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ABSTRACT 
 
 A management tool for mechanized aquacultural farm operations was developed. The specific operations 
for mechanized aquaculture farm operations were identified to include; concrete culture/breeding tank design, 
water quality management, fish record, feed records, feeding, cost simulation, economic analysis of operations 
and general report on various individual operations. The management tool was a computer programme 
developed in Visual Basic. The versatility and object oriented capability of Visual Basic was exploited. 
Appropriate design consideration for concrete culture/breeding tank design was adopted following establishment 
and standard procedures. Water quality management, feed composition and nutrition requirements were based 
the minimum acceptable data as recommended for rearing catfish Wayne (2004). Two different sets of 
production cycle data were obtained from an existing farm, Icon Fishery, Ganmo, Kwara State, Nigeria to 
validate the programme. The developed management tool was used to stimulate similar production cycle 
following the prevailing operation condition at Icon Fishery Farm. The result of the actual data from the Icon 
Fishery show of a profit of N 426,191 in the first data analyzed while in the second data a deficit of  N 206,649 
was obtained the results of the predicted data also indicated profit of N 485,958 was for the first data analyzed 
with similar category of data used for the real life data from Icon fishery and a loss of N 70,402 was obtained for 
the second set of data following the same procedure for the first data analyzed. Data analysis was carried out to 
determine whether there was a significant difference between observed data results and simulated data results 
using the method described by Gomez and Gomez (1984) for test of independence in a contingency table, and 
the results showed a significant difference between the observed and simulated data results. The study revealed 
that if the aquacultural farm operations are well managed it will not only increase the profit, but also reduce 
losses which majorly result from high mortality rate. The management tool will make it easier for farmers to 
manage the various aquacultural operations, and the farmer can even manage the operations from remote areas 
once the data are captured and reported correctly. 
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Introduction  
 
Aquacultural Operations and Basic Concepts: 
  
Aquaculture, which is otherwise known as farming 
of aquatic organisms or farming in an aquatic 
medium, is known to have been in existence or in 
practice in various forms and in various degrees of 
intensity for over 2,000 years. [7]. This was being 
practiced much as a craft in which knowledge of 
methods were transferred from one generation to 
another and improvements were made through trail 
and error procedure. Aquaculture is a form of 
agriculture which involves the propagation, 
cultivation and marketing of aquatic plants and 
animals in a more or less controlled environment [7]. 
[2] as quoted [12] also presented an internationally 

accepted definition of aquaculture as farming of 
aquatic organisms including fish, molluscs, 
crustances and aquatic plants. The aquatic organisms 
can also include but not limited to, lobsters, shrimps, 
oysters and prawns. 
 There are various forms of aquaculture which 
range from releasing artificially reared young fish 
into lake or a reservoir where they have to feed for 
themselves until they are captured, to capturing 
young fish and growing them to market size in 
specialized containers, to carrying and nurturing 
from the egg, through various phases of the life –
cycle, until harvesting. [12]. Aquaculture can be 
defined as the farming of fish under controlled 
conditions which involves intervention in the rearing 
process to enhance production such as regular 
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stocking, feeding, protection from predators, water 
quality management disease control, e.t.c. 
 Aquaculture can be observed based on the 
salinity of the medium, (sea water, fresh water and 
brackish water), the container used to grow the 
species (such as pond, cage, raceway or recirculating 
systems) and the degree of intensity of culture 
(intensive, extensive and semi – intensive culture 
practices).  
 The major factors that influence the performance 
of specific degree and nature or intensity of culture is 
the type of feed nutrition to be provided. In an 
intensive culture all the nutrition (feed) required are 
supplied or provided by the farmer or aquaculturist in 
a nutritionally balanced proportion that is easily 
utilizable and of wholesome diet. In an extensive 
culture practice, the target species completely depend 
on the natural food supply from the culture medium 
while semi – intensive culture practice lies between 
intensive (also known as endogeneous food supply) 
and extensive (also known as exogeneous food 
supply) in various degrees. Another major factor of 
classification into intensive, extensive and semi – 
intensive is the level of management involved or 
required for the operation to function effectively. 

 
Fish Farming Technology: 
 
 The world fish farming started as early as 
2000BC in China. [7]. European aquaculture 
transformed the art of Asian aquaculture into a 
science of spawning, pathology and food webs and 
one of the most significant development was the 
invention of culture methods for trout, which were 
introduced into natural water in the mid 1800s [7]. 
Many early attempts at fish husbandry failed because 
the operators were not properly built, low – value 
species were cultivated and selected species lacked 
adequate technical support. 
 Fish farming technologies were developed and 
practiced to principally supplement and probably 
replace natural fish production. In 1955 the world 
farm fish production was less than 0.5 million metric 
tones. At this time the scientific basis of aquaculture 
was of little understanding and application. In the 
year 1995 the world fish production was 15 million 
metric tones because of more understanding. [7]. 
 An aquaculture technology system is a 
technology built around the quality of nutrient inputs 
and necessary water quality management required to 
sustain environmentally sound, and economically 
and scientifically viable culture ecosystems. Fish 
farm production can be increased at a great rate by 
accelerating production intensity, increase the area of 
conventional aquaculture and by expanding into vast 
natural waters, coastal and marine environment.           
 Nigeria is one of the largest consumers of fish in 
the world. Nigeria consumes over 1.5 million tons of 
fish annually and imports 900,000 metric tones of 
fish while the domestic catch is estimated of 450,000 

metric tones per year. The demand for fish for 
consumption as food and for other purposes will be 
on the increase because of over – exploitation, water 
pollution, habitat destruction and increasing health 
awareness. In order to meet the demand there is need 
to mechanize aquaculture. Mechanized aquaculture 
involves the use of improved tools (hand tools, 
equipments, machineries e.t.c) in designing, 
production, processing of harvested fish, feed 
production, marketing, economic analysis and other 
operations in aquaculture. This will definitely 
increase productivity, minimize drudgery, improve 
the commercial quality of fish, increase income, 
reduce labour intensity, unsanitary and unhygienic 
handling that are involved in traditional operations.                    
 The management tool will make it easier for an 
engineer to design a recirculating aquaculture 
system, the simplicity of the tool will help non – 
technical personnel to manage the operations of the 
system, which are feeding and water quality 
management, help in managing the economy 
operation and analysis of the system. The system will 
help in managing the farm from remote area even if 
the manager is not around once the data are captured 
and also help in giving economical judgment, 
whether the farmer is making profit or not. [10] 
identified the essential components for aquaculture in 
Nigeria to include habitat and the supporting 
management strategies and skills to sustain the 
development of culture animal. The major 
components are divided into software and hardware. 
Appropriate combination and management of these 
components corresponding lead to high production, 
effective performance and persistent sustainability of 
the system over time.       
 The main objective of this research work is to 
computerize mechanized aquacultural farm 
operations that will assist in culture or breeding tank 
design (concrete), feeding, water quality 
management, economic analysis of operations, fish 
records, and general reports on various operations. 
     
Materials and Methods  
 
Programme Development and Evaluation: 
 
 Equations 1 and 2 were considered as Basic 
design parameters for the construction of concrete 
culture tank.  
 

            
                                                                    (1) 

   

  
                           

                                                                           (2) 
Where, 
WT  = Total volume of water required to be 
supplied to the tank (m3) 
Wr  =  density of water per unit fish 

  = Pond Diameter 
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A = Expected unit weight fish at grow out 
fn  = Number of Fish to be cultured 
ph = Pond height 
 Sets of visual basic critical warning message are 
prompted of the following parameter are not properly 
selected e.g. number of fish pod to be designed and 
number of fish per pond must be numeric value, 
expected table size of fish in kg, the recommended 
height of pod in cm and expected maximum water 
level above the bottom of the pond in cm. The spread 
sheet presented in Table 1 as adopted for hardware 
design of a recirculatory aquaculture system was 
used to evaluate TAN mass balance calculations, 
biofilter sizing calculations, solid mass balance 
calculation, feeding and water pH control. The 
recommended feeding rate in [1] as shown in Table 2 
was adopted based on the component of feed, 
acceptability and amount of uneaten feed. Fish 
feeding to satiation was recommended and the 
feeding table (Table 3) for African catfish based on 
optimal water quality at temperature of 27 0C – 30 0C 
was employed. The common water quality problems 
in catfish grow out production are detailed in Table 
4. 
 The programme developed was evaluated by 
running the programme on the menu lay out. These 
include: fish record, water management, operations 
which include feeding, sales, operation expenses, 
reports, economic analysis and simulation menu. 
 
Method of Data Collection and Analysis: 
 
 Sets of data were collected from Icon Fishery, 
Ilorin for two growing seasons. The set of data 
comprises of two different set of ponds (Sect AA and 
Sect B) with Sect AA comprising of 12 ponds and 
Sect B comprising of 6 ponds. The various operating 
costs for both set of ponds were collected as well as 
their corresponding sales. These data were input in to 
the system (computerized) and analyzed. More-over, 
similar sets of data were generated and analyzed 
using the same number of breeding tanks and fish 
using the programme developed. 
 A test of independence in a contingency Table 
using Chi-Square test as described [5] was used to 
test whether there is any significant difference 
between the simulated data and observed data. The 
equations used in the data analysis are  
 

,
                                         (3) 

 ∑ ∑                           (4) 

 
where, 
Ei, j is the expected value of the (i, j) th cell,  
Ri,, is the total of the ith row  
Cj is the total of the jth column and G is the grand 
total 
nij is observed value in the ith class of the row 
variable   

2 is the computed value of chi – square   
 The null hypothesis Ho and Hi of no significant 
difference between the real data and simulated data 
was set with the level of significance of 5% and the 
level of freedom of two (2) was used. Where Ho 
implies no significant difference between the 
observed data and simulated data and Hi is to reject 
the null hypothesis if the calculated value 2 is 
greater than the corresponding value of 2 table.  
 
Programme Flow Chart: 
 
 Flow chart as a programming tool was used to 
show how the programme was developed and how it 
works. The programme developed has eight major 
Menus with sub menus. The major menus are: Pond 
Design, feed formulation, Operations, Water quality 
management, Economic Analysis, Reports and Exit. 
 The sub menus under operations include Sales, 
Operation expenses, Feeding, and Fish stocking. 
While sub menus under reports include; customers’ 
reports, feed reports, pond reports, sales reports and 
reports on running cost or operation expenses. Water 
quality management has no sub menus. The 
economic analysis menu consists of two sub menus 
which are: Real data and simulated data. The flow 
charts presented in Figure 1-8 show the preparing 
tool and how the programme was developed. The 
source code for the programme developed is with the 
Authors. 
 
Results and Discussion 
 
Data from Observed Aquacultural Operations: 
 
 Observed data are data captured from an existing 
fish farm. The observed data were from two different 
sections which were Sect AA and Sect B. The Sect 
AA which consists of 12 ponds with stocking of 
1,000 fish per pond have the following observed 
parameters; 
 
Observed Expenses (Expenditure) and Sales (Sect 
AA): 
 
 The expenditures include Total Operating Cost 
of N 2,496,779 including Feeding, N1,807,063 and 
other operating costs, N 689,716 this include fuel, 
transportation, phone calls, services, fish stocking, 
and minor repairs. Other details include; numbers of 
fish missing, 562, mortality, 462 and end quantity, 
321. 
 The sales details are as follows; Fresh Fish 
Sales, N 2,835,025, number of fish (fresh) sold, 
9,453, Fresh fish sales, N 87,945, Numbers of dry 
fish, 1,463, total numbers of fish sold, 10, 916, total 
amount of sales, N 2, 922,970 and the net profit, N 
426, 191. 
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Observed Expenses (Expenditure) and Sales (Sect 
B): 
 For SECT B, consisting of 6 ponds with five 
ponds containing 1,000 fish and one pond contains 
541 gives a total of 5,541 and the economy analysis 
summarized below;  
Expenditure are Total Operating Cost, N 1, 400,249 
this include Feeding, N 906,498, and other expenses 
on energy (fuel), salary, services e.t.c. at N 493, 75. 
Other details are number of missing fish, 459, 
mortality, 289 and end quantity, 2. 
 The Sales details are Fresh Fish Sales, N 
1,124,600, number of fish (fresh) sold, 4,644, Fresh 
Dry sales, N 69,000, numbers of dry fish, 595, total 
numbers of fish sold, 5,239, total amount of sales, 
 N 1,193,600 and Loss, N 206,649 
 
Data from Simulated Aquaculture Operations:  
 
 The simulated data are generated using the 
aquaculture management tool developed. The data 
were generated under similar operating conditions. 
 
Simulated Data Sect AA: 
 
 The following are generated using the 
programme developed for the same set of ponds 
labeled SECTAA. The expenses are Total Operating 
Cost, N 4,374.042, feeding, N174,041.99, other 
operating costs N 3,900,000 including; fuel, 
transportation, phone calls, services, fish stocking, 
and minor repairs. The sales are N 4, 860,000 with 
profit of N 485,958   
 
Simulated Data (Sect B): 
 
 The Expenses (Expenditure) are Total Operating 
Cost of N 192,712, Feeding, N 87,012, other 
operating costs of N 105,700 including; fuel, 
transportation, phone calls, services, fish stocking, 
and minor repairs, while the sales are N 122, 310 and 
loss of N 70,402. Tables 5 and 6 present summary of 
the observed and simulated data.  
 
Statistical Analysis: 
  
 The estimated value of chi – square for Sect AA 
was 885,682 and 55,900 for Sect B. these were 
compared with the value on chi – square table. Since 
the calculated 2 is greater than the corresponding 
values on 2 table. Then the null hypothesis of no 
significant difference between the observed data and 
simulated data is thereby rejected.    
 
Comparison of Observed and Simulated Data:  
  
 Table 5 and 6 show hat a profit of N426,191 was 
obtained from Sect AA and a loss of N206,649 was 
obtained from Sect B using the observed data while 
data simulated using the programme developed under 
the same condition, yielded a profit of N485,958 for 

Sect AA and a loss of N70,402.06 for Sect B 
respectively. 
 The result of the statistical analysis using a 
method described [5] for a test of independence in a 
contingency Table using Chi-Square test for Sect 
AA,  885,682 and Sect B, 55,900 gave indication of 
high mortality rate, of 3.9% in Sect A and 5.2% in 
Sect B. High number of missing fish of 562 was 
observed in Sect AA and 459 in Sect B. It was also 
observed that the farmer spent more on the fish feed 
than required in terms of quantity of feed bought 
thereby increased the expenditure. The mortality rate 
would have drastically reduced if the operations were 
computerized especially, the water quality 
management which is one of the most sensitive part 
of Aquaculture.   
 
Influence of Statistical Significance of Observed and 
Simulated Data: 
 
 The computed value of 2 on Sect AA was 
compared with the tabular value on chi – square table 
with the two degree of freedom at 5% level of 
significance. Since the computed value is greater 
than the corresponding tabular value, the hypothesis 
of no significant difference between real value and 
simulated value is thereby rejected. Similarly, the 
computed value of 2 Sect B was compared with the 
tabular value on chi – square table with the two 
degree of freedom at 5% level of significant and also 
at 1% level of significance. Since the computed value 
is greater than the corresponding tabular value, the 
hypothesis of no significant difference between real 
value and simulated value is thereby rejected. High 
mortality rate, of 3.9% in Sect A and 5.2% in Sect B 
coupled with high number of missing fish of 562 in 
Sect AA and 459 in Sect B accounted for the 
decrease in profit and increase in losses respectively. 
It was also observed that the farmer spent more on 
the fish feed than required in terms of quantity of 
feed bought thereby increased the expenditure. The 
mortality rate would have drastically reduced if the 
operation of water quality management was properly 
managed. 
 
Conclusion and Recommendation: 
 
 Aqua cultural Farm operations were 
computerized, and a management tools was 
developed which would assist in feeding, pond 
design, water quality management and economic 
analysis of a recirculating aqua cultural system. The 
management tool will not only help minimize losses 
due to mortality through water quality management, 
but also help in effective management of farm 
operations. The Management Tool was  well 
developed but further work must be done on the 
programme to cater for  mortality rate, numbers of 
missing fish, end quantity (i.e. the number of fish 
unsold in a particular season), pipe network design 
and other hardware design.
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Table 1: Spread Sheet for Flow Rate Estimate Management of a Mechanized Aquaculture. 
SN Spread sheet for flow rate estimate and management of a 

mechanized aquaculture  
    Catfish at market size at 1kg 

1.  A B C D 
2. 1.1 Tank size and Biomass  Valves  Units  Calculation formula  
3.  Tank water depth  M  
4.  Tank radius  M  

5.  Tank volume  m3 B5x (PI)xx B6xx 
6.  Maximum culture density  Kg/m3 B11/B6 
7.  Fish biomass    
8. 1.2 Feeding     
9.  Fish count     
10.  Fish weight (average)  kg   
11.  Feed rate a % of body weight   %  
12.  Feed rate  kg/day B11xxB12xxB10 
13.  Quantity of feed per pond per day  kg/day B13/Numbers of ponds  
14. 1.3 TAN Mass    
15.  Feed protein  %  
16.  Total ammonia production rate   0.065xx B13 x B16 
17.  % TAN from feed   B17/B13 
18.  Desired TAN concentration in recirculation water  Mg/   
19.  TAN available to biofilter (i.e. to be removed)  kg/day  
20.  Biofilter efficiency   %  
  Flow rate to remove TAN to desired concentration   L/day 

L/mm 
L/hr 

 

21. 1.4 Biofilter sizing    
22.  Estimated nitrification rate  g/Tan/m2/da

y 
 

23.  Active nitrification surface required at rate  m2 B20/(B23/1000) 
24.  Surface area of the media  m2  
25.  Total volume of the media  m3 B24/B25 
26.  Media unit price     
27.  Media depth   M  
28.  Media cost    
29.  Volume/depth yields surface area  m2 B26/B28 
30.  Diameter of the biofilter  M 2SQR(B3.142) 

 
31. 1.5 Solid mass balance calculation    
32.  Estimate % of feed becoming solid waste  %  
33.  Waste solid produced  kg/day B13xxB33 
34  Desired SS concentration   mg/L  
35.  Settling tank efficiency   %  
36.  Flow rate to remove S.S to the desired concentration  L/day 

L/min  
B36(B35/1000,000) 

37. 1.6 Oxygen mass balance     
38.  Submerged filter (1 = Yes and 0 = No) 1  1 
39.  Oxygen used per kilogram feed   %  
40.  Oxygen used by feed addition   kg/day B13 x B30 
41.  Desired oxygen concentration in tank  mg/L  
42.  Desired oxygen concentration supplied to the tank  mg/L  
43.  Oxygen used for nitrification in biofilter  kg/day B41x(0.457 & B23) 
44.  Total oxygen used   B42 to B44 
45.  Estimate flow rate  L/day (B45/B44) 
46. 1.7 Water pH control quantity of lime to be added in order 

to maintain the water Ph   
 kg/day  30%B13 

 
Table 2: Recommended Feeding Rate. Source. [1] 

Fish (size) gram  Feeding rate (% body) 
35 6.2 
60 5.7 
110 5.4 
221 4.5 
295 3.8 
420 3.2 
678 2.7 
846 2.1 
986 1.8 
1058 1.5 
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Fig. 1: Flow Chart on Main Menu. 
 

 
Fig. 2: Flow Chart on Breeding/Culture Tank Design. 
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Fig. 3: Flow Chart on Feed Formulation  
 

 
 
Fig. 4: Flow Chart on Fish Records.   
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Fig. 5: Flow Chart on Water Quality Management. 
 

 
 
Fig. 6: Flow Chart on Operations. 
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Fig. 7: Flow Chart on Economic Analysis. 
 

 
 

Fig. 8: Flow Chart on Reports. 
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Table 3: Feeding Table for African Catfish Fry Fry is fed to satiation (≥ 6% body weight/day). Based on optimal water quality and a water 
temperature of 27 0C – 30 0C.[3] 

Feeding Days                            Average Weight (gram)                                                              Crumb Size (mm) 
0 – 7 0.025 Artemia + 0.2 – 0.3 
7 – 14 0.05 – 0.10 0.2 – 0.3 
14 – 21 0.10 – 0.15 0.3 – 0.5 
21 – 28 0.15 – 0.30 0.3 – 0.5 
28 – 35 0.30 – 0.50 0.5 – 0.8 
35 – 42  0.50 – 1.5 0.5 – 0.8 
42 – 49 1.5 – 3.0 0.8 – 1.2 
49 – 56 3.0 – 5.0 1.2 – 1.5 

 
Table 4: Common Water Quality Problems in Catfish Grow – Out Production . 

Variable      Desired Level  Problem                    Solution  
Temperature  210 – 300c   Too low  

 
Too high 

Use solar heater or Inserted water heater 
Blend with cold water  

Dissolved oxygen  5.0mg/L to saturation  Too low  Vigorous aeration of incoming water 
(use of mechanical aerator) 
Use of oxygenator 
Surface splashing of water  

Calcium hardness More than 20ppm as CaCo3  Too low  Addition of Calcium Chloride of water 
supply 

Ammonia  1.8 – 2.0mg/L Too high Do not use as water supply reduce the 
fish density. Increase water flow rate 

Water pH  6.5 – 9.0 Too low  Add Sodium biocarbonate 250g per kg of 
feed 

Carbondioxide  20mg/L Too high Reduce the stock density vigorous 
aeration of incoming water 

 
Table 5: Observed and Simulated Income and Expenditure Details for Sect AA . 

Sect AA Real Value (N) Simulated Value (N) Row Total (N) 
Total operating cost 2,496,779 4,374,042 6,870,821 
Total sales 2,922,970 4,860,000 7,782,970 
Profit 426,191 485,958 912,149 
Column total 3,215,267 9,720,000  
Grand Total   12,935,267 

 
Table 6: Observed and Simulated Income and Expenditure Details for Sect B. 

Sect B  Real Value (N) Simulated Value (N) Row Total (N) 
Total operating cost 1,400,249 192,712 1,592,961 
Total sales 1,193,600 122,310 1,315,910 
Profit 206,649 70, 402 277,051 
Column total 2,800,498 385,424  
Grand Total   3,185,922 
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