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The 

Abstract 

food and feeding habits of Oreochromis 
esculentus in Lake Kanyaboli were investigated from 
September 1989 to August 1990 during which a total of 
1305 fish stomachs were examined. The diet consisted of 
a broad spectrum of food types, including phytoplankton, 
zooplankton and detrital material. The blue-green algae 
(Cyanophyta) and green algae (Chlorophyta) were the 
prin c ipal food types, constituting about 70/. and 24/. 
res pec tively by numbers, of the food s con s umed . Diatoms 
(8aci ll a r iophyt a ), e ugl enoids ( Eug 1 e n op hy t ) and 
zoop l a nk ton we r e a l so consistently present in t h d .i t 
of t h is species . D. escu l entus o f differ nt siz in 
Lake Kanyaboli fed on similar food types . Th di t 
composition remained the same throughout the year as' did 
the composition of phytoplankton in the water . Diatom 
and 

while 

ugl 

nd 

)( n 

d 

zooplankton components 

most 

noid p 

o. cuJ 

oopl n 

o. 

blue-green 

d ou h 

ntu nd 

on wh c 

1 no d • 

\ 

n 

n 

0 

nd 

ou 

d 

I" 

1 

l 

of the 

h 

0 

gr n 

gu 

c 

c l 

nv ol 

d 00 

7 0 

diet were digested 

lg w 1 l 

und'g d. 

h ' ll.rl J.:hY 

1 

I" ' d 

no c p l 0 

d d n d 

l 

d n 



-xiii-

activity occurred. ,Thereafter, digestion progressed 

steadily until 0600h when 90/. of the fish had empty 

stomachs. 

The presence of a lower pharyngeal bone armed with 

slender teeth hooked at the distal end, an upper 

pharyngeal bone with teeth cusped at the distal end, a 

poorly developed i.e. less mascularized sac-like stomach 

and an intestine of considerable length (standard length 

to intestine length ranged from 1:4 to 1:14), all attest 

to the phytoplanktivorous diet of 0. esculentus. 

Both male and female 0. esculentus exhibited 

isometric growth. The overall length-weight rel tionship 

was given by: Log W = -4.523 + 3.022 Log L. lh r w 

no significant difference in the condition of fi h of 

different sizes or sexes, or at different tim 



CHAPT~R Cll\lt:" 

INTRODUCTION 

The cichlid fish, Dreochromis esculentus 

(Graham) is indigenous to Lakes Victoria, Kyoga, 

Nabugabo and Kanyaboli (Graham, 1929; Greenwood, 

1953; Lowe-McConnell, 1955; Welcomme, 1964; Bailey, 

1968). It has, however, been introduced into several 

reservoirs in East Africa (Bailey, 1968). From the 

beginning of this century to the 1960s it formed the 

mainstay of the commercial fishery in Lake Victoria 

(Graham, 1929; Worthington, 1929; Fry r, 1961; 

Welcomme, 1964 , 1966). Tilapiine c tch s p r nigh 

have now decreased from 50-100 fish p r 50 m long 

gillnet (of 127mm stretched mesh) in 1905 
I 

(Worthington and Worthington, 1933) to less than 0.5 

fish in 1970 (Ssentongo, 1972) . Th:: , .: ine fishery 

has dec lin d from m an monthly c ch 0 6.0 m ric 

on in 1969 0 o. m on n 197 nd ' 
1979). Th d cl n n c f o. n 

L V1c 0 u y 

n n 

0 u 

n Co d 

0· 0 

n od 1 
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niloticus (L.) (Okemwa, 1984; Okemwa et al., 1982; 

Ogutu- Ohwayo, 1985; Hughes, 1986) . The Lake 

Victoria fishery is now dominated by L. niloticus, 

Rastrineobola argentea (Pelligrin) and introduced 

0. niloticus (L.). (Kenya Govt., 1989). 

Although 0. esculentus is presently faced with 

extinction in the Winam Gulf of Lake Victoria, it is 

found in large quantities in Lake Kanyaboli situated 

about 16 km North Eas t of Lake Victoria, contributing 

about 60/. to the tota l c atc h (Ok e mwa, 1981) . The 

cont i nu e d a bund a nce of o. escul entus i n La ke 

Kan y abo l i cou l d be due to the bsenc o f th 

predaceou s L . ni l oticus from that l k k 

Kanyaboli's fisheries and limnology h ve b n lit l 

studied . With the exception of prelim~nary surveys 
I 

of the fish , coupled with baseline limnological 

studies (Okemwa, 1981 ; Mavuti , 1989) no other 

research h c: b n c rri d ou on h k . h 

udy of food nd d"ng h b" 0 r 0 r 

impor nc: nc: . mpl c on or 

ro r n nd on 

c 1 

1 lu 0 

1 l n 

0 l 

) . 
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.-,
'I lldU.I.."'C.S Of o. 

esculentus in East African lakes have consistently 
shown that the species is a phytoplanktivore which 
digests only the diatom component of the 
phytoplankton while blue-green and green algae pass 
through the gut undigested (Graham, 1929; 
Worthington, 1929; Fish, 1951; Welcomme, 1964) . 
Zooplankton have also been reported in the diet 
although in insignificant amounts (F~sh, op. cit.). 
In the past two decades or so, however, no research 
work has been carried out on the feeding ecology of 
the s pecies i n Eas t Africa . Wi th dyn a mic c h ng es i n 
phy sico-chemica l conditions , productiv ity nd 
ichthyofauna of East African l akes , food h bi m y 
well be changing . 

In reservoirs where 0 . esculentus h s b en 
introduced , the species never grows to a large size . 
It has been suggested ( elcomm 1962 ; B iley , ~~68) 

th tunt d gro h in h r rvoir i du 0 

lo d n ity 0 di om in w r column. Con y 
0 h bo 0 r on 0 -M onn l l ( 1 7 

r por d h r 0 n 

nc:l d n u n d y u 

n n 1 l 

nd 

11 n 0 n d lo 
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~u~~- ~ui~kiy to maturity. The author noted that this 

ability of tilapiines to mature at a small size and 

early age despite rapid growth rate is an adaptation 

to ensure rapid population growth of the species in 

environments where the danger of 

greatest. 

desiccation is 

Despite the proximity of Lakes Victoria and 

Kanyaboli, the stocks of 0. esculentus inhabiting 

them show great differences in body size. Whereas 0. 

esculentus in Lake Victoria grow to a large size (30-

40 em TL) , individuals from the Lake Kanyaboli stock 

are stunted and attain sexual maturity nd br ed when 

very small ( 10 em TL) (per. cbs. ) . 

growth phenomenon is very undesirabl 

Thi 

to 

tun d 

fi h rm n 

and fish merchants because such stunted fi~h h v low 

market value. 

From available data (Talling, 1961; Evans, 1960; 

Ny ll•u 1 4 I 6; Kibaar 1989) 

phytopl nk on group in L 

Cy nophy Chlorophy nd 

pr nc 0 d q n 
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pt 
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n m ly 

lh 
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0 1 t 

o l n on 
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undertaken in an attempt to examine reasons for the 
t"'"" ...... - , l ~ody size of the 0. esculentus population in 
Lake Kanyaboli. In this study the food habits and 
condition of 0. esculentus in Lake Kanyaboli were 

examined. 

1.1 THE STUDY AREA 

Lake Kanyaboli (Fig.l) is located between 
latitudes 0° 05 ' N, and 0° 02 ' N and 

I 
longitudes 34° \ 

09 ' E and 34° ' 11 ' E, at an altitude of 1156 m ab6ve 
sea level. It has an area of 10.5 km 2 and an average 
depth of 2.5 m. The lake is located on the eastern 
edge of the Yala swamp, on the northern shore of L ke 
V~ctoria (Mavuti , 1989). 

The Yala swamp covers an ar of 17 :::>00 h . nd 
is bounded on the North by the Hwiro and Nzoi Riv r 
and on the South by he Yala River. Part of the 

I 
SW mp 

has been reclaimed for agriculture and here is a 
=n- ~.:ing con roversy b tw n conserv ion is s 

nd politic i n r 9 rdl.n h r cl m on oi h 
r m ining por on. 8 or c:l m on 0 h 'w. mp 

d 1n rl 70 v 1 v l 

ou 0 

L d n 

nd 11 " ) . 
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Map of Yala Swamp showing its environs. 

Source: Mavuti 1989. 
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!
Rooted papyrus swamp (areas 11 & Ill) 
Reclaimed area 1 
~k~ . 
Drytand 
Rivers 
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During the reclamatinn - ·' 

swamp a diversion c'anal was constructed which changed 

the direction of flow of the Yala River. Thus, 

instead of the river flowing through Area I into Lake 

Kanyaboli, it now flows through Areas II and III into 

Lake Victoria. A feeder canal was constructed to 

replenish the waters of Lake Kanyaboli and a silt-

clay dyke was also constructed 

Kanyaboli from Area I. 

to separate Lake 

The sources of water 1or Lake Kanyaboli are 

c urr e ntly the c at c hm en t a r ea wes t of S i ay a town, 

Rive r Hutro and bac k-seepage fro m Area II throu g h the 

broken portions of t he dyke . 

1 . 1 . 1 The physico-c he mical d 

Physico-chemical characteristics 

Kanyaboli have been described by Okemwa 

Mavuti (1989) and are presented in 

of 

(1981) 

Table 

Lo,,uu~.-c1vi y has ncreas d signi ic ntly wher s 

L k 

'and 

1. 

pH , 

ni r e, or hop osph colour, S chi 

d" d p nd d 0 

li h ly 0 n d 

Sm 1 nc:r 

1 0 n 

0 

0 

d o y n h v 

m 

r 

rom 1 

1 

1 

n 

d 

ly 

0 n 
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Table 1. Some morphometric and physico-chemical data of 

Lake Kanyaboli. 

Parameter 

...., 
Surface area (km~) 

Maximum depth (m) 

Transparency 

Conductivity 

-1 ( K2oHmho. em ) 

Nitrate (mg N. 1- 1 ) 

Orthophosphate 

-1 ( IJq p l ) 

Iron (IJg Fe. 1-1 ) 

Colour (units) 

Turbid.l y (FTU) 

S c:c:hi dis (m) 

DO (ppm) 

Bo om 

0 

Year 
1981 1989 

10.5 10 . 5 

2.5 3 . 0 

0.75 1.0 

7.25 9.0 

630 950 

0.4 0.6 

0.14 0."' 

0 .03 

188 

51 

0.7 

n n 

0 

) . 
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especially during the rainy seasons, owing probably 
~u surface run - offs from quarries on the northern 

lakeshore. 

1.1.2 The Biota 

Lake Kanyaboli is surrounded by dense growth of 
aquatic vegetation dominated by Cyperus papyrus L. 
interspersed with other aquatic macrophyte species, 
including c. dives Del., Hibiscus diversifolius 
J acq. , Leersia hexandra Sw., Ludwigia leptocarpa 
(Nut t. ) Hara., Commel i na africana L. ' 
Cr assocephalum picridi folium (De .). s. Moore., 
Fi mbris t y li s s u ba phy l l a Boec k., Phragmites k ark a 
(Retz .) Steud ., and P . mauritianu Kunth ., Ipom 
rubens Choisy ., Cyclosorus striatu ( Sc: hum c: h . ) 
Ching ., 

species . 

Typha domingensis Pers . nd Pteri 

The sou hern and northern sections of Lake 
Kanyaboli were once d"vided by a m s of Tl.rmly 
root d p pyru (0 m • 1981) . Th p pyru which 

p r d 0 on 0 1 h v b n 
up roo d nd no "p pyru l n 

h ,.. 1 no 0 n w 

on 
r n 

0 

ro d 

ro p 

1 n 1 
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n .: - - ·- = :. '- free floating 

islands" with diameter ranging from one 

metres are prominent features in the 

direction and rate of movement of the 

"papyrus 

to twenty 

lake. The 

"papyrus 

islands" is determined by the direction and spe:>ed of 

wind. As they move, these islands collect and destroy 

fishing gears such as gillnets, long lines and even 

beach seines. Therefor-e they exert a negative impact 

o n commercial exploitation of the ichthyofauna. When 

the s e "island s " die, they sink to the bottom, 

d e c ompo s e and form a fine blac k mud. 

The p r esent ic h t hyo f una l commu n ity o f L k 

Kanyabo l i is composed of 0 . escul ntu ( Gr- h m), o. 
v.ari.abilis (8oulenger-) , 0 . nilotlCU ( L ) , 

H.aplochromis spp ., Clari.as mossambicu_ (P t rs ) n d 

Protopterus aethiopicus (Heckel) . Accard~ng to l ac 1 

fishermen several ather gener such a Lab o , 

Barbus , nd Bagrus, which 0 in bi h 1 k 

h v di PP r d nc h con rue ion 0 h t 1 

cl y dy nd d on n l . 



CHAPTER 2 

LITERATURE REVIFW 

The importance of the tilapiines as food fish in 

Africa has long been recogni sed. Research on various 

aspects of the biology of tilapiine species started at 

the beginning of this century (see review by Thys, 1968) 

and has continued to the present day. 

2.1 Species composition and relative abundance 

Okemwa (1981) and Mavuti reported the 

presence of nine species of fish in Lake Kanyaboli 

including Oreochromis esculentus 1 o. variabilis, o. 

leucostictus, 

Protopterus 

Tilapia zillii , Clarias mossambicus, 

aethiopicus , Xenoclari s 

multispecies haplochromines . Oth r fi h g n r 

Barbus , Labeo, Normyrus and Synodonti h v 

and th. 

includ·ng 

d i pp r d 

since the construction of he sil -c l y dyk 

Considerable information exists on he composit1.on nd 

abundance of the Lake Victoria ich hyo aun 

commercial c tch s (LVFS , 1950-1960) and 

b sed on 

p rim nt 1 

r 1 ( ud on ni , 1973 · 8 nd 1979, 1981) . 

v b n r c n d cl n n 

nd m c 0 L 

r b J 

c ch 

o. 

n J 

P· 

c: 0 

p 

o. 

n o 



species especially the Nile perch, Lates niloticus and 
0. niloticus (Bergstrand and Cordone, 1971; Gulland, 
1972; Benda, 1979). 0. esculentus dominated the Lake 
Victoria fishery up to the 1960s (Gee, 1968). A sharp 
decline in catches of this species started in the 1970s 
and has continued until now. Presently, insignificant 
numbers of this species are caught in the trawls in the 
Winam Gulf (Okem~a, 1984). Data on the abundance of fish 
i n Lake Kanyaboli are scanty. During a preliminary 
s urvey of the fi s h in Lake Kanyaboli, 

d e t e rm i n e d t he re l ative a bund a nce of 

Okemwa 

f is h 

(1981) 

in th 
fisheries catch and f ound that 0 . ~scul~ntu con ribu d 
abou t 60 /. of the tota l fish caught . No d xi on 
the ichthyomass of the different f1sh speci 
the lake . 

2 . 2 Fee d i ng eco l o gy 

The til pi in s r 1 1 nown or h ir 
coloni nd c p 0 un bl h 

bi 1n h rop c nd u rop c: ow 
197 ) . r cc: n 

0 

d 

( nd 

i nh b1ti n g 

bility to 

llow w r 

-Mc:C r'\1 l l • 

1 
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2.2.1 Food habits 

Due to the evolution of structur-al and 
physiological specialisations, the cichlid fishes of the 
Great African Lakes exhibit a great diversity of feeding 
habits which has enabled them to exploit a large variety 
of food sources . Among the cichlids, phytoplanktivor-es, 
carnivor-es , detr-itivor-es and macr-ophyte feeders are 
encountered (Fryer- and Iles, 1972). 

Reports on the fe e ding habits of 0. e s culentu s show 
that i t s diet c onsi s ts princi pally of phytoplankton . 
Only the diatoms r-e digested where s the blu gr- n nd 

l gae p ss undigested throug h t gu ( Gr h m, 
green 

1929 ; Worthington , 1929 ; Fish 1951 ; Gr n wood , 19 
Lowe-McConnell , 1956 ; Welcomme , 1966) . L~mi ion o n 
the digestive capabilities of 0 . E' cul ntus t eet its 
grow h in res r"VOlr"S wh r they r 0 t n in poor-
c:-r-.v-1 it ion and rem in und r- i d 0 ing p rh ps , 0 

1 ck of di oms in h r (F. 19 l i p yn 971) . 
In c r n nc m y n w h 
p y 0 on nd o. y 'V ly n 

0 l d Q 

l n 

d 

I ) c 0 
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(= 0. esculentus ) c~ught in the vicinity of Nyumba ya 

Mungu Dam in Tanzania were found to be made up almost 

entirely of algae dominated by the genera Cyclotella ., 

Melosira ., Nitzschia (diatoms) and Microcystis (blue-

green alga). The absence of macrophyte, detrital, 

animal, and inorganic materials was an indication that 

the fish fed on plankton (Bailey and Denny, 1978). 

Other tilapiines have also been reported to feed 

on p hytop lankton. 0. nigra, l i ke 0. 

mai nly on phyto plankton and/ or 

escu 1 en tus, 

e piphytic 

feeds 

algae, 

digesting t he diatom fr ac t ion but p ssin g blu - gr n 

and green lgae undiges ed (Wh i eh d , t 9;.J8 ). 

Phy oplank on is he main compon n o th di o i 

Sarotherodon galilaeus and T . mariae; how v r r c o 

higher plant issue , a fe J rotifers and cop pods h v 

be n found in insigni icant propor ion .ln their 

s om chs (Corb t et aJ ., 1973) . Du 'ng udy of T. 

g (=5 . g JjJ u ) 1n nn r .ln I r 1 1 

Sp r (197 o nd c lorop Cy nophy n 

c ry op y n 0 h 

Occ 
I c 
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2.2.2 Prey digestibility 

Although blue-green and green algae ar e often not 

digested by tilapiines, there appear to be exceptions. 

D.J.W. Moriarty and C.M. Moriarty (1973) reported that 

T. nilotica (=0. niloticus) can assimilate a maximum of 

70-80'1. of the carbon in the blue-green algae 

Microcystis and ~nabaena, whereas 50'1. of the carbon was 

assimilated from green alga, Chiarella sp. Because the 

fi s h assimilated more carbon from blue-green algae than 

f rom green algae unde r similar conditions, the authors 

conten d e d tha t the c ell u lose c ell wall of green algae 

was mo r e r esis t ant t o lysis . 

According to Mo r iarty (1973 ) and P yn ( 1978 ) h 

tilapiine species that digest blue-gre n nd gr en l g 

have stomach pH of 2 . 0 or less and cidic condition 

in the stomach contribute 0 the lysi ot algal cel l 

w 11 s . 0 . ni.o c- •c: hos om ch pH do s not fa ll 

b low 2 . ps h ood in h tom ch Of"" long 

p r1od 0 m 0 c: 1 ly 0 lu -gr n nd 

gr n 1 1 ) . 

In L 7 ) 

0 0 J 

l 

d 

0 n 1 .\ 
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along the intestinal tract. The maiaritv rf 

Chlorophyta and all Cyanophyta and Euglenophyta species 

passed through the gut whole with intern a l p i gments 

intact, and only Cosmarium laeve and Coela s trum 

microporium were digested in Autumn and Winter 

respectively. Because Chrysophytes were often in a 

disintegrated condition in the oesophagus and stomach, 

it was assumed that they were dead when ingested. 

2 .2. 3 Seasonal changes in diet composition 

Seas on a l c hanges in food availab i lity may be caused 

by c han g es i n the hab i tats avail a ble for foraging, 

changes due to l ife history p tterns of food org ni s ms , 

and changes in the feeding b h viour of h f. h 

themselves (Wootton , 1990) . Fish sp ci w i h c ho 1 · c: 

diets often show changes in the taxonomic campo ~ ion of 

diets whereas species that have a more speci lised diet 

show changes in the proportion rather han he 

composi ion of ingested cod typ s (Woo ton , op . cit.) . 

a 1 bar on 1 c n n h di 0 i 1 pi in 

h b n r por d. 

2.2. v 1 ( 1 
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l y 
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tissue. It was however report~~ b~ attu uenny 

(1978) in Nyumba ya Mungu Reservoir that the same 

species feeds predominantly on periphyton. Similarly, 0. 

niloticus in Lake Awasa fed mainly on Botryococcus 

braunii (colonial chlorophyte) while the same species 

in Lake Zwai fed on Microcystis species 

(Getachew, 1986). 

2.2.5 Food in relation to size of fish 

(cyanophyte) 

The diet of some fishes changes as they grow 

because of morphological changes that accompany their 

growth. The question of whether the diet of a particular 

fish species remains stable throughout it lif or 

ch nges with increasing si~e i of con id r bl 

biological interest since it d ermin wh h r th r l 

competition between juveniles nd dult for food in 

situations where there is food sc rei y. 

WelcommP ( 1966) r por ed .h dult 0 o. 
scul ntus (>7.0 em SL) in L Vic ori d on 

p y opl n on, m nl Jo r nd OCI: ion 11 y 

Ni chJ 5 ph nod c nd urrJ JJ w h 

JUV n 1 .o c on d p 0 

0 0 d o. 
0 1 

1 11 n 

1 ( n ) . 
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In Lake Geo~ge, 0. niloticus (>6.0 em TL) ingests mainly 

phytoplankton whe~eas H. nigripinnis ()5.0 em TL) feeds 

mainly on the blue-g~een alga Nicrocystis. Smalle~ fish 

of both species a~e omnivo~ous (Mo~iarty, 1973). In T. 

shirana chilwae considerable changes in the diet occu~ 

as the fish g~ow (G~een, 1972). Small individuals (<10 

em TL) feed on zooplankton but the diets of bigge~ fish 

show inc ~eased p~opo~tions of highe~ p 1 ant ma te~ia 1 s · .::.nd 

diatoms. Similarly, the juveniles (8-18 em TL) of D. 

mossambicus feed on zooplankton while the adults feed 

main ly on phyto plankto n ( G ~een op. c it.). Whyte (1975 ) 

found that the juven i l es o f S . ga l i l aeu s p~i m ~ i ly f d 

on insects at the water surf c ( c h o borid n l 

chironomids) , whereas the dul s r xc l u iv l y 

phytoplanktivorous feeding mainly on blu -gr n l g 

and desmids . 

fe ders and 

n,er b~ 

bu wi ch 

H plochromJ 

0 

Young H. nigripinnis are opportunist ~ c 

a'e benthic , 

s 11 
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mid-w er nd 

wuch nd pl nt 

Dr ochrom · 

emergent 
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juvenlles and adults of 0. mossambicus a~e benthic 

det~ital feede~s but occupy diffe~ent feeding zones. The 

juveniles feed in shallow insho~e a~eas whe~eas the 

adults feed in deepe~ wate~s. 

Simila~ changes in the diet have been ~epo~ted in 

othe~ teleostean species in Af~ican freshwaters. For 

instance, young of Nile perch prey mostly on 

invertebrates while the adults are mainly piscivores 

( Ogari and Dadzie, 1988) . In Bagrus docmac, the 

j uv e nil e s feed on aquatic in s ects and c~ustaceans but 

become pi sci vo ~ous at a length o f 18 e m (Okach and 

Dadzie , 1 987 ). 

2 . 2 . 6 Di l f ding p riodi c 1 y 

The diel feeding pe~iodlci y of ish m y v ry wi h 

sp cies , habita season and the di r i bu'tion 

abundance , and behaviour o pre According to Nikol ky 

(1963) 

of 
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mossambicus in Plover Cove Reservoir feeds during the 

day with the feeding intensity being maximal between 

1200 and 1500 hours, then slows progressively so that 

stomachs are completely empty by 0000 to 0300 hours. 

Diurnal feeding behaviour has also been reported in s. 
shiranus chilwae (Bourn, 1974), S. alcalicus grahami 

(Coe, 1966, 1967) T. busumana in Lake Busumtwi (Whyte, 

1979) and in the tilapiines in Lake Kamburu (Dadzie et 

a l. 1979). Contrary to the diurnal feeding behaviour of 

t he above cic hl i ds, S. (0.) galilaeu s and T. discolor 

fee d at n ig h t 

1975 ). 

between 1800 a n d 0500 ho u rs 

The piscivore B . docm c in L k Vic ori 

principally at dusk and dawn (Okach and D d ~ 

(Whyt e , 

f d 

1987 ) . 

Aloo (1988) inves igated he diel eeding 
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p terns o f 
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Melosira but a negative selection for the blue-green 

alga Anabaenopsis and diatom Synedra (Moriarty, 1973). 

The selection appeared to be based on size and the shape 

of the food particles. In H. nigripinnis, the fry are 

zooplanktivores and exhibit selection for different 

sizes of zooplankton. Smaller fish (< 5.0 em TL) 

showed positive selection for the smaller crustacean 

Ceriodaphnia whereas larger fish showed posi tiv·e 

s election for the larger Cladoceran species such as 

Daphn i a and Moina and the s maller crustacean 

Cerioda p hni a ( Mor i arty op. ci t.). 

Spataru (1 976) r epor ed th T • 

preference for Per~dinium pyrrophy 

negative selection for other groups of 

9 1 i 1 

bu 

l g 

ho w 

how 

n m l y : 

Chlorophyta and Cyanophyta , wi h select vi y v l ues 

be w en 0 and 1 1 bu thy occur 1ncid nt lly in h g u 
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P ridinium . 
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zooplankton in April. However-, dur-ing September-

November the se lec tion wa s inverted, pos i tive for-

zooplankton and neg a tive for- phytoplankton. 

2.4 Feeding structures 

The feeding appar-atus and digestive tr-act l i mit the 

r-ange of potential food items that can be consumed and 

digested efficiently 

1982) . 

2 . 4 . 1 Jaw 

Lagler, et al., 1963; Bowen, 

The or-al teeth of tilapiines ar-e located on the 

j ws . Dentition is often intima ly r 1 d 0 

n ur-e of the food and to th m hod mploy d o 

collection . Generally , the j w t th of cichl 'd i 

occur in one to five rows (Bowen, 1982) . Cichlid t 

ar- basically o hree ypes : unicusp1d , b"cuspid 

tricusp'd (Fry r and Il ' 1972) . 

In scm , c c l'd oo h true 1r no 

v r rom 0 c bu 1 0 h ou h 

ndlv du 1· 
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lt has been reported (Lanzing and Higginbotham, 1976) 

that T. mossambica (0. mossambicus) develops villiform, 

bicuspid and tricuspid teeth on the upper and lower jaws 

but with the bicuspids being concentrated along the 

outer edge of the jaw. 

2.4.2 Pharyngeal bones 

In cichlids the grinding processing of foods, 

equivalent to mastication in other fishes, usually takes 

plac e in the throat or pharynx with the assistance of 

flat t e ned pharyngeal bones (Fryer and Iles, 1972). The 

upper p ha ry nge al bo n e is loc ated at the r o of of the 

ph r y nx and is a comp l X of t h r bo n s wh ic h 1 i lo 

together and function as a ingl un i t . 1h l o w r 

pharyngeal bone , on the other h n d i m d u p 0 wo 

bones firmly united into a singl bon u u ll y mor or 
I 

less triangular in shape (Fryer and 11 op ci t. ) . 

Foods th ar ing d mu p w n h upp r 

nd low r ph ryng 1 on Bo h ph ryn 1 bon 

ndow d 0 n r , nd morptolo y 

d p n n n r 0 

d h 
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species depending on the nature of foods it deals with. 

Phytoplankton feeders have numerous rows of teeth that 

curve backwards and some strong teeth at the posterior 

end of the lower bone. In contrast, piscivorc~s species 

are armed with fewer, stouter teeth which are sharp and 

point backwards, suitable for gripping and forcing solid 

foods into the oesophagus (Fryer and Iles, op cit.) . 

Greenwood (1953) reported that the hooked crown of 

the upper pharyngeal teeth of T. esculenta ( 0. 

esculentus) are used for raking a mixture of mucus and 

phytoplank on towards he o oph gus. Th low r 

pharyngeal teeth, on the oth r h nd, poin Pd nd 

lack dis inct cusps. In 0. mo mbJ.CU h dor- l 

pharyngeal teeth have a peculiar hook-lik n ion 
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aggregates are broken into fine fragments (Bowen, 1976; 

Pauly, 1976). The mechanical disruption of macrophyte 

T. rendalli 
cell walls by pharyngeal apparatus in 

increase the efficiency with which food 

(Caul ton, 1976). 

is digested 

2.4.3 Stomach 

The degree of development of the stomach varies 

according to the diet of fish. In some herbivores there 

is virtually no stomach whereas some piscivores have 

large pouch-like stomachs (Wootton, 1990). It has been 

reported that the stomach of il piines i 

from the in estine by sphinc r nd 

s omach contains has a low pH (Mori rty, 

1976; Caul ton, 1976). 

2.4.4 Intestine 
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The relationship between gut length and the body 

length of T. esculenta (=0. esculentus) has been found 

to vary with the sexual state of the fish (Welcomme, 

1966) . The gut, excluding the stomach, is 8.1 + 1.4 

times the standard length (Welcomme, op. cit.). 

Variations in the gut/body length ratio between fish of 

various sexual states indicate that the gut tends to be 

s horter in breeding fish and spent females which are 

mouth- brooding and do not feed. Data for T. rendalli, 

s . me lanotheron and S. ( = Oreoc hro mi s .) mossambicus 

show tha t the ra t io o f the intestine l engt h t o f is h 

stand rd 1 ngth is betw en 7 : 1 nd 10 : 1 ( C u l on , 

Pauly , 1976) . The Indian cypr1nid , L b o hori 

de ritus and has a gut length th t is 21 im 1 

1976 ; 

d on 

ody 

length (Bond , 1979) . In C.ichlasoma urophth lmu 

carni.,orous cichlid th int s ine 1 ng h i 2 . 2 im 

th fish st nd rd 1 ng h (M r in -P 1al...lu nd Ro 

1988) . 

Scm m ch n 0 c:u n d n orm 0 
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2.5 Length-weight ~elationship 

Establishment of length-weight relationships has 

two functions. First, lengths, which are easier to 
measure, can be readily converted to weights using 
appropriate length-weight regressions. Secondly, it is 

possible to determine the condition of 

length-weight relationships (Le Cren, 1951). 

fish using 

The length-weight relationship is often expressed 
by t he g ene~al mathematical formula (Le Cren, 1951): 

W = aLb where, 

W = weig ht (g) 

L = s nd rd 1 n g h ( e m) 

a • canst n t 

b = e ponen 

In most c se h v lu of b 1 1 b w n 2 . 0 nd 
4 .o , with n n r 3 . 0 . Wh n h lu 0 b . 

c l o 
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Reports on length-weight relationships of various 

fish species inhabiting African water bodies ar e still 

scanty. Investigations of length- weight relationship of 

fish have, from time to time, been carried out in 

reservoirs and ponds. In a study of fish in man-made 

Lake Kamburu, Dadzie et al. (1979) computed the values 

of "b" for four teleostean fish species and found them 

t o vary with species. The values were 3.0, 3.1, 2.6 and 

2. 0 for Til apia, Barbus, Labeo and Hormyrus, 

res pect ively. The authors concluded that Ti 1 apia and 

Barbu s e xh ibit isome tr ic g r o wt h. In the s me 1 ke, 

D dzie (1985) observed no diff r nc i n 1 n g h w ig h 

relationships b we n sexes , v n w l hin h men h 

of the year , in the African c rp, L beo victor' nu l h 

respective values for "a" and "b" were -1 . 6 nd 2 . 9 for 

males , -1 . 6 and 2 . 9 or em le . 

In 
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values of "a" and "b" respectively were -1.8 and 3.0 

for Sarotherodon (Oreochromis) jipe, -1.8 and 3.0 for S. 

(0.) pangani, -1.7 and 3.0 for S. (0.) esculentus, and-

1.9 and 3.1 for T. rendalli. There were no significant 

differences in the slopes for different species. In 

Jatiluhur reservoir in Indonesia, Hardjamulia et al. 

(1987) found 0. niloticus to exhibit isometric growth. 

In Lake Victoria, Okach (1981) found that growth 

patterns were similar for male and female B. docmac up 

to a length of 35 em, beyond which females became 

heavler than males for giv n l ngth, prob bly owing o 

th d velopment of egg-1 dden ov ri in gr Vl.d f m l 
II bH in the length-weight r gr ion w ound 0 b • 1. 

and he author concluded that h p ci xhibi 

isometric growth. Also in Lake Vlctori Mw lo (1981) 

1 

.o (1 ) n 0 
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''b'' in Nothobranchiu s l.n temales 

and 3.3 in males. Bannister (1975) computed length-

weight relationships for male and female Coryphaena 

hippurus and found that "b" and "a" values for females 

were 2.9 and - 4.7 and for the males were 3.0 and - 4.8. 

The author concluded that the weight of this species is 

proportional to the third power of the fork length (FL). 

2.6 Condition 

Cond i t i on factor is often used as a measure of the 

plumpness, fatness or " well being " of a fish, and 

varies wit h age-g r ou p, s ex, season, ha bitat, and 

r productiv e st t (Tesc h, 1971; 8 g n l nd T sc h, 

1978) 

Payne (1975) de erml.n d the r l iv c:ond i ion 
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cit.). The corresponding values for the same fishes from 

Lake Albert where all the three species are endemic were 

4.1, 3.9 and 4.2. (Welcomme, op. cit.). 

Dadzie et al. (1979) followed monthly changes in 

the condition of four lacustrine fish species i.e. 

Tilapia, Barbus, Labeo and Momyrus in Lake Kamburu and 

found their condition factors to be 3.0, 3.1, 2.6 and 

2.0 respectively. In the same lake, Dadzie (1985) 

monthly fluctuations in the relative condition of 

noted 

Labeo 

cylindricus, but with no mark d diff r nc s b tw n h 

S X S. Both s xes r ch d m ximum cond· 

b ginning of the spawning p r1od 1n Oc o 

showed minimum condi ion factors 

April. 
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2.7 OBJECTIVES 

The specific objectives of the research were: 

1.1 To determine the relative abundance of 0. 

esculentus in Lake Kanyaboli. 

1.2 To study the food and feeding habits. 

1.3 To examine and describe the anatomy of the feeding 

structures in 0. esculentus. 

1.4 To determine the length-weight relationships and 

condition of 0. esculentus in Lake Kanyaboli. 



CHAPTER 3 

MATERIALS AND METHODS 

3.1 Trial sampling 

At the initial stage of this project four sampling 

stations in Lake Kanyaboli were randomly chosen to 

establish the general distribution of 0. esculentus. The 

fish were caught using four fleets with seven gillnets 

in each fleet. The gillnets in each fleet were each 100 

m l o ng; had stretched mesh sizes of 28 mm, 38 mm, 47 

mm, 6 3 mm, 76 mm, 101 mm and 114 mm; and were tied end 
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Fig. 2 Map of Lake Kanyaboli showing the sampling 

stat1ons. 
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3.2 Relative Abundance 

Fish from the commercial catches at the main 

landing beach Gang Nyalaji, were separated into 

different species i.e. 0. esculentus, C. mossambi cus .• 

P. aethiopicus, Haplochromis spp. and other tilapiines 

(0. niloticus, 0. variabilis and 0. leucostictus) and 

their biomass measured in kg daily. The number of canoes 

that went fishing each day was recorded. From the daily 

biomass and the daily cruising canoes, catch per canoe 

per day and the mean catch per canoe per month of each 

species including 0. esculentus were determined. 

3 . 3 Monthly fish mpling 

Juvenile and adult o. scul ntus m urin 76 200 

mm SL were captured using thr 6 ply b ch 1n c:h 

of length 100 m, depth 2.5 m and str ch d m h of 

25 mm tied end 0 end. The number 0 h uls m d c:h 

of the our s mpling ta ion v ri d rom 2 ·o 10 

depending on h c ch ch im . E c:h on w 

s mpl d one on nd 1 1 pl w r ob n d 

dur1ng d yli 0 ,... . 

c:uJ u n n - 0 m w 

n n l 
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excised and its contents weighed in g, and 

preserved in 4/. formalin. The rectums of 

corresponding fishes were also excised and 

then 

the 

their 

contents preserved in 4/. formalin. In the laboratory, 

stomach and rectum contents were stirred in order to 

separate the organisms, then were examined under a 

binocular microscope at a magnification of x 100. Food 

items were identified to the generic level using 

identification keys in Edmondson (1959), Prescott 

( 1 9 69), Pennak (1978), and Needham and Needham (1975). 

To es t i mat e the number of f ood i t e ms in the 

p l nkton , f o u r re pl ic t mpl of w t r w 

coll ec e d every month f r- o m c: h o f h our mp l i n 

st tions using an "in t egr t d w t r mp l r••' l . 

flexible tube with a bore 0 32 mm nd 1 ng h 0 . 0 m. 

The sampler as lo er d through he wa er column , c l o d 

h~ op nd h u d to h ur c: u ing rop ied 

0 th low r nd . w r pl c: d in 00 ml 

p ic: bo l nd m d nd pr rv d n 

Lu ol · olu on (Vo n l 7 ) . no 

r 0 n 

n l 

n 
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allowing plankton to ,settle to the bottom. Half of this 

v olume was removed by sucking out the upper 50ml with a 

pipette. The remaining 50 ml was thoroughly shaken to 

ensure the random distribution of plankton before 

pi~etting a 1 ml sub-samples into a Sedgewick-Rafter 

cell, 

level 

and the plankton were identified to the generic 

and counted under a microscope at X 100. 25 

fields in each of four Sedgwick-Rafter sub-samples were 

c ounted and the average count for each genus was noted. 

The perc entage con tr i bution of each genus in the water 

was compu ted. 

Th m crob_nthos w mp l d qu n i iv l y wi h 

12 em by 12 em Ekm n grab . T n gr b w r k n f o m 

each station on each sampling d nd l. v d 

si v s o mesh si~ 2 mm , 1 mm nd 0 . 5 mm. Th 

h rou h 

b lj1 h l C 

fauna retained on he sieves w r moved and pr rv d 

n 

m1cro cop 

on u ng 

M crab n ho 

I w 

n 

11 
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The fullness index which gives the relative 

contribution of food weight to the total weight of the 

fish was determined according to Ogari and Dadzie's 

(1988) modification of Blegvads's (1917) index 

fullness: 

Fullness index = 

Fresh weight of the stomach 

contents (g) 
X 

Total fresh weight of fish (g) 

of 

100 

The frequency of occurrence of each food item was 

det rmined according to Hynes (1950) s th numb r of 

stem c: hs in which prey it m oc:c:urr d xpr d 

p rc: ntage of the total numb r of ern c:h min d . 

In the numerical analysis, (Hyslop 1980) of 

he number of oplan 11 and oopl nk 
I 

p y on c on tn 

s om ch con ·en s were m d by usp nding pr rv d gu 

con n rom ·ndiv"du 1 in nown velum 0 

r' n ub- mp n u p:tp Sub- mpl 

r pl c: d n s d c r c 1 l nd 0 n m 

0 r 0 ood l 

0 0 n 
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In o:--der to ~=>c. tab l ish whethc:?r C. escu 1 en tus selects 

certain food types, comparisons were made between the 

quantity of various food types in the stomach and in the 

environment. This was accomplished by determining the 

numbers of various food types in fish stomachs, in the 

water column, and on the bottom of the lake. 

Food selection was determined using Chesson's 
(1983) prey preference index using the formula which 

assumes no food depletion, and a constant number of 
food types. 

a, = r i /n i I 1:Fj1nj i = 1 , ... , m 

wher e 

().i pr f rene: for pr y yp i 

n· l. = numb r of l m of typ p n 

in the environm nt 

r . 
l. = number 0 i ems of typ l.n h 

con um r di 

m = numb r 0 YP in h nv ronm n . 
Ch on· pr y pr r nc nd r n rom 0 0 

1' r h lu 0 0 0 n 1 0 

1 c on w 0 0 on 

c n. n 
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For- the diel feeding per-iodicity study, 

e s culentus wer-e captur-ed i n the open wate r of the 

D. 

lake 

by seining for- 2 0 - 30 minutes at hour-ly inter-vals. 

Captur-ed fish wer-e weighed to the near-est 1 g' 

dissected, th~ stomach excised and its contents weighed 

to the near-est 0.1 g. Variations in the weight of the 

stomach contents r-elative to fish weight were used in 

deter-mining diel rhythms in feeding behaviour-. This 

exer-cise was conducted once in April 1990. Br-ooding 

fem al es we r- e not used in this study because they had 

em pty stomachs at all time. 

3 . 4 EDING STRUCT R S 

The jaws , low r- nd upp r ph r y ng l bon 

nd h int stin of 0 . e culen t u r ng1ng t rom 

o m c: h 

0-200 

mm SL wer-e diss cted . The upper- nd low r J w 

amined und r a di secting mic oscope m gni f ic tion 

X 24 in ord r 0 d rmin h nu.b r ,...4 0 o f th , 

nd th morp elegy . Th upp r nd low r ph ryng 1 

bon r 1 0 m·n d und r d c m ro c:op 

nd no d. on d 

0 r p d n u 

0 0 0 l 

n 
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co~~elated with fish standa~d length. 

Fa~ scanning elect~on mic~oscopy of o~al and 

pha~yngeal teeth of 0. esculentus, the uppe~ and lowe~ 

jaws, and uppe~ and lowe~ pha~yngeal bones we~e 

ca~efully dissected and the attached flesh ~emoved. 

Jaws and pharyngeal bones we~e kept in a d~y plastic 

containe~ and allowed to d~y. They were cleaned in 90/. 

alcohol, coated with gold in a sputter chamber, and then 

exami ned at diffe~ent mag n if i cations unde~ a scanning 

e l ec t~on mi c ~oscope, JEOL Model JSM T100, and 

photog ~ap he d. 

The st~ucture of th tom c h w no d . F"n lly, 

th in t es ines of f~sh w ~ uncoil d nd h ir 1 n h 

m su~ d in mm . and the ra 10 of h 1n 0 , i.l h 

st nda~d lengths w re compu d . Th l OnS h lp 

b w n in stine 1 ng h (IL) ~-~nd rd 1 ngth (SL) 

of fi h d crib d by h 11om r1c qu on : 

IL SLb 

IL n 
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3.5 

The length-weight relationships were determined 

using least squares ~egression analyses using the 

equation (Le Cren, 1951). 

The 

w = aL 
b 

where, 

w = weight of fish (g) 

L = standard length (mm) 

b = exponent 

a = constant 

least squares regression coefficients were 

calculated from the logarithmically tr nsformed d t 

i. log w - log + b log 1. 

c lc:ul tions of 1 ngth-w lght r 1 tion h1.p w r m d 

s par tely for m le and fem le 0. cul ntu or h 

whole study period and the resulting lop lop 1 W r 

ested for any signi ie nee di rene USlng 

s is tie. Th r s 1 0 t '- d h r w 

no ignific n r ne n 0.48· 

d. 1301• p> o.o 0 0 j d 

pool n 0 1 r on d 0 h w 

or d l l 

n 
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were calculated according to size-classes and their 
slopes tested using covariance test. 

To determine the type of growth pattern exhibited by 
the species, isometry test was performed by calculating 
"' t statistic (Pauly, 1984). 

"' 
t = (s.dx/s.dy) (jb-3j)/ .f( l-r 2

)/ .f(n-2) 
Where; 

s.dx = standard deviation of loglO value of length. 
s.dy = standard deviation of loglO value of weight. 
n = number of fish used in analysis 

2 
coefficient of deter-min tion 

r = 

3 .6 CONOlfiON 

Th rel ive condition 0 ·ndivldu 1 o. 
esculentus was calculated by th m thod d cr-ib d y 
T sch ( 1971 ) . 

Kn = w I w 

wh r 
,. 

= ob r-v d 

E c n v ,.. n on o c: 1 
r-o 

h 0 11 

l 



CHAPTER 4 

RESULTS 

4.1 FISH SPECIES COMPOSITION AND RELATIVE ABUNDANCE IN 

LAKE KANYABOLI 

4 .1.1 Species composition 

The 

Kanya boli 

present resident fish community of 

consists of the following species: 

o. niloticus, o. variabi 1 is _, 

Lake 

o. 

o. 
Tilapia zilli_i, Clarias mossambicus, 

esculentus, 

leucostictus, 

Xenoclarias , sp . Protopterus aethiopicus nd 

H plochromis sp ci 

4.1.2 R 1 lVP bund nc 

T ble 2 shows m an man hly c ch r 0 di I"' n 

ich hyof una in Lak. anyaboli . Th me n catch p r c no 

p r mon h of a. e>scule>ntus v i d rom 18 g in J nu ry 

0 36 g in Jun . Th m n c: c p r c no p I"' y r of 

hi p ci i J.n g comp r d 

0 c c 0 I" n nn 1 

c c I" 0 0 ollow 

.o u 
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Table 2. Mean monthly catch rates (kg/canoe) of the 

ichthyofauna in Lake Kanyaboli. 

Month 

s 0 N D J F M A M J J A X 

0. esculentus 20 20 27 30 18 27 31 24 28 36 29 27 26.4 

P. aethiopicus 3 2 3 2 2 2 4 2 2 5 3 3 2.6 

c. mossambicus 1 1 1 1 1 2 3 1 1 1 1 1 1.3 

HaplochromJs spp.1 1 1 1 1 1 1 1 1 1 1 1 1.0 

Oth r tilapiin s 1 1 1 1 1 1 1 1 1 1 1 1 1.0 

No x = M an 
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~.L reeding Ecology 

4.2.1 Food habits 

The monthly dietary composition of o. esculentus 

from September 1989 to August 1990 based on 1045 

specimens from all stations combined is summar~sed in 

Table 3. A total of 12 genera of blue-green algae 

(Cyanophyta), 15 genera of green algae (Chlorophyta), 4 

genera of diatoms (Bacillariophyta), 

euglenoids (Euglenophyta), 4 genera of 

3 genera 

rotifers, 

of 

and 

d etritus were observed in the diets of 0. esculentus in 

La ke Kanyaboli. Generally the d i etary composition of 0. 

escul ent u s in t he l a ke r e mained the s m 

y r with th pos ibl XC: p ion 0 

food i ms suc:h Co marium , F;. l ini . 
T ble 4 and Fig . 3 d pic:t t h m n 

oc:c: rr nc of di r nt ood it m in th 

cul ntus . Th blu -Qr n lg 

hroughout th 

w 

nd 

v ry r r 

K r 11 

qu nc:y o f 

om c:h a 0 . 

Nicroc ti , 

N ri mop di Lyngby 5p~rul~n 1 Co Jo ph rium nd 

Chroococcu oc:curr d or r Q n y n d' c e . 9Y. • 

80 . 3/., 88.6/., • 1. I Y. n • Y. v ly) n 

0 r - r 

n 

n 

r" 

l .al ,. J 
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Table 4. Mean percentage frequency of occurrence of food items in diets of 0. esculentus from September 1989 to August 1990. 

Food item 

CY14NOPHYTA 
Merismopedia 
Spirulina 
Chroococcus 
Coelosphaerium 
MJ.·crocystis 
Oscillatoria 
Lyngbya 
Nos toe 
Aphanocapsa 
Synechocystis 
Nodularia 
Gomphos phae r i a 
CH OROPHYTA 
Seen 
P di trum 
Co 1 t rum 
Cruc ' geni 
Ank.ist r ode>smu 
Staurastrum 
Clost r ium 
Tetra dron 
Kirchne>riella 
S 1 nestrum 
£1 

Mean frequency 
of occurrence (%) 

80.33 
86.08 
66.42 
62.08 
86.92 
55.67 
88.58 
46.67 
19.42 
36.75 
38.58 
23. 56 

8 7 . 58 
8 . 58 

19 . 92 
28 . 25 
67 . 92 
28 . 50 
27 . 75 
35 . 42 
21 . 50 
1 . 08 

8 . 00 
1 . 83 
27 . 0 
a . 
o. 

+ 11.73 
+ 8.60 
+ 18.53 
+ 10.97 
+ 6.52 
+ 18.73 
+ 6.24 
+ 11.30 
+ 17.92 
+ 15.40 
+ 17.95 
+ 7 .9 5 

+ 6 .49 
1 . 89 

+ 9 . 76 
1 4. 19 

+ 8 . 99 
11 . 77 

+ 19 . 39 
16 . 82 

+ 11.67 
7 . 2 
6 . 1 

10 . 89 
9 . 9 

. 12 
0.90 



F1g. 3 Mean percentage frequency of occurrence 

of different food items from September 1989 

to August 1990 . 

V r :ic r- indica standar-d deviations . 
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Nitzschia and Stephanodiscus had mean fr-equencies of 

occur-rence of 9.51., 5.21., 7.51., and 3.81. respectively. 

The members of the Euglenophyta - Phacus, Trachelomonas 

and Euglena, had respective fr-equencies of occur-rence of 

41.61., 39.51. and 18.31.. The zooplankton that occurred in 

the diet were the r-otifer-s, especially Brachionus which 

had frequency of occur-r-ence of 18.81.. Other- r-otifer-s, 

namely F i 1 in i a·' Polyarthra, and Keratella had mean 

frequencies of occur-r-ence of 12.41., 1. 0/. and 2.11.. 

Detr-itus had a mean frequency of occurrence of 28.11.. 

The results pr-esented here indicate that the major food 

sources of D. esculentus in Lake K ny boli 

phytoplankton. Zooplankton and suspended org nic 

particles also occurr-ed in the diet of o. esculentus 

but exhibited a low fr-equency of occur-rence. 

4.2.2 Relative impor-tance of food it ms 

The mean pr-opor-tion of to l pr-ey items contr-ibuted 

by each prey t on or h whol y r ( xcluding 

d ri u i pr- n d n T bl nd 4. 1 i 

h 1 r"Q com on n 0 di w 

blu n 1 w c coun d or 

0 p (C lorop ) . d Otn 

c 1 l ) 1 ( u l nd 

ccou 0 o.qz .O'l. . 'l. nd . o·. 0 

... p c 
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Table 5. Mean relative abundance (/.) of the major 

food groups in the gut of 0. esculentus 

over the study period. 

Food type Abundance (/.) 

Cyanophyta 72.29 + 3.34 -
Chlorophyta 20.86 + 2.29 -

Bacillariophyta 3.04 + 1. 25 -
Euglenophyta 2.93 + 0.95 -
Zooplankton 1.04 + 0.41 -

Note: The number of fish examined = 1305 

+ indicate standard deviations 
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Fig. 4 11e.;n relative abundance of major food 

types in the stomach of 0. esculentus from 

September 1989 to August 1990. 

Vertic 1 b rs indic tandard deviations. 
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Table 6 and Fi9. 5 depict monthly va~iations in the 

~elative abundance of majo~ components of the diet. It 

is clea~ that the Cyanophyta dominated the diet 

th~oughout the yea~ followed by the Chlo~ophyta. 

Bacilla~iophyta we~e thi~d in abundance in Octobe~, 

Novembe~, June, July and August and fou~th most 

abundant in the ~est of the months. Euglenophyta we~e 

the thi~d most abundant items in the diet during 

Septembe~ and Decembe~ and f~om Janua~y to May but 

f ou~th in abundan c e in the ~emain i ng months. Zooplankton 

we~e the leas t abundant i t e ms in d ie t s th ~oughout the 

yea ~. 

The monthly ~ elative abundan c es of individu 1 

diet items a~e shown in Table 7 . Blue- gr-een lg h d 

highest mean ~elative abundances in d i ets 
1 
with 

Nicrocystis and Lyngby~ being dominant , accounting fo~ 

19 . 7/. and 14 . 5/. respectivel y . ~ ~ ri butions by h other-

member-s of 

Ner-ismopedi , 

Cyanophy 

( 7 . 9i~ ) t 

w r- Spi r-u lin 

Chr-oo CCJ ,( . 21. ), 

(3 . 8 1. ) , 0 ciJJ tor.1 ( • O'l. ) Co Jo ph r um 

Syn cnocy t 

( 1 . :S'l.) • nd 

0 

CJo 

c:on 

n 

C lo o 

p r 

0 

n c 

( • 'l.). 

nd 

m n 

nd 

und n 

.O'l. o 

0 

r d 

d 

u 

d 

c 0 

( 8 • 6/.) 1 

No oc , 

I.) ' 

duJ r 
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Table 6. Monthly relative abundance ('l.) of the major 

Month Cyano
phyta 

food groups in the diet of 

Chloro
phyta 

Bacillario
phyta 

0. esculentus. 

Eugleno
phyta 

Zoopldnk
ton 

s 73.9~11.6 20.8+ 4.5 1.8~1.1 2.3~1.2 1.2~0.3 

0 75.1+ 9.3 18.9~ 3.3 3.3+1.3 1.9~0.7 0.8+0.5 

N 73.4+15.9 20.1+ 3.6 3.9~0.7 1.8~1.0 0.8+0.3 

0 69.2~ 3 .6 24.9+10.7 2.4~0.3 2 .7~0.6 0.8~0.2 

J 70.2+ 7.8 21 .4~ 8.6 3.2~1.2 3.8~0.7 1.4~0.4 

F 76 . 0~10 . 2 19.4+ 8.2 0.5~0.2 3 . 3~1 .1 0 . 8~0 . 2 

M 68 . 9~11 . 9 21 .6~ 7 . 3 3 . 8~0.9 4.8~1.5 0 . 9_0 . 6 

A 66 . 9+ 6 .9 24 . 8+ 4.1 3.2~1 . 0 4.3~1.9 0 . 8~0 . 3 

M 76 . 0+ 9 . 3 18 . 7+ 3 . 6 2 . 3~0 . 5 2 . 4~0 . 5 0.6_0.1 

J 76 . 1+ 6 . 8 17 . 2+ 7.0 3.5~1.5 2.3_0.7 0.9~0.2 

J 67 . 9~13.1 21.5+ 5.5 5.6+2.3 3.0~0.2 2.0~0.4 

A 72 . 0~15.5 21.0~ 6.3 3.0~1.1 2 .5~0.8 1.5~0.3 

0 indic nd rd d vi 10n . 
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Fig. 5 Monthly va~iation in the relative abundance 

of the majo~ food types in the diet of 0. 

esculentus 
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T~ble 7. Monthly re1at1.ve abundance (numbers) 
of individual food items in the gut of 

0. esculentus 

FOOD TYPE 

CYANOPHYTA 
f'1erismopedia 
Spirulina 
Chroococcus 
Coelosphaerium 
f1icrocystis 
Oscillatoria 
Lyngbya 
Nos toe 
Aphanocapsa 
Synechocystis 
Botryococcus 
Nodularia 
CHLOROPHYTA 
Scenedesmus 
Pediastrum 
Coelastrum 
Crucigenia 
Ankistrodesmus 
Staurastrum 
Closterium 
Tetraedron 
Kirchneriella 
Selenestrum 
Elakotothrix 
Chlorella 
Oocystis 
"osmarium 
BACILLARIOPHYTA 
Navicula 
StephanodJscu 
Nitzschia 

Sept 

11.7 
12.2 
6.0 
2.9 

16.1 
2.4 

17.2 
1.5 
0.4 
1.1 
0.3 
1.0 

5.1 
1.0 
1.5 
1.2 
2.3 
1.2 
2.6 
0.7 
0.4 
2.5 
0.6 
0.4 
1.0 

0.5 
0.2 
0 . 6 
o. 

o. 
0 

Oct 

7.7 
4.8 

10.0 
2.9 

26.5 
1.3 

11.9 
1.2 
2.2 
2.6 
0.8 
1.1 

2.7 
1.1 
0.9 
2.1 
1.8 
1.3 
1.4 
0.6 
1.0 
1.4 
1.1 
1.0 
1.0 
0.7 

1.0 
o. 
0.7 
1. 

o. 
o. 

0 8 

Nov 

2.8 
8.7 
7.8 
2.6 

23.4 
0.6 

15.2 
4.9 
1.5 
2.6 
1.0 
0 .7 

5.4 
1.1 
1.0 
0 . 9 
2.0 
0.9 
2.0 
1.0 
1.0 
1.1 
1.0 
0.5 
1.2 

0 . 5 
0 . 

o. 

0.7 
o. 

o. 
0.2 

Dec 

7.7 
7.7 
7.4 
2.7 

19.2 
1.6 

10.3 
4.6 
1.1 
1.9 
1.0 
3.3 

3.9 
1.3 
0.8 
1.2 
4.1 
1.0 
1.5 
1.4 
1.9 
1.5 
1.5 
1.5 
0.8 

0.8 
0 . 2 
o. 

0.8 

Jan 

11.1 
8.4 
3.9 
3.7 

13.4 
2.1 

14.0 
3.6 
1.4 
1.6 
1.4 
1.4 

3.0 
0.6 
0.8 
0.9 
5.3 
1.0 
2.8 
1.0 
1.8 
0.5 
0.9 
0.7 
(') 7 

0.7 
1.1 
o. 
o . 

.7 
o. 

Feb 

11.0 
12.3 
4.4 
1.4 
9.8 
0.3 

23.5 
3;5 
1.6 
2.7 
0.8 
0.8 

4.7 
0.8 
1.6 
t...S 
2.0 
1.3 
0.8 
0.8 
1.7 
2.5 
1.1 
0.8 

o. 
o. 

1 . 
.1. 
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Tabla 7 1 Lon 1:. J 

FOOD TYPE Mar- Apr- May Jun Jul Aug Mean 

CYANOPHYTA 
Merismopedia 11.1 6.7 3.7 7.4 10.2 3.5 7.9 
Spirulina 7.2 8.9 9.0 5.1 9.8 9.4 8.6 
Chroococcus 4.3 3.6 5.8 6.6 6.1 9.0 6.2 
Coelosphaerium 1.8 1.6 2.6 5.4 2.7 3.0 2.8 
Microcystis 16.2 15.2 25.9 30.9 18.6 22.3 19.8 
Oscillatoria 3.4 3.0 2.2 2.5 2.9 1.4 2.0 
Lyngbya 14.6 16.2 14.8 11.6 11.5 13.1 14.5 
Nos toe 5.4 6.6 5.7 1.7 2.0 4.8 3.8 
~phanocapsa 1.2 1.3 2.1 0.9 0.8 1.4 1.3 . 
Synechocystis 1.7 1.1 1.3 2.7 1.2 1.2 1.8 
Botryococcus 0.8 0.8 1.0 0.8 1.2 1.1 0.9 
Nodularia 1.1 1.1 1.8 0.9 0.8 1.8 1.3 
CHLOROPHYTA 
Scenedesmus 3.9 4.8 4.5 3.4 5.2 4.7 4.3 
Pediastrum 1.1 1.3 1.2 0.9 1.0 1.1 1.0 
Coelastrum 0.8 1.2 1.1 0.8 0.9 1.0 1.0 
Crucigenia 1.2 1.6 1.0 1.4 1.1 1.2 1.3 
~nkistrodesmus 2.5 4.3 2.2 1.8 2 . 7 2 . 2 2 . 8 
Staurastrum 1.0 1.1 1.0 0.9 1.2 1.7 .l 
Closterium 1.9 2 .6 1.8 1.4 2.3 2 .4 2 . 0 
Tetraedron 1.2 1.2 1.2 0 . 6 1.1 0.7 1.0 
Kirchneriella 1.6 0 . 8 1.6 0.9 1.0 1.1 1.2 
Selenestrum 1.1 1.6 1.2 0.8 0.8 1.1 1.3 
Elakotothrix 1.2 1.9 0.8 0.8 1.0 1.4 1..1! 
Chlorella 0.8 0.8 0 . 3 1.2 1.2 0.9 1.0 
Oocystis 1.0 0 . 8 0.8 0.8 1.4 0.8 
Cosmarium 1.1 0.7 (), .., 
BACIL ARTOPHYTA 
Navicula 1.0 1.0 0.9 l .1 0.7 0.7 
Stephanodiscus 1.2 0.3 1.0 0.8 1.2 0.9 0.7 
Nitzschla 0.8 1 . 1.3 0.7 .7 0.7 0.9 
Fragil rla o.e o.e 1.1 0 . 7 
EUG · N PHYfA 

1.1 

l. o. o. 
N 

o. o. 1. .7 o. 
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numerically constituted less than 2.01. of the diet. The 

members of the zooplankton and Bacillariophyta accounted 

for less than 11. of the diet. The mean 

abundances of members of Euglenophyta i.e. 

relative 

Phacus .• 

Trachelomonas and Euglena were 1.11., 1.31. and 0.6/. 

respectively. There were monthly variations in the 

proportion of each food item in the diet. Polyarthra and 

Keratella occurred in insignificant quantities. 

4. 2 .3 Seasonal changes in the diet composition 

The r e wa s s ome mo nthly var i at ion i n the proportion s 

o f D. escul entus that fe d o n variou s food items , bu t 

diet composition was remarkably stable (T bl 8) . 

4 . 2 . 4 Di et i n relat i on to siz of D. 

D. esculentus in Lake Kanyaboli fed princ1p lly on 

phytoplankton and also on zooplankton and detritu 

regardless of size di ferences . The percen ag requency 

of occurrence of diff rent ood it m in 691 juv nil 

and 354 dult 
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Table 8. Monthly percentage frequency of occurrence of 
different food items in the stomach of D. 
esculentus. 

Monthly percentage frequency of occurrence 
Food item 

s 0 N D J F M A M J J A 

CYANOPHYTA 
Merismopedia 86 73 90 82 90 81 72 68 53 89 88 92 
Spirulina 79 70 88 89 94 86 96 86 71 89 90 95 
Chroococcus 46 27 67 57 65 66 78 54 74 88 85 90 
Coelosphaerium 54 46 63 61 57 47 66 62 71 87 67 64 
Microcystis 89 73 85 88 90 90 96 85 77 94 86 90 
Oscillatoria 41 33 44 42 59 60 62 31 54 68 85 · 89 
L yngbya 86 79 85 85 95 93 96 82 95 97 83 87 
No s toe 65 67 58 73 72 49 56 32 39 25 22 12 
Plphanoca p s a 2 14 2 3 8 3 9 44 8 61 14 9 4 7 
Synechoc y s ti s 2 7 48 57 3 2 66 4 3 19 1 3 32 35 4 3 2 6 
No d u laria 29 42 3 1 42 36 2 0 15 30 58 3 1 47 8 2 
Gomp hospha e r ia 11 7 17 3 6 23 5 14 1 5 1 9 2 6 
CHLOROPHYTA 
Scen e desmu s 87 76 88 75 9 4 89 8 4 9 0 9 1 94 88 95 
Pediast r u m 44 30 4 2 22 17 34 46 48 21 4 3 55 61 
Coelast r um 7 12 23 19 23 23 28 38 16 14 3.1 5 
Crucigenia 15 6 28 19 13 19 36 39 29 36 50 49 
Plnkisrodesmus 69 55 60 68 74 58 64 63 66 75 76 87 
Staurastrum 26 18 35 15 25 22 40 33 17 18 40 53 
Closterium 15 6 15 7 26 22 14 37 24 44 66 57 
Tetraedron 31 21 42 18 14 25 44 53 35 22 50 70 
Kirchneriella 36 12 34 31 34 10 34 8 12 25 10 12 
Selenestrum 11 16 4 21 7 19 6 16 22 27 12 8 
Elal<otothrix 12 16 9 1 15 2 7 5 3 C) 19 2 
ChJurt:!Jla 14 17 21 5 15 13 24 43 8 6 5 7 
Botryococcus 3 5 12 19 29 43 29 64 37 16 16 57 
Oocys tis 2 5 4 3 2 7 11 2 0 19 8 12 7 
Cosmarium 0 1 0 0 0 0 0 0 0 0 12 
BACI LARIOPHYfA 

3 7 7 1 4 17 7 
6 2 

11 9 0 
7 7 ") 

1 

8 11 18 
1 0 0 0 

0 0 0 0 1 0 0 0 
0 0 0 0 0 0 

0 7 2 1 
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Fig. 6 Mean percentage frequency of occurrence of 

different food i ms in the juveniles ( a ) 

and adul s (b) of 0. ~ cul ntus. 

V rtical b r indic standard 

d vi ion . 
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the adults and vice versa. On the whole, however, the 

dietary composition of juveniles and adults was the 

same. 

4.2.5 Diel feeding periodicity 

Table 10 and Fig. 7 depict variations in the 

stomach fullness index of 0. esculentus over a 24 h 

period. From the graph it is evident that 0. esculentus 

fed actively during the day but probably did not feed at 

n i ght. Gut fullness declined ·through the night as food 

i tem s e a t en during the day were diges ted and 

assi mi l ated. Feed i ng beg an at aro und 0 700 ho urs a nd 

s t o mach f ul ln ess inc r eased steadily t h roug h the d y to 

peak at 1700 hour s ( 1 700 hours stomac h f ull ness ind x = 
8 . 0) . Thereafter the stomach fullness index declined 

steadily until 0600h when most of the stomachs were 

empty , (0600 hours mean FI value= 0 . 30) . There were 

thus 12 hours of feeding (diurnal) and o~~~~ .: hours of 

digestion (nocturnal) . Thes r ul r compl m nt d by 

the results how "n di 1 v on n p opor ion o 

o. 

8) • 

escul ntu 

Whil 

o h dur1n 
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n d r n 

n 1 
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wl. h mp y 

mp 0 
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c:h CT bl lld 

d d n h c: u h 
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Table 10. Diel var-iation in fullness index of 

o. escul en tus. 

Time No. of fish Mean fulln:=ss 
examined index 

1900 12 6.67 + 2.56 -
2000 26 4.82 + 2.13 -
2100 14 5.68 + 1. 58 -
2200 23 5.66 + 2.20 -
2300 14 4.91 + 2.72 -
2400 18 3.40 + 2.59 -
0100 12 3.59 + 2.40 -
0200 19 2 .43 + 3.08 -
0 300 13 3 . 2 8 + 2 .04 -
0400 16 1. 76 + 1.93 -
050 0 15 0 .97 + 1. 4 2 -
0600 19 0 . 30 + 0 . 64 -
0 700 1 7 0 . 6 8 + 0 . 67 -
0 800 1 5 2 . 59 + 1.66 -
0900 19 3 . 5 1 + 2 . 00 
1000 17 3 . 07 1. 21 
1 100 37 4 . 46 + 1 . 59 -
1 200 18 4 . 34 + 2 . 00 
1300 11 4 . 60 1 . 91 
1400 21 5 . 87 1.04 
1500 14 7 . 06 1. 50 
1600 14 6 . 95 1.54 

1700 13 8 . 02 2.1 
1800 

..,.., 7.61 1 . 66 
-~ 

No indic: nd rd d on 
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Diel feeding periodicity of 0 . esculentus . 

Verticc.l 

devictlons . 

bars indicate standard 

Figures in parenth s s indica e sample 

i 
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Table 11. Diel changes in the number and percentage 

of o. esculentus with empty stomachs. 

Time No fish No fish with I. number- of fish 
examined empty stomachs with empty stomachs 

1900 12 0 0 
2000 26 0 0 
2100 14 0 0 
2200 23 0 0 
2300 14 1 7 
2400 18 4 22 
0100 12 2 17 
0200 19 6 32 
0300 13 2 15 
0400 16 8 50 
0500 15 10 67 
0600 19 16 84 
0700 17 5 29 
0800 15 0 0 
0900 19 0 0 
1000 17 0 0 
1100 37 0 0 
1200 18 0 0 
1300 11 0 0 
1400 21 0 0 
1500 14 0 0 
1600 14 0 0 
1700 13 0 0 
1tiU(J 22 0 0 
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Diel variation in the percentage 
of D. 

esculentus 
with empty stomachs . 

Figures in parentheses indicate sample of 

fish >'amin d . 
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the day were mainly , the mouth-brooding females. 

4.2.6 Monthly variation in feeding activity 
The index of stomach fullness and the 

of fishes with empty stomachs were evaluated 
Table 12 and Fig. 9 depict monthly indices of 

percentage 

monthly. 

fullness 
of 0. esculentus. The results revealed that the index of 
fullness of this species fluctuated monthly throughout 
the year. A mean FI of 3.24 was recorded, in September 
which was followed by a sha~p drop in October and an 
increase in November. The FI fluctuated only slightly 
from December to June, showing a general decline from 
January to May and a slight increase in June. There wa s 
a peak in stomach fullness in July then a drop in August 

1990. The percentage of fish with empty stomachs was 
low and variable showing no pattern (Table 13 and 

1 
Fig. 

10). The most important observation here is the highest 
percent~~c nf fish with empty stomach in October which 
confirms the previous observation (Fig. 9) bou th 
least fullness ind X 

of fish wi h mp y 

of . 
h t t 

h d mp y om c . 
vid nc h 

ry, nd do no 

nd non-brood1n 
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Table 12. Mean man th l y fullness index of D. 

esculentus 

Month No of stomachs Fullness 
examined index 

September 73 3.2 + 0.4 -October 46 2.0 + 1.3 -November 131 3.4 + 0.5 -December 119 3.3 + 0.3 -January 144 4.2 + 2.5 -February 84 3.9 + 1.8 -March 24 3.3 + 0.7 April 76 3.1 + 1.7 -May 55 2.9 + 1.2 -June 86 3.6 + 1.4 -July 90 6.0 + 2.6 -August 56 4.2 + 2.3 -

Note: + indicate standard deviations 
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Fig. 9 Monthly variation in the fullness index 

of 0. esculentus. 

V r icol bars indica 
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Table 13. Monthly va~iation in the pe~centage numbe~ 

Month 

Sep 
Oct 
Nov 
Dec 
Jan 
Feb 
Mar
Ap~ 

May 
Jun 
Jul 
Aug 

0. esculentus with empty stomachs. 

No of fish 
examined 

78 
90 
66 
71 

102 
87 
85 
82 

120 
115 

97 
89 

No of empty 
stomachs 

3 
6 
2 
1 
4 
1 
1 
3 
1 
4 
3 
2 

I. numbe~ of fish 
with empty stomachs 

3.8 
6.7 
3.0 
1.4 
3.9 
1.2 
1.2 
3.7 
0.0 
3.5 
3.1 
2.2 
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Fig. 10 Monthly variat1on in the proportion of 0. 

esculentus with empty s omachs. 

Figures in p r n he 

iish x min d. 

indicat number of 
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'+.L.I ~ood digestibility 

Table 14 and Fig. 11 illustrate the percentages of 

different food types in two regions of the gut, viz in 

the stomach and in the rectum. The percentages of the 

Cyanophyta, Chlorophyta, Bacillariophyta, Euglenophyta, 

and Zooplankton in the stomach were 63.21., 26.51., 4.41., 

4.0/. and 1.91., respectively, whereas corresponding 

values in the rectum were 65.21., 29.91., 1.61., 3.3/. and 

0.01.. Percentages of Cyanophyta and Chlorophyta were 

h i gh e r i n the rectum than in the s tomach, whe reas 

pe r c entages of Bacillariophyta, Euglenophyta and 

Zoop l a nk ton we r e l o we r i n the r ectum compa red wit h t hose 

in t he stomach . In f ac t, t he r e we r e no i n t c 

zoo pl ankton in t he rectum . Undigested zooplankton 

ap pendages were observed in the rectum . Zooplankton and 

Bacillariophyta were the most digestible taxa, followed 

by the Euglenophyta , Cyanophyta and Chlorophyta. 

The percentages o f indi v i du 

the s tomach ve rsus r ctum r pr 
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Table 14. Mean pe~centage numbe~ of the majo~ food 

g~oups in the stomach and in the ~ectum 

of 0. esculentus. 

Food Type I. in stomach I. in ~ectum 

Cyanophyta 63.2 + 10.4 65.2 + 8.5 - -
Chlo~ophyta 26.5 + 5.6 29.9 + 6.8 . - -
Euglenophyta 4.0 + 1-.5 3.3 + 1.2 - -

Bacilla~iophyta 4.4 + 2.0 1.6 + 0.5 

Zooplankton 1.9 + 0.7 o.o + 0.0 - -

Note: Numbe~ of fish studied = 534 

+ indicate standa~d deviations 



Fig. 
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11 Mean pe~centage of various food items in 

the stomdch 

e>.:.cule>ntus. 

( d ) and ~ectum 

Figu~es in p r nth s s indica 
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(b) of 0. 
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Table 15. Percentage number of different 
items in the stomach and in 
rectum of 0. esculentus. 

food 
the 

Food item Percentage 
number in 
stomach 

CYANOPHYTA 
t1erismopedia 
Spirulina 
Chroococcus 
Coelosphaerium 
t1icrocystis 
Oscillatoria 
Lyngbya 

10.3 + 
8.2 + 
3.8 + 
2.5 + 

15.0 + 
3.8 + 
9.0 + 

4.2 + 
1.8 + 
1.8 + 
1. 7 + 
1.1 + 

Nos toe 
Aphanocapsa 
Synechocystis 
Nodularia 
Gomphosphaeria 
CHLOROPHYTA 
Scenedesmus 
Pediastrum 
Coelastrum 
Crucigenia 
Ankistrodesmus 
Staurastrum 
Closterium 
Tetraedron 
Kirchneriella 
Selenestrum 
Elakotothrix 
Chlorella 
Botryococcus 
Oocystis 
Cosmarium 
BACILLARIOPHYfA 

0 0 

d c 

5.3 + 
1.3 + 
1.3 + 
1. 4 + 
4.0 + 
1.3 + 

2.2 + 
1.7 + 

2.0 + 
0 .8 + 
1.2+ 
1. 2 + 
0.8 + 

1.0 + 
1.4 + 

1.0 
1.2 
1.0 

o. 

5.7 
4.2 
2.5 
2.1 
4.9 
2.7 
5.7 
4.4 
1.3 
1.5 
1.2 
0.5 

2.8 
0.9 
0.7 
1.2 
2.1 
0.8 
1.3 
1.0 
1.3 
0.9 
0.7 
0.8 
0. 1 
0.5 
O.b 

o. 
O.b 
0 
o. 

o. 
0 

Percentage 
number in 
rectum 

5.2 + 
9.4 + 

6.4 + 
2.9 + 

14.7 + 
2.8 + 

12.6 + 
4.9 + 
1.3 + 

1.8 + 
2.0 + 
1.2 + 

8.1 + 
1.3 + 
1.0 + 
1.7 + 
4.6 + 
1. 7 + 

2.3 + 
1.4 + 
1.2 + 
1.6 + 

.2 + 
1.0 + 

.1 + 
0 .9 
0.8 

o. 
o. 
o. 
o. 

o.o 
o.o 

2.2 
4.3 
3.5 
1.7 
5.6 
2.5 
6.3 
3.4 
0.4 
0.9 
1.6 
0.5 

7.2 
3 . 2 
0.4 
1.2 
0.8 
1.8 
0.9 
0.8 
0.1 
0.8 
0.4 
0.7 
o. 
0.1 
O.? 

O.l 
o. 
0 .l 
o. 

o. 
o. 
0. 

o.o 
o.o 
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Oscillatoria and ~phanocapsa were higher in the stomach 

than in the rectum. 

Among the members of the Chlorophyceae, Coelastrum, 

Tetraedron, Kirchneriella, Chiarella, Oocystis and 

Cosmarium were higher in the stomach than in the rectum 

while Scenedesmus, Crucigenia, Plnkistrodesmus, 

Closterium, Selenestrum and Botryococcus were lower in 

t he s tomach than in the rectum. Pedia s trum and 

Ela k o to thrix occurre d in similar proportions in both the 

stomac h and the rectum. 

All the me mb e r s o f t he Bacil l a r io phy ta (Navicu la , 

Ni t zschia , Stephanodiscu s and Fragi l aria ) showed 

tendency to decline i n relative abundance from the 

stomach to the r ectum . Similar patterns occurred in 
I 

Euglenophyceae ( Phacus and Trachel omonas) except in 

Euglena which occurred in similar proportions in the ~wu 

regions of the gut . The memb r 

reached the rec um d·s·n gr d 

r m ining nd could h r or no 

h B cill r1oph nd 

n m 11 u n n 

u 1 o D. cuJ n u n 0 

0 th 

l. h only 

co n d. 

on r 

m 

11 

oopl nkton 

pp nd g 

1 0 I h 
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4.2.8 Food selection 

For the study of food selection, a comparison was 

made between food items in the gut and algae and 

zooplankton in the plankton of the lake. From Table 16 

and Fig. 12 it is evident that the relative abundances 

of food items in the water and those in the gut of the 

fish were different, indicating that the fish is capable 

of selecting its food. The proportions of different 

food types in the diet and in the water fluctuated 

monthly as follows: The proportion of the Cyanophyta was 

higher in the diet than in the environment during 

January, February and June but were lower than thos in 

the environment during the remaining months. The monthly 

difference between the proportion in the diet and in the 

environment was however small except in June when i was 

pronounced. 

The proportion of Chlorophyt in th om ch w 

higher in the di h n . n th nvironm n durin h 

months of s p mb r, ov mb ,.., D c M rc r · l, 

July nd u u bu lo n h m 1n n 

men h . He v ,.. d c l 

Propo on 0 1n 

d n n n 0 0 

p ,..n c p 

n 0 0 0 
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Table 16. Monthly ,variation in the proportions of the 
major food types in the stomach and in the 
environment, and an index of food preference. 

a) Cyanophyta 

Month 

Sep 
Oct 
Nov 
Dec 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 

b) Chlorophyta 

Month 

Sep 
Oct 
Nov 
Dec 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 

c) Eugl nophy 

Men h 

s p 
Oc 

1.. in diet 

73.9 
75.1 
73.4 
69.2 
70.2 
76.0 
68.9 
66.9 
76.0 
77.1 
67.9 
72.0 

1.. in diet 

20 .8 
18 .9 
20 .1 
23.4 
21.4 
19 .4 
21.2 
24.8 
18 . 7 
17.2 
21.5 
21.0 

1.. 

1.. 

in water 

87.2 
71.1 
79.2 
79.8 
68.7 
71.5 
80.6 
75.4 
79.3 
17.7 
83.1 
80.3 

in water 

12 . 0 
21.4 
18.8 
19.0 
31.3 
27 . 9 
16.5 
~ -.L. .... 
19.7 
82.1 
1 . 
17. 

Cl 

· 0.032 
0.139 
0.026 
0.048 
0.037 
0.048 
0.031 
0.108 
0.029 
0.030 
0.023 
0.074 

Cl 

0.065 
0.112 
0.029 
0.06,8 
0.025 
0.032 
0.047 
0.149 
0.029 
0.001 
0.039 
0.099 
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Table 16 ( c un c.. ) 

d) Bacillar-iophyta 

Month I. in diet I. in water- a. 
Sep 1.8 +· 0.340 Oct 3.3 5.9 0.070 Nov 3.9 0.3 0.358 Dec 2.4 0.3 0.445 Jan 3.2 0.3 0.444 Feb 0.5 0.4 0.057 Mar- 3.8 0.0 0.694 Apr- 3.2 1.2 0.323 May 2.3 0.1 0.695 Jun 3.5 0.03 0.802 Jul 5.6 0.8 0.659 Aug 3.0 0.5 0.493 

e) Zooplankton 

Month I. in diet I. in water- a 
Sep 1.2 + 0.454 Oct 0.8 0.2 0.507 Nov 0.8 0.04 0.551 Dec 0.8 0.2 0.223 Jan 1.4 0.13 0.388 Feb 0.8 0.1 0.364 Mar 0.9 0.2 0.164 Apr 0.8 0.4 0.242 May 0.6 0.1 0.181 Jun 0.9 0.1 0.062 Jul 2.0 0.3 0.177 Aug 1.5 0.6 0.206 

Not indic ood yp pr n u n ry 

m 11 qu n 
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than in the environment. Similarly, with the exception 

of June when proportion of the zooplankton was higher in 

the environment than in the diet, during the remaining 

months the proportion of the zooplankton was higher in 

the diet than in the environment. In essence, Cyanophyta 

and Chlorophyta were eaten in proportion to their 

environmental abundances, whereas the other taxa were 

relatively more abundant in the diet than in 

the environment. 

The monthly preferences for specific food types 

were determined using Chesson's (1983) index. 

The Cyanophyta and Chlorophyta were the least pr f rred 

food types throughout the year with their a v lu 

ranging from 0.023-0.139 and 0.001-0.149 resp ctiv ly. 

The highest a values were recorded in April for both 

the Cyanophyta and Chlorophyta. The average a for a ye r 

for Cyanophyta and Chlorophyta were 0.052 and 0.058 

respectively. Bacillariophyt w r 

food for 0. esculentus during mo 

th mo 

p rt 

pr f rr d 

of th 

It h d tt hig v 1 dur n men 

) . 

Y r. 

of 

r 1 

d 
D c mb r (0 .44 5), J nu ry (0. r h (0. 

(0. 2 ) , M (0. n uly 

(0. 9 - ). 
p 

d n r 

0 o. o. 
0 

0 
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the year was the highest being 0.448. 

Euglenophyta were most preferred prey type in 

February ~~0.500), second most preferred in October 

(a=0.172) and June (a=0.05) but third most preferred 

item during the remaining months and had mean a value of 

0. 149. 

Finally, zooplankton were most preferred in 

September, October and November with the a values of 

0.454, 0.507 and 0.551 respectively. It was the second 

most preferred food type in December (0.223), January 

(0.388), February (0.364), March (0.164), April (0.242), 

May (0.181), July (0.177) and August (0.206). Th 

average a for zooplankton for the whole ye r was 0.293. 

From the results, it is evident that the order of 

0. esculentus selectivity for food items was 

Bacillariophyta, Zooplankton, Euglenophy a, 

and Chlorophyta. It is apparent th t th food 

Cyanophyta 

yp h t 

showed high st dige t i b i l · y, 

di toms (8 ci ll r iop y ), 

c ul ntu l c d o 

o f b y) 
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d D 
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oopl n on 

d o T u 

( I 

l no 

nd 

o. 
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were few and the chances of their being encountered was 

also low, the variety of items ingested was expanded to 

include the less profitable Cyanophyta and Chlorophyta 

to increase the profitability of getting a reasonable 

quantity of the preferred food items. 

4.3 

4.3.1 

Feeding structures 

Dentition 

The oral teeth loLated on the upper and lower jaws 

of 0. esculentus are not of a uniform type (Plates 1 A & 

B). From the plate it is evident that each jaw carries 

three rows of teeth. The longest teeth are found on the 

outermost areas of the jaw, the middle row of teeth r 

of intermediate size, and the innermost row of te th r 

the shortest. 

The oral teeth of the outer row are bicuspid with 

one of the cusps always much longer than the o her 

(Plates 1 E & F ) . The eeth are flat ened d i st ll y to 

form blades , a n d t h d"st 1 nd r b rown. 

C l oser ex min ion 0 h r v om 

por ion 0 h cu p r o n 0 h h PP 

ric p d ( p 1 E) • T on 0 nn n 

m ddl row 0 0 1 0 

r c: p d c no ho 

mo p 0 0 c: l n n d 0 
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Scanning electron 

lower jaw teeth of 

show~r.g : 

micrographs of 

0. esculentus 

A Rows of jaw teeth (inside view) x75 . 

B Rows of jaw teeth (outside view) x75 . 

C Tricusp1d jaw teeth x75. 

0 Tricuspid jaw teeth Y200. 

E - Bicuspid jaw teeth (with worn ou parts) 

xl50. 

F - Bicuspid or 1 h x75. 
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4.3.2 Pha~yngeal bones 

The ventral pharyngeal bone is made up of two fused 

bones and is t~iangular in outline. It has a central pad 

with a dense concentration of teeth whose fine distal 

ends show backward curvature (Plate 2 A). There is 

g r eater teeth density in the caudal region (Plate 2 8) 

o f the ventral pharyngeal bone than in the rostral 

reg i on (Plate 2 A). Similarly, the teeth at the caudal 

r e g ion are of greater length than those at the rostral 

region . Eac h toot h l oo ks mo r e l i ke match head at l o we r 

magnification (P la t e 2 8). C l ose observation of th s 

teeth at higher ma gn i f ic a tion r eveals that the dlst 1 

region of each tooth is slender and is hooked 

posteriorly (Plate 2 C) . There is a s i gnificant pos~tive 

correlation between fish standard length and the area of 

the Luu~hed surface of the l o wer p ha ryngeal bo n ( r 

0 . 65 , p < 0 . 05) . 

Th do ~ ph ryng 1 bon m d u p 0 ,... 

bon which ,.. no u d . Tt cov d y 

1 ,.. numb r 0 pr"OJ c d 11 y n 0 

ph ryn 1 c d l 0 0 00 1 

cu p ( c). 
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Scanning electron photographs of lower 

pharyngeal 

showing : 

teeth of 0 . esculentus 

A - Toothed surface of the rostral region of 

the lower pharyngeal bone ~35 . 

B - Toothed surface owdrds the caudal 

region of he low r pharyngeal bone x35 . 

C - Lower ph ~yng 

~75. 

1 c:ing bac:Y.wards 
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Plat · 3 Scanning electron photographs of upper 

pharyngeal 

showing : 

teeth of 

A - Upper phdryneal teeth x75. 

D. 

8 - Upper pharyngeal teeth x200. 

esculentus 

C - Tip of Upper pharyngeal teeth x1000 . 
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4.3.3 Stomach 

The stomach of o. esculentus 1s a simple 
distensible sac. It is separated from the duodenum by a 
pyloric sphincter. Most of the stomach contents were 
found intact regardless of the time of capture, an 
indication that it serves primarily as a reservoir where 
food is stored before it is discharged into the 
intestine. There was, however, some macerated 
zooplankton in the stomach. Maceration is most likely 
c arr i ed out using the pharyngeal t e e t h. 

4. 3 .4 Intes tine 

The intestine of 0 . escul entus is delicate and of 
considera b le length . The first portion is thin-w.;lll d 
and transparent , and parasitic nematodes were observed 
in this region . The ratio of fish standard lengtti to 
intestine length ranged from 1 : 4 to 1 : 14. There is a 

highly, significant posit1ve correlation (r= 0.999, 
p<0 . 001) between fish stand rd 1 ngth nd in in 

length (Fig. 13 ) . Th r 1 ion h"p b w n fl h 

s nd rd 1 n (SL) nd n n l '9 h ( I 

d cr b d by h q ion: 

Lo lL • o. 0 

(n o. ) . 
F 00 n d 0 ,.. n 1n 

co p 0 0 0 1 n no· 
rood n . 
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Fig. lv The loga~ithmic ~elationship between fish 

standa~d length and the length of the 

intestine length of 0. esculentus . 
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• 
• 

• 

n = 593 
r = 0 883 

• • 
• 

• • 

• 



-1 16-

4.4 Length-weight ~elationship 

The~e was no significant difference between male and 

female slopes, t = 0.48; d.f. 1301; p > 0.05. 

Loga~ithmic ~elationship of the pooled male and female 

length-weight data is depicted in Fig. 

descr i bed by the equation: 

Log W = -4.52 + 3.02 Log L 

14 and is 

Length- we i ght ~elationships evaluated fo ~ males and 

fema l es each month are s hown i n Table 1 7 . In both mal es 

and f emales the r e were significant d iffe ~ences in the 

slopes across the months , F = 16 . 76 ; d .f. 11 , 578 ; p < 
0 . 05 and F = 12 . 0 ; d. f . 11 , 679 ; p < 0 . 05 respectively . 

0 . esculentus exhibited isomet~ic g~ow th i . e . th 

weight of the species is propo~tional to the third 

power of the fish's standard length (t = 0.0069; d.f. 

1378; p > 0 . 05) . 

Table 18 shows length- we i ght relat i onship r sul s of 

o. esculentus 

ignific n t d i 

ba ed 

r nc 

c l F • 62 . 76 ; d . 
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L n 

ceo d n 0 ( 

on 

n h 

nd 

-c 1 h r 

cro h 

0.0 ll 

c ro 

cui n u c or o a. 

0 on hl 

). G n 1 1 
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14 Length-weight relationship of 0 . 

esculentus . 
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• 

• 

n = 1305 
r = 0.987 
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Table 17. Monthly length-weight relationships for female 

and male o. esculentus. 

Month Female Male 

b 
2 d.f b 2 a r a r DF 

s -4.40 2.95 0.98 33 -4.45 2.97 0.99 43 
0 -4.29 2.91 0.99 51 -4.60 3.06 0.98 33 
N -4.55 3.03 0.97 47 -4.18 2.85 0.99 29 
D -4.68 3.11 0.99 84 -4.54 3.04 0.97 63 
J -4.54 3.02 0.97 128 -4.35 2.92 0.96 74 
F -4.52 3.02 0.99 63 -4.51 3.01 0.97 43 
M -4.29 2.90 0.94 35 -4.43 2.97 0.97 44 
A -4.44 2.98 0.96 48 -4 .38 2.95 0.99 30 
M -4 .40 2.96 0.99 32 -4 .39 2.96 0.98 37 
J -4 .51 3.02 0.98 66 -5 .16 3.36 0.94 75 
J -4.50 3.01 0.97 54 -4.49 3.01 0.97 66 
A -4.06 2.77 0.70 38 -4 .73 3.12 0.97 41 
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Table 18. Length-weight ~elationships of 0. esculentus 
based on size-classes. 

b 2 
OF 

Size-class a 
~ 

(mm) 

10 - 49 -5.23 3.49 0.84 38 

50 - 99 -4.34 2.92 0.93 1032 
100-149 -4.70 3.11 0.89 299 

?:. 150 -4.28 2.91 0.89 4 
Ove~all -4.52 3.02 0.98 1377 



- 121-

relative condition factor of 0. esculentus in Lake 

Kanyaboli fluctuated slightly about unity throughout the 

study period. There were no seasonal variation in kn 

in males ( F = 0.13; d.f. 11, 590; p > 0.05) and in 

females (F = 1.88; d.f 11, 691; p > 0.05). There were 

also no significant differences in kn across size

classes, F = 0.389; d.f. 5, 1293; p > 0.05 (Table 20 and 

Fig. 16). 
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Table 19. Monthly variation in relative 

condition factor of female and 

male 0. esculentus 

Month Female Male 

Sep 1.01 + 0.13 1.01 + 0.12 - -Oct 1.01 + 0.10 1.01 + 0.13 - -Nov 1.01 + 0.15 1.01 + 0.12 - -Dec 1.00 + 0.09 1.00 + 0.10 - -Jan 1.01 + 0.12 1.03 + 0.14 - -Feb 1.00 + 0.14 1.01 + 0.11 - -Mar 1.01 + 0.19 1.01 + 0.12 - -Apr 1.01 + 0.14 1.00 + 0.08 - -May 1.00 + 0.06 1.00 + 0.07 - -Jun 1.01 + 0.11 1.01 + 0.16 - -Jul 1.01 + 0.16 1.01 + 0.11 - -Aug 1.00 + 0.14 1.01 + 0.10 - -

Note: + indicate Standard deviations -
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Fig. 15 Seasonal changes in the relative condition 

fdctor of female (a) 

esculentus. 

Ver i c l ba s 

d via ion . 

F.igu~" 

z 

in p r n h 

and male ( b) a. 

ndic t st ndard 

indic e ample 
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Table 20. Relative condition factor of 0. 
esculentus based on size-classses. 

Size-class 
(mm) 

25 - 49.9 

50 - 74.9 

75 - 99.9 

100-124.9 

125-149.9 

L 150.0 

No of fish 
examined 

40 

791 

179 

116 

85 

6 

Relative 
condition 
factor 

0.96 + 0.23 -
1.02 + 0.12 -
0.99 + 0.13 -
0.99 + 0.13 -
1.01 + 0.08 -
0.99 + 0.11 -

Note: + indicate standard deviations 
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Fig. 16 Relative condition factor of 0. esculentus 

based on size-classes. 

Vertical 
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CHAPTER c: 
..J 

DISCUSSION AND CONCLUSIONS 

D. esculentus has been reported to feed on all 

groups of phytoplankton, but to digest only the 

diatoms while blue-green and green algae pass 

through the gut undigested (Graham, 1929; Fish, 1951; 

EAFFRO, 1955/56; Lowe-McConnell, 1956; Welcomme, 

1966). Zooplankton and suspended organic matter have 

also been found in 0. esculentus stomachs (Fish, 

1951). 

The inability of 0. esculentus in Lake Victoria 

to digest blue-green and green algae has been 

attributed to physiological constraints, i.e . a lack 

of digestive enzymes effective in breaking down the 

cell walls of these algae (Fish, 1951) . The 

indigestibility of chlorophytes and cyanophy es has 

also been reported for T. ( s. ) galilaeus in La e 

Kinneret (Spataru, 1976) . c loroph nd 

cyanophy s hav , ow r • n ound 0 (- dig d 

by 7. nJlotic ( o. nJ 1 ot J u n r·d 

(1'1ori r y , 1cn ) . 0 

p c 0 

ly c 0 ~c 

d 0 1 

0 0 0 l 
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Analysis of 0 . esculentus gut contents in the 
pr-esent study r-evealed that 0 . esculentus in Lake 
Kanyaboli feed thr-oughout the year-, pr-incipally on 
phytoplanl-ton, and ingest all phytoplankton gr-oups 
pr-esent in the water- (Cyanophyta , Chlo~ophyta , 

Euglenophyta and Bacilla r- iophyta) . Zooplanrtor. and 
or-ganic matter- wer-e also found in stomachs . Member-s 
of the Cyanophyta and, to some extent, the 
Chlor-ophyta occur-red most frequently in the diet. 
Similar-ly, these two groups were the most abundant 
phytoplankton in the water-. However, mainly the 
diatom member-s of the phytoplankton were dige~ d 
while the blue-green and green algae, and the 
euglenoids, passed thr-ough the gut undig sted. The 
undigestibility of blue-green and gr-een algae and 
euglenoids by o. esculentus in La e 'an ·a eli is 
probably because ey 1 c dig i . n., )'mes 
which ave he ab · 1 y 0 dig i r lg 1 1 
w l 1 o. cul ntu 0 0 .o 0 . 0 . 
w lC i no C:ld'c: l l l l . 
m ny 

r 0 y ol 
r 

on d o. ntu 

1n d u d . 

l 10 l 00 

0 
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No studies were completed on the 

composition and abundance in Lake Kanyaboli 

alga l 

before 

and after the construction of the dyke that now 
prevents the River Yala from flowing directly 

the lake. It is therefore not known whether 

into 

there 
have been changes in phytoplankton composition and 
abundance over the years. Among physico-chemical 

parameters which have been measured, Okemwa (1981) 

and Mavuti (1989) showed that there has been an 

increase in conductivity. The high conductivity of 
950 ~mhos/em was reported by Mavuti (op. cit.). High 
conductivity could be responsible for the 

diatoms, such as Melosira, which have been 

lack of 

reported 
to survive only in waters with conductivity of less 
than 600 ~mhos/em. A luxuriant growth of diatoms 
occurs in the Winam Gulf of La e Victoria, where 
conductivity is less than 600~mhos/cm. (Nyamu, 1986; 

Kibaara , 1989) . Changes in 

chemistry may contri u 

in L It 

d"m n 

0 ly 
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• ny o 1 i . 
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nd wa r land us 

cul ntu · m 11 •1. 

inpu 0 n n nd 

l u Ul -
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In this study the diet of 0. esculentus did not 

v a ry throughout its life, thus both the juveniles and 

adults fed prlncipally on phytoplan~ton and, to a 

lesser er.tent, on detritus. This, 

however, is at variance with Welcomme's (1966) report 

on the same species in Lake Victoria . The author 

reported that adult 0. esculentus were 

phytoplanktivores while 

(<70mm SL) consisted 

the diets of 

predominantly of 

juveniles 

bottom 

material . 

o. esculentus showed a steady in 

stomach content weight fr-om early in 

incr-ease 

he mor-ning 0 

the evening. Stomach content we i ght declined through 

the night and the lowest stomach content weigh s 

were recorded at dawn. This implies that feeding, 

digestion, and assimilation ta e place du ing he da y 

wh1le o nly d i ges ion a n d as i i la ion occur- a t 

n gh T ere a r- e no 0 er- r u l on h d ' ding 

be t1a v i ou r o f o. cul n t u on 
. t1 di d n ,... od c 0 C1 -~Ill d o . 

nJ}O t JCU nd . nJ rJ Jnn 1n 0 n 

f or- d 0 Q n d n n 

Mo d 7 d t J. 

7 ,. 
p. n 

1nd ull 

co 0 

r 



-132-

galilalaeus and T. discolor feed at night between 

1800 and 0500 hours (Whyte, 1975). 

Few investigations have been carried out on the 

food selection of tilapiines in the tropics. Moriarty 

(1973) reported a marked positive selection for the 

blue-green alga Lyngbya and colonial diatom 

Melosira, but negative selection for the blue-green 

alga ~nabaenopsis and diatom Synedra in Lake George. 

The author reported that selection was based on the 

size and shape of the food particle. T. (= 

Sarotherodon galilaeus) galilaea has been reported 

(Spataru, 1976) to show a prefer~nce for PeridinJum 

(a pyrrophyte), but show negative selection for oth r 

groups of algae. The above authors used Ivle 's 

(1961) electivity index as a measure of preference 

which has, however, 

number of shortfalls 

The resul of 

1 c ion indic 

ny boll 

c l l 0 

w ,.. lo 

Cy 0 y 

no l 

d 0 

been found o suffer from a 

(Chesson, 1983) . 

p n in .ig 1on on cod 
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therefore profitable are preferred to those that are 

less digestible. 

There are a few reports on the studies of the 

bucca-pharyngeal anatomy. The limited information 

indicates that jaw teeth are bicuspid and tricuspid, 

that the lower pharyngeal teeth are fine and hooked 

at the distal end and that the upper pharyngeal teeth 

are cusped at the distal end (Fryer and Iles, 1972; 

Trewavas, 1983) . The results of the present 

investigations are in general agreement with those of 

these authors. The anatomical features of 0. 
esculentus strongly suggest that this species is a 

an observation supported by the diet 
herbivore; 

analysis. The fine, hooked, lower pharyngeal teeth 

are adapted for brea ing large colonial and 
filamentous algae. The jaw ee h are in no way 

related to type of the food - t c o n um s. Th 
presence of a thin - all d e - l i o m c h indi c 

ha dig s ion ro l y do no n 

om c h. S om c co n n 

d lO . 
0 

0 o r~ 

0 0 

m n 

l 

1 
l 
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e f f i c i er. c y of digestion of plant materia l (Bowen, 

1982) . The ratio of fish standard length to intestine 

length observed ( 1 ; 4 to 1 : 14) is close to that 

reported for most tilapiines (1 : 7 to 1 : 11) (Bowen , 

op . cit. ) . The fact that morphologica l 

characteristics of the jaw teeth , pharyngeal teeth, 

stomach and intestine do not change with size 

suggest that 0 . esculentus of all size-classes feed 

on similar food types. Analyses of gut contents 

confirmed that there were no differences in the diets 

of 0. esculentus of different sizes. 

In most length- weight relationship studies th 

regression coefficient b falls between 2.0 and 4.0, 

with an average value near 3.0. Dadzie et al. (1979) 

have reported isometric growth in Tilapia and Barbus 

but allometric growth in Labeo and ~rm•rus in Lake 

Vamburu. Allome ric gro h as also n r pot d in 

T. zillii in fish ponds in 5 g n ( D d . i nd 

Wangil 1980). In u 

i 1 p · · n ( 5 roth odon 

(•0.) n ni , (• o.) 

d 0 

uJ n ( 

d - l 
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the smallest exhibited isometric growth. 

below 50mm exhibit allometric growth. 

Juveniles 

Relative cor.di tion factors of fish often 

fluctuate with respect to age group, sey., season, 

food availability and reproductive state (Le Cren, 

1951; Tesch, 1971; Bagenal and Tesch, 1978) . 

Relative condition departs from unity in only a few 

species. In most species, condition factors stay 

relatively constant through time (Weatherly, 1972) . 

Okach (1981) r-eported that female B. docmac had 

higher condition during the breeding season , and 

that the juveniles had higher condition factors than 

The condition factor of pond - raised T. adults. 

zillii showed no significant variation with size 

(Dadzie and Wangila, 1980). The authors found the 

runted T. zillii to be in sur-prisi ng l good condition 

with an almost uniform relativ cond ion app r-oachin g 

uni y. In contras , 

including £ o luciu 
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tilapiines, does not have a marked breeding season 
(Dadzie, 1969, 1974; Siddiqui, 1977). Similar ly, 

relative 
there were no marked differences in 
condition between sexes similar to the observations 
of Dadzie and Wangila (1980) on T. z i 11 i 1. .• Because 
diets remained the same throughout the year and 
across size-classes, there was little variation in 
condition factor. 

CONCLUSIONS 
1 ) Oreochromis escu1entus (Graham) is the most 
abundant fish species both in numbers and biomass, 
in Lake Kanyaboli and forms the mainstay of th 
commercial fishery. The average catch per canoe per 
day of 0. escu1entus is about 26 kg, while overall 
catch of all species per canoe per day is ab out 34 
kg. 

2) 0. esculentus in La e a ny obo li i 
phytopla n tivore. I n addi t ion o p 

s p ci s 0 occ ion lly n 
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diatoms and zooplankton were diges ted . 

5) Different sizes o f 0. esculentus fed on s i milar 

food types. 

6) There were no clear seasonal changes in the diet 

of 0. esculentus. 

7) o. esculentus in Lake Kanyaboli fed during the 

day. Food in the stomach declined through the night 

as it was digested and assimilated. 

8) The presence of a lower pharyngeal bone armed 

with slender teeth hooked at the distal end , an upper 

pharyngeal bone with teeth cusped at the distal end, 

a poorly developed sac-like stomach and an intestine 

of considerable length indicate that this species is 

a phytoplanktivore. 

9) Both male and female 0. esculentus e hibited 

isometric growth patterns. 

10) The relative condition factor of 

more or less the same throug hou 

different sexes did no d ' ff 
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