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In Malawi, fish is regarded as a cheapest source of animal proteins and other macronutrients. Recent 
epizootic ulcerative syndrome (EUS) outbreaks reported in countries sharing Chobe-Zambezi river 
system like Zambia, Democratic Republic of Congo, Botswana, Namibia, Zimbabwe and Republic of 
South Africa, have posed a major threat to fish production. Malawi’s biggest and important Shire River 
connects to Zambezi River and there is sharing of waters with Zambia during floods in some areas in 
north western Malawi. Active surveillance in Malawi was, therefore, conducted in four high risk areas to 
establish the presence or absence of EUS. Fish were inspected for EUS-like lesions by a trained 
surveillance team. No fish was found with EUS-like lesions. However, one Barbus paludinosus from 
Vwaza Marsh had a reddish and swollen caudal peduncle which after doing laboratory tissue squash 
did not show any evidence of fungal hyphae to suspect EUS but numerous inflammatory cells were 
seen. 
 

Key words: Barbus paludinosus, marsh, EUS, Aphanomyces invadans, sampling sites. 
 
 

INTRODUCTION 
 

EUS is a seasonal epizootic condition caused by a fungal 
pathogen called Aphanomyces invadans listed in OIE 
(Office International des Epizooties) Aquatic Code as a 
notifiable pathogen (Yadav et al., 2014; Huchzermeyer et 
al., 2017). A. invadans is detected by doing histological 
analysis of infected fish samples to demonstrate 
presence of mycotic granulomas (Iberahim et al., 2018; 
Kar, 2016; OIE, 2018). Diagnosis of EUS and 
understanding its epizootiology is very important to 
attempt prevention or control (OIE, 2018). Recent 
outbreaks of emerging trans-boundary aquatic animal 
diseases notably EUS infection in the Zambezi river basin 

have posed potential threat to fish production from 
capture fisheries and aquaculture thereby affecting those 
that rely on fishing for income (Nsonga et al., 2013, 
Walakira, 2017; Huchzermeyer et al., 2017). In addition, 
EUS outbreaks threaten food security for subsistence 
fishers, fish farmers and subsequently people’s physical 
health, as fish is an important source of animal protein 
(Iberahim et al., 2018; Afzali et al., 2015). In case of an 
outbreak in Malawi, EUS will reduce the contribution of 
fish production to the economic growth even further and 
this will affect the majority of people’s livelihoods (Murphy 
et al., 2013; Kar, 2016). The fisheries  sector  significantly  
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Figure 1. EUS sampling sites. 

 
 
 
contributes to economic growth of Malawi as it adds 4% 
to the Gross Domestic Product (GDP). The incursion of 
EUS in Malawi will further add to the existing challenges 
of HIV/AIDS, Malaria, Tuberculosis, Cholera, Newcastle 
Disease, Foot and Mouth Disease that have already put a 
strain on the country’s social, health, and economic 
systems (GOM, 2016a; GOM, 2016b). 
 
 
MATERIALS AND METHODS 
 
Study area 
 
The study was carried out in Vwaza marsh (11°8'7.908''S, 33° 
38'57.084''E) in the northern region and in the southern region at 
Ndindi marsh (17° 5' 30.912'' S, 35° 14' 6.504'' E), Elephant marsh 
(16°31'45.012''S, 35°5'32.784''E) as well as Lower Shire River 
(16°34'50.628''S, 35°7'46.668''E) shown in Figure 1. Sampling site 
visited at Vwaza marsh was about 618.24 km away from Elephant 
marsh. The distance between the sites sampled at Elephant marsh 
and Shire River was 6.99 km whereas Ndindi marsh and Shire 
River was 57.41 km apart. 
 
 
Fish sampling 

 
A purposive sampling was used where the selection parameter was 

 
 
 
 
fish manifesting EUS-like lesions (Cameron, 2002; Ilker et al., 
2016). A total of 1320 fish were investigated during the surveillance 
period, 330 in each sampling site. 
 
 
Sample collection, preparation and processing 
 
The fish were mainly caught using a multifilament seine net 
measuring 80 m long, 3 m deep with a mesh size of 12 mm. Other 
samples were purchased from fishers upon landing. Each sampled 
fish was given a code, identified using a fish guide as described by 
Skelton (2001), measured (total length and body weight), sexed, 
inspected for EUS-like lesions and recorded on a data sheet. At the 
Central Veterinary Laboratory, the preserved fish sample was 
processed and analyzed using direct detection method as 
described by OIE (2018). To detect A. invadans in the sample, the 
affected area of the fish was removed using a sharp scalpel blade 
number 11 with an overall length of 140 mm and then muscular 
tissue was cut at the edge of the affected area. The cut out tissue 
was then placed on a cutting board to partition into thin slices. The 
sliced tissue was placed between two glass slides of 1mm thick and 
compressed with minimum energy using fingers. One of the glass 
slides was removed and replaced with a cover slip to cover the 
tissue. This was viewed under a light microscope to find the non-
septate hyphae structure of A. invadans (12 to 25 µm in diameter). 
Water samples were collected using a plastic van dorn sampler of 
model Kahlsico Calif USA 92022 No. 135 three times to minimize 
sampling errors and poured in clean 150 ml plastic bottles to 
measure water temperature and pH using HACH portable meter 
model HQ40d. Equipment blank samples of deionized water 
certified to be free of organic and inorganic compounds were 
passed through the water sampling equipment to verify initial 
cleanliness.  
 
 
Data analysis 
 
The data were analyzed using Microsoft Excel 2016 where mean 
water temperature and pH values were compared by ANOVA at 5% 
significance level. Post-hoc t-test was used to confirm where 
significant differences occurred between the groups. Simple 
binomial analysis method available in EpiTools for epidemiology 
and research was applied to demonstrate population freedom from 
disease in a larger population. 

 
 
Quality assurance 
 

As recommended by Cameron (2002), EUS Surveillance was 
conducted by a well-trained sampling team where clear standard 
operating procedures were applied. To prevent cross-contamination, 
fishing gear used in one sampling site was not used again in 
another. Mock sampling was conducted to test the methodology 
and validate sampling equipment in order to enhance credibility and 
reliability of results. 
 
 

RESULTS 
 

The fish species inspected were: Barbus paludinosus, 
Oreochromis mossambicus, Clarias gariepinus, Clarias 
ngamesis, Protopterus annectensbrieni, Eutrophius 
depressirostris, Oreochromis shiranus, Tilapia rendalli, 
Labeo altivelis, Gnathonemus macrolepidotus, 

Marcusenius discorhynchus and Astototilapia calliptera.  
However,   all  the  fish  species   are   reported   to   be 

 



 
 
 
 

 
 
Figure 2. Composition of fish species inspected.  

 
 
 

 
 

Figure 3. Suspected EUS infected B. paludinosus 
caught at Vwaza Marsh. 

 
 
 
susceptible to EUS (McHugh et al., 2014; OIE, 2018). 
Fish samples were dominated by O. mossambicus (35%) 
followed by B. paludinosus (22%) and C. ngamesis 
(13%). The rest of the samples contributed less than 8% 
(Figure 2). In all the four sampling sites 0% of fish were 
found with mycotic granulomas suggestive of EUS. The 
chance of the population having  EUS-diseased  fish  was 

Kaphuka et al.             3 
  
 
 
smaller (probability of not having disease = 1) at 95% 
confidence level. One fish sample of B. paludinosus 
collected at Vwaza Marsh had reddish and swollen 
caudle peduncle (Figure 3). Appearance of the waters in 
all the sampling sites was turbid. 
 
 
DISCUSSION 
 
This study established that no fish was found to be 
infected with A. invadans. Muscle tissue squash 
laboratory procedure carried out on B. paludinosus 
revealed that the fish had a traumatic lesion as evidenced 
by the presence of inflammatory cells and this did not 
demonstrate presence of fungal hyphae or granulomas 
suggestive of EUS (McHugh et al., 2014; Paladini et al. 
2017). Turbidity of the waters in all the four sampling 
sites was due to frequent mixing of bottom mud with 
water. At Vwaza marsh water turbidity was caused by 
constant movements of hippopotamuses as this sampling 
site is one of their habitat for cooling off. At Shire River, 
Elephant and Ndindi marshes the turbidity was due to 
winter cropping and active fishing. Communities clear 
bushy areas along the shores to create gardens to grow 
crops due to the presence of fertile alluvial soils. Also, 
frequent canoeing by fishers and or farmers going to 
various maize gardens while using long paddling sticks 
reaching the bottom sediments contributed a lot to the 
turbidity. EUS usually occurs when water temperatures 
are low between 18°C and 25°C (OIE, 2015; Gomo et al., 
2016; FAO, 2017) and the Current study recorded a 
temperature range of 22.8°C to 28.5°C (Table 1). This 
shows that fish population in Ndindi marsh and Shire 
River was prone to the risk of EUS infection with 
Elephant marsh slightly within the normal range of fungal 
sporulation. Water temperature recorded at Vwaza marsh 
was higher rendering A. invadans substantially inactive 
(Huchzermeyer et al., 2017). Mean values of water 
temperature showed no significant differences between 
Ndindi and Shire River (p=0.78). 

In terms of pH, the mean values were significantly 
different (p<0.05) with a mean value of 7.86±0.059. This 
pH value does not agree to the findings reported by 
Thapa and Pal (2015), and OIE (2018) who stated that 
EUS outbreaks occur in acidic waters because the 
fungus is able to grow and multiply. Despite the fact that 
water from EUS-infected Zambezi River mixes with those 
from Malawi’s Shire River and that there is continual 
downstream and upstream movement of fish, 
combination of water temperature and pH in the sampling 
sites could not initiate sporulation of A. invadans to 
influence severity of EUS lesions. 
 
 

Conclusion 
 

Malawi has never reported cases of EUS infection and 
this study has been the first  of  its   kind.  Based  on   the 
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Table 1. Water temperature and pH recorded at the sampling sites. 
 

Sampling site Water temperature (°C) pH 

Vwaza Marsh 28.3±0.296
a
 8.11±0.006

a
 

Ndindi Marsh 22.9±0.272
b
 7.82±0.027

b
 

Shire River 22.8±0.202
b
 7.96±0.003

c
 

Elephant Marsh 25.1±0.458
c
 7.58±0.032

d
 

 

*Values with similar subscripts along a column are not significantly different (p>0.05). 

 
 
 
findings of this active surveillance, there is no evidence of 
EUS presence in Malawi. Previous studies reported by 
Nsonga et al (2013), McHugh et al (2014), Huchzermeyer 
et al (2017) and FAO (2017) have already demonstrated 
that a combination of environmental factors such as low 
water temperature and pH compromise normal fish skin 
defences. This enables A. invadans to attach to the skin 
and invade underlying tissues. Therefore, more studies 
are required targeting clustering period when the water 
pH and temperature are most suitable for A. invadans 
sporulation in order to conclude that Malawi is free from 
EUS and that proper measures and strategies can be put 
in place to prevent introduction of the disease from other 
infected areas through various risk factors. 
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The current and anticipated demographic changes worldwide are expected to increase fish and other 
animal protein consumption. Capture fisheries alone cannot meet these requirements. Aquaculture 
offers a way out if it can further be developed. However, in most developing countries, aquaculture is 
still in its infancy and the evidence on the industry is quite thin. We assess the profitability of small-
scale aquaculture production in Zambia using primary data collected through a structured 
questionnaire that was supplemented with focus group discussions with individual fish farmers. The 
analysis combined descriptive statistics, enterprise budgets, and financial analysis tools. The 
profitability of the aquaculture venture was determined using the indicators of investment returns 
including, net present value (NPV), internal rate of return (IRR) and benefit-cost ratio (BCR). The results 
from the profitability analysis show positive net revenue, NPV and IRR. The Benefit-Cost Ratio is also 
greater than one, implying that investment in aquaculture production is a profitable and viable business 
venture for small-scale farmers. The results reveal that over the useful life of the ponds, which is 
assumed to be 10 years, the estimated NPV is 17,524.13 ZMW and the IRR is 42.38%, measured at the 
discount rate of 15%. The positive NPV implies that the aquaculture enterprise is feasible and profitable. 
 
Key words: Aquaculture, profitability, Zambia 

 
 
INTRODUCTION 
 
Rapid urbanization, a growing population coupled with 
sustained income growth has led to changes in the 
consumption patterns in most developing countries 
(Chisanga and Zulu-Mbata, 2018). The budget shares of 
starchy staples have declined, while that of animal 
protein is on the rise. FAO (2014) estimated that the 
global population intake of animal protein is at 17%, and 
in some countries, it exceeds this and is expected to 
increase further by 50% (Ncube et al., 2016). Focusing 
on fish, which is  a  frequently  consumed  protein  source 

(Thirsted et al., 2014), it is noted that the trends could 
contribute to increased agricultural income growth. 
Aquaculture offers promise for increased fish production 
in view of the challenges around capture fisheries (that 
is, dwindling stocks) (FAO, 2006, 2010, 2014). Yet, most 
aquaculture industries in the developing world remain in 
their infancy and Zambia is no different. 

Fish supply in Zambia is largely dependent on capture 
fishery, which contributes nearly 70% of the country’s 
total   production.   However,   fish   catches   have  been   
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Figure 1. Annual fish production from capture and aquaculture. 
Source: Department of Fisheries (2018). 

 
 
 
declining in all the water bodies in the country and yet 
demand for fish has been increasing due to increased 
human population. Further, in Zambia, fish and fish 
products account for more than 20% of animal protein 
intake and provide essential micronutrients to the majority 
of the population (Musumali et al., 2009). It is also 
estimated that the fisheries sector contribute about 0.4% 
to the GDP (CSO, 2010). This relatively small 
contribution at the macro level often masks the significant 
contributions of fish production in the rural economy and 
the nutrition security of the Zambian population. The 
sector provides income for 1,000,000 people who earn 
their income directly as fishers or fish farmers or 
indirectly as traders, processors and other service 
providers along the value chain (Musumali et al., 2009). 

In the last five years, aquaculture has once again 
taken centre stage in the country’s development agenda 
and is recognized as a means to promote youth 
employment, improve rural smallholder household income 
and food security, and reduce the high levels of 
malnutrition in Zambia. This is evidenced by the 
tremendous positive trajectory of aquaculture production 
from 12,988 Mt in 2012 to 32,888 Mt in 2017 (DOF, 
2018). To a large extent, promotion of aquaculture has 
yielded positive results such that Zambia is now ranked 
the sixth largest producer of farmed fish in Africa 
(Genschick et al., 2017). However, the current fish 
consumption per capita in Zambia is still low compared to 
the global consumption (10.3 kg per capita compared to 
19.2 kg per capita). At the current consumption and 
production levels, there is a deficit of 35,000  Mt,  which  is 

often met through the importation of fish from various 
countries. Zambia’s fish imports have since increased 
from 25 to 35% over the years (DOF, 2017). While the 
policies have successfully promoted large-scale 
investments which now contributes nearly 80% of the 
country’s total aquaculture fish supply, small-scale 
sector production remains low (Kaminski et al., 2017). It is 
estimated that the small-scale farmers engaged in fish 
farming in Zambia contribute only 11% to total farmed fish 
supply (DOF, 2017). 

Figure 1 shows the annual fish production from 
aquaculture and capture; though the trend shows an 
increase in the quantity produced, aquaculture 
production in Zambia is still in its infancy stage, hence the 
need for increased efforts in fish farming. Further, the 
Department of Fisheries (DOF) attributes the increase in 
aquaculture production to a rise in the number of small- 
to medium-scale fish farmers (ponds and cage fish 
farmers) (DOF, 2018). 

The growth of the small-scale aquaculture sector is 
however affected by several challenges and remains 
largely supported by national and international 
development programmes (Genschick et al., 2018). 
Further, despite the well-known benefits of fish farming, 
there are no empirical studies that have been conducted 
in Zambia to evaluate the profitability of aquaculture 
production, especially for the small-scale fish farmers. An 
understanding of the returns to investment could 
contribute towards increased fish production from 
aquaculture and incomes for producers. 

The  overall  objective  of  the  study  was  to assess the  
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Figure 2. Map of Zambia showing all the districts. Highlighted districts are the areas covered in this study. 

 
 
 
profitability of small-scale aquaculture production in 
Zambia. To achieve this objective, the study addressed 
the following research questions: 
 
i) What is total investment cost in aquaculture production 
at a small-scale level? 
ii) What is the profitability of small-scale aquaculture 
investment in Zambia? 
iii) What are some of the constraints faced by aquaculture 
fish farmer? 
 
 
DATA AND METHODS 
 
This study utilized both primary and secondary data sources. The 
primary data was collected using quantitative and qualitative data 
collection methods. A quantitative survey instrument was designed 
and administered to small-scale fish farmers in seven districts. The 
districts included Chongwe and Kafue from Lusaka province, Mkushi 
and Kabwe in Central province, Kitwe, Kalulushi and Masaiti in the 
Copperbelt province. These districts were purposively selected 
because of the relatively high number of farmers involved in 
aquaculture using fish ponds. Typically, this is in the urban 
hinterlands, cage aquaculture dominates elsewhere (DOF, 
2017). The individual households sampled were randomly 
selected from the farmer’s registers in the various districts. A total 
of 100 households were selected and interviewed for this study. 

Further, for qualitative data, focus group discussions were conducted 
in these districts and each focus group discussion (FGDs) 
consisted of six participants, of which 58% were male. This was 
done in the respective local languages in the districts. 

The information collected from the household survey included 
socio-economic characteristics of the farmers, type and sizes of 
ponds, production cycles, costs of constructing the ponds, the 
cost of feed and fingerlings, and other operational costs. This 
information helped to determine the initial cost of investing in 
aquaculture production at a small- scale level. In the qualitative 
interview, the questions sought to gain insights into local aquaculture 
production including constraints and success factors. Though our 
sample size is not statistically representative of all the small-scale 
fish farmers in Zambia, it does give an indication of the profitability 
of fish farming in Zambia among the small-scale farmers; and hence 
can be used to guide farmers and other individuals who would like to 
venture into fish farming business. 

Figure 2 shows the map of Zambia in Southern Africa with all its 
districts. The highlighted districts are the areas where data for this 
study was collected for both qualitative and quantitative data. 
Secondary data on the other hand, was collected from the 
Department of Fisheries and other literatures cited. 

 
 
NPV and IRR calculation 
 

In the literature reviewed, the most commonly used methods in 
estimating the profitability of an investment include the net present 
value (NPV) and internal rate of return (IRR). IRR is also referred to  



 
 
 
 
as the discount rate that causes the net present value of future 
cash flows from the investment to equal zero. Correia da Silva et al. 
(2003) argued that IRR and NPV are conceptually the correct 
methods for measuring profitability. This is because they consider 
the cash inflows and outflows of a business activity. These 
measures apply discounting to the cash flows and incorporate the 
economic concept of the time value of money. Profitability was 
analyzed using Excel financial analysis tools. The profitability 
model is another approach to estimating NPV and IRR identified in 
the literature (Okechi, 2004; Salia and Jensson, 2008; Jensson, 
2006). For this study, the Microsoft Excel approach was used to 
estimate NPV and IRR. 

To determine the NPV and IRR of a small-scale aquaculture 
investment, the following assumptions were made for this study and 
these are adopted from various literature of similar analysis. 
 

1) One homestead earthen pond to be constructed (500 m
2
) 

2) Fish survival rate of 90% for a complete cycle 
3) Harvest size of fish 200 g 
4) Stocking rate 5 fish/m

2 

5) Production period 6 months (one cycle) 
6) Price of fish K23/kg 
7) Initial financing of investment 
i) Commercial loan 70% of total investment cost  
ii) Working capital 30% of the total investment cost  
iii) Loan repayment period 4 years 
iv) Bank interest rate 12.5% 
8) Depreciation of the ponds estimated using the straight-line 
method. 
9) Salvage value of the pond taken to be zero. 
10) Expected lifespan of the homestead earthen ponds taken to be 
10 years. 
11) Cost of fingerlings used average price as reported by the 
farmers. 
12) Cost of constructing the ponds used average price as reported 
by the farmer (Appendix). 
13) Constant annual production and cash flow assumed an 
estimated period 10 years. 

 
Given the above assumptions, the equations for estimating NPV and 
IRR below follows Correia da Silva et al. (2003). 

 

    ∑
   

      
 
                                                                                (1)                

 

Where 
CFt = Cash flow in year t  
i = Discounting factor 
 

IRR is derived by extrapolating two net present values that have 
been calculated using two random discount rates (DR) as shown 
in the equation below. 

 
                                        

 (
               

                                    
)           

 

In addition to estimating NPV and IRR, the study also estimated 
Benefit Cost Ratio (BCR), which measures the viability of a business 
venture. BCR is estimated as shown in Equation 3. 

 

    
∑

  

      
 
   

∑
  

      
 
   

 
                   

                
                                                    

 
Further, when estimating the cash flows for an investment, there ar 
fixed costs associated with the long-term operation of the fish 
farming business such as depreciation of the ponds. In this study,  
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depreciation was estimated using a straight-line method that 
involves allocation of an even rate of depreciation every year over 
the useful life of an asset. The formula for straight-line depreciation 
is given as: 
 

                  

 (
                                          

                    
)                                       

 

Where asset cost represents the cost of constructing the pond, 
salvage value is the value of a fixed asset posts the useful life, 
and in this study, we assume the salvage value of the pond is 
zero. Useful life, on the other hand, is the period over which the 
fixed asset is considered to be productive and in this study, the 
expected useful life is 10 years. 
 
 

Gross margin analysis 
 

The study estimated the expected gross margins from the 
aquaculture business venture. Gross margin analysis has been 
used frequently in studies to determine the profitability of 
aquaculture production enterprise (Hyuha et al., 2011; Issa et al., 
2014; Akegbejo-Samsons and Adeoye, 2012). 

Using the primary data collected, enterprise budgets for each 
pond category based on the size were created. The enterprise 
budgets provide estimates of specific inputs and outflows 
associated with aquaculture production system. The estimated 
margins are based on an already established fish farming business. 
The estimated gross margins take the form; 
 

                                                              

 
 
RESULTS AND DISCUSSION 
 

Social-economic characteristics of fish farmers 
 

The results are presented in three parts. The first part 
highlights the descriptive characteristics of the farmers 
interviewed and the second part measures the profitability 
of aquaculture farming by addressing the first and second 
research questions. The third part, which is mostly from 
the qualitative data, indicates the major constraints faced 
by small-scale farmers in fish farming. These factors 
affect the profitability of fish farming among this group of 
farmers. 
 
 
Individual characteristics 
 
The individual characteristics evaluated include age, 
gender, and education level of the fish farmers. Results in 
 Table 1 show that the average age and education level 
of the fish farmers is 53 years old and 12 years of formal 
education respectively and these results are similar in 
the three provinces. Similar findings were reported for 
the aquaculture baseline study that the average age of 
the fish farmers in Copperbelt and North-western 
Province was 52 years and the study also indicated that 
most of the fish farmers had attained senior secondary 
school education (Mwango et al., 2016). The implication 
of this finding is that the majority of  the  people  engaged 
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Table 1. Characteristics of aquaculture fish farmers. 
 

Variable Mean Copperbelt province Central province Lusaka province 

Number of Observations 100 56 24 20 

Age of farmer (year) 53 53 54 51 

Education level (year) 12 11 13 13 

Gender of farmer (Male=1) (%) 92 89 100 89 

Household Size (number) 5 6 6 5 

Use of Hired Labour (%) 56 60 46 58 

Value of Assets for Fishing (ZMW
1
) 10,105 7,319 11,238 16,329 

Production Cycle (#Months) 6.18 6.07 6.28 5.9 

Number of Ponds Owned 3 2 3 2 

Quantity of fish produced in cycle (kg) 475 725 359 342 

Income from Fish (ZMW) 17,663.14 21,226.34 10,489.12 15,940.56 

Income from other activities (ZMW) 61,836.73 21,880.54 77,351.74 160,821.10 
 
1
 1 USD = 10 ZMW. 

Source: Authors calculations from IAPRI Aquaculture survey data (2017). 
 
 
 

in fish farming are over the age of 40 years, and this to 
some extent, shows the limited participation of youths in 
fish farming. 

Further, results show that the majority of the fish 
farmers interviewed were male with only a few women in 
all the three provinces. This indicates low participation of 
women in fish farming. Findings from the focus group 
discussions however revealed that most women are 
actively involved in the marketing and processing of fish. 
This is also indicated in low number of women that 
participated in the focus group discussions compared to 
their men counterparts. 
 
 

Economic indicators 
 

There are some key indicators to note from the results 
presented in Table 1 that give general economic 
characteristics of fish farmers. Firstly, the average length 
of the production cycle (from stocking to harvesting) is six 
months for most of the farms surveyed in all the 
provinces. This implies that if a farmer owns only one 
pound, he/she can produce fish twice in a year. 
Secondly, the average quantity produced by the farmers 
is 475 kg per cycle with Copperbelt recording the highest 
(725 kg) while Lusaka had the least average quantity 
produced (342 kg). Thirdly, the income earned from fish 
farming also varied across the three provinces with the 
average of 17,663.14 ZMW Zambian Kwacha and 
Copperbelt recording the highest amount earned. Fourth, 
with regard to labour, on average 56% of the fish farmers 
use hired labour with Copperbelt and Lusaka Province 
recording the highest percentage of fish farmers that use 
hired labour. The results further indicate that fish farmers 
are also actively involved in other economic activities to 
generate additional income. The economic activities 
included crop production, formal wage employment as well 
as other off-farm activities in a year. Comparing the three 

provinces, fish farmers in Lusaka had the highest 
average income earned from other economic activities 
and the results. 

Figure 3 shows the type of aquaculture facilities that 
are used by the fish farmers and results indicate that 
majority of the farmers utilize earthen ponds (85%). 
About 12% of ponds were earthen ponds with dam liners 
and less than 5% were concrete ponds. Similarly, the 
baseline study by Mwango et al. (2016) shows that over 
90% of the farmers utilize earthen ponds compared to 
concrete ponds. On the contrary, the aquaculture studies 
in Nigeria show that a majority of the small-scale fish 
farmers utilize concrete ponds compared to earthen ones 
(Issa et al., 2014; Akegbejo-Samsons and Adeoye, 
2012). The choice of the type of facility to be used by the 
fish farmers is dependent on a number of factors such 
as water availability and soil type, as well as costs 
associated with constructing and maintaining the ponds. 

Further, results in Table 2 show the different sizes of 
ponds that farmers own by the facility type. The result 
indicates that the average size of ponds is about 502 m

2 

and most of the ponds are between 150 and 500 m
2 

followed by those that are less than 150 m
2
. The third 

highest category of pond sizes is between 500 and 700 
m

2 and only 19 out of the 255 ponds were more than 
1000 m

2
. 

 
 

Profitability analysis 
 

Cost of investing in aquaculture farming 
 

In order for a farmer to venture into fish farming business, 
one needs to know the costs associated with starting up 
fish farming and the required capital to invest. The 
investment may include obtaining land, buildings, ponds 
and other start-up costs. In this study, however, we 
assume the farmer already has  land  available at his/her 
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Figure 3. Aquaculture facilities used by farmers 
Source: Authors compilation from IAPRI Aquaculture survey data (2017). 

 
 
 

Table 2. Size of ponds by facility type. 

 

Pond size 
category (m

2
) 

Type of ponds 

All types of ponds Concrete pond Earthen ponds Earthen with plastics Average size 
of ponds (m

2
) Count total 

<150
 

64 2 57 5 109 

150 to 500 85 4 57 24 327 

500 to 700 62 0 60 2 590 

700 to 1000 25 2 23 0 860 

>1000 19 0 19 0 1932 

Total 
255 

8 216 31 502 

 

Source: Authors compilation from IAPRI Aquaculture survey data (2017). 

 
 
 
homestead; hence our study does not include the cost 
of obtaining land. Other studies that have looked at the 
profitability of aquaculture production have included the 
cost of buying land and building other farm structures, 
besides the fish ponds (Okechi, 2004; Salia and 
Jensson, 2008). The initial investment costs for 
constructing a 500 m

2 earthen pond are presented in 
Table 3. The costs include setting up the ponds, cost of 
water pump and pipes, and other fishing equipment. In 
the initial investment cost, we include a 4% contingency. 
Financing of the investment is assumed to be paid by 
equity, which is approximately 30% of the total capital 
and a one-time loan accounting for 70% of the total 
investment costs and other start-up costs. In this study, 
we also assume the repayment period of the loan is four 
years with a one-year grace period in the first year of 
setting up the business and an interest rate of 12.5%. 
The total investment cost and other start-up cost is 
estimated  to  be  24,000  ZMW  ($2,400)  of  which 12,500 

ZMW ($1,250) is for constructing the pond, setting up the 
water supply and other fishing equipment. 
 
 
Is investment in aquaculture profitable? 
 
To answer this research question, we estimated the 
profitability and viability of aquaculture production using net 
present value, the benefit-cost ratio as well as the 
internal rate of return. Based on the data collected for this 
study and other past studies on aquaculture production 
in Zambia (Mwango et al., 2016; Shula and Mofya-
Mukuka, 2015), we made the aforementioned production 
assumptions to estimate the profitability of aquaculture 
production. Appendix A1 shows the projected 10-year 
operational costs and cash inflows. It should be noted 
that the total costs (cash outflow) in the first year include 
the initial investment costs. Further, in estimating the 
operational  costs  we   include  fixed  costs   and   variable  

 

3% 

85% 

12% 

Concrete Pond

Earthen Ponds

Earthen Ponds with Dam Liners
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Table 3. Initial investment costs and financing. 
 

Initial Investment ZMW 

Construction of Pond (500 m
2
) 3,500.00 

Water Pump and Pipes 7,000.00 

All other Fishing Equipment 1,500.00 

Contingencies (4%) 504.00 

Total Investment 12,504.00 

Other start-up costs* 11,894.00 

Total Costs in Year 1 24,398.00 

  

Financing  

Loan Drawn 17,000.00 

Equity 7,400.00 

Total Financing 24,400.00 
 

Source: Authors Calculations using IAPRI aquaculture survey data from 
2017. 
* Refer to Table 6 on the operating costs. 

 
 
 
costs. Fixed costs are associated with the long-term 
operation of the fish farming business such as repayment 
of borrowed money and depreciation

1
. 

 
 
Profitability measures NPV and IRR 
 
NPV is the most commonly used measure for evaluating 
the profitability of an investment and it indicates how 
much value an investment adds to the business. 
Appendix A2 shows the estimated NPV at 20, 15, and 
10% discount rates and results show that NPV is 
positive. For the purposes of this study, the discount rate 
used is 15%. Using this rate, NPV at the end of 10 years 
of business operation was found to be 17,524.136 ZMW. 

A positive NPV implies that the aquaculture business 
venture is feasible and profitable. Figure 4 shows the 
estimated NPVs over the 10-year period and the results 
show that NPV is sensitive to the choice of discount rate 
used. Evaluating the costs and benefits of an investment 
involves an important step of choosing a discount rate. 
According to Kossova and Sheluntcova (2015), the 
discount rate allows for comparison of social benefit and 
costs that might arise at different time points and the 
value of the discount rate has a significant impact on 
the present value of a project/investment. 

For instance, at 20% discount rate the estimated NPV is 
12,829.98 ZMW compared to 17,524.136 ZMW and 
24,292.31 ZMW at 15% and 10% respectively. The 
decision to accept or reject an investment can be affected 
by the discount rate used. For example, an overestimated 
rate might lead to the rejection of a worthwhile 
project/investment and conversely, an underestimated rate 

                                                            
1                          

     

  
     

might cause acceptance of a long-term investment/ 
projects with distant benefits (Kossova and Sheluntcova 
2015). Though there is no clear guide on the choice of 
the discount rate to use, Treasury Guidance (2003) 
suggests that, for very long-term investments/projects 
(over 30 years) a lower discount rate should be used. 

After estimating the NPV, IRR was estimated, which is 
simply the rate of return that is expected to be derived 
from an investment considering the amount and timing of 
the associated cash flows. For this study, we use 10 and 
20% as the discount rates for estimating IRR and the 
estimated IRR

2 is 42.38%. The IRR of 42.38% suggests 
that the proposed investment in aquaculture production 
will generate an average annual rate of return equal to 
42.48% over the life of the project. Since the estimated 
IRR is positive and above 0, it implies that the 
investment in aquaculture production is profitable and is 
a worthwhile investment. 
 
 
Benefit-Cost Ratio (BCR) 
 
In addition to the NPV and IRR, another measure used 
to determine if an investment is profitable and viable is 
the Benefit Cost Ratio (BCR). BCR has been used in 
past studies to evaluate the viability of fish farming 
(Emokaro et al., 2010; Olaoye et al., 2012; Akegbejo-
Samsons and Adeoye, 2012). The benefit-cost ratio 
measures how effective the revenues cover the cost of 
an enterprise. Using the 15% discount rate (DR), Table 4 
shows the discounted benefits (revenues) and costs. 
 

    
                   

                 
 

           

          
                    

                                                            
2 IRR=10+10*(24,292.31/11,462.34)=42.38% 
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Figure 4. Estimated present values at various discount factors. 
Source: Authors Calculations using aquaculture survey data (2017) 

 
 
 

Table 4. Calculation of benefit-cost ratio (BCR). 
 

Year Total revenue Total costs DR (15%) Discounted revenues Discounted costs 

1 20,700.00 24,748.00 0.870 18,000.00 21,520.00 

2 20,700.00 17,900.00 0.756 15,652.17 13,534.97 

3 20,700.00 17,900.00 0.658 13,610.59 11,769.54 

4 20,700.00 17,900.00 0.572 11,835.29 10,234.38 

5 20,700.00 17,900.00 0.497 10,291.56 8,899.46 

6 20,700.00 12,244.00 0.432 8,949.18 5,293.42 

7 20,700.00 12,244.00 0.376 7,781.90 4,602.97 

8 20,700.00 12,244.00 0.327 6,766.87 4,002.59 

9 20,700.00 12,244.00 0.284 5,884.23 3,480.51 

10 20,700.00 12,244.00 0.247 5,116.72 3,026.53 

    
103,888.51 86,364.37 

 

Source: Authors calculations using IAPRI Aquaculture survey data (2017). 

 
 
 
The estimated benefit-cost ratio is 1.2, which is greater 
than 1, and indicates that small-scale fish farming in the 
study areas 
is profitability. The estimate of 1.2 indicates that at a 
15% discount rate, the gross revenue covers the total 
cost 1.2 times. Fish farming is therefore, a viable 
business in the study areas. 
 
 
Gross margins estimations 
 
This part of the study presents the estimated gross 
margins based  on  the  costs  and  revenue  information 

collected from 100 farmers in the districts surveyed. In 
addition, the gross margins in the second column are 
based on the recommended feeding as outlined by 
livestock service centre. The gross margins are estimated 
based on the pond size categories as well as on the 
overall average size ponds. Table 5 shows the variables 
used to estimate the gross margins, which include the 
cost of fingerlings, cost of feed, labour, and 
transportation costs. The production cycle is estimated at 
six months based on the responses from the farmers. 

The analysis of gross margins presented in Table 5 is 
positive indicating that fish farming enterprise is profitable 
and  can  contribute  to  household  incomes. The gross  
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Table 5. Gross margins for fish by pond size. 
 

Parameter Based on recommended feed 
management (600 m

2
) 

Average size pond 
(544 m

2
) 

150-500 m
2
 500-700 

Production Cycle (Months) 6 6 6 6 

Variable Costs     

Average Fingerlings Stocked 6,000 2,348 2,094.00 4,006.00 

Cost per Fingerlings 0.55 0.55 0.55 0.55 

Cost of Fingerlings 3,300.00 1,291.40 1,151.70 2,203.30 

Cost of Feed 19,250 1,850.00 1,634.22 3,041.43 

Cost of labour 1,800.00 1,800.00 1,800.00 1,800.00 

Cost of Manure 250 202 125.99 294.54 

Transport Cost 200 185 181 202 

Total Cost 24,800.00 5,328.40 4,892.91 7,541.27 

     

Fish Sold in one Cycle (Kgs) 1,796 502 358 685 

Price per kg 25 24 24 24 

Revenue 44,900.00 12,048.00 8,592.00 16,440.00 

Gross Margins 20,100.00 6,719.60 3,699.09 8,898.73 

Margins % 45% 56% 43% 54% 
 

Source: Authors calculations using IAPRI aquaculture survey data (2017). 

 
 
 
margins, however, vary across the different sizes of the 
ponds from 3,699.09 to 20,100.00 ZMW. The averagely 
sized ponds of 544 m

2 generate approximately 12,048.00 
ZMW per production cycle and the estimated gross 
margin is 6,719.60 ZMW. For the purposes of gross 
margins calculations, we used the average cost of hired 
labour for all the fish farmers interviewed in this study. 
The number of hired workers ranged from zero to four 
persons per farm and the average labour cost is per 
production cycle estimated to be six months. Table 5 
reveals that the cost of labour, feed, and fingerlings 
accounted for the large proportion of the cost of fish 
farming in the study areas. The high cost of feed was 
cited by the farmers that participated in the focus group 
discussions as one of the challenges faced by fish 
farmers. 

Similarly, studies that have looked at profitability of 
aquaculture production in Kenya, Nigeria, and Uganda 
have also indicated that the cost of feed and fingerlings 
are important factors that affect the economic potential of 
fish farming (Hyuha et al., 2011; Issa et al., 2014; Okechi, 
2004; Olaoye et al., 2012; Akegbejo-Samsons and 
Adeoye, 2012). Further, the net profit margin 
percentages for all the categories of ponds show that 
fish farming in the selected areas is a profitable business 
venture. 
 
 
Assumptions applied for gross margin calculations 
 
i) 10% mortality of fish stocked. 
ii) Size of fish at harvest (minimal feeding): 200 g. 

iii) Size of fish at harvest (recommended feeding-
commercial complete feed) 350 g. 
iv) Feed types surveyed (Single ingredients, commercial 
complete, own formulated feed). 
v) Home consumption: 5% of harvest. 
vi) Average labour cost K300/month. 
 
 
Sensitivity analysis 
 
Since prices of commodities are constantly changing, a 
sensitivity analysis was performed in this study to analyze 
the risk of establishing an aquaculture business in the 
selected areas. The sensitive analysis not only helps to 
check the robustness of our findings that aquaculture 
production has positive returns but also helps to highlight 
some potential interventions in case of the changes. 

Table 6 shows the sensitivity analysis by computing the 
NPV, IRR, and BCR with the best and worst case 
scenarios. The pessimistic scenarios show the effect of a 
decrease in the price of fish by 10% and an increase in 
the loan interest rate by 20%. The optimistic scenario, on 
the other hand, shows the effect of an increase in the 
price of fish by 10% and a decrease in the loan interest 
rate by 20%. The four scenarios are performed 
separately to see the effect in changing one variable at 
a time. The results highlighted in Table 6 shows that 
the profitability of aquaculture production is more 
sensitive to changes in the price of fish compared to the 
changes in the loan interest rate. For instance, a 10% 
decrease in the price of fish reduces NPV from 
17,524.136 to 7,135.28  ZMW  while  IRR  reduces  from  
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Table 6. Sensitivity analysis. 
 

Profitability 
variable 

Pessimistic price of fish reduces 
by 10% (20.3 ZMW/Kg) 

Optimistic price of fish 

increases by 10% (25.3 ZMW/Kg) 

Pessimistic interest rate 
increases by 20% (to 15%) 

Optimistic interest rate 
reduces by 20% (to 10%) 

NPV 7,135.28 27,912.99 16,783.06 18,251.53 

IRR 31.19 47.75 41.67 43.06 

BCR 1.08 1.32 1.19 1.21 
 

Source: Authors Calculations using IAPRI aquaculture survey data (2017). 
 
 
 

 
 
Figure 5. Constraints in fish farming. 
Source: Authors Calculations using IAPRI aquaculture survey data (2017). 

 
 
 

42.38 to 31.19%. 
 
 
Constraints in fish farming 
 

The third objective of this study was to identify the 
constraints to fish farming among the small-scale fish 
farmers in Zambia. Both in the structured questionnaire 
and the focus group discussions, the participants 
(respondents) were asked to highlight the main 
constraints they face in fish farming. From the results 
presented in Figure 5, high cost of feed and predator 
birds and wild animals) were identified to be the most 
serious constraints to fish farming. This was followed by 
limited water supply and finances as well as availability of 
quality fingerlings. 
 
 
Fish predators and cost of feed 
 

During the focus group discussions, participants indicated 
that commercial fish feed is expensive hence, some of the 

farmers resort to using alternative feed that has little effect 
on the growth of fish. In some cases, farmers mentioned 
that they use maize bran and vegetables such as cabbage 
to feed their fish. The issue of predators was mentioned 
to have a negative impact on the quantity of fish that 
farmers eventually harvest thereby reducing the income 
that can be generated from fish farming. The issues of 
high cost of feed and predators have also been 
highlighted in other studies as factors affecting the 
profitability of fish farming (Hyuha et al., 2011; Olaoye et 
al., 2012; Ugwumba and Chukwuji, 2010; Ume et al., 
2016). Further, Ume et al. (2016) indicate that due to high 
costs and often unavailability of fish feed, it makes fish 
farming unproductive as resource-poor farmers tend to 
stop feeding their fish when the prices of feed are high 
and resume only when they can afford the cost. 
 
 

Limited supply of water and lack of capital 
 

The other constraints include a limited supply of water and 
lack   of   capital   to   finance   the   aquaculture   business  
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venture. The majority of the farmers visited depend on 
groundwater for their fishing. This poses a challenge to 
fish production especially in the hot season as well as 
during drought years or when the rainfall is very low. One 
way to address this is investing in water pumps that 
can continuously pump water into the ponds. Investment 
in aquaculture production is capital intensive especially 
for the resource-poor farmers and participants from the 
FGDs indicated that the cost of constructing the ponds and 
initial operating costs of feed are usually high. However, 
they also indicated that once they started harvesting, they 
were able to generate enough revenue to cover the 
cost. The level of productivity by small-scale farmers is 
dependent on their access to productive resources, 
which is often determined by the availability of finances 
(credit). 
 
 
Availability of fingerlings (fish seed) 
 
Further, some farmers especially those in Central 
Province, indicated that availability of good quality 
fingerlings was another challenge they faced in their fish 
farming business. They bemoaned that they have to travel 
either to Copperbelt or Lusaka Province to purchase 
fingerlings. This was contributing to the high cost of 
doing business due to high transport costs. 
 
 
Lack of management and technical skills 
 
It was also noted that most of the fish farmers only had 
one-time training in fish farming. They indicated that a 
lack of management skills and technical knowledge in 
fish farming was prevalent among the small-scale fish 
farmers. Participants in the FGDs indicated that they 
were only visited by extension officers when they started 
the cooperatives and no follow-up training in fish 
farming have been conducted. The ineffective extension 
service delivery is mainly due to a shortage of staff and 
training materials, limited funding by the government, 
thereby depriving the fish farmers of the much needed 
technical training. As a result, learning from other fish 
farmers is what most small-scale farmers rely on to gain 
some knowledge in fish farming. 
 
 
CONCLUSION AND RECOMMENDATIONS 
 
This study has shown that small-scale investment in 
aquaculture production is a profitable venture and a 
farmer would require approximately 24,750 ZMW as 
start-up capital for constructing the pond and other 
operational costs. The operational costs, however, tend 
to reduce in the following years. An insight into the 
economic feasibility of the fish farm operations was 
gained using  the  financial  analysis  tools  and  it  was  

 
 
 
 
useful in determining the feasibility of the enterprise. 
The indicators of investment returns estimated include 
gross margins, NPV, IRR, and BCR. The results from 
the profitability analysis show positive net revenue, net 
present value and internal rate of return. The benefit-cost 
ratio is also greater than one implying that investment 
in aquaculture production is a profitable and viable 
business venture. The profitability analysis is based on 
the assumption of a 500 m

2 pond for a small-scale fish 
farm. The assumption of the production figures is based 
on the survey findings. The results reveal that over the 
useful life of the ponds, which is assumed to be 10 
years, the estimated NPV is 17,524.13 ZMW and the IRR 
is 42.38% measured at the discount rate of 15%. The 
positive NPV implies that the aquaculture enterprise is 
feasible and profitable. The projected cash flow is 
sufficient to repay the invested capital and provide returns 
on the capital. The BCR was estimated to be 1.2 at the 
15% discount rate and since BCR is greater than one, it 
further confirms that fish farming is a profitable and viable 
enterprise. The profitability analysis was further subjected 
to a sensitivity analysis and the results show that 
aquaculture production was very sensitive to changes in 
the price of fish. For instance, a 10% reduction in the price 
of fish resulted in a 59% decrease in the estimated NPV, 
holding other factors constant. While a 20% increase in 
the loan interest rate only showed a 4% decline in the 
NPV ceteris paribus, the findings of this study compare 
favourably with other studies that have shown that fish 
farming is viable and profitable even at a small-scale. 

The study also identified some of the constraints that 
fish farmers face. The main constraints include high cost 
of feed, animal and bird predators, lack of capital 
(finances), non-availability of fingerlings, and the 
inconsistent supply of water as well as limited access to 
extension services. These factors have negative 
implications on the profitability of the fish farming 
enterprise. For instance, farmers complained of limited 
knowledge in the management of their fish and this has 
resulted in the low production levels. The limited 
knowledge in fish management often results in 
underfeeding/overfeeding the fish and poor water 
management. Consequently, this affects the size of fish 
harvested, which ultimately determines the price of fish. 

Based on the study findings, investment in aquaculture 
production is very profitable and viable for the small-
scale farmers to generate income besides crop 
production. Studies have shown that Zambia has the 
potential to increase its aquaculture production levels; 
however, small-scale farmers are faced with many 
constraints of which access to credit is among the top 
challenges. This study, therefore, recommends that the 
government in partnership with private companies 
(financial lending institutions) should establish credit 
schemes for fish farmers. Increasing farmer’s access to 
credit from microfinance banks and commercial banks is 
necessary to ensure aquaculture  development in Zambia.  



 
 
 
 
To address the issue of high cost of feed, farmers should 
be taught how to formulate quality feeds from on-farm 
crops that can be used as feed ingredients. Adoption of 
integrated livestock-crop-fisheries production system 
should be promoted among small-scale fish farmers as 
a way of reducing costs associated with the fish feed. 
This, however, requires training the farmers in best farm 
practices that ensure sustainable growth of the 
aquaculture sector. Hence, there is a need for 
government and other key stakeholders in the sector to 
strengthen the extension system to build capacity for the 
small-scale fish farmers. 
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APPENDIX 1 
 
Table A1. Projected 10-Year operational expenses and cash inflows. 
 

Year 1 2 3 4 5 6 7 8 9 10 

Cash Inflow           

Sales (kg/year) 900.00 900.00 900.00 900.00 900.00 900.00 900.00 900.00 900.00 900.00 

Price (ZMW/kg) 23.00 23.00 23.00 23.00 23.00 23.00 23.00 23.00 23.00 23.00 

Revenue 20,700.00 20,700.00 20,700.00 20,700.00 20,700.00 20,700.00 20,700.00 20,700.00 20,700.00 20,700.00 

           

Annual Operating Costs           

Variable Costs           

Cost of Fingerlings 1,600.00 1,600.00 1,600.00 1,600.00 1,600.00 1,600.00 1,600.00 1,600.00 1,600.00 1,600.00 

Feed Cost 3,700.00 3,700.00 3,700.00 3,700.00 3,700.00 3,700.00 3,700.00 3,700.00 3,700.00 3,700.00 

Transport Cost 400.00 400.00 400.00 400.00 400.00 400.00 400.00 400.00 400.00 400.00 

Cost of Manure 404.00 404.00 404.00 404.00 404.00 404.00 404.00 404.00 404.00 404.00 

Maintenance works 600.00 600.00 600.00 600.00 600.00 600.00 600.00 600.00 600.00 600.00 

Labor Cost 5,190.00 5,190.00 5,190.00 5,190.00 5,190.00 5,190.00 5,190.00 5,190.00 5,190.00 5,190.00 

Total Operational Costs 11,894.00 11,894.00 11,894.00 11,894.00 11,894.00 11,894.00 11,894.00 11,894.00 11,894.00 11,894.00 

           

Fixed Costs           

Pond Depreciation 350 350 350 350 350 350 350 350 350 350 

Loan Repayment 0 5,656.00 5,656.00 5,656.00 5,656.00      

 

Total Cash Outflow 

 

24,748.00 

 

17,900.00 

 

17,900.00 

 

17,900.00 

 

17,900.00 

 

12,244.00 

 

12,244.00 

 

12,244.00 

 

12,244.00 

 

12,244.00 
 

Source: Authors calculations using aquaculture survey data (2017). 
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Appendix 2 
 

Table A 2. Calculation of NPV and Economic Rate of Return by Interpolation 
 

Year Total Revenue Total Costs Incremental benefit Discount Factor at 20% Present Value at 20% Discount factor at 15% Present Value at 15% Discount Factor at 10% Present Value at 10% 

1 20,700.00 24,748.00 (4,048.00) 0.83 (3,373.33) 0.870 (3,520.000) 0.91 (3,680.00) 

2 20,700.00 17,900.00 2,800.00 0.69 1,944.44 0.756 2,117.202 0.83 2,314.05 

3 20,700.00 17,900.00 2,800.00 0.58 1,620.37 0.658 1,841.045 0.75 2,103.68 

4 20,700.00 17,900.00 2,800.00 0.48 1,350.31 0.572 1,600.909 0.68 1,912.44 

5 20,700.00 17,900.00 2,800.00 0.40 1,125.26 0.497 1,392.095 0.62 1,738.58 

6 20,700.00 12,244.00 8,456.00 0.33 2,831.90 0.432 3,655.762 0.56 4,773.19 

7 20,700.00 12,244.00 8,456.00 0.28 2,359.91 0.376 3,178.924 0.51 4,339.27 

8 20,700.00 12,244.00 8,456.00 0.23 1,966.60 0.327 2,764.281 0.47 3,944.79 

9 20,700.00 12,244.00 8,456.00 0.19 1,638.83 0.284 2,403.723 0.42 3,586.17 

10 20,700.00 12,244.00 8,456.00 0.16 1,365.69 0.247 2,090.194 0.39 3,260.15 

NPVs 
    

12,829.98 
 

17,524.136 
 

24,292.31 

 

Source: Authors calculations using aquaculture survey data from DOF (2017). 
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