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SUMMARY

The species composition and phytoplankton biomass 0f Lake Awasa,
Ethiopia was studied from September 1985 to July 1986, in
relation to some environmental factors including thermal, light,
and chemical characteristics. “uring the study pericd, three
phases of thermal stratification were recognized : 1. An
unstable stratification pexrind during Scptember to November,
followed by complete mixing in iecember, 2. A stable strati-
fication period during January to April with the beginning of
Adestratification in May, and 3. A mixing pericvd during June to
July with an isothermal condition in the whole lake. Cormplete
mixing in June was asscciated with cooling of air temperature
with an influx <f cool rain and high rainfall 2uring May to

June.

The underwater light penetration showed a similar pattern cover
the whele period with the hishest in the red, and the lowest in
the blue spectral region. Euphotiec depth varied between 1.6 and
3.0 meters with the highest measurcments corresponding te the
stable stratification pcriod. The lake water had a fairly high
concentration of phosphate (23-45 ug 1"1)., L.w nitrate concen-
tration (7-14 ug 1'1) during: January tc May increased appreci-
ably in June=-July with surface values cxccading 100 ug =L §n
July. Both nutrients showed incrcasine values associatcd with

mixing pericds and/or the rainy scason.

A total of 100 phytoplankton specics were didentified in Lake
Awasa with 487% of the taxa represented by gpreen alsae, 307 by
blue-green algac, 11%Z by diatoms, and the rest by chrysophytes,
dinoflagellates, cryptemonads and euglennids. “nly 14 species,
which comprised about 90%Z of the phytoplankton biumass, were
counted for the whecle sampling period. The dominant phyto-

plankton species were Lyngbhya nyassae, hotryecoccus braunii and

Microcystis species. Scasonal blomass variation was pronounced




in the first twy, but not in Microcystis species. The total

phytoplankton hiomass, measurcd by phytaplankton counting and
pizment analysis, increcased fcllowing the mixing period in
Deccmber, and thermal destratification durinp May tc July which
was also a period with high rainfall and relatively high
nutrient concentration. While the seasonal variation of the
total phytoplankten community in Lake Awasa was rcelatively low
(ccefficient of variation < 20%Z), it was higher in scme of the

individual component species.
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CHAPTER I

INTRODUCTIOUN




INTRODUCTION

Phytoplankton are the primary carbon-fixing organisms in the
aquatic environment. They provide the base of the aquatic 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%Z 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
danger to the ecological balance of the aquatic biota. It is
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 acquired.

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. 1In the absence of ecological
understanding about the aquatic communities, the need for an
alternative source of food will undoubtedly lead to the mis-
management and over-exploitation of the aquatic resources
available. If used efficiently and in a rational way, the
potential resource can be of great economic Iimportance in
providing a continuous supply of food and water and serve in
decreasing the burden on the much exploited arable land. Hence
the aquatic communities Iin the country should be given impor-

tance and studied in detail.

Although the algal flora of some African lakes have been
studied, our knowledge is far from being 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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al. (1981). The reviewers have pointed out the need for more
comprehensive studies on all algal groups covering a wider
geographical distrlibution. They also recommend that phyto-
plankton studies should not only list the major components of

the plankton, but alsc the rare species 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 consequences on
the distribution of planktonic organisms. The authors have dis-
cussed the occurrcnce of desmids and diatoms in relation to
ionic composition, alkalinlity and salinity gradients, conducti-
vity and pH. Gasse et al. (1983) later made a systematic study
of East African lakes and identificd diatom asscmblages in
relation to some environmental variables, 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 biomass as
well as the quantitative distribution of the component species.
Knowledge of the species composition and the environmental
control of their distributicn is necessary to understand the

spatial and temporal changes in phytoplankton biomass.

The input of solar radiation is the ultimate controlling
mechanism in the annual pattern of phytoplankton distribution of
temperate lakes. This is both directly through its effect on
photosynthesis and growth , and indirectly through its effect on
thermal stratification behavior and its subsequent effect on
nutrient and phytoplankton distribution. In the tropics where
secasonal changes in solar radiation input are minimal, thermal
stratification patterns are mainly dependent on lake morpho-
metry, and atmospheric factors such as evaporation, wind regime
and humidity. However, Influx of cool rain and reduced insola-

tion during wet seasons can also be significant as shown by
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Talling (1969) who has examined a number of stratified lakes in
Africa, and described some annual cyclic patterns affecting
thermal structure, chemical conditions, and the periodicity of

planktonic organisms.

Scasonal changes in species composition and biomass have been
described for some African lakes including lakes Victoria
(Talling, 1966), George (Ganf, 1974c), Tanganyika (Hecky and
Kling, 1981), Sibaya (Hart and Hart, 1977), Chad (Compere and
Iltis, 1983) and some cecquatorial lakes (Melack, 1976 cited in
Lemoalle et al., 1981). Based on a comparative investigation of
available works, Melack (1979) has proposed three patterns of
temporal changes in abundance and/or photosynthetic rates of
phytoplankton in tropical African lakes

A Tropical lakes exhibiting pronounced seasonal fluctua-
tions (coefficient of variation (CV) >20%) usually
corresponding with variations in rainfall, river dis-
charge or vertical mixing,

Be. Lakes with muted fluctuations (CV <20%Z) in 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 photosynthetic activity

to another persistent .pattern.

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

lakes, and temperate lakes during the summer.

An overview of the scasonality of phytoplankton in African lakes

has been given by Talling (1986). He has examined the wvarious
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patterns of phytoplankton seasonality described so far, and
distinguished between patterns which are dominated by hydro-
logical features (water input-output) and those dominated by
hydrographic ones (water column structure and circulation).
Different measures of se¢asonal variability have also been
discussed in the comparison of phytoplankton dynamics from

different lakes.

Very little is known about the basic limnology of Ethiopian
lakes although several investigators have given sporadic reports
on morphometric, chemical and biological features. These are
being compiled in a bibliography of Ethiopian limnology (Belay,
in preparation). Talling and Talling (1965) have reported their
own and carlier chemical analyses on some Ethiopian lakes,

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

Detailed limnological investigations on Ethiopian lakes include

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-cast of Addis Ababa. Their
morphometry, thermal and chemical stratification behavior have
been described. Based on short term investigations, thermal and
chemical stratification patterns of four of the large Rift
Valley lakes in Ethiopia - Langano, Abijata, Shalla and Awasa
(Figure la) have been described by Baxter 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. (1573), have studied thc photosynthetic produc-
tion by phytoplankton in two Ethiopian soda lakes, Aranguade and
Kilole. They reported that Lake Aranguade has an abundant and

almost unialgal suspension of Spirulina platensis (Gom.) Geitl.,

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

ing to be Chroococcus and Spirulina specles. The high algal
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density of these two lakes and their high photosynthetic

productivity has bec¢n discussed. Primary productivity of

phytoplankton has also been studied in five of the Rift Valley

lakes in Ethiopia (Belay and Wood, 1984).

Scasonal studiles 1including physical, chemical and blological
features, with emphasis on primary production, have been carried
out on lakes Langano and Abijata (Wodajo, 1982), and Awasa
(Kifle, 1985). At present much more comprehensive work, in-
cluding bacterial and zooplankton production and fish physio-

logy, is being made on Lake Awasa.

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

biomass in relation to some environmental factors.
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STUDY AREA

The Ethiopilan section of the Great African Rift Valley runs
along the middle of the country in a north-south direction and
covers an area of about 150000 kmZ. The southern part of the
Rift Valley contains sc¢ven moderately large lakes covering a
total area of 2500 km?2 (Figure 1la). Based on their drainage
interconnections, these lakes are divided into three major
basins : Zwai-Shalla basin including lakes Zwai, Langano,
Abijata and Shalla, Abaya-Chamo-Chcw-Bahr basin, and the Awasa

basin lying between the two basins.

Lake Awasa has a volcano-tectonic origin, and lies in a caldera
with a diameter of about 30 km and an area of 1360 kmZ (Makin et
al., 1975). The lake basin 1s totally enclosed by faulting with
its western boundary scarp showing signs of some recent reverse
movements along its fault zone (Mohr, 1962). It is overlooked
from the north by a large volcanic complex Chabbi and Ugri, and
the area surrounding the lake is underlain by quartz and pumice
(Mohxr, 1960).

The Awasa region has a dry, subhumid climate and classified in a
rainfall regime which is characterized by one rainy and cne dry
season (Gamachu, 1977). Rainfall is well distributed throughout
the eight rainy months, from Marech to October, with an annual
average rainfall of 1154 mm (Table 1). The annual potential
evapo-transpiration for the reglon is between 1100 and 1250 mm
thus incurring a water deficit during the dry period. Gamachu
(1977) recported the mean air temperature of the warmest month as
20-24°C and the coldest month as 16-20°C. However meteorological
data for tho sampling period in this work show much higher

values (28 = 30°C) during the dry scason.

Lake Awasa 1s fe¢d by a small river, the Tikur Weha (Figure 1b)

which drains a swampy area of about 77 km? (Makin ct al., 1975),
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which is the remnant of a much grcater old lake, Lake Shallo.
Although Lake Awasa has a closed basin with no obvious surface
outlet, the lake water has remained rclatively dilute and it has
been suggested by Makin et al., (1975) that there is a subterra-
nean outflow by seepage through the bed of the lake on the
south-west and northern side, which may acccunt for a major loss
of water. Other authors (Belay and Wood, 1984) have suggested
the feeder river draining the swampy area to be 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 1986. The surface
area of the lake also varies and has been reported to be 129 km?
(Cannicei and Almagia, 1947), 90 km2 (Makin et al., 1975) and
recently as 88 km? (Herrmann, personal communication). The
shoreline has a gentle slope with ¢xtensive emergent and
submergent vegetation almost all around the basin. The macro-

phyte population includes Paspalidium germinatum, Potamogeton

schweinfurthii, Typha latifolia, T. angustifolia and Nymphaca

SPp. The fish inhabiting the lake include¢ Barbus gregorii,

Clarias mossambicus and Orcochromis niloticus. Commercial

fishing practiced by a Fishermen’s Cooperative depends almost

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

niloticus.

Lake Awasa also supports a large bird population including a
variety of fishing birds, scavengers and waders. A list of
published works on the avifauna of the Rift Valley Lakes 1is
available 4in Urban (1970). The arva around the lake is basi-
cally agricultural land except for the growing town of Awasa

which runs north-south along the castern shore of the lake.
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MATERIALS AND METHODS

SAMPLING

A single offshore stationm with a depth of 17 m was chosen as a
representative site of the lake for the whole sampling period
(Figure 1lb). Water samples were collected once a month from
seven depths (0,1,2,3,5,10 and 15 m) using a Kcmmerer samplerx of
2 liter capacitys Sub-samples of water from each depth were
transferred to 250 ml bottles and fixed with acid Lugol’s
solution (0.5 ml1/100 ml sample) for quantitativ: analysis.
Samples from the same depths werc put in polyethylenc bottles
and transported in an ice box to the laboratory for pigment and

chemical analyses.

A phytoplankton net of mesh size 25 um was uscd to collect
phytoplankton for identification. Duplicate net samples were

fixed with acid Lugol’s solution and formaldehyde solution.

PHYSICAL PARAMETERS

Vertical distribution of temperature and dissolved oxygen was
measured in-situ using a dissolvcd oxygen probe with a built-in
thermistor thermometer and an oxygen meter with a resolution of
0.05 - 0.10 mg 1-! (YSI model 57). Underwater light penctration
was measured using a selenlum barrier—-layer cell fitted in a
waterproof housing, with different glass color filters and an
opal. The color filters covering the range of photosyntheti-
cally active radiation (PhAk) were types BG 12, VG 9, and KG 630
(Schett, Mainz, W. Germany) with c¢stimated optical mid-points of
460, 540, and 630 nm respectively.

The vertical extinction cocfficient, Ev (ln units m~!) was
calculated for the different wavelengths of l1ight by applying
the formula:

Ev = 1/z 1o lo/lz

where Io is the intensity just below the surface, and Iz is the
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intensity at depth z in meters. Euphotic depth (Zeu) was
determined using the approximation derived by Talling (1965) for
an optically wide range of East African lakes @
Zeu = 3.7/Ev min

where Ev min is the e¢xtinction coefficient ot the most penetrat=-
ing wavelength of 1light. Euphotic depth (Zcu) was also calcu-
lated by ascribing 30, 35 and 35% incident PhAK to blue, grecn
and red spectral blocks respectively (Talling, 1957) and taking
the depth at which the 1light intensity ec¢quals 1%Z surface irradi-

ance as Zeu.

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

Zgp = 1.7/Ev
where Zgp 1is the Secchi depth in mecters (Idso and Gilbert,
1574).

CHEMICAL PARAMETEKS

Measurement of pld for surface water was made in-situ with a
portable digital pH meter (Canlab, Model 607) recadable to 0.05
pH units, Carbonate-bicarbonate alkalinity was determined by
titration against HCl with phenolphthalein and to pH 4.5 with
mixed indicator. Electrical conductivity was measurced in-situ
with a combined conductivity/salinity and thermistor thermometer
probe (YSI Model 33 S$-C-T meter). Tenmperature corrections were
made to 20°C assuming a mean temperature coefficient of 2.3% per
OC (Talling and Talling, 1965).

All further chemical analysis was done on water samples passed
through Whatman GF/C glass fiber filters. Nitrate and phosphate
were determined about 3 hours after sampling. Nitratec-nitrogen
was determined as nitrite after reduction in a cadmium=-copper
column. Nitrite-nitrogen was determined with a spectrophoto-

meter by diazotization of sulphanilamide and coupling with N=(1l-
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naphthyl)-ethylenediamine di-HCLl according to the method
described in Golterman et al. (19578). Nitrite concentration
before reduction of nitrate was found to be too low to detect
with the method employed. Hence values after reduction were
taken as nitrate - nitrogen concentration without correctlon for
nitrite. Soluble reactive phosphorus was dectcrmined 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 identification was
done both on net and sedimented quantitative 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 species arc arranged
according to Christemsen (1962, 1980).

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

phyll a measurements and cell counting.

Counting - Samples preserved for counting were analyzed ar the
Laboratory of National Swedish Environment Protcctiom Board,
Uppsala, Sweden. All counts were done using a Wild inverted

microscope following the Utermohl technique (Utermohl, 1958).

A preliminary count of common phytoplankton specles was made on
two samples using sedimentation chambers of 10 ml, and filling
just the chamber bottom (2.15 ml). Based on the above results,
and considering the amount of time required for counting all
samples, 14 species which compriscd more tham 50%Z of the total
biomass were chosen in all samples. The phytoplankton density
was found to b¢ too high to use 10 ml chambers for further

counts. So all specics except Botryocoeccus braunil were counted

in the chamber bottom with an objective of &40x magnification.
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Colonies of Botryococcus braunil were counted under 10x object=-

ive in a 50 ml sedimentation chamber.

Samples from the upper 0-3 m Jayer 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 then found
more appropriate to include 5 m sample as well in the pool of O0-
3 m, and the rest of the samples were treated as such. In
counting, the simplified mcthods described by Willeén (1976) and
Hobro=-Willen (1977) were followed. The total nuaber of indi-
viduals counted for all species was at least 60 Involving a
maximum error of + 26%Z, assuming a random distribution. DMost of
the species were filamentous blue grecns, and the cell count was
done by measuring their total length, the total length being
equivalent to or more thanm 60 individual trichomes. Colonial

plankton such as Microcystis species were however counted as

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

colonies was measured and related to the number of cells per
colony area. Since the plankton density on the chamber bottom
was high for most species, counting a small number of diagonals
was sufficient, Transformation of cell counts to volume was

done by fitting the plankton to appropriate stercometriec shapes.

Pigment Analysis - Samples were analyzed for pigment concen-
tration about 3 hours after sampling timc. Aliquots of 250 ml
lake water were passced through Whatman GF/C glass fiber filters.
rigment was extracted with warm 90X methanol , centrifuged, and
its absorbancy measured at 665 nm, 480 nm and 750 om with a Pyc
Unicam Si¢6-350 visible spectrophotometer (path lenmgth | cm).
Correction for possible turbidity was made by subtracting
rcadings at 750 nm from the corresponding rcadings at 665 nm and
480nm. Chlorophyll a estimations were done using the approx-
imat: relations derived for 90%Z methanol by Talling and Driver
(1963) : chl a = 13.9 Dggs (path length = 1 cm)

Ho distinction was made for duegradatlon products.
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RESULTS AND DISCUSSION

THERMAL, STRATIFICATION

The vertical distribution of temperature and dissolvaed oxygen
during the sampling period was followed from the surface down to
15 m. The results show three phascs of thermal stratification
(Figures 2 and 3). During the first phase from September to
November, thermal discontinuities were relatively unstable with
a gentle gradient of about 0.2 to 0.4°C per meter in the lower
water column. The temperature difference between the surface
and 15 m was between 1.6 and 2.8°C and surfacc stratification
was more pronocunced in October. There was complete mixing 4in
December and the lake had an isothermal condition exccpt for the
stratification in the upper 0-3 m column of water. This was a
superficial gradient formed during the day with increased solar

heating, and destroyed during thc night due to cooling.

The second phase during January to May 1s characterized by a
strong thermal stratification. The temperaturec diffcerence
betwcen the surface and 15 m varied between 2.7 and 6.69C with
the maximum differenc¢c occurring in January. The highest
surface temperature recorded during the sampling period (25.4°C)
occurred in January producing a steecp thermal gradient between
the surface and 1 m with a drep of 39C. At the start of this
phase, thermal discontinuity in the decper water occurred
between 5 and 9 m and later moved down below 2 m. During
February to April it was oscillating between 9 and 15 m. In May
there was a relatively gentle thermal gradient which moved up to
7 m indicating the beginning of thcrmal stratificaction. The
third phasc from June to the c¢nd of July was a perlod of mixing
with an isothermal condition in the whole water column except
for the surface waters which had a slight temperature gradient.
The temperature differcnce between the surface and 15 m was

between 0.5 and 2.59C.
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Although solar radlation input was not measurcd during this
study period, daily recordings of maximum and minimum air
temperature (Table 2, National Mcteorologlcal Services Agency,
1986) have bceen used as an indireet index in the understanding

of the stratification pattern of the lake.

From September to January therc was a cumulative increase in air
temperature during the day with the monthly average maximum
rising from 24.6°C in September to 28.8°C in January (Table 2).
This was accompanied by an increase in the¢ differcnce between
maximum and minimum temperaturc of the day with the minimum
going down in the evenings from 12.7°C in S¢ptember to 7.59C in
January. The monthly average difference increased from 11.9°C
to 21°C in January. This pronounced diurnal fluctuation in air
tcmperature prevents the formation of stable thermal stratifi-
cation. On calm days, solar radiation would warm up the air as
well as the lake water thus inducing stratlfication 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 partial mixing. Mclack and Kilham
(1974) have related air temperaturc and wind veloclty to show
the importance of nocturnal cooling and wind as mixing agents in
Lake Nakuru, an alkaline and saline lake in Kenya. No seasonal
pattern could be seen in the wind movement around Awasa and it
was generally calm in the c¢arly mornings, and variced betwcen O
and 6 m s~1 during the rest of the day and night. However, wind
effect may be an important factor in the mixing procuss obscrved

in the lake.

Though the air temperature continued to be high during the day,
the difference in maximum and minimum air tcemperature started to
decrease in late January (Table 2). This corresponds to the
stable thermal stratificatlon phase observed in the lake during
January to Hay. Complete mixing im June was induced by a

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

——————————— - ——— - - -

MONTH e e RAINFALL
Maximum Minimum Maximum-minimum (mm)
September 785 S0 B GYEN Bdupnat AhscndlBiity botewin 188 soo
ctober 2642 10.5 15.7 50
November 27.6 8.8 18.8 13
December 28.1 7.8 20.3 8
January 706 28.8 AL 213 J
February 29.4 11.2 18.2 35
March 28.9 10.5 18.4 70
April 2653 14.8 11.5 112
May 2.6(D 1347 12.8 167
June of e 14,4 9.5 193

July 23,5 13.5 10.0 72
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ture, and influx of cool rain and high rainfall much as Talling
(1969) has shown for other African lakes. The highest amount of
ralnfall in the region occurred in May and June (Table 2) with
the maximum air temperature going down to its lowest value for

the sampling period.

Based on measurements taken in Lake Awasa in February, March,
and June, Baxter et al. (1965) have observed that deep thermal
stratification was rudimentary during February and June, but
well marked in March, with thermal discontinuity between 5 and
12 m. Complete or almost complete mixing of the lake was

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

The seasonal pattern of thermal stratification observed in Lake
Awasa 1is siﬁilar to that described by Talling (1966) for a much
larger lake in Africa, Lake Victoria (Figure la). He described
three phases - a phase with an absence of strong thermal
discontinuity from September to Deccmber, a sccond phase of
stablc stratification 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 strati-
fication pattern (Figures 2 and 3) with a sharp decrease of
oxygen concentration about the region of the mctalimnion.
During the stratification period, the oxygen concentration above
the mcectalimnion varied from about 4 to 10 mg 171 with a maximum
value of 10.4 mg 1=l in January. This maximum corresponded to
the high chlorophyll and phytoplankton volume measured for that
day (Figure 7). During the mixing period, there was an almost
uniform distribution of oxygen throughout the watcer column with
concentrations ranging from about 5 to 7 mg 2ot 1K A slight
decrcase of concentration was found in the surface water on many
of the sampling dates, cxcept in Deccember, June and July when
the lake was more or less mixing. This deccrease can be account-

ed to high surface temperaturcs and possibly radiation which by
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hcating would decrcase the solubility of oxygen and/or induce

inhibition 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 December with values of 4.6 to 6.3 mg 1-!., 1In
the second phase of thermal stratification, the anoxic depth
oscillated between 11 and 13 m. Baxter et al, (1965) have
reported a deoxygenated layer of water in Lake Awasa below about
]0 m in their March sample. The depletion of oxygen in the
hypolimnetic water reflécts its consumption by decomposition of
organic matter, and respiration of organisms in deeper waters.
In the absence of freely circulating water, there is no re-
plenishment of oxygen from the trophogenic zone; hence the

anoxic layer can persist throughout the stratification period.

In all cases of stratification 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 less uniform. This, and the
fact that the cuphotic depth was less than 3 m (Table 3), made
it possible to consider the 0-5 m water column as a repri-
scntative unit of the trophogenic zone¢. Thus, for all determin-
ations in this study, water samples taken from different depths
in this column were clther integrated and analyzed, or analyzed
and the values averaged by making appropriate corrections for

differences in depth.

UNDERWATER LIGHT PENETRATION

The seasonal variation of underwater light penetration expressed
by the vertical extinction coefficient (Ev) has been determined
for blue, grecn, and red light at wavelengths of around 460, 540
and 630 nm respectively (Table 3). The same pattern of light
extinction was se¢en throughout the sampling period with the
lowest extineticn in the red and the highest in the blue

spectral regions (Figure 4). Since light penctration Is the
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reciprocal of extinction, red light penctrates the furthest and

blue light is rapidly attenuated in Lake Awasa.

This spectral pattern of llight extinction, reportcd c¢arlier for
Lake Awasa (Kifle, 1985), has been found to be typlcal of lakes
with very turbid or colored waters, or dense crops of phyto-
plankton (Sakamoto and Hogetsu,1963; Ganf, 1974; Helack and
Kilham, 1974; Bowling et al,.,1986). Talling et al. (1973) have
described the same pattern for lakes Aranguade and Kilole, two
crater soda lakes in Ethiopia with very dense populations of

blue-green algae.

Absorption of light by particulate suspensoids - plankton,
organic and inorganic particles, detritus - in turbid waters 1is
quite significant, particularly at lower wavelengths of the
visible spectrum (Wetzel, 1983). Phytoplankton pigments,
including carotencids, phycocyanin, phycoerythrin and chloro-
phyll, contribute to the attenuation of light in the blue, green
and red spectral regions (Morris, 1980; neynolds, 1984). A
pronounced decline was seen in the extinction of bluc as well as
green and red light during the stablc thermal stratificatlion
phasc¢ of this study. This may be due to decrecasing amount of
suspended matter in the upper column of water. Partlculate
matter sinking to the bottom can not come back into circulation
in the presence of thermal and therefore density gradient. This
was also a period of relative decrease in chloroupnyll a and

phytoplankton volume (Figure 7).

Euphotic depth (Zeu) , the depth at which 1% of the irradiance
Penetrating the surface water is found, was determined from
total 1light extinction (described in methods). This was
compared with the approximation of Zeu calculated from the
equation : Zeu = 3.7/Evmin (Talling, 1965), Ev min being the
extinction coefficient of the most penctratiang light, im this

case red. The values from the two determinations werc fouand 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 stratificaticmn phase¢ and the lowest values (1.60

to 2.20 m) during the mixed and unstable thermal stratification

phases.

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

in Secchi disc reading.

The mean euphotic depth for the sampling period, as determined
by the total light extinction (Zeu Det.), and as approximated by
the minimum extinction coefficient (Zeu Cal.) was 2.12 m and
2.01 m respectively. Dividing these values by the mean Secchi
depth value (0.70 m) gives factors of 3.03 and 2.87. Taking an
average of 3 as a factor and multiplylng with individual Secchi
depth rcadings, gives an approximation of Zeu. These approxi-
mated values deviated from values of Zeu (cal.) and Zeu (det.)
by about + 0.4 m. Kifle (1985) found a mean Zeu of 2.34 m and a
mean Zgp of 0.77 m for Lake Awasa. He also determincd a factor
of 3 to multiply with Secchi depth readings thus approximating
the depth of euphotic zone. These values agree well with the
Present work, and it is suggested here that In future work this
factor can bc used as an approximation of the euphotic depth In

Lake Awasa.

Talling (1971) has described three prinecipal components deter-
mining the effective underwater light fleld for a clrculating
cell : 1., The time course of surface irradiance, 2. The relative
Penetration of radiant cnergy with depth, and 3., The proportion
0f {lluminated and "dark" water in the mixed water column.

Duration of surface irradiance around the equator is relatively
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Table 3. 'pytical relatiomshijys of extinction coefficient,
euphotic and Secchi depth in Lake Awassa.

——— e —— o ————— - - - ——— - -
- - - S M - - = o

Ev (Iln units m'l) Zeu (m) SD (m)
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Zeu Det = Ruphotic depth determined from total light
penetration as the depth of 17 surface irradiance
Zeu Cal = Euphotic depth calculated from the relation

Zeu=3.,7/Evmin

Secchi depth determined with Secchi disc
Secchi depth calculated from the relation
Ev=1,7/Zgp with Ev=Ev Total

il

SU Det
SD Cal
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constant with about 12 hours of daylight, and this factor does
not play such an important role in the tropics as it does in
temperate lakes. The relative penctration of radiant energy,
which denotes the euphotic depth, is of much more inmportance in
determining phytoplankton physiology and production, parti-
cularly in relation to the proportion of illuminated (euphotic
zone) to "dark" zone. The proportion will increase in a mixing
water column, thus increasing the relative time spent in

darkness by the algal cells.

The ratio of mixed depth to euphotic depth (Zmix/Zeu) defined as
the optical depth, 1Is 'a 1Timitiang=-factor 1im phytoplanktomn
production when it exceeds a critical value (Talling, 1971).
Some¢ authors have given a critical value of 4 to 5 (Strickland,
1965; Wood et al., 1978) above whieh light limitation is
expected to prevail. 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.e. assuming the meéan depth to
be an estimate of Zmix (Wood et 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 phytoplankton
production can be light limited during the mixing periods. The
optical depth would be much less than 5.5 during the stable
stratificaticn period and hence light limitation would be
minimal. Talling has found limiting optical depths in highly
productive lakes such as Lake Kilole (Talling et al., 1973), and
in decp lakes during isothermal mixing such as Windermere North
Basin, United Kingdom (Talling, 1971). This has also becen
reported for lakes Shalla (a deep lake), Abljata and Langano
(with hish amount of particulate suspensoids) in mixing perioas

(Wood et al., 1978).

Dense populations of phytoplankton absorbing underwater light

are said to be "self-shaded". As a measurc 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 1n units per mg chl a m~2 for
several natural populations (Talling, 1965,1971; Ganf ,1974a;
keynolds,1984). Assuming an Es value of 0.015, the extinction
of light due to algal biomass, with chlorophyll as an index, in
the euphotic zone of Lake Awasa, varied between 0.69 and 1.56
with an average of 1.29 1ln units m~!. The mean percentage of
light extinction due to algal bilomass was 57%. which is much
higher than was found for other Kkift Valley lakes in Ethiopia.
Wood et al. (1978) have found values of 3%, & %, 6% and 22% in
lakes Zwai, Langano, Shalla and Abijata respectively. However,
recent measurements of chlorophyll a in lakes Zwai, Abijata and
Shalla (Belay and Wood, 1984) show much higher values in the
euphotic zone, which would give a higher percentage of light

extinction due tc algal biomass.

Self-shading behavior varies with algal size and pigment compo-
sition. A considerable dccrease below "normal" was found in the
Es value of dense populations of Ceratium by Talling (1971). He
accounted this decrease to the "sieve effect" - ineffective
light interception by some of the cell pigment in large cells.
keynolds (1984) has pointed cut that Es deecreases as unit volume
of phytoplankton increases above about 250 um3. Colonies of

Botryoccccus braunii and Microcystis specles exceeding this

volume make up a considerable prcportion of the total phyto-
plankton in Lake Awasa (Figure 6). This would impart the "sieve
effeet" mentioned above and would be expected to underestimate
Es. Conversely, Es is higher in blue-green algae, containing
phycobillins, than in green algae (Kirk, Y975 Blue=-green
algae making up a major proportion of the phytoplankton in Lake
Awasa (Figurc 7) would be expected to lnerease the Es value. In
general, it is evident that the attenuvation of light by phyto-

Planktun can be significant in determining the underwater light

climate of Lake Awasa.
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CHEMICAL FEATURES

The results of chemical determinations in Lake Awasa are presen-
ted in Figure 5. Alkalinity analysis and pH measurements were
done only for the surface watex. Soluble reactive phosphate and
nitrate analysis included depth samples from 0,1,5,10 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 water
column is presented (Figure 5) as a representative value for the
trophogenic zone. The same is true for electrical conductivity

measurements.

Carbonate and bicarbonate are the predominant anions in the
lake, with sodium as the major cation (Talling and Talling,
1965; Kifle, 1985). This is a typical feature of many lakes in
Africa, particularly the lakes found in and associated with the
East African Rift (Talling and Talling, 1965; Prosser et al.,
1963). Carbonate-bicarbonate alkalinity in Lake Awassa showed
seasonal variations ranging between 7.33 and 10.52 meq 1-1, with
the maximum in January and the minimum in late Jﬁly. High
alkalinity values in January may be asscciated with high
¢vaporation rates during the dry season which would concentrate
the ions. January was the driest period of the year (Figure 5)
with a very high lake surface temperature (Figure ) The
increase can also be due to an inerease in photosynthctic
activity of phytoplankton, which had a population peak in
January, The concentration of dissolved oxygen was also high
during this period (Figure 3b), a possible consequence of high
Photosynthetic activity.

Electrical conductivity (Kpp) was between 730 and 825 umhos em™!
With most of the values being about 100 times the alkalinity im
meq 1-l. Talling and Talling (1965) found this relationship
between conductivity and alkalinity to be true for most lakes in

East Africa. Variations in conductivity were relatively small
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with an increase in the dry and a decrease in the wet scasons
(Figure 5 ). The highest conductivity measured was in the
driest month (January) when an increase in the evaporation of
lake water resulted in c~ncentration of the ions. A decrease In
rainfall ccupled with high evaporation rate would concentrate
the ions, while 1its increcase would dilute the ionic concen-
tration thus reducing the conductivity. On the cther hand, the
ionic input from rainfall and the drainage area may contribute
to increased conductivity. This latter effect was seen in the

July sample (Figure 5.

Lake Awasa belongs to the Class II lakes of Talling and Talling
(1665) which includcs lakes with conductivity between 600 and
6000 umhos cm’l, and alkalinity bctween 6 and 60 megq =k, Its
conductivity is c¢lose to the values given by the same authors
for lakes Tanganyika, Albert and Edward in the Eastern Rift
system, and lakes Abaya and Chamo in Ethiopia. The pH of the
surface water varied between 8.3 and 2.0 with élightly decrea=-

sing values from January to April.

Phosphate-phosphorus concentration varied between 22 and 45 ug
171 wiep peaks in December and July (Figure 5). The first peak
can be associated with the complete mixing in the lake whereby
An accumulation of phosphate in the hypolimnion recleased from
decaying organisms could have been brought into circulation. No
marked increase of phosphate was found in the hypolimnion during
the stable stratification pericd, but it is possible that
dccunulation takes place deeper in the lake, i.e. below 15 m.
The decrease of phosphate im January and June, following the
mixing periods, may be attributed to its consumption by the

Increasing population of phytoplankton (Figure 7).

The second peak in July 1is assoclated with the rainfall, which

. o an
¥Yas at its maximum for the sampling period, and hence

. & o=
incr_tzqsed nutrient loading from the drainage area. Fhy
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plankton assimilation of phosphate could again be a possible
cause for the sharp decline found at the end of the month. Its
incorporation by phytoplankton and bacteria can cause a very
rapid depletion of available phosphate (Wetzel, 1983). Another
possiblc cause is the decrease in the release of phosphate from
the sediments in the presence of oxygen. The lake was comple-
tely mixed from June to the end of July during which time
dissolved oxygen at 15 m increased from 4.2 mg 171 to 5.2 mg 17
1, Though there was no measurement for the sediment surface, it
seems highly probable there was oxygenated deeper water affect-
inz phosphate release from the sediments. Wood et al. (1984)
have found the lowest phosphate concentration in the group of
Debre Zeit lakes (Figure la) to occur during, or at the end of,

their mixing periods.

High phosphate concentrations have been reported for many
African lakes (Talling and Talling, 1965; Frosser et al., 1968;
Talling et al., 1973; Melack, 1978; Wood et al., 1984) as
opposcd to their low nitrate content (Talling and Talling, 1965;
Prosser et al., 1568). In the previous secasonal work on Lake
Awasa (Kifle, 1985), soluble reactive phosphate was found to

vary between 5 and 45 ug iy

Nitrate analysis was made from January to the end of July,

i .
dering which time the concentration increased gradually (Figure

5)« In most cases the values were low, varying between 7 and 20

. l—l' At the end of July .a pronouneed increase occurred in

ons of above 100 ug i
loading from

the surface waters with concentrati

This could be due to the high rainfall and nutrient

K drainage areca at the time. Some amount might also bg

‘ pree ga Anabae-
Atributed to nitrogen fixation by the blue-green alga An

th
90psis raciborskii which had a major biomass peak in July wi
e waters (Figure 6).

rc]atively high concentration in the surfac
ecna flos=-aquae,

I | : o ' ' b
D Lake Victoria, a population maximul of Anaba
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with high concentrations of nitratc in the lake (Talling, 1966).
Unfortunately there is no biomass data for the other nitrogen=-

fixing algae in Lake Awasa.

Wood et al. (1984) have shown for the Debre Zeit lakes in
Ethiopia that ammonium is the predominant form of nitrogen, and
nitrate is in low concentrations. Ammonia and ammonium nitrogen
(NH3 + NH4=-N) values for Lake Awasa (Gebre Mariam, unpublished
data) showed that in March, 1986 there was a concentration of
about 5 times the nitrate-nitrogen in the upper 0-5 m of water,
and 10 and 25 times in 10 and 15 m respectively. This is an
indication of the high proporticn of reduced to oxidized forms
of nitrogen in the lake, particularly in the deeper water during
the stratification period. Though there are no ammonium values
available for the 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 circulation. Rut the low nitrate
concentrations found in deeper oxygenated waters make this
reason unlikely. Kifle (1985), has reported nitrate concen<
trations of 25 to 165 ug 1-1 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 ond

Phosphorus which would have given a much better picture of the

Status of the two nutrients in the lake. In the absence of this

informﬂtion it is not possible to discuss the nitrogen to

Phosphorus ratio which plays an important role in phytoplankton

& low
physiOlO%Yo However the nitrate to phosphate ratio was very

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

" casonal~-
°f this feature will be discussed later in relation to sca

i
Y of Phytoplankton.
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SPECIES COMPOSITION

A total of 100 phytoplankton species were identified in the
samples collected over a year from the pelagic zonec 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 representing 487 of the total taxa of which 34%
belong to the Chlorococcales group. Desmids constituted only 9%
of the total, which is equal to the percentage composition of a
single genus of the Chlorococcales, Scenedesmus. The Chloro-
phyta alsc contributed the highest number of taxa inm all the
tropical lakes compared by Kalff and Watson (1986). While
planktonic Chlorococcales are widely distributed in waters of
differing alkalinity and salinity (Wetzel, 1983), most species
of desmids are characteristic of fresh waters low in total ions
(Talling and Talling, 1965; Wetzel, 1983). Reduced representa-
tion of desmids in the phytoplankton of Lake Awasa may be due to
the relatively high ionic concentration (Kpg 728-826 umho em~1)
and alkalinity (7.3-10.5 meq 1~1) of the lake. Talling and
Talling (1965) have reported that desmids are numerous in the
Class I 1lakes {K90<600 mmho cm~1) but uncommon in Class II (K20
600-6000 umho cm~! corresponding to an alkalinity of about 6-60
meq 1°1) African lakes. According to thesc authors, the upper
limit of alkalinity at which an appreciable desmid plamkton
exists was reached in Lake Malawi (Nyassa) (2.5 meg 171) and
this l1imit 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 megq 1=1) is higher than the

i : . s
Hait reported, the ratio of monovalent to divalent cations 1

about 10:1 (Rifle, 1985) which can allow the occurrence of some

desmid population in the lake.

The blue-green algae composed 30% of the identified raxa, with

E te among
niEEQEliﬁii as the genus with the highest number of taxa

. " most
the group. Microcystis was also quantitatively the second

“MPortant gcnus in the lake, next to Lyngbya.

The blue-green
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algae have a wide geographical distribution, even though there

are some species characteristic of higher or lower latitudes.

Examples are Oscillatoria specics which seem more characteristic

of temperate zones, Spirulina and Anabaenopsis specics which

occur more frequently at lowex latitudes (Gibson and Smith,

1982). It 1s also true that planktonic blue-green algae, e.g.
Microcystis species, are more commonly associated with cutrophic
lakes (Gibscn and Smith, 1982) and usually alkaline waters
(Wetzel, 1983).

Identification of the diatom flora, which consisted of only 11
taxa, was done mostly to the genus level. The 1list 1is rather
incomplete because it is likely that there are more than one
species in the genera identified so far. Among the diatom
populations in Lake Awasa, Nitzschia and Melosira species
appeared to have an appreciable 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 in determining the diatom communities of the African
lakes they compared. Thus, they have reported that species of
Melosira are numerous in most lakes of relatively low alkalinity
and salinity (Class I), and that species of Nitzschia are often
abundant in lakes of intermediate alkalinity (Class II) to which
Lake Awasa belongs. Gasse et al. (1983) have identificd the
diatom community of Lake Awasa as transitional between A

Melosira-dominated and a Nitzschia-dominated diatom assemblage,

With a richer Nitzschia flora.

Cryptophyceae, Dinophyceae, Chrysophyceae, Euglenophyceae and

Tribophyc;;‘]_(_\ Contributcd to only 11% Of thi taxa id\.ntified frUm

the lake, Identification of species on preserved samples (5-16

gellates which
The low

MOonths) did not allow much taxonomic work on fla

has unq of taxa in these groupse.
in Lake Awasa

€restimated the number
ruprcscntntion of chrysophytes and cryptophytes

tan be ctive nature of the lake.

related to the relatively produ
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some authors have reported that these groups are associated with
oligotrophic lakes (Hecky and Kling, 1981; Kalff and Watson,
1986). Lewis (1978a) has emphasized the importance of chryso-
phytes in temperate lakes reporting that the group is virtually
absent in the plankton of the lowland tropics. However, Hecky
and Kling (1981) have shown that it does not apply to Lake
Tanganyika where chrysophytes and cryptophytes make up 13%Z and
52 of the total taxa and 30% and 10% of the total biomass
respectively. They have also reported that the groups are co-
dominants during periods of low biomass, and have associated the
occurrence of these groups with the oligotrophic nature of the
lake. This view has also been supported by Kalff and Watson
(1986) who have compared tropical and temperate lakes, and
deduced that the relative importance of chrysorhytes is a
function of the trophic status of the lakes rather tham of

latitude.

The total number of taxa founé in Lake Awasa is comparable to
that reported for the tropical lakes Tanganyika (Hecky et al.,
1978), Naivasha and Oloiden (Kalff and Watson, 1986) and the
subtropical lake Lanao (Lewls, 1978b) which had 103,143,94 and
70 taxa respectively. There is also a similarity with respect
to the relative contribution of the taxomomic groups to the
total number of taxa. They all have a dominance of green algae

(35-637), followed by the blue-green algac (18-30%). Lake

George, a shallow equatorial lake, shows 2 different plcturc

With a total of 58 taxa (Ganf, 1974a) and a dominance of blus=

Breen alpgae (50%) followed by green algae (31%).



SPECIES LIST

CYANOPHYTA, blue-green algae

Nostocophyceae (=Cyanophyceae)
Aphanothece microspora (Men.) nbh.
As SDe
Chrovcoccus limneticus Lemm.
C. minutus (Kutz.) Nag.
C. turgidus (¥utz.) Nag.
C. spe
Coclosphacrium minutissimum Lemm.
Eucapsis alpina Clem. and Schantz
Merismopedia glauca (Ehr.) Nag.
M. punctata Mcyen
M. tenuissima Lenm.
Microcystis aerupginosa (Kutz.) Kutz.
M. delicatissima (W. and G.S.West) Starm.
M. elachista (W.and G.S.West) Starm.
M. e¢lachista f. planctonica (G.M.Sm.) Starm.
M. wesenbergii (Kom.) Starm.
Synechococcus elegans (Wolosz.) Kom.
Anabaenopsis raciborskii Wolosz.

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

Aphanizomenon aphanizomenoides (Forti) Horecka and Kom.
A. flos-aquae f. gracile (Lemm.) Elenk
Lyngbya hieronymusili Lemm.
L. nyassae Schmidle
Oscillatoriz bornetii (Zukal) Forti
0. lacustris (Xleb.) Geitl.
0. tenuis C.A.Ag.
4y @ |
stal. and Naum.) Schwabe

scudanabacna mucicola (Hub.-Pe
Spirulina laxissima G.S.West

- P




CHROMOPHYTA
Cryptophyceae, cryptomonads
Cryptomonas Sp.
Dinophyceae, dinoflagellates
Gymn.odinium sp.
Peridinium inconspicuum Lemm.
Chryscophyceae, golden algae
Mall-monas sSp.
Spinifercmonas sp.
Chrysococcus spo.
Diatomophyceae, diatoms
Melosira distans (Ehr.) Kutz.
M. nyassensis v. victoriae O.Mull.
Stephanodiscus sp.
Achnanthes syp.
Cymbella sy .
Eunotia zasuminensis (Cab.) Korn.
Fragilaxria sp.
Navicula sp.
Nitzsechitd Bps
Surirella syp.
Syncdra ulna v. amphirhynchus (E.) Grunm.
Tribophyceae, yvellow-green algae
Gonicchloris fallax Fott

Tetraedriella regularis (Kutz.) Fott

CHLOROPHYTA
Euglenophyceac, euglenoids
rhacus lonsicauda (Ehx.) Duj.

Trachelomonas SPP e
Chlorophyceae, sreen algae
Astrephomene .ubernaculifera Pucock
y
Chlamyd.m.nas Sp e
Eudirina eleians Ehr.

Conium pectonrale 0.F.Mull.



pandorina morum (O0.F.Mull,) Lory
Actinastrum Sp.

Ankistrodesmus bhernardii Xom.
Botryococcus braunii Kutz,

Coelastrum astroideum De-Not.
Crucigsenia quadrata Morr,

C. tetrapedia (Kixrchn.) W. and 6.S.West
Crucigeniella neglecta (Fott and Ettl) Kom.
Dictyosphaexrium ehrenbergianum Nag.

D. pulchellum Wood

Golenkinia paucispina W. and G.S.West
Kirchneriella aperta Teil.

Lazerheimia subsalsa Lemm.

Oocystis marssonii Lemm.

C. parva W. and G.S.West

Pediastrum boryanum v. brevicone A.br.
P. boryanum (Turp.) Menegh. v. boryanum
P. duplex Meyen v. duplex

P. tetras (Ehrenb.) Ralfs

Quadricoccus verrucosus Fott
Scenecdesmus acuminatus (Lagerh.) Chod.
S. acutiformis Schrod. v. acutiformis
S. caudato-aculeolatus Chod.

S. dimorphus (Turp.) Kutz.

S. disciformis f. disciformis (Chod.) Fott and
S. gutwinskii v. heterospina Bodrogk.
S. microspina Chod.

S. obliquus (Tuxp.) Kutz.

€. quadricauda (Turp.) Breb.
Schroederia setigera (Schrod.) Lemm.
Selenastrum bibraianum Keinsch
Tetradesmus wisconsinensis G.M.Smith
Tetraedron caudatum (Corda) Hansg.

T. minimum (A.Br.) Hansg.

' triangulare Kors.

40




- Tetrastrum glabrum (Roll) Ahlstr.and TiEE

Dicelecon nordstedtii Kleb,

Closterium acutum v. variabile (Lenm.) Krieg,

C. moniliferum v. moniliferum
Cosmarium capense V. nyassae

C. contractum v. minutum West

C. wembaerense Schmidle

C. spo.

Euastrum Turneri v. simplex Forster

Staurastrum brachioprominens

S. tetracerum (Kutz.) Ralfs

Table 4. Phytoplankton species counted in the study,

and their unit size.

Anabaenopsis raciborskii
Lyngbya nyassae
Merismcpedia Punctata
Microeystis avruginosa

M. clachists

M. elachista f. planctonica

M., Wesenberp i
Spirulina laxissinma
S. Sp.

Dyuechococcus elegans

<

B}'

Lryococcus braunii
DA 5

PCY¥stis parva
0 ,

* Marssoniq

Te
Ctracdron minimum

e T
- .

(um) (um) (um)
1.8
3
3.0
%35
1.8
340
4.5
0.3
0.8
1.0
R
4.5
' 2,3

o - A .

-

-
-

-
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14
48

14
48
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PHYTOPLANKTON BIOMASS

geasonal variation of phytoplankton species - The phytonlankton
of Lake Awasa was characterized by a large variety .f species
with a frequent dominance of coceonid and filament us blue=green

algae, and colonies ¢f Botrycecocccus braunii. A preliminary

observaticn of some samples showed a ecommon occurrence of some

diatoms including Melcosira nyassensis, Surirella and Navicula

species, green algae including Scencdesmus species and Cosmarium

contractum, and the dinoflagellate Peridinium inconspicuum.

Though their number was sufficient for a proper count, they
comprised only about 10% of the toutal phytoplankton volume, and
were not considered for further count, The 14 species counted in
this study include 10 blue-zreen and 4 2zreen alzae (Table 4),
and their scasc~nal distributicn pattern is illustrated in Figure
6, wherc the taxa have besn presented in usrder of their relative

eontribution to the total phytoplankton biomass.

Blue-Green Algae - The populaticn of blue-green algae was

i

relatively 1uw during September-November. Microcystis species,

dnabaencopsis raciborskii and Synechcccccus elegans showed an

Increase during the mixing period in December. Lyngbya nyassae
and Spirulinz species, on the other hand, showed a decline of

Population in December followed by a slight increase in Jamuarye

A1l \hytcplankton species showed an increase of pupulaticn im
"ay. The peak was most pronounced in Lyngbya, W’

Sp ) :
lrulina and Syncchococcus specles.

tee - A . .
Urred when the lake was in the process

This population maximum

of destratifying
i ~f olé n as
(Fipurys 2 and 3) which involves resuspension of plankton &
nl1lowed b

vell as nutrient replenishment in the water column, followed by

fa .
St Utillzation by the ;’;rowin{. populati()n-

. . dividual
mony the major phytoplanktexrs of Lake Awasa, the 1n Lv

SPecic , sae
¢les with the hishest biomass was Lyngbya GyaS2=2 ’
tius alg, ,mes (ca 1.3 pm). Except of f

a filamen~-

with very narrow triche
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few occasicns, including. the

Botryococcus peak in January,
Lyngbya nyassae had the hirhest

rercentage biomasss composition
throughout the sampling period. 1Its populatisn showed distinet
seasonal variation with relatively low biocmass during September
to December followed by a small peak in January and a major peak
in May. DBoth peaks may be associated with nutrient availability
(Fizure 5) since the former occurred after complete mixing in
December and the latter when the lake was in the process of

destratifying (Figure 3).

The vertical distribution of Lyngbya was found tc be variable,
with the highest density usually cecurring inm the trophogenie
zone. Stratification was more pronounced, with higher biomass,
during thce thermal stratification perind. Upon complete mixing
in June there was radistribution of the population with a

decrease in the surface waters and an increase in the deeper

waters., Redistribution coupled with depletion of available
nutrients in the water column could have caused the population

fall in the trophogenic zone.

Reynolds et al. (1983) have found a dominance of Lyngbya

limnetica 1in a stably stratified tropical lake, Loks; Getyoats

" g Y e
They belleve their obsebvsilon @ b the first time anywhe

that . crzanism. The

species of Lyngbya was the duminant
y rbya was
reveals that another snecies of Lyngbya

dominant phytoplankter in lake Awasa.

Present study alsno
the

b]

" e M. elachista
Microcystis specles (M. elachista, M. aerugimoss, M. SSActo—
M. elacnlstd

distri-

g Lo > similar d

£ Rlanctonica, M. wesenbergii) showed a e
Loanctonica, M

y Fiwure
buti, 5lume is sresented in
0D pattern: henee :1r total volum 4
I ern; hence thelr é 4gulatl'n‘ud

ol ! stis P
6 as Microcystis sppe. Fluctuations of Microc lom

2 andom.
not appeared to o L
from September EO

(:.Jﬂditi ns

Show a marked seasonality and
HJWCV:‘I‘,

N

there was & Falaktivaly low density

“vember and January to April, both prick ¥
the whele lake

mixing

column was

in : 1
the lake. Their biomass over
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relatively hish in December and Ma
rand Yy when the 1lak
€ was in an

almost isovthermal condition and at the start cf thermoeld

preakdovn respectivelys This population increase Cﬁ;l” :f
caused by resuspenrsion of colonies located in the scdimua;; it
the stable periods. 1In Lake Victoria, Talling (1966) fuund'tha:

seasnnal fluctuations in the numbers of Microcystis wesenber:ii

were not proncunced, but showed a small inerease upon loss of
stratification. In his qualitative obsexvations, he has also
found an appreciable increase in the numbexr of another Micro-
cystis species at the same time of mixing. Keynolds and Rozers
(1976) have shown for temperate lakes that Microcystis cnluéius
pass the winter months on the bottom muds and migrate up to the
epilimniocn in the summer. Ganf (1974 a) has also shown in a
tropical lake (Lake George) that large numbers of !iﬂiiﬁlﬂﬁii
colonies reside within the lake sediments in calm conditions and
are broucsht back into circulation by turbulence. The fluc-

tua Q) e} . M
tion of the Microcystis population observed in Lake Awasa may
tropical

be due t> this phenomenon. In Lake George, a shallow,
Ganf (1974 a) has

but random

lake wij
ke with a diurnal stratification cycle,

reno . 4 . . A
rted twno dominant Micrucystis specles with large
re due to changes from

dengd .
énsity fluctuations which he sujgested we

cal » ) :
m to turbulent conditions in the lake.

Ne
Xt to EZE&EXE.(and Microcystis species, Spirulina specles (5.

lue-jreen algae

la; i .
—==2-8sima and S. sp.) were the most important b
of Lake Awasa.

in o
their contribution to the phytcplankton volume
to February was

with the
n with

A decline of theix population from September
from March to July,
Their distributioc
stratificaticn of

follo
ik QwWer¢ .
¢d by a marked increase

hizhest values in May and late July.
Distinct
May with very low
stable

depth |
s showed variation with time.

the 545,

] x:)pUl/’.ltlt:n was found during March Lo

igns . | A :
ity in the deeper waters, thus corresponding to the

lar densitics

ther;
"2l stratification period. kelatively simi
umn during September to=

Were

rece: B 3 ‘
corded in the whole water col
1lzal hiomass was

Dee
embe
e This pattern. of stratificatiun in
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. = 2 i 5 y { \ h
pore evident in Synechoecoccus elepans which 31
i) 3 s0 ShuH‘;d
(‘

seascnal pattern similar to Spirulina speci
—*—-——S— 'lk' GS.

¢ 2 £in ) na e C 1480 4 'j i the i Lr ') | & 1
1 il ) rn o & onal y S f
j S ¢ l]it wa oun n h ]

,f Anabaenopsis racibo i §
ng iborskii execept for the pronounced 1
9 d ncrease

of populatinn in the surface w
aters in July Sa
. mples in July

had unusually long trichomes of beoth the spiral and
forms of the alga which indicates a growing popula;iuni::itﬂ:t

i { ’ - . J { ,“)
div%sx;n, It apveared that it was the volume rather :han oo
number =f individual trichomes that resulted in the bi.nas;

increase.

Fluctuation i Mari i
s in Merismopedia punctata were irregular with a

relative SWODOT i
vely lcow population during September to December, and a
eak : & i .
P in January. Stratification of this phytoplankton specles
was evident 4 ing 5 I

ident during January to May with almost no cells at 15 m

3 -
during February to May.

Amceng the :
3 ¢ blue-green algae counted, distinct scasonal minima

(Febru: : 3
uary) and maxima (May) were found only in the filamentous

Specieg = )

Lyngbya nyassae, Synechucoccus elerans and Spirulina
Species. ! ; 3
: Anabaenopsis raciborskii, and the coccoid enlonies of

Meris o)
—I:s8mopedd I o y
\bdla punctata and Microc stis SPGCieS showed £l g

at times, but n

tiong 3
ns with relatively higher populations

3
de.inite -
"¢ minima were obvious during this work. Differences

C.’-uld ; .
arise from differences in their nutritional requirements,

hich can be impertant
Hart and

Sibaya,

as well - -
i as bucyancy repulation mechanisms W
0D the effies

¢ efficient utilizaticn of available nutrients.

-y (1977) have reported a similar behavior in Lake
nf blue=green algae showed
ncdrrcntly while
ed a differ=~

Wher
e t e e €
hree filamentous SP@Ci’S

Popul sther

atio :
ion maxima and minima almust €O

: tontal bluc-srecen alpae, diatoms and desmids show
.nt Picture, They report this as an indicationm that the
anirJHmGntal requirements of tallnthree hlug=-preens were very
g ,oplankton €an alsy be ovne

lar
s Selective prazing by 2°
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possible cause for differences in seascnal behavior between
. ol

ph)’t"l-‘]~’1nkt"n species of different morpholozical features

(Wetzel, 1983).

Green Algae - The four species counted in this study lInclude

Tetraedron minimum, Qocystis parva, U.marssonii and Botryococcus

braunii with the latter being the must important in contributlns
to the phytcplankton biomass of the lake (Fizure 6). Botryu=-

coccus braumii showed a distinct seasomal pattern with a

conspicucus peak in January in the surface waters, During the
unstable stratification pericd (September to November) and the
mixing pericd (December, and June to July), it had low biomass
and very similar values at all depths. The peak In January was
fecllowed by generally decreasins values up to the end of the
sampling pericd in July. Stratification nf the plankton was
distinct Aduring the stratification pericd (January to May) with
lower values in deep waterx. In the absence of turbulence

lutryneoceus colonies, which have a high 1ipid content, can be

buoyant and concentrate in the surface waters. brown masses of
these colonies are usually secn cn the lake surface sumetimes
forming streaks at nlaces. Pocling samples froum 0=-5 m for
counting reduces the errors in biomass estimativn which would
have becn counsiderable due to horizontal variations on the
surface with slight wind movement.

The Pcpulation maxima in Botryococcus wccurred in the driest
wetivity (Figure 3) and surface
samplin: perlod. A
(Harbott,

Period, and when alkalinity, cond
temperatures were the highest for the

Similar hehavior was also rcported for Lake Turkana

) 5 in
1982) where Botryccoecus braunii is omne Lf the dominant alypac

the

when the lake level was

open water. It showed a dominance
;rted to live and

1t a scasonal minimun. The alga has haen TED ot
: > f physica
"TOW successfully under an extremely wide ran ¢

1968). With the nset of

€°nditions in natural waters (Belcher,
; ' l;hyt.jl:\nkt n with

Stratificaticn following periods of mixing,
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cfficient Dbuoyancy mechanisms c¢can mak bett
ake 3 Cr use f the

- ——_— :
anutrients (Fimure 5) and light available in the surf
o ST o urface waters
although positive buoyancy 4s not necessarily of 1 .
= e o a selective
advantape to the plankton since it expuses the cells t
§ O SETXONg

l i‘,'ht a hE, su C & L i !
A t L < =oe 3 y n J
t 3 rf A ( H YWEever thc’ " a (y (f Botr ICOCcCcus

colonies, coupled with their carotencid pi¢mentation which h
- e s el as a
screcning effect from hizgh licht intensities found at th
: : g - s ¢
surface, can make them more competitive with the other species
x r |

thus enhancing their growth inm the surface waters.

Qocystis and Tetraedron species were present in low comc:n-
trations and showed small variations 4n time with no distinct
pattern. Their vertical distrxibutlion which also showed slight
variations at times was almost uniform during the mixing period
in June and July. This was alsc true in December when thelr
biomass values werc similarly locw at all depths. Cuncentrations
at 15 m were generally low fer both Gocystis and Tetraedron
specics, Must of the irregular fluctuations of their population
with time may be attributed to redistribution in the water
column due to turbulence.

S
easonal variation of phytoplankton pligment = The distribution

f P
T ¢hloroaphyll a in the whole water column is presented in

seasonally with relatively
This was

Fiour
Rure 7a, The concentratiosn varied
hip

th values (41-58 ug 171) from September to January.

fo g
11owed by decrcasing values during February=-May which coin=

There was an increase
the mixing

cldes with the stratification period.
from June to the e¢nd of July which corresponds te
:phyll values for the
March. This is about

Per )
€riod in the lake. The lowest chlor: whole

Wate )

A er column (23 ug 171) were measurcd in

2Y & X ¥

'f the hi hest chlorophyll value (55 w3 1 1) measured in
nf stratification

JIUUQ A
w i This maximum occurred at the mnsct

f
which had likely
for the samplin

v]] ‘Wi 3 1 ¢
Owing the mixings in December, ralscd the

.'h‘s-—
k \ 1
th'(- C ‘n"'ﬂl‘.].»l'\ t-’,‘ itS hj';htst \'alu\,‘

Perxicd (Fipure 5).
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The mean chlorophyll a concentration for the tropho i
(0-5 m) of Lake Awasa was 43 ug 171 which is muc; F;kz\c i
concentraticons in lakes Langano (7 ug 1-1) and Shalla“(;r fh”i
1y, Ethiopia (Belay and Wocd, 1984), and Lake Victori h g
1.2=5.5 mg m~ 3 (Talling, 1966) and Tanganyik i
' ) ganyika which has a 2
of 1.2 mg m~3 (Hecky and Kling, 1981). The alpal crop 1 Z~ﬂ"
Aiisa is cumparable t- lakes Abijata (65 ug 1“15 3;4 Z;:i :9la:i
% ) in Ethiospia (Belay and Wood, 1984), and lakes Naivasha 1n;
0loiden in Kenya which had seasonal means ~f 27 ug 1=1 and 23‘u;

_1 R . o =
1 respectively (Kalff and Watson, 1986).

The ratic of carntenoid te chlorcphyll a was calculated by
comparing absorption of plgment extracts at 480 nm and 665 nm
representing the absorption peaks of carotenoids and chlorophyll
respectively (Tallinp, 1966). The ratio which varied between
2.00-4.76 (Fijure 8c) 1is relatively higher than the valucs jiven
for Lake Victeria (Tallimg, 1966) and Lake Sibaya (Hart and

Hart 197 y y
” 977). This hirh ratic may be attributed to Botryococcus

phytoplankters in Lake

bra : 4 ;
braunii which was one of the dominant

Awasa i .
Botryococcus is known to have hish amount of carotennid,

partic - - s 7
ularly pB-carctene, which gives the colony its red color

(P’L”]Ch T j ] l l
L : 106
""rD *’68)- h 8 authl.‘r haS a SU rL"ll‘urt\.".! an lCCumU ;‘t n

of carotcnoi :
'rotcn-~ids in the alga with ageing, high temperaturcs and

nitrate and phosphate

hig ., o
gh 1lipht intensities, and during

Starvati
ation. Considering the generally hizh temperatures and

it is likely that colonies )

liph i i b 5 ™
it intensity din the t opics,
ar »t\.nqids.

R
botr YC O
>coeccus in Lake Awasa will tend to accumulate €

chlorophyll ratio.
avainst {nhibiting lizht

1974).

thu 5 A -
s increasing the carctenoid: Carotenolds

are be .
elieved to have a protective role

int
ensities (¥rinsky, 1966, cited by Belay,
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Enhancement of carutenoid synthesis with rising carctenoid t
chlcrophyll ratins also occurs in surface phytoplankton such as

Microcystis aerugincsa, a positively buoyant alga. Paerl et al
8 al,

(1983) have obsexved enhancement of carctenoid syanthesis in

buoyant populations of Micrceystis acrugincsa and have aseribed

this as an adaptatiocn to withstand the harmful effects of
ultraviolet radiaticn. Being one of the major species in Lake

Awasa, Micrceystis species may alsc be contributing to the high

carctennid:chlorophyll ratios found: in' the lake.

The ratio of caroctencid to chlorophyll showed some variatlon in
time with relatively higher wvalues during February tec May.

During January to April, Botryococcus braunii had a hi_her

percentage cumpusition in the phytoplankton (20-40%) which may
alsn acecount for the high ecaxotenold concentration. The
pupulation maximum for the alga was im January, and agcing
colonies in the following months may alsc contribute to high

carotencid concentration in the plgment cxtracts. The chloro=

phyll a values were also low during February to May showing low

chlorophyll synthesis in the plankton cells.

In the surface waters (0-5 m) nitrate-nitrogen concentration was

only between 7 and 14 ug 171 during January to Mayy '@e pposed

” . 4 B
to phosphate-phosphorus which varied between 23 and 45 u

. . e atio of
during the whole sampling period (Figure 5). The ra

w most
nitrate to phosphate in the lake water, which wag very 1o :

" » cells
'f the time, probably signifies nitrogen deficiency in the €€
of synthesis f

T may have resulted im a higher rate
arntcnnid:chlor'.;vhyll

ted in high caroten

1968; Morris, 1980).

ca f:'\t‘h-
arotennids, and hence a higher ¢ e
T A

NMitrogen dcficiency has been implica
Content of phytoplankton cells (Belcher,

Yeatseh and Vaccaro (1958, cited by Talling,
phyt ypl ankton

1966) have comsi
tn He an

dered tho
s This

nitrogen content ~f marine |
hlorcphyll ratio.

imp :
POrtant dete 5 - carotenold:c
eterminant of the {n July,

ario
L‘Xpland the drop in *8 !

ticn secems likely consideriny
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when the lcwest value for the year was recorded in the surfacc
waters (Filpure &b). The drop coincides with the hishest nitrate
eoncentration measured in the surface waters (Figure 5).

Vertical distribution of chlorophyll showed less variation than
the phytoplankton volume (Figure 7a,b). The latter shows a
proncunced stratification of algae in most cases, with much
lower biomass values below the trophogenie zone. Figment
concentratinn however, remained fairly similar throughout the
water column for most of the sampling pexiod. Duriny the
stratification period (January to May) the decline of the algal
pcpulation with depth was clearly scen with the phytoplankton
volume, particularly at times of higher biomass values. This
was not s obvious with the chlorcphyll a, but it is better
illustrated in Fijure 8 which includes the concentrations in 0-
5 m, and at 10 m and 15 m. It shows fairly similar values at

all depths during September tu December, and an almost uniform

¢ i _ e : <
distributi-n during January to March. The concentration at 15

' e on the
was relatively lower in April, and declined more in May when the

& v
lowest chl rophyll a at a single depth (10 ng 1 1) was detecte

in June, phytoplankton volume showed an

With complete mixing
upper column of water,
o

increase at 15 m with a decrcase in the
| the trophogenic

thus showin: the distribution of the planktonm in
| Q!‘ﬂiblt

This 1is also disc

20n¢ over the whole column of water.
in biomass at

from Fizure 6, where mcst species show an increase ‘ oo 4
Ve showe
Som from May to June. Chlorophyll a, however,

increase at all depths.

ate in the
The

| ( 1 to accumul
Under stable conditions, phytoplankton tend t

nic & ne nr j,] 3 > ti I b"i'yyant.
g S o ¢ OV YECY thgy aAre ne C ne‘n'.‘ Ve y

in Lake Awasa, LGghza, Microcystis
. nAS vacuules in

dominant blue=-zrecen algae
r .fs
and . . y £o _‘A)SStu
d Splrulina species, are all known e e
‘ : W 5 oy a .
“helr cells hich give them positive Luoy

is also

bunyant duc to 1ite
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hish accumulation of 1ipid. "Considcring the ccmpesition of th

splankton which are mo TR
R n which are mobtly budyane (RIpuseia), Ferrirn

fication of plankton is expected to cceur, speclally durin

stahle pericds.

In the chloxrophyll 2 analysis, no distinction was made for

les W {5 3 o el ~ 4 .
degradatioson mroduets ¢f 'V ehlorephyIls The ' B4+ TBacdas "of

phacopipments to the abscrbance of plpment extracts, which can

be eonsiderable in deeop waters, can exapzerate the chloraphyll
values thus masking a possible decrease with depth. Platoms
which have cell walls of silica are most densc, with a speciflc
cravity ¢f as much as 0.06 g 21-l in excess of that of water
(Mnss, 1980). Thus they would be e¢xpected to concentrate in
deep water under stable conditions. The Adiatom population in
Lake Awssa, which has not boen estimated Im this work bHut
contributes to the riegment conegntraticn, may be another r«ason
frr the differences Found betwéen' chlorophyll a emd phytos

plankton volume.

measures of total phyto=

8c) and shytoplankton

A comnarison was made hetween the two

vlankton lensity - chlorephyll a (Figure
volume (Fipure 22). The ratio of chlorophyll a to shytoplankton

Y ’ i i i ¢ ns
velume in rercentaze is shown in Figsurc B8a. on 211 occasi

€Xcept one, the ratio was hi{-';hélr in deeper than in the surface

3 o
vRteTE, Pussible reas~ns which have beeR discussed carlier,

on not included

i p

lee. desradation products and the diatom populatd

in ‘ i 3 to the hlﬂ'h
the phytoplankton count, may agzain contribute

the chlot:phyll a
¢lls

ratic in degy watéerx. It may also he hecausc
rhyt)“lankt“n c

Co \
ntent ,c¢r cell increases with depth,
pigment

a rulatlvcly hiczher
a te high 1ivht,

in ".\.'\'{'

resia 2 :
¢8ldine in deeper watexrs can have

“tent than cells in the surface Watexrs eXpose

‘ ahle
Y9 make maximum utilization of the 1oW 11zht available 4
— 3 ) has an
Yater (ileynolds, 1984). This 1oV Tishe adaptotion
’ : had a high

eXhibi{te.t i J " isulation which
1re in a metalimnetic Lynchya >pula
chl:y

’ atle adapt=
'ihyll, a content” (11 my ap~3) as & photosynth

IR —
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ation to extremely low light intensities (Reynolds et al
&»
1983) .-

The ratic of chlorophyll a to phytoplankton volume in the upper
0-5 m water column varied between 0.43 and 1.81. The two lowest
values recorded, 0.43 and 0.62, were in May and March respec=
tively. These ratios correspond to the two hiphest ratiocs
determined for carotencid to chlorophyll. The overall reeipro-
cal relationship of the two ratios (cf. Flgures 8a,b) suppests
that low rate of chlorophyll synthesis is associated with high

carotencid synthesis in the plankton.

SEASONALITY OF PHYTOPLANKTON

Temporal distributiow .of phytoplanktion scemed to be most
influenced by the thermal stratification Lehawior of the lake.
Total bicmass inecreased with the onset of stratification
following complete mixing in December, and with the beginning of
destratification in May. This increase may be associated with

vertical mixing in the watexr column which redistributes suspen=
ature and light climate, and
fate of the

3.is , ng s
ded matcer and influences the temper

Autrient availahility which in turn determine the

nt area
Phytoplankton. Rainfall land drainage from the catehment

to the nutrient supply

SuRing whe rainy season also contributed
the mixing

°f the lake, enhancing growth of nhytoplankton during
pericd 4in Juna-July.

in the phytuplanktnn hiomass

is low when compared

(1979) He has
gs the range of

The masnitude of seascnal chanjges,
of Lake Awasa expressed as chlorophyll a,

With other tropical lakes presented in Mclack

applied the cocfficient: of variation (CV) €0 838

nhutosynthetic rates
13

and pr:nosed three

Se€easonal variability ia the sbundance : and
) f1cal lakes,
to:. Kifle (1685), and
ch]wtnphyll a d
pattern as one

Phytoplankton among txop

the present
tcmpnrnl

ratterns. According
zave a CV of 20% with the

a falls 1in pattern Be Melack descr

~ ata, Lake
¥ork which

o ihes this
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in whick the phytoplankton assemblape 1s constant, and the
speclies are adapted to the, full range of environmental condit-
fons; as conditions change in the enviromment, speeies better
adapted attain numerical dominance. This conforms with the
findings in Lake Awasa where the phytoplanktun compusition was
the same throughtut the sampling pericd and some species had a

populaticn reak under different environmental ccnditions.

Seasonality f n»hytoplankton in Lake Awasa was also assessed by
applying the ratio of scasonal population maxima tc minima
(Kalff and Watson, 1586). Total phytoplankton gave a ratic of
2.8 for cell volume and 2.4 for the chlorophyll a content im the
trophogenic zcne. Expressing this ratio as the log 10 deriva-
tive in orders of magnitude (Talling, 1986), the amplitude of
variation was found to be only 0.45 and 0.38 respectively. This

is very similar tc the annual amplitude observed in Lake Sibaya

(Hart and Hart, 1977) and Lake Georse ( Ganf, 1974e). The total

¢community showed an amplitude of 0.42 in Lake Sibaya, and abuut
0.2-0.4 in Lake Georgze (Talling, 1986). Measurement of chlorou=
ow very similar amplitude

Pyl a fur 5 years in Lake Naivasha sh
0.40, 0465, and

“f variation with the above lakes (0.34, 0.38,

: .65 and
1+08) with the two exceptional values for the Lake (0.6
are
N Suzigesting that changes in environmental conditions
‘ 1986). Most values are

Sometimes preater (Kalff and Watson, e
n .

sli?htly lower than the secasonal amplitude of variatio

uctive zone in Lake

in the chlorophyll a content of the prod

/ ) - .
Victoria (Talling, 1986).

of
component speclcs ©

The Scasonal amplitude of wvariaticn in the 1 At

] - ¥

Lake Awasa was higsher than was found in the tcta1 o e A
al ‘U s . : % ~f magn tude

th,u;;\h it was still less than one order (1.20) i

Shee " sppPe
S|(-Ll‘cs i‘XCCI‘t Lyn-\r'hya nyassae (1.23)’ w :A,‘,. ‘c-‘!.vn’l
Whechococcus ele, (1.16), ., Among the, SEASSESENEN Th
\_ elezans ° d 'raunii' 2

anpl . A Heoccus L———'——'
! -itU.Ll&._‘ was highest (0.88) in 2_21-—-—"—‘—— um\uﬂ“y was

e d : , total €
éRltude of seasvnal variation iR the
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masked to a certain extent by the difference in the major peak
< U el

periods of the dominant phytoplankton Botryocococcus braunii and
L

Lynghya nyassac. Considering that the amplitude of variation

was relatively lower in the pigment concentration than in the
total cell volume, variation in total phytoplankton community
could have also been masked due to uncounted phytoplankton
species which contributed to the pigment concentraticm. Rela=
tively low community values as compared to component species
were also found in lakes Viectoria (Talling, 1966), Sibaya (Hart
and Hart, 1977) and George (Ganf, 1974c). Talling (1986)
accrnunts this difference of pattern in Lake Victoria to the
influence of abundant but less variant and uncounted Aphanocapsa
spp., and the complementary patterns of occurrence of soume
diatoms and blue-grcen algae. Small and uncounted species have

een sugpested to be the probable cause in Lake Sibaya (Hart and
1

Grazing is one of the factors influencing the temporal and

spatial distribution of phytoplankton. The abundance of the

grazing population, selective grazing and thelr fecding habit

seasonal behaviour of the
sh in

influences the species abundance and
Phytoplankton on which they feed. The most import8mt fi
nreochromis niloticus, 1is

f zcoplankton

the commercial fishery of Lake Awasa,

3 phytoplankton feeder. Among the four species ©

. :{stu
Which make up 98% of the total biomass in Lake Awasa (Meng ’

piaphancsoma

UNnpublished data), Thermocyeclops consimilis,
A WY 008
and juveniles of Mus\czcli

data show di=

€Xcisum and Alona diaphana,

i e— . L0
Sfquatorialis similis are herbivorocus.

Mengistu's

apne these
n b ance among
ffarencus in the seasonal pattern of abund |
o : sre abundant during
xdgulatimns, with Mesocyclops snecies moOT
and Thermucyclops

among the

specles

January-March and July-September,

1 . : ynality

(AUrln;j' Aliril-June. This liattern of StaSln - : i

¢ L b 2 ) h.'!VL ur p

Erazerg could very well affect the geasonal Db¢ '
AL ~ngsible varlation

= » )
nhytupldnktun population, either by masking a



or by ipducing one,

some period.
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CONCLUSION

The overall distribution pattern of phytoplankton bicmass in
Lake Awasa was generally influenced by the hydrograpnic struc-
ture ¢f the water column with an increase of bLiomass upon
partial mixing or following complete mixing. Inorganic phos-
phate was relatively high during the sampling pericd while
nitratc concentration, determined during January-July, was low
except during the rainy season in June and July. The pigment
eéxtracts showed a senerally high carotencid td chlorcphyll ratio
indicating the possibility of nitrogen deficiency in the phyto-
plankton cells. However, detailed investigaticn needs to be
carried out on the nitrogen status of the alzae, as well as on
the nitrogen and phosphorus dynamics of the lake, to confirm

this supgestion.

The phytuplankton community of Lake Awasa, dominated by blue-
green alpae and sne species of ;reen alzac, shows some scasconal
pattern of distribution. The range of seasonal variability,
which was relatively l.w when compared to some tropical lakes
with marked seasonality, was differcnt among the component
species counted in this study. This 1s a reflection of diff-
erences in morphological and physiolngical behavior of the
species 1Iin relation to the envir nmental conditions prevailing
in the lakc. Grazing by zooplanktcen and €ish can be one
important factor in determining or modifying the
behavior of total phytoplankton

seasonal

blomass and/or component

specles, ) die i m

pecles Hence studies of the fish and Zoouplankton c¢o munity

should ke Integrated with phytoplankton studics ¢ ret
" . A o<

| 2 better
Pleture of the sc¢casonal

pattern,
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