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ABSTRACT 
 
Marine aquaculture in Greece is a relatively new industry based on the culture of 
aquatic species such as the Mediterranean sea bass (Dicentrarchus labrax), Gilthead 
sea bream (Sparus aurata) and the farming of the Mediterranean mussel (Mytilus 
galloprovincialis). In the early 1980’s, the results of R&D were applied to develop pilot 
semi-academic commercial farms. Such farms were gradually moved to the industrial 
scale of today, giving approximately 80-120,000 tons of finfish and up to 25-35,000 tons 
of mussels in annual basis. The problems encountered during the adaptation of 
innovations to the production and management of this blue revolution is critically 
discussed, from the early developmental phases up to the current crisis phase. 
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EVOLUTION THROUGH INNOVATION 
IN AQUACULTURE: A CRITICAL 
REVIEW OF THE HELLENIC 
MARICULTURE INDUSTRY (GREECE) 
 
 
1. INTRODUCTION 
 
Marine aquaculture in the Hellenic coastal waters has been introduced in the 
early 1980’s not only as a high risk activity, but also as a well promising tailor 
made sector to the national coastal resources and the marine environment of 
Greece (Frentzos, 2013). EU structural/operational programs, suitable 
environmental and climatic conditions, coastline morphology, available start-up 
technology and know-how from Japan, France, Italy and Norway (Stephanis, 
1995a,b) and the emergence of a small but critical mass of skilled scientists and 
prospective entrepreneurs were critical during the early developmental phase. 
Currently, the Hellenic sector dominates the Mediterranean mariculture industry, 
largely based on the production of the euryhaline finfish species such as the 
Mediterranean sea bass (Dicentrarchus labrax), the gilthead sea bream (Sparus 
aurata) (Theodorou and Charalambakis, 2001) and the Mediterranean mussel 
(Mytilus galloprovincialis) (Theodorou et al., 2011a). 
 
Both in finfish and mussels, the continuous inoculation of innovations into the 
production process from the early stages (1980’s) led to rapid expansion of the 
business development (Theodorou, 2002; Theodorou et al., 2011a). However, 
even after the booming of the sector, Greece still remains a hostile business 
environment, particularly for new initiatives (e.g. spinoff companies) mainly due to 
bureaucracy and absence (until 2011) of spatial planning and mid-long term 
sectoral strategic plan. This is similarly evident, in most well-established 
industries, where several and unexpected problems are emerging when 
developing innovative projects. The aim of the present work was to critically 
review the achievements of the mariculture sector, showing in parallel the major 
milestones and shortcomings of this evolution. 
 
 
2. MATERIALS AND METHODS 
 
Several publications demonstrated the growth and technological trends that led to 
the development of the Mediterranean aquaculture from the research laboratories 
to the industrial level (Stephanis, 1995a,b; Theodorou and Charalambakis, 2001; 
Theodorou, 2002; Theodorou et al., 2011a). In the current study, an effort was 
made to review and combine the results of these achievements for both finfish 
and mussels at a national level and critically discuss the problems and 
constrains. 
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It is generally recognized that there is variability of data on Hellenic aquaculture 
mainly due to: a) under-reporting (i.e. on-growing production volumes and 
values); b) production quantities and values for hatcheries and nurseries reported 
are likely to reflect the total production of juveniles rather than sales; and c) 
missing of data and methods used for the approximation of missing data (STECF, 
2013). The comparison between facts and the figures given by several sources 
showed a wide range of values that has been criticized by several previous 
reports (Barazi-Yeroulanos, 2010; STECF, 2013). 
 
Given that inefficient data-collecting systems are not a Hellenic phenomenon in 
fishery statistics of the European Union (EU) (The Economist, 2008; Tsikliras et 
al., 2013; Moutopoulos & Koutsikopoulos, 2014), we tried to identify basic trends. 
Combined data from several sources were used such as national (Greek National 
Statistic Service; GNSS) and international authorities (Commission of European 
Communities, 2009; FAO, 2006-2014), as wells as data from fish farmers 
associations [Federation of European Aquaculture Producers (FEAP) and 
Federation of Greek Maricultures (FGM)] (Theodorou, 1995; Hough et al., 2000; 
FEAP, 2013). In addition, personal guided interviews for estimations by experts 
and professionals were followed in certain cases of limited data availability. 
Finally, critical scientific (Theodorou, 2002; Theodorou, et al., 2011a) and grey 
(Protopappas and Theodorou, 1995) literature review and synthesis on previous 
publications was essential in order to cross check facts and figures related to the 
industry’s growth. 
 
 
3. RESULTS 
 
In order to understand the stages of passing from R&D results to the  industrial-
scale level, the proposed distinction by Stephanis (1995a) and Theodorou (2002) 
for sea bass/sea bream and mussels (Theodorou et al., 2011) was followed, with 
the addition of a last phase covering the current economic crisis period. Major 
innovative milestones in the evolution of the Hellenic mariculture sector are 
presented on Table I. These phases are generalized and summarized as follows: 
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Table I. Major innovation milestones and projected achievements in the Hellenic 
mariculture sector (at administration, company and market levels and specifically 
in fish hatcheries, on-growing farms and mussel farms) during 1980-2030. 
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Table I. continued. 
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1. R&D phase. During this phase (1965-1979), embryonic Mediterranean 
marine finfish culture was initially established in Italy and France in the early 
1970’s, quickly diffused to Spain, and by 1980, was almost Mediterranean-wide. 
Similarly (from 1950 to 1977), suspension mussel farming systems were first 
established in Italy and France, and quickly expanded to Spain, U.K. and Ireland 
and until the 1980’s they had expanded over almost the entire Mediterranean 
(Danioux  et al., 2000). Early efforts in the early 1970’s to cultivate mussels in 
Greece were carried out by using hanging parks, and were restricted in few sites, 
close to major cities [i.e. Athens (Gulf of Saronikos) and Thessaloniki (Gulf of 
Thermaikos)]. This phase partially overlaps with the global post-war pioneering in 
aquaculture development (1950-1970) and particularly with the period of 
uncontrolled aquaculture expansion (1965-1975) (Nash, 2011). 
2. Pre-development phase. During this period (1980-1990), the first pilot-
scale fish farms, sometimes quasi-governmental, were established and research 
priorities were focused on transcending basic production problems (Stephanis, 
2013), such as fry production and fry quality problems, nutrition and increased 
mortalities in the grow-out phase. EU funding and the strong support from the 
Agricultural Bank of Greece through loan offers and insurance coverage played 
significant role in supporting this high risk innovative activity which was unknown 
as a business at that time (Stephanis, 1995a; Christophilogiannis and Theodorou, 
1995; Theodorou et al., 2003; Τheodorou and Τzovenis, 2004 a,b; Theodorou et 
al., 2010c). At this stage in the shellfish sector (1985 to 1990) the first pilot-scale 
long-line mussel farms were established, creating an opportunity for mass 
expansion of the activity in Greece. 
3. Development phase. During this period (1991 to 1994) sea bass and sea 
bream production problems of fry production were largely solved and production 
was easily up-scaled in a massive way (Figure 1). 
 

 
 
FIGURE 1. The total annual production of Mediterranean aquaculture species (European sea 
bass/sea bream and mussels) in Greece reflecting the application of the technical innovations 
in the marine farming process during the developmental phase (early 1990’s) (sources: 
FEAP/FGM 2013; GNSS 2013). 
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The doubling of the produced quantities of both farmed species to the market (i.e. 
production mountain) induced in 1993 the first price crisis in Greece (Figure 2). 
 

 
 
FIGURE 2. Production and annual average ex-farm prices (€/kg) of European sea bass and 
sea bream in Europe (sources: FGM, FEAP).   

 
Similarly, mussel farming, which expanded from 1991 to 2000, focused on 
production escalation. At the end of this period, serious toxic incidents due to 
Harmful Algal Blooms (HABs) (Koukaras and Nikolaidis, 2004; Economou et al., 
2007) necessitated an extended harvesting ban period and accordingly led to the 
first serious production disaster. This stimulated the introduction of new “French 
type” grading equipment and the construction of larger vessels in order to handle 
larger volumes of mussels at a shorter period of time and accordingly prevent 
losses prior future harvesting closures. Consequently, the National HABs 
Reference Laboratory was established in 1999 to monitor the bivalve shellfish 
harvesting areas (Theodorou et al., 2011a). 
 
Overall, in both finfish and mussels, research, public and industrial priorities 
focused on production escalation without investments in marketing. Moreover, 
technical innovations such as feeds (e.g. formulated and enriched diets for 
hatcheries, fish feeds for the on-growing farms), fish veterinary services (e.g. 
medicines, vaccines) and equipment (e.g. cages, nets, counters, graders, 
automatic feeders, etc) were directly provided to the marine farms by the major 
industry feed suppliers supported in most cases by research institutions. 
 
4. Maturation phase. During this phase (1995 to 2008 for finfish; 1995-
present for mussels), profit margins of the main farmed fish were strongly 
compressed, and although the trade balance continued to rise (Figure 3), ex-farm 
prices decreased (Stephanis, 2000), inducing extended periods of price collapses 
(1999-2002 & 2007-2008) (Figure 2). 
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FIGURE 3. Trade balance of the main marine cultivated/farmed products (European sea 
bass/bream and mussels) in Greece (sources: FEAP/FGM 2013; GNSS 2013). 

 
New aquaculture strategies were applied included concentrating production 
around large companies, or groups of companies (with associated economies of 
scale intended to lower the production costs) (Stephanis, 1995b, 2013), 
diversification into new promising farmed species (Pedini, 2000) and 
improvement of product quality (Harache and Paquotte, 1996). Given that most of 
the major technical problems were already solved and mass production achieved, 
innovations played a secondary role for the competiveness of the sector, 
according to the producers’ approach (European Parliament, 2009). However, 
major contributions were also made for example by the application of novel 
vaccine technology, the replacement of wooden and metal cages by versatile 
circular plastic cages able to withstand higher wave and current forces, the use of 
automation systems either in feed distribution and the use of cranes for 
harvesting and on-farm day-to-day activities. The adoption of semi-closed and 
closed-recirculated systems in the hatcheries, significantly improved larval quality 
and the operational efficiency. Significant amount (50) of research and 
development (R&D) projects regarding aquaculture (marine & freshwater) started 
to be carried out in Greece during that period (2005-2010). However R&D efforts 
were far behind other peri-Mediterranean countries with R&D tradition and 
established mariculture sectors such as Spain (121), Italy (120) and France 
(100). Most of the research was carried out in Universities and National Research 
Centers, while the majority of the projects were funded by public resources 
[national and EU, i.e. the Financial Instrument for Fisheries Guidance scheme 
revised by the European Fisheries Fund, and the 7th Framework in Research 
Training and Development (RTD) Program]. The direct investment of the industry 
in research was low, while there was a lack of strong involvement of the industrial 
stakeholders in consortiums (when not compulsory) (Rigos, 2013), partially 
explained by limitations in scope and resources of the funding schemes and 
shortage of private and bank finance for aquaculture development and 
particularly innovation (European Parliament, 2009). Research tasks were 
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focused on the systems’ technology, environmental interactions and production 
optimization. The second most important research task was the biological life 
cycles of the farmed or candidate species, including nutrition, larval rearing, 
reproduction, health, welfare and genetics. Socio-economics were also 
recognized as a research necessity to solve problems regarding the coastal zone 
management, the consumers’ safety and the product quality management. 
However, despite the limited domestic shellfish research (AQUAMED 2013; 
Rigos, 2013), the mussel cultivation sector (from 2001 to present) has been 
benefitted by new innovations. These have been introduced to make offshore 
systems reliable with focus on lowering production costs and achieving 
economies of scale (Theodorou et al., 2010a,b; 2014a). The production is also 
controlled by few large family companies with direct market access. 
 
5. Economic crisis phase. Currently, fish farms in Greece can be roughly 
divided according to their annual production in small (<300 tons), medium (300-
1200 tons) and large (groups of companies >1200 tons). In this last phase (2008-
present), the finfish sector is characterized by production recession, minimal or 
negative profit margins, struggling for financial liquidity, debt problems, 
restructuring and merging efforts and efforts to enter  new markets, particularly in 
eastern Europe (i.e. Russian Federation and Ukraine until mid 2014). Moreover 
Strong competition from Turkey (competitive innovation advantage of the Hellenic 
marine fish farming was surpassed by the Turkish industry which doubled the 
farmed output within less than a decade, partially based on financial, 
technological and labor inputs from Hellenic aquaculture companies; see Figures 
4 and 5) and the first critical steps towards a country-wide application of spatial 
planning are expected to shape the future profile of the sector. 
 

 
 
FIGURE 4. European sea bass and sea bream juvenile production (Source: FGM, FEAP). 
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FIGURE 5. European sea bass and sea bream production (sources: FGM, FEAP). 

 
The Common Spatial Planning Framework for Aquaculture (Common Ministerial 
Decision No 31722/2011, FEK 2505 ratified on 4 November 2011) aimed in 
theory to provide guidelines, directives and criteria for the spatial structure, 
compatibility, organization and development of the aquaculture sector and to 
secure environmental protection and competitiveness. Moreover, it specified 
guidelines for each type of aquaculture activity (finfish mariculture, shellfish 
farming, freshwater and extensive farming in estuaries/lagoons), including 
suggestions for further legal and administrative actions and to the formation of an 
action plan. The main targets of this framework were to: 
a) Exploit the competitive advantage of the Hellenic seas and to contribute to 
the local, regional and national development. 
b) Involve environmental-friendly policies and enhance natural resource 
protection. 
c) Secure the necessary space for sector development (through the 
establishment of new farms and modernization, relocation or expansion of the 
existing ones), as well as the application of new technologies and culture/farming 
methods. 
d) Increase the national aquaculture production, the diversification of species 
and the support of the production process through better safety and quality 
standards. 
e) Turn to organic aquaculture, innovative technologies and experimental 
culture. 
f) Support farm zoning/concentration in specific areas against isolated farm 
sitting.  
g) Regulate the competitive relationships between antagonistic users of the 
coastal zone and inland waters (e.g. tourism, professional fishing, maritime) and 
promote complementarities particularly in remote or less developed areas 
through job creation and multi-functioning. 
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h) Support the economic sustainability of the farms by creating a stable 
developmental framework, specific rules and coordinated policies. 
i) Reduce licensing bureaucracy for new farms. 
j) Protect public health and promote better welfare of the farmed stocks. 
k) Adapt the national developmental policies of the sector to the new 
challenges of the aquatic product markets, to the Common Fisheries Policy of the 
EU and other relevant policies. 
 
This framework identified five categories of areas (Figure 6) according to farm 
concentrations: a) particularly developed areas requiring improvement, 
modernization of farms and infrastructures and environmental upgrading; b) 
areas with significant scope for development; c) remote areas with significant 
scope for development; d) areas with particular environmental sensitivity 
requiring the adaptation of the existing farms to specific characteristics of the 
aquatic environment; and e) suitable remote, borderline, or close to large urban 
or touristic areas where farm concentration is not allowed due to competition with 
other users or environmental sensitivity. 
 

 
 
FIGURE 6. Major concentrations of sea bass/sea bream (grey blocks with bold numbers) and 
mussel farms (circles with non-bold numbers) in Greece.   

 
It should be noted at this turning point that the overleveraging process particularly 
of the large companies was the outcome of several factors such as (Perdikaris 
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and Paschos, 2011): a) artificial price recession by large companies towards 
smaller farms, during the aggressive and direct purchasing phase (after 1995). 
Accordingly, although the Hellenic mariculture sector controlled and exported the 
majority of sea bass and sea bream production volumes in the Mediterranean 
(Figure 5), it was practically unable to reverse the established trend of low ex-
farm prices; b) cheap money earned from Athens stock exchange market during 
the late 1990s’ which apparently boosted the sector. However these profits were 
not efficiently invested in the production process by the major stockholders of the 
large companies as the total cost of the scaling up through mergers and 
acquisitions was underestimated and c) instant access to bank loans with very 
low interest rates during the 2000s’ which was the mainstream option for medium 
and large companies with debt problems already present; This period was 
generally characterized by loose economic sustainability assessment of the 
private sector by the banking system reflecting a loan-dependent growth cycle of 
the economy. 
 
Today, Greece is a world production leader of the Mediterranean marine finfish 
species producing approximately the 30% of the world production of sea bass 
and the 50% of sea bream (FEAP, 2013). Marine farming in Greece sustain 
approximately 15,500 jobs (12,000 in fish farming and 3,500 mussel cultivation), 
mainly in rural and isolated areas, while another 5,000 more jobs were generated 
in supporting/peripheral activities (Theodorou et al., 2011a; Stephanis, 2013). 
The rapid expansion of the marine farming in Greece due to the main technical 
innovations in the developmental phase (1990’s) and subsequently in the 
maturation phase is demonstrated in the Figures 1, 4 & 5. In 2008, the Hellenic 
production of sea bass/sea bream raised up to 140,000 tons which in the next 
four years balanced between 100,000-120,000 tons. In 2012, marine fish farming 
was the leading exporter sector of Greece with 500 million Euro export value, 
representing 85% of the domestic aquaculture production (FEAP, 2013). The 
rapid growth of sea bass/sea bream culture mainly occurred due to the increasing 
fry production of continuously improved quality in the hatcheries and the 
introduction of new on-growing technologies (cages and feeding systems, 
extruded fish feeds), while the significant progress in mussel farming was mainly 
based on the wide adoption of long-line systems and the use of bigger vessels 
(15–20 m long equipped with star wheels, loaders, mechanical French–type 
graders, and packing machines). These achievements have an effluence on the 
national trade balance of the country, as the exports exceed by far the imports in 
terms of volume (Figure 3). 
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4. DISCUSSION 
 
Generally, in the early stages of the industry’s life-cycle, the entrepreneurial 
technological regime dominates innovation and the entry process is favored. 
Accordingly, innovation occurs within small companies, but mortality is high and 
selection severe. Later in the mature era of the life-cycle, a routinized 
technological regime dominates. Typically innovation occurs in the R&D 
departments of large oligopolistic firms which have a longer economic life than 
small companies in the entrepreneurial regime (Kougias, 2011). In fact, small 
producers, usually family businesses locally oriented, were very reluctant to new 
ways of doing things as they were familiar to the traditional working model and 
they had limited opportunities to invest in innovation, unless they had a direct 
benefit. On the other hand, vertical intergraded companies representing the large 
producers followed by the medium-scale companies (usually represented large 
on-growing farms) were eager for innovations in order to overcome technical 
problems and achieve better levels of optimization in their production process. 
The close cooperation between them and the suppliers led to the identification of 
possible solutions to technical problems related to the development of new 
products (e.g. species-specific fish feeds and production of extruded pelleted 
feeds). Within the above context, the suppliers were motivated to invest on R&D 
collaboration with research institutions. The new innovative products were tested 
in situ and at industrial scale, providing them with a competitive advantage 
compared to the rest of the farmers (European Parliament, 2009). 
 
R&D expenditures are probably the most significant factor of a company’s 
innovative progress. However, serious investments in R&D by the mariculture 
sector in Greece was either ignored as risky or never considered as a top priority 
(when formal R&D departments exist). This can be attributed mainly to the long-
term pay-back nature of R&D and the allocation of financial resources towards 
production enlargement, instead of product quality and diversification. For 
instance, the main R&D projects involved research institutions and large 
aquaculture companies were related to the domestication advancement through 
genetic selection of sea bream (BRIDGE-MAP EU - Q5RS-2000-01797 project) 
(Anonymous, 2004) and sea bass (BASSMAP pilot study; Chatziplis et al., 2007) 
and occasionally related to the development of new diets. Despite the explosion 
in the knowledge basis of both academia and industry, there are weak bonds 
between research institutions - a common non surprising practice in Greece 
(McKinsey and Company, 2012) and a) the challenges of the industry; b) the 
practical applications needed to be tested in industrial scale and c) the sharing of 
the generated knowledge between the stakeholders. Overall, the number of firms 
reported R&D activities in fishing, fish farming and related service activities 
already decreased by 50% from 2004 to 2008 (Kougias, 2011). This could be 
explained by the fact that technological activity became part of the routinized 
processes in mariculture. 
 
As the cost of innovation is high and the research results of the common 
developmental priorities of the Mediterranean producers exceeds the national 
level, the research has been funded and coordinated at a European level, 
involving both academia and research laboratories of different countries and 
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companies (European Parliament, 2009). The sharing of the top class 
aquaculture research infrastructures in Europe through the AQUAEXCEL network 
could be a catalyst to achieve the research priorities of the Hellenic Aquaculture. 
For this purpose, there is a strong collaboration between stakeholders at 
European level (supported by the EU FP7 Supporting Action “AQUAINNOVA”) 
expressed through the development of a European Aquaculture Innovation 
Platform (EATiP) which is locally connected to the Hellenic Aquaculture 
Technology and Innovation Platform (HATiP). This working framework (EATiP, 
2012), aligned the vision of the industry’s new model growth for a sustainable 
natural food production to meet consumers’ demands (Barazi-Yeroulanos, 2010, 
2013; Stephanis, 2013; FEAP, 2013, 2014) with the current research targets of 
the academia (i.e. technology management, animal husbandry and welfare). As a 
result, it is expected that technology enhancement  suitable to produce 
innovations (Theodorou et al., 2011a;b; Blancheton, 2013; Lane, 2013; Rigos, 
2013) will boost the competitive advantage of the country’s leading industry 
(McKinsey and Company, 2012). 
 
As in any new innovative activity, there is a problem of legalization of the actions 
that has to be taken. Obviously one of the major problems in Greece was the lack 
(until 2011) of spatial coastal planning and this generated confusion over the use 
of space among competitive users such as tourism, coastal fisheries and 
urbanization of the coastal zones (Kochras et al., 2000; Zanou and Anagnostou, 
2001; Zanou et al., 2005; Theodorou et al., 2011; Konstantinou et al., 2012). Due 
to the lack of spatial planning for aquaculture, subsidies of the European 
Fisheries Fund (EFF) were not granted for 2010 and 2011. During 2011, a 
special framework for aquaculture spatial planning came into force in Greece and 
the EFF grant approvals were normalized during 2013 (STECF, 2013). This legal 
context although valuable for future planning of the sector, it is stringent during 
the implementation process, requiring the official formation of managing 
companies in the areas of the categories a-d, in order to prepare the file for final 
zoning declaration via individual Presidential Decrees. This process is practically 
time-consuming and costly and requires the full commitment by all the involved 
stakeholders, public administration and local communities. 
 
The basis of the licensing system for the cultivation of both finfish and mussels in 
Greece was first described in Papoutsoglou (2000) and Theodorou (2001). 
Although the codification of legal documents on aquaculture in Greece have not 
been finished yet, the licensing process was recently (August 2014) reviewed and 
the jurisdiction was passed almost exclusively on the eight regional 
administrations (i.e. to one-stop-shop offices); however these changes are 
expected to marginally reduce the time needed for the establishment of a new 
farm mainly due persistent bureaucracy (e.g. given that a company needs at least 
2-3 years to get a license for the mainstream farmed species such as mussels, 
sea bass/bream, it takes much more time to try other new but well promising 
candidate species such as clams, pacific oysters or tuna). Accordingly, other 
countries also with competitive advantages such as Turkey, managed to double 
production within a decade (Figure 4) and to exert strong competition to the 
Hellenic products for the same market (FEAP, 2013). Environmental licensing 
was also updated by a) removing the preliminary environmental approval 
process; b) introducing the application of a carrying capacity for calculating the 
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maximum allowable production volume of the farms (through a debated 
mathematical equation); c) the need for water use license (that recently restricted 
only to the land-based farms by the Law No 4282/2014 (2014)) as imposed by 
the realization of the Water Framework Directive 2000/60 (Beza et al., 2008; 
Karakassis et al., 2013; Dimitriou et al., 2012; 2015); d) the obligation to comply 
with the EC Direction 708/07 concerning the use of alien and locally absent 
species in aquaculture and e) the need of CITES certification for certain 
threatened species. Although the above changes are expected to modernize the 
licensing system, it could also extend in many cases the time of leasing and 
permit processes and moreover it is expected to block the importation of 
commercially valuable alien species of aquaculture importance such as 
sturgeons, Manila clams, pearl and Pacific oysters. Moreover, most changes 
concerning the organization and function of the farms (e.g. spatial changes within 
the farm site or minor relocation, addition of new candidate experimental species, 
replacement of cages with different dimensions or even equipment such as nets 
of different heights) need to be included in the environmental licensing 
documents and those of spatial interest need the approval of the Regional 
councils. On the other hand, one of the most important changes was the 
unification of the leasing with the permits documents. Currently, it is a common 
notion that the entire licensing system should move towards further simplification 
and has to be further modernized taking into account the new opportunities for 
development. 
 
At this point it should be mentioned that contrary to the high levels of official 
unemployment that it rose to 26% during 2014, the total employment in 
aquaculture decreased only by 8% (2011) mainly due to  mergers and 
acquisitions and the management reengineering of the marine finfish sector 
(STECF, 2013). The leading position of the country worldwide is a result of 
parallel developments in the human resource skills and domestic technology (i.e. 
cages, nets, fish feeds). Technical know-how has been also exported together 
with the Hellenic business ventures to the Arabic Gulf countries, Spain, Turkey 
and beyond. However, these achievements could be jeopardized under the 
pressure of the current crisis (Perdikaris and Paschos, 2010), unless efficient 
policies and additional support (economic, scientific, technological, legislative and 
promotional) are implemented. At the same time, the industry needs to radically 
reform itself and re-set its goals through a process of balancing its economic 
losses. Furthermore, research on environmental issues, health and welfare, 
nutrition and sustainable feeds, species diversification, quality control and 
traceability, knowledge management and dissemination (Rigos, 2013) is urgently 
needed, in order for the sector to evolve in the next post-crisis phase as a 
science-based industry. 
 
Ache et al. (2007; 2013a) demonstrated that the recent global aquaculture growth 
(1995 - up to day) induced several innovations such as logistics, packaging, 
processing and product form developments into the entire supply chain to meet 
the requirements of the industry. In contrast to the salmon and shrimp farming 
sectors, which they first developed the market and then increased the supply, the 
Mediterranean farmed species, have not shown marketing innovations to create 
demand growth, despite that they are produced in much lower quantities. 
Accordingly, the entire productivity growth is characterized by lower prices and 
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pushing more fish into the same markets. It should be noted that the extended 
credit period of the past served as a contributory factor to continued increase in 
production without corresponding investment in marketing (Mendrinos and 
Bostock, 2009). However, the high demand for aquaculture products and the 
need to be stimulated and promptly preceded by the supply of new products was 
early identified by the sector. Strategic planning for marketing development 
included image creation and message selection, promotional actions for the 
sector and the products, within the wider context of product differentiation and 
species diversification, quality certification, eco-labelling, pre-packing, product ID, 
company image and identity and awareness and education (Papageorgiou, 
2000). However, these proposals were applied circumstantially without serious 
and organized efforts either by the private sector or by the public organization for 
export promotion. Organic aquaculture is a case of promising niche market-based 
initiative/product differentiation strategy able not only to bypass price recession in 
the Hellenic mariculture sector, but also to change established attitudes towards 
the natural environment (Perdikaris and Paschos, 2010). Available data suggest 
a production of 800–1000 tonnes of sea bass and sea bream during 2008 with 
mean ex-farm prices of €8–10.5 per kg and retail prices of €15-24 per kg for both 
species (bass and bream). Moreover, the legislative framework for the organic 
aquaculture in Greece was officially put in place since 2010 (No 95767/6.8.2010 
Ministerial Decision, ratifying the relevant EU Directions 834/07, 889/08 & 
710/09). 
 
Significant differences in drivers for private and public companies also exist. 
Larger companies quoted on the Athens stock market may have been driven by 
targets for revenue growth to increase share value rather than focus on annual 
profits which tend to characterize private enterprises (European Parliament, 
2009). The result of this practice is the continuous losses through the sales that 
direct to the negative balance sheets and overleveraged most of the companies. 
In terms of the sector, this has been observed as an internal competition between 
large and small producers (H Kathimerini, 2014). Price collapses struggled small 
farms and these were determined as ways to be acquired by the larger ones or to 
bankrupt. On the other side, companies with high stock available complaint that 
limited liquidity of small and sometimes big producers direct them to push into the 
market several quantities of fish under the production cost and they drive the 
market to disaster as they lose exponential amount of money. In reality, the 
inadequacy of the major players to set up a common market policy and an 
organization to coordinate the marketing and to promote the sales world-wide, 
creates several crisis’ episodes to the sector and high debt leverage. 
 
Concerning the mussel sector which is an extensive culture, it is totally 
dependent on natural productivity and the limited space availability leads to 
marginal profitability. These factors could explain the traditionally lower banking 
support compared to the finfish sector. Consequently, as the sector is less 
exposed to debts, it shows higher resistance to the crisis by continuing to export 
mussels (Theodorou et al., 2014a,b). Nevertheless, restructuring is urgently 
needed in order to improve its profitability. Such case is the establishment of the 
first Organized Area for Aquaculture Development (OAAD) during 2014 in Pieria 
(Northern Greece), giving the opportunity to the local producers to achieve the 
benefits of scale and compliance with the veterinary and environmental 
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legislation. Furthermore, the new EU Regulation No 508/2014 intends to mitigate 
the industry’s vulnerability that also affected by extreme weather and increased 
disease incidents due to the climate change in the Mediterranean (Rodrigues et 
al., in press). The new rules aim to cover the gap of the inadequate/lack of 
insurance policies (Theodorou et al., 2014b) by compensating the losses through 
the financial support of the European Maritime & Fisheries Fund. 
 
Greater availability of sector performance data would assist investors to make 
more realistic projections and financial institutions to better evaluate specific 
company prospects. Moreover, the access to finance is critical and detailed 
business plans about the industry performance are crucial in order to access 
financial resources and R&D (European Parliament, 2009). Credit absence and 
rising financial costs are forcing the Hellenic finfish mariculture sector to further 
concentrate. For the same reasons, production volumes are not expected to 
increase significantly in the near future and capital investment is expected to 
decline. Rising financial, energy and fish feed costs are expected to further 
deteriorate the economic performance of Hellenic aquaculture. In the long run, in 
order for the marine finfish aquaculture to expand and compete into the global 
market, research and innovation is crucial. Production cost reduction and 
production technology of new species needs to be addressed by research. 
Research funding for substitutes of the costly raw materials in fish feeds, 
alleviation of technological constrains mainly for new species and improvement of 
culture techniques will drive the expansion of the sector (STECF, 2013). 
 
Hatchery production development was reduced after 2008 partly due to lower 
demand, i.e. the closure of many small and medium sized companies, reduced 
consumption or demand for juveniles. More importantly, most of the reduction in 
juvenile production was decided on a voluntary basis by the larger companies, 
recognizing the overcapacity and overproduction of 2007. It is likely that there will 
be further hatchery closures through consolidation in the future due to the 
sector’s crisis (Barazi-Yeroulanos, 2010). The current hard economic position of 
most medium-large size farms in Greece and the overall macroeconomics of the 
sector suggest a differential response to the crisis. Many family-run, small-size 
farms were not severely exposed to debts in the past and they seem to be better 
adapted to overcome the current crisis era. This could be attributed to the close 
control of the production process, the limited overheads and wage costs and the 
ability to sell the available volumes particularly during the high-price periods 
(mainly from December to June). Large-scale farms have the advantages given 
by the economies of scale and vertical integration (fish feeds and equipment 
manufacturing, fry production, on-growing, processing and exports, 
infrastructures). They proved rather vulnerable to the intense crisis environment 
mainly due to financial mismanagement, targeting to production escalation 
instead to product quality and marketing and overlooking of the site production 
level management; however they are currently in a process of re-structuring with 
the active involvement of potential new investors, banks and the public sector. On 
the contrary, medium-size farms are severely impacted by the crisis, being 
unable to gain most of the benefits of the small and large size categories. It 
seems that the crisis phase will radically transform the industry; however the final 
outcome is not yet known. 
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Aquaculture as an innovative primary production sector must be positioned at top 
national priority as Greece has the competitive advantage of suitable 
environmental conditions and morphological coastline structure (Frentzos, 2013). 
Innovation is led by the entrepreneurship (Aspelund, 2013), usually outside the 
sector. Innovators may not directly be evolved with the production process which 
is the core business of the aquaculture companies (European Parliament 2009). 
For this purpose the establishment of a suitable business environment for start 
ups, the provisional resource availability for funding support of spinoff companies 
and pilot innovative projects (e.g. acoustic conditioning sea ranching (Zion and 
Barki, 2012); farmed based stock enhancement for the conservation of 
endangered marine species (Katsanevakis et al., 2015; Theodorou et al., 
2011b;2015) has to be taken into account (STECF 2013). Recently it is widely 
recognized that the stagnancy of the industry is not only a domestic phenomenon 
but rather a Pan-European reality. Despite that global rate of aquaculture growth 
was 8%, the EU rate of total aquaculture growth declined to just 0.37% during 
2002-2010 (Barazi-Yeroulanos, 2011). This was attributed to over-regulation and 
the lack of industrial policy in the European Union governance. A direct impact is 
that only 10% of the European fish consumption is satisfied by the European 
aquaculture production and the rest by imports (Larrazabal, 2012). At the same 
time, the R&D investments of the past decades lead to a transfusion of the 
developed innovated technologies on less developed countries – which are 
potential suppliers of the European markets with seafood products. Accordingly, 
special attention has to be paid towards a code of conduct for the national 
governments to promote the aquaculture activity by simplify the barriers and 
promote a friendly policy. 
 
Finally, the need for a national plan for research and technology development for 
the mainstream and new cultured/farmed species, sustainable feed production, 
new farming technologies, new biotech products, processing, environmental 
issues and socio-economics has been proposed (Papandroulakis, 2014). Within 
this context, public administration is urged to assist the sector by using a 
collaboration consortium of the related Ministries (Agriculture and Rural 
Development, Environment, Marine, Development, and Education) to promote 
the activity and sustain its leading position worldwide. 
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