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This is an exploratory research. It investigated the sustainability of rainwater 
for catfish farming in Nigeria. The research station was based in the 
Department of Agricultural and Bio-Environmental Engineering of the 
Federal Polytechnic Ado Ekiti, Ekiti State, Nigeria.  Research activities 
started in April 2012 with the construction of building infrastructure for 
rainwater harvesting, concrete ponds for catfish farming, and the 
procurement of measuring equipment and other supporting facilities.  To 
facilitate a better understanding, a trial experiment, after a delay, was started 
in October 2012 and ended in April 2013, while the main experiment started 
in May 2013 and ended in October 2013. The findings of the main 
experiment, which supported that of the trial experiment, have strongly 
suggested that rainwater could sustainably farm catfish in Nigeria. A 
limitation of this research is that the experiment was carried out in the 
south-western part of Nigeria that enjoys a relatively high amount of rainfall. 
This suggests that the findings of this research cannot be generalised 
across the whole country except to similar situations. To overcome this 
limitation, it is suggested that a similar experiment be set up in other parts 
of the country, especially in the northern part of Nigeria where rainfall 
amount is relatively low. 
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INTRODUCTION 
 
Aside from the threat posed by climate change 
(Intergovernmental Panel on Climate Change (IPCC), 
2011), food security is another concern facing humanity 
in the 21

st
 century. Besides the inextricable link between 

climate change and food security, population increase is 
adding another dimension to this food shortage threat. It 
is estimated that the world population will grow from 6.5 
billion in July 2005 to 9.1 billion in 2050 (United Nations, 
2005). To sustain this increase, more food and nutrition 
will have to be provided. While by 2025 the global 
demand for freshwater is expected to increase by 25 per 
cent or more (Dialogue on Water and Climate, 2003), 
there is a growing understanding that climate change will 
threaten freshwater availability and use (Estrela et al., 

2012). One main lesson from this is that in order to meet 
the food and nutrition needs of an expanding population, 
the available water must be judiciously used, starting 
from when it drops from the sky. 

Consistent with trends in other economies around  the 
world, the Nigerian population is growing. It grew from 
45.9 million in 1960 to 162.5 million in 2011 (World Bank, 
2013), and it is projected to reach 205 million by 2025* (* 
Projected over the 1991 population census figure of 
88,992,220 people (National Bureau of Statistics, 2009) 
at an average growing rate of 2.48 per cent per annum 
for the period 1960 to 2011 (World Bank, 2013). To 
mitigate food poverty in Nigeria as pointed out by Ekunwe 
and Emokaro (2009), it means that efforts must be direc- 



 
 
 
 
 
ted towards a sustainable food production. And 
potentially, according to the Food and Agriculture 
Organisations of the United Nations (FAO, 2013), fish is 
an excellent source of animal protein which could help 
contribute significantly to food security. In 2010, about 
128 million tonnes of fish was consumed globally, while 
fish caters for more than 4.3 billion people, meeting 15 
per cent of their intake of animal protein (FAO, 2012). 
However, stimulated by growing demand, the world fish 
production is expected to reach 172 million tonnes by 
2021 (FAO, 2012). Estimates for 2008 point to fish 
consumption of 17.1 kg/person (FAO, 2013), 18.6 
kg/person in 2010 (FAO, 2012), and it is projected to 
reach 20 kg/person in 2030 (FAO, 2013). At the local 
level, fish represented about 28 per cent of the animal 
protein content of the average  

Nigerian diet in 2004, with per capita consumption 
averaging 8.9 kg (FAO, 2007). This is expected to 
increase with improvement in socio-economic conditions 
and population growth. To meet immediate and future 
fish requirements in Nigeria, catfish farming using 
rainwater (converting waste to wealth) might serve as a 
sustainable solution to fish production. As of 2006, about 
90 per cent of farmed fish in Nigeria is catfish (Adebayo 
and Adesoji, 2008), and despite efforts there are still 
demand-supply gaps for fish in Nigeria (Williams et al., 
2012). Although conventional aquaculture started in 
Nigeria around 1951 (Anetekhai et al., 2004), constraints 
to catfish farming in Nigeria have centred on lack of seed 
and quality feed (Emokaro et al., 2010), poor 
management (Adewumi et al., 2006), inadequate funding, 
theft, and the direct involvement of government in 
production (Anetekhai et al., 2004). Using rainwater to 
farm catfish is a non-consumptive approach to water use, 
and the literature is sparse on the sustainability of 
rainwater to raise catfish, especially in Nigeria and 
elsewhere. This is the gap that this research intends to 
fill. The research looks at the behaviours of catfish in 
concrete ponds using rainwater as the culturing medium. 
The expected outcome of this research will be useful to 
governments (Federal, State, and Local) in formulating 
policy decisions on food security, especially on catfish, 
the catfish farmers, the researchers as well as the 
households who may be interested in rainwater catfish 
farming. According to Adewumi and Olaleye (2011), the 
favoured catfish species in Nigeria aquaculture include C. 
gariepinus, Heterobranchus bidorsalis, Clarias × 
Heterobranchus hybrid (Heteroclarias) and Clarias 
nigrodigitatus. However, it is argued that most fish can 
tolerate to an extent environmental conditions that differ 
from their natural habitat (Adeyemo et al., 2009). 
 
 
The rainfall hydrology of Nigeria 
 
The  Nigeria  rainfall  hydrology  is latitudal in nature. The 
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average precipitation varies from over 4,000 mm in the 
southeast to below 250 mm in the extreme northeast 
(Adeoti, 2007, 2010). In the southern part of Nigeria, 
rainfall is bi-modal, peaking in July and October, while in 
the extreme northern part, it is uni-modal. One main 
attribute of rainfall in Nigeria is that it has both temporal 
and spatial variability. But on the average, the wet 
season starts from April to October, while the dry season 
starts from November to March (National Bureau of 
Statistics, 2009). Mean annual precipitation in Nigeria is 
1177 mm (Adeoti, 2007, 2010); although on a long term 
basis, the World Bank (2013) puts it at 1150 mm.  In the 
case of Ekiti State, available statistics indicates that the 
mean annual precipitation between 2004 and 2006 is 
101.1 mm, while mean annual maximum atmospheric 
temperature was estimated at 32.1 

0
C in 2007 (National 

Bureau of Statistics, 2009).   
 
 
METHODOLOGY 
 
About the research station 
 
The research station was located in one of the protected 
areas of the Department of Agricultural and Bio-
Environmental Engineering of the Federal Polytechnic 
Ado Ekiti, Ekiti State, Nigeria. The rainfall behaviours of 
the station were not known, because of an absence of 
measurement. Research activities started in April 2012 
with the construction of building infrastructure for 
rainwater harvesting and concrete ponds for catfish 
rearing. The construction ran concurrently with the 
procurement of equipment for taking measurements. The 
station, by virtue of being located in the southwest, 
enjoys a bi-modal type of rainfall. 
 
 
Experimental set-up 
 
Five concrete ponds were constructed (with one of the 
ponds serving as a control) (Figure 1). Each pond has a 
static capacity of 6 m

3
 of water (the cylindrical part only). 

The roof catchment has an area of (23 ft x 19 ft) 437 ft
2
 

(or 40.65 m
2
). Each pond was connected, via a network 

of plastic pipe, to the roof gutter. The control pond, in 
addition, was also connected to a storage tank of 2.5 m

3
 

static capacity, while the storage tank was also 
connected to the roof gutter. Basically, the system is 
designed to be serviced entirely by rainwater from the 
roof catchment. The essence of the storage tank is to 
help mitigate stress in the control pond in the presence of 
any prolonged drought (or absence of rainfall).  

Theoretically, at full capacity (allowing 30 litres of 
water per 1 kg of catfish), each pond will hold 250 catfish. 
Under the trial experiment that started in October 2012, 
one  main  pond  (pond 1) and the control pond were put  
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Figure 1. A sketchmatic illustration of the catfish pond layout 

 
 
 
into use (see Figure 1). Both were stocked with 50 
fingerlings each, aged 8 weeks. Before starting the trial 
experiment, all the ponds were treated with cattle slurry in 
September 2012 in order to eliminate the effect of cement 
particles and any other salts that might be toxic to the 
fish. Due to the absence of rainfall data for the station, a 
rainfall-roof catchment runoff model was put in place 
(Figure 2). To illustrate the model, at a rainfall amount of 
1,000 mm, about 36.6 m

3
 of water is expected as runoff 

from the roof into the system. Equation 1 was used to 
estimate the roof catchment runoff, putting average 
losses at 0.10. However, Equation 2 provides a simplified 
version of Equation 1 based on the results of the linear 

regression model (Figure 2). With Equation 2, once the 
rainfall amount is known from the rain gauge, the amount 
of roof catchment runoff into the system can be estimated 
manually.  
Roof catchment runoff, q = ƺiA (in m

3
)  Eqn. 1 

or, y = q = 36.6x      Eqn. 2 
Where ƺ is the roof runoff coefficient (dimensionless), 
which is equal to 0.90, i is the rainfall amount (in m), A is 
the roof catchment area (in m

2
), and x = i, in Equation 1.  

The process of understanding the behaviours of 
catfish in rainwater as the culturing medium followed a 
two-stage: the trial experiment and the main experi- 
ment. While  the duration of the trial experiment has been  
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Figure 2. Rainfall - roof Catchments runoff model 

 
 
 
explained earlier, the main experiment commenced May 
18, 2013 and ended October 17, 2013. The farming 
duration was 153 days. For the main experiment, each 
pond, including the control pond, was stocked with 250 
fingerlings, aged 8 weeks. The specie of catfish stocked 
for the trial experiment was Clarias gariepinus and for the 
main experiment was also Clarias gariepinus.  
 
 
Approach to data collection and analysis 
 
Two approaches were put in place to gather the needed 
data. They are: (a) direct observations, and (b) use of 
measuring equipment. In the trial experiment, in addition 
to direct observation, only the pond water pH was 
measured. In the main experiment, in addition to direct 
observation, three main parameters were measured in 
each of the ponds. They are: (a) the oxygen 
concentration; (b), the ammonia concentration, and (c), 
the pH. Additional parameters measured were: (i) fish 
weight gain/loss; (ii) rainfall amount and interval; (iii) pond 
water temperature; and (iv) atmospheric evaporation. To 
measure the amount of dissolved oxygen in pond water, 
the dissolved oxygen meter was used, while for pH, the 
pH meter was used. In the absence of a digital meter for 
ammonia measurement, the ammonia test equipment in 
the aquaculture kit was used. For other parameters, the 
weighing balance was used to measure fish weight, while 

rain gauge was used to measure rainfall amount. The 
interval between rainfall events was noted on a calendar. 
The pond water temperature was measured using a 
digital thermometer, while pan evaporimeter was used to 
measure atmospheric evaporation. The equipment used 
and the parameters measured are summarised in Table 
1. The observational method was used to assess the 
physical behaviour of fish, such as piping. It is envisaged 
that fish piping (or gasping) could serve as a rough 
indicator to predict oxygen depletion in pond water.  

Water samples were taken at each pond’s water 
surface, mid-depth, and bottom, and then mixed (see 
Figure 3 showing both top and side views of sampling 
points). Between Day 1 and Day 61, data on the main 
parameters and pond water temperature were measured 
three times (between 8.00am and 3.00pm). Due to the 
need to have a greater understanding of pond water 
conditions, from Day 62 to Day 153, data were collected 
hourly (between 7.00am and 6.00pm). In the case of 
atmospheric evaporation, this was measured daily, while 
total wet weight of fish was measured before stocking 
and at harvest per pond. The rainfall amount was 
measured immediately after each rainfall event, while the 
interval between rainfall events was marked on a 
calendar and recorded in a note book (in days).  Fish 
feeding took place twice in a day (early in the morning at 
9.30 am and early in the afternoon at 1.00 pm).  This  
was  done  because dissolved oxygen concentrations are  
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Table 1. Equipment and Parameters Measured
 

S/No. Description of parameter

A.  Main parameters: 

1. Dissolved oxygen 

2. Ammonia 

3. pH 

B. Other parameters: 

1. Fish weight 

2. Rainfall amount 

3. Pond water temperature

4. Evaporation 

 
 

 

Figure 3. Top and side views illustrating sampling points

 
 
 
usually at their lowest in the morning (say before 8.00 
am), while a decreasing oxygen concentrations in the 
ponds can also be experienced late in the afternoon (say 
as from 4.00 pm upward) (Wellborn, 1987
method adopted was the saturation method (that is, feed 
fish until they stop eating), and the type of feed used was 
the floating type. Both feeding method and feed type 
were purposively selected in order to minimise pond 
water pollution. As emphasised by Adewumi and Olaleye 
(2011), better feeding conversion ratio is obtained in 
general with floating feeds, and floating feeds do not 

Equipment and Parameters Measured 

Description of parameter Measuring equipment Equipment model

Dissolved oxygen digital meter Lamotte (D

Ammonia test kit 4798-WT-G,     H193733

Digital pH meter H198107

Weighing balance AC

Rain gauge Diplex

Pond water temperature Digital thermometer 

Pan evaporimeter 

Top and side views illustrating sampling points 

usually at their lowest in the morning (say before 8.00 
while a decreasing oxygen concentrations in the 

ponds can also be experienced late in the afternoon (say 
Wellborn, 1987). The feeding 

method adopted was the saturation method (that is, feed 
e of feed used was 

the floating type. Both feeding method and feed type 
were purposively selected in order to minimise pond 
water pollution. As emphasised by Adewumi and Olaleye 
(2011), better feeding conversion ratio is obtained in 

eeds, and floating feeds do not 

disintegrate quickly in water (
2006). It was the intention of the research to occasionally 
validate (or cross-check) the readings from digital meters 
with manual procedures from using aquaculture test 
Unfortunately, this could not be done because some of 
the chemicals in the aquaculture kit had expired. This 
situation was not detected at the point of purchase and 
before the commencement of the main experiment. A 
limitation of this is that the read
instruments should be held with caution. However, this
does not invalidate the overall  

Equipment model 

Lamotte (Do6 plus) 

G,     H193733-01 

H198107 

AC-5000 

Diplex 

 

 

 

disintegrate quickly in water (Akinwole and Faturoti, 
. It was the intention of the research to occasionally 

check) the readings from digital meters 
with manual procedures from using aquaculture test kits. 
Unfortunately, this could not be done because some of 
the chemicals in the aquaculture kit had expired. This 
situation was not detected at the point of purchase and 
before the commencement of the main experiment. A 
limitation of this is that the readings from the digital 
instruments should be held with caution. However, this 

 lessons  of  this  research 
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Table 2. Summary of Results of Trial and Main Experiments  
 

 

S/No. 

 

Description 

Trial Main 

Pond 1 Control Pond 1 Pond 2 Pond 3 Pond 4 Control 

1. Average weight of 
juveniles 

  47 g 45 g 45 g 45  g 45 g 

2. Average weight of 
catfish at harvest 

  0.41 kg 0.36 kg 0.32 kg 0.33 kg 0.33 kg 

3. Duration of 
farming (in days) 

176 176 153 153 153 153 153 

4. Total quantity 
stocked 

50 50 250 250 250 250 250 

5. Total quantity 
harvested 

44 50 224 237 246 248 248 

6. pH (min. and 
max.) 

6.2 – 9.5  6.8 – 10.0 6.8 – 9.4 6.8 – 10.3 6.5 – 10.2 6.8 – 9.5 

7. Water temperature (min. and max.) (
o
C) 22.4 – 32.0 22.7 – 31.0 22.7 – 31.0 22.4 – 30.0 22.7 – 31.0 

8. Dissolved oxygen (mg/l) 0.0 – 7.5 0.0 – 7.2 0.0 – 11.0 0.0 – 9.8 0.0 – 7.2 

9. Ammonia (mg/l) 0.4 – 6.4 0.2 – 6.4 0.4 – 6.4 0.4 – 6.4 0.2 – 6.4 

10. Atmospheric evaporation (mm) 0.0 – 3.5 (for the experimental site) 

11. Waste discharge (after Day 3) ≈ daily ≈ daily ≈ daily ≈ daily ≈ daily 

 
 
 
project. 

All readings were recorded in a note book and later 
tabulated in the Microsoft Excel sheet. Descriptive 
statistics was employed to analyse the quantitative data 
obtained. The feed conversion ratio (FCR) and daily 
weight gain (DWG) were evaluated using Equations 3 
and 4 after Akinwole and Faturoti (2006): 
FCR = total weight of dry feed given/total wet weight 
gained      Eqn. 3 
DWG = weight gained by fish/culture days Eqn. 4 
However, since fingerlings were outsourced for this 
project, Equations 3 and 4 were rewritten as: 
FCR = a/ (b – c)      Eqn. 5 
DWG = (b – c)/culture days   Eqn. 6 

Where, a is the total weight of dry feed given, b is the 
total wet weight at harvest, and c is the total wet weight of 
fingerlings at stocking. To assist in data collection and 
logging in the main experiment, two research assistants 
were engaged. However, un-ionised ammonia (NH3) and 
nitrites which are toxic to fish and rainwater hardness 
were not measured. These are intended to benefit from 
future research. 
 
 
RESULTS AND DISCUSSION 
 
Table 2 presents the summary of results of the trial and 
main experiments. In the trial experiment, as illustrated in 
Table 2, the average fish weight at harvest was 460 g. 
Six fish death was recorded in January 2013 in the main 
pond (pond 1). Observation suggests that during the 
period there was no rainfall for 14 days. The water pH 

rose to 9.5, which is slightly above the optimum value, 
9.0 (Wellborn, 1987). Although the pond water 
temperature was not measured, being a dry period in 
Nigeria, it was envisaged that a combination of high pH 
(due to increasing amount of nitrogenous wastes) and 
increase in water temperature was the possible causal 
factors. The literature argues that as water temperature 
increases, the amount of oxygen that can stay in pond 
water decreases (Wellborn, 1987) coupled with the 
biological oxygen demand (BOD) during the nights which 
tend to further lower oxygen availability to the fish. 
According to Wellborn (1987), pond water temperature 
should not be more than 48.9 

0
C, although in Nigeria the 

annual mean maximum atmospheric temperature could 
reach 36.9 

0
C (Adeoti and Osho, 2012). During the period 

of rainwater scarcity, wastes could not be discharged 
from the pond due to insufficient amount of water, 
thereby contributing to the nitrogenous wastes build up. 
Although before fish death, no fish piping or gasping was 
noticed. This roughly suggests that despite rainfall 
irregularity and poor pond water management (in pond 4) 
within the period, the level of dissolved oxygen 
concentrations may not be a major contributory factor. 
However, while inadequate dissolve oxygen in pond 
water is not considered at lethal (Solomon and Taruwa, 
2011), Akinwole and Faturoti (2006) have argued that as 
low dissolve oxygen level in pond water could only impair 
fish growth and limit nitrification. To stop further fish kill in 
January 2013, water from deep well was introduced into 
pond 4, and wastes were discharged from the pond (as 
illustrated in Figure 1). However, in the control pond,               
no fish death was recorded.  Subsequently, the  site  had  
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Figure 4. Fish performance 

 
 
 
some rain before the fish were harvested in April 2013, 
thereby concluding the trial experiment.  

The lessons learned from the trial experiment include 
(i) the length of the raining period is important in 
estimating the farming duration in ponds, and invariably, 
the age at which to stock. (ii) the amount of water 
ruAnning into the ponds is contingent on rainfall amount, 
roof catchment area, and rainfall interval (holding losses 
constant). Since both rainfall amount and interval 
between rainfall events are beyond direct manipulations, 
the roof catchment area and the pond size become a 
subject of careful design considerations. Therefore, both 
roof catchment area and pond size have a significant 
impact on stocking density. Also, for a given volume of 
water, the length of drought as well as when it occurs 
during the farming period will have a significant bearing 
on the stocking density.  

The results of the main experiment are also illustrated 
in Table 2. In the first week of stocking, between Day 1 
and Day 6, thirty five fingerlings death were recorded 
(see the distribution in Figure 4). This was as a result of 
stress undergone by the fishes during transportation from 
the source to the research site. According to Wellborn 
(1987), the minimum oxygen level in pond waters should 
not be less than 5 mg/l (or part per million (ppm)) and in 
the case of pH, the optimum pH range for fish culture  is 
put at between 6.5 and 9.0 (this is slightly higher than the 
recommended range for African Catfish, 6.5 – 8 
(Akinwole and Faturoti, 2006)). However, as shown in 
Table 2, pond 1 has the maximum dissolve oxygen 
concentration, while all ponds suffered from achieving a 
minimum oxygen level of 5 mg/l. In the case of pH, all the 

ponds exceeded the suggested maximum value of 9.0.  
In the case of pond water temperature, the maximum was 
recorded in pond 1, 32 

0
C. This is well below the 

suggested maximum value, 48.9 
0
C (Wellborn, 1987), 

although between 24 and 26 
0
C are recommended for 

African Catfish (Akinwole and Faturoti, 2006). However, 
despite the low levels of oxygen as measured, no fish 
piping was observed. Overall, higher dissolve oxygen 
concentrations were recorded at the first few days of 
stocking compared to the last few days of harvest. Also, 
high pH values were recorded at the first few days of 
stocking compared to the last few days. In turn, the 
ammonia concentrations in pond waters increased from 
an average of 0.3 for Day 1 to 6.4 mg/l for Day 153, 
although this is still within limit as reported for African 
Catfish of not more than 8.8 mg/l (Akinwole and Faturoti, 
2006). Figure 4 provides a summary of fish biological 
performance. The survival rate, calculated as total 
number of fish harvested to total number of fish stocked 
expressed in percentages, ranges from 90% (in pond 1), 
95% (in pond 2), 98% (in pond 3) to 99% (in pond 4 and 
control).  

 Figure 5 illustrates the amount of rainfall received at 
the station and the intervals between rainfall events. As 
shown in Figure 5, the maximum no rain period was 23 
days and it occurred between Day 69 and Day 92. During 
this period, two fish death was recorded. Eight fish death 
occurred between Day 113 and Day 152. However, since 
the largest amount of fish death was recorded in pond 1, 
the pond water pH behaviour is illustrated in Figure 5. As 
shown in Figure 5, qthe pond water pH was high at the 
first days, increased slightly during the no rain period, but  
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Figure 5. Rainfall and pH pattern 

 
 
 
generally decreased towards harvest (although this 
situation is similar to others). A plausible explanation for 
this is that the pond water was responding to rain water 
availability, and by extension, pond waste management. 
With rainwater availability, it was easier to manage waste 
discharge from the ponds more effectively. However, 
from Equation 5, the average feed conversion ratio is 
0.87. This is very low compared to the farms surveyed by 
Akinwole and Faturoti (2006), which use recirculating 
aquaculture system (RAS) of 1.4 (on the average) for 
African Catfish, Clarias gariepinus (although this is 
comparable to that reported by Eding and Kamstra (2001, 
cited in Akinwole and Faturoti, 2006) of 0.85 for C. 
gariepinus).  In the case of daily weight gain, from 
Equation 6, the average value is 2.2 kg/day, or 2.3 
g/fish/day. Comparing this value with that reported by 
Akinwole and Faturoti (2006) of 5.3 g/fish/day (on the 
average) indicates that the mean daily weight gained 
value obtained from this experiment is also very low. A 
plausible explanation for these differences could be 
attributed to the species of catfish used, the feeding times 
per day, the farming method (RAS) and not necessarily 
the culturing medium, rainwater.  
 
 
CONCLUSIONS 
 
This research has explored the sustainability of rainwater 
for catfish farming in Nigeria. Findings from both the trial 

and the main experiments have strongly suggested that 
harvesting rainwater could sustainably culture catfish in 
the south-western part of Nigeria. However, to 
accomplish this, some boundary conditions should be 
taken into consideration, such as: (a) the length of raining 
period in the area, (b) the roof catchment area, and (c) 
the maximum rainfall interval. These conditions have 
important bearing on the stocking density, the age at 
which to stock, and culturing days. However, once the 
rainfall break period is known and the maximum rain 
periods between breaks, it could be possible to farm 
twice a year. A major consideration will therefore depend 
on the stocking age holding other factors constant.  
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