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Abstract

We provide a general overview of spatial distribution and the economic situation of aquacul-
ture enterprises in Czechia (the Czech Republic) in terms of revenues, profitability, work
productivity, indebtedness and grants. We analysed data available in the State Veterinary
Administration and information system of the State Agricultural Intervention Fund. The most
significant fish producers (enterprises) are located in the regions of South Bohemia. Aquacul-
ture sector profitability and enterprises profits have been moderately rising since 2010. The
profitability in 2015 is roughly the same as that in 2005. The amount of provided grants
showed a higher value than the generated average annual profits. The enterprises were not able
to generate sufficient resources to finance investments without grants resources. Enterprises
that realised financing for larger investments from bank credits showed relatively high levels
of indebtedness (micro-enterprises at 95.5%). On the contrary, work productivity was the
highest for micro-enterprises. Micro-enterprises had the largest share of revenues in relation to
the number of employees. Each group of enterprises is considerably specific and needs an
individual approach for the subsequent evaluation.
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STECF Scientific, Technical and Economic Committee for Fisheries
SVA State Veterinary Administration
Introduction

Global aquaculture production has been increasing steadily since the early 1950s. The outcome
is that 50% biomass of total global food fish nowadays originates in aquaculture (Subasinghe
et al. 2009; FAO 2016). The total world aquaculture and fisheries production volume has been
constantly increasing since 2012 moving from around 182 million metric tonnes (t) to 195
million t. From aquaculture originate 101 million t and 94 million t from catches (EUMOFA
2016a).

EU countries represent about 3.2% of the world’s production and aquaculture production
generates 1.28 million t of fish and other aquatic organisms (EUMOFA 2016a). Freshwater
production accounts for about 25% of EU aquaculture output (Bostock et al. 2016) and the
most important species in freshwater aquaculture are rainbow trout (Oncorhynchus mykiss
Walbaum, 1792) and common carp (Cyprinus carpio L.) (Lane et al. 2014; FAME 2016). EU
trout production reached in total 191,000 t with a value of EUR 604 million in 2014. Common
carp is produced almost solely in pond aquaculture, which has been present in Central Europe
for centuries. Indeed, carp production stood almost flat, totalling 80,000 t. The main EU carp
producers in 2014 were Poland and Czechia, accounted for 19,000 t worth EUR 38 million and
18,600 t worth EUR 37 million, respectively (EUMOFA 2016a), followed by Hungary with a
total 13,000 t (EUMOFA 2016b). The EU production of other freshwater fishes amounted to
16,000 t and it is composed of European catfish (Silurus glanis L.), European eel (Anguilla
anguilla L.), arctic char (Salvelinus fontinalis Mitchill, 1815) and various species and hybrids
of sturgeons (Acipenser sp.) (FAME 2016).

The aquaculture has already become of multifunctional nature since the production is also
an important socio-economic factor influencing many people in various countries (Lynch et al.
2016; FAO 2016).

Czechia is a landlocked country where there are no lakes and large rivers but more than
24,000 ponds are situated throughout the territory and cover an area of about 52,000 ha
(Adéamek and Koutil 2000; MoA 2014). In the last years, the annual production of market fish
has reached nearly 21,000 t (CFFA 2015). The production of common carp dominates with
about 87% of total production followed by salmonids with approx. 6%, herbivorous fishes
(Hypophthalmichthys molitrix Valenciennes, 1844; Ctenopharyngodon idella Valenciennes,
1844) are represented by 4% and tench (7inca tinca L.) as a traditional export species of about
2%. The production of highly demanded predatory fishes (Sander lucioperca L., Esox lucius
L., Silurus glanis L.) is limited by the type of management and the pond area. Although the
proportion of predatory fishes is represented only by approximately 1% of the total fish
production in Czechia (MoA 2014; CFFA 2015), their role in the export market is
unreplaceable due to marketing connection with common carp sales (Nebesky et al. 2016).

Pond aquaculture is far more dominant in the whole aquaculture sector in Czechia and
forms a basis of many other activities including fish stock management of various water bodies
mainly for recreational fishing (Kalous et al. 2018).

The majority of ponds were built in the fifteenth and sixteenth centuries, and besides its
production role, they fulfil a range of non-production functions in the cultural landscape as
water retention and flood control, and they represent important landscape-forming elements
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(Pokorny and Hauser 2002; Pokorny 2015a). Pond aquaculture plays an important role in
cultural, socio-economic and recreational activities of the whole society (Adamek et al. 2012).
Additionally, the presence of ponds has a proven positive effect on local biodiversity (Williams
et al. 2004).

Maintaining this multifunctional aquaculture is crucial for sustainability from a landscape
level to a social-economic level.

Therefore, it is necessary to identify important pond aquaculture regions within Czechia
and monitor the economic development in basic indicators in relation to the size of the
enterprise and their focus.

The objective of this paper is to assess the current economic situation of production
enterprises within the aquaculture according to indicators as enterprise revenue, profits (EBIT),
obtained grants, number of employees, work productivity and indebtedness.

Materials and methods

An enterprise was considered to be any entity engaged in economic activity, irrespective of its
legal form. Both individual and legal persons were represented in the sample. Given the need
to categorise enterprises for analyses, enterprises were sorted into three groups: micro-, small-
and medium-sized enterprises according to recommendation 2003/361/EC of 6 May 2003. The
category of micro-, small- and medium-sized enterprises (SME) consists of those employing
fewer than 250 persons and having an annual turnover not exceeding 50 million EUR. Within
the SME category, a small enterprise employing fewer than 50 persons and its annual turnover,
and/or annual balance sheet, does not exceed EUR 10 million in total. Additionally, the micro-
enterprise within the SME category is defined as an enterprise, which employs fewer than 10
persons and whose annual turnover and/or annual balance sheet does not exceed EUR 2
million in total. The exchange rate provided by the Czech National Bank (CNB) was applied to
the first business day of 2017 (1 EUR =27.020 CZK to date 2 January 2017). The exchange
rate thus used was fixed.

We employed data from the register of the State Veterinary Administration (SVA), which
maintains information (location) about production enterprises in Czechia (not including Czech
Fishing Union). The number of enterprises in the unit was used for the evaluation of
administrative regions (NUTS III). The number of enterprises was monitored between 2015
and 2018. The data collecting began on 31 December 2015 and ended on 31 May 2018. Two
data collecting took place in 2016 on 12 September 2016 and 15 November 2016 and two data
collecting took place in 2017 on 16 May 2017 and 10 November 2017.

The second source of data was the information system of the State Agricultural Intervention
Fund (IS SAIF), which ensures the collection of information on projects and beneficiaries from
the Operational Program for Fisheries 2007-2013 and the Operational Program for Fisheries
2014-2020. Through the information system of IS SAIF, all the grant applications in the
mentioned programmes are administrated.

We used quantitative analytical methods to evaluate the economics of aquaculture enter-
prises in Czechia including financial analysis, comparative analysis and analysis of trends
development according to Guillen et al. (2015). The financial and comparative analyses were
based on the values reported by an enterprise in the financial statements and the tax return. The
financial analysis uses indicators such as enterprise revenue, profits (EBIT), obtained grants, a
number of employees, work productivity and indebtedness following Guillen et al. (2015) and
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Yuan et al. (2017). Work productivity was determined as a share of revenues in relation to the
number of employees (FTE). Indebtedness was measured by the number of assets of the
enterprise covered by foreign sources. A comparative analysis was applied to intercompany
comparisons for selected indicators and benchmarking by enterprise size. Samples for these
analyses were 9 micro-enterprises, 7 small enterprises and 4 medium enterprises. A total of 20
enterprises were selected in the sample, i.e. 7% sample of approved establishments in the
Czechia by the SVA. All data in the outputs of these analyses were from the closed accounting
period of 2015. Analysis of development trends was applied in the evaluation of changes in the
monitored indicator in the 10-year interval from 2005 to 2015. The indicator of the achieved
profits of enterprises (EBIT) and work productivity was selected for the analysis of trends
development.

The following criteria were established for the selection of enterprises in the research
sample. Only enterprises with over 65% of revenue from aquaculture in the entity’s total
revenue were included in the sample. The share of revenue from aquaculture (RA) from the
total revenue of the entity was calculated as the sum of revenue from sales of live fish (RLF),
sales of processed fish (RPF), sales of angling allowances (RAA), received compensation and
grants for non-production functions (NPF) of ponds related to the enterprises total revenue
(TR). According to the formula:

RLF + RPF + RAA + NPF
RA = + + + X

100
TR

Selected enterprises were located through the whole territory of Czechia and they were focused
on traditional pond aquaculture and they also usually operate own fish hatcheries (Table 1).

The results were processed in the program Microsoft Excel, using descriptive statistics as
the arithmetic mean and standard deviation. The statistical evidence of differences between
groups was tested in the program STATISTICA by variance analysis (ANOVA) with a 95%
significance level (by the Scheffe test). The Scheffe test compares the pairs of means and it is
universal (suitable for an unbalanced model) (Budikova 2006).

Results

In medium-term (between 2015 and 2018), there were 285+ 18 aquaculture enterprises
registered in Czechia (Table 2). The standard deviation shows the change over the years.
Most of them were concentrated in the South Bohemian Region (89 + 12) (for details regarding
all regions (NUTS III) of Czechia and the corresponding number of aquaculture enterprises,
see Fig. 1 and Table 2).

The revenues for the sale of live fish, total revenues of the enterprises, the achieved profits
made of the enterprises (EBIT), obtained grants, the number of employees (FTE), work

Table 1 Characteristics of aquaculture enterprises included into the sample

Indicator The size of the enterprise

Micro Small Medium
Managed water area (ha) 2-130 2601540 1250-1600
Production of common carp in live weight per year (t) 1-40 140-640 500-1100
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Table 2 The number of aquaculture enterprises in the administrative regions (NUTS III) during the period 2015—
2018

Administrative regions NUTS IIT Number of enterprises Code of the region
Prague 13 £2¢ CZ010
Central Bohemian Region 34 + 32 CZ020
South Bohemian Region 89 £ 12¢ CZ031
Plzefi Region 19 =+ 1abe CZ032
Karlovy Vary Region 13+ 1¢ CZ041
Usti nad Labem Region 4+1° CZ042
Liberec Region 4+ 1¢ CZ051
Hradec Kralové Region 18 =+ 2abe CZ052
Pardubice Region 14 + 1be CZ053
Vyso&ina Region 29 + 6ob CZ063
South Moravian Region 12 & 1ed CZ064
Olomouc Region 15 + 2bed CZ071
Zlin Region S+ 1¢ CZ072
Moravian-Silesian Region 18 £ 1abe CZ080
Czech Republic 285 £ 18

The same superscript letters mean a statistically inconclusive difference (statistical significance at the 5% level).
The statistical evidence of differences was tested for each year separately by Scheffe’s test

productivity and total indebtedness, all divided by the size of enterprises, are given in Table 3.
Revenues for sale of live fish, total enterprise revenues, the profit of enterprises and obtained
grants were statistically different from the medium-sized enterprises (ANOVA, Scheffe’s test).

jor region in aquaculture is indicated by a star
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Table 3 Selected indicators of enterprises depending on their size

Indicator The size of the enterprise

Micro Small Medium

Revenues for the sale of live fish in thousands of 61.58 + 51.952 786.6 £ 381.14%  2376.02 + 1464.82b

EUR per enterprise

Total revenues of the enterprise in thousands of ~ 67.57 + 56.522 1039.99 + 450.832  4286.31 + 1583.41b
EUR per enterprise

Profits made of the enterprise in thousands of EUR  15.04 + 11.152 82.76 + 78.06* 500.2 + 342.81P
(EBIT)

Obtained grants in thousands of EUR per 5225 +49.61*  258.71 £ 116.89+>  506.85 + 164.88P
enterprise

Number of employees per enterprise (FTE) 2.1+1.8 247+£9.3 108 + 37.7

Work productivity in EUR per employee 151.4 £ 105.82 48.2 £ 6.352 51.7 +£7.782

Total indebtedness in % 95.5 +49.572  44.71 +21.32b 31.83 +9.820

The same superscript letters mean a statistically inconclusive (statistical significance at the 5% level). The
statistical evidence of differences was tested for each year separately by Scheffe’s test

All enterprises in the sample were recipients of grants of both national and European
programmes. The amount of provided grants showed a higher value than the generated average
annual profits (EBIT).

In the case of micro-enterprises, revenues for the sale of live fish accounted for at least 80%
of'total revenues. For small enterprises, revenues for the sale of live fish accounted for at least
60% of total revenues and for medium enterprises this share was at a minimum of 25%.

The indicator of the achieved profits of enterprises (EBIT) and work productivity was
selected for the analysis of trends development. Comparing the development curves of the
profits achieved by micro, small and medium enterprises (Fig. 2), it is clear that enterprises
showed significant year-on-year fluctuations in profits. Each group of enterprises had a
completely different trend. Micro-enterprises had the lowest fluctuation, sometimes falling
into negative numbers. Small enterprises had a growing trend in the last analysed years and the
medium enterprises had the greatest profitability.

The profitability of the aquaculture sector is shown in Fig. 3 as the arithmetic mean
calculated from all enterprises. The number of enterprises in the group (9 micro-enterprises,
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Fig. 2 Average profitability per a type of enterprises in Czech aquaculture in thousands of EUR within the period
20052015
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Fig. 3 Total average profitability per enterprise in Czech aquaculture in thousands of EUR within the period
2005-2015

7 small enterprises and 4 medium enterprises) corresponded to the proportion of enterprises
across the sector. The year-on-year growth rate of profitability in the sector recorded a decrease
of about 59% in 2010 compared with 2007. The growth rate has been increasing since 2010.
The aquaculture sector profitability in 2015 was almost the same as that in 2005.

Work productivity was the highest for micro-enterprises (Table 3). Comparison of the
development curves of the work productivity achieved by micro, small and medium enter-
prises is seen in Fig. 4. Micro-enterprises had the largest share of revenues in relation to the
number of employees and can be considered more efficient.

The productivity of the aquaculture sector (Fig. 5) slightly increases from 2005 to 2015.
The increase was caused mainly by the increase in the productivity of micro-enterprises. The
year-on-year growth rate reached about 38% in 2015 compared with 2005.

Discussion

The number of aquaculture enterprises could be considered as one of the measurements of
aquaculture activity in a specific area. In total, there are about 285 aquaculture enterprises
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Fig. 5 Total average work productivity in Czech aquaculture in EUR within the period 2005-2015

operating in Czechia. When we compare it with other central European countries, similar
numbers are reached by Hungary with about 260 registered enterprises with slightly lower
production of common carp (EUMOFA 2016b). The highest number of aquaculture enter-
prises is in Poland with approx. 1250 enterprises, dominated by small ones with less than 5
employees (70% of total) (STECF 2016). Traditional pond aquaculture is also situated in
German neighbouring areas to Czechia, namely in Bavaria and Saxony (BMEL 2014). In
Bavaria, there is a prevalence of smaller family-run pond farms, and in Saxony, there are
somewhat larger pond management enterprises (Centenera 2014) but the minority of enter-
prises (less than 10%) produce more than 5 t per year (STECF 2016). In Austria, the situation
is similar to Bavaria: fishpond areas are located prevalently in Upper Austria and Styria
(Matzinger 2014).

According to our results, most of the aquaculture enterprises in Czechia are concentrated in
the South Bohemian Region (89 + 12 enterprises). The region has its importance to aquacul-
ture also in terms of history (Panek and Ttima 2018), pond area concentration (Pokorny 2015a)
and contribution of aquaculture to the regional economy (MoA 2014). In the South Bohemian
Region, more than 7000 ponds and small water reservoirs of a total area of almost 23,000 ha
are situated. It represents a half of the total pond area of the whole country (MoA 2014). The
region is also characterised by the presence of large ponds (out of 10 largest ponds, 8 can be
found in South Bohemia) (Adamek et al. 2012; Pokomy 2015a). The actual number of
enterprises resulting from our analyses supports the generally accepted dominant position of
South Bohemian Region within regions (NUTS III) of Czechia. In contrary, the South
Moravian Region, which is also generally associated with pond aquaculture (Ktivanek et al.
2012), resulted in only 12+ 1 enterprises. Interestingly, the second highest number of enter-
prises (34 £3) is in the Central Bohemian Region. These discrepancies could be attributed to
the difference between regions in regard to the spatial structure of enterprises, which are not
always in accordance with the production or number of ponds. Moreover, some larger
enterprises operate in more regions but their headquarters are always situated in only one.
This assumption is supported by the fact that 13 aquaculture enterprises are located in the
capital city of Prague but it is unlikely that their fish production is localised only on the
territory of Prague.

Besides the spatial distribution of enterprises, our main target was the evaluation of the
economic situation of the aquaculture sector in Czechia. Enterprises profits and the
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profitability of aquaculture sector show a more pronounced decline since 2007 to the lowest
value in the year 2010 and then the profitability slightly increases. Financial/economic crisis
belonged among the influences that had a significant effect on the reduction of profits in the
years 2009 to 2012 at the national level (Terazi and Senel 2011). Based on the impact of the
financial/economic crisis, the prices of inputs in the sector (feed, electricity, fuel, water, gas,
etc.) increased, but output prices of aquaculture products were stagnating (MoA 2014; CFFA
2015).

The obligation of enterprises in the production aquaculture sector to meet the requirements
of demanding legislation, especially in the field of environmental protection during this period
(protection of cormorant (Phalacrocorax carbo) or obligation to monitor water quality) (CFFA
2015) also belongs among the reasons that had a significant effect on the reduction of profits in
the years 2009 to 2012. In addition, other substitutes of freshwater fish were imported to the
domestic market and imports of freshwater fish from third countries were launched in Czechia
too (Berka 2015). In this period, the Czech currency (CZK) also strengthened, which dimin-
ished the direct gain from export due to unfavourable currency exchange rates (Nebesky et al.
2016).

Interestingly, our results pointed out that the amount of provided grants showed a higher
value in total than the generated average annual profits. The enterprises were not able to
generate sufficient resources to finance investments without grants resources during the
reporting period. Medium-sized enterprises had a relatively high volume of grants and they
were able to secure their share of co-financing of investments without long-term bank credit.
Enterprises that realized financing for larger investments from bank credits showed relatively
high levels of indebtedness (Holeckova 2009).

The greatest economic uncertainty was seen in micro-enterprises because the period from
the first investment (into production equipment) to the first harvest is considerably capital
demanding. Micro-enterprises starting from scratch and companies without a strong capital
base are dependent on external financing. Banks are usually looking for low-risk business
opportunities and the sector needs to have a certain size to be banks willing to invest in it. As
could be expected, banks are commonly reluctant to engage in aquaculture activities of new
micro-businesses (EUMOFA 2019).

The long-term aquaculture strategy in Czechia is to maintain or slightly increase produc-
tion, which seems to be reasonable (MoA 2014). Aquaculture production based solely on
traditional fish production in ponds has considerable limits with regard to environmental
protection (MoA 2014). Regarding the very high investment costs, new ponds without state
subsidies are built only to a very limited extent since the return from investment is at a very
low level of around 25 years or more (Pokorny 2015b). According to our empirical estimation,
the constructing costs of 1 ha of the pond vary from 80,000 to 110,000 EUR and the costs of
removing sediment from 1 ha (for the pond renovation purpose) from 44,000 to 62,000 EUR.
In the absence of bank financing, many enterprises that wish to expand or take advantage of
new technology rely on EU or governmental grants (EUMOFA 2019).

Aquaculture in Czechia and especially pond aquaculture is strongly linked to history,
culture and social aspects (Adamek and Koutil 2000). Small- and medium-sized enterprises
that diversify their activities seem to be more stable, more competitive and able to cope better
with unexpected environmental situations (droughts, floods). This is in accordance with Berka
(2015) who mentioned that the diversification of economic activities of aquaculture production
enterprises in Czechia is needed. This diversification, besides increasing income, may have a
positive impact also on local employment (Martin 2011).
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The future of traditional Czech aquaculture seems to be in both fish production of high-
quality products and ecosystem and social services. The sustainability of the current model of
traditional aquaculture will need continuous grant support to fulfil non-production activities of
ponds in the landscape. It is also obvious that ponds without fish production would result in the
disappearance of a typical pond landscape.

Conclusions

The number of aquaculture enterprises in Czechia is about 285.

Most of the enterprises are situated in the South Bohemian Region.

Enterprises profits and the profitability of aquaculture in Czechia show a decline from the
year 2007 to the lowest value around the year 2010 and since the profitability slightly
increased.

The amount of provided grants showed a higher value than the generated average annual
profits.

Micro-enterprises had the largest share of revenues in relation to the number of employees.
Work productivity of the aquaculture sector slightly increases from 2005 to 2015.

Each group of enterprises, micro, small and medium, is considerably individual resulting in
the recommendation that each group will need an individual approach and an individual
economic strategy for the subsequent evaluation.
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