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lIBSTRACT 

The quality and digestibility of the natural food of Oreochromis 

niloticus in Lake ZiHay, Ethiopia, ~/aS studied for a period of one year, 

October, 1988 to September, 1989. The stomach and rectal contents of 956 

fishes I'/ere analyzed for total organic matter, protein, lipid, carbohydrate 

and energy. Different forms of inorganic nitrogen and or tho-phosphate in the 

I-later 11ere also determined to assess if there is any relationship I-lith the 

composition of the diet. 

Total organic matter (55.7% D.\<I.), protein (4.6% D.W.), lipid (5.3% 

D.I'1.) and energy (8.7KJ/g D.w.) Here consistently lO~1 for most parts of the 

year, Hhile carbohydrate (21.5% D.~/') ~ms relatively high. Protein, lipid and 

carbohydrate accounted for 57.0% of the ash free dry Height (AFDI'Il. Detritus 

is assumed to contribute most of the unaccountable pOl:tion of the AFDI>I. All 

nutrients shoHed significant monthly variation (ANOVA, P < 0.0001), hOHever, 

the variation of nutrients bet~leen sexes Has not significant (ANOVA, P > 

0.05). 

Estimates of assimilation efficiency using ash as a reference marker 

revealed that 36.7% of the total organic matter I'las absorbed. Protein, lipid, 

carbohydrate and energy !lad dic;jestibility values of 73.3%, 13.3%, 39.1% and 

37.3%, respectively. Assimilation efficiency values ~Iere also estimated for 

three months using three indigenous markers, ash, hydrolysis resistant ash 

(HRA), and hydrolysiS resistant organic matter (HROB). Results shol1ed that 

ash and HRA gave higher values in tHO (August and November) of the three 

months considered. HROH gave higher values only in one month (Hay). 

The quality of food expressed as the ratio of digestible protein to Kilo 

Joule of digestible energy varied significantly over the 12 months considered, 

and ranged from 6.0 to 117.0. Although the qual! ty of the food appears to be 

sufficient to support gro~lth during most of the year, 101'1 amount of digestible~ 

organic matter in the diet seems to restrain the maximum grol1th possible. 
'. 

Condi tiol} of Q. nl.loticus Has variable betl'leen months but not betl'leen seXes. : 

Honthly food quality and the corresponding condition of fish had no 

significant correlation (r = 0.012) indicating that fish condition might not 

be sensitive eno\lgh to detect changes in food q\lality over a short period of 
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time. The overall condition of O. lliloticus in Ln)<e Zi\-my I'las found to be 

lO~ler than that of Lake lmassa, and this is probably due to inferior quality 

of the diet and 10l'ler feeding rate. 

The length-weight relationships of O. niloticus that range from 11. 2 to 

31.0 em in size ~Iere fou\\d to be, ~l == 0.028 L2.37I
" r2 = 0.906, P < 0.0001 for 

males and \q = 0.106 L2 •448 , r2 = 0.852, P < 0.0001 for the females. 

There Has no relationship betl~een the composi tiOll of the diet of O. 

nilotious of Lake Zi\omy and the nuti:ients (nitrogen and phosphorus) in the 

lake water. 
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1- INTRODUCTION 

Primary food sources in the aquatic envi!.'onment include vascular plants, 

macroscopic and microscopic attached algae, phytoplankton and organic detritus 

derived from living plants (Bowen, in press). Han can make very little use of 

aquatic plants as food and hence most of these plant materials are not edible 

to htunans (Idyll, 1970). Horeover, harvesting even the so called edible algae 

has been a very difficult problem (Edl'/ards, 1980). 

~lhen food passes from one trophic level to the next higher trophic 

level, there is a loss of substance and energy 11h1ch amounts to about 80 to 

90% (Harshall, 1965; OdulU, 1971). This, in light of the present protein 

shortage, is undesirable. Thus, it is self evident that attention should be 

draim to animals that effectively use primary food resources and which are in 

turl~ readily available for htlnlan constlnlption. These apart from invertebrates, 

include herbivorous and detri tivorous fishes. Fishes, that feed on primary 

food resources, are relatively fel'l in species, but have achieved wide 

distribution and various reports show their disproportional success in 

ichthyomass, mainly in the tropics, (Dunn, 1972 cited in Horiarty, 1973; LO\'le-

HcConnell, 1975; Schroder, 1984; Bowen, 1988). 11ith this in mind Tilapiine 

fishes have been the preferred choice for fisheries development in different 

parts of the ~lOr ld. 

The group of fish species commonly kno'm as tilapia (which recently is. 

sub-divided into four genera, Tre"/avas, 1982) is endemic to Africa but the 

various species are nOH found in most tropical and sub tropical areas of the' 

'IOrld. Oreochr.omis niloticus, a member of the group, is also \;idely: 

distributed in fresh "aters of '·fiddle East, eastern, central and "estern 

Africa (Balarin and Hatton, 1979). Its expansion is still going on (Philipart .. 

and Ruwet, 19821. Apart from playing important role in Africaa fisheries Q:.. 

niloticus is one of the ten nlost popular cultured species (Balarin and Hatton, .~. 
1979) . 

Tilapias have an extraordinary tolerance to varied ranges of physical 

conditions, depth, current velocity, turbidity, temperature and chemical 

composition, especially salinity, pH, dissolved oxygen and other gases of the 

Iqater bodies in ~Ihich they live (Balarin and Hatton, 1979; Cherviniski, 1982; 
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Philipart and RUl1et, 1982). 

Although Tilapiine fishes in genet'al are herbivores (Fryer and 

11es,1972), detritivore species at'o also present (BOI'len, 1979; 1980; 1982; 

1983). In addition, some species show opportunistic nature tmd display 

shifting ability from one reeding habit to the other (Haitipe and De Silva, 

1985) . 

Pond experiments (HcBay, 1961) as well as studies done in natural 

environments (HcBay, 1961; Fryer and Iles, 1972; Hodarty, 1973; Horiarty and 

Horiarty, 1973a; 1973b; Getachew, 1987; Zenebe, 1988) show that the adult o. 
ni10ticus feeds 1l1ainly on phytoplankton and occasionally some detritus. Foods 

of animal origin are reported to be consumed by adult fish in addition to 

phytoplankton (HcBay, 1961; Horiarty and Horiarty, 1973b; Zenebe, 1988). Food 

selection is also reported for the same species by Horiarty ~ a1. (1973). 

Fry and juvenile stagzs of Q. niloticus, as other Tilapiine fishes, feed 

on animal matter mainly zooplankton (UcBay, 1961; Horiarty, 1973; HOl'iarty and 

Horiarty, 1973b; Balarine and Hatton, 1979; BO~len, 1982; Zenebe, 1988). 

Some ~Iorkers (Stickney and ShU1m~ay, 1974; Buddington, 1980) have sho~m 

that fish are among those vertebrates that lack cellulase secretion in their 

digestive system. Projs and Blaszezyk (1977) reported cellulase activity from 

fish and indicated the presence of some amount of highly processed plant. 

detritus in guts even though the enzyme itself was not isolated. The presence 

of cellulase activity in fishes is therefore doubtful in that the cellulase 

aotivity observed might have oome from the microbial population ingested I-lith 

the detr! tus. Therefore, it is possible to generalhe that fish cannot dl,gest 

oellulose and lignin Hhioh are major components of plant cell wall. In 

addition, Fish (1955) reported that. I~henever plant celL~ are undamaged, there 

would be no digestion of the contents of the plant material. Al though 

previous studies (Lobel, 1981) failed to ShOI-1 the presence of cellulase 

producing gut flora in fishes, in a recent report Rimmer and Hiebe (1987), 

have demonstrated their presence in two herbivorous fish species. 

Nonetheless, the success of primary consumer fishes is the r.esul t of complex 

anatomical, physiological and behavioral adaptations that have enabled them to 

solve the inherent problems associated with primary food resources (Bol1en , 

1988) . 
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Among the various earlier suggestions of ho,', Tilapia spp (mainly 

herbivores) Oli.\y digest blue green algae, Fryer and Iles (1972) proposed that. 

the high sodi\un to calchun ratio of sHIt" dissolved in the "tat-ers of alkaline 

lakes of East Africa (from ~lhich they collected the fishes) may bE< partially 

responsible. Other more important physiological and anat.omical adaptation 

have later been elucidated (Horiarty, 1973; BOHen, 1976) and it is nOl1 Hell 

knoHn that acid secretion in the stomach lyses bacteria and algal cells. 

Fish (1960) ~,as the first person to suggest that gastric pH might 

secondarily f\ll)ction to lyse algal cell Halls and alloH digestion of plants. 

Later Horiarty (1973) reported the lysis of blue-green algae in an acidic 

medium and in the stomach (pH'" 1.40) of O. niloticus. BOHen (1976) also 

reported that Oreochromis mossambiclls uses the same mechanism to digest 

bacteria associated \<lith detL'itus in it:;J diet. Short term exposure at pH 

2.00, 2.50, 3.00 and extended exposure at pH 3.50 is able to lyse algal cells 

(Lobel, 1981). A difference in sensitivity of algal species to acidic lysis 

\<las also reported by the same Horker. . Here the nature of the cell Hall 

appears to be important, for instance the cell Hall of green algae is 

resistant to lysis than the cell I-/all. of the bl\\e~greens (Uoriarty, 1973). 

Absence of enzyme activity Hith a pH value of 1. 75 ~taS observed by BOIqeh 

(1976) from the stomach of 2. mossambic\\s. In addition to its lysing purpose 

gastric acidification in this fish species libe1.'ates complexed amino acids in 

detrital aggregate. Un\\sually 10\'1 pH also £undalnentally alters the ohemical 

structure of detritus in \'lays that may facilitate intestinal digestion (BoHen, 

1981) . 

Digestibility refers to the percentage of nutrient that is available to 

fish (Buddington, 1979). ~Ihen the digestibility of primar.y food resources is 

considered it is generally 10Her than that of animal tissue (Kirilenko ~ a1. , 

1975; De Silva and Perera, 1983). The 10H digestibility of plants is , 

attributed to the preponderance of complex structtlraJ. carbohydrates (Boyd and 

Goodyear, 1971). When the digestibility of protein is .'3pecifically cOl\sidered 

fish can digest animal tissue protein at levels greater than 90% (Beamish, 

1972 cited in Buddington, 1979), but plant tissue protein are less (40 to 80%) 

digestible (Gerking, 1952 cited in Hontgomery and Gerking, 1980; Kirilenko ~ 

al., 1975). Furthermore excessive amount of inorganic material taken \<lith the 
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food reduces efficiency of. digestion in filt.er f.eeders and detritivores 

(Bowen, 1981). 

The ingestion of large quantit.y of food at minim"l cost (time or energy) 

is important in hi9her trophic levels, 01 though this does not hold true in 

primary COllsumers. The food of primary consumers is generally present far in 

exoess of. their ability to conS\Uue it (Horiady 0: ,,1., 1973). This is 

espeoially true in t.he tropics ~Ihere there is high rate of primary production 

continuously througho\lt the yeal'. Nevertheless food (nutritive) quality is 

extremely variable and plays a major role in governing secolldary productioll 

(Boyd, 1970; Boyd and Goodyear, 1971; Bm1en, 1982; 1988). 

The quality of a given diet is directly pr.oportional to its ability to 

support grol'lth. It depends on the composition of the diet and the extent to 

Hhioh the oomponents are digested and assimilated (Bol'len, 1982). 

A proper balance bet~leen protein (grol-,th food) and carbohydrate and fat 

(energy foods) is needed by fishes for basic anabolic activity, ~Ihich in 

addition to gro~lth includes tissue repair, reproduction and the produotion of 

essetltial -body products. Vitamins and minel'als, although required in very 

small amOllnta, are essential for proper functioning of the body of fishes 

(Phillips, 1969). 

In the natural environment, only one nutrient has been identified as a 

frequent and wide spread limiting factor to primary consumet' growth, and that 

is protein (Boyd and Goodyear, 1971; I-Iattson, 1980). The acquiSition of 

s\\££icient protein in the diet 1-li11 likely insure that a herbivore obtains 

adequate qu<mtities of other mltrient.s (Boyd and Goodvear., 1971). The diets 

of tilapiaa range from about 50% to less than 1% protein (Bol'len, 1982). 

Nutritional value of a given diet may be expressed in terms of (KJ) 

digestible energy/g, and benefit to the consumer may be expressed as an energy 

assimilation rate (Bowen, 1987) . HOl'lever, despite I-/ide variations ill 

composi tion of different materials, amounts of Chemical consti. tuents of 

differing caloric value approach a relatively constant ratio so that most 

plant materials have a caloric content aroulld 16.74 to :l7. 57 KJ/g dry Height. 

Horeover since only energy in t.he form of digestible nutrients is available to 

herbivores, caloric analyses of vegetation (plant matter) have little 

significance in indicating food quality (Boyd and Goodyear, 1971). 
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Another concept is based on amino acid or protein content. 'l\he 

interaction betl-Ieen amino acid concentration and energy assimilation rate is 

very essential because dietary amino acids provide the material fox animal. 

grOl~th and dietary energy carries out the actual groHth process (BoHen and 

Ahlgren, unpublished). Clearly this ShOHS that either dietary energy or amino 

acids can potentially limit grol~th (BOI.en, 1987). Therefore, to describe food 

quality, protein levels are frequently expressed as mg assimilable protein per 

KJ assimilable food energy. A minimum of 4 mg protein per KJ was found to be 

required for maintenance by O.mossambicus (Bowen, 1982). Grol.th increased 

~Iith increasing protein levels Ill' to a maximwll of about 25 1I1g protein per KJ 

(Bol.en, 1982), shol'ling the presence of some stage in process at l.h1ch the 

energy-amino acid balatlce has maximlIDl ntltritional value (Bol-Ien, 1987). 

Protein at higher levels is in excess of the atlimals ability to utl.lize it 

anabolically and thus grol.th decreases preslunably as a result of energetic 

cost of protein catabolism (Boyd and Goodyear, 1971; BOHen, 1982). 

This ratio, mg assimilable protein/KJ assimilable energy, has been used 

by several ~Iorkers (Bo~/8n, 1979, 1980; De Silva, 1985; Getachevl, 1989) to 

aSSess food quality of fishes under natural conditions. 

The nutritional. benefit from any food is ultimately its contribution to 

the cons\U\ler' s fitness. HOI-lever, since fitness is di£ficul t to measure 

directly, a variable that is proportional to fitness is often measured 

instead. Grol-Ith of fishes can be considered a close approximation of fitness 

(BoHen, 1988). Condi tion factor, another indirect measure of fitness, can 

also give some indication of lmtritional benefit (De Silva, 1985; GetacheH, 

1987) • 

Although seasonal changes in day length and temperature are small in 

the tropics compared 1-11 th those in temperate region,g, seasonal changes in ~Iind 

and rainfall regimes do cause some seasonality i.n most tropical ecosystems 

(LoYle-HcConnell, 1987). 'fherefore qualitative and qauntitative changes itl· 

available food of fish, quality being more important to herbivores, are 

brought about by rainfall and I-lind regimes in tropical lakes. 

Stltdies done on some of the Ethiopian rift valley lakes, like Lake 

AHasSa (Demeke, 1985; Elizabeth, 1987), Lakes Langano and Abijata (Kassahun, 

1982), Lake ZiHay (Tsegaye, 1988; Girma, 1988; Semeneh, 1988) ShOI'1 that there 
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is a marked difference betl'l~en the rainy and dry seasOl"; 'lith re,gpect to 

nutrient concentrations, phytoplankton primary production, abundance and 

composition of the plankton and other physioal and cheml.cal factors. Primary 

productio11 differs in chemical oomposition and nutritional value depending 

upon the species, age and habitat of the producer (Boyd, 1970; Boyd and 

Goodyear,1971). Even for an individual algal species the biochemical 

composi tion of algal oells depends to a large extent 011 changing environmental, 

factors such as light, temperature and nutrients (Gibson, 1978; Olesen and 

Ganf, 1986; Amblard and Bourdier, 1988). Therefore a year round study and 

sea!'<onal consideration of food quaJ.ity for an herbivorous fish species in a 

specific enVironmental set-up is a logical approach to the understanding of 

the species' nutritional status in that specific habitat. Such studies have 

not been adequately made for the tropical fish at large and the herbivorous 

fish species of t.he Ethiopian rift in part.l.cular. The only se<>.sonal. study 

done in this country \'/as by Get.acheH (1987) on 2.. niloti.c'Js in Lake AI·lassa. 

His study revealed the seasonal nattll:e of food qualit.y and fish condition. 

Differences in condition bet.Heen sexes, at least for some m011ths, ~Iere also 

d"tccted. 

Inex};iensive source of protein is needed to support the ever i11creasin<;l 

human population especially ill a country like Ethiopia I-Ihet:'e t.here is a 

serious protein deficiency. The aquatic resO\,rces of Ethiopia are not ft,ll y 

exploited and therefore their effective utilization calls for special 

attention. The sust.ainable utilization of t.hese resources l.'equires proper 

management ~Ihich in turn needs tho:cough understanding of the systems. 

Apart from being one of the most commercially important fishes in 

Ethiopian fisheries, Q. niloticus dominates (94%) the fish community of Lake 

Zh1ay (Schroder, 1984). The a,11\ual fish yield from Lake Zil-,ay is e.~timated t.o 

be 1000 tons (Schroder, 1984). Al though some st.udies have been made on some 

aspects of the biology of Q. niloticus; breedi11g period and fecundity (Getaneh 

and Getaneh, 1979; Zenebe, 1988), feeding periodicity and length-Height 

relat.ionship (Zenebe, 1988), information on the nutritional status of this 

fish species in this lake is still lacking. ~herefore, t.his study is an 

attempt to:-
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II - THE STUDY AREA 

The Ethiopian rJ.ft system is characterized by seve'cal internal drainage 

basins 11ith lakes (Hohr, 1962). The Zil'ay-Shalla basin if; the northerly of 

the three basins in this rift system. I,ake Zil-my is the most northerly of the 

four interconnected rift valley lakes, ZJ.~my, Abijata, La.ngano and Shalla 

(Fig. 1), that form the Zhmy-shalla basin (Von Danun and Edmond, 1984). 'rhe 

lake's Hestern and eastern parts lie in the South-Shel'a and Arsi 

administrative regions , respectivelY, l'lhile its northern shore borders East­

She~la administrative region. It is located at ca 7" 52' N - 8" 8' N latitude 

and ca 38" 55' E longitude (Fig. 2), 150 KID south of Addis Ababa (I~akin et 

a1., 1975). The morphometry, and monthly rainfall and ~Iind speed of Lake 

Zil'ay are given in tables 1-A and 1-B, respectively. 

Lake ZiHay lies in an altitude of 1636 m Hithin a broad dO~1l1 faulted 

basin formed through local subsid€mce of the rift valley floor. To the north, 

the land rises gently, and to the south of the lake the landscape is dominated 

by Hount Alutu, a major center of Quaternary silicic volcanism (I·lakin et al., 

1975). The lake contains five main islands (Galila, Tuhl-Gudo, Funduro, 

Tedecha and Debresina Hariam), I'Ihich are of volcanic origin (Schroder, 1984). 

The climate in the basin has arid characteristics for most of the year, 

the highest temperat\lreS occllr betHeen Harch and June prior to the start of 

the main rains, though seasonal variation in dail.y temperature is relatively 

slight. The Hindiest periods are November to January, and immediately 

preceding the main rains in June (Hakin et al., 1975). The l'leather is 

frequently l'lindy and stormy (Schroder, 1984). These local meteorological 

conditions cause frequent mIxing of t.he lake throughout the year (Girma, 

1988) • 

Reports shol" that the mean annual rain fall is generally less than 600 

nun (Grove et aI., 1975; 1·lakin et i;l., 1975). ~'he area is characterized by tl<O 

rainy seasons, February - April and J\me - september. The small rains are in 

February and June, the big rains from J'.me to september. High concentration 

of rain fall occurs in July and August (Daniel, 1977). 

The lake is fed by tlV'O major rivers, !-leki and Katar, I'hich drain from 

the I~estern and South-Eastern plateau, respectively. The J.leki river drains an.; 
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Table 1-A. l1on)h~metry of lake Zi\oTaY. 

CHARACTER 

Area of lake surface 

l1axim\ll\\ extensions 

Maximum depth 

Mean depth 

VALUE 

434 Km 2 

32 by 20 Km 

12m, mostly around 6m 

2.5 m 

REFERENCE 

Schroder, 1984. 

Schroder, 1984. 

Schroder, 1984. 

Schroder, 1984. 

Vohuue of I'later mass 

I'later reneHal time 

Area of Hater shed 

Shoreline 

1.1 X 109 m'l 

3.2 yrs. 

7025 Km2 

Schroder, 1984. 

102 Km 

Schroder, 1984. 

Haberland, 196'3. 

Schroder, 1984. 
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Table i-B. Honthly rain fall. (rom) and average monthly l-li nd speed (m/s) 

of the lake region (Zil'lay Statioll 1988/1989) • From National 

J.let.eorological S3rvices Agency. 

ImNTH RAIN FALL WIND SPEED 

Oct.ober 99.4 1.5 

November 0.0 1.8 

December 0.2 2.1 

January 4.7 2.1 

February 50.3 2.1 

Harch 195.7 1.7 

April 129.9 1.4 

Hay 2.9 2.0 

June 101.9 2.7 

July 120.0 2.8 

August 150.5 2.1 

September 133.1 1.5 
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area of ca 2300 KIn" I-Ihile the Katar river drains a larger catchment of ca 

3400KIn2 (liakin et al., 1975). The average discharges from the tl-lO rivers are 

estimated as ca 420 x 106 and 437 x 10" m' of Hater per year (VOll Damm and 

Edmond, 1984). In addition to tho hlO rivers, Heki and Katar, lake Zhlay has 

also its olm catchment covering about 1700 I\Jll2 (Hakin 01:: aI., 1975). Several 

mineralJ.zed springs around the lake shore that contribute a significant ground 

Hater al.go £101'1 tO~Tards the lake (Hakin at al., 1975; Schroder, 1984) • 

Including the rainfall, Lake Zh/ay receives ca 1150 x 10" m3 of Hater annually 

(Hakin et al., 1975). The lake drains south from its South-I'lest corner via 

the Bulbula river into Lake Abijata. The Bulbula river has a discharge of ca 

211 x lOS m3 of 11ater per year. The difference betHeen in£1011 and outf 10H 

amounting to an average of 940 x 106 m3 of 11ater per year is acc0\1l1ted for by 

evaporation from the lake surface (Hakin et a~., 1975). 

Lake level is knolm to fluctuate from time to time depending on the 

climate (Grove et al., 1975; Hakin et al., 1975). A more significant rate of 

change is expected 11hen considering the nel'll y started state f.arms in the area. 

1'110 small state farms have been using lake Hater for irrigation for the past 

10 years. There is also a larger state farm that has recently started pumping 

water from the lake. This ~Iill have a tremendous effect on the I'later budget 

of the lake and will affect its biota. 

Lake ZhlaY water is bro.mish or greenish, depending Hhether the 

suspended material is predominantly inorganic or organic ("Tood et a1., 1978). 

Lake ZiHay is bordered by SI'Ia!\\P, except along the South - Eastern and 

Southern margins (Makin et al., 1975). The shores are sandy or rocky 

(schroder, 1984). A high portion of the lake bed is composed of coarse pumice 

material. Along the Eastern and Southern sides of the lake soils are coarse­

texttlred I'lith an organic loam top soil over pwnice sand (Hakin et al., 1975)., 

The volw\\etricaUy important constituents of the deposits in the area are ': 

pumice, glass shards, volcanic rock fragments, feld spars and quartz. The 

important heavy minerals are pyroxene, hornblende, magnet! te and biotite, 

indicating volcanic sources. The sediments contain organic matter in 

concentrated and dispersed form (ketema, 1986). 

An almost contillUoUS c\tltivatio11 under an open canopy of remnant acacia, 

prinCipally Acacia tortilis is characteristic of the area around the lake., 



Haize is the most important crop in the area around the la.ke. During the Het 

season, it occupies 80% of the land surface (Hakin et ~l., 1975). 

The shore line is fringed by discontinuous bl.ocks of typha (bull rush) 

and Cyperus papyrus. Beyond this, in the open Hater, there is almost 

continuous floating belt of phra9l11ites (reed) Hith Nyrnphia (Hater lily). 

Along both sides of the bank of the Bulbula river, there is often a narrOl'l 

thicket of leguminous shrub, Saschynomene elaphrxylon. Expanses of Cynodon 

plectostachyus grass land \~hich provide valuable grazing '-Ihen the lake is lOI~ 

and the unpalatable grass Sporobol\ls spicatus are also present although they 

are very localized (Hakin et al., 1975). 

A total of 122 phytoplankton species have been identified (Tsegaye, 

1988) of ~Ihich 50 species are blue-greens, 41 green algae and the rest 31 

diatoms. Host important species in terms of biomass are Lyngbya limnetica, 

Hicrocystis aeruginosa and Synechococcus elongatuB (blue-green algae) , 

Helosira granulata, Navicula spp and S\lrirella spp (diatoms), and Straurastrum 

leptocladum and Pediastrum boryamun (green algae). 

The zooplankton populat.ion is composed of five genera of crustacea and 

six genera of rotifers (Semeneh, 1988). Hesocyclops SPI?, Hicrocyclops spp and 

Afrocyclops spp are the cyclopoids. The tHO dominant c18.doceran species are 

Diaphanosoma excisum and Alona davidii. Keratella spp, Brachionus spp, 

Filinia spp, Hexarthra spp, Lecane spp, and Trichocerca spp are the rotifers 

reported to exist in t.he lake. 

The fish pop\\lation in the lake is dominated (94%) by the herbivore 

Oreochromis niloticus. other species in the lake are Barbus (6%) of 

unidentified species (Schroder, 1984) and Tilapia zilli, an introduced :specie." 

from Uganda (George, 1976)_ In addition to these three fish species a 

different and probably an introduced one has been observed (pers. obs.) among 

the fi8hes caught for conmlercial purposes by fish production and marketing 

corporation ZiHay-branch. According to local authorities of the ministry of 

agriculture the fish appears to be a carp. 

The lake also supports a rich avian fauna among '-Ihich are pelicans 

(Pelicanus oncocrotalu,:) and lesser flamingoes (Phoeniconaias millOr). OtheL' 

animals that are found in the lake include hippopotamuses (Hippopotamus 

amphibius), mammals .. and the nile monitor. 
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III - HATERIALS AND METHODS 

Fish Here collected monthly from a sampling site (Fig. 2) for 12 months 

(October 1988 - September 1989). Gill nets (60, 80 and 100 nun mesh stretched) 

set overnight Here used for the first four months Hhile beach seine haul nets 

(80 mm mesh stretched) Vlere \lsed for the remaining eight months. Fish Here 

alive l~hen they reached the near-by temporary laboratory. Total length and 

>leight Here measured to the nearest 0.1 cm and 0.1 g, respectively and then 

the fish l1ere dissected. The stomach and rectal contents 1'Iere transferred 

into vials and alloVled to dry at 10QoC. The stomach contents Here considered 

as food 1·/h11e rectal contents 1'Iere considered to be the faeces. Since tectal 

contents l1ere insufficient for all .analyses, the stomach and rectal contents 

of five fish 1-/ere separately pooled. The pooled stomach as l~ell as rectal 

contents Here ground using a mortar and pestle and sifted through a 650 um 

mesh size sieve. These sifted samples ~Iere analyzed for total organic matter, 

protein, lipid, carbohydrate and energy. 

The protein content VIas determined by L01'lry' s method (L01-1ry at a1., 

1951) as modified by Kaushik and Hynes (1968). Stomach and rectal samples, 

100 and 50 mg, respectively, Vlere extracted in 10 ml of 0.1 N NaOH for 24 

hours at room temperature in a mechanical shaker. The extract l'laS separated 

by centrifugation from the remaining solid component. From the 10 ml extract 

only 5 ml l~as taken and to this 5 ml, 10 % trichloro acetic acid (TCA) l1as 

added and the mixture l1as kept overnight in a refrigerator at 5°C for complete 

precipitation of protein. The supernatant Has then separated by 

centrifugation and decanted. The precipitate HaS redissolved in 2 ml of 0.1 N 

NaOH. Seven ml of dissolving reagent (50 mi of 2 % NaCO_. in 0.1 N NaOH + 1 ml , 
of 0.5 % CuS04 • 5 H20 in 1 % Potassitun tartrate) Has addee\ to the resuspended 

precipi tate and mixed. Ten minutes later 1 ml of Folin' 13 reagent Has added 

with mixing. After 30 minutes the absorbance I-laS read ~/i th a 

spectrophotometer (Spectronic 1001, Hilton Roy Company) at 750 nm. Bovine 

serum albmnin Has used to construct the standard curve. 

Lipid l1as determined as described in Gol terman et al. (1978) and 

modified by GetacheH (1987). Extraction VIas done in Soxhlet apparahls Vlith 

diethyl ether for 3 hours from a kn01'111 1'leight of sample (100 mg for stonlach 
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and 50 mg for rectal samples) contained in folded and stapled glass filter 

paper (GF/C) / ~Ihich Has previously ether extracted. The sample Has then air 

dried for 10 minutes and oven dried at 100<'C for 30 minutes and cooled in " 

desiccator. The filter paper l'lith the sample Has then Heighed and the 

difference in Height taken as the Height of lipid. 

Total carbohydrate ~/aS determined by the phenol-sulphtll:ic acid reaction 

(strickland and Parsons, 1968 as modified by BOHen, in GetacheH, 1981). One 

ml of distilled Hater alld 1 ml of 5% phenol ~Ias added to 10 mg of sample. 

After Dlixing, 5 ml of sulphtlric acid reagent (0.5% hydrazine sulphate in 

sulphuric acid) Has added from a rapid flOH burette. Further mixing Has 

carried out by shaking the flask during the addition of the acid. Then it '1as 

left for 1 hour to cool. A blank solution 11a8 prepared from distilled water, 

5% phenol and sulphuric acid reagent ~Iith out sample added. From this blank 

solution 4.5 ml "/as taken in a centrifugation tube and to it 0.5 ml of the 

test solution added. This .,as mixed l'lith a vortex mixer and then centrifuged 

for 10 minutes. Absorbance of test solution Has read at 550 nm against a 

blank solution (distilled I'/ater, 5% phenol and sulphuric acid reagent ,·Ii th 

same proportion as test solution but lacking sample). 

constrtlct the standard Ctlrve. 

Glucose Has \lsed to 

Total organic matter 1'las determined by igniting a knoHn Height of 

sample. Hundred mg of sample ~/aS placed in a crt1Cible and ignited in a muffle 

furnace (Fishel' Isotemp Huffle Ftlrnace 184 A) at 550°C for 4 hours. The' 

,~eight loss after ignition \'las considered to be the ,~eight of total organic 

matter (ash free dry "Ieight, AFD\'I) in the sample, the remaining being the ash. 

Total energy of the sample 11a8 determined using a Phillipson micro-bomb 

calorimeter model 435 (Gentle Ins. Inc.). Pelleted sample ~Ieighing 15 - 28 mg. 

\'las put in the sample holder of the micro-bomb and a 3 em long and 0.001 mm 

diameter platinum 11ire \'las stretched over it in such a I'/ay that iql)i tion "/as . 

insured by the slight contact made. A drop of lOater \'las added to the lower 

half of the bomb to create a sat\lrated atmosphere. The micro-bomb \'I<\s then 

flushed l'lith oxygen (30 atmosphere) from a pressudzed oxygen supply. It 11as 

then cooled by illullersing it in cold ~/ater, dried and placed on the copper ring 

of the stand. The t\-/O ends of the firing circuit ",ere connected to the bomb. 

To minimize the effect of the external envi ronment it Has covered by a 



stainless steel jaoket. The reoording system (Can lab reoorder model 255) Has 

alloHed to attain eq\\ilibrhuu and then the condenser \~aS discharged and the 

sample ignited. After the heat rise in the bomb Has recorded and cooling \'las 

apparent the operation was stopped. Benzoic acid l'lith 99.9% purity and 6324 

calories per gram oalorifio value was used to oalibrate the bomb. A constant 

~las determined Hhioh ~las later t\sed to convert reoordings into oalories 

(Phillipson, 1964). 

Ash was used consistently as an indigenous marker for the oomputation of 

assimilation effioienoy. Two other indigenous markers, hydr.olysis resistant 

organio matter (HROI·I) and hYdrolysis resistant ash (HRA), 11ere also determined 

for. some months. HROH and HRA Here determined by the method of Buddington 

(1980) . Usually 200 mg sample was plaoed in a 50 ml beaker and 5 ml acetio 

aoid (80%) 11aS added and tl1i$ Has boiled for 20 min on a gentle flame. Then, 

0.5 ml concent.rated nitric acid and 70% ethanol l'lere added, respectively and 

the oontent of the beaker 11a6 transferred to an alundtUll crucible. The beaker 

HaS repeatedly washed Hith ethanol from sqeez bottle to ensure complete 

transfer of the digested sample to the ahmdulll oruoible. The hydrolysed 

oomponent ~/aS separated from the remaining hydrolysis resistant component 

(HROH and HRA) by putting the alundum orucible on the mouth of buohner flask 

Hhich Has attached to a Vo'l.CU\UU pump through a tube. During this separation 

the sample \·taS rinsed suocessively ~lith hot alcohol and petrolemll ether to 

remove remaining hydrolysed organic matter and inorganic minerals. The sample 

in the crucible ~taS then dried at 100°C to be l'leighed after cooling in a 

desicoator. It Has then ignited at 550°C for 4 hours. That part of the 

sample remaining in the orucible after ignition HaS BRA Hh11e Height 

differenoe betl1een Heights taken jtlst before al1d after ignition gave the 

Height of HROH. Assimilation efficienoy Hac determined using t.he equation 

given beloH (Conover, 1966). 
A.E.(%) '" F/].! - F'/H' x 100 

FIB 
F '" Nutrient in food F' '" Nutrient in faeces 

J.I '" Harker in food H' '" Harker in faeoes 

Condi Uon factor of fish Has calculated from total length and Height ", 

measurements. Fulton's as \o1ell as relative oondi tion faotor Here calculated 

using the follo~ling equations (Le Cren, 1951; Anderson and Gutreuter, 1983). 

Fulton's condition faotor (FCF) '" \'/IL3 x 100 

" 
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Relative condition factor ( ReF) 
",here ~I '" Height in grams 

L '" length in cm 

a = Y-intercept; b = slope of the regression line, 

log L vs log W, for fish collected through out the study period. 

The quality of the food for each month l'las determined by taking the 

ratio of digestible protein to digestible energy as all index. Digestible 

protein I~as determined by taking the product of protein in the food and the 

proportion of protein assimilated. Digestible energy Has also taken as the 

product of the amount of energy in the food and the proportion of assimilable 

energy. 

I'IATER SAHPL!NG AND NUTRIENT ANALYSES 

Sub-surface ~1ater sample Has collected from the study site using 

polyethylene bottles. The Hater sample Has kept in a cooler filled \'lith ice 

and transported to the labora.tory in Addis Ababa. It Has kept in a. 

refrigerator for the night and the next day the l'later l·m8 filtered through 

Whatman GF/C glass filteL'. The filtered Hater Has then analyzed for the 

£0110l-1ing nutrients. Ni trite + nitrate-nitrogen, aIllmonia + ammonium-nitrogell 

and soluble reactive phosphorus (ortho-phosphate). 

Nitrite + nitrate-nit.rogen I~as determined as described in Golterman ~. 

a1. (1978) . Lake Hater, after passing through cadmium-copper column Has· 

diazotized Hith sulphanilamide and coupled l'lith the aromat.ic amine N-l­

Naphthylethylenediamine di-hydrochloride. Absot'bance 1'1£113 read (pye Unican ap--

350) at 543 nm. 

Ammonia + ammollitun-nitrogen Has determined by the phenol-nitroprusside 

method as outlined in Hackereth et £11. (1978). 
~ 

Absorbance Has read at 635 111l1 •• ' 

Dissolved reactive phosphorus Has estimated colorimetrically as its molybdate 
~ " 

oomplex as described in Gol terman et £11. (1978). Absorbance Has measured at·: 

882 nm. 
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STATISTICAL ANALYSES 

Analysis of variance (ANOVA) Has used to test the differellCes bet\4een 

means and multiple comparison of means Has done using the GT2 - and or -

methods (Sokal and Rohlf. 1981). T - method 11a8 used only for the comparison 

of means of condition of fish. 
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IV - RESULTS 

IV - 1 Nutrient conlposi tiOl\ 

The total length of the 956 fish, 562 male and 394 female, which ~Iere 

collected during the sampling period Hal> betHeen 11. 2 cm and 31. 0 cm. Host 

(>65%) Here in the size range of 20.0 - 25.0 cm. 

Total organic matter (lIFml) in the food of 2. niloticus in Lake ZiHay 

Has in the range of 33.9 to 74.4% dry Height (% D .11.) 11i th a mean of 55.7 % 

(Fig. 3). There Has a significant monthly variation in % IIFDW (ANOVA, P < 

0.0001) but no significant sex difference ~Ias observed. Organic matter 11as 

highest in December and there Has a tendency to decline during the rainy 

season. The food ingested in October seems to cont.ain the 1011est organic 

mat.ter (Appendix I - A). 

The energy content of the food of O. niloticus in Lake Zhmy varied 

greatly from month to month (p < 0.0001). The food of O. niloticus that had 

the lOHeet energy, 5.7 KJ/g dry 11eight, HM that eaten during the month of 

October (Fig. 3). Host dry months (November I December and January ) had 

significantly highe3: energy values (Appendix I - B), t.he highest being in 

December, 11.8 KJ /g dry 1·leight. Total energy and AFml in the food had very 

similar temporal (monthly) patterns. As in AFDl1, energy had a tendency t.o 

decrease during the rainy season (Fig. 3). 

The composition of the nut.rients in the diet of O. nilotic\1S Has" 

dominated by carbohydrate (Fig. 4). Carbohydrate in the food Has high (13.9 -

30.6% D.I·I.) 1'lh11e protein and Hpid I'/ere relatively 101'/, 3.0 - 8.3% and 3.5 -, 

8.4%, of the dry 11eight, respect.ively. There Here significant monthly", 

variations in the three ll\\trj.ents (p < 0.0001) but there l'laS no significant 

sex difference. Hltltiple comparison test by the GT2 - method has shol1n that 

December and July protein concentrations I·rere relatively high compared to the 

rest of the monthly samples (Appendix I - c). Even though high Hpid values 

Here recorded ~or the months December, AI\gust and Septembet', mul tiple 

comparison test by GT2 - method did not shOH significant differences among 

months (Appendix I - D). Carbohydrate level in the food of 2. niloticus in 

December l'laS significantly higher than the levels recorded for October, 

November, Hay and September (Appendix I - E). Al though mu1 tiple comparison 
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tests by GT2 - method did not shOl" signif.icant differences in most cases, the 

October sample \'las invariably 101'1131' in most nutrients. 

The percentage of the AFDI'I that could be accounted for by the three 

nutrients, protein, lipid and carbohydrate, in the diet ~ms about 57.0* (Fig. 

S) . Among the three nutrients, carbohydrate contributed the highest 

proportion, a mean of 39.1% AFON. Protein contributed the least (mean = 8.4% 

AFDI'I) 11hile lipid HaEC intermediate (mean '" 9.7% AFOI'l). Lipid and protein 

fluctuated r<:'latively little compared to cax'bohydrate. The l'anges ;:01' lipid 

and protein \'lere 6,4 to 17.8% AFDI'I and 5.9 t.o 16.7% AFDI'I, respectively, 11hile 

for carbohydrate the range Has 22.7 t.o 46.7% AF0l1. 

The highest % AFON for protein 11a3 recorded in July, ~Ihile for lipid 

this mls observed ;,n September. 43.0* of the M'Dl1 could not be accounted as 

nutrients in the form of protein, lipid or carbohydrate. 

IV - 2 Assimilation efficienc't 

Assimilation efficiellCY (%) of. diffel:cnt nlltrients caloulated using ash 

as a marker is s\munarized in f:!.g. G. At leAl't 36.7% (range'" 3.8 - 72.1%) of 

the total organic matter ~7aS assirr.i.latE'd. Protein Has assimilated better than 

lipid and carbohydrate. Honthly 1'\S>lj.f.liJ.?,tiol\ ef.:!'iciency for protein I~as in 

the range of 37.1 to 93.7% (mean '" 73.3'2). ProtfOin assimilation \'las found to 

have appreciable positive correlation (1' " 0.595, n " 12), although not 

strong, ~lith protein level in the :Cood. At least 15.6 to 74.1% (mean = 39.1%) 

of the carbohydrate in the food >las assil'lilaterl by ~. nile'viclw in Lake ZiHay. 

}Tear zero values Here repeatedly 

recorded and negative valu(ls I~ere C0,1l:)c;t.(ld for two months, October and April. 

The mean assimilation efficiency f.('~ liri ,] Has 13.3% (range " -47.3 to 43.5%).'1 

Hean assimilation efficiency vah,,,s ,c',;; "~~W':· o"rI lIFOH Here found to be 

37.3 and 36.7 %, resp(lctively. Horeover the, nonthly vahles ShOl~ a si1llilar 

pattern. 

Assimilation efficiency of nutd cnts fer thr", months 1'/aS also computed 

using three indigenous markers, a,'h, W;)\ nl(l \i:\O\! (Pi',. 7). The use of HROW 

as a marker gave higher values in Hay and 10IYer value,;' j,n November and August .. 

Values computed using ash ann UP" "" ",O~'.'~_" MA'" 'd "', in November and August, 

/ 
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and the corresponding val ue,g obtained using the HIO markers Here eS$ential.ly 
similar (Fig. 7). 

IV - 3 Length - Height relo,tionship 

The length Height relationship ~Ias computed for each sex. The length­
Height relationships of the male and female O. niloticus cal. be represented by 
the fo11ol-ling equations. 

I) Hale 

2) ~'emaJ.", 

log W : -1.553 + 2.874 log L n = 562 
\1 = 0.028 L2• e74 

r2 "0.906, P < 0.0001 
log \q " -0.974 + 2.448 loq L n = 394 

N = 0.106 LV"'" 

r2 = 0.852, P < 0.0001 
I"here W = I"eight in gram, L" length in em. 

IV - 4 Food CIUality and condition factor of fish 

Both Fulton's condition and relative condition factor 11ere computed for 
each fish and nlonthly )nean valu.;,s I'lere determined. 
monthly variation in the condition of the fish 

There Has significant 

(P < 0.0001) but, the 
difference in the condition of the fish betHeen sexes 11as not significant (P =' 
0.293) . Hul tiple compariscn by G1'2 - method shoHed th".t the condition of the 
fish in April Has significantly 101',er from all other months (Appendix II - A). 

Food quality determined from the ratio of mg' digestible protein KJ 
digestible energy shoHed significant monthly variation ( P < 0.0001) (Fig. 8). 
HOHever, the quality of food consumed by the tl10 sexes Has not significantly 
different (P '" 0.885). !-lui tiple (!omparison test using GT2 - method shoHed 
that the protein energy ratio of the food consumed in October \1aS 
significantly higher (Appendix II - B). Food quality and condition of fish 
Here found to have no significant correlation (r = 0.012). 
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IV - 5 "late, nutrients 

Total inorganic nitr0gen (N02 + N0 3-N and NH3 + NH,,+-N) Has fo~mcl to be 

high in August, middle of the rainy season (~·ig. 9). Ammonia + ammonium­

nitr0gen \'laS the dominant form of inorganic nitrogen 1'lhi1e the other forms 

contributed very little to the total inorganic nitrogen. Nitrite + nitrate-

nitrogen Has consistently 101'1 throughout the sampling period. Hm'lever a 

relatively higher concentration Has recorded in September. Total inorganic 

nitrogen fluctuated very l1idely. It ranged from 9 U9/1 in October to 153 U9/1 

in August. 

Attempt Has made to establi"h relationship bet~reen amount of total 

inorganic nitrogen and the amount of protein % AFml in the food. HOI-lever 

there Has no significant correlation betHeen the tl10 (r = 0.17. n = 12). 

Soluble reactive phosphorus (Ortho-phosphate) Has more abundant than 

inorganic nitrogen. The highest soluble reactive phosphorus Has recorded in 

Hay (280 ug/1 P04"-p). The 10Hest Has recorded in August (56 ug/1). 
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v - DISCUSSION 

Total organj,c matter in the food of Q. niloticus in Lake Zil-lay .,as 101-1, 

and ranged betHeen 37.9 to 74.9% dry ('/eight ( mean" 55.7%) (F'ig. 3). This is 

in close agreement 11i th .,hat .,as reported for the same species in the same 

lake by Zenebe (1988) and for o. mossambicus from the shalloH man-made lakes 

of Sri Lanka by De Silva ~ a1. (1984). Zenebe (1988) and De Silva et al. 

(1984) reported ranges of 47 - 71% and 34.4 - 64.4% dry I·/eight, respectively. 

Ho.,ever the organic content of the food of Q. niloticus in Lake Zhmy is 1011er 

t.han that reported for the same species in Lake Al1assa, a relatively deeper 

rift-valley lake (Dlean depth, Z " 11 m) (GetacheH, 1987). Getachel'l (1987) 

reported the organic content of the food of. Q. niloticus in Lake AI1assa to be 

high (mean := 82.0% D.~I.). The 101'1 organic matter in the food of O. niloticus 

in Lake Zi.my could be attributed mainly to the effects of the lake's 

hydrographic (Hater column structure) factors. Previous studies by Girma 

(1988) and Tsegaye (1988) have shol·m that Lake Zil1ay mixes frequently almost 

on a daily basis due to strong .,ind (Table !-B) and nocturnal cooling. Hixing 

Hould bring about the resuspension of silt l'lhich in effect reduces the 

relative proportion of phytoplankton in the food and filtering this suspended 

sil t Hi th the phytoplankton in turn l'educe>:< the organic matter in the food. 

Generally 101'1 organic matter ./as recorded during the long rainy season, 

the loy/est being in October (Appendix I-A). The short rainy period 

(February - April) had also a substantial effect on the organic matter level 

in the. food as is observed in Hay (Fig. 3). Rainfal.1 in the form of run-off 

110uld wash and bring nutrients and inorganic matedal from the surrounding 

silt laden area (Ketema, 1986) into the lake. This raises the nutrit>nt level 

and th.e proportion of suspended gilt in the lake. Although higher nutrient 

level in the lake 11ater Hould be expected to result in hj,gher algal biomass 

(food ~f fish), the pJ:oportion of organic matter, hOl1ever, may be diluted by 

the sll$pended silt and mud filtered 11i th the food. This may reslll t in very 

10\<1 or~;anic matter in the food. A similarly 10\<1 organic matter ir. the food, \ 

caused mainly by the effects of rainfall, Has also reported by Getl),chel'/ (1987) I 

for O. ·'niloticllS in ,"ake A\<Iassa. 
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During the dry season (October - Jamlary) (Table i-B) the suspended 

inorganic material settles dOl-m and input of sediment is also 101'1. ~'he algal 

biomass becomes dominant compared to the sediments and hence the proportJ_on of 

the organic matter in the food tends to be high (eg. December) (Appendix I-A). 

Zenebe (1988) also recorded the highest value (71% D.IL) for AFD1'l durin9 t.his 

month. 

Rainfall in the form of run off. indirectly affects food quality by 

causing some seasonality on the phytoplankton comn\llnity iJ~ the lake. 

Seasonali ty in mo.~t tropical lakes i", governed by rainfall and 11ind regimes 

that affect nutrient level in the lakes (LOIie-HcConnell., 1987). Adult 2. 
nilotious in Lake Zi\"ay mainly feeds on phytoplankton. It feeds on a Hide 

range of algal speoies (Zenebe, 1988). All groups of algae are kno>111 to sho\'1 

some degree of seasonality in the lake liater as Hell as in the:> stomaoh 

oontents of O. nilotious analyzed (Tsegaye, 1988; Zenebe, 1988). Such 

periodioity of phytoplankton has an impact on the diet of an herbivorous fish 

speoies that mainly feeds on algae. Diatoms "Iere reported to be dominant, 

surpassing blue-greens, in the phytoplankton community of Lake Zi''1ay in 

October (Tsegaye, 1988). The:> prese:>nce of diatoms liith silioified cell \iall 

lihich is inorganio in nature, in higher proportion in the diet, '1hen coupled 

I·lith aforp.mentioned faotors may reduoe:> the organic matter ill the food at this 

time of the year (Fig. 3). 

Assuming that protein, lipid and oarbohydrate have average energy value:>s 

of 23.0 KJ/g, 38.9 KJ/g and 17.2 KJ/g, respeotively (Horl'1itz, 1968 cited in 

Boyd and Goodyear, 1971), the sun\ of protein, lipid and oar.bohydrate in the:> 

food of O. nilotious in r,ake ZJ.l.my acco\mts for 6.82 KJ/g of the energy. 

Sinoe this value is lOHer than the mean energy value measured in this study, 

8.74 KJ/g, the rest of the ,mergy, 1.. 92 KJ/g, is acoounted tor by organio 

matter other than protein, lipid and oarbohydrate. Similarly 10'"' (9.69 KJ/g) 

energy value for a natural diet had also been re:>oorded during a short term 

study by Hofer and Sohiemer (1983) for 2. mossambious in Parakrama Samudra, 

one of the reservoirs of Sri Lanka. HOHever, the energy val.up. of the food of 

2. niloticus in Lake Zhmy is 1011 as oompared to "hat Has reported by GetaoheH' 

(1987) a.nd De Silva (1985), for the same species in Lake AI'lassa and for O. 

mossambious in man-n\ade lakes of Sri Lanka, respectively. O. nilotious in 
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Lake AHassa fed on diet that had an average ener9Y value of 16.8 I<J/g l'lhile 2. 
mossambicus in man-made lakes of Sri Lanka ingested food that had mean energy 

value of 11.6 KJ/g. The 10H energy value observed in this study could be 

explained by the 101'1 amount of lipid (mean = 5.32% D,N.) and organic matter 

(mean = 55.7% D .11,) in the food (Fig. 3). 

Honthly variation in all nutrients appears t.o have a similar pattern 

(Figs. 3 and 4). Protein and lipid, hO~/ever, shol1ed some deviation from this 

trend during some months. Protein was highest in July and lipid Has high both 

in August and September (Fig. 4). 'faking light as a limiting factor for 

photosynthesis, Olesen and Gant (1986) have shoml its e£fect on photosynthetic 

parti tioning in Microcyst.is aO:!l:uginosa. A greater proportion of th," carbon 

fixed at 101'1 rates of photosynthesis Has directed tOHard protein synt.hesis 

than to carbohydrate; at a higher rate of photosyr.thesis the converse Has 

reported to occur. Euphotic zone and mixing depth of Lake Zh/ay are knol-nl to 

oscillate depending on episodes of mixing and Hind conditions. The mixed 

depth Has reported to be extended to 3.5 m I·/hile at the same time the euphotic 

depth of the lake l·laS reduced to less than 50 cm in June and July (Girma, 

1988). Primary production may be expected to be light-limited ~Ihen the 

optical depth, the ratio of the freely mixed depth (Zm;x) to the euphotic 

depth (Z ), of the lake exceeds 4 to 5 (~Iood et '11., 1978). Optical depth 
<u --

calculations by Girma (1988) shoH that in J,me and ,July the values obtained 

Here greater than 5. Optical depth in June l'las 7.2 \'Ihile j.n July it l'las 

estimated to be 8.8. Therefore the phytoplankton community in Lake Zil1ay 

cO\11d be light-limited dUrillg this time of the year and is the possible cause 

for the high protein level observed in the diet of 0 .niloticus. 

determined by extracting the food l-lith diethyl ether in soxhlet apparatus. 

Diethyl ether in addition to lipid, extracts also other cellular components 

like pigments of various kinds eg. chlorophylls, car"tenoids, and various 

sterols that are soluble in ether (Jordan and Hall, 1900 cited in Schneider 

and Flatt, 1975). The long rainy season for Zil'laY starts in June 8.nd extends 

till October (Table i-B). The run off from the catchment and the in£1o\'1 from 

the t~10 rivers, Heki and Katm:, that drain the surrounding plateau (see study 

area) result in an increase in the l'later level of the lake in August and 

September (Pel's. obs.). This I-Iould bring inorganic nutriellts into the lake 
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(Fig. 9) Hhich Hould boost phytoplankton produotivity and tinl," result in high 

algal biomass (Tsegaye, 1988). Chlorophyll "a" content Has also reported to 

be high in June and JuJ.y of 1988 (Tsegaye, 1988). It is likely that the high 

values for "ether- extractable" component obtained durin9 the tMO months, 

August and September, could be not due to an increase in lipid level of algal 

cells but mainly due to the increment in the "ether - extractable" component 

of the tood other than lipj.d. 

A very hi9h proportion (mean" 42.9%) of the or9anic matter in the food 

of O. niloticus in Lake Zh/ay could not be accounted for by the three 

nutrients, protein, lipid and carbohydrate (Fig. 5). Such a hi9h value of 

unaccountable organic component has been reported for natural populations of 

fishes. GetacheH (1987) reported 23.3% for 2. niloticus in Lake AHassa, \-Ihile 

De Silva et a1. (19B4), and Hofer and Schiemer (1983) fo\tnd this portl.on of 

the organic matter ill the diet of 2. mossambicus in Sri Lanka to be 45.6% and 

19.0% APDW, respectively. Getachel1 (1987) suggested that this unaccountable 

portion of the AFml I-laS related to the detrital component in the diet. His 

suggestion can possibly be applied here as l'lell to explain the high 

unaccountable portion of the AFDW. Even though the contribution of detri tUB 

to the diet of O. niloticus in Lake Zil1ay has not been quantified, its 

importance as a source of organic matter can not be overlooked (Zenebe, 1988). 

The l'later level of Lake Zhlay £luctuates highly during the dry and rainy 

seasons of the year (Pel's. obs.). During the dry season a significant port,ion 

0'£ the littoral macrophyte I·,ill. be located out-side the lake. As a result, a 

considerable portion of the area is covered by dead macrophytes in t.he .dry 

season. HOI·rever in the rainy season, l'lhen the I'rater level rises this aJ;'ea 

will be inundated. It thus may serve as a source of autochthonous 1?la!').t 

material. Allochthonous plant material can also be I'lashed mid brought into 

the lake by runoff or the tHO rivers, Heki and Katar. In addition, detritus 

that. results from dead phytoplankton can be 

during mixing. An appreciable portion of , 
detri ttlS derived from vascular pll).nt tissue 

protein nitrogen compounds; 1) amino sugars 

protein, Protein - lignin or protein - chitin 

resuspended from the sediment 

the nitr0gen content of aged 

may exist in the form of non-

2) complexes such as phenol -
3) complexes of inorganic clays 

and amino groups and 4) nitrogen containin9 humic acids (Odum et. al., 1979; 
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~letzel, 1983). Pigments, hormones, nuclei.c acids and vitamins can also 

contribute to the unaccountable portion of the AFDlq in the diet of O. 

niloticus in Lake Zhmy. 

\qhen compared I-li th the unaccountable component of the AFD\'/ in the diet 

of O. niloticus in Lake AHassa (mean = 23.3%), the present finding from Lake 

Zhmy is higher (mean = 42.9%). This could partly be explained by the 

different hydrologic and morphometric characteristics of the tHO lakes. Lake 

AI~assa is a small but relatively deeper lake (Z '" 11 m) than Lake Zil-Iay ~Iith 

minimal anmlal ~later level fluctuation and is fed only by one river (Getachel'l, 

1987). On the contrary, Lake ZiHay is a big (see study area and Table 1-A) 

but sha11ol-1 Lake l'lith high annual l'later level fluctuation and is fed by tHO 

rivers. Therefore input of detritus from the catchment area, littoral 

macrophytes as Hell as resuspcnsion from the sediment is expected to be higher 

in Lake Zi~/aY than is in Lake A~lassa. 

Al though the absolute protein level is 10<1 (Fig. 4), protein as % AFO\'/ 

in the food is rather high (Fig. 5). Protein as % AFDl1 in Lake Zil-lay is 

higher than that reported for the same species in Lake AI1assa (Getachel~, 

1987) . The diet of O. niloticus in lake Zil'laY is dominated by blue-greens. 

Lyngbya and Hicrocystis at'e the major components of the diet of this fish and 

the latter is knOl'/ll to have high protein content (de Hoor and Scott, 1985: 

Boyd, 1973; Kirilenko et al., 1975). It could thus be responsible for the 

high prot.ein % lIFOH observed. In Lake Alqassa the diet of this fish species is 

dominated by the green algae Botryococc\\S brauni, and the contribution of the 

blue-greens is 101'1 (GetacheH, 1989b). 

Assimilation of the different nutrients in the diet Has fo\\nd to be 

variable (Fig. 6). Horiarty and Horiarty (1973b) and Getachel-/ (1987) have: 

reported similarly 101-1 assimilation efficiency values for total organic matter 
1 

for the sarno species in Lake George and Lake AHassa, respectively .. 

Partic\1larly 101-1 assimilation efficiency values in the present study I.ere· , 
recorded in October, February and Hay (Fig. 6). The 101'1 assimilation Observed.: 

in October and Hay may be explained by the similar meteorological conditions 
i 

that these months share. October and Hay are the last months of the long and· 

short rainy periods, respeotively (Table l-B). The possible effects of the 

rainy season Id th respect. to increasing the amount of detritus in the diet and.' 



36 

suspended inorganic material in the \Vater have al.ready been mentioned. 

Detri tus derl.ved from vascular plants contains l'efractory non - protein 

nitrogenous compounds that resist chemical degradation (Odum et al., 1979). 

In addition, Excessive amounts of inorganic material taken \Vi th the food 

reduces the efficiency of digestion in filter feedel:s al1d detritivores (BoHen, 

1981) . Boreover, the amount of pigments such as Chlorophylls, Carotenoids 

etc. increase during and after the rainy season. Since this component of the 

food does not lend itself to the action of lOH gastric pH or enzymatic action 

in the intestine of fish (Horiarty, 1973), it acco\mts partly for the 101~ 

assimilation observed durj.ng these tl'/O months. An increase in the proportion 

of detritus, excessive inorganic material and the indigestible components in 

the food ~TaS therefore likely to have resulted in 10H assimilation in October 

and Hay. In February, the green algae contributed more than 35% to the total 

phytoplankton biomClss (Tsegaye, 1988). Green algae also have cellulose cell 

~Tall 11hich is lens susceptible to lysis (Horiarty, 1973; Horiarty and 

Horiarty, 1973b). Hence it is plausible that assimilation efficiency of 

organic material is 10H in February. 

Proteins Here assimilated better than carbohydrates and lipids (Fig. 6). 

Hean assimilation for protein ~1aS 73.3 %. Fish generally can digest animal 

tissue protein at levels greater than 90 % (Beamish, 1972 cited in Buddington, 

1979), but plant tissue proteins are less (40-80%) digestible (Kiril.enko et 

a1., 1975; Buddington, 1979; Hontgomery and Gerking, 1980). Nevertheless, in 

fishes, proteins are assimilated better than carbol).ydrates and lipids 

(Kirilenko et a1., 1975; B011en, 1979; Hofer and Schiemer, 1983; de Hoor and 

Scott, 1985; Getachel'l, 1987). Caution has to be taken Hhil.e interpreting the 

resul ts from this study, because protein l'las determined by LOVlry' s method 

(Lo~lry et a1., 1951) I~hich does not detect free amino acids in the food, 

except tyrosine and tryptophan (Folin and Denis, 1912 cited in Boyd, 1970) .. 

Proteins are broken dOlm into their smallest un! ts, aI11illO acids, as food. 

passes through the alJ.mentary tract. But, it is likely that amino acids that 

are not absorbed after digestion \1i11 appeal' in the faeces and \1ill not be 

detected by this method. This therefore may result in inflated assimilation 

efficiency values. J.!oreover in some of the aquaria studies done by. some 

Horkers (Kirilenko et al., 1975) the fish Here allo\'lecl to COnS\lme processed 
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feed. Such pr.ocessing might have affected the digestibility values estimated 

(Buddington, 1980). Negative assimilation values for lipid that ,qere found 

during the months October and April (Fig. 6) n\ay have been due to the presence 

of high indigesHble portion eg. pigments, indigestible lipids etc. jn the 

"ether - extractable" component of the food. The exceptionally very high 

negative assimilation in October may have also resulted from the excessive 

amounts of inorganic material in the food observec\ during this month. 

Similarly near zero assimilation for lipid \'las recorded dtlring some months 

(October and February) for Q. niloticus in Lake Avrassa because the food Has 

dominated by indigestible lipid material of Botryococcus brauni (Getachel'l, 

1987) . 

Assimilat.ion efficiency values estimated using indigestible external 

markers such as Chromic acid are doubtful because of differences in the rates 

of movement of the food and exterl\al markers through the alimentary tract of 

fish (Bo,qen, 1978; De Silva and O,·/oyemi, 1983). Selective rej ection of 

external markel'S ~/Us also reported (Hanley, 1987). In addition, incorporation 

of reference substances into fish diets requires grinding and a1 teration of 

the food (Buddington, 1980). The use of indigenous markers is therefore 

preferred to the use of external ones. The use of reference markers aSSt\mes 

that the reference roarker is \lot digested or absol'bed ~~hile passing through 

the digestive tract of fish. Any undetected absorption of the marker results 

in underestimation of assimilati.on efficiency. Dietary ash Has reported to be 

absorbed by ~ niloticus and HROH is llOt knot'n} to be assimilated by this fish 

species (Buddington, 1980). Since cellulase producing gut flora are absent in 

fish (Lobel, 1981), there is a ,qide consensus that fish are not ab1" to 

assimilate HROH Hhose major components are cellulose and chitin (Stickney and 

Sh\ll\\\1ay, 1974; Bl.Iddington, 1980). A recent study, however, has demonstrated 

the presence of such gut flora that can digest cellulose in the digestive , 
tract of t~,/O herbivorous fish species, Kyphosa corne1i and Kyphosa syndeyanus, 

t: 
(RillU\\er and Wiebe, 1987). \'Ihenever cellulase activity ,qas reported in fish! 

(Prejs and Blaszezyk, 1977) it Has associated I·/ith the presence of highly 

processed detri tUg in the gut. Under such conditions the possibility of;· 

cellulose assimilation should not be overlooked. Higher assimilation values 

have been recorded ,·/hen researohers (Buddington, 1980; Getache,·/, 1987; Zenebe, 
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1988) used HROH as a marker, similar to "hat H<I" observed in Hay (Fig. 7-A). 

It is not clear, hOHever, "hy assimilation efficiency estimates fOl' the 

different nutrients that are calculated \lsing HROH are relatively higher 

during Hay and 101-/ during November and August as compared to values obtained 

using ash and BRA. Al.though the differences betl1een the means of their 

results Here not significant, a similar result Has reported by De Silva et a1. 

(1984) . The consistency in assimilation values obtained Hhen ash and HRA \-/ere 

used, is a good indicator that one of the tHO may serve as a marker in Lake 

Zi\1ay. But, further study is needed be£o):'e any decision is made on the use of 

any of the reference merkel's. 

The quality of the food expressed as the ratio of mg digestible protein 

to KJ digestible enetgy 8ho\-led little variation throughout the study period, 

except one month Le. October (Fig. 8 and Appendix I-A). The exceptionally 

high protein: energy ratio that ,qas found in October is the res\11 t of the 

combined effects of: protein and energy in the food of the fishes as Hell as 

their assimilation. Lo,q assimilation of the already 10" ener9Y "hen combined 

with a relatively hi9h protein as % Al'DW and high protein assimilation results 

in a very high Protein:energy ratio. In the rest of the mont.hs the quality of 

thE> food in Lake :a"ay ranges from that supporting minimum to maximum gro,·rth 

(Fig. 8). For O. !!!~!:':?"lbic_~ a ratio of 4 ~Ias enough for maintellal1ce I-Ih11e 25 

Has needed for ma.xim\1lU 9roH'<:h (Boven, 1982). I\nythin9 higher than 25 does not 

support groHth. Protein at higher levels is in excess of the animals ability 

to utilize it an3.bolically and thus gro,qth decreases presumably as a result of 

energetic cost of protein catabolism (Boyd alld Goodyear, 1971; BOl-len, 1982). 

The condition of O. niloticus in J,ake ZiHay did not ShOH significant 

variation for most part of the year, except dudng April (1'ig. 8 and Appendix 

II-A). The 10l-lest condition recorded for the same species in the same lake by 

Zenebe (1988) ~/aS in I-larch. In this study, it Has also found out that there. 

Has no relationship betHeen the mean monthly condition of fish and the· 

respective protein:energy ratio of the dietary material (Fig. 8). In fish, i 

condition is assessed as the measure of deviation of the mass of an individual 

from the average l\\ass for the length of 
i 

the population and it is ~/el1." 

established that it gives an indication of the ecological and physiological 

state of the population. Condition of fish can be affected by long - term 
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factors such as the environment, food supply, food quality, degree of 

parasitization, reproductIve activity and feeding rate (Le Cren, 1951; BOHen, 

1979; Getache\", 1987). 

niloticus in Lake ZiHay 

A study done on the reproductive biology of O. 

(Zenebe, 1988) ShOHS that this fish population 

reproduces throughout the year Hith peak l"eproductive activity from Jamlary to 

1·larch. The body of these fish ,prior or during this period spends its protein 

and energy for the physiological changes needed for reproduction, that is 

production of sperm and egg in the male and female, respectively. Because 

guarding males pay great attention to the cleanliness of the central 

depression of the nest, particularly \'Ihere detritus tends to acc\\ll\ulate (Pryer 

and Iles, 1972), it Hould be expected that males of Q. niloticus d\lring this 

period spend most of their time on this activity rather than feeding. 

Q. niloticus is a maternal mouth - brooder species. In mouth '- brooders 

the female fasts d\lring the early stages, and probably often througho\lt the 

brooding period, \'Ihlch is betHeen 20 and 30 days in the Genus Tilapia (Fryer 

and Iles, 1972). Starvation during fasting \'Iill have a significant effect on 

the condition of the female fish. Therefore the reason ~Ihy fish had poor 

condition in April in Lake Zil1ay could be the high reproductive activity in 

the preceding months. Such a negative effect of reproductive activity on the 

condi tion of fish, ~Ihen there is actually a quali tatJ.vely adeq\late food, I~as 

observed for Q. niloticus population in lake AHassa (Getachel'l, 1987). 

In Lake AHassa food quality l'las mainly related to rainfall effects that 

influence the level of lmtrients in the lake. And, consistently 10\1 or 
/ 

consistently high quality food Has recorded in more than' three consecutive 

months. In the dry season the quality l'Ias high Hhile in the rainy season tt 

\'las 10\'/. J.!oreover i t ~1aS reported that condition factor Has not sensi ti ve 

enough to detect minor changes in food quality that occur over a short period 

of time. In Lake ZiHay the quality of the food did not ShO~1 as such marked 

variation for most part of the year (Appendix II-B) and \'Ihatever variation ~/as. 

observed in 'luaU ty it did not occur on more than t.HO cOl1secuti ve months. 

Therefore, condition factor might have not been sensitive enough here as ~Iell' 

to detect the changes that occurred in the q\1ality of food. 

Comparison of conditions of populations of O. niloticus in the tl10 

lakes, Zil1ay and AI'laesa, ShOl'IS that the Lake Zil'lay population is in a' 
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relatively inferior condition. Computations of length - weight relationships 

in lake Zi~/ay gave the equations; W :: 0.028 L2 •814 and lq :: 0.10~ L2 •448 for male 

and females, respectively. For the Lake AHassa population similar 

oomputations by Getaohew (Pers. comm.) from salnples oolleoted using nets of 

similar mesh size gave the equations ~1 " 0.03 L2 •3r,0 for the males and Iq " 

0.022 L2 •910 for the females, where \'I :: weight in gram and L =: total length in 

em. To verify the implioations of these equations the following example is 

given. A male O. niloticus that has a total length of 25 cm will have a total 

weight of 291$1 in Lake Ziway and 299g in Lake Awassa, while a female fish with 

the Salne total length ~/ill have a total weight of 280g in lake Zil~ay and 312g 

in Lake Al1assa. From the results obtained by substituting 25 for L (Total 

length), it is evident that the Lake AHassa populatioh of Q. niloticus appears 

to be in a better condition (higher Height for a given length) than the Lake 

Ziway population. ~leight calculations for a fish of 20 em further reveals 

that the difference in condition betl'ICen the tl10 populations gets ~/ider as 

fishes grow longer (older). The results of this study support I·/hat has been 

pointed out by De SUva (1985). He stated that" although within a population 

the condition may change with the reproductive status of the poptllation etc., 

the overall condition of a population is determined by the nutritional value 

of the material ingested, and that the measure of condition of a population is 

indioative of the nutritional status of the latter.". The protein: energy 

ratio of the diet of Q. niloticus in Lake Ziway appears to be better than that 

of the Salne species in Lake AI~assa (Getache~/, 1987). HOHever, BOI'len and 

Ahlgren (unpublished) stress that groHth may be restrained when the digestible 

organic matter in the food is ION, even when there ;1.13 sufficient protein to 

support growth. Digestible organio matter in the food of O. niloticus in Lake 

Ziway as observed in this study is lower than that of the Brune species in lake 

Awassa, partly explaining the inferior condition Observed in the Lake ZiNay 

population. It is therefore conceivable that, the protein:energy ratio should 

be used to compare the quality of food of tHO populations ~/henever there is a 

similar runo\mt of digestible organic matter in the diets of the tl'/O 

populations under oonsideration (Bowen and Ahlgren, unpublished). 

A factor that has been studied for both populations and is potentially 

capable of ill£luencing oondition of £l.sh, in addition to food Cjuality, is 
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feeding rate. Growth of O. niloticus is also known to be markedly affected by 

its feeding rate (Teshima et .'\1:., 1986 cited in Teshima et al., 1987). 

Comparison of the feeding rates of the two populations ShOI-l that the lake 

Awassa population has a higher feeding rate, 11.5% body 11eight per day, 

(Getachew, 1989a) than 2. nilot,icus population in Lake zil-my, 7.6% body Height 

per day (Zenebe, 1988). A very high feeding rate (31.2% body weight per day) 

was reported for juvenile 2. mossanlbicus in Sri Lanka by Hofer and Schienler 

(1983), but since the length-weight relationship was not indicated, comparison 

of condition ~las not possible to make. Since feeding intensity may be 

seasonal (Siddiqui, 1977) further study is needed in this respect. Zenebe 

(1988) suggested that the low feeding intensity of 2. niloticus in lake Zh1ay 

was due to the high temperature fluctuation and wind induced mixing of the 

lake that forces the fish to spend most of its time and energy on maintaining 

its balance rather than feeding. In addition, the nature of the food eaten 

could also be another influencing factor. The diet of O. niloticus in Lake 

Awassa is domina ted by Botryococcus brauni, a green algal species (Getachew , 

1989b) while in lake Zil-lay Lyngbya and Hicrocystis are the most important 

components of the diet in terms of their contribution to the AFml (Zenebe, 

1988) . It is well doc\unented that blue-green algal blooms in the natural 

environment are associated ~lith toxicity and massive animal kill (Amha and 

~Iood, 1982; Caramichael, 1988). Toxicity associated 11ith the presence of 

Hicrocystis has also been repeatedly reported (Hanazato and Yasuno, 1987;' 

Caramichael, 1988). Though gastric evacuation rate is known to be mediated 

through nervous stimuli triggered by chemicals (Bromley, 1987), to DIY 

knoHledge, the effects of the toxic chemicals of Hicrocystis and/or other 
:1, 

blue-green algal species on feeding rate have not been documented. HO~Tever, , 
aquaria experiments using processed feed have sho~m that tilapia fed on blue-: 

green 'algae did not show any deviation from the normal physiological condition 

including feeding (Kirilenko et al., 1975). In any case the combined effect 

of poor qual! ty food and low feeding rate is likely to explain the inferior 

condition of fish in Lake Zi~JaY as compared to that in Lake AHassa. 

O. niloticus populations in poor condition are knOlm to mature at a much 

smaller she than populations in good conditions (Lol1e-HcConnell, 1982). 

Although the average maturity size for O. niloticus in Lake Ziway Has not'-
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indicated, the smallest ripe male and female Here reported to have total 

lengths of 16.2 and 13.8 cm, respectively (Zenebe, 1988). In Lake Awassa the 

average maturity size is estimated to be betl'leen 19 and 20 COl (Demeke Ac\masu, 

pers. COnlnl.). Moreover, since bigger species are knoHll to mature for the 

first time at larger sizes and grO\~th rate is directly related to maximum size 

(Fryer and Iles, 1972), the kno~11edge of growth rate of Q. niloticus in lake 

Zi\~ay and its change with time may reveal important information that probably 

Hould help in explaining further effects of food quality on this population. 

Total inorganic nitrogen (N02 + NO, + NHs + NH: - N) I~as Dlore or less 

similar to that reported by Girma (1988), except for some months. Unlike 

Girma's (1988) finding the dominant form of inorganic nitrogen was found to be 

NH3 + NH4 + - N, I~hich could be due to the effect of the sediment of this mixed 

shallO\~ lake. In this study, a relatively higher nitrate concentration I~as 

recorded in September (Fig. 9), probably because of higher nitrate input from 

the catchment area and the littoral zone. The concentrations of N02" + NO,- -

Nand NH, + NH4+ - N observed in this study for the month November \~as 

consistent with the .findings of Schroder (1984). 

An experiment done on two green and four blue-green algal species 

(including Hicrocystis) by Piorreck ~ a1. (1984) showed that both groups 

(green and blue-green algae) could be manipulated to produce higher protein, 

Chlorophyll and biomass by increasing the nitrogen concentration in the 

nutrient medium. In the same experiment the green algae produced relatively 

low lipid material ~Ihen the nitrogen level increased in the nutrient medium. 

The blue-green algae, however, did not shO\~ any significant changes in lipid 

composition, ~Ihen the nitrogen concentration in the nutrient meditun Has 

varied. Piorreck and Pohl (1984) observed a decline of protein content (%dry 

I"eight) of Hicrocystis aeruginosa (and other algal species) I-Ihen the nitrogen 

level in the nutrient medium was depleted with time. Al though the final 

concentration of nitrogen attained in the medium after depletion by algal 

consumption was not indicated, the protein level in the algal cells was 

reduced from 29.2% dry weight to 15.8% dry Height with in 35 days. Dry weight 

protein of 29.2% '/as initially attained using nutrient medium of 0.01 gil 

nitrogen concentration. Differences in lipid metabolism between green and 

blue-green algae Here also noted by Piorreck and Pohl (1984). The levels of 
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nitrogen used in these experiments Here extremely high, in the range of 0.003 

to 1. 000 gil. This therefore may not give clues to the expected changes of 

protein or lipid level in algal cells at 10l'1er level of nitrogen concentration 

and fluctuation. The level of TIN in Lake Zil'1ay is very 10H (maldmum :: 

0.000153 gil) and is not comparable to that used by the above Horkers. As a 

Hhole, nutrients in the lake Hater (TIN and ortho-phosphate) seem not to play 

a direct influential role on the quality of the food (algae) of O. nilotictls. 
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App.rIl-A. Total organio matter % dry "1eight ± S.D. in the food and faeoes 

and the respeotive monthly assimilation effioienoy (%) caloulated 

using ash as a marker. 

STOMACH CON'fEN'XS RECTAL CONTENTS ASSIMILATION 

(Food) (Faeces) EFFICIENCY 

October 37.9 + 0.1 37.0 + 8.0 3.8 

November 63.8 + 0.0 54.3 + 9.2 32.6 

December 74.4 + 5.4 61.2 + 7.0 37.2 

January 65.4 + 5.0 59.4 + 6.4 22.8 

February 51.3:±6.6 49.9 + 6.B 5.4 

Harch 64.0 ± 7.9 44.0 + 10.1 55.0 

April 60.0 + 6.8 49.0 + 7.1 36.0 

May 43.9 + 13.7 40.2 + 13.1 14.1 

June 60.3 + 8.6 29.8 + 6.6 72.1 

July 50.4 + 11.1 31.5 + 6.8 54.7 -
August 49.4 + 9.2 28.7 + 5.4 58.8 

September 47.6 + 10.9 32.6 + 7.2 46.8 

Mean 55.7 + 10.6 43.1 + 11.5 36.7 
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App. III-B Energy (KJ!g dry Height ± S.D.) l.n the food and faeces and the 

respective monthly assjmUation efficiency (%) calculated using 

ash as all indigenous marker. 

FOOD FAECES ASSIlULA'l'ION 

EFFICIENCY 

October 5.7 + 1.0 5.6 + 1.1 3.2 

November 9.4 + 2.0 8.1 + 1.4 31. 7 -
December 11.8 + 1.4 9.6 + 1.2 37.9 -
January 11.2 + 1.2 9.8 + 1.2 25.0 -
February 8.0 + 1.4 7.6 + 1.6 6.3 

Harch 10.9 + 2.0 7.1 + 2.5 58.0 

April 9.8 + 1.7 7.9 + 1.6 36.8 -
~Iay 7.5 + 2.5 6.7 + 1.7 16.2 

June 9.1 + 1.9 4.5** 72.1* 

July 7.3 + 2.1 4.8** 54.7* 

August 7.4 + 2.1 4.3** 58.8* 

September 7.6 + 2.5 5.2** 46.8* 

Mean 8.74 6.76 37.3 

* values taken from total organic matter. 

** values obtained from back calculations using assimilation values(*) 

of total organic matter. 
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App.III-C. Protein as % dry I·might + S.D. in the food and faeces and 

October 

November 

December 

January 

February 

Harch 

April 

Hay 

June 

July 

August 

September 

Hean 

the respective monthly assimilation efficiency (%) 

calculated \lsing ash as a marker. 

FOOD 

2.99 + 0.80 

3.70 + 0.74 

6.29 + 0.70 

4.59 + 0.84 

3.10 + 0.54 

4.81 + 0.76 

4.63 + 1.44 

3.70 + 0.90 

4.60 + 0.60 

8.26 + 0.84 

4.10 + 1.00 

3.70 + 0.90 

4.55 

FAECES 

1.04 + 0.50 

0.92 + 0.30 

1. 50 + 0.40 

1.81 + 0.60 

2.01 + 0.70 

1. 69 + 0.70 

1.38 + 0.00 

1. 05 + 0.30 

0.50 + 0.20 

1.09 + 0.90 

2.00 + 1. 60 

1.20 + 0.60 

1.35 

ASSIMILATION 

EFFICIENCY 

65.70 

80.30 

81.80 

66.40 

37.10 

77 .50 

76.60 

73.40 

93.70 

90.50 

65.40 

74.80 

73.26 
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App.III-D. Lipid as % dry weight ~ S.D. in the food and faeces and the 

respective monthly assimilation efficiency (%) calculated 

using ash as a marker. 

FOOD FAECES ASSIMILATION 

EFFICIENCY 

October 3.5 + 2.3 5.2 + 2.0 -47.3 

November 4.1 + 1.8 5.0 + 1.9 3.7 

December 7.3 + 1.3 7.4 + 2.9 33.1 

January 5.5 + 2.5 6.0 + 2.3 7.7 

February 3.6 + 2.2 3.6 + 1.6 4.1 _. 
March 5.4 ~ 2.2 5.3 + 2.8 38.0 

April 3.9 + 2.0 5.1 + 2.8 -3.9 

May 4.1 + 3.0 3.9 + 1.5 9.8 

June 6.1 + 1.6 6.1 + 2.0 43.5 -. 
July 3.9 + 1.1 4.4 + 1.4 17.7 

August 7.7 + 2.0 8.3 + 1.2 23.2 

September 8.4 + 2.1. 7.5 + 1.9 30.1 -
Mean 5.32 5.65 13.3 
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App.III-E. Carbohydrate as % dry Height + S.D. j.n the food and faeces 

and the respective monthly assimilation efficiency (%) 

calculated using -ash a marker. 

FOOD FAECES ASSnULATION 

EFFICIENCY 

October 13.9 + 3.5 11.9 + 2.5 15.6 

November 14.4 + 4.2 12.6 + 2.8 30.7 

December 30.6 + 3.4 26.1 + 2.9 43.7 

January 21.9 + 3.9 20.5 + 2.6 20.2 -
February 22.5 + 4.1 17.7 + 1.9 23.5 

March 21.6 + 3.3 14.3 + 3.9 57.5 

April 24.9 + 4.7 20.6 + 2.7 35.1 

May 20.0 + 8.1 17.3 + 5.0 18.9 

June 24.1 + 5.4 10.9 + 3.1 74.4 

July 23.1 + 8.0 14.1 + 3.7 53.6 

August 23.3 + 3.0 13.3 + 2.4 59.5 -
September 17.0 + 7.6 13.9 + 4.2 36.4 

Mean 21. 52 16.10 ~ 
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App.III-F. Different nutrients of each month as % AFml + S.D. inchlding 

the unidentified component. 

october 

November 

December 

January 

February 

March 

April 

PROTEIN 

AS % AFDW 

7.9 + 1.8 

5.9 + 1.0 

8.5 + 1.1 

7.1 + 1.2 

6.0 + 0.6 

7.6 + 0.9 

7.7 + 2.1 

May 8.8 + 1.5 

June 7.7 + 1.2 

July 16.7 + 2.9 

August 8.4 + 1.6 

September 8.1 + 1.5 

Mean 8.4 + 2.8 

LIPID 

AS % AFDW 

9.1 + 5.6 

6.7 + 2.4 

9.9 + 1.4 

8.7+2.5 

7.1 + 4.1 

8.5 ± 3.5 

6.4 + 3.2 

CARBOHYDRATE 

AS % AFDN 

38.1 + 12.8 

22.7 + 6.2 

41.3 + 5.3 

33.5 + 5.6 

44.2 ± 7.1 

34.1 + 5.7 

41.9 + 8.0 

7.9 + 5.2 44.2 + 8.0 

10.4 ± 3.1 40.4 + 5.5 

8.1 + 2.7 45.1 + 9.1 

15.5 + 4.5 46.7 + 5.5 

17.8 + 4.3 36.7 + 13.9 

9.7 + 3.5 39.1 + 6.7 

UNIDENTIFIED 

COMPo % AFDW 

44.7 

64.7 

40.3 

50.8 

42.6 

49.8 

44.0 

39.1 

41.5 

30.2 

29.4 

37.4 

42.9 
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App.III-G. Assimilation efficiency (%) of different nutrients and 
energy calculated for each month using ash as a marker. 

ORGANIC PROTEIN LIPID CARBOHY- ENERGY 

DRATE 
October 3.8 65.7 -47.3 15.6 3.2 
November 32.6 80.3 3.7 30.7 31.7 
December 37.2 81.8 33.1 43.7 37.9 
January 22.8 66.4 7.7 20.2 25.0 
February 5.4 37.1 4.1 23.5 6.3 
Harch 55.8 77 .5 38.0 57.5 58.0 
April 36.0 76.6 -3.9 35.1 36.8 
Hay 14.1 73.4 9.8 18.9 16.2 
June 72 .1 93.7 43.5 74.4 72.1* 
July 54.7 90.5 17.7 53.6 54.7* 
August 58.8 65.4 23.2 59.5 58.8* 
September 46.8 74.8 30.1 36.4 46.8* 
Hean 36.7 73.3 13.3 39.1 37.3 

* values taken from total organic matter assimilation. 
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App. XlI-H. Assimilation efficiency (%) of different nutrients including 

energy calculated for three months (Hay, August and 

November) using three different indigenous markers, 

ash,HRA, and HROH. AUG == August, NOV = November 

ORGANIC PROTEm CARBOHY- LIPID ENERGY 

DRATE 

Ash 14.1 73.4 18.9 9.8 16.2 

HAY HROH 23.8 76.3 28.1 19.7 25.7 

HRA 4.7 70.5 9.9 -0.3 7.0 

Ash 58.8 65.4 59.5 23.2 N.D. 

AUG HROI1 31.8 42.8 33.1 -26.9 N.D. 

HRA 57.9 65.6 58.7 21.6 N.D. 

Ash 32.6 80.3 30.7 -1.5 31. 7 

NOV HROH 14.4 75.0 12.0 -22.2 13.3 

HRA 33.2 80 .• 5 31.2 4.6 32.3 

N.D. not determined. 
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App.III-I. Fulton's condition factor for each sex ( monthly mean + 
S.D.) . n is sample size. 

UALE FElIALE * }(ALE + 
FEllALE ( n = 40 ) 

October 1.8 + 0.2 1.95 + 0.33 1. 88 + 0.27 

n = 80 n = 21 

November 1.97 + 0.27 1.99 + 0.17 1.94 + 0.18 

n = 53 n :: 25 

December 1. 95 + 0.11 1.94 + 0.11 1.95 + 0.10 

n :: 46 n " 24 
January 1. 95 + 0.17 1.91 ± 0.12 1.95 ± 0.14 

n = 47 n :: 26 

February 1.89 + 0.10 1.93 + 0.20 1.91 + 0.16 

n = 45 n :: 25 

Harc;) 1.86 + 0.10 1.80 ± 0.20 1.83 + 0.20 -
n " 35 n :: 37 

April 1.71 + 0.28 1.71+0.25 1.67 + 0.25 -
n " 34 n :: 39 

Hay 1.90 + 0.17 1.91 + 0.22 1.88 + 0.16 

n :: 72 n :: 63 

Jtme 1.92 + 0.14 1.91 + 0.12 1.93 + 0.11 

n :: 39 n :: 37 

July 1.95 + 0.16 1.. 92 + 0.13 1.93 + 0.13 -
n = 31 n = 39 

August 1.91 + 0.16 1.93 + 0.16 1.89 + 0.16 

n :: 37 n :: 29 

September 1.90 + 0.23 1.84 ± 0.11 1.90 ± 0.24 

n " 48 n :: 28 

difference in the condition of fish between mOllths. 

40 fish ( 20 from each sex) were randomly selected to test the 
\ * 
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App. III-J. Hean monthly relative condition factor for each sex + S.D •. 
n '" sample size. 

miLE FEMALE 

October 0.95 + 0.09 1. 00 + 0 .18 

n :: 80 n :: 21 

November 1.05 + 0.13 1.09 ± 0.08 
n :: 53 n :: 25 

December 1. 04 + 0.06 1.09 + 0.06 
n :: 46 n :: 24 

January 1.04 + 0.07 1.04 + 0.08 

n " 47 n :: 26 

February 0.99 + 0.05 0.77 + 0.27 

n :: 45 n " 25 
1·larch 0.98 + 0.05 0.89 + 0.18 

n = 35 n = 37 
April 0.91 + 0.15 0.92 + 0.12 

n :: 34 n :: 39 

Hay 1.00 + 0.09 1. 02 + 0.13 
n :: 72 n :: 63 

June 1.02 ± 0.07 1.04 + 0.07 
n = 39 n :: 37 

J~11y 1. 03 + 0.08 1.03 + 0.08 
n :: 31 n :: 39 

August 1.02 + 0.09 1.04 + 0.11 

n = 37 n :: 29 
September 1. 00 + 0.12 0.94 + 0.08 

n :: 48 n = 28 
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App.IIX-K. Food quality ( mg digestible protein/ KJ digestible energy) 

+ S.D .• PIE ratio'" protein energy ratio. n" sample size. 

!10NTH P:E RATIO n 

October 117.0 + 39.6 12 

November 10.2 + 2.1 15 

December 11.6 + 2.1 14 

January 11.0 + 2.1 14 

February 25.5 + 11.1 14 

Harch 6.0 + 1.3 13 

April 9.9 + 2.6 14 

Hay 25.9 + 4.7 13 

June 6.7 + 1.3 14 

July 19.5 + 4.7 14 

A\\gust 6.6 + 1.6 13 -
September 8.3 + 1.7 14 
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App. III-L. Concentrations (ug/1) of different forms of inorganic 

ni tt'ogen and ortho-phosphate of Lake ZiHay (Oct.' 88 

Sep. '89). TIN = total inorganic nitrogen. 

October 1.0 

November 2.0 

.December 1.0 

January 6.0 

February 2 . 0 

Harch 4.0 

April 4.5 

Hay 4.8 

June 5.0 

July 3.5 

A\lgust 6.0 

September 17.0 

N.D. not determined. 

8.0 

64.0 

44.0 

105.0 

9.0 

7.0 

86.0 

2.0 

15.0 

15.0 

147.0 

48.0 

TIN 

(ug/l) 

9.0 

66.0 

45 

111.0 

11.0 

11.0 

90.5 

6.B 

20.0 

18.5 

153.0 

65.0 

PO ;-p 
4 

(ug/l) 

N.D. 

N.D. 

N.D. 

N.D. 

N.D. 

129.0 

120.0 

280.0. 

140.0 

60.0 

56.0 

65.0 
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