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Abstract 

Phytoplankton primary production of Lake Avmsa was 

studied from Novembelj 1983 to Mnrch, 1985 by the oxygen light 

and dark bottle technique. Supporting data include water 

chemistry, light penetration, thermal characteristics and 

standing crop of phytoplankton. 

The solar radiation falling on the lake surface did 

not show pronounced variation apart from one low value 

recorded on a cloudy day. The lake is of fairly high 

transpOlrency with red and green the most penetrating components. 

There has been no indication of deep-seated thermal 

stratification in Lake Awasa apart from the superficial 

type of stratification which is generated by solar heating 

and destroyed by nocturnal cooling or wind-induced vertical 

mixing. 

The chemistry of the lake water is basically similar 

to other East African lake waters with sodium as the 

'. prec}(lntinant cntion [md bioarbonate+ a nrbonll1Jtt, .. " the predominant 

anion. The lake \'las found to have high concentration 

of silica ~.nd 101'1 concentration of phosphate and nitrate. 

Almost all nutrients were found to show some seasonal 

''f ariations •. 

The algal crop is fairly high and \'las found to change 

seasonally. The vertic".l distribution of photosynthetic 

activity per unit water volume was of a typical pattern for 
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phytoplankton with light inhibition on nll but the most 

overcast days, The threshold of inhibition at the lake 

-2 . 
surface was around 1500 f Em • Haximum net photosynthesis 

) -3-1 averaged 211r.6 mg0
2 

(66.95mgG m h and integral photosyn-

thesis ran~;ed from 0.3 to 0.73 g 02 (0.094 to 0.226 gG) 

-2 -1 m h • The estimated velues of daily integral gross photo-

synthesis were in the range of 3.3 to 7.8 g 02 (1.03 to 

2.4 g G) m-2 d-1 • The correlation between gross photosynthesis 

and standing crop was poor though there was a general tendency 

for the maximum photosynthesis to increase with the standing 

crop. 

Though not pronounced, spatial (vertical) and temporal 

variations of phytoplankton standing crop and primary production 

were observed. The vertical va.riations appear to be the result 

of variation in the underwater radiation which is a function of 

the lake's transparency and amount of surface radiation. The 

observed terolporal variations in phytoplankton standing crop and 

primary production seem to be controlled more by nutrient supply 

than energy supply. The seasonality of rainfall seems, therefore, 

to play the pradominant role in determing the nutrient status 

and extent of algal growth and primary production. 



The present population explosion constitutes perhapG 

the most serious problem which Jllankind has had to face during 

the course of its history. Han's eXploding numbers are 

outstrippinG th" food supply from land. As a result of 

increasing human population, it is already clear that there 

are food shortages particularly of protein. 

1·lost of the world's land sui table for farming has 

already undergone cUltivation. But still '.'Ie do not have 

enouch food and l'Ie nill not have enough food in tho future. 

In the Hake of mounting difficulties with producing 

food from land areas throughout the world, more and morc 

attention is being given to alternative sources of food. 

Narine and freslmater organic productivity will have to 

play an increasing part in protein production. 

In order to meet the growing food requirements of 

the world population, creat effort is necessary in the 

development and utilization of the biological wealth of 

the aquatic environment. The exploitation of this aquatic 

productivity for human food will involve intensive and 

extensive research undertakings. Much of the information 

from such research works is of paramount importance in 
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transforming this sound and promising idea into practical 

terms. 

Studies of the afore-said type have started receiving 

increased impetus from the need of people to exploit 

their aquatic resources for sustenanoe and economic gain. 

Fish yields from tropical lakes are extremely important 

sources of protein. Although there io relatively more data 

available on tropical lakes now, it is clear that there 

are still very few well-documented aquatic ecosystem studies 

in the tropics. As a consequence, many of the interpretations 

of observed phenomena are speculative. 

Primary production is the basis of ,the food chains of 

all ecosystems and involves the conversion of solar energy 

into carbohydrates. Primary production is almost unstudied in 

the Ethiopian rift valley lakes. Lake Al'lasa is one of the 

Ethiopian rift valley lakes whose limnological study is still 

in its infancy. But it is a lake from vlhich, according to the 

report of National Hevolutionary Development Campaign and Central 

Planning Supreme Council, an annual fish production of 260 to 

700 tons is expected. 

This paper is the result of the study on the seasonal 

variation of phytoplankton primary production in Lake AViasa. 

The paper attempts to throw some light on the seasonal 

variation of phytoplankton production in relation to li[,ht 

climate and nutrients.' 
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1. Standing crop and primary production - Definition and 

measurement 

In discussing any problem, it is advisable to define the 

terms involved. The definition of terms given in this 

sect~on is based entirely on the theoretical discussions by 

Westlake (1965a), }<'ogg (1975, 1980) Vlestlake (1980), and V/ctzel 

(1983). 

Standing crop (synonymous with biomass when applied to 

plankton) is the weight of organic material that can be 

sampled or harvested at anyone time from a given area. The 

term may refer to a part of a plant (e.g. plant tops or 

above ground portions) or to the entire plant (e.g. net 

plankton). In this paper the terms are used interchangeably. 

Production is the l'Ieight of new organic material formed 

over a period 'of time including any losses that occurred 

during that period. Thus primary production is the quantity 

of new organic matter created by photosynthesis (or chemo­

synthesis), or the stored energy this material represents. 

Productivity is the rate of formation of new organic 

matter averaged over some defined period of time, such as 

a day or a year. Gross productivity (sometimes termed real 



productivity) refers to the observed change in biomass, 

plus all predatory (grazing by herbivores and carnivores) 

and non-predatory (respiration, excretion and secretion) 

losses, divided by the time interval,- Net productivity 

(also termed apparent producti vi ty) is the gross production 

of new organic matter, or stored energy less losses, divided 

by the time interval. 

Primary productivity of aquatic ecosystems is basically 

dependent upon the photosynthetic activity of autotrophic 

organisms (Forti, 1965; Fogg, 1975; Wetzel and Likens, 1979). 

For this reason, the measurement of primary production of 

natural waters is based upon the measurement of their photo­

synthetic activities (Forti, 1965; Cooper, 1975; Fogg, 1980) 

which is primarily due to algae and macrophytes but also 

possibly due to photosynthetic bacteria (Fogg, 1975; Hammer, 

1981). 

Numerous techniques have been used for the estimation 

of biomass and primary productivity of aquatic ecosystems. 

The different methods of estimation are discussed in 

Strickland and Parsons (1960), Vollenweider (1969), Lind, 

(1979), ','Ieb,el and Likens (1979) and \'Ietzel (1983). Of 

all the methods u,'3ed in primary production determination, 

the oxygen light and dark bottle technique has received wide appli­

cation (Wetzel, 1983). In the oxygen method, samples of phytoplankton 
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are incubated at the depths from which they were collected 

in opaqued (dark) and light bottleso Sometimes, if the 

water body under study is assumed to be homogenous, surface 

samples of phytoplankton can be incubated being distributed 

at different depths in the euphotic zone o 

The method involves the measurement of changes in 

oxygen concentlZi'-tion 0 The initial concentration of oxygen 

(C,) can be expected to decline to a lower value (C2) by 

respiration in the opaqued bottles and increase to a higher 

value (C 3 ) in the clear bottleso The difference (C,-C2) 

represents the respiratory activity per unit volume of water 

over the time interval of incubationo The difference (C3-C,) 

is equal to net photosynthetic activity and the sum (C3-C,) + 

(C,-C2) which is equal to (C3-C2) corresponds to gross 

photosynthesis o 

Numerous physiological and methodological problems can 

affect the measurement of photosynthesiso Examples of these 

problems include unequal respiratory rates in opaqued and clear 

bottles (Steemanll- NiGlsen, 19511; Harris and Lott, '973; FogG, 

'980), the consumption of oxygen by photooxidation (thc Allister, 

'96,; Tolbert, '971) and the effect of bottles in reducing turbulence, 

which results ill the settling of orGanisms during the course of 
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the experiment and a consequent reduction in production (Ohle, 

1958; Verduin,1960). 

The incorporation of 14C tracers into the organic 

matter of phytoplankton dllring photosynthesis has also 

been reported as an extremely sensitive measure of the 

rate of primary production (Wetzel and Likens, 1979; Wetzel, 

1983). Methodological and physiological problems confront 

the application of 14C dark and light bottle techniques. The 

problems include respiratory losses of labelled CO2 and secretion 

of labelled organic matter (Wetzel, -1983). ~~he possible limitations 

of these two methods are given in Talling and Fogg (1969). 

For the measurement of biomass, the direct counting 

of algal cells and the identification of species is generally 

considered to be time-consuming and laborious, Preference has, 

therefore, been given to methods by which biomass can be calculated 

from chemical techniques (Findenegg, 1965b), 

The only rapid chemical method known for estimating 

biomass is the deterl!lination of plant pigments (Strickland 

and Parsons, 1960), The most precise and reproducible 

methods have involved spectrophotometric meallurements of 

absorbance of extracts of plant pigments, particularly of 
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chlorophylla at one or more wavelengths (Talling and Driver, 

1963). Such spectrophotometric methods are discussed in 

Richards and Thompson (1952), Lund and Talling (1957), and 

Strickland and Parsons (1960). 

According to Talling and Driver (1963) errors in 

measurements can arise from the presence of phaeophytins 

in plant extracts, the incomplete extraction of algal cells 

or possibly from work on pigment mixtures. 

In spite of all the problems discussed here and elsewher?, 

the methods considered here are widely in use. 
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2. Factors affecting primary production and standing crop. 

In order t.o determine what linli ts production by phyto­

plankton in a lake, one needs to consider the factors that are 

involved. The study and analysis of factors governing primary 

production and biomass have been made by many workers (Sylvester 

and Anderson, 1964; Findunegg, 1965a; Dugdale, 1967; Christie, 

1968; Moss, 1969a; Schindler and Nighswander, 1970; TaIling, 

1971; Schindler and Comita, 1972; Brylinsky and Mann, 1973; 

Schindler and Fee, 1973, 1974; Dillon and Rigler, 1974; 

Richardson, 1975; Schindler, 1978; Melack et £l., 1982 and 

Setaro and Melack, 1984). 

Primal'y production and biomass of phytoplankton are 

affected by an array of chemical, phys ;ical, and biological 

factors. 'rhe di [ferent fac tors that control primary productioil 

and biomass of phytoplanktons will be dealt with in the following 

sections. 

2-1 Primary production, biomass and physical factor's. 

The physical factors that affect lake productivity 

(biomass and primary production) include lake morphometry, light 

and temperature Co 

2-1-1. Lake morphological features 

Certain fundamental conditions of production in an 

aquatic environment arise directly out of size and form 
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interrelationships (Ohle, 1956; Vinberg, 1963; Kerkes, 1972, 

1975; Schindler, 1978; Cole, 1983). Such morphological features 

as depth, shore-line, slope, volume, and area can affect the 

productivity of a lake. 

There is no doubt that, in general the more froquently 

a lake is stirred by winds to the bottom, the faster the 

nutrients are r:ccyc1ed from the mud into the photosynthetic 

zon" where they may accelerate the rate of production. The 

depth of the water is thus, in principle, negatively correlated 

with the rate of production (Co1G, 1983; Goldman and HornG, 

1983; Wetzel, 1983). 

An inverse correlation of phytoplankton abundance with 

depth of a water bain is commonplace in tropical Africa 

(Lemoa11e 'l.t "J_., 1981). Algae of high concentrations "re 

most prevalent in such shallow lakes us luke George, Ugandn 

(Ganf, 1971+n), Lakes Abiata "nO. Ziway in Ethiopia (Amha Belay) 

and Wood, 1981f) and in shallow basins ':li thin a deeper lake 

(e.g. Lake Victoria's Winam Gulf)~Ta11ing, 1965a). 

Lake Shalla in Ethiopia has a gross chemistry remarkably 

similar to one of the most productive J.akes in the Ethiopian 

rift valley - Lake Abiata, but it is the least productive 

which is probablJ' due to its depth (Amha Belay and Wood, 1984). 

The wind protected situation of a lake may be of similar 
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effect, because the absence of complete circulation 

leads to meromixis (with part of tho water body participating 

in mixing), and it is clear that meromixis does not favor 

production. 'L'he surrounding topography may be such that the laIce 

is sheltered by hills resulting in little actual wind action 

on its surfa.ce. D-ut, in an exposed lake, wind can sweep 

unin terrupted the e;re:-l.test distance across the lake sur face. 

The exposure of a lake to wind has thus a direct effect on 

water movement, and an indirect effect on the biota within 

the l'J.ke~ 

The phyoical dimensions of' -9. lake interact with climatic 

and edaphic factors to determine the nature of the laIce as 

an environment and thus, its inhabitants (Cole, 1983). '.Phe 

relation of the long axis of the lake to the direction of 

prevailing winds is of paramount importance to "lake 

productivity. 

The shoro·~J.ine development of a lake may play some 

role in determining the trophic nature of a l[{ke because 

shallow \'later is the most productive (Cole, 1983). Horeover, 

the amount of llu-t-:rients arriving at the lake is, to D. great extent, 

a function of shore-line. It is, therefore, tempting to 

theorize that, of two lakes alike in most features except 

shore line development, the one \'lith the highest shore .... line 
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development ', .. ould be most productive of phytoplankton (Cole, 1983). 

The size, .slop" and gcology of a lake's drainage area 

influence the identity and quantity of minerals dissolved 

in the lake. The drainage-area size in relation to the 

surface area is important in many lakes since there is often 

a higher fertility in lakes with larger drai.nage area 

(Goldman ai1d Horne, 1983). 

Schindler (1978) has also tried to relate lake volume 

and catchment area to productivity. He found that catchment 

area has a dil'ec t relationship to lake produc ti vi ty, because it 

is proportional to nutrient loading. But lake volume is inversely 

related to productivi.ty because volume hao a dilution effect. 

There are many other morphological features which 

can be equally important to producti.vity. But the deto.iled 

disscussion of the morphological features of a lake is 

beyond the scope of this thesis. 

2-1-2. Light 

Light intensity has received the most extensive 

attention of 0.11 the physical factorn controlling aquatic 

production (Stengel und Soeder, 1975). TaIling (1970, 

1971) gives a clear picture of what is known about the 

underwo.ter light climate as determined by incident radiation 
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and the optical properties of the medillmo 

Solm' r"ctiation is of fundamental importance to the 

entire dynamics of aquatic ecosystems. Nearly all the energy 

that controls the metabolism of lakes comes directly from solar 

energy (Wetzel, 1983). 

Transmission and. measurement in water bodies 

Solar radiant energy reaching the surface of the earth 

has a spectral range from about 300 nm (ultraviolet) to about 

3000 nm (infrared) (Wetzel and Likens, 1979). About half of the 

total radiant energy (lf6 to 48%)(Talling, 1957a; Westlake, 1965b) 

is the photosynthetically active radiation (Ph.A.H) which is appro­

ximately between 390 to 710 nm (TaIling, 1957a; Strickland, 1958; 

Westlake, 1965b). 

The underwater photosynthetically active radiation 

can be measured \'lith a photometer in combination with undornater 

quantum senso:...~. 

Tho amount and spectral composition of solar radiation 

falling on e. lake are influenced by an array of environmental 

factors. Direct solar radiation reaching the surface of 

water bodies varies with the angular height of the sun and 

therefore with the time of the day, season and latitude 

(Hutchinson, 1957; \'Ietzel, 1983). It also varies with the 
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molecular transparency of the atmosphere and the distance 

light must travel through it. It therefore, varies with 

nl ti tude and meterological con ell tions (Edmondson, 1956; 

Wetzel and Likens, 1979). 

Light impinging upon the surface of water does not 

penetrate completely; a significant portion is reflected or 

back scattered (Steemann-Nielsen, 1975). Within tho water 

light is rapidly attenuated with depth by absorption and 

scattering. Absorption is defined as diminution of light 

energy with increasing depth by transformation to heat 

(Westlake, 1965b). 

In very clear oligotrophic lake" or pure \'later light 

attenuation is least in the blue region of the speotrum 

(Smith et ~., 1973) and transmission in the red region in 

almost seventy times less (Lind, '1979) • Vlith increasing 

trophic status or load of dissolved and particulate materials, 

the least attenuated irradiance may be green, yellow or red 

(Hutohinson, 1957; Reid and Wood, 1976; Westlake 1980). 

TaIling (1975) has pointed out the following two 

causes of light attenuation when discussing the non-linearity 

of the relationship between high population densities and 

photosynthetic productivity. Nutrient-rich waters are likely 

to have a high non-algal (background) attenuation of light 

which will compete with the photosynthetic pigments for 
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energy capture. Light attanuntion also results from algal 

self-shading, 

Heavy concentrations of biomass near the [tir-water 

interface are not uncommon (Talling, 1975). In such dense 

algal covers, the vertical light gradient is deterrnined more 

by self-shadinG (self-absorption) than by attenuation from 

other components in the water column (Talling, 1960a, 1971; 

Bindloss, 1974; Ganf, 1974 b). 

Because of the attenuation of light, the depth of the 

euphotic zone (i.e, the depth reached by 1% of the light penet-

rating the water surface) (Talling, 1960 b, 1971) is reduced. 

In Ethiopia, the depths of the euphotic zone of the most productive 

lakes, Lake Aranguadi and Kilole, were found to be between 

0.15-0.27 and 0.2~·-0.49 respectively (TaninG et al., 1973) 

due to the abundant phytoplankton population. 

I 

In some small ponds in Malawi light was reduced to 

less than 1% of i t8 surface intonsi ty at a depth of 4mm 

below the water surface during periods of main rains6 This 

took place in the absence of surface living algae and was 

due soley to suspended mntter (Moss, 1969a). Non-algal attenuators 

of light either originate f:com the watershed as in lakes Tahoe 

(Goldman, 1971;; Tilzer et ~., 1976) and Chad (Lemoalle,1973) 
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or A.re stirred. up from the lake bottom by \'lind action a[,j in 

lake George (Ganf, 1974b). Such a non-algal attenuation of 

light is exemplified in Ethiopia by lake Langano in which 

a stable colloidal suspension of silt is maintained (Wood 

.£1 i'l., 1978). In contr,,-,"st, Lake Shalla, the most transparent 

of the Ethiopian rift valley lakes has an euphotic depth ran­

ging from 307m (1'/0001 at. £1., 1978) to 1+.93m (Amha Belay and 

Vlood, 1981+). It has been noted (Amha Belay and Vlood, 1982) 

that Lake Abaya is the most opaque of the Ethiopian rift valley 

lakes becau.se of light attenuation by background absorption. 

The attenuation of the different spectral components 

of light enn be assossed from measurements made with photometers 

used in conjunction with glass filters (as indicated in material 

and methods), The data resulting from such measurements are 

compared in terms of extinction coefficient (the slope of the 

line obtained by plotting readings on a logarithmic scale 

against depth) (Lind, 1979). 

It was found (Talling ~J; ,,1., 1973) that in the Ethiopian 

soda lakes, Lake"Aranguadi and Kilole, the extinction of light 

Vias highest in the blue and lowest in the red spectral region, 

a pattern characteristic of very turbid or colored lakes 

(e.g. Dvihally, 1961). Likewise, the vertical extinction 
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coefficients in Lake George, Uganda (Ganf, 1974b) indicate 

that r'ld light penetrates the far·thest .and blue light is 

very rapidly attenuated. 

The extinction coefficients of the diffeccnt spectra1 

components in Lakes Chammo and Abaya (Amha Belay and Wood, .1982>, 

Lake Awasa (Amha Belay and Wood, unpublished data) and in the 

four northernmost lakes in the Ethiopian rift valley (Rood ~ ai., 

1978) indicate that the red and green spectral components are the 

most penetrating. The transparency of Lake Ilayq in Ethiopia is, 

however, greatest for green light and declines for light ·of shorter 

and longer wavelengths (Baxter and Golobitsch, 1970). 

The transparency of a lake can be approximated using 

a standard Secchi diac whose readings are a function o:f the 

reflection of light from the disc surface. A secchi disc 

transparency (=vertical visibility) depends on such factors 

as the eye-sight of the observer, the contrast between the 

disc and the surrounding water and the reflectance of the 

disc (Cole, 1983). But the readings obtained with a 

Secchi disc (secchi depths in meters), if done by the same 

person and in the aome way, can be used for comparison of 

the optical conditions of the same lake at different timea 

or different lakes at the same time. 
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Secchi disc l~eCl.d.ingf:> as low as 11~ em have been recorded 

for Hora Orsona, Ethiopia (Loffler, 1978) and 15 em has beon 

found for Lake rra.kul'u, Kenya (l.lelaek and Kilham, 1974). 

Lake Ziwo.y has ,seGchi disc readings in the range of 10~1'1cm 

(Tudol'ancea, unpublished dat",). Sec chi disc l'e'1dings as 

high as 33-1f1 m I'IOr8 found for lake Tahoe in Californiu-

Nevada (Cole, 1983). 

Generally the Ine:lsuremcnt of underwater radiation 

confronts mnny ~roblelns. Most of the problems encountered 

during underwater radiation mensurement are discussed in 

Strickland ('1958), \'Iestlake ("1965b) and 'ryler (1973). 

2-1-2-2. Light intensity and depth distribution of 

photosynthesis 

Tho uvailnbility of sunlight as El. source of energy is 

N1 obvious fenturc of l)rimar~r production by algae and 

I t 
,,, 

macroplY 88 ~J:logg, 1975; 1980). The productivity by 

phytoplankton is related to the quantity of radiant energy 

penetra ting t.he water body, for the in tensi ty of light governs, 

the rate of energy supply for photosynthesis. 

On bl'igh t dDJG photosynthesis has frequon tly been 

found to be 10\'ler at the surface than it is at depths below 

the surface <> 11hus there is a gradual incren.se in the oxygen 

production from the surface to tl few meters below the surface, 

which again declines with increasing depth. Depression of 



photosynthotic nc10ivi ty "t the surf"cc has been reported I'\o.ny 

times from in .0_h~}~ r:188.SUrements of~ primary production (~~alling, 

1957a; Goldmo.n, 1963; TaIling, 1965n, 1966b; Lewis, 197~; GanI 

and Horno, 1975). The observed lower photosynthetic activity 

Vias attributcod to the inhibition of photosynthesis by intense 

light (Steemnnn-Wieisen, 1952; Kok, 1956; Ryther, 1956; Steemann­

Nielsen, '1962; Goldmann !d a1.., 1963; Jones and Kok, 1966 a,b; 

Soeder and Stengel, 197~). This phenomenon is associated with 

photo-oxidative destruction of enzymes (Steemann-Nielsen,1952; 

Steemann-Nielsen and ,T orgensen, 1962) or wi th tho photO,"OlCido.ti ve 

consumption of oxygen (HacAllister, 1961 j Harris and Lott, 1973) 

or both (TaIling, 1966b). The 10'1101' surface photosynthctic 

activity is also attributed to a lower algal biomass Qf the surface 

(Talling, '1965a; Ilro"virta, 1974). 

Both in. 3i tu (Amha Belay, 1981) and Laboratory (Amha 

Belay and }"ogg, '1978) eXJlerirnen ts he.ve shown that inhi bi tion 

increases wi th both il'radiance ·~;.nd exposure time. The sante 

experiments h0.V8 :1.180 ~;hown tha.t inhibition becomes greater 

at high temper\"-tur'c cend oxygen concentrations and I'Ihen the 

cells are nutrient deficient. 

Hany stmlies have shm'll1 (Vollenweider and Naul'lel'ck, 1961; 

Rodhe, 1965; '.raIling, 1970; Steemann-Nielsen, 1975) thcet the 
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effoct ,,}f li:)l-G on phctnsynthGBis C'l.n be described by 11 curve 

which is gcnorally hyperbolic. As n general rule, activo pro­

duction by phytcoplnnkton will Gxtend to th" depth at \'Ihich the 

incident 1i[;11t (moHsurCid just below the surfac,,) is att"nuo.tcd 

to about 17~ ('ro.lling, 1960b; l"o[m, 1980). This usually corrosponds 

to the compenGatinn depth (The denth o.t which oxygen pl",.duction 

in photosynthesis and oxygen c( .. nsumption in respirFl..tion o.re equal). 

2-'1-2-3. Diul'nnl nnd B8t1o,)nal clvlne8s uf biomass nnd 

photosynthesis in relation to light intonaity. 

Biomass "nO. photosynthetic r"taG of phytoplnnkt'n in 

n.n aquatic cnvix-unrnunt change;: n;)t only with dopth, but also 

wi th the time of the clay Elnd scnS'JUS (Jf the year. Diurnrtl phyt.o~ 

plnnkton misr.:1-tiuns normally decr'JrtsJ' phu-c,)synthesis C10,'30 to tho 

surfaco around nc·on in addi tion to in hi bi tory offects, and at the 

same time lUCl.d t.o enlu.-mccd plF>tosyn thesis in deeper un t<:;I' (rrilzcI', 

1973; Ganf, 197'+C). Photosynthesis is L)Vlor in the aftornoon than 

in the morning at similctr irradi'111CeS, which can be due t(J depletion 

of nutrients (OhIo, 1958; Gcmf, 1975), nccumulati.m 'of inhihitinr, 

Gubsto.ncc ;.~.nd incroasing respirn tion (Doty o..nd Oguri, 195?; LorGnzon, 

1963; Ganf, 1971tc), ble",chinc of pigmonts (Yen tsch and Bcngel, 1958; 
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Goldman \t.t 0,., 1963) and grnzing by clinrnnlly migrating 7,00-

plankton (MacAllister, 1963). As a result of great variation 

in incident irrgdiance, the position of the most productive 

layer shows D. diurnal change (Vollenweider and No.uwcrck, '196-1). 

Phytoplc.nkton growth (md primary production ,show 

characteristic seclGonal variations (}'ogg, 1975; Golterman, 

1975). Variation in light inputs seems to be the major 

reason for seasonal chant;es of primary production (Fogg, 

1980; Westlake, 1980). 

Seasonality of phytoplankton abundances and photosynthesis 

are familiD.r fontul'c.s of African lakeso Descriptions of seasonal 

changes in s~)ecie::) camponi tion and abundance of phytoplankton in 

the white Nile (Pro\'IS'" and TaIling, 1958), in Lake Victoria (TaIling, 

1966a) in Lake Georg8, Uganda (Ganf. 1974,,), in Lake,Oloidien 

(Helack, 1979 a,b) and Sonachi in Kenya (Nelack, 1976) and in 

Lake Chad (LemoD,lle, 1973) are available. 

Seasoll'll changes of the tot,d. concentration of phytoplankton 

and primary pro(i.uction reflect many factors, nmonr.; which the 

seaGonal D.spect of cliraate is of grent importa.nce (rllalling, 

1965b). According to TaIling (1965b), the winter minimum 

of incident .solar radiation was the most critical environmental 

feature resnonsible for tho seasonal fluctuations observed 

in Lake Windemero, Enelfutcl. As D. l'csul t of this minirrlUu 
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solar radiatio~, tIle phytoplankton crop waG brought to 

101'1 levels as shown by chlorophyll£( (~'alling, 1965b) and cell 

counts (Lund, 1964), In Lake Victoria ( a tropical lake) 

this factor is substituted by sensonal loss of heat with 

resulting vertical mixing dependent upon wind regiue, 

as a critical cycle-generating event (Talling, ~965b), 

In tempcrcJ.te lakes, phytoplankton number and biomass 

increase during G:0ring when lieht conditions are improved, 

and build up to a sllrinB mm:.imum (Wetzel, 1983). Also primary 

production follows the annual cycle of solar radiation. 

In koepillg with the relatively constant environmental 

concli tions, the seasonal vtl.rie~tions in tropical waters ·'lrc 

much lower, often as little as five fold (Fogg, 1965) as 

compared to the thousand fold variations of temperate lakos 

(Wetzel, 1983), Most tropical lakes exhibit pronounced 

seasonal variation that usually correspond with differences 

caused by r,·,ins, 1'i vcrs, or vertical mixing (Nel'.1ck, 1979b) • 

2-1-3. rreUl110rnture and relnted phenomena 

Solar radiation has a critical role, both as a direct 

supply of enerGY for photosynthesis and as a more indiredt 

determinant of wnter temperatrire, thermal stratificntion, 

and associatGd chemical variations in inland water bodies 

(TaIling, 1965b). Since most of the incident lir;11t energy is 
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transformed into hent, ten!perflture conditions are usually dependent 

upon the light regiwe (Hutchinson, 1957). The temperature of 

equatorial 1['..1<:e8 of the world show very little variation, 

though diel changes very near the surface could be great 

(Beaelle, 1981). 

The surface temperature of J-IH.kc Awasa was found to be 

in the range of 21-25°C (Gasse ,,1 ",],., 1983). It has also 

been reported (Baxter and Golobitsch, 1970) that the surface 

temperature of Lake Awasn wns batwBen 24 nnel 27°C. The 

surface tempernturc of other Ethiopian Lakes i8 not very mlCh 

different from that of Lake Awasa except for the very low temper­

ature (11-11.20 C) of Garba Guratch, a Bale mountain Lake in 

Ethiopia (Loffler, 1978), 

The Ethiopian highland lRkes can experience high diel 

fluctuations of surface temperatures because of their relatively 

high altitudes as well as great seasonal fluctuations in rainfall, 

humidity, anel cloud cover (Vlooel!'.l! ",-~., 1976). 

Temperature exerts many fundamental effects on 

limnological phenomenQ such as lake stability, gas solubility, 

and metabolism of organisms (Boney, 1975; Linel, 1979). 

With rise in temperature, there is decreased solubility 
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of oxygen (Ruttner, 1963; Cole, 1983). Moreover, as a 

result of temperature dj.ffercllces with tl18 resulting 

density gradient thermal stratification ensues. 

During periods of stratification and a stable thermo-

cline, exchange of materials between epilimnion and hypo-

limnion is reduced. Therefore, the supply of nutrients from 

deeper layers is reduced (Findenegg, 19650.; Talling, 1969). 

It appears ('.vood "-.t a:t.., 1978) that circulation in the Ethiopian 

rift valley lakes is frequent for there has been no indication of 

strongly developed thermal stratification, although slight gradi-

ents of temperature Vlere ohserved for Lake Shalla (Bnxter et a),., 1965). 

Studies on the thermal characteristics of the Bishoftu 

crater lakes in Ethiopia were made by Baxter and Wood (1965), 

Baxter et al. (1965), ',load et a1. (1969) anel Vlooel at al. -- -- -- -- --
(1976). The two deepest and most sheltered lakes, Lake 

Bishoftu (87m) and Lake Pawlo (65m), showed the most sto.ble 

thermal stratification and an anoxic lower layer~ 

The observations over a long period by Wood et a1. 

(1969) suggest Uv .. t Lake Pa\'llo is annually mixed towards the 

end of the year. This is attributeel to the breakdown of therQal 



stability through comling at the surface due both to increased 

eVnporation cllli .... inZ the clay and to a greater lOGS of heat at 

night. The shD.llol'IGst lake, Kilole (6.5m)'is almost continuully 

stirred to the bottom. Lake Arnngundi (35m) is markedly strat­

ified but its high algal productivity is suggestive of frequent 

stirring into ntlcast the upper part of the anoxic layer .. 

The effeot of temperature is not confined to physical 

stratification. frhis physical stratification can also result 

in the subsequent chemical and biological stratifications. 

In lake Windemcre (England) stratification in summer resulted 

in the epilimnion being stripped of 13ilica below the critical. 

level of 0.5 mg m-3 (TaIling, 1965b). 

In lakeB Bunyoni and Hutandn in Uganda, an oxygen free 

lower layer was created as a result of sharp thermal disconti­

nuities (Baxter £.10. ill., 1965). Lake Nutanda is sufficiently 

deep (44m) und sheltered to be stratified and deoxygenated for 

a long time. The most stratified of all known African lakes, 

Lake Kivu (11·80m deep) in the western rift has very high salinity 

in the lower water (be101'! 70m) and an accumulation of very high 

concentrations of nitro.te and phosphorus in the saline lower water 

(Degens et al., 1971) 

When ther,,,al stratification occurred in Lake Waldse,,-

in Australia, a differonce in the metalimnion and hypolimnion 
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from a PH of 6.9 to 8.2 and redox potential of +390 to 

-185 mv was observed (Cohen at al., 1977). --- --' 

During periods of thermal stratification, there is 

a concomitant strcctificntion of phytoplankton (Westlako, 

1980). 1'he str8tific''ltion mtty. be stab18 over qui to long 

periods 0.1088, 1969b) but may ,,180 be altered. d"ily by 

vertical movements of photosynthetic flagellates (Httppey 

and Hoss, 1967; 'xUzer, 1973). 

There is ffilother interrelationship between temperature 

and the concentration of n10.ny essen tinl nutrients Ginee the 

remineruliz'3..tioll rute due to bacterial degr.:l.cio.tion is temperature·· 

dependen t (Stengel and SOGder, 1975). 

Finally, the increosing sensitivity of algae to ,high 

light intensities at supraoptimal and suboptimal temperatures 

may be of ecologic"l signific'lnce (Sorokin ,md Krauss, 

1962). Moreover, temperature inhibition of photosynthesis 

may take place tllroue;h the inhibition of the temperatura 

dependent dark rOGctions of photosynthesis and 1'8spiration 

(Bauer et al., '1975), ExtrenlG temperatures may net only 

inhibi t CO2 upte,ke, but may also have aftereffects which 

inhibit subsequent photosynthesis at optimal temperatures 

(Edmondson, 1956; Bauer at a1., 1975). Accerding to Talling 
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(1965a) tJw l'htosynthetic nctivity of phytoplo,nkton in the e:1st 

Afric8.n 1:1.kc8 \'FlS .'l.ll'L~yG high comp8.rod to temperG.te lakes 'Proh~bly, 

due to a high nnd ri',i;hcr uniform v,o,lue of the photosynthetic capa­

city (~) which mny be influenced by tcmpernture. 

2-2~ Prilnary production, biomass nnd chemic~l factorso 

At a {(ivon depth, the upper threshod of productivity per 

unit biomass is clenrly set by the under w3ter light climnte (Stengel 

and Soeder, 1975). Th"t rntes of actu",l production in nnturCll 

waters Clre fClr below the production potentinl offered by the 

rndiant onerRY input, is due to the limitCltion by factors other 

than light. 

In nddition to light energy, plnnta are dependent UP0!l an 

adequnte supply of nutrients (Stewart, 1974; leogiO, 1975). It 

has been indic;;:tGd (Hutchinson, 1957) tllCtt critically low levels 

of certClin inorganic nutrients arc believed to limit primary 

productivity at certain times of tho year in many temperate 

lakes. But detr>1lod knowlodp,o of nutrient limitation in 

tropical lakes io RenreD (Tulling Clnd Talling, 1965; Hoss, 

1969a; Schindler, 1978) in spite of the mClny works done on 

factors con trollinG primary production ~ 

In tropical lakes light and tempe}'ature n1'8 probnbly not 

as frequc:ntly limi tin!'; as they are in temperate lakes (Lund, 1964) , 



and nutrient cw,11.1ahili ty probnb1y plays a major role in 

controlling the GeasonaJ. pattern of a1e;a1 e;rowth (Hoss, 

1969a), 

Latitudo was found (Bry1inGky and Mann, 1973)to provido 

much morc pred.ictive information about tho productivity of 

lake than nutrient" concentrations~ However, Schindler and 

Fee (1973,1974) lound a good correlation between annual phy­

toplankton prod.uction (lnd phosphorus input. ]oloreovor, tl10 

importancD of n.utriont supply to the productivity and abundance 

of phytoplankton has beGn shol'ln by onrichment Gxperiments on 

natural populations (og. t'lelack £i a], ° , 1982; Setaro and Helack, 

198Lf), 

In many tropical lakes sUl'rounded by extensive nutrient 

buffering wetlands and receiving porrenial inflol'ls, tot"l 

phytoplankton biomass and producti vi ty are l\wger "nO. more 

constant seasollQ.ll~r th8.11 those found in temporate lakes 

(Beadle, 1981), 'fhis phenomenon is attributable to nutrient 

loading as a result of wind-induced vertical mixing and marked 

seasonality of rainfall (Ta11ing, 1969; Lel'lis, 1974; Helack, 1979b), 
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It is because of tho abundant supply of nutrients that 

primary prOllUG tion rtnd biomass tire 8XC eedinp;ly high in Lake 

Aranguadi, Etlliopia (11-22g Cm-2 d -1 and 221-325 mg ehlcun--2 ) 

(TaIling ~t 0.1., 1973), in Lake; S imbi, K"nya (200 mg chla m-2 ) 

() ( I -2 ) Helack ,1979c anel. in Lake Georg", Uganda tOO mg chla 111 -

(Ganf, 1974a). Most of the photosynthetic activity of phytoplankton 

is carried out in the surface layers and it is here where nutrient 

limitation is likely to have a great effect on the total primary 

production of a water body (Noss, 1969a). Algal communities may 

respond to a decroased supply of a limiting nutrient either by 

decreasing the optimwn photosynthetic rate of production or by 

producing less efficiontly at suboptimal irradinnces (Schindler 

and Fee, 1975). 

Studieo on plant nutrients emphasize the importance 

of nitrogen and phof3phorus (Boney, 1975), There is a rapidly 

growing body of evidonce (Schindler, 1974; Schindler and Fee, 

1974) that control of phosphorus alone is sufficient to halt 

or even revel'se the course of eutrophication in many cases~ 

According to TaIling and Talling (1965) and [klack and 

Kilham (1974) high concentrations of phosphate are not typical 

of African lakes, especially of the Sodn Lakes includillB those 

in Kenya (Lake. Nakuru and l-Iagadi)., Very high coneen trations of 
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phof:jphatc wore found in Ln.ke Chn.mmo and Abayn. (Amha Belay etnd ,aoeel, 

1982) and i!l the two Ethiopian Q.Qir:~~~inCl. lakes·~Lak8~- Aro.nguadi nnd 

Chitu, (Wood, 1968). Phosphate may be limiting in Lake Netriut, 

Egypt (Aleem and Samaan, 1969) during periods of high photosynthetic 

activity. 

The comprehensive studies in the rivers of the Nile 

(TaIling etnd Rz,oska, 1967) cwo. in 1ake Victoria, Ugandet 

(TaIling, 1966b) suggest that nitrogcn may limit algal growth 

in East African lakos becauso nitrate concentl'ations in the 

water bodies surveyed were often very low (TaIling and Talling, 

1965; Hammer, 1981). 

A clear case of correspondence between depletion of 

nitrate and reduced algal growth and productivity was 

reported for Lake Victoria (TaIling, 1966b), Lab, Lana, 

phillipines (Lenis, '19'14) and in the reservoirs along the 

Nile river in the Sudetl1 (Pronse and Talling, 1958). Nitrate 

is generally low in saline lakes (Hammer, 1981). Exceptions 

incfllde Lak8 Humboldt in Co,nado. (Haynes and Hammer, 1978) etnd 

Lake ':I8r01'lr"p in Australia (Walker, 19'13). In 1;he former 

drainage and sewage are the res·ponsi blE: ngen ts whereas in the 

latter gull popUlations nw.ke n large contribution. 
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Distinct rolQtionships between silica and diatom 

periodici ty have been found in Lake ~'/ind.8mere, England 

(Lund, 196 i+l. V cry 11i,;h coneen trutions of silica Flere found 

in Lake i'lakuru, Kenya O!olack and Kilhmn, 19711), Kil01e 

and Araneuadi (Prossel' '!..t ~ll., 1968). 

Host African luke waters studied so far show a marked 

predominance of HC03 + C03 amonG the anions (Tallin,j anel 

TallinG. 1965; Prosser ~j; 3], .• , 1968; \'Iooel, 1968; Nelack and 

Kilham, 19711). Unlik" other African lakes in which soelium 

bicarbonate unci c:::tl'bonatc clominat.C}, the dominance of 

sulphate and chloride in Lake Hahe(;a. Ugand'J. is very unusual 

(Helack and KL~am, 1972). 

The proportional concentration of major cations and the 

ratios of monovalent to divalent cations (M:D) are also 

known to influence thl:} metabolism of certain A.lgae as much 

af3 absolute COllC(mtriltions call (Wetzel, 1983). AccordinG 

to ~etzel (1983) the three major genera of diatoms common 

to oliGotr·ophic lakes - Fragi.llaria, Asterionella and Tabellar2-":-

are s timuln t~1d by hi~h levels of calei um. Wi th decreasing 

M:D ratios, decreased rates of photosynthesis were also 

observed. This is exemplified by the apparent relati6llship. 

noted between 10\'1 levels of aleal productivity and unfavorHble 

H:D ratios (Wetzel, 1965). 

Talling and Tccllin,; (1965) have found the predominant 
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cation to be sodium in the very snline lakes of Africa 

includinl;.-; those in Ethiopia: Letke Shalla, Abiata, and 

Hetahara. On thu other hand, in the more dilute \'Iaters of 

Africa, such as Lake Vj_ctoria in U~Qnda and Lakes Tana and 

Ziway in Ethiopia, calcium or less frequently magnesium is 

present in high proportions by equivalentso The excess 

of nw.gnesium over calcium has also beGn reported for Lake 

Hnyq, Ethiopia (Baxter and Golobitsch, 1970), Bale 

mountain lakeB in Ethiopia (Loffler,1978) and Bishoftu 

crater lako.s (Prosser <Do ~. ,. 19'8). In lakes Chammo and 

Abaya calcium \"lEW found to be in excess of maGnesium 

(Amha Belay and '·iood, 1982). 

A very stronG correlation hus been found between 

the species composition of algal community and the inorganic 

carbon Syst81ll (PH,C02, Alkalini ty and others) (Lund, 1964; 

Moss, 1973). ~he hiSh alkalinity of the East African lakes 

includin!"; lake !\.ransuEldi (Wood, 1968; TallinG ~ <D, .• , 1973) 

and Chi tu ("load, 1968) in Ethiopia and Lake Simbi in Kenya 

(Melack, 1979c) is believed (Melaek and Kilham, 1974) to 

influence the s~eci0s composition of algal communities o 

This has boen indicated by the association of the blooms 

of Spirulina 1'12,knsiE. with hiGh alkalinity (IHis, 1968). 

Limi.tation of pro(l.uction bv • DR is probablY !;loro frequently 
~ ..(.! 

v. 
l'lul, 

important at low at hiGh hydrogen c ·.lcentrations 
" 

(Sten;;el and Soeder, 1975). Some a-'_t;ae like .Qhlgrella 
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vulgarj.s (Osterlind, 1950) arc unable to use bic~rbonuto 

as a carbon source and are rostricted to waters with 

pH values very near or sli~htly above 7 since thcy become 

carbon linlited if pH approaches 8. A further ecologically 

important action of pH concerns the solubility and hence the 

availability of polyvalent cations such as iron (Wetzel, 1965). 

Reducing and acid conditions promote the solubility of 

iron, whereas iron precipitates in alkaline and oxidizing 

conditions (Cole, 1983. Iron is found in acid to nDutral 

waters which n1'e very low in oxyr-;en and with redox potentials 

between 0.3 and 002 .v. 

The most productive saline lakes, including Red Rock 

T8.rn in Australia (Hammer, 1981), Hariut in Egypt (Alcem 

and Samaan l 1969) and Aranguadi in Ethiopia (Talling at al., _.-
1973), tend to have pH values betwcen 9.0 "nd 1 O. 5. These 

high alkalinity lakes are so well buffered th8.t pH tends 

to be stable at high levels. 

In the Ethiopian rift valley, pH values for surface 

wa ter Viere found to be 8.7-8.8 for Lake Awasa, 7.6 for Held 

river, 8.0 for Black river (Tikur Wiha) , 8.6 for Lake Chammo 

and 7.4 for Lake Zirmy(Hakin et a!., 1975). 
~- -

Carbon dioxide limitation of photosynthesis is most 

likely to occur in waters of low alkalinity (Schindler and 

Fee, 1975) I'Ih83;'<, the liberation of CO2 by degradation of 
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sewage-borne orf-;anic i3ubstratCf) may result in El.n escalation 

of eutrophication (LOll(;,', 1971), 

Salinity beC()illCS tIle limiting factor in production only" 

under extreme conditions 1 ioe~ in hypersaline vaters (Stencel 

and Soeder, '1975), Extremely dense algal populations with 

very high rates of photosynthesis are found in hypersaline 

lakes of very high alkalinity and pH (eg, Aranguadi) or 

with relatively low alkalinity and near neutral pH, as in Lake 

Mariut in Egypt (Beadle, 1981), 

1'he most salinu Lake, Lake pink in Australia has very 

low production (Hammer, 1981), Another lake, V/aldcsa in 

Canada (Hammel', 1978; Hammer and Haynes, 1978; Hammer ot .':Q., 

1978) is similar in productivity to Lake Pink but has lOR 

salinity. The most productive lakes tend to encompass a 

S -1 broad spectrum of salinity from 3 to 10 m cm ,although 

most of the hi~hly productiv~ lakes fit into the 3 to 50 

q S cm-1 range (Ha~Der, 1981), 

In tho };thiopian rift valley salinity tends to increase 

from Ziway (l.!akin 9..t ;g., 1975) to Lake Shalla (Baumann ~t ~l,., 

1975). Hora OrGona, a hiGh mountain lake in Bale (EthiopiClJ is 

known to have considerably elovated salt content due to the 

contribution of alkaline Trachyte of the surrounding rocks 

(Loffler, 1978). Lake Awasa has very 10\'1 salini ty which, 
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according to Deadle (1981), is attributable to probable seepage 

as subterraneAn outflow through the bod of the lake. 

It is known (Elster, 1965; Stern, 1975) that within 

certain limits, there is no general correlation between tho 

trophic level of a lake and the photosynthetic activity of its 

phytoplankton at a given time. At similar environmentQ.l 

conditions, relative photosynthetic activities may differ by 

morc than one ardor of magnitude (Elster, 1965). These disc­

repancies point to the importance of physiological status of 

algae (FOGG, '1980; Westlake, 1980). 

Given an optimum temperature, with unlimited nutrients 

and CO2 , the theoretical limit to the rate of photosynthesis 

would be set mainly by the numbers of algal cells that cen be 

exposed to the most light below the inhibiting light intensity 

for the longest time (TaIling, 1970). Doubtless, the productivity 

of phytoplankton dOl'cnds on a complicated and multidimensional 

network of extrinsic and intrinsic factors besides the availability 

of nutrients 1 inorganic carbon, light and temperature conditions 9 
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III. Description of the Study Area. 

Lake 1\\'I""a (Firi,1), the study area is a lake of fairly 

high altitude found betweeu the four northernmost lakes (Shalla 

Abiata, Langano, Ziway) and the two southernmost lakes (Chammo 

and Abaya) of the main Ethiopian Rift Valley. The l"ke ;)asin 

is totally encloBed by fRultint;, a feature which renders it unique 

(Nohr, 1962), Some of the physical and chemicR1 charactcriGtics 

of the lake as described on previous \'Iorks are Given in table 1 • 

. The lake has no discerniblo outlet, and its comparatively 

101'1 salinity iEi, accordinG to Beadle (1981), probably clue to 

subterranean out flo\'l by seepaGe through the bed of the lake. 

It is fed by the Tikur l'Iiha river, I'Ihich enters from no1'oh-

ea.st draining em extonsi Ve swamp t which is D. remnant of 0. 

drying lake, lake Shallo~ The main runoff enterinr; the lake 

is derived froln slopes to the south and east of basin. The 

catchment to the north and west appears to contribute little 

surface runoff possibly due to permeable volcanic soils 

(Nakin .£i a1" 1975). 

The lake is oval in shape. 'rhe drainage basin is 

of varied relief, predominantly agricultural and is underlain 

by quartz and pumice (Noh1',1960). The geolOGY of tho lake is 

documented in Nohr (1960,1962). 

Tho lake experiences a pronounced .fluctuation of ','/ater 
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lc:vel wi th .::1.J.tc-rnn.ting dry ·':'md wst Scnscms <> There <:\rc 

indications thnt it mny well have stood some fIlr:tc:rs above 

its preaen t levul in tho relccti vely reGent p.ast (Grove ':mel 

Goudie, 1972). The cmnunl rninf"ll over the nrea is between 

R monthly RVern[,u totnl rQinfC111 of 26.7 mm for the driest 

months (November .. Docomb()r~Jcmunry) nnd 133 mm for the l'Ietteat 

montha (July, Auguat nnd Soptumber) (Tilnhun Kibret, 1985) 

Tho .lnko 11::!a nn extcmsi va 1i ttorn1 emergent and aubmerl3ent 

mncrophyte vo[';et.ntion with !':'oto.m2100ton scEweinfurthi .• Pos·e~llidil!.m 

germinntum, TY-QI"",,} .!.£:tlioliu nnd 1:. S'ngustifo1io. o.s tho domino.nt 

speci es 0 Among the plCtnkton, the dia tom -~lssomblages includo some 

spccios of the {jonera I·folosira, Hi tzscl:Iin, Qx91otolln i-U1d Nn~J~q&~l9-

(Gasse rt a:!,., 1983). Baxter et al. (1965) reported tllG provQ1ence 

of phytoplnnkt;)n of mix(;d myxophyce9..c 0 Accordine; to Gotnch()\'J TeffoI'a 

(unpub1iahed dntn) tho lake plankton includea Cyanophytn (9hroococcus, 

Gleocyatia, !'It£J'2£Y§tj,.i2., Sl,leocnpsn, Arthrospirq, Oscilluto:£.i9., 

Gleothecu, t·joril'l'l9-lli'diu), Chlorophyta (.!lotryococCUs, ~nd2..s-L'!U";., 

Ankistrodorj"ga) Clnd .f3pcil_lariophyta O'inuL:tria, Cymbelli Navi,cula). 

Thoro is a flourishing commercial fishery which is 

bilsed alm(lat en-cir"ly on Oroochromis piloticus. The spocies of 

fish encountered in the lake are Oreochromis niloticus, 

Barbua grep;ori.i, cmd Clnrius ap. (Getachel'l 'feffern, pel's •. 
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TabJ.8 1. Some characteristics of the lake 

Char<1.ctel'is ti c 

Latitude * o I 0 I 
6 33 - 7 33 N 

Longi-cw.:1 e oi< 

1 

38°22 - 38029 E 

i\.rea'):: * '''' 

Volutllo* 

Dopth-maximurr' 

-me3.11 * 
Haximum Length" 

Maximum l'Iidth* 

Shore- line length * 
Catchment area* 

Conductivity (K
20

)** 

Total dissolved solids ~~ 

C'.ms ) * ** 
Na** 

K ** 
Ca** 

Mg ** 

,!fco 3 + CO;;* ':' 
CL*'" 

S04** 
Total P 
S'O 

l 2 

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

" from Welcome ('1972 ) 

1680 m 

88km2 

1 .3 x 109m3 

22 ra 

11 ra 

17 km 

11 km 

52 km 

1250 kill 2 

1050 )-trnho 

650.~' 
,y. 

mg/ 

235 mg 1 
-1 

It5 -'I mg 1 

cm 

4.4 1 ·-1 mg 

It.7 mg 1-1 

-1 10.5 mg 1 

31+ rng 1-1 

2 mg 

98/--,p; 

72 Dig 

** from TaIling and TaIling (1965) 

"'** from HerrmC:U1n (unpublished data) 

-1 



comm.; Shibru Tedln, 1973). Close to the lake, the bird 

life is rich n.nd variedo Limnological studies made on the 

lake are limitcd and of short-duration. Previous investigations 

include thoGe of Bnxter eJ ~. (1965), Tolling and 'l'alling (1965), 

Gasse et g. (1983) and Amho Belay and \'food (1984). 



IV 0 Hat2rials and Nethods 

The folloving parameters were m8flsured dllrinB the 

study period (November, 1983- March, 1985). 

1. Biological po.rametcl's 

1-1. PhytopLmkton photosynthesis 

For the first four months of the study period 

integrated samples were collected~ Thereafter, surface 

samples were collected with a Van Darn sampler of 

5 litre capacity. The collected materials were siphoned 

into 120 ml pyrex clear and dark (covered with dark cloth) 

glass bottJ.es crhich were attached at intervals to a rope 

and suspended at depths distributed over the euphotic 

zone. The dar): bottles (one pair) were incubated near 

the bottom of the serics of bottles. Samples were incubated 

for four hours (10:00 a.m-2:00p.m). 

A buoy was used \'lhicl1 consisted of two floats 

connected by a riGid metal tube from which lines of 

bottles could be hung without shading. Duplicate bottles 

were always used from which the mean v.:1.1ues \'Jere tnkcm. 

Photosynthesis and reslJiration were lnensured by 

change· in oXYGen concentration in dark and liCht bottles. 

Oxygen conccntration l'Ias determined by the Winkler method 

(t·jackereth ,et L\!" 1978). 

1-2. Phytoplankton standing crop (=Biomuss) 

Pigm~)~lt uxtracts were used to ostimate ''Phy';opltUlkton 
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standing crop. The phytoplankton 8n.mp188 \'Iere filterc:d 

off from 0.2.5 to 1.0 litre of lake water wi th ~fhatJllan 

GF/C glass fiber filters and extrGcted using \'Iftrm 9Oj.~ 

methanol ,w the solvent. The abBorbance of centrifuGed 

pigment 8xtrllcts was measured at 665 nm ( the red absorption 

maximum) spectrophotometrically and corrected for 

possible turbidity by subtracting the corresponding 

reading at 750 nm,. 1J.1he corrected value WRS used to 

calculate tho optically equivalent concentration of 

chlorophylla using the approJ»imate relations of 'l'alling 

and Driver (1963). No determinations of chlorophyll 

degrn.d!'l tien products \'/e1'c made. 

2. Phy~ical pnrame-cel's. 

Durine the incubation, the photosynthetically active 

radiation (Ph.,l.R) for the incident radiation falling on a 

horizontal surface was moasured at 30-minute intervals 

usinG 1L-COR qucmtul11 sens@r (L1-190)SB) connected to ];1-510 B 

intccratoro The values obtained for the different exposure 

periods \'IGPe c2.1culD.ted and cot!!pared. rrhe readings wore 

converted to c<'.l cm
o

•

2 h -1 after caliberation l'Ii th an 

-2 0-1 
instrument tllut records in g eal em mln 

Light penetration was measured using a selenium barril::r 

cell in a waterproof houBinG 'ai th diffusing opal and various 

color filters which Vlere of th" types VG9, BG12, HG630, 

HG610, HG695, BG7 and VG14 of Schotts, J.lainz, West 
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Germany. Tho op~rational mid-points of the ccll-fiJ.tur 

combinations '1101'0 approximately 540, 460, 630, 610, 695,475, 

530 (Ganf; 19'7lf bj Gani and Horne, 19'75; \'Iood .et al., 1978) 

The optical characteristics of the lake at different times 
'.J::::rC 

of the year~compared in terms of extinction coefficients. 

-1, Extinction coefficients (E, In units m Iwere calculated 

using the following relation 

In I 
o 

I Z 

\there 10 is tho intimsi ty just below the surface and IZ is 

tho intensity at depth Z in m (Wetzel and Likens, 1979). 

Euphotic depth (Zeu) was determined by ascribing 30,35, and 

35~0 of the Ph.A.H. to tho blue, Greon and red spectral block.s 

respectively (TaIling, 195'7). Zeu was also calculated 

using tho relation whicll was found to give the best overall 

fit for opticnlly wide rangD of East African lakes (TaIling 

1965 a; Ganf, 19'74 b). 

" >. 

Zen;;:: 3.7 
f TIlin 

where ~nin is the extinction coefficient of the most 

penetrating component of liGht~ 

Underv!ater photosynthetically active radiation Vias also 

measured inl"Eo Em-
2

S··
1 

l'Ii th LI··COR quantum sensor (LI -192 3B) 

which was connected to LI-185 B quantum photometer. 



Lake transparency ( ~ v~rtical visibility) ~las measurod 

\ using a standard sacchi disc. 

\. Depth distribution of temperature and oxygen uas 

followod by rcndinss taken on a dissolved oxygen looter 

using a dissolved oxygen probe \rith builtin thermistor 

(YSI HodGl 57) thol'mOineter. Percentage saturation of 

oxygen was calculated as in wetzel and Likens (1979). 

3. Chemical parameters 

III '!ity conductivity (in ",.mho cm- 1 ) and salinity (oloo) 

Here measured ... Ii th a combined conductivity and salinity 

meter probe, and 

33 S-C~T meter). 

a thermistor temperature sensor (YSI model 

o Tomperature corrections to 25 C were 

made as in ;let.zGJ. and Likens (1979) for in situ conductivity 

measurements. 

In situ pH measurements of lake surface water were 

made with a portable digital pH muter (Model 607). 

Hater G::tmples collected in polythylene bottles from 

the lake surface or from various depths and filtered \'Ii th 

Whatman GF/C Glass fiber filters l'Iere used for several 

analyses. Alkalinity due to carbonate and bicarbonate \'las 

determined by titration with HCl to pH 1+.5 with methyl 01'Dnge 



as end-point indicatore These results were used with thu 

H of the samples to approximate total free CO2 as in 
p 

Lind (1979), Chloride was estimated by titration with silver 

ni tratc using chromate indica tor (APHA et al., 198o). 

phospha to (without extraction) and silica (after digestion 

with NaHC03) were determined colorimetrically aB their respective 

molybdatc complcxes. Nitrite was measured colorimetrically by 

diazotization with sulphanilamide and by azo compound formation 

with N-(1-naphuhyle ethylene diamine di··HCl) (Golterman et "1., 1978) 

Ni trate was measured as ni tri te after reduction with zinc (Americv.n 

Society for Hicrobiology, 1981). SUlphate was determined by preci-

pitation as barium salt and by spectrophotometric estimation of 

turbidi ty (APHA ~ al., 198o). Sodium and potassium were assayed 

by flame photometry and calcium and magnesium by atomic absorption. 

Explanation of the symbols used thl'oughout the paper 

arc listed below. The symbols are those used by Talling 

et Q1. (1973) and Ganf and Horne (1975). 

/,"> ··1 t- extinction Qoefficient, in In units m 

C L .. - minimum extinction coefficient over the spectrum 
1l11n 

Zeu- depth of the euphotic zone, in m 

Zeucal- euphotic depth calculated from the relation 

ZeUdet- euphotic depth determined as depth of 1% surface 

irradiance 

Zeu(max)-euphotic depth at eero chlorophyll concentration 
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-'5 B - pOimlation dem,i ty or standinG crop, in 109 chIn III ' 

~B - population donsity per unit area (population donsity 

-2 in tl1G euphotic zone), in mg chla m -

A - gross photosynthesis p8r unit wator volume, 

mo' ° m-3h-1 
b 2 

Amax - lisht-saturatcd rate of photosynthesis per unit 

wator volume in mg 02 m-3h-1 

tA - hourly rate of gross photosynthesis 1'01' unit aren, 

-2 -1 t£A - daily integral gross photosynthesis, in g 021ll d 

? (=A/B ) - specific rate of gross photosynthesis per unit 

Ph.A.R.-

biomasG (standing crop), in Illg 02 (mg chI a) -1 h -1 

light-sDturated rate of grosG photosynthesis per unit 

-1 
of chlorophyll a, in mg 02 (mg chI a)-1 h 

h t th t · 11 t· :1' t· . 1 -21 -1 P 0 osyn e lca y-ac lye rae la lon ln ca cm 1 

SD- secchi depth, in m. 

1 0 - 1rradiance immediately below tho surface 

(400-700 nm) 

IK - irracliance measuring onset of light-saturation 

of photosynthesis, in % of the irradiance immediately 

below the surface. 

Optical depth _ z . 
~ 
Z 

eu 

Z 

Z 
where mix is the fr]:'ely mixed depth and 

eu is ouphotic dopth determined as a depth of 

1% level of irradianCi-~ a 



v. R~sults and Discussion 

1. The therm:,l ch:~r",ctel'istics of L"ko AW[1sn 

The soc:c;on"l pntt8rns of depth distribution of tClilpernture 

nnd oxygen n.ra given in Fir; 2. 

The tcmperC'.turc of the surface wator of Lake Awnsc: 

:weraged 23. 8°c wi th [1 lllaximum of 28 • 4°c in Hc:y and a 

minimum of 20.50 C in February, 1984. The temperature of 

the deeper lnyers did not show vary pronounced vnriations 

and nveragecl 21.00 C with [1 maximum of 23.2oC in H",y and 

n minimum of 20°C in February, April, 1984 and Janunry,1985. 

The tempe:catur8 of the upper 1 III stratum was invariably 

hi1'her than that of the underlying layors. The maximum 

recorded ,temperature difference between surface and the 

deepest dp.pth of measurement (15m) was 5.2oC (t~ay,1984) 

and the minimum was only 0.5°C (February, 1984), On most s 

sampling datos, from about 5 meters downwards the temper.J.ture 

wo..s nearly uniformo 

The vertical tomperature profiles measured during the 

study period usually lacked pronounced stratification. The 

thermal gradient extended from the surfaoe to an almost 

isothermal region below tile depth of superficial heating. 

Although gentle thermal gradients prevailed throughout 

tho upper port of the water column, there has been no 
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indication of strongly developed (doep-seated) thermal strati-

fication. Instead, there has been thermal stratificntion 

of the super1ici,,-1 typo described for tropicnl Africnn 

lakes of moderate altitudes (Baxter 9J gJ.., 1965). 1'ho 

superficinl typo of stratification which wns observod in 

the l"ke is the expected result of solar henting during 

cnlm periods. ~~~ven this stratification affected mainly the 

0-1 m stratum in Vlhich steep gradients of tomperature and 

hence of density could develop_ There were some cnSes of 

multiple thermoclines. In such cases the thermal gradients 

were either very gra.dunl, as in December, 1983 or steept as 

in April and August, 1984. 

But it VlUS noted (Herrmnn, pers~comm.) that in the 

middle of March, 1984, there Vias B'well marked stratification 

with a sharp thermocline ond anoxic lower layer. The 

sam" phenomenon nns observed in I·larch, 1961t by Baxter .':1 aJ,. 

(1965) when the thermal. discontinuity occupied between 

5 nnd 12 m. 

Accorclil1G to Bmctor et a1. (1965) thermal stratification --
wns rudimentBry in Lake Awnsn during their February and June 

samplings, but well-marked durinG their Mnrch samplinG. 

According to Getachow Teffera (unpublished data) 

the superficial stratification that results from sol.r 

heating during calm sunny periods seems to be short-lived 
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for frequent strong winds from northeast of the lake ar~ 

able to cree_te wave Qction sufficient to mix it. Complete, 

or almost cOl!lpletc mixing occurred in Lake A\'Jns8. in Februo.ry 1 

June and Decemher, -198~-. The mixing phenomenon is probably 

associ:ltcd with overcast skies nnd turbulence. 

Gen('1'2_11y, th" nenr uniformity of the physical and chemical 

parnmoters me~18ur8d along tho v(~rtical profiles in late 

afternoon (Get:lcllew TefferQ, unpublished datQ) seem to be 

indicative of the frequent occurrence of mixing in atleast 

the upper half of the wQter column in Lake AW:lsa. Frequent 

mixing of lakos is not uncommon in East Africa. The shallow 

and exposcd EQst African Inkcs such ns Lake George, Ugnndn 

(Ganf and Horne, 1975) =d Kilole, EthiopiQ (':lood et ~., 197' 6) 

are frequently stirred except in rare periodS of calm weuther. 

Well-mnrked ."tnd prolonged stratificntion hns been found in 

the deep and \'/oll .... shcl tered lakes such ns L;J .. ke;; PCtwlo nnd 

Bishoftu in EthiopiQ (B=tar at 0.1., 1965). - -- --
Temporal changes in oxygen concentrntion were obsorved 

during tho study period (Fig 2). These fluctuations could 

be the result of the fluctuations observed in phytoplankton 

})hotosynthJsis or 100::\1 climntic conditions 0 

All depth profi los sho\'! an oXYfl(m maximum in thr; uppor 

0-3 m lnyero Seo.sanal variations in these oxygen maxima 
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wore observed (Fig.Z). The concentration of oxygen in tho 

upper 0-3 III layer lay between 71 and 130:~ of saturCltion 

values. The higher concentrations of oxygen were, for m()st 

of the timo, aSBociatud with higher photosynthBtic 

activity (Fig.4D). 

Dissolved oxygen I'ICl.S UBUCl.lly low~r at the surfac8 of tho 

lake. The decline of oxyg"n concentration at the surface 

is attributable to tl18 influence of risine; temperature on 

tho solubility of oxygen. It could also be tho result of 

less contribution of photosynthesis o.s Q consequence of 

light inhibition, since surface maxima of oxygen concentrations 

were observed on cloudy dQys. As a result of the stratification, 

oxye;en produced by photosynthesis in thB 0··1 III layer can accumulate 

if the weather continues to be calm. 

Below tho 0-3 ill layer the oxygen concentration decreases 

very gradually to nbove 10 moters, whereupon the clocrease 

becomes sharp to 13 m and the concentration becomes 

negligible at about 15 meters. The -oxygen concentrntion 

below tho trophogenic zone was always below saturation, 

suggesting probably that consumption of oxygen per unit 

area was hi[;hor than tho net rate of influx from the 

trophogenic zone. 
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The substantiQl oxygen deficit that existed at 

times in the deeper water columns should be expocted to 

occur in a Jroductive lake wator. In a lnke like Awasn 

where there is u fairly abundant organic matter for respiration 

nnd decomposition, depletion ef exygen in the deeper zenes 

ef the wnter column is to. be expected. 
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2. The opticnl characteristics of Luke Awnsa. 

Tho photosyn theticnlly Itcti ve radiation (I'h.A.R) falling 

on the lake surface on clo.ys of ~)rinw.ry production mellsurlllcnts 

is gi von in 'fable 6. and its soasonftl trends ar" indicated 

in li'ig. 7A. 'flw Ph ,A.R. wus 

-2 -1) for the low value (13.5 cal cm h recorded in September 

under cloudy conditions. 

The vertical extent of llnderwuter illumination and 

hence of the photosynthetic zone is controlled to a considerable 

extent by the minimum extinction coefficient, }'. (in ln unit m-
1

) mln 

(Talling, 1957b). The vertical extinction coefficients for the 

three spectral blocks red, groen ".and blue ItS approxinJ:lted by 

RG 630, VG9 and BG12 respectively are given in Table 2. ~'he 

vertical extinction coefficients 0.1'0 vary high for blue and 

low for rod and green indicating that the long wavelengths 

penetrate tho farthest an(\ blu8 liGht is ["ttenuated rapidly. 

This pattern is similar to that reported for other lakes \'lith 

dense standing crops of phytoplankton or in which the welter 

is very turbid duo to non-alGal materials (Dvihally, 1961; 

Vollenweider, 1961; Sakamoto and Hogestu, 1963, 'fallinG, 
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1965a; ~alling e1 ~~ " 1973., Ganf, 1974b; Ganf and Horne, 

1975). 'l'he renson why blue light is the least penetrating 

component in tho lakes just considered is that phytoplanktons 

have marked effects on light in the blue region of the spectrum 

(Talling, 1960a, 1970; Ganf, 1974b) and attenuation by dissolved 

solids is usually hiGl18st for blue light (Westlake, 1980). 

Similar results were reported for Lake Al'lasa 

i} 

(AmhR Belay nnd Wood, unpublished), the four northermost , 

lakes in the Ethiopian rift valley (Wood et Q1., 1978) and 

for Lakes Chammo and Abaya (Amha Belay and Wood, 1982). In 

Lake Hayq, Ethiopia, the situation is different. The water 

in Lake Hayq has the greatest transparency for green and the 

least for red (Baxter and Golo bi tsch, 1970), 

The minimum vertical extinction coefficients, t . mln 

(the extinction coefficient of the most penetrating component) 

(Talling, 1957b) showed some seasonal variations (Fig 7A) 

wi th the highest values in December, 1983., September, 19811 

and March, 1985, Those values coincided with periods of 

relatively high 8.1gal crops or increased concentration of 

dissolved matc).'inls or both (see Fig 4 and 7), 

By adopting an appropriate value for incremental 

chanfl8 in extinction coefficient per unit changes in chlorophyll 
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a concentrations (specific extinction coefficients, ES) 

(TaIling, 1960a), it is possible to calculate the percentage 

of light extinction due to algae and the depth of the euphotic 

7,one at 0 chlorophyll a concentrations, Zeu (Wood 
mroc 

et ~., 1978). J~il values were frequently found between 0.01 

and 0.02 in units per mg chl a m-0 3 (TaIling, 1965a; Bind-

loss, 1974; Gunf, 1971f bi Berman, 1976; Jewson, 197'1). 

Here an ES value of 0.015 has been used to calculate 

the percentage light extinction due to algae and the euphotic 

depth at 0 chlorophyll <1 concen tra tions Zeu( ) (Table 5). 
max 

The percentage extinction due to RIgae is always less then 

50% and seems to indicate thnt the background attenuation of 

light is more importnnt than attenuation by chlorophyll a 

The percentage of light extinction due to algae showed high 

values in August, November and December, 1984 during which 

algal crops were relatively high (Table 3). 

-3 Lake Abiat", \lith an algo.l crop of 56.6 mg chl am, 

was found to have only 22% of light extinction due to algae 

(Wood ~ gJ •• , 1978). According to Wood et ill. (1978),. the 

percentage light extinction due to algae in Lake ZiwaY,Lh!lg/loO 

and Shalla was less than 10, and the calculated Zeu (mnx)for 

each of th,we lakes was only a little greater than the 

measured Zeu. In Lake Abiata and Awasa, the Zeu( ) could 
max 

be as much as 50/:' (Wood ll.t q1., °19'18) nnd 40";6 respectively 
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Light attenuation due to 

non-algal cctuses is Inrge in nIl lakes of the northernmost 

Ethiopian rift valley as the % lir,ht extinctions due to 

nlgo.e suggest (Wood <31 fll.., 1978). In Inke Awo.sn, light bo.ck-

ground attenuation is morc app(trent at the low values of algal 

crop. In lake George, Uganda, non-algal attenuation of light 

was found to be high (Ganf, 1974 b). In Lake ArangumU (Tall.ing 

et al. 1973) ·ehe extinction of light due to algae is mOl'e 

important thrm in D.ny other EthiopiD.n lakes. 

The transparency of the lD.ke as approximated by 

a standard Secchi disc varied between 65 rmd 95 cm (see fiG.5). 

High Secchi disc readings ( > 88 cm) were found in November and 

December, 1983 and December, 1984. The lake is of fairly 

high transparoncy thouGh not as transparent as lake Ho.yq, 

Ethiopia (Sn=8·-9m) (Baxter and Golobitsch, 1970) tlnd Lctke 

Shalla (Z , 3.7··4.93)(Wood rt n1., 1978; Amha Belay and 
eu 

Wood, 1984). In the very productive alkaline saline lakes 

in Afric.'1, Nakuru and Elementeitn, Kenya, Secchi disc 

readings of only 15 and 17 cm were found (Helack and Kilham, 

1974) • In thN'e lakes extinc tion coefficients (in In uni ts m -1 ) 
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for hlue \'i{~i'e id.gh ::t.s 50 !Jl1rl '10-12 for red ::ulc1 grecn. 

r.Phese v:-:.lucs nrc~ lligh in comp'-l.riGon wi th most naturnl water::~ ;).1H1 

produce very ahullow euphotic depths (TaIling et ,,1., 19'7.3) .- --

The relntion of Secchi depth to the compensntion point 

has received c..tten tiOD ih tho Ii ter.::d~ul~e since Poole nnc1. A. tkins 

(1929) cnlculated 'm approximate ratio of 1..7 in which SD is 
- 3D 

the Secchi dC~jth in meters G The quo tien t gives the vertical 

extinction coefficient of light 0.bsorption. Limnologists have 

also tried to find factors which can be used to translate "D to 
,0 

euphotic dOnUl by determining the rc.tio Zeu/ SD
1 

The r<.l.tio of 

the mcan depth of the euphotic zone (2.34m) and the mean 3ecchi 

depth (0.77m) in luke AWllG."l is Q quotient very close to 3. 1'his 

fQctor, when multiplied by the Secchi depth in meters eives the 

Among four Kcnynn freshwaters the average Secchi depth 

of Lake AI'IQs"l i,s closer to Luke Oloidien (Helnck, 1979a). 

Lakes Nuivnsh~ ~nd Winnm Gulf have Becchi depths ranginfl froln 

1-1.5 meters, vhorens L. Crescent Islnnd Crater has It Secchi 

depth of 4.6 meters (Mclnck, 19790.). 

The Euphotic depth (m) (i.e. the dept!1 ."t which 176 

of the surfucD light intensity i9 found) (TQIling, 1957b; 

To.l line; , 1960b; .'.'of.!;g, 1980) vCll'ied between 1.59 and 2.'1 

(see table 2). Theso values were in close agreement with 

Zeu tnken as equal to 2..7 in 

£ . 
. lTIln 

which ~ is the extinction min 
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(Talling, 1957b; Talling, 1965a; Gan~ 1974b). The calculated 

values (Zeu cuI) were, of course always greater than the values 

measured (Zeu dct). The average of Zeu of lake Awasa (in meters) 

is more th:ln tl'lice th"t of Lake George, UgandQ (Ganf, 197i+b) nnel 

Qbout 5-10 times thQt of the most productive lQkes of EthiopiQ 

Lakes Aranguadi and. Kilole (Talling et al; 1973). 

TallinG (1957b) defined the limit of the euphotic zone 

as equal to the depth at which 1?G of the surface penetrn.ting 

irradio.nce is detected. It wns 1 howevel~, found here and 

elsewhere (Talling, 1965a; Talling S'J a),., 1973; Berman, 

1976; Grobellar Gnd Stegmann, 1976) that some evolution of 

O2 still takes place below the 1% level of the incident surface 

irradiBnce. Although there is little doubt as to the desirabi­

lity of assessment of the euphotic zone by means of photo­

synthetic pro}ile, expression of the euphotic zone in terms 

of the incident irraditlllCe penetro.ting to the various 

depths will undoubtedly persist since it is more ensily and 

quickly measured. Moreover, since light is n cruci~l factor 

for primo.l'Y production, the determination of the euphotic 

zone by the penetrntion of the ph.A.n. in natural wnters 

seems to be justifiable. 

lCor most of the study period the euphotic depths of 

Lake Awasa were somewhat intermedi<1.te between the optico.lly 

deep lake Sh"lh, Qnd optically shallow lakes Zwei, AbiQta, 
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and Langano in Ethiopia (Wood et ."1., 1978), 

In lo.1<e Abiata, the shullowness of the euphotic zone 

is due to high alg"l crops whereas in Luke Langano, the 

colloidal-based turbidity is responsible for the shallowness 

of the euphotic zone, In luke Awusu, the underwater climute 

is determined by the extinction of light due to phytoplankton 

and non-algal materiuls as in any other lakes. But ulgal 

crops seem (Table 3) to contribute a lot to the uttenuation 

of light. The euphotic zone of lake Hayq is expected to be 

very deep as c"n be implied from the very low minimum extinction 

coefficient (0.17 in units m- 1 ) (Baxter and Golobitsch, 1970). 

In spite of what the cause of light uttenuation in 

a lake is, the absolute depth of the euphotic zone (aeu) 

is of less significance th"n the ratio of freely mixed depth 

(Z mix) to euphotic depth (Zeu), which is known as the optical 

depth (Wood .eJ, _",1., 1978). 

There has been no indication of strongly developed 

stratification in lake Awasa for most of the study period • 

It, therefore, seems reasonuble to assume the frequent ~ccurrence 

of mixing in lake Awasa and consider that its mixed depth (Z _ j 
lillXJ 

is equal to the meun depth (Z·) as done by Wood et ul, (19flS). 

for other Ethiopian rift valley lakes, In line with the "bove 
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nssumption, th" optic ,1 depths (Z . /Z ) were cCllculnted ,md nre . nnx ell 

given in Tnbl,", 2. It cem be seen tho.t for most of the study 

period the opti c[1l depth 0 f L"ke AWClsn W'"S less than 5, n li.lUi t 

taken by Wood .et '11. (1978) for the light-lind tntion of primnry 

production. The optical depths of Lnke Awnsa seem to indicate 

the absence of light limitation as compnred to Inkes Lnngnno 

and Shalla fOl' ,!Ihich vCllues in excess of 15 and 26 respectively 

were found (Wood -"_t £1., 1978). The opticnl shnllowness of Lnke 

Awo.sa is not. of course ,compo.rnble to thnt of Lake lli.'f!l.Y whono 

opticnl depth v"lues were found to f"ll for below the 4 to 5 rnnge. 

The optical do""tlw of Kenyan freshl'laters range from 4.3 (Crescent 

Islnnd Crater) to 6.9 (Oloidicm) with nn intermedi"te vnlue of 

5.1 for No.ivnsh" (Melnck, 19790.). 

In light of the calculated opticnl depths, it cnn be 

nssumed that i'el"'" tively larger proportions of the \'Iilter 

columns in Lnke Ziwuy, AwasG and Crescent Islnnd CrD.ter are 

illuminated as co~pnred to the other Inkes just considered. 



2. The surface W[lter ChCDlistry of L~ke Awasn 

'l'he major chemicnl cOllsti tu~·ll'" of the surface water 

of Lake Awaso.. o.re given in Trtble l~A ~ 

The tot"l ionic cOllcentrntion was approximated by Gumming 

tho concentrations in milliequivnlonts per litre (me% 1-1 ) 

( + + ++ ++) of both the principal cations Na + I( + Ca + Hg and the 

principal anions (RCO; + CO; + CL + SO;;) (Talling and TaIling, 

1965; Wetzel Etnd Likens, 1979; Wetzel, 1983). The sums of 

the concentratj.ons of the anions and cations wore found to 

agree fairly clo.only wi th ectch other. 

The s,"lini ty of Lnke Awas,", 1'10. ter is expressed as tho 

sum of the eight mnjor cations and (mions in mass per litre 

(mg 1-1). The salini ty of the lake is very low, alwi,Ys less 

than 1 gm, and is only t>lle-twentieth of the sillinity of Lake 

( -1) ( ) Shalla 16 g 1 Baumann et 0.1., 1975 • Since there is no 

discernible outlet, the low salinity of the lRke is attributable 

to subterraneRn outfl6w by seepage through tho bed of the 

lake (Beadle, 1981). According to Hichardson ,md Hichardson 

(1972) and Gaudet ,'ne! Helack (1981), vC1rious freshening 

mechanisms may hiwe operated in African rift valley lC1kes 

during the rC1st 5000 years, including burial of C1lkaline 

layers, underground seepage and ion removnl by aquntic plants. 
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Electrical conductivity (K
25

) is not well correlated 

(R=-0.03) with tho estimates of total ionic concentrations. 

This is to be expected in light of the non-liner relationship 

between the concentration of solutes and conductivity (Smith, 

1963) especially for minor constituents of lakewater 

The lake is basically similar to other African lakes 

with sodium as tho major cation and bicarhonate + carbonate 

the predominant anions. This pattern of ionic dominanco is 

characteristic of many African lakes stUdies (see Baxter and 

Wood, 1965; Talli?!£; and TaIling, 1965; Prosser et a1., 1968; 

Baxter and Golobitsch, 1970), Potassium is always in smaller 

amounts than sodium and its concentration usually increases 

in D. manner parallel with the increase in salinity. Calcium 

is always in eXC8SS of magn.:.."'!sium as in Lake Chnmmo Clnd Abaya 

(Amha Belay and Wood, 1982), Lakes Zwei and Tana (Talling 

and Talline, 1965) an Tikur 'IIiha ri 'Jer all in Ethiopia 

(Tilahun Kibrct, 1985). This dominance pattern is different 

from that of Lake Hayq, Ethiopia (Baxtur and Golobitsch, 1970, 

and Bale mountain lakes, Ethiopia (Loffler, 1978) in which 

magnesium is preGcnt in higher proportions by equivalents 

than calciulllo For lako Awasa, th0 cations are therefore, 

in the order Na K Ca Mg. 

Amone the cations, /·Ig and Cn were found to change 

very little se[l::.>onally. !Jlhe concentrations of sodium and 
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potassium shoV/ccl sensonal vCtrintions with peaks of 

concentrations during the periods from April to June, 1984 

nnd from Jo.nuo.ry to i·inrch, 1985. 

The hardness of the lake water was calculated by multi­

plying the concentrations (mg 1-1 ) of the two hardness producing 

cations (Ca and Hg) by appropriate factors (1Netzel and 

Likens, 1979). The products were summed to obtain total 

hardness. The average totnl hardness was found to be 38 mg 

1-1 CaCOy ,ficcording to the classification by Brown £l.ill. 

(1970) the lake I'mter is soft. 

Some ionic ratios involving C().tiollB deserve mention. 

As seon in Table 4B, the ratio of monovalent to divnlent 

cations (Na + K)/ (Ca + Hg) are frequently in the ranGe of 

11.0-15.0. These values are much higher than the upper 

limit of the ratio (1.5) considered to favor the dominance 

by diatoms of the algo.l flora (Wetzel, 1983). The average 

ratio of calcium to magnesium is very close to 2.0. 

As already indicated, C0
3 

+ HC0
3 

is the predominant 

anion. The anionic proportions follow the order IlC0
3

:, Cl) 304 

This pattern of anionic dominance is charnctoristic of open 

aquatic systems over large areas of the tCIl1:perate zones 

(Wetzel, 1983) including praire ponds (Driver and peden, 

1977) and other 1\fricl1n lake waters (TRlline and Talling, 

1965; Prosser ~ al., 1968; Baxter and Golobitsch, 1970; 



Table L~B 0 Cntion ratios 

Date Honovalent: Divalent Calcium: Hagnesium 
-~---~~-------- '---'~ 

27-X1-B3 5.7 1 .5 
. .' 
211-1V·:S4 12.0 1.B 

25-V-84 14.0 1 .5 

15-V1-34 13.3 2.0 

25-V1II-34 9.1 2.2 

24_1X_Blf 11 .9 2.0 

25-X-31f 10.3 2.0 

23-X1-Blf 6.9 2.2 

14-X1II-B4 9.2 2.0 

25-1-B5 11 .9 2.0 

2B-II-B5 1 lf.7 2.0 

27-II1-B4 11.6 2.2 
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l1elack and Kilhnm, 1971f; Amha Belny and Wood, 1982). 

iilknlini ty (HC0
3 

+ C0
3

) showed some seasonal vD.l'iation 

(Fig 3) with the highest concentrntions in September-October, 

1984 and February-Harch, 1985. The pH of the surface 

water is between 8.7 and 9.05. The highest PH villues were 

observed in April and September, 1984 and Harch, 1985. 

These values coincided with relatively high alkalinity values 

and low free ctlrbondioxide concentrntions. The correlo.i.:ion 

(r=0.244) between Alknlinity and PH was poor. This may 

be due to the accumulation of CO
2 

from respiration and 

decomposition as well as due to its removnl by photosynthesis. 

The trend of variation of both Hand AJ.lmlini ty is clearly 
p 

shown in Fig 3. As Can be seen in Fig. 3, nn increase in 

Alkalinity did not result in a concomitant incrense in H. 
p 

This is probably due to the accumulation of dissolved 

GRrbondioxide which tends to reduce the H. Likewise a lower 
p 

alkalinity value \'ins found to coincide with high H which 
p 

is probably the result of the removal of CO
2 

from I'Inter by 

aquatic plQnts. This reruovnl increases the carbonate ions 

which hydrolyze to yield hydroxyl ions nnd raise the PH 

(Boyd, 1979). 

Chloride showed little sensonnl variation (Table 4;\). 

As has been found for other African lnkes (see Beachump, '1953' 

TaIling ,md Tnlling, 1965; Baxter and Golobitsch, 1970) 
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sulphate concentrations wore always 101'1 «5 mg 1-1 ). As 

has been indicated by Talling and 'l'allinr; ('1965) the 

estimation of sulphate by precipitation with barium salt 

might have contributed to the 101'1 levels observed. There 

are, of course, certain J\fric'an lakes like Lake Hahega, 

Uganda ([-Ielack and Kilham, 1972) and Lake Ki taga ta, Uganda 

(Kilham, 1984) in which exceptionally high concentrations 

-1 
of sulphate were found (61000 and 62370 me,(, 1 S04 respectively;!· 

Among the major mineral nutrients, silica is present in 

relatively high concentrations (see Table 41\). This might 

have resulted from either the relatively insignificant cont-

ribution which diatoms nl'1ke to the phytoplankton of the lake 

or from the dominance by quartz of the rock at tho lake 

bottom (Hohr, 1962). Very high concentrations of silica 

wer~ also reported for Bishoftu crater lakes (Prosser et £].., 

1968) L. Nakuru, Kenya Olelack and Kilham,1971f) and L. Chilwa, 

Halawi (Hoss, '1969b). Silica was found to ch,mge seasonally 

with the highest concentrations in December, 1983, August 

and November, 1984 (}"ig. 4). 

Nitrate-nitrogen and nitrite-nitrogen are genernlly low 

in Tropical Africrm saline lakes (Hammel', 1981). Low 

concentrations of nitrate and nitrite were also reported for 

many other African" lakes ('l'alling and Talling, 1965; Prosser 

et a1., 1968; Amha Belay and Wood, 1982), Lake Awasa with 



, -1 concentratlons less thun ZOO,/~1 is not an exce~tion. 

Ni tra te-ni trogen was founel to show s'easonal variations wi th 

peaks of concentrations in Jc\lluury, February and l'larch ,1985 

(Fig. 4). This is probnbly associ~ted with evaporative conce-

ntrations since these months arB relatively dry. 

Hifih Goncentrntions of phosphate are not atypical 

African lakes (Talling and T'Illing, 1965) especially of soda 

lakes including those in Kenya (Nakuru and Magadi; Melack 

and Kilham 1971f) and in Ethiopia (Aranguadi and Chituj 'aood, 1968). 

Concentrations as hi(':h as 300 F, 1-1 of phosphate were also 

reported for Lakes Chammo and Abaya. (Amh':" Belay and Uood, 

198z), But in L:,ke ,\wasa re:J.ctive phosphate was always less 

. -1 than 501"") 1 • The low concentration of phosphate in the 

water could be the result of luxury consumption by phytoplankton 

(Hackl'eth, 1953), Phosphnte analysis was done without extraction. 

For this an.o.lytical reason, it is also likely that the survey 

has underestimated the concentration of phosphate in Lake 

Awnsn. PhosphC'..te shoY/ad season:l.l varin.tions, with the highest 

values during the relatively \'let months (June 'and September). 

The high levels of phosphate in these months could be the 

result of phosphate loading of the lake through runoff 

coming from the surrounding agriculturnl lands during 

precipitation. 

The seaDonnl trends of silicn, phosphate, and nitrnte 
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(Fig.4) probably reflect various stages of runoff, 

(precipi to tion) I phytoplcmkton uptake and evaporation 

processes. 

It is intersting to note that the concentration of 

almost all mineral elements in the river that feeds the 

lake, Tikur nihil (Table, 5) is very low as compared to the 

lake. It is likely that the swamp through which the river 

flows can act as nutrient filter with a consequent reduction 

in the salinity of the river. The higher salinity of the 

lake is also the expected result of evaporative concentration 

of a closed basin receiving inflows. It is,therefore, 

reasonable to aSfJUme that inflows coming through Tikur Wiha 

have a dilution effect on the lake water. 

In the river, as in the lake, sodium is in much higher 

concentrations than the other cations, and RCO; is the 

predominant anion. The anionic dominance pattern follows the 

same order as in the lake, but the cation proportions are 

different with calcium being in excess of both potassium and 

magnesium. 

Chemical analyses of lake waters donot necessarily 

indicate potentially limiting factors since the aquatic 

environment is a dynamic system in which chemical interactions 

between the diversity of organisms and abiotic factors are 

taking place. It is not. therefore I wi-se to 'M.lk of 



Table 5. The major ion chemistry of Lake inflow, Tikur Wiha 

(Tilah~~ Kibret, 1985). 

Major ions - -1 mg1 

Na 30.00 

K 6.70 

Ca 11.60 

I 
Me; 2.90 

RCO:: 
127 :; 

.~ 
Cl- 5.35 

r 

I 80- 0.82 4 I 

I 
-.,J 
f\) 

r 
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If. Stnnding crop and photosynthesis of phytoplankton in 

L"ke Awasa 

The phytoplankton of Lnke.Awnsn includes mnny species 

of diniloms, Greens nnd blue greens. The colonial green alga 

Botryococcus was frequently seen at the lake surface forming 

strenks. The ·appear"nce of high concentrations of this alga 

at the surface may not necessarily be the result of huge 

growth, but of 10caTized events resulting from the concentration 

effect of wind combined with its buoyant condition due to 

fat production. 

-The seasonal trends of "lgnl crops in Lnke Awnsa (aa 

measured by chlorophyll a concentrations) in relation to 

inorganic nutrients is illustrated in Fig. 4. Lake Awasa 

exhibited fairly high algal crops for most of the study 

period. The 10Vl algal crops observed in November-December, 

1983. nnd in April-thy, 1984 built up ill June "nd August, 

1984. For the low algal crops observed in the first four 

months of the study period, the possible explanation is 

is th:lt integrcl.tcd snmples taken for the first four months 

nre likely to give lower values ~s compared to surface samples 

in Which a very high concentration 6f Botryococcus was observed. 
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There was no pronounced variation in the algal crop 

from November, 1984 to Narch, 1985. Generally, the high 

algal crops observed seem to be the result of increased 

concentration of phosphate as a result of runoff coming to 

the lake during periods of precipitation (July-September) 

and of nitrate as a result of the evaporative concentration 

of lake water during the driest months (November-January) 

and months of the I small rains I (February-I·jarch). 

The high algal crops (as measured by chlorophyll a 

concentrations) of Lake Awasa are many times higher than 

those of lakes Langano and Shalla and are a little less than 

that of Zwei and only half of Lake Abiata (Amha Belay and Wood, 

1984). The algnl crops of Lake Awasa are significantly 10Vier 

than those algal crops reported for Ethiopian soda lakes 

( . -2) ( ) 225-300 mg chl am Talling et 21., 1973 , Lake George 

( -2) Uganda 400 mg chl a m (Ganf, 1974a) nnd Lake Nakuru, 

Kenya (330 mg chl a m-3 ) (Helack, 1976), The amount of 

chlorophyll in the euphotic zone is comparable to the euphotic 

zone chlorophyll content of most African lakes listed by 

Helack (1979a). 

It is well established that considerable variation 

occurs in day-to-day productivity in lnkes. The general 

productivity picture, however, does emerge from monthly 

determinations with the degree of loss of precision dependent 
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upon the magnitude of population oscillation~ within a month. 

The measurement of primary production by phytoplankton 

in lake Awasa can be compared in a time sequence with 

interpretation of the results of measurements made in 

relation to temporal changes of population density, 'lnd some 

chemical and physical aspects of the lake and its surroundings. 

The depth distribution of gross photosynthesis per 

unit water volume (A: mg 02 m-3h-1 ) is given in fig 5. The 

vertical diqt-~bution of photosynthetic activity per unit 

volume of water was of a typical pattern for phytoplankton 

(TaUing, 1965a; G,mf, 1974a). '1'he depth profiles of photo-

synthesis measured in the lake showed variations both in 

the maximum rate (A ) tt· d d' h mnx) a ;une an In the extent of dept 

occupied by the euphotic zone. Because surface or intee;rated 

samples were used, the depth variations observed were not an 

expression of varying phytoplankton densities but were the 

responses of uniform algal material to different light 

intensities. 

For measurements taken on bright sunny days, there is 

a general tendency in many profiles for the highest production 

rates to be at depths below the surface. The depth of maximum 

production was, of course, dependent upon the lake transpnrency 

and amount of surface radiation. The depression of photosynthetic 
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surface may be attributable to light inhibition (Steemann-

Nielsen, 1952, 1962; Ryther, 1956; Goldman et al., 1963; Jones 

and Kok, 1966 a,b; Soeder and Stengel, 1974) which results 

in the inactivation of enzymes involved in photosynthesis 

(Steemann-Nielsen, 1952; Steemann-Nielsen and Jorgensen, 

1962), Lower surface photosynthetic activity has frequently 

been observed by many workers (TaIling, 1957a; Goldman, 1963; 

Talling, 1965a, 1966a; Lewis, 1974 and Ganf and Horne, 1975), 

But it is intersting to note that on 14 December, 1984, an 

-2 -1 irradiance of 27 cal cm h produced a 62% reduction in 

fI at the surface, whereas on 23 November, 1984, an max 

6 8 -2 -1 irradiance of 2. cal cm h caused only a 22% reduction 

in Jl.mfl.x' On February 28 and 1·larch 22, 1985 an irradiance 

-2 -1 of 27.09 cal cm h produced 67 apd 50% reduction in R 
max 

respectively. It is, therefore, safe to draw the conclusion 

that the degree of surface depression of photosynthesis 

in lake Awasa is "ot " function of only the incident irradiance, 

Similar trends '.'Iere reported for Kinnego Bay by Jones (1978) 

In some co.ses the zone of inhibition was narrow, extending 

to only 25cm from the surface. In others, the zone of inhibition 

was deeper and was found to extend as far as 1.5 meters 

from the lake surfo.ce. In the latter cases, the 7.one of 

inhibition constitutes a significant fraction of the tropho-

genic zone, with a consequential reduction of the average 

photosynthetic activity per unit area. 
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On the other hand, for measurements taken under cloudy or dusky 

conditions with intensities less than 1500i"I~m-2(j-1 there 

was no inhibition at the lake surface. In ot.her words, 

maximum photosynthetic activity took place at the surface 

with gradual decline in oxygen production because of the 

linear decrease in light intensity with increasing depth. 

For photosynthetic profiles with light inhibition at 

the surface, the depth of maximum production (Optimal depth) 

was frequently at 1.00m corresponding to a light intensity 

(400-700 nm) of 10 to 20% of the surface irradiance (200-

l) - -2 -1) 3301" \:: m s "'6 measured by the underwater photometer. 

From the relationship between the photosynthetic rate 

expressed as a i6 of the maximum rate of photosynthesis (A max) 

and irradiance expressed as a % of the intensity just bolow 

the surface I (400-700 nm), the light intensity that measures o 

the onset of light saturation (1k, '.Palling, 1957a) was 

determined. 'rile values obtained Vlere between 8 to 10% of the 

sub-surface irradinnce (If 00-700 nm). The % range corresponds 

--2 -1 4 -2 -1 to 1.2-3 cal em h with most values close to 2. cal em h. 

The incident irradiance (1100-700 nm varied within the runge 

-2 -1 ( of 29.3-30.1 cal cm h apart from one lower value 13.5 cal 

-2 -1) em h measured on a very cloudy day (September, 1984). 

The li[5ht saturated rates of photosynthesis (A ) were 
max 

4 -3 -1 fairly hii~h ranging from 217 to 25 mg0
2 

m h , with 
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about a twofold val'iD.-Gion. These maximum rates are 

equivalent to a fixation of carbon amounting to 68 to 133 

mg C m-3h- 1 if a photosynthetic quatient of 1.2 is assumed. 

The maximum rates of photosynthesis (A ) in lake 
max 

Awasa are usually higher than those reported for lakes 

Naivasha and Crescent Island Crater in Kenya (100-240 and 

50-180 mg O2 m-3h- 1 respectively) O!elack, 1979a). The 

highest maximal rates of photosynthesis (mg O
2 

m-3hW1 ) of 

Lake Oloidien and \'Iinam Gulf (750 and 61+0 respectively) are, 

( I -3 -1) hev'ever, much greater than that of Lake Awasa f25 mg 02m h • 

The highest and most efficient photosynthetic rates in 

tropical soda lakes OCcur during the blcwms of Spirulina 

platensis (Hammer, 1981). Very high, li,',ht-saturated rates 

of phytoplankton photosynthesis have been reported for Lake 

Aranguadi and Kilol.e in ]<~thiopia (10000 and 3420 mg 

C m- 3h-1, respeotivel.y) (Talling et al., 1973), for lake 

Hariut in Egypt (I}OOOO mg C m-3h-1 ) (Aleem and Samman, 1969), 

and Lake Simbi, Kenya (4300 mg C m-3h-1 ) Helack, 1979c). 

Several seasonal trends are indicated in ]<'ig If and 7. 

Higher maximum rates of gross photosynthesis were observed 

during periods of relatively high phosphate or nitrate 

ooncentrations (Fig. 4). It seems that there is a general 

stimulation of growth and photosynthetic activity of 
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of phytoplankton by nitrate alone or in combination with 

phosphorus. The limitation of algal. growth in East African 

lakes and rivers has frequently been associated with nltrate 

as the comprehensive studies in the rivers of Nile (Prowse and 

Talling, 1958; Te.lling and Rzoska, 1967), in Lake Victoria 

(Talling, 1966a) and in Central African waters (l1oss, 1969a) 

suggest. 

The maximum photosynthetic rates are not correlated 

(1'=-0.008) with the standing crop. But there is a 

general tendency (Fig 7B) in A to increase with an increase 
max 

in Biomass. Pentecost Bnd HappeY-Wood (1978) have found much 

higher correlations (1'= +0.450 and + 0.671) between maximum 

(light-saturated) photosynthesis and chlorophyll concentration 

for welsh lakes. 

Higher photosynthetic rates in Kenya.-.freshl'laters were 

found to occur wi th high chlorophyll concentrations (Hel.ac]<, 

1979a). But Talling e_t BJ. (1973) found relatively low-light 

saturated rates of photosynthesis l'Iith high algal crops (2170 , 

mg chI a m- 3 ) and the relatively 101'1 algal Cl'OP ( 141'2 mg 
-, 

chl a m- 7 ) was found to yield the highest A in Lake 
J max 

Aranguadi. Likewise in Lake Awasa, relatively low algal crops 

were found to yield the highest maximum rates in December 

1983 and February, 1984, The observed maximum rates could 

be the result of high photosynthetic efficiency (0 = mg O2 

(mg chl a) -1 h-1) (Hammer, 1981). 



( 

"---.. 

Table 6 .. Sea$onal measur(>r.1ents of'" Ihoto5ynthetic p!"'oduction, alGal crops and 
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Sampl ine 
date 
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I I ~ mr: 2 mg c. a ! g 0 m h ! ..,L· -2 
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values in brackets are the mean values :for the incubation period 

values in bracl:ets are maximum net photosynthetic productions. 

Lff I::fficie:-:.cy of lir.ht utilization 

io .. 60 5 16.5 
t---

17.0 :0.650 , 
10.600 , 16,5 

cal.cm­
h- 1 

129.5(29.3) 
I 
130.1 (3o.0)i 

129 • 8 (30.1)1 
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In all depth-profiles of photosynthesis in lake Awasa, 

at a certain depth below the optimal depth (depth of maximum 

photosynthetic activity), the oxygen production falls to 

a point where it is just equal to the amount consumed in 

respiration and decomposition. '1'his depth, lmown as the 

compensation depth, was frequently found between 2.5 and 3.0 

meters. For some depth-profiles,the compensation point was not 

clearly locatee[. This is probably due to the inadequate 

spacing of the -depths of incubation. This depth was, however I 

found to move upwar. with decreases and downward with increases 

in penetration of light and surface radiation. 

The lower limit of the euphotic zone, as determined 

by the photosynthetic profiles waS found to some what exceed 

the corresponding limit of the euphotic zone determined by the , 

depth of 1% of the available sub-surface radiation. 

Specific rates of photosynthesis ( 

Fig 6) gave depth-profiles similar to those of photosynthetic 

rates expressed per unit water volume. The specific rates were 

101'1 at the surface for measurements taken on days of inhibiting 

intensity. 

(mg chl a) 

'1')00 1,"1otl)synthetic e-'c'iciency ('/ max ~ mg0
2 

-1 ... --1,' - '1'.'''le 6 _,I f 1 A h 1 19 U Q¥ or :a<e wasa approac ee 

with most values between 6 and 10 and with high values 

during periods of 101'1 algal crops. High photosynthetic 

efficiency with low algal crops were also reported for ~ake 
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J 11.1 
Kinneret in Israel (Berman and Pollinger, 1974) for Welsh , \ 

lakes (Pentecost and Happey-'Nood, 1978). High algRl crop 

values need not effect high photosynthetic activity (Melack, 

198,). Evidence also exists (Wright, 1960; Findenegg,1965b; 

Cooper ,1970) for an inverse relationship between chlorophyll 

concentration and photosynthetic capacity. 

I 
The highest photosynthetic efficiency values (Y max = 

.' 

( ) -1 -1) mg O2 mg chI a h ar~ greater than those reported for 

lakes Ziway (9.6) and Abiata (14.8) Amha Belay and Wood, 

1984) but are close to the values reported for Lake George, 

Uganda (17-10) (Ganf and Horne, 1975) and other East African 

lakes (25 ~ 6) ('.ralling, 1965a). 

The estimation of nat primary production is of great 

importance since only the amount of carbon fixed in excess of 

the respiratory requirements of phytoplankton is available 

to higher trophic levels. The maximum net photosynthetic 

activity (Table 6 ) averaged 21 Lf.6 mg O
2 

(66.95 mg C) m-3h-1 

with a minimum of 130 mg 02 (40.56 mg C) m- 3h- 1 Rnd a 

maximum of 325 mg 02(101.4 mg C) m-3h- 1 

CalcUlation by planimetry of the area enclosed by the 
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depth profiles allol'ls an estimate of the ;[,1real photosynthetic 

activity. The values obtained planimetrically are tabulated 

in Table 6. Integral photosynthesis l'lmgcd from 0.30 to 

0.73 g O
2 

m- 2h- 1 (0.094 to 0.226 g C m- 2h-1 ). The valuGs 

seem to be more indicative of the maximum rates (A --
max 

mg 02m-3h-1 ) (Fig 7B and 7C) of photosynthesis than the 

differing depths of the euphotic zone and the possible 

variations in the specific rates of photosynthesis at light 

saturation (Ymax, see table 6). 

Talling (1957b) has shown that if the photosynthesizing 

algal population is evenly distributed and not markedly 

differentiated wi th depth, the ratio A / [" is a principal max mln 

'determinant of the integral photosynthesis per unit area 

Fig 7C presents the general relation 

between the seasonal variations of these two ,quanti ties. 

Since Inin tends to increase with the popu.lation B, an 

increase in B would be cxpacted to result in a less proportionate 

increase in the ratio A / i. and hence in the areal max lnln 

productivity (Talling, 1965a). This divergence according 

to Talling (1965a) is a seasonal expression of self-shading 

effects in the algal population. This feature has also been 

d€lB .• ,rib€ld for IUgal populations in an English lake by 
. I. . 

Talling (1960lJ). 

Integr.:>l photoGynthesis showed some vQrLttion, C1nd the 

vC1riation seems to be dominnted by the chnne;es in the ratio 
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the variation in population density (Fig 4B) 

The seasonal vnriation of the photosynthetic~lly nctive 

rndiation f,,,lling on the lake surfnce (I<'ig 7A) is very sWlll 

npnrt from the unusunlly low record on a very cloudy (hy. 

Its significance for integrnl photosynthesis is, therefore, 

very much reduced by the effects which light saturation has 

on the depth profiles of photosynthesis. 

To make the data more comparable to many Africr\n lakes, 

the hourly rates were converted to dRily rates by a factor 

used by Talling (1965n) for other E.:lst African lakes. The 

empirically derived L,-ctor of 0.9 was multiplied by the number 

of hours of sunlight "nel the Ijoduct multiplied by the hourly .. 
rate. The estimated values of integral photosynthesis 

(t'i:. A, g20 m -2d-1) nre listed in Table 6. The calculated 

8 ( L) -2-1 values ranged from 3.3 to 7. g 02 1.03 to 2. f gem"" • 

They are very close to those reported for Lake Naivasha, 

Oloidion and crescent isl.:m" cruters in Kenya (l·lelack, 1979a) 

and are grenter than those of Lake Zwei and Abiat'l (Amha 

Belay and Wood, 1984). 

( --2 -1) The value g Cm d for lake Awasa correspond 

with the highest values recorded for temperate 
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TaIling (1965n) estimated daily integral photosynthesis 

( 8 8 ) -2-1 (i:~A) that r2n(;ed from 2.2-4.8 g 02 0. -1, gC m d 

for the small hie;hland lakes of Bunyoni and Hulehe, through 

intermediAte values of 5.4-10.5 g 02 (2-4 gC) m- 2 d- 1 from 

most experiments in other lakes, to n few values of 

10.5-16 g 02 (~.6 gC) m- 2 d- 1 from Lake,George, Edward, 

Albert nnd offshore Victoria wnter. Melack (1979c) estimated 

-2 -1 
a daily integrc.l close to 36 g 02 (11.3 gC) m d for I,ake 

Simbi in Keny". 

The efficiency of utilization of photosyntheticD.lly 

available rndiation by phytoplnnkton photosynthesis was 

calculated on energy basis as in Lind (1979). The calculated 

values indicate that 1.7 to 2.9% of the photosynthetically 

available radiation was utilized in gross photosynthetic 

production, The very high efficiency of light utilization 

corresponds to fllGGSUremen ts taken on very cloudy day. 

Similar resul~s Were found by TaIling (1965a) for offshore 

water of Lake Victorin, At' 10'.'1 light intensity there could 

be high efficiency of light utilization in the absence of 

light saturation effects, becnuse there is a proportionality 

between light intensity and rate of photosynthesis (Steemann­

Nielsen, 1957). Moreover, elimination of the region of light 

inhibition would usually increase overall efficiency 

(Tilzer et a1., '1975). 

High efficiencies appear to be characteristic of high 
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production with heavy plankton concentration (Helack,1981). 

In dense phytoplo.nl;:ton suspensions, such as those typical 

of African soda lo.kes, high efficiencies of light utilization 

are possible. This is because a larger proportiond~~ft~'~f411t.~I~~h 
insolation i8 absorbed by photosynthetic pigments and 

because surface inhibition and light limitation at depths 

are reduced per cell as the phytoplankton circul"te through 

steep gradients of light (Tilzer ",j; g,].., 1975). In the saline 

lake of Australio.-Red Rock Tarn-light utilization effieioncies 

were found to be between 3 to 8% (Hammer, 198,). 

The annual mean primary productivity in lake Awaso. was 

1.88 g ~m -20.- 1 (21.'13k cal if an approximate equivalents 

of 3.5 k Gal (15 02)-' is assumed (Cole, 1983). Heasurements 

taken have shor!ll that the vnlues recorded vary to some extent 

2 1 -2 -1 within the range of 1.03 g C m- d- to 2.43 g C m d • The 

calcula ted annual proch,c ti vi ty of the lake is 6866.7 kg C per 

hectare.. This vtl.lue must be viewed 0.0 an approximation 

because of the monthly interval of sampling and the considerable 

variation i"n porcluctivity within ,::l month and in different 

parts of the l~ke. 

Nelack (1979 b) recognized three patterns of temporal 

variability of phytoplankton primary production in tropical 

lakes. The classification of tropical lakes into the three 

patterns recognized was based on calculated coefficients of 
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variation (CV, standard deviation dividod by moan), 

Accordingly, the monthly CV of Lake AwasH primary production 

was calculated. The calculated CV value of Lake Awasa 

puts it under pattern B with Lakes Naivasha (Helack, 1)7'),J 

and Nakuru (l'-lolacl< and Killuuil, 1974) in Kenya _.and Lake Aranguadi 

in J,thiopia (Tdling ~_t ".},., 1973) in which there ia little 

coupling of ',oriniary production and biomass to the soasonali ty 

of the weathero Lake Awasa can be best compared to Kenye.n 

freshwater, Lake Naivasha, fringed by papyrus swamps. These 

papyrus swamps nre believed to have a buffering effect on tho imp-

acts of the so[monnl rains and effect a regular nutrient supply 

(Helack, 19790.). 

According to Helack (1979a) the productivity (g 02 m-
2
h-1 ) 

of Lake Naivasha increased from June to September and then 

remained constant. The overall pattern in lake Naivasha 

corresponded with the rata of change in the lake level. 

Lake ABasa has an extensive littoral vegetation which 

extends as far as 100 meters towards the centre of the lake. This 

littoral vegetation in combination with the swamp through 

which tho Tikur I'hAha river floVis to tho lake, may act as 

a nutrient filter that reduces the amplitude of the seasonal 

variation in pelagic phytoplankton photosynthesis. 

( -2 -1) The productivity g 02 m h of lake Awasa increased 

from November, 1S83 to February, 1984 before declining to 
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a value in Septcmbe:r-. Near constancy in primary production 

was observed from November, 1981f to Narch 1985. The "Jsaks 

seem to be associated with the conditions of the driest and 

wettest periods. In the former, the evaporative concentration 

of lake water and in the latter an increased supply of nutrients 

through runoff from the lake surroundings during periods 

of precipitation'seem to be responsible for the high photo-

synthetic rates observed. Both have, of course, direct effects 

on the lake viator level (I 

In Lake E1ementeita, Kenya, the initiation of major 

biological change (Helack, 1976; Livingstone and I·jelack, 1981) 

coincided with o. period of rapid lake··level decline and 

evapora ti vo concen -era tion. Other lakes wi th a coincidence 

of primary productivity and rain-induced lake level fluctuations 

include Lal<e Chad (Lemoalle, 1975) and a fish-pond at I1e 

Ife, Nigeria (Im8vbore et al., 1972). 
~- -

There is comparatively little variation in solar 

variation reaching the lake surface. Thus the,seasonality 

of rainfall seelilS to playa predominant role in determining 

the nutrient status, algal crop and primary productivity of 

phytoplankton in Lake Awas". 
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Conclusions nnd Recomnlendations 

Though not pronounced, spatial (vertical) and temporal 

variations of phytoplo.nkton standinfl crop nnd primary production 

were observed. The vertical variations appear to be ~he result 

of variation in the underwater rndl"tion which is a function of 

the lake's transparency and amount of surface radiation. The 

observed temporal variations in phytoplankton standing crop and 

primary production seem to be controlled more by nutrient supply 

than energy supply. The seasonality of rainfall seems, therefore, 

to play the predominant role in determining the nutrient Btntus 

and extent of algal growth nnd primary production. 

Various indices of the nutritionnl status of phyto­

pla"~tQ9 pro~uctio~ should be. included in order to find 

an evidenoe for nitrogen or phosphorus limitation. Determina-

tion of changes in primary production in response to nutrient 

enrichment as ~ direct measure of the limitation of phyto­

plankton production is, therefore, desirable. Moreover, if 

our approach is broadened to include sediment chemistry, 

the study will be of grenter utility in explaining the 

nutrient limitation of phytoplnnkton primnry production. 

It is well known that considerab~vnriations occur in 

day-to-·day pl'oductivi ty in lakes. The general productivity 

picture, however, does emerge from monthly determinations. But, 

in ordel' to get a better picture of the seasonal trends of 
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