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ABSTRACT 

The rate of wastewater flow was found to be the major 

factor controlling th variability of physico-chemical an 

biological parameters in the wastewater lagoons. Low and 

irregular wastewat r flow particularly during the ry 

season resulted in reductions in water depth, light 

penetration, dissolved oxygen concentration, primary 

production and pH, and increases in conductivity, water 

temperature, nitrates and phosphates. This situation 

reversed during periods of regular wastewater flow. A 

large biomass of algae (as judged from chlorophyll a 

concentrction and photosynthetic rate determinations> 

domin d by the blue-gre n algae , Hicro cystis sp ., 

Spirulina sp . and ::.-:y ,, •: hocy s tl :• sp . ~1as encoLmtered at he 

lagoons. The mean chlorophll a concentration obtain d w~s 

9'2.6 . 8 :t: 65 . 996 mg I -• whi l , h mean gross photosynthesis 

was 1393.778 :t: ll4 . "l mg 02 m- 3 h- 1. The average 

conversion efficiency of radiant energy into gross 

photosynthetic production was 3.772%. The presence of the 

large algal biomass was attributed to high ambient 

temperature, nutrient rich organic wastes brought in by 

sewage, high pH and alkalinity. The mean level att in d 

by th se parame _r ., in th la.qoons were: temp _r;;t ur ~ -

28.7 :t: 1.20°C, nitrates (N03 - N) - 4.306 ± 0.58 mgl - 1, 

phos ph. t s- (P 4 ) - 3.34! :t: 0.41 mgl - L, pH - f3.7 J: 

0.66 and alkalinity- 299.7 :t: 22.61 (mg CaC03 1-1 ). Self -
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sh ding by dense algal blooms and the presenc o£ 

particulate organic matter were the major factors l'mi ing 

primary productivity. This w s e uc d from the low . eccld 

disc epth of 10.7 * 0.3lcm n shallow euphotic zon 

only 36.0 em as determine by light int nsl y 

measurements. 

Food selection studies 
~ 

in Orechromis n i 1 <.• t i c u s 

revealed that the abund nt blue-green algae constituted 

the bulk of the material eaten by the fish, contributing 

73.05%, followed by the green algae - 13.68%, then diatoms 

- 7.28%, then the invertebrates- 4.16%, and lastly, other 

forms of algae - 1.83%. Among he common algal species, 

Nicrocystz: sp . Sp 1 r u 1 1 n a sp. and Herismopedia sp. ha 

positive =election as judged from the three meas urement c 

of selection namely, the forage ratio CFR>, Ivl v'c incl M 

o f 1 c i vi t y (E) an · h" lln . r FoocJ inde:c CL>, whi.l th ~ 

algae Synechocys ti s sp . and Scenedesmus quadr1cauda had 

neg tive selection. The fish substantial ly fed on b ttom 

deposits which contained large numbers of Chironomidae and 

Oligochaeta. 

Caged Oreochromis niloticus in replicate densities of 

50,70,90 and 110 fish m-~ exhibited better growth rates 

during periods of suitable environmental factors, that is, 

period~; of regu tar w ... ,s t e w. ter flow; hence water r e newal 

and high natural productivity. Depressed growth rates 

were observed during th dry season when th phy. ico -

ch mical conditions w r _ unsuit ble. Th me n 
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growth rates ranged from 28.398 g(2. 497cm) month- 1 fish - 1 

at an initial stocking density of 110 fish m-3 to 36.256 g 

(2.821 em). month-L fish-1 at an initial stocking density 

of 50 fish m-3. The mean overall condition factor improv _d 

as the stocking density dropped. It ranged from 2 . 041 ~ 

0.100 at an intial stocking density of 50 fish m-3 to 

2.124 ± 0.100 at an initial stocking density of 110 fish 

m-3 . The major factor contributing to the drop in the 

stocking densities of fish in the cages was low dissolved 

oxygen concentration. Diel dissolved oxygen concentration 

ranged from 0.5 mg 1- 1 at the bottom to 7.6 mg 1- 1 a 

subsurface. Seasonal dissolved oxygen concentration 

range from 3.6 -9.5 mg1-l The overall me n siz~s 

attained by 0. nil oticus after a culture period of fiv 

month"' r ned frorn 1?.4 5 :1: 0 . '"' 47cm (156.527 :t: t 2 . 6 /!]) 

20.982 :1: 0.767 em ( 88.25 ~ 19 . 6366g). The ov _r ll gr1 !"; 

yields attained without supplemental feeding rang d from 

2.380 :1:0.310 kgm-3 at an initial stocking density o f 90 

fish m-3 to 2.644 ~ 0.457 kgm-3 at an initial stocking 

density of 50 fish m-3 . Single factor analysis of var iance 

showed that there were no significant differences between 

the growth rates and gross yields attained at cliff r e nt 

stocking densities. Estimates of fish production using 

two independent metho s by Hu t (1975) an Sreeniva nsa n 

(1972) gave 1.9398 an 10.176 kg of fish per m- 2 yr- L 

respectively. 



CH ER 1 

GENERAL IN moo T 10 0 LITERATURE REVIEW 

1.1 INTRODUCTION 

As the human population keeps increasing, the demand 

for nimal prot in also lncr a!:les. This has r sul eu in 

increased pressure on many world fisheries, most of whi ch 

have shown signs of decline . ln Kenya, the fisheries of 

the Nyanza Gulf of Lake Victoria and Lake Naivasha hav _ 

already shown signs of ecline (FAO, 1982; 1984). Th~::: 

decline in the catches notably in the Nyanza Gulf has b en 

attributed to overl'ishlng and prJdation by Late s "llc•tl•:u_:: 

(Gar-r-od, 1961 a and b ; Cadwall adr, 1965 and FAD, 198-

1984). Due to the rl~clln of t.h'~ tilapia catch . from LI P· 

tr tli.tlonF 1 sourcefi :u1cl 

protein in Kenya, th r 

of fish production. 

dem.r:lnd or· f i -;It 

is a need for alternative methods 

Pond culture and to some extent culture in raceway s 

are the systems curr _ntly in p · ctic in Kenya. 

systems such as integrated farming are at the experimen al 

stage. Fish cultur in wast water lagoons has had littl~ 

attention. Preliminary stu ies at the Thika wast_water 

lagoons however indicate that it is possible to culLur. 

Oreochrom J s nilotJctt$ in wa::3t Hater lagoons and that Lllls 

practice improves the wat~r quality (Nyaga, 1. 81). 

Unfortunately, no furth r studies have been carri -d c 1.1L 1 u 
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Kenya. Wastewat r lagoons h ve been recommended as a 

means of wastewat_r tr atmen t in the tropics (l:!;dwards , 

1980a and Olah et al ., 1986) . ~ enya needs low cost fi sh 

culture s ystem s t ~u rn nt . ht~ protein nced ·.3 of i t •; 

populati on. In this resp ct, the culture of fish in 

wastewater lagoons is an opportunity worth exploring. 

Oreochromi: nil o ti c u s is one of the fishes commonly 

used in wastewater aquacultur. (Edwards et al., 1981) . 

fhts is ue to its better cu lt 1re qualities such ~s rapi d 

growth, resistance t o disease and tolerance to l ow 

dissolved oxygen concentrations and wide temp rature 

fluctuations. In general, it is a hardy fish (Coche, 

197 6) . 

1.2 LITERATURE REVIEW 

c nt attempt., :.> h v b•- •.::11 m de at recyclin g c rga n i.r! 

wastes into fish chroeder, 1977 ; Edwards, 1980a nd 

Edwar s et al., 19 8 1) . 

fish in ponds were 

canning industry wastes. 

Th ~ m Jc r w s tes used to · ~ t.tl Lt r•: 

sewage and agricultural an food 

The use of wastewate r lagoons in recycling wast.s has 

a promi sing -potent ial. They have already bee n us _d o 

obtain fish yields many times higher than those obtai ned 

f r om ponds fertilized with artificial fertilizers (All~n 

and Hepher, 197o; II pher , 1985 and Olah et al., 1?86> . 

Fish grown o n w s .·· h . . , .. _ lso b _n observed to h . V • ! f :'t:; L 

growth r es (FAO, 197 1 ; Burns nd Stickney, l98 ) nd in 
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some cases high su v1v.-·d ra tes <FAU, 1974 and Burn~ ~nd 

Sttdn~y, 198(.1) • I h 1 ~; is b cc._,u e the wast es rrovt LI1J 

abundant nutrients and particulate organic matter which 

stimulate the prolif r ation of n tural fish foo s. Allen 

and Hepher (1976) obs rved a 7U% greater yield wi th 40% 

reduction in the feed given to fish in organically ma nureJ 

ponds. They further obtained a yield of 4, 900kg ha- l of 

fish (ba!ied on extt-- pc:>l .- t•- d d , ) in fish ponds 1 t·tilb~•!d 

with cowshed manure in Israel. The Chinese produce abou 

two thirds of the world's aquaculture harvest from fi s h 

ponds fertilized with sewage and other organic wastes 

(Wohlfarth, 1978) . 

over 1,000 kg ha- l 

In the Netherlands, fish yiel s of 

w re obt ined in domestic wast~wa r 

witho ut artificial fee ing (Th rslund, 1971). !idward "' 

(1980a) has r eview 

wastes into fish. 

in det~il the recyc ling of organi~ 

Current researc h is aimed at the utilizatio n of 

dom stlc waste as b ·- Ls of lH'ut.luclnl!{ a large blom !:55 of' 

primary producers on whi c h comp l _x f ood web s ar buil 

(Kerzan et al., 197'1:; ;:>tin e t a l., 1974 and Anon, 1975 >. 

rhi s r qui res that F i ·h with phy tophagoLlS or p 1 an k t 1 vor· ou ·~ 

ha bits be used to h rv•s he lg and produce a larg . 

fish biomass at a l ower trophic level. Examples o suc h 

fish are Oreochr nm z _:;; lt11 0t J C U:5 _, CyprirtU:5 •=<If' p 1 «I, 

Ctenvpharyngodrn 1du ll and Hypophthalm i chthys mo lJ t rJ x . 

The fi sh feed on th e phytoplanJ•: t on nd keep its popul tion 

(and biomass) at an exponen tial phase of growth 
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(multiplication in o new c 11 ), hus also causing ~ n 

exponential rate of nutrient removal from the water . The 

removal of some o th"' nu tr l _n ts such as phosph e .. I r• _, 

further enhanced by the high alkalinity and pH conditions 

which prevail in the oxidation ponds. These pa1·am ter. 

are also responsible for the high natural productivity in 

the form of fish foods and fish yields. The fi.s i.n 

wastewater lagoons fee on organic particles on whi c h a r ~ 

encrusted mlcrofaun and flora (Schroeder, 1 78) . or 

example, observations by Wolhfarth and Schroeder (1979); 

Hepher and Pruginin ( 1981); Edwards et al. < 1985> and 

Polprasert et al. < l 986) indicate that fish feed di ec ly 

on both human and animal wastes and derive nutriment from 

the associated bacteri and oth _r micro-organisms. Fur he r 

observations by Polprase rt, t I . ( 1986), v1or k ing in fh c.d 

fish ponds show thut fi s h l.llrectly c:onsu.ne ni <jht!.;oi L 

(human excreta) composted with water hyacinth and straw , 

when it is applied the ponds as a fertilizer. McGarry 

(1976;1977) notes that night soi l is regarded as market 

commodity in Taiwan and that it is used both as a 

fertilizer and a di " r ct fish food. During the tim whe n it 

is added to the ponds , fi s h ga ther expectantly at th 

input point and fee on it v o r ac iously. The wastes se rv _ 

as sou rce of energ y ( Edwar ~ . 1982) and also enhnn .~ th . 

growth of the fish (Pillay, 1966 and HcGarry, op, cit.). 

tudies conduc in Isr . 11 fish po nds hav~ s it' ~,n 

that, fish convert wastes directly into fish fl - sh 
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(Wohlfar h and Schroeder, op cit. and Wohlfarth, 1978). 

(1984) using stable isotopes of carbon, 

obse rve hat ther was a strong contribution of fresh pig 

man re to the growth of two filter feeding species, the 

si lver ua rp, Hypophthalmi c hth ys molitri x and the big head 

carp, Cyprinus •:arp1 o . Observ.!1tions by Zhang et al . 

(1987) indicate that waste-fed fish in Chinese ponds 

loaded with pig manure converted the wastes and aquatic 

grass into fish bioma ss. Schroeder (1983a and b) notes 

hat one of the pathways contributing to the growth of 

fish in ponds concerns the foo chain beginning with 

m nure as input. Examples of other fish which feed 

directly on wastes in ponds are T i 1 apia zillii, 

Oreochromis nilvticus, Oreo c hromis mvsambicus and Chanos 

chanvs <Edwards, 1980a and b). Further information on the 

direct feeding by fish on wastes is provided by Avnimelech 

et al. < 1986) and Edi-'Jards, et aL (1986). The feeding on 

wast~s by fish provides for nutrition deficiencies which 

occur in artificially manufactured feeds. 

Techniques hav~ been developed to harvest the primary 

produc~rs (algae) and seaweeds (for coastal sewage works) 

produce as a result of the fertilization effect of the 

wastes and convert them into valuable commercial products 

such as fish feeds, agar-agar and fertilizers. In the 

same system, finfish and shellfish are cultured and 

harvested for food (MIT, 1977 1978). Studies by 

Thorslund (1971), Seow and Tay (1973) , Chan (1974) , 



6 

(l 78) nd Usw ld e t al. (1978) 

indic ted that fish can improve the waste-treatment 

cap city of wastewa "'~ t· t. oons. Th y therefore im rov _ t.h•~ 

sanit tion of the environment,, provide a financial t· tut·n 

on th s ystem and rot . in for the public (Edwar s Pt al., 

1986). The high H an dissolved oxygen conc _n ration 

resul ing from intense algal photosynthesis provid the 

wastewater lagoons with a high capacity of disinfecti o n 

against pathogens, a ract supported by the high f"sh 

yields obtained suggesting 

(Oswald, 1973). 

The product~on of fish by 

has been found to be cheaper 

a healthy envi1·onment 

recycling organic 

than through other 

wastes 

m thods 

such as traditional pond culture and capture fi s _r· _s. 

'L'he latt r methods re _xpen""'lv in that the co .... t of fu.e l 

for trawlers and their maintenance, fishing gear, fish 

pond fertilizers and feeds continue to rise (Kildow a nd 

Huguenin, 1974 An on , 1975 a nd Wohlfarth, 1978). In 

the tropics, pond culture is more advantageous because 

fish production can be undertaken on a year round basis 

(Thorslund, 1971; Schurr, 1976 and Schroeder, 1977). Th 

capital investment and maintenance costs are low and the 

ponds are fuelled by sunlight (Edwards, 1980a). 

0 spit the high Eish yields obtain d i'r m 

wastewater lagoons, there are socio-economic problems 

associ _d with thi s me t hod of r ising fish. The re~sons 

are tlw t the fi sh m y be contaminated wl th toxle 
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pesticides and heavy metals (Kerfoot and Jacobs, 1976 and 

Wo ng et al ., 1982), pathogens and parasi es which pose a 

po ential threat to human health (Allen and Hepher, 1976). 

Th refore, fish culture using wastewater contaminated with 

toxic chemicals such as heavy metals (industrial waste­

water) should be avoided. For example, Wong et al Cop 

c it. observed that fish reared in ponds fertilized with 

a nimal manures had accumulated high heavy metal 

conc entrations in their flesh. A study by FAO (1977b) in 

a municipal waste treatment system, revealed an 

acc•mulation of the heavy metals chromium, nickel, 

ma nganese, copper, cadmium,lead and zinc in the cells of 

a lgae present in the treatment system and that were passed 

a l o ng the food chain to cladocerans and eventually to 

fish. Wong and Kwan (1981) working in fish ponds 

r eceiving 70-85% sludge, found that fish accumulated 

manganese, zinc an copper by factors ranging from 

1.4 - 2.5 in their visceral organs. Hepher et al . (1986) 

working in Israeli fish ponds, Found that fish raised on 

sewage had residues of several organochloride insecticides 

and polychlorinated biphenyls (PCBs) in their flesh, and 

that Hhen the 

did not feed 

concentrations of these were high, the fish 

nor gain in weight. PCBs are stable 

c ompounds which cause poisoning in humans. They are also 

known o be carcinogenic (Hicks, 1982). 

On the other hand, uncontaminated human and animal 

wastes (not contaminated with industrial wastes) could be 
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se or fish cui ur_, par icularly after some form of 

primary treatment, for example using wastewat r 1 goons. 

wastewater can be used if the levels Further, industrial 

of harmful chemicals in them can be 

acceptable concentrations. Thus it is 

kept at low and 

possible for fish 

raised on wastes to be consumed by humans, as has been 

practiced for many years in China and many parts of South 

East Asia. 

Recent research on the parasites and pathogens of 

waste-water cultured fish, have 

considerable extent in south East 

e t al. (1986), observed that 

been undertaken 

Asia and Israel. 

to a 

erba 

viral contamination of 

fish grown in treat d dom stic wastes was not any gr at r 

than that in commerci 1 f · sh f rms in Thailand. dH< rd 

et 1. < 1981) found that both Lhe fish raised on e;:cre <:\ -

f d ponds and the final products made from th _m cqch ,~ 

fish sil ge, based fLeds and dry feeds were safe for human 

consumption. Thorslun (1971) notes that there w_re no 

differences in the occurrence of parasites and d'seases in 

sewage raised fish as ~ompared to those reared in norm 1 

ponds. Allen and Hepher (1976) observed that fish 

cultured in well tr dom - tic wastes are equal to or 

even superior in tast a nd o our to non-waste Cllltur d 

fish. Buraset 1. (19 ' ) ~o-1or kinq in waste-fed fi s h r.> nd s 

in Isr el, found that i s h produced using wast_wat r w r L 

safe for hum~n cons mption provide that atten i on i s 

paid to the critical concentration of bacter·a (not 
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coliform) ·n the pond water and in the fish. In gen ral, 

a great majority of reports on wastewater aquacultur 

suggest that the fish thus reared are safe for human 

consumption. 

Contrary to the observations above, few papers report 

some negative aspects of wastewater raised fish. dwa d~ 

et al. (1981) Edwards et al. (1986) ; Buras et al. (c.lp 

cit.) and Polprasert et al. < 1986 > have observed in rh i 

and Israeli fish pon s, that faecal coliform counts in 

both the raw sewage and stabilization ponds excee th~ 

World Health Organization (WHO) standard of 102 organisms 

per 

fish 

100 ml of wast w L r for growing crops and c ulLuring 

In China prior to 194 , for human consumption. 

used fish cultured people who in wastewat r Jagoon "" 

receiving raw sew g_ (night soil) were faced with wi _ 

occurrence of diseases of ins nitation (McGarry, 197 ;1~77 

and FAO, 1977a; 1 78). This i ... now declining since th_ 

nightsoi l is treat b fore culturing fish in it. 

Some common human parasites have been found in fish 

raised in wastewaters . It is worthwhile to enumera th-

common ones. 

:3a lmonel 1 sp . 

Thes _ are th _ bacteria V 1 br 1 o sp . and 

The protozoans Entamoeba histolyt1 ca . 

Endvl 1ma v nana and he helminths, Ascari s , Ancylv s tom , 

Entere~L~iu.5 end Olphyll,•b•.•thr.tl.lm <Polpr-aser-t, et I • 

c l t ... l'lcGarr-y 1977 ; Shephard, 1977 and Vane= t al. 

1996> • rhe infective dose of the human pathogens ( f l<J·! 

organisms per 100 ml of wastewater is low, and the mere 
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pt·c.Sr~ nc of the PilL'·· lt · in wn r ls a potential publle 

health problem (Buras et al., op c it. J . Gerba et al. cop 

cit.) observed in ish ponds in fhai 1 and that large 

numbers of human ent ric bacteria occur freely in the 

intestines and skin o f fi s h raised in wastewat-r. Thes 

can be removed by keeping the fish in clean flowing water 

(depuration) at least for several weeks. 

It has therefo r e been recommended that for th 

wastewater to be us for fi s h culture it h as to br:! 

treated and irradiated to kill the pathogens and parasites 

which can infect man (MIT, 1977 and Edwards, 1980a) such 

as those ind ica ted above. Oduors and off-flavours can be 

remov d by depurati o n (Shuval, 1 77, Edwards, 1 981Ja a nd 

McGarry, op ci t.). hen the fish s hould be properl 

clean~ a nd cookeu b ·~ fo r e ti ng. Des pite thi s , Burl.ls l?l 

al •• (op cit .) have obser~ed that depuration is not 

effect ive when the b c _ria r _ present in the fish fl~ h . 

Thus when eating fish ra·sed in waste waters , s rict 

hygienic conditions have to be adhered to . 

As Edwards et al . (1987> have pointed o 1 , f ood 

produced by human excreta re - use has long fed many mouth~ 

in China. Despite this fact a nd also the fact that night 

soil is used extensively to culture fish ln South E s 

Asi a its applic1.1tlon in som parts of the worl 1 
. •. .. 

limit~d by r eligious, cultural, social customs , b_li fs 

and aesthetic reasons. For example in Bangladesh, di r _ct 

application of huma n e xc r eta to fish ponds is nut 
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pr ctic_d, [n Hal. ysla, the In i ns and the H 1-y n_i ~1-r 

use sewage nor piggery wastes as fish pond fertiliz rs 

(McGarry and Wing, 1 86). A thorough understanding of h 

knowledge on the role of nightsoil and other wastes in 

enhancing the production of high fish yields is required. 

This can be achieved by enlightening the public on th 

usefulness of waste recycling using cheap means whi ch h ve 

returns on the system, and on how they enhance the natural 

productivity on which fish yields d pend. 

Wastewater cultured fish can be used in many other 

ways if they cannot be used for human consumption in som 

places. The wastewaters can be used to produc_ (a) 

fingerlings for comm _r c i. 1 grow _rs. (b) bait.fi .s h fot' :> PH'I". 

fishing (c) juvenil _ stages in anadromous species and {d) 

r i!lh to be use n h _ m nu · ctu re of fresh an ry fi<-sh 

and animal feeds. Th fish c_an also b used a 

specimens and teaching aid~ in educational institutio ns. 

1.3 OBJECTIVES OF THE STUDY . 

The proposed project was carried out to study: 

( l ) 

(ii) 

The e ff ~ s of stocking density on growth 

rate, condition factor and net yield of 

Oreo .: t1rom1- ltllc.l ti c u s cultured in c 1 . s tn 

wast w t e r lagoons . 

The food composition and selection of 0. 

niloti c u; in wastewater lagoons . 
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(iii) Th hys icl)- ILmica 1 and blolo ic , 1 

paramete rs which principally affect fish 

growth n natural productivity in wast 

water lagoons . 
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CHAPTER 2 

2.1 THE STUDY SITE: THE LOCATION AND DESIGN OF NYALENDA 

WASTEWATER LAGOONS, KISUHU 

The Kis~mu wastewater lagoons are situated on th . 

eastern side of Kisumu town on the eastern end of h _ 

Nyanza Gulf of Lake Victoria. They were constructed in 

1976/77 to treat sewage from the south-eastern sector of 

the town. Fig.l shows the drainage system and the areas 

o f the o wn serve by the lagoons. 

There are a to tal of nine lagoons arranged in thre 

rows ( Fig. 2). One of the 1 goons in each row is th~ 

facultative (lagoons with an aerobic layer at the top an 

an anaerobic one below) and the rest are maturati o n 

lagoons (those whi h re sh llow a nd aerated tht·o•Jghou 

the water column). The facultative lagoons Fl -F3 have a 

mid depth area of 34,476 m2, a liquid depth of 1 .75 man 

a volum of 60,334m . The first three maturation lagoon s 

M1-H3 have each a mid-depth area of 12,290m2, a liquid 

depth of 1.25m and a volume of 15,360 m3 (Fig.2). The last 

three maturation lagoons H4-M6 have each a mid - deepth area 

of 12,290m2, a liquid depth of 1.20m and a v olume of 

14, 748m3, (Fig.2) 

The design of th- lagoons constituted of a works 

inlet with two screens which remove all solids from the 

in~oming wastewater. Following the screens ar _ two 

const · nt v loclty ch llllt . l:J in whi c h l1-avy grit i s ~LL l -d . 
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Thes ~ r followed by the first flow recorder and t-hen the 

flow splitting chamber where the flow is taken to each of 

the facultative lagoo s. E ch facultative lagoon has 

flow meter at the inlet. (Unfortunately the flow meters 

were not working during the experimental period). The 

inlets and outlets to each of the lagoons are 450 mm 

d iarne ter plpes made of concrete, (Fig. 2) . Th flow s 

rotated to each of the three sets of ponds. The effluen 

from the lagoons is led into a ditch which leads into Lake 

Victoria. 

The lagoons were designed to treat a sewage flow of 

7,000 m3 a day. With the continuous urbanization and 

industrial developm nt of the Kibos area of the town, 

(Fig.l) the ultimate flow is expected to reach 17,350 m3 a 

day, catering for a · population of 99,520 people. Th 

projected daily flows from he different sectors of the 

town into the lagoon s re depicted in Fig. 3. These flows 

are rarely adhered to. For ~ xample it was realized that 

the dry season flow into the lagoons was only 1,700 m3 a 

day compared with the design flow of 7,000 m3 a day (MOWD 

1980). 

2.2 THE HETHOD OF WASTEWATER TREATMENT 

The lagoons are designed to treat wastewater by 

natural processes involving algae and bacteria. The algae 

remove n trients mainly nitrates and phosphates and others 

such as carbon, silicon, calcium and sulphur which can 
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cause eutrophication in the receiving waters, in this 

case, Nyanza Gulf, Lake Victoria. The bacteria oxidize 

various organic mat ri ls brought in by the flow lnto 

simpl~r sub3tances such as methane, ammonia, w ter, 

nitrogen, sulphate, sulphur, carbon dioxide, hydrogen 

sulphide, nitrites and nitrates. The algae and bacteria 

derive their energy for photosynthesis from sunlight. 

The pathogenic micro-organisms are destroyed in the 

maturation lagoons by sunlight and by the high pH and 

oxygen concentration resulting from intense 

photosynthesis. The larger benthic invertebrates namely 

the oligochaetes and chironomids assist in the breakdown 

of larger organicparticles into smaller ones on which the 

bacteria and other small micro-organisms act on. Due to 

the continuous inputs of allochthonous materials and 

therefore nutrients by the incoming wastewater, the algae 

multiply rapidly an a very high biomass is built up, 

which can either be directly harvested or be used to 

culture fish. The harvesting of the algae either directly 

o r through wastewater aquaculture greatly improves the 

water quality unde r good pond management conditions. 

2.3 CONSTRAINTS TO WASTEWATER TREATMENT 
' 

Adequate wastewater treatment is essential in order 

to meet water quality effluent standards and also carry 

out successful wastewater aquaculture. This req•.lires 

constant capacity flow and flushing on schedule. Any 



factors which lead to 

adversely affec~ the 

treatment. 
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a reduction of wastewater flow 

natural process of wastewat~r 

The Kisumu wastewater lagoons were constructed in an 

extremely flat area with the result that there is v ry 

little difference in level between the inlets into the 

lagoons and the outlets. This makes the flushing of the 

lagoons difficult particularly during periods of low flow. 

This therefore requires that the wastewater is pumped in o 

the facultative lagoons in order to ensure sufficient flow 

for adequate wastewater treatment and flushing. With th . 

current little difference in level, flushing is irregular 

and for most of the year, the effluent iz of pooz: quality. 

In the dry season, this leads to the decay of algal bloo ms 

resulting in fish kills and persistent odours. 

The persistent low flow throughout most of the year 

results from sever 1 factors: (a) a common shortag of 

water in the town particularly during the dry season due 

to little supply from the works mains and (b) loss of 

wastewater due to burst pipes which supply the trunk 

sewage line to the lagoons, 

underground seepage . The loss 

evaporation 

or reduction of 

an 

water 

volume has been observed to be large. The shortage of the 

flow into the lagoons was observed to persist for as long 

as the sys tern stayed unrectif ied. For example in March 

1986, the trunk sewage line into the wastewater lagoon s 

burst some 500 m from the works inlet and all the sewage 
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was diverted away from the lagoons into a stormwaJe r 

dralnage leading in to Lake Vic tori a and lat ~r onto l a nd. 

For over three weeks, there was no flow into the lagoons. 

This resulted in the non-flushing (non-renewal of 

wastewater in the lagoons), reduced water depth and 

volume, and poor quality effluent. 

The activity of various animals mainly the predatory 

fishes lead to the reduction of water depth and volume in 

the lagoons. During the heavy rains, crawling and 

burrowing predatory fish notably ClarJas mossambicu3 and 

Prot o pterus aethiopicus migrate overland from the adjacent 

Nyamasaria River 

they burrow into 

into the 

the 

lagoons. 

bottom and 

Inside 

the 

the lagoons, 

banks. This 

introduces other channels of water loss, that iz through 

vertical and lateral seepage through the already destroy d 

watertight polythene lining at the bottom. Holes dug by 

such fish have been locate by fishermen fishing in the 

lagoons and are several feet deep. 

Evaporation and soil water demand also resulted in 

reduced water depth an volume in the lagoons. Figures 4 

and 5 show that evaporation exceeds rainfall (particularly 

in the dry season, around the month of October when 

rainfall is lowest) 

demand is highest. 

and at the same time; soil wa er 

This results in the reduction of water 

depth and volume,persistent non-flushing, decay of 

blooms, objectionable odours and fish kills 

consequence of deoxygenation. 

algal 

as a 
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The flow of was ew r in o he lagoons spontan o sly 

increases during the period of heavy rains, bringing wit! 

it ex ra allochthonous inputs from the surrounding r~ . 

Un th~ o th r hand, it cnu ~ s temp r ry flushing in ll thf"': 

ponds. Gontr ry to t.his, flushing shou ld tak_ pl c •.: nly 

in one series at a tim . This similarly leads to 

incomplete biological treatment of the wastewater. 

Such constraints show that it is necessary for a 

sound research to b un rtaken before such designs r 

pu up; on the bio logi ~al, . limatic and geologt~al 

factors, sinbe in this c se that is the Kisumu wastewater 

lagoons. the impacts o f (a) the fish living i th 

vicinity and (b) of Lh h •. vy rain storms pr_valen j (I h • 

area were not consider d before the lagoons were 

constructed. It wi l 

from the lagoons now lt .t 

difficult to exclude th 

hey r~ st blished an 

"i s h 

l so 

keep ntigrating into he m during th rainy season. 

2.4 THE FAONA AND FLORA OF THE NYALENDA WASTEWATER 

LAGOONS: THE FAUNA 

It is important to study he type of fauna in 

wastewater lagoons since heir presence has an important 

bearing on both the wastewater treatment and fish culture. 

The animals assist in the wat r treatment process by 

removin mat rials 

invertebrates; they 

f ·o m ~ he w • r: r, 

fertilize the 

such as alga _ nnd 

water with th - ir 

nu t r" nt rich faeces; s omP o f th .m act as intermediat~ ~ nd 
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'I'AJIL~ J : lliJlO SPECIES FOUND AT TIJR KJSUMU WI\STBWA'l'l.m LAGOONS 

SC'IP.NTIFI ' NAME OMI\10N NAME RELATIVE 
AOUNOANCE 

I. Thrc kiornis nethio~icus Sacred Ibis • 
2. lluge<.lasl•ia hogedash lladu<.la ibis It 

3. llimanloQUS himanloQUS Ulack winged still •• 
4. Uallinago nigriQenis A (ri can snipe •• 
5. er~le rudis Pied l<ingfisher • 
r.. AcUno~hilornis af•·icanus African jncono •• 
7. ancllus S'pinosus Spur winged plover • 
8. Arden cinerea Grey heron + 

9. Vendroc.YK!•o vidualo. White faced tree duck • •• 
JCI. ls~idina picta Pygmy Kingfisher • 
II. IJalearica regulorurn Crowned Crane + 

I 

!2. Ibis ibis Y llow billel.l stock + 

t:l. Lophae tus Occipitalis Long crested eagle • 
J4. llalioeetus Vocifer African fish eagle • 
l!i. tgrella alba Oreal white eggrett * 
IIi. Ardeola valloides Squaco heron * 
17. llalic:tcon leucocephala Grey headed kingfisher • 
J 8. !igrelta g:arzella Little egrell •• 
1!1. Charadrius venustus l<i l Ultz's plover ••• 
211. /\nas er:tthror:inchos Red peaked duck • •• 
21. Anaslomus lamelligerus pen bill stock • 
?2. Pelecanus onocrotalus While pelican 

2:1. l'lcl@dis falcinellus Glo sy ibis • 
21. A:(lh:ia er:(lhrophthalmia A frl can pore hard •• 
25. Hecurviroslra avosella Avocet + 

Zli. '1 halasiornis leuconol White backed du k .. 
27. Scopus umbreta Hamekop * 

({ C 

<HI Birds 10- 100 

' I 00 - 300 +-!I > 300 
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definitive hosts of important fish parasites; they compete 

with the fish for important resources such as food, space 

and dissolved oxygen, while some act as fish predators. 

The Kisumu wastewater lagoons depict a good example of the 

above lnterractions. 

Amongst the larger fauna at the lagoons are the birds 

and fish . Data from casual observations on the birds found 

at the lagoons on the course of the execution of the 

project. are presented in Table 1. Of the birds, the most 

abundant are wild ducks Dendrocygna viduata and Anas 

1'.1' th1·or.vnchos which for most of the year number over 

600. They swim and defaecate in the water; their nutrient-

rich faeces acting as a fertilizer. At the same time, 

• 
they feed on the abundant algae and in this way assist in 

the reduction of the algal biomass at the ~agoons and thus 

assist in the water treatment process. The presence of 

large numbers of wild ducks (Dendrocygna viduata and Anas 

f: J',V hrM·.vnchos) in the 1 agoons supper ts the ide a of 

integrating the three aspects, that is, wastewater 

treatment, fish culture and duck farming. Other bird 

species which are abundant for most of the year are the 

plovers (Charadriu5 venustus) . The 1 at ter are 1 ess 

frequent and occur in large numbers during the July-August 

rains. Of significance to fish culture is the occurrence 

o f some fish eating birds namely the white pelican, 

Pelecanus onocrota1u5 , the grey headed kingfisher, 

H Iicycon leucocephala, the African fish eagle, Haliaeetus 



voclfer ~ the pygmy kingfisher, lspidlna picta the pied 

king 1sher Ceryle rudi s and the grey heron, Ardea c inerea. 

·rheir occurrence at the l agoon s however is l o w and 

seasona l. Tab le 1 s hows the di ffe rent bird species found 

in the lagoons and their relative abundance. 

The other fauna in the wastewater lagoons include 

various fish species which invade the lagoons from the 

lake and adjacent rivers and swamps during the rainy 

season. They do this by crawling overland and through the 

weirs from the effluent channel. The fishes include 

Prvtupterus aethiopicus, Clarias mvssam1bucus 1 

Oreochrom1s niloticus, Ctenopoma muriei, 

victvrianus, s mall Barbus sp ., Haplochromis sp . 

Labeo 

a nd one 

species of th small Mormyridae . The first three occur in 

all t h e lagoons including the facultative ones. The 

others are restricted to the ma turation lagoons only for a 

short period during the wet season after which they 

di sappear completely from the lagoons. This may be due to 

predat i o n by Clarias mossambi c u s and Protopterus 

aethio pi cus and predatory birds or due to lack of ability 

to adapt to the lagoon environment as the water quality 

deteriorates towards the dry season. 

The fact that the three species namely P. 

aethio p icus , c. mossambicus an d 0 . niloti c u s inhabit such 

adverse habitats as t he facultative lagoons suggests that 

they are suitable candidates for wastewater aquaqulture on 

a polyculture basis. 



The other fauna which occur in the wastewater lagoons 

include the tortoises (Testudinidae) which also occur in 

all the ponds, but are more abundant in the facultative 

ones, monitor lizards (Varanus sp) and some larger aquatic 

hemiptera such as the Notonectidae and Belostomatidae . 

Apart from the biological interractions mentioned, 

the animals also serve to disperse the algae and 

zooplankton and probably other micro-organisms into and 

out of the lagoons. It is therefore not surpr ising to 

find that the plankton in the lagoons bears a striking 

similarity with that of the adjacent waters and the lake . 

For example the algal assemblages constituting of 

N.icrocysti:.:: sp. ' Anabaena sp . ' Scenedesmu:.:: sp . , 

Neri:.::mopedia sp. and the diatoms Nitzschia sp. , Diatoma 

sp., Cymatopleura sp . Melosira sp . , and Navicula sp . , 

both occur in Lake Victoria, the lagoons and the adjacent 

waters (pers. obs.) . 

2.5 THE FLORA 

Apart from the phytoplankton which are discussed in 

detail in Chapter 3 and presented in appendix 1, the other 

flora include Carex sp. and Ipomea aquatica var reptan:.:: 

both found along the edges of the lagoons . The rapid 

proliferation of these plants attests to the presence of 

high nutrient concentrations in the water. 
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CHAPTER 3 

PHYSICO-CHEMICAL AND BIOLOGICAL PARAMETERS 

3.1 INTRODUCTION 

Th physico-chemical and 

water body determine i s 

biological pa~ameters of ~ 

fertility. For exampl_, 

turbidity due to suspended colloida l materials reduces 

light penetration into the water column and adv rsely 

affects primary productivity . They are therefore in this 

way related to fish growth and yiel s. This chapter is 

devot d to the study of the physico-chemical parameters in 

Nyalen wastew ter lag1 ons, Ki~umu, in relati rn 

natural productivity an the survival of Oreo c hrom1 s 

n t 1 c.' t i c u _::: <Li nnae11 c:; >. lh ~.o1astewater 1 a cons C\r 

cons idered as s h llow w, t~r bo i es and since ther~ ar_ Few 

studies on this topic in Kenya, 

with the one of sewage ponds 

shallow waters of East nd Cent 

their ecology is compared 

in Kenya and India and 

1 Afr' ca. 

Shallow waters are known to have a small buffering 

capacity to environmen al changes (Williams and Ganf , 

1981). For example, diurnal fluctuations of some physico­

chemical parameters such as dissol ved oxygen often excee 

seasonal fluctuations. A detailed understanding of th _ 

variation of the physlco7chemical and biologtcal 

parameters in shallow wa ers in relation to fish survival 

is ther fore nee ssary. Fish culture in wa s . wat _r 

lagoons th refore require~ d.tail 

interrelationships betw en the 

information on ( a ) the 

physico- chemical an 



biological parame t . t· :::; n h .i ~ ffects on th• . 

physiological needs of the cultured species (b) know! dge 

of pond manageme nt techniques such as provi sion of 

sufficient and regular wastewater flow and flushing, 

control of the growth of aquatic macrophytes and phys i cal 

aeration (c) the type of species to be cultured and (d) 

the role pl a yed by algae and other aquatic life in fish 

survival and growth. 

3.2 LITERATURE REVIEW 

3.2.1 PHYSICO-CHEMICAL PARAMETERS 

T ilapia s pare kno~>m to tolerate lovJ dissolved o::ygen 

cone en tr t i ons <Low(:J - I'IcCc:Jnne ll 1959 , Bal r n and H ll er , 

1982) and sometimes can survive under anaerobic and 

dessicated conditions (Ku tty, 1972; Majid and Babiker, 

· 1975 and Donelly, 1978). However, fish kills r esult from 

low dissolved o xy g n concent ~a tions resultin g r orn 

decaying organic matte r being suspended by wind action 

which (i) consumes t oo much oxygen in the water column and 

(ii) clogs fish gill s , thus suf foca ting them, or lg e 

which consumes t oo muc h o xygen at night (Horgan, 1972; 

Leveque , 1979 and Kalk et a l. 1979 ) • The 1 ovJer 1 etha l 

oxygen concentt·atlon f o r il pia Ls bo ut 3 . 0 mgt - t t.h1 ug h 

there are r eports that t hey can survive at concentrations 

lo~e r tha n this (Balarin and Haller, 1982). At such 

concent rations, the g r o wt h of tilapia (Alis on et al . 

1976; Andren,· 1976 and Coche, 19 76) and feeding ( r uber , 



1962; Payn , 1970 nnd D 1 rln an• Haller, 197 ) nr" 

adversely affected. Low dissolved oxygen conditions lea 

to mass fish kills, hence loss s from fish cag ~ and 

farms. It is therefore important to ensure that anaerobic 

or semi-anaerobic conditions o not develop in fish 

culture systems. 

The ability of tilapia to survive in waters with low 

dissolved oxygen concentrations is due to the fact that 

their haemoglobin can lo d oxygen at low tensions and that 

the fish has a low metabolic rate. This has been observed 

m o _, ::.: a m b 1 c u :..:: (Perez .. nd l"lacl ean, 1975) . fhe 1 etha1 

concentrations of free carbon dioxide in water for tilapir 

are above 100 mgl-1 tFish, 1 56; Alabaster et al . , 19<:"7 

and Alaba~ter and Lloyd, 198L). Valu s above this caus~ 

distress and irrepar bl haemog l o bin damage. Often, h _ 

cause of f re _ c :n·b.-.n I • x ld•. ing l •. th:-t l : 1 I. 

concentrations below lUO mgl · l is low pH (Jordan and 

Lloyd, 1964). This enhanced lethality i~ due to discharg . 

of acid wastes into hard water which result in th releas 

of carbon dioxide. This in turn becl)mes toxic at high 

concentrations (Alabast_r and Lloyd, 1982). 

'l'h upper tol t· · n c r..: limll,s of temperatur fot· tuv~. 

tilapia is 42° C for _ xampl~ Orec.~chromi_-:; ni l oti•:u;..; t in 

Orec.~chrc.,mr -.:::: m<.'S.S mbi•:u ::: <Ba1arin and Haller, 198..:.). lh 

r ang for 

temperature 

growth is 20 35° C, while the 

range is 28 - 30° C, for example 

opt · rnum 

for cJ , 
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rtll •. •tt cu;.:c <Ell .::\ in . ntlll..llt.tr· 1 '?1:1' ), 0 . mo.>samhl•u - r\lld 

~ rv t hervdvn hvrnorum hybrid IS uf er n et al ., 19/8). 

has been ·found that th tilc:pi '" exploit temper turr:? 

fluctuations to enhance growth (Caulton, 1978). This 

theory has been put forward to _xplain diurnal migrations 

of the tilapia observed by ( Welcomme, 1967; Moriarty and 

Moriarty, 1973a and Brutton and Boltt,1975). Despite 

these reports caged fish have little opportunity to 

exploit temperature fluctuations to enhance their growth 

as they are confined. 

The lower 1e th ·.d 1 Lmi t ot' pH is 5 . U below wh l c h the 

appetite is suppres sed (Balarin and Haller, 1982), fish 

mortalities can occur an the natural productivity of th 

water is greatly reduced (Huet, 1975). ln gene ral, th-

entire growth of the fish is affected (Bardach et al. ,197~ 

and F'ruginin, 1975) . Alab as ter and Lloyd (1982 > h.vu 

noted that the suitable range of pH fo any fishery is 3 -

9, whereas the one for maximum productivity is 6.5 - 8.5. 

The presence of other chemicals in the water makes 

this pH range toxic. Uruber, (1962) notes t hat high_r pl:l 

stimulates feeding and that the species can tolerate pH as 

high as 12 (Reite et l ., 197 ._ ) . Contrar·y to this, 

1 c..lbor·atory t ... !3llow til t tl1 e pH range 9 - 1 ( 1 i s l et l1."1. 

Alabaster and Lloyd (1982) note the upper lethal range to 

be 9.2- 10.8. Such high pH causes haemoglobin damage and 

imP irs respiration (Hu t, 1975). 

Til~pias have b!.!t_n foun to be tole .rant to h lJJh 
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alkalinity of the o ·d r 700 - 3000 mg CaC03 t-L . A 

cone n tra tion.s hlgh o:: r tha n this range, corn-:: 1 d . m ;; 

results (Balarin and Haller, 1982). 

Turbidity due to larger particle size in water causes 

gill damage and reta rds th ventilation efficienc y of th~ 

fish (Roberts, 1979). The tilapia are renowned for their 

resistance to high turb i i ty ran e; as high as 1300mgl - L 

(Horgan, 1972). 

The 

unionized 

toxic 

form, 

portion of 

the NH3 . 

ammonia in water is the 

This portion increases in 

concentration with increasing temperature and the maximum 

tole r able limit by the tilapia is 3.4 mgl-1 (Redner and 

Stickney, 1979). At low dissolved oxygen concentra ions 

and handling condl tions, the lethal limit of unioniz Jd 

ammonia is 0.5 mgl - L Above this concentratio n, gil l 

damage and mortality occu rs (Balarin and Haller, 1979 an 

Muir an Rob rts, 19 2). Th _ common sourc s of ~monl a ar. 

sewage, agricult~ral and industrial effluents. 

The biological brea kdown of wastes in th J sediments 

and to some extent in the water column releases other 

toxic materials such as nitrates . This is common in 

closed systems such 

limit of nitrates by 

Ha 11 e r , ( 19 8 2 ) . 

3.2.2 NUTR I ENTS 

as fish ponds. The maximum tolerable 

t·lapia is 0.45 mgl-1 (Balarin anJ 

Nutrients are those substances which are required by 

algae and macrophytes to promote growth. They c an b 
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groupe into two c ~gori_s: (a) those which ·r 

ln "t::latively lat·ge r mounts, h macronutrients "II ) 

those which are requir _ in minute quantities, th ~ micr -

nutrients. The form r constitut nutrients such as 

carbon, hydrogen, oxygen, nitrogen, potassium, m gn ~ sium, 

sulphur and phosphorus. The 1 tter constitute nutrient s 

s uch as iron, mangan_se, copper, zinc, boron, so ium, 

molybdenum, chlorine, vanadium and cobalt. D spite th_ 

fact that the mi ronu rients are r~quired in tra ~ e 

amounts, they are just as essen ial as are the macro-

nutrients. Therefore if they are absent or occur in ev~n 

more minute quantitie s than a r_ required for alg l or 

planL gt·owth, th y c n 1 imi t pt· im ry produc ti v l ty Lo th•; 

same extent as the micronutri nts (Odum, 1963) . fhu:::; 

nutrients must b _ vatlable in sufficient quantitie s in 

the environment in rJ r to prLmote primary productivi y. 

Host nutrients howev~r. such as carbon, sulphur, boron nd 

chloride are always fo und in sufficient quantiti _s in 

water (Schindler, 1 71 197 4; Moss , 1980 and Welch, J 80) . 

Thi i.s due to th• . r. c t It. l. th y re bun nL j II Lh• : 

r•)CKS 1\nd soils f l" '''ll wlllch t.h··y r•.! rl.v Ru L !10111•: 

nutrients such as nitrates an phosphates ar scare~ 

eith-r ln h ':eod i Ly I t. i 1 i !l : 1 b I r: form in th ~ caz ~ ( r br h 

nutrients or due to low occurrence in the atmosph_re in 

the case: of phosph .. •t:. (Vall - n yn_, 

Buchman, 1981 and Beveridge, 1984a). 

1974; Can i-:!ld nd 

The two nutr ients 

s. v r _1 y limit prim~ry pro uc i.v i ty and ther f ( r: i :;II 
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prod ~tion in watet· b'Jdi• . .. . 

Th a !gal r ll it" ments foe nitrogen are 16 t.lm . s 

greater than those for phosphat s as calculated by W lch 

(1980) and yet phosphates ar in higher demand than 

nit~ates. This is due to the fact that the phosphate s 

( P04 -P) readily 

(Fi tzgerald,1970; 

react with 

Edzw . ld E' t 

other elements in natur~ 

1976; Furness and al . ' 
Breen , 1978; Hoyer and Jones, 198._ ) such th t the 

utilisable form is 

surface of particulat 

the bottom (Welch, 

no vailable. It adsorps on th_ 

limiting to 

th .:m tho"' 

organic matter and settles down to 

1980). Thes factors mak i more 

primary pro uctivity in natural waters other 

foun n phosphoeu::; rich volcani~ s ils. 

Earlier findings have shown that phosphorous is the major 

nutrient limiting primary productivity in the _mp. rat 

lakes, while nitrogen plays the same role in the 

tropi ~ (Goltermam,l' 15 nod Kalff. 1983). For xampl , 

fertilization experiment· with nu rients carr ied out by 

Goldman (1960), Schin le 

(1974) and Roberts and 

(1971, 1974), Schindler and Fee, 

Sou thha ll ( 1977) ~ showed .hat 

Phosphorus were more limiting h · n, nitrogen in temp r e 

lakes. Recent findings contradict the above hypothesis. 

For example, Kalff (1983) notes that in a West Africa 

lagoon, there was a primary phosphorus limitation on 

Primary productivity followed by an increasing nitrogen 

limitation during tiL dry s ason. Similarly, r C -nt 

tempe ea c studies h . v s ho wn hat there is hl gh·~s t 
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ho:j ll 1·, 11s dem nd in 

season, followed by an increasing nitrogen demand th r 

after. Henry et al (1984) give e::amples of Afric n fre sh 

"''aters in which there is an al tt~rn t i ng demand for both 

nutrients. For example, he notes that in the Roodeplaat 

and Vaal dams in Zimbabwe (Formerly Rhodesia), nutrient 

limitation by either nitrogen or phosphorous is s- son l . 

Huthuri (1985) has noted that nitrogen, phosphorus and 

sulphur can be at 3ny given time the nutrients llmitin' 

primary productivity ~n African lakes. Beveridge (1 84b) 

has discussed the importance of phosphorus n th _ 

metabolism and growth of fish. 

3.2.3 BIOLOGICAL PARAMETERS 

Primary productivity in natural waters depends on th. 

availability of nutr L .nts and solar energy· Fish 

production to some extent and sometimes entirely depends 

on primary productivi y . Scientists working on th 

produc ivity of var ·ou~ wate bodies h v found th~ hnr 

is u po5itlve t· L· tl n .... llp b-'twe~n fish yi ~1<.15 · IH.J 

pro Ut.tivi ty (Hrbac~k. 19ti!:J; Hen rson et al ., 

Ogl sby 1 77; 1982; t-lcConnell et al ., 1977; Heckey . tal.' 

1981; 1'1 rlen and F'ol ovu1a, 19 _ and Adams et al. • 1 ' 83) . 

Generally the high . r th. productivitY the higher thw fish 

yield~. The nutrier s required in order to sustain high 

algal biomass are carbon, nitr tes and phosphates (Talling 

et a) . ' 1 973 ; l'lel co\Ck c. nd Ki lham, 1974• Vivier, 1 ~77 7a; 



Melack, l979a an b) . Wh~n occ..;urring in s fficien 

quantities in water, sudd n depletion of the nutri nts is 

alw y:3 a!L .. oc iat d willl lal h · lg l biomass (Pre w. _ 11 11d 

Talling 1958 and Ganf, 1974). 

High algal biomass is usu lly e ncountered in sh llo w 

waters. In such situations, productivity is limi ed by 

high attenuat ion of ligh lnt nsity down the wat r co lumn 

by (a) dissolved organic and particulate organic m tt r 

and b) biogenic turbidity. This gre tly reduc_s the 

trophogenic zone and therefore 1 imi ts primary 

produL:tivit.y. Th Z•)nr;;: i.::s t'u Lh•.!l" llmlted by phot• 

inhibition in whi ch photosynthesis is reduced at th 

surface by oxidative r c tlon of algal e nzymes y hieh 

incident solar radi tion (Ste~m n, 1962 

Jorgensen, 1962). 

and Ste man and 

An important f c or which has received little 

research attention is the con rlbutlon of photo yntlLtic 

bacteria towards total annual 

been found that b~ct ri 1 

significantly to th~ nnual 

primary production. It has 

photosynthesis contributes 

production in eu rophic 

waters, for example in lake s with high inpu s of 

allochthonous materi ls (Wetz 1, 1973). In some cases , i 

has b en found to exceed producti vity of alga an 

macrophytes , for example in dimictic lakes (lakes wi h two 

seasonal periods of free circula ion) and meromictic lakes 

(lakes which are p t·manently s tra tif ied as a re • 11.. 0 

chemical gradients in the hypo -and epilimnial wa er ) 
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Od' 1111, lJ71) . fn l fl k 5 rich 1 hydt·og ... _n Ill 

particularly stagn nt o nes, h y have been foun 

contrib1 te about 25% of Lhe tot 1 photosyn 

production (Wetzel, l '7 5) . 

3.3 MATERIALS AND METHODS 

3.3.1. PHYSICO-CHEMICAL PARAMETERS 

Physico-chemi cal parameters were monitored 

"i d' •. 

t 

h _ ie_ 

in a 

tertiary wastewater lagoon in which Ore~~hrom1 s n1J~ticus 

w~ s be1ng cultureJ. t-l _agurem~n ts of tempera tu · _, ll, 

alkalinity, dis ::301 ve oxygen concentration, Secchi disr. 

deptl, conductivity anJ photosynthesis were conducted 

fortnightly for 1 l/2 y ~rs. Other measur m •nL9 on 

nitrates (N03-N), phosphates (P04-P) and chlorophyll a 

concentr tion were medsured simi larly for l 1/il year--

Further measurements of lel temperatures, light int-nsity 

and dissolved oxyg _n ,_once ntr. tions w_re measured during 

the months of August, ctober n December 1985. 

[ntegrated s m l a colle~t with a plastic ub~ 2 m 

long by 2 em wide (with a device attached to a string to 

close it when the ~ample has b en enclosed) were use in 

the measurements of alk linity, pH, conductiv'ty, ni t at s 

phos hates and chlo rophy 11 a concentration. remper · ur 

was measured using a mercury thermometer wi th a scale 0 -

Light inten~lty me·sur ments were dQne by a 

Photometer model Sky KP 200. Conductivity was m_ sur _d 

using a conductivity meter model Horizon 148~ LU o 



var ·ous temper t r s. H w ~ m s red using II rn . t• r· , 

Cole armer Digi-Sens - model 5985- 40. The conductivi Y 

was conve rted to Lha t . t 25° C u ing the relationship: 

K25 ° C = Antiiog (log Kt (log 1.023) 25-t) em - 1 

(Hacke reth et al . t 978> . rh iS iS because COnd IC i vi Y 

readings are converted to that at 25° C to provide a basis 

for comparison for all the water bodies world wide. 

Dissolved oxygen concentration was measured using th• 

Az.dt:: modification of he Winker method as d sr.:ribr:: r.l in 

(APHA, 1985). To a 1 goon water sample in a 300 ml bottle, 

2 ml of mangan s !JLtlphate w s ad e follow _ by 2 rnl 

lk li - lodide - azide r gent. ThL bottle was stopp red nJ 

the contents mixed by gentle inversion. Aft _r th 

settlement of the precipitate and reshaking, 2 ml 

concent rated sulphuri acid w s added, followed by mixing 

by gentle inversion until all the precipitate dissolve . 

Two hundred ml of this sampl_ was titrated wit! a st·rch 

indicator using a 0.0250 N sodium thiosulphate solution to 

the end point (This volume was corrected for the r age nts 

added by adding 3 ml to 200 ml. ). Diel dissolved o xyg n 

concentrations were m asure 

meter model YSI 15 8. This 

diel me surements than the 

using a calibrated oxyg n 

method is better suited for 

Winkler method because ( r J th 

taking of many wa e r sampl _s o n an hourly basi-, cau -S 

considerable mixing particularly in shallow and small 

wat~t· bo les and (b) the U 3 "' of the oxygen m_t r • :rt:.lb l• :!, 

the rea ing5 to be tak n r apidl y, and the time inte~v 1 
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b~twe~n each set of r _a ings to be kept constant t on 

hour. \vhen the Wlnkl_ r metho i 5 use , the readings aken 

do no t r present a ru :.. pic;turt:! of the distributio n of 

oxyge n down the wat r column, because of the diirupti o n of 

the natur 1 oxygen r~ gi m and the possibility of not 

b e ing able to sample every hour, due to time involved in 

sampling and titrating many water samples. Total 

alkalinity was measured using phenolphthalein methyl 

orange titration method (APHA, 1985). To 50 ml lagoon 

water, 0 . 1 ml of methyl orange was added. The sample was 

then titrated with 0 . 02N standard hydrochloric acid 

solution to the end point. The total alkalinity in the 

sample was calculated using the formula: 

Total alkalinity = B 1t Nx 50.000 
ml sample (APHA .1985) 

Where 8 = volume (ml) of titr nt used and N = normality of 

the acid (=0,02N.). The alkalinity readings were 

converted to meq 1- 1 by dividing mgCaC03 1-1 by 100. Fre 

carbon dioxide was calculated from alkalinity (in meq 1 - 1) 

and pH and a free carbon dioxide factor "f2'. and (QH-] 

obtained from a pH and alkalinity plot, (Talling 1985):-

Free C02 = fz x (alkalinity - (QH-] ~ mol 1- 1. 

The Secchi disc depth was measured using a 25 em diameter 

white wooden disc. 

3.3.2 NUTRIENTS: NITRATES AND PHOSPHATES 

Samples for the measurements of nitrates (N03 -N) and 
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phosphates (P04 - ) w re filt red through a Wha m, n UF/C 

glass microfibre filters of diameter 47 mm using a vacuum 

pump at gentle pressur 

3.3.2.1 NITRATES 

The nitrates w re determined u~lng the m tho' 

desc ribed by Zahradnik (1981). A 1.0 litre stock solutio 

containing 0.722g po sslum ni rate was prepar _ ( his 

solution contains 0.1 mg (N03 - N) ml-1. Appropi r a 

d 1 l uti on s of t h · s w r m cJ _ using is t i 11 w f; r t u 

produce standards of . 2, 0. 4, 0. 8 I 1. 6, 2. 0 1 2. 4 I 2. 8 1 

4:.0, 6. 0, 8. 0 and 10 m N03 - N ml- 1 

To 25 ml of filtered lagoon water, 1 ml sodium 

salicylate was added and the contents evapora to 

dryness in an oven overnight at 100° C. The residue form_J 

was dissolved in 1 ml cone ntrated sulphuric a id whil ~ 

the flask was still warm. This wa~ followed by 7.0 ml 

sodium tartrate solu . jon. The sample was made up to 1 

litre by adding dis ille 

a yellow colour, th 

water. After the developm ~ n o 

absorb nc _ of the s mpl _ wa3 

et rmined at 42J nm in 4cm cuvettes using py_ - unicam 

spectropho tometers m· lLls S 6 - 250 and SP600 seri s 2. The 

standards were treated in the same way and a standard 

curve of concentr tion against the absorbances w s 

plotted , from which th concentrations of analysed samples 

were determined using their respective absorbances. 

3.3.2.2 PHOSPHATES 

The concentration of phosphates in the samples was 
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Jetennine using th :5 tH\Ot.t:s hlori' e m.thod descrl •.:d 111 

A HA ( UJ8!>) . Stand t·d solutions of 0. 5, l. , 2. ; ud t U 

mg P04-Pl - t were prepar_d and their absorbances d t.rmlneJ 

using pye-unicam spectorphotometers models SP6-250 and 

SP600 se ries 2. A st n a r curve was plot ed of h• . 

absorbances versus the concentrations. To 100 ml of 

filte red lagoon w t r, 1 drop of phenolphthal - ln was 

added to check for colour development. This was foll owe 

by 4 .0 ml of molyb • l t . t· gent n then 0. 5 ml st nn•)• .; 

chloride solution. Af er a period of 10- 12 minutes, the 

absorb nt.:t:: of th ::;.:.tm 1 _s was dt:termlned t 6 Onm j n 4. •..:m 

cuvettes using py -unlearn spectrophotometers . TIL 

cone ntratlons of .:tll h ~ sarnpl1~s which were analy ::;t:: '-~' - l"' ; 

determined from th s · ndard cu rve using their resp _ctiv~ 

absorbances. 

3. 4 BIOLOGICAL PA.RM TERS; PHOTOSYNTHESIS 

Photosynthesis rates were measured using the light 

and dark bottle technique des - ribed in Lieth and Whittaker 

(1975). Samples were taken using a Van-dorn bottle, 

initially just bel o w 0 em, th n at 50 em and 80 - 110 em 

depths. During the m asurements, it was realized that the 
' 

euphotic zone does not exte nd even up to 50 em d_ep. 

Further samples were then tak n at 9, 20, 40, 60, 80, and 

100 em in the months of August, October and December t98 ' 

and ln February, April and Jun 1986. The light an dark 

bot tles were incubated at th depths where the s mpt ~ 
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w ~ re aken rom fo · ~ p ~ ·iod o on hour. Concen ra i on 

of oxygen in the incubated and the initial bottl s w ~ r ~ 

determined using h azide mo ification of the Winkle 

method. Photosynthetic rates 

formulae presented in Lieth an 

were calculated using the 

Whittaker (1975):-

Net Photosynthesis ( NP) = LB - IB mgOzl- 1 hr-1 

Gross Photosynthesis ( GP) = LB - DB " " " 

where LB = Light bottle; IB = initial bottle and DB = dark 

bottl~. 

3. 4. 1. CHLOROPHYLL a CONCENTRATION 

The chlorophyll a concentration was determined us1ng 

the method described in Jones (1979) and Dick and Pitwell 

(1980). Integrate samples of lagoon water were filter 

throug a Whatman GF/C microfibre filter paper. Th_ 

filter with the filtered algae was then inserted into a 

test tube containing 14 ml analytical grade methanol an 

placed in a water bath under subdue light. After the 

chlorophyll had been extracte in boiling methanol, the 

f 1 l ter paper was removed and the remaining chlorophy 11 on 

it was squeezed into he test tube using a pair of 

f o rceps. The ex tr c t was then centrifuged at 3, 500 

revolutions per minute for 7- 10 minutes using a Ga11 . n­

KamP junior centrifuge. The clear chlorophyll overlying a 

precipitate was decanted into a 4 em cuvette and after 

cooling in subdued ligh for 10 minutes, the absorbanc of 

the chlorophyll was determined at 665 and 750 nm using 
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PYe -unicam 3pectro pho t omet r s mo el~ SPS - 250 a n 0 0 

series 2. The concentration of chlorophyll a was 

calculated using the formul : 

Chi g : 
Vq t vs· T· A (Jonn,1 979). 

Where Ve = total volume of solvent extract in ml, 

Ys = Volume of the sample i~ litres, 

A = Absorbance at 665nm corrected for that at 

750nm, that is A665-A750 

1 = the pathlength of the cuvette used in em and 

f = a factor equivalent to the reciprocal of the 

specific absorption coefficient multiplied 

by 103 . 

Absorbances for calculating the relative degradation in ex 

of chlorophyll were taken at 410nm and 420nm. The index 

was calculated using the formula: A420/A410, that is, 

absorbance at 420 nm divided by that at 410nm. The amount 

of oxygen per ~ chlorophyll a prodLtced by the algae p e r 

hour (specific activity) was calculated using the formula: 

- 1 - 1 

S lfi t 
. . 

1 
mgO I hr 

~c JC ac rvry=.J,JgC g 
1
_ (Talling .1985) 

3.5 RESULTS 

The data on the physico-chemical and · biological 

parameters at the Nyalenda wastewater lagoons, Kisumu, are 

presented in Tables 2 and 3 and Figs. 6-10. The c ha nge s 
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TABLE 2 ; 'f_lm PBYSICO- CUBMICALAND BIOLOGICAL PARAMETERS AT NYALENDA WASTEWATER LAGOONS, KISUMU1 

DEC~ER 1984 - JUNE 1986 

FOR TH.E PERIOD 

PARAMETER WET SEASON DRY SEASON ANNUAL 

RANGE MEAN DIFFERENCE RANGE DIFFERENCE RANGE ~ DIFFE.~C:: 

Dissolved 
Oxygen 
concentra-
cion _

1 (mgl21 ) 3.6-9.5 6.6 +0 . 232 5 . 9 4. 5- 7.2 5.833+0 . 163 2.7 3.6-9.5 6.3+0.2 5. 9 

Diel 
dissolved 
Oxgen 
concentra-
cion _

1 (mgl 2 1 ) 0. 6- 7. 6 4.319+0.149 7.0 0.5-6.9 3.843+0.147 6.4 0.5-7.6 4. +0.63 7.1 

pH 7.4-9.7 9 . 148+0. 143 2. 3 7.7-9.15 8.26+0.091 1.45 7.4-9.7 8. +0 .66 2.30 

Monthly 
subsurface 
temperature 26.3-31.3 28.05-0.243 5.0 28.2-31.5 29.41+0.22 3.3 26.3-31.3 28.7+0.22 5.2 
(oC) 

Diel 
l'ubsurface 
t empera cure 
(oC) 

23.8-33.8 27.51+0.413 10.0 21.2-32.6 26 . 769+-2 . 18 . 4 21.2-33.a 2 b-0 . 2 12 . 6 

Alkalinity 
(mgCaC0 3 ) 130-480 267. 5+22.30 350 182-4 0 338.28+2_.18 -98 130- 480 299.7..- _,6 350 
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"IABU: 2: Contd. 

PARAMETER RANGE . DIFFERENCE RANGE :QIFFERENCE RANGE MEAN DIFPE.RENCE 

Free Carbon 
dioxide 0.175-712.8 76.1,92! 712.625 5.172-533.4 114 65!32.51 528.228 0.175-7.12.8 94.8t38.15 712.625 
(u1110l 1-1) 45.051 

Secchi-disc 9.0-13.5 11. 48!0. 29 4.5 9.0-12.0 9.82!0.21 3.0 9.o-13.5 10.7!0.31 4.5 
depth (em) 

Diel light n 

1ntens1t~ 11.5-217xl03 120.48!0.96 14.4-200.2 120.6!19.030 185.8 0-217 17.06!8.68 217.0 
(J-UDOl m- s-1) 

Conductivity 295.801- 518.05!75.79 928.815 446.684 - 685.728!59.32 921.045 295.801 - 543.2!56.92 928.815 
CtLSc:m-1) 1224.616 1367.73 1367.73 

Nitrates 
(N03 - N) 0.76-7.6 
(~l-1) 

3.03!0,47 6.84 4.97-7.15 6.213!0.187 2.18 0.76-7.6 4.306!0.58 6.84 

Phosphatee 
(P04 - P) 0.85-6.8 2.74!0,41 5.95 2.8-5.62 4. 27!0. 28 2.82 0.85-6.8 3.349!0.41 5.95 
mg41-1) 
Chlorophyll 

426.3.83- 1042.118! 860.21 617 .16!877. 785 713.24!29.86 260.625 426.383- 926.8t65.996 860.217 a concentrT-
tion (ugl- ) 1286.6 55.12 1286.6 

Gross phytosy-
941.67:!97.78 1286.67 48Q-2460 1393. 77~ ncheeis 933.33-2460 1695.19! 1526.67 480.0-1766.6 1980 

(o.g02m-3h-1) 133.4 114.61 
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TABLE 2: contd 

PARAMETER RANCE MEAN DIFFERENCE RANGE M.EAN DIFFERENCE RANGE MEAN DIFFER£ CE 

et Photo- 233.3-1760 1017.41 ! 1526.67 233.3-1266.67 552.78!93.74 1033.34 233.3-1760 867.56!86.78 1526.67 
synthesis 105.57 
(mgO m-3h-1) 

2 

~ 

Specific 
activit~ 0.837-2.242 1.202±0.141 1.405 0.5-1.424 1. 649±0.093 0.924 o.so-2.424 1.55!:0.099 1.924 
(mgO m- h-1 
pg cha 1-1 ) 

Chlorophyll 
.! degrada- 0.963-l.o4 1.071!0.021 0.177 o. 725-1.13 0.963±0.06 0.405 o. 7301.14 1.024~.03 0.41 
tion . index 

(N03-N/P04-P) 
0. 51-1.56 1.113 tO .103 1.05 1.02-2.17 1.532!0.173 1.15 0.51-2.17 1. 281!0.104 1.66 

ratio 
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in iel dissolv oxy en con_ ntr ion nd d I •.! l 

temperatures were higher than seasonal changes. The pH, 

free carbon dioxide concentr.::l tion, Secchl disc • ~ P h 1 

chlorophyll a concentr~tion and photosynthetic rates were 

higher during the wet se son. The subsurface temperatur _, 

alkalinity, conductivity, nitrates and phosphates ha 

their concentrations high r in the dry season. All the 

othe r parameters m asured apart from free carbon dioxi e 

and dis"'olved oxygen ~.;oncentr tlon at certain d pth:.;; 

rem ined within th _ toleranc 

culture ~..:ondl tlons I (Tab lc 2). 

limits of tilapia und~r 

The mean subsurface dissolved oxygen concentrations 

dropped rapidly down the water column and the lagoon water 

had a higher oxygen concentration during the wet season 

(Fig. 10). Observations on the oxygen isoplets (Fig 9(a) 

and (b)) show that anoxic conditions prevail in waters 

deeper than 80 em. 

The mean subsurface dissolved oxygen concentrations 

wer 6.64 * 0.232 and b.OJJ * 0.163 mgl - t for th wet and 

dry seasons r spectlv ly. The m n dlel dissolved oxy e n 

concentrations for the whole water column were 4.31 * 
0.149 and 3.843 * 0.147 mg02 1-1 for the wet and dry 

seasons respectively. The lower oxygen concentrations 

during the dry season concurred with dense algal blooms , 

reduced water depth, c hange in w ter colour (suggesting F 

chang in the alg 1 species) , odours and re uccd 

~ast-w t r flow into h lagoons. On one occasion in 
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U\.,; bet· 1985, du ·iug h • ury s•- son, 

coincided with fish kills. The same 

th lt nom·~u 11 

phenomenon wa s 

observ d during a rainy period in November 1985. This wa 

attributed to dense algal crops depleting th oxygen 

concentrat ion in the water column at night. The depths 

with the optimum oxygen levels for tilapia under cultur_ 

conditions were 43.8 * 3.305 em and 24.2 * 2.596cm, for 

the wet and the dry seasons respectively. The depths at 

which th oxyg n cone , n ration f 11 b_low the low r 1 Lhal 

limit (for tilapia) of 3.0 mgl-1 were 71.7 * 3.6 em an 

7 5. 8 em for the dry and wet seasons respectively (Fig. 

10). Both these depths account for only less than 63.2% 

of the water column. The dissolved oxygen concentrations 

exhibited little variance (Table 2). 

The mean annual subsurface temperature was 28.7 * 
1.20° C. Lower temp r atures observed during the periods 

March to August 1985 n March to June 1986 in the wet 

season concurred with increas d wastewater flow into the 

lagoons, the rainy periods and frequent cloud cover, which 

impeded solar energy from reaching the water surface. 

Higher temperatures occurring during the periods December 

1984 to early March 1986 and September 1985 to February 

1986 in the dry season concurred with 

reduced wat _r dep h (fr u n ly 

reduced water fl ow, 

o about 0.8 m) and 

conti nuous sunshine during the day (Table 2 and Fig. 6). 

The smal l increases in temperature in June and April were 

attributed to the slowing down of the rains and the 
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occ rrence of short bur" ts of sunshine. X2 t s t f• t· Lht· 

means of the wet an ry seasons showed no signifi~ant 

differences betw en the temper~ tures for the wet . n dry 

seasons respectively (XZ = 3.84.df = 1 p. < 0.05). 
' 

Th~ 

temperature remained within the range suitable for 

tilapia under culture conditions, that ~s, 20-35°C. 

The temperature profiles (Fig. 10) show that the 

water column is warme r during the dry season than during 

th~ wet one. The m~ n t mperatur difference betw en th -

surface and the bottom of the lagoon was 2.9° C and 1.0° C 

for the dry and wet seasons respectively. The 

temperatures exhibited little variance . throughout the 

culture period. 

The mean annual pH at the lagoons was 8 . 7 ± 0.66 

(Table 2) and was slightly alkaline. The pH values were 

higher during the wet season. Lower values in the dry 

season concurred with floating algal blooms, reduced water 

depth, low dissolved oxygen concent rations and a change in 

the water colour. Throughout the culture p rlod, the pH 

remained within the suitable range for tilapia under 

culture conditions , that is, between 4.0 and 11.0 . The pH 

exhibited l ittle variance throughout the culture period. 

The mean annual alkalinity was 2.997 ± 0 . 226 meql-1 

(299. 7 mgCaCOJ l-1). The values exhibited considerabl 

variance (Table 2). The flu e uations were attribute to 

irregular discharge of alkaline effluent by factories such 

as Equator bottlers, which are known to discharge their 
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Ltltji)Ofl'l. rh .. pi I'-' th1'1 , llu t olllllf' C.lf 

alkalinity measured r_mained wi hin the limits tole~abl _ 

to til i..a under cul .u r~-. conditions, that is, betwe"'n '/UU -

3000 mgC; COJ 1-1. 

The mean annual fr_e ca rbon dioxide concentration was 

44.48 ~nol 1-1 as calculated from values obtained from the 

fonnul : 

Free C02 = 1'2 x (alkalinity (cneq 1 - 1) [OH-]) JJ. mol 1- 1 

(Tal ling 1985 ). The:! v 1 ues e xh ibited a large var iabi 1 i ty 

ranging t'rom s low :\s I . 7 JJ.mol 1 - 1 in April 1986 o .'JG •. 7 

JJ. mol 1-1 in March L ~U Thi s range s urpas~es the uppe r 

lethal l im it for tila 1 

!lU - lUU JJ. mol 1 · 1 . 

under cul ture conditions, h t is 

The mean a nnua l ' on uctivi y in the lagoons wa ~ J .2 

± 56 . 2 JJ. S em· t . Like alkalinity, the conduc lvity 

exhibited s ignifican v t·iabili y ranging from 32t:i.l!J ¢j 

cm-1 i n April 1985 to 1179. 8 JJ.!:jc m-1 in March 1986. High 

conducti vi.ties were m 

the w t r depth w ~ 

ured duri.ng the dry 

muc h r~.::duced, that 

season wh~n 

is, bet.weo::n 

September and Oecemb r 1 85 and in March 1986 durin g th 

wet s HS n when th fll w lnt ·goons was s~v ·r~Ly 

curtailed by a s ystem br akdown (Table 2). 

The mean annua l nitrate concentrations at the 

lagoons was 4 .306 ± 

phosphates was 3.349 ± 

0.58 mg IOJ-N 1- 1 while that of 

0.58 mg P04 - Pl - 1. Both nutrient 

concen eations were high._s t during the dry season . 

~oncurred with l o w flow, r e uc d water depth, _h o. '"· 
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in wa er colour nd decaying alg l blooms. Lowar 

~...,; oncentta i9ns of Lll•.! two nutri nt " occurre durin~ ~'-

r iny ""' aso n wh~::n lte ln "oon.s w rc 'ull to capaci y wl h 

much reduced algal blooms on the water surface. 

s howed high variabil i y (Table 2 a nd Fig . 7). 

They 

The mean annual ~ecc i disc depth at the lagoo s was 

10.7 ~ 0.31 em; showing a small variance throughout the 

year. This was attributed to the high density of algae 

cons ituting m lnly bl oom .... of :.~ p1 ru lzn s p . and NJ c ru ·=y.s tr s 

sp . hese grea t ly reduced li gh t penetration down the 

water column. This obs _rvation w s further augmented with 

data on light intensi t y measurem nts (Figs. 12(a) and {b) 

and Table 2). for e x mple in October 1985, very li tle 

light pJn tx:ated bey ond dep h o 60 em. Figs. 12 ( a) and 

(b) show that 50% of ~ he tot 1 light intensity at h 

surf ace was able to n:; c h a depth of only 3. 0 _m; 25% 

reached about 8 em; b• - 21.0 em and 1% - 3b e m. Thi ~1 

depth stratum of 36 _rn is less than half the t ot 1 w ter 

co lumn in the lagoon, showing th ~ t th euphotic z onJ is 

ve ry .small. 

The vertical extincti o n co fficient (nZ) (of light 

intens ity) as culculated using the formula nZ = lnlo 

ln! z (Wetzel 1975) was 9.6115l,where Io and Iz are the 

light intensities in mic romoles at the surface and at a 

gi ven depth (z) respectifu lly. The percentile absorption 

that is the dimunit ion of light e nergy with depth) as 

ca l cula e using the £ rmuln lUU (lo-Iz)/lo (Wetzel. l ~'/5 ) 
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f ~ . . A! % was I.. I. t'r' Ill• . L y h i. ~{II I ::.howing 

tran5formation of r~diant energy into heat at a very 

shallow epth of 0. m. H as r 111 1 ts of light in nslLy 

using a photometer showed greater variability than 

readin s taken by a S cchi disc. 

The primary productivity characteristics of th 

Nyalenda wastewater lagoons are presented in Figs. 7,8,10 

and 11 and Table 2. The mean annual gross photosynthetic 

rat - w~r 1393.778 * J 14 .61 mgU2 m- 3hr-1. The m_ n for 

chlo rophy 11 a cone n trc 1 on ~oJas 926 . 8 ± 65 . 996 1.1J cl 1. 

1-1. Both parameters exhibited greater variability an 

thei r values were high _r during t he wet season, that is, 

from Mar h to Sept mb r 198~ and from April to Jun 1986. 

They exhibited lower values during the dry season from 

October 1985 to Febru ry 19 8 ( Fig. 8 and Tab 1 e 2 ) . 

• low values measur ed f o r bo h the parameters in March 1986 

(Fig . 8) were attrLIJut. , to c u~tail d wastewat . r flow, 

c aused by the break own f the main sewer line dischar~ing 

into th~ lagoons. 

The net result w s the non-renewal of the wastewate r 

and th ~ deterioration o · the phy ~ tco-chemical param t r~ . 

which further resul ~ in low primary productivity. Th~ 

decreases shown for both c hlo r ophyll a concentration a nd 

gros s hotasynthesis in June L'785 r attr ibuted to a 

temporary spell of unf a vou rabl e condi tions in the l agoons 

in the co r se of the rainy season. Such conditions coul J 

r e sult f r o m collapse of the d . nse algal blooms with h 
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r sul tr.~nt depletion o t)Xyg,"3n in th water column. n tl ~ 

othe r h nd I the slight lncreas -3 in both parame t _rs i n 

Februa ry 1986 are attributed to the improvements of the 

physico-chemical conditions with the onset of the rains. 

X2 analysis for means of gross and net photosynthesis and 

chloro phyll a concentration showed significant differences 

between the means of the primary productivity (X2 = 3.84, 

df = 1, P<0.05), thus indicating a 

season l v r i tlons n h _ prim .. ·y 

strong influence of 

productivity of th 

lag.)ons. The chlorophy 11 d grada t.ion index (Table 2 J also 

indicated a greater variabifity of the chlorophyll being 

deg raded with the seasons. This concurred with low 

photosynth~ tic rates I low chloropl yll t1 concentration s a nd 

rh 3 mean degradation indecies wer _ 

1.071 ± 0.059 and 0 . 63 ± .34 for th~ ry and wet season ~ 

re spectively. The other characteristics exhibited by the 

Photosynthetic rates n• _hlo r ophyll a concentrations ar 

thei r similarities in h dist t·lbution pattern down th·~ 

wate r column. They exhll>lted s ub s urfac maxima (Flgs. lU 

and 11). 

In Ki-umu, the r xima e incident solar radi a i on 

for i985 w s 199,855.3 g Cal cm- 2 yr- 1. The spectral 

region available for photosynthesis is 400 -700 nm, wh ich 

r epresents 46% of the total spect rum (Talling, 1965 ). 

This gi v es 91,933.438 g Cal cm- 1 yr- 1 or 9.1933438 x 109 

Kcal ha-l . The annual t otal photosynthesis is 4513 . 382 :1: 

gOzm- 2 yr-t and the conv ~ s lon effic iency calculated from 
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TABLE 3: THE PHYSICXK:HEMICAL P.>RAMETERS Nr THE NY1<llN:lA ~ UGX:NS, KIStMU, KTh'YA, C!:MPARED WITH 'nOSE OF SEl'U\GE POILunD PCNDS AND SHALl.O I;U(ES ~ 
INDIA, .EAST AND CEl\TRAL J\FlUCA 

WJI.:IER a:DY DEPTH AR£".1\ DISSO:.VID o~·CD' SUB-SURF' ICE AI.JQU.Th'ITY PH CD:'\DOC"'''\TT'n' SD::CHI DISC NITRAlES PIDS?l!Al'ES 
CD!\\Z\TRATirn mlP'Elt&.TUP.!:: (mg cacq, 

(jiScn-1) 
DEPTH 

(mg 1-1) 
(m) (m2) (~ ~ 1-l , (oc) 1 -1) (an) (mgl-1) 

.L Nyalerrla wastewater .Lagoons 1.2 12290 3. 6-9.5 21.2-33.8 13o-4800 7.45-9.7 295.8-1367.7 9. 3-13 . !:1 0. 76-7.6 0.85-6.8 

2. Thika Wastewater lag::)Ons 
a 9000 20.5-27.5 140 9.0 522 21 4.2 

3. Foat t-bat Vellore, In:tiab 
12.5-70 (sewage fOlluted) 1.5 4800 26.o-31.8 240-536 8. 3-9.6 972-2805 21-80 

4 . O::lty I.a};e, India c 3.0 3.4x105 17.3-20.6 42-163 6. 8-9.3 145-475 3.o-10.5 C.0-0.1 

5. Xl'x:>rdah sewagefe:l d 

fi.sieries porrls, In:tia 6ooo-sooo 2.D-18,7 19.2-32.75 174-460 7.6-9.0 Traces 140 2. D-20.0 

6. Ayankulan porrl, In:tiae 3. 0 1400 25-34.2 180-210 7 . 3- 9.1 800-1900 30-60 I 
7. Lake Geo~, Ugar.da t ... . 2.5x108 25-35 9.D-9.7 :;~:;s 1 o-250 ... ... 

8. Nyanz a Qll.f, Lam Victoria~ .6 1.3xlo9 6.o-7.7 23.8-29 2~720 8.2-9.0 175 75-150 0.02Hl.2371 0.06-Q.075 

9. L. Victoria, 1-l.a:i.n Lakeh 63 4.l.>W.Ol0 l. 9-10.6 23-29 8.2-9.0 91-98 35-330 I I 0.013 I 
I 

lD • L. Naivasha
1 7.3 1.15x108 6.9-7.35 19.1-22.0 126-194 8. 8-9.0 282-975 lOo-lSO I 0.0296 I 



Table 3 C::lrt:. 

.11. L. SCNchi 
j 5.5-6.5 

u. L. owk 3.9 

J<anyal:c, . 1 13. L. .u. 2.5 

14. L. Sare
0 · · s.o 

15 . L. L..l2Jrentai tan l 1.1 

16. L Nak\D:u
0 0.05-3.58 

17. CresC! nt Is l..aOO r..a.re? 17 

lC. Waters sUitable for 
t.i.l.api a cult u:-e q 

lg. L. Simbi r 13 

a. Nyaga, 1 9o1 

b-e Sreenivansa.!'l, 1972 

f - EJI.E"fi11 1 l 95 2 

•. I 

9 Melac~, 1976 

Melack, 1979 (b) 

Welc:::rrme. 1 972 

. - 62-

f 1. 4 7-1. (; wo 7[2 . 2-13. 6 { 19.1-26.0 

1.6x.1010 118. 7-32.3 

l.OSX!0
7 

· 3.6-7.2 2<1-28 .1 

6x.l0
6 <. 9 

2.0xl0
7 L::_2S 

o. 2-4 .9x.l0 
7 

6.5-13.5 1.9-22 

6 6.4 19.4-21.6 2.1 X 10 

3.0 10.o-40 

2.9xl0) 26-JO 

h- Tailing ard Talli..ng, 1965 (b) 

Talling, 1965 (a) and (b) 

EA.~, 1952, 1954 

i - ~Se1ack, 1979 (a) 

j - We1ccnme, 1972 

Tai.l.i.ng C!nd Talll.ng, l 9o5 r.:>J 
Njl.J3Ula, 1982 

f 8680 {9.8 

I ,8.5 

134-228 7.25-8.05 

6.8 

1080()-9)000 9. 4-1 .9 

220G-27500 9.€-10. 3 

4. 11 

260 0 10.55 

k - Welc:::nnle, 19 72 

1-m O.'<a11111a I 1981 

n - Melack, 1979 (a) 

TUite, 961 

563~16470 

so- ooo 

6 ~660 

106 

6500-3950 

162.5 

0-

p-

W3nd.i9a · a.rd Onya:ri, 193o q-

r-

3-.."'-55 I 0.200 

1.780 

so-1oo o. 35-0.5 IC.l2-0.16 

100 0.8 0.4 

12-100 13.0 

30 13.6 

375-570 

21-70 2.0 

1-L'"VUt..l, 19 s, 1983 

TUite, 198 1 

1-l.an::lig a acrl Onyar i, 1sso 
M2l.ad<, 1579 (a) 

Salarin and Haller,19S2 

Welc::ocrme, 1972 
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.his i.s 3.'172%. 

efficiency. 

Th i. ~ L; r l•tively high convec~lon 

3.5.1 DISCUSSION 

The data on the physico-chemical and biological 

param~te rs of Nyalenda wastewat r lagoons, Kisumu are 

compared with 

and {ndi and 

A f rl•-a ( '1' bles 

those of other wastewater lagoons in Kenya 

wl th sh llow wa t rs in East and Cent t· a l 

3 and ). Most of the parameters such as 

dissol ved oxygen conc~ntration, s ubsurface temperature, 

alkalinity, pH and conductivity compare well with those of 

the other water bo i_s. The ifferences in prima ry 

product ivity (Table 41 re brought about by differe nces 

in nut ri e nt concentrations, r adiant energy being received 

which is a function c,f h~ latitu ~ and the nature a nd 

quantit y of material s in th~ in l o wing waters. 

The o bs _ rv ~d rnp i d dro p n dissolved 

conce ntrations towards s k and d wn (Fig. 9(a) an (b) ) 

St.tgges ts that the oxyg u concentrations at night in IL 

L:lgoons wc:n· _ much l o wP.r. This w!1 .... ttributed to th _ hl gh 

algal bit)lllass which cousum~:::s mo t of the oxygen at nigh t. 

Fu rther· obse rvations on the o xygen isoplets (Fig . 9(a) :;1nd 

( b) ) show that at depths of 80-125 em, oxygen 

concent r ations were lower during the day than those 

r~quired by tilapia nd _r culture conditions. For 

ex::uuple , in Octobe r l~tl!:>, the d pth stratum with t:.he 

optimum i.s sol ved o xy g _n on•- ntr ion require d by t i. l ; pi r 
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TABLE 4: P~ICD- CY.::•!IC:U. Am BIOlOGICAL PAAA'1E'I'ERS IN m·ALENDA WASTIJ,"ATER lACIX>NS QA\!PARID WITH nDSE OF 

SD?AGE POLLUI'ED PO rn KENYA AI INDIA NO S~~ lJU\ES IN EAST AND CENl'RAL AFRICA 

WATER BJ.JY Gii)$5 K:.'T PK:Yro- CF ...OIDPHYLL a S?a::IFIC I l':EAN fa:>l\VERS 0:\ AR£;1. FISH AA!:>!J.TIO 
P~"!\TliESIS S~m!ESIS .D. 'C::!\Tl~ATIO ACI'I\Tl'Y LIQfi' !EITra:E:·Q' GR:SS YmDS 

(mg 02 b- 1) (:rq o~-lJ Cpgl-ll 
Th~rr:Y P!D:"CS'l.:TH . - , ) 

(lno:il2/fl gC! U.a l (~lm-"") ( ) (rngo,:n-2l 
(j an }T-

. 
yal.enda wastewater 

1 270D-1476 Lagoons , .1\e.!'lya a 500 - :340 4269 - 1286.6 0 .5 - 2 . 247 1. 70 - 0 . 24 3.772 480 - 2460 4. 76~.2$ 
kg.n 

Foat Meat Vellore 
India b 2 . 845 184~.4 1607 -1 3:?078 . 03 

ka ha 

pat:y lake, India c I 1.553 1126.7 128 kgha-1 35858.98 

Kh:>rdah sewage f ed I 7676 kgha-l Fisheries , India d 37.5-353.1 

?. yankul.J.!:u j:Ond, 
1438J<9ha- 1 

ln:iia e 4.027 2666 .7 

... . Geo~ ~arrla I 900 - 500 I ,000 400 1 o.s - 4.3 3.6 l.l55. 6-1688. 9 l52t 73 . 92D-7 0 . 295 

vyanza Gulf - 640 4.8 - 29 .4 62t 1840,008.4 
J. Victon.a g 235 400-90 

sain Lal<e I ~ictori.a East Africa h 43 - 1.32 44 14- 35 3.1-10.2 822 .2 42t 



- 65 -

47.5 B-14 

----------------~~-----------------r----------------~--------------------r-
9D-160 

~OD-1800 

9.7 

* This is an average for tie water colunn 

+ This means yield obta.i.red for five rros-ths has been 

=-doubled to ..ge.t the anm.:al yield per m 

a This stl.rly 

b. · SIEenivans.in, 1972 
.• 

c. • • 

d. .. " 

e. " 

f. Ganf - 19741 1975 
~elc:::mne, 1972. 

f . 

g. 

h. 

i. 

j. 

&-16 

SD-160 

Dunn ,1972 
EAEFro. 1952 

.Melo!lclcl 1976 

4.4-6.4 

1.2-6.1 
E'n-~-1 

Melac~, 1979 (a) 

Tilling ard Tall.ing,l965 

Talling, 1955 a 

F.AFFI<OI 1952, 1954 

Mela-:kl 1979 

.. 1979 a 

Wela:mne, . l972r 
Talli.ng and Talling I 1965 

1.4-4.0 )(0-73o: 

l.D-7.2 lSD-670 

30~500 

0.4-2 100-300 

llD-1740 

08-124 

K. W~commell972 

i. Ok.enlo.-a, l9dl 

m. .Me.l.ack , 1979 a 
Tui.te,l981 

.Wt 

I 
~ 

Wardi.ga and Onyari. I 1986 

i i 

I 

532.2-650 4 

I 
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was reduced to a mer' liJ em by 

9b). This has the ~ffect that 

p.m. in the evening (Fig. 

the number of fish raise 

per unit volume of wat~r is reduc~d (See chapter~). It 

ca n be further deduced that a greater part of the water 

co lumn experienced prolonged p riods of low dissolv 

o xygen concentrations, a factor which is not conducive to 

tllapia cultur e. Ther fore the observat i on on th · Ls h 

ki lls in the lagoons on some occasions , particul· dy 

du ring th 

the dense 

dt·y :3t! 

algal 

::s011 w·!; tLribut cl 

crop and local 

to deoxygen L i"n IJy 

winds r esuspe nding 

a nat:!roblc se iments whi c h not unly deplete the oxyg n but 

also suffocates the fish by clogging their gills. Sim·l · r 

o bservations have be~n made by s1.ientists working in 

sha llow waters, for example Morgan (197.2), Kalk et al. 

(1979) and Leve:jue <t'f/' >. In Lakes Chad and Chilw , 

development of deoxyge nated conditions in shallow water 

du t·ing the dry phas ~ r ~ sulted in fish kills (Lev 4.1.1~::, •'1' 

ci t. and I< lk et al •• <.IP C lt> . f'ln :·:ample of fish kill · tr 

Oc t ober 1966 when th e w ~ ter lev twas only 0 . ~ m reyult ~ 

from winds which brou ght up ana r o bic sediments. That. SIJ Ch 

sed iments can be r~suspended at Nyalenda wastew t r 

lagoons w s evidence d from the soft nature of the bottom 

and the shallow depth of the lagoons which during the dry 

seasons was reduced to about 0.8m. This, apart from 

reducing the dissolved oxygen concentration, concentrates 

the various chemic 1 compon _nts in the lagoon into a 

sma ller volume of wate t· and can make some of them toxic to 
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fish. Th~ low dissolved oxyg.n c nee tratlons wer fu Lh . 

attributed to continuous irregular rates of wastewat_r 

flow contnini g organic mat.ri ls w · th a high biological 

oxygen demand. 

Win mixing of the ntire water column at night c n 

therefore be disastrous, since by resuspending se imen a 

with a high BOD, the already depleted oxygen 

cone ntratlons will d cline further. 

The pH .fluctuations though not very sign if ican t ( IH!$. 

6) were attributed to a number of factors such as (iJ 

discharge of effluents which alte r the pH and (iiJ 

development within the lagoons of anoxic conditions due to 

decaying algal blooms and resuspension of organic 

sediments by wind action. The low pH was also attributed 

to strong assimilation of carbon dioxide reserves in the 

water by the dense crop of phytoplankton with the n t 

result that the pH wa ~ low~ r Alabaster an Lloy 

(1982) h ve dealt with factors affecting the pH and 

causin it to be toxic t cert in ranges. 

During the dry ph se , the w te r temperatur _ at th 

lagoons become relatively high, with several degrees above 

30° L;. 1'his was t.h _ major factor facilitating the 

decomposition process of algal blooms and other organic 

matte r, particularly when the water depth was low, thus 

augme nting the oxygen depletion process. The subsurface 

wat r tempe rature was lower during the wet season d• e o 

cooli ng effect of r inwnter, ~ccasional stormwa er an 
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~r· LPnl(t;t..l •:: lou cov t'. 

The higher alkallnity values attained during the wet 

season were attributed to the discharge of an alkalin­

effluent by the Equator bottling factory at Kisumu. The 

fluctuations of the alkalinity are attributed both to th 

discharge of other materials through the sew~ge into the 

lagoon from the domestic sector and institutions in th 

town . 

Th f n::e carbon d i l x id · c ou 'P- n L ra tlons compu t.•.!d com 

the f ctor "fz" determined from a pH and temperature plot 

and alkalinity (Talling, 1985) demonstrates how th-

interaction between two or mo re parameters which ar not 

toxic can produce a parameter whi ch is toxic. The free 

carbon dioxide levels exceeded the maximum tolerable limit 

for tilapia of 73-100 J.L mol 1- 1 (Fis h, 1956, Alabaster et 

ill., 1 57 and A l ab c.l s L ·w and Lloyd, 1982) on three 

difter•_nt occasions, wi h valtJt;:s rising as high as 3~6.'/ /.1-

mol 1- 1 . This su H•-::, :-, th L fish t the lagoon " w ·r·­

s ubjected to undersirable levels of free carbon dioxid 

for long periods whose ff ~ ts are distress and 

irr parable haemoglobin damage. Suc h high concentrations 

have their toxicity enhanced by discharge of acid wastes 

( Alabaster and Lloyd, 1982). The high variability in the 

free carbon dioxide concentrations at the lagoons 

ref teet d t wo causes : ( i) th observed fluctuation s in 

a lkalinity and irregular wast water flow and (ii) h _ 

of w i.d"' physi~o -c .:ml -· 1 



pararnetet"s including photosynth ~sis and acidic org ni,_ 

matter. 

The conductivity and the nutrients (nitrates and 

phosphat~s) showed high variability with higher values 

measured during the dry season, when the water level in 

the lagoons dropped as a result of low and irregular flow, 

evapotranspiration and underground seepage, resulting from 

a high soil water demand. This served to concentrate the 

c hemical components into sm ll _r volume of wa •r with 

the effect that their concentrations were raised. Thus 

t he conductivity and nutrient concentrations were high 

during the dry season . A similar effect could resul from 

a wind action resuspending sediments rich in nutrients and 

chemicals with high el ctrical conductance. That wind 

actio n is an important factor in the alteration of th_ 

physico-chemical parameters at the wastewater lagoon, was 

witnessed in some days when most of the algal blooms were 

pushed to on sid , th other por ion of the l p;oon 

r emaining clear. This process reversed whenever the wind 

c hanged direction. 

The low concentrations of the nutrients and 

conductivity measured during the wet season at the lagoon 

were as a result of dilution by increased flow of 

wastewater and rainfall during h_avy storms. The dilution 

was further enhanced by leakage of floodwater into the 

sew ge system~ as some of th _ plpez re below th~ w~t~~ 

a ble during the rainy s ason. These served to incrPas 
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the w., t' volurn and c::ans dilqt. Lr::>n with th 

the conduc tivity and nutrient concentrations were lowere 

The r 1. tively high concentration and 

conduc ivity supports the observation by other sci tists 

in other water bodies that the higher these parameters, the 

higher the natural productivity. 

Th 

remained 

tl'i "{ . '1 ) . 

cone ntr~tlons of 

fairly high throughout 

ni tr. tes and phonphates 

the experimental P~rio , 

Th~ hlgh Ct n · ntt· i1 n s 

wasL wat r lagoons nd -h llow wate r bodies. 'l'his is due 

to th~ fact that hum n w. s es ar~ rich in nutrients. 

The observed higher concentrations of phosphates than 

nitr tes on some occasions (normally nitrat 

concentrations are higher han those of phosphates) 

suggested that rna et·i ls with high phosphate cont_nt such 

as detergents were b _ing di - ch rged into the lagoons. 

fhi.s w. s infert·ed f t· , m he lkll:>i whit foam at th ~ Wt.lt· "' 

wh~n the lagoons were flushing, and from the wide us g_ of 

the d tet·gents fot· cl aning purposes in om~s and 

institutions in town, which ischarge their wast~water 

into the lagoons. The decay of algal blooms and the 

defaecation of numer 11 irds in o the lagoons, charg th 

water column with extr uutrler ts. As a result of the 

high fluxes of nutrients into the wastewater lagoons,the 

nitr te to phosphate ratio was Low. 

One consequence of the high nutrient concentration 

was the observed 1 l' 7 e biom s~ of phytoplankton at h~ 
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ln!i1••nS. Thes _ f c rm :rl an impo rtnn~ source of f •.JOd fr .r: 

Vre~chrom1 s n1loti cus (see chapter 4> . 

The differences between Nyalenda wastewater lagoon ~ 

an the other sites presented in rable 3 can be explained 

in terms of the 

characteristics, th.at 

nature and quanti ti_s 

differences 

is, depth and 

of nu tr ien ts 

in morphometri c 

surface area, 

flowing in o 

the 

t.h 

different sites, th uantiti s of nutrients incorporated 

in th! 3.-.:!dime nt s; .:1 ll r• n ffe t e by wlnd rnlxi.nK 

and th physico-chemical characteristics prevailing in the 

site s. All these cannot be the same in the sites 

presented. It can b e s~en that the sewage ponds of Feat ­

Moat Vellore and Ay a nkul - m ar_ s ha llowe~ and hav _ small . r 

surface areas than Ny l e nda was tewater lagoons. Their 

phosphate concentra.tions are higher than those of the 

other lagoons . The Ny le n a was tewater lagoons whi c h r~ 

simi l a rly shallow t· !1 v h igh - L' nu t r·i e nt cone n t· · t.ions 

than the 

Table 3. 

other deeper and 1 rger water bodies presented, 

Ooty Lake in I nd ia on th other hand, though 

receiving sewage , h . large s urfac~ area and a slightly 

gr t r 

bodies. 

pth th o -1ny of h aboFe - mentlo ned w t_r 

It has a lower phos phate concentrati o n t n the 

othe r sewage ponds . All the othe r sites present d have 

gr eater surface ar as and depth. The nutr ient 

concent rations in them a r e lower than those of Nyalenda 

~astewater lagoons and the othe r sewage ponds of Foat-Hoat 

Vello t·e a nd Ayankt.d a m. Furth r - more, these three S"W g_ -
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fe po ds more r~dularly rec_iv large quan tl ti s ~olf 

nutrients from th inflowing sewage as opposed o th 

other sites in whi~h nutrient influxes may not be regular. 

Wind mixing is much more pronounced and regular in 

shallower water bodi e~ (Wetzel, 1973) (such as the s wa e­

fed ponds) than in the deeper water bodies. This resul s 

in a continuous re s uspension of nutrients from the 

sediment~. thus increasing their concentration in th _ 

nd <'anf. 1981) . Water at water column (Willi ms 

bottom of such pon s 

compl tely anacrobi~ 

or sites are nearly anaerobic or 

due to tiL huge amounts of organic 

matter discharged into them in the form of sewage. This 

is augmented by the large amounts of dead algal cells and 

other organisms in " the plankton rain " which sinks to the 

bottom as a result of high natural productivity 

characteristic of su :h ponds. These promote nutrient 

release into the w t r co lumu by bac_ terial decomposl io 

of the organic matter. In 

pr =-~e n ted such us NyAn a 

some of the deeper water bodi _~ 

ulf, L k s Victori a nd Simbi, 

the water may ~ometimes be stratifi d due to temperatur _ 

differences between the top and bottom layers. Winl 

mixing is not easy an nutrients for most of the time ar 

held at the bottom anoxic layers. Furthermore due to their 

larger volume, the dilution factor of the incoming 

nutrients and oth r ions is high, thus making th_ir 

concent ration per unit volume of water low. 

·everal comp risons can be made between some of th_ 
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pi yslco-ch mh;al par 111 L•..!t· :s and nutri nt concentratio us ln 

t he different sites pres nted in (Table 3). 

a lower alkalinity nd pH range. 

Ooty L k has 

Its phosphat_ 

concentration is lower than those of the other sewage 

po nds presented. Its temperature range is also lower than 

i n other ponds. 

decompos ition and 

This implies that th~ rate of 

therefore nutrient release may be lower 

t han in the other sewage ponds. The Nyanza Gulf and Lake 

r · ny ab. ll II ve low~::t· tlk <..\llnlLh;~ th n Nyalenda wazL ·wat-1.· 

lagoons. Their nutri ent l.vels on the other hand are also 

lower . Thus the differences between Nyalenda wastewater 

lagoons and the other sites presented in Table 3 can b _ 

at tributed to differences in physico-chemical parameters: 

ma inly surface area, volume, wind mixing regime, th 

quantities and natur of the inflowing nutrients and th . 

regularity with which th y are received. 

However, it has been ob~erved that when nutrients 

occur in large quantities, sud e n depletion is associated 

with a significantly high increase in algal biomass 

(Pr o ws_ and Talling , 1958 nd Ganf, 1974). Similar 

obs _rva t lons we r e mad- t Nyal nda wastewater lagoon ~ 

during the rainy season, (Fig. 7 and Table 3) when the 

de ns i ty of algae was high and the nutrient concentrations 

were lower. 

The shallow Secc hi disc depth and the high light 

intensity attenuation showed that the trophogenic zone was 

much re c eu (Figs 6 rJ nt 12). This is also characterist ic 
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of sewage ponds of 

Eas t and ~entral 

Inc.li an 

A r lea. 

Kenya and shallow w t·s u f 

The factors which wer ~ 

responsible for the reduced trophogenic zone were: (i) a 

high biogenic turbidity due to algal blooms of Sp1rulzn~ 

sp . and H1crocy:t1~ sp . Cii) a b1ogenic turbidity d 1e o 

suspended inert materials brought in with was wat r, 

(iii) presence of dissolve organic matter which 

interferes with light penetration (Ganf, 1974), (iv) high 

alkalinity and ( v) high pH. This is due to the fact th t 

high alkalinity and pH favour dense phytoplankton growth 

which in turn causes s - lf-shading. The net result is tha 

the penetration of light into the water column is 

red•.lced, tht.ts 1 imi t ing the eLlphotic zone to a sh llow ~ r 

depth (Huet, 1975 ) . The ef feet of the wind al s o 

temporarily reduces the visibility in the reduced depth o · 

water by resuspending bottom sediments into th_ w- t ~ 

column. 'l'h s _ ct. rt_duc _ II photos ynthetic r· t ~· 

The Secchi disc depth measurements at Nyalend 

wastewat_ r 1aToons ar~ only sli htly lower than thos of 

the In ian sewage pollut pon s of fort Moat Yellor. and 

Ayankulam and also Oo y Lake, {Table 3). They also 

approach those of Lak Elementaita, but the range of the 

latter is much wider th n that of the former and the other 

water bodies presented. Like the Nyalenda wastewater 

lag oons, all the other water bodies (Tables 3 and 4) ar 

s h !low an ar - har c teriz d by high rim. ry 

pro ductivity, which is a consequence of their high 
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nutrient content. 

Photosynthetic rates and chlorophyll a concentrations 

~o1ere high Ltr\n the 1-1et season ue to incr a~'- d 

visibility in the tvater. This resulted fl.·om greater light 

penetration due to the dilution of the water by incr ased 

wastewater flow and rainfall. The lower values measure 

uring the dry s ~ason were due to reduced light 

penetration cause mainly by high biogenic and abio enic 

t urbiditit::s. The v t•l blllty oft e two parameter s Wll.:.. 

f urther attributed to a number of other factors: (i) the 

occurrence of a degraded by-product of chlorophyll a , 

phaeophytin in water which is registered as chlorophyll a 

during absorbance measurements and c· i> the fact that at 

1:\ ny given tim _, not 1ll alg1 ln a R"iven water bo y ar _ 

i nv o lve d in photo s ynthc_s ls. 'fh ~ pr - S nee of the by -

pt·od ct phaeophytin in wat_r is known to 

flue t,ur, t,ion s l n c:h lc ., pity ll 

hoLtr b .. si •1 . ble ~ <:; hovi<.S thut chlorophy ll de .... da i on 

i ndex in the lagoons was higher 

The variability in photosynthetic 

ring the dry season. 

rates, that is for both 

net and gross photosynthesis (Table 2) was in particular 

a ttributed to the latter factor. Ganf (1974) notes that 

a bout 30% of the total algal concentration is involved in 

photosynthesis at a time. 

Th chlorophyll a concentra·ion at the lagoons 

compares well with that t Thika wast water lagoons, K_ny 

( Table 3). The Indian sewage ponds show slightly lower 



v lll~S of pr imat·y pro uc lou du to the f ct that. they ,') r·n 

situated in a more northerly latitude, primary 

productivity being generally lower in more northerly an 

southerly latitudes. With good management strategies such 

as provision of regular and adequate wastewater flow, 

removal of solids and algal blooms which on decaying 

deplete oxygen concentrations, removal of nuisance aqua l~ 

m c r ophytes at the laRoon such as lpom~a sp . and hct .-. 

111 in ~~n::\nce ot' h. who l•. s "W:tge d .ralnage sys t rn, 

pho t:.nsynth - tlc rat•! :-1 . It • ulu XC • 

(Tables 3 and 4 an Figs 9 and 10 

the current lJv~J ~ 

This means incr .asad 

carrying capacity in terms of fish biomass per unit vol ume 

of water. 

The photosynthetic rates showed depressed values at 

the surface and subsurface maximum at about 20 - 60 em (Fig . 

11) . The same trend wa ~ . xhibit _d by chlorophyll 

c . r1c :mtral:ion and n11 rit?nt •: l ()) . fhl S \fl o..\ 3 

attributed to photoinhibiti on at the surface (Steeman, 

18H2 a nd Ste_man and J orgense n, 1962) . The shallow depth 

of 40 - 50 em to whi ch the maximum rate of photosynthesis is 

restricted reflected the strong light intensity 

attenuation at the 1 goons (Figs. 12(a) and (b)). 

The possibility of photosynthetic bacteria 

contributing to the 

be assumed. They 

photosynthesis in the lagoons cannot 

are known to be present in very 

Productive lakes at d pths with light intensity levels 

less than 10% of the total impinging at the surface. (Fig. 
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12( a) a nd (b)) show that over 80% of the total water column 

at Nyalenda wastewater lagoons received less than 10% of 

~he total light intensity impinging at the surface). The 

photosynthetic bacteria are also known to be present in 

stagnan , lakes rich in hydrogen sulphide (Odum, 1971) and 

a lso in lakes receiving a lot of allochthonous inputs. 

Al l these characteristics are present in the lagoons. 

The conversion efficiency of light energy into 

phot osynthesis at the lagoons of 3 . 772% is relatively high 

when compared with those of the Indian sewage ponds and 

s ha llow waters of East and Central Africa (Tables 3 and 

4). Other scientists have found higher efficiencies . For 

example Sreenivansan (1972), has noted an efficiency of 

6%; Teal (1962), 6%. Oswald and Golueke (1960 ) found an 

a verage efficiency of 6.2% in very shallow sewage 

oxidation ponds . The main factors which ensure higher 

conversion efficiencies are the good distribution of algae 

and low biogenic turbidity. For example in the Ayankulam 

pond, India. the well dispersed algal population resulted 

in a higher conversion efficiency while in For t-Moat 

Vel l ore which is sewage polluted, the efficiency was 

sl ightly lower due to self - shading b y algae. 
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CHAPTER 4 

THE FOOD COMPOSITION AND SELECTION OF OREOCHRON I ::-: 

NILOTICUS IN WASTEWATER LAGOONS. 

4.1 INTRODUCTION 

Fish need food for survival and growth. In natur , 

they feed on a gr at 

phy top lank ton, · • op l 

invert br tes,b_nthl 

diversity of food items 

nk on, benthic and no 

d posits, other fish an 

s ch as 

- br::n hi e 

I' u 

bs rb nutrl nts extra- n ~rnlly 

such s glucose and calcium for scale and bone fol"!natlon. 

Little research has been conducted on the diet of t -

species extensively c ultured in enclosures such as cages. 

The culture of algivorous species such as Tilapia zillJl 

and Or eochr om 1:; n 11 o t 1 •:U3 

and production 

reqLll res 

s1 that 

that the algal types 

ppropriate stocking 

densi~i s can be enLim t d anJ used. This will ·n :.s • t "f_; 

optimum utilization of th ~ wa te r and better yl lds per 

unit a rea. The kn wl dge o n he typ s of natur 1 fish 

foods is important in formulating the dietary needs of 

species used in both intensive and extensive culture. 

This chapter is devot to the study of the composition of 

different natur.al foods eaten by Oreochromis rdloti cu;..:; and 

their level of selection in wastewater lagoons. 

4.2 LITERATURE REVIEW 

Th feeding habits of OreochrJmis nilot1cu s l c. 1 if i es 

it as a suitable culture specimen in wastewater lagoons. 



79 

Observa lions in the natural habitat, show that the fish 

prefers plant material in its diet and that it ingests a 

great variety of feeds (Lowe, 1958; Yashuov and 

Chervinski, 1960; 1961). Moriarty et al. ( 1973 > found in 

Lake Ge r e, Uganda, th t the fish readily digests blue­

green algae, contrary to previous reports. They made 

further observations that the young initially feed on a 

variety of plant and animal material including "aufwuchs", 

de t ritus,rotifers, copepods, hydracarines and various 

insects and later when adult turn to a predominantly algal 

diet. Further observations showed that Hicrocystis sp., 

filamentous algae such s Ly11gbya sp. and /'lelosira sp. 

were positively selected, while the blue-green algae 

Anabaenops1s sp. and the diatom Synedra sp . l'lere 

n ega tively selected based on Ivlev's index of electivity. 

fh e reason ~-1hy 1 ess z oopl an kton are taken during adult 

l ife is that the fish changes its mode of feeding, which 

is by gulping the water within its vicinity. The 

zooplankton detect the feeding current and swim away to 

avoid being swallowed (l1oriarty et a1.,1973). Earlier 

studies conducted by Fish (1951), Fryer and Iles (1972) 

and Moriarty and Moriarty (1973b) show that Oreochromis 

n rlc ticu:..• feeds on bottom deposits,derived from the 

plankton rain and other sources. 

that Oreochromi:s niloticus is 

BeveridgeC1984a> notes 

onmivorous,but feeds 

predominantly on phytoplankton and can utilize blue-green 

algae, while juveniles consume a wide range of food items . 
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U r e '·' .:: h r c.• m J .s. n t 1 • t 1 •.: u :~ l 1 I • a l 1 t h e o t h r · i 1 a JJ 1 c. I , 1 s 

a herbivore (Jauncey and Ross, 1982) and its diet under 

natural conditions is restricted to phytoplankton 

(Moriarty, 1973 and Moriarty an Moriarty, 1973b). But in 

organically fertilized ponds, where the principal flow of 

energy is through the detritus pathway and wh.re 

in terspecific competition for food can be severe, the fish 

feeds and grows well on organic manures (Wohlfarth an 

' 'chror_. d r, 1978). [u hi s cas ~ , the nutritive v ·lu. in 

not derived from the detritus but from the micro-organisms 

which cover the surface of the particles (Kerns and 

Roelofs, 1977 and chroeder, 1978). In Lake Kivu, it 

feeds on very small particles in the water, including 

bacteria (Fryer and rles, 1972) . 

Moriarty and Moriarty (1973a) studied the daily rat _ 

of lg 1 ingestion Ln Oreo •. fl ••m L• nllctticu E in l < l f" 

George, Ug.,nda and e :: pressed it c.'\S c: linec:r relation s htp 

between the dry we igh 

and thL w ight (X) or 

_q,~ation: 

of the phytoplankton ingest (Y) 

h fi s h an ob ined th•~ foll ow lng 

Y = 271 + l ~3. 3X. 

The rat s are affecte by the times at which individu l 

fis h start to feed and the amount of algae accumulated in 

the stomach. 

The assimilatio n efficiences for various type s of 

algae co nsumed by som ilapia s cies have been stu i . d 

by Bowen (1982). Fo r Or ochr~m1: niloticu .s. , . J I 



81 

sp . 70%, Anabaena sp . 75%, NJt~sch~a s p. 79Z, Chlorella 

sp. 19% ~nd the L~ k~ G~org~ ~uspende matter, 43%. Thes _ 

may not necessarily be the same in different water bo ies. 

The majority of these food items are abundant in 

wastew ter lagoons. How v e r, reports on their 

assimilation effici enc ies together with the feeding habits 

of 0 . '' ilc•tz•:u_:; 1n '-'1" '' . vi e\ cr 1 oons re scc: n ty. 

Where s fish in th_ wild a~e free to move and graz~ 

on the algae and exploit all other available res ou rces, 

caged fish are not . They rely largely on a passive food 

supply brou.ght by w:l t r movem n ts. They do not hav the 

opportunity to graze on benthic material which in 

Oreochromis nilot1cu s constitutes a significant proportion 

of the material ingest This may reduce the yields per 

unit volume of water in extensiv fish culture practices. 

4.3 MATERIALS AND METHODS 

Fish were caught by total seining of two tertiary 

wastewater lagoons H4 an M6 (Fig 2) during the wet season 

in April 1985 and uring the dry season in November 1985 . 

A b c h s ine of m sh - ize 4cm s t~ t c h measure wa s u _d . 

The standard lengths and weights of the specimens caught 

we r m~asured to on - d~cim 1 place ln em and neare t g 

respectively . They were then dissected in the fiel and 

th d _gT _ of s t om c_h fu lln t;::3 · w s assigned an i nd .x 

rangi ng from 0-4; whe r ~by 0 = empty stomach and 4 a full 
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stom c h and 1,2 und 3, th•- gr."l 

between 0 and 4 (Craig, 1978). 

ions in order of fulln M 

The total gut lengths of 

the November sample were measured. 

ca refully removed and put in glass 

The stomachs wer 

specimen bottles 

conta ining 4% 

laboratory. 

formalin for later analysis in the 

At the same time of fish collection, integrated wat r 

samples for plankton n ~ lysis w r taken using a pla~tlc 

tu be. The number of algae and other food items in the 

stomachs of the fi sh and in the lagoons were estimated 

u sing a sedgewick rafter-cell mounted on a compound 

microscope. The percentage abundance of the food ltems 

in both the stomachs nd the lagoons were calcul ed. 

Thret: measures of f oou ::s lectlon n am ly, the for s•.; r tl o 

(FR), Ivlev' s ind x o f lectivity (E) and the Lin ;:u food 

index (L) as revL~w. l y StnHL-. , (1979) were used tn 

compa re food selec ion in Ore u~ h om1 s nJloticu3 . lhey 

were computed thus: 

(i) Forage rati o 

(ii) I vlev's index of 

(iii)Llnear food in ex 

( FR) = ri/pi 

Logto FR = Logto (ri/pi) 

lectivity (E)= (ri-Pi)/(ri+Pl) 

( L) = ri - pi 

Where ri and pi are the relative ambundances of the food 

items in the stomach an environment respectively. 

The benthic mat~ri ls for the estimation of foo 

compos ition and selection ind c ie::s were collected using an 

Ekman bo ttom grab of ar a 240 em z The calculation of 
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th el c ivity in ~l s of ~nthic fauna was c sirl.r~d 

sep rately from those of algae and zooplankton as the 

methods of sampling were different in both cases. 

4.4 RESULTS 

The size distribution and stomach fullness of 

Oreochrom J:..' nilotJ•: u _; nalysed are presented in tg.l ..:. . 

The larger sizes w re fewer due to the fact that the fish 

rarely grows to sizes greater than 30 em in ponds . This 

is attributed to the phenomenon of stunting (Fryer and 

Iles, 1972). The sizes ranged from 0-32 em. For th~ size 

range 0.0 - 9.9 em, 117 fish w_re analysed; for he size 

range 10.0 - 19.9, 90 fish, for the size range 20.0 - 29.9 

em, 37 £ish and for siz 

speci mens were analy s 

s gr_at r than 

FiT . 14 shows 

30.0cm, only twc 

the per __ n t lJ ~ 

con.tr lbu ion of th :3p• :c; ltnt:!ll S ·1n- lysel.l to variou 

of stomach fullness: 2.149% h d mpty stomachs; 12. % h d 

1/1-full stomachs; 26.210% h3 1/2 full stomachs; 27.01 % 

had 3/4 full stomachs and 32.2% had completely full 

stomachs. This shows that most of the fish had already 

fed when they were collected for analysis, that is between 

ten in the morning and two o'clock in the afternoon. 

Regression analysi s of gut length (GL) on standard 

length (SL) reveal d a linear relationship (Fig.15), which 

is described by the fotlowing quation: 

SL = 25.78 + 8.144 GL; r = 0 . 856 (n = 117) 

~tandard length was use instead of total length because a 
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Fig.14. Gut fullnus lndqx (0- 4) of Qrgochromjs niloticus analysqd for food 
sqhrction at th~ Nya lqnda wostqwa~r lagoons, Kisumu. 
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s ignif lean t propo t·t lort of fish h d partly des troy.;; <..! u<.l l 

fins. Observations on the gut lengths of similar fish 

sizes showed significant intraspecific differenc-s (Fig. 

15). Chi -square analysis on p irs of fish s ecirnens of 

equal lengths showed significant differences in their gut 

lengths. For example the test for fish pairs of equal 

lengths of 13.0 em, 14.2 em and 17.2 em showed that X2 = 
3. 84, df = l, p<O .05. F'urther analysis on fish pairs of 

approximately equal lengths, for example 16.0 and 16.1 em, 

15. 4 and 15. 6 em, 11 . 6 em anJ 11 . 1 em, 11. 0 em and 1 L • 1 rn 

and 18.1 em and 18.2 em showed similar results. The 

latter set of fish pairs were selected on the basis that 

their lengths were not significantly different . Th_ 

length-weight relationship of the specimens analysed for 

food selection is depicted in Fig. 18. 

Th study rev ale tha Oret••: hromJ _:; nJlOtl C ' -" ing • s 

five major categor1es of food ttems, of which four ~r~ 

quantifiable. The non - qua lfirlbl component cons lLuL d 

of the bottom depo~lts which occurred in over 50% of tit 

specimens. Bottom grab samples showed it to constlt te of 

loose mud interspersed with green algae, Chironomidae, 

Oligochaeta and decomposing its of grass and plant 

material such as Care . sp. and Ipomea sp. growing along 

the edges of the lagoons. Due to the fact that some of 

the detrital partie! s wer so minute that th _y w re 

susPend_d in the wate r film of the sedgewick rafter - cell, 

while some formed fin hues at various positions in th-
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Fig 16. Variation 0( percMiogt COilllOSilion of various food items with size in QrE"'chromis nilot icus in Nyolendo 
wastewater lagoons, K•sumu. 
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TABlE 5. TIE CDN.:E\'TRATIONS C1F Al.GIIE, ZOOPIANKI'ON J\10 lARGER ~ IN m;>.I...~ ~ I..ACIXll'5, m-w. 

FO:D rrEM rom 1 
No{-lf2 

FCXD I'l'EM PO!'!) 1 E'Otl) 2 
NJ 1-1 -1 

uo6 ' NJ. 6l N:) 
-1 

1\&N)J\10: Xl.O AB AN:£ xlO 1\BUNOANCE xlOf. ABI:MlANCE 

J>.Mbaena f1. 0. 445 0.415 0.510 0 . 430 Cl:>U!::i UTI llli.n..il1'CI. : 0.35 0.033 0.06 0 . 51 

:'i.l.lnl.a z 0 .020 0.019 0 .100 0.084 Br=.:uonus c.l..e=.l.fl.o..--us :: c.ooB 6.663 

cyt::lop::>id 
C:Ope;x:ds z 0.015 0.014 0.016 I 0 .0163 Srenedesmus d.isoa:" c:e 0.048 0. 045 0. 035 0.030 

Brac.'u.orrus so. z 0. 025 0.023 O.OlS 0.030 Q)nx.idae 1 O.OOJ3 0.0003 

B. cau:iat:IS Z 0.010 O.C09 0. 009 0.008 crvsoc.apsa c:e 0.00 0.052 

Dl.S-'""t:YQsohae...'""l. UD c:e 0 . 010 0.009 0 . 276 0.233 DJ.a-...a-..a bal.fo=ana a> 0. G:il 0 . 18 

~Phares Z 0.004 0.004 0 . 002 0. 002 D. vulqare CD 0.09 0.076 

Test:uiliElla z 0 . 004 0.004 0.000 0.00 Sceneciesmus c±l..lquus c:e 0.0!1 0 .076 

Tn.ch:x:e.rca 7. 0.003 0.003 0 . 0005 0.0004 ~e...""l.un c:c o.73u 0.165 

Polvathra 0.003 C.003 0.002 0.002 ~fi O.!l!.S o. :n.s 

.Menna z 0. 006 0.006 0.006 0.005 C;y:..;::r.cna.s ce 

Svn::haeta z 0. 003 0.003 .002 0.002 Jie;e.r!;?c:hm!nasc:e .!!;5 

~..i.nast:ruD c:e 0. 280 0.261 0 . 180 0.152 Dl.~...ana so. CD 

Sce.redesmus sp. c:e 0 .70 0.690 0.915 0.771 0'-...re_-s M 7.896 8.008 10.50 8.887 

S=rella CD 0. 017 0.14 

Di.aptallid aJPe?Cds z 0. 00005 0. 000006 0 . 0002 0.0002 BVJ.cul.a CD 0.(15 0.075 0.075 0.063 

~ 7. 0. 0002 0 . 0002 0.0002 0.0002 Scene:iesmus bi 1U::atus c:e 0.440 0.410 0. 006 0.1)05 
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'rable 5: COnt. 

-1 PON:l 1 1.'00) ~1 RJt.l) 1 PCW 2 
1'0.(;1 ' No. 1 Nc 1-l NO. l-1 
Xl.O 1\.BlN)l\NC:E 

Xl.06 ' ' ABIN>ANCE Xl.0
6 
~ Xl06 ABtNDIINC£ 

Notorecta I 0.000002 0.000002 0.000007 0.000006 QAt~ os-phaeria , oe 0.550 0. 513 0.255 0.190 

Spi.rul.ina £i 2!' .02 27 . 01 28.4G 23. 99 Oscillatoria fl 0.630 0. 586 0.375 0.316 

synecrocystis CD 18.50 17 .257 24 . 14 20.348 Cllanydaronas oe 0.41.5 0.387 o. 71.0 0 .598 

Microcystis CD 13.645 12 . 729 14.600 12 . 307 Nitzschia CD 0.475 0.443 0.193 0.163 

Sti~ CD 5 .335 4.9TJ 10.47 8. 826 Phacus . oe 0. 31.5 0. 294 0.045 0.038 

Chlorella CD 4.520 4. 216 5.576 4.699 Soeredesnus brasiliensis oe 0. 310 0. 289 0. 540 0. 455 

soeoodesmus quadrical.rla 5. 930 5.504 4.225 3.587 cv.nbella CD 0. 200 0.187 0.085 0.072 
cc 

Traclel.oiOnas oe 2.150 2.006 0.675 0.569 p cus contoiJI.\lS = 0.170 0 .158 0. 015 0.013 

Euglena oe 1.615 1 .507 2.465 2.087 COC:anvxa oe 0.170 0. 158 0.03 0.025 

J\nldstrodesmus £i 1.435 1.339 1.125 0.948 ProtOZoans z 0.105 0.098 2.620 2.208 

Otroocxxx:us ce 1.960 .828 2. 905 2.449 A'!lharoc:apsa ce 0.185 0.173 0.016 0.013 

Synecb:a CD 1.070 0. 998 1.425 1.201 scenedesmus arc:uatus ce 0.123 O. llS 0.080 0.057 

~ fi 0.705 0.658 0.375 0. 316 Pediastrun ce 0.060 0.056 0.080 0.067 

O::lelosohaed.un ce 0.665 0.620 O. llS 0. 097 Soeredesmus cilsoar ce 0.048 0 .045 0.035 0.030 

Oocystis ce 0.655, 0.611 0.460 0.388 t-lelosua fd 0.605 0. 564 0. 295 0.249 

Scenedesnus l.i.mar lls 0. 450 0.420 0.145 0.135 ce 

.1\E:Y: ce" Cellular zU.ga I • Invertebrates 
CD• COlonial alga f1• Fil.Dmcn=urs al~ 
z " Zooplanlcter fd= Filanent:ous ~ 
CD: Cellular diatau m .. mixed 
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raft r-cell where they oceurred, it was not po~sible o 

enumerate them. Microscopic examination revealed art of 

the bottom deposits to constitute of diatoms such as 

D1atoma sp ., Navicula sp . and Helosira sp. and algae such 

as HerJsmopedia sp., S~enedesmu~ sp . and :..~pirulJn sp. ' 

ttached either to organic particles or to the coloni~s of 

the alga Hicrocy:t1s. Other forms of organi sms ~nd 

ph yt o fla llates such as proto-a. and Phacus sp. wer als 

observed amongst the detritus. Table 5 shows th •-

concentrations of the different food items eat_n by 0 . 

nJloticus in Nyalenda wastewater lagoons. 

The variations of the percentage contribution of the 

four quantifiable categories of food items with the size 

of Oreo~hromis nilvtJ c u s 1s depicted in Fig.16. The bl Lte-

green algae (Hyxophyceae) cons ituted by far the most 

abundant food item, contrib•tting 73. 1% followed by the 

green algae (Chlorophyceae ) 1.'3. 7%, then the diatoms , 

(Bacilariophyceae) 7.3%, then the invertebrates 4.2% and 

lastly other forms o algae 1.8%. The perc ntage 

contribution by the blue-gre n algae ingested ranged from 

71.7% in fish with a mean size of 2.0 em to 77.1% in fish 

with a mean size 27.0 em. This shows that larger fish 

consumed slightly larger amounts of blue-green alga than 

smaller fish. The gre n alga ingested ran~ed from 11.4% 

in fish with a mean siz of 27.0 e m to 19 . 0% in fish with 

a mean size of 22.0 em. The diatoms eaten vari ed from 

4.78%·in fish with a mean size of 22.0 em to 10 .93% in 
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fish with a mean size of 2.0 em. The invertebrates 

ingeste ranged from 2.69% in fish with a mean size of 

17.0 e m to 6.96% in fish with a mean size of 12.0 em. The 

percentage contributions of the other food items ingested 

r nged from 1.24% in fish with a mean size of 22.0 em to 

2.15- 2.44% · in fish with a mean size of 12.0 17 . 0 em. 

Chi-square analysis indicated no significant differences 

in the variation 

different food 

of the percentage contribution of the 

i terns ingested with fish size ( X2 = 

11 .070, df = 5, p < 0.05) 

The major genera of food items taken by Oreochromis 

nil ot icu- and their percentage occurrences 

sp cimens analysed are presented in Table 6 . 

in the 

Those 

contributed by the blue-green algae were Spirulina sp., 

H1crocysti~ sp. , Synechocystis sp., Herismopedia sp., 

Lyngbya sp., Chroococcus sp ., and Coelosphaerium sp . 

hose belonging to the green algae were Chlo rella sp ., 

Sce nedesmus sp . , Oocystis sp ., Pediastrum simp lex , while 

the diatoms constituted of Melosira sp ., Navicula sp . , 

Nitzschia sp ., Diatoma vulgare and Synedra sp . The 

invertebrates mainly constituted of the Cladocera; Moina 

sp ., Rotifera , Chironomidce and Oligochaeta . 

The algal genera with the highest percentage 

occurrences in the stomachs of Oreochr~mis niloticus were 

Hicrocystis sp . , which occurred in 97 . 5% of the specimens; 

Spirul ina sp., 97.09%, Chlorel la, 91 . 75%; Scenedesmus 

quadricauda 86.53/.; Herismospedia tennuissima, 71 . 25% : 
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ThBLE 6: PERCENTAGE OCCURREUCE or VARlOUS FOOD ITEMS IN THE STOMACHS OF OREOCHROMl S "JLOT1CUS AT 
NYALENDA ~ASTEWATER LAGOONS 

fOOD ITEM 

l • Chironomidae 

2. Spirul.ina 

3 • M i c roc ys t i s 

.d, Nitzschia 

5. S. quadricauda 

6. Melosira 

7. Aphanocapsa 

X % s fOOD ITEM 

53.54 19. Navjcula 

97.09 ±.4.12 20. Moina 

97.50 S3.54 21. Euglena 

~A .1 SO :r2. 33 22. ierismopedia tenuissima 

86.55 ±5.73 23. Brachionus 2Q. 

39.92 :%:.4 .'83 24. S. obliguus 

3.97 *2.6d 25. Pcdiestrum 

8. _§_. braisiliensis 12.30 i2.65 26. Genicularia 

9. fpihanes 

10, ChlorelJa 

11. Phacus 

12. Synechocystis 

13. S. ecumunatus 

l.d. Chroococcus 

15. Cy e.ll a 

16. lyngt>ye 

17. Oocystis 

ll.!. Diat:oma 

13.02 il .05 27. Cymatopleura 

91.75 ±6.01 28. OUgochaeta 

29.B2 *2.10 2~. Anabaena 

55.40 ±~. 0 30. Scenedesmus sp. 

2.50 ~1. 77 31. Closterium 

15.00 ±3.54 32. Coelosphaerium 

9.29 

54 .1 9 

26.~5 

16. 5 

*0.16 

~0.02 

±j .77 

±6.G3 

33. Ankistrodesmus 

34. Gomphosphaeria 

35. Surirella 

36. B. calciflorus 

s 

18.8fi 1:7.52 

~3.97 i-11.50 

14.27 ±-4.86 

71.25 :ts.Jo 
12.61 t-7.220 

18.86 "!:'7. 52 

12.17 ±].. 89 

1.25 

1.36 

14 . 1 9 :tJ . 56 

22.20 ±0.42 

31. 99 :t-35. 80 

~.89 ±2.52 

9. 50 ±2.83 

3.64 

b.77 

11.17 

3.22 

Z0.76 

%'2.21 

:t0.47 

~0 .16 



Table 6. Contd. fOOD ITEM X% s 

37. s. ecorn1s 0.911 + 
- 0.15 55. 

38. 1.36 
+ 
0.4~ 55. Colacium minimum -

• 57. 39. Synedra l.BB - 0.29 

tl O. s. 3.3(1 • 1.16 nan us - 58. 

41. Dimorphococcus 2.40 + 
1.03 - 59. 

+ 3.9'1 tl2. Merismopedia sp. 12.19 - 60. 

43. Qscillatoria • 10.(16 61. 16.57 -
~. Asplanchna 6.BB + - 5.01 62. 

415. s. linear! is 8.65 
+ - 7.Al 63 . 
• 46 . Die yosrfl aerium 3. 77 - O.G2 6.0 . 

47. B. caudatus 2.:'?. + - 0 .87 65 . 

G8. 0 . .:12 • - 0.59 66. 

49. 1.25 
+ 

67. Chlorobium - 1.77 

50. Chlamydomonas 3.65 
+ 0 .. , ., 68. -

51. Daphnia l.3G • - 0. 415 69 . 
+ 52. o. vulgare 1~ ,(:7 - 1.0.62 70. 

53. s. arcuatus 3.65 - 0 . 1 42 71. 

5". Pinu1aria 1. 36 
+ - 0. (15 72. 

Key 

X \ = Mean pecce>ntage o c c ll r r e n c e 
s = standard deviation 
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Synech~cystis sp. 55 .40% and Lyngbya sp . 54 . 19%. 0 her 

algae with moderately low percentage occurrences we re the 

diatoms such as Diatoma sp . 16.15%; NavJcula sp . 18.86%; 

Surirell sp. 11. 17% ~ nd D1atoma vulgare 13.61%. mon 

the invertebrates, the Chironomidce and the Cladocera, 

Moina sp . had fairly high percentage occurrences, that is 

5~ . 54% and 43.97/. respec tively. Other invertebrates had 

moderately low percentage occurrences : for e:c c:\mp 1 

Bra•.:hionu_,. sp. had 12.6%, Eplphanes sp . 1 3 .U2 /. and 

Oligochaeta 14.19%. 

Table 7 presents the electivity indecies <E>, the 

linear food indecies ( L) and the logarithm to base ten of 

the fo r age ratio (Log1o FR). The logarithm of the forage 

ratio was used because it is more normally distribute 

than the plain ratio , hence its suitability for 

statistical comparisons. Th J forage ratio ( FR) and 

Ivlev's index of _l ctivity show that some of the alga~ 

particularly the diatoms and some invertebrate genera such 

as the Cladocera and Rotifera had high positive values, 

showing high selectivity. For example Surir ella sp . had 

an electivity index <E> of + 0 .934; Herismopedia sp . + 

0 . 9=0; Diatoma sp., + 0 . 850; Pedi astrum :.." intpl e .. , (1 . 86; 

Nel <.'S i r sp .+ 0 . 8 38 ; Scenedesmus dispar, + ' · 810; s . 

ar c uatus + 0 . 8=5; Aphan0capsa sp . + 0 .856; D. vul gare . 

+ 0 . 797; Nerismopedi tennui _,.s ima + 0 . 720 and Lyngbya 

sp . 0 . 556 . Am n thR inv r .br. tes, the Cl""IJc: er .. '\, 

Ho 1na sp . had a mean elect1vity index <E> of + 0 . 949; th e 



TABL£ 7: THE MEAN VALUES OF THE PERCENTACE ABUNDANCE , ELECTIVITY INDEX (E). TiJE. FORAG£ RAT.IO {.t.OC loFR ) 

AND !tit LINEAR FOOD INDEX (L) OF THE FOOD ITEMS E:A!EN BY OJU:OCHROMIS NILOTICUS IN N'iA1.£NDA 

WAS~EWATER ~COONS . KISUMU 

FOOD l!EM lLGJ.L PERCIN!AGE £ L01rfR L 
MORPHOLOGY ABUNDANCE IN 

THE LAGOONS 

~li!it:l.ll1nil fi 25.5 -Kl.l24 -Kl.lOl -Kl.l44 

ti;!,!;t'OC~~ t 1~ ce 12.518 +0.391 0.445 -+0.240 

khl!a:ellil ce 4.458 -o.071 -o.08l -o.240 

Scccdcscl.ls quadx:::icauda c:e £.5 6 -o.l64 -o.l92 -0.004 

ticlc~ita fd 0.407 -+0.838 +1.474 +0.084 

!'!er!.swopedia co 2.023 +0.720 +1. 298 +0.018 

L:lnsbla fi 0.487 +0.556 0.755 +0.024 

Synechocystis ce 18.803 -o.620 -o.801 -o.l08 

Nitzschia cd 0.303 -K>.292 -Kl. 4 71 -+<>.014 

0Qs;~~S:1$ ce 0.500 +0.418 +0.463 -+{).009 

Pbacus ce 0.126 +0.563 +0. 771 +0.008 

Moina z 0.006 +0.949 +2.365 -Kl.029 

Navicula cd 0.225 +0.549 +0.088 +0.017 

Chroococcus ce 2.139 -o.J27 -o.359 -o.oos 
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FOOD lTE.."i AlGAL PERCENTAGE f: Lo&10
rR L 

~ORPHOLOGY AB I.JNDAN CE IN 
THE LAGOONS 

ADiQi.Uli 
f1 0.423 +0. 273 +O . l.J5 -o.o:8 

~1HQo.a 
cd 0.016 +0.85 +:.531 ,.0.040 

Csc .. l,atl:lril fi 0 . 452 +0. 648 ""0.567 4.() . 026 

,Scenedesous SP· ce 0.731 +a.:ns ~.500 ~. 017 

s·. obliouus ce 0 . 076 +0.459 0. 644 TO .Oll 

s. liourlis ce o. 778 +0. 672 +0.907 ~.017 

s. brasiliensis ce 0 . 372 +0.438 ~.955 "'<) . 005 

.kyl:.ata~ltu-a 
cd +0.962 ~1. 309 +0.008 

~. '!~I!U: 
ce 0.038 +0.810 ~l.l90 -<>.006 

.2..:.. areuatus e~ 0.091 +0. 838 •L 608 -r0.018 

!ugleo& ce l. 793 -c.273 -<>.316 - 0 . 002 

E2i2hanu z 0.003 +0. 964 -: .051 -o.oos 

Filinia z 0 . 0.52 ..,.0 . 648 -D. l88 -<>.021 

Brachioous z 0.027 +0. 817 -2. 274 4.().019 

Asplaoc!:loa z 0.0002 1<>.994 - 2.953 -D. Ol8 

~ras:bis:m~.~s caudatus z 0 . 009 +0.966 .,.2,1/.5 +0.017 
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TABLE 7: CDI\"TO 

FOOD ITEM ALGAL PER COO AGE E . I..ogiOFR L 
MORPHOLOGY ABUNDANCE IN 

THE LAGOONS 

Ix:~cbcc:ex:ca %. 0.002 +O.!.l90 +2.879 +0.007 

St:11:Dtli:Ct:!:llS z 6.902 -0.233 -0.305 -0.018 

h' 1a S t I:WII s•-jl)ex cd 0.032 +0.856 +1.483 +O.Ol.l 

C~~::tu:llA cd 0.130 +0.396 +0.460 +0. 013 

~12iii:Rbg&Rhilc:1a ce 0.352 +0.54.5 +0. 694 +0.021 

Sl!.U:!rella cd 0.017 +0. 934 +1.593 +0.008 

AJ:lk~ :HIQdescus f1 1.144 +0.499 -0.190 -o.0002 

Diato:n.a vulgare cd 0.076 +0.797 +1.114 +0.010 

Coel OEhae ri um ce 0.359 +0.218 +0.274 +0.0094 

~2haDQ!;.a2sa ce 0.093 +0.8.56 +2.242 +0.016 

Clllin::vd QIIICD i! S ce O.l.93 -0.098 -0.251 -0.019 

Dictvos:2haer~um ce 0.121 +0.0594 +1.371 +0.010 

Protozoans %. 1.153 +0.269 +0.156 +0.009 

Other algae m 8.4lo8 -0.691 -o.929 -0.060 

KEY: 

ce • Cellular fe • filamentous co - colonial z • zooplankter 
11 • mixed cd • c~llular diatom fd - filamentous diatom 
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rotif r Epiphane$ had 0.964; Fil.znla sp. 0 . 648 e nd 

Brachionus sp. + 0.917 . Despite the high levels o 

selection, most of the food items were not ~bund~nt in th 

lagoons (Table 5). 

Nerismopedia sp . and 

Others such 

Lyngbya sp. 

as /'1 e 1 (,,_ ira sp . , 

had fairly 

percentage occurrences and high positive indecies. 

high 

Those 

algae with highest percentag occurrences both in th _ 

stomachs of the fish and in the lagoons had moderate to 

low electivlty indecies. For example Nicrocystl s sp . h d 

an electivity inde >: <E> of + 0 . -.91; Spirulina sp . + 0 . 124 ; 

Scenedesmus quadricauda - 0 .164, Chlorella sp . <J . 07 1 

and Synechocy_tis sp . 

algae with negativ 

sp. 

sp - 0 . 499 . 

- 0 . 620 . Other less occurring 

electivity indecies were Euglen 

0. 233 and Ank1 trode _-mu _, 

Food selection as studied using the linear food ind ~ : 

(L) showed a slightly differ nt pattern from the oth r two 

measures: the fora g ratio (FR) and Ivlev's ind x of 

electivity (E) . The linear food index methods are 

regarded as more appropriate than the other two methods. 

This is due to the fact that the two lndecies are 

significantly biased when th sizes of prey samples . from 

the gut of the predator and the habitat are unequal. 

Furth rmore, the linear food in e x (L) avoids most of th 

statistical and mathematical inadequacies of the other two 

measures of food sel~ction (Str uss ,1979). Therefore , for 

furth r nutrition studies, the linear food in ex should be 

~ -- -- ~-------------------------------------------------
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used to select th£. best .:tl gae for raising Or er.• - hrom 1 .s 

nilvt1cu s and other fish. using this index,the algal 

sp c i es with rela tively high pos1tive selection 1ndec1e~ 

were Hl crocytis sp . + 0 . 2 4L; S pirulina sp . + 0 . 144; 

Nelo:.•1ra s p. + u . u8•~; 01atoma sp . + li.040, Artab ae n sp . 

0 . 028 ; O: cillatorJa sp . + 0 . 026 and Lyngbya sp . + J. ( ·~4 . 

Among the invertebratv5 , the ones with high lin .. r fouj 

indecies were: Ho1n sp . 1) . 029 ; Brachionus caudatus + 

0 . 017 ; F1linia sp . + 0 . 0 1 and Bra c hi ort u s sp . + u . u· l. 

he food items with negative l1near food indeci es were: 

Sy nechocystis sp. o . 1 08 ; S . quadr i c auda !) • 004; 

Chlo r e ll a sp. -0 .240; Chroococc u s sp . o. oo · nd 

rhe li near food indecies a r e sm~ller ln 

m g1 i tude than thos u f the other two measures bee Ltse in 

the computation of the linea r food index, 

rather th n percentagee a re usud. 

proportions 

Due to the wide range of food items eaten by 

Oreoch r omis nil o ti c us in the l agoon, which numb er over 70 

genera , the v ~ ri~ti ons in the forage ratio and indecies of 

selection of the individual food items wi th size are 

complex. Fryer and Iles ( 19 72J note that due to the method 

us e d by the tilapia in collecting food; that is by mucus 

entanglement and filtration by microbranchiospines in the 

gills, and due to tit- mi uteness of the particles Vken, 

selection of what is collected is impossible. Despit ~ 

this. some authors, for e xample Moriarty et al . < 1 7 " ) , 

hclve . tternptet.J studt un oo -e 1 c t i on i n 0 r eo·- II r "m z " 
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nilot ccus and a similar attempt was used in this study . 

F1g . 17, therefore presents the general trend of the 

variat ions of the electivity index (E) of common food 

genera with fish size. The Cladocera HoJna sp . and the 

algae Herismopedia sp. and diatoms had fairly consistent 

mean electivity indecies (E) throughout all the sizes 

analysed. He los ira sp . maintained strong positive 

selecti on for fish in the size range 0-22 em and fell to a 

moderate positive selection at sizes greater than this 

range. Synechocystis sp . maintained a strong negative 

selection . Selectio~ for HJcrocytis sp . remained 

positively moderate over the whole fish size ranges 

(Fig.17). 

Most of the food items had low percentage occurr nee 

in the environment and were absent from the stomachs of 

some fish size ranges. Plots of the variation of th ir 

electivlties with fish s iz was therefore not pos sible. 

Their mean selection values are presented in Table 6. 

Quantitative observations done on the fee 1 g 

behaviou r of OreochrvmJ3 niloticus at the wast ewater 

lagoons showed that fi sh which had fed on bottom d eposit-

had fewer algae in terms of genera and numbers . In such 

f1sh th e volume of the Chi ron omidae and Oligochaeta a-

judged by eye, was mo~e than that of algae. I was 

furthe r observed that the fish whi c h were held in fl o ting 

cages had no access to th bottom deposits, an imporL nt 

food resource for the tilapia. 
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4.5 DISCUSSION 

The food eaten by Oreochromi$ niloticus at Nyalenda 

wastewater 1 agoons, bore .. marked simi 1 ar it y to that eaten 

in other environments. (Table 8). It includes nutrient­

rich bottom deposits, phytoplankton, zooplankt9n, 

Chironomidae, Oligochaeta, parts of higher plants and 

aquatic insects. There is a great similarity between the 

food eaten at the wastewater lagoons, Lake George, Uganda 

(Moriarty and Moriarty 1973 a and b and Moriarty et 

a1.,1973> and La es Tiberias and Huleh, Israel <Ben-

Tuvia, 1960). The observation that Oreochromis niloticus 

takes a wide range of food items, largely constituting of 

microscopic plants and animals can be attributed 

mode of feeding. It involves entanglement of food 

to its 

it ms 

in a mucus feeding curr nt and also filtration by bands of 

microbranchiospines on the gill arches (Fryer and Iles, 

1972 and Moriarty, 1973). This means that everything in 

the water being taken is either entangled in the mucus or 

filtered at the gill arches and then ingested. For 

example in Lake Kivu, Oganda, the fish feeds on very small 

particles (Fryer and Iles, 1972) 

The food qf Oreochrvmi s niloticus at the lagoons h s 

been shown to be dominated by the blue-green algae 

constituting largely of Nicrocy~tis s p . and Spirulina sp . 

Earlier reports by Fi sh <1951> and Lowe <1958) indic ~ ted 

that the fish cannot digest blue - green algae in some East 

African waters, while it w s able to do so in others, such 
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TABLE 8: THE rCCD Or O&OCHRO.IIIS LOTtCUS EJ..TEN IN VARIOUS EIVIRONME4TS c::M?AR£0 TO THAT EATErl :11 ' ASTE..,ATER 
LAGOCt~S . {Note that :or was tewate:- lagoons, other food items are j)r"!sented in 7ab l es 6 and 7 

LAKE GEORGE LAKES TIBERIAS 
Moriart:y and A/10 HULEH 
Moriarty, 1973 Ben-Tuv ' a 1960 

Burgis ~ al., 1973 
Moriarty, 1973 ) 

Microcystis 

Chlorella 

Anabaena 

Nitzschia 

Chaoborus 

Anabaenopsis 

Lyngbya 

Aphanocapsa 

Chroococcus 

Synedra 

Pediaatrum 

Benthic ma~erial 

Scenedesmus 

Hydracari ~s 

llirchneriella 

?lant material 

Melosira 

Thermocyclops 

Staurast::-um 

Spondylostum 

Syned:-a 

Melos1ra 

Cyclotella 

Higher plants 

Navicula 

Surtrella 

£.A. LAKES 
ANO WATC:RS 
Lowe ( 1958) 
Fryer & Iles 
(1972) 

Mtct"ocystls 

Anabaenoosts 

Spirulina 

WASTE ATER . 
LAGOONS 
This study 
(1985/86 ) 

Microcvstis 

Spirulina 

S. quadricauda . 
Bacteria Synechocyst;s 

Bottom deposits Chroococcus 

~piphytic di atoms Merismoped · a 

Zooplankton Aphanocapsa 

Lakefly corpses Synedra 

Navicula 

Diatoms 

Oocystis 

Scenedesmus 

Anabaena 

Pediastrum 

Chironomidae 

Oligochaeta 

Cyclopoid copepods 

RIVERS Ifl WEST IIJ:GER 
AFRICA 
Ben-Tuvi~ Ben- Tuvia, 1960 
1960 

Phytoplankton 

aenthon 

Bottom mud 

Cosmarium 

Lyngoya 

Anaoaena 

Anabaenops1s 

Surirella 

Me los1ra 



WAST! WA'T!R 
I..ACOOKS 

Ft li n j a 

Brac:hlonua 

Meloalra 

Lynabya 

Oae!llatoda 

llortoci depoai:.. 

RIVE:RS Ill 
AFRlCA 

MIG~ 
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as Lake Turkana (Rudolf) (Fryer and Iles, 1972). Moriarty 

and Moriarty (1973b) and Moriarty (1973) however 

demonstrated that the fish is capable of digesting blue­

green algae at low pH of about 1.4 in its stomach. Thus 

the great abundance of the blue-green algae and the 

observation that Oreochromis niloticus extensively feeds 

on it means sufficient food for the fish . This mc~es it a 

suitable specimen for culture in wastewater lagoons. 

Research by Edwards et al . (1985) showed that 0. niloticu~ 

raised on a monoculture of the blue-green alga Microcystis 

sp. registered higher growth rates than those reported 

from waste-fed tilapia culture in earthen ponds. fhe 

relatively high growth rates of the fish observed at the 

Nyalenda wastewater lagoons, Kisumu (Chapter 5) may be due 

to the abundant Hicro c y s tis sp . and other blue-green al gae 

such as Spirulina sp . . The abundance of the blue-green 

algae at the lagoons which forms over 70% of the food of 

Ore o chromis niloticus was attributed to the fairly high 

temperature, high pH end alkalinity , factors which are 

also responsible 

bodies (Chapter 

of high natural productivity in water 

3). The digestibility of the blue-green 

alga e is therefore not due to the presence of chemicals in 

the water as propose by Fryer and Iles (1972) and Fish 

(1955), but due to the ability of the fish to digest it at 

low pH in its stomach. 

The feeding of the fish on a large number of genera 

of al~ae and invertebrates enables it to derive a wide 
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range of nutrients. The works of Moriarty and Moriarty 

( 1973b) and Pantastico et al . <1985) show that different 

a l ga l genera have different assimilation efficienc · es and 

levels of percentage crude protein content respectively . 

The selection of algae as food by Oreo ct1 romi ~ 

nilvticus in the lagoons shows that some genera were 

Positively selected and others negatively (Fig.l7 and 

Table 6). Scientists who have worked on this subject have 

put forward explanations to this. Moriarty e t a 1 . < 197?: > 

suggest that the selection of a food item depends on its 

s ize and shape, but the observation on the great diversity 

of food items eaten by the fish at Nyalenda wastewater 

lagoons showed that it consumed all sizes and shapes of 

plankton and other food items. Pantastico et al. <1985 > 

have explained the acceptability of the algae Chroococcus 

sp . and Hav~cula sp . by 0. nllotJcus in terms of gastric 

acid excretion by th e Fish, th t is , the algae are re~d 1ly 

digested under acidic conditions. This also applies to 

diatoms (Bowen, 1976). Pantastico et 

ex plain the poor acceptability of 

al . ( 1985) fLirth e r 

other algal genera, 

namely, Chlorella sp., Euglena s p. and Oscillatoria sp. to 

factors such as to;: icity (of the algae) and cell lflal L 

composi tion: that ls, the c_ll wall belng impermeabl e to 

diges tive juices of the fish (Fryer and Iles, 1972). 

Existing reports itt icate that most of the food items 

with high positive ind~cies in the wastewater lagoon s have 

high pssimilation efficiences and percentage crude protei n 
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content . Mo~ia~ty and Mo~i~~ty <197-b) have shown that 

the algal genera Hi c rocystis sp. ' Anabaena sp. and 

Navicula sp . have highe~ assimilation efficiencies and 

percentage c~ude p~ot in content than Chlorella sp. rhe 

forme~ algae had pos itive sel e ction at Nyalenda wastewater 

lagoons while the latte~ had negative . Euglena sp . had a 

lower assimilation efficiency but the highest percentage 

crude p~otein content . In the wastewate~ lagoon samples, 

it had negative selectivity due to its low assimilation 

efficiency and percentage crude protein content. This 

3tudy 3hows that Chlorella sp. 

the lagoons. 

had negative selection in 

The other fact o~s which can affect the selection of a 

food item are (i) its abundance in the environment (ii) 

the species 

age of the 

composition of the food items and (iii) the 

algae: older algae being unpalatable due to 

los s of nutrients y leachlng. The most abundant foo 

item in the environment has a higher probability of be ing 

taken a nd sometimes acc ident~lly than a less abundant one 

with equal selection potential. 

The alga Nel o_:: 1ra sp . s ho1-1ed almost an iden t1 ca l 

selecti on patte~n with fish size in both Ny 1 end a 

wastewater lagoons and Lake George, Uganda (Fig.17). The 

other algae, namely, Hi c r ocyst i_ sp . and Lyngb ya s p . 

showed a more o~ l ess s " mila~ se lection as in Lake Georg , 

but the level of sel ction in the wastewater lagoons i s 

lowe.t'. 
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The species composition in the environment determin_­

the extent and nature of selection of a food item. For 

example , the composition of food items used by Oreochrom~s 

nilo ticu~ at the Nyal enda wastewater lagoons is differ n 

fr-om that 

lagoon5, 

at Lake George, Uganda . 

the dominant genera 

In the wastewate r 

were Sp~rulirta sp . ' 

Synec hocys tJ s sp. ' N z c r c.l c y s t i :.=- sp .' Scene.Je ;; mus 

quadricauda and Chlorella sp . <Table 5) . In Lake George, 

they we re : H1crvcysti s sp . , Anabaenopsis sp ., Lyngbya sp ., 

Aphanocap:a sp . and Chroococcus sp . , in that ord e r <Burgis 

et al . , 1973 and Moriarty an d Moriarty , 1973 a and b) . 

This could explain the marked similarities in the 

select ion of the same gen_ra in both environments ; for 

example He l osira sp. ,L y n gbya sp . a nd Nicrocy s ti s sp. had 

positive electivi.ty incJeci.es in both r:? nvironmen ts . 

Thee l cti vity n1cJe:: of .. particul r food it m can be 

affected b y that of another one of equal selection 

potential. This means that in the absence or scarcity of 

one, the presence of the other is as good. This wa5 

obse rved to be the case between the algae Spirulina sp . 

and Hicrocystis sp . in Nyalenda wastewater lagoons . Fish 

which ha picked 

Jlicrocy:ti:.=- sp . and 

lot 

vice 

of Spir'ulirta 

versa <Fig . 17> . 

picke l ess · 

The food 

se 1 e c t ion of an 1tem c~n Further be affected by th e 

feeding habit of the fish. By Oreochromis nilot1 cus 

feeding on the botto1n deposits , the algae in the ~o-1at er 

column are accorded a l esser probability of being 
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selected. 

Another factor affecting the electivity ind~cl s of 

the food items is patchy distribution. Patchin ss w l ch 

is either natural or induced due to intense predat"on or 

grazing, affects the probability of a food item being 

eaten (Strauss,l979). Where as a result of patchin~ss, th_ 

organisms occur in very low concentrations or are absent, 

the accessibility of the prey item to the fish is low. 

This results in a low percentage occurrence of the item iu 

the fish stomach. The calculated electivity index under 

such a condition is low. In Nyalenda wastewater lagoo ns , 

several prey items were absent from at least one of the 

t hree sampling sites in each of the two tertiary lagoons 

studied. Examples are Scenedesmus dispar, Navicula sp . 1 

Cflr o~.•cuccu:.> sp . 1 Ner l _:::mvpe •:fl a sp. I Cymbella sp . ' 

Chironomidae and Ol1gocha ta . The low indecies of these 

food items 

distribution 

which had 

(Tabl e 

in the 

fed on 

7) C3n 

lagoons. 

benthic 

b attribuL to 

The fact that some 

material contained 

patchy 

fish 

only 

Oligochaeta and no Chironomidae and vice versa further 

lends support to the speculation that these food items are 

patchily distributed in the lagoons and this had th_ 

effect of lowering their electivity indecies, (Table 7). 
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CHAPTER 5 

THE EFFECTS OF STOCKING DENSITY ON THE GROWTH RATE, 

CONDIT·! ON FACTOR AND NET YIELD OF OREDCHROHIS HILOTICUS 

IN WASTEWATER LAGOONS . 

5.1 INTRODUCTION 

The re has been little resear ch on the extensive 

culture of Oreochromis niloticus in wastewat er l agoons . 

The scanty data on extensive cage culture comes mainly 

from the Philippines fre shwater lakes. Balarin and Ha ll - r 

(1979) suggest that e xtensive cage culture of tilapia i n 

wastewater lagoons is an oppo rtunity worth exploitln in 

the future. This is furth r supported by th- high yl lds 

obtalne in Cos t o. Ric ( E han i, 1982) and 'I' nnes s 

U.S.A. in sewage ponds (Sufe rn et al ., 1978> . lhe 

advantages of culturing fish in wastewater lagoon s are two 

fold (1) to improve the w st treatment capac ity an (li) 

to Procure the much needed fish protein. The improveme nt 

of the water quali t y is eff~cted through the utilization 

of algae as food by the fish whi c h when the biomass is 

high leads to the produution. of a poor effluent. This 

entails that mi crophagous spec ies such as Ore och r om 1 s 

n~lot1cus , 0 . mossambicu: and 0. aureas be used . Thi s 

chapter i s devoted to the s tudy of the effect of the 

stocking densities on the growth rate, condition factor 

and yield of Oreochromis nllcJticus in wastewa ter l cgoon s . 
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The stocking densitie~ at wl ich maximum yields can b~ 

obtained are largely unknown. They are determined by (a} 

the phy~ico-chemlcal natur of the habitat an (b) th 

primary productivity. 

5.2 LITERATURE REVIEW 

Edwards et al . (1981) observed that the mean wei ht 

of Oreochromis niloticus cultured in ~ sewage effluent 

fell as the stocking density increased but the final yield 

increased . Similar observations have been made on caged 

fish, predominantly tilapia (Coche, 1976, Muthukumarana 

and Weerakoon, 1985 and Edwards et al. , 1986) . The decline 

in the biomass is attributed to a number of factors such 

as overcrowding at high densities, low dissolved oxyg~n 

and some growth inhibitor in the sediments beneath the 

cages (Balarin and H ller, 1 79 ). Anon (1978) reports th~ 

stunting of cag stocks ln Lake Calibato in th 

Philippines and attributed this to overstocking of the 

lake with cages. 

Studies on the growth rates of 0. niloticus at 

different stocking r a tes particularly in wastewater 

lagoons is scanty. At Thika wastewater lagoons in Kenya, 

o. nilotz•=us stocked at 3 0 and 5(1 fish 0.81m ···cage 

survived for 1~2 days and attained daily growth rat es o~ 

0 . 55 and 0.33g respectively without supplemental feeding. 

After this, there w s 100% mortality whose cause was not 

known (Nyaga, 1981). In Lake George, Uganda, 0. 
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nilvt~cu~ kept in open mesh cages grew from fry to a 

maximum of 19 . 6 em, with an verage length increment of 

1.6 em month-l 

Victoria, East 

( .t-lor iarty and 

Africa, caged 0. 

Moriarty,l973a). In Lake 

niloticu$ grew from mean 

lengths of 4.~, 6. end 7 . 9 c~ to 7.7, 9 . 2 nd 1~.2 em 

respectively, which represent mean growth rates of 

1.8,3.1,3.5 and 1.7cm month-1 (Rinne, 1975). Cache (1976) 

notes that at equal stocking densities, the individual 

size increase is dependent on feed availability. 

The yields fr om exten3ive cage culture furnished by 

scientists working in the Philippine freshwater lakes are 

low when compared with those realized in intensive cage 

culture. They range from 0.04-1.9kg month-1 (Man ,1979, 

Alvarez,l981 and Guerrero, 1983 all quoted by Beveridg , 

1984b). Further, it has been observed there that there is 

a steady decline in fish yi elds corresponding to a decline 

in natural productivity. The consequences have been the 

drop in the stocking densities and the extension of the 

culture period from 4 to 6-9 months (Cache, 1982; 

Guerrero, 1983 and Beveridge 1984b). This shows the 

dependence of fish yields on the level of natural 

productivity. Balarin and Haller (1979) report that 

without supplementary feeding,yields of 25-500 tonnes ha- l 

yr- 1 have been achieved in T _nnessee, U.S.A. 

Ylt.!l s from in "'n!liv c g ~ •- lture are highc- 1' . For 

example at Kossou Lake, Ivory Coast, cage cultured o. 

niioticus at stocking densities of 215-48Bm-· yi elded up 
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to 76 kgm- 2 in a period of 3-5.5 months (Coche, 1977). 

Balarin and Haller (1979) note that . yields up to 94 kg m- 3 

are possible. Since there 

extensive culture, the yield 

lowe r. 

is no intensive feeding 

per unit area of water 

in 

is 

The setting of cages in a water body has been foun 

to a ffect growth rates. Cages set too near th bottom 

exhi bited low growth rates. While those set at about 0.2m 

f rom the bottom exhibited bette r growth rates (Balarin and 

Halle r, 1979). This has been largely attributed to 

deoxygenation resulting from the decomposing o rga nic 

matter near the bo ttom and to some growth inhibitory 

facto r in the sediments (Mui r and Roberts, 1982) . It is 

therefore, recommended that cages should be set at least 3 

m from the bottom (Balar in nd Haller, op cit>. 

Ther_ have been few s tudies on the rel ~t i onship 

between yields obtained in 

natural productivity of 

e xtensive cage culture and the 

th habl tat. Scientists not 

directly involved in cage culture have demonstrated that 

annua l fish yields and natura l productivity are positively 

related (Hrbacek, 1969; Adams et al., 1983; Melac k, 1976; 

McConnell et al., 1977 ; Oglesby, 1977, 1982; Hed~ ey e t 

al ., 1981 and l"lart =m and Po l o vin a , 1982). A s i mil ar 

relationship has been shown to hold for extensive cage 

cultur (Beveridge , 1984b). 

In some water bodies, it is not easy to draw a good 

correlation between fi sh yields and natural productivi t y . 
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A number of factor s which contribute to the to tal amount 

of energy fixed interfere with the relationship. Th se 

are (i} autochthonous production from periphyton and 

macrophytes (Moss, 1980) and (ii) allochthonous inputs 

particularly in small aquatic systems (Oglesby,l977 and 

Yap, 1983). This causes the yields to be higher than 

those predicted from the primary productivity in some 

envi ronments. 

The increase in fish yields in relation to natural 

productivity does not continue indefinitely. At higher 

levels of producti on, algae are inefficiently utilized by 

fish leading to energy wastes. This lowers the P/B 

(productivity to biomass) ratio. At a primary production 

of about 2, 500 g C m- 2 yr-t , further increases lead to 

small increments in fish yields (Liang et al., 1981). 

5.3 MATERIALS AND M~THODS 

Four pairs of 1 m3 c ges were constructed from 

wooden frames of 5.1 x 5.1 x 5.1 em and a plastic netting 

material of mesh size 19 em. 

lockable doors. The main 

The cages were provided with 

frames of the cages were 

reinforced with small wooden brackets, ~hile the doors wer 

supported by larger brackets,fixed to the main frame at 

the door opening (Fig.IU ). Th cages were used to cultur 

Oreochrom is niloticus in a tertiary wastewater lagoon . At 

the 1 agoon , the C c:. g <5 w re c nchored to the bot tom 1Si nq 

manila strings attached to stones of about 5 kg. 
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• , 

Hinges 

Bigger br ackets for surporting the door 

Plastic mesh covering all faces of the 
cage exept the opening {A) • 

Small brackets for reinforcing cage 
framework . 

Manila string 

Stone for anchoring the cage to the bottan. 
Pond botton 

Fig. 9. Tn~ typq of cogq usotd to c ulh.!~ Or~ochrom i s nilgticus in wcst!~r 
log:::ons 1 Nyol~nda, Xisumu. 
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The fingerling~ for culture were obtained by beach 

seining in two tertiary wastewater lagoons. Those of 6-7 

em were sorted out an stocked into the ca es in r eplicate 

densities of 50, 70, 90 and 110 fish m- 3 . This was 

achieved by continuously putting young fish into the cages 

.until the desired density was reached. The fish were th n 

cultured for a period of five months, from Augus t to 

December 1985. Fortnightly, the weights and lengths of 

the fish were measured to the nearest g and one decimal 

place in centimeters respectively. The experiment was 

repeated for another period of five months from January to 

June 19 8 6. The data obtained for lengths and weights were 

used to calcula ~rowth rn t s , condi tlo f. c .. ors 1Jild 

yields. The condi tion factor K was calculated using th ~ 

formula:-

K = 100W/L3 (Weatherly, 1972), 

where W = the wei ght of the fish in g and L = the total 

length of the fi s h i n em. Biofouling of the cages was 

controlled by scraping the sid s of the cages with a brush 

once a week. The sp _cific growth rate was calculated as 

described in Ricker (1 15) using the formula:-

( Lz - Lt )/(Lt x 100) 

where L1 and L2 are the fish lengths in em measured during 

two i.f ferent p rio s. Th fish production in thu 

wastewater lagoon was estimated from data on physico­

chemical parameters an primary production using the 

methods described in Huet (1975) and Sreenivansan ( 197 2). 
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The formula for calcul ting the annual fish production or 

artificial ponds as expressed in Huet (op cit.> s:-

' .,. N .. I 1 (I >: 8 l1 k • 

where • is the annual fish production in kilograms, Na 1s 

the s1~e of the pond in ares , 8 is the biogenic capac1ty 

(nutritive value) of the water in the pond and k is the 

coefficient of productivity. k is a product of four sub­

coefficients namely; k1 for temperature, k2 for acidity or 

alkalinity, k3 for fish species and k4 for the age of the 

fish. 

The biogenic capacity (B) is expressed on a scale 

ranging from I for water with the lowest nutritive value 

to X for water with the high st nutritive valu The fo1r 

sub-coefficients of productivity are expressed thus:- for 

l0°C, k1 = 1.0; for 16 .00C, k1 = 2.0; for 220C, k1 = 3.0 

and for 250C, k1 = 3.5. kz for acid water is 1.0 while 

that for alkaline w is 1.5. k3 is 1.0 for col · w _r 

s ecies and 2.0 for w rmwat~r sp cies and k4 is l. 5 for 

fish of less than 6 months and 1.0 for those of greater 

than 6 months. For th computation of fish production at 

Nyalenda wastewater lagoons, the following values were 

used: 

Na/lO=B=lO, K = 3.5, K =1 .5, K = 2.0, K =1.5 

Th annual produ~ ion com uted was convert h t 

r pr senting five months; p riod equivalent to th one 

used to culture fish in the lagoons. 

'l'h method expl ined in Sreenivansan ( 1972) utilizes 
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the net primary production to estimate fish productlon. 

The following conversion rates were used as is required by 

the method: 

(i) 1 g oxygen (photosynthetic)= 0.375g carbon. 

( i i )1 g carbon = lOg of fish (wet weight) . 

Nine hours as suggested (Prowse, 1972) were used to 

compute the daily fish production. The monthly fish 

production was computed by multiplying by 30 days. This 

was similarly converted to that representing five mo ths 

for compa rison purposes with the previous method and the 

fish yields for the .five-month culture period. 

5.4 RESULTS 

The overall means of the growth rates, maximum sizes, 

stocking densities and net and gross yields attained by 

Ore~ch romis nilot; cus in the cages are presente~ in Tabl s 

9, 10 and 11. The growth rates at an initial stocking 

density of 50 fish m-3 were sl ightly higher than those at 

higher stocking densities. The overall mean gro wth rate 

ranged from 2.479 em (29.825 g) at an initial stocking 

density of 110 fish m-3 to 2 . a 21 em ( 3 6 . 2 56 g) at an 

initial stocking density of 50 fish m-3. The growth rates 

in em and g are presented in Figs.20 and 21. 

The initial r apid growth rates in the Oth-8th we~ks 

of culture occurred during periods of res~lar and a equate 

wastewater flow and high primary productivity . The 

decline in the growth rates in the 8th-10th weeks of 

ltltJt~ltsJ~ 
OF IV. 

AI.Bi...tll,.. "'~o~~~ 
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TABLE <:!: THE RESULTS OF THE PIRSTCUL TURE EXPERIMENT Or~ OREOCHROMIS NILOTICUS IN' NYALENDA WAS TEWATER 

LAGOO S , KlSUMU . 

NO.OF FISH MEAN MEAN TOTAl. RESULTS AFTER FIVE MONTHS Of CULTURE 
-3 LENGTH WEIGHT WEIGHT CRO\iTH RATES MEAN FINAL MEAN FINAL NO. Of FISH TOTAL 

Ill 
(em) (Kg) . _1 _

1
LENGTH 111-3 WEIGHTS (g) WEIGHT 

(em flsh l<ii!: t:il!h )!em} {g~ ~Kg~ 

50 6.98 7. 01 0.351 2.692 33.471 20.44 174.365 17 2.967 

70 6.96 7.013 0.491 2.536 29.890 19 . 64 156.465 17 2.707 

90 7.02 7.022 0.632 2.496 29.15 19.50 152.779 17 2.599 

110 7.17 7.336 0.807 2.418 28.04..4 19.26 147.556 19 2.8015 

NtT 
WEIGHT 

(Kg) 

2.616 

2.216 

1.967 

1.9945 

TABLE 10. RESULTS OF THE SECOND CULTURE EXPERIMENT ON OREOCHROMIS NILOTICUS IN NYALENDA WASTEWATER LAGOONS , KISUMU • 

NO. OF FISH MEAN MEAN TOTAL RESULTS AFTER fiVE MONTHS Of CULTURE 
111-3 LENGTH WEIGHT WEIGHT GROWTH RATES MEAN FINAL MEAN FINAL MEAN HO. FISH TOTAL NET YIELD 

( Clll) (g) (Kg m-3) MEAN MEAN LENGIH WEIGHT .-3 WEIGHT 
LENGTH WEIGHT 
(em Fish~(gFish-1 ) {em) {gl (Kg m -3) -3 (Kg 111 ) 

50 6.771 6.93 0.341 2.951 39.041 21.524 202.135 12 2.321 1.980 

70 6.820 6.99 0.494 2.810 36.695 20.871 190.465 13 2.476 1.982 

90 6.830 6.879 0.619 2.709 34.708 20.377 180.42 12 2.161 1.542 

110 6.913 7.455 0.82 2.539 31.6 9 19.609 155.498 14 2.321 1.501 
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AnLE 1 I. CO 3' ED nESULTS Or TIIF: FIR~T /1 D SECO. 0 C LTUnE f.XPERTME l't60N 00EOCHROMIS NTLOTTCIJS IN 
NY(\LE DA WASTEWATER LAGOONS , KISUI\1. 

INTTIAL STOCKING RATES 

NO. Or FISII MF. TOTAl. 
m-J I.E WEI C.IfT 

( (I (Kg) 

50 6.876 6.97 0.346 

70 6.89 7.002 O.d9 3 

90 6.925 6.951 0.62() 

110 7,042 7.400 0.814 

RESULTS AFTER FIVE MONTIIS Or CULTURE 

M. N MEAN MEAN FINAL 
L~NCTH_l WEICIIT_ 1 LENC.Til 

(em F' 1 sh) ( g F' u;h ) (em) 

2.821 36.256 20.982 

.1 0.767 

2.673 33.293 20.256 

.t0.870 

2.603 31.930 19.939 
£0.620 

2.479 29.825 19.435 

.t0.247 

MEAN FINAL 
WEIGHT 

(B) 

188.25 

il9.G36 

173.465 

~24.042 

166.600 
Sl9.545 

156.527 
.t12.687 

MEAN ~g. FISH 
m 

' 14. 5 

15.0 

14.5 

16.5 

TOTAL 
WE GilT 

( Kgrn - 3 

2.644 

%0,457 

2.592 

10.163 

2.380 
.t0.310 

2.561 
i0.340 

NET 
YTE D 
(K -3 g.-n ____ 

2.298 

.!O. 450 

2.099 

iO.l65 

1.755 
~.301 

1.748 
*0.349 
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culture following the rapid initial growth rates occurr d 

during periods of irregular and reduced wastewater flow 

into the lagoons. In the second phase of culture, the 

poor growth rate also coincided with a period when there 

was a major breakdown of the sewage system, in March 1986 

coincidentally also in the 8th-10th weeks of culture to 

the extent that there was no wastewater flow into the 

lagoons for a period of three weeks (Chapter 3). 

The graphs on the growth rates show increases after 

the lOth week. This coincided with the resumption of 

regular wastewater supply to the lagoons during the later 

rains of November/December during the first phase of 

culture and of H rch/June during the second phase of 

culture. During both these periods, there were regular 

flushings of the lagoons. 

The specific growth rate in terms of length is 

presented in Fig.22 and shows an inverse relationship with 

time and therefore with increase in size. The smooth 

decline in the specific growth rate was interrupted in the 

lOth week due to irregular and low wastewater supply which 

reduced the growth rates. 

Fig.24 shows th change in fish numbe~s per m3 with 

time in the cages. There was a ntore pronounce initial 

dro P in numbers at higher stocking densities. Th re was 

another drop in the lOth week which coincided with poor 

growth rates. The drop at higher stocking densities o 90 

and 110 fish m-3, resulted in a big reduction in the 
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weight to the extent that the net yleld was n_gative 

during the initial stages (Fig.23). 

The mean overall sizes attained by Oreochrvm13 

nilot1cus r~nged +rom 19.43 5 + 0.247 em (156.527 + 

12.687g> at ~n initial stocking density of 110 fish m s to 

20.982 + 0.767cm (188 ± 19.636g) at an initial density of 

50 fish m- 3. The growth in mean length and weight with 

time is presented in Figs.25 and 26. The mean sizes at a 

stocking density of 50 fish m-3 remained slightly abov 

those at greater stocking densities. 

The overall biomass in the cages ranged from 2.380 ~ 

0.310 kg m-3 at an initial stocking density of 90 fish m-3 

to 2.644 ± 0.45 kg m-3 at an initial stocking density of 

50 fish m-3. Fig.28 shows the variation of the total fish 

biomass in the cages with time. Except for that at 50 and 

70 fish m-3, the other stocking densities shows a drop in 

the biomass correspo nding to the initial drop in numbers 

(Figs.24 and 28). Single factor analysis of variance was 

used to find out whether there were any significant 

differences between the gross yields attained at different 

stocking densities. The F value calculated for FO.OS (1) 

3, 12 :: 3. 49 was 0. 384 showing that there w re no 

significant differences . The total biomass starts to 

increase after the second week during the phase of high 

growth rate (Figs. 20 and 21) and then slows down between 

the 8th and 12 week, a period when there was reduced water 

flow and depth at the lagoons. The rapid increase is 
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followed by the slackening of the growth rate as the fi sh 

approach bigger sizes. The total fish biomass in cag ~ 

with higher stocklng densities was higher than that i 

lower stocking densities initially but declined as th 

numbers decreased, (Fig.28), for example in the cages with 

an initial stocking density of 90 fish m-3 in the 14th 

week of culture. 

The overall net yield ranged from 1.748±0.349 kg m-3 

at an initial stocking density of 110 fish m-3 to 2.298 ± 

0.450 kg m-3 at an initial stocking density of 50 fish m-

3 Single factor analysis of variance was carried out to 

find out whether th~re were any significant differenc s 

between the net yields at different stocking densities. 

The F value calcul t d for F0.05(1) 3,12 = 3.49 was 2.056, 

showing that the differences were not significant. 

shows the variation of the yield with time. 

Fig.23 

At the 

initial stocking d ensi ties of 90 and 110 fish m- 3, the net 

yields after two weeks 

This is due to 

extent that the 

a large 

of c ulture showed negative values. 

initial drop in numbers to the 

total weight was less than that at the 

beginning. The net yield at 50 fish m-3, remained above 

those of the othe r stocking densities for ~ost of the 

cultu r e period. 

The overall specific growth rate ranged from 0.108 ± 

0.044 

0 . 120 

density 

at an initial stocking density of 110 fish m-3 to 

+ 0.053 per fortnight, at an 

of 50 fish m-3. Fig.27 shows 

initial stocking 

that the specific 
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growth rate in terms of length was higher at low _r 

stocking densities. 

The overall condition factor ranged from 2.041 + 

0. 050 at a stocking density of 50 fish m-3 to 2. 124 + 

0.100 at an initial stocking density of 110 fish m-3. 

Fig.27 shows that the condition factor generally dropped 

between the Oth and the 12th week of culture and this 

corresponds with the period of the rapid decline in fish 

numbers in the cages. 

factor after the 12th 

The increase in the condition 

week corresponds to the low 

densities attained in the cages, almost stabilising. 

Fish production was ~lso estimated in the lagoons 

using the physico -chemical and biological characteristics 

presented in Chapter 3. The methods employed were those of 

Huet (1975) in whic h the bioge nic capacity, temperature, 

pH, age and species of the fish are used, and of 

Sreenivansan (1972) in whic h the primary productivity as 

measured in g 02 m-2 yr- 1 is converted to g C m-2 yr- t 

by a factor of 0.375 and then the g C m-2 yr- 1 is 

converted to fish production (wet we ight) by a factor of 

10. Huet's method gave an estimate of 1.9398 kg fish m-2 

yr-1 (wet weight ) , while Sreeni vans an • s method gave 

10.176 kg fish m-2 (wet weight). Assuming two. equal 

crops Per year as suggested by the results on cage 

culture, then Huet' s method gives 0.969 kg fish m-2 and 

Sreenivansan's gives 5.088 kg fish m-2. If five months 

are ~onsidered as in the cage culture experiments, then 
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Hu . t's method gives 0.8075 

gives 4.21 kg fish m-2. 

kg fish m- 2 and Srcenl v n an's 

The Jisparity betwe n Lwu 

methods is attributed to the different physico-chemical 

parameters used in the computation of fish production . 

5.5 DISCUSSION 

The drop in the stocking densities (Fig.24) 

corresponds to the drop in the condition factor and in the 

biomass at higher stocking densities; that is at 90 and 

110 fish m-3. Once the numbers in the cages started 

stabilising, the condition factor improved, showing that 

the effect of the high stocking densities had b _e n 

reduced. This means that the stocking densities f 

Ore0chrvm ~ s nilvtJ CU3 which an be s 1pported in hell ~on 

environment are much lower. This drop reduces the 

expected 

decline 

yields an 

in numbers 

determin_s the growth 

and biomass at higher 

rate . T e 

stocking 

densities, was attributed to overcrowding in the cages 

more particularly, during the 0-2nd week of culture and 

low dissolved oxygen concentrations in th lagoons 

(Chapte r 3), as the maximum ensity a cage can carry is 

dependent on tl avallabillLy of lssolved oxy n . Th 

low dissolved oxygen concentration was attributed to three 

fllctors. (i) wast_ materials produced as result of 

overcrowding in the ~ages which locally affected the water 

quality, (ii) presence of organic matter in the lagoons 

whibh on decomposing consumed dissolved oxygen and (ii) 
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ense algal crops presen~ in the lagoons which depleted 

oxygen reserves at night. The decline was more pronounced 

at higher stocking densities of 110 and 90 fish m-3. The 

high mortality observed in the initial stages was also 

attributed to the smaller sizes of fish stocked of the 

size range 6-7cm. This is due to the fact that smaller 

sizes of Oreochromi s niloticus are less resistant to 

temporary conditions of low dissolved oxygen 

concentrations. Coche (1976) has noted that o. niloticu~ 

becomes resistant to temporary conditions of low dissolved 

oxygen concentrati ons after attaining sizes greater than 

20-30g live weight. This contrasts well with the smaller 

sizes used in the -XP riment of the size range 6-8 g. 

Balarin and 

overcrowding 

Haller (1979) 

and low 

have discussed the effects of 

levels of dissolved oxygen 

concentrat ion in relation to the stocking densities used. 

The slightly reduced growth rate after the 16th week 

of culture was a result of the bigger sizes the fish had 

already attained; smaller fish naturally having faster 

growth rates than bigger ones. The earlier reduction of 

the condition factor implies that if the initial densities 

are kept lower, th n t ll- growth rate, the condition f ctor 

and yields can be improved. 

The effect of the stocking density on the growth 

rate, condition factor and net yield can be evaluated 

between the Oth and the 12th week when density differences 

in the cages were big enough to warrant the assessment. 
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The initial growth rate during the Oth-2nd week was 

rel tively lower th n that of the following week up to the 

12th week. This w s attributed to overcrowding ln the 

cages which after the 2nd week was eased as a result of 

the drop in densltl _s, (Flg.24). All the physico-chemical 

parameters in the lagoon during the latter phase of growth 

that is, from 2nd-12th week of culture fell within the 

range required for tilapia culture, (Chapter 3). Tilapia 

are known to demonstrate compensatory growth whereby th­

growth potential which might have been surpressed as a 

result of an unfavourable environmental condition might 

revea l itself to the maximum with the onset of favourabl e 

conditions (Dadzt~ u rs. comm. ). Therefore during this 

phase, the growth rates of the fish in the cages were 

higher than during the dry season when the environmental 

conditions were unfavourable. The lower stocking 

densities had high _r growth rates but lower biomass th n 

the higher densities (Fig.20, 21 and 28); but the net 

yield was higher at lower stocking densities. Similar 

observations have been made by other scientists working on 

cage culture (Coche, 1 77). 

No detailed studies were undertaken on disease as the 

causa tive agent of fish mortalities in the cages. However 

casual observations showed that most of the fish died due 

to lack of oxygen. This was evidenced from their wide 

open mouths and r ised gill covers with gill filament~ f r 

apar.t. During the Oth-2nd week of culture, some of the 
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dead specimens had partly destroyed £ins particul <.n ly Lh·~ 

caudal fins. This suggests that they had an infection of 

fin-rot or that. th fins had prob_ably been bitten off by 

other fish in the cages and chen secondarily infected with 

bacteria. Other observations in October 1985 reve 1 ·d 

that some of the dead specimens had inflammed guts which 

were dark-brown in colour. Their livers were unusually 

elongated, pale-brown in colour and irregular in shape 

particularly on the lower half. Fin-rot, inflamed guts 

and unusually elongated and infected liver conditions were 

also observed in some of the non-caged specimens taken 

from the lagoons in October for food selection studl- ~ . 

Thus the mortality of the fish in the cages during the 

culture period can also be attributed to disease. 

After the 12th week, a comparison of the effects of 

the stocking densities on the growth rate, condition 

factor and net yield cannot pe made as the densities in 

the cages approached close ranges (Fig.24). This is 

reflected in the haphazardness in the growth rates after 

the 12th week. It can be realized that the earlier effect 

on the different stocking densities that is, the l arge r 

differences in fish numbers per m3, had a long term effect 

on the yield giving rise to low yields and moderate 

condition factors. 

The generally fast growth rate in all the cages 

during the initial stages of culture was due to the 

presence of suitable environmental factors resulting from 
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a good rate of wastewater renewal through flushing and th 

presence of abundant fish food in the form of 

phytoplankton and invertebrates (Chapter 4). The presence 

of abundant Hicrocysti: sp . and Spirulina sp . could be one 

of the reasons why the fish attained such fast growth 

rates. The fish extensively fed on these two algae in the 

lagoons . Experiments in which the alga Hicrocystis sp . 

has been harvested and fed to Oreochromis niloticus 

produced the fast~st growth rates surpassing the highest 

reported from waste-fed tilapia culture in earthen ponds 

(Edwards et al., 198.3) . Rhyne et al . <1985) have shown 

that the alga SpJrulina sp . meets certain cri.teria 

necessary in an int c r.:\te<-1 fi s l -mariculb .. tre system .:s Fish 

feed. The two alga h ve been demons rated to have a high 

percentage of crude protein content in their cells, an 

important consideration in selecting fish feeds. Lee Boon 

Yang et a I. < 1980 > report that the gro~;Jth rates, "'1ei ght 

gain and general health of fish fed on algae were equal or 

superior to fish fed on standard commercial feeds .. 

since the physico-chemical conditions fell 

Hence 

within 

tolerance limits of til pia culture and there was abtwd n t 

food dur lng this phase, the differences in the growth 

rates and the condition factor can be attributed to the 

differences in the stocking densities, the sizes alr a y 

attained and sex. 

The reduction in numbers and of the growth rates 

observed during the dry phase resulting from low or no 
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se~ag. flows into the 1 goons led to the reduction in th. 

b omass in the cages. The reduction in the growth ra s 

was due to the reduction of the water depth to the extent 

that the cages were resting at the bottom of the pond. 

uring the dry season, there was deoxygenation an 

production of odours due to the decaying of algal blooms 

and the concentration of substances into the reduced water 

depth (Chapter 3) . The non-flushing and low rate of water 

renewal at the wastewater lagoons does not ensure optimum 

dissolved oxygen concentrations necessary for better 

growth rates. HJnce in the management of wastewater 

lagoon fish culture, there has to be a reliable and 

adequat. flow of wat_r to sustain suitable depths and also 

roper maintainance of the whole eewage system. This will 

ensure water renewal and the keeping of physico-chemical 

conditions within the sui table range for fish culture. 

Furthermore, the reduced growth rates during the dry pha5e 

are attributed to poor physico-chemical conditions 

'nterfering with the normal feeding process of the fish. 

0 ah et al. (1986) observed that the daily and therefore 

regular introduction oF s~wage in Hungarian ponds made 

s able the environment which supported healthy growth of 

f sh, while in Indian ponds where sewage introduction was 

irregular, the environment was unstable for fish growth. 

A comparison of fish production using extensive and 

intensive culture in select-d tropical lakes and lagoon3 

is 'Pre-..ented in Table 12. Better levels of production 
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TABU: 12: RESU't.TS OF CI\Cil: OJI.T\JR£ Of" a NT! OTIC!/$ AT NYAL£NOA WAS TE'-IATER t.ACOOtiS COMPAR! D .. ITH 'THO$~ Or 01'1-'~~ TROPtCM. 
LAK.ES AND LACOOHS. OVE:R 90% OF' THE £XA1o4PLES CIVEN ME ON EXTENSIVE CULTURE 

LOCALITY 

tfyalenda ••as te 
water lagoons, 
Kenya 

Thl.ka wastewater­
lagoons, Kenya 

La..lte Victoria., 
JCe.nya 

Kossou Lake, 
Ivory Coast 

Laguna de Bay 
Philippines 

Bato Lake 
Phili;lpines 

OAT£ 

1985-1986 

1981 

1975 

1974 

1983 

1978 

1983 

SPECIES CAGE J 
SIZE M 

Or-eochro111is 1 
J 

Ill 

niloc icus 

0 . niloticus 0.8lm 
3 

a. niloti~usl.Sxl~Ox 
3.0 :a 

0. niloticus 1 3 
Ill 

Tilapia SxlCxJ 
3 

0. niloticus 10.2Cx5m 
2 1J8-2900 ;a 

O.nilocicus 

STOCKING SIZE AT CULTURE SIZE AT 

DENS I!~ STOCKrNC PERIOD HARVEST 
(No. M (i ) (MONTHS) ( _g) 

50-l.i.O 6.97-7.400 5-5.25 l47.o-
2.021 

JO aod 60 11-150 4.4 

12 2.9 1.25 4.4 
30 5.6 1.5 16.o 
20 12.1 l.O 24.3 

2.5-488 9-55 3-5.5 157-271 
.Hf7::·;s -·.; e: 

4-8 1 4-5 100 
7.4 6.J 119 

50 4 lEO 

PROOUCT!CJC 
Ki ca3 IDOnt.'\1 

0.2!!tHJ .SZJ 

O.JJ0-{).56a 

0.0012 
0.0074 
O.C012 

35-76 

o.o7-o.la 
0.14 

l.9o-

-3 The production in Kg m has been calculated fro~ the grap~s presented by Nyaga lSBl. 

Al1THORS 

T~J.s Study 1985/86 

Nyaqa 1981 

Rinne !'9!5 

Coch:e~977 

Hahe 1979 
Laz.aga & Loa lSBJ 

Bever-idge, 198.1 
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TABLE 12 Contd. 

Laxe V1ctoria 975 .I..-:z- ili..L 3.5x3.5x3.5 83 2.6 3 15.6 0 .417 Ibrahim, Nozawa and 

tanzania .a esculec:tus 5x5x5 m3 19 19 6 .:16.6 0.1.:1 Lema 1975 
Q leuccsticus 22 16.3 5 83.1 0.3.:18 

Lake Bunot 980 Iilagia 20x25x5 m3 4 4 250 0.24 Alvarez. ( 1981) 
Philippines ectln!i.Ye 

Ta Lake 3 
Philipp1n 983 IJlapia 10x5x3 m 50 100 1.25 Guerrero ( 1983> 

B uan Lake 982 to Iilapia 5x10x5 m3 0 1 5 200 0.40 Oliva ( 1 3) 
Ph.l ipp1nes '983 

Sampaloc Lak 1983 Iilagia 10x50x9 
Ph.llipplnes 25x20x9 m3 1.6-2.0 12.5-16.0 6-9 225-300 0.05-0.08 Guerrero. ( 1983) 

Lagoon:=:, Kenya 1974 ~I ~llllB 
S cigca 0.7 m3 7 32.0 5.9 236.8 1. 79 Haller ( 197 ) 

I.~illii 
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seem to come from environm nts where the stocking den s ity 

is low for example the Taal and Bato Lakes in thd 

Philippines . the lagoons at the Coast of Kenya and L 

Thika. But some of the stocking densities used at the 

Nyalenda wastewater lagoons approximate those used in the 

environments presented. Thus the rapid drop in numbers in 

the wastewater lagoon experiments confirm the findings 

that the use of high densities in extensive fish culture 

is not possible as the yields can be low. That the other 

environments exhibit low levels of production despite the 

low stocking densities is due to low natural productivity. 

This also depends on the sex and the species of fish and 

the size of the cages used. 

The lowe r lev _ls of fish 

range 0.286 0.523 kg m- 3 

production, that is in th ~ 

month- 1 exhibited at th~ 

yalenda wastewater lagoons in comparison to some of the 

other envi r onments present in Table 12 is attribut ~ to 

poor physico-chemica l conditions 

irregular wastewater flow and 

densit ies used. 

resulting from 

the higher 

CONCLUSIONS AND RECOMMENDATIONS 

low and 

stocking 

1. The main co straint to the culture of fish in 

wastewate r treatment lagoons was found to be the low and 

i rregular wastewater flow. This particularly affected the 

dissolved oxygen co1cent r ations which resulted in low fish 

growth rates and the production of a poor water quality 
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effluent. It is recommended that aerators be us to 

improve the oxygen regime and that of oth r physico­

chemical parameters. In this way, the fish stacking 

densities and yields per unit area of water will b~ 

increased . This will also ensure a good water quality 

effluent. 

2. The removal of floating algal scums and aquatic 

macrophytes particularly Ip omea sp . which proliferate 1nto 

the lagoons will also improve the oxygen regime. Anima L:3 

such as burrowing fish and tortoises which introduce 

extra channels of water loss should be eliminat <l 

physica lly. 

3. Food for Ore.:••=hr-c.•mi3 nilnt1cus at the l agoons 1s n o 

a major problem as the phytoplankton and small aquatic 

invertebrates are abundant. There is need to carry uu 

research into the nutritive value of the differ _nt food 

items to the fish in terms of percentage proteins , fats, 

carbohydrate s and vit a min content and on as simi la tion 

efficiencies. Direct measurements on the biomass of algae 

is possible and this will enable the determination of 

primary productivity in terms of wet weight algae to e 

made. 

4. The growth rat as and yields of 0 . niloticu s obtcined 

from the wastewa ter lagoons are reaso~able when compared 

with those obtained in other environments . It is 

recommended that in the presence of predatory fishes such 

as Protopteru: aeth1 vp1cu: and Claria ::::: mo _, _.:; mb 1 cuJ: 
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Predatory losses. Thi s 

of appropriate stocking 

on the algae and p~o uc ~ a 

cages should be used to ~urtall 

will also enable the usage 

densities to efficiently graz 

good quality effluent. 

5. The existence of large numbers of wild ducks in the 

lagoons is a point worth considering. They assist in 

cropping up the algae thus reducing its density and in 

this waY assist in the waste treatment process. In view 

of this,trials to determine the practicality and economlc3 

of fish-duck-sewage treatment should be tundertaken. 
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DIATOMS 

~ 2:J 
Oiatoma vulgQ!! 

Navicula~ 

0 
X:::::::::: 

G=S> 
(i) 

Cymatopltoura !B 
Nitzschia se cymbello ~ 

Diatom ella balfouriana 
(ii) 

Nitzschia se. 

Nitzschia ~ 

ALGAE 

MicrOC'f.Siis aeruginosa 

Spirulina SP. 
Appendix I. Some of thl" food items paten by O..reochromis niloticus •n Nyolenda 

waste -water lagoons, Kisumu. 
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(iii) 

Chlortlla sp . 

•P 
II•" 0 

p'•l' 0 

0 •"••' :!\., p •• •• 

( ii) 

(iii) 

OQ 0 
O:::t:l 0 
Q Qo 

o~O 
0

( iii) 

ooo 
0 0 

0 oooo 
0 0 

o Ooo 
0 0 

(iv) 0 

( iv) 

Stichococcus sp. 

Chroocococus ~e: 

Clost~rium sp. 

Sctneodesmus 
~J:10f 

(ji) 

Sctntdtsmus 
guodncauda 

Sctneodesmus nonus 

Apptndix 1 continutd ··-

Clost~rium ~P ... 

Aclinoslrum sp. 

Microtiniun 



Scenrdesmus .m 
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( ii) (i) . 
· rnoped•o Mens_ 
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ZOOPLANKTON 

(i) Filinia ~ 

(i) 

Brochionus calciflorus 

Brachionus ~· 

Testudinella .~· 

Appendix I continued···· 


