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A B S T R A C T   

Extensive, large-scale long-term pond fish production has several challenges and high economic risks, such as 
continuous bird predation. Moreover, common carp (Cyprinus carpio) production costs are relatively high using 
this production strategy. To reduce risks and improve production safety and efficiency, European common carp 
farmers are challenged to shorten the classic 3-year production cycle. This study aimed to comprehensively 
analyze the main farm parameters, production efficiency, cost and revenue of a production strategy based on 
combining hatchery/nursery closed-system, a second phase of the nursery in ponds and a final phase of pond 
grow-out of common carp. A deterministic economic model was used. Combined production has a lower fish loss 
by bird predation, a shorter production cycle, a better feed conversion ratio than conventional pond fish pro
duction, and a similar yield at a cost of approximately 2.02 USD/kg. This value are higher than those assumed in 
the conventional extensive 3-year common carp, completely pond-based production strategy. However, the 
current assets turnover ratio is much lower in the latter case. The yearly average net revenue can increase by 
implementing a more intensive combined production strategy. The combined strategy can improve security and 
predictability of production while reducing the pond area used for grow-out of extensive common carp farm.   

1. Introduction 

In Europe, the common carp (Cyprinus carpio) is the most important 
species of fish in extensive or semi-intensive polyculture farming 
(Bostock et al., 2010). Feed practice is based on fishmeal-independent 
cereals. Common carp (C. carpio) production occurs mainly in fresh
water ponds since the past century until now (Kestemont, 1995; 
EUMOFA, 2021) because of its good adaptability to the environment and 
wide range of use as food (Soltani et al., 2010; Manjappa et al., 2011; 
Rahman, 2015). Common carp production is mainly characteristic of 
Central and Eastern European countries (Czech Republic, Poland, 
Hungary, Germany, and Romania) (FAO, 2022), but its significance is 
high in Asia (Woynárovich et al., 2019). Common carp production in the 
EU-27 is considered to be small on a global scale (81.2 thousand tonnes), 
accounting for only 1.86 % of global common carp production in 2020 
(FAO, 2022). Hungary is one of the largest common carp producers in 
the EU, with a production of approximately 17.4 thousand tonnes 

(2019), and the constant development of the extensive fish farming 
aquaculture sector is largely based on common carp (Specziár and Erős, 
2020). These farms also produce other co-products other than common 
carp, such as, bighead carp (Hypophthalmichthys nobilis) /silver carp 
(/Hypophthalmichthys molitrix) grass carp (Ctenopharyngodon idella), 
wels catfish (Silurus glanis), pikeperch (Sander lucioperca), and common 
bream (Abramis brama). 

Common carp production in Hungary and Europe is based on the 
conventional 3-year farming system, in which the fish reaches its market 
size in the autumn of the third year. The market-sized common carp 
weighs approximately 2.5–3 kg. Moreover, market-sized common carp 
can be produced in 2 years using feed, primarily in small-scale systems. 
In conventional production, larvae are produced by artificial propaga
tion and reared to juveniles in extensive ponds during the first and 
second years. In the third year, they are moved to other extensive ponds 
to reach market size. In the combined fish farming technology, larvae 
are produced off-season by artificial propagation and reared in intensive 
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closed recirculating systems; then, in the second year, they are moved to 
semi-intensive ponds to reach the market size. Therefore, market-sized 
common carp (2.6–3.0 kg/fish) can be obtained in two growing sea
sons by producing a minimum of 500–600 g of 1-year-old common carp 
in the first season. This requires a lower stocking rate of fry and more 
intensive feeding compared to conventional pond carp production. 
Artificial propagation involves human-controlled breeding, while off- 
season production allows for larvae production year-round by manipu
lating environmental conditions. The advantage of this production 
strategy is that market-sized fish can be sold relatively quickly, even in 
the second term by the end of the summer (Egyed et al., 2012). 

Extensive fish ponds account for the largest part of common carp 
production in Hungary and the EU, and therefore, an increase in yield 
can be achieved by a more efficient use of the biological potential of 
ponds, by reducing feed costs and losses, and by more intensive pro
duction. Challanges in the fish market, stagnation of common carp 
consumption, relative decline in competitiveness, and several other 
factors suggest that the efficiency of production should be examined. 
Another common concern is the relatively low profitability of extensive 
pond fish production, and an increasing number of aquaculture enter
prises are facing persistent labor shortages (Szűcs et al., 2017; Bonda
d-Reantaso et al., 2020). Production risks and the extent of yield loss are 
extremely high in extensive fish pond systems. The continuous presence 
of fish-eating birds, primarily the great cormorant (Phalacrocorax carbo) 
and secondarily the pygmy cormorant (Microcarbo pygmeus) can lead to 
the almost complete disappearance of fry from the pond. Therefore, 
classical fry production is nearly unfeasible. Increasing competitiveness 
is a key factor in the success of modern aquaculture (Asche, 2008; Kumar 
and Engle, 2016). Factors that have an economic impact on the safety of 
production, the cost of production, and the profitability of farming 
should be identified. Increasing productivity leads to lower production 
costs and higher profit. 

Combining intensive and extensive systems by nursing larvae, fries 
and juveniles in intensive closed systems improves the survival of 
released fry, shortens the production cycle, frees up pond space for fry 
rearing, consequently increasing yields. Recirculating aquaculture sys
tems (RAS) have several advantages, such as saving water, continuous 
monitoring, relatively low environmental impact, and, perhaps most 
importantly, no weather exposure and no reduction in yield due to fish 
loss (Váradi, 2001; Martins et al., 2010; Calone et al., 2019; Ahmed and 
Turchini, 2021). In this production strategy, the production phase of fry 
is separated from the ponds, namely, in a closed RAS, which is 
increasingly favored in the development of aquaculture in Europe 
(Martins et al., 2010; Espinal and Matuli, 2019). This production strat
egy results in higher and more predictable yields. Another solution is the 
use of the “pond recirculating systems,” where effluent from small-scale 
intensive ponds is purified in a larger-scale extensive pond, providing 
the necessary organic matter input for fish production in the extensive 
pond. The purified water can then be recycled back into intensive ponds 
(NAS, 2020). 

Thus, this study aimed to perform a comprehensive analysis of the 
production parameters, cost and income ratios, and efficiency of a 
production strategy by combining a nursery closed-system and pond- 
rearing common carp production. This combined production strategy 
involves off-season artificial common carp propagation followed by 
closed-system nursery and pond-rearing. The study sets up a determin
istic economic model and its comprehensive sensitivity analysis. Main 
research questions were as follows: (1) What is the technological spec
ificity of this fish production strategy? (2) How do the unit cost and 
competitiveness of the market-sized common carp, produced by 
combining nursery closed-system and pond grow-out common carp 
production, vary? Furthermore, which economic factors have the 
greatest impact on these economic indicators? (3) What effect does the 
change in the most important production parameters (feed conversion 
ratio, average weight at the time of sale) have on various economic 
indicators? 

2. Materials and methods 

2.1. Data acquirement 

An experiment carried out in Hungary provided the primary data 
required for this study. Data were collected on the extensive and 
intensive technology of a combined (nursery closed-system and pond- 
based rearing) common carp-rearing experiment in Hajdú-Bihar 
County. The off-season artificial propagation was performed in the Fish 
Biology Laboratory of the Faculty of Agricultural and Food Sciences and 
Environmental Management of the University of Debrecen in February 
2019, followed by pond-based rearing in an extensive pond farm in 
Hajdú-Bihar County in 2019–2021. Result of the experiment has led to 
sectoral improvements combining recirculation and pond fish farming, 
which allows for a safer and more efficient way of common carp pro
duction and a shorter production cycle (Kozłowski et al., 2014; Flick
inger et al., 2020; Campanati et al., 2021; Thomas et al., 2021). 

Based on the experiment, the production strategy has three distinct 
stages (Table 1). In phase 1, larvae and fryes rearing are performed in a 
closed RAS. Phase 2 is an intensive monoculture of juveniles in small 
ponds. The production cycle is completed with the grow-out in semi- 
intensive polyculture ponds to market-sized fish (phase 3), which 

Table 1 
Production data of the combined production strategy. Values were determined 
from a experiment for the first two phases and from three commercial common 
carp farms, operating under similar principles and natural conditions in Hungary 
for the last phase.  

Description Phase 1 Phase 2 Phase 3 

Hatchery and 
nursery I in a 
recirculating 
aquaculture 

system (RAS) 

Nursery II 
(intensive rearing 
in monoculture 
small ponds) 

Grow-out (Market- 
sized fish production 

for human 
consumption in semi- 
intensive polyculture 

ponds) 

Phase length 
(days) 

60 210 approx. 365 

Used up area 0.7 m3 0.6 ha 4 ha 
Average water 

depth (cm) 
- 110 130 

Proportion of 
species by 
stocked (common 
carp:silver carp: 
grass carp:wels 
catfish) 

- - 80:15:3:2 

Month of stocking February April November 
Average weight (g) 

of common carp 
at the time of 
stocking 

0.01 1.2 760 

Stocking density 7143 fish/m3 6 kg/ha 345 kg/ha 
Fish moratlity (%) 0 41 10/5/5/2* 
Month of harvest April October October 
Average weight of 

common carp at 
harvest (g) 

1.2 760 3600 

Gross yield of 
common carp 
(kg/area) 

3.60 1390.36 5734.70 

Feed conversion 
ratio (FCR) (kg/ 
kg) 

0.57 1.27 3.45 

Organic manure 
use (t/ha) 

- - 10.0 

Natural yield (kg/ 
kg) 

- 0.84 2.09 

Pond FCR (kg/kg) - 2.11 5.23 

Source: Own editing and farm-level data (2021) 
* Two-year-old common carp (P2), two-year-old silver carp (B2), two-year-old 

grass carp (A2), two-year-old wels catfish (H2) 
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takes 1 year. 
The fish stock was derived from artificial, off-season propagation 

(phase 1). Preparation of males and females for mate was based on the 
manipulation of water temperature and photoperiod, as described by 
Kucharczyk et al. (2008). The mate was carried out in February. After 
the hatching of larvae and adsorption of the yolk sac, larvae were 
transferred into plastic circular tanks with a water volume of 350 L each. 
In the first phase of the rearing, fish stock was kept under controlled 
conditions, in a closed water recirculation system, provided with me
chanical and aerated biofilter as well as an ultraviolet lamp. During the 
first week, larvae were fed ad libitum with live feed (Artemia nauplii); 
then, there were 2 days of co-feeding with commercial diet, and thus, 
they fed on commercially available dry feeds were used (BioMar Inicio 
Plus G; 0.5; 0.8, BioMar Group, Aarhus, Denmark). Oxygen saturation 
was maintained above 80 % by aeration stones, and the temperature was 
controlled at 22.0◦C ± 0.1◦C. The photoperiod was 12 h light and 12 h 
dark. Water temperature and dissolved oxygen were checked daily with 
a HACH HQ30d portable meter (HACH CO., Loveland, CO, USA). NO2

− , 
NO3− , and NH4+ concentrations were measured using the HACH Lange 
DR/3900 spectrophotometer (HACH CO., Loveland, CO, USA). The 
duration of the hatchery plus nursery I phase was 8.5 weeks (60 days). 
At the end of phase 1, the average individual body weight of common 
carp and their biomass density was 1.2 g and 4.5 kg/m3, respectively. 
After the body weight measurement, 3000 fish were transferred to phase 
2, into pond conditions. 

Since the larvae were hatched in February, the fish were released 
into the pond farm before the normal stocking period (April), consid
ering the weather and plankton biomass, following intensive rearing. 
The flexibility of the technology lies precisely in the fact that if the 
external conditions (e.g., water temperature) are suitable, the repro
duction can be forward to allow earlier stocking. Phase 2 began in April 
when the fry was stoked into fish ponds. Common carp can be sold 
following the autumn harvest or further fattened in the pond after the 
wintering period. In the experiment, stocking into the pond farm took 
place on April 10, into a 6000 m2 pond (3000 fry/pond) at a water 
temperature of 16.7◦C. The pond was prepared and fertilized before 
stocking to ensure adequate plankton production, which helps in 
nutrient enrichment, enhances plankton production, provides natural 
food for the cultured organism, and results in substantial fish growth and 
production (Sayeed et al., 2008). In the second phase, the survival rate 
was close to 59 %, and the growth was homogenoius, as approximately 
85 % of the fish were of nearly the same size. Fish were mainly fed on 
plankton and benthos until mid-June, after which they were gradually 
switched to common carp compound feed (Aqua Garant Classic 2–4 mm; 
Aqua Garant Vital Swim 4 mm). At this stage, increasing the size of the 
fish and achieving faster growth were of top priority; thus, they were 
provided high protein feed, with a yield of approximately 1 kg of fry 
being obtained using 1 kg of feed. To ensure economical production and 
to meet market demands (min. 2.5 kg common carp), all fish harvested 
in phase 2 were reared in a grow-out pond for 1 more year. 

Phase 3 was performed in a 4-ha round-dam pond with a 1.3-m 
average depth, gravity-controlled water inlet. Common carp was the 
main product. Fish with aproximately 760 g were stocked at the highest 
population density (80 %, 364 pcs/ha), followed by grass carp (15 %, 52 
pcs/ha, 1 kg/pcs), silver carp (3 %, 16 pcs/ha, 0.6 kg/pcs), and catfish 
(2 %, 10 pcs/ha, 0.7 kg/pcs) totalling 345 kg/ha. After one year com
mon carp reached an average weight of 3.6 kg by the end of the autumn 
harvest. The weight gain was aproximately 2.8 kg/fish. The gross yield 
of nearly 5750 kg/ha can be obtained. 

Data was collected using detailed farm records in different produc
tion phases, covering culture conditions (e.g., water volume, water use, 
water exchange/replacement, energy use, labor requirements, and 
water temperature) and production parameters (phase duration, stock
ing density, individual body weight at the population, survival, mor
tality, reclassification, individual body weight at harvest, test catches, 
number of feeding days, and feeds used and their quantity). Average of 

the obtained data of pond farms was used as a basis for model calcula
tion of the pond farm. Based on the production data, derived indicators 
for each production phase and the whole technology were defined: 
mortality per phase (%); total mortality (%); average weight at depop
ulation or harvest (kg/fish); gross yield (kg/ha or kg/m3); weight gain 
ratio (kg/kg); feed conversion ratio (FCR) (kg/kg); and stocking density 
(fish/m3, fish/ha). 

Financial data included input and output prices of production and 
average cost items (Table 2). All obtained financial data expressed in 
Hungarian Forint (HUF) were converted into USD according to the 
average exchange rate (1 USD = 330 HUF) during the present study in 
2021. The calculation does not derive the cost and revenue from 
analytical records and accounting data but assigns prices to the inputs 
used based on technological and production data. This is because the 
producers could not provide precise data on the costs of the items to be 
purchased but could provide precise data on the manual and mechanical 
work performed throughout the year. Furthermore, the specific output, 
materials used, and their quantities (expressed in physical units) from 
various farm registers were made available to us. Yield data was ob
tained from production enterprises, whereas sales price data was ob
tained from producer and trader enterprises and also from secondary 
sources (IAE 2021a,b, HCSO, 2021). Input and output prices reflected 
the average price level in 2021. 

As a supplement to the primary analysis, we meticulously searched 
international and Hungarian literature related to the study topic, which 
we processed analytically after systematization. This information was 
collected from sectoral literature, articles, and international (FAO–Food 
and Agricultural Organization of the United Nations; EUROSTAT–Statistical 
Office of the European Communities) and Hungarian statistical databases 

Table 2 
Basic financial data of the model, input, and output prices. (1 USD = 330 HUF).  

Name of 
phases 

Description Unit of 
measure 

Value 

Phase 1 Cost of breeding material (larval) USD/pcs 0.01 
Feed prices 
Artemia/Brine Shrimp USD/kg 14.24 
Inicio Plus G (63/11) USD/kg 8.18 
Inicio Plus 0,5 (58/15) USD/kg 4.79 
Inicio Plus 0,8 (56/18) USD/kg 4.12 
Electricity cost USD/kWh 0.11 
Water cost USD/m3 0.74 
Other costs* USD/m3 4.33 
Wage (worker) USD/hour 4.55 
Depreciation and maintenance USD/m3 41.86 
General expenses USD/m3 8.01 

Phase 2 Feed prices 
Aqua Garant Classic 4 mm USD/kg 0.95 
Aqua Garant Vital Swim 4 mm USD/kg 1.08 
Aqua Garant Classic 2 mm USD/kg 1.03 
Other costs* USD/ha 303.03 
Wage (worker) USD/hour 4.55 
Depreciation and maintenance USD/ha 90.91 
General expenses USD/ha 260.10 

Phase 3 Cost of breeding material (by- 
catch) 

USD/kg 0.32 

Feed prices 
Feed wheat USD/tonne 151.52 
Feed corn USD/tonne 121.21 
Organic manure USD/tonne 3.79 
Fuel price USD/L 1.15 
Other costs* USD/ha 213.64 
Wage (worker) USD/hour 4.55 
Depreciation and maintenance USD/ha 151.52 
General expenses USD/ha 143.94 
Sales price of market-sized common 
carp 

USD/kg 2.05 

Source: Own editing and farm-level data (2021) 
* Other costs include fuel consumption and servicing of the machines used in 

the activity, use of animal health and other external services as well as con
sumables (rubber gloves, fishing nets, plankton nets, etc.). 
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(HCSO–Hungarian Central Statistical Office; IAE–Institute of Agricultural 
Economics) to explore causal relationships. 

2.2. Economic analyses 

A deterministic model (Table 3) calculation was performed to 
determine the costs and revenue of the activity based on the obtained 
data. Simulation modeling is the most appropriate method for demon
strating farm-level production (Piedrahita, 1984, 1988). The model 
contains a complete enterprise budget developed based on standard 
budgeting techniques (Engle, 2010; Engle et al., 2017; Dantas et al., 
2022). Variable costs were the acquisition of larvae or juveniles, com
mercial feed, electric power, water, and other costs, such as the fuel 
consumption and servicing of the machines used in the activity, the use 
of animal health and other external services, and purchase of consum
ables (rubber gloves, fishing nets, plankton nets, etc.). Fixed costs were 
labor, maintenance of equipment and facilities, depreciation, and other 
general expenses. Depreciation was calculated by the linear method. 
Opportunity costs were not computed. The total production cost is the 
sum of the total variable cost and total fixed cost. Sales revenues were 
obtained by multiplying the production quantity by the sales price. 
Gross revenue is the sum of sales revenue and subsidy. The net revenue is 
obtained by the difference between gross revenue and total production 
cost. 

Supplementing the basic model, sensitivity analyses were performed 
to determine the impact of changes in various parameters (e.g., amount 
of feed and its purchase price, wage, output, and sales price) on the 
profitability of the activity (Szűcs et al., 2002). Within the sensitivity 
analyses, scenario analyses were performed on variables that most 
significantly affected the production efficiency and profitability. We also 
examined the effect of changes in sales price, feed price, and the most 
important production parameters (FCR, average weight at the time of 
sale) on various economic indicators using cross-table analysis. For the 
necessary model calculation, the sales price of the common carp and 
average weight at the time of sale were identified as independent vari
ables. In the cross-table, sales and feed prices have been determined 
based on the extremes of fluctuations experienced over the last 5 years. 
The average feed price was defined as the weighted arithmetic average 
of the feed price and quantity determined in the different stages of the 
activity. 

3. Results and discussion 

Extensive pond farms have a low intensity of production, and 
therefore, relatively low water efficiency. These farms use one of the 
scarcest resources, freshwater, inefficiently (Hishamunda and Ridler, 
2002; Harvey et al., 2007; Sustainaqua, 2009). This poses a global issue, 
as the market demand (demand for animal products) (Subasinghe et al., 
2009; FAO, 2017) is increasing and aquaculture sustainability (social, 
economic, and environmental) is becoming an increasingly important 
issue in developing and developed countries (Stead, 2005; Bueno, 2008; 
Krause et al., 2015). 

In fish production, producers primarily aim to maintain the stability 
and profitability of the activity, improve feed conversion ratio or energy 
efficiency, and efficienlty use water, which in most cases will reduce the 
costs. However, ancillary investments related to the treatment of run-off 
water, while enhancing environmental sustainability, also increase the 
cost price and thus reduce economic efficiency. In the global fish market, 
unit cost and sales price are important competitive factors. The rela
tively stable sales price of aquaculture and fisheries products on the 
market is increasingly driving production technology toward intensifi
cation to maximize the profit/ha. Sustainability requires production to 
be performed most efficiently. Moreover, the use of a production strat
egy by combining a hatchery/nursery closed-system and pond-rearing 
common carp production offers a good opportunity to increase pro
duction efficiency, allowing fish farmers to produce market-sized com
mon carp more safely and in a shorter rearing period (Karnai and Szűcs, 
2018). 

3.1. Inputs and production costs in combined production strategy 

After examining the different production phases separately, a sig
nificant difference in production cost and cost structure was noted. In 

Table 3 
Mathematical correlations of deterministic model calculation.  

Description Correlation 

Sold live weight (market- 
sized fish) (kg) 

Live weight sold from a given area (kg/m3, kg/ha) 
× area used (m3, ha) 

Yield (kg) Amount of live weight harvested from the area (kg) 
– the amount of live weight released into the area 
(kg) 

Biomass at harvesting (kg) Quantity harvested in a given area (number of fish) 
× individual body weight at the time of harvest (kg/ 
fish) 

Sales revenue (USD) Market-sized fish (kg) × sales price of market-sized 
fish (USD/kg) 

Gross revenue (USD) Sales revenue (USD) + subsidy (USD) 
Total variable costs (USD) Σ6

i=1 ki 

Cost of larvae or juveniles (k1) Average price of larvae (USD/fish) × stocking 
density (number of fish/m3, number of fish/ha) ×
area used (m3, ha) 

Energy cost (k2) Energy cost used (USD/m3, USD/ha) × area used 
(m3, ha) 

Water cost (k3) Cost of water used (USD/m3) × area used (m3) 
Feed cost (k4) Amount of feed applied to the area (kg/m3, kg/ha) 

× area used (m3, ha) × feed price (USD/kg) 
Organic manure cost (k5) Amount of organic fertilizer applied to the area (t/ 

ha) × area used (ha) × price of organic manure 
(USD/kg) 

Other cost (k6) Value of other material costs (USD/m3, USD/ha) ×
area used (m3, ha) 

Total fixed cost (USD) k7+k8+k9 

Labor costs (k7) Labor input (number of hours worked) × hourly 
rate (USD/working hour) 

Depreciation and 
maintenance (k8) 

Depreciation and cost of maintenance (USD/m3, 
USD/ha) × area used (m3, ha) 

General expenses (k9) General expenses (USD/m3, USD/ha) × area used 
(m3, ha) 

Specific gross yield of 
common carp (kg/area) 

Amount of live weight harvested from the area (kg) 
/ area used (m3, ha) 

Feed conversion ratio (FCR) 
(kg/kg) 

Amount of feed applied to the area (kg) / total yield 
in a given area (kg) 

Organic manure use (t/ha) Amount of organic fertilizer applied to the area (t) / 
area used (m3, ha) 

Natural yield (kg/kg) Amount of natural food present in the area (kg) / 
amount of biomass harvested from a given area (kg) 

Pond FCR (kg/kg) (amount of feed applied to the area (kg) + amount 
of organic fertilizer applied to the area (kg)) / 
amount of biomass harvested from the area (kg) 

Source: Own editing 

Table 4 
Costs of the three different phases in combined common carp production strat
egy (unit: USD).  

Description Phase 1 Phase 2 Phase 3 

Larvae or juveniles 45.45 - 514.27 
Energy 32.29 - 60.61 
Water 1.66 - - 
Feed 18.30 1830.58 2345.45 
Organic manure 0.00 - 151.52 
Other 6.06 181.82 854.55 
Total variable cost 103.77 2012.40 3926.39 
Labor 45.45 690.91 3318.18 
Depreciation and maintenance 58.60 54.55 606.06 
General expenses 11.21 156.06 575.76 
Total fixed cost 115.27 901.52 4500.00 
Total production cost 219.04 2913.91 8426.39 

Source: Own data collection and calculation (2021) 
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phase 1, a total production cost of 219.04 USD is realized in the closed 
system of the hatchery/nursery (Table 4). The rate of total variable cost 
is 47.4 %, with the main components being the cost of purchased 
breeding material (43.8 %) and electricity (31.1 %). Feeding costs var
ied across production phases depending on the age and size of the fry 
and fish. Feed accounted for only 17.6 % of the total variable cost in 
phase 1. There was a relatively low feed consumption from relatively 
more expensive live food (Artemia sp.) and inert fry food. The use of this 
higher-quality feed led to relatively rapid growth. Higher consumption 
was observed for larger-sized special starter feeds. Artemia and BioMar 
Inicio Plus G were used in small quantities for acclimatization to arti
ficial feed, and the quantities of BioMar Inicio Plus 0.5 and 0.8 are 
larger. The total fixed cost accounted for 52.6 % of the total production 
cost in phase 1. Depreciation and maintenance have a higher rate than 
labor costs. Feeding the same amount of fry took a shorter time in 
intensive technology than in conventional pond fish production, due to 
both the spatial concentration and the method of feed delivery to the 
fish. Consequently, the unit cost per kilogram of fry, averaging 1.2 g, 
was 60.84 USD/kg. 

In the post-rearing phase (phase 2), the offspring reared in an 
intensive recirculating system were stocked into monoculture under 
intensive feeding conditions. The total variable cost of this phase rep
resented 69.1 %, of which feed costs were 91 %. The feed used 
amounted to 1.8 tonnes, with a price of 1.02 USD/kg. Pond fish pro
duction also relied on natural food sources (planktonic organisms, 
benthic invertebrates, etc.). In the experiment, after stocking the juve
niles into the nursery II pond in April, the fish predominantly consumed 
natural food until June, after which they switched to the provided 
mixture. Labor cost constitutes the main component of the total fixed 
cost, accounting to 23.7 % of the total production cost. This includes 
both feeding and fishing-related work costs. A total of 152 work hours 
were recorded during the operation of the small common carp pond. The 
fixed cost rate was significantly lower in pond farms compared to 
intensive recirculating systems. 

The final phase, market-sized common carp grow-out, was carried 
out on a total area of 4 ha, with a total production cost of 8426.39 USD. 
The value/ha was 2106.60 USD. The harvested common carp yield 
reached approximately 5.7 tonnes. The total variable cost of this phase 
represents 46.6 % of the total production cost. The main component of 
the total variable cost is the feed (59.7 %). A total of 5 tonnes/ha of 
forage (wheat, barley) was used in this production phase, consistent 
with Egyed et al.’s (2012) findings. The breeding material costs include 
the acquisition cost of other fish species used in polyculture. Labor costs 
contribute to 39.4 % of the total production cost, including approxi
mately 730 work hours for the total area. 

Aggregated production cost of the three production phases (Table 5) 
amounted to 11,559.34 USD for the modeled farm size. This equates to 
2889.82 USD for a 1-ha fish pond and 2.02 USD for 1-kg market-sized 
common carp. The largest cost components are feed (36.29 %) and 
labor (35.08 %). 

3.2. Profitability in combined common carp production strategy 

Specificity of the technology lies in the fact that it is a common carp- 
centered production process. During the first two phases, no other fish 
species are reared, but during the grow-out of market-sized fish, other 
fish are also released as by-products. These by-products are also sold and 
should be considered when calculating sales revenue. There are no sales 
between phases as the fish have been fully restocked or transported. 
Sales revenue is specifically derived from the sale of market-sized fish 
based on the price at the pond in the autumn of the second year. A total 
fish yield of 6.3 tonnes can be achieved for the entire pond area, with 
common carp accounting for 90.3 % of the yield. Therefore, the largest 
share of sales (90.70 %) comes from the sale of market-sized common 
carp, amounting to 11,730.07 USD. The sale of other fish species 
amounts to approximately 10 % of the total sales revenue (Table 6). In 
our study, the yield average was higher than that in Central Europe 
(from 500 to 1500 kg/ha in common carp farming) due to combined 
production. This is a good research direction, as the need for efficient use 
of land and water resources should be highlighted (Gyalog et al., 2017). 

Hungarian farmers receive a subsidy amounting to 36.97 USD/ha. 
This subsidy is an environmental compensation aid, which can only be 
accessed for pond fish production. This aid increases the farm’s revenue 
by 1.1 %. The gross revenue of the modeled fish farm is 13,030.80 USD 
per year, with a value of 3294.67 USD/ha. Based on the gross revenue 
and total production cost, a net revenue of 1619.34 USD can be realized 
for the entire pond area. This equals a net revenue of 404.85 USD per 1- 
ha fish pond. Comparing the gross revenue of 1-kg market-sized com
mon carp (2.30 USD/kg) to the unit cost (2.02 USD/kg), a net revenue of 
0.28 USD is realized for each kilogram harvested and sold common carp. 
This result is similar to that calculated by Stoycheska et al. (2017) for 

Table 5 
Production costs for the whole production technology in combined common 
carp production strategy.  

Description Value 
(USD) 

Value per one kg market- 
sized common carp (USD/ 

kg) 

Distribution 
(%) 

Larvae or juveniles 559.72 0.10 4.84 
Energy 92.90 0.02 0.80 
Water 1.66 0.00 0.01 
Feed 4194.33 0.73 36.29 
Organic manure 151.52 0.03 1.31 
Other 1042.42 0.18 9.02 
Total variable 

costs 
6042.55 1.05 52.27 

Labor 4054.55 0.71 35.08 
Depreciation and 

maintenance 
719.21 0.13 6.22 

General expenses 743.03 0.13 6.43 
Total fixed cost 5516.79 0.96 47.73 
Total production 

cost 
11,559.34 2.02 100.00 

Source: Own data collection and calculation (2021) 

Table 6 
Cost and revenue in combined common carp production strategy.  

Description Value 
(USD) 

Value per one kg market- 
sized common carp 

(USD/kg) 

Value per 1-ha 
pond 

(USD/ha) 

Sales revenue 13,030.80 2.27 3257.70 
Subsidy 147.88 0.03 36.97 
Gross revenue 13,178.68 2.30 3294.67 
Total production 

cost 
11,559.34 2.02 2889.82 

Net revenue 1619.34 0.28 404.85 

Source: Own data collection and calculation (2021) 

Table 7 
Financial efficiency in combined common carp production strategy.  

Description Value Unit 

Return on sales (net revenue / sales revenue × 100) 12.43 % 
Net revenue-to-cost ratio (net revenue / total production cost 
× 100) 

14.01 % 

Sales revenue per one hour worked 14.61 USD/ 
hour 

Gross revenue per one hour worked 14.77 USD/ 
hour 

Net revenue per one hour worked 1.82 USD/ 
hour 

Unit cost of 1.2-g juveniles (after phase 1) 60.84 USD/kg 
Unit cost of 760-g common carp (after phase 2) 2.25 USD/kg 
Unit cost of market-sized common carp (after phase 3) 2.02 USD/kg 

Source: Own data collection and calculation (2021) 
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Macedonia and Serbia in cage fish farming but differs slightly from the 
calculation by Sándor et al. (2021) for Hungary. 

The return on sales is 12.43 %, indicating that a net value of 12.3 
USD can be generated with a sales revenue of 100 USD over the complete 
production cycle. The net revenue-to-cost ratio is 14.01 % (Table 7). It is 
crucial to evaluate the labor efficiency, which includes the labor re
quirements for both the closed recirculating system, intensive cage 
management, and pond farming. Overall, nearly 900 work hours are 
required to harvest nearly 1600 market-sized common carp. In the 
combined common carp production strategy, employees generate 14.61 
USD in sales revenue per work hour, 14.77 USD in gross revenue, and 
1.82 USD in net revenue. The unit cost of a 1.2-g offspring was 60.84 
USD/kg at the end of phase 1. During phase 2, common carp can reach 
760 g with a unit cost of 2.25 USD/kg. Overall, the cost of a 3600-g 
market-sized common carp was 2.02 USD. 

A previous Hungarian study (Karnai and Szűcs, 2020) investigated 
conventional extensive 3-year common carp production in a polyculture 
pond. Results of this study revealed a total production cost of 2557.58 
USD/ha over 3 years, equivalent to an average annual cost of 852.53 
USD/ha. Our results indicate that a total production cost of 2889.92 
USD/ha accumulates over two years in combined common carp pro
duction. Consequently, the more intensive production strategy incurs 
13 % higher production cost over the entire production period, 
exceeding the average annual cost of conventional production by 69 % 
for one year. Common carp sales revenue constituted 78 % of the total 
sales revenue (1993.94 USD/ha), with a gross revenue of 3103.03 
USD/ha over 3 years in the conventional extensive 3-year production 
strategy (Karnai and Szűcs, 2020). Therefore, an average gross revenue 
of 1034.34 USD/ha can be calculated for one year. According to our 
results, the average gross revenue amounts to 1647.34 USD/ha for one 
year in the combined common carp production strategy, exceeding the 
value realized in the extensive production strategy by 59 %. The pre
vious study (Karnai and Szűcs, 2020) reported a net revenue of 545.46 
USD/ha over 3 years, equivalent to an average value of 181.82 USD/ha 

for one year in the conventional extensive production strategy. Based on 
our findings, a yearly average net revenue of 202.43 USD/ha can be 
realized in the combined common carp production strategy, which is 
11 % higher than in the conventional strategy. Market-sized common 
carp can be produced at a cost of 1.72 USD/kg in the conventional 3-year 
common carp production strategy (Karnai and Szűcs, 2020). Our results 
indicate that a unit cost of 2.02 USD/kg can be calculated in the com
bined common carp production strategy, exceeding the value of con
ventional production by 0.30 USD/kg (17 %). Overall, our findings 
suggest that the production cost required in the intensive production 
strategy is higher than the cost assumed in the extensive production 
strategy. However, the yearly average net revenue can be increased by 
using a more intensive common carp production strategy, while also 
reducing production risks by shortening the production cycle by one 
year. 

3.3. Sensitivity analysis of financial results 

Cross-table analyses were performed to investigate the net revenue 
and unit cost of the combined common carp production strategy under 
different combinations of the key variables (yield, FCR, feed price, and 
sales price) (ceteris paribus, i.e. maintained all other variables constant). 
Average feed price was defined as a sum of multiples based on the 
quantity and unit price of feed fed during the whole production period. 
It can be concluded that an increase in yield/ha at a given feed price 
reduces the unit cost of market-sized common carp but to a decreasing 
extent, in line with the principle of diminishing returns (Table 8). At the 
most favorable average feed price and the highest yield, the unit cost is 
about 1.66 USD/kg, which is about 0.60 USD/kg lower than at low yield 
levels. For a given yield, unit cost decreases for increasing feed prices, 
but the lower yield is associated with a higher increase in unit cost. 
There is a difference of 0.85 USD/kg in unit cost between the worst case 
(minimum yield / maximum feed price) and the best case (maximum 
yield / minimum feed price). 

Table 8 
Estimated unit cost (USD/kg) in the combined common carp production strategy as a function of yield and average feed price.   

Yield (kg/ha) 

1200 1250 1300 1350 1400 1450 1500 1550 1600 1 650 

Average feed price (USD/kg) 0.182 2.28 2.19 2.11 2.03 1.96 1.89 1.83 1.77 1.71 1.66 
0.188 2.31 2.22 2.13 2.05 1.98 1.91 1.85 1.79 1.73 1.68 
0.194 2.33 2.24 2.15 2.07 2.00 1.93 1.87 1.81 1.75 1.70 
0.200 2.36 2.26 2.18 2.10 2.02 1.95 1.89 1.83 1.77 1.72 
0.206 2.38 2.29 2.20 2.12 2.04 1.97 1.91 1.85 1.79 1.73 
0.212 2.41 2.31 2.22 2.14 2.06 1.99 1.93 1.86 1.81 1.75 
0.218 2.43 2.34 2.25 2.16 2.09 2.01 1.95 1.88 1.82 1.77 
0.224 2.46 2.36 2.27 2.18 2.11 2.03 1.97 1.90 1.84 1.79 
0.230 2.48 2.38 2.29 2.21 2.13 2.05 1.99 1.92 1.86 1.81 
0.236 2.51 2.41 2.32 2.23 2.15 2.08 2.01 1.94 1.88 1.82 

Source: Own data collection and calculation (2021) 

Table 9 
Estimated unit cost (USD/kg) in the combined common carp production strategy as a function of yield and feed conversion ratio.   

Yield (kg/ha) 

1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 

FCR combined (kg/kg) 3.15 2.33 2.24 2.15 2.07 2.00 1.93 1.87 1.81 1.75 1.70 
3.20 2.35 2.25 2.17 2.09 2.01 1.94 1.88 1.82 1.76 1.71 
3.25 2.36 2.26 2.18 2.10 2.02 1.95 1.89 1.83 1.77 1.72 
3.30 2.37 2.28 2.19 2.11 2.03 1.96 1.90 1.84 1.78 1.72 
3.35 2.38 2.29 2.20 2.12 2.04 1.97 1.91 1.85 1.79 1.73 
3.40 2.40 2.30 2.21 2.13 2.05 1.98 1.92 1.86 1.80 1.74 
3.45 2.41 2.31 2.22 2.14 2.07 1.99 1.93 1.87 1.81 1.75 
3.50 2.42 2.33 2.24 2.15 2.08 2.00 1.94 1.88 1.82 1.76 
3.55 2.44 2.34 2.25 2.16 2.09 2.02 1.95 1.89 1.83 1.77 
3.60 2.45 2.35 2.26 2.18 2.10 2.03 1.96 1.90 1.84 1.78 

Source: Own data collection and calculation (2021) 
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Changes in FCR and yield strongly influence the magnitude of the 
unit cost of market-sized common carp. It can be observed that for a 
given FCR, an increase in the yield/ha decreases the unit cost, but to a 
decreasing extent. Similarly, for a given yield level, the same increase in 
the unit cost is observed for a given FCR change, but the increase in 
specific feed use for higher yield results in a comparatively smaller in
crease in cost per kilogram. A difference of 0.75 USD/kg in unit cost is 
observed between the extremes of the different production parameters 
(Table 9). 

We demonstrate that changes in the average feed price and FCR 
significantly increase the unit cost and decrease the net revenue. The 
difference in unit cost and net revenue between the two extremes is close 
to 0.28 USD/kg (Tables 10 and 11). At the lowest examined feed price, 
there is an increase of 0.08 USD/kg in unit cost between the two ex
tremes of the FCR. It is imperative to note that, for a given FCR, an in
crease in feed price of 0.003 USD/kg results in a higher unit cost of 
0.010–0.011 USD/kg. Similarly, for a given average feed price, an in
crease of 0.5 kg/kg in FCR increases the unit cost by 0.009–0.012 USD/ 

kg. The FCR and average feed price required to achieve a specific net 
revenue of zero in a given technological environment were examined. 
This suggests that, for an average feed price of 0.21 USD/kg, the activity 
is no longer feasible at 4.8 kg/kg FCR (this is outside the values of the 
independent variables in the table). 

After examining the relationship between the sales price of market- 
sized common carp and the average feed price (Table 12), we 
concluded that for a given sales price, the critical feed price (ceteris 
paribus) is 0.29 USD/kg, at which point the net revenue is zero. In the 
same scenario, each increase of 0.003 USD/kg in the average feed price 
reduces the net revenue per kg by 0.01 USD. It is important to note that, 
at a feed price of 0.21 USD/kg, activity operates at a loss if the sales price 
falls below 1.76 USD/kg. 

Average weight of common carp sold and the specific feed used have 
a significant impact on net revenue evolution. For a given FCR, an in
crease in average weight increases net revenue but at a decreasing rate, 
and for a given average weight, increasing feed use decreases net rev
enue by the same amount. Between the two extremes, a change in net 

Table 10 
Estimated unit cost (USD/kg) in the combined common carp production strategy as a function of average feed price and feed conversion ratio.   

Average feed price (USD/kg) 

0.182 0.188 0.194 0.200 0.206 0.212 0.218 0.224 0.230 0.236 

FCRcombined (kg/kg) 3.15 1.86 1.88 1.90 1.92 1.93 1.95 1.97 1.99 2.01 2.03 
3.20 1.87 1.89 1.91 1.93 1.94 1.96 1.98 2.00 2.02 2.04 
3.25 1.88 1.90 1.92 1.94 1.95 1.97 1.99 2.01 2.03 2.05 
3.30 1.89 1.91 1.93 1.95 1.97 1.99 2.01 2.03 2.05 2.07 
3.35 1.89 1.91 1.93 1.96 1.98 2.00 2.02 2.04 2.06 2.08 
3.40 1.90 1.92 1.94 1.97 1.99 2.01 2.03 2.05 2.07 2.09 
3.45 1.91 1.93 1.95 1.98 2.00 2.02 2.04 2.06 2.08 2.10 
3.50 1.92 1.94 1.96 1.99 2.01 2.03 2.05 2.07 2.09 2.11 
3.55 1.93 1.95 1.97 2.00 2.02 2.04 2.06 2.08 2.10 2.12 
3.60 1.94 1.96 1.98 2.01 2.03 2.05 2.07 2.09 2.11 2.14 

Source: Own data collection and calculation (2021) 

Table 11 
Estimated net revenue (USD/kg) in the combined common carp production strategy as a function of average feed price and feed conversion ratio.   

Average feed price (USD/kg) 

0.182 0.188 0.194 0.200 0.206 0.212 0.218 0.224 0.230 0.236 

FCRcombined (kg/kg) 3.15 0.44 0.42 0.40 0.38 0.36 0.34 0.33 0.31 0.29 0.27 
3.20 0.43 0.41 0.39 0.37 0.35 0.33 0.31 0.30 0.28 0.26 
3.25 0.42 0.40 0.38 0.36 0.34 0.32 0.30 0.28 0.26 0.24 
3.30 0.41 0.39 0.37 0.35 0.33 0.31 0.29 0.27 0.25 0.23 
3.35 0.40 0.38 0.36 0.34 0.32 0.30 0.28 0.26 0.24 0.22 
3.40 0.39 0.37 0.35 0.33 0.31 0.29 0.27 0.25 0.23 0.21 
3.45 0.39 0.36 0.34 0.32 0.30 0.28 0.26 0.24 0.22 0.20 
3.50 0.38 0.36 0.33 0.31 0.29 0.27 0.25 0.23 0.21 0.19 
3.55 0.37 0.35 0.32 0.30 0.28 0.26 0.24 0.22 0.20 0.17 
3.60 0.36 0.34 0.31 0.29 0.27 0.25 0.23 0.21 0.18 0.16 

Source: Own data collection and calculation (2021) 

Table 12 
Estimated net revenue (USD/kg) in the combined common carp production strategy as a function of sales price and average feed price.   

Average sales price (USD/kg) 

1.621 1.697 1.773 1.848 1.924 2.000 2.076 2.152 2.227 2.303 

Average feed price (USD/kg) 0.182 − 0.04 0.04 0.11 0.19 0.26 0.34 0.42 0.49 0.57 0.64 
0.188 − 0.06 0.02 0.09 0.17 0.24 0.32 0.40 0.47 0.55 0.62 
0.194 − 0.08 0.00 0.07 0.15 0.22 0.30 0.37 0.45 0.53 0.60 
0.200 − 0.10 − 0.03 0.05 0.13 0.20 0.28 0.35 0.43 0.50 0.58 
0.206 − 0.12 − 0.05 0.03 0.11 0.18 0.26 0.33 0.41 0.48 0.56 
0.212 − 0.14 − 0.07 0.01 0.08 0.16 0.24 0.31 0.39 0.46 0.54 
0.218 − 0.16 − 0.09 − 0.01 0.06 0.14 0.21 0.29 0.37 0.44 0.52 
0.224 − 0.18 − 0.11 − 0.03 0.04 0.12 0.19 0.27 0.35 0.42 0.50 
0.230 − 0.21 − 0.13 − 0.05 0.02 0.10 0.17 0.25 0.32 0.40 0.48 
0.236 − 0.23 − 0.15 − 0.08 0.00 0.08 0.15 0.23 0.30 0.38 0.46 

Source own data collection and calculation (2021) 

L. Mihály-Karnai et al.                                                                                                                                                                                                                        



Aquaculture Reports 36 (2024) 102189

8

revenue of approximately 0.68 USD/kg is observed. The weight at the 
modeled harvest (3.6 kg) no longer yields a net revenue at an FCR of 
4.77 kg/kg, and the FCR of 3.45 kg/kg at an average weight of 2.8 kg/ 
fish shows a break-even point (Table 13). 

4. Conclusions 

Combined production strategy involves off-season artificial common 
carp reproduction, followed by intensive monoculture hatchery/nursery 
rearing in RAS and semi-intensive pond-rearing. By adopting this 
intensive production strategy, farmers can produce market-sized com
mon carp in 2 years instead of 3 years using the conventional method. A 
total production cost of 2889.92 USD/ha accumulates over two years in 
combined common carp production. Feed is the most significant cost 
item in the combined common carp production strategy, primarily due 
to the intensive use of feed in the first two phases of production. Labor 
cost represents the second main component of the total production cost 
over the two years. The more intensive technology requires higher-value 
fixed assets (buildings, equipment, and machinery) mainly in the first 
phase of production, which increases depreciation and maintenance 
costs. The fish yield for the 1-ha pond area in polyculture amounts to 
1.75 tonnes, with common carp contributing to 90.3 % of the total yield. 
Consequently, a unit cost of 2.02 USD/kg can be calculated in the 
combined common carp production strategy. Overall, a net revenue of 
404.85 USD per 1-ha fish pond and 0.28 USD per 1-kg market-sized 
common carp can be realized over 2 years. Changes in yield, FCR, 
sales price, and feed price significantly affect common carp unit cost and 
net revenue evolution. Increasing yields/ha reduces the unit cost at a 
constantly decreasing rate. 

Our findings suggest that production costs associated with the 
intensive production strategy are higher than those assumed in the 
conventional extensive 3-year common carp production strategy. 
However, annual average net revenue can be increased by implementing 
a more intensive combined common carp production strategy based on 
off-season artificial common carp propagation. Multiple revenues are 
realized by shortening the production period by one year, which in
creases the assets turnover ratio and improves farms’ liquidity. 

Futhermore, this study aims to promote sustainable and economi
cally viable practices in the aquaculture sector by addressing the specific 
needs of investors and farmers. Considering the broader concept of 
sustainability, future studies could analyze the long-term environmental 
and social benefits of combined fish production strategies alongside 
their long-term economic feasibility. Integrating environmental and 
social impact variables could provide a more holistic perspective on 
evaluating combined fish production strategies, aligning with sustain
ability goals. 
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3.30 − 0.09 0.02 0.11 0.18 0.25 0.31 0.37 0.42 0.46 0.50 
3.35 − 0.10 0.01 0.09 0.17 0.24 0.30 0.36 0.40 0.45 0.49 
3.40 − 0.11 0.00 0.08 0.16 0.23 0.29 0.34 0.39 0.44 0.48 
3.45 − 0.12 − 0.01 0.07 0.15 0.22 0.28 0.33 0.38 0.43 0.47 
3.50 − 0.13 − 0.03 0.06 0.14 0.21 0.27 0.32 0.37 0.42 0.46 
3.55 − 0.14 − 0.04 0.05 0.13 0.20 0.26 0.31 0.36 0.41 0.45 
3.60 − 0.15 − 0.05 0.04 0.12 0.19 0.25 0.30 0.35 0.40 0.44 

Source: Own data collection and calculation (2021) 
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dokumentuma. Magyarország Kormánya, 1–66. URL: 〈https://halaszat.kormany. 
hu/download/d/f5/f0000/2015_03_30_NAS_4%201_program%25C3%25ADr%25 
C3%25B3i%20verzi%25C3%25B3_v%25C3%25A9lem%25C3%25A9nyez%25C3% 
25A9sre.pdf〉. 

Piedrahita, R.H., 1984. Development of a computer model of the aquaculture pond 
ecosystem. Ph.D. Thesis. University of California, Davis, CA. 

Piedrahita, R.H., 1988. Introduction to computer modelling of aquaculture pond 
ecosystems. Aquacult. Res. 19 (1), 1–12. https://doi.org/10.1111/j.1365- 
2109.1988.tb00328.x. 

Rahman, M.M., 2015. Role of common carp (Cyprinus carpio) in aquaculture production 
systems. Front. Life Sci. 8 (4), 399–410. https://doi.org/10.1080/ 
21553769.2015.1045629. 
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lehetőségei, a magyar halgazdálkodási operatív program (MAHOP) hatása az ágazat 
fejlődésére. OTP Bank Nyrt Agrár Kollégiuma, Debrecen. 

Thomas, M., Pasquet, A., Aubin, J., Nahon, S., Lecocq, T., 2021. When more is more: 
taking advantage of species diversity to move towards sustainable aquaculture. Biol. 
Rev. 96 (2), 767–784. https://doi.org/10.1111/brv.12677. 
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