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Abstrllct 

Primary production by phytoplankton of Lake Ziway, Ethiopia, was st.udied 

from February. 1987 to Fehruary.1988 by the oxygen light-dark bottle 

technique. Supporting information included data on thermal characteristics, 

water chemistry, light penetration and meteorological conditions. 

Isothermal or near isothermal conditions ~Iere fr~quently observed. 

These were ensured by ~Iindy condition prevail ing on the large and 

unsheltered lake surface. I'lell oxygenated water from top to bottom 

provided evidence for frequent mixing. 

In all the sampling periods sodium clearly dominated the cations and 

carbooate-bic~rbD~Nte rlnmi~tQd the anions. The cationic proportion of the 

lake followed the order Na » Ca > f1g > K \'Ihile its aniont.c proportion 

fnl..l..owed the order HC03- + C03= » CD S04. The lake \'las found to have a 

htgh concentratIon of siHca and low concentrations of phosphate ond 

nitrate. 

The pattern of underwater light penetration was similar in all the 

sampling periods. The highest penetration occurred in the red, and the 

10~lest in the blue spectral region. Solar irradiance incident on the lake 

surface di d not va ry markedly except for the 10\'1 va lues record(:d on cloudy 

days. 

The maximum photosynthetic rates of bottled phytoplankton varied between 

1640 and 4070 mg 02.m-3.h-1 and areal rates ranged from 288 to 1625 mg 

02m-2h-l. A principal reason for high rates of photosynthesis WIIS the 

combined effect of high chlorophyll .i!. content of the euphotic zone (81.1-

191.6 mg ChI lI.m- 2 ) and high photosynthetic capacity 1I1.0 - 22.5 mg 02 

(mgChla)-1 h-IJ. 
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Efficiency of utilization of photosynthetically available radiation 

(Ph.A.R), Q, ranged from 2.4 to 9.6 mmol 02 per Einstien Ph.A.R. incident 

on the lake surface. An inverse relation bet\'leen efficiency and irradiance 

~Ias observed. 

The temporal variation in al gal biomass was more pronounced when 

measured on a per unit area basis (cv R 23.9%), than when measured on a per 

unit volume basis (cv = 10.1%). This \'las due to the marked variation in 

the underwater light climate of the lake. High algal. biomass and sustained 

product ion seem8d to be maintained more by nutrient recycl ing than by 

nutrient input as the lake \'las of 10\'1 nutrient status through out the year. 

Hydrographic (wat2r column structure) factors seemed to play an over 

riding role in determining the rate of nutrient recycling, the lIndOrl'later 

light climate, the nxtent of algal gro\'lth in the lake, and subsequently the 

spatial (vertical) and temporal pattern of phytoplanktonic photosynthesis. 
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INTRODUCTION 

In a \'Iorl<l I)f f'v(~r increasing human population l'lh"r" food production is 

not meeting demands, study of productivity at all l~vels of food chain 

becomes essential. fl(,search on aquatic, ilS on tern~strial ecosystems, is 

increasing in intensity. I\ljuatic ecosystems have received attention as 

actual and potential sources of food. Such habitats play ()n important role 

in ameliorating the effects of draught on food shortage. It is from this 

point that study of ilquatic productivity at the beginning of food chain 

becomes a logical starting point. 

The study of energy transfer in lakes and reservoirs is based on the 

measurement of [lrimary producti vity of phytopl ankton and th2 envi ronmental 

variables which limit or control this production. The functioning of the 

phytoplankton community is of practical and theoretical interest. 

Com[larative studies of several sets of variables (Henderson d !!.!.., 1973; 

i,lelack, 1976b; Oglesby, lY77; Ryder, 1965, 1974) suggested that potential 

yield may be related to several simple indices of production. 

Helack (1976b) and Oglesby (1977) have concluded that primary production 

is, theoretically and empirically, a better predictor of fish yield in 

lakes than other suggested variables. 80th authors offer linear regression 

equations relating fish yield and primary production. Other methods of 

relating fish yield to nutrient concentration and primary production 

(Henderson et al., 1973; Ryder, 1965, 1974) reinforce the concept of the 

dependence of potential yield on l«ke productivity. 

~lan, for the last sixty years, hils been trying to measure primary 

production of I'later varying from fresh to saline and from inland to marine. 

Although a number of detailed studies in this respect have been carried in 

temperate regions, similar efforts on tropic~l lakes have gained momentum 
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recently. As TaIling (1986) pointed out, this effort has been longer and 

more sustained in I\frica than in any other tropical or sub-tropical region. 

~lany investigiltions have· bel"n made on primary production of 

phytoplankton in East {\frican lakes (Ganf, 1975; Hecky and Fec, 1981; 

Melack, 1976a, 1979a,b,c; Melack and Kilham, 1974; Milbrink, 1977; TaIling, 

1965, 1966; TaIling et ~., 1973; Vareschi, 1982), in lakes situated in the 

Sahel and Northern Africa (Aleem ilnd Samaan, 1969; Lemoalle, 1973, 1981), 

and in lakes in Southern Africa (Allanson and Hart, 1975; Robarts, 1986). 

The study of phytoplankton photosynthesis in tropical Mrica has come up 

~Iith reports of exceptionally high photosynthetic activity particularly in 

the soda lakes of East Africa. Melack and Kilham (1974) suggested that in 

lakes not enriched by human activities, gross photosynthc>tic rates of 30g 

02 m- 2 d- l (ca. I1g C m- 2 d- 1 ) or greater are seldom encountered. However, 

these authors have reported gross photosynthesis as high as 36g 02 m- 2 d- l 

(ca. 13 g c m- 2 d- l ) for Lake Nakuru, in Kenya, by the diurnal fre8-water 

technique. More recently, Helack (1979a, 1981) reported similar values for 

the phytoplankton of Lak!! Simbi (Kenya). 

Except i ona lly hi gh a 19a 1 photosynthet i crate in th8 order of 43-57 g 02 

m- 2 d- l (Ca. 16-21 g c m- 2 d- l ) has also be~n r>!ported by Tall ing §'l ~ 

(1973) for Lake Aranguade, an Ethiopian soda lake. These authors 

attributed the high photosynthetic rate of this cyanophycean (Spirulina 

platensis) lake to a combination of high algal content in the euphotic zone 

( ~ B) with high values of photosynthetic capacity (q, max). Tropical 

situations affecting temperature and illumination, high phosphate 

concentration, and especially considerable reserves of carbondioxide in 

these soda lakes might have also favoured high photosynthetic productivity. 

The shallow well-mixed fresh lakes of equatorial !\frica, such as Lake 
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Chilawa, Zambia, (I = 3m, Howard-I~illiam and Henton, 1975), Lake tJaivasha, 

Kenya,(l = 4m, Gaudet, 1977), and Lake (ieorge, Uganda, (Z = 2.5m, Ganf and 

viner, 1973) are also kno~m for their high productivity. These lak(>s 

contain extensive areas of littoral zone and a large portion of their 

shoreline falls within the drawdown area, whos~ inundation during the rainy 

season results in increased offshore levels of nutrients with a subsequent 

increase in primary production (Gaudet and ~luthuri, 1981a,b; Howard~ 

Williams and Lenton, 1975). 

Critical observations by different authors, particularly on shallD~1 

tropical lakes, hav~ pointed out the important determinants in algal 

biomass and photosynthetic activity. Vincent et al. (1986) singled out 

that floo4 related changes in pUtrient supply ftnd abiotic turbidity are the 

~over-nding factors in shallow ~Iell-mixed lakes such as Lake Chilwa. Moss 

and Moss (196<3) also bel i eved that these marked hydraul i c forces result in 

a strong seasonal fluctuation of algal biomass and abrupt inter-annual 

differences in productivity. 

Detailed observations from Lake George (Ganf and viner, 1973) 

illustrated remarkable physical and biological constancy. The constancy of 

Lake George was caused by the perennial rivers and sufficient internal 

recycl ing of nutrients (t~elack, 1979b). In this shallow conti nuously 

polymictic lake, the largest observed environmental changes took place over 

the daily mixing cycle. 

Vincent et ~. (1986) emphasized that the muted seasonal variation of 

light and temperature in tropical lakes often explains only a small portion 

of the vari at i on in primary production compared to the temperate counter 

parts. It is rather, the temporal variability in rain and wind which 

appear to be the most probable cause of variation in algal biomass and 
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photosynthetic activities of tropical lakes (Lewis, 1974; r'lelack 1979b; 

Pollingher, 1986; TaIling, 1966). lJinds generate high turbulence I'lhich 

culminates in mixing; as a consequence recirculation of nutrients and 

resuspension of algae occur. Rains increase the volume of inflows and the 

supply of nutrients and inorganic turbidity, all of which influence primary 

production. 

The seasonal cycle of phytoplankton standing stock and production in 

African lakes ~Ias reported to vary intimately with fluctuations in water 

level (Lemoalle, 1975, ~lelack 1976a). r'lelack (1976a) found positive 

correlation between level of primary production and changes in ~Iater level. 

He showed that offshore primary product ion generally increased ~Iith 

increased rainfall and river discharges. Lemoalle(1975), however, found an 

inverse relationship between lake water level and algal productivity in his 

work on polymictic Lake Chad. This relationship may exist because in the 

shallO\~er water column nutrient.s are more effectively ci rculated by \'/ind­

induced mixing. 

In an attempt to review factors related with temporal variability, 

Tailing (1986) has generalized phytoplankton seasonality in the tropical 

belt of Africa. This author suggested that seasonality in algal biomass 

and production is usually dominated either by hydrol09ic factors (~Iater 

input-output) or by hydrographic factors (water column structure and 

circulation). f'lelack (1979b) proposed that three patterns of temporal 

changes in abundance and/or photosynthetic rates of phytoplankton occur in 

tropical African lakes • 

. The three patterns of algal biomass and production proposed by Nelack 

(1979b) can be summarized as follows: 

PA TTERN A: A necessary cri teri on for recogni zi ng thi s pattern is a 
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coefficient of variation, cv, (standard deviation/mean) greater than 25%. 

The reasons for the marked fluctuations include \-lind-induced mixing, 

increased river discharge and rainfall and associated changes such as 

increased turbidity, availability of nutrients, and presumably light. Most 

African lakes, including Lakes Chad (Lemoalle, 1975), Oloiden and Sonachi 

(Melack 1979a,b,c), Sibaya (Allansnn and Hart, 1975), & Mcllwaine (Robarts, 

1986) exhibit such pronounced seasonal fluctuations. 

PATTERN B: Low cv (i.e., less than 20%) indicating muted seasonality is 

a distinguishing feature in this pattern. Lakes Naivasha (t.lelack, 1979a) 

and Nakuru (t~elack and Kilham, 1974) fit this pattern. In such lakes the 

amplitude of the diel fluctuations often equals or exceeds the monthly 

changes. 

PATTERN C: In contrast to the continuation of regular seasonality 

(Pattern A) or near constancy (Pattern B) an abrupt s~litch from one 

persistent algal assemblage and level of photosynthetic activity to another 

pers i stent 1 eve 1 characteri zes thi s pattern. t1e 1 ack (1979b) has observed 

this situation for lakes Elmenteita and Nakuru. 

A serious deficiency in the studies of phytoplankton production in 

Africa, as in many other parts of the world, is the insufficient attention 

paid to temporal and spatial variability in algal biomass and 

photosynthetic activity. There is very I ittle on record about seasonal 

variation in the photosynthetic activity of tropical African lakes. 

Published works in this respect include those of Aleem and Samaan (1969). 

Allansun and Hart (1975), Ganf (1975), Melack (1976a, 1979a, 1981), Robarts 

(1986) and TaIling (1965). 

In Ethiopia, research on Limnology has been published for over fifty 

years. However, this work has not been systematic or sustained and it has 
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been derived from expedition results or short-term visits of non-residents. 

Compiled d~ta are gen'!rilily fragmentilry in nature and of vilryin9 detail ilnd 

re Ii abil ity. 

Although there has been increasing attl?ntion, particularly in recent 

years, to the seasonal course of limnological events in Ethiopia (nemeke 

Kifle, 1985; Elizabeth Kebede, 1987; Kassahun I'Jodajo, 1982; Prosser et :!l., 

1968; Tilahun Kibret, 1985; Hood et !!.!.., 1976, 1'184), our knol1ledge is 

still far from complete. Even the work published so far on physical, 

chemical and biological features of Ethiopian lakes needs further revie~l, 

synthesis and comparison in a 11ider context. In this respect, it is worth 

mentioning the contributions of Amha lJelay (in press) in preparing a 

bibliography of Ethiopian Limnology, Tillling and Tailing (1965), Cerling 

(1979), and Tailing (1986) in oVC!rvieliing the chemical and biological 

features of some Ethiopiiln lakes in a \1ider African cnntext. Chemical and 

algal relationships over a wide range of salinities, in Ethiopian inland 

waters, has a I so been compi I ed by Hood and Tall i ng (1900). 

Inspite of the vast inland ~Iater resources (>7000Km2 ) contained in 

Ethiopia, satisfactory limnological investigations have been c~rried out on 

only a fel1 of the numerous Ethiopian lakes. No adequate study has, for 

example, been made on any of the shallow well-mixed Ethiopian lakes which 

are supposed to be productive and economically important. Lake Ziway is 

one such lake which hilS not received attention inspite of its economic 

importance as one of the major inland fisheries of the country. 

Previous investigations on Lake Ziway include short-term stUdies of 

basic morphometry (Cannicci and Almagi~, 1'11)7), geology and hydrology (Oi 

Paola, 1972; Gasse ilnd Street, 1'178; t1akin et aI., 1975), thermal , --
characteristics (Baxter ct !!.!.., 1965), \1i1ter chemistry (r~akin et aI., 1975; 
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Talling and Tillling, 1%5; Von Damm and Edmond, 1984), optical 

characteri stics (\~o\ld .et ~l" 1978), fishery (Getilche" Teferra, 1987; 

Schroder, 1984; Holde-f'lichae1 f.ietaneh and tlaria Getanch, 1979) and primary 

productivity (Amha Be1ilY and Ilood, 1984). 

The present "ork on Lilke ZiwdY attern~ts to fulfill the following 

objectives: 

1. Provide an estimate of primary production by phytoplankton in this 

1 ake. 

2. Attempt to identify the filctors contro11ina primary production. 

3. Assess the seasonal trend of other limnological events. 

4. Provide base-line data of value for proper management and 

sustainable utilization of this sl1a1101·/ water body. 

5. Provide limnological report of comparative value and, to a certain 

extent, fills the gap of information about Ethiopian lilkes. 
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STUDY AREA 

Lake Zil'lay, the study areil, is the! most northerly of the Ethiopian Rift 

Valley lakes. It is an open lake within the closed Zi\lay-Shalla basin. 

The lake 1 ies near the highest part (1636m a.s.l) of the main Ethiopian 

rift floor 140kms dUE south of Addis Ababa (Fig. 1). The principal 

physical and chemical features of th~ lake are given in Table 1. 

Lake Ziway is of tectonic origin (Ili Paola, 1972). From this paint of 

view, the lake 1 ies ~Iithin a down-faulted basin (Gasse & Street, 1978) 

which appears to be one of the least active sectors of the Ethiopian rift 

systems. Hence its morphology is relatively simple. 

A high portion of the lake bed and the s\'lampy lake margins are comprised 

of coarse pumice (tt,akin et ~., 1975). The shores a re sandy or rocky 

(Schroder, 1984) \'lith the shorel ine determined by the Honji fault belt 

(t~ohr, 1960). The lake is separated from Lake Langano by the extensive and 

complex volcanic massif of Alutu, a dormant volcano manifesting strong 

fumarolic activity (Mohr, 1966). 

The weather of the Lake Ziway region is arid for most of the year. It 

is frequently ~Iindy and stormy. It is reported (f'ilsse and Street, 1978; 

Makin et 9.1." 1975) that the mean annual rainfall is generally less than 

600mm ilnd there are no months in which average rilinfilll exceeds potential 

evaporation. These authors also estimated an annual open \'later evaporation 

of the order of 20000110. 

Lake Ziway is primarily dependent on rainfall from distant uplands 

because the local precipitation is inadequate to maintain lake level. The 

lake is principally fed by the I(atilr and Heki rivers, which drain a 

catchment a rea of 3400km2 and 2300km2 , respect i ve ly {Von Damm and Edmond, 
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1984). These duthors estimated that thQ Meki River discharges about Q20 x 

lOG m3 per annum and the Katar river discharges in the order of q37 x 106m3 

annually. t1akin et Ql.(1975) have estimated a total influx of 1150 x 106m3 

of water per annum from the Meki and Katar rivers plus the rainfall on the 

1 ake surface. 

Lake Ziway has a surface outlet from its I'lest corner into the Bulbula 

River which enters Lake Abijata. The Bulbula River discharges about 

21Ox106m3 of I'later per annum (~lakin ~ ~., 1975; Von Damm and Edmond, 

1984) • 

Pronounced fluctuations in rainfall in the Ziway basin cause the lake 

level to fluctuate on ooth a monthly and yearly basis. The main rainy 

season occurs between mid-June and mid-S('ptember, which causes a ri se in 

the water level and flooding of th0 shores. The dry season lasts from 

October to February decreasing tlw I'later level. The "small" rainy season 

occurs in the months of March and April (Shrgder, 1984), 

The shore 1 i ne of Lake ZII-Iay is fri nged with reed and papyrus and dotted 

with big Ficus sycamora trees. The lake contains extensiv~ areas of 

littoral vegetation. A large portion of its littoral zone falls within the 

draw-dovin area which is dried out during the dry season and inundated 

during the rainy season. 

origin. 

The lake has five main islands of volcanic 

Over half the land surrounding Lake ZII-Iay is subject to cultivation. 

There is increasing practice of water diversion for the purpose of 

irrigation and this causes more lake level fluctuation and further disrupts 

the balance between water input and output. 

The phytoplankton commun ity of Lake Zi Wily is domi nated by spec i as of 

blue-green, green algae and diatoms. The most important phytoplankter 
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speci(~s uS determined by cell counts are r'licrocystis spp., ~yng~ sPP .. 

~avicula spp. and Staurastrum spp. (Tsegayr r'liheretab, Pers. Comm.). Th(e 

zooplankton community is dominated by ~lesocyclops spp., r'licrocyclops sp., 

Diaphanosoma sr., Brachionus angularis and Keratell,l tropica (Semeneh 

Belay, pers. Comm.). The fish population consists of Oreochromis 

niloticus, Barbus sp. iJnd Tilapi~ @.!. (Zenebe Tadesse, pers. comm.). 

Hippopotamus amphibius is the common grazer in the littoral r.lacrophyte belt 

of Lake Zi\~ay. 



The d~'a inage ;~y,--,t('m l'l( I hf) !KJrthcrn r I (1: \'.: J 1 L'~: 1:ike...:. 
fAJ and b<11:11);'](1"l"lC /:!;ljl 1 •• '( i.akl' :~ih~~)' [l\j :-:,()\Ir .... · .... ~: 
~·~.)r;lndini., !~ll ~l' hItb :<J"1;'; in~ .~r,!Li('n ,.',,;·:,.ilt..)d h~\& . ..:;t:l!·. 
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TARLE 1. Principal physical and chemical features of Lake ZiWdY 

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

Topography r. Norpho logy 

Latitude 70 521_8081N 

Longitude 380 401-380561E 

Altitude 1636m a.s.l. 

Surface area 434km2 (a) 

Shoreline Length 102km (a) 

t1ax 1 en9th 

Max width 

f1ean depth 

Volume 

32km (a) 

20km (a) 

2.4m (a) 

1.1x109m3 (a) 

Hater Chemi stry Climate & Hydrology 

TOS U.349 gl-1(c) 

K25 359 f~SCm-1 (c) 

pH 8.9 (C) 

Annual rainfall < 600mm (d) 

Annual open water evap. 2000mm(d) 

Hean Air-temp. 

Lcat. 3.72meq.l-l(c) 

l. an. 3 • BOrneq • 1 -1 ( c) 

tla + 2.11 meq. 1. -1 (c) 

K+ 0.30 meq.I-1 

Ca2+ 0.70 meq.I-1 (c) 

Mg2+ 0.62 meq.]-1 (c) 

HC03-+C03= 3.34meq.I-1 

Cl- 0.24 meq.I-1 (c) 

r"in. 11.7oc (d) 

Surface i nfl ow 

Mcki Rivpr 420x106m3 (b) 

Katar River 437x106m3 (b) 

Su rf ace out fl ow 

8ulhula River 210 x 106m3 (b) 

(c) 

Catchment area 7025Km2 (a) 5042- 0.22 meq.I-1 (c) 

Si02 45mgl-1 (c) 

-----------------------------------------------------------------------------------------1 

a = Cannicci and Almagia (1947), b= Von Oamm and Edmond (1984), C = Hood 

and TaIling (1988), d = Makin et al. (1975) 
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HATERIALS AND METHODS 

A single open water station (Fig. 1) was used throughout the 

sampling period (February, 1987 - February, 1988). Sampling was 

done at fortnightly or monthly intervals. Integrated wate~ samples 

over the euphotic depth I~ere collected using a Kemmerer samph!r of 

2 1 iter cilpacity. These samples were used for photosynthetic 

measurements and for pigment and chemical analyses. 

1.2. In-situ Measurements 

Lake Iqater temperature and dissolved oxygen concentrations 

were measured vlith an oxygen probe, incorporating a thermistor 

thermometer, connected with oxygen meter (YSI-model 57). 

Percentage saturation of oxygen was calculated as in \Ietzel and 

Likens (1979). r~easurements wer,! done from the surface down to 3.501 

in the months of high water level (February, 1987 - October, 1987) 

and to 3m in the months of lovi water level (November, 1987-

February, 1988). 

Conductivity vias measured with combined conductivity-sillinity 

and thermistor thermometer probe (YSI-model 33 S-C-T meter). 

Temperature corrections were made to 250 C as in I'letzal and Likens 

(1979). 

pH measurements of lake surface water were made I·lith a 

portable digital pH meter (Camlab, model 607) readable to 0.05 pH 

units. 

Lilke transparency (= vertical visibility) was determined l'lith 
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a standard Secchi disk. 

Under-\/ater li<jht penetration \/dS measured \'lith a s~lenium 

r,~ctifier photocell equipped with diffusing upal and 

interchangeable glass color filters (~'ainz, H. Germany) of types 

BGI2> VGg and RG630. Opt i ca 1 mi d-poi nts of the cell fi lters used 

were estimated to be 460, 540, and 630nm respectively. Results 

wera used to calculat~ the spectral variation of light extinction, 

expressed by verticill extinction coefficients,li; , (In units m- I ). 

Under-water photosynthetically activl~ radiation (Ph.A.R.) was 

measured in ,wEm- 2s- 1 with a LI-COR quantum sensor (LI-192SB) which 

\'las connected to LI-H35B quantum photometer. 

Surface incident radiation near the lake shore \'las measured at 

30 minute intervals from dawn to dusk using LI-SlOB integrator. 

The readings v/ere convt?rted to absolute units, Em-2 h- 1, following 

the manual for the instrument. 

1.3. In-situ Photosynthesis 

Gross photosynthesis \'las measured by the Uinkler method 

(t·lackereth et D.., 1978) from in-situ changes in oxygen 

concentration in light and dark bottles suspended in the euphotic 

zone. 

Integrated water samples were siphoned into 120 ml pyrex 

transparent and opaque (covered with dark cloth) glass bottles. 

Duplicates of the transparent bottles were suspended at depths 

0.00, 0.05, 0.10, 0.15, 0.30, and 0.50m. To avoid shading effects, 

the bottles v/ere suspended at intervals of IOcm or more, down the 

water column in two sets about 30cm apart along a horizontal metal 

bar suspended by means of floats. 
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To assess respiration, duplicates of opaque bottles were: also 

inc ubilt cd a t depths 0.00 and O. GO m. Exposu res of i ncuiJat i on 

bottle,s usually lasted for one hour near mid-day (11:30 - 12:30 

hours). 

2. Laboratory Procedures 

2.1. Chemical Analysis 

f·lethods for chemical analyses, unless stated, are the same as 

those given in APHA et .?l. (1981). All further analyses, with the 

exception of alkalinity, I'lere carried on water samples passed 

through Whatman GF/C glass fibre filters. 

Alkillinity due to carbonate and bicarbonate was detf,rmined by 

titration with O.lNHCl to pH 4.5 with mixed indicator. 

Nitrate-nitrog0n was estimated as nitrite after reduction in a 

cadmium - copper column. Nitrate-nitrogen I'las determined 

spectrophotometr'ically by diazotization of sulfanilamide and 

coupling with N-(l-napthyl} - ethylenediamine di-fiCl. 

Ammonia/ammonium nitrogen was estimated as blue indophenol using 

visible sp(,ctrophotometer as in Nackereth et al. (1978). 

Orthophosphate (I'lithout extraction) and molybdate react i ve 

silica (without digestion) were colorimetrically estimated as their 

respective molybdate complexes. Sulphate \'IilS determined by 

precipitation as barium salt and spectrophotometric estimation of 

turbi dity. 

Chloride was estimated by titration with silver nitrate lIsing 

chromate indicator. Calcium and magnesium were quantified by 

atomic absorption spectrophotometry while potassium and sodium were 

mea su red by aflame phutomete r. 
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1'.2. Biomass Estimation 

Estimation of phytoplankton IJjomilss \'las wide using chlorophyll 

a a s an index. 1\ 1 gae \jere concent ratt.~d on g 1 ass fi bre f i He rs 

(~/hatman !iF/C,i).7 cm diameter) by filtering al iquots of 20ml lake 

\jater. Pigment \'las extracted in \'Iarm 90% methanol, centrifuged and 

absorbancy \'las read with a visible spectrophotometer ( Pye !Jnican 

SP-350, Path length Icm), at 665 lind 750nm. Correct i on for 

possible turbidity \'las made by subtracting readings at 750nm from 

the corresponding readings at 665nm. 

Chlorophyll ~ \'las estimated from the corrected absorbance at 

665nm, using the abbreviated formula of TaIling and Driver (1963). 

No correction \'las made for degradation products. 

2.3. Gross Photosynthesis estimation 

Concentrations of dk;solved oxygen in the light and dark 

botth,s incubated in-situ \'Iere estimated by potentiometric 

titration (TaIling, 1973) using N/4UO thiosulphate to titrate 100ml 

aliquots of the iodine solution. Duplicate samples were always 

titrated from each of the paired bottles at each depth. The 

results \jere used to calculate the increase in oxygen concentration 

in the 1 ight bottles over the concentration in the dark bottles, 

i.e., gross photosynthesis. 

3. ~xplanations of Symbols 

Symbols used for biological and related parameters are as 

described in Ganf and Horne (1975), Melack (l979c), Robarts (1986) 

and Talling et ~.(l973). These are listf1d and defined belm/: 

B = biomass as mg chlorophyll a m- 3 
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j,8 = biomass per unit area, .Iithin the euphotic lone, in 1:lg 

chlorophyll a m- 2 

= gross photosynthetic rate pI!r unit water volume, in 

LA - hourly rate of gross photosynthe~is per unit area,in 

"'g02 m- 2h- 1 

IiA = daily rate of gross photosynthesis per unit area, in 

902 m- 2d- 1 

Amax = 1 ight saturc;ted photosynthetic rate per unit \-Iater volume, 

in mg 02 m- 3h- 1 

;6 (A/R) = Specific rate of gross photosynthesis per unit biomass, 

in mg 02/m9 ChI-a h- 1 

1> max = valu2 of ¢ , at light saturation, in mg 02/mg.Chl-a.h-l 

(measure of photosynthetic capacity). 

Ph.A.R. = Photosynthetically available irradiance(400-700nm), in 

1'- Em- 2S-1 
\ 

10 = irradiance on the water surface, in Em- 2h- 1 or Em-2d-1 

Ik = irradiance indicating onset of light-saturation of 

photosynthesis, in ,,, Em- 2S-1 

10 at ZAmax = irradiance at the depth of maximum photosynthesis, in 

EIP'lS-l 

~ = vertical extinction coefficient, in In units m-1 

("'in = the vertical extinction coefficient of the most penetrating 

1 i ght. 

~. total = the vcrtical extinction coefficient determined from 30% 

blue + 35% green + 35% red (I-Iood ot ~., 1978). 
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SOdet· = S~cchi depth, in m, determined from Sccchi disk reading. 

Silcal _. Sl!cchi depth calculated from the relatiLln 

Sf) = 1.7/ '\otdl (Poole Il Atkins, 1929) 

Zeu = depth of the euphotic zone, in m, 

Zeudet = euphotic depth determined as depth of 1% surface 

irradiance. in m. 

Zeucal = euphotic depth, in m, calcul~ted from the relation 

Z(!U = 3.7/"rnin (lalling, 1965). 

Zmix = mixed d~pth, in Ill, determined from th~ temperature depth 

profi 1 e of the lake under study. 

Q = efficiency of 1 i yht utilization by phytopl dnkton i c 

photosynthesis, mmoles 02 per Einstein of Ph.A.I<. 
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RESULTS 

1. Temperaturc/92<.ygen Q.~.p..!J]2!'ofi 1 e~. 

The seasonal variations in the vertical distribution of temperature 

and oxygen are shown by a family of depth profiles in Fig. 2. 

Heteorological d(\ta including air temperature f, \'lind speed are also 

indicated in Table 2. 

The immediate sub-surface temperaturl~ of Lake Zi\'lay varied from 

18.50c to 27.50c, a goc range, and the bottom temperature varied from 

17.50 c to 24.0oc, a 6.(i oc range. The maximum surface temperature 

(27.50 C) occurred in Nay, 1987 and the minimum (18.50 c) occurred in 

December, 1987. The majority of thermal data wcre taken during the 

morning. Afternoon temperature measurements coul d thus gi ve hi gher 

milximum temperatures and wider dai ly ranges. 

The average surface and bottom water temperatures of Lake Zi\'lay 

were 23.1oc and 21.20 c respectively. The differe'nce between surface and 

bottom ~Iater temperature aVE,raged 20c \'lith a maximum di fference of 7.6oc 

and a minimum of OOc (isothermal). 

As can be seen in Fig. 2, isothermal or near isothermal conditions 

occurred frequently during the study period. However, during calm 

periods of intense solar heating a sharp thermal gradient occurred in 

the superficial layer of the lake (Table 2). Under such conditions a 

temperature difference greater than 50c was recorded within the top 

50cm of the \'later column as in November, 1987 and February, 1988. 

(Fig.2). 

Figure 2 also reveals that the water column of Lake Ziway \'las well 

oxygenated at all times during the study. All depth profiles indicate 

oxygen maxima in the upper 50 cm of the \'later column. The Inaximum 
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diffen,nce in oxygen content bet\~een surface and bottom \/at(!r, \'/OS 6.6 

mg 1-1 and the dVef'ag~' difference was 2.5 mg 1-1. Percentagf! 

saturations of dissolved oxygen close tll the bottom of the lake ranged 

from 37-166% (Ca. 2.7 - 12.2 mg 02 1- 1). Saturations at the surface, 

in the same period, were between 91- 179% (Ca.6.4-12.8 mg 02 1-1) 
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Table 2: Heterological Information of lake Ziway reglon 
and. the thermal regime of the lake on the date of sampling. 

s;;~li~~--1;;~~i~~~;--.----~.""-----4A1;-~;;;;~~;;-;~-O:S;~~C---"-"-----"-----~-;i~;-s;;;~:-;:i"---------- ---~ ~ ---N;~; -;i d=d~; -. --
dates Em-2d-1 ,....---:.----------... -------- ..... -------------------- ... ------------.. ---------- ... --------------.. - therma 1 

-. - •• ,,' min "o~-.. i" 0630 0900 1200 1500 structure f 
0900hrs 1200hrs 1500hrs 1800hrs of the Lake -, 

----------------------------------.------------------------------------------------------------------------------------------------
9.2.87 43.~ 31.3(29.4)* 7.1(12.2)* 24.2(11.2)· 0 •• 56 1.36 - 2.19 2.ll W 

-8~3~87----~2~3------2s:8(28:4i----iri(;:5:6i---·-i;:;(i2:8j-----------O:~6-~--.. i:;;;-~---i:99------2:90------~---------ij----------
-----------------------------------------------------------------------------------------------------------------------------------13.4.87 39.7 28.5(29.6) 15.8(J¢.1) 12.1(1;.5) 2.02 2.M 2.79 4.76 s 
S.S.87 '2.2 27.0(28.1) 16.2(15.2) 10.8(12.9) 1.56 1.43 2.53 2.89 s 

8.6.37 47.6 26.3(28.0) 15.0(14.4) 10.8(13.6) 2.21 5.34 3.72 3.11 

9. i' .87 46.9 28.0(27.2) 15.4(14.2) 12.&(13.0) 3.25 4.69 2.77 2.24 

7.R.87 1I,S.2 30.4(27.8) 13.7(1"L4) 15.7(13.4) \.56 3.97 4.74 2.78 -. 
4.9.87 '6.1 28.5(29.6) 14.5{13.7) 14.0(15.9) ;.11 2.52 1. 74 1.27 w 

10.10.81 31) .1 26.2(29.6) 16.1}(l3.3) 10.2(16.3) 1.t.7 1. 70 1.23 2.72 w 

3.11.R7 39.7 9.0(10.5) 1.06 3.09 4.63 3.69 5 

:2.11.37 411.3 28.6(28.,) B.2(IG.B) 20.4(17.7) 1.29 2.30 2.08 2.17 w 

9.1.R8 17. ] ?7.2(27.Ri 12.2(1,.2) 15.0{16.6) 1.32 2.94 3.04 2.20 

'!1.2.~H wI.;'; 29.5(29.2) 13.3(14.3) 16.2(15.9) 1. 93 ?49 2.45 1. 94 5 

~p~-~~------------------------~-------------------------------------------------------.----------------.---.-._------------------.-

DO ata of National Meteorological Services Agency,fthiopia.(1988). 

averagp ~onthly tpmper~ture 

150tlle-rm'l1. S Sharp thermal 9radient, \.Ii weak t,'1erma 1 gradi!;>nt 

rV 
c>l 
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2. Lake \'Iat<!r Chemi stry 

The seasonal fluctuation in the chemical composition of the surface 

~Iater of Lake Ziway during the study period is summarized in Table 3. 

The pH of the surface water of Lake Ziway varied between B.15 and 

8.75. The maximum conductivity (K25) of the lake (400/"-S cfll- l ) occurred 

in January, 1988 while the minimum value (3471~ S cm- l ) was recorded in 

t1ay 1987. 

The· sum total of major cations in Lake Ziway varied between 3.46 

meq 1-1 and 5.22 meq 1-1 while the sum total of the major anions ranged 

between 3.94 and 4.99 fIleq 1-1. The anionic proportion of the lake 

follOl,ed the order HCO,,- + C03= » Cl > 504 and the cationic proportion 

followed the order Na » Ca > l"Ig > K. 

Among the major algal nutrients molybdate reactive silicate varied 

from 18.6 to 49.7 mg 1-1 and soluble phosphate (P04-P) ranged from 5.5 

to 16.2 ,....g 1-1. Concentrations of N03-N in Lake ZiwilY were usually 

higher than those of P04-P, They ranged from 28 to 136.6 i-' g 1-1. 

~'aximum values occurred during the rainy period ~Ihile minimum values 

coincided \,ith dry period. 

N02-N, ranging from 0.4 to 10.1 JJ..g 1-1, contributed less to the 

total inorganic nitrogen (TIN = N03 - N + N02-N + NH3/NH4+-N) of the 

lake than the,other form. An unusually high fraction of NH3/NH4+-N, 

1-46}>g I-lout of 40 - 209.71 .. g 1-1 of TIN,\,)'lts recorded in LakeZiway 

in this study. 



Tab)e 3: The chemical 'composition of the surface water of Lak.e' Ziway 
during the sampling Period 

SA~;~iNG-COND~CT~-----------------------ioNic-cONCENT~ATiON-(~~~l:i)--------------------------iNORGANiC-NiTROGEN------------------
OATES IV IH u __ u __________ uu ___ u __ u __ u ___ u ____ u ______ u_ fog1-1 PH N", 

(K25) t-Scm-I) 'LCat_ L>n Na' K+ Ca 2+ Mg2+ HC03- C)- S04= SiOf P04-P ------:.------------------ C.'mg 
, cb = mgl- }<-91-1 NH3 N02_N N03-N TIN . 

-----------------------------------------------------------~----------------------------------------------------------------------
9.2.87 356 4.28 4.26 2.170.320.90 0.8S 3.8 0.39 0.07 20.5 12.5 46_1 8.3 136.6 191.1 8.15 2.0 

8.3.87 360 4.41 4.28 2.35 0.45 0.88 0.73 3.8 0.41 0.07 18.6 16.2 40.2 10_1 122.3 172.6 8.45 2.1 
~~------------------------------~------------------------------------------------------------------------------------------.-------
30.3.87 365 4.88 4.18 2.78 0.33 0:96 0.81 3.7 0.41 0.07 22_1 6.1 39.9 3.8 166.0 209.7 8_60 1.8 

13.4.87 348 3.95 4.39 2.17'0.33 0.80 0.65 4.0 0.41 0.08 22.3 8.0 53.0 3.6 128.8 185.4 8.50 1.7 
-----------------------------------------------------------------------------------------------------------------------------------
9.5.87 347 5.22 4.99 3.13 0.40 0.89 0.80 3.9 0.39 0.07 25.3 8.9 34.6 2.0 132.1 168.7 8.45 2.1 
-----------------------------------------------------~--~~-------------------------------------------------- -----.-----------------
23.S.HI 395 4.84 4.33 2.96 0.38 0.83 0.67 3.8 0.39 0.14 24.8 8.0 25.8 2.6 135.6 164.0 8.55 ?2 
--------------------------------------------------------------------.--.-----------------------------------------------------------
C;.6.C;7 374 4.32 4.24 2.52 0.33 0.80 0.67 3.7 0.42 0.12 27.4 11.6 4.5 5.1 136.5 146.1 8.50 1.9 

-----------------------------------------------------------------------------------------------------------------------------------
9.7.B 7 360 4.47 4.15 2.61 0.360.83 0.67 3.7 0.42 0.03 21.5 8.0 4.5 5.0 43.9 53.4 ~.50 2.0 

_~~~~~ _______________ ~M _________ • _____________________ ____________________________________________________________________________ _ 

I.K.~7 390 4.40 4.30 2.52 0.36 0.85 0.67 3.8 0.42 0.08 20.0 8.4 6.8 3.4 50.1 60.3 8.3, 1.9 
- - .. - .......... -_ .. - - - .. - ...... - .. - .... -- _ .... -- - .. - - .... -_ ....... - .... -- -- - .. -,- - - ....... __ .. .,..-........ ..-- ........... "'-"'-"----- - .......... -- .. ----------- - ... _ .................. - '7---- - - ...... .. 

4.9.B7 377 4.46 4.20 2.61 0.33 0.S5 0.67 1.7 0.42 0.08 22.8 6_4 10.0 2.0 28.0 40.0 ·~.45 1.9 

-----------~------------------------------------------~-----~---------------------------------------------~------------~---------
25.9.87 360 4.23 4.11· 2.520.340.80 0.57 .3.6 OA2. p.1J926;6 10.7 2.0 1.8 47.2 51.n 8.55 2.1 
--------------------------------------------------------~----~~- .. ----------------------------------------------~--------~-----------
10.10.87 385 4.33 3.94 2.52 0.36 0.78 0.~7 3.5 0.42 0.02 2B.a 8.8 1.0 0.4 44.1 .. ~5.5 "-'S.60 2.0 -_ .......... - .... --- - - -- .. _ ...... --- _ .. ---_ .... ----- --- - - -_ .. ---- .. --------- .. -_ .. -------- ------ --_ .... - --- ............ --_ ............. _ .... - - .. - .. ---_ .... '-.-"" --_ .. - - _ .. _ .. 
27.10.87 371 3.46 4.05 2.12 0.33 0.55 0.46 3.6 0.42 0.03 24.8 9.7 2.0 0.8 48.2 51.0' 8.;.3' 2.4 , - ' 
-------------~------------------------------------~-------------------~~---~~----------------------------------------~----~-------
8.11.87 388 4.32 4.36 2.61 0.36 0.68 0.67 3.9 0.43 0.03 28.6 13.5 10.0" 1.6 33.8 45.4 8.50 2.2 

26.11.81" 357 4.17 4.18 2.570.310.83 0.46 3.7 0.43 0.05 30.7 8.8 3~.6 1.0 47.4 82.9 8.60 2.< 
-~-------~------~~-------------------------------------------------------~---------------------------------- ------.----------------
1{.12.~7 378 4.6] 4.,3 2.780.380.80 0.67 4.0 0.45 0.08 49.7 10.7 34.6 1.6 47.3 83.5 0.55 2.1 
~-------------------~--------------------------------- -----------------------------------------------------------------------------

9.1.~~ 396 4.61 4.61 2.96 0.38 0.85 0.50 4.1 0.46 0.0, 3H.3 9.1 15.0 2.5 33.0 50.5 8.10 2.\ 

------------------------------------------------------ -------------------------------~---------------------- -----------------.-----
11.{.~ti 40U 4.~6 4.YU l.U4 0.83 0.71 0.71 4.4 0.45 0.05 36.6 5., ?O.l 1.3 33.9 '4.c 8.75 c.? 

-------------------------------------------------------------------------------.-----------------

f\.J 
L!; 
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3. The Under Wat2r Light Climate 

The over-all seasonal variation in the under water light climate in 

Lake Ziway during the study period is giv(-~n in Table 'I. 

The extinction values for the different spectral regions in In 

units'm- 1 varied as follows: Blue (e 1\(,0) from 7.5 - 15.3, Green ('" 

540) from 3.9 - 11.2, R(·d (-630) from 3.7 - 9.3 ilnd total radiation (re.. 

~0-700) from 4.6 - 10.4. 

The mean annual vertical extinction coefficients at the mid-points 

of the filters used, at the time of primary productivity measurements, 

are shown in Fig. 3. Thesp. mean extinction values, in In units m- l , 

showed that the highest value (12.2) was for blue, the lowest (5.7) was 

for red, and the intermediate value (7.5) was for grHen. 

The minimum extinction coefficient, i.e. the extinction coefficient 

of the light that penetrates furthest, showed some seasonal variation 

and the highest values occurred from February, 1987 to October, 1987 

while the lowest values were recorded from November, 1987 to March 1988 

(Table 4). 

The percentage of light extinction hy algal biomass was calculated 

using an extinction value, Es ' which has been determined to be between 

0.01 - 0.02 In units per mg ChI a. m- 2 for a wide range of natural 

population (Tailing, 1965). Here it has been estimated from a 

fractional value of 0.015 and the calculated values varied betl'leen 32 

and 78% (1 = 52.7). 

The transparency of Lilke Ziway, ,)S measured by Secchi disk, had 

values between 13 and 27cm (X = 19cm). T~lo distinct phases of lake 

water transp~rency were evident during the study period. Secchi disk 
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recldings were generally 16c.m or less from F"bruary, 1987 to September, 

1987. Thr;y incrc,as8d abruptly to 21cm and more from September 1987 to 

~larch, 1988 (Tabl(, 4). The Secchi depth calculated using the Poole­

Atkins equation (SDcal = 1.7;"\otal) \'/as always greater than the 

measured one. 

The euphotic depth in Lake Zil'ldy Vias approximated from the 

relationship: zeu = 3.7/ .... min (Talling, 1965; Talling et 2.l., 1973). As 

indicated in Table 4 the calculated zeu varied seasonally with a minimum 

value of a.40m on July 9, 1987 and \'lith a maximum value of 1.10m on 

February 11, 1988 (X = a.72m). 

The euphotic depth of Lake Ziway was also determined from total 

light extinction as described in the methods. This varied between a.38m 

and a.98m (X = 0.68). The calculated euphotic depth \'las a1l1ays greater 

than the measured euphotic depth. 

During the study period the optical depth, the ratio of the freely 

mixed depth (Zmix), determined from the temperature depth profile, to , . 

the euphotic dellth (Zeucal), in Lake Ziway varied between 2.3 and 8.8 

(X = 4.6). 
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9.1.88 10.4 4.9 3.8 S.3 0.91 0.97 0.23 0.32 3.1 67 
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4. ~)gal llioElass e. PrimarY_J'roducti01l. 

The algal biomass of L(lk(~ Ziway as determined by chI !!., as an index 

of biomass, over the study period ranged from 149.5 to 212.0 mg chI a 

m- 3 (i = 186.9), (Table 5). The maximum value was recorded in July, 

1987 and February, 1988 while the minimum value occurred in November, 

1988. The algal biomass in the euphotic zone of the lake varied from 81 

to 191.6 mg ChI a 01- 2 (X = 127.8). 

The depth profi les of photosynthetic activity recorded for Lake 

Ziway (Fig. 4) reveal depr~ssed rate of photosyntlH~sis at the surface 

throughout the study p"riod. The fi gure also reveals tempord 1 and 

spatial variations in both the maximum rates (Amax) attained and the 

depth range occupied within the euphotic zone. 

The maximum rates nf phytoplanktnnic photosynthesis in Lake Zh/ay 

ranged from 1.64 to 4.07 g 02 m- 3 h- 1 (Table 5). The maximum volumetric 

rates nf photosynthesi s occurred at a depth of 5cm frnm February, 1987 

to August, 1987 and was displaced to 10cm frmn September, 1987 to March, 

1988 (Fig. 4). The euphotic zone of the lake \~as shallo~1 usually less 

than 80 cm. 

r'laximal values of the photosynthetic capacity, max, in Lake Ziway 

varied between 11.0 and 22.5 mg02 (rng Chla)-l. h- 1 • The 

photosynthet i ca lly ava i 1 ab 1 e i rradi ance of the maximal photosynthet i c 

rates, To at ZAmax, usually ranged from 450 - 950I,,-E m- 2 S-l (X = 620) 

apart from exceptionally t\~O low values in overcast sky and one high 
\ 

value at full sun 1 ight. Surface irradiance integrated over the 

incubation period ranged from 2.7 to 7.7 Em- 2h- 1 (Table 5). 

Photosynthetic rates on a per unit area basis, determine by 
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planim(~try of the depth profiles, ranged from 288 to 1625 mg 02 m-2h .. 1. 

Th(~ <lai ly rates of photosynthesis of Lake Zhlay were also determined 

from thl? houl'ly rates multipl ied by a filctor of 0.9 used by TaIling (1965) 

for thl' other East African lakes. These products were then mul.tiplied by 

the number of hours of sunlight during the days of the experiments. The 

calculated values ranged from 3.1 to 17.6g 0L m- 2d- 1• Maximum productivity 

per unit area coincided with periods of increilsed rainfall, high nutrient 

input (particularly ~103-N) /', high algal biomass (Fig. 5A-C). 

The onset of light saturation of photosynthesis, IK' ~Ias 

extrilpolated from the initial linear region of a curve which relates 

photosynthetic rilte and 1 ight intensity. Except for tl'lO hi gh and two 

lowvalues, the calculated values of Ik in Lake Ziway li2 hetween 170- 370 J.o 

Em-2 S-1 (X = 269.4) (Table 5). 

It has been shown (Till 1 lng, 1965) that if photosynthesizing algal 

populations are evenly distributed and not markedly differentiated ~Iith 

depth, the ratio Amax/"min Is il prinCipal determinant of the integral 

photosynthetic producti vity per unit area (~A). The general 

correspondence betlolp.en the seasonal variation in these two quantiti2S is 

illustrated in Fig. 6A-C. 

The efficiency of utilization of photosynthetically available irradiance 

(Ph.A.R.) by photosynthesis, Q, was calculated on molar basis, i.e. moles 

of oxygen evolved per moles of photons of Ph.A.H. incident on the lake 

surface (Melack, 1979C). The calculated values ranged from 2.4 - 9.6 mmol 

02 E-l (X = 4.7). Lower efficiencies tended to occur during incubation 

with greater irradiance (See Table 5). 
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DISCUSSION 

,The temperatures of the equatorial lakes of the ~Iorld do not shol~ 

pronounced seasonal variation, though diel changes very near the surface 

may be great (Beadle, 1981). Observations on the thermal characteristics 

of Lake ZiN"lY are cunsistent ~lith this generalization. The lake did not 

ShOl'1 marked variation in its surface \'later temperature (cv = 9.8%) over the 

~Ihole sampling period. The seasonal variation of the bottom temperature of 

the lake (cv = 6.8) \'las even 10\'ler than that of the surface. This is to be 

expected because d'lily heating and cooling arc less pronounced in the 

deeper \'later than in the superficial layer. 

f·laximum and minimum air temperatures, \'lith dilily differences ranging 

from 10.2 to 24.2oC (Table 2), are good indicators for the marked died 

changes in the surface temperature of Lake Zi\'lay. Intense solar radiation 

ranging from 17.63 to 47.6 E m- 2 d- 1 (~= 40.5) ensured a daily maximum air 

temperature betl'leen 26.0 and 32.0oc (Table 2). Nocturnal cooling, on the 

other hand, \'Iould be expected to cause a significant drop in air 

temperature. These t\'lO conditions combined Nould also induce a \'Iide daily 

range of surface NateI' temperature. 

The surface temperature of Lake Zhlay (18.5 - 27.50 c) is very simililr to 

that of the surface temperatures of other Ethiopian lakes. Demeke Kifle 

(1985) reported surface temp(~riltur(; of 20.5-28.4oc for Lake AWilssa. 

Kassahun Wodajo (1982) gave surface temperatures of 18-27oc for hoth lakes 

Abijata and Langano. l'lood et al •. (1976) also reported surface temperatures 

of 18.8-22.5 0 c and 19.7 - 27 0 c for lakes Kilotes and Aranguadi, 

respectively. The exception to these is Garbil Guratch, a high mountain 
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lake, with very loVi surface temperatures (1l-1l.5 0 c) (Baxter and 

Golobitsch, 1982; Loffler, 1978). 

Comparison vlith the other sllallow East African lakes reveals that the 

surface temp~rature of Lake Ziway is similar to that of Lake Nakuru, Kenya, 

21-27 oc, (Melack, 1976a) but much lower than that of Lake George, Uganda 

and Lake Turkana, Kenya, 26-36oc and 27.5 - 32.50 c respectively, (Ganf and 

Horne, 1975). 

Frequent mixing is common in the shallow East African Lakes. Shallow 

and exposed lakes such as Lake George, Uganda (Ganf and Horne, 1975) and 

Kilotes, Ethiopia (Wood et ~" 1976) are frequently mixed except in rare 

periods of calm vleather. Similarly, vertical mixing associated 1'1 it h 

reduced insolation and high turbulence (Table 2) was observed in Lake 

Ziway. 

\~ell oxygenated vlater from top to bottom in Lake Ziway (Fig. 2) provides 

evidence for frequent mixing. The temperatures of the \Jater below the 

superficial layer, during morning measurements, were also good indicators 

for the development of isothermal condition of the lake during the previous 

night. The pronounced diurnal fluctuations in air temperature suggest that 

the lake probably mixes almost every night. 

As can be seen -"n Table 2, the mornings at Lake Ziway are calm I,hile 

the afternoons tend to be windy. This, coupled with the progressive 

increase in solar heating, would induce superficial stratification that 

could persist for few hours in the morning till it is broken by l'lind 

induced mixing in the afternoon. 

In accordance vlith the revised classification of lakes by Lewis (1983) 

Lake Zhlay may be categorized as a continuously warm polymictic type. Such 

a lake is characterized by dai ly mixing follo\'led by stratification, at most 

, 
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for a few hours at a time. This pattern occurs in response to variation in 

wind or daily heating and cooling. 

Temporal fluctuation in the vertical distribution of temperatul'e dnd 

dissolved oxygen vlere observed in Lake ltv/ay in association with local 

meteorological conditions. For instance, intense radiation at the surface 

(> 39 Em- 2d- l , Table 2) raised the temperature of the superficial layer and 

was responsible for the short-lived thermal gradient developed within a few 

centimeters of the surface as in j'lay 9, 1987 and February 11, 1988 (Fig. 

2). Under such conditions lower concentrations of dissolved oxygen, 

associated with 10\, solubility of oxygen at higher temperatures, were 

observed in the immediate sub-surface water. 

Hindy conditions, (see Table 2) which culminated in mixing of the 

vert i ca 1 column of the 1 ake, resulted in an increase in bottom temperature 

and commonly led to high oxygen concentration value. Under well mixed 

..... of OX\loen of th0 ordp,' ,'{: G··R JTlO n., 1-1 ( .... ,. 
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population and/or its under-estimation l)y the analytical method used in 

this study. Higher phosphate concentrations (5-45f<g 1- 1) were recorded in 

Lake AV/assa (Oemeke Kifle, 1985; Elizabeth Kebede, 1987). Solub1€ P04-P 

concentration as high as 290 J.'" g 1-1 has also been reported for the 

moderately saline lakes Abaya and Chamo (Amha Belay and Hood, 1982). 

Concentrations of available N03-N in Lake Ziway were usually higher than 

those of soluble P04-P. They ranged from 28 to 136.6 f.'. g 1-1. t1aximum 

values of N03-N (> 120,.... gl- 1 ) coincided Vlith the rainy period from 

February, 1987 to May, 1987 (Fi9. 5A-C). This could be the result of 

higher nitrate input from the catchment area as Vle11 as from the extensive 

inundated draw dOI~n area of the littoral zone. 

N02-N Vias present in only minimal concentrations in Lake Ziway, 

especially in c.omparison Vlith N03-N and NH3/NH4+ - N; nitrate was the 

dominant form of inorganic nitrogen. This is a typical feature of most 

African lakes (1'alling and Talling, 1965; Thornton 1986). 

An unusually hi9h fraction (1-46/-"g 1- 1) of NH3/NH4+-N I~as recorded in 

Lake Zil~ay in this study. Althou9h NH4+-N \'las reported (I~ood et !!.l., 1984) 

as the predominant form of inorganic nitrogen in three of the four Bishoftu 

crater lakes, Ethiopia, no ammonium was ever detected by these authors in 

the neighboring shalloVi and Vlell-mixed Lake Kilotes. In viel'l of this, the 

presence of large fraction of the reduced form of inorganic nitrogen in 

polymictic Lake Ziway indicates the importance of microbial process and 

excretion by zooplankton. 

The concentrations of dissolved silicate (18.6 - 49.7 mg 1- 1) in Lake 

Ziway were higher than the other major algal nutrients (N03-N and P04-P), 

HOI~ever, these values are much 10Vler than those reported for Lake AI'/assa 

(50-97 mg 1- 1, Demeke Kif1e, 1985). Thi s may result in part from the 
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uptake of silica by diatoms \'Ihich make up a higher proportion of the 

phytoplankton of Lakp Ziway (Tsegaye r,jiheret-Ab, pers.comr.1.). 

Unusually high silica concentrations were reported (tJood and Talling, 

1988) in the more saline and alkaline lakes of the most northerly part of 

Ethiopian Rift Volley. [n these lakes, measured concentrations of silica 

exceeding 10Dmg 1-1 were frequently encountered and values as high as 32D 

mg 1- 1 were recorded for Lake Chitu. [n contrast, very 10\'1 concentrations 

of silica, as low as 2 mn 1-1, \'Iere recorded for Lake Hayq (Ilaxter and 

Golobitsch, 197U). 

[n Lake Ziway, sodium clearly dominated the cations while bicarbonate 

and carbonate dominated the anions. This pattern of ionic dominance is 

'characteristic of many African lakes (Talling and Talling, 1965; Hood and 

Talling, 1988), The orders of both the anionic proportion (HC03- + C03= » 
Cl > 504) and the cationic proportion (Na » Ca > Mg > K) are basically 

similar to those in other Ethiopian lakes such as lakes Abaya and Chamo 

(Amha Belay and !>Iood, 1982), Lake A\'Iasa (llemeke Kifle, 1985), lakes Abijata 

and Langano (Kassahun Wodajo, 1982) and Lake Tana (Talling 1\ Talling, 

1965) • 

Cationic proportions different from those of Lake Zi\~ay have been 

reported for Lake Hayq (Baxter and Golobitsch, 1970), for the Bale mountain 

lakes (Baxter and Golobitsch, 1982; Lofflcr, 1978), and the Bishoftu crater 

lakes (Baxter et ~l., 1965; Prosser at ~., 1968). These Ethiopian lakes 

are characterized by a marked predominance of magnesium or calcium over the 

remaining three cations. 

According to the classification of lakes on the basis of conductivity 

(Talling f. Talling, 1905), Lake Ziwity falls in class l. The mean 

conductivity (372 f'-5 cm- 1) per unit ionic content in the lake gives 
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quotients of 86 & 84~S cm- l per meq.l-l of total mean anions and cations 

respectively. These values are very cloSE: to the mean value of 85 that 

TaIling and TaIling (1965) calculated for 67 African lakes. 

The correlation between alkalinity and pH ( r = +0.151) in Lake Ziway 

was poor. Although maximum pH values coincided ~lith relatively high 

alkalinities (January and February, 1988), high alkalinity values also 

coincided with 101'1 pl1 (February and Narch, 1987). On the other hand, low 

alkalinity values overlapped with high pH values as in October, 1987 

(Table 3). These may be attributable to the accumulation of dissol ved 

carbondioxide from respiration and decomposition which tend to reduce the 

pH. It may also be due to the removal of carbondioxide by 

photosynthesizing algae which tends to raise the pH without significant 

change in alkalinity. 

It is well known that a lake, under natural conditions, is characterized 

by a particular spectral pattern of light extinction which is attributed to 

differences in dissolved colours and suspended particles. The spectral 

pattern of Lake Ziway \'las similar on all the sampling dates. The highest 

penetration occurred in the red, and the 10l'lest in the blue spectral 

region. A similar pattern has been reported for other Ethiopian lakes 

(Demeke Kifle, 1985; Elizabeth Kebede, 1987; Kassahun Wodajo, 1982; TaIling 

et i!l., 1973; Hood et i!l., 1978). Such patterns of spectral light 

extinction have been found typical of lakes with dense standing crop of 

phytoplankton or in waters \~hich are very turbid due to non-algal materials 

(Bowling et ~., 1986; Ganf, 1975; t1elack and Kilham, 1974; TaIling et~., 

1973) • 

In Lake Zi\~ay extinction coefficients for the different spectral regions 

varied temporally. t~aximum extinction coefficients occurred during periods 
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of high I'later inflow (February 1987 - March 1987) and/or epi sodes of 

mixing. For instance, extinction coefficients ranging from 8.3 to 15.3 In 

units m- l have been recorded in June, August and September 1987 (Tahle 4). 

These high values coincided with episodes of complete mixing (Fig. 2). 

This is to be expected, as both 11ater discharge and mixing lead to high 

light absorption or rapid attenuation of light by suspended materials, 

particularly at the blue end of the spectral region. Correspondingly, a 

pronounced decline in extinction coefficients of the different spectral 

regions occurred under calm conditions of particularly dry periods (October 

1987 to February 1988, See Fig. 2 and Table 4). This, inturn, may be 

attributed to a decrease in the amount of suspended matter in the 

superficial layer, for the lake was thermally stable. 

Although the minimum vertical extinction coefficients in Lake Ziway are 

high in comparison with most natural waters, such values are typical of 

lakes with dense algal crops or with suspended silts, and produce very 

shallow euphotic zone (Melack and Kilham, 1974; Talling et ~., 1973). 

Comparable min have been reported for Lake George, Uganda, (4.1 - 7.7 ln 

units m- l , Ganf and Horne, 1975) and for lakes Nakuru and Elmenteita, 

Kenya, (10 and 7 ln units m- l respectively, Melack and Kilham, 1974). 

Exceptionally high min values have b?en reported from the very productive 

Ethiopian soda lakes, Aranguade and Kilotes (13.7 - 24.7 and 7.6 - 15.4 ln 

units m- l respectively, Talling et ~., 1973). In all of these lakes the 

extinction coefficient of the least penetrating light (blue) reaches a 

value which is tl1ice that of the most penetrating light component (red). 

The high ~ min values which persisted in Lake Ziway over most of the 

study period resulted in a very shallow euphotic depth, usually less than 

0.80 m (Table 4). Such a shallow euphotic depth has also been reported for 
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Lake George, Uganda (0.48 - O.Ylm, Ganf and Horne, 1975). Compared to Lake 

Zhlay, lakes Ar~nguade and Kilotcs, Ethiopia, hav" even 10\'ler euphotic 

depths. They range from 0.15 to O.27m in Lake Aranguild,; and from 0.2401 to 

0.49m in Lake Kilote (TaIling et ~., 1973). In contrast, Lake Shalla, the 

most transparent of the Ethiopian Rift Valley lakes, has an euphotic depth 

ranging from 3.7 to 4.9m (Amha Belay and Hood, 1984; Wood et ~., 1978). 

The turbidity of Lake Ziway resulted from a combination of high algal 

density and high suspended silt. Thl~ shallowness of its euphotic depth, 

therefore, was attributed to both algal and non-algal attenuation of light 

(Tab.le 4). Attenuation by non-algal materials oVerrode attenuation due to 

algae during periods of high ~Iater discharge from inflowing rivers 

(February, 1987 to September, 1988). Episodes of mixing ~Iould also 

increase attenuation of light by non-algal materials in this shallO\'1 lake 

(Z ~ 2.~.n) by introducing sediment resuspension. Conversely, light 

attenuation by algal materials dominated over that caused by non-algal 

material ~Ihen the lake \'IdS calm and thermally stable (see Tables 2 and 4). 

The mean percentage of light extinction due to algal biomass ( = 52.7%) 

in Lake Ziway is lower than that which was recorded for Lake Awassa ( = 

57%, Oemeke Kifle, 1985). The percentage alga IIi ght extinct i on va 1 ue 

found in thi s study \'laS much hi gher than was reported earl i er for the 1 ake 

(Wood at ~., 1978). A recent measurement of chlorophyll it in the lake by 

Amha Belay and l~ood (J.984), however, suggests a higher percentage of light 

extinction due to algal biomass than was previously reported. 

The determination of a quotient or a factor relating secchi depth, 

euphotic depth and extinction coefficient to one another is of practical 

value (Poole & Atkins, 1929; Talling, 1965). In the approximation of the 

euphotic depth from Secchi depth, the ratio of the mean euphotic depth 
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(O.GUm) and the mean Sccchi depth (O.19m) in LakG Ziway gave a quotient 

3.58 I'lhich is higher than 3. ilencl!,· taking 3.58 as a factor and 

multiplying with Secchi disk reading gives a better approximation of 

euphotic depth in Lake Ziway. 

The approximation of a constant value by multiplying the mean 'min val ue 

(5.7 ln units m- 1 ) by the mean euphotic depth (0.6801) 1n Lake Zhlay gave a 

value 3.88 l~h1ch is very close to 3.7 determined by Talling (1965) for a 

number of East African lakes. Similarly, the approximation of a constant 

by multiplying mean ""total (7.2 ln units m- 1 ) by the mean Secchi depth 

(O.19m) gave a value 1.37. Though thi-s value is lOI-fer than 1.70 

approximated by Poole e, Atkins (1929), it is very close to 1.45 

approximated by Halker (1980). 

The optical depth, the ratio of the mixed depth to euphotic depth, is 

reported to be a limiting factor in primary production when it exceeds the 

critical value 4-5 (Talling g 21 .. 1971; Hood C!t il., 1978). This ratio 

of the mi xed depth determi ned from the temperature depth profil os, to the 

euphotic depth in Lake Ziway, gave a mean value of 4.6. This value falls 

in the boarder 1 ine of the critical value of 4-5 suggested by the above 

authors. 

As can be seen i" Table 4, phytoplankton production would be light 

limited in episodes of mixing and I-lindy conditions which frequently occur 

in Lake Ziway leading to the oscillation of both the mixing depth and 

euphotic zone. For instHnce, complete mixing could extend the mixed depth 

to more than 3.5 m and at the same time diminishing the euphotic depth of 

the lake to less than 50cm as in June and July 1987. Under such conditions 

an optical depth greater than 7 would be encountered. flence, the optical 



46 

depth of Lake llway Is highly affected by hydl'ographlc factors (w,)ter 

column structure - mixing and stratification). 

Observations of phytoplankton biomass from 194J until present indicate a 

progressive increase toward eutrophy In Lake Ziway. Cannicci and Almagia 

(1947) described the lake as having 'clear water' which indicated a 10\~ 

chlorophyll content. ~jood ct. i.!.. (1978) recorded chlorophyll ~ values in 

the order of 7 mg m- 3 • However, recent measurements of chlorophyll a by 

Amha Belay ?, ~Iood (1984) \'Iere much higher (91mg chl a m- 3). The mean 

annua 1 chlorophyll a concentration (186.9 mg m- 3) from the series of 

measurements in the present study represents the highest value and suggests 

that the lake Is in the process of eutrophication. 

Extremely high phytoplankton density is characteristic of the very 

shallow East African lakes, such as lake George, Lake Elmenteita, l.ake 

Kilotes, and Lake Nakuru. Chlorophyll ~ concentrations, in my m-3 , range 

from 125 - 345 in Lake George (Ganf [', Horne, 1975), 273-367 in Lake 

Elmenteita (Kalff, 1983), 205-412 in Lake Kilotes (Talling et i.!.., 1973) 

and 200-900 in Lake Nakuru (Melack, 1976). The chlorophyll a 

concentrations of Lake Ziway (149.5 - 212 my m- 3) are similar to those In 

Lake George, but they are lower than those reported for lak(!s Elmenteita, 

Kilotes and Nakuru. 

The amount of chlorophyll a in the euphotic zone of Lake liway is also 

comparable with that of most African lakes listed by Nelack (197gb, 1981). 

The temporal variation in algal biomass was more pronounced on a per unit 

area (cv = 23.9%)) than on a per unit volume (cv = 10.1%) basis. This is 

mainly due to background light extinction which alters the quantity of 

algae present In the euphotic zone at any given population density. In 

line with this, low level background light extinction could permit high 
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euphotic zone contc'nt of chlorophyll to bl: achieved at relatively 101'1 

population density. Similarly. a high level of background light extinction 

could inturn result in low chlorophyll a content at relatively high 

population density (Fig. HA-C). 

An increase in algal density in Lake Ziway 11as generally follOl'led by 

increase in light extinction, expressed by the minimum vertical extinction 

coefficient, and decreasH in the depth of euphotic zone. Algal biomass per 

unit area had a highly significant inverse relationship (r ~ 0.92, P < 

0.001, n ~ 18) with euphotic depth. It also had a highly Significant 

positive relationship ( r ~ 0.91, P < 0.001, n ~ 18) with minimum 

extinction cOGfficient, 

The algal biomass within the euphotic zone of lake Zi\1ay was nearly 

uniform due to frequent mixing over the study pr?riocl, Thus, the vertical 

changes in algal photosynthesis ~Iere :nainly due to the vertical changes in 

the intensity and spectral composition of light. The depth-profiles of 

photosynthetic activity per unit water volume in lake Ziway 11ere typical of 

the pattern for phytoplankton. 'They showed a depressed rate of 

photosynthesis at the surface, a maximum rate in the subsurface water and a 

regul<lr decl ine in the lower portion of the euphotic zone throughout the 

study period (Fig. 4),· 

The possible depressed photosynthetic activity at the lake surface could 

include photoinhibition of the photosynthetic reactions and structures 

(Steeman Nielsen, 1962), increased photorespiration (Harris I Lott, 1973) 

and sinking of phytoplankton (Ta11ing, 1965). The persistence of 

subsurface maxima during both superficial stratification and complete 

mi xi ng in lake Zhlay suggests, hONever '. that reduced photosynthes is, not 

phytoplankton sedimentation, I'las the major cause for depression near the 
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surface. It also suggests that the intensity of light at the surface, even 

on partly overcilst days, 'exceeds the compensation abilities of the 

phytoplankton. The cause for consistent surface d,"pr"ssion, hO\~ever, could 

further be complicated by the interaction betl'lcen the ability of plankton 

cells to adapt to a light level and the· circulation of cells through a 

light gradient (Lewis, 1974; Melack, 1979a). 

The reI at i on bet~leen photosynthet i c rates and popu 1 at i on dens ity in Lake 

Ziway can be expressed by the photosyntlwtic capacity (.p max), the 

photosynthetic rate at light saturation per unit chlorophyll a (Table 5). 

A photosynthetic capacity of about 20 mg 02 (mg Chla)-1 h- 1 may well be 

considered as represflntative for many African lakes (Robarts, 1986; Tailing 

1965; Tailing et .9l., 1973). The ¢ max in Lake Ziway I~hich ranged from 

11.0 to 22.5 O1g 02 (mg Chla)-1 h- 1 is comparable to the given value. 

There I'las a positive but low correlation between the maximum volumetric 

rates ( A max) and algal biomass (B) (r ~ 0.36) in Lake Zil-Iay. The Amax in 

Lake Ziway (1640-4070 mg 02 m- 3h- 1) was significantly higher than those of 

Naivasha and Oloid(!n, Kenyan lakes (147-240 and 272-748 mg 02 m- 3h- 1 

respectively, Melack 1979 c), and that of Lake Awassa, Ethiopia (217-408 mg 

02 m- 3h- 1, Demeke Kifle, 1985). The range is comparable with that of Lake 

George, Uganda (1900-6000mg 02 m- 3 h- 1 , Ganf 1975). although it is 

significantly lower than was reported for lakes Aranguade and Kilotes, 

Ethiopia (10-30 and 4 - 109 02 m- 3 h- 1 respectively, TaIling et al., 1973). 

The photosynthetic rate per unit area of Lake Ziway (0.3 - 1.6 g 02m-2 

h- 1 ) remained within the range of other African lakes ( 0.1 - 3g 02 m- 2h- 1 , 

Vareschi, 1982). The most favourable situation for higher yields per unit 

area (0.7-1.6 902 m- 2 h- 1 ) ~Ias provided by the lake ~Ihen it contained 

denser population (184-212 mg Chla m- 3 ) of high photosynthetic capacity 
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[16.5 - 22.5 mg 02 (mgChla)-Ih- I ] (See Table 5). This situation coincided 

with the rainy periods during which high nutrient input by high water 

discharges led fo higher alg",l biomass ilnd primary production. The 

correlation between rainfall and photosynthetic rate per unit area is 

highly significant (P<0.009,n=I3) but not particularly strong (MolJ;67). 

High water discharges in the rainy periods reduced the euphotic zone of 

Lake Ziway to belo~1 fiOcm (Table 4) by introducing susl.Jended materials, 

however, they were fo 11 owed by hi gher values of photosynthet i c rate per 

unit water volume. This marked increase in photosynthetic capacity during 

the rainy periods mily reflect the stimulation of photosynthetic rate by 

essential algal nutrients, which is probably N03-N. The marked increase in 

nitrate concentration during thG rainy season (see Fig. 5A-C) Hould 

stimulate high algal growth leading to high primary production. The 

correlation, r, between biomass and N03-N is significant (P < 0.05, n = 13) 

but not particularly strong (r =~0.57). This suggests that about 32% of 

the variation in biomass between sampling dates can be accounted for by 

variation in N03-N. The relationship bGtween P04-P dnd biomass, however, 

is very weak (r =.0.05). 

The relationship between N03-N and integral productivity (ttA) in Lake 

Zhlay was very weak (r=0.I2). This might be a reflection of the weak 

relationship between biomass ilnd integral productivity (r =+0.35). 

Bindloss (1974) noted that low correlation value behleen integral 

productivity and biomass \'IdS due to population density influencing the 

photosynthetic depth profiles by self-shading. In addition to this, high 

suspended silt will remove or screen out light that would otherwise be used 

by photosynthesizing pigment. These factors, therefore, could "'ffect both 

comj.lonents of the ratio ~nax/ i!min ~Ihich ~Iere shown to be determinants of 
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the areal productivity (Talling, 1965). r·lor00vcr, no correlation ~1.:1S found 

bet~leen 'f. A(mg 02 m- 2h,·1) and 1:.B (mg Chla m- 2) in Lake Ziway. Bindloss 

(1974) and Robarts (1986) also found no corrr!lation between these t\~O 

parameters. 

With photosynthetic rates 0.3-1.6 g 02m-2h-1 or 3.1 - 17.6g 02 m- 2 d- 1 , 

Lake Ziway \~ould be among the most productive lakes in Eastern Africa. 

Melack and Kilham (1974) found rates of 0.3 g 02 m- 2 h- 1 or 3.2 to 20.( ] 

02 m- 2 d- 1 for a number of East African soda 1 akes. Perhaps the most 

productive lakes in Africa is Lake Aranguade, an Ethiopian soda lake, for 

which Talling et !!.!.. (1973) reported a productivity rat,·! of 43 - 57 9 02 

m-2 d- 1• 

High photosynthetic efficiency appears to be characteristic of high 

production associated with heavy phytoplankton concentration (Hammer, 

1981). The efficiency of light utilization (Q, mmoles 02/ Einsteins of 

Ph.A.R) by phytoplanktonic photosynthesis in Lake Ziway (2.4 - 9.6 r.l moles 

02.E-1) is comparable with most productive East African lakes. The range 

is significantly higher than those of four Kenyan lakes reported by ~lel<1ck 

(1979c) which were usually 2-4 mmol 02 E-1. Talling's (1965) data from ten 

African freshwater bodies converted to efficiencies in molar units by 

Melilck (1979c) varied from 1.8 to 10.2 mmol 02. E-1. 

LO\~er photosynthetic effi ci enc i es in Lilke Ziway tended to occur duri ng 

incubation with greater irradiance (Table 5). There is inverse (I' ~ 0.48) 

but not significant relationship between photosynthetic efficiency and 

i rradiance incident on the lake surface. The correlation betl-Ieen areal 

productivity and irradiance (I' ~ + D.31) is very weak - suggesting that the 

variation in both photosynthetic efficiency and integral productivity in 

Lake Zil-Iay can be minimdlly accounted by variation in irradiance. 



51 

Melack (1979b) statistic!llly ~nalysed the magnitude of monthly 

variabi 1 ity in photosynthetic ratc:s in tropical lakes. Among the 26 

tropical lakes ilnalysed, the, coefficient of variation (cv, standard 

deviation/m,~an) ranged from 15~~ to 86~Z. The cv for Lake Ziway (36.8%) is 

of intermediate value. The calculated cv puts the lake und(!r pattern A. 

Such a pattern of pronounced seasonal fluctuiltions result from wind induced 

mixing, increased river discharge and rainfall and the associated changes 

such as increased turbidity and presumably the availabil ity of nutrients 

and 1 i ght. 
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CONCLUSION & RECOMMENDATIONS 

The seasonal amplitud(" of variation in phytoplankton photosynthesis in 

Lake ZiI~ay I~as dependent on the coupl ed effect of hydrol ogi c (Hater i nput-

output) and hydrographic (\'later column structure) factors. HOI·/ever, 

frequent mixing due to strong wind and intense nocturnal cooling I·/Ould 

cause the hydrographic factor to be paramount in determining the 

productivity status of the lake. Mixing ensures recirculation of nutrients 

and resuspension of algae. It also increases turbidity and decrease light 

penetration all of which influence primary production. 

The characteristics of Lake Ziway are explained interms of high amounts 

of suspended matter \'lith high 1 ight extinction, shallow euphotic depth, 

high production per unit standing crop, low nutrient status and fn'quent 

mixing. The paradox of high sustained production on lo~/ nutrient base is 

explained by rilpid enrichment of the euphotic zon", as il result of frequent 

mixing. 

Zooplanktonic regeneration and bacterial transformation of nutrients 

have not b",en studied in any detail in African lakes. In vie\'l of thi s, the 

presence of large fraction of NH3/NH4+ -N in a well oxygenated Lake Zi\'lay 

lends special interest for future investigations. 

Time series of chlorophyll ~_ data, as an index of algal biomass, are. 

signs of progressive increase toward eutrophy in Lake Zil'lay. However, the 

lake is presently endangered by the increasing human activities in and 

around it. There is pressing need for proper management of the lake 

inorder to avoid a marked reduction in the trophic activity and consequent 

impacts on an important protein source. Overzealous use of Lake Ziway l'Iill 
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endanger not only the fisherif!s resources but also the very supply of 

irrigation I-later sought. Hence, serious attention must be given to the 

maintenance of the lake water budget and the balance of essential 

ecological processes for the sustainable utilization of this life 

supporting water body. 
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