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ABSTRACT 
 Investors in aquaculture are biased against the mangrove areas and prefer to site their farms in the 
upland parts of Southwest, Nigeria. This study was carried out to compare the yield performance in the two 
fish farm locations. The tools utilized included descriptive statistics, budgetary and cash flow analyses and 
profitability ratios. Empirical results revealed that despite being capital-intensive, adequate revenue could be 
realized from farms both in the upland and mangrove areas. While the upland farms yielded an average gross 
revenue per hectare per year of N1,166,308.60, the mangrove farms yielded N1,033,263.60 meaning that the 
difference is slight. The results of the combined cash flow and sensitivity analysis buttressed that of the 
budgetary analysis. The NPVs were N1,382,790.00 and N1,317,731.20, the B/Cs were 1.28 and 1.29 and the 
IRR were 48.55% and 48.51% for the upland and mangrove farms respectively. The profitability ratios were 
also comparable but slightly higher in the upland fish farms. From all the indices obtained, it can be concluded 
that there is little or no difference in yield performance in the two farm locations. However, the risk of loss of 
investment in years of excessive flood by investors operating in mangrove areas should prompt them to insure 
their farms with the Nigerian Agricultural Insurance Company.  
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INTRODUCTION  
 The widening demand-supply gap for fish in Nigeria attests to the fact that there is the need to explore 
all avenues to increase and sustain fish supply. The factors implicated in the demand-supply deficit include 
water pollution from perpetual oil spillages which results in dwindling catches from capture fisheries, constant 
upward review of the prices of petroleum products which depresses profit from capture fisheries, and over-
fishing which involves large quantities of by-catch sold along with target species (Mafimisebi, 1995; FAO 
2000 and Delgado, et al, 2003). A right step towards arresting the demand-supply deficit for fish is 
aquaculture, which involves raising fish under controlled environment where their feeding, growth, 
reproduction and health can be closely monitored. Such farm-raised fish is already accounting for a 
considerable and rising proportion of total fish consumed in Nigeria and other developing countries (Delgado, 
et al, 2003). The rapidly growing field of aquaculture has been recognized as a possible saviour of the over-
burdened wild fisheries sector and an important new source of food fish for the poor (FAO 1995; Williams, 
1996).  
  Most parts of the maritime (coastal) region of Nigeria (about 800km coastline, FDF, 1979) are suitable 
for aquaculture. The coastal area is in two parts; the upland communities (which make up about 25.0% of the 
total land area) and the mangrove swamp areas, which are perennially inundated by flood or flooded for most 
parts of the year. The upland communities are characterized by fresh water while the mangrove areas have 
brackish water. Aquaculture first started in the upland parts of the coastal areas of Southwest, Nigeria. Today, 
a good number of private commercial fish farms are found there. However, owing to the relative scarcity and 
high cost of acquiring land in the upland areas, many prospective fish farmers have not been able to commence 
the business of fish farming. In comparison, only a few private commercial fish farms are found in the 
relatively land-surplus mangrove parts. The particularly difficult terrain of the mangrove areas especially with 
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respect to its physiographic nature, water quality, distance from input source, problem of fish pond 
construction and the possibility of flooding, were cited as reasons why prospective investors shy away from 
locating their fish farms in the mangrove areas (Mafimisebi, 1995). 
 The result of this is a vast expanse of mangrove land lying unused while there is serious competition 
for land in the upland parts. For example, Ondo State, one of the coastal states in Southwest, Nigeria, has an 
estimated 850 and 2450 hectares of exploitable fresh and brackish water fishing grounds. While more than 
80.0% of the fresh water fishing grounds is being exploited with about 10.0% of this under aquaculture, less 
than 4.0% of the brackish water grounds is being exploited with less than 2.0% of this under fish farming 
(Ondo State Agricultural Development Project, 1996). In Nigeria as a whole, the same situation is obtained. 
Fish farming is the least exploited fishery sub-sector with the vast brackish water fishing grounds almost 
unexploited. Less than 4.0% of the fresh water grounds and about 1.0% of the brackish water grounds are 
under aquaculture to produce a current average yield of 20,500 tonnes of fish per annum. This represents only 
3.12% of the estimated fish culture potential of 656,815 tonnes per annum. When the current output is 
compared with potential yield, one will immediately appreciate the need for increased effort at bringing most, 
if not all land suitable for aquaculture under cultivation (Ajayi and Talabi, 1984; Tobor, 1990, Falusi, 2003). In 
fact, apart from increasing the land area under aquaculture, astute management system targeted at doubling the 
present national aquaculture production rate of 1.5tonnes/ha/yr should be employed. If this can be achieved, 
total potential yield will increase to 1,831,000 tonnes per year, which will exceed the projected fish demand of 
between 1,562,670 tonnes and 1,609,920 tonnes per annum by the year 2010 and beyond (Tobor, 1990; Dada, 
1996; FOS, 2002).  
 The observation that investors are biased against the mangrove areas of Southwest, Nigeria in siting of 
their fish farms, was the motivation to compare the yield performance and profitability in the two fish farm 
locations of upland and mangrove. This is necessary because commercial fish farmers have two major 
objectives; the provision of fish for human consumption and employment opportunities, which can only be  
realized when maximum income and profitability are achieved in farmed fish production (Fagbenro, 1987). 
The specific objectives of the study are to (1) describe the operational characteristics of the fish farms (2) 
compute and compare indices of yield performance in the two sets of farms and (3) identify the constraints 
encountered by farmers in the two locations.             
 

 
MATERIALS AND METHODS  
Study Area and Sampling Technique 
 The study was carried out in Southwest, Nigeria. Multi-stage sampling technique was used in 
collecting the data analysed in this study. Two out of the six states that make up Southwest, Nigeria; Ondo and 
Ogun States, were purposively selected on the basis of having the highest aquaculture production figures. Four 
(4) Local Government Areas (LGAs), two from each state, were also purposively selected for having both 
upland and mangrove communities with exploitable fishing grounds. The two LGAs selected from Ogun State 
were Ijebu Waterside and Ijebu East while Ilaje and Ese-Odo LGAs were selected from Ondo State. From a list 
of registered commercial fish farms got from the Agricultural Development Programme offices in the two 
states, thirty (30) and fifteen (15) commercial fish farms from the upland and mangrove areas were 
systematically selected. Figure1 shows the map of Nigeria. 
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   Figure 1. The Map of Nigeria showing the 36 States of the Federation 
 
Data and Data Collection  

A well-structured questionnaire was used to obtain information on characteristics and management of 
fish farms, fish species cultured and items of costs and returns on the production process between years 2000 
and 2004. Farm records of the farms surveyed were also made available to the data collectors. The fixed costs 
incurred in production were calculated as annual cost or rental values of fixed items. The depreciated cost 
(obtained through the straight-line method) represents annual lost in value of the facilities and equipment 
arising from wear and tear. The expected useful life (in years) of fixed items are indicated as follows: fish pond 
(20), boat/canoe (10), net (5), wheel-barrow (5), bowl (5), refrigerator/pumping machine (10), weighing scale 
(10), outboard engine (10), farm building (25) and hatchery (10). Copies of a set of questionnaires were 
administered to the owners or farm managers of the farms surveyed. The questionnaire was earlier pre-tested 
on fish farmers in the riverine areas of Irele and Ado-Odo/ Ota LGAs of Ondo and Ogun States respectively. In 
all, forty-five (45) fish farmers provided the data analyzed in this study.  

 
 
Analytical Techniques 
 The data collected were analyzed using descriptive statistics which included frequency counts, 
percentages and tables. The budgetary model was used to determine the level of profit generated. The 
budgetary analysis was first carried out for all the five years (2000-2004) pooled together and then on a year-
by-year basis. From the results of the yearly budgetary analysis, certain ratios of profitability and efficiency 
were obtained. These are: 

i) Operating Ratio (OR) 
GR

TVC
=  

ii) Returns on Sales (ROS) 
GR
NP

=  

iii) Returns on Assets (ROA) 
TCA
GM

=  

Where TVC = Total Variable Cost, GR= Gross Revenue, NP = Net Profit, GM = Gross Margin and 
TCA = Total Cost of Assets. 

 The combined cash flow and sensitivity analysis was done to ascertain the extent of profitability of the 
aquaculture business and the factor(s) to which profitability is responsive. The profitability indicators used to 
measure the extent of returns from aquaculture are: 
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i) Benefit-Cost Ratio (B/C): This is the ratio of discounted costs to discounted revenue. A B/C of 
greater than unity is desirable for a business to qualify as a good one. Mathematically, B/C is stated 
as:  
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where  
Bt = benefit in each project year  
Ct = cost in each project year  
n = number of years     
r = interest or discount rate  

ii) Net Present Value (NPV): This is the value today of a surplus that a project makes over and above 
what it would make by investing at its marginal rate. Alternatively, it is defined as the value today of 
all streams of income which a project is to make in future. For a good business, NPV must be 
positive at the chosen discount factor. Mathematically, NPV is given as:  
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Where Bt, Ct, n and r are as earlier defined.      
iii) Internal Rate of Return (IRR): It is the rate of return that is being expected on capital tied down 

after allowing for recoupment of the initial capital. The IRR is the rate of interest which equates the 
NPV of the projected series of cash flow payments to zero. It is also called the yield of an 
investment. Mathematically, it is given as:  
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 Practically, the IRR is usually obtained through a series of manipulations where two discount factors 
give rise to two NPVs. The NPV must be positive at the lower discount factor and negative at the higher 
discount factor indicating that the project can earn higher than the lower discount factor and lower than the 
higher discount factor. In this trial and error method, according to Adeyeye and Dittoh (1985), the IRR is given 
as: 
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RESULTS AND DISCUSSION  
Operational and Farm Characteristics  
 The total farm size (area covered by fish ponds) of the 30 upland farms was 332,558m2 while the total 
number of pond units was 168. Therefore, the average size of an upland fishpond was 1978m2. The total size 
of the 15 mangrove farms was 1,226,575m2 and the number of fishpond units was 154 giving an average size 
of 7,965m2. Thus, fishponds have bigger sizes in the mangrove areas. The two possible reasons for this finding 
are that land is relatively cheaper in the mangrove areas and also that most mangrove farmers use the 
polyculture method while majority of upland farmers, use the monoculture method. About 96.0% and 68.2% 
of upland and mangrove farmers respectively, were engaged in purely table fish production while the balance 
in each case combined table fish with fingerlings/post-fingerlings (jumpers) production. The higher proportion 
of mangrove farmers combining both table fish and fish seeds production compared with the upland farms is 
probably owing to the presence of larger water bodies from which seeds of spawning fish can be harvested and 
further reared to jumpers before being used to stock ponds. This is a saving on cost of inputs but has a negative 
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effect on capture fisheries since the fingerlings are the ones expected to grow into table fish in the natural 
water bodies (Touminen and Esmark, 2003).  
 Majority (60.0%) of the farmers procures their fish seeds from the wild (Table 1). According to the 
farmers interviewed, the natural source of fish seeds is cheaper and more readily available. The farmers in the 
upland parts contract out fish seeds procurement to people to whom they give part payment to facilitate timely 
delivery. In comparison, some workers of mangrove farms have fish seeds procurement as their major 
responsibility. They harvest fish seeds of various fish during the spawning seasons. Such harvested seed stocks 
are furthered reared in a special pond. During this period, stunted, deformed and unhealthy seed stocks are 
removed and the remaining used for stocking fish ponds. A higher proportion of mangrove farmers got their 
fish seeds from the wild. Procuring fish seeds from the wild by most mangrove farmers and some upland 
farmers, is an economic response to a problem capable of crippling production. They claimed that fish seeds 
produced in modern hatcheries are expensive more so because of the transportation cost incurred. Thus, despite 
the fact that farmers using fish seeds from the wild are aware of the negative impact of their action on yield 
from capture fisheries, they asserted that they will continue to use this source until there is an alternative 
arrangement that is acceptable to them. There had also been frequent bloody clashes between fish seeds 
harvesters and capture fishermen in the study area. This means that an urgent alternative has to be found to 
procuring fish seeds from the wild if the problem of threatened stocks of wild fish reported by FAO (1995, 
1998 and 2000) is not to be further compounded in Nigeria.  
 
Table 1: Distribution of Farmers by Source of Fish Seeds 

Source of Fingerlings Frequency Percentage 

From wild  27 60.00 
From own modern hatchery 03 6.67 
From other farmers rearing wild fish seeds   13 28.89 
From government hatchery  02 4.44 
Total 45 100.00 

Source: Survey data, 2005 
 
 From Table 1, it is obvious that about 88.9% of farmers depend on the wild directly or indirectly for 
their fish seeds. Only about 6.7% and 4.4% of farmers procure their fish seeds from own modern hatchery and 
government-owned hatchery. There is a need to re-orientate farmers away from using fish seeds from the wild. 
Most of the farmers which depend on the wild directly or indirectly indicated that they would have preferred 
seed stocks from specialized private or public hatcheries because of their high quality if the prices are reduced 
and if some hatcheries can be sited close to them.  
Fish Species Cultured  
 The species commonly reared in the upland farms were Tilapia, Alestes, Heterotis and Catfish which 
are reared by above 70.0% of the farmers. The other fish species which are reared but not as frequently as the 
above species are Mudfish, Heterobranchus, Ophiocephalus, Aeroplane fish and Mormyrus. These species 
were reared by less than 25.0% of the sample farms. The reasons given for preference for the most popularly 
cultured species include (1) ease of procurement and high rates of survival of the seeds (2) easy culturing (3) 
fast growth and reproductive rates when supplementary feeding is practised (4) high yield and (5) high demand 
and price in the study area. In the mangrove farms, however, the commonest fish species reared in order of 
frequency are Alestes (78.13%), Tilapia (60.75%), Gymnarchus (56.25%) and Heterotis (46.88%). Other fish 
species were Catfish, Aeroplane fish and Ophiocephalus. Only about 30.0% of the sample mangrove farms 
reared these fish species.  
 
Cost Component Analysis for Fish Farms  
 In both farm situations, the single most expensive item of variable cost was fish feeds. It accounted for 
51.43% of variable cost in upland farms and 57.79% in the mangrove farms. This difference is probably owing 
to the astuteness of the upland farmers who form small groups of 5-10, pool their money together and buy fish 
feeds directly from feed milling companies whereas most mangrove farmers get their feeds from the dealers in 
the headquarters of their LGAs. Travelling long distances to the headquarters of their LGAs lead to increased 

 5



transportation cost. Added together, seed stocks and fish feeds accounted for 68.73% and 69.67% of variable 
cost in the upland and mangrove farms respectively. This high proportion of seed stocks and fish feeds as 
items of variable expenses is in accordance with the findings by Zadek (1984), Inoni, (1992) and Mafimisebi, 
(2003) that cost of feeds and seed stocks accounted for more than 50.0% of total production cost in aquaculture 
(Table 2).  
 
Table 2: Fixed and Variable Cost for a One-Hectare Upland and Mangrove Fish Farms 

Upland Farms Mangrove Farms Fixed Items 
(N) % Composition (N) % Composition 

Land 42,613.63 4.10 15,285.94 1.10 
Pond construction 110,795.45 10.67 111,196.81 8.08 
Farm buildings 47,571.81 4.58 25,762.23 1.86 
Vehicles + boats  124,414.76 11.98 223,730.86 16.18 
Nets  23,309.65 2.25 79,316.89 5.74 
Boreholes + Water pumps 233,931.81 22.53 140,106.93 10.13 
Wheel Barrow + Basins  12,272.69 1.18 14,814.86 1.07 
Generators/Deep freezers/ 
Weighing Scale 

4,569.89 0.04 43,734.44 3.16 

Local hatchery + Fencing 
materials 

4,457.39 0.43 61,356.44 4.44 

Labour (permanent) 434,318.14 41.83 667,125.00 48.24 
Sub-total 1,038,255.20 100.00 1,383,030.40 100.00 
Variable Items 
Fingerlings & Jumpers  726,627.22 17.30 450,731.25 11.88 
Fish feeds 2,160,613.50 51.43 2,192,625.00 57.79 
Fertilizer + Other Chemicals 111,000.00 2.64 205,031.25 5.40 
Transportation + Fuelling 552,818.16 13.16 482,273.43 12.71 
Repairs + Maintenance  385,409.08 9.18 314,859.37 8.30 
Casual labour 264,409.08 6.29 148,781.25 3.92 
Sub-total  4,200,967.70 100.00 3.794,301.30 100.00 

Source: Survey data, 2005. 
Note: At the time of carrying out this study, $1 = N127  
 
 The depreciated average fixed cost, per hectare of upland fish farm was N1,038,225.20 in the five 
years covered by the study. The corresponding value for the mangrove farm was N1,383,030.40. The 
depreciated cost of pond construction and vehicle/boats carried 10.67% and 11.98% respectively in the upland 
farms while the same items accounted for 8.08% and 16.18% respectively in the mangrove farms. The cost of 
pond construction was higher in the mangrove farms because the mangrove species have had to be cleared first 
before pond construction proper begins. Not only that, the problem of pond edge stabilization gulps a lot of 
money compared with upland ponds. This is more so because fish pond construction in the mangrove areas 
involves putting special structures in place to prevent escape of fish into the wild during slight or excessive 
flood. Table 2 also shows that land is cheaper in the mangrove areas. However, the cheap cost of land as an 
item of fixed cost is eroded by the heavy expense on pond construction in the mangrove parts.    
 For the two farms, labour was the single most expensive item of fixed cost. While labour accounted 
for 41.83% of fixed cost in the upland farms, the value for the mangrove farms was 48.24%. Also revealed in 
Table 2 is the fact that seed stocks constituted about 17.00% of variable cost in the upland farms while the 
corresponding value in the mangrove farms was 12.00%. This is attributable to the fact that more upland 
farmers than mangrove farmers procured seed stocks from sophisticated private and public hatcheries. The 
seed stocks bought from such hatcheries were more expensive than the ones bought from local hatcheries. 
 
 
 

 6



Gross Revenue 
 Gross Revenue (GR) is the amount realized from sale of table fish, fingerlings and jumpers. However, 
because revenue from sales of fingerlings and jumpers is negligible, only revenue from table fish production is 
considered in this study. The information on GR from the various fish species cultured is provided in Tables 3 
and 4.  
 
Table 3: Gross Revenue on a One-Hectare Upland Farm 

Fish species Gross Revenue per year N(’000) 
 2000 2001 2002 2003 2004 Total 

2000-2004 
Heterotis  550.695 598.323 597.122 695.331 831.134 3,272.605 
Gymnarchus  491.450 471.254 527.411 568.394 706.833 2,765.341 
Alestes  323.045 214.277 400.121 482.570 546.425 1,966.438 
Tilapia  145.565 139.761 181.080 164.789 169.368    801.291 
Catfish  115.035 129.596 160.974 194.195 216.549    816.349 
Heterobranchus    93.387 104.381 148.665 160.242 203.769    710.444 
Mudfish   31.502   23.528   40.800   51.000   45.000    191.830 
Ophicephalus    83.730   74.195 103.901 117.368 166.884    546.078 
Mormyrus      0.056     0.041     0.072     0.087     0.134       0.390 
Total  1,834.465 1,755.356 2,160.873 2,433.976 2,886.096       11,070.766 

Source: Survey data, 2005. 
 

Table 4: Gross Revenue on a One-Hectare Mangrove Farm  
Gross Revenue per year N(1000) Fish species 

2000 2001 2002 2003 2004 Total 
2000-2004 

Heterotis  385.125 364.380 459.605 486.974 567.293 2,263.377 
Gymnarchus  357.927 328.058 416.132 480.678 503.108 2,085.903 
Alestes  486.429 447.149 523.980 612.386 714.251 2,784.195 
Tilapia  244.679 207.935 278.283 354.660 389.297 1,474.854 
Catfish  194.252 170.006 217.233 253.232 315.899 1,150.622 
Ophiocephalus    93.158  78.570 110.175 128.237 167.813    577.953 
Aeroplane fish      0.876    0.764    1.223    1.779    2.103       6.745 
Total  1,762.446 1,596.862 2,006.631 2,317.946 2,659.764 10,343.649 

  Source: Survey data, 2005. 
While the upland farms made a net revenue of N11,070,766.00 per hectare for the period studied, the 

mangrove farms got N10,343,649.00 per hectare for the same period. Therefore the average net profit per 
hectare per year was N1,166,308.60 and N1,033,263.60 in the upland and mangrove farms respectively. Table 
3 shows that in the upland parts, Heterotis contributed the highest proportion of GR followed by Gymnarchus 
and Alestes while Ophiocephalus, Heterobranchus and Mormyrus together amounted to just about one-fifth of 
GR. It can thus be concluded that Heterotis, Gymnarchus and Alestes were the major commercial species 
cultured in the upland areas. Table 4 shows that Alestes accounted for the highest proportion of GR followed 
by Heterotis, Gymnarchus and Tilapia in that order in the mangrove farms. Catfish, Ophiocephalus and 
Aeroplane fish contributed less than one-fifth of GR. The major commercial species in the mangrove parts 
were Alestes, Heterotis, Gymnarchus and Tilapia  
 For both farms, there was positive net revenue indicating that aquaculture is operating at a profit in the 
two locations. This finding of positive net revenue in the mangrove farms contradicts earlier findings by Inoni 
(1993) and Zadek (1984) that mangrove farms in Delta State, Nigeria and Port Said, Egypt respectively, 
sustained losses during an operational period of between 1987 and 1991. 
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Profitability and Efficiency Ratios  
 The year-by-year results of the budgetary analysis are shown in Table 5. From the values given in the 
table, profitability ratios that enabled us to arrive at a conclusion as to the efficiency of operation of the two 
fish farms, were calculated.  
 
Table 5: Year by Year Budgetary Analysis of a One-Hectare Farm  

 Total Variable Cost (N) Gross Revenue (N) Gross Margin (N) Net Profit (N) 
Year Upland Mangrove Upland Mangrove Upland Mangrove Upland Mangrove 
2000 819975.54 736080.79 1,834461.00 1762446.00 1014485.50 1026365.30 966307.25 880284.30 
2001 696115.05 646507.58 1755356.00 1596862.00 1059241.00 950354.50 924636.20 797580.82 
2002 666097.20 585767.64 2160873.00 2,006631.00 1494775.80 1420863.40 1,138243.30 1002247.00 
2003 923608.37 850278.63 2433976.00 2317946.00 1510367.70 1467667.40 1282100.50 1157738.70 
2004 1095172.10 975665.86 2886096.00 2659764.00 1790923.90 1684098.20 1520255.50 1328465.90 

Source: Authors’ calculations from survey data.  
 
Table 6: Profitability and Efficiency Ratios for a One-Hectare Farm  

 Operating ratios Return on sales Return on assets 
Year Upland Mangrove Upland Mangrove Upland Mangrove 
2000 0.447 0.418 0.527 0.499 1.680 1.434 
2001 0.397 0.405 0.527 0.499 1.754 1.327 
2002 0.308 0.292 0.527 0.499 2.475 1.985 
2003 0.379 0.367 0.527 0.499 2.501 2.050 
2004 0.379 0.367 0.527 0.499 2.965 2.352 

Average 0.382 0.370 0.527 0.499 2.275 1.830 
     Source: Authors’ calculations from survey data.   
 
 The data presented in Table 6 shows the profitability ratios by year of the two sets of farms. A 
decrease in OR over time is an indication of a good and efficient business. A decline in OR in the study 
indicates either increasing TR or decreasing TVC. For the upland farms, OR was 0.447 in 2000 but assumed a 
decreasing trend to 0.397 and 0.308 in 2001 and 2002. The value took an upward turn to 0.379 which was 
maintained in 2004. The same pattern was observed in the mangrove farms. OR fell from 0.418 in 2000 to 
0.405 and 0.292 in 2001 and 2002 respectively but picked up to 0.367 in 2003 which remained same in 2004. 
For the period studied, average OR was 0.382 in the upland farms and 0.370 in the mangrove farms. Judging 
by these ratios, the mangrove farms seemed to promise a better efficiency in future years as OR was falling 
faster than in the upland farms. The increase in OR in years 2003 and 2004 on both farms is clearly not a 
desirable situation. The farmers must do all that is possible to achieve a consistently decreasing OR. This can 
be achieved by a more efficient use of farm resources. For example, fish should not be fed beyond a stipulated 
market weight as the rate of growth slows down compared with the quantity of feeds consumed. Also, farmers 
should explore avenues for wider market outlets so that mature fish can be promptly disposed off. This 
scenario will lead either to a decreasing TVC or an increase in TR which will depress OR. 
 An increasing return on sales over time indicates a stable, profitable and efficient business. Return on 
sales was constant in the period studied on both farms. It was 0.527 for the upland farms and 0.499 for the 
mangrove farms. Fish farmers in both farm locations need to take steps to ensure an increasing return on sales.  
 The indication that assets are being more increasingly utilized is increasing returns on assets. On the 
upland farms, there was an increasing trend of returns to assets from 2000 to 2003 but there was a fall in the 
value in 2004. On the mangrove farms, the trend in returns on assets was towards an increase except in years 
2001 and 2004 in which the figures fell below the year preceding them. 
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Combined Cash Flow and Sensitivity Analysis 
 Some assumptions were necessary in carrying out this analysis. These assumptions are as follows: 

(1) The average bank lending rate to agriculture in the thirteen (13) years covered by the analysis is 
25.0%. 

(2) A risk-discounted factor of 5.0% is added to the bank lending rate meaning that a discount factor (DF) 
of 30% is used. 

(3) There is a 20.0% and 10.0% projected annual increase in variable cost and unit price of fish between 
2004 and 2012. This is in accordance with the farm management maxim which says it is better to be 
optimistic about cost rise and pessimistic about revenue increase in the estimation of future 
profitability of a business (Adesimi, 1985). 

 The result of the combined cash flow and sensitivity analysis for the upland and mangrove farms are 
shown in Tables 7 and 8 respectively. The results indicate that aquaculture is profitable at both locations at the 
assumed bank lending rate in spite of prices of key production inputs rising faster than output price. For the 
upland farms, the NPV stood at N1,382,6790.00, the B/C was 1.28 and IRR was 48.55%. The corresponding 
values for the mangrove farms were N1,317,731.20, 1.29 and 48.51%. Thus, the results are comparable and do 
not show any considerable difference in yield performance between the two types of farms. While at the 
assumed bank lending rate, the upland farms would return N23.55 for every N100 invested, the farms located 
in the mangrove areas will return N23.51. 
 
Constraints to Upland and Mangrove Fish Farming 
 Fish farmers in the two farm locations were asked to rank the constraints identified in their business. 
The problems encountered by the mangrove farmers in rank order were (1) financial constraints; (2) high and 
rising cost of feeds; (3) flooding which leads to total loss of investment whenever it happens as fish escape into 
the wild. Numerous studies have named potentially negative effects of escaped farmed fish on wild 
populations (Naylor et al, 2000); (4) silting up of ponds which result in massive death of cultured fish; (5) 
pests which include snakes, water-dogs and piscivorous birds; (6) attack by capture fishermen during sourcing 
of fish seeds from wild; (7) water pollution and (8) inadequate access to extension services. Only about 30% of 
mangrove farmers had had a contact with extension agents since commencement of business.   
 The problems commonly encountered by farmers in the upland areas were (1) financial constraints 
occasioned by high running costs; (2) drying up of ponds owing to seepage of water through dykes; (3) 
massive loss of fish owing to polluted or high-temperature water; (4) scarcity of high quality seed stocks and 
(5) problems of theft which can lead to over-night harvesting of fish ponds with marketable fish if security is 
not beefed up around those ponds. These are the problems that must have solutions proffered to them for the 
operation of these farmers to be enhanced. 
 
SUMMARY, RECOMMENDATIONS AND CONCLUSION 
 
Summary 
 The study made attempt to explore the operational characteristics of upland and mangrove farms, 
estimate the profitability of investment in the two locations and determine the production variables to which 
profitability is more sensitive. The study also examined the constraints to fish farming in the two locations. 
 Empirical results show that mangrove farms are about four times bigger in size than the upland farms. 
Monoculture method was prevalent among mangrove farmers while the upland farmers mostly practised 
polyculture. The commercial species reared in the study area were Tilapia, Alestes, Heterotis and Gymnarchus 
while Ophiocephalus, Catfish, Heterobranchus and Mormyrus were the minor commercial species. The 
depreciated fixed cost in the upland farms was lower than that of the mangrove farms. However, the level of 
variable cost in the upland farms was greater than that of the mangrove farms. In both farms, the cost of labour 
was the single most expensive item of variable cost. G.R per hectare was comparable in the two farm situations 
but slightly higher in the upland farms. Profitability ratios which indicate efficiency did not show any 
considerable difference in the yield of investment from the two farm locations. The result from the combined 
cash flow and sensitivity analysis shows that investment in aquaculture is profitable at both farm locations. All 
performance indicators show that profitability is not different between farms in the two locations to justify the 
avid preference for the upland locations in the siting of fish farms in the coastal areas of Southwest, Nigeria. 
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Recommendations 
The magnitude of cost involved in establishing and managing a fish farm is clearly beyond that 

affordable by a peasant farmer. Investible funds should be made available to prospective investors wishing to 
site their farms in the mangrove areas at affordable interest rate. The study has shown that fish farmers can 
repay loans advanced to them conveniently if given a moratorium of two years. 
 There is also the need to encourage investors in hatcheries to produce fish seeds for use by fish 
farmers especially in the mangrove areas where majority of the farmers depend on the wild for their fish seeds. 
Once the government has succeeded in attracting investors in hatcheries to the mangrove areas, a campaign 
against the use of fish seeds from the wild in the study area should be launched. As soon as the hatcheries can 
produce enough seed stocks to satisfy all identified fish farmers, the practice of procuring fish seeds from the 
wild should be banned. This is a matter of priority if yield from aquaculture is to be increased and natural 
fisheries resources conserved. Finally, since the level of capital investment for establishing fish farms is very 
high, the government can subsidize cost of fish feeds for new investors in the mangrove areas only in the first 
year of operation. This may serve to attract investors into the area so that the vast mangrove land can be put to 
productive use. There is also the need to step-up extension visits to fish farmers. 
 It is also recommended that farmers in the mangrove areas take policy with the Nigerian Agricultural 
Insurance Company so that they can be indemnified if there is loss of investment from fish escapes during 
periods of excessive flood.  

 
 
Conclusion 
 All performance indicators show that profitability is not different between farms in the two locations 
to justify the bias against the mangrove areas in the siting of fish farms in the coastal areas of Southwest, 
Nigeria. Solving some of the identified problems of fish farmers in both locations is a step towards cheap and 
affordable animal protein production especially in the vast mangrove areas with its hydrographic 
characteristics. 
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Table 7: Cash Flow and Sensitivity Analysis for a One-Hectare Upland Farm (2000-2012) 
    Year Cost Revenue Incremental

Benefit 
DF 

30% 
NPV 
30% 

DF 
50% 

NPV 
50% 

Discounted  
Cost 

Discounted 
Revenue 

1999         2765321.17 - -2765321.17 0.769 -2126532.00 0.667 -1844469.10 2126532.30 - 
2000          819975.54 1834461.00 1014485.50 0.592 600575.41 0.444 450431.56 485425.51 1086000.90
2001          696115.05 1755356.00 1059241.00 0.445 471362.24 0.296 313535.33 309771.19 781133.42
2002          666097.20 2160873.00 1494775.80 0.350 523171.53 0.198 295965.60 233134.02 756305.55
2003          923608.37 2433976.00 1510367.70 0.269 406288.91 0.132 199368.53 248450.65 654739.54
2004          1095172.10 2886096.00 1790923.90 0.207 370721.24 0.088 157601.30 226700.62 597421.87
2005          1314206.50 3174675.90 1860469.40 0.159 295814.63 0.059 109767.69 208958.83 504773.46
2006          1577047.80 3492143.40 1915095.60 0.123 235556.75 0.039 74688.73 193976.87 429533.63
2007          1892457.30 3841357.70 1948900.40 0.094 183196.63 0.026 50671.41 177890.98 361087.62
2008          2270948.70 4225493.40 1954544.70 0.073 142681.76 0.017 3322726 165799.25 308461.01
2009          2725138.40 4648042.70 1922904.30 0.056 107682.64 0.012 23074.85 152607.75 260290.39
2010          3270166.00 5112846.90 1842680.90 0.043 79235.28 0.008 14741.45 140617.13 219852.41
2011          3924199.20 5624131.50 1699932.30 0.033 56097.76 0.005 8499.66 129498.57 185596.33
2012          4709039.00 6186544.60 1477505.60 0.025 36937.64 0.003 4432.52 117725.97 154663.61

     N1,382,790.00     -108,463.7 4917089.00 6,299,895.3
Source: Authors’ calculation from field data and projected figures  
Notes: (1) 1999 is the investment year (year zero), so there is no revenue  
  (2) Costs and Revenues for 2000-2004 are actual flows recorded by the fish farm 

 (3) Cost and revenues for 2005 – 2012 are projected figures  
                  NPV at 30% = N1,382,790.00         IRR = 48.55%  B/C = 1.28 

 
Table 8: Cash Flow and Sensitivity Analysis for a One-Hectare Mangrove Farm (2000-2012) 

    Year Cost Revenue Incremental
Benefit 

DF 
30% 

NPV 
30% 

DF 
50% 

NPV 
50% 

Discounted  
Cost 

Discounted 
Revenue 

1999         2,654164.00 - -2654164.00 0.769 -2041052.10 0.667 -1170327.30 2041052.10 - 
2000          736080.79 1762446.00 1026365.30 0.592 607608.25 0.444 455706.19 435759.82 1043368.00
2001          646507.58 1596862.00 950354.50 0.445 422907.75 0.296 281304.93 287695.87 710603.59
2002          585767.64 2006631.00 1420863.40 0.350 497302.19 0.198 281330.95 205018.67 702320.85
2003          850278.63 2317946.00 1467667.40 0.269 394802.53 0.132 193732.09 228724.95 623527.47
2004          975665.87 2659764.00 1684098.20 0.207 348608.32 0.088 148200.64 201962.83 550571.14
2005          1170799.00 2925740.41 1754941.40 0.159 279035.68 0.059 103541.54 186157.04 465192.72
2006          1404958.80 3218314.40 1813355.60 0.123 223042.73 0.039 70720.87 172809.93 395852.67
2007          1685950.50 3540145.80 1854195.30 0.094 174294.35 0.026 48209.08 158479.34 332773.70
2008          2.023140.60 3894160.30 1871019.70 0.073 136584.43 0.017 31807.33 147689.26 284273.70
2009          2427768.70 3894160.30 1855807.60 0.056 103925.22 0.012 22269.69 135955.04 239880.27
2010          2913322.40 4283576.30 1798611.50 0.043 77340.29 0.008 14388.89 125272.86 202613.15
2011          3495986.80 4711933.90 1687140.40 0.033 55675.63 0.005 8435.70 115367.56 171043.19
2012          4195184.10 5183127.20 1506255.80 0.025 37656.40 0.003 4518.77 104879.60 142535.99

          1,317,731.20 -106,161.30 4,546,824.30 5,864,555.80

 
Source: Authors’ calculation from field data and projected figures  
Note:     NPV at 30% = N1,317,731.00 IRR = 48.51%  B/C = 1.29 24.
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