Chapter 5

Aquaculture
5.1 Evolution of Italian aquaculture
within the Mediterranean region
Cataudella S., Crosetti D.

Origins
Italian marine aquaculture has ancient origins (Cataudella & Bronzi, 2001) and the richness of
historical evidences, ancient manuscripts, mosaics and handicrafts from Etruscan and Ancient
Roman time perfectly depict the attention dedicated to fish production in the history of the
Mediterranean region. Italian aquaculture has grown as a highly diversified activity, thanks to the
high environmental diversity that characterizes Italian landscape.
Italian traditional marine fish culture was born in coastal lagoons and reached the most modern
model in the north Adriatic valliculture in the late 1960s. The implementation of mass production
techniques developed in the 1970s gave rise to modern marine fish culture in Italy (Ravagnan,
1978; 1992). Italian shellfish culture also originated in protected confined coastal areas, such as
coastal lagoons, sheltered gulfs and harbours.
Marine aquaculture started with the rearing of those species that naturally hung about in confined
estuarine coastal areas, as they are able to withstand stress due to temperature and salinity
variations. Such species, as European sea bass, gilthead sea bream and eels, showed to be
more adapted to withstand handling by man, such as fry and juveniles collection, transport,
grading, transfer to wintering ponds and from one pond to another, and culture in ponds.

Tradition and market: a good starting point
Italian contribution to modern marine aquaculture development has been fundamental for the
ancient Italian tradition, both for the public commitment in sustaining development in this sector,
and for the push of curious and passionate entrepreneurs. Italian role was also linked to the
high demand of the national market interested in the production of European sea bass, gilthead
sea breams and eels, species that have always been greatly appreciated in Italian fish markets,
especially at Christmas time.

Driving forces in the modernization process
To analyze aquaculture development, it is necessary to consider the implementation of techniques
for grow out and for induced spawning / larval and post-larval rearing.
The process to transfer into captivity marine fish, in particular European sea bass and gilthead
sea bream, started by drawing experience from trout culture, which had a solid empirical and
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scientific base in the intensification of finfish culture (Ghittino, 1969). Starting from wild juveniles,
the first rearing trials of marine species began with the use of artificial feeds formulated for trout or
wet mash added with fresh fish. The first pilot farms were located in coastal lagoon areas, where
a consolidated culture of extensive rearing was already present and the skills for earth moving
to dig ponds and channels were available. The first grow-out experiences from fish collected in
the wild, then the availability of juveniles from induced spawning and the production of correctly
formulated feed certainly contributed to a better growth of sea bass and sea bream in land based
ponds, determining a quick growth of land based marine aquaculture in Italy.

Intensive farms in sensitive areas
The establishment of aquaculture facilities in coastal brackish areas generated many conflicts,
because of the environmental vulnerability of these coastal wet lands, considered as the last
residues of sensitive and peculiar ecosystems on Italian coast. These areas were considered
unhealthy just a few decades ago, because they were not productive, were infested with malaria,
subject to floods, and aquaculture development wasconceived as an opportunity for recovery
(Ministero dei lavori pubblici, Ministero dell’agricoltura e delle foreste, Magistrato delle acque,
1937). But the follow up of the Ramsar convention entirely changed both the private and the
public vision on the future of these sensitive environments, and the trend towards more intensive
aquaculture practices sometimes put fish farming on the black list.
In the pioneer phase of the 1970s, excessive optimism induced to consider possible to rear
marine fish everywhere, also in non appropriate sites, and at present the question is often raised
on whether the availability of National and European subsidies falsified the real meaning of working
in aquaculture in a sustainable manner.

Competition
As land based activity, Italian marine fish culture suffered of the competition on the market with the
fast growing cage farming industry in Greece. Reduced power costs and availability of sheltered
marine areas for intensive cage culture cut down on costs, which were therefore much lower than
those in Italian land-based farms. Apart from a few competitive examples of land-based farms
(Lagoon of Orbetello area in Tuscany is certainly a good example), the culture of sea bass and sea
breams in Italy suffered from a delay in the reconversion of land-based farms towards a localization at
sea, especially for Italian coasts which are largely unprotected, but also for environmental restrictions
and bureaucratic uncertainty.
A new phase began in the 1980s, during which the comparison with foreign markets lead to a
recovery in competitiveness and fish culture started to move out in sea cages.
An example of this delay in the conquest of marine spaces is bluefin tuna farming in Italy. Italy
still has one of the major purseiner fleet that practice bluefin tuna fisheries (12 units in 2011). This
fishery is used to catch live bluefin tunas, that are transported to culture cages, even far away. This
practice is used to render bluefin tuna appropriate for the Japanese market, to produce sashimi
(Lovatelli & Holthus, 2008). Bureaucratic limits in the assignment of marine spaces prevented the
development of this activity, in a country with strong tradition in tuna.
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Interactions between capture fisheries and aquaculture
Capture fisheries and aquaculture can have important synergic effects to accelerate the drive to
sustainability (Cataudella et al., 2005). These interactions played a crucial role as catalyzers in the
start-up of many semi-intensive and intensive fish farming trials along the Italian coastal line. Fishermen
supplied aquaculture with sea bream and sea bass captured in the wild to test intensive fish farming
conditions in captivity. They also provided the broodstocks of various marine species to supply marine
fish hatcheries. They offered a long experience on live fish transport for both fry and fingerlings, and
their traditional knowledge on post harvest handling was made available for fish farmers.
When correctly managed, the interactions between fishermen and farmers supported good
environmental, economical and social decisions. This process generated suitable rules based on
a better use of marine spaces and biodiversity for both production and conservation. To reach
such aim, a correct planning in the use of marine spaces, correct policies for sea protection,
an effective capability to evaluate the state of the environment to assess risks and to apply the
precautionary approach whenever necessary and with no scientific evidence, is required.
This process is still on-going and will occupy the agendas of fish farmers, fishermen and decision
makers. In the case of mussels and Japanese carpet shell culture in Italy, development was
entirely based on the interactions between fishermen and these new activities.

Development of production techniques
Some milestones can be identified in the evolution of Italian aquaculture. During the first phase
of Italian modern aquaculture in the early 1970s, the techniques for intensive rearing were
implemented with a trial-and-error approach and a partial support of scientific research for the
implementation of diets and diseases treatments.
The second phase started with the fine tuning of induced spawning techniques, that required a
strong scientific support. The challenge for the reproduction of marine fish was an acquisition of
the 20th century, that enabled to speed up the implementation of ambitious objectives to satisfy
a growing demand for food through scientific research and international cooperation.
The first phase had a local nature, the second benefitted from a regional, Mediterranean and
European process, in which the boundaries of the contributions of each single country are
undefined. Indeed scientific cooperation and competition gave a global character to scientific
and technological innovations.

Environmental issues
Following the pioneering phase of intensive productions, characterized by the enthusiasm and
the curiosity generated by innovation, many environmental issues related to aquaculture arose
with an increasing strength. EU and national regulations were then issued and pushed public
and private involvement to limit the negative impacts of aquaculture, which represented the main
challenge to reach sustainability. The application of an ecosystem approach in aquaculture (Soto
et al., 2008), in response to one of the mandates of the Convention on Biodiversity and its followup, also committed Italian research, which is now responding with an increasing involvement
of disciplines which were not traditionally concerned with aquaculture. Environmental issues
generated the identification of research priorities to support the monitoring systems for the control
of environmental impact and risk assessment (Bondand-Reantaso et al., 2008). The driving forces
of this phase where generated by the NGOs position at both national and international level.
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The main engines of the process: market and quality
Already back in the early 1990s the higher offer of fish products from marine aquaculture
influenced market prices based on capture fishery and extensive farming. Traditional markets
were not equipped to offer with continuity a product with standardized characteristics to an
always wider public. Aquaculture represented a true revolution, as it made available to all some
products which had been elitist before.
The entry of supermarkets among the great retailers of aquaculture products certainly provided
modernity to the sector, by imposing standards for production, safety and quality in all phases
of the production chain. New strategies for marketing and promotion of aquaculture products
were born (Baranzi-Yeroulanos, 2010), and Italian aquaculture became a relevant player in a large
global marketplace.

Italian aquaculture in the third millennium
At present modern Italian aquaculture is inserted in the European and Mediterranean context.
The diversification of Italian production is enviable, also thanks to a long and geographically
diversified coast. In Italy all shellfish and finfish species of South European aquaculture interest
are produced.
Italian marine aquaculture, as part of the EU aquatic production system, must face the complexity
of this region. In South Mediterranean countries, where environmental conditions are propitious
and production costs lower, new sea farms with increasing production capacities are being built
and the establishment of many new facilities are in progress.
Despite the fact that apparently there are no shared resources in aquaculture, the latter requires
policies at the suitable geographic scale, to solve the negative impact that unregulated and
unreported growth could generate at ecological, economic, commercial and legal levels.
In this framework, the increasing weight of aquaculture in the FAO-GFCM could be a guarantee
of the engagement of Mediterranean countries to establish a regional aquaculture policy.

Some remarks on Italian research in marine aquaculture
In the evolution of Italian aquaculture, scientific research played a major role as development
accelerator as in other regions of the world. Empirical research with trials and errors was
a common process among producers in the pioneer phase. With no standard protocols, no
reference experiences, no oral transfer from one generation to the next, all the pioneers in Italian
marine intensive aquaculture contributed to the implementation of aquaculture in their farms,
often by learning from their own mistakes. This is true in all primary activities, such as agriculture
and animal husbandry, but in these fields know-how derives from the knowledge accumulated
and by the work of several generations of scholars, and practical skills are the result of thousands
of years of experience.
In Italian marine aquaculture, basic knowledge goes back to the Adriatic vallicoltura and shellfish
culture, which are ancient activities made of the knowledge passed on through generations and
patrimony of whole territories. In the phase of modern aquaculture, the use of new techniques
for juveniles mass production by induced spawning was a totally new activity that did not have
previous references neither on the empirical side nor in scientific acquisitions, apart from the
available basic knowledge.
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In this sense, modern aquaculture is really a new generation activity, born in the information
society, along with the development of computers and of the capacity, to be able to access to
and to integrate knowledge at high speed through computer science. Aquaculture development
at sea represents an innovation towards the conquest of marine spaces: to operate in the open
sea to rear and not to fish, under all weather conditions, is a great acquisition of the 20th century.
In this phase again Italian aquaculture can be considered as a partner of a large global system in
which the identification of relevant specificity is not possible.

Is Italian aquaculture a mature activity?
If market prices, the financial difficulties of several companies and the debate on the environmental
impacts of aquaculture sometimes contribute to reinforce the idea that marine aquaculture is a
mature sector, this evaluation shows some mistakes on the spatial and time scales and a lack of
strategic vision.
Weaknesses of marine aquaculture have been thoroughly analyzed; limited living marine
resources to sustain aquaculture and the capability to contain environmental impacts represent
the bottlenecks for marine fish culture in the future. The challenge is to overcome this scenario
and to conquer the open seas.
Shellfish culture has wide and encouraging development perspectives, if the policies towards
sea protection will be implemented and not only announced. Indeed, shellfish culture does not
require external trophic resources, as shellfish use natural resources. Therefore, if the water
sanitary quality is controlled and the monitoring of toxic algae is guaranteed, shellfish culture
has extraordinary perspectives, with important effects on the market both on the economic and
the social side. A good example of sea products are mussels, which are tasty and offered at a
competitive price.
In this blue revolution, also Italian marine aquaculture contributed to make sea products accessible
to all consumers.

The global character of modern marine aquaculture
One last consideration, before leaving the floor to the analysis of marine aquaculture in Italy
reported in the next section of this publication, concerns the overcome of the national experiences
and the evolution towards a global knowledge system. It is easy to identify an Italian character
in vallicoltura (confinement of portion of coastal lagoon), only to cite the enthusiasm of Mr Coste
(Coste, 1855) when he visited the Valli di Comacchio and reported back to the educated France
the witness of this industry, organized all along the production chain, from culture to processing.
On the contrary, as far as marine aquaculture development in the last 50 years is concerned,
it is more difficult to characterize the contribution of each single country, as modern marine
aquaculture was born in the framework of information society, in which people and information
have a great mobility. Such evolution occurred in an international context, in a Mediterranean
market that has always been one single reality in which Italian market was the precise target for
the high prices that were paid for fish products. Today it is not possible to talk about an Italian
reality anymore, if not as heritage, as the Italian system is part of the Mediterranean and European
markets.

235

The Code of Conduct for Responsible Fisheries (art. 9)
As for capture fisheries, art.9 of the CCRF (FAO, 1995) defines responsible aquaculture and the
principles for an aquaculture to be sustainable, thanks to a series of recommendations to the
States.
The evaluation at international level within COFI (FAO Conference for Fisheries) on the state of the
application of the CCRF in the various countries and the constitution of a COFI Sub-Committee
on Aquaculture stimulated new priorities also in the Italian political agenda for aquaculture.
Italy contributed with funding to the first meeting of the COFI Sub-Committee on Aquaculture,
which was held in Beijin in 2002. The definition of certification systems, the results of the several
expert meetings and consultations with FAO and European experts on various issues relative to
responsible aquaculture were adopted by Italian institutions also within international obligations.
More recently in Italy, the development of organic aquaculture enabled an in-depth analysis of the
world of production and research, to fine tune aquaculture policies, based on sustainability pillars,
such as animal welfare, control of environmental impacts, health and safeguard of the consumer.
Reaching this objective is the true target of sustainability. It is not an easy challenge as the various
stakeholders still tend to stick to their opinion.
The path has just begun: it will be necessary to improve the dialogue among producers and
environmentalists to identify those activities that preserve the environment. Many questions still
do not have an answer, such as the fact that it is not possible to go on with extensive productions
in coastal lagoons with the uncontrolled presence of ichthyophagous birds. However, it should
always be kept in mind that coastal extensive aquaculture production have preserved wet lands
in time from the large land reclamation campaigns, with great environmental advantages.
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Box 5.1

Classic and modern valliculture1
Pellizzato M.
Since remote times, the Northern Adriatic estuarine region between the Reno and Isonzo
rivers has provided a unique ecosystem, granting refuge and sustenance to its resident
populations.
Thanks to the unique environmental characteristics of this area and the particular bioecological features of the local fish species, a tradition of hunting and fishing activities soon
became established, anticipating human attempts at eco-compatible fish production by at
least a thousand years, which has been compared to the revolution that occurred 10,000 or
so years ago with the shift from hunting to sheep farming.
The practice of confining and farming some of the most desired fish species, such as
sea bass, gilthead bream and eels, in large coastal lagoons that are sheltered and easy
to access, led to the development of management techniques able to provide excellent
production results and preserve the environment in good conditions, as well as to provide
strategies for facing calamitous events (Bullo, 1940).
The principles of valliculture in its original form were based on the availability of fry for
restocking and the use of natural food webs in natural or semi-natural environments as an
integral part of the lagoon system, providing a production management model compatible
with particularly vulnerable coastal habitats composed of barene and shallow waters.
Over the last 150 years of Italian history, national wetlands (1,174,000 hectares surveyed in
1864, reduced to around 150,000 hectares in 1985, according to Boatto & Signora, 1985),
underwent large-scale drainage to convert them into agriculture land, which was erroneously
considered to be more productive, and to root out the scourge of malaria. Fish farming and
hunting activities therefore provided a decisive deterrent to the destruction of these extraordinary
transitional environments, and the owners of these lands managed these ecosystems while
preserving of a precious public asset, in a correctly balanced anthropic relationship.
For decades the ownership and use of valli was strongly debated, with the argument centred
above all on their precise legal status. The Supreme Court of Appeal only recently made
a decision regarding this intricate dispute (right to ownership or land grant regime), with
Judgement No 3665 of 14 February 2011, with which the government ownership of the valli
was sanctioned, with the justification of it being “an extension of the corresponding public
governance system for assets of public enjoyment”. The uncertainties over ownership led
to little desire among many managers to invest in valliculture and to a certain ambiguity in
the calculation of the surface areas. The authoritative sources, which can be consulted in
regard to the number and extension of the single valli, often provide discordant and out-ofdate figures. The inherent difficulty in determining the actual surface areas of the water and
barene (subject to the hydraulic regime) and the emerging land should however be noted:
these areas vary depending on tidal levels and the ratio between water and land has specific
characteristics for each valle.
Also in the Venice lagoon, a wetland area in which the desire to protect the environment to
1

 alliculture: Traditional extensive aquaculture activities carried out in a North Adriatic valle. The Italian name, valle/valli derives from
V
the Latin vallum.

237

the greatest extent possible has always been affirmed, there has been a reduction of the
areas used for valliculture: according to the provincial authority of Venice, only 15 productive
farms were listed in 2009, with a total of 5,842 hectares of water surface.
With the complete damming of valli and the increase in pollution levels since World War
II, there has been a progressive decrease of the natural migration of the juveniles of many
euryhaline fish species to brackish waters in springtime. To compensate for the shortage
of juveniles, which provided no guarantees for production, the fish farmers turned to
specialised fishermen (pesci-novellanti) expert in the catch of gilthead bream, sea bass
and grey mullets juveniles. Still today, the provinces of Venice and Rovigo issue around 70
licences to professional fishermen who practice this type of fishing for three months a year.
The progress made in induced spawning techniques of marine species enabled to
produce juveniles also in controlled environments. SIRAP (Italian Society for the Artificial
Reproduction of Fish) began operating on the island of Pellestrina (VE) in 1973, and was
the first organisation in Italy to carry out experimental trials on the induced spawning of sea
bass and gilthead bream on a commercial scale. The technology was then transferred to a
several valli, where hatcheries were created, but the results failed to meet expectations and
the facilities were subsequently closed down.
After a period characterised by research and experimental trials that tended to develop
“exasperated” production models and high facilities and management costs, which led to
phenomena of water eutrophication and consequent risk of dystrophic crisis, valliculture
has practically abandoned intensive systems (characteristic of the 1970-1990 period),
turning towards a traditional production approach that could justifiably be described as
“organic”. Not being able to compete with sea-cage farming (mariculture) practised along
the Mediterranean coast and which benefits from favourable conditions, the valli farms now
aim at combining environmental compatibility with economic sustainability.
If the valli currently make an active contribution to the conservation of some lagoon
ecosystems, in the future they could play the important role of safeguarding certain fish
stocks, thanks to the development of practices that contribute to the maintenance of
the parental populations, through the obligation of releasing a pre-established quota of
broodstock into the sea (Cataudella et al., 1999). The valli would become areas for the
growth and maturation of excessively exploited fish species or those in danger of extinction,
as eels.
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5.2 The state of Italian aquaculture
Bronzi P., Rambaldi E., Cardillo A., Dell’Aquila M., Di Dato P., Cataudella S.

In keeping with Council Regulation (EC) 762/2008, annual production for national aquaculture
comprises the product (fish, crustacean and shellfish) quantities placed on the market in each of
the years considered.
The scenario pertains to the period from 1950 to 2009 inclusive. The data provided in the FAOFishStat database were used from 1950 to 2001, and compared with Eurostat data. Other
additional data sources doesn’t exist for the preceding years and the information on the annual
production could be extremely inaccurate. The data reported for the most recent period, from
2002 to 2009, refer to the results of the surveys carried out by Idroconsult (period 2002-2006)
and by UNIMAR (for 2007, 2008 and 2009) on behalf of the Italian Ministry of Agriculture, Food
and Forestry Policies (MiPAAF 2004, 2005, 2006, 2007, 2008a, 2008b, 2009, and 2010; Unimar,
survey in progress).
The long term data is shown according to production: fish, crustacean and shellfish culture. For
the most recent period and for the 2009 “snap shot” of the sector, other information such as
freshwater or marine aquaculture and target markets was also considered.

Facilities
The number of aquaculture facilities present in a country is an outline summary of this industry.
As regards the start up year for the facilities, Charts 5.1 - 5.5 were completed on the information
gathered by the 2007 survey (MiPAAF, 2009) and show the evolution of Italian aquaculture. Further
and more specific comments as to the motors driving this evolution are shown in the following
paragraph where cultured products are described.
The first Italian facilities date back to 1930, and the number of new farms is growing constantly.
Figures 5.1, 5.2, 5.3, 5.4 and 5.5 show, on a yearly basis, those facilities that began production
between 1960 and 2007, respectively, for aquaculture as a whole, subdivided into fresh and
marine water fish culture, and for shellfish farming. Little information is available for previous years.
Figure 5.1 shows the annual number of new aquaculture facility start-up for all three production
sectors, namely fish, crustacean and shellfish farming.
Two periods with consistent annual growth can be noted: the decade 1975-1985 and the 12
years from 1996 to 2007. Figure 5.2 shows, besides the annual supply of new facilities, the
overall consistency of Italian aquaculture facility assets. Not all the facilities provided their exact
start up dates, but the picture obtained nonetheless proves to be advantageous for illustrating the
continuous growth of the industry. The total number of facilities was 864 in 2007 and 877 in 2009.
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Figure 5.1- Number of new aquaculture farms per year from 1960 to 2007 (Source: MiPAAF, 2009).
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Figure 5.2 - Number of new aquaculture farms and total number of farms from 1960 to 2007
(Source: MiPAAF, 2009).
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Figure 5.3 shows the number of fresh and seawater facilities that went into operation each year
in the period considered.
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Figure 5.3 - Number of new fresh and marine water aquaculture farms per year from 1960 to 2007 (Source: MiPAAF, 2009).

The following figures 5.4 and 5.5 show respectively the annual number of fish and shellfish farms
which began production from 1960 to 2007.
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Figure 5.4 - Number of new fish farms per year from 1960 to 2007 (Source: MiPAAF, 2009).
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Figure 5.5 - Number of new shellfish farms per year from 1960 to 2007 (Source: MiPAAF, 2009).

Productions
Figure 5.6 shows the annual fish, crustacean and shellfish production values and trends from
1950 to 2009 (FAO-FishStat data). FAO statistics also show algae production for the decade
1990-2000, which is not available for later years.
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Figure 5.6 - National cumulative production (tonnes) of fish, crustaceans, shellfish and algae for the period 19502009 (Source: FAO, FishStat; MiPAAF, 2004-2010; Unimar 2009 survey in progress).
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Annual production was 305 tonnes in 1950 and it already increased almost tenfold by the end of
the decade to 2,794 tonnes in 1960. An analogous growth trend can be observed in the following
decade with a production of 28,632 tonnes in 1970, increasing threefold to 74,640 tonnes in the
early 1980s. In the early 1990s, production had again doubled, reaching 153,774 tonnes in 1990
(148,744 tonnes without algae). In the early 2000s, total Italian aquaculture production peaked
at 218,288 tonnes in 2001. In the following years there was a progressive and constant decline
in production, which stabilized at around 150,000 tonnes towards the end of the first decade of
the new millennium.
This general trend is the result of an evolution in production for the two main sectors, namely
fish and shellfish culture. From the mid 1950s and for the two ensuing decades, there was a
progressive rise in output for both production sectors, which became increasingly intensive. This
was also accompanied by an increase in technological development as well as in the number
of farms. The increase in shellfish production was decidedly more consistent compared to fish
production, and it made a greater contribution, by a ratio of about 2:1, to total national production.
Italian aquaculture has been characterised by periods, particularly in their early stages, of rapid
growth in which it played a “leading” role in the following areas of European aquaculture, namely:
trout, sea bass and sea bream, and some sections of shellfish culture. Table 5.1 and figure 5.7
show the output values for each production sector for the last eight years (2002-2009) during
which the surveys were carried out.
Table 5.1 - Annual outputs (tonnes) per production sector from 2002 to 2009 (Source: MiPAAF 2002-2010 and
Unimar 2009 survey in progress).
Sector/years
Fish
Crustaceans
Shellfish
Total

2002
50,498
7
135,272
185,777

2003
51,205
47*
80,590
131,842

2004
48,649
5
69,686
118,340

2005
50,719
6
137,813
188,538

2006
49,506
4
123,771
173,281

2007
49,150
2
131,778
180,929

2008
52,921
16
104,935
157,872

2009
52,223
10
95,833
148,066

* This value is included in the survey for the year, although it is unreliable and is dependent on species considered as being fished or
farmed products.

To maintain uniformity with data from subsequent periods, and in keeping with the instructions
contained in Council Regulation (EC) 762/2008, the data for 2004, 2005 and 2006 was stripped
of production statistics related to ornamental species. Following the new regulation which defines
production as the quantity “that was first put on sale, including production in hatcheries and
nurseries that is put up for sale”, it should also be remembered that the data is not entirely
homogeneous. In fact Council Regulation (EC) 788/1996, valid up to 2008, specifically stipulated
that products “which will continue to be subject to aquaculture practices” be excluded from the
production output estimates. With this provision data ware recorded not only for pre-fattened fish
production of modest weight, but also for certain species, including even large-sized specimens,
such as sturgeon or tuna fish, which nonetheless continue to be farmed while being sold on from
one facility to another. Trout, catfish, carp, sturgeon and other species destined for sport angling
were considered in the same way. The survey data diverges from FAO and Eurostat data and was
kept since it was held to be more up-to-date and representative of real production. The overall
aquaculture production values reported in figure 5.7 show a downturn in 2003 and 2004, due
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above all to a fall in shellfish, with a later upturn and relative stabilisation of production for the three
year period 2005-2007 and a slight gradual decline in 2008 and 2009.
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Figure 5.7 - Production trend (in tonnes) for shellfish, crustaceans and fish in 2002-2009 (Source: 2002-2008:
MiPAAF, 2004-2010; 2009: Unimar, survey in progress).

It should be underlined that production of fish was substantially stable, with an average value
of 50,600 tonnes per annum, with differences varying from -3.9% (2004) to +4.5% (2008).
Crustacean production in comparison was scant and inconstant, with average quantities of circa
10 tonnes.

The state of aquaculture in 2009
In order to examine the result of the evolutionary process of Italian aquaculture in greater detail, it
could be advantageous to define its present day state, summarized in table 5.2 where the numbers
of companies and farms are reported. In 2009, 726 aquaculture companies were surveyed, of
which 381 (51.4%) were dedicated to fish production, 8 (1.1%), to crustacean production and
352 (47.5%), to shellfish production, giving an apparent total of 741. Fifteen companies that
produce in two sectors at the same time (see note 1) should be subtracted from this figure. To
these companies belong 997 farms, 877 of which are operating and 120 are inactive. 491 farms
(48.7%), are dedicated to fish production and of these 434 are active and 57 are inactive. Among
the active ones, 323 are run in freshwater, 11 in marine water. 8 farms (0.8%) specialise in marine
crustacean culture, all of which are operational; 510 farms (50.5%), specialise in shellfish culture
in marine or brackish water and of these 447 are active and 63 inactive. The apparent total of
1,009 farms should exclude 12 cases in which the same farm produces output relating to two
production sectors (see table 5.2, note 3).
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Table 5.2 - Number of companies and farms for each production sector and for each water type in 2009
(Source: Unimar 2009, survey in progress).
Farms with
Apparent
double
Fish
Crustaceans
Shellfish
total 1 production
Total
n.
%
n.
%
n.
%
n.
n.
n.
730
companies
381
51.4
8
1.1
352
47.5
742
12 2
997
farms
491
48.7
8
0.8
510
50.5
1,009
12 3
operat.
idle operat.
idle operat.
idle
355
freshwater farms
323
31
3
0
0
0
357
23
642
marine water farms
111
26
5
0
447
63
652
10 3
997
total farms
434
57
8
0
447
63
1,009
12 3
Apparent total: total calculated independently of several production sectors coexisting in the same company or in the same farm.
12 companies with more than one production sector (5 fish/shellfish, 7 fish/crustaceans).
3
12 farms with more than one production sector (5 fish/shellfish, 7 fish/crustaceans; 10 marine water and 2 freshwater).
1
2

Figure 5.8 shows the geographical distribution of farms. The 323 operational freshwater fish
farms are concentrated in the North of the country, prevalently in the Veneto, Friuli Venezia Giulia,
Trentino Alto Adige, Lombardy, Emilia-Romagna and Piedmont regions and the following fish
are farmed: trout (Oncorhynchus mykiss, Salmo trutta fario), char (Salvelinus spp.), sturgeon
(Acipenser spp., Huso huso), and eel (Anguilla anguilla).
In Central Italy there are other trout farms, in particular in Umbria and in the Marche regions.
Marine farms are distributed along the entire Italian coastline, with a relative concentration in
the Upper Adriatic Sea, with the farming stock being mainly sea bream (Sparus aurata) and sea
bass (Dicentrarchus labrax), sometimes associated with other minor species such as meagre
(Argyrosomus regius).
Shellfish farms are prevalently located in the Adriatic Sea from Grado to the Gargano and in few
other specific locations in the South and in Sardinia. The prevalent species are mussels (Mytilus
galloprovincialis) and the Japanese carpet shell (Ruditapes philippinarum).
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Figure 5.8 - Distribution of fish and shellfish farms and extensive culture systems in coastal lagoons (Source:
MiPAAF - Unimar, 2009 survey in progress).

Fish farming
Figure 5.9 shows the annual production trend for single fish species for the same period, namely 19502009, and helps to explain the previously-described trends for total production. The data originates
from the FAO-FishStat database, with a few species grouped according to genus for the sake of
simplicity, to allow continuity between different surveys as well as to enable them to be compared.
From an initial situation in which fish farming essentially consisted of North Adriatic valliculture,
stocked with wild fish which were reared extensively and then captured at fish barriers when
migrating back to sea, a gradual transition to intensive farming in land based farms can be
observed, then replaced by cage farming at sea.
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Figure 5.9 - Annual production for cultured fish in 1950-2009 (Source: 1950-2001: FAO-FishStat, processed;
2002-2008: MiPAAF; 2009: Unimar survey in progress).

The most representative species of the 1950s were eel, grey mullet (Mugil cephalus, Chelon
labrosus, Liza spp., Oedalechilus labeo) and, in freshwater, carp (Cyprinus carpio). In subsequent
years, beginning in the mid 1950s, intensive trout farms were started up with farms supplied by
waters from rivers. Production, in a short time, reached considerable quantities (from 10 tonnes
in 1955 to 1,290 tonnes in 1960; 13,500 tonnes in 1970, 20,400 tonnes in 1980; 35,000 tonnes
in 1990, with a peak of 51,000 tonnes in 1997 and 44,500 tonnes in 2000). In the mid 1970s
the production of catfish (Ictalurus melas) also became important. This farming, placed in an
agricultural context, reached a peak of about 1,800 tonnes in the early 1990s. Farming was
carried out above all in Central and Northern Italy in earth ponds, and the market for this species
was local. Environmental deterioration, failure to control diseases and ichthyophagous birds were
the death knell for this niche activity.
Marine species were introduced to modern Italian aquaculture in the early 1970s. First, sea bass
and then sea bream began to progressively gain develop as the dominant fish production species
for marine aquaculture, with rapidly rising-output, which in 2000 had reached 6,000 tonnes and
8,000 tonnes, respectively. Intensive farming of other species contributed towards progressively
increasing national production and these included eels, which were added to traditional extensive
farming production and fisheries, sturgeons from the late 1980s, as well as other species of lesser
importance, both in freshwater (charr - Salvelinus spp., American catfish - Ictalurus punctatus,
tilapia - Oerochromis spp., black bass - Micropterus salmoides, hybrid striped bass - Morone
chrysops x M. saxatilis), and in marine water (sharpsnout sea bream - Diplodus puntazzo, meagre
- Argyrosomus regius and more recently bluefin tuna - Thunnus thynnus) but always with relatively
scant production.
The evolution of Italian aquaculture can be subdivided into a first period (until the mid-1950s)
characterised by North Adriatic lagoon fish culture (valliculture), followed by a period of
modernisation in which it moved towards intensive aquaculture, above all for freshwater species
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(trout and eels), to which were added, in the mid 1970s, premium marine species (sea bass and
sea bream), always in land based farms. From the 1980s, floating cage farms began to be used
for marine species. These are more competitive than land based facilities due to environmental
considerations and energy costs. The number of species also increased (meagre, sharpsnout
sea bream, bluefin tuna), whereas freshwater trout and eel farms reduced their production output
intensity. The culture of new species and hybrids (sturgeon, catfish and striped sea bass) began
in this period to provide new opportunities for market diversification.
Fish farming output increased continuously up to 2000 and beyond, reaching almost 70,000
tonnes (69,311 tonnes in 2001). In the following years there was a sharp fall mainly due to
a downturn in trout, eel and other minor species production. Production stabilised at around
50,000 tonnes with slight variations over the last eight years (figure 5.10).
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Figure 5.10 - Fish farming production from 2002 to 2009 (Source: 2002-2008: MiPAAF; 2009: Unimar; 2009:
Unimar survey in progress).

National fish farming production in 2009 was 52,223 tonnes shared amongst the various species
as shown in table 5.3, where a few species are grouped by genus to allow a comparison to be
made and to maintain continuity with previous surveys. Production was 50,498 tonnes in 2002,
with essentially the same species being farmed then as they are now, except for several new ones
which are the subject of research projects.
In inland waters trouts, Oncorhynchus mykiss and Salmo trutta, are the important species from
a production point of view and comprise 69% of total fish production, followed by sea bass
(12.1%) and sea bream (11.8%); all other species do not contribute more than 1.3% each to
national fish culture production. From 2002 to 2008 the species and relative production scenario
has remained quite unchanged except for two cases. The first is eel, the production of which has
gone down by 40%. The second is sturgeon and when evaluating the causes of the 50% fall in
production of this species, the strategies adopted to promote the production of caviar rather than
0,25000
of flesh should be considered. For crustaceans, production values fluctuated and, for multiple
0,21875 it remained a niche level production, focussing essentially on the farming of Japanese
reasons,
0,18750prawn (Penaeus japonicus) and more recently of the common prawn (Palaemon serratus)
kuruma
0,15625
and
the red swamp crayfish (Procambarus clarkii).

0,09375
0,06250
0,03125
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Table 5.3 - Fish and crustaceans production from 2002 to 2009 in tonnes (Source: 2002-2008: MiPAAF; 2009:
Unimar; 2009: Unimar survey in progress).
Common name
Fish
American catfish
Black bass

Scientific name

2002

2003

2004

2005

2006

2007

2008

2009

Ictalurus punctatus
104.5
Micropterus
salmoides
10.0
10.3
Blacktail bream
Diplodus vulgaris
35.0
74.2
Blue fin tuna
Thunnus thynnus
1,000.0
Cyprinus carpio1
274.0
185.4
278.6
Carps1
Catfish
Ameiurus melas
352.0
451.5
380.5
Charr
Salvelinus spp.
15.0
11.0
Dentex
Dentex dentex
3.0
3.0
6.0
Eel
Anguilla anguilla
1,694.0 1,325.3 1,219.7
Grey mullets
Mugilidae
264.0
211.8
95.0
Hybrid striped bass Morone chrysops
x M. saxatilis
260.0
306.0
424.0
Hybrid porgy
Pagrus major x
Dentex dentex
28.0
28.0
Perch
Perca fluviatilis
10.0
3.0
Sea bass
Dicentrarchus labrax 7,047.0 7,591.8 7,051.2
Sea bream
Sparus aurata
5,326.0 5,973.3 6,267.5
Sparidae
Sea breams n.i.2
Sharpsnout sea
bream
Diplodus puntazzo
126.0
131.0
101.0
Shi drum
Umbrina cirrosa &
& meagre
Argyrosomus regius
131.0
197.0
146.0
Sole
Solea vulgaris
1.0
1.0
Acipenseridae
1,249.0 1,190.9 1,118.0
Sturgeons n.i.2
Tench
Tinca tinca
9.0
7.0
41.5
Tilapias
Oerochromis
(Tilapia) spp.
20.0
Salmo spp.
33,757.0 33,484.1 30,264.9
Trouts n.i.2
Turbot
Psetta maxima
3.0
freshwater fish n.i.2 n.i. freshwater fish
other marine species
3.0
48.0
3.0
50,498.0 51,205.0 48,648.6
Total fish
Crustaceans
Common prawn
Palaemon serratus
Kuruma prawn
Penaeus japonicus
(P. keraturus)
7.0
47.0
5.0
Redswamp crayfish Procambarus clarkii
Total crustaceans
7.0
47.0
5.0

99.5

114.5

136.0

143.8

95.7

25.3
35.3
50.0
60.7
31.0
68.5
1,800.0 1,163.0 1,262.0
227.1
163.9
127.0
325.3
212.2
95.3
6.0
122.0
383.5
3.0
175.0
1.196.3
807.2
714.9
73.7
94.1 1,447.9

79.5
18.1
343.9
77.6
86.6
284.8

80.5
7.3
522.5
97.8
138.4
367.1

550.7
691.1

677.4
587.0

234.0

244.0

295.0

179.0

225.0

33.0
70.0
0.4
4.0
7,560.3 8,335.3 7,489.8 6,771.0 6,342.4
6,922.9 6,345.5 5,811.3 5,457.4 6,178.5
61.8
68.3
14.2
100.0

77.0

158.5

50.0

17.0

186.0
0.2
1,158.2
38.5

172.0
0.2
859.5
36.9

123.3
29.9
794.7
2.0

154.0
19.2
793.2
6.2

69.8
0.3
628.0
4.6

20.0
10.0
23.0
17.0
17.0
30,588.2 30,677.6 29,945.1 36,838.436,059.5
73.8
0.0
50,719.0 49,506.0 49,149.7 52,921.4 52,222.7

6.0

3.5

6.0

3.5

25.0

232.6

1.5

11.0

4.4

4.7

2.0
4.1
10.5

1.5

15.7

Including Ctenopharyngodon Idella and Hypophthalmichtys molitrix.
2
n.i.: non identified.
1

A more detailed examination of the main farmed fish now follows.
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Eel
Eel (Anguilla anguilla) has been farmed since the 1950s and reached a production peak in the late
1980s (figure 5.11).
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Figure 5.11 - Production (tonnes) of Anguilla anguilla from 1950 to 2009 (Source: 1950-200: FAO-FishStat;
2002-2008: MiPAAF; 2009: Unimar, survey in progress).

Italian production was given a strong boost by the transfer of certain already-consolidated
Japanese technologies for A. japonica, which rapidly spread throughout Italy, quickly adapting
to our indigenous species and environmental conditions. In the early 1990s there were signs
of a downturn in production, and this has become a constant feature since the end of the
decade. Production data for 2009 confirms, albeit with a slight increase, the constant downturn
in production, the causes of which can be sought in a lower supply of wild elvers and yellow eels
with consequent higher production costs. Market dynamics have nonetheless reduced demand
for the Italian product to be supplied to the European processing market.
Since 2007 the species has been included in Appendix II of CITES (Convention on International
Trade in Endangered Species of Wild Fauna and Flora), giving rise to widespread action
directed
0,25000 at protecting and managing this species in order to limit its exploitation and sale, also
considering
the difficulties in obtaining elvers for grow-out. Furthermore, eel production has
0,21875
increased constantly in North European countries, which, through their use of new technologies,
0,18750
have become particularly competitive as regards quality and prices and all those elements have
0,15625
strongly increased the difficulties of this sector at the national level. Italian eel farms are essentially
distributed in the North of the country and in Sardinia, with few other facilities in Central and
0,09375 Italy (figure 5.12).
Southern

0,06250
0,03125
0,00000
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Figure 5.12 - Distribution of eel farms in Italy (Source: Unimar, 2009 survey in progress).

Trouts
Trout very quickly took on the leading role in Italian aquaculture. Production, substantially of
rainbow trout, after a peak of more than 50,000 tonnes around 1995-97, fell progressively in the
following years to 30,000 tonnes. It then rose again in 2008 and 2009 to little more than 35,000
tonnes (figure 5.13).

251

60,000

50,000

tonnes

40,000

30,000

20,000

10,000

0
1950 1952 1954 1956 1958 1960 1962 1964 1966 1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008

Figure 5.13 - Production (tonnes) of trouts (O. mykiss and S. trutta) from 1950 to 2009 (Source: 1950-2000: FAOFishStat; 2002-2008: MiPAAF; 2009: Unimar, survey in progress).

Trout culture, like any other mature production activity, confirmed to be a reliable player and
one of primary importance in the national and European scenario, where Italian production had
to compete with production from other countries such as France and Denmark. Together with
rainbow trout, brown trout and other species of salmonids, such as charr (Salvelinus alpinus and
S. fontinalis), are being cultured.
Less fragmented facilities, along with the adoption of renewed technologies, guaranteed the
sector greater verve. This was also provided by the establishment of new fresh-trout processing
plants, which immediately added greater value to production. Trout farms are mainly concentrated
in the North of Italy, from Piemonte to Friuli Venezia Giulia as well as a along the Apennines, in
particular in Umbria and in the Marche (figure 5.14).

0,25000

Sturgeons
0,21875

The
first sturgeon farms date back to the early 1980s, when an American species (Acipenser
0,18750
transmontanus)
was introduced to an Italian farm. Given the characteristic longevity of the species,
0,15625
the first considerable farm production outputs were placed on the market midway through the 1980s,
and both production output and species diversification (A. baerii, A. gueldenstaedtii, A. ruthenus, A.
0,09375
naccarii, Huso huso, A. naccarii x A. baerii, etc.) increased rapidly, reaching 1,249 tonnes in 2002.
0,06250
In the following years, both production output and the number of species and hybrids steadied out
0,03125
at
lower values.

0,00000
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Figure 5.14 - Distribution of trout farms in Italy (Source: Unimar 2009, survey in progress).

The fluctuations and the downward tendency of sturgeon production were, besides the reduced
success of fresh flesh consumption, also the consequence of Italian companies tending to
produce caviar: the latter entails eliminating males specimens and holding the females at the
farm while waiting for them to reach the correct size and age for caviar production. Production
values stabilised in the last four-year period at around 650-800 tonnes of flesh yearly. Sturgeon
farms are all concentrated in the North of Italy, in areas that originally had a propensity towards
this species (figure 5.15). There is only one experimental farm in Central Italy.
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Figure 5.15 - Distribution of sturgeon farms in Italy (Source: Unimar 2009, survey in progress).

Caviar production is important and has become the main reason for farming this species.
Production over the last few years has declined (from 23 tonnes in 2007 to little more than
12 tonnes in 2009), even in relation to the financial and economic crisis, but nonetheless it remains
at high values, which places Italy amongst the leading farmed caviar-producing countries. The
main species used for this purpose are the white sturgeon (A. transmontanus), the Siberian
sturgeon (A. baerii), and to a lesser extent the Russian sturgeon (A. gueldenstaedtii), the AL
hybrid (A. naccarii x A. baerii) and other species (A. persicus x Huso huso hybrids, etc.).
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Other freshwater species
Several facilities farm common carp and Chinese carps (Ctenopharyngodon idella,
Hypophtalmichthys molitrix), tilapias (Oreochromis spp.), tench (Tinca tinca), Eurasian perch
(Perca fluviatilis), hybrid striped bass (Morone spp.), black bass (Micropterus salmoides) and
catfish (Ictalurus spp.). These species are usually farmed in earthen ponds together with other
species (polyculture). Farms are concentrated in the North, with some located in Central Italy
(figure 5.16). These species are destined above all to be used for restocking purposes and for
sport angling ponds, that represented in the past a remarkable share of the internal market.

Figure 5.16 - Distribution of farms for other freshwater species in Italy (Source: Unimar 2009, survey in progress).

These farms have suffered from the increase in fish-eating birds (cormorants, herons and little
egrets), which are protected species and are practically impossible to control both due to
regulatory restrictions and to the cost and unsightliness of equipment (anti-bird nets, anti-flight
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lines) set up to limit bird access to tanks and culture ponds. Predation by fish-eating birds also
marked the end of ornamental fish culture farms (goldfish, and koi carp) which were traditional in
some areas of Po Valley.

European sea bass and gilthead sea bream
European sea bass and sea bream are amongst the most valuable fish in the Mediterranean Sea.
They are abundant in the coastal lagoons and in estuary and rocky areas of the coastal strip, and
have traditionally been a target species of coastal fisheries by professional and sport fishermen.
Extensive fish culture in the North Adriatic coastal lagoons developed on the opportunity to
produce these highly valuable species in confined lagoon contexts. Nowadays, as a result in
successful induced spawning obtained from the early 1970s onwards, these have become the
front-ranking species in marine fish culture in the Mediterranean region. Originally reared in land
based facilities, these species were then reared in floating sea cages, both in order to provide
better rearing environments and to minimise environmental impact. Initially, even before induced
spawning and juvenile mass production techniques were implemented, grow out experimental
trials were carried out in Italy in the 1970s, above all in brackish water basins for eel farming,
using sea bass and sea bream fry captured in the wild. Even the technique of using sea cages,
which started late in Italy due to environmental constraints and to coastal morphology, was initially
developed near the coast in sheltered sites. Later, as a result of improved technology, these
expanded to sites that were more exposed to waves. Sea cage farms were already 38% of
marine aquaculture farms in 2007. In Italy there are no cages for fish farming in fresh waters.
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Figure 5.17 - Production (tonnes) of sea bream (Sparus aurata) and sea bass (Dicentrarchus labrax) from 1950 to
2009 (Source: 1950-2001: FAO-FishStat; 2002-2008: MiPAAF; 2009: Unimar, survey in progress).

A progressive growth in production for the two species considered was recorded from the mid
1970s up to 2001. At the end of this growth phase, there was a slowdown even though with
several temporary upturns. This slowdown in the production of sea bream and sea bass coincided
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0,25000

with the increasing competition between national output and imported products, the latter being
of lower quality and less fresh, but very competitive in price (figure 5.17).
The distribution of sea bass and sea bream farms is substantially uniform along the entire coastline,
major islands included, with a concentration in Veneto. All the plants farming these species with
different rearing technologies (valliculture, land based farms, cages) are reported in figure 5.18.
Often both species are reared in the same farm.

Figure 5.18 - Distribution of sea bream and sea bass farms in Italy (Source: Unimar 2009, survey in progress).
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Other marine species
Other marine or brackish water fish are sometimes cultured in the same farms where sea bream
and sea bass are cultured. Figure 5.19 shows the locations of facilities where meagre, grey
mullets and white bream are also farmed.

Figure 5.19 - Distribution of other brackish and marine species farms in Italy (Source: Unimar 2009, survey in progress).
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Farms growing BFT in floating cages are shown in figure 5.20.

Figure 5.20 - Distribution of bluefin tuna (BFT) farms in Italy (Source: Unimar 2009, survey in progress).

Hatcheries
The success of aquaculture is largely due to the constant availability of seeds with the appropriate
characteristics of quality and quantity. This was made possible by implementing techniques for
inducing final sexual maturity and spawning. These techniques were first used for trout, and then
to other species in the 1970s and 1980s. At present there are several hatcheries throughout Italy,
both for freshwater and marine species. Figure 5.21 reports the locations of the hatcheries, that
are normally separated from grow-out facilities for hygienic and health reasons, even when they
belong to the same farm.
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Figure 5.21 - Distribution of freshwater (green) and brackish or marine (red) hatcheries in Italy (Source: Unimar
2009, survey in progress).

In 2009, Italian hatcheries produced about 300 million eggs, most of them being trout eggs,
80 million sea bream and 91 million European sea bass eggs, as well as char, sturgeon and
catfish eggs. About 200 million fry were produced, even in this case prevalently trout, 32 million
sea bass and 40 million sea bream, as well as char, whitefish, pike, perch, carp etc. More than 15
million fry were destined for restocking, the others for grow-out.
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Markets
In 2007 87.1% of fish farming production was distributed on the national market and only 12.9%
was exported.
Figure 5.22 shows the target market percentages for each species. Retail sales, fish market,
consortia, large retail chains and processing have all been identified. The heading “others” includes
markets, inter alia, sport fishing and restocking. Sport fishing and restocking are a considerable
market for several fishery products, even reaching a percentage of 30-40% absorption of product
output. The phenomenon is increasing in other European countries too, although these markets
have also gone through a downturn over the last few years of crisis.
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Figure 5.22 - Production quantities in percentages for each species sent to various types of target market.

Shellfish farming
The production trends for Italian shellfish culture are described trhough a historical analysis of the
last sixty years followed by a more careful analysis of the last eight years and a description of the
sector for 2009. Production data was obtained, as for fish, both from the FAO database (1950
0,25000
and 2001), and from the national surveys, the latter being sponsored by the MiPAAF and carried
0,21875
out by Idroconsult for 2002-2006 and by Unimar for 2007-2009.
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Production
The total annual production values for shellfish at a national level over a 60 year timeframe, from
1950 to 2009, on the basis of the data available in the FAO database, are reported in figure
5.23. In the first five years no shellfish production was recorded, most probably due to the scant
quantities produced and to the fragmentation of local production facilities which did not properly
comply with the procedures for surveying and estimating the farmed product.
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Figure 5.23 - Shellfish culture production (tonnes) from 1950 to 2009 (Source: 1950-2001: FAO-FishStat; 20022008: MiPAAF; 2009: Unimar, survey in progress).

The first production data pertains to 1956, the year in which mussels were first produced in
a significant quantities by farm with a national standing. Between the late 1950s and halfway
through the 1990s, there was a constant and decisive growth in production, largely determined
by the development of open sea floating farming techniques and by the start up of culture and the
spread of the Japanese carpet shell (Ruditapes philippinarum) as from 1984-1985.
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Figure 5.24 - Shellfish farming production subdivided into mussels and clams from 1950 to 2009
(Source: 1950-2001: FAO-FishStat; 2002-2008: MiPAAF; 2009: Unimar, survey in progress).
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At a later stage, after, 1995 Italian shellfish farming production values fluctuated on a yearly
basis with a downward trend. Figure 5.24 shows total production per annum per species,
namely mussels (Mytilus galloprovincialis) and Japanese carpet shell and grooved carpet shell (R.
decussatus); the low production values for oysters (Crassostrea spp.), recorded above all during
the last decade, do not allow an in-depth historical analysis.
Up to 1985 the production of shellfish regarded only mussels, farmed both in brackish lagoon
and in coastal marine areas, whereas in subsequent years, and as a result of the introduction
of the Japanese carpet shell (Zentilin et al., 2007), increasingly significant production output of
this species was recorded. For mussels the development of rearing techniques coincided with
technological growth that allowed the development of floating offshore rearing methods with a
consequent increase in production areas.
During the 1980s, there was a shift from the fixed-pole farming system, typical of a small number
of lagoon areas or coastal and sheltered sea stretches, to monoventia or triestino long-line
floating systems that are capable of ensuring high resistance of facilities to even extremely intense
marine meteorological events. It was, therefore, possible to develop mussel farming in open sea
areas mainly in the Adriatic Regions of Friuli Venezia Giulia, Veneto, Emilia-Romagna, Marche and
Apulia, and in the Tyrrhenian sea areas of Campania, Lazio and Liguria.
Clam culture started with the introduction of R. philippinarum in brackish lagoon areas. According
to Zentilin et al. (2007), the first restocking of the Japanese carpet shell in Italy dates back to 1983
in several brackish stretches of the Venetian lagoon. Later these clams were introduced to Sardinia
(1985), to Goro bay (1986) to the Marano and Grado lagoons (1987), to lake Sabaudia (1989) and to
Scardovari bay (1990), giving rise to the development of natural banks that were exploited for culture.
In the years following these introductions it was necessary to support the farmed stock with
the seeding of spat imported from abroad or produced in several hatcheries. The ability of this
species to adapt and its large scale reproduction success guarantee at present enough natural
spat to be cultured, thereby reducing the demand for spat from hatcheries.

Geographical distribution
Figure 5.25 shows the positions of all shellfish farming facilities, with data based on the last
MiPAAF survey carried out by Unimar (2009). The map shows the importance of the Adriatic strip
for this sector, with a significant distribution of farms between the Gulf of Trieste in the North and
the Gargano in the South. Farms are concentrated along the other coastal areas of the Ionian
and Tyrrhenian seas in limited protected areas along the coast, such as the Mar Piccolo and Mar
Grande at Taranto, the Pozzuoli area, the Gulf of Gaeta and the Gulf of La Spezia.
It is evident how the seabed characteristics of the Adriatic Sea, not very deep even in offshore
areas, allowed the development of long-line floating mussel farming, whereas the multitude of
brackish locations in the Upper and Central Adriatic Seas allowed seabed carpet shell farming
to develop.
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Figure 5.25 - Distribution of shellfish culture facilities in Italy (Source: Unimar 2009, survey in progress).

The map shows how mussel farming is distributed uniformly along the entire Upper and Middle
Adriatic Seas, whereas in other Italian seas mussel culture farms are concentrated in limited
coastal stretches, often in sheltered areas (figure 5.26).
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Figure 5.26 - Distribution of mussel farms in Italy (Source: Unimar 2009, survey in progress).
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Figure 5.27 shows the distribution of carpet shell and oyster farms along the national coastline.

Figure 5.27 - Distribution of carpet shell and oyster farms in Italy (Source: Unimar 2009, survey in progress).

Most Japanese carpet shell farms were established and grew in the Upper Adriatic lagoon areas
and in Friuli Venezia Giulia, Veneto and Emilia-Romagna.

Production in recent years
After the fall recorded in the 2003-2004 two-year period caused by both particular climatic
conditions and several health problems in juveniles, the trend in mussel production (figure 5.28)
was towards a recovery in product quantities from 2007 to 2008, at 70,000 tonnes, although
there was a fall to 60,982 tonnes in 2009.
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Several limits to shellfish farming development are related to the difficulty in obtaining state
coastal concessions, the cost of fees, the quality and wholesomeness of marine areas affected
by aquaculture and by regulatory issues arising from the EU Hygiene Package coming into effect.
Amongst these, Council Regulations (EC)178/2004, (EC) 852/2004, 853/2004 and 854/2004
may have conditioned and may be conditioning the foreseeable development of farms (and,
therefore, of production output) regarding the considerable demand for fresh national product,
often satisfied through imports of mussels produced in other EU and non EU countries.
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Figure 5.28 - Mussel production in 2002-2009 (Source: MiPAAF 2004-2010; Unimar 2009, survey in progress).

There was a sharp fluctuation in national clam production (figure 5.29), mainly based on Japanese
carpet shell, with minimum values being reached in 2003 and 2004, a downturn in 2008 and a
potential upturn in 2009.
Overexploitation of some coastal lagoon areas, management that is not always sound, the
fragmentary nature of production facilities in different lagoon areas, the dependence of production
on the availability of wild stock, together with critical local environmental situations, all give rise to
instability in this production sector.
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Figure 5.29 - Carpet shell production in 2002-2009 (Source: MiPAAF 2004-2010; Unimar 2009, survey in progress).

Oyster culture in not very important (figure 5.30), even though mussel farmers have lately begun
considering oysters as an opportunity for diversifying their production. Over the last few years,
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apart from a production peak in 2002, production quantities were limited and never above
50 tonnes. Production is concentrated in a few farms in Sicily, Emilia-Romagna, Tuscany and
Sardinia.
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Figure 5.30 - Oyster production in 2002-2009 (Source: MiPAAF, 2002-2009).

At a national level 60,983 tonnes of mussels were produced in 2009 and then sent to market,
both as a finished product destined for the retail supply chain and as an intermediate size
product to be sent for fattening in other farms. Compared to 2008 (74,567 tonnes) there was
a decrease of about 20%, confirming yet again the periodic fluctuations of the sector due to its
close dependency on climatic conditions and on local sanitary problems. From the sales point of
view, 34,812 tonnes of Japanese carpet shell were produced and sold in 2009, with an upturn
in production compared to 2008 (28,612 tonnes), but which as yet has been unable to reach the
levels of 2005-2007. Oyster farming continues to have little importance in shellfish production,
with an overall production of about 38 tonnes in 2009.
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Box 5.2

Shellfish culture
G. Prioli
Shellfish culture is the most ancient aquaculture activity. Two Roman vases dating between
the first and third century AD (the Borgiano and Populonia vases) show an ostriaria with
farming methods not unlike those also used in recent times. They probably represent the
Lakes of Lucrino and Fusaro (Campania) where, as Pliny mentions in his works, a certain
Sergius Orata had already set up an oyster farm between the second and first century BC,
cultivating the local species Ostrea edulis for consumption by the Roman nobility. Mario
Bussani, citing Allodi, mentions that in the late Roman period and the Middle Ages there
was a flourishing culture of oysters in Taranto, with the activity requiring a regulatory system
by the 16th century, and that under the Bourbon King Ferdinand IV, in around 1764, there
was also an oyster farm in Lake Fusaro.
The techniques used in Lake Fusaro were brought to France around 1850 by Victor Coste,
who was appointed by the French government to find remedies for the serious depletion of
the natural oyster beds there, and these contributed to the birth of modern oyster culture,
which began in that period.
In Italy oyster culture reached its greatest heights in the late 19th and early 20th century,
when, despite a few differences in techniques, it was widely practised in the Mar Piccolo of
Taranto, Lake Fusaro, Lake Ganzirri, La Spezia and the Northern Adriatic Sea, Veneto and
Friuli Venezia Giulia.
The first culture of oysters and mussels in La Spezia was started around 1887, thanks to
A. Issel, D. Carazzi and a shellfish farmer from Taranto, Emanuele Albano, based on the
experience Albano had acquired in the Mar Piccolo of Taranto. After World War I, oyster
culture declined in this area, whereas mussel culture experienced a steady and positive
development. During the same period, between the 19th and 20th centuries, when Trieste
was a port of the Austro-Hungarian Empire, the “Austrian Marine Fishery and Fish Farming
Society” tried to develop the local oyster culture, which until then had been practised in
a rudimentary fashion, mainly in the Zaule area, by grafting the oysters on wooden poles
planted along the seashore and leaving them to grow for around 3 years. Despite great
efforts made in those years, events such as the establishment of a refinery near Zaule, a
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typhus epidemic around 1900 and the difficulties connected with transport routes to the
market in Vienna prevented this activity from flourishing. By 1931, the only remaining farms
in the area, according to A. Cerruti, was in Canale di Leme, Istria, which was still part of Italy
at the time. The same publication mentions oyster culture, together with mussel culture,
in the Mar Piccolo of Taranto and in Lake Fusaro, indicating the decline in the activity.
Coming to the present time, information from a 2008 survey by Unimar on behalf of MiPAAF
shows that oyster culture is now, unfortunately, a marginal reality in the national aquaculture
production scene, with a production of around 46 tonnes. These figures were achieved,
moreover, by abandoning the local species Ostrea edulis for the exotic, but now naturalised,
Crassostrea gigas.
Mussel culture had quite a different fate. The culture of the mussel, Mytilus galloprovincialis,
had been practised alongside oyster culture for centuries, and its consumption, unlike that
of oysters, was more prevalent among the less well-off social classes. Della Ricca dates the
beginning of mussel culture to around the 18th century in the Mar Piccolo of Taranto, where
it was practised on static structures which have remained more or less unchanged until
now. Mussel culture gradually spread from Taranto to other parts of Italy, in areas where the
shape of the coastline allowed the installation of fixed farms, consisting of a series of poles
with lines strung between them to support hanging vegetable fibre ropes, known as libani,
to which spat of mussels were attached. The main mussel farming areas include Naples,
Gaeta, the Lake of Ganzirri (Messina), La Spezia, the Venetian lagoon, the Trieste coastline
and Olbia. Thanks to the arrival of two important technological innovations, mussel culture
is now widely practised along a large part of the Italian coast and is the leading species in
national aquaculture production. The first innovation, which occurred in the 1970s, was
the introduction of tubular propylene nets to replace libani for the preparation of mussel
stockings. The second was the creation in the early 1980s of farms capable of withstanding
the impact of waves on the open sea, thereby providing access to much greater spaces.
The history of clam culture in Italy is much more recent, even though it has brought with it
the greatest social and economic impact. After a few futile attempts with the local species,
grooved carpet shell, Ruditapes decussatus, it was then replaced by Japanese carpet
shell, R. philippinarum, which was first introduced to the Venetian lagoon in 1983; further
introductions were made in Scardovari (Pellizzato) in 1984, in Sardinia (Breber) in 1985,
and in Laguna di Marano, Sacca di Goro, Lazio and Tuscany in 1986. The acclimatisation
of this shellfish in certain areas was so rapid that in a few years extensive natural beds
had developed, transforming the fishing economy in large areas of the Northern Adriatic
Sea, such as the Marano lagoon, the Venetian lagoon, and the Po Delta coastal lagoons in
Veneto and Emilia Romagna.
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5.3 Aquaculture stakeholders
Salvador P.A.

Aquaculture from its origins up to present
Modern Italian fish farming began to develop rapidly after World War II, with trout farming as its
main expression. The fish culture techniques used were among the most advanced in the world
and became a reference point for the farming of other species.
The development of the Italian aquaculture went hand in hand with a rapid evolution in production
techniques, especially in induced spawning, ichthyopathology, animal feeds and fish culture
technology.
Research applied to culture technologies was then used to develop new solutions, which led to
the introduction of water oxygenation systems, computerised control of the water chemical and
physical parameters and increasingly sophisticated systems for species selection.
In this context API (Italian Fish Farmers’ Association) was created, with the status of a professional
trade organisation. The association was established in June 1964 and recognised as a non-profit
organisation under Presidential Decree No 1011 of 31 March 1970.
API now includes over 300 fish farming companies, covering all species and representing around
90% of the national fish culture production.

The evolution of Italian aquaculture
1950-60
The origins of modern Italian aquaculture date back to the post-war period, when this activity
began to develop through the work of a few pioneers. Although API was founded by trout farmers,
it was intended from the start to be open to all farmers in fresh, marine and brackish-water
aquaculture, looking forward to future developments.

Spring water for trout farming (a); brackish water ponds for the culture of euryhaline fish in a valle (b)
(API archives).
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1970s
In the 1970s there was a progressive growth of farming systems capable of dealing with the entire
life cycle of the various species, from reproduction to commercial size. During those years API
became aware of the need to give aquaculture industry a clear status as a recognised part of
agriculture. The association was already actively creating links with other European Salmonidae
farmers and in 1968 API became one of the founders of the “Fédération Européenne de
Salmoniculture” (now FEAP).

Modern trout farm with feed distribution on demand and nets against bird predation (a); stripping a ripe trout
female for induced spawning (b) (API archives).

1980s
The 1980s saw the development of the retail supply chain in Italy, with a growth in the consumption
of fish products. During these years the association expanded throughout the entire country.
Further members, farming new species (eels for instance), were welcomed and API was also
joined by pioneers of early mariculture, which operated in land based farms. The issue of the
agriculture identity of aquaculture became increasingly critical.

Water oxygenation to guarantee a correct O2 level to cultured fish (API archives).
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1990s
The 1990s brought the development of production techniques, prevention, new technologies,
computerised water monitoring systems and research in feeds to meet the needs of the different
farmed species. In the early 1990s the Italian parliament approved Law No 102 of 5 February
1992, recognising fresh and brackish water aquaculture as an agriculture activity under the Italian
Civil Code. Sea cage fish farming, which had become established in Italy in those years, remained
excluded for the time being.

Modern system for fish grading (a); modern fish nursery (b) (API archives).

2000s
The 2000s brought new consumption models: consumers were becoming more discerning and
fish was seen as a source of essential nutritional and health benefits, in line with the needs of
modern life. Aquaculture products guaranteed quality, healthiness and freshness at affordable
prices. The association’s role within EU consultation bodies was also consolidated, both through
the COPA-COGECA Working Group for Aquaculture (which for many years was guided by an API
representative, who was involved in the ACFA WG2 activities) and through active participation in
the life of the FEAP, with API representatives playing an influential role in the Federation’s activities.
Sustainable aquaculture improved the marketing and promotion of fish and processed products.

Trout farms where product quality cames before productivity (a); culture cages for premium marine fish (b)
(API archives)
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Associazione Piscicoltori Italiani (API)
API aims at the protection, development and consolidation of all fish farming activities, both in inland
waters and in marine/brackish waters. It therefore promotes all economic, scientific, technological,
insurance, professional, union and legal activities necessary to achieve this objective.
INTERNAL

EXTERNAL

towards associate members

towards the general public

data collection
seminars and technical meetings
press
training courses
technical publications
on line informations
in loco assistance

promotional campaings
exhibitions
food tasting
recipies
mass media

API’s interest in science is expressed through collaboration with various scientific institutes to
increase the knowledge available to fish farms, both in terms of technological innovations as
well as the veterinarian assistance provided to members. The skill and professionalism of its
consultants are viewed as necessary by API for ensuring adequate assistance to its members.
In regard to labour relations and legal matters, the association pursues an increasingly close
relationship with the competent territorial aquaculture institutions and bodies to coordinate
institutional requirements with the needs of fish farmers.
political relations

sector relations
fish feed industries
pharmaceutical industries
technical consultants
suppliers of technical means

EU
national
regional
local

public relations
mass media
consumers
distribution chain
research institutes
NGOs

The association promotes research and studies aimed at solving specific technical problems, in
collaboration with competent public bodies and research institutes, and also cooperates with
the media. It also has close and permanent relationships with regional2, national and European
institutions, both public and private.
2

Region, see ch. 9.3
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The codes, principles and rules followed by API to guarantee quality products and provide a
correct information to consumers are summarized as follows:
• FAO Code of conduct for responsible fisheries, FEAP and API Codes of good practices in
aquaculture
•
Principles of traceability, environmental compatibily, nutrition and food safety, and animal
welfare
• Product labelling and certification
If fish farmers realise the need to show that their farming methods ensure “fish welfare”, they
can apply for certification. API’s activities to ensure safer and more transparent production
processes are also part of this context. The association has been promoting the use of labelling,
documentation systems, manuals and other means by fish farmers to prepare for the adoption of
a “traceability system” for aquaculture products intended for human consumption.
The API Code of good practices in aquaculture was produced to achieve better development of
aquaculture, guaranteeing adequate standards of quality for the fish from Italian aquaculture, and
it expresses the desire of API fish farmers to adopt the recommendation of the FAO Code of Conduct for Responsible Fisheries and of the FEAP Code of Conduct for European Aquaculture on:
hygien and health in fish farming, environmental compatibility; feeds and food safety; traceability.
It should also be noted that since June 2002 API has adopted the Code of Good Practice of
Aquaculture Farming in order to guarantee a product that is safe and meets adequate standards
of quality.

Traceability
Like all consumers and processors, customers of aquaculture product are also demanding
transparency and safety more than ever, and desire all the important information about the
products they intend to purchase to be made available, including the origin, methods and
means of production and, if necessary, identification of the various organisations involved in the
production activities along the supply chain. They also require a tracking process to be able to
trace the background upstream along the supply chain, i.e. from the fish on sale to its entire
“history”.
This demand from consumers and processors can be met if fish farmers document the traceability
of their production, from upstream to downstream, and have it certified.
The collaboration among API, associated animal feed industries and MiPAAF led to the definition
of a “protocol of understanding for transparent and guaranteed fish feed in Italian aquaculture”,
in order to guarantee:
• the origin and composition of feeds used in fish farming
• the origin of the raw materials
• transparency in the production processes
• safe and quality aquaculture products

Looking to the future
The future market will determine the course of aquaculture production, which is predicted to
overtake production from capture fisheries. There will be increased challenges posed by products
from other countries, perhaps not of the same quality but at lower prices, as it happened with
Pangasius. To meet and overcome the competition of a broader market it will be necessary to
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adopt the dominant market strategies and adapt to needs of consumers, who are becoming
increasingly responsible and discerning. The following areas related to fish products and
processing are considered as particularly important, requiring the development of a range of new
products to meet the necessary characteristics:
•
specialised products (for children and young people: hamburgers, fish in breadcrumbs,
fastfish);
• modern and attractive packaging and presentation;
• conquest of social catering (schools and retirement homes);
• gastronomic value and quality (carpaccio, smoked products, sushi, caviar, etc.).

5.4 The sustainability of aquaculture:
economic aspects
Cozzolino M.

Aquaculture in territorial economic development
“Humanity has the ability to make development sustainable to ensure that it meets the needs of
the present without compromising the ability of future generations to meet their own needs. The
concept of sustainable development does imply limits - not absolute limits but limitations imposed
by the present state of technology and social organization on environmental resources and by the
ability of the biosphere to absorb the effects of human activities” (Brundtland Report, 1987).
The Italian aquaculture industry has developed economically, in full compliance with the
declarations of the Brundtland Report: cutting edge technologies and the need for a particularly
clean environment allowed aquaculture to develop ways of controlling and rationalising both
direct and indirect negative external environmental factors. Aquaculture therefore represents a
system of activities that are tied not only to the concepts of using fresh, brackish or sea water
surfaces and of producing food. Since these activities strongly impact on the local economy, they
are also linked both to the development of rural areas and to producing services for society.
The farming and reproduction of aquatic species have only recently consolidated their own socioeconomic status, having emerged as economic activities that are independent from capture
fisheries. The moment when aquaculture first became autonomous from other fishery businesses
was marked by the extension of the legal definition of fish-farming entrepreneurs (Legislative
Decree No. 228/2001) to include farmers who farm their stock in fresh, brackish and sea water.
Besides establishing a legal and economic framework for aquaculture companies, a correlated
role as well as a territorial dimension and space for these activities gradually began to emerge.
In Italy the space-related aspect of aquaculture has on several occasions been the cause of
conflicts of interest since the financial interests of several other activities (such as capture fisheries,
transport, navigation and tourism) concern the same marine or coastal areas.
The identity and role of aquaculture were also referred to in the second and third Report on Economic
and Social Cohesion (2001-2004), in which the third dimension, namely that of territorial cohesion,
was introduced alongside the financial and social ones. Aquaculture has its own economic identity
even at an EU level, and this is evident in the principles of the CFP in which the general objectives are to
stabilize markets, improving supplies, enhance fishery and aquaculture products, ensure reasonable
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prices for consumers and contribute towards boosting the economy in areas that are dependent on
capture fisheries and aquaculture. The economic and social reliance of several areas on aquaculture
activities is further underlined in EU Regulation (EC) 1198/2006, concerning the European Fisheries
Fund (EFF). Aquaculture is seen in the EFF as a priority asset to be supported in order to ensure that
live aquatic resources are exploited, and to satisfy the increasing demand for food. Even the Seventh
EU Research Framework Programme (FP7) confirms the strategic role of aquaculture. Although it is
evident at an EU and national level that the legal status of aquaculture has been established, from an
economic point of view it still represents a grey area which continues to receive marginal attention.

The structure of aquaculture companies
The description of both the size and the economic and financial sustainability of aquaculture firms
takes into account the dynamics and changes that have characterised aquaculture over the last
three decades. Over time, aquaculture has undergone a metamorphosis in terms of production
facilities, size of companies and the number of employees per production segment.
Up to 2000, the changes were brought about by a need to make production efficient and to optimise
operating layout, in order to maximise profits via a massive supply of fish species. From 2004-2005
change became more evident and was tied to the strong financial instability affecting the sector
which on the one hand had to face up to foreign competitors and on the other was subject to a
generalised difficulty in generating liquidity. The period of greatest economic and financial difficulty
was 2007-2008, when Italian economy began to go through a phase of particular difficulty, as
in most of the world. The transformation phase currently affecting aquaculture is leading to a
renewal and modernisation of facilities and is giving rise to concentration phenomena, which can
help to consolidate companies by making them more robust, modern, efficient and competitive.
Aquaculture in Italy has already reached a high level of specialisation and industrialisation and is
organised on a large scale (Barazi-Yeroulanos, 2010). This allowed Italy to sit amongst the first
three countries with the largest fish-farm production supply of just less than 158,000 tonnes for a
turnover of €466 million in 2007. As regards the population of the trading companies, there was
a downturn in the sector: from 826 firms actively trading in 2007, this decreased to 754 in 2010,
as shown in the latest National Programme (NP). The following list can be used to describe and
identify the main production segments that economically characterise Italian aquaculture. These
reflect not just the economic data gathering methodology (EU regulation (EC) 199/2008), but also
the sector’s macro-aggregations which comply with an operational approach for describing the
economic performance of aquaculture according to the three main production classifications. On
the basis of the methodology indicated in the National Programme, Italian aquaculture can be
divided economically into nine sectors, namely:
• land based farms – trout culture;
• combined land based farms – trout;
• land based farms – European sea bass and gilthead sea bream culture;
• combined land based farms – European sea bass and gilthead sea bream culture
• cages - European sea bass and gilthead sea bream culture;
• land based farms – culture of other freshwater fish species;
• land based farms – culture of other marine fish species;
• carpet shell farms;
• mussel farms.
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The sectors shown allow a macro distinction to be made between:
• companies dealing with shellfish culture;
• companies dealing with freshwater fish;
• companies dealing with marine fish.

The economic aspect
Italy’s strong specialisation in aquaculture production has contributed towards it reaching a high
level of technology and innovation, an achievement that has been recognised throughout the
Mediterranean region. In terms of gross sellable output, aquaculture and capture fisheries do not
satisfy market demand which has led to a greater reliance on imports: in 2009 the balance of trade
in fisheries showed a deficit of €3.1 billion, which was a deterioration of 2% compared to 2008.
In 2009, aquaculture production fell by 3% compared to 2007 to around 160,000 tonnes, that is
more than 40% of Italian fish production. However, in terms of turnover the downturn recorded over
the last three years was only 1%, namely 28% of total Italian turnover (Irepa Onlus, 2011). Over the
last few years, in general, aquaculture production performance did not show significant increases
in tonnage, compared to a threefold increase in turnover, which went from around €151 million in
1997 to €466 million in 2009. The results obtained from an asset analysis of Italian aquaculture show
that its financial position has been weakening the robustness that for a long time characterised the
national aquaculture industry. The worst performing sectors are the most capital intensive ones,
such as cage or tank systems in which the production process includes several steps, ranging from
reproduction to commercial sized fish harvest.
The financial strength, liquidity and company structure indicators underline respectively that longterm invested capital is losing its capacity to cover short- and long-term needs and that there is
currently a significant deterioration in general liquidity which is however less than the unitary value (it
varies between 0.5 for shellfish farming and about 0.6 for the rest of the sector). From the point of
view of income the entrepreneurial choices do not fully exploit the specific characteristics of Italian
aquaculture which would be capable of moving onto higher income levels. The policy of increasing
net borrowing from third parties does not allow proper remuneration from equity; ROE (Return on
Equity) is at quite low levels and its average value for the last five years stands at about 2% for
fish-farming and at little more than 3.5% for shellfish culture. Despite total turnover for the entire
aquaculture sector having grown slightly from 2007 to present, the Return on Investment (ROI) for
Italian aquaculture (aquaculture plus shellfish farming) is static at a low average level of about 2%.
As regards aquaculture specifically, the ROI calculated on the average pondered value in relation
to the consolidated financial statements for the segment compared to the results of the last three
years, was about 2.4%, whereas for the same three year period a ROI performance of about 3.8%
was obtained in shellfish culture. The upturn, which characterised aquaculture production from
2007 to present, has not totally spread to profit margins.

The performance of the freshwater fish aggregate
The aggregate dedicated to freshwater fish species reproduction and grow out is greater in
terms of quantities and volumes provided. The variability in both the structure and economic
performance of the segment is somewhat low. There is high variability in terms of legal status,
due to the low number of limited companies, as opposed to partnerships. The latter are mostly
family-run businesses, in which the owners and workforce are often one and the same. It has
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been estimated that there is a workforce of about 900 full time equivalents (FTEs) for this sector
(Irepa et al., 2009). The estimated work productivity in terms of in this segment is about 40 tonnes
per annum per staff member. The total number of firms in the segment amounts to 342, of which
336 are currently trading (UNIMAR 2007 census).
The return on investments for the macro aggregate has diminished constantly and this has
characterised performance over the past ten years. In the last three years (2006-2008) aquaculture
has provided a cumulative ROI (Return on Investment) of about 2% in relation to total operating
revenue, which makes the sector economically unattractive for future investments. This poor
profitability resulted in firms making greater use of external sources of financing and is a trend that
led to a progressive worsening of financial stability in aquaculture. Taken together these trends
have given rise to a somewhat drastic reduction in profit margins and in operating results which,
for an ever increasing number of firms, are negative.
The financial sustainability of the sector, despite having worsened over the last three year period,
is still to be seen as being within normal limits (1.9 in 2008), and should in any case be considered
to be a critical factor, since it is increasingly and consistently continuing to eat away at profit
margins. Analysing the composition of production costs, these are equally distributed between
labour costs, feeds and energy; these costs tend to increase where firms are vertically integrated
and include production of juveniles in their production process. In general, compared to turnover,
total operating costs add up to about 71%, excluding labour costs.

The performance of the shellfish culture aggregate
For shellfish culture, there is high variability as regards type of company organisation and financial
set up. The sector is characterised by a significant number of cooperatives and consortia (a total of
399, UNIMAR, 2007 census) with sole operating rights in areas in which they have ownership rights
and whose management policy is directed towards rationalising supply according to preset and
shared quotas. The sector produces more than 104,000 tonnes (2008) and has a turnover of €128
million. Labour and fuel are the highest production costs, and added to total operating costs, these
lead to more than 70% being eroded from the financial result. Shellfish culture is a labour intensive
industry with a production capacity per staff member of about 28 tonnes per annum. As for profit
margins, the sector has an average return on investment (ROI) of 0.13%, reaching negative values
in 2008. The use of third party capital to cover shortfalls in turnover, especially ones due to the
decrease in production, was minimal. On average, short term debts increased (+42% of liabilities),
with medium-to-long-term ones decreasing (the effect on liabilities was about 17%).

The performance of marine aquaculture
The sector dedicated to reproduction and grow out in marine and brackish waters has shown a
fall over the years, with 12,000 tonnes being produced in 2008 to generate a turnover of about
€81 million. Companies opeating in marine aquaculture are strongly capitalized, a fact that
produces significant rigidity in the production framework in which turnover is less than the invested
capital. In a breakdown of production costs, for companies that operate mainly onshore, energy
and feeds costs have a higher incidence compared to other costs (about 35%). Labour costs are
an equally significant portion, and in the case of onshore companies these vary between 16-18%
of operating costs, increasing to 20-22% in the case of cage-based systems. Sector profitability
decreased over the last three-year period, reaching on average 1.2%, an indicator that becomes
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negative for firms producing between 30-50 tonnes of annual Gross Saleable Production (GSP).
Despite being of the same aggregate the latter attained neither vertical integration nor high
enough levels of production to be able to guarantee contracts with organised distribution chains.

Conclusions
Italian aquaculture is subject to very strong foreign competition which makes future prospects
uncertain. Over the last few years production costs have considerably increased in relation to
prices that are increasingly less remunerative. Many firms, above all ones that are traditionally- or
family-run, have been forced to close, whereas part of the remaining ones are trying to expand in
the hope that they can reduce overheads and implement management techniques based on the
industrial model, so as to eliminate waste and optimise resources.
The Italian aquaculture industry is being strongly penalised by its inability to control the substantial
fluctuations in variable costs. This is caused by its considerable reliance on sub-suppliers for raw
material procurement, which reaches 66% of the value of production. Compared to other primary
sector activities this percentage is very high. The considerable fluctuations in variable costs,
above all tied to the increase in feeds and energy costs, have generated a negative performance
in company profit and loss accounts. In commercial terms, aquaculture is going through a period
of considerable weakness, even in relation to the end market in which home supply, on the
one hand, has been strongly conditioned by foreign competition, and on the other, it has low
bargaining power over organized distribution chains. These factors have marked one of the
periods of lowest economic profitability for aquaculture.
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5.5 Sustainable aquaculture:
bioecological aspects
Marino G.

The European sustainability challenge
European aquaculture is solidly based on the principle of sustainable development and
committed to research on development models compatible with environmental protection
and the conservation of natural resources. In 2006, the European Fisheries Fund promoted
environmental measures for the development of aquaculture (Axis 2), giving support for the period
2007-2013 to initiatives aimed at favouring the conservation of ecosystems, genetic diversity,
the productive management of important natural wetlands, protection of the environment and
wildlife in Natura 2000 areas, and the adoption of both eco-management schemes (EMAS) and
principles and practices of organic aquaculture. During this period the European authorities have
adopted a series of measures and rules to improve environmental sustainability and the industry
has adopted a proactive approach, promoting its own codes of practices (FEAP, 2000; API,
2003) and collaborating with international institutions (IUCN, 2007). Nevertheless, the lack of
a single regulatory reference framework for aquaculture, the multiplicity of environmental laws
at a European, regional and local level, the lack of territorial planning limiting access to water
and spaces, the uncertainty of administrative processes for granting permits and licenses, the
public image that associates aquaculture with pollution and the abuse of natural resources have
discouraged new investments and prevented aquaculture from achieving its growth potential.
The new Strategic Guidelines for the promotion of sustainable aquaculture prepared by the
European Commission include common priorities for overcoming the obstacles to aquaculture
development identified by the European Commission in 2009 (COM (2009) 162). Member States
should present a Multiannual Plan for Aquaculture (CFP 2014-2020) and define their own targets
to develop sustainable aquaculture to meet the demand of seafood.

The environmental pressures of aquaculture
Since the mid-1980s, the fisheries crisis and growing seafood market demand have led to a rapid
process of development, intensification and diversification of species and production systems, which
has aroused public concern over the environmental effects of aquaculture (IUCN, 2007); in particular
the use of fish meal and oil in feeds, the capture of wild fry and juveniles for grow-out, the introduction
of exotic species and the environmental impact of effluents from fish farm waste waters.
Aquaculture activities exert different pressures on the environment (table 5.4), the effects of which
vary according to the type of pressure and the related variables (magnitude, significance, temporal
and spatial scale), production system, site, cultured species and the sensitivity of the receiving
ecosystem. Each impact assessment should therefore be specific in terms of site and production
unit and the effects should be assessed and monitored on a case-by-case basis. Extensive
fish and shellfish culture systems and intensive recirculation systems (RAS) exert low environmental
pressure, while intensive systems, such as fish cages and coastal and inland flow-through culture
systems may have both direct and indirect effects on the environment and on biodiversity (table 5.5).
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Table 5.4 - Types of pressure caused by aquaculture and possible sources.
Pressure
Sedimentation

Origin
Organic particulate load
- faecal material
- uneaten feed
- detritus from biofouling
- decomposing dead organisms
Dissolved organic matter load
- decomposition of uneaten feed
Changes in biochemical processes
Nitrogen and phosphorous load from waste material
Trace elements and micronutrients from faecal material and uneaten feed
Interactions with wild species
Accidental escape of farmed fish
Involuntary release of gametes/larvae
Exchange of parasites and pathogens
Intentional release of cultured fish for restocking
Use of chemicals
Zinc compounds in faecal material and in uneaten feed
Copper compounds in antifouling treatments
Disinfectants and drugs for disease treatments (prophylaxis and therapy)
Collection of wild organisms
Collection of wild fry, juveniles, sub-adults and adults of various species
Diseases spread
Parasites and indigenous pathogens
Parasites and exotic pathogens
Spread of alien species
Intentional or accidental introduction of exotic species and associated organisms
Parasites and exotic pathogens
Predator control
Fish-eating bird, marine mammals and other fish
Use of fishery resources in feeds (fish Increase of fishing pressure on wild stock (small pelagic fish) for fish meal and oil
meal and oil)
Table 5.5 - Environmental pressure caused by aquaculture systems (modified from Huntington et al., 2006).
Open
systems

Semi-open
systems

Ecological classification

Intensive

Semi
intensive

Traditional classification type
and intensity of production

Shellfish
long line

Shellfish
bottom

Environmental Pressures/Category

Sedimentation

Organic load
Turbidity

Changes in biochem. Dissolved O2
processes
Nutrients
Interactions with wild species
Use of chemicals
Collection of wild organisms
Disease spread
Spread of alien species
Predator control
Use of fishery resources in feeds
Level:
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High

Moderate

Low
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Negligible

Solar
Ranching

Closed
systems

Intensive
Fish
cage

Fish
tank

Semi
intensive

Extensive

Intensive

Fish
pond

coastal
lagoon, valle

Fish RAS

Pollution from organic and inorganic substances and site selection
Effluents from fish farms contain non ingested feed, metabolic excretions, faeces, solid organic
waste and dissolved organic and inorganic nutrients. If the flow of compounds released into
the environment exceeds the natural biogenic capacity of a water body, ecological changes
can occur in the ecosystem, with consequent effects of eutrophication, reduction of dissolved
oxygen, increased turbidity and changes in the macrobenthic communities in the sediment (figure
5.31a).
Ecological impact depends mainly on the physical and oceanographic conditions of the site, the
water temperature and the levels of dissolved oxygen, as well as on the size of the production unit,
the biomass being farmed and culture practices. In sea cages, to allow the widest distribution of
organic effluent on the sediment it is advisable to select areas with good hydrodynamic conditions
and/or with a distance between the bottom of the cage and the seabed of more than twice the
height of the cage (figure 5.31b).
In these cases the impact produced by the organic substance on the sediment and on the
macrobenthic communities affects a limited area of around 30-50 metres around the cages
and is unlikely to cause significant changes on a wider scale. Shellfish culture increases the
sedimentation rate through the accumulation of pseudo-faeces and detritus on the bottom
surface, but the impact is generally concentrated around the farming area.
SEDIMENT

WATER

a

b
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strong

marine currents

nitrates
ammonium
urea
phosphates
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uneaten
feeds

low

dispersion
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ammonium
sulphides
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methane
anaerobic
degradation

mineralization
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phytoplankton
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matter

uncomplete
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zooplankton

occasional
events

toxic algal blooms

Figure 5.31 - Sea cage fish farming. a) Effects of organic enrichment on the sediment and the water column.
b) Impact prediction models based on the hydrodynamic characteristics of the site, sea current and culture
conditions (biomass, feeds, etc.) which can help in estimating the impacts on the receiving ecosystem.

Site selection is therefore a crucial factor (IUCN, 2009). Allocation by the authorities should be
based on the best environmental, technical and biological expertise and the use of tools and
models that allow potential impacts to be foreseen. The new spatial planning instruments, which
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use spatial geo-referencing systems (GIS), together with the new models for the dispersion of
effluents, can be used to estimate the expected pressures and impacts and support the decision
makers regarding the establishment of Allocated Zones for Aquaculture (AZA) and to grant
licences and permits.

Genetic interactions with wild populations
Escapes of farmed organisms are mainly caused by large-scale accidents (breakage in farming
facilities) or through the unintentional release of individuals during normal farming operations. It
is estimated that over 2 million Atlantic salmon specimens escape from fish farms in the North
Atlantic Ocean every year, whereas the data regarding the Mediterranean Sea is much less
precise. Nevertheless, escapes of European sea bass and gilthead sea bream farmed in floating
cages are also well-known occurrences in Mediterranean and Italian mariculture.
Escapees may interact with their wild conspecifics, influencing them both ecologically, through
direct competition, and genetically, through introgressive hybridisation. Although farmed fish are
expected to have less reproductive success and lower fitness in the wild, studies on Atlantic
salmon showed a high risk of genetic pollution. Furthermore, the potential impact on the genetic
integrity of wild populations appears even more significant when hatcheries use broodstock that
have undergone a long process of domestication or are of different geographical origin, as in the
case of the Atlantic gilthead seabream stocks.
The risk of introgression depends on how much a single species is genetically structured: in
Mediterranean aquaculture species, both European sea bass and gilthead sea bream are significantly
genetic structured. The introduction of allochthonous, or “exotic”, genotypes into wild stocks can lead
to the homologation of independently evolved genetic differences, leading to the loss of genes favoured
by local natural selection and co-adapted gene combinations. The effect is generally a reduction in
the overall level of genetic diversity of the species, which is an essential component for biodiversity.

Transmission of parasites and pathogens: an environmental
emergency
Intensive fish farming practices, the introduction and movement of native and exotic species and
restocking actions could represent risk factors for the health of wild and farmed species. Intensive
farming could be a source of viruses, bacteria and parasites, both due to the high rearing densities
and to the increased vulnerability to infections in farmed species for management and environmental
stress factors related to these high rearing densities. Although many positive results have been
achieved in the health management of farmed species over the last 20 years, disease is still the
main cause of losses in fish farms, both in Italy and around the world (OIE, 2011). Various studies
have also confirmed the role of aquaculture in the spread of significant viral and bacterial diseases
and parasites among wild fish, molluscs and crustaceans (DIP-NET, 2007). Results from research
projects financed in Italy by MiPAAF highlighted the outbreak of epidemics among wild species
and have shown that the number of species sensitive to certain pathogens has increased in recent
years. In addition to compliance with the legislation on the prevention and control of diseases in
aquatic animals (Directive 2006/88/EC implemented by Legislative Decree 148/2008) it is important
to ensure high animal welfare standards, to comply with legislation on preventive health care and
hygiene, and to prevent the spread of pathogens to farmed organisms through infected material.
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Introduction of alien species
Aquaculture is considered one of the main causes of the introduction of alien aquatic species,
second only to transport in Europe (www.europe-aliens.org). According to data from the European
IMPASSE project, 1,900 species have been introduced into 41 European countries through
aquaculture-related activities, including 51 species in Italy. Together with intentional introductions,
there are also accidental introductions of other organisms, which are particularly frequent in the
case of bivalve molluscs. The introductions of the Japanese carpet shell, Ruditapes philippinarum,
and the Pacific oyster, Crassostrea gigas, alone caused the introduction of around 60 associated
invertebrate and algae species to Europe. Around 17% of the fish produced in aquaculture for
food purposes is composed of non-native species. An increasing trend in the introduction of alien
species is also observed in Europe, which, if not properly managed, might pose a real threat to
biodiversity (CBD, 1992).
Italy has implemented the recent European legislation on alien species in aquaculture and has
set up a committee (MiPAAF Decree No 339/2008) with the task of assessing introduction/
transfer authorisation requests from users and providing technical advice (www.registro-asa.it).
The introductions considered as most hazardous, technically defined as non-routinary (eg. those
not involving closed systems), should undergo environmental risk analysis and, if authorisation is
granted, quarantine and monitoring over the following two years are compulsory.

Aquaculture for the conservation and protection of ecosystems
Aquaculture can make a significant contribution to the conservation of sensitive environments,
reduce the negative impacts of other industrial activities and contribute to the re-constitution of
overexploited fish resources and the conservation of cultural heritage, which is a fundamental
part of the European development model.

Restocking
Many commercial fish resources in Europe are overexploited, the tools available for the recovery
of stocks are limited and recovery times are generally long. Technological developments in
aquaculture now allow the production of juveniles for a high number of species, some of which are
of great importance both commercially and in terms of conservation. Aquaculture for restocking
can form part of an ecosystem approach to fishery resource management (NOAA, 2007),
together with the protection and restoration of habitats, contributing to biodiversity conservation.
Some pilot projects for the restocking of threatened or endangered species (sturgeons, groupers
and lobster) and those of commercial interest (grey mullets), financed by the MiPAAF and the
Ministry of the Environment, have achieved interesting results, with the preparation of procedures
for responsible release of cultured species into the wild and the assessment of the potential
ecological and genetic effects of these restocking actions.

Extensive aquaculture
Extensive aquaculture practices (valliculture, pond culture and shellfish culture) represent an
example of ecosystem approaches to aquaculture (Soto et al., 2008). Production management in
coastal wetlands enabled the preservation of environments and maintenance of the functions and
ecological qualities of these ecosystems rich in aquatic plant and animal species, contributing to
biodiversity conservation (Cataudella et al., 2001). In intertidal coastal environments, often prone
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to eutrophication, shellfish culture contributes to lowering trophic load and improving water quality,
thanks to the significant filtering capacity of cultured organisms. Other forms of multi-trophic
integrated aquaculture have proven particularly effective in removing nutrients and maintaining
the quality of ecosystems. These forms of aquaculture provide various ecosystem services (de
Groot et al., 2010; Marino & Livi, 2011): supply services (farmed aquatic species); control services
(protection from erosion; mitigation of natural risks, lagooning and bio-filtration ; assimilation of
waste and nutrients by shellfish); support services (conservation of genetic biodiversity) and
cultural services (aesthetic, recreational, traditional and cultural heritage). Ecosystem value
estimation in areas managed for aquaculture purposes are nevertheless very limited, both in Italy
and elsewhere (Seacase, 2009).
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5.6 Organic aquaculture
Lembo G., Liberati M. S., Cataudella S.

Aquaculture can be considered as one of the fastest growing food production activities at a global
level. Over 350 different fresh and marine water species are now being farmed throughout the
world, with most of the production concentrated in Asia. European production amounts to around
2.37 million tonnes, over one third of which consists of salmon and trout. As regards Mediterranean
aquaculture, the most significant production figures are those of sea bass and gilt-head bream,
with around 250,000 tonnes.
Information about organic aquaculture production is very fragmented. It is estimated, however,
that production from organic aquaculture has grown from less than 10,000 tonnes in 2000 to
around 120,000 tonnes in 2010.
Despite the fact that organic aquaculture currently represents only a small fraction of global
aquaculture production, with the approval of Regulation (EC) 834/2007 on organic production
and labelling of organic products, extremely interesting new market prospects were created at a
European level. In the early days of organic aquaculture, several private standards were available
to European producers, broadly based on certain general principles, such as environmental
protection, the use of properly formulated feeds, respect for animal welfare, appropriate health
treatment and the exclusion of any genetic manipulation. An essential step forward towards
the unification of the various standards was made in September 2005 in Adelaide, Australia,
when the IFOAM (International Federation of Organic Agriculture Movements) approved the Basic
Standards for organic aquaculture.
The real breakthrough, however, came with the entry into force of Regulation (EC) 710 in 2009 on
organic aquaculture animal and seaweed production. The Directorate-General for Agriculture in
Brussels, in collaboration with the Directorate-General for Maritime Affairs and Fisheries, had worked
extensively on the text of the Regulation, through numerous consultations with stakeholders. A long
marathon was required to reach an agreement among the representatives of the 27 European
countries. The General Directorate of Maritime Fisheries and Aquaculture (PEMAC IV), together
with the General Directorate of Agriculture, Food Development and Quality (SAQ X) of the Ministry
of Agriculture, Food and Forestry Policies were actively involved in this process from the start.
It should immediately be noted that the final approved text can be judged positively, even though it is
a compromise between the various opinions and concerns expressed by the national delegations
represented in the SCOF. A revision clause has nevertheless been very wisely included, allowing
all the changes seen to be necessary during the experience of the first years of application to
be implemented in 2013. A first contribution in this sense has already come from the IFOAM EU
Group, with the publication of a dossier that highlights the strengths and weaknesses of the new
regulation (IFOAM, 2010).
The regulation naturally represents the start of an evolutionary process that will lead, from the
forthcoming revision phase, to a regulatory system for organic aquaculture which corresponds
increasingly to the basic principles of this production model.
In Italy, the MiPAAF General Directorate of Maritime Fisheries and Aquaculture has encouraged
coordinated studies on organic aquaculture in order to stimulate research into scientific evidence
to support a production model that can provide new competitive opportunities for national
enterprises in this sector.
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One particular important factor will be the reduction of exceptions regarding the origin of juveniles,
by considering the possible application of production protocols based on low densities, the use of
large volumes and production cycles with no pharmaceutical products (Cataudella et al., 2002).
This poses a new challenge for producers aiming at improving their production capacities in order
to remain competitive.
The significant points of the regulation are:
• particular attention to environmental problems, through assessment of the suitability of sites
intended for organic aquaculture and the development of monitoring plans;
• affirmation of the principle that the animals must be raised using organic methods in all their
life cycle, even though some limited exceptions are permitted in the launching phase of
organic production;
• respect for the characteristic needs of each animal species. Breeding practices, management
systems and structures must correspond to the animals’ welfare requirements;
• feed for farmed fish must correspond to their specific nutritional needs. Fishmeal and oils can
be used if derived from trimming of fish already caught for human consumption in sustainable
fisheries;
•
management of the animals’ health should aim above all to prevent disease outbreaks.
Veterinary treatments should be considered as a last resort and, in any case, no more than
two treatments per year are permitted, with suspension periods twice as long as the normal
one for species whose production cycle exceeds one year;
• raw materials and products for cleaning and disinfection, etc. are only admitted if included in
approved lists, i.e. in the lists annexed to the Regulation itself.
Organic aquaculture should be considered an opportunity rather than a competitor to conventional
production, given that it is aimed at the very specific type of consumer (Cataudella et al., 2001)
and fits perfectly well with the Italian tradition of organic production, which plays a significant role
on the international market.
References
- Cataudella S., Mazzola A., Angle G., Boglione C., Crosetti D., Defrancesco E., Galeotti M., Orban E., Rambaldi E.,
Rampacci M., Russiello M., Ugolini R. (2001) - Verso l’acquacoltura biologica? Consorzio UNIPROM, Roma: 197 p.
- Cataudella S., Russo T., Lubrano P., De Marzi P., Spanò A., Fusari A., Boglione C. (2002) - An ecological approach
to produce “wild like” juveniles of sea bass and sea bream: trophic ecology in semi-intensive hatchery conditions.
Seafarming today and tomorrow. Aquaculture Europe 2002 Conference, Trieste, Italy, FAO (2010) -The State of World
Fisheries and Aquaculture, Rome: 197 p.
- Commission Regulation (EC) No 710/2009 of 5 August 2009 amending Regulation (EC) No 889/2008 laying down
detailed rules for the implementation of Council Regulation (EC) No 834/2007, as regards laying down detailed rules on
organic aquaculture animal and seaweed production.
- Council Regulation (EC) No 834/2007 of 28 June 2007 on organic production and labelling of organic products and
repealing Regulation (EEC) No 2092/91.
- IFOAM EU Group 2010 Organic Aquaculture EU Regulations (EC) 834/2007, (EC) 889/2008, (EC) 710/2009 Background,
Assessment, Interpretation. Brussels. Andrzej Szeremeta (IFOAM EU Group), Louisa Winkler (IFOAM EU Group), Francis
Blake (Soil Association), Pino Lembo (COISPA Tecnologia & Ricerca) (Eds:): 36 p.

288

Second section - Chapter 5 - Aquaculture

5.7 Japanese carpet shell
Turolla E., Rossi R.

FAO statistics indicate that Japanese carpet shell, or Manila clam, Ruditapes philippinarum
(Adams & Reeve, 1850), is the most commonly cultivated shellfish in the world. Global production
has doubled over the last decade, reaching 3.1 million tonnes in 2008 (FAO, 2010). The economic
relevance of this venerid of Indo-Pacific origin has justified its introduction for culture purposes to
almost all temperate seas in the world, including the Mediterranean Sea.
In Italy Japanese carpet shell was introduced in 1983 in coastal lagoons of the Northern Adriatic
Sea: with a harvest of 40-50,000 tonnes/year Italy is the leading producer in Europe and second
in the world.
Italian production of Japanese carpet shell is concentrated along the stretch of coast between
Grado and the southern part of the Po River (the feeder canals of the Comacchio lagoons).
The success of R. philippinarum farming is mainly due to two factors: the presence of highly
trophic areas and the availability of wild juveniles. The suitability of the coastal environment for
clam culture is due to its brackish waters, the tide movements, the presence of fairly shallow
seabeds of mixed texture (sand-mud) and, above all, to the abundance of nutrients in the form of
phytoplankton. The eutrophic-hypertrophic condition of coastal waters has been widely studied,
since the characteristic that favours the growth of bivalve molluscs can also cause serious
dystrophic crises, which can place their production at risk. The seriousness of these phenomena
contributed not only to prompting research scientists to study and understand its dynamics, but
also led administrations to implement important hydraulic works aimed at mitigating its effects.
Besides the ecologic conditions, Japanese carpet shell culture is favoured because of the
availability of wild seed. In the first years after the introduction all the seed was obtained from
foreign hatcheries, due to the lack of these facilities in Italy. The start of the first large-scale
productions and the consequent growth in the demand for seed stimulated the creation of
the first Italian bivalve mollusc hatchery in 1986, through the initiative of the Goro Fishermen’s
Consortium. Other facilities were subsequently built, but their effect on production has been
minimal, since in few years almost all juveniles were collected from the wild. The annual demand
for Japanese carpet shell seed in Italy is estimated to be at least 10 billion units, of which over
95% comes from areas suited to the establishment and development of juvenile forms of this
species (nursery areas).
The availability of wild juveniles explains the lack of interest for industrial mollusc hatcheries. Since
the technique for reproducing Japanese carpet shell have been consolidated, Italian research
scientists have concentrated more on the reproduction of new species. The availability of wild
juveniles was a limiting factor in some years. Since the management of the nursery areas is
becoming of great strategic importance, studies were carried out to understand colonisation
dynamics in relation to the particular environmental features, and are still in progress. This
approach, as in the case of Emilia-Romagna region, led to geo-referenced mapping of the carpet
shell nursery areas, aimed at protecting and increasing seed production.
The culture of Japanese carpet shell is a low-tech culture system which has seen few innovations
to improve yields in almost 30 years. Only harvesting has undergone significant changes, with the
development of new gear to reduce labour fatigue. Harvesting was initially carried out exclusively
with the use of manual methods and gear, with great attention on protecting the product from shell

289

damage. The increase in production, and the consequent fall in the average value, has gradually
led fishermen to develop more practical and rapid systems, which do not always respect the
integrity of the resource or the environment. Currently, manual harvesting has been replaced
by the use of mechanical or hydraulic gear, with different technical characteristics in the various
fishing communities. Research has been carried out to measure the impact of the new gear in
relation to the type of seabed. These studies also provide legislators with elements for decisionmaking in view of a sustainability approach. In this regard, the difference should be noted in the
regulations for the use of mechanical or hydraulic gear for harvesting, depending on whether this
is carried out in managed areas or in areas in which clams can be freely harvested.
To sum up, studies and research activities on the production of Japanese carpet shell in Italy
were mainly carried out in the ten years following its introduction. The interest of the scientific
community then gradually diminished, as culture techniques became consolidated. Currently,
attention is mainly focused on the environmental impact of this activity and on the economic and
social consequences of this productive sector.
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5.8 The new frontiers: tuna farming
Ottolenghi F.

Bluefin tuna farming has been developing in various Mediterranean countries (Croatia, Italia,
Malta, Spain, Tunisia and Turkey) since 1998, essentially motivated by demand from the
Japanese market (Ottlenghi et al., 2004). The production cycle still involves the capture of wild
animals and their transfer to cages for the fattening stage, a period of between 3 months and 2
years, before marketing. International institutions (EU, ICCAT, GFCM/FAO) and research institutes
have therefore focused attention on this sector, due to its important repercussions for science
and management. The GFCM has drawn up guidelines aimed at sustainable farming, paying
particular attention to the species biology (FAO, 2006).
Scientific research in Italy over the last 10 years has been mainly focussed on reproduction
in captivity and evaluation of eggs and larvae quality. The first experimental trials of induced
spawning were made by Italian research scientists in the Marenostro commercial farm in Vibo
Marina, Calabria, as part of a project financed by the General Directorate of Marine Fisheries and
Aquaculture in the period 2003-2005, coordinated by the University of Rome Tor Vergata. These
programmes included the participation of various operational units, including the Universities of
Siena, Bologna and Florence and the research institutes of the Fisheries Co-operative Associations
(Unimar; CIRSPE, Consorzio Mediterraneo and ICR Mare).
During the same period, the European Union financed the Reprodott project (“Reproduction of
the bluefin tuna in captivity - a feasibility study for the domestication of Thunnus thynnus”), which
achieved promising results (Mylonas, 2003). In 2007-10 an international project on BFT induced
spawning, financed by the Region of Apulia, was carried in Calabria by the University of Bari, Faculty
of Veterinary Medicine, in collaboration with the University of Dusseldorf, the Hellenic Centre for
Marine Research in Crete, the National Centre of Mariculture in Eilat, Israel, the Malta Centre for
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Fisheries Sciences and CIRSPE in Rome. The project included treatments with synthetic hormones
that act as gonadotropin-releasing hormone agonists (GnRHa), prepared by the Hellenic Centre for
Marine Research of Crete and the University of Dusseldorf (Mylonas et al., 2007). This technology
uses synthesised GnRHa compounds inserted into a matrix formed of non-biodegradable ethylene
and vinyl acetate polymers (EVAc) in order to create “implants” that can be inserted in the dorsal
muscle of the animals with the use of a spear gun. At present this method is the most innovative
for controlling the reproduction phase, ensuring a prolonged and progressive release of the
gonadotropins. The hormones that are used are not species-specific (and can therefore be used
on various species) and do not act on the gonads but directly on the pituitary gland; the hormone is
released slowly, allowing the maintenance of high plasma levels for a prolonged time.
In 2008, the use of this type of implant in nine animals led to 4 successive releases, with a total of
around 70/100 million fertilised eggs, 20 million of which were collected for further experimental
trials and sent to various hatcheries in the Mediterranean region. In the following season, 8
releases were obtained from 18 implants, producing around 40/60 million fertilised eggs;
30 million of these were used for the subsequent larvae cultivation phases. Experimental trials were
repeated from the early June to late July 2010, with broodstock management and the production
of fertilised eggs being carried out once more at the Marenostro facilities, and the incubation and
larva culture phases in the hatcheries in Panittica Pugliese and Lampedusa. An estimated 150/200
million fertilised eggs were produced. The larval and post-larval culture phases were analysed in
the hatcheries. Scientific studies to evaluate egg quality and the subsequent development stages
were carried out by the Ecology and Aquaculture group of the University of Rome Tor Vergata.
The hatching percentages for the three seasons were very high, as were those for the yolk sac
absorption phases. Problems still remain on larval and post-larval nutrition and culture.
The development of induced spawning practices is an urgent issue for the bluefin tuna farming
industry which still relies on the capture of wild individuals. Up to present, scientific research still
faces three main problems regarding the efficient production of larva: improving egg quality and
transport methods; improving the survival rate of bluefin tuna fry of up to 3 g; moving towards the
use of compound feeds.
The fishing of bluefin tuna is regulated by different national laws based on annual catch quotas (TAC)
for the various countries and fleets operating in the Mediterranean and the Atlantic. Reproduction in
captivity could change the conservation policies for the species, freeing tuna farming from reliance
on the capture of wild animals and ultimately contribute to the protection of wild stocks. Further
studies are obviously necessary in regard to the quality of the eggs, larval and post-larval cultivation,
and the establishment of feed and modules for farming and fattening in captivity.
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5.9 The main Italian aquaculture poles
5.9.1 Veneto
Vendramini A.
According to Infocamere (2010), around 42% of Italian aquaculture companies operate in Veneto,
divided between two main centres: the Veneto Po Valli and the Venetian lagoon. In addition to
these, there are various other intensive and extensive fish farms in inland waters around the other
provinces of Veneto (around 110-120 farms), producing trout, sturgeon, eels, perch and carp.
The aquaculture activities in the two main centres can be divided into various forms: mariculture,
shellfish and crustacean farming in lagoon environments, and valliculture.
Venetian lagoon pole: Mariculture is practiced in 14 long-line farms for Mediterranean mussel
(Mytilus galloprovincialis) culture along the coastal strip between the Cavallino-Treporti shoreline
and the island of Pellestrina. The estimated production of Mediterranean mussel is about 5,0006,000 tonnes/year. Shellfish farming in the Venetian lagoon has recorded an average production in
the last 10 years of around 25,000 tonnes/year for Japanese carpet shell, Ruditapes philippinarum,
and around 2,000-2,500 tonnes/year for mussels. The sector employs around 700 workers, with
numbers having fallen by 30% over the last five years. In addition to clam and mussel farming,
the lagoon fishermen also practise crustacean culture: the fishing and farming of soft-shell crabs
(the species Carcinus aestuarii in the post-moulting stage, before their shells harden). This is
a lagoon tradition that employs around 80 workers, with a production of 10-15 tonnes/year.
The valli are located between the lagoons and inland areas, with 27 valli covering an area over
12,000 hectares. The development of hunting and the difficulties of fisheries have meant that not
all the valli farms are currently engaged in aquaculture activities. Grey mullet, sea bass and gilthead
bream are farmed extensively in Venice and Caorle (an estimated production of around 300 tonnes/
year) and mainly acquired by pescenovellanti, fishermen specialised in collecting fry. There are also
limited productions of eel and mazenette crabs (female crabs in the reproduction phase).
Veneto Po Delta pole: Mariculture is practised in 17 long-line farms for Mytilus galloprovincialis,
along the coastal strip between the Rosolina coast and the Scardovari Inlet. The estimated
production of mussels is about 6,000-7,000 tonnes/year. Around 1,800 persons are employed in
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Japanese carpet shell and mussel farming activities in the lagoons and inlets of the Po Delta, with
an average production over the last 10 years of around 12,000 tonnes/year for R. philippinarum
and of around 2,200-2,500 tonnes/year for M. galloprovincialis. The valli of the Veneto Po Delta
cover an area of 8,150 hectares, divided into 24 valli. Although hunting activities have also
assumed greater economic importance than aquaculture in these Po valli, there is extensive
cultivation of grey mullet, sea bass and gilthead bream, as well as of mazenette crabs, caramote
prawn, eels and pre-fattening of R. philippinarum using a flupsy system.
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5.9.2 Emilia Romagna
Melotti P., Roncarati A.
In terms of its aquaculture activities, the Emilia Romagna region is characterised by a multiplicity
of farming methods, ranging from extensive forms, practiced mainly in the coastal valli areas and
the floodplains of certain rivers, to intensive practices represented by catfish and goldfish farming.
The coastal wetland environments where valliculture is practised include Valle Bertuzzi, Valle
Caneviè, Valle Ancona, the Bellocchio Inlet and the Ravenna wetlands. The Comacchio valli are
the district of greatest interest in terms of size and importance. The brackish ponds close to the
historical centre of Comacchio are known as Valle Molino, Valle Fattibello, Valle Spavola and Valle
Capre. This district, which was once much larger, now covers a total area of 13,000 hectares.
From an ecological perspective, these highly important wetlands also represent a unique example
of integration between the natural environment and human activities. From immemorial time,
fishing and extensive farming of numerous important fish species, including eels, grey mullet,
sea bass, gilthead bream and big-scale sand smelt, have been practised in these valli. Among
these, eels in particular have always been an important source of income for the local economy.
It is also worth mentioning that in 1980 experiments on the induced spawning of sea bass and
gilthead bream were initiated by SIValCo (Società Italiana Valli Comacchio) in Valle Campo, based
on experimental trials carried out by SIRAP (Società Industriale Riproduzione Artificiale Pesce) in
Veneto. Many experimental trials were carried out to rear juvenile eels, glass eels and elvers, both
for intensive farming purposes as well as restocking of the valli, which for some time have been
showing a steady decline in their eel population.
Extensive freshwater rearing is practised in the Campotto valli, Valle Santa and Bassarone, which
were expansion of ponds created in ancient times to prevent the Reno, Idice and Sillaro rivers in the
municipality of Argenta (FE) from overflowing. The typical species of the Po Valley (pike, carp, common
catfish, tench and eel) were farmed in these ponds, which cover a total area of over 1,000 hectares,
as well as other less important species (crucian carp, rudd, bleak and South European roach).
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Fishing operations in Valle Campotto (Photo by P. Melotti & A. Roncarati).

This perfectly balanced fish community was capable of providing several tens of tonnes of product
per year, some of which was sold live for the restocking of public waters and leisure fishing lakes
and some for direct human consumption. The introduction of exotic fish species (wels catfish,
Pseudorasbora parva and black bass), the crustacean Procambarus clarkii and coypu in the late
1980s brought great changes to the habitats and the equilibrium among the various species,
causing the disappearance of pike and tench and a marked reduction in eels, common catfish,
carp and rudd. The present catch composition features a limited number of species, among
which goldfish, wels catfish and common carp are prevalent, whereas species that are more
important and in demand on the market, such as eels, catfish, tench and pike, have almost totally
disappeared.
The freshwater fish species farmed using intensive techniques, although at much lower densities
than those for trout and eel, include catfish and goldfish. With regard to Ictalurids, since 1970
the common catfish became an important source of revenue for numerous farms, with marginal
areas allocated for its cultivation, and reached production levels of over 3,500 tonnes per year
in the 1980s, in over 150 farms. The appearance of a viral disease in the early 1990s practically
eliminated the production of common catfish, which today does not exceed 50 tonnes per year,
causing great difficulties for the farmers, only a few of whom were able to convert to production
of American catfish, which, however, has not yet managed to reach the production levels of
common catfish.
Goldfish production is a particular feature of the Emilia Romagna region, where the farming of
this species was introduced at the end of the 19th century, together the cultivation of hemp. The
presence in the region of over 2,000 “maceri”, small ponds in which the plant was soaked to
detach the fibres from the woody tissue, provided an ideal habitat for the spawning and farming
of goldfish, which prospered rapidly due to the abundant trophic resources.
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View of Valle Bertuzzi (Photo by P. Melotti & A. Roncarati).

With the decline in hemp cultivation, the “maceri” continued to serve their function as fish ponds,
although the lower eutrophication level reduced their potential. Thus in the 1970s fish farms
composed of numerous large-sized ponds were created for the production of goldfish, which
continued to provide significant economic returns as Italy was the only producer in Europe.
Production of this cyprinid, carried out in a few dozen plants, fluctuated between 20 and
30 million specimens per year in the period between 1970 and 2010, with 70% of this production
still destined at profitable rates for the German, Dutch, British, French and Spanish markets.

5.9.3 Tuscany
Gilmozzi M.
Aquaculture in Tuscany is a practice dating back to remote times. In Italy, and particularly along
the Tyrrhenian coastline of Tuscany, the Etruscans and above all the Romans were already familiar
with this activity, with farming and containment of marine fish species commonly practised during
the Imperial era. According to the custom of that time, desirable fish were frequently farmed close
to seaside villas, in semi-submerged tanks (piscinae). The remains of these can still be found,
such as those barely surfacing just offshore Santa Liberata (Monte Argentario), where moray eel
and sea bass were fattened, both for ornamental purposes and for food. Also at the foot of the
Ansedonia promontory, where the city of Cosa stood, archaeological research has unearthed
the remains of a port (Portus Cosanus) dating back to 273 BC and considered to be the earliest
example from Roman times. Fish farming activities (valliculture) were practised in the area behind
the port, in the huge coastal basin of which Lake Burano is now a relict. Intensive aquaculture of
marine species began only recently in Italy, towards the mid-1970s in the Orbetello area on the
coast of Southern Tuscany. Initially, eels were farmed, which were then (towards the late 1970s)
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replaced by European sea bass (Dicentrarchus labrax) and gilthead bream (Sparus aurata), to
accommodate commercial demand.
Tuscany was the most important centre of Italian aquaculture production during the 1980s and
1990s, and still occupies an important position in terms of quality and quantity for the production
of valuable marine species (over 20% of national production). The Tuscany area includes 12
important marine aquaculture farms, with a production in 2009 amounting to 73% (3,550 tonnes)
of the regional total for farmed fish (4,850 tonnes). Trout production is more moderate, with
1,300 tonnes from 29 farms. In particular, the production centre in Orbetello plays a leading role
on the national production scene. The company brand, “Pesce di Orbetello”, and its consortium,
which includes four companies, gained commercial access to the mass distribution supply chain,
which absorbs over 75% of its production (around 2,000 tonnes of sea bass, gilthead bream and
meagre), and facilitated the export of its products. Plants for the processing and transformation of
fish products have opened in Tuscany in recent years, including those set up by consortia, which
provide added value and diversify the product.
In terms of the Italian aquaculture, Tuscany has two areas, based on type of product and
geographical location: a coastal zone and an Appenine zone. The farms that use marine water
or brackish water are all located in the provinces of Livorno and Grosseto. The first mariculture
farms have been added in recent years: in the Gulf of Follonica (the largest and most recent one),
near the island of Capraia, on the island of Gorgona and along the Monte Argentario coast. Most
of the fish farms on the Appenine slopes are located in the north-eastern area of the region, in the
province of Lucca. The other farms are located in the provinces of Arezzo and Massa Carrara,
including one farm specialising in ornamental fish.
Freshwater farms use spring water, with the exception of one in the vicinity of Radicondoli (Siena),
which uses warm water from a geothermal plant. Marine fish farms use water from three types
of sources: 1) water taken directly from the sea or from channels connected to it (including one
farm in Orbetello in the locality of Santa Liberata and one in Castiglione della Pescaia, both in
the province of Grosseto), 2) groundwater (as is the case of the farms in Ansedonia, Orbetello,
Grosseto) from warm underground brackish water reserves, with optimal chemical and physical
qualities for the growth of the farmed species; 3) sea water mixed with relatively warm cooling
water from industrial plants (one farm near, Livorno). The fish farm near Castiglione della Pescaia
is on the edge of the Diaccia Botrona wetlands and uses water from the sea that floods the bed
of the Bruna stream.
The farms along the coast specialise in intensive farming of European sea bass and gilthead
bream, which account for 97% of the production according to a survey conducted by ARSIA.
Three farms also cultivate meagre (Argyrosomus regius) and one produces sole (Solea solea and
Solea senegalensis). The fishermen’s cooperative in the Orbetello lagoon is an exception, practising
integrated production of gilthead bream. These are farmed intensively up to a weight of 100-150 g
in net pens in a restricted area, and then released into the lagoon for a genuine extensive valli-type
cultivation system. There are four hatcheries for the production of European sea bass and gilthead
bream juveniles, two at a commercial level and the other two for internal use only. European sea
bass, gilthead bream and meagre are farmed in mariculture farms. Inland freshwater fish farms,
mainly family-run enterprises, all practice intensive farming mainly of brown trout (Salmo trutta)
and rainbow trout (Onchorhynchus mykiss), with other species also farmed to a lesser extent.
Most of the freshwater farms sell their product to sport fishing lakes, with some sold for human
consumption and restocking purposes. One single farm produces fish purely for restocking purposes.
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The Tuscany regional government has recently funded research projects on potential new species
for aquacultrue, including octopus, greater amberjack, sole and meagre.
Together with its high volumes of production, aquaculture in Tuscany has always been focused
on quality and environmental sustainability, as a competitive strategy in the challenging context
of the national and international markets, where competition from foreign products has increased
since the 1990s. Use of the best raw materials, compliance with environmental sustainability and
an internal standards policy adopted by most of the local companies are some of the aspects that
guarantee a quality product, appreciated and valued both in Italy and beyond, as for all “Made
in Tuscany” products. The voluntary decision to carry out regular water analysis and nutritional,
chemical and microbiological analysis of the final product assures consumers of the quality,
freshness and safety of the purchased product.

5.9.4 Marche
Roncarati A., Melotti P.
Marche is one of the most important regions in terms of national marine fisheries, due to both the
structural and organisational aspects of the fish supply chain as a whole. The fish sector is in fact a
key part of the Marche regional economy: the supply chain includes all the stages from production
to marketing, and also includes processing, shipbuilding and the production of fishing gear.
From an administrative perspective, the 174 km of the Marche coastline are divided into different
maritime departments (Ancona, Pesaro and San Benedetto del Tronto with Civitanova Marche),
with 25 landing points. The production is heavily characterised by catches of molluscs, anchovies,
clams, cephalopods and the aggregated category of “other fish”. The factories involved in the
fish processing in the Marche region play a relevant role in the Italian context, being traditionally
linked to the primary phase and having more recently developed to accommodate significant
flows of imports. In recent years, however, the Marche fishery has seen a large reduction in the
fleet and a significant fall in landed quantities. To compensate for the loss of income, operators
and cooperatives in particular, starting from small-scale fishery, have implemented a conversion
process based on mariculture. Along the Central Adriatic coastline, mussel farming has
experienced a prosperous development, thanks to the introduction of the long-line technique.
This system of culturing bivalves takes place in the open sea in floating rows, known in Italian
as “filari galleggianti”, and is widely employed at a national level; it has also been adopted in the
maritime departments of Marche region. The development of mariculture has helped to reduce
the pressure of fishery along the coastal area.
Shellfish farms are distributed along the entire regional coast, with a higher concentration in
the stretches of sea within the departments of Pesaro (14) and San Benedetto del Tronto
(14), followed by that of Ancona (10). The annual production of mussels averages around
30,000 tonnes, with a tendency towards increase. In the case of mussel farming, the system
is based on the use of “reste”, tubular nets onto which the small mussels are grafted, hung
at various distances on lines connected to a series of floats, which in turn are firmly anchored
to moorings, placed at a variable distance (100-200 m) depending on the strength of the sea
currents. The average system covers an area of 1 km2 (100 ha) and contains 20-22 rows running
along the entire length. Each row has 2-180 l buoys at the end of the rows and a series of smaller
100 l buoys, anchored to moorings on the seabed. Over the entire course of the production
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cycle, lasting 8-12 months, the “reste” are replaced to allow the mussels to develop better and
to eliminate the abundant fouling from the product (sponges, sea squirts, algae, hydrozoa, etc.),
which tends to become particularly established in the period from spring to summer. The rapid
development of mollusc farming along the Marche coastal area has been facilitated mainly by
the favourable characteristics of water, which, together with good sanitary conditions, offers an
adequate concentration of nutrients and phytoplankton, essentials for the growth of filter-feeding
molluscs. These conditions allow producers to obtain from the seed (specimens of 2-2.5 cm)
even larger than commercial sizes (over 5 cm).
In order to diversify bivalve production, some farms are turning to flat oysters (Ostrea edulis) and
cupped oysters (Crassostrea gigas) culture. Container modules (lanterns, baskets) are added
to the rows of mussels for this purpose. The small oysters, around 2 cm long, are purchased
from local fishermen. This product is placed in culture according to size, and is measured
regularly during the course of the growth cycle. Growth times vary according to the starting size
and climatic conditions (particularly temperature), but range from a minimum of 6 months, for
specimens of 4-5 cm, to 10 months, for oysters cultured from a size of 2 cm. As regards cupped
oysters, the cycle begins with the purchase of the oyster spat (8-15 mm) from nurseries, which
are mainly located on the Mediterranean and Atlantic coasts of France. The spat is subjected to at
least three subsequent size calibrations over a period of 6-9 months before reaching commercial
size, which takes 15-18 months, depending on the starting size. The overall production of both
species is still quite modest, not exceeding 2-3 tonnes in 2010.
Marche aquaculture plays a primary role at a national level thanks to trout culture, which is centred
on the production of rainbow trout (Oncorhynchus mykiss); although there is only a single farm
in the hinterland of Macerata, it represents the largest producer of rainbow trout at a national
and European level. The company restructured its organisation, acquiring more than a dozen
farms in northern and central Italy and implementing the entire production chain, from broodstock
management to market size. It also established a commercial strategy capable of modifying
and diversifying the product, in accordance with consumers demands. This activity shows that
aquaculture in the Marche has got wide potential for development and competitiveness.

5.9.5 Apulia
Lembo G.
Fish farming has been widely practised in the Mediterranean since the 5th century BC, in Egypt as
well as in Greece and Sicily. Also along the coast of Apulia, numerous remains of Roman villas,
villae maritimae, can still be seen, with pools in which fish were farmed. In the 2nd century BC,
it was a genuine status symbol among rich and noble Romans to provide their villas with pools
where they could keep valuable live fish to offer their guests during sumptuous banquets.
Over time these pools became authentic nurseries in which fish were farmed in order to be sold.
The economic scope brought with it a transformation of the structures, which became diversified
depending on the type of coast and natural environment.
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Mussel farming on long-lines on the coast opposite San Benedetto del Tronto (Photo by A. Roncarati & P. Melotti).

Measurement of flat oysters (Photo by A. Roncarati & P. Melotti).
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The Mar Piccolo of Taranto became renowned for oyster farming, earning it a mention in the
gastronomic precepts of Horace (Satire, II, 4, 30-34): “In the new moon all shell-fish fill with fruit,
but not all seas the richer sort produce… and the elegant Tarentum broadest scallops boasts”.
Taranto was also the birthplace of modern mariculture, once more with shellfish: oysters and
mussels. A simple system was used, which already allowed large-scale production in the 19th
century: bundles of lentisk were placed on the seabed for two or three months. When they were
removed, the branches, covered with oyster juveniles, were hung with plant cords on other lines
stretched over the surface of the sea between posts driven into the sand.
Also on the Taranto coast, when artificial reproduction techniques were still unknown,
pescenovellanti would meet in the right seasons to catch sea bass, gilthead seabream, grey
mullet and eels juveniles for distribution to fish farmers for their fattening farms.
Apulia, with about 800 kilometres of coastline, still plays a primary role in Italian mariculture today.
The regional production base has been consolidated in recent years, with a core of 15 active fish
farms, five of which are located in the province of Foggia, five in the province of di Taranto, two in
the province of Bari, two in the province of Lecce and one in the province of Brindisi. There are also
three hatcheries specialised in the reproduction of sea bass and gilthead seabream. The farmed
species are mainly sea bass (Dicentrarchus labrax) and gilthead seabream (Sparus aurata), but
there is also production of eels (Anguilla anguilla), grey mullets (Mugilidae), sharpsnout seabream
(Diplodus puntazzo), white seabream (Diplodus sargus) and meagre (Argyrosomus regius). Most
of the fish farms culturee two or more species, with mono-species production practised in only
a few cases. More than 50% of the farms are located in the sea, a considerable proportion
compared to the recent past, when land-based farms were more common.
The overall declared aquaculture production for Apulia in 2009 amounted to around 2,730 tonnes,
predominantly sea bass (around 1,480 tonnes) and gilthead seabream (around 940 tonnes),
followed by sharpsnout seabream, with around 287 tonnes, and then meagre, grey mullet
and eels, with quantities of little relevance. The production of fry in 2009 amounted to around
19 million pieces for sea bass and 11 million for gilthead seabream.
Almost 50% of the production is concentrated in the province of Foggia (around 1,310 tonnes),
followed by the province of Taranto, with around 670 tonnes, Bari, with around 420 tonnes,
Brindisi, with around 160 tonnes, and Lecce, with around 120 tonnes.
In regard to wholesale price dynamics, meagre occupy the top position, with an average value of
€10/kg, then sharpsnout seabream at €7/kg, sea bass at €6.2/kg, gilthead seabream at €5.2/kg
and grey mullets at €3/kg.
Production cycles last an average of 20 months, with a minimum and maximum of 12 and 24
months respectively. The average culture density is 20 kg/m3.
The feed consumption required to sustain production in 2009 was around 4,650 tonnes, with an
average food conversion ratio of 1.7, but with fluctuations in the various farms from between 1.2
and 2.3.
The two shellfish culture poles, located in the provinces of Taranto and Foggia, account for 94%
and 6% of the 92 Apulian shellfish farms.
The production, essentially composed of mussels, was around 12,400 tonnes in 2009 and is
more equally distributed between the two provinces, with around 46% (5,690 tonnes) in the
province of Taranto and 54% in the province of Foggia (around 6,710 tonnes). The first signs of a
renewed interest in oyster farming began to appear in 2010, and the coming years should show
the results of this.
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International developments and increasingly stiff competition from other producing countries, such
as Greece or Turkey, have seriously undermined the profits from the Apulia’s fish farming enterprises,
which have nevertheless sought to respond on the level of quality. Some fish farms have adopted
voluntary ISO 9000-type certification protocols. More recently, some of the enterprises have chosen
to adopt organic production methods, obtaining certification according to regulation (EC) 710/2009.

5.9.6 Sicily
Mazzola A.
Commercial aquaculture in Sicily began in 1978, when an entrepreneur from Marsala, working in
the packaging sector, opened the Italittica pilot centre, where experiments began on the controlled
reproduction of sea bass and gilthead bream, in collaboration with the National Research Council
in Lesina.
In those years, the national scene only offered the first signs of intense euryhaline aquaculture in
Orbetello and Pellestrina. It was no coincidence that the first steps in Sicilian aquaculture were
taken in the Trapani area. The western part of Sicily, with the presence of the salt pans, could
rely on a tradition of extensive aquaculture that had always been practised together with the
extraction of salt. In the first stage tanks (cold tanks), where the salinity does not exceed 70 g/l,
European sea bass, gilthead bream and grey mullets were traditionally farmed with a very low
production density (0.05 kg/m2).
Two other centres were opened a few years later, also in the Marsala area: Ittica Stagnone, by local
land owners, and Icemare, the result of a joint venture between an entrepreneur from Palermo
and France Aquaculture. These were joined, a few years later, by a fourth centre, Acquacoltura
Mediterranea, in Petrosino. All these farms had independent hatcheries with culture in land based
concrete tanks; the local coastal morphology did not permit the installation of sea cages, which
were beginning to be used in those years. High production costs and failure to implement a
shared system (for example, the creation of a common hatchery), as well as the price crises of
the 1990s, brought this first Sicilian aquaculture reality to an end, unlike artisanal aquaculture,
which continued to survive.
The entrepreneurial fervour of those years made its mark, nevertheless, in terms of its
professionalism, which was able to develop and eventually led to the creation and management
of other enterprises in Sicily, Sardinia and other areas of Southern Italy, as well as in other
Mediterranean countries, such as Greece and Tunisia.
Much of the current aquaculture reality, both in Italy and elsewhere, owes its existence to the results
of the experiences of those years, and if Sicilian aquaculture is now one of the most important
production realities at a national level, in terms of its production capacity rather than the number
of farms, this is due to the professional expertise that was developed with those first experiences.
Italy’s first experimental cage for European sea bass grow out was installed in Favignana in the early
1990s, followed in 1999 by a cage for the experimental farming of bluefin tuna, transferred from the
Favignana tuna nets. In 1998, the first industrial plant in Italy for farming sea bass and gilthead bream
in floating tubular cages was opened in Porto Palo in Menfi (AG). Despite its high technological
operating standards and the excellent quality of the products it supplied to the market, this farm
was also unable to meet the very restrictive criteria imposed by the market and, after a catastrophic
event that halved its production within the space of a year, it was forced to close.
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Aquaculture in Sicily today consists of large farms, operating with high-technology sea-based
structures, a solid economic base, high levels of production, integrated with the national and
international markets and linked to mass distribution network, and of a series of small farms,
built with modest investments and with limited production, aimed mainly at small-scale local
distribution. These smaller farms, often in financial difficulties, determine the instability of the
sector and the uncertainties of Sicilian aquaculture. The large facilities use high technology
cages and production is mainly focused on species such as sea bass (Dicentrarchus labrax) and
gilthead bream (Sparus aurata), with volumes of 2,500 and 3,000 tonnes/year, corresponding to
around 15% of national production, as well as other valuable fish species, including sharpsnout
seabream (Diplodus puntazzo), common dentex (Dentex dentex), greater amberjack (Seriola
dumerilii) and, to a lesser extent, red porgy (Pagrus pagrus) and meagre (Argyrosomus regius),
with very modest production levels that do not exceed 1% of regional production in the sector.
From a technological perspective high-technology semi-submersible and highly durable cages
are used in the most exposed sites, as well as anchored floating cages resistant to exposed
environments and small-sized cages suitable for sheltered environments.
A separate discussion can be made for the extensive and semi-extensive aquaculture practised
in the Trapani salt pans. Although the level of production is quite modest, it has a high niche
value, due to the quality of the product and the role it plays in the promotion of the local area
and preservation of the life of these basins. Some plants still operate with the salt-fish integration
system, while others have developed production in salt tanks that are no longer in use. These
account for an annual production of around 30 tonnes, including sea bass, gilthead bream,
sharpsnout seabream and mullet, which are sold directly from the plant and in local restaurants.
In recent years there has also been interest in bluefin tuna (Thunnus thynnus) farming, with the
opening of two seasonal farms, which, until 2009, were producing around 1,300 tonnes of bluefin
tuna, fattened for around 5 months and intended for export to Japanese and North American
markets. This type of farming provides a high-quality product for the preparation of sushi and
sashimi in a seasonally adjusted manner. Production was recently suspended following the TAC
(total allowable catches) imposed on the fishing of this species.
In recent times there has also been interest in the potential use of some farms for the culture
of new native species. In collaboration with regional research centres, universities and the
National Research Council, trials are being carried out with new species, such as dusky grouper
(Epinephelus marginatus), tub gurnard (Trigla lucerna), sole (Solea solea), grey mullets and
invertebrates such as octopus (Octopus vulgaris) and sea urchins (Paracentrotus lividus). In
regard to sea urchins, the research is focussed on fattening under controlled conditions, using
low-cost high-performance feeds. There are also some mussel farms, mainly in the province of
Messina, with a fairly modest production, varying from 500 to 700 tonnes/year.
Freshwater aquaculture is also practised on a modest scale, producing trout, including Mediterranean
trout (Salmo cettii) and rainbow trout (Oncorhynchus mykiss), and, at the Department of Agriculture
and Forestry regional pilot centre for aquaculture, freshwater shrimp (Cherax spp.), which could
have a potential development in the future, considering the large number of internal basins in the
region. With the exception of the semi-intensive plants in the salt pans of Trapani and Acqua Azzurra,
and the large plant in Pachino, in the province of Syracuse, which has a considerable volume of
land-based tanks, all the farms currently operating in Sicily use sea-cage production, even if they
obviously have land-based support facilities, such as offices, laboratories and logistics centres for
the storage of feed and packaging and sale of the product.
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Only two farms have hatcheries, the fish farm in Pachino and Acquacoltura Lampedusa, which in
addition to supplying regional needs, export over 50% of their production, which varies between
16-18 million fry/year for the former and 7-9 million for the latter. These hatcheries obviously
focus on consolidated production of sea bass and gilthead bream, in a ratio of 55% to 45%,
even if experiments are carried out on other innovative species. Acquacoltura Lampedusa in
particular is engaged in research on the induced spawning of large pelagic fish, such as the
greater amberjack and bluefin tuna.
Table 5.6 shows data on the farms currently operating in Sicily, divided into those operating
with floating cages and those that have land based tanks and hatcheries, according to the
updated 2010 census by the Maritime State Property Office of the Department of Territorial and
Environmental Protection and validated by recent inspections.
Table 5.6 - Farms currently operating in Sicily.
Sea farms:
Province

Municipality

Agrigento

Lampedusa

Surface area ha
8

Licata
15
21
Messina

Patti
20
Villafranca Tirrena

Palermo

Gioiosa Marea
Lipari
Trappeto

Syracuse

Pachino

15
3
3
150

Augusta

25
25

Species farmed

No. of cages

sea bass, gilthead bream, greater
amberjack, tuna
sea bass, gilthead bream, common
dentex, white sea bream
sea bass, gilthead bream
sea bass, gilthead bream, white sea
bream
sea bass, gilthead bream

4
9
17
10
8
6
5

sea bass, gilthead bream
sea bass, gilthead bream
sea bass, gilthead bream, white sea
bream
sea bass, gilthead bream, white sea
bream, meagre, red porgy
sea bass, gilthead bream

14
12
10

Land based farms:
Province

Municipality

Trapani

Marsala

Syracuse

Pachino

Surface area ha
65
25
10

Species farmed
sea bass, gilthead bream, white sea bream, bivalves
sea bass, gilthead bream, mullet
sea bass, gilthead bream, white sea bream, meagre

Million fry
6-9

Species farmed
sea bass, gilthead bream, greater amberjack
sea bass, gilthead bream, white sea bream, meagre,
greater amberjack

Hatcheries:
Province
Agrigento
Syracuse

Municipality
Lampedusa
Pachino

16-18

After a period of strong growth in 2006-2008, the number of farms operating in Sicily has recently
been halved, with the closure of smaller structures, which in some cases were absorbed by larger
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farms, and of tuna fattening facilities. The larger plants, however, are currently being consolidated,
and in some cases have absorbed smaller farms, both in Sicily and elsewhere, showing that the
only system for survival in this sector is to develop resilience to market fluctuations and ensure
constant supplies and high levels of quality, against fierce competition from imports that reduces
profit margins. As is known, the national market for marine aquaculture products is supplied by a
significant proportion of imported products, also from non-EU countries; nevertheless there is still
space for an increase in regional production, which would certainly find a place in Italian markets.
Particular attention has been given at a regional level to the interaction of aquaculture with the
environment, in the awareness that the negative effects of this activity, aside from damaging
marine ecosystems, also have harmful repercussions for the product image, reinforcing the
negative perception of fish farms among consumers in regard to the environment and limiting the
development of the sector.
For this reason, the Region of Sicily Department for Territorial and Environment Protection, in
collaboration with the University of Palermo, ISPRA and ARPA Sicilia, has decided to provide
general indications for containment of the impact of mariculture activities on the environment.
Since 2008, in response to the requirements of the Pesca Operational Programme 2007-2013,
guidelines for the creation of aquaculture plants have been enforced in the Region of Sicily, with
a twofold scope: the planning of new interventions, establishing criteria for the location of plants
along Sicilian coasts pursuant to Directive 92/43/EC of 2001, in relation to the presence of
Sites of Community Importance (SCI) and to species and habitats subject by specific protection
measures; the definition and application of monitoring protocols for the containment of the
impacts, both during the siting phase and after the construction of the plants, through application
the precautionary principle.
In regard to development processes, Sicilian aquaculture strategies come under regional policies,
which should tend to encourage technological, process and product innovation. The experiences
gained need to be consolidated and the product enhanced, through promotion policies highlighting
the traceability of the production processes and the quality of the product, including the certified
environmental sustainability of the farms, as well as the search for new markets and extension of
production to new farmed products, with increasingly contained production costs. An interesting
possibility is the penetration of new market sectors with a wider range of products (new species
and different sizes), using innovative marketing strategies (fresh semi-processed products and
fish fillet) and adopting designations of origin, IGT and certifications.
A contribution to the development of aquaculture can be provided by the scientific expertise
available in the island’s universities, in CNR and ISPRA, by fish producers and the technological
groups working on organic aquaculture and eco-compatible fisheries.
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5.9.7 Sardinia
Cannas A.
Aquaculture is an ancient activity in Sardinia, which initially developed in its extensive form in the
numerous brackish lagoons, known as “stagni”, and then along the coast, where shellfish culture
was first introduced, followed by fish farming.
Of the 77 coastal lagoons, covering a total area of around 15,000 hectares, only 23 are now
used for extensive aquaculture. These cover a total area of 5,700 hectares, with 3,700 hectares
concentrated on the central western coast, where the most important lagoon is located in Cabras
(OR), covering an area of 2,228 hectares. Three lagoons, in Calich (SS, 90 hectares), Marceddì
(OR, 800 hectares) and Santa Gilla (CA, 1.200 hectares), are not used for aquaculture but only for
fishing, despite the fact that they have modern weirs; in the Calich lagoon, this is because it was
not handed over to the fishermen after the deadline of the construction works, and in the others
cases, due to poor functionality.
Extensive fish farming is based on traditional techniques, including control of the restocking of
juveniles from the sea and the capture of adults through the fish barriers, “lavorieri”. The innovations
introduced mainly involve replacement of the marsh reed capture systems with more modern,
durable ones made from reinforced concrete or wood with plastic grids. Cages or enclosure have
been built in seven lagoons, used in some cases for the wintering of juveniles, and in others for
the fattening of fish caught or purchased undersize. The harvesting of shellfish from natural beds
is another activity traditional practised in many of Sardinia’s lagoons, mainly involving grooved
carpet shell (Ruditapes decussatus) and, to a lesser extent, cockles (Cerastoderma edule).
The production, which includes a notable variety of fish, molluscs and crustaceans typical of
lagoon and coastal wildlife, is experiencing continuous decline. The commercial yield (weighted
average) from extensive aquaculture production in the three-year period 1997-99, including the
harvesting of shellfish from natural beds, was 239 kg/ha/year, whereas it amounted only to 103
kg/ha/year in the period 2007-10. This decline can be attributed to the progressive increasing of
salinity, but above all to pollution, which has caused serious diseases in many lagoons, including
those in Cabras, Santa Giusta (OR) and San Teodoro (OT).
Shellfish farms have been created in seven lagoons, particularly for the culture of mussels and
oysters, the latter almost exclusively involving Crassostrea gigas. Lagoon production from shellfish
farming was 130 tonnes in the three-year period 1997-99, while in 2007-10 it reached 144 tonnes,
increasing from 13% to 34% of the entire Sardinian lagoon production. Shellfish culture at sea,
practised in Sardinia since the early 1980s, is mainly found in the gulfs of Olbia and Oristano.
The farms now use floating systems, which replaced almost all the traditional systems that used
wooden poles. The regional agency Laore, which carried out a census of aquaculture in Sardinia
from which the data shown below were taken, indicated that in 1992 there were 22 farms, which
were reduced to 15 in 2009, due to the fact that some of them have merged. The marine and
lagoon production of shellfish farms is continually increasing. In 1992 it amounted to 4,000 tonnes of
mussels and 3 tonnes of oysters, whereas 10,700 tonnes of mussels and 6 tonnes of oysters were
produced in 2008. This data does not only refer to the actual production in Sardinia, the amount of
which is unknown, but also to products imported and marketed by the same companies during
the period in which local production was not sufficient to meet demand.
Intensive fish farming has been practised in Sardinia since 1979, with a farm for sea bass, gilthead
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bream and eels grow-out on the south-western coast of the island. The number of farms notably
increased over the following years, in the wake of financial opportunities provided by legislation in
aquaculture; in 1992 there were 25 farms in Sardinia, eight of which farmed freshwater species;
these were reduced to 21 in 2009, due to increasing market difficulties and, in the case of eels,
difficulties regarding the supply of seed. Nine of these are farms using sea floating cages and
12 are land-based farms, seven of which rear freshwater species. Production from intensive
fish farming in 2008 was 2,240 tonnes, 90% of which was composed of sea bass and gilthead
bream. Eels, sharpsnout seabream, meagre, mullet and trout are also farmed.
Prawn farming, however, despite huge investments made for the construction of tanks for
cultivating Paeneus japonicus and a hatchery, has totally disappeared. There were three farms in
1992, in Sant’Antioco (CI), Santa Gilla (CA) and Tortolì (OT), which went out of business due to
poor profitability.
One of the main critical aspects of Sardinian aquaculture concerns transport costs for the supply
of juveniles, which come entirely from hatcheries on the main land, since all attempts at local
production have so far been unsuccessful. Today there is one single hatchery in Sardinia, at
the Marina 2000 plant in Calasetta (CI), which has still not started to operate. There are various
other farms no more running which never achieved regular production; aside from the incubator
for crustaceans on the island of Carloforte (CI), there was also a hatchery at the Idroallevamenti
company premises in San Giovanni Suergiu (CI), one in a farm in Sant’Antioco (CI) and an
incubator for bivalves in the stagno of Santa Gilla in Cagliari, which never started production.
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