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L1
Abstract
- N
Species composition, seasonal variations in species conpasitien and
binmass of phytoplankton in Lake Ziway, a large (ca.442km?) but shallow (Zm

= 2.5m), brown water lake, was studied from B-I111-87 o 26-11-88,

In total 122 phytoplankton species were identified from net and
sedimented samples, Tdentification of phyteplankton species from
sedimented samples was donc to ensure inclusion of small plankton organisms
(<26 m) that may pass though the net(25 w mesh-size) that was used for

routine sampliny.

There were three majsr groups of phyteplankton, Cyanophyceae (blue-green

algac), Bacillarinphyccae (diatoms) and chlarophyceae (green algae).

The Cyanophyceac was represented by 50 species. This was followed by

Chlorophyceae with 21 species and the Bacillariophyceae with 31 species,

The community bicwmass was dominated by blue-green algae which composed
63% of the total wmean annual biomass. Diatoms made up about 22% of the
mean annual biomass and the green algac contributed only 15% to the total

mean annual biomass.

The phytoplankton species of qualitative and quantitative importance

were Lyngbya limpetica Lemm, Hicrocystis, aeruginosa (kg) G.M. Smith and

Synechacoccus elongatus Nageli (blue green algac), Melosira granulata

vl




(Ehr.} Ralfs, Havicula spp. and Surirells spp. (diatoms}, and Staurastrum

The mean monthly total biomass ranged from 79.10% to 344,103 wmg.W-3
while chlorophy1l a concentraticn varied between 154 and 212 mg.m~3. There
were two peaks in tetal phytoplankton biomass one occurred in April

(329.103 mg.m~=3) and one in August (349,103 mg.w-3),

Peaks of blue-green algae occurred in August {220.103 mg m-3) and in
Hovembarp (204.103.mg.m“3). Niatom maxima occurrad in April (177.103 mg.m~
3) and in August {73.10% mg.m-3), and green algae remained at lower levels
in bimmass for much of the study period.,  There ware two peaks in green
algae which occurred in Hovember and February, at those times gfoen algae

biomass was higher than that of diatonms,

The chlornphyll content {ratiuv between Chl a and biomass,100) was low.
It ranged from 0.05 to 0.24%, with higher values in farch and July, at
which times the bicmass was dominated by diatoms. A general trend of
decreasing chlorophyll content with increasing blue-green biomass was

sbserved,

Seasnnal fluctuations in chlorophyil a and biomass and related chemical-
physical paramcters were l=ast pronounced. Seasonal variations exprossed
interms of coefficient of variation (CVY, standard deviation/fmean-100) were
higher for total binmass {cv = 43%)} and Tlower for chlorophyll a (CV =

1001%)1




Amplitude of seasenal variation interms of the 12gyg of seasonal biomass
paximafminima gave valuaes of 014 and d.u. tor chlorophyila & total biamass
respectively.  Those values were tessar than the values for some component

species eg. Pediastrum {7.67), Havicula {2.05) and Surirella (2.08),

Fur the major groups, the amplitude of scasopal variation was the

highest for green algae {1.26) followed by diatoms (1.25) and blue green
algae (0.81). |
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CHAPTER 1

INTRODUCTION

Ethiopia has a supstantial area ca.?ﬂUUkmz, of fresh water lakes /Tadla,

1973). The lakes are scattored over a range of altitudes and tatitudes,

A review of all the literature (eg. Vood & Talling, 1984: Ref&y. (in
press} reveals that there is fairly a large amount af information on
various Timnological faatures of Etniopian lakes. The current increasing
number of limnological Contrinutions by Etiiopian nationals in the Addis
Ababa University eg, Getachew Tafera {1980, 1987a,b), Tedia {1973}, Relay
and Hond (19327, Kassahun Yodaju (1982}, Kassahun Modajo and Amha Relay
(1984}, Demecke K1#1o (19851, Tilahun Kibret {1985}, Elizabeth Kebeds (1987)
are signs of increasing awarcness of these and nther Ethiopians in this

fiold.

Heverthelass, considoring the large number of lakes and variety of
conditinng, sustained and systematic timnoloagical studies on any of the
Ethiopian Takes have pot been dane except fur a few studies limited to a
small number of lakes =g. L, Awassa {Demeke Kifla, 1985: Flizabeth Kebede,
1987 Getachew Toferra, 1987) and Lakes Abijata & l.angano (Kassahun Wodajio,

1982).

A few othar studies lasting about one year on the Etthiopian lakes,
include the following on the Rishoftu Crater Takos: seasonal changes in

thermal characteristics (Mood of al., 1976), and the aspects of




stratification {Haxter o6 al., 1965),

tocauss of thelr proxiaity to Lhs capital, Addis Apaba, only 4bkn away,
the Bishoftu Crater lakes hnave hecome the subject of a numboer of
limnological studieos, They have in fact received morz attention than any

other lakes in the country.

A detailed bathymeteic survey of the Hishoitu crater lakes was done by
Prosser ot al., {196%).  These authors have also provided basic chemical

background information. Phytepiankton nhotosynthitic productivity (Talling

t al,, 1973) and geojoygy fifohr, 1961} of thosa lakes are available,

o

!

According to sivhr [1861), the Rishofty Crater jakes, a group of five lakes,

were formed by volcanic explosions about 7000 years aqgo.

The Rift Valley lakes of Ecthinpia in the Ziwey-Shalla basin, to which
the study iake, L. Ziway belengs, have also been a subject of recent
studies relat~d to varying interzsts, fishericos development (Getaneh &
Getaneh, 14749; OGetachow Toforra, 19%7a; Schroder, 1984), drrigation and
agricultural developm:nt (rakin ot gl., 1975}, hydroelectric & geothermal
developnent (Ui, 1973) and dgeological and mincralavical explarations (04

Pada, 1972),

The: Timnolngical aspects of these studi=s are of interast to this paper.
The evarltiest rocords on the narthernmost Rift valley lakas of Ethiopia were
those for L. Ziway. Thay were mada in 1528 by the wissionary #danoel de
Mmedia, The: details of thess documentations are found in Grove et al

(1475).
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Limnological dnvestications on the Ethiapian Rift Valley lakes invulving
Italian workers (Eg. Lofir-do Maldura, 1943} ar: som: of the earliest
docuontetions and arc uf paranount importance.  These are =till considered
as thz hench-mark descriptions in Fthiupian bimnology, ﬁeverthuiqss, those
were Timited to goscriptions of soae aspects of morphonetry, bathymetry and

some chemical-physical & biolugical ahscrvations.

For Lake Ziway various limnoloyical features are deseribed in the works
of Cannicci & Almagin (14947) and Loffrado & Holdyra (1941), The
bathymetréc map of L. Ziway zvag suﬁV¢yhd by ?mfandini (1942) and is
available with maps of other Rift Vallay lakes, L. Abaya (Riedol, 1962),

and Lakes Shalla, Abijata & Langano {Raxtor otoat., 198R),

bore recant 1nf6rmatinn is availaple for 1, Ziway conczrniny its,
hydrology (Makin ot al, 1976}, geology (tiohr, 1962,1971: D Paola, 1972),
formar lake Tove] (Grove et al,, 1975): wasse & Street, 1978), Cheristry
(Talling & Tallfng, 196K) & Climatolagy (Daniel Gamachu, 19775, Helay &
Hood (1984) provided data on the primary productivity of L. Ziway with some
comments on its light climate,  These authors also comparcd L. Ziway with
nearby lakes vis-avis its prodgctivity, {ther workers (Mood & Prosser,
1976) dealt with the opvical characteristics of L. Ziway, together with the
lakes in the Ziway-Shalla nzsin.  Those authars made assessments of fish
production 4n thess 4 lakes: | Shalla, L. Yaagano, L, Abijata & L. Ziway
using the morphoedaphic indx (T, ratio betusen tofa] dissolved solutes
and mean dopth, Zmj. Their resutts indicate that |, Ziway has the highest
fish stock (MET = 132} st ro L. awijata (HEI = 4900). The lowest value

(MET = 8(r) was that obtained rTor I, Lafganae,

S




Studins renarding the fisherios aspech of ELfviopian inland wators aro
scarse inspits of the mounting derand for protoin- foeds and the oencral
fand shortage in the country. The available studics croncerning fisneries
dovelopment of L. Ziway ar. those of Gatanch and Getansh {1%79;F and
Schrader {(1984).  The latter compared the qguantitative and qualitative
composition of fish in L. Ziway and L. Abaya, Tedla {1973) has also done
some gencral surveys on the fisherios rasnurcss of the Ethiopian inland
waters.,  The mnst recent studies are those of on the fisheries of Ethiopian

lakes ar> tnose of Getachew Toferra (1987} on ). Ziway and L. Awassa,

Tudorancea ot al. {1988) on L. Awasse, Thay made profound study of the

herbivarous Tish, Oreochronis niloticus L. and its diet, tie phytoplankton,

In spite of the large amount of Tinnological work done over the last 50
years, studics on phytoplankton compnsition and scasonal changoes in species
compasition and biomass ovor an extondzd pariad of time in the Ethiopian
inland weters are lacking (Sec Elizabath Kebodo, 1987: Kassahun Hodajo,

1982).

Furthermore in tropical African Takes, seasonal studies of phytoplankton
composition, biomass and relaled chemical-physical & biolugical processes
are few and arz alse recent., There nave, howover, bezn some valuable
studies donz,  Talling {1949,1886) Hecky % Kling; (1981), Lind (1968} and
Ganf {14974a) have studied seasenal cﬁangus in phytoplankton composition &
hiomass on somc =2ast African Rift Valloy lakes.  Othcors (Ganf, 197%;

Melack, 1979a; Allansen & Hart, 197%:; 2obarts, 1979) have documented data

on seasenal variations in vhytoplankton primary Production in seme smaller

]
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lakes in Kenya % Uganda.

Phytoplankton primary oroduction is the base upon which aquatic feod
chains, culiiinating ia the natural Fisn poapulations explaitea by man s
founded,  Furthormore, phytoplankton generates about 70% of the world's

oxygen supply (Reynolds, 1984),

Phytoplankton is the hasic diet of many herbivorous fish eg. adult
Drevchromis niloticus L. in L. Ziway (Getachcew Teofera, 14987; Zencbe
Tadesse, pors. comm. ), In order to understand beitor the production of

fishes, its essential to know about the composition of their food - the

phytoplanktan.

In addition, excossive phytoplankton production in Takes, and rosarvoirs
present expensive problems of eutrophication in water industries while
deleterious affects upon fisheries and wator basad rocreation are often

attributahle o aver abundanch of phytoplankton (Reynolds, 1984),

“There i1s, therefore, a substantial zconomic and sncial need for the
complito understanding, as far as possible, of the factors which rogulata
the spatial and temporal variations in phyitonlankton compnsition, hiomass

distribution & ralatod proximal and distal anvirenmental conditions,

Thus, the aim of this work is tn cuntribute to filling the gap in
information in tho phytoplankton species compnsition, seasonal changes in
species composition and biomass and related chemical-physical
characteristics in tropical African lakes in ganeral and Cthiopian lakes in

particular, Fuarthermore, this work is a contribution to the current offort

[




in the documsntation of ELhiopian terrestrial Gaquatic flora,  This paper

Mmay also serve as a base~line roference material for further work in other

Ethicpian lakes.,




CHAPTER 2
THE STUDY AREA

Lacation

Loke Ziway is the northornmost of the four main Rift Yalley Lakcs of
Ethiopia (Fig. 1), at ca 79 520 . 808l y jatitude and ca. 380551f
fongitude, It Yies Detween Shoa and Arsi Administrative Regions about 145
km due south of Addis Ababa, on the Addis-Awassa highway, Selected
morphometric, chemical and physical features of this fresh water Take are

given in Table 1, !

The Take is one of the lakes known in the old Titerature as the "Galla
Lakas™, 3 group of lakes which still share the same clescd internal
drainaqe, The 1akas ars:  Lake Langann, I, Shalla, L. Abijata and the
study lake, L, Ziway, In the tate Tertiary (Hohr, 1962, 1971; Grove et
al., 1871), the Galla Lakes basin was continunus with the Awash Riyer
drainage systom in the north and with the L, Awassa and L, Abaya in the

South.  Tha system thus formed a single lake, Lake Galla (Gasse & Street,

1378; Grove & Goudie, 1971},

The four Takes were Tattor separated during the Pleistncene period
{Gassue & streat, 1873) by voleanic and tectonic activities, shrinkage in

Hater Tevels and by upward and downward faulting (Mohr, 1962, 1971).




Lakes Zieay and Abidaca 1ic on a dovn faulited vasin in the pift valley
floor while L, Shalla {206masl) occupizs a decp volcanic caldera, Lake
Liway s separated from |, Langans by an outcrep from an oxiinct volcany,
mount  Alutu{l850masl) in the south, Tt is separatcd from L. Abijata

{1578mas1),




Table 1, Some morphometric, physical and chomical characteristics of L,

LivwAy,

borphometry Physical Chemistry

Altitude{mas?} 18484 Surface water Conductivity 372-42°

Surface arca(Km?) Ay2b tomp (VC)e2-274 Ho0

Yolume {Knd) 1,17 wator renéwa] Mafmyi-1) saf

Hax-dapth{a) £.95 time{yr)3c K(mgl-1) 14f

Miean depth(m) ?,4¢ Ca(mgl-1) 1g.2f

iax-1langth(km) 324 . Fig (mg1-1) 9.8F

Max-width(km) 2ud

Shoreline Tength(km)  102¢ L3 + €03 3.92f
{mogl

Catchment area{km?) 70254 C1- {mgl-1) 187
SO4(mg1-1) 2f

a = Molcome (1972) Siop{ngl-1y a7t

b = Gasse & strect(1978) Total p 1707

¢ = Makin et al (1975) pit .99

d = Schroder(1984) ™Ms{at-1) 0,329

¢ = Loffrode & toldura(1941)
£ = Talling & Talling (1965)

g = Pitwell {1967}
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L. Shalla and che Awash River hasin by uplifted fauli hlocks (Hakin et al,,
1975), Lakes Langans ana Abtiata ar Saparatod frum vach ather by o
higher-laying faul e d ridye, knoun as the Hondi faulted oolt, Thirre apg
five volcanic istands in Lo Zivay, Those ape coversd with thick vagetation
and sparscly inhabitod, |, Shalla, similarly has many islands which are

home tn spocius of the varied avifauna,
p

The bottom of ik ivay is nado up af gravel and pumice or pyrociastic
materials of volcanic origin and the wator is turpid from silt susponsaid,

The lake is unsheltores and thus cxpnsed to Frequent agitation by wind,
The Ziway-Shalla basin, otherwise callad the 6Galla Lakis basin, jg
tectonically the most stahlc: (=inactive) sector of the rift valley and

hence has simple morphology (riohr, 3971: Ltoyd, t977),

Climate and Rainfal]

The Lak: Ziway basin is arid for much of the year {Daniel Gamachu, 1977)
and average evaporation excerds precipitation in al) fonths,  Thero s a
well defined dry season botween July and September (ses jakin et al., 1975
PP. 18 2 19) but even then the rainfall is unreliadl. and dry periods

excoeding ten months ape comman,

The mean annyald rAainfall in the 1akn basin is gunerally less than 600mn
(U, 1973).  In the nerthern part of the Jaks basin rxinfall is 700mm,
This is due to the increase in elevation wound the Heki River dolta in the

north,  The ennual rifinfe1l over the lake surface averages 1itt)e nure than

11




500mm.

The taaperature varies lithle throughout the y=ar, Th: mean daily
maximum and minimun torperatur2 At Ziway are 26.9 and 11,79%C respectively

and tha oxtreme ,minimum record in the recent years was 49C (Makin et al.,

Annual apen water ovaporation is of the order of 2000mn (Gasse & Strect,
1978) which rasults in an approximate 2m decrease in the Take water lavel
each year.  Drastic water lovel shrinkage was observed during the study
period in the manths December te March during which was dry except for a

fow 1ight and intermittont rain showors,

The region around the study Take is windy ond clouds of dust from the
adjacent. Tand blows ovir the entire lake surfaco. This contrihutes to the
aliocthonous nutrisnt enrichment & turbid nature of the 1ake,  Tho lake s
shallow (Zmax = 7.86m, Fakin ¢t al., 1975) and wind-induced turbulence is
prevalent throughout the year: this again is a significant source of

enrichront from the sadimonts in the lake floor.
Hydrolagy

Lake Ziway has a total catchmient area of ca.7020km? and a wat.r storag:

capacity of 1.1 x 10903 (see also tabla 1}, It is the only relatively

satt-free lake in the rift valley,

I

The hydrology of L.7Ziuay is regulatoed by inflews and rainfall on the

12



Faunz

The faunal components of L, Zivay consist of 3 varicty of pisciveorous

birds (avifauna) ameng which ar Pelicans {Policanus onocrotalus) losser

flamingoes (Phocniconaias minor, Ibis and Cormurants of the genus,

Phalacnrqurax.

Large animals especially hippoptamus {(Hippopntamus anphibius) and the

Mile monitor are common in the lake,

The fish fauna consist of tuo native and one incroduced specias. The

nmouth brouding, Orcochromis niloticus and Barbus sp. arc indigenous while

Tilepia zil¥i is an intreduced fish (Schroder, 1984; Getanch 2 Gtaneh,

1979).

Piankton communitics

The common aleal communitics in the lake are bluc-green ilgaa, groen
algac ond dietoms (Cannicei 2 Almagia 1947), Tho zonplankton components

are made up of Copapods and Rotifers (Semench Belay, Pers Comm, ).
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CHAPTER 3

MATERIALS AND METHODS
Sampling

A osingla central station with a depth of ¢a.3.5 in the pellagic
zone of the Take was sclected as a reprosentative site of the whola
Fake throughout the investigation poeriod (Fig. 1). Samples for
quantitative and qualitativoe analyses wore colloectod bimonthly
from this station.  Samples far quantiftative analyses woere
collected using o Kommerar sampler of ca,2.5l capacity. Samples of
edqual volume from equally spaced depths (¢1.50cm} covering U0-3m
depth were posled & mixed in 2 bucket tn make a compnsite sample of
the cuphotic community.  From this ponted semplis, subsamples were
transforred to 250m1 bnttles, Samples waere fixed in field by
adding a few drops of acid Lugol’s sotutinn and afterwards 2.34%
formalin was added as indicatad in Hecky and Kling (1987), Lund at
al. (1958), Eloranta (1981} and Utormhol (1958)

For pigment analysis. samples were collected from 0-50cm depth
using same Kemmorer sampler, These samples wore put in
polyctiiclone bottlos and transported to the laboratery in an ice

box,

For taxonomic investigation, vertical haul samples from 0-3n depth
were collected with a phytoplankion noet of mosh-size 25 gmoand

fixad as above.  Unpreserved not saples werc also transported in




34?-9

an ice hox for imnediat. taxonomic wark,

In situ Neasurenent of Chemical-Physical Paramotors

In situ conductivity (Kosc, Usem=1) was measurad Wwith a combined
cunductivity and salinity mctop probe,  Surface water temperaturs
was fiasured with a thermistor temperature sansor (YS1, odel 33,
S-C-T meter},  Tomperature corrections to 259C were made as  in

Wetzel & Likons (1979) for insitu Yscm-l measurement  assuming a

maan temperature coefficient of 2,390¢-1,

In situ pH measurement nf lake surface water was done with a

portahbte digital pH meter {YSI, mnds] 607).
Lake water transparency (= vertical visibility) was d-otermined
using a standard secchi disc ca.2bcm diamefer, quartered

alternately black & white,

Heasurement of hinlogical parameters

Payteplankteon identification - wes dene from both net and

sedimented samples in order to include the small single-colled

algae that may pass through the 25 m nesh-size sampling net,

Phytoplankton taxa were identifiod to the genus 1evel and whore
possible to the spocies lovel, with the aid of iiterature by Bobor.

pestalazzi [1534-1983), Bourelly (1966, 1968, 1970), Pascher

1A




{1830), Skuja (1948, 1955}, ilickel (1976) and Prescott (1471).

Biomass - Phytoplankton biomass was determined based on chlorophyll
a concentration and algal counting and conversion of counts to

volume

Chioraphyll a concentration - was estimatoed spectraophotometrically
after concentrating the algal samplaes onto glass fiber ftilters
(Mhatman G F/C) and extracting of the pigments in warm 90%
methanol, using the abbreviaited formula of Talling and Driver

(1963} & underlying degradation nroducts,

Chi

fou

= 13.9(0.0465), (Path Tength = lcm})

Counting - algal velunms and subsequently algal fresh weight biomass
(mgi-1 or ng.m-3) was estimated by counting algal units using
Utermhol's (1958) inverted microscope techniques and phase contrast

optics as described in Lund et al, (19%8),

Based on results of Preliminary counts of common species, 13
selected spucics (table 2) which compased af more than 90% the
total algal Liomass were counted. These 13 species occurred

consistently throughout the sampling series.

Counting was done after sedimentation of aliquot samples in
sedimentatien tubes of ca, 10, 25 and 50m capacity by adding a few

drops of acid Lugol's solution. The volumes of samples sedimentad,

17




the number of transects countad, and the level of magnification
wore adjusited fron time to time accurding to convenionce of

counting and density of the phytoplankton,

The small and dense species were counted on one transverse strip at
a magnification eof 600x. Gnly O0.1m1 aliquot samples were
sedimented for ceunting the dense phytoplankton. lLarge and scarce
species were counted by searching the whole chamber flnor under 10x
objective. The settled sample was 50ml during low algal density and
10m} during high algal density. The sedimentation time for samples

was at least 12h.

For filamentous forms (eg. Lyngva o ficlosira) counts were taken by
measuring the Tongth of each counted specimen and then averaging
the tengths within species (Elizabeth Kebede, pers. comm.) The
total number of cells in the whole chamber floor was found by

multiplying

18




Tablte 2, Phytoplankion species countod and peasirsd roading
biomass deterniinavion fram L, Yiway),

Speci s Vo tumi

(um3)

Lyngbya Timnetica ' 198 (mean of filaments)
fielosira granulata 1660 (mean of filamentis)

Hicrocystis aaruginosa 14,8 (lcell)

Havicula spp A50)

o m m e m e ER AR M R b rd b B Se e ke T RN 4L S VM A s wm e ra AR LS b i kb e e s B RS A et 46 7 B e e e A Be i m e o g A TR = o ma

Pediasirum boryanus 160

Scanedesmus spp. 233 (4 cell)

Spirulins ylatonsis 32 {1 coil)

staurastrun leptocladum 970
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the coll numbars in the tdiameter transcect hy 11 n/4 where n n/A is
the ratio of the whole bottom area tu that of one diametor transect
and n is the ratin botween diameter and width of diameter transect

(Vollenwider,1974),
Colls per ml was determined from the formula {Wilox et al., 1982):

Cell /ml = C,TA

L.W.S.V,

number of cells counted

il

where C
TA = total area of settling chamber floor
L = Taength of sfrips

W

widih of strips counted
S = number of strips counted

V = vyolume of sample sottled

Cell counts were transformed to cell volumes m3ml‘1) by fitcing
the phytoplankton to appropriate geometric shapes and respective
volume formulas {Witien et al., 1985).  Cell volumes were lattop

converted to fresh weight biomass (mg1-1 or mgm'3) hy assuming a

specific density of unity for the phytoplankton,
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4.1’

CHAPTER 4

RESULTS

Some Chemical-Physical factors of Lake Ziway

The seasonal vartations in surface water temperature, secchi disc
visibility, pH and conductivity measured over the study period are

shown in Fig, 2 and Table 3.

The highest and lowest surface water temperatures recorded for the
study period were 27.5 and 18.57C respactively, with a difference
of 99%. Occasional measurcments of bottom temperature indicated a
range boetweon 18 and 240¢, differing only by 69. Nifference
between mzan monthly surface and bettom temperaturs did not exceed
2°C.  This small difference was indicative of the isothermal
condition »f the lake water during the sampling périods. The
communly  deserved wind-induced mixing was a substantial ovidence

for this isothermal condition of the Take vater,

Lake water transparency ( = vertical visibility) varied betwcen 13
and 23.5 c¢cm on a mcan monthly basis, with aﬁ annual mean value of
18,6 ¢m.  This shallow sccchi depth further illustrate the lake's
turbid nature which may roesult from resuspension of silt during

turbulent mixing,

The highest sccchi disc transparency reading made for the study
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peried occurred in Hecember while the lowest occurred in March.
Usually s=cchi depths were higher when the water was calm
notwithstanding algal density,

pH of surface water didnot change very much seasonally (Fig, 7).
The difterence between the highest and lowest mean monthiy pH
didnot excaed 0.3, The mean yearly pH-fnr the study period was

only 8.54 {Table 3).

The conductivity of the surface water also varied littie
seasonally, The highest value occurred in January ca.400y sem~l at
Kps? and the Towest occurred in March ca 333 uscm'l. The annual
mean was 372 ysem-1, which was not different from that reported in

Talling and Talling (1965),




Tabte 3. Mean monthly surfaca toemperaturs, pH, conductivity ( uscm"13K25”), Seccehi
depth & (Rainfall of L. Ziway (1957-1948),
S . 1987 1988
M A i J J A S 0 f )] J F HMean
Temparature 25.1 23.9 27.5 23,5 22 23 25 23.1 24 18.5 20.9 27.2 23.6
(c)
pH 8.45 8,75 4,45 6,5 8.5 8.45 8.45 8.6 8,55 8.6 3.67 8.5 8,54
K25“L§cm'1 360 340 333 372 363 3%0 379 386 364 393 400 395 372
Secchi
depth 13 16,5 15.5 15,5 14,5 16 19,3 22.3 23.5 22 21 17.8
(cm)
Rainfall 59.8 47,7 245.2 16,2 71.6 58.6 54,6 17,7 0.0 0.0  3.41 20.3
(mm} ., .
o e et e e e e e e e e e o e e e i e e e

i
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4.2,

Spe

ci2e Composition

The phytoplankton spacies found in Lako Zivay are Visted in Tablo 4
and theip distribution (by number) among taxanomic groups is yiven

Tabie 5,

In total 122 phytuplankten species were found during the cnunting
process in the quantitative and pot samples from Lake Ziway., These
were distributed among three major Component  groups, blue-green
algae (Cyanophyceae), diatoms (Baci]lariophyceae), and green algae

(chiorophycoae) (Table 4),

Figure 3 shows the seasonal variation of phytoplankton species
nuwiber and theip distribution among taxonomic groups.

Blue-green algae - They are the major group which consisted of &7

species i.e. 41.8% of the total specias numbor (Table 5).

25




Table 4. List of Phytuplankton specins in Lake 7Ziway during the Sty

Poaricd

Cyanophyceae

Anabaenopsis arnoldii Apte Karj

A.curvata

A.philippinesis Tayor

Aphanocapsa bifarmis (= Microcystis biforis) (A.Br.)

A.delicatissina W. & 6.5, Most

A.elachista U, & G.S. Wost

Aphanothece caldrariorum P, Richt

A.nidulans P.ritcher
A.Richter

A sp.

A. stagnina’ (Spreng)

Chroococcus decorticans  (A.Br.) Ritchar

€. dispersus (Vokeiss) Lemm,
C. 1imneticus Lemm,
C. minutus kutz

C. prescotti br. & Daily

C. turgidus (Kg.) Haeg,

Coelosphaerium kutzingianum Racg,

Giococapsa arenaria (Hass.) Rabenh,
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G. magna (Brib.) Kutz

G 3p

filaeothace Conflucns fag.
6. linearis flag

Lyngbya circumcreta G.S, Waest

L. contorta Lemm.
L. Timnetica Lomm,

Microcystis aeruginosa (kg) G,M. Smith

M. flos-aquae (Wittre) Kirchn,
H. elebaus (Kutz)

M. firma (Bred et Lenorm)

M. incerta (Lemm.)Lemn,

M. marginata (Meneah.} kutz,
M. puluerea (Wood) Forti

M. robusta (Clark)} Hygaard

M. wesenbergi (Komarek)

Merismopedia elegans  (A.Br.)

M. gluaca (E) Hay
M. tenuissima Lemm,
M. trolleri Bachn.

Pseudoanabaena catenata Skuja

Ps. tennuis koppe

Rhabdoderma lincaris Schmidie et Lauterb

Raphidiapsis curvata F.E. Frotsel

Spirulina Taxa G.M. Smith

spirulina major kg.

5. Platensis Nordst
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Synachacoccus ¢lungatys (Nageli)

5, Tinearis (= Rhabdoderma lincare) G.d. Smith

S. sp.

Bacillariophyceace

Amphwra cvalis

Anomoeneis sp.

Cocconeis pediculus

C. placentula Lhr,

C. placentula var. tuglypta Ehrbg.
Cyclotella sp. (centric diatom)
Cynbella sp.

Denticula sp.

Epithemia argus var. longicornis Grunow

E. Zebra (Kutz) Grunow

Fragillaria capucina Desm.

HMelosira granulata (Ehr.) Ralfs

Mavicula cryptocephalla Kutz.

N. pygmaea

M., radiosa Kutz

i,

terians

Hitzschia acicularis var, Hajor (Kutz. F.T.)

Rhopalaida gibberula {Ehrenberg, C.G.) 0. HMuller
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R. gracilis Hantsch,

surirella celebesiana Hust

S+ biserata var. heteropolis lHust

jon
.

engleri 0, Mull,

1

}inearii W, Sm,

jn

robusta Ehr, var, spltindida Kutz.

tn

. turgida

Synedra acus kutz

S. ulna Ehr,

Chlorophyceae

Actinastrum rhaphidoides (Reinsch.) Brunnth

Ankistrodesmus bernardii (kom. )

A. falcatus (Corda) Ralfs

Botryococcus braunii {(kutz)

Closterium incuruum Brib.

Closteriopsis longissima

Cosmarium margaritatum (A,Br.) Hansaq.
Cosmarium sp,
Coelastrum actaedricum skuja

Crucigenia sp.

Kirchnericlla majori (6.S. West) Kon-Legn

Monoraphidium contortum {Thur.) Kom-Legn,

M. minutum Mag,
ocystis sp.

Pediastrum beryanum (Turp.) Wenegh

P. duplex meyen (F.J.f.) Lemm,
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P.osimplex mayen, F.oJ.F,) Lomn.
P. tetras (Chr.) Ralfs
Radiococcus planktonicus Lund

scenedesius aramatus Chod,

S, Qﬁllﬁiﬁiﬂgi Bortob,

5. magnus (= s, maximus) var. Peruviansis Hegew
S. vpoliensis P. Richt

S. quadricauda (Turp.) Bre'b

5. setiferus Chod,

S. sp. {small two cells)

Selenastrum sp,

Sorastrum sp.

staurastrum cerastes Lund.

3. chaetoceros (Shrod.) G.M. Smith

3. gracile Ralfs

3. leptocladum flordst

2+ paradoxum {meyen, F.J.F.) Smith, G.M.
spinulosum Ehr,

sp.

[« (o

1%

» tetracerum Ralfs

T e 0

Tetradesmus heterocanthum G. 1. Smith

Tetraedron trianqulare Kors

.- Mediocris (Hind)
I. mininum (A.Br.) Hansg

I. regulare Kutz,
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The blue green algac dominated the algal community in species
number during much of the study period. They were in fact exceeded
by gresen algas only once 1n May, 1987,

The blue-green algae were represented by a number of cocénid and
filamentous forms, The coccoid blue-greens included the species

belonging to the genera; ticrocystis, Aphanocapsa, Aphanothece,

Coelosphaerium and Merismopedia. The genus Microcystis was most
notable for its representation by a large number of species {see
Table 4} the most important of which was M. aeruginosa(kg) .M,

Smith., These species and gencra occurred consistently hut their

abundance was seasonally variable.

The common filamentous blue-~green algae of qualitative importance

included the species belonging to the generda; Lyngbya, Spirulina,

Anabaenopsis and Aphanizomenon. -

The nitrogen fixing genus Anabaena also occurred but it was of less
quantitative significance. Other blue-green of less guantitative

significante were present but their occurronce was only sporadic,

Green algae - In total 41 spacies of green algae were identified
(Tables 5).  Among, these, the genera Staurastrum and Pediastrum
were abundant, Scenedesmus and Tetracdron were commonly encountered
but the{r abundance varied scasonally. The species of Scenedesmus
€g. 3. bellospinus Bortob and S. magnus (= S. maximus) var.
Peruviansis Hegew were rarely ecncountered and these were not

reported in any £thiopian lakes so far studied . Among the genera
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of green algae, the genera Staurastrum and Scenedesmus wers notable

for their large number of species.

Some genera of green algae with spuradic occurrence included,

Ankistrodesmus, Cosmarium, Kirchnericlla, Coelosphaerium and

Monoraphidium




Tabhle 5. Humber of species identified and their distribution (percent
of the tatal) among taxonomic groups in Lake Ziway (Mar., 1987

- Feb,, 1988)

T e R e e e e e o e s e ks

Group Number of %
species
Cyano-
phyceae h1 41.8

—---a--w--—--n——---.--.--...—...-...-....__-.....—_......._-u__...._..-........

Racillario

-phyceae 30 24.6
Chloro-

phyceae 41 33.6
Total 122 100

....._--..,.--......_..--.-—-._.-._..._...-...__....._-—...‘.-—....-.-...__-...--..-

33




Biatoms - The diatom flors of the lake consisted of 30 species -

one centric and 29 pinnate diatoms (Table 445).  The most common

diaton genera identified during routine counting included;

Surirella, Molosira and Navicula. The most impartant species of

Melosira, M. granulata (Ehr.) Ralfs was identified as the sole

representative of the genus.,

It was identified by Dr. J.F. Talling

when he visited the laboratory during the study period.

The common genera of diatoms of less quantitative significance were

Synedra and Hitzschia. Other

are listed in Table 4,

diatoms which occurred only seasonaly
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,4.3.

T

Phytopiankton Biomass

Chlorophyll a concentration - The seasonal pattern of change in
phytoplankton standing crop as indexcd by chiorophyll a
concentration showed the highest peak in July (212 mg m=3), The
lowest chlorophyll a value recorded for the study period was that

for the wonth of November (154 mg.m-3) {(Fig. 4 and Table 6),

There was a general tendency for Chlorophyll a to increase with
increase in rainfall and water level (Cf Fig. 2 and 4). The mean
monthly chiorophyll a values weore higher in the months April
through July and lower during the months October through February,
The watef'leve] was higher during the former and lower during the
latter months {Pers. observation}, The difference between the

highest and lowest chlorophyll & values was 58 mg m-3,

The overall pattern of change in ch]orOphy11 a concentration for

the study period showed less pronounced seasonal variability.

Biomass(Volume) -  The biomass of phytoplankton community in L.

Ziway, during the study period was composed of three major

taxonomic groups; Cyanophyceae, Bacillaiophyceae and Chlorophyceae,
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4.4,

bata on the phytoplankton biomass, detérmined hy algal counting,
indicated the mean monthly values varied betweon 79,103 and 249,103
mg.m=-3 {Table 6). The highest values recorded for the study perind
were for the months April and AUQuét, during which times the
biomass maxima occurred. The lowest values were recorded for the

months March and October.

The contribution of taxonomic groups to the mean monthly and yearly

hiomass is evident from Tables 6 and 7.

The blue-green algae fourmed the bulk of ‘the biomass for much of the
study period comprising about 63% of the biomass on a mean yearily
basis while the diatoms followed making up to 22%. The green-algae
cccupied a third rank in the community biomass, forming only 15% of
the biomass. Tﬁe bhiomass showed 1ittle refationship to chiorophyll
a concentration (Fig. 4) and the chlorophyll content of the
bicmass, determined from the ratio, 100. Chia: biomass was

generally low, ranging from 0,05 to 0,249%.

seasonal Fluctuations in Phytoplankton Biomass

The seasonal assemblage nf phytoplankton biomass of the study lake
was dominated by blue-green algae for much of the study period (See
Fig. 5 & 6, Tables 6 & 7). There were brief pertods in April and
fictober during which times diatoms predominated in biomass. Except
during these periods, prolonged dominance of seasonally variable

blue-green algal flora was a feature commonily observed.,
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Table G, Hean moapthly physealanliter bYionacs (2G3Amg,m”3) of major taxonomic groups,
chlarophyl. o concoaerethon 0 stonle rors of L, Ziway, with annual
totel and nevoostion coeonriions Tealioted Uooosthly mrans are the mean of

Ly mont iy eantes, )

o . s 3B Total %
1 i) i J J A S 0 il D J ¢ Biomass

Cyano-
phyceae 64 117 166 9% @9 770 134 34 204 18t 2i4 183 189 H3

Bacillarin-
phyceae 10 177 37 24 15 O M S IR G &9 36 574 22

Chlorn-
phyceae

(421
4
[t
[
™3
™
~
W

40 23 17w a4 820 A1 15

D i b e R T R L P mR e a v e Ca v e e e T W 1 RA Em R AW e EE w4 bt oam s lo L Ew o T L AR A4 b e R Ll I Y i P VT

Total 75 32T DU I IR AT 307 311 2680 100

Chla(mgm=3)192 205 777 270 2120 80 105 rT4 LG4 1T 17Y 160




Table 7.

Mean monthly percentage contribution of phytoplankton

groups to the total biovmass in Lake Ziway (1987-1988)

- 1987 1988
Group M A M J J A S 0 i i J F
Cyanophyceae 81 36 77 64 62 49 74 26 64 91 70 &7
Bacillario-
phyceae 13 54 17 22 14 35 13 56 9 4 16 7
Chioro-
phyceae § 10 ¢€ 14 23 16 13 18 27 5 14 36
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(mainly S. elongatus) were dmportant componsnts of the cormunity
biomass, Thes. three, contributed about 60% of the conmunity

biomass in a mean yearly basis,

Other blue-green algal species such as Spirulina, Anabaenopsis and

Chroococcus were occasionally important componants of the community

biomass,

The diatom population, especially, the species of Navicula,

phytoplankton biomass, nevertheless, they showed tremendous
;easnnal variability 1in abundance, The diatoms remained
subdominant in biomass during most of the study period, except in
April and Octaber when they predominated in hiomass, exceeding
bluc-grecn algac, Thiese periads were when the diatom maxima

occurred,  The diatoms showed minima in #arch and December (See

Fig. 5 and 6).

The green algae were toe low for adequate enumeration in the
standard sedimentation technique, however, the species of
staurastrum mainly (S. leptocladium) and Pediastrum (mainly P,
boryanum) were fairly abundant and were routinely counted, The
green algae were represented in the biomass by these two species
and their small contribution to the hiomass was mainly the result

of this low representation,
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The peaks for green alyae occurrad in July and Feoruary { Fig. 6)
during which times their biomass oxcooded only that of the diatoms.
Thare was not a single occasion, during the course of the study
when the green aldae exceeded the blue-greens in abundance.  Low
binmass wvalues for green algac were recordod for the months of

flarch and December.,

The overall seasonal trend of phytoplankton biomass followed the

order; Cyanophyceas > Racillarinphyceas > Chloarophyceae,
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are pumesaus in fresh wators »of Tow total donic convent. Furthermore,
Talling and Valling (1945 slatew that deswids are numerous in class 1
takes fkp, < 600 gscm )} vut are bess common in Class TI (Kyg 6 « 5000
psem~l),  This observation was consistent with thoe present chemical status
of the ltake water, for mcasurea conductivity valves evor the study period

ware far below the limit value (6Cuks cm=l) {see Table 3).

Another characteristic feature of thae lake water was the occurrence of
many species of Spirufina (mainly, S, platensis) in significantly countabla
nubers.  These specias wore considered te be characteristic population of

highly alkeline-saline lakes {iiclack and Kilham, 1974: Varcschi, 198¢2).

Seasonal periodicity in the envirensontal and binlogical pracesses
during the study neriod wers weak, Lack of seasonality in environmental-
bisloyical processes are common charactoristics of snallow, -frequently

mixing {Polymictic) tropical lakas (Ganf, 1974a; wwelack, 1979%),

Yarious factors that affoct the seasonality in laks ocosystems have bean
studicd by many workers (cg. Talling, 12486; faden ot Ql., 1887 Harbot,
1482) who distinguished between hvdrologicel & hydrogrephic regulations of
seasonality and others stressed Che dmportance of nutrients and light in
regulating seasonality of phyteplankton {eg., Hocky and Kling, 1981:
Talling, 1956; lewis, 1873a; . Although, no mzasured hydrological and
hydrographic data that can gualify our wisual observations are available,
it is suggested the opsorved Take lovel changes way have a profound cffoct

on the phytoplankton poriodicity,




Light and nutrients are detemiinant factors in regufating seasonality in
deep, stratitying Takes {Millen, 1480}, Howevee, din the case of thoe
shallow, frogueatly circulating lake, L. Ziway, lisat and nutrients wero
most untikely to roaulats the observed weak phyinplankton scasopality. One
reason for Lhis is that due to the tropical location of the lake 1ight
climate is dinvariable. Another reason is that nutrients were constantly
naing replenished from the sediments by diurnal mixing,  This was shown by
analyzing for majer nutricnts from samples taken during turbulent mixing
(Zafar, 1960; Girma Tilahua, unpubl. data), whers results showed that
nutrients didnot ra2ach Tevels of complete depletion even under conditions

af high phytoplankton developwent,

Several maasures of scasonal variabidity have been propossd to compare
phytaplankten dynamics, For cxauple, welack (1979b) applicd the coefficient
af variation to measure seasonal variations in phytoplankton abundance and
seasonal changes in photosynthesis, Kalff and Hatson (198¢) used the ratin
of szasonal maxima to minima to measure the total penulation abundanco.
Talling (1986) uscd, the annual amniitude of nopulation density, exprosserd
in orders of eagnitude { = 1og g4 units) as a measure of scasonal

variability.

Applying welack's (1979u) cooificient of variation {cv) to measure the
degree of seasonal variability in algal abundance for L. Ziway gave a value
of 43% for voluae. This puts the Take in pattoen A, a pattern which shows
pronounced seasonal fluctuation (by fwlack's critoria, cv grealer than 25%
shows pronounced szasonal variability). iHowever, the cv for chloraphyll a

(10.1%} puts the lake in patters B, a pattern wiyich dopicits 2 mutod or




nearly a constant seasonality.

For Lake Ziway, the ratio of scasonal maxima to minima gave values 4,47
and 1.38 for volume end cnlorophyil a respectively, with corresponding

Togyg units, .65 and .14,

The amplitude of scasonal variation in total community {assessed as
chla), in L. Ziway (.14) rescmbled the amplitude for the total community in
L, Genrge (0.2 - 0.4) (Ganf, 1974a) but was lower than that for L. Sibaya

(0.42) (Hart and Hart, 1977},

Among taxonomic classes the amplitude of 50asmna1 variation, assesscd as
volume, { diatoms = 1.25. green = 1,26, and blue-groen = U,Hl) fall within
the range tfor the same taxononic classu§ in L. Victoria {see Talling, 1986,
pp 154).  However, in all cases the amplitude among component species was
much higher than the amplitude in total community and taxonomic classes.

For axample, in L. Ziway, the amplitude »f seasenal variation was about 2
(102) arders of magnitude for the species of Pediastrum (2.67), Surirella
(2.08) and Havicula (2.05}, The total community in the lake, however,

showed less than U order of magnitude, i.e. (1,65,

In Lake Victoria {Talling, 1986), an amplitude of seasonal variation as
high as 5 orders of magnitude was reported for a single blue-green algac

species, Anabacna flus-aquae, while Hart and Hart (1977) has reported that

all componant spacies counted had much higher values of scasenal amplitude

than the tetal community.




Grazing by herbivorous fish and zooplankton, coupled with the cffects of
hydrological changes may have had prafound offects in influencing

phytoplankton distribution and seasonal variation in the study lake,

The phytoplanktivorous fish, Oreochramis niloticus L. (Lowe, 1958

Getachew T,, 1987 a,b; Zenebe T, pers. comm,) and the grazing pupu1atidns

of zooplankton ag. Mesocyclops spp., Microcyclap spp. DNiaphanosoma sp.,

Brachionus angularis and Keratella tropica {Semench Belay , pers comm, )

were suspected to have modifying effects on the ssasonality of

phytoplankton in L. Ziway (see fig. 4),

Seasonal variations 1in species composition, biomass and associated
environmental factors, during the study period were not pronounced,  The
weak variations that did occur remain un explainad in this study,however,

it is possible that hydrological changes ohserved way have had an over-

riding role in regulating seasonality in Lake Ziway.
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CHAPTER 6
CONCLUSION AND RECOMMENDATION

The phytoplankton of L. Ziway was largely made up of three taxonomic

groups - Cyanophyccae, Bacillariophyceae and Chlorophyceac.

The blue-green algao dominated the algal community of the lake both,
quantitatively and qua]itativeiy. The blue-green algal species Lyngbya

limnetica and HMicrocystis aeruginosa were dominant components of the algal

binmass.

Although not well pronounced, there was seasonal periadicity in algal
biowass and the accompanying physico-chemical environmental factors, there
was ho, however, strong relationship betwoeen the environmental factors and

the measured biological changes.

The magnitude of seasonal variation in total biomass was higher than
that of the algal standing crop (chla), The seasonal amplitude of
variability in component species was much higher than the amplitude in

total comnunity.

The seasonal amplitude of variations in phytoplankton species
composition and biomass in L. Ziway, as in other shallow tropical lakes, is
dependent upon the coupled effects of hydrologic (Mater input-output) and
hydrographic (water-column structure and cirku]ation) factors. Howiever,

the obsarved freqguent wind-induced mixing of the lake water makes the
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hydrographic factor play the over-riding role ia the szasonality of

biological processes in the lake,

As trends in the time series indicate, L. 7iway is on th: process of
progressive cutrophication (Chla determinations show that in 1938 the lake
was “"clear water', in 1966 = 7,9 chla 1=, in 1980 = 91 y ¢ chla -1 and

in 1987-1988 = 187 pg chla 1=} the caused of which ara unknown,

Eutrophication, resulting in dense blooms of phytoplankton, beconics
obstacle in fisheries development, in filtratien processes for making
drinking water and create problems in water-based recreation,  Some algae
gven pose formidable health problems by having potentially toxic substances

in their cells.

In spite of all these, phytoplankton is an dimportant diet for the

commercial food fish, Ora2ochromis niloticus L. and other algivorous fish

populations which are essential protein food supplements.

There s, therefore, a substantial cconomic and social need to
understand the factors which regulate the growth and development of this
phytoplanktan, Furthermors, knowlcdge of the species composition and
scasonality of its change becomes a prime importance in different

management routines.

Tha current increasing human settiement in the lake basin and the
subsequent activities in the diversion and pumping of water from its

tributaries is threatening the lakes very existence per se and its




ecosystom,  Similarly, the unplanned over-zeslous exploitation of the takos
fisheries resources way lead ©o destructive conseguences in the lake's

natural bdalance.

There is, therefore, a pressing need for an integrated ecological study
of the lake over extended period of time for furthur understanding of the

lake's natural vcosystem before exploitation of its resources begins,
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