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I\hstrdct 

, I 

Sp<:cic?s compc,sition, sf!ilsonal variilti(Jns in sp,~ci(-,s cOlapositi on and 

biomass of phytoplilnktnn in Lakl· Zil>lay, ,} l>lrge (CiI.i)l12km2) hut shallow (Zm 

= 2.5m), brown water lake, was studied fr0m 8-111-87 to 26-11-88. 

In totBl 122 phytoplankt[\n species wp.r~ identified from net and 

sedimented samples. Identification of phytoplankton species fr<.lfl) 

seliilllf,nted sampl"s was rinne' ttl ensure inclusion 'If smdll plankton orgdnisms 

«25 m) that m~y pass though the nct(25 m mesh-size) that was used for 

routine Silillpliny. 

There llere three InJj'lr groups of phytnplanktl)tl, CYilllophyceae (bluE'-green-: 

algae), Bacillari()phyceae (diatoms) and chl,)rnphyu,ae (green algae). 

The CyanophyceilP WilS reprr,sented hy 50 sp(,cies. This was followed hy 

Chlorophyceae \~ith "_1 spt'ci2s <lnd the 8acillariophyceae with 31 species. 

Tilt:' community biomass was dominated by blue-green algile which composed 

63% of the total m~an annual biomass. Didt~ms made up ahaut 22% of the 

mean annual b-iomass and the green illgac cont.ributt,d only 15% to the total 

mean annual biomass. 

The IJhytoplanktfln sp'ccies Of qualitativ," and quantitative importance 

1'12r2 !:1ng~ U}llllett,ca LQmm, ~1icrocystis, il2ruginnsil (kg) G.M. Smith and 

SynechococcuJ_ el.Q~.9iltu~ Nayel; (hlue grecn algae), f.1ebsiril 9ranulatil 
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(Ehr.) R,llfs, {<Iilvicul·j spp. ;lnd Surirella spp. (diiltoms), fmd Staurastrurn ---.-->-.. ~- ""-'---, .. ~- .-

The m"an monthly Llti!l binlMss rdng"d from 7Y.103 to 34').103 nlg. Ill-3 

while chlorophyll il cnllc(!ntriltipn varied t)(!t)wen 15/) i1ncl 212 mg.m- 3• There 

\'len, tl'/" p,:<1ks in total phytoplankton biomass on" occurred in Apri 1 

(329.103 mg.m- 3 ) ilnd on" in August (3;)').lO3 mg.m- 3 ). 

P0.aks of blu8-grecm al(jil2 occurred in August (220.103 Ing rn- 3 ) iwd in 

Nov2mber (20,1.103 mg.m- 3 ). niilt0rn maximo occurred in April (177.103 11g.m-

3) and in August (73.103 mg.m- 3), and gre"n algal: r2milin"rl at lovwr lev(~ls 

in bionl,%s f·w much !)f the study period. TlIPrc wore two p2aks in grc'\'n 

illgilC? which occurr"cI in Novemher and F0bruilry, at these times grl'(m alga2 

biomass was higher than that of diatoms. 

The chlnrophyll cnntent (r-ltio bd\lcen Chl 9.. and bimaass.100) was 10\'1. 

It ranged from 0.05 t,) 0.2(:%, with highfor values in I'larch and July, at 

\lh.ich tinws thp biomass \'las donrinilt.C'd by ctiat,'ms. A genQral trend nf 

decrl'asing chlorophyll content \'lith increasing blue··green biomass Vias 

·)bserved. 

Seasonal fluctuiltions in chlorophyll a dnd biomilss and related ch2mical-

physical parameters \'Iere l"ast pronounced. Seasonal variations expressed 

intenns of coefficiimt of variation (CV, standard dcviation/rm,an-100) were 

higher for total binmilss (cv ~ 1f3%) and lrMer for chlorophyll ~ (CV = 

10.1%). 
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I\~lpl ituo" ,If sl.'~s"nill varii.itinn intrer!% (If Ult' ]-)910 "f seiJs"nill biomass 

r'l'iXiEl~/fllinin]i, 'lilve villu,~s Ilf 0.1': "nd .l.t).· tur cllllJf")phyl L'l [; telt,]l !lLJI;ldSS 

respectiv~'ly. Tlvs,: valucs Vipr" ll'sSL'f' thiJn the villues for Sllik c'Jmponcnt 

specie's 2<). PerJiastruffi (2 0 67), navicula (2.05) and Surirell" (2.0H), 

Fur the majo" groups, the amplitud0. of s(]ason,ll variiltilln \'las the 

highest for green alga2 (102fi) folloViI,rl by diiltoms (1,2li) and blue green 

algae (O.lll). 
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CHAPTEIl 1 

I NTHODllCTION 

Ethiopiil l1as a sUllstilntial ar~a ca.J(JOOknl, of fr''',1l Hatl,r' lakps (h,dla, 

1973). The lakes are scattered over a range of altitulles anll latitudes. 

A r9.vieIJ oi' all UhO litRraturp (eg. flood I, TaIling, 19Hf\; Ilelay. (in 

pr?ss) reveals that tiler", is fairly a larl)i' ,l[rlount of infnrmation on 

Variolls I illln'liogicrtl f"atures of Etlliopian lak2S. The current increasing 

nur.l{)(>r of limnological cOlltrilllltions by EUlif.lpian nationals in the Addis 

Abatla llnivprsit.y eg. Gr'tactwIJ T .. 'fera (19th), l.YU7a,b), T(>dla (1971), Belay 

and Ilond (19H2), Kassallun Uodaj: .. (l')g;», KrtSsallUn l'jl)clajo and Amha Helay 

(19Wr), Ilenlekr' Kltl~' (11)%), Tildhlln KilJl'ct (1~f;5), Elizabeth Kl!berk (19B?) 

arE' 5 i gns of i nU0ilS i n~J ,Na['cnr'ss of ttH-'S,' and ,)thpr Ethi opi ans in thi s 

field. 

tlcverth0l<!sS, consict0rin'J til,,' large nUl~bpr of lak·,s and variet.y of 

conditi0ns, slJ!;tainr·'ct and syst"nJatic limnl)logical studir,s on any of the 

Ethinpirtn lak,'s hdVC nllt. been rJlJW except for a ff,,,! studic,s limited to a 

small nUmlH!r of lakes (e'). L. AI'ldSSil (nrerm,ke Kin", 1<)85; Elizab"th Kei)r;ctc:, 

l'J87 ~ \,ptilcilel'l rf!fr!rra, 11JfJl) and Lakc>s Abijata i\ I.angilnn (Kassahun l,odajo, 

19B2) • 

A f~'1 nth"r studi,"; lasting about on': 'yllar on tile Etlliopianlakr,s, 

include the following 1)11 the Hishnftu Crater 1ak.:'s; s~ilsonal chang"s in 

th'!rmal chHact.2ristics (Hood \,t <lJ.., 19/6), and th" aspects of 

I 



';;r.ratificrltiun ~Haxt(~r et. al.; 196 1)). 

lilflnolosical studi,·s. TIi,'y have· in filct rt.'c"ived mor? ilttr'ntion than any 

other 1 ak,'s in t hE count ry. 

Pross~r ct al. (ll)(j~l). TIll'S" ;lUtllors 11<11'" d 1 so prnvi derl bas i c chr,rni ca 1 

background inftH'I,lation. Phytoplankton flilotnsynt.hdic rrlJductivity (Tall ing 

<!_l ~., 1973) dnd ~',)1(l<J.Y (Uo!lr, -1.%1) of th,s'~ lake's ~.r(' aVililab1,.'. 

Accorrlin~J to "lullr (1%1), tile PishoftiJ Crat,"r lilV,s, a 9rnup of fiv 1: lakes, 

TIl<: "ift V;']h',\' ldktos ';1 Ethiopia in the Zh!'-'V-Shilll~ iJasin, to I'lllich 

the study lake, L.· ZiHilY bc-l,'W,s, hilVC' alsl' hPdl a sub,kct of recent 

agricultural d"'Icloprn,'nt (r'Akin ~t ~l., 1975), hydroel,:'ctric ,'I qRntherrnal 

Pacta, J,9l?). 

Th~ limnolnyical aspC'cts of th0sP stlldi's arc of int2r0st tn this paper. 

Th,: ;',lrlL·st records on t.1l", nfJrtilcrnmost Rift vall"y ldk"s of Ethiopid Here 

those for L. Zitlay. 

A1m'2dia. 

(1975). 

Till: d2tai 15 of th,'s,_' ducUlilr,nt"tions art' found in Grove lOt ill 

" ( 



1.il:1Il0lfJgic l ll iIlV\.;:;t:i';iltl',n~ 'In tlw Ullhpian :lift Vollpy lakes inv!ll ving 

Italian \'/cJI'k<!rs (I:,!. Ltlftrdo :' naldul'ii, ]'J;']; ar·, SIlI'I-. nf til,' (,ilrlir'st 

d{}CULPnt(Hions dnli (Ire ~)f ;Jol'anount" ifflill)rtallc._~ TIll::,;: dr'" Q".il1 considpn~d 

as th:o i>('ncll-I:lark d':sCf'iptin'ls in ttl\i:.Jpian i illlnol(l:)Y. ij"vI!rth,:Ic'ss, th,,~!! 

\'I>,r'" I il'lit(~d to d(!scripti'H1S of S"I.K' dSPl'Cts of nrOI'ptl'lI'H!try, bilthYf<lctry dnd 

some ch')I~icill-plr.\'sicill ,', bioltJ.)icill <lhsL'rvatinns. 

For LaKp. ZiHily various lir.muldvical Latur('s c1rp rl.cscrib,'d in thl' \'/()rks 

of Cannicci [l Almilgin (1'1.17) ,'n~ '-'Jffr"dn t": [·joldvril (1941). Tht, 

bilthymrtr;c Mdp of L. ZiVlilY WilS sut'\)0y"d by tiol'<'tndlni (J942) and is 

availablr! \'lith milps of oth('r !~ift \!illky I ilk<:,s , L. AOilya (Rirrl2l, 1962), 

and Lakrs Sllillla, Ahijata ;', L'ln~lilno (P,axtl'r :,t a1., 1')';,,). 

Hore rpccmt tnformation is av,.i 1 a I:> 1 " for L. ZiI'lay cone:-'rniWl its, 

hydrology (r1akin:~ .. II.!., 1<l/5), geol"9Y (I\CJhr, 1%2,1<)7]: Oi Paola, 1972), 

fCJrm':r lake l,'v,·l ((,r,)v" "t aI., 1')75); bilS~(' i: Str22t, J978), Chpr~istry 

(Tailing r, TailIng, 1%5) I, Climatnltlgy (Oantel Garnachu, 1977). !)clay Il 

Hood (1984) provtd~ rtatd nn til.. primary productivity "f L. Zhlay with some 

COmm8nts on its light clir~at'·. Thr>5'~ authors also compared L. Ziway .,ith 

nearby lake~ Vi5~ilvls its prmitlctlvlt.}'. Oth~r ~lork0rs (!-load ,', Pross,'r, 

1976) df'Jit with thl! optical ctklrar;;t(!ri5tjcs of L. ZhIilY, t09<'tlwr I'lith tile 

lakGs in th~ Ziway-Shililil "a~in. Th,?s.} iluth'lfS rnild,~ 'lSS(?SSm~nts of fish 

production tfn th,~s" il l,lk'-"j; L. Slt;}1l1, L. til4'l\lan,), L. I\bijata t, l.. Zi\'lay 

using the morphoadaphic ind'x (:iEl, ratio bctl/Qen total dissolv<?d solutes 

and meiln depth, Zmj. T;.IOi,' r·"~ult·" in~ic~te th~t l. Zil'/ilY has the highest 

fish stoc;k (tIEl = I';"; n·"t t" I.. ,il)ijat~ (liEI ~ 'Ion). Thf' lom,st valu.! 

((1E1 = R(~) 'was that (,i)tainprJ T(lj' L. LilU,]anr •• 



Scilr"der (1984). lilC latter cOlnpilr('(\ til<' quanti t:dtiv" and qual itatiw 

compositi<lll of fish in l. l.iHa.y and L. Allaya. Tedla (1973) has also donI' 

I'laU,rs. Til<' most n?c,'nt s1..udiC's art' those of on the fi sheri,:,s of Ft.iJi'Jpian 

lab,s arc til(JS2 of lid ,KiwI" T,~f"rra (J<JIl7) on I .• ZiWdY and L. i\wassa, 

Tuoorancea (el ~. (l~JH8) on L. /\".1sS<'. Til;~y r.laO(! pr'Jfound study of UH' 

In spiV,' of ttl<' larg.c iln1flunt <;I' linn'Jl"~ical w'Jrk d,'nr: over th~ last (iO 

years, studi0s on phytoplankton c~JPf)sitilln and season81 chang0s in 590ci~s 

inland IViiters ilre lilcking (S.x Elizillli'th Kd),:cl n , '['1'17: Kassahun Uodajo, 

1982). 

Furthi!rl,I-lI',·' in tropic;tl Al'l'icdn l,lk,'s, s;,asunal studios of phytoplankton 

composition, tJiOl'ldSS ilnd r~lill"d ch"micill-phy,icill ~, l)inlvgicill prnc"sscs 

studif·s d(lO"'. Tallil1(l (i11(ib,19l16),Hecky ": Klin:, (19B]), Lind (1968) ~nd 

Ganf (l9"4~) half" studir:d S('iI$,·,n<11 chan\)'.," in phytop·I~.nkt(Jn Clll'lposition ?, 

biomilss Oil som, '~ast Afric~n Idft \fl,llty iah:s. Others (Ganf, 1975; 

(,lcldck, 1979,1; /Illilnson r, liart, 1.']7(;; ,lo[)"rts, )°79) holV\: d'JeuI1H'nt.:d d~ta 

on sf?,lsonal v<lridtions in ~Jhytf)plilnkt,)ll [H·imill'.\' Production in some SF1:'11l-'r 

" " 



Furt.h;;rr:l')r", pllyt(lplankton gp.n':r~trs aO<lut I (Ii; of til" world's 

OXY\JCII supply (Ilcynol cis, 1.91\"). 

Phytoplilnkton is the h~sic did flf many hf'rbivorolls fish c:g. ".Qult 

Orf't)chro~lis niloticus L 

Tndess~, p0rs. comm.}. 1n order tD un,krstand lwtl'cr t.h,> production of 

phytoplanktfln. 

In addition, ;!xc:ssiv" phytoplilnktlln iJrqduction in lakes, ilnd r,;s:ervoirs 

pl'L'sent t'xpcnsiv:; problems ',f t'utruplricdt.i'Jn in \Jilt,'r indust.I'it~S Hili I (; 

attributdhlF to, over ,1bund;Jnc, d iJl1ytopli1nkton (Rp,Ynolds, 19B4). 

Tl18rr: is, tlll'i'cfllr;', it sub<;t.ilntiill ;;conomic rlnd sncinl ne"d For th., 

cnmplct0 unct(~rstilnding, ,1S f,lr olS p,'ssiblc, uf th.: f,1Ctors which r,'gulilt:, 

th" sp"tiill and tCl1pnrill v,lriations in phyt'lplankton cor.lprlsition, hi,lmss 

distribution p, rc'lilt·;,d pr')Xinlill and clistill e>nvi r()!1in,,'nt~1 conditions. 

Thus, th" ilim ,,1' this \'Iork is tn c"ntl'ilJut(, to filling ti1(> gop in 

infonn(ltion in the; phytoplilnkton Slwci"s compnsiti'Hl, s2'ls'lnoll Ch~nlJ'2S in 

speci'!s co"lpositi"1l ilnd hiofllilSS .1nil I'.!lat:,d chcr:lic.'Jl-physical 

charilctcrist.ics in tropical I\frican l;lkes in ~:'nural ilnd Ethiopian lok"s in 

particular. Furth0rmnr~, this work is H contrihlltinn to th~ current uffnrt 



in ttl'.~ (jocura.;ntaLion 1)1 Uhinpiln t,·rrc··striid ;', dqU;,tiC flord. This p~pc,r 

Illd)' a 1,0 Story,· ,15 il 11,15"'-1 in" 1'(' j"r;,ncfC r~<1tc'ri ill for fUl'tiH!r work in IJther 

Ethi"rian lakes. 



ClllIPTEll ;> 

THE STUDY AREII 

'-'X,lt i on 

L~k~ lhlay is ti,," northernmost of th" four main Rift Valle'y Lilkes of 

Ethiopia (Fig, I), 'lt Cil 7') 52 1 - gogl ,~ latitudl' and ca, 3fl'J55 1E 

longitude, It lie's b,"tl'l"I"n Shoa ilnd llrsi I\ctrninistrativ" Reyions "bout 1~5 

km due south of IIddi s IliJillJiI, .)n th" IIddis-f\I'laSS,) highl1<lY. S,,10cted 

lIlorphe'ITI0tric, chcraicill ilnd physicill ff'ilturcs of this fresh l'IaU,r ldkr~ arl' 

giv~n in Tilille 1. 

The lakp is on" nf tfll' lakl'S kn'Jl'ln in till' old litErdtur." ilS th.' "Gallil 

Lab,s", ,1 group of lilkes I'lhich still Sil;lrp tilE' silme chscd internill 

drilinagl'. 
L,lk ... Lanqann, C. Slhllla, L. Abijatil ilne! the 

study lak", L. ZiVlay. 

~., 1<)71), thL r:~lla Lak,·s iliJsin \'las continuuus \lith the 1I1'lash f~ivpr 

dra'inaijP system in th(' north and I'lith till' L. AVlilSSil ,lnd L. Ilb,JYil in tlk' 

South. Th" system thus forrnc'd il single l,lkl;, Lilk,' 11i111a (£"1SS2 ;, Stre(,t, 

1978; GroV0 8 Goudip, 1971). 

Th,] four lab's l'lcr,.' latt,'r ',,'paratcd during tlw Plcist()ccno p~riod 

(GilSS~; Ii Stre2t, l'llfl) by v~.'lC'lIlic ilnQ t"ctonic clctiviti"s, shrinkage in 

[-later 12v(,ls ilnd by upVlilrd and downward filulting (I,jollr, 1%2, 1911). 

7 

, 



1.'lk,·', ZiiJ."ty '11"1<1 i\lJijdcd lit' <'n ,1 dq'lIl fiIUlt,·<j Ilil';in in til,. I'ift 1'111".'/ 

fluo!" ~Ihil<~ L. Sil~l];l (;!(;fil.tasl) occlIpi.·;s d oI,'ep volcilnic c~ld,'r~. '-,lke 

Zhld.l' is sepdratHi fr'wl L. I.dnU·lno by iln outCI"l'[J from ,111 r,Xi.inct volc,inD, 

mount Alutu{HlSOrnasl) in th(' south. 

(l!Jmm~sl) , 



T~l)l(> 1. Som.--;l f:l!Wph'Jlflctric, ph,ysicc)-' rlnd ch':micnl chnra.c-t:;!I'istic.:: of L. 

Zh/rlY. 

------------------------------------------------------ -.------------~-------

"jllrpilomet ry P'lYS i cill CIH,mi stry 

---------------------------------------------------.~- ----------------------

IIltitud,,(masl) 

Surface ar~a(Km2) 

Vo 1 um,~ (KFI3) 

1,1 a x -d 0 flth (1;1) 

"I"an (hpth(m) 

iiax-l,'ngth(km) 

t'li!x-wi dth (km) 

Shnreline lunuth(km) 

il ~ I'klcmm;l" (1972) 

18iJflil 

1)1121> 

10 1 il 

?.4c 

32<1 

2IJd 

lUZci 

h ~ Gasse H strect(197B) 

c ~ ~lakin et !!l (1975) 

d ~ Schroder(19H4) 

" ~ Loffr'-,do " tluldllr.l(l~)41) 

f ~ TaIling ~ TaIling (1965) 

9 ~ Pitl/pll (l9()7) 

t irn,,(yr )3C 

C'mdllct i vity 

112° 

i'I,1(r.WI- 1) 

K(m~ll-J ) 

Cif(mgl·· l ) 

tl~J (r.IIJ1- 1) 

lIenl + C03 

(I'l',q 1 

Cl- (r.l'll-l) 

Si02(m\jl-I) 

Tnt,11 P 

pll 

Til S ( ,,1 -1 ) 

372-4;"; 

5f!.f 

1') f 

,W.2 f 

9.g f 

H.99 

O.32~·1 



Fi~. 1 The drainage system of the nOl'them rift valley lakes 
fA] and bathymetric majl of L8kc Zit-lay [B] (Scun:e,: 
~!orandini, 1942) 1dth sampling staUon indicated by star. 



fivI, volC"nic islands in L. ZiI,oy. nH'S~ ~r(: cov"r. rj Idth thick vce9d:iltion 

ilnd sr~rwly inhalJit:"j. L. Shalla, similarly h,'lS many islands which ilr{] 

home to sr'!cLs "I' th~ vi'ried ilvifdun~. 

Th(, bottllm of L.1k:· ZiHdY is i~IiHk up :Jf ~r~vcl and pumice or pyrnclastic 

milL.Tiills of volcnnic f>rigin and the! \·'dt·:r is turbid from si It Suslh'nsrlid. 

Th(: 1 ah, is unsl!{·1 L'r,,<! and tlius C'xpns('d til fnlqupnt ilgi t"t i nn by 1.1i nd. 

The Ziway··Sltallil bilsin, oth,'n·lisp c,llkd til(; Cella L,lk,,:s basin, is 

tectonically th" IllOSt stabl,· (~inilctil/") sect,)/, of thl' rift vall"y and 

hence has simpl,! ml)rpllOl;J9Y (Ii'Jhr, 1971; Lloy(l, .1.<)17). 

CI imat" and Rainfall .. -:-'-.-"-'----'-"'-'-"-' 

The Lilk~ LiHdY b~sin is arid for mucll {If tIl:' Y"ar (naniel Gamachu, 1977) 

and aV(,ragl! trvdporation l]xce"ds prrocipitiltiil/l in all f'hHlths. Thl!r:! is il 

pr. III (, 19) but <,ven th'?n the: ninfall is unrr'lidbl .. and dry periods 

Pxc.::cding ton months .In·· common. 

(UN, 1(73). 

This is du{! to til<' incrc.'!s', in ('lcY.1tinn ,round th~ H<!ki Hiy',r c1elta in till: 

In the nc.rthern pdrt nf th,! 10k:' b,'sin ninf.'lll is j{.Iilmfll. 

north. The ~nnu~1 rr'inf~ll Dv~r the l1k2 surfac2 "v~rdg~s littl~ mure than 

1J. 



500mlll. 

Th, me.lll ,]1 i ly 

)07") .. :J " 

Dr,lstic liiltf'r h!vl'l shrink~9c l'/ilS observed during th,; study 

p,!riod in tlh! m.)nt.hs Ih!c(,mtwr to n,lrch riurinSj which \'InS :jr'y except fllr ,) 

feN light And int,lrrnitt,'nt r.lin shol'lf'rs. 

Thl' rC~Jion .,round the study l'lk" is windy .lfle! clouds of dust fr'Jm th\' 

:ldjilcp nt l·'nd 1110\-/s ov,r till' c·ntir,·, 1.1kc: surf~cc'. This contrilJut'!s to till? 

lllncthonous nutri,;nt. f!nrichmi'nt !i turbid fFltur" elf the; 11kI'. Th,; l'lk" is 

slHlloH (Zm,iX = 7.H5m, r·j'ikin d .ll.; 1'.17!;) 'lnd ~lind-induC<',d tur'i)ul('nce is 

prevcllFnt throughout thl' ),,;lr; this agilin is :1 siqnificilnt suurcc of 

It is th" only r~l<ltivcly 

Til(' hye!r'olo9Y of L.lillc1Y is r'9ullPri by inflr>lIs one! ninf,)ll .In til" 

I? 



Th" f~UI),11 cIlmpon'mts 'If L. Zhwy cO[lsist ill' "I v'lrhty (,f piscivoruus 

flitmingiJes (PhCicoicl)nai~s ~~inu..!:., Ibis ,111<1 C'Jl'fnurants of th', gf'nus, 

P 11,11 il co rcco rJ X • 

rlilc L10nitor ,'\r" common in til" Ink". 

Th" fish {"'un,, consist of tll'J n.lt iv", ,lrld on" inLrooliced speci.:s. TIll' 

110llth br'h1ding, qrc'ocl:1:.'2r;Jis -'1l!.'~U~~, ilnd ~",'bus sp. ,1r(' indigenous "hil(, 

Tila[~i.:? zilli is ,In introi1l1Ci'd fish (Schrod,'r, 19BIl; Gpt,'n'~h ?, r:;~t"n,,'h, 
1<)79). 

PI ~nk ton co/m"lIn i t i 0S 
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CII!W1H 3 

MIITERIIILS liND f·1ETHOllS 

4.1. ~ilI1lP 1 in\) 

hkc throughout tlk invcstig"thn lll'rio(1 (fig. 1). SiH'IP 1 res for 

ljuantitiltiVt' nnd qlhlliti1tivc' ,'n~lys('s I'/('r" cnll"ctcel bil.1('nthly 

ff'orn this statinn. 

Collect",l Ilsing " Kcmme.T"" S"l1lph:r (1f c<1.2.51. Ci1PdCity. Samp10s of 

hill'll Vil]UIlfC froln ulu,llly Sp.'C'cU depths (Cl,SOcm) Ctlv,'rinD 0-31:1 

the "llphotic (f,mmunity. From this pnolnd silmplL<" sutls,unpl::.s Vier:' 

trans f,·rr'.'d to 251lml b'lt t J;'s. 

adding ,1 f,'I'I drops 0f <1cici Luy;)l's su]utirm dnd c1ftcn-nrcis 2.3% 

fomalin \,/ilS .~dt1Qd i1S indicltc:d in 11c!cky 'Inc! Kling (19t37), Lunel C!l 

al. (1958), Elori1nLl (1.98)) ilnel ULrr:lhol (l%H) 

polYct!;r:lr>n p bottlQS ·lnd tr.,nsprwtcd to thl' l~bor.,tnry in an ice 

br)x. 

For taxonomic invf'sti9atinn, vertic~l haul sdmples frnm i)-5ra olc'pth 

I'IL're collcct~d l'lith d phytupl"nkt'Jn fkt of n;:sil-siz(, ?~i wm .Jnel 



on iCI~' h"x fllr iPlr.v'r1i,Jl;.: tr1X:11l01"!'lic ~Jurk. 

3.2. In situ i1;!,lSIIl"'f,I"nt of Clll'I:lic;ll-Physicill i'aramd,',rs 

3 .3. 

In situ C"nductivity (K2~inC, Uscrn- 1 ) I'las I~pasur;'d \jith a c()f'lbin~cl 

c<Jnductivity and salinity met"r pr"l)". Sut'face l'Iatf'r tt!l'lpcel'dturc 

was r.ll'ilSUr<!d \'lith a th,'rmistnr templ!rature scensur (YSI; I',ockl 33, 

S-C-T tllde:r). 

lietz,'l 1, Lik,~ns (1')79) for insitll Uscrn-J. m(>asur<-'mc~nt assur.Jing a 

m2an t~IJlplJratllrl' coefficient 'If ?'.3%l\cI • 

. ~ ~iJ;.!!. pH mieasurL'rnent nf lake, sllrfac,' water Vias d')I1<' with a 

portal''],; digital pH meh'r (YSI, l:ll\(L~l 6(7). 

Lake ,'tat"r tr~nsfj,Jr,'ncy (~ vprtical visibility) "lilS ,j',td'milwd 

using il standard secclli elisc cd.?5C1!l tiiamf'ter, <]uartcred 

alternately black ~ white. 

Heaslirement nf hi,)lngiCill pi1rilr'~I'te.c? 

~:l!.J't"plankt()n id('ntificatiun - Y/dS d('/1<> from both net and 

s(>ciiIi12ntc!d sar~plc's in orrl()r to include the small single-c,>ll,'d 

algae that may pass through tllP 2S m ~esh-siz0 sampling n~t. 

Phytoplankton taxa I'/('r" id.'ntifi ... d t.o tit" ,wnus l"v,>] and vlile'!'e 

possitJl" to til" sp(!cies h~v",l, \~ith tit:' <lid of literiltun: by Hul)l,r­

pestal'lui (1':l34-I9B3), Ihul'"lly (1%6, 19GB, 1970), !'ilscller 

IF; 



(1.930), Skujd (l9~iJ, 1<)!/i), Hickel (1~76) and Prescott (1911). 

lliOfna_~_ - PhYcpplanktnn biornilss I'las dl2t"I'(':in:'ri iJils('d on chhll'''phyll 

a conc0ntratifln and algal counting ilild cnllvt!rsion pf counts to 

volume 

Chlorophyll !!, cllncr'ntration - \'las estimat2ti sppctrophot'lmdrically 

aftc:r c'lncentrating th" illgal sampll>s onto 91;jSS fib,;r filt(!rs 

(Hhatman G F/C) and extracting tlf the: pigm(!nts in \larm 90% 

methanol, using the abbn,viilL,'d f.lrmula of Talling and Driv,:'r 

(1963) H underlying degradation pr(Jd~cts. 

Chl a ~ 13.'J{O.0(65), (Path lenqth ~ lcm) 

Counting - algal voluf'l', anci suhs['qucntly al<jill frl'sh l'If!i'lht biomass 

(m'll-l or mg.m- 3 ) 1'/aS cstimilt(!d by Ctluntinr) algal units using 

lItermh,)l's (195H) invcrt,,'d microscl)jJe' t,?clmiqu,?s and phase Cllntrast 

optics ilS riescribr!d in I.und et al. (19'iil). 

Rased on rp.sults of Prrliminilr.y counts of common species, 13 

scl,xt,'d Spt;cL:s (tilblp. 2) Hhich com[l'lsed Ilf more than 90% th,' 

total algal biomass \'It're countfed. Thes(, 13 species occurr"d 

consistently throughout the sampling s~ries. 

Counting was don2 aft,!r sl'dimentation flf' aliquut silmpl"s in 

sc>dimentation tubes of c~. 11), ~5 and !;Or;11 capacity by ildding il f'el'i 

drops of acid LU~lOl 's solutiun. Tile v[)lum"s 01' samplf!s scdimental, 

17 



th,~ numl)<'r .-,f traI1S,'C(S ct,unL.'d, .1nd tlk If!vf'l ,~f magnification 

"'I\:n~ ildjustl~d frOtl tirfl(' to tir~(;: acc ',.rdiIl9 tn ctJllv\!niL'nc~ of 

countin" <lnd dUIsity <)f tllt~ pllytllplanktlln. 

Tllf! small and d,?nse specit's \'!l're counted on one trdnsVerse strip at 

a magni ficatinn ('f (jUOx. Only O.lml "liquot samples l/r:r'! 

sl!dinmnted fol' ccunting th" dense phytoplankton. Large and sc.)f'ce 

spoci(!s \'Iere counted by searching th:! whole chamber floor undf!r lOx 

objective. Th" sdtled samplr' \~ilS 50ml during l,l\'l algal d('nsity ilnd 

10011 during high algal density. The sedimentation tinw for samples 

was at least 1211. 

For filamentous frJl'J:1S ("ll. LyngDa t ~l':~!!2.siril) c"unts i"C'rt, taken by 

meilsuring the l"'ilCjtll of ('ach counted sprecimen and thl-!n aVd'aging 

the lengths within species (Elizabeth Kt!bede, P\,l's. comm.) Thf' 

total number nf cells in tlw whole chambor Flr)OI' \'1 iI 5 found by 

mu It i p lyi ng 

18 



Td.bl~~ 2. Phyt>Jpldnktn:l Sfh'ci('; r.O'l1llerl nnd f'it-i's.lI:'~J{~ ,"fqri:-l':" 

biofi'flS~; deternin(}ci(l(l fr'-.jl:1 L., !h'~C\\')~ 

I', ,1 um'! 

( !If'll) 

1(19 

ChroOCOCCUi Jisuersus ------> _ ---' -"--- 60 (lcell) 

198 (I~""n of fil~ments) 

-------~- .. ------.---- .. ------ .. - .. --- .. ------------- .... _---_ •... - .. _------_ .. -
16(;0 (r.l"~n of fi 1 aments) 

-~------- .. -------------- .. ----~--------- .. ----------- -."-"._---------_ .. 

]!(. g (1(.(,11) 

450 

PcJi~~tr'um bnrvarlurJ J.60 -.---- .. -~-- ._. -~-~_.-

.,~~ '4 '1 ' ) 1' ••• '. ~ Ct.. I' 

3? (1 cnil) 

9/0 

3680 

14.0 (1 cell) 

T\~traedron mi nirnum 37 
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till' c'211 l1unl",rs in thc' (liaml't"r tr,ll15"ct by II n/4 \'I1l"r" II n/I( is 

til', ratio of tlw l'lhuh, ilottom area tu that Df ,jnt' cliill/ll't('r transect 

and n is th(' rati<) iJetl'k(>n diamder ami vlidth of diamet0r transect 

(Vollcnwider,1974). 

Cells p',r ml was ch!tl'rrnineri from the formula (1'Jilox ct ~., 1982): 

\'Iht~r;;; 

Cell /ral ~ C.lA 

UJ.S.V. 

C ~ numbr~r of c"lls c()unted 

TA ~ total area of s·"ttling chamber 

L ~ 1 'Cnnth of strips 

H ~ \'11 dth of strips counted 

S ~ nurllbor of st ri ps count;;d 

V ~ vnlume ()f sample S'2tt 1 ed 

flnor 

Cell counts \'mrc transhrmed to c,;ll Volullle,s ( fa3ml-1) by fitcing 

the phytnplanktnn to appropriilte geometric shapes and respective 

volume hrmulas (Ilillen d il., 1985). Ci'll volumes \'/('re latter 

cnnv€'rted to fresh weight. biomass (mgl- 1 Ill' mgm- 3 ) by assuminy a 

specific density of unity fill' the phytoplankton. 
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CHAPTER 4 

RESULTS 

4.1. SOl",? ChC'mic,1l-Physical factnrs of Lake: Zil'lilY 

The seasonal varidtions in surface I'later tcmpl!raturc, secchi disc 

vi sibil ity, pH and conduct i vity m'"asured over tlw study peri od are 

shown in Fig. 2 and Table 3. 

Th(~ hi ghost and 1 (1HCSt sUrf,1cr water tr,mp'.?ratures rf!c:)rdcd for tile' 

study period \'Iere 27.5 ·1nd HI.S"C r8sp2ctive,ly, \'lith u diff'Hence 

of 9()c. Occasional m(?asuJ'[?lnlmt5 of hott')1II b?fHpt'ratur<: indicatpd il 

range betvl<",n HI and ?lfOC, differing only by 6"c. lliffl'r"nc2 

bet\'l(?\~n mzan monthly surface and bottom tefnlkratur,c> did not excc('d 

?<JC. This small dHL'r(>nCl? \'InS indicativE' of the iS0th.ormal 

condition 'If tilE! lake l'Iatcr during the samplin9 periods. The 

commonly d'~sprv('d Iii nd-i nduced mi xi ng Has a suhstant ial (?vi d(,ncr 

for tllis isotherlllal condition of th2 lake water. 

Lak0 water transparency ( = vertical visibility) varied between 13 

and 23.5 cm on il mean monthly basis, \'lith an annual m"an value of 

18.(; cm. This shallow s(>cchi depth furthQr illustrate the lake's 

turbid nilture which may r'~5ult from resuspension of si It during 

turbulent mixing. 

Th.: highest s(~cchi disc trclnSIJarency r,,"ding madp for th:? study 



Ikri"d occurr"d in rlcc~mber I'lhil,' the 10l'lCst ,)Ccurr.,d in 1'!Mcll. 

Usually s',~cclli d(!pths I'kr" high"r \'Ihe,n the, \'IaL!!' \'las c.)lm 

not\'lithst~ncling algal ut'nsity. 

rH r)f surfact' \'IoU,r didnot chongr" v0ry much sf'asonally (Fig. 2). 

Th,' di ff<!r,'nce b"twc('n the hi gh0st and 1 ow,~st fiK,an monthly pH 

rlidnot l,xc2(~d 0.3. Tlw mean yearly pH for th,~ study period \'las 

nn 1 y 8.54 (Tab 1 (' 3). 

Till! conductivity of till' surfilc0 Wilt0l' also varied littlc" 

s!!ilsonally. The highest volu!! nccurrpd in Januilry c'1.400~ scm- 1 at 

K2!io nnd the lClI'Iest occurred in 1·larch Cil 333 ~scm-l. The ilnnual 

mean was 372 ~scm-l, which WdS not different from that reported in 

Tall iny olld Tall ing (1965). 
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Tilbl(, 3, ~ll'iln monthly sUrf,lC:' td:lpcntur:!, pH, conductivity ( ~ scm- 1 ,K?5"), S,;cchi 
d,'pth f, (Hilinfilll olf L. 7iway (IOH7··1<J:lil). 

-----~---------------------------------------------------- .. ------------"---------~-~--
1')87 _____ 19UH 

II J J 1\ s o IJ J F 11l'il n 

-~ 

Temperature 25.1 23.9 27 • ~i 23.5 22 23 25 23.1 21} 18.5 20.9 2/.2 23.6 
(olC) 

pH B.ilS H.75 U. {f5 6.5 UoG 8.45 B .1~5 UJ) B.55 ll.G tl. 57 B.5 B.54 

K2S o Jicra- 1 360 3l j·ll 333 372 363 3')0 379 386 3SB 393 'WO 395 372 

S(!cchi 
d<'pth 13 1·1 lG.5 15.5 15.5 111.5 1" .• J 1~.3 22.3 23.5 22 21 17 .n 
(Col) 

Rainfall 59.H 47.7 2~5.2 16.2 71.6 58.6 51.6 17.7 0.0 0.0 3.41 20.3 
(mm) 

/ " 
----------------------------------~------------------- --------------------------------, 
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Fig. 2. Season~l variations in raillfall(mm») Tomperature (oC)' Conductivity 
(I1S eta ), pH and Secehl. depth (ZSD' em) in L> Ziwa)' 



Til:> phyt()pl~nkton sp"ci(o's found in L,lki' Ziway ilrf' 1 ist(!d in Table' ~ 

ilnd tlwir distributiun (by numb"r) ,1I!Iong taxnnomic groups is given 

Tatllp. 5. 

In total 122 phytuplankton spt~cius I'/ere found during the counting 

process in the quantitiltive and nl:t samph,s from Lake Zi\'lay. Tiles(, 

Here distributed aln.)ng threl' major component groups, blue-green 

algae (Cyanophycoae), diatoms (llacillariophyc<'ae), and green algile 

(chlorophyc('ac) (Table 4). 

Fi gure 3 s1H)\'/5 til!' s(,dsonal variation of phytoplilnkton spC'cic's 

number ilnd tlleir distributiun a~ong taxonomic gr(lilps. 

~luio-~re('n <119 M! - Tiley art! th ... major group \'Ihich c(Jnsisted of (;7 

species i.e. 41.8% of the total speci25 number (Table 5). 

1.5 



IInabilenllpsis ~~ldi i Apt" KMj 

A.Circularis G.S. West. 
~ .. -----_. 

lI.eurvata 

1I_:1!l1il ippinesi~ Tayor 

A.raciborskii Wull) 
'-'---~---.--

!}p ha.!loeap s2 bif~irr:I!..s. (= p~jer()eystis biron,lis) (II.Sr.) 

A.delicatissina W. ~ G.S. WI'st _._---------_.-

A.elaehist~ H. & G.S. West ------

!lPha~..Q!heec eal.5!.!:Qriol~!~ p. IUeht 

A.nidulans P.riteher 

II. R i chU'r -----

A. ~~. 

A. stagni na (Sprt'ng) 

~ rooeoeeu S. deeort i ea ns (A. K r.) R itehe r 

C. disp~rsus (Vokeiss) Lemm. 

C. limnctieus Lemm. 

C. r.linutus kutz ----
C. pr,~seotti IJr. !', lJaily 
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G. IlIa9n~ (Brio.) Kutz 

L. eontorta Lemm • . --~-
L. limn~tiea Lomm. 

r'lierlJeystis ?{~ru9!n()Sil (kg) G.I'I. Smith 

M. rIDs-aquae (Wittre) Kirehn. 

fl. ~l('baus (Kutz) 

~1. firma (Br£'ci et L{!norm) 

n. inc(,rta (Lemm. )Lemm. 

~I. Il!~Jilata (I'\£"n09h.) kutz. 

H. pul.!l<!rca (Hood) Forti 

t'1. r"b,!;!sta (C]',rk) Nygaard 

~1. \'/I'Senb2rg_~ (Komarek) 

r,12ri slllopedi_il. .9leJEl~ (II. Hr. ) 

t'l. 91uaea (E) Na!l 

M. tenuissima Lemm. 

[1. trolleri Baehm. 

ps£'udoanabaena ~atenata Skuja 

Rhabdoderma lin(:aris Sehmidle (,t Lautprb ,---_. 

Raphidiopsis eurv~!2 F.E. Fr{,ts,'" 

Spirulina !axa (i,pl. Smith 

~'ulinil, major:. kg. 

S. Platensis Norctst __ u ____ • ___ _ 
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S.linp.aris 

S. sp. 

~ac ill a ri "phy<:..f!..;~!:,_ 

~mphlJr~ :~va 1 i2 

~!!otn2ellf' i ~ s p. 

Coccon»i s E-<':s~~!~ 

C. placentula Ehr. 

C. r1acentu1a var. Eug1ypta Ehrbg. 

Cyclotelli sp. (c(?nthc diatom) 

Cymbe11a sp. 

Ilf?nticula sp. 

Epit.hernia 9'!:5L~ var. longicornis Grunow 

_so ZQbra (Kutz) GrllnOl'I 

fragillaria ~'£'l!cina D2sm. 

Helosira 91:l!..nul'!.ta (Ehr.) Ralfs 

Navicula cryptocephalla Kutz. 

N. illrnaea 

N. radi osa Klitz 

N. terians 

Nitzschia aciclilaris var. Major (Klitz. F.T.) 

N. luzonensis ._------

Pi~nul'!,rj~ sp. 

Ilhopaloida (libbcl-u~ (Ehrenbl'rg, C.G.) O. f1l111er 
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Suril'~lla cel0besiana Ilust 

S. linearis W. Sm. . -_ .. -
S. robusta Ehr. val'. splindida Kutz. 

S. turgida 

Synedra ~cus kutz 

S. ulna Ehr. - .--

Chlorophyceae 

Actinastrum rhaphidoictes (Reinsch.) 8runnth 

Ankis.!:l'odes/nus ,?~rnardii (kom.) 

fl. falc~~ (Corda) Ralfs 

Botryococcu~ ~rdllnii (kutz) 

Clostcrium incuruum Hrib. 

~losteriopsis longissima 

Cosmarium sp. 

Coelastrum octaedricum skuja . 

Crucigenia sp. 

Kirchncriclla majori (&.5. West) Kon-Legn 

f1onoraphidium contortllm (Thllr.) Kom-l.egn. 

~~. ~i nut.!.l.l!!. Nag. 

Oocystis sp. 

Pectiastrulli poryanum (Turp.) 1.1"Of'9h 

P. duplex r'leYl~n (F.J.F.) Lemm. 
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P. sir:!!'.ltc.-:t. In',yt'n, F.J.F.) Lemm. 

Scenedesmus aramatus Chod. --.. --~-- ---~-

S. ~{dl()spinus I\ortob. 

S. ~aynus (~ s. maximus) var. Peruviansis Hegew 

S. uPiJl ien~~ P. Hicht 

S. gUiHICi cauda (Ttlrp. ) Bre'b 

S. setiferus Chad. 

S. sp. (sllJa 11 two cells) 

SelenilstrullJ sp. 

Sora strum sp. 

Stilurastrum cerast~s I.und • 

. ~.' chaetoceros (Shrod.) G.t·l. Smith 

s. 9racile Ralfs 

S. )eptucladullJ Nordst 

S. paradoxllm (meycn, F.J.F.) Smith, G.t-I. 

S • .spintllosu~~ Ell/,. 

S. sp. 

S. tetracerum Ralfs 
--~~---

Tetradesmus Ileterocanthum G. M. Smith 

Tetraedron trianJl!!.lare Kors 

T. mediocris (Hind) 

T. ~inir~um (A.lir.) Hansg 

T. regular~ Klitz. 
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The blue gr0en algae dnminat~d the alg~l conmrunity in species 

numlwr dlwing much of thl! study period. They \'lEre in felCt excl'edpd 

by grl~"n a19i10 only nne<' in t'lay, 1987. 

The hI Ul!-grcen a 1 gai~ were represented by a numuer of coccoi d and 

filamentous forms. The coccoid hlue-greens included the species 

belonging to the genl~ra; r'iicrocystis, ~phanocapsa, Aphanothcce, 

Coelosphacrium and t,lerismopedia. The g(~nUS ~1icrocystis was most 

notable for its representation by a ldrge number of species (see 

Table 4) the most important of Hhich was 'i. aeruginosa(kg) r..r'1. 

Smith. These species and genera occurred conSistently hut their 

abundance was seasonally variable. 

The commun filamentous blue-green algae of qualitative importancR 

included the species helonging to the genera; Lyngbya, ,5pirulina, 

Anabaenopsis and Aphanizomenon. 

The nitrogpn fixing genus Anilbaena also occurred but it \Vas of l<!SS 

quantitative significance. Other ulue-green of less quantitative 

significante were present hut their occurrence \Vas only sporadic. 

0r8e!!, !!lgae - [n total 4'1 species of green algae were identified 

(Tables 5). AmDng, tl1ese, the genera Staurastrum and Pediastr-urn 

were abundant. Scenedesmu sand Tet raedron were common ly encollnterl?d 

hut their abundance varied seasonally. The specie5 of Scenedesmus 

ego § .. bellospinlls Bortob and ~,o magnll2 (" ~ .• maxirnus) val'. 

Peruviansis Heye\'! were rarely encounteJ'(~d and these \'Iere not 

reported in any Ethiopian lakes so far studied. Among the genera 
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of (!rl'l,n algal', the ~F,[I"ra ?ta~.r::.a_s.trum and Scerwclf~~J.I:l2. Vier>:, notable 

for their largo number of species. 

SOllie genera of grICen algae wiUl sp.)radic occurrence included, 

Ailkistrotiesmus, CosmariuHl.> ~irchneriella, C,wlosphacriu'!l and 

Nonoraphidium 
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Tilble 5, Humi
)2t' of sp,'cics irl"ntifierl 'lncl their distribution (perCl!nt 

of thl' total) among t~xonomic groups in Lake Ziway (I-lilr., 1987 

- Feb., 199B) 

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

Gruup Number of 

species 

% 

-----------------------------------------------
Cyano­

phyceae 51 4U3 

----------------_.----- .. _-----------------------

Bacillario 

-phyceae 30 24.6 

-----------------------------------------------
Chloro­

phyceae 41 33,6 

----------------------------------------------
Total 122 100 

--------_ .. _-----------------------------------
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Diatoills - The diatom flora of the 10kI' cOllsist(,d of 30 species _ 

one cl'ntric ,1nd 29 pinnate diat<)ms (Tab10 41"5). The most common 

diato[;1 genera identified during routine counting included; 

Surire11a, Melosira and Navicula. Th~ most important species of 

~e1nsira, ~. granu1ata (Ehr.) Ra1fs was identified as the sole 

reprC!sentative of the genus. It Has idl~ntified by Dr. J.F. Ta11ing 

when he visited the laboratory during the study period. 

The cOlllmon genera of diatoms of less quantitative significance were 

Synedra and Nitzschia. Other diatoms which occurred only seasona1y 

are listed in Table 4. 
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Fig. 3. Seasonal fluctuation in species number and diatribution 
of Phytoplankton species (by number) among major taxonomic 
groups (A=total number of Species, Sa bluc-green&, em 
green~, D~d1atom~). 
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,4.3. phytoplankto,~ Biomass 

~h l~'.':2£I~llL~.i~ <:'<JI~~';nt r'at ~~.ll, - Tile sea S(lI1<1] jJi1t t(~rn of change in 

phytoplankton standing crop as index('d by chlorophyll a 

concentration showed the highest peak in July (7.12 mg m-3 ). The 

lowest chlorophyll a value recorded for the study period was that 

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

There was a general tendency for Chl'lrophyll a to increase "itll 

increase in rainfall and ~Iater level (Cf Fig. 2 and 4). The mean 

monthly chlorophyll a values I'lere higher in the months April 

through July and 1 o\'l'~r during the months October through Februilry. 

The water lew?l was hi9her during the former and lower during thl! 

latter months (Pel's. ohservation). The difference bet~leen the 

highest and lowest chlorophyll a values was 58 mg m-3. 

The overall pattern of change in chlorophyll a concentration for 

tile study period showed less pron'lunced seasonal variability. 

~iomass(Volume) The biomass of phytoplankton community in L. 

Ziway, during the study period was composed of three major 

taxonomi c groups; Cyanophyce'le, !lac i 11 a i ophyceae and Ch 1 orophycea e. 
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Data on til\! phytofllankton biomilss, oetcruin(!d fly algal counting, 

indic~tl'd the m~an monthly valuF:s vilri(:d u01:>I('''11 79.11J3 and 349.103 

mg.m- 3 (Table 0). The highest values r'!cordnd for thl: study p'Tiod 

Here for the months April and August, durinC) which times the 

hiomass maxima occurred. The IO\'l('st values were recorded for th., 

months March and October. 

The contribution of taxonomic groups to the mean monthly and yearly 

biomass is evident from Tahles 6 and 7. 

The blue-green algae fonwd the bulk of the biomass for much of the 

study period comprising about 63% of the biomass on a mean yearly 

basis \'Ihile the diatoms followed making up to 22%. The green-algae 

occupied a thi rd rank in the community bhlmass, forminy only 15% of 

the biomass. The biomass showed little rolationship tIl chlorophyll 

a concentration (Fig. 4) and tile chlorophyll content of th(! 

hio/nilss, determined from the ratio, 100. Chla: biomass Vias 

generally 10\'1, ranging from 0.05 to 0.24%. 

4.4. _~eilsonal Fluctuations in Phytoplankton Biomass 

The seasonal assemblage ()f phytoplankton biomass of the stUdy lake 
,-

\'laS dUflllnated by hI up-green algae for Illuch of the study period (See 

Fig. 5 i\ 6, Tables 6 i\ 7). Then! were brief periods in April and 

October cturing \'Ihich times diatmns predominated in biomass. Except 

during these periOdS, prolongect dominance! f)f seasonally variable 

blue-green algal flora was a feature commonly observed. 

37 



Tablo 6. r,1Prln njqrtl,~y pl:~r':u)~,';'~~:t~\:·, ~)i:-'1f1f'; (;f;3.;~9ohf·J) ()f IW1,j'lr tAxonomic qroups, 
cfll;)r'()p~:yl'{l (, ncr"~~l'-~'>H: i'~ ".':':: :.""~~:r:·,-:c ;:O!~_:: !)f L,. l~l'lfJy~ \'lith (lnnual 
tO~ijl (',nd :1~-~:'r:;,,·,-t:J':') :-"~"~H)r~.~l)"·~ -i",-~.:>:,t.:_';J ~ l:)~:,:)~:I~Y r:l:;t)rlS dr~ th'"~ HlCi1n (If I 

tvn biOn: 111\1 ~'.;-' :~':C'o:.; .. ) 

------------------- .. ---~---- .. ------., .... ----.-- .. ~--------- .. ---------------------------~--
19BB Total <f 

,0 

t·, A J J A s o D BiomlSS 
---------------_ .. _--------_ .. _---_ .. _---._----_ .. _--- ----~- .. --------------------------~---Cyano- ---------------.--- -_. _ .. , .. -. 

phyceae 6~ 117 164 9~ 69 ~~1 134 

Ilacillilrir)-
phyceile 

Ch1orlJ-
phyccat~ 

Tot~l 

10 

5 

7(' ., 

177 

?r: 
v-. 

Chla(mgm- 3)IY2 20~ 

37 31f 

1 " _.0 22 

' f_" , 

2~) 

'"i 1 r. _,_ J.e 

r)., ') 
I • . '. '-

C9 " !, ,- , 

fiO 0il '. ,. 

< .. • ,-, 

~ .. 

-I ',Hl 
".J. 

34 204 IHY 214 1"3 1691 

73 ~r 

(..1 

~3 77 

:. G'i 

f' -' 

10 

1 ~". 

" , 

'~9 

1~/l 

J "1<\ 
. I ) 

3() 57'! 

92 .'\10 

311 

160 

1)3 

22 

15 

100 



Tabll'l. nean mont.lily pC!rclcnt~g" cont.rillutinn of ph.vtopl,loktnn 

groups to the total bi'Jm~ss in Lnk:! l.iVlay (l9f31-19gB) 

1987 1988 

Group A 11 J J A s o N J F 

CYJno~hyceae Ill. 36 77 64 62 49 74 26 64 91 70 57 

Bacillario­

phyceae 

Chloro­

phyceae 

13 54 17 22 14 35 13 56 

6 10 6 14 23 16 13 18 27 

3':1 

II 16 7 

5 Jil 36 
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(mg m J s10 3) ill different phytop1811kton groups and 

"dhlorophyl1a content in t.~Ziway (A~81ue - greens, 
B~ Greenalsae, C=diatorns) 



Among th" bluF-grc~(~~n algae, thr~ sp(>cks nf ~'=Y.ng))'yil. (mainly, l,o!. 

.lJ~~:t !.i.~), :!.i.<:r:':s:~~E~ (r:lili n 1 y, ~~. il.':~'~8.ll1:2~.~) and ~Lnf,ch~)c:.'?c..c_lI.~ 

(milinl.l' S,~ (;l'~nHiltus) I'IU'e imp'lrtilnt cnr:lpon:'nts M th" C()flmunit.l' 

biofililss. Thes., till',''', contributed ailllut (if)); of the cor,H'lunity 

bionJilss in a meiln y(,arly iJilsis. 

Other blue-grl?cn algal s]h'cies such as ~pirulina, Anabaenopsis and 

~l1roococcus were occasionally important components of the community 

biomass. 

The diatom populiltion, especially, the speci~s of ~~vicula, 

~.uJ'i rr"_l~ and t'121.9.2_~.C_'!., wer,' important c'JmponGnts of the 

phytoplanktrln biomass, neverth"less, they sho\'led tremendous 

sICasnnal variability in auundancl:. The diatoms rNlilincd 

subdOininant in biomass during must of th(~ study period, pxcept in 

April and October '.'Ihcn they predominated in biomass, exceedin'J 

1J1uc-gre(;n algde. These' peri ods Wl're when the diiltol'l maxima 

occurred. The diatoms showed minima in t,laJ'ch and i)('cembcr (See 

Fig. 5 and 6). 

Till? gr('(~n ill gill' \~er" too lLM for adequiltc enumeration in the 

stilndard sedimentation technique, how2v2r, the species of 

~taurastrum mainly (~. !~ptocladium) and Pedia2.!.!:.!:!.'1!. (mainly P. 

~.'!I'yanum) wore fairly abundant and w[~r(e routinely counted. The 

01"'('11 a19M' were repl'Psented in the biorlosS by these t~1O species 

and tlwir small contribution to the biomass Vlil5 mainly th(~ result 

of this 10\'1 representation. 
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TIl,"rle \'ldS not il s·ingh occasi'JI1, during the coursc.' 'If til" study 

nil reh and [)[eeember. 

The oV2ra11 season,)l trl'nd of phytnplilnktnn biomass followed the' 

[lrd"r; Cyanophyc(eae > Bae ill ilri nphYCf!.3;; > Cllhropllyeeaf.'. 



Tilllin\j and Tallinq (l'h~:j) sLdtd; ~.Ili,t u"slIlids dr(l nUIIl .. :rOdS in CldSS I 

~scrn·l). Tll'is observation HilS cnnsist'.:nt I·lit:; Uk: pr2SPIrt clier;liciil statLls 

of tile l'lk:~ I'ntor, for rn::3SUr<.:O cllnductivity v(>lul's '-'VI' I' the study ili'riod 

\/"r,: f.~r i)"io\/ tih~ limit valu" (GOI'~S cm· 1 ) (522 Tablr; 3). 

milny speci(:s of Soirulina (,Jil'inly, S. plaL,nsis) in signific,lIltly cOllntahk ,_J _ . ___ • __ . 

nUlnll2rs. Th .. 'se spech:s \I('r" c"nsid,;rf?d tt: th, characteristic population of 

hi(lhly alkclinQ-Silline lakes (ilrHck and Kiiham, 197',:. V~r<-:,chi, 1'H~). 

S'"ilSfJlldl pC!riodicity in the environl;".otal ,loci binlO(jical processl's 

,nixin\) (Polymictic) trnpical lak"s (l,anf, !9//!·a; ,j'.!lilCk, l'll%). 

\fari'Jus filctors that "ff\:ct til<' s':'ilson?,lity in leik:; ,:e,)systc'I'IS Ii~ve \)r;.,n 

studied by fllarlY \'wrker's (cq~ Tallin~:; PjdG, !:'lck,rt et 2J..., 19Hi'~ HRrbot, 

19>1;» '.'tho (listinguisl12li bc,tl'lf:en hydl'olu!:)iccl " hyrJro9Pphic reuulati,lliS 0f 

seilson,ll ity and utlwl's ,Lr2ssc'd th" i'lpnrtaJlc.; of nutriunts ilnd 1 igllt in 

r'lgulating seasondlity ')1' phytuplankton (el}. H,::cky iind Klin9, 1\11\1; 

T~ll ing, 1'.156; Lel1is, 1'l7!),,) • IIlthouyh, no m:?JSlIrt'd iI'ydrologic?!l and 

on til •. ' phytnpl,'1nkt'.;rI p,:rilH.licity. 
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mr.lst unlik'"ly to r"<)ul~tc, til" observed ~Ici\k phyU,pl.Jnkton s'~'i1siJnalitj. ()n0 

['"ason fur Lhis is thilt due> t:l tile trqpical locltLm of th,~ l"ke light 

climat~ is inv"riaille. /Illotiwr reason is thAt nutrif;nts ,If,re ccnstantly 

b,'ing ['(,plc,nist)'c'd frnm til" s2diw'nts by diurnal mixing. This \'I~S shown hy 

~nalyzing for llIiljor nutrionts frm:1 sampl.,s t,lkcn during turbulent r:lixing 

(Zatar, 19(\O~ Girmil Tilahun, ul1publ. oatil), \'ih{~,p resuits silo"ed th<lt 

nutrh·nts didnot r:!,lch levels <)f cOf:lplet,! depl"tirm even under CtltHiitiuns 

M hi 911 phytnp LlIlktlln ('"vl'.lopnpnt. 

Severol t1.3dSur'.;s ~)f s(~(J::innill v.lriabil ity IV1V\~ bl~(;!n pr:-,pos::ri tn cnmpt1rc: 

phyt"plankt!)n clynilli!ics. For "Xol,II1I(;, f-lf.'lilck (1'Yl9b) appli':d the c,wffici<!nt 

of '1ilriati'.'n t'j W:,lsur'" s!?il$llnal varidtinns in phytoplJnkton ,'lhund,]ncl? Mid 

seclson,'l changes ill phnt':synthesis. Kalff nnd liatson (lY8b) uSl'd tho ratio 

of s'2ason~1 IlIAxina, tu mininil til 1i1('~surl' th,,' tnt,'l P"PULltioll dbund~nc". 

T~nin9 (l98()) us;·d l ttl<: ,1nllu~1 i1fl1QlitlJd.' of ropuhtion ciensity, (;x~r'l'ss"d 

in ordc!rs of r;lngnitu(k ( ::= 11)0 .to units) rlS :"'. r.h;nSUI"t~ of S(~l~s()nQl 

'J(1riailil ity. 

i\pp1ying j·i<!]ack's (1979t)) cC".,ificicnt of variation (cv) to IlH'aSUI',; the 

d"qrc(' nf season,ll '1ari~bility in d1g'11 abundilllCL for L. Zivlay gay,: a lJil·tu" 

of 43% for vnlUl"(~o This puts the 1ak" 'in p,)tL.:rll P" a pilttc'I'n \·!hicli shcws 

prr'nouncl.'ci ~,'.;asonill fluctui1tion (:).y llie'lilek's crit;;ri~, cv gr,;.)t;.:r th.lr1 2l)~t 

shovIS prolloune·.:d S:->"JStlrliJ1 v.:)riatd 1 it)')... H(01,.!~V~:(') t1w cv f()r chler:,()hyll !).. 

(lO~lr~) puts th~ lrlk~~ in patL:_TP B, ,1 pat-l:i::rn I,,!:lich d' .. picts .) mut.:d or 



n~drly a constant s~as0nillity. 

For LClki; Zhl,lY, tilt: rAtio uf St~as(Jn(ll Ll(1XiI:IZ1 to IiliniClll ~pv(~ VCl-III,js It./f! 

and 1.3iJ fur volum~ ilnd crll\)i'!Jphyll a rvsjH,ctiv"ly, I'/itil corr(!spunding 

1091U units, .65 ~nd .14. 

The ilmpl itud" of sedsnnal vMiati0n in total community (assessed ilS 

chl;l), in L.. Zillay (.1 11) respmblc(j ttll' ampl itU<i2 for the total comnunity in 

L. C;;orqc (0.2 - 0. (1) (Gilnf, 197(lil) but 1'lilS 101'I['r than that for L. Sibaya 

(OJI2) (Hart and IJut, 1977). 

~non9 taxonomic class2s the amplitude nf sCiisonal variation, assessed as 

volume, ( diiltorns ~ 1.2!i, (jr'e,'n ~ 1.211, and bluL'-~r~(,n ~ n.m) fall within 

th" r'i1l1ge h>r the sam~ taxllnnuic clilss"s in L. I/ictnriil (S('" lalling, 1986, 

pp 15/1). Hm'l~vcr, in illl C'oSl'S til<' "r:lplitllde dmong comr"lwnt sp2cies was 

much high"r th,1n the ilfllpl itwk in toLl1 community ilnd taxonomic class('s. 

For '~x"mrl(c, in L. ZiHay, th:, ,ll!lpl itud~ 'if seasonal variAtion \'/"s about" 

(102 ) Dr<l"rs of liIagnitlldG for the, sp~ci'"s :)f PedjastrUio (2.1)7), Slirirellil 

(2.0U) and l'Iilvic..:1.!~ (2.1l5). HIP tntJl uJwmullity in tflC lok~, hmluvcr, 

shu\'/{,d l,'ss than 1 orrkr ()i' magnitude, i .1'. (j.GS. 

In Lake Victoria (TaIling, 19B6), an amplitude of seasonal vari"tion as 

high as 5 orders flf milgnitude \'las l'f'port"rI for a single blu(:-yreon algol' 

spvciL,s, AnalJacn<l fl<Js-aquac:, I'Ihi j(, Hart and 11ilrt (1977) has I'eportl'd that 

all compnw'nt sp;;ci,!s count<>ct had much higlwr v,,'Ili"s nf s",asnflal amplitude 

than the total co~nunity. 



Grazing by hcrbiv(lroUS fish and zooplClnkton, c()ul)lc'd \lith th," cffl!cts vf 

hydrological chan~Jl!s fIlay llilV<' had ~r{)f()und :'ffL'cts in influ:,ncing 

phyt"pl<lnktrJn distribution ilnd s<'dsonal variation in tile study l~kf!. 

The phytoplilnktivnrous fish, Oreochrmnil niloticus. L. (Lo,w, 19[i8; 

(1etachel'l T., 1987 a,b; Zenebe T. pers. cornrn.) ilnd th" ~)rilzing populations 

of zooplankton "g. r·lesocyc10ps spp., r:licrocyclop~. ~iaphan()somil. sp •• 

Brachionus angularis ilnd Kentella tropicil (Semen(~h llel,LY , pf:rs camm.) 

were suspected to hav2 modifying effects un the s:!ilso.nal i ty of 

phytoplankton in L. Zh/ay (see fig. ii). 

Seasonal vnriiltions in species composition, biomass ilnd associated 

envi ronmental factors, during the study period W')rL' not pronounced. Til., 

\'leak variiltiuns that did occur rt!ffwin un "xpLlirwd in this stlldy,hO\'!(~v''.r, 

it is possible that hydrological cililng<'s ol1servf!d may havn h,ld an over­

riding role in rGgulating seasonality in Lilke ZiW<IY. 
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CHAPTER 6 

CONCLUSION AND IlECO~1I·1ENIJATlON 

Tille phytl'planktnn of Lo ZhlilY \'InS lilrgely mdc up of thr<!t~ tilxonornic 

urnups - CYilnophycear!, Ilcl(:i11,3riophyc<;de and ChlorophyCf'il~. 

The b 1 uc-grc"n ill gilf~ dami natcd th~ ill gill ctlmmuni ty of thc' 1 ake bqth, 

quantit,ltively and qual Hiltiv(!ly. TIl<! blllc-gr'~l!n algal spech·s l.yngbya 

limnoticil ilnd t1isrocystis 1eruginosiJ \'I<!rc dominilnt cmnpollC'nts of th<' <119al 

biomass. 

Altho1l9h not \'/('11 pronounc"d, there \,<1$ S2i1son11 pf'rindicity in algol 

bimnilss ilnd the ilccompilnying physico-ch8mical environmental filctors, tllcre 

\'las no, hO\<lev'-~r, strong ro 1 at i onslJi p b<?t1'l0'en the envi ronmentiJ 1 factors and 

the measured biolugical changes. 

The milgnitude nf season,)l variation in tntill bior;lass \'lilS higher thiln 

that of the a19,)1 stitn<iing crop (chl.!!.). The seasnnill amplitude ()f 

variability in cnmpon0nt species \<IilS much higher than the amplitude in 

totill community. 

The seasonal ahlpl itudfJ of v~riations in phytoplankton SIH'cies 

composition and hior.lass in L Zivlilj', as in other shallo~1 tropical lakes, is 

dependent upon the coupl~d effects of hydrologic (Water input-output) and 

hydrographic (Hatl'r-column structure! and circllliltion) f~ctors. H(lI'Iever, 

the (lbs'.~f'v('d fn,quent \'lind-induced mixinq of the lake \wtpr makes the; 
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hyctrogrilphic factor play th~ nlJ'."'-ridin~j rol(' in th(~ s'~ilsonil1ity ()f 

biolu\jical processes in tiE, li'k~. 

lIs trl!nds in the tiflle series indicilt<.', L. ii\yilY is on th~ pt'ocess of 

pr,)gressiw~ ,'utrophicati,]n (Ch1c!. dd,!rminations ShOll that in 1.93B the lak,' 

\'IilS "clear \'Iilter", in 1966 = 1 JJ 9 chl,1 1- 1, in 1980 = 91 JJ 9 chlo 1- 1 ilnd 

in 198/-1.988 = 18/ JJg chla 1- 1 the causf'd of which ,1r;' unknown. 

Eutrophication, resultiny in dens" blooms of phytoplankton, b8comcs 

obstacle in fisheries dev,!lopln"nt, in filtration processes for makin~ 

drinking watt,r anrl create problc,ms in \'Iat~r-bas"d r0crciltion. SOlm, a19ae 

eVI,n pose formidiloh' he.11th problcl,lS by having potlerltially t'.lxic substances 

in their cells. 

In spit" of illl tllGs2, phytopl~nktlln is dn important diet for the 

commercial food fish, Or:!ochromis ni10ticus L. ilnd other algivorolls fish 

popUlations which are ess~ntiill prnte:in f,'od suppll'tnents. 

TtH!r~ is, therefor", a sullstilntial economic ilncl social need to 

understilnd the fllctrJrS which reglililte Uw growth 3tHI devl'l,)pr~ent flf this 

phyt:1pl;mktt1n. Flirthl'rmor f3, knm:lcdye of th," spp:cies comp')sitinn nnd 

srci\sonal ity of its changl' bC!comes a prime impo!'t3I1cC' in differr=nt 

management routines. 

Th" curri!nt incrcilsi n9 hllflliln sett1epl("nt in the 1ilke basin and ttw 

sllbs(!qu(,nt activities in thr~ lIivl.'rsiun and pumping of \'Iilt8!' from its 

triblltari"s is threiltening tl1l' 1.1kes v"ry t'xist!"nc'~ Ill'r se elld its 
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(eCOSYSU:III. Similarly, til',' unplanned "''''I'-lc'ilous (,xpluitilti,)n of tile lilh~s 

fistwri(~s r't!snu('c,~s ;,kl.Y lead tfl d(;~str'uctive c(lnscqlH..lnCf)S in tlk l~kl:'s 

niltllral bdlance. 

rhC!l'l~ is, th'creffJ"',', a pr,~ssin9 nc:~cI for iln int,:gl',1U;d p.coloDica I study 

of Hlf' 1 ak,: (lver extended p',r; od of t ;,,1(, for furth,.r understand; n\1 of til" 

lilkc~'s natural ,:Cosyst2m bdlJrc exploitiltion of its rl'SOUrC8S begins. 

59 



REFERENCES 

1~IL1nS'JIl, I;.I~ •. Hld ilill'L 11.C., 1.97 '•• Till: pricldl'Y prddllcti'Jn ,)f 1,1kl: 

SiIJ/1Yd, KWoZlIlu, South /\fricd. Verh. Int. VQrr'in. Jilllf!JJ..!.,19: 

1426-1 1133. 

Balarin, ,).0., 1986. N,1tional review for ilqUilCl.lltUrf: devolopment in 

Africa, Ethiopiil. FI\O Fisheri~s circular No. 770.9 

13 il x t e r , R • 1·1., Pro S s ~ r , f.: • V ., T a 11 i n 9 , J • F. and \j <.1 (I d IL II ., 1 9 (j 5 • 

Strati ficat inn in tr'Jpic<]1 African lakes ilt Innderatr' <lltitudcs 

(lson to 20r)0). Lirnnol. Oceano,)r., 10: 51O,·~i20. 

BplilY, A. ilnd P"od, 1<.11., J.9H4. Limnnl'lgicill ilSpcCt ,.)f Ml al,)al bloof] on 

Lake Chamo in Gamo-Goffa Administriltinn Region of EthilJpia in 1978. 

~j(IET:. Ethiop. ~. Sc., 5: 1-19. 

[\elay, A. and t'lood, R.ll., 19B11. Primary Productivity of five Ethiopian 

Rift Valley lilkl:s. v'.TIl into Vr:r.,in. Limn l)]., 22: 1182-11'l?. 

fll'rmiln, T. and Pollinghr'r, V., 1974. /\nnual ,)nci s(!asonal v<1riations of 

phytoplankton chlorophyll, and photosyntlwsis in Lake KinMret. 

Limnol. Oceanugr., 19: 31-53. 

Bourrelly, Il., 1966 •. ~'"s alqu('s d',,~u douce. Initi,]tion il Ii) systematique 

I. Les algues vcrtes: 502pp, Poris, 

00 

'I 



flollrrl'll<,y, fl., l%f',. Lus ·a151~!.::.s_~2,~y dOllc,'. Initidtinn il 10 systolnatiquC' 

~~.~.>.a 1 gucs .y,,!'U-,S':' :;02pp, pitri s. 

Hourrclly, n., 197U. 1,05 ~:.L<J.U_,,~~,au (jouc".~yi<lti()n ,1 1" systl!ln,)tiqul~ 

III. L"s algu('s h12ues, l't rougl's, lLs Euglernions, pl'ridini<!ns 'it 

,'1., Crypturnllna~li (~n~: 605pp. 

f:\ronk, A.J., 195~i. 

special reference tn tlw I1csmididce,lc. ~imnnl.Oceilnogr., 10: 103-

414. 

Cannicci, G. and Almagia, F., 191i7. I1r)tizif', "Facie's" Planktnnicil :1" ,11cuni 

lilghi c\tell Fossa Gall,), 11011 PQsca piscilColt. IdrolJiul. 2n.5: 'i4-

77. 

Daniel Gamachu, 1917. Aspects of climate iind \'Iat~r budget in Ethiopia. 

Addis Ababa University Pr~ss, Addis Abaha. 

ll(?meko Kif1:c, Il., 19t15. Sc'asonal studies of phytoplankton primary 

production in rcliltion to 1 iyht and nutrients in Lake I\\,as(\, rl.Sc. 

Thesis J\drlis I\bcll)~ Univr'rsity: 112pp. 

Oi paola, (;,1-1., 1972. The Ethiopian Rift VallC'y (b€t\'leen 7000' ilnu 8<)40' 

Lilt. North). [lull. Volca., 36: S17-~6lJ. 

EliZilhpth Kebedrc, 19!i7. 1\ s',as,'nal study on thl! speci.c·s cor~p(,siti()n ilnd 

phytoplanktnn iliom,1ss in Lak;, AI'I,lSd, Ethiopiil. H.Sc. TIJesis. Addis 

61 



Abilba lJniv,'rsity: 7Upp 

r.anf, r;.G., 196<). 

phytoplilnktl)n of Lah~ C";)r~)l', lJ(jan'!-1. 

LilnCilst~r UK. 

Ph.D. th;!sis, Univ. uf 

Gilnf, C.G., 197 1!. I'hytnplanktun biu[;li155 ilnd distrii'ution in sltallnVl 

eutrnpilic lilke (Lilk2 lieuru,;, IJ,Janciil,) ~~ecol09ii) (Rc·rLJ., 16: 4-29. 

r. il n f, (, • G ., 1 IJ 7 5 • Photi>synth2tic pr('ductinn ilnd irradiclncc-

phntllsynth'.'sis r,~Llti(Jn5hip 'If phytopl:,nkton frnl11 a sh'll1 01'/ 

equatori,)l lilk, .. (Lilkrc Georq;:, lIg.)nd,,). O.'cr~)9ia t!h:r1.), 18: 165-

183. 

Ganf, G.G., ilnd Vinl!r, /\.1)., 1'J73. Ecolocjical stability in iI 511"110\'/ 

'''luatnri.1l lal:" (l~k~ 1:>",)r(IO, lIYilnclil). 

321-3%. 

P rn. r~ny. Soc. I!.., 184: 

G,1551" F. and Street, F.A. 1971!. Lat': qUiltcrn.'ry lake lev'"l fluctuation 

And environment lif the' northern HiH Val],,')' and Afcv region 

(Ethiopia and IJjiihluti). Pal'1','ogeogr,"phy, ~ill')2oclim"t()l,)gy, 

pal ,1 ellc>co 1 ,;gy , 2'1: 279-:,;'5. 

ridaclwl'l, T., 1980, Lirnnol 'J',1ical nMe '"l I.ab: Cheh~kh;ka. SlrlET: E~hiop. 

62 



J~~_., 3(2): )1.-3-151. 

~~U.:2.ticus diet clnd its qu,llity in t\/() Hiliupii~n Rift V~tll(~y lakes, 

1\llassa and Zwai. J. Fish. Iliol. , 30: ,]3')--1';·9. 

Gctach1ow, T., 19H7b. FI)Oti, mutriti'Jn, and dig'.>stivp efficiency in 

Un;'Jchrornis .~!..~icus Limn. (Pisc;;s: Cichlid'lc) in Litke /\IBS,l, 

Ethinpi~. ph.n. Thesis. Univ. Waterloo, C~nada: l09pp 

Getaneh, \i. ilnd G'~t,lnoh,~\., 1979. flrce('ciing p'"rhcl -]n<1 fEcundity of !i ],Jpia 

nilllticil 'in lilkl: Z\'Iai. fthiop. ,J. f\yri. Sc. , I: 13-n. 

Grove, A.T. (ind {ioudi(;, !I,S., 11171. ld\.(J 'luat2rnarv lilkt' l,;v('ls in the 

Rift '1a11('y of S')uth<!rn Ethiopid anc 015"1'111,,1".' in cr,'pical [lfric,1, 

t!ature.> 231+: 11)3-(i)~,. 

Grove, II.T., Str"d, F.II. "nd Goudie', I\.S., 1915. Former lilke levC'ls ilnd 

clil.llltic cllan92 in tllu Rift Valley of southern Ethiopia. ('elH)r., 

a., 1'11: 1 n -202. 

I-iarbut, fl.,]', 1'1B2. Studies on alga'" dynamics and prinl<lry prnductivity in 

lake Tlil'kana. In: A.,). fiops'ln ("d.) L. TurKilni1. ~> r2port nil th~ 

findings of th;: L. Turklnil project 1,)];>-19ni. OVerS0i1S 112Vc,1,'pm,';nt 

Mministration. 

Hart, C.H. i'nti Hart, i(., lYTI. Thl' sl',1s[<n,,1 cycl"$ ,)f phyt'Jphnktot1 in 



subtrupical lilkc SilJay": d pr2lirninilry inlfcstirjiltinn. -Jlrch. 

tile l!tlplirltic Zeln" of L. Tanganyika: Spt·cics Crl1pnsition, biomass, 

cillornphyll contl;nt, ond Spat i o-temporal eli stri but i on. Limnol. ----
Oc~an0gr., 26: 518-5611. 

Hecky, I;.E. and Kling, fI.J., 1987. Phytoplankton 2cology of tlk gl'0at 

1"k2s in the Rift Vall"y uf Central Africcl. Arcl!. Hyctrobiol., 25: 

197-221;. 

flickel, ll., 1976. TIl" ,1Pp 1 i Cilt i on of tile' Scanoi n(J E l<}ct ron ("Ii cnscop(; 

(SEH) to frcshwclt('r pilytopl;,nkton taxonomy '!lId morphnlo!lY. Arch. 

lIydrobiol._, 2: 2Hl-2LH. 

Horne, A.J. '1nd viner, A.G" 1973. fiitrn9c'n fix,ltion and its significanc0 

in tropic,11 li1kl? tj';IJrqp.. Hydrnbiologia, Il9: 71-,!/f. 

lIuber - Pestalczzi, ri., 193(1-19(13. [Jus pllytopl'lnktnn des SU5UilSS(:rs-

systematic und 8ioloyi0 Rinnengewilsscrs Hand XVI 

Hutcl;ins,lll, G.E., 1967. _A tr':atise IlO lirnnnlogy, Vol. II • P,n introduction 

to lilk2 bioloCJY and th" lirnnoplilOkton, N'~\'I Yr:rk: !-lilley. 

Kalff, .J. and I-Idtson, S., 19<16. Phyt(lpl-lnkton and its dyn-lmics in t,'L< 

tropical l~kcs: 1\ trnpi cdl ond t0mp~l'ilt" zone cnmpH i snn 



Hydrobiolo9ia, 13B: J('l-HlH. 

lC1SStlhun l·juddjrl. ~ l~)H? Cdfll(Jdf'rlt iv',! 1 imn'J 1 ;)~}y \',f L,1k,,)s L;.HI9drlU rInd 11.1)i jdtd 

in rc"liltion ti} ntltri,·:nts n.sc. thesis. l\cJdis Jlbab,l iJniv. 

Kilssilhun \lodaj'J ond IImh.] BGL1Y, 198'1. Spr.c i os CIIIlP',S it i un Dnd s,'aS1)na I 

Vilf'iiltion of zooplankton in two Ethiopian Rift Vall~y lilkes-Lilkes 

!\bijilta and Lilngilnn. HydrobiolDgiil, 113: 129-136. 

Lewis, 'l.r·I.Jr., 1978a. Dynamics ilnd stlccpssinn or phytnpl.,nictnn in it 

tropical l.lke, Lake l.ilna,' Philippin"s. J. fcnl., 66: iP<)-d'30. 

Lewis, 1>1.1·\,,)1'., 197Bb. Phytoplankt.nn succ'"s~;i('n in lake' VJI"nci<l, 

Vcnl'zUt)lii. Hyclrohi,'logia, 13B: lB'J-203. 

Ll'l-lis, H.r·1. Jr., and I{('ihl, 1;1., 1~JIl2. i'hytDpl,lnkton C()fllpositie'n ilnd 

morphology in lake V.ll2ncia, V",n(>zu(~lil. Int. KCV._ 9<'S. Hycin1ilinl., 67: 

297-322. 

Lind, E.M., 19GB. Nut~s on th~ distribution of phytoplankt'ln in SOQ2 Kenya 

lnte:rs. Br. Phycol. Gull., 3: '~Bl-193. 

Llynd, E.F., lY77. Geological f.'lcturs influc'ncing gcotht)rml lexplr<r"tion 

in the Langanr) region of Ethiopiil Rep'Jf't, N.lo l;eoloQical Survey, 

Rntnrva, New~caland: 73pp. 

Loffredo, S. ilnd 1'1i\ldur~, C.t'I., 19'1l. Risulti gcncrali <k·ll" richcrcr, rJi 



chil1ic{> lir~nlll[ll]Jc.1 suI h, dqui' 'h'i 1,"91',1 (\ell' Africa wknt,;llr' 

iU,jian,1 QSpl<II'dti <ir'll;'. missi",w itti"\"\)ic;" fn: ,',run"lli "t 01. 

(,_~d$~) [splor':'l"i,:(w dl,i Ll'Jtd (k~l I,l f.ls:-;" ~J(~ll::~ V.I. C»llt:Z'j:lI1(' 

Scilmtificil " dOCUliknt,'ri;; <11,11' :Ifricil It,ll iane J! 1, iIi rol <Ii, 

Verbania 181-200. 

LIMt' , I\.H., 195H. Observation nn the bicln()y of l:il"2..i.) IIi lotic1 I.. in 

[,1st ilfriciln Haters. \;QV. Zuo. But. Ilgr., 57: 124-170. 

Lunrl, J.l.J.G., Kipling, Co and L(' Crc!n , [.D., 19SB. Th(> i nvr,rted 

micruscope rm~tlH)d nf "stirnatinl! algal numbers alld tht' st'1tistic<1l 

basi s of ,!stimiltiun by counting. Hydroili'Jl., 11 : 1'13-1711. 

i,'"kin, i'l.,l., Kinghilm, T.J., \,i,1(ldams, I\.E., Hircholl, C.d. enr! T'lm,'nce, To, 

1975. Devc.l'.lpment pr'lj2cts in southern I~ift '1alley "f EthilJpia. 

Lilnd Resourc(!s. Divisirlll llinistry of ov(!rs<'as r)<!v,>jopment En91ilnrl 

\fol. 2: ?70pp. 

l'lelack, ,J.n., 1979il. }'hc,tosynth2tic rat"s in four tropical Africil!l fr'~sh 

wHter lak~s. Fresh wat. Riol., 9: 555-571. 

1,jelack, .J.n., 1'J79b. T(~mporal variilbility of phybJplaf(kton in tropical 

iiel(lck, ,J.ri. and Kilhilm, P., 1~7!f. Pht)tosynthetic rilt2s of pllytoplHnktGn 

in Eilst I\friciln illkaline, s"linc lake's. Limnol. Ocoanogr., 19: 

7113-75!i. 



nohr, 1'.1\., 1<)61, Tlk 9,~!)1(;9Y structure ;,n(1 i)rigin df the Rishuftu 

expl')si1ln Cr::L'rs, 5h,)0, HhhpL1. 

1.1~,'lJi!., 2: G'i-lOL 

I·lollr, 1'./1., 1%2. Til" fthiopi,\I1 11i ft Syst2r:l. [lull. G(~lphys., 2: 9-10. 

nnhr, P.P .. , 1<)71. The (icnl'J9Y of Ethiuria. Addis Ilbilba Univ. press, Addis 

Abilb,l 

H;,randini, G., 1972. 

Pasclwr, A., 1<)30. I)i" suss\'/,'!ss('r Flori! fIlitt',~1"ur"~il5 Ill. Bacill,'lI'inphytil 

(lJiJtofll('il'"l.: /for; rp. J01:lil. 

Pihlell, C.R., 19J1. f.flalysi S 'Jf Ethiopiill1 clnd utlH,r nilturc!l \"litters. 

II.S.l.U., Addis Abilha. 

Pn:scott, G.!!., 1')71. Th2 fr.'shwlter algal:. \-I.I'I.C. f{rfJi'in Co. publ. Ltd., 

l.ondon. 

Prosser, n.v., \~(lod, I(.fl., ilnd l3i\xtL'r, [LIi., 1961). Till: ilishoftu Crater 

a batl1ym,!tric and CI12micill study. Arch. Hydr1lbir,j. 65: 

309-32i: • 

Rilinber9, L., l')BI. Phytdplilnkton sucu:ssion in tile S,'Yilnti oJsin, Lilke 

(,7 



Linnnl. 

Reynolds, C.S., l<)fn. Th, loeology !Jf fn:s\1,Jilt'"r phyt(1plilnkt(ln. ClI:l')ridgl" 

university Press: 3%Hpp 

keynnlds, C.S., Tunclisi, J.G. 'lnd Ilinl), K., 1%3. O!>S(,rvilt i on s nn ,1 

11(~talirmwtic LyngllYd population in a stclbly str(ltifi"d tr'0piedl 

l"ke (LayiJil Carinc(l, Eilst.!rn ilr;,zil). llreh. Hydr'Jl)i'~l", 97: 7-17. 

Riedel, n.R., 1962. Our Maryh~ritensa0 (Surlb~ssinil'rl) Zugleich ~in R~itrag 

lur K"nntnis der ~ili!Ssinisch(!n r;raIl2n-s,,;<.'n. flrch. HyM')l)ifll. t 58: 

Jlobarts, R.D., l'll'i. Unlll:r 1'/1)1:21' liqht clhwtc fh:nctratil'n, Chlqrnpil,Yll, 

clnd primary producti'ln in a tropic,11 IIfric.~n lilk<, (Ulkp i'lcIllw'Iin", 

RhfJcil'sia). !\rell. HydrolJiol., <36: 1;23-·1;1. 

!loden, C.II., f<yan, LH., 'Ind t'll'reer, .J.P., 19i>7. flydrogr'lplly ,'nd till' 

distrilJution of phytoplanktnn in Killary Harbcur: II Fjord in 

!\lest.!rn [n'land, ,). Hal'. lli"l. /Iss. UK, 67: 359-371. 

Schroder, R., 198L~. Jln attempt to l:stimate fresh stuck ,lnd t.he sust.,linillJle 

yield of lake· Ziway <lml lake Ilbilya, Ethiopiiln I<ift Valley. ilrch. 

Hydrobiuloljia, 69: 'nl-i,:,l, 

Skuja, T'lxnniimil' dr's phytnplanktnns linig,'r s,,('n in uppl!lncl 



phytopl ankton schl'lcc!i scthl' 1<; nnl:nq('Y/·1SS"tI. NOV,l acta 11eg.S,'C. 

ScienL Uppqlic;t}sis. 501'" 11(6): i'(hpp. 

Talling, J.F., 19!57, Phutnsynthetic Char-actc·ristics of somE' frcsll\'later 

phytoplankton diatwns in rf'liltinn to lInd0r \'later riHliiltk.n. i'lcM 

phytol., 56: 29-50. 

Til 11 in9, J.F., 1'J6G. Tlw annui11 cycle nf stratification ilno phyt'lpl'1nkton 

growth in lab! victuria (East I\fricc1). Int. Re'v. ges. Hydrobiol., 

51: 5,'15-621. 

T?,llin9, J.F., l~Br;. Tlk s·,;i1son.l1ity of phytoplilnkton in African lilk"s. 

Hydrnbiol,)gii', 138: 13'J-1GIl. 

Tillling, ,l.F., and Driver, D. 1%3. Some pn1blcrns ill the (·stimation \If 

phytoplankton. Proc. Cont. on primilry pr<lductivity rneasurr,rnent, 

r:]drine and frl'sh Hatcr. U.S. Atnmic Cnrmnissi'lI1 TID - 76:13: 1')2-

146. 

TaIling, J.F. ilnd Tallillg, I.R •• 19G5. TI12 Ch~micill C'lmpnsition of African 

1 ilke: \'Iilt,'rs. InL RQvue. 9';s. lIydrobinl. Hydr,)gr., 50: '121-':·()3. 

Tillling" ,1.F., Hood, l{.ll .. , Prosser, li.V. ,1nd :~axt."r, fi.n •• 1973. The upper 

1 imit of ph'.itnsynthdic pr,.)(.luctivity t)y phyte'plankton: Evid"ncC' 



TE'dli1 S., 1'.'73. i'r'!SIWlilt,!r fisi1ts "f Etili "))1 iI. 

Ihill) Sf'lilssic Univ., I\,;'\', lil<l:lO; IlJlpp. 

Tilahun Kibret, 19H5 The benth0s study (,f Lake' 1\1'1<15,). l'I.5c. T110si5. I\ddis 

Ababa University; 216pp 

Torhranced, C., Fernando, C.II. ~n(j P'~9gi, J.e., 1%,\. Food "nd Fr,edin1 of 

Ol'c;()chromis (LHWIEU5, 1758) juvenil(!s in Lake AHdSS<l (Ethi;rpia). ilrch. 

Hyctrobiol., 79: 207-2\\9. 

iJl'1., 1973. Investig~ti()n "~f (;::otIWI'I1Hl ileS!lul'cf'S for power \)ev('l(lpm~nt: 

Geol09Y, C;,'ochcmistry, ,1nrJ HydrobLrl'Jgy 'J!' h'lt springs of tll2 E~st 

ilfrica Rift System 1'liUlin EthiDp;'l. Rech, Report. IhIIlP, Nell Y'lrk, 

N. Y.: n5pp. 

Utermrrhl, H., l'J5H. luI' V0rvollkommnung del' quc\ntitativf'n phytopbnkton 

rnr'thDdik. Hitil. Int. V~r. TiI'lr". Ange~l. Limn"l., 9: 3:,p. 

Vareschi, E., 19U2. TIll! ec,)logy of lakE: Nilkuru (Kenya) III. Ilbi ot i c 

fachrs clncL primary production. Oi!cl)lo~liil (Be!'l.), 55: Bl-10l. 

Vareschi, E. ilnel ,Jacob, ,1., EaVi. The eu)lo~IY tJf lab; tlakllru, VI. Synl)psis 

of production and c;ner9Y flow. fl<;c"logi'!., 65: "12-'12'1. 

Voll f'Jl1H:icl01', R./\., ),;l;~, II fIlclnlwl lin Iw'thuds hr I1l(,Jsllring i'1'iwlry 

70 



pruduc !J.:!!'~~,,~19.~.,t~~~!l,::'.i r~:~lilc n!.s"" lIlP Ililndbu'J/( lin. 12 (fnrl f:ll i ) . 

fllack 1'1;:11 5ci"ntific puill. (Ilxf(,rd 'Ill" Edint)l'rgll) : 1-2?!" 

\Iplcnln!!l[~, 1(.1.., I.'Jn. 

p~pl;r Nu, 1. 

The in]"nd I'Ii\L'r of I\[ri(:;). 1'1\(1, ClI'll, T,:chnicdl 

H(;tz,'l, R.L., and Likens, G.F., l'J1'l •. LJE,!:!.~)logic~l".an"lysis: 1;).11. Saundus 

Co. Phil~d(,lplliiJ ilnd London: 35ipp 

Hill,?n, T., UI<O. Phytoplankton frum 51'lc'dish litkes III. Lak;; lIunsjon dnd 

other Kottli' lak,·'s of Ci'ntral S\'!Cdcn. ArCh. Hydr()bi'~~., B9: 13!i-

15:). 

Hill,:n, I~., P.:jlfcr, Yo ,1nd Tirr·n, f~., JIJIiS. 

vilxtplankton vid lilboriltorir't For fiiljokontrnll, Uppsala: !l5pp. 

j'lilux, (;. and IlcC0sta, J., 19,)2. Th,' :'fL:ct nf phosphorous ilnd nitro\J21l 

addition on tlk a19·'1 biomilss ilnd Spt'cir:s ctllJpnsitinn of iln ilcidic 

lab'. Arch. Hyclrol)i,)l., 94: 3')i:-'.n. 

Hood, R.fl., Pross"r, F!.V., ,1I)(J tlilxl',O'r, 1(.1"1., l:J7(i. 5',,%on:11 pattNns of 

th:,l'tnill cilill'ilct0.ristics of four of th,' Hi shoftl! crat0r lab,s, 

Ethiopi'l. ~C~sh, \iat, Hiol., 6: 5l'J-!;30. 

Iiond, R.B., Pr()ss;~r, !1.V" ,)na Raxt(~?r, R.n., 10m. Optic,)l Cililfilctl'ristics 

of tlil.' r~ift Villle.Y Lak2s, Ethiopia. 5111ET: Hlliop. ,J. Sci., 1: 13~ 

11 



Ii'Jo<i, il.t:. and Tilllinrj; ,J,F,., l')HU. Chcrnicdl (11)(1 A19'11 r,!latinnships in a 

salinity ,','ri'es ilf EthinpiAn inland \/"tc'rs. li~~.r:S!,ll,t~:J,r~'JJ~\, 15H: 

?(;-{:'7. 

Zafilr, /\.1,., l%il. S\,~s(lnality of I'ttyt'lplankton in S')IOI,' Indi,ln ldk(,s. 

Hydrobiolngia, 138: 177-1B7. 

72 


