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________________________________________________________________________________________________ 
Abstract 

The objective of the study was to evaluate the effects of feeding live earthworms (Eisenia foetida) 
(Savigny, 1826) (Musyoka et al., 2020) and tilapia (Oreochromis mossambicus) (Peters, 1852) (Russell et 
al., 2012) on the growth rate of African sharptooth catfish (Clarias gariepinus) (Burchell, 1822) (Dadebo et 
al., 2014) fingerlings. Approximately 300 African catfish fingerlings (5 g) were stocked in 16 circular tanks 
(1000 L) inside an indoor system. The tanks were divided into three groups of treatments (pellets, 
earthworms and tilapia) with four replicates. The fish were left to acclimatize for a week before the 
experiment began. The fish were weighed individually each week until the end of the experiment. The results 
showed that growth differed between catfish fed tilapia fish and those fed pellets and earthworm. There were 
no differences in average weight gain, specific growth rate, and food conversion ratio between treatment 
groups. Survival rates differed in catfish fed pellets compared with tilapia and earthworms. Catfish fed tilapia 
obtained high cumulative feed intake at the end of the experiment. At the end of the experiment, the 
fingerlings differed in weight between the treatments and their weight was correlated positively with depth. It 
was concluded that tilapia improved the growth of catfish fingerlings the most and could be a solution for 
rural farmers who have limited access to fishmeal and feed formulation expertise to maximize productivity. 
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Introduction 
The FAO (2017) indicated that significant efforts have been made to reduce aquaculture’s 

dependency on fishmeal. Insects as live feed or as a source of protein might be an alternative (Ng et al., 
2001; Bahadori et al., 2017; Belghit et al., 2019). It was critical that fish farmers could produce cheaper 
alternative feed that met the nutritional requirements of the fish raise to realise success (Iheanacho et al., 
2019; Ogunji et al., 2020). African catfish (Clarias gariepinus) are indigenous to many African countries and 
feed on everything from crustaceans to fish and invertebrate prey (Bruton, 1979; Loveline et al., 2018). In 
Lake Sibiya, stomach contents of C. gariepinus included crabs (40%), small cichlids (32%), insects (12%), 
molluscs (10%) and small amounts of algae and diatoms (Minshull 1969, in Bruton, 1976). Bruton (1976) 
later found 164 specimens from the stomach of C. gariepinus were 33% fish remains and 9% cichlids. 

Vermiculture has been practised for centuries and is being revisited for its potential benefits in 
agriculture and aquaculture (Mohanta et al., 2016). Earthworms (Eisenia foetida) have been identified as the 
best fishmeal replacement because they have high nutritional value, they grow and reproduce more quickly, 
and they can withstand all sorts of environmental conditions (Dedeke et al., 2001; Bahadori et al., 2017; 
Musyoka et al., 2020). However, the pprofitability of farming with earthworms as fish feed remains 
controversial because of the presence of anti-nutritional factors and incorrect processing methods (Musyoka 
et al., 2019; Musyoka et al., 2020). Although earthworms have been used widely as bait in commercial sport 
fisheries for long periods (Tacon et al., 1983), their moist sticky nature causes harvesting to be prolonged 
and time consuming, prompting earthworms to release foul-smelling coelom fluid, which causes 
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unpalatability and toxicity to fish (Kobayashi et.al., 2001). They are made of 580–710 g/kg of crude protein 
and have a high concentration of lysine (Loh et al., 2005). Earthworms are conventional fish food and 
contain all the essential amino acids, including increased iron (Chakrabarty et al., 2009). 

Rural farmers commonly farm with Mozambique tilapia (Oreochromis mossambicus). The species is 
limited by reproduction at an early age, causing famers to sit with overpopulations of undersized and un-
marketable fish (Guerrero, 1975). This caused the species to lose value as most preferred species with 
which to farm in aquaculture (Russell et al., 2012). The solutions were to produce all-male tilapia because of 
their ability to reach market size more quickly (Wasserman & Afonso, 2003). Limited access to technology, 
stunting, and inefficient management strategies of small-scale farmers were prevalent in sub-Saharan Africa 
(Ampofo-Yeboa, 2013). A number of breeding techniques were reported and each had its own limitations 
(Mair & Little, 1991). However, most of these methods are expensive and escalate the cost of production for 
rural fish farming in Africa (Limbu et al., 2015). Many countries invested in controlling and eliminating the 
species because of its invasive nature of causing environmental and ecological problems (Canonico et al., 
2005) and it is also listed in the top 100 invasive alien species in the planet because of its tolerance of wide 
environmental conditions, dietary requirements and rapid reproduction (Brummett, 1995; Russell et al., 
2012). In South Africa, O. mossambicus are reported to spawn up to five times in a season under favourable 
or aquarium conditions (James & Bruton, 1992; Skelton, 2001), proving its enormous ability to reproduce. 
However, C. gariepinus are commonly used to police the population of Nile tilapia (Oreochromis niloticus) in 
ponds (Musa et al., 2013; Alfaro et al., 2014) and little is reported on the use of Oreochromis species to grow 
C. gariepinus and its economic potential. 

The objective of the current study was to evaluate the effects of live earthworms and tilapia on the 
growth performance of African sharptooth catfish fingerlings. 
 

Materials and Methods 
The experiment was approved by the Ethics Committee of the University of South Africa, Florida 

Campus, Johannesburg (approval no 2017/CAES/009). It was conducted at Disaneng Village, 41 km from 
Mahikeng Town, North West, South Africa. A batch of 300 African catfish fingerlings (5 ± 0.01 g) were 
sourced from Aquaculture Innovations (Pretoria, South Africa). Earthworms (1000 per plastic bag per week) 
were sourced from Worm-farm (Witkoppen Wildflower Nursery, Randburg, South Africa). Mozambique tilapia 
were sourced from MyAquaponics Pty Ltd. (Johannesburg, South Africa) and from La Pieus Aqua Holdings 
(Roodeplaat, South Africa). One bag (25 kg) of starter fish diet was sourced from Aqua-Plus (AVI-Products, 
Cato Ridge, South Africa). 

Circular indoor tanks with 1000 L capacity were supplied with water at a flow rate of 0.665 m
3
/s. Each 

tank was randomly allocated 20 African catfish (Clarius gariepinus) fingerlings for seven weeks. The tanks 
were divided into three groups of dietary treatments (pellets, tilapia and earthworms) with four replicates for 
each. The catfish, earthworms and tilapia were acclimatized to the new environment for seven days. The 
catfish fingerlings were fed two times daily (08h00 and 16h00) to apparent satiation. The amount of feed 
consumed was measured by weighing the feed containers before and after feeding. The basal diet (pellets) 
was formulated to provide at least 400 g/kg protein, 22 g/kg lysine, 50 g/kg fat and 7 g/kg phosphorus. It 
contained maximums of 30 g/kg of both crude fibre and calcium.  The earthworms were washed with clean 
water to remove the debris from compost and weighed before feeding. The tilapia were scooped live from 
separate tanks, weighed on an electronic scale, and fed to the catfish. The amounts of feed provided to the 
catfish, and feedstuffs necessary to sustain the earthworms and tilapia are given in Table 1. 

 
 

Table 1 Amounts of feed given daily to catfish, earthworms and tilapia 
 

Time period 
Dietary treatments applied to catfish Kitchen waste fed 

to earthworms  
Pelleted feed fed 
to tilapia Pellets, g Earthworms, g Tilapia, g 

Week 1 96.86  61.29  99.86  85.00 38.43 

Week 2 42.43  98.43  58.29  66.00 41.86 

Week 3 110.01  98.43  72.50  61.14 41.43 

Week 4 26.00  116.14  149.71  74.14 44.57 

Week 5 86.86  40.71  100.00  87.43 41.71 

Week 6 110.43  56.57  229.57  46.71 45.86 

Week 7 79.23  39.00  102.29  54.57 41.71 
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The tanks were cleaned every morning by siphoning out one third of the water. The dead fingerlings 
were removed, counted and recorded. Water quality parameters were monitored and recorded daily with a 
water quality meter. Dissolved oxygen ranged between 2.3 and 7.1 mg/L. Ammonia was <0.05 mg/L. Nitrite 
was between 0.05 and 2 mg/L. Nitrate was 250 mg/L. pH was between 6.8 and 8. Temperature was 24.7 ºC 
to 29.8 ºC. After seven days of acclimatization the catfish were weighed individually, then every week for 
seven weeks. The length was measured from the mouth of the fish to the end of the hypural bone, 
determined by bending the caudal fin, and the depth was measured between the dorsal and ventral fins 
(Skelton, 2001). Microsoft Excel (Microsoft Corp., Redmond, Washington, United States) was used for data 
management. Specific growth rate (SGR), feed conversion ratio (FCR), weight gain (WG), and survival rate 
(SR) were calculated following Duman (2020):  

    
                           

                      
     

    
                            

                      
 

                               

   
                   

                        
     

Economic analyses followed Gbai et al. (2018) and were based on these equations. 

                  (   )                                
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One way analysis of variance was used to determine the significance of differences among the 
treatments. Duncan’s multiple range test was used to separate means of treatment groups. Significance was 
declared at probability level of P <0.05. The correlation of body depth with bodyweight was utilized to 
determine the strength of the relationship between these two variables.. Estimates of correlation greater than 
0.8 were deemed to indicate a strong relationship and those less than 0.5 were deemed to indicate a weak 
relationship. All data was analysed with Statistical Package of Social Sciences version 25 (IBM Corp., 
Armonk, New York, USA).  
 

Results and Discussion 
The bodyweights of the catfish fed earthworms differed from week 0 to week 3 (P<0.001) compared 

with those fed pellets and tilapia (Table 2). There were no differences among the treatments (P >0.05) in 
bodyweight at week 4. However, in weeks 5 to 7 the catfish fed tilapia were heavier than those fed pellets 
and earthworms (P <0.001).  

 
 

Table 2 Bodyweights, in grams, of African catfish fed pelleted feed, tilapia and earthworms over time 
(n=240) 
 

Time 
Dietary treatments 

SE P-value 
Pellets  Tilapia fish Earthworms 

Week 0 4.61
c
  5.55

b
  7.61

a
  0.27 0.0001 

Week 1 6.13
b
  5.51

c
  10.03

a
  0.27 0.0001 

Week 2 8.76
b
  6.18

c
  9.86

a
  0.27 0.0001 

Week 3 9.84
b
  9.38

b
  11.80

a
  0.27 0.0001 

Week 4 12.11  12.44  13.30  0.27 0.2490 

Week 5 15.49
b
  16.51

a
  11.96

c
  0.27 0.0001 

Week 6 18.96
b
  21.31

a
  14.94

c
  0.27 0.0001 

Week 7 21.91
b
  25.28

a
  15.98

c
  0.27 0.0001 

a,b,c
 Within a row, treatment means with a common superscript were not different with probability P <0.05 
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There were no differences (P >0.05) in AWG, SGR and FCR between groups (Table 3). Survival rate 
differed (P <0.05) in catfish fed the pelleted feed compared with tilapia and earthworms. These differences 
may be attributed to cannibalism, which is a common problem among catfish when they are stressed or short 
of food (Naumowicz et al., 2017).  
 
 
Table 3 Average weight gain, feed conversion ratio, specific growth rate and survival rate for catfish 
fingerlings fed pelleted feed, tilapia and earthworms in three replicate tanks per treatment 
 

Response variables 
Dietary treatments 

SE P-value 
Pellets Tilapia fish Earthworms 

Weight gain, g 2.98 4.46 1.10 0.88 0.425 

Feed conversion ratio 3.36 2.58 3.51 21.88 0.517 

Specific growth rate, %/day 0.43 0.64 0.16 0.13 0.425 

Survival rate, % 97
a
 84

c
 86

b
 5.06 0.053 

a,b,c
 Within a row, treatment means with a common superscript were not different with probability P <0.05 

 
Body length differed (P <0.001) in catfish fed earthworms compared with pellets and tilapia between 

week 0 and week 2. Further differences (P <0.05) in body length were observed in the tilapia group than in 
pelleted feed and earthworms in week 2. There were no differences (P >0.05) in body length between 
groups from week 3 to week 7 (Table 4). 

 
 
Table 4 Body length, in mm, of African catfish fed pelleted feed, tilapia and earthworms over time (n=240) 
 

Time 
Dietary treatments 

SE P-value 
Pellets Tilapia fish Earthworms 

Week 0 7.91
c
  8.29

b
  9.45

a
  0.27 0.001 

Week 1 8.66
b
  8.37

b
  10.09

a
  0.27 0.001 

Week 2 9.20
c
  13.75

a
  10.04

b
  0.27 0.036 

Week 3 9.86  9.42  10.44  0.27 0.08 

Week 4 10.42  12.73  10.72  0.27 0.243 

Week 5 11.16  11.17  10.85  0.27 0.689 

Week 6 11.60  11.62  11.04  0.27 0.432 

Week 7 12.13  12.49  11.31  0.27 0.084 

a,b,c
 Within a row, treatment means with a common superscript were not different with probability P <0.05 

 

 
Cumulative feed intake per fish was numerically higher in catfish fed tilapia and pellets and lower in 

the group fed earthworms in week 1 (Table 5). By the end of the experiment, cumulative feed intake in 
catfish was highest in tilapia, intermediate in pellets, and lowest in earthworms. 
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Table 5 Cumulative intake of fish fed earthworms, tilapia and pellets during over time, in grams/fish 

Time 
Dietary treatments 

Pellets Tilapia fish Earthworms 

Week 1 8,475 8,738 5,363 

Week 2 12,234 13,902 13,975 

Week 3 22,236 20,408 22,697 

Week 4 24,695 34,198 33,120 

Week 5 33,381 43,657 36,821 

Week 6 45,651 65,977 42,031 

Week 7 55,562 76,205 45,671 

 
 
Weight differed and was correlated positively (r=0.857, P <0.001) with depth between treatments at end of 
this study (Table 6). Weight did not differ between groups, and was correlated negatively (r=0.032, P >0.05) 
with depth in the initial week of the experiment. 
Table 6 Estimates of Pearson correlation coefficients quantifying the relationship between weight and body 
depth of African catfish through seven weeks (n=240) 
 

Body weight, g 

Depth of body, mm 

Week 0 Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 

Week 0 -0.127* 0.092 0.124 0.077 -0.136* -0.002 0.025 0.032 

Week 1 -0.290** 0.272** 0.099 0.020 -0.035 0.019 -0.046 -0.097 

Week 2 -0.205** 0.183** 0.221** 0.127* 0.001 0.033 0.147* 0.118 

Week 3 -0.163* 0.045 0.233** 0.173** 0.098 0.149* 0.215** 0.198** 

Week 4 0.001 -0.097 0.186** 0.185** 0.191** 0.244** 0.280** 0.446** 

Week 5 0.178** -0.146* 0.058 0.138* 0.144* 0.530** 0.383** 0.549** 

Week 6 0.119 -0.179** 0.061 0.099 0.136* 0.290** 0.597** 0.657** 

Week 7 0.172** -0.128* 0.084 0.068 0.139* 0.291** 0.452** 0.857** 

** Correlation is significant at P <0.01 level (2-tailed)  
* Correlation is significant at P <0.05 level (2-tailed) 

 
The economic analysis of catfish production when feeding pellets, tilapia, and earthworms is shown in Table 
7. It was less expensive to produce a gram of catfish by feeding with pellets and tilapia than earthworms.  
 
Table 7 Economic analysis of catfish production when feeding pellets, tilapia, and earthworms 
 

Variables 
Dietary treatments 

Pellets Tilapia fish Earthworms 

Initial bodyweight, g 4.61  5.55  7.61  

Final bodyweight, g 21.91  25.28  15.98  

Feed used, g 4.06  7.31  4.19  

Cost of feed 1.04  0.41  44.73  

Cost to produce 1 gram of fish 0.02  0.05  2.80  

 

 
Aquaculture is an alternative supplier of fish to reduce pressure on the overfished oceans. However, 

the sustainability of aquaculture as an agricultural enterprise is threatened mostly by the high cost of fish 
feeds.  A sustainable fish feed should meet all the nutritional requirements of the fish, be cost effective, 
palatable to the fish, digestible, maintain water quality, and improve disease resistance. These factors 
enhance growth performance, health and productivity, which would ensure improved yields and maximize 
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profits. Every fish farmer’s aim is to access good quality fish feeds at an affordable cost to realize economic 
value (Musyoka et al., 2020). 

In this study, final growth was improved (P <0.001) in catfish fed tilapia (28.21 g) compared with 
pelleted feed and earthworms. This was consistent with improved growth observed in African catfish that 
swallowed tilapia whole during a pond poly-culture trial (Limbu et al., 2015). Tacon et al. (1983) also reported 
an interest of African catfish to prey on Oreochromis mossambicus fish in nature. Relative slow growth was 
observed in catfish fed earthworms in this study. This was not surprising since Rohu fry fed with whole 
frozen earthworms showed unsatisfactory performance because of the presence of the chitin layer from the 
hard cuticle (Mohanta et al., 2016). Ng et al. (2001) also reported reduced growth in catfish fed meal worms 
as a replacement for fish meal as a protein source. Furthermore, chitin decreased growth in Oreochromis 
niloticus crossed with blue tilapia (Oreochromis aures) (Shiau & Yu, 1999). Rainbow trout fed an increased 
amount of frozen worms showed supressed growth (Pereira & Gomes, 1995). Tacon et al. (1983) indicated 
that rainbow trout fed entirely on worm meal (Eisnia foetida) found the food unpalatable and exhibited 
depressed growth. On the contrary, Djissou et al. (2016) reported better growth in fish fed a mixture of 
earthworm- and maggot-based diets than those fed fish meal. Formulated feed had better growth 
performance than live feed in Tor tambroides larvae (Asaduzzaman et al., 2016), which is in agreement with 
the better performance attained in pellet feed than earthworms. There were no differences (P >0.05) in 
AWG, SGR and FCR between groups in this study. Gbai et al. (2018) reported lower weight gain in Nile 
tilapia fed an earthworm diet than a maggot diet. This was consistent with the current study, in which 
numerically lower weight gain was observed in catfish fed earthworms. Adámek et al. (1999) found lower 
SGR of 0.36 in catfish fed live fish, and attributed it to their losing too much energy in capturing the prey. 
Catfish fed tilapia in the present study obtained SGR of 0.64, which was higher than that reported by 
Adámek et al. (1999). The authors added that catfish consumed only the fish they had repeatedly injured and 
attacked on their own. This may be the case in this study as catfish showed high interest in preying on 
tilapia.  

According to the literature, the standard FCR for aquatic animals raised intensively with commercial 
pellets was between 1.0 and 2.4 (Fry et al., 2018; Toutou et al., 2018) and 1.0 for Clarias gariepinus (Hetch 
et al., 1996). This study found the FCR of catfish fed commercial pellets was higher than reported, perhaps 
because the commercial diet was formulated for tilapia and was not catfish species specific. Limbu (2020) 
also reported that the continuous lack of suitable diets for African catfish was a limitation in developing 
countries.  Tadesse (2019) reported a significantly lower FCR of 2.14 in catfish fed a mixture of earthworms, 
soybean and brewery waste, indicating a better consumption rate between treatments. Low FCR was also 
found in Nile tilapia fed earthworms (Gbai et al., 2018; Musyoka et al., 2020) and South America catfish 
(Arslan et al., 2009). No differences in FCR were found in in Atlantic salmon fed with insect meal (Belghit et 
al., 2016). The tilapia group in this study had the lowest FRC (2.58), which was almost within the desired 
ranges for aquaculture species. This differed from a higher FCR of 4.73 attained when catfish preyed on 
tilapia (Adámek et al., 1999).  

Catfish fed the pelleted feed a showed higher survival ratio (P <0.05) than tilapia and earthworm 
groups in this study. Similarly, Asaduzzaman et al. (2016) reported 90.6% survival in formulated feed groups 
of Tor tambroides larvae. Djissou et al. (2019) also found a survival ratio of 93% fishmeal, 95% earthworm 
and 94% maggot catfish groups. An even higher survival rate (98.9%) was reported for catfish given a 
commercial diet (Toutou et al., 2018). However, fish in the earthworm group of the current study had a lower 
survival rate than was reported by Toutou et al. (2018). Complete survival was reported in all bass given a 
dietary protein during their study (Cai et al., 2020). Gbai et al. (2018) found low survival in an earthworm diet 
fed to Nile tilapia. This was consistent with the current study, in which catfish fed earthworms had a low 
survival ratio. In contrast, common carp fed earthworms had 100% survival rate (Ogunji et al., 2008). 
Survival rate was not affected by poultry viscera diets higher than 92% in Clarias gariepinus (Oke et al., 
2016; Toutou et al., 2018). The low survival obtained in the current study was attributed to cannibalism, 
which is a natural behaviour of catfishes (Dadebo et al., 2014). During the larval, fry and fingerling stages of 
catfish growth cannibalism is a huge challenge (Hecht & Appelbaum, 1988; Kaiser et al., 1995) that results in 
economic losses (Smith and Reay, 1991). Significantly higher mortality as a result of cannibalism was 
observed in underfed catfish housed in concrete tanks (Al-Hafedh & Ali, 2004). In contrast, Djissou et al. 
(2019) recommended that earthworm meal and maggot meal could enhance survival of C. gariepinus. 
because they are omnivorous and can utilize an animal protein base to meet energy requirements (NRC, 
2011). Al-Hafedh & Ali (2004) found that lower size variation and optimum feeding of juvenile catfish at 6% 
bodyweight per day could reach 64 g without mortality. However, reduction in food increased territorial 
behaviour and aggression (Hetch & Pienaar, 1993), which explained the decline in survival in the earthworm 
group in this study. For catfish to reach market size, this behaviour should be managed by manipulating the 
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colour of food so as to improve consumption, lessen aggression and promote survival (Kawamura et al., 
2017).    

In this study the cost was low when feeding tilapia or pellets and high when feeding earthworms. This 
was attributed to the limited timeframe of the study and inefficient procurement, which escalated the cost of 
commercial earthworms. These increased earthworm costs might be drastically reduced if they were self-
cultured. In contrast, Gbai et al. (2018) reported the commercial diet in their study was expensive compared 
with earthworm and maggot diets. This was not surprising since fish meal and oil are costly in the 
marketplace (FAO, 2014). As a result, the use of earthworms and maggots as alternative sources of protein 
reduced the cost of feed and improved production of C. gariepinus (Djissou et al., 2019). T Musyoka et al. 
(2020) found improved economic returns in replacing fish meal with earthworm bedding in the diet of Nile 
tilapia because of cheaper cost of production. Gbai et al. (2018) found feeding Oreochromis niloticus with 
earthworm meal and maggot meal resulted in lower cost/kg of feed and cost/kg of fish. Thus, the inclusion of 
100% of maggot meal was recommended to reduce cost/kg of feed and improve profit (Ali et al., 2015). The 
use of earthworms as feed was recommended in areas where the components of commercial fishmeal diets 
were scarce and costly to reduce the pressure of overfishing (Kouba et al., 2018). Further 30% reduction of 
feed cost was reported when C. gariepinus was fed diets with produced on farm (Limbu, 2020). Musyoka et 
al. (2020) found that profit improved significantly with increasing earthworm inclusion in the diet. 

 
Conclusion 

The growth of catfish fingerlings was enhanced by feeding tilapia and was cost effective. Lower growth 
was obtained in catfish fed live earthworms, perhaps because of chitin, which could be removed in future 
studies to enhance palatability. Earthworms must be self-cultured on farm or procured at an appropriate 
price to reduce production costs. Farmers who lack access to fishmeal and feed formulation expertise could 
attain improved growth of catfish with locally accessible Mozambique tilapia fingerlings and earthworms to 
improve productivity. However, expertise in vermiculture may need to be developed. Further studies could be 
conducted on the use of mixed species to feed catfish and also to determine its meat quality. 
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