tz. 

Coelastrum astroidQum De-Noto 

Crucisenla quadrata Morr. 

C. tetrapedia (Kirchn.) W. and G.S.West 

CruciHsniella neelecta (Fott and Ettl) Kom. 

Dictyosphaerium ehrenbergianum N~g. 

D. pulchellum Wood 

Golenkinia paucispina W. and C.S.West 

Kirchnericlla arerla Teil. 

Lagerheimia subsalsa Lemm. 

Oocystis marssonii Lemm. 

O. rarva W. and G.S.Wesl 

Pediastrum boryanum v. brevi cone Aoj$r~ 

P. boryanum (Turp.) Menegh. v. boryanum 

P. duplex Meyen v. dUjllcx 

P. tetras (Ehr~nb.) Kalfs 

Quadricoccus verrllCOSUS Fott 

Seenedesmus acuminatus (LaEcrh.) Chad. 

S. aeutiformis Sehrad. v. aeutifarmls 

S. eaudata-aculeolatus Chad. 

S. dimorphus (Turp.) K~tz. 

S. diseifllrmis f. diselformis (Chad.) Fott and Kam. 

s. gutwinskii Vo heterospina Bodrock. 

S~ microspina Chlld. 

S. obliquus (Turp.) K~tz. 

S. quadricauda (Turp.) Br~b. 

Sehroederia setigera (Sehrad.) Lemm. 

Selenastrum bibraianum Ueinsch 

Tetradesmus wiseonsinensis C.M.Smith 

Tetraedrnn eaudaturn (Car.la) "ansg_ 

T. minimum (A.Dr.) Hansg. 

T. triangulare Kors. 
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Tetrastrum Rlabrum (Roll) Ahlstr.and Tiff. 

Dicnlcnn nordstedtli Klcb. 

Closteriurn acutum v. varlabile (Lpmmo) Krieg. 

C. monillfcrum v. monlliferurn 

Cosmarium capense v, nyassae 

C. contractum v. minutum West 

C. wambaerense Schmirllc 

c. sp .. 

Euastrurn Turneri v. simplex Forster 

Staurastrum brachioprominens 

S. tetracerum (Kutz.) Uolfs 

Table 4. Phytoplankton species counted In the study, 

and their unit size. 
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-------------------~-------------~-----------------------~ 
SPECIES 

Anabaenopsis raciborskii 

Lyngbya nyassaC' 

Merisrnopedia punctota 

Microcystis aeruginosa 

M. elachista 

M. elachista f. planctonica 

H. Hesenbergli 

Spirul1na laxissima 

s. sp .. 

Synechococcus elcflans 

Dotryococcus braun!! 

Oocystls parva 

0 .. marssonii 

TetraeJroIl minimum 

Length Breadth Height Diarn 
(urn) (um) (um) (pm) 

5 • 5 

8.0 

4.6 4.6 

2.5 

4.5 

2.3 

1.8 

1.3 

3.0 

I, • 5 

3.0 

0.3 

0.8 

1.0 

48 

3 

413 

142 

18 

85 
49 
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PHYTOPLANKTON BIOMASS 

Seasonal variation of phytoplankton species - The phytoDlankton 

(If Lake Awasa \o,la,s characterized by a large variety !:.f SP(~Ci8S, 

Idth a frequent ,\c>minance ,)f C'H:C'lid dnd filament,jus blue-p,reen 

algae, and coL,nies c·f Botry(.cc,ccus braunii. A preliminary 

observatic,n of some samples showed a comm0n OCCurrence of somu 

diat,)ms includini; Hclosira nyass"nsis, 8U1"irella and Navicula 

species, green algae includin~ Scencdcsmus species and Cosmarium 

contractum, and the dinoflagellate Peridinium incnnspicuum. 

Though their number IOas sufficient for a proper count, they 

comprised only abuut 10% uf the t0tal phytoplankton volume, and 

were not cc)nsidered for further count. The 14 species counted in 

this study include 10 blUE-green and 4 2reen algae (Table 4), 

and their seasonal distribution pattern is illustrated in Figure 

6, IOhere the taxa have been presented in order of their relative 

contribution to the total phytoplanktun biomass. 

Blue-Green Algae The pupula tion of blue-green algae was 

relatively 1'.010 during Se[,temb"r-N(,vember. Nicrocystis species, 

Anabaenopsis racibnrskii and 8ynechococcus elcBans showed an 

increase during the mixing period in December. Lyngbya nyassae 

and Spi rulina species, on the other hand, sholOed a decline of 

po~ulation in December follolOed by a slight increase in January. 

All phytc'plankton species sholOed an increase "f pupulati0n in 

Hay. The peak IOas most pronounced in LynBbya, Nicrocystis, 

Spirulina and Synechococcus species. This population maximum 

occurred IOhen the lake IOas in the pr~cess of destratifyina 

(Fi1\ur"s 2 and 3) "hich involves resuspension of plankton as 

IOell as nutrient replenishment in the IOater column, fo11olOed by 

fast utilization by the 8rolOinH populati'ln. 

Amon? the major phytoplankters of Lake AIOasa, the individual 

species IOith the highest biomass IOas 

t~us alBB with very narrow trich()rnes 

Lynpbya 

(C'l 1.3 

nyassaB, a filamen-

,um) • Except on a 
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f e lj'l 0 C cas i () n s) 1 n c.l u din:~ t h 12 ~~;) try (, C. :) C. C U S pea kin J fl nun r y , 

Lyng~~ ~~.Y~~~':::':U2. had the hi,;h,~st I)l':r.c('ntag(~ hiomasss c'.'mpnsltiol1 

throughout the saln~lin~ 1)0riod. Its l}()~ulatl~n showed distinct 

seasonal variati,)n witil relatively luw biomass Juring September 

to December foll~wed by a Srull!l peak in January and a maj~r peak 

in ~lay. noth peaks may be ass"ciated «ith nutrient avail.ability 

(Fi~ure 5) since the former occurred after c.(Jmpl~te mixing in 

December and the latter «hen the lake '''''s in the pr')cess vf 

destratifying (Figure 3). 

The vertical distribution of Lyngbya Has found to be variable, 

«ith the highest density usually occurring in the trvphogenic 

zone .. Stratification was more prun,Junced, with hi;~her bic)mass, 

during the thermal stratificati"n period. Upon complete mixing 

in June there Has redistribution <,f the populatiun «ith a 

decrease in the surface waters and au increase in the deeper 

«aters. Redistribution coupled with del,letion of available 

nutrients in the water column could have caused the 1l<'pu1ation 

fall in the trophogcnlc zone. 

Reynolds et aJ.. (1983) have foun:! a dnminanc(, of Lynsbya 

limnetica in a stably stratified trollical Inke, Lake Carioca. 

They believe their nbservati(lD tD be the first tim8 any"here 

that a species uf Lyngbya wns the duminant .-,r.ganism. The 

pr~scnt study alsr), reveals that another species of Lyogbya was 

thE dominant phytoplankter in lake AHasa. 

Microcystis species (!:!.. e1achlsta, 1.J. aeruginosa, H. elachista 

f. planctonica, 11. wesenberr.ii) showed a very similar distri­

bution pattern; hence their tJta1 volume is presented in Figure 

6 as Microcystis spp. Fluctuations (If Microcystis population did 

O(;t show a mark~d seasonality and appeared to be random. 

However, there Has a re1ativGly 1m., density £t-om Sel'tember to 

November and January to April, both privr tn mixing conditions 

in th" lake. Their bi()mass over the whole lake cl)lurnn was 



r (; 1 a t 1 vel y hi <; h in D" c c m b e r " n d I·! a y " hen t \'" 1 8 k e " il sin an 

almost isuthermal condition an(1 nl: the start cf thermocline 

breakdown reSI,ectively. This pc)pulation incre~sc cOllIe] 11e 

caused by resllspension of colonies located in the sediments in 

the stable peri0ds~ In Lake Victoria. Tallins (1966) found that 

seasonal fluctuations in the numbers of Microcystis "csenberl:ii 

were not pronounced, but Sh()1;<led a small inc.l:ease upon loss of 

s t '" a t i fie a t i on. In his qualitative (,bservations, he has also 

found an appreciab18 incrtase in the:: number of another Nicro-

cystis s~ecies at the same time of mixinH' Ueynolds and Rogers 

(1976) hav~ sho"n for temperate lakes that Microcystis colonies 

pass the winter months on the bottom muds and mi~;rate up to the 

epilimnion in the. summer. Ganf (1974 a) has als,; shown in a 

tropical lake (Lake Ge(,r~;e) that lar"" numbers of Hicrocystis 

colonies reside within the lake sediments in calm conditions and 

are brou);ht b,qck into ci):culation by turbulence. The fluc-

tuati()n of the Micrucystis IJOpulation observed in Lake Awasa may 

be due to this phenomenon. In Lake Geor~.~l~, a shalloT,." tropical 

lake with a diurnal stJ:atiflc"ti"n cycle, Ganf (1974 a) has 

reported two dominant Hicrocystis species with large but random 

density fluctuations which he su~gested were due to chnn188 from 

calm to turbulent conditions in the lake. 

Next to Lyngbya and Hicrocystis species, S"irulina species (~. 

la~~lssima and S. sp.) ",etc the m0st important blue-l~rl.~(:'n nlgae 

in their contribution to the phytoplankton vellums of Lake AwasD. 

A decline of their population froln September to February was 

followed by il marked increasL fl.·om N,3rch to July, "ith the 

highest values in Nay and late July. Their distrihution wi th 

depth showed variation with time. Distinct stratificatiC'n of 

the pupulatiun was f0und during Harch to Hay with very low 

density in the dcc1>er t.,atQrs, thus corr~srr)ndinc to thf.! stable 

thermal stratification period. Relatively similar densities 

were recol'ded in the ,·,hole llater: cC)lumn during Se1;tembct' to-

December .. This pattern of stJ:iltificati,;n in algal biumass I'''S 
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rn 0 r e e v ide n t 1 n ~y nee h 'J C () C. C U s_ c 1 e D.. an s ~'l h.l c. h a 1. s () S h 0 T,'l 0 d a 

seasonal pa t tern s Imila r to ~r~~2:L~.;~J:.~,~ s peeie B 0 

N'J distinct patt~rn of seas~)nal1ty was found in the Jistril)ution 

of Anabaenopsis rEtciborskii except for the prt)nr!unced increase 

of pupulatinn in t.he surface Haters in July. Samples in July 

had unusually long trichomes of both the spiral and stl-aight 

forms of the al~A Wllich indicates a ~~rowin~ i)()J)ulatiol1 prior to 

divisi-.ln. It appeared that. it t'las the. v~Llt1mc rather than the 

number ·:,f individual trichnmes that resulted in the bi,)mass 

inereaseo 

Fluctuations in H2rismnpedia punct.a!:.E. Here irregular I<ith a 

r e 1 at i vel y 1:n·, p () p u 1 il t 1 0 n d uri n g S cpt e m b e r. t ,) Dee e m b e r, an J a 

peak in January. Stratifieation (,f this phytoplankton species 

was evident durin~ January to May Hith alml)st no cells at: 15 m 

during February to May. 

Among the blu(~~gl.·een al{!.,ae c.:)unted~ distinct seasc,l1<'tl minima 

(February) and maxima (Hay) ",ere f,)und only in the filamentous 

species _. Lyn~bya nyassac, SyneclLJc()cCllS elegans and Spirulina 

specieso Anabaenopsis racib"rskii, and the c"ecoid e'll'JIlies ()f 

Herismopedia punctata and Nierocystis species sh'JI'led fluctua­

t1,'ns with relatively higher p"pulations at times, but nco 

rle~inite minimA. were I)bvinus during this ·H'Jrk. Differences 

C(luld arise fr()m ~ifferences in their nutritll,nal requirements, 

as well as bu"yancy regulation mechanisms 1<hich can be impul-tant 

in the efficient utilization (,f available nutrients. lIart and 

lIart (1977) have reported a similar behavior .tn Lake Sibaya, 

... ·,here thrl~e fllamentc'lls species (.If bluc~f3reen Algae showed 

population maxima and minima almost c()ncut-rGntly 1<hile uther 

cJlonial blua-Rreen alRae, diatoms and dEsmids shoHed a differ-

ent pIcture. They report this as an indicatidn that the 

environml'?ntal requirements of all thl:e€ hlu(-~-greens "'-lere very 

similar. Selectivo .razinf by zu,'pIBnkton can alsu be one 



possible cause f01" differences in seas(~nal hehavior between 

phyt:Clvlankt:{}l1 si.)ec.i~s qf dlffe):ent morphc,lc'?.ical featuJ:es 

(\oICotzel, 19<13), 

Green Algae - The f0ur species c,wnted in this study include 

~etracdr()n mininlum, Oocystis varva~ Q.marssonii and BotryoC(ICCUS 

braunii with the latter being the must important in c0ntributing 

to the phytuplankton biomass of the lake (Fi~ure 6). l\otryu­

coccus braunii showed a distinct seasonal patter~ with a 

conspicuous peak in January in the surface "laters I During the 

unstable strat: ificatiCln I'"ri(·d (September to November) and the 

mixing period (December, and June to July), it had low biomass 

and very similar values at all depths. The peak in January was 

foll,:,w",\ by i~enerally decreasin<c values up teJ the (,nel uf the 

sampling period in July. S t r i1 t i fie a t i () n r) f the pIa n k ton was 

distinct during the stratification periec\ (January to May) with 

l.ower values in deep water. In the ahsence of turbulence 

TIutrY'lCOCC.US colonies, V7hich have a high lipid c0ntent, can be 

buoyant and concentrate in the surface waters~ Drown masses of 

these colonies are usually Se(~n (In the lak(;~ surfc1('.l! sometimes 

forming st.reaks at places I Pooling samples from 0-5 m for 

counting reduces the (~l'r,)rS In biomass I.2stimntiun Ylhich Hould 

have been cunsiderable due tl) horizontal variations nn the 

surface with Dli~ht w~nd movement. 

The p"plllation maxima in l\otryoc"ccu'!. <Jccurreel in the driest 

period, and when alkalinity, conductivity (Figure 5) and surface 

temperatures >lere the highest for the samplinc period. A 

similar b"havior Has also reported for Lake Turkana (Harbott, 

1982) where 80tryococeus braunii is one I.f the dominant algae in 

the open ,yater. It showed a rlominance when the lake level was 

at a scason~l minimum. The algn has 1H~en repr)rtec! to live and 

gro", successfully unde>: all extremely \ddt' ran?,,, "f physical 

conditions in natural >laters (Helcher, 1968). With the Jnset uf 

stratification fC'lll~'1;'llnp periods ('f mixing, phytDpl.qnkton \.;rith 



e f fie i e n t u u () y a n c y me {'. han i. s m s c. a n m::\ k (: b ~: t t e :r USE 0 f the 

nut. J: i" II t s ( F 1.,~ u J: C 5) "n d Ii ,; h 1: ~ V" J 1 [t b I" in t. h c sur f ace ,<;, t e J: s , 

alth0u~~11 ll()sitive buc'yancy is n(lt n~~~ssarl].y I.,f a se10ctiv(~ 

advantap,e to the pl;lnkt()n since it expl..)sl,::s th(~ cells t,") str')ng 

light at the surface. HOYH!Ver, the hu;)yaney of HOtl~Y0C:)CCUS 

colonies, coupled with their carotenoid pi~mentatinn which has a 

screening effect fr,)m hi:;h li[:ht. intensities found at. the 

surface, can make them more competitive 'Ylith the (,ther species, 

tllus enhancing their 3rc)wth in the surface waters. 

O~)cystis and Tetraedr()n species were pr0sent in low conC2Il­

trations and show",l small variati"ns in time with nn distinct 

pattern. Their vertical distribution which also showed slight 

variations at times was almpst uniform during the mixing period 

in June and July. This ,;as also true in December "hen their 

bi()mass values were similarly low at all del)ths~ Concentrations 

at 15 m Here generally lo'ioJ for buth Oocystis and Tetraedron , 
species~ M()st of the irreRular fluctuatilJns ~)f their population 

with time may be attributed to r8distribution in the water 

column due to turbulence. 

Seasonal variation of phytoplankton pigment - The distributi(,n 

of chlorophyll a in the whole water c01umn is presented in 

Figure 7ao The cnncentrati~n VAried seasonally with relatively 

hiSh values (41-58 PH 1-1) fr()m September to January. This wos 

f"lloHed by deerc,asin~; values during February-Hay "hich cl>in-

cides "ith the stratification periud. There ld8S an inc.rease 

from June to the end of July Hhieh c'rr8sponds tu the mixing 

peri0d in the lake. The lowest chlor0phyll values for the whole 

Hater c"lumn (23 .of.; 1-1) '<I<',r8 measured in !-larch. This is ab.mt 

1.2% of the hlShEst chlorophyll valu(; (55 .u;~ 1-1) measured in 

Januaryo This maximum l)ccurred At the .)oset !)f stratification 

f"lh"dng the mixinf; in Deceml",r, Hhleh had likely l:aised the 

phosphate c'1ncentraticn to its hi);hl:St: value f~)r the samr)ling 

period (Figure 5). 
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The mean chlornrhyll a concentratJ -/11 f () l· the t J." ") r 11(~ t~ e n 1 c zone 

(0-5 m) of Lake A \'1 <1 sa was 113 u ~.J rl "'h10.h is much hl;~her than 

c{,ncentrnti'~,ns in Inkes LanGano (7 u,!, 1- 1 ) and Shalla ( 6 .og 1"" 

1), Ethiopia (Delay and Wand, 1984), and Lake Victoria "'hich has 

1.2-5.5 m8 m- 3 (Tal11n,." .1966) nne! Tanganyikn Hhich has a mean 

of 1.2 mg m- 3 (llecky awl Kline!, 1981). The "lgal cr·)!' in Lake 

AHasa is cumparable to lakes Abijata (65 u~ 1-1) an1 Z",ai (91 ~g 

1-1) in Etlli.opia (Belay and Hood, 19(4), and lakes Naivasha and 

01()id0n in Kenya Hhich hurl seasonal means ,~f 27 ug 1 ~~l and 23 :ug 

1-1 respectively (Kalff and Watson, 1986). 

The ratic) uf car')ten0i~ t~ chll1rophyl1 a was cnlculated by 

comparing absorption t,f pigment extracts at 480 nm and 665 nm 

reprc- sen t in['. the a bs ·":·rp t 1011 peaks ()f ca 1"0 tc.nold sand chlor()phy 11 

respectively (Ta111n,'., 1966). The ratiC) ",hich varied bet",een 

2.00-4.76 (Fisure 8c) is relatively higher than the values given 

for Lake Vietoria (Ta11ing, 1966) and Lake Sibaya (Hart and 

Han, 1977). Tl1is hi~h rati~ may be attributed to TIotryoC{)CCU8 

braunJ.i Hhich Has one of the dominant phytoplanktet"s in Lake 

AH8sa. ~otrY0C0CCU~ is known to have hirh affi(lunt of car~tenoid, 

p~rticular1y )J-carGtene, ,·,hich gives thee colony its n,d color 

(Belcher, 1968). This auth,)r has also report~d an accumulation 

(I f en rot: (n :)id sin the nlgn \<11 t h a)~ei n~) high temperR tures and 

high li.ght intensities, and during nitrate and phosphate 

starvation. C',)nsidering the' generally h1£1h temperatures And 

light intensity in the tropics, it is likely that co10nJ.es ,)f 

~otryococcu~ in Lake Awasa will tend to accumulate carutenoids, 

thus increasinc; the carc,tenoirl:chlorophyll rat"io. Carotenoids 

are believed t·, have a protective role against inhibiting light 

intEnsities (Krinsky, 1966, eited by Belay, 1974). 
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En h [l n c. CIne n t :) f C (j 1: ute n 0 1. cI s y nth e sis H 1 t h r i s i 11 ':~ C. arc, ten '.) i d t () 

chlcr(ij)hyll rnti')s also tlCCurs in surfflcc phyto;-)lf.lnktun such (18 

Hic.rocystis_ aeruginosa, a pCJsitively bU(lyant algao Pal::rl et al. 

(1983) have observed enhllncGment cf cal'oten()id synth(>sis in 

l)uoyant p0pulations of Microcystis aeru~inosa and have ascribed 

this as an adaptation to ",ithstand the harmful effects of 

ultraviolet radiati0n. Bein~~ une of the major species in Lake 

A"'asa, Microcystis species may also be contributinl, to the hi8h 

caroten"id: ch10l",)phyll rati"s found in the lake. 

The ratio {)f carotenoid t~ chlorophyll show~.d Bl)me variation in 

time ,·,ith relatively hi,,;her vglues dUl'ing F"brual'y te. Hay. 

During January to April, Botry()coc.cus braun!! had a high~r 

percentage cumpusition in the i-JhytoplanktoI1 (20- /-1-0%) which may 

a 1 s {} a c c () un t for the h i (, h e. a 1: () ten (. ide l' n c e n t r ,q t ion. The 

pUl)ulation maximum for the:: ali:;a r,V,';l.S in January, nnd ag(;ing 

co 1 on 1 e sin t h(~ f r) 11 0'1'11 ng munths may als~-, e' . .Jntribu te 

carot12ncid concentration in thp pigment extracts. Th" chloru-

phyl1 ~ values were also low during FebruRry to }lay showing low 

chl0rophyll synthesis in the plankton cells. 

In the surface waters (0-5 m) nitrate-nitro~en c~)ncentration was 

only bet,,,,,cn 7 and 14 ug l-1 during January to') Nay, as opposed 

to phosphat€-phusphorus "'hich vaJ:ied b02t""en 23 "nd /.5 ,tlg 1-1 

during the ",hole samrlin~ period (FiGure 5). The ra tin of 

nitrate to phospl13te in the lake water, which was very low most 

of the time, probably signifies nitr0gen deficiency in the cells 

which may have resulted in a hir;h": rate uf synthesis of 

carotenoirls, and hence a hiJ:her carntcnoid:chlorophyll ratio. 

Nitrog~n deficiency has been i~plicaterl in hi~;h carotenoid 

content of phytoplankton cells (Belcher, 1968; Hnr'cis, 1980). 

Yentsch and Vaccaru (1958, cit"d by Tal1ini;, 1966) have consi,.. 

dcred the nitrogen content of mar.inc phyt')pl.qnkt·.-)o to be an 

important determinant af the C;lr(lten0id:chlorG~hyll ratin. This 

explanation seems likely considerin~ the drop in ratiu in July, 
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~oJ(1tcrs (FlgUl:(! Btl)" 

cuncentration measured in thE surface wat~rs (Figure 5). 

Vertical distributi'Jn "f chlorophyll sh"",ed 1."S8 variation than 

the phytoplankton v(,1.ume (FiguJ:., in,b). Th~ latter sho",s a 

fJr.nn0unced str.qtificatil)n ('If i11~~ae in most c.asos, l",ith much 

l()'\'1er bii..'Imass values bel,)w thE> tl'opho~~E'nic zune. Pi~;mf;nt 

c()nccntration however, remained fairly similar thl"0U8h.--,ut the 

W fl t e r col u m n f ())~ m:') s t n f t IH~ sam p 11 n 8 per i <J ,1 • Durin,; th", 

stratification pariod (January t~ May) the decline of the al~al 

population ~.,ith depth 

volume, paJ:ticularly 

\.,88 elear.ly 

at times of 

seen \'11th the 

higher biomass 

phytoplankton 

values. This 

was not s'.:: ubvious l,oJith the chlor\-:phyll ~, but it is better 

illustrated in FiRure 8 "'hich includ~s th~ concentrations in 0-

5 m, and at 10 m and 15 m. It shows fairly similar values at 

all depths dur.in.r~ S£ptember t() December., and 3n almost unlfol:m 

distributiao durioK January to March. Ttl~ conc~ntration at 15 m 

was relatively lower in April, nnd declined more in May "'hen the 

lo",est ci.lorophyll a at 0 sIns Ie depth (10 PC 1-1) ",as detected. 

h'lth complete ud.xini; in June, phyt,-,~lankti)n v":JluffiQ showed an 

increase at 15 m with a decrease in the uPl)Cr column (;f water, 

thus sho",in~ the distributinn rf th~ planktno in the trnphoeenic 

zone over the ",h<)10 column uf Hatet"o ThIs is als~) rlisccrnible 

from Figure 6, where most species show an increase in biomAss at 

15 m fr."m Hay to June. 

increase at all. depths. 

ChI 0 r 0 ph y 11 ~, hi) we v G r, s h 0 ,of t2 dan 

Under stable cOll(litions, l;hytoplankton tend to nccllmulate in the 

trnphugcnic ze)ne pr()vi1c~ th~y 

dominant l)luc-~reen alsae in 

'lre n('t neg!ltiv"ly bU0yant. The, 

Lake Awnsa, Lyngbya, Hicrocystis 

and Splrulina species, are all kn~wn to possens ~as vacuules in 

their cells "'hleh Five them r\)sitiv~: Jl!oyancy. The other 

d r)mi nan t 'J.l!-~a DO t rync()cc u s ~j 1.- clt.lfliJ:.) is al S 0 hU0yan t due to 1 t8 



hiy:h ;I('.cumulati('n 'II li;d. 1 < 

fJ b y I: r) V 1d n k t. '.' n \'/ hi. c h ,'{ 1. '-; nl ':) S t .1 y h u'~ y,q n t (F i ,-. u :r c 6)) s 1: r ;J. t i. .. 

fie at i () n . d: i d. (j n k t ':; n i S L X Ii t: C fJ: d t q :.; (: cur ~ S i) f.: e 1 n 11 y d urI n n 

s tab 1 (~ P (' l: 1 ~) r] S 0 

In the chlorophyll -1. l1nalysis, nu distincti,)D 'HHS madt..: f(,1' 

dQ.g:r8<!ation l.)t"l·lduc:ts c,f c.hl(Jt:Cilhyll" The cont):l'Jution of 

phaeopiGments to ttH! ahsrirbanc.8 c:f f'iEr.lcnt l:'xtrRcts, Hhich can 

he c,)nsiderahle in dcc~} \"A.t:~r.R t can l:xa/~~-~e.r,Jt.c? the chl():to{"lhyll 

values thus maskln>_: H pOBsiLIC! dl2c):euse wi th de p th« f)l.1toms 

whlcil have cell. walls ()f 811ic1 ar~ ffit)st i~:nscJ with a sp~cif1c 

gravity .:-ts much ,--15 O~O(i 1n (~Xc,·' s s ;: f ~1a ter 

Uhss, 1980)0 T h us the y :'oJ:) U 1 d ~ c ex pee ted t ,', C (1 nee n t t" ate in 

d.f.."2P "18 tl"r unJE:t stable c.ondit1,)ns 2 

Lnke AWfl!3r1 t \oJhleh has n'Jt '!J,-:C'n ~·st1m[lt2.:l in this \oJork but 

cnntributes to the r'i,~ment C0nc.8ntr3ti~·n, may b2 anoth(~r r~ason 

f ,) r the .:11 f f f_ 1: e n c 0. s f (J U n t~ b 12 t ~J C' ,~ n c h 1 ') r () p h y 11 a c1 n r] 11 h Y to""'" 

plankton V01UIll0o 

I.l1ankton density 

volume (Firure 3~1)~ 

e h 10 r ():) h y J..1 a ([0' 1.:.: u reg C ) ;J n d 1'\ h Y top 1 an k t () n 

Tile ratio of chlorophyll a t.) ~hytorJ.ankton 

volume in ;·)ercentarjC is Shf)Wn In Fii.~urc l5a 0 On cd.l '.)ccAsi'Jns 

ex c (:' p ton \: ') the l' at:t l) w,q s h i f~; h Eo'"! r in .:1 c (> r crt han 1 nth 2 sur f ace 

waters .. P0ss1bl", 1'eas'.:ns \'7hich htl_v!; bl;!t:n discussed (:c1rli~r J 

ioe" degradatiun prociucta and the diatoln pOplllatic,n not fnel.tltled 

In thE phyti.."ll)lanktun cuunt, may abtl.J.n contr.-thut0 tc the high 

ratio in deep wat~rD It may 31Bd he hecausQ the chlorophyll d 

content l)cr cr..:ll incr(~i1S(!S \!lith depth" rhyt0~)lnnktan cells 

rl!siJJn~-~ in deeper ,"-Jt'-:'l:S can helve [! r~l:1tlv(;ly hi.:~h(>r pigment 

cuntent than calls In the sllrface w~lters expused tel high ligllt, 

to maku: m;\xlmulf! utiliz~lti~)n ·)f the 101<] light. <1va11ahle in deep 

1'h1s lOH 11[.:ht (J<.laj1tation has be(n 

(~xhibit·(''..l in a mct.qlimn,; tic ~x..:l~:'byc: p)l'ulati-.Jl1 Hhieh had a hll1h 

chl:.Jr."1 hy11 3 c:;nto-:'nt. (11 .US mm~-3) <~-'!s a ph~)t'--,synth,:·~l:ic n0.'lpt~ 
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attnn t~ extrc~l~ly l:Jw li~~ht int(!nsities (REyn~)lds et al., 

19n3) 0-

The ratio of chl,or.~)f'hyll ~ t,,: phytoplankton voluml~ in the upper 

0-5 m water column varied ~etween 0.43 and 1.U1. The two lowest 

values recorded, 0.43 gnd 0.62, were in ,lay and t!arch respec­

tively ~ These r:1tios c.orr(:,spond to the tNO highest t:3tios 

determined for carotenoirl t() chloX'(lphyll. The 0veral1 recipro~ 

cal relationship '.)f tl"! two ratios (cf. Fif,ures 8a,h) suggests 

that low rate of chlurophyll synthesis J.s associated ,dth high 

cart)tcn()id synthesis in the plnnktono 

SEASONALITY OF PHYTOPLANKTON 

Tempural distribution of phytol,lonkton seemed to be most 

influenced by the thermal strl1tification Lehavior of the lake. 

Total l,iomass incl'cc1scd with the onSE:t of stratification 

following cornplet~ mixin~ in December, and with the heginning ()f 

destratification in May. This increase may be assuciated with 

vertical mixing in the water column which rcdistributes suspen­

ded matter and influences the temperature and light climate, Rnd 

nutrient availability "'hich in turn determine the fate of the 

phytoplanktt)n. Ralnfall and drainage fr~)m the catehment area 

durinG the rainy SeaS0n also contributect to the nutrient supply 

of the lake, enhancing ~rowth of phytoplankton during the mixing 

period in June-July. 

The magnitude of seasonal changes, in the phytoplankton hiomass 

of Lake Awasa expressed £\8 chlorophyll ~~ is low '\oJhcn compared 

"'ith uther tropical lakes presented in Helack (1979). He ha s 

applied the coefficient of variati0n (CV) to assess the range of 

seasonal variA.bility in the abundance and photosynth(.;!tic ra tes 

o f p h Y t 0 'P 1 an k ton am 0 n (; t r 0 Fic.'J 1 1 R k e s, and p r t) il 0 sed t h r e e 

Accoroing to Kif1e (1985), and the present 

';ark "'hieh ,;ave a CV uf 20% ",J. th til" chlc,):ophyll §.'. data, Lake 

Awasa falls in ~)att~rIl Do ~101ack descrihes this pattern as one 
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in \>l h i r: h t h l~ I h Y 1: :! p 1 .] n k t ti nilS fj e fr_ ~ 1 a;. c' i ::, en n s t ':;! nt, and thE 

sl)eeics arc ad::1p1:~J tel the! full r(111f,(; '~Jf environmentnl ec:ndit­

il)nS; as cunditiuns chan::ie in the envlronutt?nt, sl·...:.:eics bet:t8r.. 

adapter\ 

findings 

nttnin numeric.11 Or)minance. ThJ.s t.unforms \'111:h the 

in LakL~ the phytl)~)lnnktun COilli)0sition Has 

the sam(-! th):~)ughnut the sampling period £Ind some species had f-1 

popul~tiGn peak und~r different environm~ntal ccndit10ns~ 

Seasonality '_-.if phytcJplankton in Lake- ,,\\.1<188 Has also assessed by 

aprlylng the ratio (If seasonal 0c){Julatlon maxima to minima 

(Kalff and Hats'Jn, 1936). T:)ull !,hytol'lankt'~'n :lilve " ~at:io of 

2.8 for cell volume and 2.4 for the chl~r~phyll a c,)ntent in the 

t:rophnge.nic. z(jnc.. Expressing this ratiel as the l'jf', 10 deriva­

tive in ,'rders of magnitudE (TRllln:;, 1986), th~ amplitude "f 

variatiun was found to be only 0.45 and 0.38 respectively. This 

is very similar te. the annual ampliturle 0bserved in Lake Sibaya 

(Hart Dnd Hgrt, 1977) and Lake Geurge ( Ganf, 1974c). The total 

community sh0wcci an amplitude Jf 0942 in Lake Sibaya, and ab~)ut 

0.2-0.4 in Lake George (Tilliinr, 19f,6). Heasurement of chloru­

phyll ~ fur 5 years in Lake NaivBslla sh"w very similar amplitude 

uf variati')n with thl! ab')ve lakes (0.34, 0.38, 0.40, 0.65, and 

1.08) with the two exceptional values for the Lak,' (0.65 and 

1.08) su,;gesting that chanf';es in tOnvironmental c0nditions are 

snmetimes greater (Kalff and Hatsun, 1936). Hos t values are 

slif,htly lower than the seasonal amplitude of variation (0.58) 

in the chlorc,phyll a contEnt of thC! productive zone in Lake 

Victoria (TaIling, 1986). 

The seasonal aml:litu(!e 

Lake Awasa was hl~~her 

althouHh it was still 

t)f variation 1n the c{)mpc!nc.nt species of 

than was f:::;und in the total c0mmuni.ty, 

10ss than (}ne .',rdcr ~)f ma(,;nitud2 fpr all 

species except Lyn,!1JYIl nyassa,:, (1.23), ~pirulina S,'P, (1.2.0) and 

Syn e chr:,c oc c u.s 

amplitudl2 H!J8 

e1c:ga.!:,s (1.16). 

hi,(,hrest (o.se) in B C) try oj C {' c c us l,raunii. The 

ma~nitude of seas0nnl vari~ticn in tile tr)tal community was 
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maskt!d to a c2rtain ext~"t by the dlffereIlce in th.: major V2Rk 

'I) (:: r i () d. S 0 f t h (i (~() m' ina n t ph Y t () p 1 a 11 k t ~) n 1? (: t r (! C :') cue c u s l"lraunii and 

~L~0hy~ ~~yass(leo Considering thaI: th(~ amplitude uf variation 

'\;'138 relatively 10\<1..:.:r in th( pir;mcnt: conc.entration than in the 

tutal 

could 

cell volume, variatiGD in total 

have Rlso l)~en maskEd <lue to 

phytorlankt0n community 

uncounted rhytoplankton 

species \'lhich contributed to the pigment concentrC1tl\;n. Reln­

tivQ.J.y ION community values .38 compared tJ CJmpOIlE'-nt species 

"'n"C also found in lakes Victoria (TaIling, 1966), Sibaya (Hart 

and Hart, 1977) and Ceoq;e (Ganf, 197 1.c). TaIling (1986) 

acc"unts this differenCE of pattern i.n Lake Vict"ria to the 

influence of abundant but less variant and uncnunted Aphanncapsa 

sppo, and the clJmplemcntary ~3tterns of occurrence of some 

diatoms ano. blue-'gref.n a1SBeo Sm~J.l and unc()unted species have 

~een sugRchted tf) l)e the prohallie cause in Lak~ Sibaya (Hart and 

Hart, 1977), 

Grazing is Olle ()f the factors influencing the temj)oral and 

spatial distribution of "hytclplankton, Th(.; ahundance of the 

grazing populati'Jn, se.lective grazing and the:.lr £c~ding habit 

influences the sp0cif!S abundance and seasonal behavic·ur of the 

phytoplankton on ,.hich tll."y fced, The most impclrtant fish in 

the commercial fisll~ry of Lake Awasa, 0re()chrumis nil()ticus, is 

,<l phytiJpl[\nkton f2eder. Am~)ng the:: f;)ur spe.eiLs of z0(lplankton 

'''hleh mnke Ui) 9B/~ of th..., total hiumass in Lake A"'3S.:1 (HenBistu~ 

un pub 1 ish e d d a t [l ), T her m 0 _c y c.l cps con s i mil is, P i a lJ han () s 0 m a 

(-?xcisum [lnd Alona d.laphana, and juvenill2s of tJl~s(}cyclops 

a8quatoriali~_ similis ae~.:' herbivorlius 9 Hengistu I s data Sh.".IH dJ­

ffcrences in tile seasonal pRttern of abundanc~ am'lng these 

pop u I a t ion s, "7 i t h H 080 C Y c 1 0 l! S S ~., C c i C S 1flO rea hun d. ant d u r 1 11 g 

January-March and Jul.y-Scllteml)er, and TherlJ0cyc10ps speci~!s 

during April~Juni: e This l,attcrn of Sl;'8s{in.qlity amJn~-~. the 

g r a Z 12 r s c ,) U 1 d v Q r y H (; 11 a f f \:: c. t t h f! S i:~ Ll son Cl 1 bE'- h R V 1 () U r () f the 

phyt()plankt~;n l'upulatlun, eith~r by masking A l~assiblc variation 
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0):" by inducing ene, ChH~ t,· Intensive (),. s('l .. ""c,tiv(c! grazing 111 

some l--,eriod> 
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CONCLUSION 
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CONCLUSION 

The oVErall distribution pattern uf phyto'P1Elnkt(>n biomass in 

Lake A~q.<'.sa HUS gGtlC:'rally Inflll(~nc(!d hy the hydr.ugraphlc struc­

ture of the water eolumn ,"ith an increase of biomass upc.n 

partial mixing or followinH complete mixin~. Inorganic ph08-

phate was relatively hi8h during the samplinr period whi].c 

nitratE conccntratiun, determined during January-July, was low 

except during th" l-ainy season in JunE! and July. 

extracts showed a sene rally hil;h c.arotenoiJ to chlorophyll ratio 

indicating the possibility of nitr()gen deficiency in the phyto-

plankton cells. However, detailed investiRation needs to be 

cClt'ried out on the nitrogen status of the al:-~aeJ as \olell as on 

the nltrog(;n and phosphorus dynamics of the lake, to confirm 

this sUJ~~'estion, 

The phyt()plankton community of L;Jk2 AW8sa, c10minated by blu~~ 

green algae and 0ne SPCCi0S of ~reen algae, shows some seasonal 

pattern of distribution. The range ()f scas()nal variability, 

~.,hich \'las relativ;.."!ly lu\oJ Whl!n cc'mparl'!rl to some tr'-)pical lakes 

with m3rked seasonality, was diEf~r~nt among the component 

species cuunted in this study. ThIs is " reflection of dif f-

erenC8S in morphological and physiological behavior of the 

species in rela.tinn to the cnvir'.lnmcnt31 eonditions rlevailin,~ 

in th" lake. G r a z in g by Z 00 r 1. ,] n k t ~~ n [I n d f ish f'. ~-l n b 12 () n e 

import3nt factor In determining or modifying the se~sonal 

behavior of tot31 phytoplankton biomass and/or component 

species. Hence studies of the fish anll zooplankton community 

should be integrated with phytoplankton stud10H t[. get a better 

picture of the seasonal pattern. 
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