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ABSTRACT 

The African catfish, (Clarias gariepinus) and the Nile tilapia, (Oreochromis niloticus) 

were cultured in ~olyculture and monoculture cages, (lm3
) within a pond at Chepkoilel 

fish farm. A second control cage contained a monoculture of Oreochromis niloticus.. 

r, The polyculture cage was stocked with forty-C gariepinus with a mean weight of 45.5 ± 

4.08g and twenty 0. niloticus with a mean weight of28.7 ± 2.05g. The cage for 
r 


i 
r 

monoculture consisted of sixty-C. gariepinus with a mean weight 45.5 ± 4.08g. Fish were
 

fed on a diet of 32% crude protein and growth monitored for 60 days. 

I 
I 

Mean weight ofC. gariepinus were higher but not significant in polyculture (74.5 ± 7.2g) 

cage than in monoculture cage (66.4 ±5.06g) (t=-2.95, P=0.06). Net production ofC 

I 
gariepinus was also higher but not significantly higher in polyculture (0.029 ± 0.004kgs) 

cage than in mon9culture cage (0.0209 ± 0001kgs) (t=-2.l8, p>0.05) whereas the food 

conversion effici~ncy and condition factor for C gariepinus did not show any significant 

I differences (t=-1.71, p>0.05). Growth rate was higher in polyculture (0.48± 0.001) than 

in monoculture (O.35± 0.001) cage and this was determined using the linear regression 

I formula; Yt= a + bXt. Survival rate was 100% in both polyculture and monoculture cages, 

this was determined as Oreochromis niloticus was observed to feed very vigorously at all 
r 
I feeding periods which is thought to have stimulated C. gariepinus to higher feeding and 

growth rates, although this project is preliminary and needs improvement in terms of 
r 
I 

!	 
design, it shows that cage po1yculture is likely to provide higher yield of C. gariepinus 

than monoculture. 

r 
I , 

,.... , 

ix 

r 

I 



CHAPTER ONE
 

1.1 INTRODUCTION 

Caged polyculture of African catfish, (Clarias gariepinus) and Nile tilapia, 

(Oreochromis niloticus) aims at increasing production through enhanced growth (Clady 

and Williams, 1981). This is through the vigorous feeding behaviour of 0. niloticus, 

which stimulates C. gariepinus to higher feeding and growth rates (Clady and Williams, 

1981). 

Cage polyculture has ameliorated the problem and other ancillary aspects ofcapture 

fisheries such as the difficulties involved in harvesting of fish from the open waters. 

Many of the ponc,is and lakes cannot be efficiently seined or drained and thus traditional 

methods of open water fish culture are not feasible for fish production. Cage Polyculture 

is one method ofovercoming these limitations for pond owners who produce fish for 

home consumption and for commercial purposes (Muir, 1985). 

The African catfIsh (c. gariepinus) and Nile tilapia (0. niloticus) co-exist and have 

different feeding regime in the wild. Tilapias are grazers even though sometimes they 

feed on plankton community (Stevenson, 1980). 

The African catfish feeds on young tilapia hence reducing its population. In cage 

polyculture, where these two species are cultured, both species have symbiotic 

relationship. In monoculture food is a factor limiting the level of productivity. In 

polyculture, Nile tilapia's vigorous feeding habit triggers feeding in the African catfish 

hence resulting into increased growth rate. Tilapia also feeds on algae within the cages 

which otherwise would cause fouling and reduce cage productivity (Williams et ai, 

1985). 

Cage polyculture encourages utilization of all microhabitats by the cultured species 

(Malcolm, 1987). For example in cage polyculture ofClarias gariepinus and 

Oreochromis niloticus, C. gariepinus stay at the bottom whereas 0. niloticus moves to all 

positions within the cage. In cage polyculture, movement is restricted and fish spend 

energy on growth (Blakely and Hrusa, 1989). 
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Little research has been conducted on potential cage polyculture of the two species 

(Clady, 1981). It has been noted that the Nile tilapia seem to stimulate production of pen

raised channel catfish (Williams, 1982). 

Most cage cultur~ in Africa have been conducted with single fish species including the 

African catfish(C. gariepilTUs), Nile tilapia (0. niloticus), common carp (Cyprinus 

carpio), large mQuth bass (Micropterus haprochromine), and the rainbow trout 

(Onchoryncus mykiss) (rare cases) (Malcolm, 1987) but little cage polyculture of any of 

the species have peen carried out. Cage polyculture of Clarias gariepinus and 

Oreochromis niloticus offers the fish culturist a method of increasing total fish 

production in cages through enhanced growth. This project aims at providing preliminary 

data on growth p~rformance of o.niloticus and C. gariepinus in polyculture cage with an 

ultimate aim of enhancing the growth of the African catfish (C. gariepinus). 
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CHAPTER TWO
 

2.0 LITERATURE REVIEW 

Polyculture is currently one of the major options of meeting the fish food requirements of 

the increasing global human population (Malcolm, 1987). The practice is most developed 

in Asian countries. Past studies have revealed that growing of more than one fish species 

in the same ecological niche such as the cage enhances growth of one or all the species 

(Williams et ai, ~ 987). Because of increased production in cage culture maximum 

carrying capacity is also enhanced (Clay, 1981). 

In Mrica, there ¥e attempts to enhance the African catfish (C.gariepinus) production in 

polyculture with the Nile tilapia (0. niloticus). In this polyculture, Clarias gariepinus is 

not used to control the problem of super population oftilapia in ponds as is usually the 

case, but the continuous and vigorous feeding behaviour of Oreochromis niloticus 

stimulates greater feeding rate in C. gariepinus thus stimulating higher growth rates 

(FAO, 1998; DOQ.ald, 1993; and Mbugua, 2000). The culture of two species in a cage 

prevents the Afri9an catfish from boring or digging into the pond sediments in the 

process saving eQ.ergy for growth (Blakely and Hrusa 1989). Polyculture allows full 

maximization of the available food resources by the cultured fish with minimal 

interspecific interference. Caging further saves on the energy used for hunting in uncaged 

habitat (FAO, 1998). However, it is recommended that the mesh size of the cage does not 

allow C. gariepil1us to dig into the sediments so as to minimize turbidity problem 

(Blakely and Hrusa, 1987). Turbidity reduces light penetration, which in tum limits 

phytoplankton grpwth thereby reducing the Nile tilapia's food production (Muir, 1985). 

0. niloticus plays an important role in releasing the nutrients trapped through its feeding 

behaviour, in the cages hence making them available for feeding by C. gariepinus 

(Donald, 1993). 
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Through the vigorous feeding behaviour of 0. niloticus, it also browses on the algal
 

material that grows on the cages thereby preventing clogging and hence enhancing water
 

exchange necess(lfy for supplying dissolved oxygen. Oreochromis niloticus in this case
 

serves as an ecological anti-foulant (Blakely and Hrusa, 1989).
 

Stocking rates in cage polyculture is an important consideration that affects production
 

(Malcolm, 1987) and depends on the natural fertility of the water, water availability and
 

the experience and the technical expertise of the individual fish farmer.
 

Because cages are inexpensive and convenient way to hold captive aquatic organisms,
 

suspended cage polyculture has shown great advances in fish yield (Malcolm, 1987).
 

Studies have shown that cage reared fish are often superior to fish reared in other systems
 

and even wild fish in tenns of condition factors, appearance and taste (Huet, 1996). Cage
 

polyculture has the additional advantage of making use of the existing water bodies
 

which gives non..land owning farmers an access to water bodies where they can practice
 

aquaculture (Malcolm, 1987).
 

Cage polyculture of African catfish, (c. gariepinus) and Nile tilapia, (0. niloticus) in
 

Asia have yielded specific growth rates of 4% and food conversions that range from 1.07


5.20 at tempera~res of25-29°c (Muir and Roberts, 1985). 

Annual total production of35000 tones for both fin and shellfish has been recorded from 

cage polyculture in Japan (Milne, 1979). This production is for cages suspended in water 

that do not have ~uddy substrates at the bottom. Muddy substrates or bottoms produce 

toxic gases (e.g. .fIydrogen sulphide) and may cause turbidity, both of which reduce fish 

production. 

Most fish farmers across the globe have realised the economic objectives of the best 

management practices (Bmps) (Atsushi, 1991). Application of the Bmps in cage 

polyculture has been shown to be much easier than any other culture system practised. 

These systems require water quality monitoring, monitoring feeding, disease and parasite 

control and other fish health monitoring (Atsushi, 1991). 
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Both C.gariepin'(Js and O. niloticus perform well in water temperatures between 20

29°C (Donald, 1993). Fish require food to produce energy through digestion which is 

then used for growth, digestion, respiration, swimming and reproduction (Balarin, 1979). 

When food is in short supply energy use is prioritised for respiration and digestion, 

swimming to search for food followed by reproduction and finally for growth. In cage 

polyculture fish does not require a lot of energy for swimming to search for food instead 

energy is used for growth and other activities (Malcolm, 1987). Growth offish varies 

with body temperature, as temperature increases the fish tends to grow faster (Donald 

1993). Growth rC\te offish is influenced mainly by its food requirement, water 

temperature and ~xygen levels (Donald, 1993). 

The prime objective of feeding in fish is to supply an adequate amount of the correct 

nutrients at the least cost (Stevenson, 1980). Food conversion efficiency is an index used 

to measure the efficiency of conversion of the feed into fish flesh (Stevenson, 1980 and 

Moses 1992). 

Food conversioIlc ratios ofbetween 1.2-1.4 for cage-cultured fish are generally regarded 

as satisfactory (C. Ngugi, personal comm.). Culture in earth ponds reduces the feeding 

efficiency due to wastage of pellets, and has a conversion ratio of about 2, which 

indicates low productivity (Huet, 1996). 

A part from food conversion efficiency (FCE), the condition factor (k) offish can be used 

to assess the growth performance offish (Stevenson, 1980). Although the factor is 

subject to bias, when k=1, fish is in good condition; ifk<1, fish is in poor condition (long 

and thin) and finally when k> 1, fish is in good condition though too fat (meaning fish are 

sexually ripe) (Stevenson, 1980). 
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2.2 OBJECTIVES OF THE STUDY 

The overall objeotive of the study was to investigate the effect ofcage polyculture on fish 

growth. The specific objectives were; 

1.	 To compare growth performance of the African catfish, (c. gariepinus) in 

polyculture and monoculture cages. 

2.	 To compare the condition factor (k) and food conversion efficiency (FeE) of the 

African catfish, (c. gariepinus) between polyculture and monoculture cages. 

3.	 To invest~gate the efficacy of cage polyculture as an alternative culture system to 

traditional pond culture. 
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CHAPTER THREE
 

3.0 MATERIALS AND METHODS 
3.1 THE STUDY AREA 

3.1.1 Location 

The research stuqy was carried out in Chepkoilel Fish Ponds Chepkoilel Campus of Moi 

University, Eldoret. The campus lies 9km N.E ofEldoret town between longitudes 

35°20'E and Latitudes 0030'S (Survey department ofKenya, 1989). 

The campus is located at an altitude of about 2000m above Sea level with the annual 

mean rainfall of l008mm (Ministry of Agriculture Kenya, 1990). Temperature of the area 

ranges between 7-28°C 

The area around the fish farm is covered by species ofpapyros whereas the geology of 

the area is dominated by soils ofvolcanic rocks origin (e.g. brown loam, red loam, red 

clay and brown clay). Agricultural activities include the farming of wheat, barley and 

maize (Ministry of Agriculture Kenya, 1990). Forestry, Silviculture and Aquaculture are 

also some of the economic activities carried out by the local people. 

3.2 EXPERIMENTAL DESIGN 

A total of 100 A:/tican catfish, (C.gariepinus) and 20 Nile tilapia (0. niloticus) were 

collected from one ofthe ponds in the farm and used for the experiment. One pond within 

the fish farm was randomly selected for the experiment so as to subject fish to water with 

similar physico-chemical conditions. Two cages were placed within the pond and 

separated with a distance of 10m between them to avoid any cross-stimulation between 
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cages. The fish were first weighed to the nearest O.01g using a top-loading balance and 

the total length ofeach fish measured to the nearest O.Olem using a measuring board. 

Forty C. gariepinus were taken from a stock of 100 African catfish having a mean weight 

45.5± 4.08g and mean length of l6.l± 2.15 em and twenty 0. niloticus ofmean weight 

28.7± 2.05g and mean length of 10.9 ± 1.85cm were stocked together in one cage while 

the remaining 60 C. gariepinus from a stock of 100 were stocked separately in a 

monoculture cage to act as a control. 

3.3 Feeding 

The fish in both cages were fed floating and sinking pellets with 32% protein twice per 

day covering morning and afternoon periods. During each time, feeding was extended for 

30-40 minutes. Feeds were given to fish on a demand basis rather than on percent body 

weight system to insure that maximum feeding stimulation is achieved. This feeding 

routine in both the cages was maintained for 60 days. 

3.4 Water quality 

Water quality is an important factor in fish growth since, poor water quality retards 

growth. Water temperature, Dissolved oxygen, and Carbon dioxide were determined once 

a week and related to growth. All water quality analyses followed procedures 

recommended in Flores (1989). 

3.5 Growth measurements ad Data aDalysis 

Fish were left in the cages for one month to acclimatise before sampling commenced. 

Sampling was then done at weekly intervals for 4 weeks. During each sampling time a 

random sample of 30 C. gariepinus and all the twenty O. niloticus were removed from 
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the cage using the scoop net and measured to determine their individual weights and 

lengths. A random sample of30 C. gariepinus was also removed from the monoculture 

cage using the SC90P net and measured as above. Food conversion efficiency (FCE) was 

calculated for both species in the polyculture cage since it was impossible to separate 

food consumptio~ per species. 

At the end of the experiment, the growth rate (GR) was determined using linear 

regression: Yt= a + bXt, where Yt is total weight (g) of fish at time t, a is the average 

weight (g) offish at the start of the experiment, b is growth rate in g/day, Xt is the number 

ofdays at time 1. Specific growth rate (SGR) was also determined by: SGR (%)=In (wtz)

In (wt1)/tz-t1*10Q, where wt1 and wtz are mean weights at respective time t1 and 12 

whereas the difference of12-tl is the time duration (in days) considered between wtz and 

wtl. 

The data was further subjected to two-tail t-test to test for significant differences between 

the mean weights and lengths of the African catfish, (C. gariepinus) in polyculture and 

monoculture cages. 
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CHAPTER FOUR
 

4.0 RESULTS 

The mean final weight of the African catfish, (c. gariepinus) in polyculture cage (74.5 ±
 

7.20g) was not si~nificantly higher than the final weight in monoculture cage (66.4 ±
 

5.06g), (t=-2.95, P=0.006), (Table 1). The percentage ofC. gariepinusthat were
 

harvested weighing 60g or more comprised 53.3% (31 fish out of60) in monoculture
 

cage and 60% (24 fish out of 40) in polyculture cage.
 

Net production ofC. gariepinus in polyculture cage (0.029 ± 0.004 kgs) was not
 

significantly higher than that in monoculture (0.0209 ± O.OOlkgs), (t=-2.95, P=0.06),
 

(Table 1).
 

There was no significant difference in food conversion efficiencies (FCE) between
 

polyculture (1.01 ±0.004) and monoculture cages (1.005 ±0.0005), (t=-2.95, P=0.006),
 

(Table 1). At this same significance level, the condition factor ofthe African catfish did
 

not show any significant difference.
 

The mean temperature in both cages during the experiment was 21.8 ± 1. 12°C and 

ranged from 18°C - 24°C. Dissolved oxygen and carbon dioxide had a mean of2.91 ± 

0.58 mg/L and 3.1± 0.16mg/L ranging from 1.19 - 5.94 mg/L and 2.33 - 3.85 mg/L,
 

respectively Table 3). There was no any significant difference between the cages,
 

(p>0.05)
 

Survival rate of C. gariepinus in both polyculture and monoculture cages were 100%,
 

(Table 1).
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The net production of C. gariepinus in polyculture cage was 0.0292: 0.004kgs whereas 

that in monoculture was 0.02092: 0.001. 

Table 1. Summary statistics of growth and production values of C. gariepinus and in 

monoculture and polyculture cages after 60 days of experiment. 0. niloticus 

TREATMENT PRODUCTION FACTORS 

INITIAL FINAL NET %OF K FCE % 

MEAN MEANwt PROD. TOTAL SURVIVAL 

Wt(g)± (g)± S.E (KGS) HARVEST 

S.E 

Polyculture 

45.5 ± 74.5 ± 0.029 ± 60 1.01 + 0.004 0.86 100 

C.gariepinus 4.08 7.20 0.004 

28.7 ±..2.5 57.75 ± 0.029 ± 85 1.01 + 0.004 0.86 100 

0. niloticus 3.46 0.004 

Monoculture 

45.5 ± 66.4± 0.0209 ± 53.3 1.005± 1.2 100 

C.gariepinus 4.08 5.06 0.001 0.0005 
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The initial number of C. gariepinus stocked in both polyculture and monoculture cages 

and their initial and final biomass are shown in table 2. Mean growth rate (GR) for C. 

gariepinus was higher in polyculture cage (0.48± O.OOlg/day) ).(t=1.38, p<0.05) than in 

monoculture cage (0.35± O.OOlg/day) (t=1.59, p<0.05). Specific growth rate (SGR) was 

also higher in polyculture (0.82± 0.001) than in monoculture cage (0.63± 0.001). There 

was no mortality of fish in both cages by the end of the experiment. 

Table 2. Differences in growth performance of the African catfish (c. gariepinus) 

cultured in polyculture and monoculture cages after 60 days. 

Initial 

number 

Final 

number 

% 

Mortality 

Initial 

biomass 

Final 

biomass 

MeanGR. 

(glday)± S.E 

SGR±S.E 

Polyculture 

40 40 0 1820 2980 0.48± 0.001 0.82± 0.001 

Monoculture 

60 60 0 2730 3980 0.35± 0.001 0.63± 0.001 
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The water quality parameters in polyculture and monoculture cages are shown in table 3. 

It was observed that the temperature, Dissolved Oxygen and Carbon dioxide determined 

between polycultvre and monoculture cages reflected slight differences,were not 

significantly different (p>0.05). 

Table 3. Mean water quality parameters in Polyculture and Monoculture cages during the 

study period. 

Water 

parameter Polyculture Monoculture Difference t P 

Temp (OC) 21.8± 1.12 21.5± 1.10 0.3± 0.02 2.306 0.5632 

DO (mg/l) 2.91± 0.58 2.80± 0.48 0.11±0.1 2.306 0.5145 

CO2 (mg/l) 3.19± 0.16 3.20± 0.19 0.01± 0.03 2.306 2.5209 
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The variation of mean body weight with time (weeks) for C. gariepinus cultured in 

polyculture and monoculture cages are as shown in figure 2. Growth of Clarias 

gariepinus was higher in polyculture (1 st and 2nd week) than in monoculture cage. The 

growth in both cages was nearly the same beyond the third week (Fig. 2). 
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Fig 2. Variation of mean body weight for C. gariepinus cultured in Polyculture and 

Monoculture cages for a period of 60 days. 
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The variations in length of fish in polyculture and monoculture cages are as shown in 

figure 3. The length of C. gariepinus in polyculture cage remained fairly constant for the 

first two weeks until after the third week when it started to increase with time. In 

monoculture, length of the fish increased with time and continued to increase during the 

experiment and approached that of the polyculture cage. 

22 

21.5 

- 21 
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..c::-
~ 20 
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:; 19.5 
CD 

:IE 19 

18.5 

18 
1 2 3 4 

Time (weeks) 

-+- Monoculture -+- Polyculture 

Fig 3.Variation of means length (cm) for C. gariepinus cultured in polyculture and 

monoculture cages for a period of60 days. 
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The variation in mean condition factor for polyculture and monoculture cages are as 

shown in figure 4. The condition factor offish in polyculture remained constant within 

the first week ofthe experiment, which then increased with time between week two and 

three and finally started to decline at week three. In monoculture cage, the condition 

factor of the fish increased slightly during the first week and then remained constant 

throughout the experiment. 
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Fig 4. Variation ofCondition factor for C. gariepinus cultured in Polyculture and 

Monoculture cages for a period of60 days. 
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CHAPTER FIVE
 

5.0 DISCUSSION 

The mean final weight ofAfrican catfish (c. gariepinus) were higher in Polyculture than 

in monoculture, t~s could be attributed to the small number ofNile tilapia that were 

introduced into cages containing C. gariepinus. The polyculture cage had a net 

production that was higher than the monoculture cage but not Significantly different 

(p>O.05). Such p~oduction increases are very meaningful to the small-scale aquaculturist 

contending with comparatively short growing seasons or bodies ofwater. Even though 

previous studies py Williams et ai, (1987) reveal evidence of competition between C. 

gariepinus and 0. niloticus, such competition did not appear to affect growth of Clarias 

gariepinus in the polyculture cage. 

Percentage of C. gariepinus harvested was higher from polyculture than monoculture 

cages. The observed difference could be attributed to the stimulation and positive 

interactive effect between Nile tilapia and the African catfish. 

Feed conversion efficiency (FCE) offish between polyculture and monoculture did not 

show significant difference (p>O.05). This is because the feed consumption could not be 

separated between the two species in the polyculture cage hence their FCE is calculated
 

together. It also suggests that O. niloticus did not have any negative interaction with C.
 

gariepinus.
 

The lack of significant differences in the condition factors between treatments also
 

suggests lack of negative interaction between species.
 

Nile tilapia apparently stimulated the African catfish to higher feeding and growth rates.
 

Nile tilapia is useful in cage culture as biological means of controlling algal growth on
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the cage. The cage containing Nile tilapia appeared to have less algal growth on the cage 

mesh than that without Nile tilapia. This is important because heavy algal growths inhibit 

water circulation in the cage. Reduced water exchange results in increased concentration 

of waste product& and reduced dissolved oxygen (DO) levels which lower the production 

and increase the possibility of mortality of caged fish (Malcolm, 1987). 

Temperature is ~ important parameter in water quality analysis for aquaculture. The 

results showed u~form temperatures in the two cages during the experiment. However, 

weekly temperatl,lre differences were evidenced with slight variations. Clay (1977) 

reports that the optimum temperature range for 0 niloticus is between 14 - 40°C while 

C. gariepinus req,uires temperatures of 17 and 38.4°C, these ranges were recorded in this 

experiment. Water temperatures affect growth. Fish are poikilothermic organisms their 

body temperature fluctuates with the environmental water temperatures. On extreme 

temperatures 0 niloticus experiences decrease in growth therefore at the very high or 

low temperatures O. niloticus experience osmoregulatory difficulties (Huet, 1994). 

When fish lives in water of low DO value, food up take and growth becomes limited 

hence low metabQlic process (Balarin, 1979). Feeding may cease due to insufficient 

oxygen to support feeding activities for both species (Clay, 1977). 

From the results jt is clear that D.O. levels were high at the start ofthe experiment but 

this decreased gra~dually with time since fish were utilizing it and at the same time part of 

it was being utilixed for the decomposition of feeds and other organic materials (Balarin, 

1979).
 

Cage polyculture of the African catfish, (c. gariepinus) with Nile tilapia (0 niloticus)
 

provided higher yield of C. gariepinus than monoculture. Maintenance of the cage
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through cage-cle~ming activity of the 0. niloticus may be an important factor in the . 

increased production ofthe e. gariepinus in a polyculture system. The Nile tilapia, (0. 

niloticus) aggressively feeds at temperatures and in water that is less than optimal for e. 

gariepinus. This ~ode ofaggressive feeding behaviour at all times was, probably, the 

principal factor Which contributed to the increased production of the e. gariepinus when 

reared in polyculture with 0. niloticus over that ofe. gariepinus reared alone. Few 

feeding fish appear to stimulate other fish to feed. 

5.1 CONCLUSION 
Following result& obtained from this study I conclude that cage polyculture ofe. 

gariepinus and Q. niloticus offers the fish culturist one promising method of increasing 

total fish production over that ofcages containing only e. gariepinus. Use of 0. niloticus 

reduces labour in,volved in the periodic removal of algae from the cage mesh. The two 

factors, reduced labour costs and increased production, should improve the economic 

return to the pro<lucer hence this is the ultimate aim of the producer's interest in 

aquaculture business. The study requires improved design in terms of replication and 

increased time an,d sample sizes, which were constrained by costs. 

5.2 RECOMMENDATIONS 

Following the re~ults ofthis study I make the following recommendations; 

1.	 Same study to be carried out using a number of replicates so as to increase
 

efficiency in statistical tests.
 

11.	 Increase stocking densities per cage so as to maximise the harvest. 
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iv. In future, there should be a study over a longer period oftime since this study was 

conductef,i comparatively over a short period of time 
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APPENDICES 
Appendix 1: The length and weight measurements of the 30 individuals of Clarias 

gariepinus and 20 Nile tilapia stocked at the beginning of the experiment. 

No. offish Clarias gariepinus Oreoehromis nilotieus 
Weight (g) Length (em) Weight (g) Length (em) 

1 31 15 23 8.5 
2 51 17 30 11 
3 35 16 32 12 
4 39 16 40 13 
5 26 13 50 14.5 
6 16 10 54 15 
7 57 18 31 11.5 
8 23 11 37 12 
9 40 16.5 29 11 
10 50 18 14 9.5 
11 37 16 22 10.7 
12 109 20 31 11 
13 67 18 19 9 
14 21 11.5 12 6.5 
15 48 18 36.5 12.5 
16 21 12 31.5 12 
17 31 13 20 8 
18 41 17.5 26 11 
19 26 14 15 9 
20 51 17 21 9.9 
21 23 11 
22 21 11.2 
23 53 20 
24 39 17 
25 57 18 
26 51 18 
27 88 20 
28 91 22 
29 63 18 
30 59 19 
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Appendix 2: Length and weight measurements of the 30 individuals of C. gariepinus and 

20 of 0. niloticus sampled in the first week 

No. offish 
sampled 

Cage for monoeulture 
Clarias gariepinus 

Cage for Polyeulture 
Oreoehromis nilotieus Clarias gariepinus 

Weight 
(g) 

Length(em) Weight 
(g) 

Length 
(em) 

Weight 
(g) 

Length 
(em) 

1 38 20.3 32 11.5 100 26 
2 35 21 38 14 35 18 
3 65 23 42 14 34 18 
4 51 21.5 52 16 55 22 
5 46 21.3 57 17.5 86 25.5 
6 56 22.7 62 17 38 18.5 
7 25 17 41 14.5 31.5 18 
8 29 17.7 45 15 48 21 
9 62 24.5 40 15 50 22 
10 20 15 23 11.3 66 24 
11 62 24 30 12.7 59 22 
12 19 15.5 39 14 30 18 
13 36 19 30 13 49 21 
14 28 17.5 19 10.5 44 21.5 
15 28 18 45.5 15.5 37 18.5 
16 47 22 40.5 15 37.5 19 
17 25 17 28 12 39 19.5 
18 51 21.5 36 14 60 23.5 
19 29 17 21 11 30 17.5 
20 42 21 31 12.9 45 20 
21 52 21 
22 21 16 
23 21 16 
24 13 13.5 
25 19 15.5 
26 26 17 
27 14 14 
28 14 14 
29 19 14.5 
30 27 17.5 
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Appendix 3: Length and weight measurements of the 30 individuals of C. gariepirms and 

20 of O. niloticus sampled in the second week 

No. offish 
sampled 

Weight 
(g) 

1 59.5 
2 43.5 
3 40 
4 63.5 
5 20.5 
6 26.5 
7 46.5 
8 26 
9 57.5 
10 23.5 
11 65 
12 20.5 
13 16.5 
14 38.5 
15 52.5 
16 21 
17 53 
18 28 
19 47.5 
20 28.5 
21 21.5 
22 58 
23 21 
24 45.5 
25 19.5 
26 39.5 
27 30 
28 70 
29 26 
30 16 

Cage for monoculture 
Clarias gariepinus 

Length(em) 

23 
21 
20.5 
24 
16 
18 
22.5 
18 
23 
16.5 . 
25 
16 
14 
20 
22.5 
16.5 
20 
17 
20 
17.5
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22.5 
16 
22 
14.5 
20 
18 
24 
16.5
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Cage for Polyeulture 
Oreoehromis nilotieus Clarias gariepinus 
Weight 
(g) 

Length 
(em) 

Weight 
(g) 

Length 
(em) 

37 14 64 22 
55 16.5 92 26 
40 14 65.5 23 
60 16 39 18 
32 13 104 27 
30 11 59 21 
28.5 12.5 40 18 
40.5 15 75 24 
53 16 55 20 
34 12.5 50 18 
37 13.5 77 24 
46 15 50 19 
39.5 14.5 34 16 
40 14.5 55 20 
20 11 57.5 21 
40 14 61 22 
40 15 35 16 
20 11 63 22 
39.5 12.5 41.5 18 
36.5 12 58.5 19 
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Appendix 4: Len~h and weight measurements of the 30 individuals of C. gariepinus and 

20 of0. niloticus, sampled in the third week 

No. offish Cage for monocu1ture Cage for Po1yeulture 
sampled C1arias gariepinus Oreoehromis ni10tieus Clarias gariepinus 

Weight 
(g) . 

Length(em) Weight 
(g) 

Length 
(em) 

Weight 
(g) 

Length 
(em) 

1 27 16 56 14 55 17 
2 106 25 86 18 105 23.5 
3 30 15.5 66 15 75 21 
4 90 23 62 15 77 21 
5 48 18.5 92 17 146 25.5 
6 53 20 80 15.5 59 19 
7 75 22 55 14 129 26 
8 36 17 42 13 33 16.5 
9 100 23 52 15 77 22 
10 24 14 57 14.5 77 21.5 
11 112 24 54 13.5 41 18 
12 65 22 62 14.5 85 23.5 
13 101 23 55 14 54 19 
14 64 20 45 13 44 18 
15 75 22 41 12 80 22 
16 44 18 28 11.5 23 16 
17 98 23 43 13 62 20.5 
18 50 18 31 11 35 19 
19 77 23 33 10.5 35 18 
20 71 21 57 14 109 25 
21 64 21 
22 33 17 
23 105 25 
24 75 23 
25 43 18.5 
26 72 22 
27 31 17 
28 33 17.5 
29 31 16.5 
30 26 15.5 
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Appendix 5: Length and weight measurements of the 30 individuals of C. gariepinus and 

20 of0. niloticus sampled in the fourth week 

No. offish Cage for monoculture Cage for Polyeulture 
sampled Clarias gariepinus Oreoehromis nilotieus Clarias gariepinus 

Weight 
(g) 

Length(em) Weight 
(g) 

Length 
(em) 

Weight 
(g) 

Length 
(em) 

1 31 16.5 59 15 87 24 
2 36 17.5 38.5 11.5 43.5 19.5 
3 37 18.5 33 12 78 22.5 
4 36 18 47 14 79.5 22.5 
5 76 23 33.5 12.5 35.5 18.5 
6 47.5 19.5 42 13 131.5 26.5 
7 79.5 24 59 14 61.5 18 
8 109 26 55 15 129.5 24.5 
9 38 18 64 15.5 130 26 
10 68.5 22 59 14 37.5 18.5 
11 75 22 56 15 41.5 20.5 
12 81.5 24 47 16 67 22 
13 54 19 60 14 35 18 
14 102 24 66.5 15 83 21 
15 48.5 18 93.5 16.5 47.5 19.5 
16 79 23 64 18 55.5 20.5 
17 69 21 65 16 82.5 21.5 
18 105.5 24 64.5 16 84 22.5 
19 70 23 88.5 19 123 24 
20 116 25 60 15 58 19 
21 30 15 
22 104 24 
23 40.5 18 
24 79 23 
25 57.5 21 
26 52 19.5 
27 94.5 23 
28 34 16.5 
29 110 26 
30 31.5 17 
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Appendix 6: Selected water quality parameters measured weekly 

Parameter WId Wk2 Wk3 Wk4 Wk5 Wk6 Wk7 Wk8 Wk9 

Temp. (Oc) 22 22 21 23 24 18 23 22 21.5 

DO (mg/I) 5.94 5.83 3.50 1.95 2.10 2.85 1.27 1.56 1.19 

CO2 

(mg/l) 
2.33 3.33 3.13 2.85 3.15 2.75 3.85 3.62 3.78 
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