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SUMMARY
The species composition and phytoplankton biomass of Lake Awvasa,
Ethiopla was studied from September 1985 to July 1986, in
relation to some environmental factors including thermal, light,
and chemlecal charactceriskics. Lurlng the study peried, threac
phascs of thermal stratificatlon were xccognized @ 1. 4an
unstable strxatification perind duriag Scptember to MHovemberx,
followed by complete mixing in December, 2, A stable strati-
ficatlon period during January to April with the beginning of
destratification in May, and 3. A mixing period during Junc to
July with an dsothermal condition in the whole lake, Complete
mixing In June was assoclated with cooling of alr temperature
with an influx <f coo2l rain and high rainfall Quring May to

Junc.

The wunderwater light penetration showed a similar pattern ovex
the whole period with the hishest in the red, and the lowest in
the blue spectral region, Euphutic depth varied betyeen 1,6 and
3.0 meters with the highest measurements corresponding to the
stable stratificatinn pcriod. The lakc¢ water had a falrly high
conecntration of phosphate (23-45 up 171), Low nitrate concen-
trxation (7-14 up 171y duriny January te May lnecreased appreci-
ably 3dn June-July with surface values cxccoding 100 upg 17l in
July., Both nutrients showed inercasine valuces assoclatcd with

mixdnp pericds and/or the ralny season.

4 total cf 100 phyteplankton speecics were ddentified in Lake
Awasa with 487 of the taxa representaed by preen aleoaz, 307 by
bluz-green algac, 11% by diatoms, and the rest by chrysophytes,
dinoflagellates, cryptomonads and euglenonids, “nly 14 species,
whieh comprised about 90% of the phytoplankton hiomass, were
counted for the whole sampling period. The dominant phyto-

plankton species weve Lynghva nyassaw, Dbutryococcus braundi and

Microeystis species. Scasonal blomass variation was pronosunced




lo the first two, bLut not in Microeystis specics, The total
phytoplanktsn hiomass, measurcd by phytoplankton counting and
plgment analysis, incrcased fellowing the mixing perdod 1in
December, and thermwal destratification durinpy May to July which
was also a vperiod with high rainfall and relatively high
nutrient econcentration, While the seasonal varfation of the
total phytoplankten community 3dn Lake Awasa was relatdvely low
(cocfficient of wvarfation < 20%), 41t was higher 4n sume of the

individual component specles.
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CHAPTER I

INTROGDUCTION




INTRODUCTION

Phytoplankton arve the primary carbon-fixing organisms 4in the
aguatic environment. They provide the base of the aquatiec food
chain, including the fish population which helps to sustain the
ever increasing food demands of man. They are also of great
importance In the maintenance of aquatic and terrestrial life in

generating about 70% of the earth’s atmospheric oxygen,

With the current fast growth of the human population and the
advancement of technology, irrational utilization of freshwater
resources, eutrophication and toxicity problems, pose a great
daﬂger to the ecological balance of the aquatlic biota. It 1s
therefore of considerable importance that an understanding of
phytoplankton communities, their composition, seasonality and
production, as well as the factors which govern their behavior

is aecquired.

Ethiopia is a developing country with a growing human population
depending mostly on agriculture for food, and has been facing
drought and famine for some years. In the absence of ccologlical
understanding about the aquatic communlities, the need for an
alternative source of food will undoubtedly lead fo the mis-
management and over-explofitation of the aquatic resources
available, If used efficlently and in a vrational way, the
potential resource can be of great economic importance in
provlding a continuous supply of food and water and serve in
decreasing the burden on the much exploited arable land. Hence
Lhe aquatic communities In the country should be given impor-

tance and studied in detall.

Although the algal flora of some African lakes have been
studied, our knowledge is far from belng complete. A number of
catalogues and check-lists, as well as detalled investigations

on parts of the African flora, have been reviewed by Lemoalle et
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ak, (1%981). The reviewers have polinted out the need for more
comprehensive studies on all algal groups covering a widex
geopraphical distribution. They also recommend that phyto-
plankton studies should not only list the major components of
the plankton, but also the rare specles so as to get a better

knowledge of their distribution and biogeography.

Talling and Talling (1965) have described the chemical compo-~
sition of some lakes in Africa and discussed the consequencés on
the distribution of planktonic organisms. The authors have dis-
cussed the occurvrence of desmids and diatoms In relation to
ionic composition, alkalinity and salinity gradients, conducti-
vity and pH. Gassc et al., (1983) later made a systematic study
of East African lakes and didentified diatom assemblages 1in
relation to some cnvironmental varlables, including the ones

mentioned above.

There are only a small number of studies made on the phyto-
plankton communities in Africa dealing with the total bioﬁass as
well as the quantitative distribution of the component specles.
Knowledge of the specles cowmposition and the environmental
control of thedr distribution 1s necessary to underxstand the

spatial and fempoxal changes in phytoplankton biomass.

The dnput of solar radiation is the ultimate controlling
mechanism in the annual pattern of phytoplankton distribution of
temperate lakes, This 1s both direetly through its effect on
photosynthesis and growth , and indirectly through its effect on
thermal stratificatlon behavior and 1its subsequent effect on
nutrient and phytoplankton distribution. In the tropics where
seasonal changes in golar radiatlon input are minimal, thermal
stratification patterns are malnly dependent on lake morpho-
metxy, and atmospherie factors such as evaporation, wind regime
and numldity. However, influx of cool rain and reduced insola-

tion during wet seagsons can also be significant as shown by
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Talling (196%) who has examined a number of stratified lakes in
Africa, and described somec annuval cyeclile patterns affceting
thermal structurce, chemical conditions, and the pexiodicity of

lanktonie organisms.
[+]

Seasonal changes 1Iin species composition and blomass have heen
described for somc African lakes dnecluding lakes Victoria
(Talling, 1966), George (Ganf, 1974c), Tanganyika {(Hecky and
Kling, 1981), Sibaya (Hart and ilart, 1977), Chad (Compere and
Iltis, 1983) and some equatorial lakes (Melack, 1976 cited in
Lemoalle et al., 1%81). Based on a comparative investigation of
avallable works, Melack (197%9) has proposcd three patterns of
temporal changes Iin abundance and/or photosynthetle rates of
phytoplankton in tropical African lakes
A Troplcal lakes exhibiting pronounced seasonal fluctua-
tions (coefficient of variation (CV) >20%) wusually
corresponding with wvariations in rainfall, river dis-
charge or vertlcal mixing,
B. TLLakes with muted fluectuations (CV <20%) 4in which
diurnal changes often exceed month to month changes,
. and
C. Lakes where an abrupt change occurs from one persistent
algal assemblage and level of photosynthetde activity

to another perxsistent pattern.

Kalff a2nd Watson (1986) have described the temporal patterus of
phytoplankton biomass and community structure for lakes Naivasha
and Oloiden 1in Kenya, and made comparison of patterns Yreported
in other tropical and rtemperate lakes. They have concluded that
there is no c¢vidence for any fundamental difference between the
freshwater phytoplankton composition and dynamics of tropilcal

lakes, and temperate lakes durxing the summern.

An overview of tho scasonallty of phytoplankton in African lakes

has been given by Talling (1986). He has examined the wvarious
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patterns of phytoplankton scasonality described so far, and
distinguished between patterms which are dominated by hydro-~
logical features (water Jnpur-output) and those dominated by
hydrographic ones (water column structure and circulation).
Different measures of seasonal variability have also been
‘discugssed in the comparison of phytoplankton dynamiﬁs from
different lakes.

Very little is known about the basic limnology of Ethiopian
lakes although several investigators have given sporadic reports
on morphometriec, chemical and biological features. These are
being complled in a bibliography of Ethiopian limnology (Belay,
in preparation). Talling and Talling (19653) have reported fhelr
own and earlier chemical analyses on some Ethiopian lakes,

including the Rift Valley lakes and Lake Tana Iin the north.

Detaidled limnologilical investigations on Ethioplan lakes lnclude

Prosser et al. (1968) and Wood et al. (1976, 1984). They have
made an Intensive seasonal study on a group of crater lakes
within the Rift System, 45 km south-east of Addis Abada, Their
morphometry, thermal and chemical stratification behavioxr have
been desecribed. Based on short term investigations, thermal and
chemical stratification patterns of four of the large Rift
Valley lakes in Ethlopia - Langano, Abfjata, Shallz and Awasa
(Figure la) have been described by Baxter et al, (1965)., These
studies have shown that, In general, the moderatcly deep lakes
can have periods of well=-marked stratification while the shallow

lakes have only diurnal stratification.

Talling et al. (1%73), have studled the photosynthetic produc-
tion by phytoplankton in two Ethiopian soda lakes, Aranguade and
Kilole. They reported that Lake Aranguade has an abundant and

almost unilalgal suspension of Spirulina platensis (Gom.) Geltl.,

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

ing to be Chroococcus and spilrulina specles. The high algal
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density of these two lakes and their high photosynthetie
producktivity has becn discussed, Primary productivity of
phytoplankton has also been studied in five of the Rift Valley
lakes in Ethiopila (Belay and Wood, 1984).

Seasonal studies including physical, chemical and blologilical
features, with emphasis on primary production, have been carried
out on lakes Langano and Abiljata (Wedajoe, 1982), and Awasa
(Kifle, 19835). At present much more comprehensive worxk, in-
cluding bacterial and zooplankton production and fish physio-

logy, 1s being made on Lake Awasa,

The seasconal pattern of phytoplankton distribution.in Ethiopian
lakes has not been given attention so far, and this paper
presents a sgeasonal study on Lake Awasa, one of the major Rift
Valley lakes in Ethiopla. It attempts to gilve an account of the
seasonal. variatlons in phytoplankton species composition and

biomass in relatidon to some environmental factors.
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STUDY AREA
The Eﬁhiopian section of the Great Afrlcan Rift Valley runs
along the middle of the country Ipn a north-south direction and
covers an area of about 150000 km?, The southern part of the
Rift Valley contains seven moderately large lakes coverdng a
total area of 2500 kmZ (Figuxre la),. Based oun thedr dralnage
interconnections, these lakes are divided into threc major
basins : Zwai-Shalla basin iIincluding lakes Zwal, Langano,
Abl jata and Shalla, Abaya-Chamo-Chew-Bahr basin, and the Awasa

basin lying between the two basins.

lLLake Awasa has a volcano-tectonic oriligin, and 1lies in a caldera
with a diameter of about 30 km and an area of 1360 km? (Makin et
al., 1275%). The lake basin 1s totally enclosed by faulting with
its western boundary scarp showing signs of some recent reverse
movements along Its favlt zone (Mohr, 1962). It 1ls overlooked
from the noxth by a large volcanic complex Chabbl and Ugri, and
the area surrounding the lake is underlaln by quartz and pumice
(Mohr, l960):p

The Awasa reglon has a dry, subhumid climate and classified Iin a
rainfall regime which is chavacterized by one ralny and cne dry
season {Gamachu, 1977). Rainfall is wsll distributed throughout
the eight rainy wmonths, from Mareh to October, with an annual
average rainfall of 1154 mm (Table 1). The annual potential
evapo—~transpliration foxr the reglon 1s between 1100 and 1250 mm
thus incurrdng a water deficit during the dry period. Gamachq
(1977) rceported the mean air temperature of the warmest month as
20~240C and the coldest month as 16-20°C, However mcteorological
data for tho sampling period in this work show much highexr
values (28 - 30°C) during the dry scason.

Lake Awasa is fed by a small xiver, the Tikur Wcha (Figure Lb)

which drains a swampy area of aboui 77 Yom 2 (Makin ot al., 1975),
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which {s the remnant of a much greater old lake, Lake Shallo.
Although Lake Awasa has a closed basin with no obvious surface
outlet, the lake water has remained relatively dilute and It has
been suggested by Makin et al., (1875) that there is a subterra-
nean outflow by seepage through the bed of the lake on the
south-west and northern side, which may account for a majer loss
of water. Other authors (Belay and Wood, 1984) have suggested
the feeder river draining the swampy area fo bz the probable
cause. The lake water level fluctuates considerably over the
years in response to variations in rainfall and evaporation,
The maximum depth recorded varies from 21.6 m in 1937, to 17.8 m
in 1964 (Baxter et al., 1965) and 22 m in 19%986. The surface
area of the lake also varles and has been reported ro be 129 km?2
(Cannicel and Almagia, 1947), 90 km? (Makin et al., 1975) and
recently asg 88 km 2 (Herrmann, personal communication). The
shoreldine has a gentle slope with ¢xtensive emergent and
submergent vegetation alwmost all around the basin, The macro-

phyte population includes Paspalldium germinatum, Potamogeton

schweinfurthii, Typha latifolla, T. angustifolia and HNymphaeca

SP . The fish inhabiting the lake include Barbus gregorii,

Clarias mossambicus and Oreochromis niloticus, Commercial

fishing practiced by a PFilshermen’s Cooperative depends almost

snolely on the most common cichlid fish In the lake, Oreochromis

niloticus.

Lake Awasa also supports a large blrd population including a
variety of fishing birds, scavengers and waders, A list of
published works on the avifauna of the Rift Valley Lakes is
avallable in Urban (1970). The arva around the lake 1s basi-
cally agriculfural land except for the growing town of Awasa

wvhich runs north-south along the vastern shore of the lake.
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MATERIALS AND METHODS

SAMPLING

A single offshore statlon with a depth of 17 wm was chosen as a
representative site of the lake for the whole sampling period
(Figure 1b), Watex samples were collected once a month from
seven depths (0,1,2,3,5,10 and 15 m) using a Kcecmmercr samplexr of
2 liter capacity,. Sub=-samples of water from each depth were
transferred to 250 ml bottles and Ffixed with acid Lugol’s
solution (0.5 wml/I00 ml sample) for quantitative analysis.
Samples from the same depths were put in polyethylene bottles
and transported in an jce box to the laboratorxy for pigment and

chemical analyses.

A phytoplankton net of mesh size 25 um was used to collectk
phytoplankton for identification. Duplicate net gsamples were

fixed with acdd Lugol’s solution and formaldehyde solution.

PHYSICAL PARAMETERS

Vertical distribution of temperature and dissolved oxygen was
measured in-sltu using a dissolved oxygen probe with a bullt-in
thermistor thermometer and an oxygen meter with a resolution of
0.05 =~ 0,10 mg 171 (YST model 57). Underwater light penetration
was measurcd using a selenium barrier—~layver cell fitted in a
waterproof housing, with different pglass color filters and an
opal. The colox filters covering the range of photesyntheti-
cally active radlation (PhAK) were types BCG 12, VG %, and RG 630
(Schott, Mainz, W. Germany) with estimated optical mid-points of
460, 540, and 630 nm respectively,

The vertical extinctlon coefficlent, Ev (ln unlts m“l) was
caleulated for the different wavelengths of light by applying
the formula:

Ev = 1/z 1In lao/lz

where To is the intensity just below the surface, and Iz is the
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intensity at dapth z 1dn meters. Fuphotic depth (Zeu) was
determined using the approximation derived by Talling (1965) for
an optically wide range of East Afrlcan lakes
Zeu = 3.7/Ev min

vhexe Ev min ls the cxtinction coefficient of the most penetrat-
ing wavelength of light. Euphotic depth (Zeuy was also calcu-
lated by aseribing 30, 35 and 35% incident PhAR to blue, grecn
and red spectral blocks respectively (Talling, 1957) and taking
the depth at which the light Intensity ¢quals !4 surface irvadil-

ance as Zeu.

Secchi disc transparency was measured and related with the
calculated Zeu applying an approximation of Poole-Atkins
equation:

Zgp = L.7/Ev
where Zgp is the Secchi depth In meters (Idse and Gilbert,
1574).

CHEMICAL PARAMETERS

Measurcwent of pll for surface water was made in-situ with a
portable digital pl meter (Canlab, Mcedel 607) readable to 0.05
pH units, Carbonate-~blcarbonate alkalinity was determined by
titration against HCl with phenolphthalein and to pH 4.5 with
mixed indicator. Electrical conductivity was measurcd in-situ
with a combined conductivity/salinity and thermistor thermometer
probe (YS5)Y Model 33 8-C-T meter), Temperature correctlions were
made to 20°C assuming a mean temperature coefflicient of 2.3% per

OC (Talling and Talling, 1965).

All further chemical analysis was done on water samples passed
through Whatman GF/C pglass fiber filters. MNitrate and phosphate
wvere determined about 3 hours after sampling. Nltrate-nlitrogen
vas determined as nitrite after reduction in a cadmium=copper
column. Nitrite~nitrogen was deiermlned with a spectrophoto-

meter by dlazotizatlon of sulphanilamide and coupling with N-(1-
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naphthyl)-ethylenediamine di-HCL according fto the method
described in Golterman et al., (1978). Nitrite concentration

before roeduction of nitrate was found to he too low to detect

with the wmethod cmployed. Hence values after reduction were
taken as nitrate - nitrogen concentration without correctlon for
nitrite. Seoluble reactive phosphorus was dectermined without

extraction according to Mackereth et al. (1978).

SPECIES COMPOSITION

Most of the single-celled species had a size of less than 25 um
and would 'pass through the sampling net. So ldentification was
done both on net and sedimented gquantitative samples. The
literature referred to in the course of this work included
Huber—-Pestalozzi (1938-1983), Bourrelly (1%66-1970), and Van
Meel (1954). The taxa 1In the list of specles are arranged
according to Christensen (1962, 1280).

PHYTOPLANKTON BIOMASS
Estimations of phytoplankton blomass were done based on chloro-

phyll a measurements and cell counting,

Counting - Sanples preserved for counting were analyzed af the
Laboratory of National Swedlish Environment Protcctlon Board,
Uppsala, Sweden, ALl counts were done using a Wild inverted

microscope following the Utermohl technique (Uterméhl, 1958),

A preliminary count of common phytoplankton species was made on
two samples using sedimentation chambers of 10 ml, and filling
just the chamber bottom (2.15 ml). Based on the above results,
and considering the awmcunt of time required for counting all
samples, 14 species whilch comprised move than %0% of the total
biomass were chosen in all samnples, the phytoplankiton density
was found to be too high to use 10 ml chambers for further

counts., So all speecles except Botrvuoucoccus braunll were countaed

in the chamber bottom with an ohjective of 40x magnification.
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Colonies of Rotryococcus braunil were counted under 10x objeci-

ive in a 50 ml sedimentation chamber.

Samples from the upper 0-3 m layer of the lake were initially
pooled and counting was done on these pooled, as well as the 5,
10 and 15 m samples for three'sampling dates. It was theun found
more appropriate to include 3 m sample as well in the pool of 0-
3 m, and the rest of the samples were treated as such. In
counting, the simplified methods described by Willdn (1976) and
Hobro-Willén (1977) were followed. The total number of dindi~-
viduals counted for all specles was at least 60 Involving a
maximum erroxr of + 26%, assuming a random distributlon. Most of
the specles were filamentous blue greens, and the cell count was
done by measuring their total length, the total length being
equivalent to or more than 60 individual trichomes, Colonial

plankton such as Microcystils specles wexe however counted as

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

colonies was measured and related to the number of cells perx
colony area, Since the plankton density on the chamber bottom
was hlgh for most species, counting a swmall number of diagonals
was sufficlent,. Transformation of ecell counts £o voelume was

done by fitting the plankion to appropriate stercomeitriec shapes.

Pigment Analysis -~ Samples were analyzed for plgment concen-
tration about 3 hours after sampling time. Aliqﬁots of 250 ml
lake water were passcd through Whatman GF/C glass fiber filters,
Pigment was extracted with warm 90% methanol , cenkrifuged, and
its absorbancy measured at 665 nm, 480 nm and 750 nm with a Pyc
Unicam 816-350 visible spectrophotometer (path length { em)}.
Correction for possible turblidity was made by subtracting
readlngs at 730 nm from the corvesponding rcadings ar 665 um and
430nm, Chloxophyll a estimations were done using the approx-
imat:s relations devived for 90% methanel by Talling and Driver
(1963) chl a = 13,9 Dggs  (path length = 1 cm)

Ho distinction was wmade for degradatlion products,
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RESULTS AND DISCUSSION

THERMAL STRATIFICATION

The vertical distribution of temperature and digssolved oxygen
during the sampling period was followed from the surface down to
15 m. The results show threc phases of thermal stratification
(Figures 2 and 3), During the first phase from Septemberv to
November, thermal discontinulities were relatively unstable with
a gentle gradient of about 0.2 to 0.4°9C per meter in the lower
waker column, The temperature difference between the surface
and 15 m was between 1.6 and 2,.,8°%°C and surface stratification
was wmore pronounced in October. There was compleke mixing in
December and the lake had an lsothsrmal condition except for the
stratification dn the upper 0-3 m column of water. This was a
superficial gradient formcd during the day with increased solar

heating, and destroyed during the night due to cooling.

The second phase during January to May 1s characterized by a
strong thermal stratification, The temperature difference
between the surface and 15 m varled between 2.7 and 6.6°C with
the maximum diffevencc occurriang in January. The highest
surface temperature recorded durxing the sampling period (25.49C)
oceurred in January producing a steep thermal gradient between
the surface and | m with a drep of 39C. At the start of this
phase, thermal discontinuity in the decper watker occurvred
between 5 and 9 m and lLlater moved down below 9 m. During
February to April 1t was oscillating between 9 and 15 m. In Hay
there was a relétively gentle thermal gradlent which moved up to
7 m indicating the beginning of thermal stratification. The
third phasce from June to the ond of July was a period of mixing
with an isothermal condition 4{un the whole water column except
for the surface waters which had a sglighr temperature gradient.
The teumperature difference bebkween the surface and 15 m was

between 0.5 and 2,59C,
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Although solar radilation input was mnot measurcd during this
study period, daily recordings of maximun aand minimum air
temperature (Table 2, Natlonal Meteorologlcal Services Agency,
1986) have been used as an indirect index in the understanding

of the stratification pattern of the lake.

From September to January there was a cumulative increase in alx
temperature during the day with the monthly average maximum
rising from 24.62C in September to 28.8°C in January {Table 2).
This was accompanied by an idincrease In the differcence between
maxionum and minimum rtemperaturc of the day with the minimum
going down in the eveninés from 12.7°C in September to 7.350C in
January. The monthly avevage difference increased from 11,99C
to 219C in January. This pronounced diurnal fluctuation in alr
tecmperature prevents the formation of stable thermal stratifi-
cation., On calm days, solar radiation would warm up the alr as
well as the lake water thus inducing stratificatdlon in the lake.
A significant drop in the air temperature during the night would
be expected to cool the lake water and reduce thermal stability,
thus allowing complete or parxtial mixing. Helack and Kilham
(1974) have related alr temperature and wind velocity to show
the dmportance of nocturnal cooling and wind as mixing agents in
Lake Nakuru, an alkaline and saline Jlake In XKenvya. HNo seasonal
pattern could be seen in the wind movement around Awasa and it
was generally calm Iin the e¢arly mornings, and varded between O
and 6 m sl during the rest of the day and night. However, wind
effect may be an important factor in the mixing process observed

in the lake.

Though the air temperature contlnued to be high during the day,
the difference in maximum and minimum air temperature stavted to
decrease in late January (Table 2}, This corresponds to the
stable thermal stratificatlion phase observed in the lake during
January to HMay. Complete mixing 1In June was induced by a

decrease in solar radiation input, as deduced from alr tempera-
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Table 2., Honthly averapes of maximum and minimum air
temperature, and the monthly rainfall in Awassa,.
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TEMPERATURE (°C)

MONTH =~ = ee e mmmm e RAINFALL
Maximum Minimum Maximum-=mininum (mm)
September ‘85  24.6  12.7 1.9 115
Cetober 26.2 10.5 ‘ 15.7 50
Novemberx 27.6 8.8 13.8 13
RDecember 28.1 7.8 20.3 B
January ‘856 25.8 7.5 21.3 0
February 29.4 i1.2 18,2 35
Harch 28.9 i0.5. 18.4 70
April 26.3 14.8 11.5 112
May ' 26,5 13.7 12.8 167
June 23.¢ 14 .4 §.S 193

July 23.5 13.5 10.0 12
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ture, and influx of cool railn and high rainfall much as Talling
(196%) has shown for other African lakes. The highest amount of
rainfall in the reglon ocecurred in May and June (Table 2) with
the maximum alrx temperature golng down to its lowest wvalue for

the sampling period.

Based on measurements taken in Lake Awasa 1an February, March,
and June, Baxter et al. (19653) have observed that deep thermal
stratification was rudimentary during February and Ju&e, but
well marked in March, with thermal discontinuity betwesn 5 and
12 m., Complete or almost complete mixing of the lake was

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

The seasonal pattern of rthermal stratification observed in Lake
Awasa Ils similar to that described by Talling (1966) for a much
larger lake in Africa, Lake Victoria (Tigure la)}, He desecribed
three phases - a phase with an absence of strong thermal
discontiauilty from September te Decemberx, a second phase of
stable strartification from January to May, and a third phase of

feeble development of stratification between June and August.,

Depth profiles of dissolved oxygen follow the thermal stratil-
fication pattern (Figures 2 and 3) with a sharp decrease of
oxygen concentration about the region of the metalimnion.
Buring the stratification perilod, the oxygen concentratlon above
the metallmunion varied from about 4 to 10 mg 171 yich a maximum
value of 10.4 mg 11 in January. This maximum corresponded to
the high chlorophyll and phyteplankton volume measured for that
day (Figure 7). During the mixing period, there was an almost
unliform distributioﬁ of oxygen throughout the water column with
concentrations vanging from about 5 to 7 mg 1-1, A slight
decrease of concentraicion was found in the surface water on many
of the sampling dates, c¢xcept in December, June and July when
the lake was more or less mixing. This decrease can be aeccount-

ad to high surface temperatures and possibly radiation whilch by
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heating would decrecase the solubility of oxygen and/or induce

inhibiltion of photosynthesis.

An anoxic layer of water was present below 13 m in October and
November. This was followed by a more or less uniform oxygen
distribution in Vecember with values of 4.6 to 6.3 mg 171, In
the second phase of therwmal stratification, the anoxic depth
oscilliated between 11 and 13 wm. Baxter et al. (1965) have
reported a deoxygenated layer of water in Lake Awasa below about
10 m in their HMarch sample. The depletion of oxygen in the
hypolimnetic water veflects 1its consumptlon by decomposition of
organic matter, and respiration of organisms 4dn deeper waters.
In the absence of freely clreculating water, there 1s no re-
plenishment of oxygen from the trophogenic zone; hence the

ancxic layerx can pexsist throughout the stratification period.

In all cases of stratificatlon during the sampling period, the
metalimnion was below 5 m, and the oxygen distribution in the

=

upper 0-5 m of water was more or Jless uniform. This, and the
fact that the cuphotic depth was less than 3 m (Table 3), made
it possible te conslder the 0=-5 m water column as a repro-
sentative unit of the trophogenic zone. Thus, for all determin-
ations In thils study, water samples taken from different depths
in this column were elther integrated and analyzed, or aunalyzed
and the valucs averaged by making appropriate correctlons for

differences in depth,

UNDERWATER LIGHT PENEERATION

The seasonal variatlion of underwater lipght penetration expressed
by the vertical extinction coefficient (Ev) has been determined
for blue, green, and red light at wavelengths of around 460, 540
and 639 ‘nm respeciklvely (Table 33, The same pattern of light
extinetion was seen throughout the sampling perlod with the
lowest extineticn in the red and the higheste 1in the blue

spectral reglons (Figure 4)., Since 1light penetration 1s the
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reciprocal of extinction, red light penctrates the furthest and

blue light 1s rapidly attenuated in Lake Awasa.

This spectral pattern of light extinction, reported ecarvlier for
Lake Awasa (Kifle, 1983), has been found to be typleal of lakes
with very turbid or colored waters, or dense crops of phyto-
plankton (Sakamoto and Hogetsu,1%63; Ganf, 1974; Melack and
Kilham, 1974; Bowling et al.,,198&). Talling et al, (1973) have
desexribed the same pattern for lakes Aranguade and Kilole, two
crater soda lakes in Ethiopla with very dense populations of

blue~-green algae.

Absorptlion of 1ight by particulate suspensolds - plankton,
organic and inorganic partlecles, detritus - in turbld waters is
quite significant, particularly at lower wavelengths of the
visible spectrum {(Wetzel, 1933). Phytoplankton pigments,
including carotenoids, phycoeyanin, phycoerythrin and chloro-
phyll, contribute to tho afttenuvation of light in the blue, green
and red spectral reglons (Morris, 1980; Leynolds, 1934). A
pronounced decline was seen in the extinction of blue as well as
green and red light during the stable thermal stratificatlon
phase of this study. This may be due to decreasing amount of
suspended matter In the uwupper column of water. Paritlculate
makter sinking to the bottom can not come back into circulation
in the presence of thermal and therefore density gradient. This
was also a perlod of relative decrease in chlorophyll a and

phytoplankton volume (Figure 7).

Euphotie depth (Zeu) , the depth at which 1% of the irradiance
penetrating the surface water is found, was determined from
total light extinction (described in methbds}. This was
comparad with the approximatlion 0f Zeu calculated from-the
equation : Zeu = 3.7/Evain (Talling, 1%65), Ev min being the
extinction coefficlent of the most penetrating light, dn this

case red. The values from the two determinations were found to
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correspond well (Table 3). The annual mean Zeu was about 2 m
with the highest values (2.55% to 3.00 m) occurring during the
stable thermal stratificaticn phasc and the lowest values (1.60
to 2,20 m) during the mixed and unstable thermal stratification

phases,

Measurements of Secechil disc transparency, Zgp (Table 3), showed
relatively close agreement with Secchi depth approximation by
the Poole-Atkins equation : Zgp = 1.7/Ev . There was one
exception in Mafch, where Zgp measured was much lower than the
caleulared value, which was possibly due to a subjective error

iIn Secchi disc readilng.

The mean euphotic depth for the sampling period, as determined
by the 'total light extinctlon (Zeu Det.), and as approximated by
the minimum extinction cocfficient (Zeu Cal.,) was 2,12 m and
2,01 m respectively. Dividing these values by the mean Seccchi
depth value (0.70 m) glves factors of 3.03 and 2,87, Taking an
average of 3 as a factor and wmultiplylng with Individual Secchi
depth readlings, gives an approximation of Zeu. These approxi-
mated values deviated from values of Zeu (cal.) and Zeu (det.)
by about + 0.4 m. Hifle (1985) found a mean Zeu of 2.34 m and a
mean Zgp of 0.77 n for Lake Awasa. He also determined a factor
of 3 to multiply with Secehi depth readings thus approximating
the dcpth of euphotic zone. These valucs agree well with the
present work, and 1t Is suggested here that in future work this
factor can be used as an approximation of the euphotic depth in

Lake Awasa.

Talling (1971) has described three principal components deter-
inining the effective underwater Jlight field for a clrculating
cell ¢ 1. The tiwme course of surface irradiance, 2. The relative
penetration of radiant energy with depth, and 3. The proportion
of 1lluminated and "dark" water Iin the mixed water column.

Duration of surface irradiance arcund the equator is relatively




Table 3,

14/9/85
10/10/85
07/11/85
12/12/85
31/1/86
27/2/86
21/3/86
17/4/86
16/5/86
20/6/86
10/7/86

31/7/8%

Ev Total
Zeu Det

Zeu Cal

S DNet
SD  Cal
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iptical relationshiss of extinction covefficlent,
euphotic aund bSecchi depth in Lake Awassa,

Ev (ln unlts m l) Zeu (m) 8§D (m)

" Rlue Green fGed  Total  ver  cal et  Cal
- - - - - - 0.70 =
3.30 3.00 2.20 2.70 1.68 1.68 0.68 0.63
3.42 3.23 2.33  2.88 1.60 1.59  0.65 0.60
3.38  2.53 2.53  2.73 1.70  1.46  0.62 0.62
- - - - - - 0.72 -
3.17 2,55 2.29 2,60 1.77 1.62  0.68 0,65
2.28 1.75 1.47  1.74 2.65 2.52  0.64 0.98
1.95 1.50 1.33  1.53 3.00 2.78 0.80 1.11
2.24 1,99 1.49  1.83 2,55 2.48 0.71 0.93
2,45 2,25 1.74  2.11 2,20 2,13 0.70 0.80
3,31 2.46 2.03  2.43 1.90 1.82  0.74 0.70
2,83 2.36 1.93  2.28 2.12 2.01 0.70 0.78

it

30%Z blue + 35% pgreen + 35% red

Fuphotic depth deterxrmined from total lipght
penetration as the depth of 1% surface irradiance
Euphotic¢ depth calculated from the relation
Zeu=3,7/Bvmin

Secechi depth determined with Secchi disc

Secchi depth calculated from the relation
Ev=1,7/%qp with Ev=Ev Total

Hl

It

I3
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constant with about 12 hours of daylipht, and this factor does
not play such an fwmportant rolc Iin the tropics as 1t does in
temperate lakes. The relative penctration of radiant energy,
which denotes the euphotic depth, is of much more importance in
determining phytoplankton physiology and production, parci-
cularly in relation to the proporticn of 4{lluminated (euphotic
zone) to "dark" zone. The proportion will increase in a mixing
water column, thus dncreasing the relative time spent in

darkness by the algal cells.

The ratio of mixed depth to euphotic depth (Zmiz/Zeu) defined as
the optical depth, 1s a limiting factor in phytoplankton
productlon when it exceeds a critical value (Talling, 1971).
Some authors have glven a critical value of & to 5 (S8trickland,
19655 Wood et al., 1978) above which light limitation Iis
expected to prevall., In Lake Awasa, the mean euphotic depth was
about 2 m giving a ratio of 5.5 during the mixing and unstable
thermal stratification periods (i.c. assuming the mean depth to
be an estimate of Zmix (Wood ot al., 1978). The ratio would be
even higher (7.5) taking the mixed depth of 15 m during June and
July (Figure 3a}. This would suggest that phyvtoplankton
production can be light Ximited during the mixing periods. The
optical depth would be much less than 5.5 during the stable
stratification period and hence light limitation would be
minimal, Talling has found limiting optical depths in highly
productive lakes such as Lake Kilele (Talling et al., 1973), and
in deep lakes durxing isothermal mixivng such as Uindermere North
BasIln, United Kingdom (Tallling, 1971),. This has also been
reported for lakes Shalla (a deep lake), Abijata and Langano
(with high awmount of particulate suspensoids) in mixing perlods

(Wood et al., 1978).

Dense populations of phytoplankton absorbing underwater light
are said ta be "self-shaded". As a measure of thelr contribution

to light extinction, an extinction value =Es- has been deter-
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mined to be between 0,01-0.02 In units per mg chl a m~?¢ for
several natural populations (Talling, 1%65,1971; Ganf,1974a;
keynolds, 1984). Assuming an Es value of 0.015, the extinction
of 1dght due té algal biomass, with chlorophyll as an index, in
the euphotic zone of Lake Awasa, varied between 0,69 and 1.56
with an average of 1.29 1In units m- 1, The mean perxcentage of
light extinction due to algal blomass was 57%Z. which is much
higher than was found for other RLIft Valley lakes 1in Ethiopia.
Wood et al. (1978) have found values of 3%, 4 %, 6% and 22% in
lakes Zwai, Langano, Shalla zand Abijata respectively. Howeverxr,
recent measurements of chlorophyll a in lakes Zwal, Abijata and
Shalla (Belay and Wood, 1984) show much higher values in the
euphotic zone¢e, which would ¢dve a higher percentage of light

cxtinction due to algal biomass,

Self-shading behavior varics with algal size and pigment compo-
sition, A cornsiderable dccreasce below '"normal' was found in the
Es value of dense populations of Ceratium by Talling (1971). He
accounted thls decrease to the Ysieve effect"™ ~ dneffective
light interception by some of the cell pilgment in large colls.
Reynolds {(1984) has pointed cut that Es decreases as unit volume
of phytoplankton 3dncreases above about 250 um3. Colonies of

Botryoecoccus braunii and Microcystis specles exceeding this

volume make up a considerable propeoertion of the total phyto-
planktonr in Lake Awasa (Figure 6). This would impart the "sieve
effeet! mentioned above and would be expeeted tos underestimate
Es. Conversely, Es 1s higher in blue-green algae, containing
phycobillins, than in green algae (Kirk, 1975}, Blue—green
alpae making up a major proportion of the phytoplankton in Lake
Awasa (Figure 7) would be expected to dncrease the Es value. 1In
general, it 1is evident that the attenuation of light by phytdw
plankton can be significant in determining the underwater light

climate of Lake Awasa.
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CHEMICAL FEATURES

The results of choemical determinatlons in Lake Awasa are presen-
tad In Figure 5. Alkalinity anzlysis and pH measurements were
done only for the surface water. Soluble reactive phosphate and
nitrate analysis included depth samples from G;1,5,10 and 15 m,
but the results did not show a marked difference with depth,
Hence only the mean concentration of the upper 0-5 m waterx
column 1s presented {(Flgure 5) as a represcntative value for the
trophogenic zone. The same is ftrue for electrical conductivity

measurements.

Carbonate aund bicarbonate are the predominant anions 1n the
lake, with sodium as the major cation (Talliang and Talling,
1965; Kifle, 198%). This 1s a typical feature of many lakes in
Afrieca, particularly the lakes found din and associated with the
Last Africaﬁ Rifr (Talling and Talling, 19065; Prosser et al.,
1968). Carbonate~bicarbonate alkalinity in Lake Awassa showed
seagsonal variations ranging between 7.33 and 10.52 megq l“l, with
the maximum in Januvary aud the minimum in late July. High
alkalinlty values 1in Januaxry may be associated with high
evaporation rates dﬁrlng the dry secason which would concentrate
the fons, January was the drlest period of the year (Figure 5)
with a very high lake surface temperature (Flgure 2). The
inecrease can aiso be due to an increcase in photosynthctie
actdvity of phytoplankton, which had s populatiunm peak in
January. The concentration of dissolved oxygen was also high
duridng this perilod (Figure 3b), a possible consequence of high
photosynthetic activity,

Electrical conductivity (Kpg) was between 730 and 825 umhos em™ 1
with most of the values being about 100 rtimes the alkalinity in
meq -1, Talling and Talling (1965) found this relatfonship
between conductdvity and alkalindty to be true for most lakes 1n

Bast: Africa. Variatlecns in conductivity were relatively small
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with an Increase in the dry and a decrease Jn the wet scasons
(Figure 5 ). The highest conductdvity measured was In the
driest wonth (January) when an Increase 1in the evaporatlion of
lake water resulted in concentration of the ions. A decrease in
rainfall coupled with high evaporatlion rate would concentrate
the fons, while fits increasce would dilute the ionie concen-
tration thus reducing the conductivity, On the other hand, the
ionie dinput from rainfall and the dralnage area may contribute
to Increased conductivity. This latter effect was seen in the

July sample (Figure 5).

Lake Awasa belongs to the Class IT Jlakes of Talling and Talling
(1965) which includes lakes with conductivity between 600 and
6000 umhos cm“l, and alkalinity between 6 and 60 wmeq -1, its
conductivity 1s c¢lose to the wvalues glven by the same authors
for lakes Tanganyika, Albert and Edward dn the Eastern RIft
system, and lakes Abaya and Chamo in Ethiopia. The pH of the
surface water varfled between 8.3 and 9.0 with slightly decrea-

sing values from January to April.

Phosphate-phosphorus concentration varied between 22 and 45 ug
1=1 ¥With peaks in December and July (Figure 5). The first peak
can be associated with the complete mixing in fthe lake whereby
an accunulation of phosphate in the bhypolimnion released from
decaying organisms could have beea brought into clreculation, No
marked increase of phosphate was found in the hypolimnion during
the stable stratiflcation periocd, but it is possible that
accumulation takes place deeper in the lake, 1.e, below 15 mn.
The decrease of phosphate in January and June, following the
mixing periods,; may be attributed to lts donsumption by the

increasing population of phytoplankton (Figure 7).

The second peak in July ds associated with the rainfall, which
was at 1its maxiwum for the sampling period, and hence an

increased nutrient loading from the drainage area, FPhyto-
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plankton assimilation of phosphate c¢ould again be a possible
cause for the shavp decline found at the end of the month, its
incorporation by phytoplankton and bacteria can cause a very
raplid depletion of avalilable phosphate (Wetzel, 1983). Another
possible cause 1s the decrease in the release of phosphate from
the sediments in the presence of oxygen. The lake was rcowmple-
tely mixed from June to the end of July during which time
dissolved oxygen at 15 m increased from 4.2 mg 1-1 to 5.2 mg 17
1, Though there was no measurement for the sediment surface, it
scems highly probable there was oxygenated deeper wvater affect-
ing phosphate release from the sediments. Wood et al., (1984)
have found the lowest phosphate concentration in the group of
Debre Zeidt lakes (Figure la) to ocecur during, or at the end of,

their mixing periods.

High phosphate concentrations have heen reported for many
African lakes (Talling and Talling, 1965; VFrosser et al., 1968;
Talling et al,, 1973: Melack, 1978; Wood et al., 1984) as
opposed to their low nitrate content (Talling and Talling, 1965;
Prosser et al., 1%63). In the previous scasonal work on Lake
Awvasa (Kifle, 1985}, soluble reactive phosphate was found to

I.

vary between 5 and 45 ug 11,

Mitrafte analysis was made from January to the end of July,
during which time the concentration 1lncreased sradually (Filgure
5). In most cases the values werc low, varying between 7 and 20
ug 1l At the end of July a pronounced increase occurred 1in
the surface waters with conecentrations of above 100 ug 1t
This could be due to the high rainfall and nutrient loading from
the drainage area at the time, Some amount might also be
attributed to nitrogen fixation by the blue-green alga Anabae—

nopsis raciborskli which had a major biomass peak in July with

relatively high concentration In the surface waters (Flgure 6).

In Lake Victorda, a population maximum of Anabacua flos-aguae,

which occurxred in a slight-stratification period, was assoclated
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with hlgh concentrations of nitrate in the lake (Falling, 1966),
Unfortunately there is no biomass data for the other niltrogen-

fixing algae in Lake Awasa.

Wood et al. (1984) have shown for the Debre Zeilt lakes in
Ethiopia that ammonium is the predominant form of nitrogen, and
nltrate is in low concentrations, Ammonia and ammonlum nitrogen
(NH3 + NHy,~N) values for Lake Awasa (Gebre Mardam, unpublished
data) showed that 1in March, 1986 there was a concentration of
about 5 times the nitrate-nitrogen Iin the upper 0-5 m of water,
and 10 and 25 times dn 10 and 15 m respeetively., This is an
indication of the high proportion of reduced to oxidized forms
of nitrogen in the lake, particularly in the deeper water during
the stratification period. Though there are no ammonium values
avallable for the rest of the sampling period, the increase of
nitrate In the trophogenic zone during July could have been due
to the oxidation of the reduced forms in the deeper water which
have been brought into cirxeculation. But the low nitrate
concentrations found in deeper oxygenated watexrs make this
reason unlikely, Kifle (1985), has reported nitrate concen-
trations of 25 to 165 png 1"l for Lake Awasa, which are rela-
tively higher than the values found in this study. This 1is
possibly due to the difference In the methods used for nitrate

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

No determinations were made in this study on total nitrogen and
phosphorus which would have given a much better plcture of the
status of the two nutrients in the lake. In the absence of this
information it 1is not possible to discuss the nitrogen to
phosphorus ratlo which plays an important role in phytoplankton
physlology. HNowever the nitrate to phosphate ratio was very low
during most of the sampling period {(Figure 5). The consequences
of this feature will be discussed later in relation to seasonal-

Ity of phyitoplankton.




SPECIES COMPOSITION

A total of 100 phytoplankton species were identified in fhe
samples collected over a vyear from the pelagiec zonc of Lake
Awasa (see Species List below). The qualitative composition of
the algal flora shows that the green algae have the highest
number of taxa wepresenting 487 of the total taxa of which 347
belong to the Chlorococcales group. Desmids constituted only Y%
of the total, which 14s e¢qual to the percentage composition of a

single genus of the Chlorxococcales, Scenedesmus, The Chloro-

phyta also contributed the highest number of taxa Iin all the
tropieal lakes compared by Kalff and Watson (1986). While
planktonic Chlorococcales are widely distrlibuted in waters of
differing alkalinity and salinity {(Wetzel, 1983), most specles
of desmlds avre characteristice of fresh waters low Iin total idons
(Talling and Talling, 1965; Wetzel, 1983). Reduced xepresenta-
tdon of desmids in the phytoplankton of Lake Awasa may be due to
the relatively high lonic concentration (Kyp 728-826 umho cnl)
and alkalindity (7.3-10.5 meq 171) of the lake. Talling and
Talling (1965) have reported that desmlds are numerous In the
Class 1 lakes (X0<600 umho cn™!) but uncommon in Class IL (Kaq
600~6000 pmho em™ 1 corresponding to an alkalinity of about 6-60
meq 11y African lakes. According to these authors, the upperx
I1imit of alkalinity st which an appreciable desmid plankton
exists was reached in Lake Malawi (Nyassa) (2.5 meq 171) and
this limit may be‘extended in most African lakes with a usually
high ratio of monovalent to divalent cations. Thus, though the -
alkalinity of Lake Awasa (7.3-10.5 meq 171) is higher than the
Yimit xeported, the ratio of monovalent to divalent catdons is
about 10:1 (Kifle, 1985) which can allow the oeccurrence of some

desmid population in the lake.

The blue-green alagae composed 30% of the jdentified taxa, with

Microcystls as the genus with the highest numbhex of taxa among

the group. Microeystls was also quantitatively the second most

Important genus Iin the lake, next te Lynghya. The blue-green
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alpae have a wide gcecographical distrlibution, even though there
Al

are some specles characteristic of higher or lower latitudes.

Examples are Oscillatoria species which seem morxe characteristic

of temperate zones, BSpirulina and Anabaenopsis specics which

occur more frequently at lower latitudes {(Gibson and Smith,
1982)., It 4s also true that planktonlc blue-green algae, e.g.

Miecrocystls species, are more commonly assoclated with eutrophie

lakes (Gibson and Smith, 1982) and usually alkaline waters
(Wetzel, 1883).

Identification of the dlatom flora, which consisted of only 11
taxa, was done mostly to the genus level. The list 1Ls rather
incomplete because it is likely that there are more than one
specles In the genera identified so far. Among the diatom
populations In Lake Awasa, Nitzschla and Melosira species
appeared to have an appreclable number, with the former being
more common., This may be related to the alkalinity of the lake,
a factor which Talling and Talling (1965) have considered as
important 1Iin determining the diatom communities of the African
lakes they compared. Thus, they have reported that speciles of
Melosixa are numcrous in most lakes of relatively low alkalinity
and salinity (Class I), and that species of Nitzschia are often
abundant in lakecs of intermediate alkalinity (Class 1I) to which
Lake Awésa belongs. Gasse et al, (1983) have {dentified the
diatom community of Lake Awasa as transitional between a
Melosira~-dominated and a HWitzschia-dominated diatom assemblage,

with a richer Nitzschia flora.

Cryptophyceae, Dinophyceae, Chrysophyceae, Luglenophyceae and
Tribophyceae contributed to only 11%Z of the taxa ddentifled from
the lake. Tdentification of species on preserved samples (5-16
months) did not allow much taxonomic work on flagellates whieh
has underestimated the number of taxa in these groups. The low
representation of chrysophytes and cryptophytes in Lake Awasa

can he related to the relatively productive nature of the lake.
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Some auvthors have reported that thoese Rroups are assaociated with
oldlgotrophic lakes (Hlecky and Kliing, 1981l; Kalff and Watson,
1936), Tewls {(1Y78a) has emphasized the importance of chryso-
phytes in temperate lakes reporting that the group 1s virtually
absent in the plankton of the lowland tropics, However, Hocky
and Kling (1981) have shown that It does not apply to Lake
Tanganyika where chrysophytes and cryptophytes make up 13%Z and
5% of the total taxa and 30% and 10% of the total biomass
respectively. They have also reported that the groups are eco-
dominants during periods of low biomass, and have associated the
occurrence of these groups with the oligotrophie nature of the
lake. This view has also been supported by Kalff and Watson
(1986) who have compared tropical and temperate Jlakes, and
dedueced that the relative I{mportance of chrysophytes is =&
function of the trophilie status of the lakes rather than of

latitude.

The total number of taxa found din Lake Awasa is comparable to
that reported for the tropleal lakes Tanganyilka (Hecky et al,,
1478), Najfvasha and Oloiden (Kalff and Watson, 1986) and the
subtroplcal lake Lanac (Lewis, 1978b) which had 103,143,94 and
70 tawxa respectively, There i1s also.a similarity with respect
to the relatlive contribution of the taxonomie groups to the
total number of taxa. They all have a dominance of green algae
(35-63%Z), followed by the blue-green algae (18-30%). Lake
George, a shallow equatorial lake, shows a different pilcture
with a total of 58 taxa (Ganf, 1974a) and a dominance of blue-

green algae (50%Z) followed by green algae (31%Z).
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SPECIES LIST

CYANOPHYTA, blue-green algae

Nostocophyceae (=Cyanophycecae)
Aphanotheece microspora (Men.) Ebh.
A+ 8P
Chrooecoccus limneticus Lenm.
C., minutus (Kutz.) Nag,
C. turgidus (Kutz.) Hag.
C. sp.
Coclosphaerium minutissimum Lemm.
Eucapsils alpina Clem. and Schantz
Merismopedia glauca (Ehr.) Nag.
M. puncetata Meyen
M. tenulssima Lenm,
Microcystis aeruginosa (Kutz.) Kutz.
M. delicatissima (W. and G.S.West) Starm.
M. elachista (W.,and G.S.West) Starm,
M., elachista f. planctonica (G.M.Swm.) Starm.
M. wesenbergli (Kom.) Starm.
Synechococcus elcgans (Wolosz.) Kom.
Anabaenopsis vaeibeorskild Wolosz.
A. tanganyilkae (G.S,West) Wolosz. and Miller
Anhanizomencen aphanizomenoides (Forti) Horecka and Kom.
A, flos-aquae f. gracile (Lemm.) Elenk
Lyngbya hieronymusii Lemm.
L. nyassae Schmidle
Oscillatoria bornetii (Zukal) Forti
0, Lacustris (Kleb.,) Geltl.
0. tenuis C.A.Ag.
0. sp.
Pseudanabaena mucicola (Hub.npeétalq and Naum.) Schwabe
Spirulina laxissima G.S5.Uest

S. sp.




CHROMOVHYTA
Cryprtophycecae, cryptomonads
Cryptomonas spo.
Dinophyceae, dinoflapgellates
Cymnodinium sp,
Peridinium inconspdcuum Lemm.
Chrysophyceae, golden algae
Mallemonas sp.
Spinifercmonas su,
Chrysococcus sh.
Diatomophyceae, diatoms
Melosira distans (Ehr.) Kutz,
M. nayassensis v. vietoriae O.,Mull,
Stephanodiscus sp.
Achnanthes sp.
Cymbella syp.
Eunoitdia zasuminensis (Cab.) Korn.
Fragilaria sp.
Navicula sp.
Niceschia sp.
Surirella sp.
Synedra ulna v. amphirhynchus (E.) Grun.
Tribophyceae, yellow—green algae
Gonlochlordis fallax Fotit
Tetraedriella regularis (Kiutz.) Fott

CHLOROYHYTA

Euglenophyceace, euglenoids
Phacus longicauda (Ehr.) Duji.
Trachelomonas gpp.

Chlorophyceae;, green algac
Astrephomene jubernaculifera FPocock
Chiamydomonas sp.
Eudorina elesans Eﬁr.

Gonium pectorale O0.F . Hull,




Pandorina morum (O.F.Mull.) hory
Actinastrum sp.

Ankistrodesmus hernardii Kom.
Bottryocoecus braunil Katz,

Coelastrum astroideum De-Not.
Cruclgenia quadrata Morr. -

C. tetrapedia {(XKixchn.) W. and G.5.West
Crueclgeniella negplecta (Fott and Ettl) Kom.
Dictyosphaerium ehrenbergianum Nag.

D. pulchellum Wood

Golenkinia paucispina W, and G.S.VWest
Kirchnerdella aperta Tedll,

Lagerheimia subsalsa Lemm.

Ooecystls marssonid Lemm,

O, parva W. and G.S.West

Pediastrum boryanum v. brevicone A.HBr,
P. boryanum (Turp.) Menepgh. v. boryanum
Y. duplex Meyen v. duplex

P. tetras {(Ehrenb.) HRalfs

.Quadricoccus verrucosus fFott
Scenedesmus acuminatus (Lagerb.) Chod.
5. acutiformis Schrod. v, acutiformis
5. caudato—~aculeoclatus Chod.

$. dimerphus (Turp.) Kitz.

8. disciformis f. disciformis (Chod.) Fott and
. gutwingkii v. heterospina Bodrogpk.

. microspina Chod.

S. obliquus (Tuxp.) Kitz.

. quadricauda (Tuxrp.) Brebh.
Schroederia setigera (Schrode)‘Lemm.
Selenastrum bibraianum Heinsch
Tetradesmus wisconslinensis G.M.Smith
Tetraedron caudatum (Corda) Hansg.

T, minimum (A.Br.) Hansg.

T. triangulare Kors,

Kom.

40
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Tetrastrum glabrum (Boll) Ahlstr.and TLff,
Dicalcon nordstedtii Klob,

Closterium acutum v, varlabile {(Lemm.) Krieg.
C, moniliferum v, moniliferum

Cosmarium capense v, nyassae

C. contractum v. minutum West

C. wembaerense Schmidle

Cs 8D

Buastrum Turnerd v, simplex Forster
Staurastrum bhrachioprominens

5. tetracerum {(Kutz.) Ralfs

Table 4. TPhytoplankton species counted in the study,

and theilr unit size.

SPECIES Length Breadth Height Diam Vol
(um) (um) (um)  (um) (um?)
Anabaenopsis raciborskii 1.8
Lyngbya nyassace ' 1.3
Merismopedla punctata 3.0 . la
Microcystis aeruginosa , 4.3 48
M, clachista 1.3 3
M. elachista Ff. planctonica 3.0 4
M. wesenbergld beh 48
Splrulina laxissima 0.8
5. sp. 0.8
Synechococcus elegans 1.0
Botryococcus brauniil 142
Docystis parva 5.5 2.5 18
0. marssonii 8.0 4,5 85

Tetraedron minimum 4.6 4.6 2.3 49
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PHYTOPLANKTON BIOMASS

Scasonal varilation of phytoplankton specles - The phytaplanktoen
of Lake Awasa was characterxrized by a large varilety of speciles,
with a frequent dominance of cocenid and filamentous blue-green

algae, and colonies o¢f Botryococecus braunii. A preliminary

obsexrvation of some sawmples showed a common ocecurrence o0f some

diatoms 1Including Helcosira nyassensis, Surirella and Navicula

specles, green algae Including Scencdesmus specilies and Cosmarium

enntractum, and the dinoflagellate Peridinium incomsplcuum.
Though thelr number was sufficlent for a proper cocunt, they
comprised only about 10% of the total phytoplankton volume, and
were not considered for further counk. The 14 specles counted in
this study 1include 10 blue-green and 4 2zreen algae {(Table 4),
and thelr seasonal distribution pattern is {Lllustrated In Figure
6, where the taxa have been presented in order of their relative

contribution to the total phytoplankton biomass,

Blue=-Green Algae -~ The pupulation of blue=green algae was

relatively low durxing September-November. Microcystis species,

Anabaenopsis raciborskii and Synechecceceus elegans showed an

increasce during the mixing period in December. Lyngbya nyassae

and Spilrulina specles, on the other hand, showed a decline cof
population in Dacember followed by a slight inercase 1in January,
All phytoplankton species showed an increase of populatien in

May. The peak was most pronounced in Lyngbya, Microcystis,

Spirulina and Synechococecus species. This population maximum

seceurred when the lake was 1in the process of destratifying
(Figuxes 2 and 3) which involves resuspension of plankton as
well as nutrient replenishment in the wafter column, followed by

fast utilization by the growlng population.

Amony the major phytoplankters of Lake Avasa, the individual

speciles with the highest biomass was Lyngbya nyassae, a filamen-

tous alga with very narrow trichomes (ca 1.3 um). Except on a
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few occasloens, ineluding the Botrycecoeccus peak 1In January,

Lyngbya nyassae had the hi:hest percentage biomasss composition

throupghout the sawplins period. Its population showed distinct
seasonal variation with relatively low blomass during September
to Deecember followed by a small peak in January and a majoxr peak
in May. Both peaks may be assnaciated with nutrxient availabllity
(Flzure 5) since the former occurred after complete mixding in
December and the latter when the lake was in the process of

destratifying (Figure 3).

The vertical distribution of Lyngbya was found to be varxiabdble,
with the highest density usually cccurring 4n the troephogenlic
ZONe. Stratification was more pronounced, with higher biomass,
during the thermal stratification pexiod. Upon complete mixing
in June there was rediétribution of the population with a
decrease In the surface waters and an idncrease in the deeper
waters. Redistribution coupled with depletion of available
nutrients idn the water column could have caused the population

fall in the trxophopgenic zone,

Reynolds et al. (1983) have found a dominance of Lyngbya
limnetica in a stably stratified troplcal lake, Lake Carioca.
They believe thedr observation to be the filrst time anywhere
that a specles of Lyngbya was the dominant crganism. The
pruesent study also, reveals that anothexr speclies of Lyngbya was
the dominant phytoplankter in lake Awasa.

]

Microcystds specles (M., elachista, M. aeruginosa, M. elachista

f. planctonica, M. wesenbergili) shpwed a very similar distri-

bution pattern; hcence thelr total volume is presented in TFigure

6 as HMicrocystis spp. Fluctuations of Mlicrocystis population did

not show a marked seasonality and appeared to be random.
However, thure was a relatively low density from September to
Hovembexr and January to April, both pricr to mixdinyg condltions

in the lake. Their biomass over the whoele lake column was
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relatively hich din December and May when the lake was in an
almost isothermal conditlon and at the start of thermocline
breakdown rvespectively. This pepulation idncreasce could be
causecd by resuspension of colonies located in the sediments in
the stable periods, TIn Lake Victorda, Talling (1966) found that

seasonal fluctuations in the numbers of Microcystils wesenberpil

were not pronounced, but showed a small increase upon loss of
stratification. In his qualitative observatlions, he has also
found an appreciable dnerecase In the numbexr of ancther Micro-
cystils species at the same time »f mixing. Keynolds and Ropers

(1976) have shown fer temperate lakes that Microcystis coloniles

pass the winter months on the bettom muds and migrate up to the
epilimnicn In the summer. Ganf (1974 a) has also shown 1in a

tropical lake {Lake George) that large numbers of Microcystis

colonies reside within the lake sediments in calm conditions and
are broupht back dnto circulation by turbulence. The fluc-

tuation of the Microeystils population observed in Lake Awasa may

be due tn this phenomenon. In Lake George, a shallow, troplcal
lake with a diurnal stratification cycle, Ganf (1974 a) has

reported two dominant Miecroecystis species with large but random

density fluctuationuos which he suzgested were due to changes from

calm to turbulent conditlons in the lake,

Next to Lynpbya and Microcystls species, Spirulina specles (S.

lanlssima and 8. sp.) werc the most imperktant blue-uzreen algae
in their contribution to the phytoplankton volume of Lake Awasa.
4 decline of their population from September to February was
followed by a marked increase from March to July, with the
highest values in May and late July. Their distribution with
depth showed wvariation with time. Distinect stratificatlicn of
the population was found during March to May with very low
density in the deeper waters, thus corresponding to the stable
thermal stratification period. Kelatively similar densities
were recorded dn the whole water c¢olumn during September to-

December. This pattern of stratificaticn 1in algal bilomass was
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4

more evident din Syncchrnencecus cleygans whieh s3lsce showed a

seascnal pattern similax fo Spirulina speciles,

No distinct pattern of seasnnalilty was found in the distribution

of Anabacnopsis raciborskli exeept for the proncunced increase

of population in the surface waters in July, Samples in July
had unusually long trichomes of both the spiral and straight
forms of the algza which Indieates a growing populatdon pricr to
division. It appeared that 1t was the volume rather than the
number of individuai trichomes that resulted dn the blomass

increase.

Fluctuations in Merxdsmopedla puncrtata were firregular with a

relatively low population Jduring September to Decembexr, and a
peak in January. Stratification of this phytoplankton speciles
was evident during Jsnuavy o May with almost no cells at 15 m

during February to May.

Among the blue=green algae counted, distinct seascnal mindima
(February) and maxima (May) wvere found only din the filamentous

specles - Lyngbya nyassae, Synechoenceus elegans and Spirulina

species. Anabaenopsis raciborskil, and the coecoid enlonies of

Mexrismopedia punctata and Microcystils specles showed fluctua-

tlions with relatively hipgher populacions at times, but no
deiinlite minima were obvicus during this work. Differences
could arxdse from ddfferences In thedr nutritional requirements,
as well as bunyancy regulation mechanisms which can be important
in the effilcient utilization of available nutrients. Hart and
Haxt (1977) have reported a similar behavior {n Lake Sibaya,
where fthree filamentous specles of blue-preen algae showed
populaticon maxima and minima alwmust concurrently while other
colonial blue-preen algae, diatoms and desmids shewed a differ-
ent picture. They report thils as an indication that the
envirenmental requirements of all three blue-nreens were very

similar, Selective praziong by coplankton can alsou be one
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posslble cause for differences in seascnal hehavior between
phykoplankton specles of different morpholenlecal features

(Wetzel, 1983).

Green Algae =~ The four species ceounted in this study lunclude

Tetraedrun minimum, Oocystis parva, O.marssonii and Botryococcus

braunii with the latter beinsg

&

the mest important in contributing
te the phyteplankton biomass of the lake (Fiszure 6). Botryo-

coccus braunii showed a distinct seasonal pattern’ with a

consplecuous peak in Januvary Iin the surface waters. During the
unstable stratification pericd (September to November) and the
mixing period (December, and June & July), it had low biomass
and very similar values at all depths. The peak in January was
follaowed by gpenerally decreasine values up to the end of the
sampling pericd 4dn July, Stratification of the plankton was
distinct during the stratification peried (January to May) with
lower values in deep water. In the absence of fturbulence

RBotryneoccus ecolonfes, which have a high 1lipid content, can be

buoyant and concentrate in the surface waters, Brown masses of
these colonles are uwsually scen on the lake surface sometimes
forming streaks at places, Pooling samples from 0-5 m for
counting reduces the exxors dn biomass ¢stimation whieh would
have been cuvnsiderable due to horizontal vardations on the
surface with slipht wind movement,

1

The pepulation maxima in Botryococecus occurred in the driest

perlod, and when alkallnilty, conductivity (Figure 5) and surface
temperatures were the highest for the sampiling period, A
similar behavior was also ruported for Lake Turkana {(Harbott,

1982) where Botryococcus braunii is one of the dominant alpae in

the open water, It showed a dominance when the lake level was
at a scasconal mninimum. The alga has heen reported to live and
grow successfully under an extrcemely wide range of physical
conditions In natural waters (Nelcher, 1968). With the osnset of

stratification fellowing periods of wmixing, phytoplankton with
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efficient buoyancy moechanisms can makoe better use of the
nutrients {Figurc 5) and 1light available In the surfacce waters,
although posditive buoyancy is not neccessarlly of a selective
advantage to the plankton since 1t exposes the cells to strong

light at the surface. However, the huoyancy of llotryoenccus

colonies, coupled with thelr carotencld plegmentration which has a
screening effect from hizh 1light intensitles found at the
surface, can make them more ccompetitive with the other specles,

~

thus enhancing thelr zrowth Iin the surfacce waters,

Cocystls and Tetraedron specles were present ia low concen=
trations and showed small wvaviatlions dn time with no distinct
pattern, Thelir wvertical distribution whiech also showed slight
variatlons at times was almpst uniform during the aixing periced
in June and July. Thie was also true In December when thelr
biomass values werce similarly low at all depths. Concentrations
at 15 m were gpenerally low for both Oocystis and Tetraedron
species. Most of the drregular fluctuations of their populaticn

with time may be attributed to redistribution din fhe watler

column due to turbulence.

Seasonal variatlon of phytoplankton pigment = The distributiocn
of chlorophyll a in the whole water column 1s presented in
Figurc Ta. The econcentratisn varied seasonally with relatively
high values (41-58 uy 171y from September be January., This was
followed by decreasing values during February-May which cuin-
cides with the stratification period. There was an increase
from June to the end of July whlch corresponds to the wmixing
period in the lake. The lowest chlorephyll values for the whole
water column (23 ng 171) were measured in March. This is about
2% of the highest chlorophyll value (55 uj 1“1) measured in
January. This maximum ovccurred at the osnset »f stratcification
following the mixing 1n December, whleh had likely raised the
phosphate concentraticn te its hichest value for the sampling

period (Figure 5).
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The mean chlorophyll a concentrati-n for the trophogenlc zone
(0~5 m) of Lake Awasa was 43 ur 1"l which 4s much hijpzher than
concentraticns in lakes Langano (7 ug 17!) and Shalla (6 upg 17
1), Ethiopia (Belay and Wood, 1984), and Lake Victoria which has
1.2=5.5 ngz w3 (Tallinz, 1966) and Tanpanyika which has a mean
of 1.2 my w3 (Hecky and Klinz, 1981). The alpal erop in Lake
Awvasa 1s comparable t- lakes Abijata (6S'ug 171y and zZwai (91 ﬁg
171y in Ethilopia (Belay and Wood, 1984), and lakes Nalvasha and
Oloiden in Kenya whiech had seasonal means ~f 27 ug 171 and 23 ug

171 respectively (Xalff and Watson, 1986).

The ratio of carotenoid t- chlorephyll a was calculated by
comparing absorption of pilument extracts at 480 am and 565 nm
representing the absoxrption peaks of ecarotenoids and chlorophyll
respectively (Talling, 1966}, The ratis which varled between
2,00-4.76 (Filgure Be) 1s relatively hicher than the values given
for Lake Victoria (Talling, 1966) and Lake Sibaya (Hart and

Hart, 1%77). This high ratic may be attributed to Batxryocoaccus

brauniid which was one of the dominant phytoplanktexrs in Lake

Awasa, Botryococcus 1s known to have hipsh amount of carcotenoid,

particularly fJ-carctene, which gives the ecolony lts red color
(Belicher, 1968)., This author has also reported an accumulation
of carcotcemnoids in the alga with apeing, high temperatures and
high light Intensities, and during nitrate and phosphate
starvation, Considering the generally high temperatures and
Jight intensity din the ftroples, 1t is likely that colonies of

Botryococcus in Lake Awasa will tend to accumulate cavotenolids,

thus increasing the carctenoid:chlorophyll ratio, Carntenoids
are believed to have a protective role against inhibiting light

intensities (Erinsky, 1966, cited by Belay, 1974).
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Enhancement of earvtenold synthesls with rising carctenold too
chloruphyll ratinsg alse oceurs in surface phytoplankiton such as

Microcystis aeruginousa, a positively buoyant alpga. VPaerl et al,

{(1983) have observed enhancement of cavctenoid synthesis din

buoyant populations of Micrccecystis aeruginosa and have aseribed

this as an adaptaticn to withstand the harmful effects of
ultraviolet radlatinn. Being one of the major species In Lake

Avasa, Microeystls speeles may also be contridbating to the high

carotennldichlorophyl) ratins found dn the lake.

The ratlo of carotenoid t£5 chlorophyll showed some variatlion in
time with relatdvely higher wvalues during February to May.

During Januvary to April, Botryococcus braunii had a higher

percentage cumpusiticon in the phytoplankton (20-40%) which wmay
also account for the bhigh carotennld concentration. The
puopulation maximum for the alga was in January, and agceing
colonles {in the following wmoenths may alse countrdibute to high
carotencid concentration im the pilgment c¢xiracts. The chloro-
phyll a values were also low during Fcehruary to May showing low

chlarophyll synthesis in the plankton cells.

In the surface waters (0-5 m) nitrate-nitrozen concentration was
only between 7 and 14 ug 1-1 during Januaxy to May, as opposed
to phosphate~phosphorus which varied between 23 and 45 ug 1-1
during the whole sampling perxricd (Figure 5). The ratlio of
nitrate to phosphate in the }lake water, which was very low most
of the time, probably signifies nitrogen deficiency In the cells
which may have resulted in a higher rate of synthesis of
carotenoids, and hence a hijher carcotenoldiehlorophyll ratio,
Nitrogén deflcicney has been implicated in hizh carotenoid
content of phytoplankton cells (Belchexr, 1968; Horcis, 1980),.
Yentseh and Vaecaro (1958, cited by Talling, 1966) have consi-
dered the nitrogen content ¢of marince phytoplanktaon to he an
important determinant of the carotenolidichlorcphyll ratio. This

explanation seems likely considerdnag the drop in ratio in July,
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when the lcowest value for the year was vecorded in the surface
waters (Figure 8h)., The drnp colnecides with the hlghest nitrate

concentration measured Iin the surface waters (Flpure 5).

Vertical distribution of chloarophyll showed less variation than
the phytoplankton volume (Figure 7a,b). The latter shows a
proncunced stratification of algae In most casces, with much
lower ULiomass values below the trophogenice zonea. Plement
concentration however, remained falrly similar throughout the
water column for most of the sampling pexiod. Duriny the
'stratification period (January to May) the decline of the algal
population with depth was clearly scen with the phytoplankton
volume, particularly at times of higher biomass valucs., This
was not so oubvicus with the chlorcphyll a, but it is better
illustrated in Fipgure 8§ which includes the concentrations in 0O-
5 m, and at 10 m and 15 m. It shows falrly similar values at
all depths durlng September to Deecmber, and an almost unlform
distribution during January to Mareh, The concentration at 15 m
was relatively lower in April, and declined wmore in May when the

lowest chlorophyll a at a single depth (10 ng 171) was detected.

With complete wixing in June, phytoplankton volume showed an
increase at 15 m with a decrease in the wpper column of water,
thus showing the distribution of the plankton in the trophopenic
zone over the whole column of watern. This 1s also discernible
from Figure 6, where most specles show an increase in biomass at
15 m fyum May ko Junc, Chlerophyll a, however, showed an

increase at all depths.,

Under stable conditiens, shytoplankton tend to accumulate in the
trophogenic zone provided they are net negatively buosyant. The

dominant hluc-=-zreen aleae in Lake Awasa, Lynugbya, Wicrocystis

and Splrulina specles, are all known to possess mas vacuoles in
their cells which give thewm nosltive bLuoyancy. The other

dominant alpa DBotryococcus braunii, 1s also buonyant due to lts
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birh accumulation of linid. Crasiduring the compesition of fhe
phytoulankton which are mostly husyant (Firure 6), strati-
ficatlaon of planktoen is cxpected Lo cccur, speclally durinp

stahle porvieds.

In the chlorophyll 2 analysis, no distinction was made for
degradatlon nroaducts of chlorcephyll. The ecoantribution of
phacopigments to the absnerbance of plgmeni vxtracts, which can
be conslderable in deep waters,; nan exagaserate the c¢hloxosphyll
values thus maskinig a posslble deerease wit.h;r!eptho Piatoms
which have cell walls of gilieca are most densc, with a speeifle

gravity of as much as 0.06 g al~! in =xeoss of that of water

(Mnss, 1280). Thus they would be ¢xvected to concentrate 4in
deop water under stable conditlions. The diatom population In

Lake Awssa, which has not boen estlumated fn this work but
contributes tn the pilegment vonesntraticon, may be another reason
for the diffevences found bhetween chlorophyll o and vhyto-

nlankton volume,

A comnarison was made hetween the ftwo measures of total phyto-
plankton density - chloroenhyll a (Flgure 8¢) and phytoplankton
volume (Figure 34). The ratio of c¢hlorophyll a to phytoplankten

volume in percentagze Ls shown In Figure 8a. Gn 211 ocecasions
gXcept one, the ratin was higher in deepexr than In the surface
waters, Pusslble reas~ns whieh have been discusscd carxlicer,
1.0, degradation products and the diatom pepulation nat Ineludec
in the phytoplankton count, may agaln coatrlbute to the higzgh
ratio in decp wator. It way also be hecause the chlorophyll a
content per cell Increases with depth, Phytoplankton cells
residing In deeper waters can have a relatively hisher plgment
coentent than ecoells in the surface waters cexposed to high Light,
ta make wmaxdimum wtdlization oFf thoe loew 1izhit availahle in deep
water (Leynolds, 1284). This low 1igzbt adapitation has been
exhibired In a metalimnstic Lynsbya pipulation which had a high
chlarophyll a content (11 uy mmTo) as a photosynthaetic adapt-

fa]
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ation to extremely low liesht dIntensities Reynolds et al.,

1983) .~

The ratio of chlorophyll a to pbytoplankton volume in fhe upper
0-5 m water column varied Yetween 0,43 and 1.81. The two lowest
values recorded, 0.43 and 0.62, were 1In May and Maxch respec=—
tively. Tﬁese ratios correspond to the two highest ratios
determined for carotenold to chlorophyll. The overall recipro-
cal relaticnship of the two ratios {cf. Flgures 8a,h) suppests
that Llow rate o¢f chlorophyl)l synthesis 313 associated with high

carotencld synthesis in the plankton.

SEASONALITY OF PHYTOPLANKTON

Temporal distribution of phytoplankton scemed to be most
Influenced by the thermal stratification behavior of the lake.
Total blcocmass increased with the onset of stratdfication
following ccemplete mixding in December, and with the beglianing of
destratification in May. This Increase may be assoclated with
vertlcecal mixing in the water column which redistributes suspen-
ded matter and Influences the temperature and light climate, and
nutrient availablllity which din turn determine the fate of the
phytoplankton,. Ralnfall and drainape from the catchment area
during the ralny scason also contributed to the nubtrient supply
of the lake, enhancing growth of phytoplankton during the mixing

period in June-July,

The magnitude of se¢ascenal changes, in the phytoplankton blomass
of Lake Awasa expressced as chlorophyll a, is low when compared
with wother tropical lakes prescented in Melack (1979). He has
applied the coecfficient of vaxriatinn (CV) to assess the range of
scasonal wvardability in the abundance and photosynthetic rates
of phytoplankton among tropleal lakes, and pruposed three
temporal patberns. Accarding to Hifle (1%85), and the present
work which wave a CV of 20% with rhe chlorophyll a data, Lake

Awasa falls In pattern B. Helack describes this pattern as one




56
in whiek the jhytonlankton assemblare is constanit, and the
speclcs arce adaptel te the EFull range of envirconmental condit-
ivns; as counditlons echanze in the environmwent, sj.ccles betten
adapted attain numerical dominanece. This conforms with the
findinge 4in Lake Awasa where the phytoplankton compoesition was
the same thrcecughout the sampling pevicd and some species had a

population peak under different environmental ccnditlons,

Seasonallty 2f nhytoplankton in Lake Awasa was also assessed by
applying the rvatio of seasonal population maxima £o minima
{Kalff and Watson, 19806). Total phytoplanktoen gave a ratio of
2.8 for cell volume and 2.4 for the eblovophyll a content in the
trophogenie zone. Expressing this ratio as the lupg 1 deriva-
tive In ocrxders of magnitude (Tallins, 1986), the amplitude of
variation was found to be anly 0.45 and 0.38 respectively. This
is very similar to the annual amplitude uvhserved iun Lake Sibaya
{(Hart and Hart, 1977} and Lake George ( Ganf, 1974c). The total
community showed an amplitude of 0.42 in Lake Sibaya, and about
0.2-0.4 in Lake Gecrze (Talling, 1286). Measurement of chlowroe-
phyll a fur 5 years in Lakce Naivasha show very similax amplitude
of wvariation with the above lakes (0.34, 0.38, 0.40, 0.65, and
1.08) with the two exceptional values far the Lake (0.65 and
1.08) suggesting that changes In environmental conditions are
sometimes pgreater (Xalff and Watson, 1636), Most wvalues are
slightly lower than the scasonal amplitude of wvariation (0.58)
in rhe chleoxcphyll a content of the productive zone in Lake

Victordia (Talling, 1986).

The seasonal amplitude of variarion fn the component specles of
Lake Awasa was higher than was fzund in the total community,
although 1t was still less than cne arder of magnltude feor all

species except Lyngbya nyassae (1.28), Spirulina spp. (1.20) aund

Synechacoccus elegans (1.16). Among the green algas, seasonal

amplitude was highest (0.88) in fBotryoccceus braunii, The

magnltude of seasuvnal variaticn in the toral community was
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masked to a certaln extent by the difference in the major peak

veriods of the Jdeminant phytoeplankton Betryoecococeus braunii and

Lynghya nyassac. Consddeving that the amplitude of vardiation

was rclatively lower 1In the plgment concentration than in the
total ecell volume, varilatdon in total phytoplankten community
could have also been masked due to uncounted phytoplankton
species which contrdbuted to the plgment concentratiocn, Rela-
tively low community values as compared £o component specles
werc also found In lakes Victaria (Talliny, 1966), Sibaya (Hart
and Hart, 1977) and George (Ganf, 1%74c). Talling (1986)
accounts this difference of pattern in Lake Victordia to the

influence of abundani but less variant and uvnecrunted Aphanocapsa

spp., and the complementary patterns of occurrence of some
diatoms and blue~green algac. Small and uncounted species have
been supgpested to be the prohable cause in Lake Sibaya (Harxt and

Hart, 1977).

Grazing 1is oune of the factors 1nfluencing the temporal and
spatial distribution of phytoplankton, The abundance of rhe
prazing population, selective grazing and their feeding habit
influences the speciles abundance and seasonal behavicur of the
phytoplankton on which they feed. The wmost important fish in

the commercial fishery of Lake Awasa, Oreochromis niloticus,; is

a2 phytoplankton feeder. Among the four specices of zooplankton
which make up 98%Z of the total biomass in Lake dAwasa (Mengistu,

unpublished data), Thermocyelcens consimlilis, Diaphanosoma

exclsum and Alona diaphana, and juveniles of Mesccyclops

aequatorialis similis are hertivorous. Mengistu’s data show di-

fferences dan the scasonal pattern of abundance among these

peoepulations, with Mesoeyelopys species wmere abundant dJdurdug

January-Mareh and July~Scptember, and Thermocyeclops species

during April-June. This pattern of svasuvnallty amony the
grazers could very well affeet the seasonal behavicur of the

phytoplanktun population, either by masking a possible variation
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or by loducing cne, due G2 Inatenslve or selective prazing in

some perlod.
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CONCLUSION

The overall distribution pattern of phytoplankton bicecmass 4in
Lake Awasa was génerally influenced by the hydropraphic struc-
ture of the water column with an {ncrease of blomass upon
partial mixing or following complete mixing. Inorganic phos-
vhate was relatively hipgh during the sampling perlod while
nitrate conecntration, determined durihg January-July, was low
except durdng the rainy season in June and July. The pigment
extracts showed a senerally high carotenoid to chlorcephyll ratio
indicating the possibility of ailtropgen deficiency in the phyto-
plankton cells, However, detailed danvestligation nceds to be
carried out on the unitropen status of the alzae, as well as on
the nitrogen and phosphorus dynamics of the lake, te confirm

this suppgestion.

The phytoplanktoan ecommunity of Lake Awvasa, dominated by blue-
green algae and »ne specles of preenm aljgae, shows some scasonal
pattern of distribution. The range of seasonal variability,
which was relatively low when compared fto some trapiecal lakes
with marked seasnnallity, was different among the component
species counted in this study. This 4s a reflection of diff-
exrences 1in morphological and physiological behavioxr of the
species dn relation to the envivonmental conditions prevalling
In the lakc. Grazing by zooplankten and fish can he one
important facto In determining or modifying the seasonal
behavior of total phytoplaankton bilomass and/or component
specles. Hence studies of the fish and zgooplankton community
should bhe iIntegrated with phytoplankton studles e get a better

picture of the seasonal pattern.
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