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Oreochromis niloticus (Linnaeus) in Nyanza Gulf 

Lake Victoria and Sewage Fish Ponds 
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Kenya Marine 8 Fisheries Research Institute 

Kisumu Laboratory 
P. 0. Box 188 1, Kisii 

Abstract 

Gut content analysis of Oreochromis niloticus from the Nyanza Gulf. Lake Victoria showed that 
the bulk of the food items ingested constituted bottom deposits and blue green algae. Among the live 
food items ingested, blue green algae (Cyanophyceae) constituted 53.6%, the diatoms 
(Bacilariophaceae) 19.7%, aquatic invertebrates (mainly Copepoda, Cladocera and Rotifera) 
12.9% desmids (Desmidaceae) 7.7% and lastly the green algae (Chlorophyceae) 6.2%. The most 
preferred food items as indicated by Ivlev's index of electivity (E) were: Spirulina lawisma 
(E = + 0.893) and Nitzschia accicularis (E = + 0.567). The least preferred food items were: Lyngbya 
circumcreta (E = -0.445), Microcystis aeruginosa (E = 4 .01  1 ) and Pediastrum simplex (E = 4.049). 
Thequantity of food eaten by 0.niloticustosatiation rangedfrom 0.016-4.5% body weight. The high 
growth performance index of the fish is attributed to the food on which it feeds on. The results 
obtained from the Gulf are compared with those of earlier work done on the food of the species in 
sewage fish ponds which discharge their effluent into the lake. 

Introduction nutrients extraenterally such as glucose 
and calcium. 

In nature, fish feed on a great diversity The knowledge on the types of natural 
of food items such as phytoplankton, foods for fish is important in formulating 
zooplankton, benthic and non-benthic the dietary needs of species both used in 
invertebrates, benthic deposits, other fish intensive and extensive cultun: and also in 
and aquatic macrophytes. They also absorb ascertaining whether the population age 



structure in the fishery is in proper relatior. 
to the food resources available to it. 

Most of the workdone on feeding habi ts 
of Oreochromis niloticus in Lake Victona 
is only descriptive, giving a list of items 
the fish feed on. There has not been any 
attempt on food type selection and 
consumption by the species. Observations 
made in natural habitats show that 0. 
niloticus prefers plant material in its diet 
and that it ingests a great variety of feeds 
(Lowe 1958, Yashuov & Chervinski 1960). 
Moriaty etal. (1973) found inLake George, 
Uganda, that the fish readily digests blue- 
green algae, contrary to previous reports. 
They made further observations that 
juveniles feed on a variety of plant and 
animal material including aufwuchs, 
detritus, rotifers, copepods hydracarincs 
and various i ]sects. The juvcnilcs when 
adult turn tc a predominantly algal dict. 
The reason why less zooplankton are takcn 
during adult life is that the rish change; it 
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 (Moriarty et al., 
1973). 

Earlier studies conducted by Fryer & 
Iles (1972). and Moriarty & Moriarty 
(1973) showed that 0. niloticus feeds on 
bottom depositsderived from the plankton 
rain and other sources. In this case, the 
nutritive value is derived both from the 
organic particles and the micro-organisms 
which covertheirsurface (Kerns & Roelofs 
1977; Schroeder, 1978). Beveridge (1984) 
notes that 0 .  niloticus is omnivorous and 
canutilize blue-green algae, while juveniles 
consume a wide range of food items. Jauncy 
& Ross (1982) note that 0. niloticus like 
most other tilapias is a herbivore, and that 
its diet under natural conditions is restricted 
to phytoplankton. 

It has been observed that there is a 

relationship between the nature and 
quantity of the iood available and the sizes 
thc fish attains in different water bodies. 
For example fish production in lakes rich 
in diatoms is higher than that from smaller 
and particularly enclosed water bodies. 
Forhc latter, the tilapiahave beenobserved 
to register poor growth (Lowe, 1955). This 
was in the past attributed to the inability of 
fish to digest blue-green algae which 
constitutes the major part of the algal 
biomass in the smaller water bodies (Fish 
1951,1955). 

This paper attempts a study on the food 
composition and selection in Nyanza Gulf 
by 0. niloticus. It provides results on 
preliminary studies on food consumption. 
The food items consumed in the lake are 
comparcd wilh those consumed in sewage 
fish ponds (Getabu, 1991). 

Materials and Methods 

The specimens for food analysis were 
obtained from bottom trawling and beach 
seining in the Nyanza Gulf, Lake Victoria 
during the period 1986-1990. Those from 
sewage fish ponds were obtaincd by 
seining. While collecting fish specimens, 
water samples for plankton studies were 
taken using a van Dom sampler. The sites 
where water samples and fish specimen 
were obtained from are shown in Fig. 1 . 
The fish were brought to the laboratory 
where their lengths were measured to the 
nearest cm and weights to 0.01 g. The 
specimens were dissected and their 
stomachs removed and preserved in 
specimen bottles containing 4% formalin. 

In the laboratory, total weights of the 
stomachs and stomach contents were taken 
using a mettler 1600 balance to 0.01g. 
Some of the stomachs were used to study 
food composition and selection. The 
stomachs were dissected and the contents 



Fig. 1. The sampling sites where plankton and fish samples were taken during the study period, 19&S-1990. 
Depth contours are shown in (m) 

emptied into a petri-dish. The larger 
invertebrates such as chironomid and 
oligochaete larvae were isolated, counted 
and weighed. The rest of thematerial which 
constituted of detritus and plankton was 
thoroughly mixed with a small volume of 
water in a beaker. A sub-sample was then 
taken using a teat pipette. This was placed 
in a Sedgewick rafter ceII which carries a 
volume of 1 ml. The food items were then 
enumerated undera compound microscope. 
The occurrence of each food item was 
scored and then converted to a percentage 
by multiplying the ratio of the number of 
times an item occurred to the total number 
of guts analyzed by a hundred. The 
percentage abundance of each food item 
was also computed by multiplying the 

ratio of the number of a particular item in 
the stomach to the total number of items in 
the stomach by a hundred. The plankton 
samples taken from different locations 
where fish were sampled were identified 
and enumerated using a compound 
microscope. The percentage occumnce 
and abundance of each item in the samples 
were analyzed in a similar way. Ivlev's 
index of electivity (E) and the linear food 
index Q (Strauss,1979) were used to study 
food selection. They were computed thus: 
E = (ri - pi)/(ri + pi) 
L = (ri + pi), 

where ri and pi are the abundances of the ih 
food item in the fish stomach and the 
environment respectively. The results of 
the food analysis were compared with those 



of the same specimens from sewage-fish 
ponds at Kisumu (Getabu.1991). 

Results 

The percentage occurrence of the 
different food items ingested by 0. niloticus 
are shown in Table 1. It can be seen that the 
diatoms (Bacilariophyceae), the blue-green 
algae (Cyanophyceae) and the food items 
namely: the aquatic invenebrates,desmids 
and blue-green algae had modcrate to low 
percentage occurrences. Among the 
diatoms, Melosira spp, Navicula spp and 
Diatoma sp had percenlage occurrences 
ranging from 42.0-1 00%. Among  he blue- 

green algae, Microcystis spp ranged from 
(33.3-57%) and Anabaena sp (71.4- 
100%). The other blue-green algae genera 
namely; Lyngbya spp and Merismopedia 
spp. had low to high percentage 
occurrences; that is 25.0-72.2% and 0.0- 
100% respectively. Among the 
zooplankton, the Cladocera and the 
Rotifera had low to moderate percentage 
occurrences, 25.0-55.6% and 046.7%. 

Some of the food items consumed 
showed an increasing trend with fish size. 
For example, the percentage occurrence of 
blue-green algae Lyngbya spp. Anabaena 
spp, and Merismopedia spp show an 
increase in percentage occurrence with 

Table 1: Percentage occurence of different food items in the stomach of Oreochromis niliticus from Nyanza 
Gulf, Lake Victoria 

Percentage occurrence by size group (m) 

No. Food Item 0-09.9 10-19.9 10-29.9 30-39.9 40-49.9 50-59.9 

1 Navicula 
2 Melosira 
3 Diatoma 
4 Nirzschia 
5 Anabaena 
6 Bonom deposits 
7 Microcystis 
8 Merismopedia 
9 Pediastrum 
10 Roritera 
1 1  Cladocera 
1 2 Oscilaroria 
13 Scenedesmus 
14 Lyngbya 
15 Surirella 
16 oocysris 
17 Sraurasrrum 
18 Cymbella 
19 Synedra 
20 Ceratium 
21 Phacus 
22 Other algae 
23 Stichococcus 
24 Ostracoda 
25 Copepoda 
26 Larger inverts. 
27 Chlorella 
28 Synechocystis 
29 Spirulina 



fish size. This is also exhibited by some of 
the diatoms such as Melosira spp, Surirella 
spp, Nitzschia spp and Diatoma spp. On 
the other hand, bottom deposits showed a 
decreasing trend with size. 

The percentage abundances of the major 
food items ingested by 0. niloticus are 
depicted in Table 2. It can be deduced that 
the blue-green algae had the highest 
percentage abundance (43.7-67.6%) 
through out the whole fish size range of 
0.0-59.9 cm. They were followed by the 
diatoms (4.8-25.4%), the zooplankton 
(7.8-17.1%, desmids (4.0-11.4%) and the 
green algae (1.746%). 

Table 2: Percentage abundance of food items 
ingested by Oreochrornis niloticus in the Nyanza 
Gulf. Lake Victoria 

Percentage abundance 

Food Items Range Mean 

Blue-green algae 43.7-67.6 53.4 
Green algae 1.7-10.6 6.2 
Diatoms 4.8-25.4 19.7 
Desmids 4.0-11.4 7.7 
Aquatic invertebrates 7.8-17.1 12.9 

The distribution of the different genera 
of phytoplankton on which 0. niloticus 
feeds on in the Nyanza Gulf by depth is 
shown in Figure 2. From the figure, the 
following conclusions can be made: of the 
blue-green algae. Microcyctis spp are the 
most abundant algae in both shallow (0.0- 
10.0 m) and deep (10.0-39.9 m) water, 
there is more Merismopedia spp in deeper 
water than in shallow water; there was no 
Synechocyctis sp observed in shallow 
water; and there were more 
Coelosphaerium sp and Lyngbya sp in 
shallow water than in deep water. 

With regard to green algae, a similar 
number of genera (4) were observed in 
both the shallow water and deep water. 

Their abundances were not also 
significantly different. The four genera of 
algaedistributed inboth shallow and deeper 
water were Oocystis ,  Chlorella, 
Stichococcus and Scenedesmus (Fig. 2). 
Only two genera of desmids were observed 
in both shallow and deep water. These 
were Pediastrum and Staurasfrum. The 
percentage abundances of both were more 
in shallow water than in deep water. 

The diatoms Melosira, Surirella, 
Navicula, Cymbella and Synechocystis 
occurred both in shallow and deep water. 
The only other diatom which was found in 
deep water was Diatoma. There were 
therefore six genera of diatoms in shallow 
water and seven in deeper water. Ingeneral, 
there were more Melosira, Surirella, 
Navicula and Nitzschia in deeper water 
than in shallow water (Fig. 2). In contrast 
to this, there were fewer Cymbella, 
Synechocystis and Diatoma indeeperwater 
than in shallower water. 

Despite the fact that the food items of 
0. niloticus are well represented in the 
entireNyanzaGulf, the fishisonly confined 
to shallow waters of 0-10 m. deep. 

The food selection indices (E) and (L) 
are presented in Tables 3 and 4. The indices 
range from -1 to + 1, where -1 represents 
strong negative selection, 0 = no selection 
and +1 slrong positive selection. It can be 
noted that Nitzschia accicularlis has the 
highest selection indices E = +0.8.96 (L = 
+0.300). Others with high food selection 
indices wereSpirulina laxisma: E = +0.893 
(L = +0.027), Navicula sp: E = 0.824 (L = 
+O. 160) and Oscilatoria sp: E = +0.567 (L 
= +O. 124). Those with negative selection 
indices were Lyngbya circumcreta: E + - 
0.445 (L =-0.079), Rotifera: E = -0.193 (L 
=-0.002), Pediastrum simplex: E + -0.049 
(L = -0.001), Microcystis aeruginosa: E = 
-0.01 1 (L=-0.006).Table4 hrtherdepicts 
that despite the fact that Microcystis 



Wate rs1  0.0 m Deep 

Algal genera 

Water 10-39.9 m Deep 

Blue green algae 
(Cyanophyceae) 

Green algae 
(Chlorophyceae) 

Desmids 
(Desmidaceae) 

1 

Diatoms 
(Bacilariophyceae: 

Algal genera 

Fig. 2. The abundance of major algal genera in the Nyanza Gulf, Lake Victoria with respect to depth 

Key: 

 cysti is 
Stic-Stichococcus 
Ped-Pediastmm 
Mel-Melosira 
Nav-Navicula 
Cym-Cymbella 
Dia-Diatoma 

Lyn-Lyngbya 
Mer-Merismopedia 
Chro-Chroococcus 
Chlhlorel la 
Sce--Scenedesmus 
Sta-Staurastrum 
Sur-Surirella 
Nit-Nitzschia 
Syn-Synechocystis 

aeruginosa ,  Lyngbya circumcreta,  Figs. 3a and 3b show the percentage 
Rotifera and Pediastrum simplex are the abundance and the variation in the amount 
most abundant plankters, the other of different food items ingested with fish 
plankton have stronger positive selection sizes. The following conclusions can be 
indices showing that the fish actually select drawn from the figure: The blue-green 
certain types of algae for food. algae constitute the most important food 



Table 3: lnvlevs index of electridty (E) for various food items ingested by Oreochromis nilob'cus in the 
Nyanza Gulf. Lake Victoria and sewage fish ponds 

Food Items Ivlev's index of electivity (E) 

Nyanza Gulf Sewage Fish Ponds 

Nitzschia accicularlis 
Spirulina laxisma 
Nanwla sp. 
Oscilatoria sp. 
Melosira sp. 
Microcystis aeruginosa 
Pediastrum simplex 
Rotifera 
Lyngbya circmcreta 

Table 4: The Linear Food (L) for various fwd item ingested by Oreochromis nilotiws in the Nyanza Gulf. 
Lake Victoria and sewage fish ponds 

Linear Food Index (L) 
Food lterns 

Nitzschia accicularlis 
Spirulina laxisma 
Nanwla sp. 
Oscilatoria sp. 
Melosira sp. 
Microcystis aeruginosa 
Pediastrum simplex 
Rotifera 
Lyngbya circmcreta 

Nyanza Gulf. Sewage Fish Ponds 

+0.300 4.014 
+0.244 4.144 
+O. 160 +0.017 
+O. 124 4.026 
+0.106 4.084 
-0.006 4.240 
-0.001 4 .01 1 
-0.002 - 
-0.079 4.024 

item contributing 53.4% of the total food 
ingested, followed by diatoms 19.7%. 
aquatic invertebrates 12.9%, desmids 7.7% 
and lastly green algae 6.2%. The quantities 
of blue-green algae, diatoms, aquatic 
invertebrates and desmids ingested 
decreased to the lowest in the middle size 
ranges and increased towards the greater 
fish ranges. The quantities of green algae 
ingested are less in smaller and bigger fish 
size ranges. More are consumed in the 
middle size ranges. 

The variation of the amount of the 
different fooditems ingested by 0. niloticur 
with fish size in sewage fish ponds 
(Getabu,l991) is presented in Figure 4. 
The blue green algae (Myxophyceae) 
constitutbd by far the most abundant food 

item contributing 73.05%. followed by the 
green algae (Chlorophyceae) 13.68%, then 
the diatoms (Bacilariophyceae) 7.28%, 
then the invertebrates 4.16% and lastly 
other forms of algae 1.83%. The diatoms, 
aquatic invertebrates and green algae 
feature in bothenvironments as the food of 
0. niloticus. The variation of stomach 
weight with fish size is depicted in Figure 
5. It depicts a linear relationship. The 
percentage of food consumed to the total 
body weight of the fish ranged from 0.016 
- 4.5%. The relationship between the total 
stomach weight and the total body weight 
as calculated using linear regression was: 

W, = 0.767 + 0.007 W, r = 0.727, 
where W, and W are the weight of the 
stomach and the whole fish respectively. 



100 Green algae (6.2%) 
Desmids (7.7%) 

Aquatic invertebrates (1 2.9%) 

Diatoms (1 9.7%) 

C t Blue green algae (53.6%) 

Fig. 3a. Percentage abundance of different food items ingested by Oreochromis 
nilotiws in the Nyanza Gulf. L. Victoria 

Green algae (6.2%) 100 
Desmids (7.7%) 

Aquatic invertebrates (1 2.9%) 80 
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20 

0 
5 15 25 35 4 5 55 

Fish size (cm) 

Fig. 3b. The variation of the percentage abundance of food items ingested with fish 
size of Oreochromis niloticus from the Nyanza Gulf. Lake Victoria 

The relationship between the total body An attempt was made to estimate the 
weight (W) and the entire gut weight (Wg) percentage contribution by weight of the 
also by linear regression was: invertebrates towards the food of 0. 

Wg = 0.5961 + 0.062 W : r = 0.954 * niloticus. The contribution of all the 
Both relationships indicate positive invertebrates put together ranged from 1- 
correlations with the later being highly 91.5% (x = 22.52 f 24.13%) (n = 15). 
significant. Chironomids alone contributed 0.6- 15.4% 



Other algae (1.83%) 

acirlariophyceae (7.28%) 

(Chlorophyceae) (13.68%) 

Myxophyceae) (73.05%). 

24 7.0 120  17.0 220 270 
Fish size (cm) 

Fig. 4. The variation of the percentage abundance of food items ingested with fish 
size of Oreochromis nilotiws from sewage fish ponds (Data source Getabu, 1991) 

(x = 4.63 f 7.20) by weight to the total food 
ingested. The rest of h e  insects contributed 
1.1-83.3% (x=25.89f 24.845) tothe total 
amount of food ingested by weight by 0. 
niloticus. Thus invertebrates do constitute 
an important food item in 0. niloticus. 

Discussion 

From the results on the food of 0. niloticus, 
it can be deduced that the blue-green algae 
constitute the most abundant food item. 
Despite the fact that h e  invertebrates are 
larger and do constitute one of the food 
items, their occurrence is very low, 
probably due to ahighintensity ofpredation 
by fish. On the other hand, the diatoms 
which are the second most important food 
item showed higherpercentage occurrence 
than any of the food items. This suggests 
that they are more preferred than the blue- 
green algae. Despite this, the blue-green 
algae still significantly contribute to the 

food of 0. niloticus in the gulf. 
In Nyanza Gulf, where this study was 

conducted, the diatoms had a higher 
percentage occurrence than the blue-green 
algae, despite the fact that the latter were 
more abundant. Table 1. This means that 
the fish were selecting more for diatoms 
than for the blue-green algae. Fish (195 1 & 
1955) observed that in those lakes rich in 
diatoms, fish production washigh. Another 
observation in the Nyanza Gulf was the 
high occurrence and abundance of bottom 
deposits in the guts of 0. niloticus. The 
bottom material is rich in micro-organisms 
and benthic algae, a factor which makes 
them very nutritious to the fish. 

In the wastewater lagoons at Kisurnu, 
0. niloticus was found to feed on similar 
food items, that is, bottom deposits and 
blue-green algae (Getabu, 1991). In the 
lake, the varied nature of habitats offers a 
wide range of food items which cater for 
the nutritional requirements of the fish. 



Total length (L) (cm) 

Fig. 5. The relationship between total length (TL) and stomach weight of Oreochrornis niloticus in the Nyanza 
Gulf, Lake Victoria 

With regard to the feeding on larger 
invertebrates, their occurrence in the fish 
stomachs was found to be low. But it was 
observed that their percentage occurrence 
increased with increase in the fish size. 
This is probably due to the small gape of 
the mouths of the small sized tilapia which 
limit them from swallowing larger 
invertebrates. 

The comparison of the food selection 
indices in 0. niloticus in the Nyanza Gulf 
and sewage fishponds inKisumu are shown 
in Table 2. They show that the organisms 
in the gulf and the sewage fish ponds had 

more or less similar species composition. 
There is consistency in the positive 
selection of diatoms in both environments 
and the algae Microcystis. Pediastrum and 
Lyngbya had negative selection in the gulf 
while they had positive selection in sewage 
fishponds. The Rotifera which hadnegative 
selection in the gulf had moderate positive 
selection in the sewage fish ponds. 
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