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ABSTRACT Public support of mussel farming in Greece is an important factor because of its financial viability. The
profitability of the activity is seriously reduced in small farms (1-3 ha) as a result of their high production costs; however, small
farms represent a major part of the industry. Mussel farming is an extensive activity, with space availability regulated by public
administrators via licensing of marine cultivation area property rights. The available space, though, is limited and, consequently,
impedes any future expansion, restricting the production capacity of small farms. Nevertheless, the cost of new establishments and
the modernization of existing ones (suitable boats, grading equipment, and so on) is affordable only by the larger companies. For
small farms, it seems harder to recruit the large labor teams needed to work on a seasonal basis because this is the optimum to
effect least operational costs, as shown by sensitivity analyses. In conclusion, for financial sustainability this sector needs to be
restructured and organized into larger schemes, such as with producer organizations or cooperatives, to achieve economies of

scale.

KEY WORDS: Mediterranean mussel farming, Mytilus galloprovincialis, economics of scale, financial risks, Greece

INTRODUCTION

Mussel farming in Greece is a relatively new industry and
is focused on rearing the Mediterranean mussel Mytilus
galloprovincialis. Mussels are filter-feeding animals that depend
on natural primary productivity for their growth and develop-
ment, competing for the capture of phytoplankton, microbes,
and detritus in the water column. Currently, mussel culture
systems are extensive in their nature worldwide. Farmers use
ropes to provide a controlled substrate on which the mussels
can settle and grow in a select, highly eutrophic site nearshore.
In Greece, the availability of such suitable places is limited, so
the specific site and the occupied space play very important
roles in the financial success of a mussel farm and its
sustainability.

Development of the mussel culture sector in Greece occurred
after the successful introduction of the “innovative” single-
longline floating technology during the mid 1980s (Theodorou
et al. 2011). In contrast to the sea bass/bream industry—the
major marine farming activity in Greece, with large flexibility
for site selection (Theodorou 2002)—there is a limit to the
expected expansion of the mussel sector imposed by the small
number of suitable estuaries or closed bays. Mussel farms
currently occupy a sea surface of 3 ha on average (ranging
mainly from 1-5 ha), producing up to 100 t/ha. The annual
mussel production in Greece ranges from 25,000-40,000 t,
with close to a maximum of 45,000-50,000 t projected for
coming years.

The Mediterranean mussel farm industry in Greece is mainly
an export-oriented activity based on the production of “raw
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material” for the processing and distribution networks of major
consumer countries in Europe. However, structural problems in
Greek mussel farming, such as poor marketing and lack of or-
ganized dispatch centers or purification plants, may put at risk
the profitability of relatively small farms (Theodorou & Tzovenis
2007). In addition, the pending new legislation for site reshuf-
fling in “Areas for Organized Aquaculture Development”
might increase production costs by imposing additional ex-
penses to it (increased fees, monitoring intensification, and so
on). This new legislation may also impose additional investment
costs—for example, relocation or new equipment purchase
(monitoring, safety, and so on)—and may create conflicts with
other coastal zone stakeholders (urbanization, tourism and so
on) (Papoutsoglou 2000, Kochras et al. 2000, Theodorou 2001,
Zanou et al. 2005, Karageorgis et al. 2005, Karageorgis et al.
2006, Konstantinou et al. 2012). On the other hand, environ-
mental problems such as harmful algal blooms, insufficient
environmental monitoring systems, predation by aquatic ani-
mals, or shortened rainfall periods may increase the risks of the
farming operations (Theodorou & Tzovenis 2004, Theodorou
et al. 2012, Vlamis et al. 2012). The current situation of Greek
mussel farming, therefore, calls for more sophisticated mana-
gerial approaches and possibly an overall restructuring of the
sector.

In European terms, available information on the mussel
culture industry does not allow for the assessment of a sector’s
economic performance (Commission of European Communi-
ties, Brussels 2009). A relatively recent European survey
(FRAMIAN BV 2009) used pooled data from several regions
to describe the current status of the business, and made certain
recommendations for improvement. Regrettably, the survey did
not assess the effect that farm size might have on the financial
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sustainability of culture operations. In addition, the financial
risks associated with certain recommended industry enhance-
ment strategies were not very well defined with respect to Greek
mussel farming.

Because risk is a relative measure, a financial analysis is
usually conducted and focused primarily on profitability indi-
cators as the reference point for subsequent risk analyses (Kam &
Leung 2008). Therefore, an effort has been made in the current
study to investigate the impact of major risks on the profitability
of Greek mussel farms. In Greece, contrary to agriculture or
finfish mariculture (Theodorou et al. 2010a), mussel farming has
limited insurance services or a loss reporting system, making it
impossible to identify and rank the risks through usual methods.
Hence, a study of the mussel farmers’ risk perceptions was
conducted based on structured questionnaires and personal
interviews of a large number of mussel farmers (Theodorou et al.
2010b). The major sources of risk that emerged were financial,
farmers’ personal welfare, and market, public health and safety,
environmental, and institutional factors.

In the current study, only financial, market, and institutional
risks were included. Personal welfare risks could be addressed
by the national health system and/or private insurance policies.
Environmental risks are commonly perceived as uncertainty by
the underwriters, so—in agribusiness—they are usually covered
(if at all) by extraordinary measures of the state. Public health and
safety risks are normally considered best management practices
or the industry’s code of conduct failures, and therefore
underwriters are reluctant to cover them (Secretan 2003,
Beach & Viator 2008, Secretan 2008). In the study by
Theodorou et al. (2010b), it was demonstrated that the ex-
farm price was perceived to be the major source of financial
risk, despite (or because of) the price stability exhibited during
the past 2 decades (Theodorou et al. 2011). Price stagnation,
combined with production cost increases and low expansion
capacity, might negatively influence the profitability or even
the financial viability of the farms. Furthermore, in contrast to
intensive marine finfish farming, no technological advances
enhancing production per occupied area were created during
the past few decades. Therefore, farm size was included both as
a financial and as an institutional source of risk affecting
profitability, because the state licensing system lacks any
reasonable flexibility. A sensitivity analysis, as described by
Kam and Leung (2008), was conducted to determine how
changes in key production and management variables (enter-
prise budgets according to Engle and Neira [2005]) of different
farm size (including fuel and labor cost), harvest volume
achieved per year (incorporating, to some extent, environ-
mental risk), and product form (market risk) may affect
profitability.

MATERIALS AND METHODS

Background

Recent efforts to study the risk perceptions of the aquacul-
turists in various countries determined institutional risks as
a major source of risk and, in some cases, as the most important
risk sources of the activity, such as in Norway with the salmon
industry (Bergfjord 2009), France with oyster farming (Le Bihan
et al. 2010, Le Bihan et al 2013), Vietnam with catfish (Le &
Cheong 2010), Denmark with mussel farming (Ahsan & Roth
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2010), and Bangladesh with shrimp (Ahsan 2011). In Greece,
with Mediterranean mussel aquaculture, we investigated how
farm size (directly dependent on the licensing system) works as a
source of institutional risk and how to mitigate the adverse effects
of this risk by providing risk management solutions.

Model Development
The following attributes were incorporated into the model:

1. Mussel growth depends on the natural productivity of a site,
with limited options along the Greek coastline.

2. The only available culture technology today is of an extensive
nature, thereby rendering the industry space demanding.

3. As in livestock production economic profitability analyses,
the study is carried out at the farm production level to achieve
maximum returns from production activities (Rushton 2009,
Clark et al. 2010, Engle & Sapkota 2012).

4. The current local mussel farming industry functions as an
industry in perfect competition (i.e., the number of mussel
farms is fixed and each farm has a given size in a certain area
locations).

The financial risk assessment of Greek mussel farming was
conducted via a farm-level profitability analysis based on farm
size, and it focused on the individual farm’s/firm’s short-term
decisions based on perfect competition conditions (Parkin
2010).

To evaluate the impact of mussel farm size on profitability,
we assessed a range of culturing operations (1-6 ha each) located
in the same area (similar natural conditions and transportation
costs) using similar technology and typical production methods.

Profit () was calculated as a single input-to-single output
relationship (factor/product) for different farm sizes (levels of
inputs used) and corresponding outputs (tons/ha). The expres-
sion is

Profit(nt) = TVP — TC = TVP — TVC — TFC
=P, X Y—TVC - TEC, (1)

where TVP is total value product, representing the total
monetary value of the production of the mussel farm, and can
be written as

TVP=P, X Y, 2)

(where Y is the amount of output [harvested mussels in tons] at
any level of farm size, P, is price per unit of output [Euros per
ton]); TC is the total cost, representing the total monetary value
of all costs of production and can be written as

TC = TVC +TFC; A3)

where TVC is the total variable costs, representing total
monetary costs for the variable inputs used in mussel pro-
duction; and TFC is the total monetary value of fixed inputs
used for production.

Sensitivity analysis was carried out according to Kam and
Leung (2008). Financial risk assessment was done by comparing
the relative impact of hazards (production and price reductions,
labor, energy and consumable cost increases) with a baseline for
an ideal situation when no risks exists. Scenarios were used to
describe multiple parameters that may change simultaneously.
Hence, a scenario-based analysis was also used to investigate
the role of European Union (EU)/public support (subsidy) in
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the profitability of mussel farm sizes under different production
levels and market situations. The initial investment was a high-
risk opportunity, because of the variability in production,
resulting from the extensive nature of the business, increased
the financial risk. As a result, there is limited interest from the
banking sector to support this type of operation.

Last, a break-even analysis was used to determine the
breakpoints and threshold values for the mussel harvest yield
(measured as a percentage). In this type of analysis, only the
value of a single factor is determined, which—in this case—was
the mussel production cost for each farm size. The critical
values (or switching values) of production and sales parameters
predict losses, whereas the product cost and price offered
provide indications for the market demand of each type of
product (Adams et al. 2005) such as raw pergolari (mussels
tubed in cylindrical plastic nets—Italian style) or mussels
graded and packed in plastic net bags.

Information and data describing the production costs and
the technical parameters of a mussel farm in Greece were ob-
tained from a survey of 8 mussel farms of different sizes and
locations. Fixed costs, such as equipment and boats, were
obtained from industry suppliers. Personal interviews of mussel
farmers (n = 48) were also conducted through farm visits within
the main production regions in Greece and through a question-
naire distributed to all registered farms in Greece, which
numbered 218 in 2008. The survey was implemented October
to December 2008, and was developed to obtain empirical in-
formation on production and marketing risks. Production and
management assumptions for a hypothetical operation were
established according to Adams et al. (2005). A Microsoft Excel
spreadsheet was developed so that, given production design and
management assumptions, capital investment, operating ex-
penses, and profitability could be estimated. Because mussel
farming is a labor-intensive activity, an effort also was made to
estimate the profit-maximizing level of labor use per hectare for
the range of examined farm sizes. The spreadsheet also allowed
the development of basic financial statements for the hypo-
thetical systems, including a production cost budget and an
income statement. In addition, the spreadsheet allowed for
a sensitivity analysis to be performed on several key manage-
ment variables to determine how sensitive profitability was to
changes in these variables (yield, price, labor, energy, and
consumables).

Baseline Assumptions of the Analysis

Production assumptions. Common mussel farm size in Greece
ranges from 1-6 ha; therefore, sizes of 1 ha, 1.5 ha, 2 ha, 3 ha,
4 ha, 5 ha, and 6 ha were chosen for a series of realistic
production scenarios. Farms in all cases were assumed to be in
full-scale operation, located 2 mi from the nearest port, and
constructed using the same material specifications. Because the
current trend is to mechanize the production process, all
scenarios assumed the farms to be equipped with the same
modern grading equipment and to have a boat of reasonable
size (15 m long) to install and monitor the site.

A production season is confined to a single calendar year.
The assumed culture system is single, floating longlines, 100 m
in length, placed 10 m from each other. All longlines are
constructed of 26-mm-diameter, UV-resistant polypropylene
ropes and are anchored laterally with concrete blocks (~3 t). All
longlines are supported by 20 equally spaced (180-200-L) floats
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and can be loaded with 201 pergolari. The production process is
described analytically in Theodorou et al. (2011).

Because labor is the major variable cost in mussel farming
(Theodorou et al. 2011), the optimum size of the workforce in
relation to productivity (costs and returns per individual per ton
of mussels) is also examined across a common number of crew
members (2-7 workers) for a 15-m working vessel.

Financial assumptions. The profitability of the baseline
operation depends largely on assumptions regarding the finan-
cial aspects of the business (Adams & van Blokland 1998). The
market prices used in the current financial analysis cover a range
of the current bulk, ex-farm prices of graded, packed products.
An effort to compare the production cost and the revenues of raw
pergolaris and treated pergolaris (pergolaris that have undergone
several seasonal washings to remove biofoulants) was also
carried out to compare the profitability of the various product
forms. European mussel farming, with Greece being no excep-
tion, is characterized by negligible credit support because
production unpredictability, marginal profitability, and low
turnover make it a high-risk activity for lenders (Commission of
European Communities, Brussels 2009). Therefore, bank loans
for either construction or operation of the farm were not
included in the scenarios.

The depreciation of equipment and capital extends for 8 y.
Because investment in aquaculture is strongly supported
financially by the government and EU (EPAL-Operational
Program of Fisheries 1994 to 2000, 2000 to 2006, 2007 to
2013), the scenarios assumes an EU subsidization up to 45%
(which is an average contribution, depending on the area of
application).

The total capital investment was estimated for each farm
size. An overview of the various items in each cost category is
not included here for the sake of brevity, but it is available from
the authors on request.

The financial analysis included standard enterprise budget-
ing techniques, as used by Adams and van Blokland (1998) for
hard clams and Adams et al. (2001) for southern bay scallop
commercial culture in Florida.

RESULTS AND DISCUSSION

Investment Costs

The cost of licenses and permits does not generally represent a
very large component of total fixed costs; however, access to
space and licenses represents a crucial limiting factor to
aquaculture development (Commission of European Commu-
nities, Brussels 2009).

The investment costs associated with different farm sizes are
presented in Table 1. The largest investment component is the
working vessel (150,000 €), which must be at least 15 m long to
have enough space to support the adaptation of the modern
French—type grading machines (42,500 €). Such a boat is
assumed to be necessary for any size of farm, because the
work tends to be mechanized to reduce labor. The car (27,500
€) and the 6-m working boat with a 25-hp engine (6,500 € +
4,500 € = 11,000 €) are also common for such farm sizes. The
primary difference in the investment cost is a result of the
licensing cost and the increasing cost of floating installations
(moorings, ropes, floats, marker buoys), which is determined
by farm size.
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TABLE 1.

Investment cost for a range of sizes of Greek mussel farms (values in €).

Farm size (ha)

1 1.5 2 3 4 5 6
Licenses and permits 10,000 12,000 15,000 20,000 25,000 30,000 30,000
Moorings 11,700 16,200 20,700 29,700 38,700 47,700 56,700
Ropes 8,711 12,807 20,051 25,093 36,433 40,324 49,667
Floats 5,775 8,603 17,325 17,325 28,875 28,875 34,650
Lighted buoys 4,500 4,500 4,500 4,500 4,500 4,500 4,500
Working vessel, 15 m 150,000 150,000 150,000 150,000 150,000 150,000 150,000
Working boat, 6 m 6,500 6,500 6,500 6,500 6,500 6,500 6,500
Outboard engine, 25 hp 4,500 4,500 4,500 4,500 4,500 4,500 4,500
Car 27,500 27,500 27,500 27,500 27,500 27,500 27,500
Land tools 24,000 24,000 24,000 24,000 24,000 24,000 24,000
Grading machine line 42,500 42,500 42,500 42,500 42,500 42,500 42,500
Total 295,686 309,169 332,576 351,618 388,508 406,399 430,517
EU/public subsidized 45% 133,059 139,126 149,659 158,228 174,828 182,879 193,732
Owner Contribution 55% 162,627 170,043 182,917 193,390 213,679 223,519 236,784

The total cost of a new installation or the modernization of
an existing installation is eligible for funding of up to 45% of the
investment by government—EU funds, provided the equipment
is new (Operational Program of Fisheries 1994 to 2000, 2000 to
2006, 2007 to 2011). Results in Figure 1 show that the total
investment costs per hectare decrease when the farm is larger,
mainly as a result of the economies of size associated with the
investment cost of the boat and the grading equipment.

Operational Costs

Operational costs are typically estimated on an annual basis
and are expressed in 2 distinct categories: variable costs and
fixed (overhead) costs. Variable costs are those that vary
directly with the level of the production, whereas fixed costs
are often referred as “overhead” costs and typically do not

400000
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250000
200000

150000

Investment Cost €/ha

100000

50000

change with the level of production addressed by this analysis
(Adams et al. 2001).

Variable Costs

The largest variable cost, regardless of farm size, is the labor
cost, because mussel farming is labor intensive (Loste 1995,
Danioux et al. 2000) (Table 2). Energy costs refer to the fuel
consumed during the production process, including transporta-
tion. Consumables refers to plastic nets for the pergolari, ropes
for longlines, plastic net bags, and so on. Other expenses refer to
any unexpected variable costs during the production period.

Fixed Costs

The annual fee for leasing the sea site of the farm is about
1,000 €/ha. Insurance is applied only to the car, because

—o— Mean _|_ MeanzSD

Hectares

Figure 1. Total investment cost (capital expenses) per hectare for a size range of mussel farms.
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TABLE 2.

Operational costs for a range of sizes of Greek mussel farms on an annual basis when not subsidized by EU/public (values in €).

Farm size (ha)

1 1.5 2 3 4 5 6
Fixed cost (FC)
Annual leasing fee 1,000 1,500 2,000 3,000 4,000 5,000 6,000
Permit amortization (10 y) 1,000 1,200 1,500 2,000 2,500 3,000 3,000
Insurance 925 925 925 925 925 925 925
Maintenance 6,550 6,650 6,750 6,950 7,150 7,350 7,550
Depreciation (8 y) 36,961 38,146 39,519 42,285 45,104 47,944 50,689
Accounting 2,100 2,100 2,100 2,100 2,100 2,100 2,100
Fixed overheads 900 900 900 900 900 900 900
Total fixed cost (TFC) 49,436 51,421 53,694 58,160 62,679 67,219 71,164
Variable cost (VC)
Energy 3,054 4,396 5,670 8,448 10,867 13,826 16,457
Labor (4 persons) 14,870 19,650 24,820 35,560 46,020 56,550 67,100
Consumables 4,697 6,949 9,202 13,706 18,212 22,715 27,219
Others 7,380 7,380 7,380 7,380 10,230 10,230 10,230
Total variable cost (TVC) 30,001 38,375 47,072 65,094 85,328 103,320 121,006
Total cost (TC = TVC + TFC) 79,437 89,796 100,766 123,254 148,007 170,539 192,171

insurance for vessels used in mussel farming is not compulsory
(Theodorou et al. 2011) (Table 2). The annual cost of in-
stallation maintenance and equipment repair is also included.
Annual depreciation of the initial investment cost (spread over
8 y) is also taken into account and contributes a major share to
overhead costs.

Table 2 shows the operational costs of a mussel farm when
there is not any external financial support. Table 3 demonstrates
how this fixed cost differentiates when external support is
available (EU and public funding), mainly as a result of the
elimination of the depreciation cost of the farmer’s own
contribution. In both cases, the total costs increase as farm size
increases. When EU /public subsidization exists, the total cost is
significantly lower, giving a competitive advantage to sub-
sidized farms.

Annual Income and Returns ( Profitability)

The annual income and returns for each farm size (1 ha,
1.5 ha, 2 ha, 3 ha, 4 ha, 5 ha, and 6 ha) were estimated by
examining the profit () of each farm under full production
capacity (100% Y) using a range of ex-farm commodity
market prices scenarios (P,), varying from 400-600 €/t
for graded, packed products. Results of this effort, giving
the profitability of each farm size without and with any
EU/public subsidization, are presented in Tables 4 and 5,
respectively.

In all cases, 4-6-ha farms were profitable, with net profit ()
margins ranging between 5% and 34%, and increasing up to
14%-39% if the assets were subsidized. Sale prices less than
400 €/t were not favorable for sizes smaller than 3 ha if the

TABLE 3.

Operational cost of a size range of the Greek mussel farms when subsidized by EU/public (values in €).

Farm size (ha)

1 1.5 2 3 4 5 6
Fixed cost (FC)
Annual leasing fee 1,000 1,500 2,000 3,000 4,000 5,000 6,000
Permit amortization (10 y) 1,000 1,200 1,500 2,000 2,500 3,000 3,000
Insurance 925 925 925 925 925 925 925
Maintenance 6,550 6,650 6,750 6,950 7,150 7,350 7,550
Depreciation (8 y) 20,328 20,980 21,735 23,257 24,807 26,369 27,879
Accounting 2,100 2,100 2,100 2,100 2,100 2,100 2,100
Fixed overheads 900 900 900 900 900 900 900
Total fixed cost (TFC) 32,803 34,255 35,910 39,132 42,382 45,644 48,354
Variable cost (VC)
Energy 3,054 4,396 5,670 8,448 10,867 13,826 16,457
Labor (4 persons) 14,870 19,650 24,820 35,560 46,020 56,550 67,100
Consumables 4,697 6,949 9,202 13,706 18,212 22,715 27,219
Others 7,380 7,380 7,380 7,380 10,230 10,230 10,230
Total variable cost (TVC) 30,001 38,375 47,072 65,094 85,328 103,320 121,006
Total cost (TC = TVC + TFC) 62,805 72,630 82,983 104,226 127,711 148,964 169,361
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TABLE 4.

Annual income and profitability for a range of size of Greek mussel farms when not subsidized by EU/public (values in €).

Farm size (ha)

Annual income and profitability 1 1.5 2 3 4 5 6
Production yield, Y (t) 106 154 202 299 395 492 588
Sales price (€/t) Total value product (TVP = Py X Y)
400 42,409 61,686 80,963 119,516 158,070 196,623 235,177
450 47,710 69,396 91,083 134,456 177,828 221,201 264,574
500 53,011 77,107 101,203 149,395 197,587 245,779 293,971
550 58,312 84,818 111,324 164,335 217,346 270,357 323,368
600 63,613 92,529 121,444 179,274 237,105 294,935 352,765
Total fixed costs (TFC)
49,436 51,421 53,694 58,160 62,679 67,219 71,164
Total variable cost (TVC)
30,001 38,375 47,072 65,094 85,328 103,320 121,006
Total cost (TC = TVC + TFC)
79,437 89,796 100,766 123,254 148,007 170,539 192,171
Pretax profit (1) = TVP — TC
400 -37,028 -28,110 -19,804 -3,738 10,062 26,084 43,006
450 -31,727 -20,399 -9,683 11,202 29,821 50,662 72,403
500 -26,426 12,689 437 26,141 49,580 75,240 101,801
550 -21,125 -4,978 10,557 41,081 69,338 99,818 131,198
600 -15,824 2,733 20,678 56,020 89,097 124,396 160,595
Net profit (r) = TVP — TC (income tax 25%)
400 -37,028 28,110 -19,804 -2,803 7,547 19,563 32,255
450 -31,727 -20,399 7,263 8,401 22,366 37,997 54,303
500 -26,426 -9,517 328 19,606 37,185 56,430 76,350
550 -21,125 -3,734 7,918 30,811 52,004 74,864 98,398
600 -11,868 2,049 15,508 42,015 66,823 93,297 120,446
Net profit (m) (%)
400 -87 —-46 -24 -2 5 10 14
450 —66 -29 -8 6 13 17 21
500 -50 -12 0 13 19 23 26
550 -36 —4 7 19 24 28 30
600 -19 2 13 23 28 32 34

Bold type in the table body indicates negative results.

investment was not subsidized, and 2 ha if funded. In all other
cases, the net profits of mid-size farms of 3 ha ranged from 6%—
23% if not subsidized, and between 7% and 24% for the
subsidized option.

Profitability of 2-ha farms was between 7%-24% at sales
prices greater than 450 €/t when subsidized, but was reduced to
between 7% and 13% at a price range of 550-600 €/t and no
subsidization. Profit did not exist for the 1-ha farm size. Even
with EU/public subsidization, profit was limited at just 1% at
a sale price of 600 €/t. Similarly, a 1.5-ha farm had losses when
sales were less than 550 €/t, whereas losses for a financially
subsidized farm existed at sales price less than 450 €/t.
European Union/public subsidization enhances the viability
of the smaller farms—hence, the profitability of the sector— by
reducing the depreciation costs and thus the fixed costs of the
operations.

Sensitivity Analysis
Effects of Changes in Yield

The single-variable method was applied to estimate the effect
of changes in harvest yield on profitability. For each of the 2
scenarios (with and without subsidy), only 1 variable—namely,
harvest yield—was allowed to change (from 60%-100% of the
production capacity of each farm size) to simulate losses
resulting from various reasons (mortality, weather, and so on).
All other variable levels were maintained at the baseline value.
The break-even price (total cost per ton of harvested mussel) is
presented in the Table 6. The break-even price is the minimum
income needed to cover the costs associated with facility in-
vestment and operation, including depreciation (Adams et al.
2005). In both scenarios, as harvest volume changes, the break-
even price also changes. The break-even price decreases directly
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TABLE 5.
Annual income and profitability for a range of size of Greek mussel farms when subsidized by EU (values in €).
Annual income and Farm size (ha)
profitability 1 1.5 3 4 5 6
Production yield, Y (t) 106 154 202 299 395 492 588
Sales price (€/t) Total value product (TVP = Py X Y)
400 42,409 61,686 80,963 119,516 158,070 196,623 235,177
450 47,710 69,396 91,083 134,456 177,828 221,201 264,574
500 53,011 77,107 101,203 149,395 197,587 245,779 293,971
550 58,312 84,818 111,324 164,335 217,346 270,357 323,368
600 63,613 92,529 121,444 179,274 237,105 294,935 352,765
Total fixed costs (TFC)
32,803 34,255 35,910 39,132 42,382 45,644 48,354
Total variable cost (TVC)
30,001 38,375 47,072 65,094 85,328 103,320 121,006
Total cost (TC = TVC + TFC)
62,805 72,630 82,983 104,226 127,711 148,964 169,361
Pretax profit (1) = TVP — TC
400 -20,396 -10,944 -2,020 15,291 30,359 47,659 65,816
450 -15,095 -3,234 8,100 30,230 50,118 72,237 95,213
500 -9,794 4,477 18,221 45,170 69,877 96,815 124,611
550 —4,493 12,188 28,341 60,109 89,635 121,393 154,008
600 809 19,898 38,461 75,049 109,394 145,971 183,405
Net profit (r) = TVP — TC (income tax 25%)
400 -20,396 -10,944 -2,020 11,468 22,769 35,744 49,362
450 -15,095 -3,234 6,075 22,673 37,588 54,178 71,410
500 -9,794 3,358 13,665 33,877 52,407 72,611 93,458
550 —4,493 9,141 21,256 45,082 67,227 91,045 115,506
600 606 14,924 28,846 56,287 82,046 109,478 137,554
Net profit (m) (%)

400 —48 -18 -2 10 14 18 21
450 -32 —5 7 17 21 24 27
500 -18 4 14 23 27 30 32
550 -8 11 19 27 31 34 36
600 1 16 24 31 35 37 39

Bold type in the table body indicates negative results.

with yield. Because break-even prices are affected by farm size
(McCullough et al. 2001), the largest mussel farm (6 ha) in the
current study (Table 6) had the lowest break-even price when
supported by EU/public subsidization. Thus, to minimize po-
tential losses, Greek mussel farms should estimate and target
a minimum acceptable yield for their size, as is done, for example,
with shrimp farms in Honduras (Valderrama & Engle 2001).

Break-even prices less than 500 €/t are reasonable for export
markets, whereas a higher break-even price forces the producers
to seek higher prices from buyers in the local market in an effort
to achieve better profit margins. Local markets have a poor
capacity to consume all the mussels produced, so several farms
would be forced to export. About 70%—-80% of Greek mussel
production is exported (Theodorou et al. 2011).

Farms of 3-6 ha were profitable if export oriented at yields
even down to 70% of capacity when subsidized. Farms of 2 ha
with yields less than 90% could target local market regardless of

whether they are subsidized. Similarly, farms of 1-1.5 ha were
totally local-market oriented because break-even prices were
greater than 500 €/t (except the ideal case of a 1.5-ha farm
operating at full capacity plus EU/public subsidization). This
finding suggests that farms smaller than 2 ha have greater
production costs per hectare at all product forms (pergolari,
cleaned pergolari, or graded packs) (Fig. 2), because capital
investment per hectare is too large for the expected outcome.
Even with EU subsidization, yields of at least 80% are required
to have a marginal profit (Table 5) in the export market.
Alternative marketing methods, such as direct sales in local
markets, might be a solution for financial survival. Farmers
could sell small quantities directly to the consumer at a price of
2,500-3,000 €/t, instead of less than the 600-€/t wholesale
price. Additional costs must be added, though, for direct
marketing, such as packaging, distribution, labor, and so on
(Adams & van Blokland 1998). However, the Greek per-capita
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TABLE 6.

Sensitivity analysis of mussel harvesting yield (% capacity per farm size) for 2 scenarios (without and with EU subsidization).

Farm size (ha)

Assumptions 1 1.5 2 3 4 5 6
Production capacity (t/y)

106 154 202 299 395 492 588

Scenario I: no subsidization Total production cost (€) 79,437 89,796 100,766 123,254 148,007 170,539 192,171
Yield (%) Break-even price (€/t)

60 1,248 985 841 695 630 583 549

70 1,045 819 698 571 515 474 446

80 923 725 618 508 458 423 398

90 826 650 555 458 414 381 359

100 749 582 498 413 375 347 327

Scenario II: plus subsidization Total production cost (€) 62,805 72,630 82,983 104,226 127,711 148,964 169,361
Yield (%) Break-even price (€/t)

60 987 785 683 581 539 505 480

70 820 647 562 474 437 408 387

80 726 575 499 423 389 364 346

90 652 517 450 382 353 329 313

100 592 471 410 349 323 303 288

Break-even price: total production cost per ton harvested.

consumption of mussels is still low with markets near the
production areas (Batzios et al. 2003, Batzios et al. 2004),
thereby rendering such an alternative very difficult to accom-
modate today.

Effects of Changes in Farm Size

Figure 3 shows that the net profit per hectare of the range
of farms (1-6 ha) was marginal or even negative for small
farms (1-2 ha) with graded packs (10-kg packages of same-
size mussels). Larger farms, in contrast, had higher net profits
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as a result of a significant decrease in the per-hectare unit cost
with increasing size (Fig. 4). Total investment cost per hectare
was very high for the 1-2-ha farms (Fig. 1), resulting in greater
depreciation for the main equipment purchased, such as the
15-m working vessel and the grading machine line. Alterna-
tive strategies should be investigated, such as contracting
services from larger neighboring mussel farms to avoid the
purchase of such equipment. Using a smaller vessel is a pos-
sible alternative solution that may enhance the viability of
the farm.

=~ raw pergolari
=T~ treated pergolari
== graded packs

Hectares

Figure 2. Effect of farm size on the total cost (TC) for different forms of the final product (raw or treated pergolari vs. graded packs).
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Figure 3. Annual revenues (total value product [TVP]) of the graded packed mussels in relation with the total cost (TC), the pre-tax profit () (earnings

before income tax [EBIT]), and the net profit of a range of farms (1-6 ha).

These trends were independent of the product form, al-
though were better for graded packs, whereas the difference
between raw and treated (washed and cleaned) pergolari was
minimal (Fig. 2). The earnings before income tax per hectare
were positive again for the larger farms (3—-6 ha) and negative
for the smaller ones (1-3 ha) (Fig. 5) across product types.

Effects of Changes in Labor Units

Mussel farming is a seasonal and labor-intensive activity.
Labor is a major component of the production cost (Theodorou
et al. 2011). The variation of the level of wages might be an

100000
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important risk factor, as in other industries; however, in the
current study, it was not significant because of the very low
range occurring in the Greek agricultural sector at the time of
the study. Nevertheless, labor management had a significant
impact on the total labor cost in relation to the farm size.
MANOVA demonstrated that the total cost per ton of har-
vested product decreased with increasing working-labor units
(from 2-7 individuals), with the size of the farms playing a
smaller role (Fig. 6A). The pretax profits (1) showed an increase
with larger crew size of the working vessel (15 m) at any farm
size (Fig. 6B). Furthermore, because the labor-intensive period
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Figure 4. The revenues (total value product [TVP]) per hectare of a range of mussel farms (1-6 ha) in relation with the per hectare total cost (TC) and the

pre-tax profit () (EBIT).
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Figure 5. The effect of farm size on the unit pretax profit () (earnings before income tax [EBIT] per hectare) for different forms of the final product (raw or

treated pergolari vs. graded packs).

is actually restricted seasonally to about 4 mo overall, full-time
employment could be replaced by seasonal employment or by
outsourcing this activity to a professional working crew that
services multiple farms in the area. However, legal obstacles
would need to be removed for seasonal employment to be used,
as is done in terrestrial farming.

Current Industry Policies

Globalization is serving to increase competition in national
markets, but also is improving opportunities for exports (Thong
2012). By the nature of food markets, much of the larger scale
aquaculture output is increasingly at a commodity level, where
the most important competition focuses on price. Achieving a
lower cost of production is, therefore, a key factor in successful
competition. Thus, any regional factors that add to production
costs (either directly, such as higher labor costs or site licensing
costs, or indirectly, such as increased administrative costs result-
ing from regulatory requirements) could affect business invest-
ment decisions. An alternative competition strategy is niche
marketing, where producers are able to differentiate their product
on the basis of quality, locality, service, or brand (Borisova et al.
2007, Commission of European Communities, Brussels 2009).

Gordon and Bjorndal (2009) examined the productivity and
the profit composition in the shrimp farming sector in 3 Asian
countries. A key conclusion was that small farms are disadvan-
taged not because they are underproductive or lack the skills to
manage the farms, but because, in general, the farms in all 3
countries considered were too small. Larger scale production
systems usually benefit from economies of scale as a result of
production efficiencies (Adams & Pomeroy 1992, Kam et al.
2001, Kam et al. 2002, Kam et al. 2006, Borisova et al. 2007,
Liu & Sumaila 2007, Kam & Leung 2008). This finding was
also demonstrated in the current study for the Mediterranean
mussel farming sector in Greece, where earnings are low as the
result of downward pressure on the selling price of Greek
mussels. The ex-farm price of the mussels in Greece is very low

in comparison with the other European Mediterranean coun-
tries, such as France (1.43 €/kg) or Italy (0.65 €/kg), according
to FRAMIAN BV (2009). However, the situation could be
improved if new marketing approaches could be used by Greek
producers to enhance the image of the Greek product through
product discrimination (Theodorou et al. 2011), negotiation for
better prices abroad through upgraded export services, and so
on. All these strategies, of course, require investments that
might not be affordable by the smaller farmers demanding
formation of stronger producer organizations.

There is extensive documentation in agricultural economics
that viability and profitability of an agricultural activity it is
affected by farm size (Penson et al. 2010).

In contrast to the rather flexible land-based farming policies
in Europe, the size of marine aquaculture farms is dictated by
national licensing systems regardless of its activity, be it
salmonids in Norway (Oglend & Tveteras 2009), seabream/sea
bass (Papoutsoglou 2000, Theodorou 2002) or mussels in Greece
(Theodorou et al. 2011) and Spain (Caballero et al. 2009,
Cabeallero et al. 2012). Similar policies regarding marine property
rights of aquaculture farms have also been reported outside
Europe, such as in New Zealand (Rennie 2002) or Canada (Joyce
2008).

However, policies may need revising from time to time to
adapt to financial, socioeconomic, and technological change
(Goulletquer & Le Moine 2002, Mongruel & Thebaud 2006). In
Norway, the salmon farming industry started in the early 1970s
from pilot-scale farms that led to licensing of many farms of
moderate size, reflecting the will of the government to develop
the sector with a critical mass of small farms, minimizing risk
and attracting many investors (Oglend & Tveteras 2009).
Today, though, there are mainly large farms because the
original sizes are not viable economically. An analogous
experience led Greek authorities to revise the original licensed
sizes for sea bass and seabream farming (Theodorou 2002).
Furthermore, technological advances led to a greater produc-
tion of salmon in the available space using improved cage
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Figure 6. (A, B) Effect of the working crew size on the total cost (TC) (A) and on the pretax profit (earnings before income) (B) after MANOVA
analysis. Confidence intervals reflect variation also caused by different farm size.

systems, well boats, feeding schemes, and feedstuff (Asche et al.
1999, Tveteras 1999, Tveteras 2002, Tveteras & Battese 2006).

In contrast, bivalve shellfish farming systems are still area
dependent; the animals are fed by the natural plankton pro-
moted by light and nutrient availability in carefully selected sites
(Dowd 2005, McKindsey et al. 2006, Aure et al. 2007, Brigolin
et al. 2008, Stevens et al. 2008, Brigolin et al. 2009, Rosland et al.
2009, Guyondet et al. 2010). In the early days of Mediterra-
nean mussel farming, the carrying capacity of the water
column was based on the assumption that 1 ha near the shore
supports a production of 400 t/y on poles whereas, later, a
floating longline was assumed to produce 100 t/ha/y. These
figures are still used in the Greek licensing system, although
modern methods can give much more accurate site-specific
estimations using a bio-economic approach (Sara & Mazzola
2004, Ferreira et al. 2007, Duarte et al. 2008, Ferreira et al.

2008, Filgueira & Grant 2009, Caroppo et al. 2012, Konstantinou,
et al. 2012).

In our case, it is clear that, for the majority of the Greek
mussel farms (Theodorou et al. 2011) that are less than 3 ha each,
there is a significant financial risk related directly to restrictions
of space resulting from the licensing system. Horizontal
integration could be used as a strategy to scale up production
to benefit from economies of scale, and this is already a prominent
strategy in the marine fish-farming (sea bass and seabream)
sector in Greece (Theodorou 2002). This strategy is still effective
for marine finfish in Greece because the barriers to newcomers
are high. Such firms would need to start with high production-
scale installations because there is great difficulty in acquiring a
new license from authorities that might prevent them from
expanding on time in the future (Commission of European
Communities, Brussels 2009, Papageorgiou 2009).
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Such horizontal consolidation is not evident in the Greek
mussel-farming sector. Individual farmers seem to prefer less
strong links among themselves (i.e., cooperatives), whereas more
sophisticated, integrated entities (Ltd’s, SA companies) choose to
operate on their own. Perhaps this is a reflection of the fact that the
sector has been less exposed to international competition. This
might change soon, because significant levels of imports—in
particular, from Chile—are now occurring in Greece. Neverthe-
less, it is probable also that economies of scale are not as significant
as in marine fish farming, which could limit the potential for
consolidation (Commission of European Communities, Brussels
2009). The challenge for public administration is to motivate
small producers to be organized into larger groups (such as
producer organizations, cooperatives, and so on) so that the
advantages of economies of scale can be achieved (Gordon &
Bjorndal 2009). The challenge also exists for small farms to self-
organize into larger entities. Kassam et al. (2011) showed that
small-scale producers in many developing countries adopt a ““clus-
ter management’ strategy to allow implementation of certain
production standards. Implementing appropriate best manage-
ment practices can be an effective tool for improving aquaculture
governance and management in the small-scale farming sector,
thereby enabling farmers to work together, improve production,
develop sufficient economies of scale, enhance knowledge to
participate in modern value chains, increase their ability to join

THEODOROU ET AL.

certification schemes, improve their reliability of production, and
reduce risks such as disease.

CONCLUSIONS

Mussel culture in Greece is an extensive farming activity,
with returns depending on a combination of factors such as
natural productivity, technical practices, production cost, and
pricing. In this study the critical role of space availability was
demonstrated.

Mussel farm size in Greece is dictated through a licensing
system, and we showed that this procedure could be a major risk
factor for financial sustainability of the sector. We demonstrated
that farm size is critical to the financial viability of the producers,
because profitability is too limited for smaller farms (up to 3 ha) as
a result of the high production costs per hectare. Labor by
working crews of at least 4 workers could improve farming
productivity even for smaller farms.

Our findings also highlighted the importance of EU and gov-
ernment support for the startup and consequent viability and
sustainability of the farms through the relief of depreciation costs.

The future of the industry might lay in producers getting
organized in larger schemes that promote production industrial-
ization and farming scale-up that, in their turn, reduces average
production costs and aids value-added processing.
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