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A large region that includes the Euro-
pean Union (EU), Scandinavia, eastern
Europe and the countries of the Mediter-
ranean Basin is the basis for this article
because of the importance of the move-
ment of products, capital and technology
within these countries. Nevertheless,
aquaculture development is not homoge-
neous inside this region. An analysis of
similar trends and different constraints
that influence the marine fish farming of
salmonids, seabass, seabream and turbot
is presented.

Due to the rapid expansion of Asian
productions, especially from China, the
average annual growth rate of world
aquaculture by volume during this period
has been 15 percent according to the FAO.
The share of European and Mediterranean
aquaculture has declined from 9 percent
to 5 percent between 1988 and 1995
(Table I), in spite of an average growth
rate of more than 5 percent by volume per
year. European aquaculture, which essen-
tially does not contribute to the crustacean
and seaweed sectors, provides 14 percent
of the world volume of bivalves and 6
percent of the world volume of fish. Only
fish farming has shown significant growth
since 1988, which matches the growth rate
of world aquaculture for this group of
species.

In 1996 salmonid farming totaled
710,000 tons, both fresh and marine wa-
ter, an amount that represents 39 percent
of the zone's aquacultural production by

volume. In value, its share has reached
60 percent, with a turnover of 2 million
Ecu, excluding the production of juve-
niles. Because of the unavailability of new
sites and strong pressure to protect riv-
ers, the development of intensive fish
farming in fresh water has slowed during
the last few years.

Marine fish farming, which was still
marginal in 1988, now represents 50 per-
cent by volume and 75 percent by value
of the region's fish farming production.
This increase, due mainly to marine
salmon farming, up to 420,000 tons in
1996, is a result of the continuous devel-
opment of Atlantic salmon farming in
floating cages based on accelerated tech-
nological progress. Norway, the United
Kingdom, Ireland and the Faroës have
experienced the greatest growth in their
aquacultural sector since 1988 (Table II).
The output of large trout in marine wa-
ters has been slowly growing mainly due
to an increase of the Norwegian produc-
tion. New opportunities are arising in
southern Europe with brown trout (Salmo
trutta) showing interesting signs of de-
velopment in France (Table III). The pro-
duction of salmon in floating cages, ei-
ther in sheltered bays or in open sites,
arose while the attempt to build on-shore
plants failed due to high operating costs.
Norwegian and European salmon produc-
tion must be considered relatively to the
620,000 tonne total of world farmed
salmon. Outside Europe, the leading

countries in salmon production are Chile
(121,000 tons) and Canada (43,000 tons),
followed by Japan (25,000 tons), United
States (15,000 tons), and Australasian pro-
ductions in Australia and New Zealand
(10,000 tons).

More recently, the intensive farming
of seabass and seabream has increased
rapidly in the Mediterranean Basin, al-
though on a more reduced scale: 60,000
tons in 1996 (Table IV and Table V). The
share of seabream, at one time less im-
portant, now dominates as a result of a
nodavirus infection in seabass. Seventy
percent of seabass are produced in cages
in sheltered bays or open sea. On-shore
intensive farms, using raceways, account
for only 15 percent of the total produc-
tion. The remaining 15 percent is pro-
duced in traditional earthen ponds or in
valli.

Turbot farming is developing more
slowly on the French and Spanish Atlan-
tic coast, 3,200 tons in 1996, benefiting
from the temperate climate in that area.
Turbot farming requires on-shore produc-
tion facilities using concrete raceways.

Various attempts to find new species
for aquaculture has led to extensive work
on several Mediterranean fish including
sparid species such as Puntazzo puntazzo,
Pagrtts pagrus, and Dentex dentex, which
production reached about 1,000 tons in
1996. In the meantime, extensive research
has been devoted to the culture of Atlan-
tic halibut in northern Europe countries,
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Table I.	 Comparison of European and world aquaculture production in 1 988 and 1996

1988 	 Total	 By group of species	 By environment
(tons) 	 fish	 crustaceans 	 molluscs 	 seaweed 	 Inland	 marine

Europe' 	 1,240,000 	 520,000 	 3,000	 710,000 	 380,000 	 860,000
World	 14,650.000 	 7,600,000 	 650,000	 3,000,000 	 34,000,000	 7,350,000 	 7,300,000

1988 	 Total 	 By group of species 	 By environment
(tons) 	 fish	 crustaceans 	 molluscs	 seaweed 	 Inland 	 marine

Europe' 	 1.770,000 	 1,062,500 	 2,500	 700,000 	 5,000	 500,000 	 1,250,000
World 	 34,100,000 	 16,670,000	 1,150,000 	 8,550,000 	 7,730,000 	 15,600,000	 18,500,000

2 Includes Eastern Europe (except former USSR) and Mediterranean Basin.
Source: European Commission, IFREMER, SIPAM network, FAO.

Table II. Salmon production in Europe (tons) from 1988 to 1996

Norway	 UK	 Iceland and Faeroe Islands 	 Ireland 	 France 	 Spain 	 Total

1988 	 74,000 	 16,500	 5,500 	 4,000	 70	 150	 100,000
1989 	 110,000 	 28,000 	 9,500	 5,500	 100	 150 	 153,500
1990 	 130,000 	 30,000 	 15,700	 6,000	 200	 350	 185,000
1991 	 155,000 	 41,000 	 20,500 	 9,300	 200	 550 	 226,500
1992 	 130,000 	 36,000 	 20,500 	 9,700 	 200	 800	 200,000
1993 	 180,000	 49,000 	 17,200 	 12,400	 240	 600	 260,000
1994 	 210,000	 64,000 	 12,200 	 11,600 	 450	 900	 300,000
1995 	 249,000	 72,000 	 13,000 	 12,500	 500	 1,250 	 350,000
1996 	 292,000 	 83,000 	 17,500	 15,000	 400	 750	 410,000

Source : IFREMER, Federation of European Aquaculture Producers

Table Ill: Trout (rainbow and brown) production in marine environments in Europe (tons) from 1988 to 1996

Norway 	 Finland	 UK	 Ireland 	 Denmark 	 France 	 Total

1988 	 8,000 	 15.000 	 1,500 	 500	 6,000 	 770	 32,000
1989 	 6,000 	 16,000 	 1,500 	 500	 6,500 	 880 	 31,500
1990 	 6.000 	 16.000 	 1,500 	 500	 6,500 	 850 	 31,500
1991 	 6,000 	 16,000 	 1,500 	 600	 7,000 	 780	 32,000
1992 	 6,000 	 16,000 	 1,500 	 600	 7,250 	 730	 32,100
1993 	 6,000	 15,000	 1,500 	 600 	 8,500	 700	 32,300
1994 	 8,000 	 15,000	 1,500 	 600	 8,500	 1,350	 35,000
1995 	 13,000	 13,000	 1,500	 600	 8,500 	 1,350	 38,000
1996 	 19,000	 15,000	 1,500	 1,500 	 8,500 	 1,400	 47,000

Source : IFREMER, Federation of European Aquaculture Producers

Table IV. Production of seabass in the Euro-Mediterranean region (tons) from 1988 to 1996

France 	 Greece 	 Italy 	 Spain 	 Other Countries 	 Total

1988 	 150	 200	 930	 30	 200	 1,510
1989 	 220	 200	 1,100	 25	 275 	 1,820
1990 	 350 	 650 	 1,050 	 30	 350 	 2,430
1991 	 700	 1,900 	 1,500 	 90	 700	 4,890
1992 	 1,000	 2,700	 1,800	 150 	 2,000 	 7,650
1993 	 2,000	 5,300 	 2,000	 300	 3,700 	 13,300
1994 	 2,200 	 6,500 	 2,150 	 500	 4,800	 16,150
1995 	 2,700 	 8,400 	 4,000	 460	 5,000 	 20,560
1996 	 2,300 	 10,000	 3,800 	 700	 8,800	 25,600

Source : SIPAM, IFREMER
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especially in Norway by the Institute of
Marine Research. Today, the production
remains at a pre-industrial level as no
large scale postlarvae production exists.
In 1993, 170,000 juvenile halibut were
produced by the private firm, Stolt Sea
Farm. About 20 tons of halibut, ranging
from 3 to 7 kg, were sold to the Norwe-
gian restaurant market in 1996' 12) .

Dynamics of marine fish farming

in Europe

Institutional framework for research

and development

Although research started in the 1970s
with a strong public demand for salmon,
seabass and seabream, farming of these
species has not developed at the same pace.

Salmon farming

The Norwegian salmon industry has
been supported from its inception by a
voluntary public policy and a well orga-
nized farmers' association. Government
incentives have helped many farms to
grow. The Norwegian government has
implemented strict regulations concern-
ing the size of the farms and the capital
ownership along the coast, from south to
north. These regulations promoted a sec-
tor made of small scale independent
farms, without vertical or horizontal in-
tegration. Nevertheless, organization of
production was accomplished through a
commercial structure called "FOS". The
FOS held the monopoly of Norwegian
salmon marketing and was in charge of
generic promotion and relations with the
exporters. One of the most important fea-
tures was the tight link forged by research
between public authorities and industry.
Both parties invested in both research
centers and program definition for genet-
ics, pathology and nutrition.'' )

After the FOS and the government's
failure to forecast the expanding supply
of salmon and regulate the market, a new
sector was organized. The regulatory role
of the government has been reduced to
the control of the environmental impact
of aquaculture, while industrial groups
and producers' associations have pro-
moted a concentration of production and
an integration of commercialization.

These Norwegian companies first in-
vested in Scotland and Ireland, then in
other countries world-wide, including
Chile. In Europe, salmon farming devel-

oped in the mid-1980s through transfer
of research information in genetics and
nutrition from Norway, technological in-
novation in offshore cage design, and
European Union investment subsidies."
Salmon farming trials commenced in
western Ireland in the early 70's, with
little growth until the mid-1980s when
output and investment in the sector be-
gan to increase substantially. The lack of
protected sites was resolved by the suc-
cessful development of appropriate cage
technology, thus increasing the potential
area available for salmon farming along
the Irish coast. Salmon production in
Scotland, after years of experimentation
and slow growth in the 70's, has grown
rapidly throughout the 1980s. New tech-
nology continues to evolve with the in-
troduction of new cage designs and auto-
mated production systems.

Seabass, seabream and turbot

Initiated in France and Italy in the
1970s, seabass and seabream farming has
developed around the Mediterranean Sea
during the late 1980s and the early 1990s.
These two species have even been farmed
in the north of France, using hot water
from a power plant. Private entrepreneur-
ship and international cooperation have
been important to this development. The
private sector contributed to two forms
of technological transfer; technology pur-
chased from consultants by national in-
vestors, and joint-ventures with technol-
ogy brought by the foreign partner. Some
international research programs were con-
ducted by private companies, especially
on nutrition and off-shore technology, in-
volving food and equipment suppliers."'

From the public side, MEDRAP
(Mediterranean Regional Aquaculture
Project) programs of the FAO, based in
Tunis, have played a major role. Between
1983 and 1995, MEDRAP I and II orga-
nized seminars and training courses
throughout the Mediterranean countries
about aquaculture in the fields of biology,
technology and management. In the
framework of the Commission of the Eu-
ropean Communities, General Directory
XIV for fisheries, funds have been pro-
vided for research programs carried out
between countries. The main research
centers in France, Greece, Italy and Spain
have a similar level of cooperation. The
only non-European Union country to have
participated in these actions is Cyprus, in

the fields of species diversification and
technology. Most of the countries produce
their own fry from many hatcheries that
have been built during the last five years.

The incentive policy of the European

Union

In the countries belonging to the Eu-
ropean Union, aquaculture has benefited
from a strong incentive policy from the
European Commission. In the framework
of the regulations number 2903/83 and
number 4028/86, aquaculture projects
have received subsidies for their initial
investment. These subsidies may be as-
sociated with national or local subsidies
if the total stays below 4percent of the
investment, Gpercent in some regions
where high economic difficulties prevail.

From 1983 to 1990, salmon projects
have benefited from these subsidies; 38
salmon projects in Ireland (25 companies)
and 32 salmon projects in UK (Scotland)
for a total investment of 15 million Ecu.
The annual amount of these subsidies has
been consistent from 1988 to 1994, pro-
viding about 42 million Ecu per year.
Since 1988 Spain, France, and Italy have
been the principal recipients of these sub-
sidies, especially for seabass, sea beam,
and bivalve projects. In 1993, Greece re-
ceived almost 50 percent of the total
amount of the European subsidies for
aquaculture.

Even if the production of fish had not
increased dramatically in other countries
as it had in Norway, this incentive policy
would be considered successful for ma-
rine fish farming, including salmon,
seabass, seabream and for mussels on
long-lines, in the European Union. Most
of the projects aimed at shrimp farming
have been disastrous because the rearing
techniques in semi-intensive conditions
are not under control and the growing sea-
son is very short. Eel or sturgeon projects
have not been very successful either, be-
cause of high production costs. Disease
problems and high production costs have
caused clam culture to fail in all coun-
tries. Italy is an exception, where new
stocks of clams have been stabilized be-
cause spat are obtained from hatcheries.

Structure of the European marine fish

farming industry

In Europe, including Norway, aquae-
ulture is characterized by differences in
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Table V : Production of seabream in the Euro-Mediterranean region (tons) from 1988 to 1996

France Greece Italy Spain Other Countries Total
1988 10 100 750 60 450 1,370
1989 15 400 850 340 1,200 2,805
1990 25 950 850 560 1,500 3,885
1991 50 1,400 1,000 1,000 1,550 5,000
1992 250 2,300 1,100 1,600 2,340 7,590
1993 350 4,700 1,500 2,200 3,640 12,390
1994 1,200 6,500 1,850 2,200 4,500 16,250
1995 950 9,400 3,500 2,710 7,000 23,560
1996 1,050 11,000 3,700 3,800 11,350 30,900

Source : SIPAM, IFREMER

the size of the enterprises, many of which
are small. The creation of industrial
groups and the increasing integration of
production and processing are new devel-
opments in the farming of sea fish. A re-
gional agro-industrial sector is being
formed, at a faster pace for salmon than
for other species. The growth of these
companies generally is based upon mul-
tiplying the number of production sites
rather than increasing the productive ca-
pacity of existing sites. Technology, ge-
ography and government regulations are
responsible for this trend. Except for the
plants that are in open sea or on shore,
few coastal sites can support a large num-
ber of cages. Although there are a few sites
where production exceeds 1.000 tons, the
average annual production of industrial
farms is about 300 to 500 tons.

Salmon farming

As a result of the government's dis-
continuation of the strict regulations con-
cerning the size of the enterprises and
scattering of the capital ownership, the
industry has become more concentrated.
Almost half the Norwegian salmon pro-
duction coming from 700 farms is now
sold by four major Norwegian companies,
which are vertically integrated from egg
production to world-wide export. These
companies, which have invested in Scot-
land and Ireland, are Hydro Seafood
(40,000 tons in 1995), Stolt Sea Farm
(25,000 tons in 1995) . Leroy, and Royal
Norwegian Salmon. The Scottish com-
pany, Marine Harvest-McConnel (25,000
tons in 1995), which belongs to a multi-
national food industry based in the United
Kingdom, has reached the same level of
production as the Norwegian groups.
These groups have not diversified either

into freshwater farming, except for the
production of juveniles, or into the farm-
ing of other saltwater fish.

Seabass, seabream and turbot farming

Around 550 intensive seabass/
seabream farms were operating in 1996,
with an average production capacity of
100 tons per year. This figure actually
hides a range of production with numer-
ous small scale farms below 20 tons, a
small number of semi-industrial farms
around 250 tons and a limited number of
industrial farms over 500 tons. Only 60
enterprises have a hatchery to produce
their own fry and no enterprise has inte-
grated a processing activity. Countries
belonging to the European Union account
for 80 percent of the total production. In
the near future, given the number of fry
that has been produced in 1996 (240 mil-
lions units), an increase to 80,000 tons in
1998 is expected.

The main turbot hatchery is in France,
which supplies 80 percent of the current
European production. In 1996, there were
only 5 farms producing turbot in France
(800 tons), 1 farm in Portugal (150 tons)
and 12 farms in Spain (2,200 tons).

Most of the interest in seabass,
seabream and turbot farms is in South-
ern Europe; however, a limited num-
ber of farms still belong to salmon
groups. Fish farming companies oper-
ating in Greece are quite small in com-
parison to those of salmon producers.
The two largest among them, Nireus
and Selonda, produced less than 5,000
tons each in 1996. Currently, there is
little integration but an effort is under-
way to develop industrial groups by
gathering former independent produc-
tion units into a few industrial groups.

Environmental concern and the
development of marine fish

Most of the regulations applying to
marine finfish aquaculture are based on
regulations for freshwater aquaculture.
However, these regulations are not appro-
priate for marine aquaculture conditions,
where emissions are diluted more rapidly.
Effluents are difficult to measure because
they disappear rapidly. Because of the
lack of knowledge, the definition of
proper environmental protection and
monitoring is usually set on a case-by-
case basis in dialogue with research or-
ganizations. Such a procedure is very ex-
pensive and time consumine.

Salmon farming and environmental issues

The initial development of salmonid
farming in Norway occurred in sheltered
embayments with little regard for envi-
ronmental consequences. Enrichment of
the seabed ecosystem, and of the water
column, and resistance of sea-lice popu-
lations to pesticides were noted, but did
not lead to a reduction of the activity (5) .
Given the ability of the soils to regener-
ate, rotation of cages was advised. Later,
technological innovation allowed access
to more open waters with higher disper-
sion capacity. Despite this trend, the in-
dustry still reached its environmental lim-
its in many areas. Size limits, which were
previously expressed in surface area of
cages, will be established in the future
according to production volume because
area does not define a limit on environ-
mental impact. The new regulation is
based upon distance between farms, fish
density in cages and maximum food con-
version ration. Control of effluents and
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survey of the bottom are now compulsory.
Very low anthropic pressure on most

of the Norwegian coast is probably one
reason why aquaculture has developed to
its present stage. Nevertheless, even with-
out the constraints that arise from exter-
nal pollution and claims for other uses,
aquaculture development can be self-re-
strictive. In many fjords water exchange
with the open sea is low and aquaculture
tends to destroy its own environment and
the environment of wild salmon popula-
tions. In response to the need to limit the
farmed stocks in relation to the interests
of the industry and to claims from other
interest groups, the LENICA program was
established. This "nation-wide assessment
for the suitability of the Norwegian coast
and water courses for aquaculture" started
in 1987. Nevertheless, such an assessment
is based on the present dominant fanning
technology and the findings will have to
be revised if major technological changes
occur.

Regulation in Scotland has developed
on an empirical base, without a coherent
set of rules. The present system has been
in operation since 1989 and the key ob-
jective is to avoid long term degradation
of the ecosystem. An impact study is com-
pulsory only when a certain volume of
production or cage area is exceeded. The
values are established according to the
exchange rate of the water. For example,
in closed lochs where aquaculture waste,
feces and uneaten feed, may modify the
ecosystem significantly, impact assess-
ment is needed when a cage area exceeds
2,000 square meters whereas in the open
sea the limit is set at 12,000 square meters
or 500 tons. A study published in 1992 by
the Nature Conservancy Council con-
firmed that the impact of salmon farming
on water quality depends largely upon the
opening of the area to the sea. The River
Purification Boards (RPBs) are authorized
to monitor the effluents in coastal waters
up to 3 miles from the coast emitted by
aquaculture farms. if tests show a level of
waste higher than permitted, the farm may
loose its right to use public space and the
case may be brought to the couff 91 . The
regulation system is similar in Ireland.

Environmental issues in the Mecliteffanean

The major environmental conflict is
with the tourism industry, especially a key
issue along the Mediterranean coast,

where tourist pressure, at 33 percent of
world tourism, is heavy. The economic
importance of tourism makes it a strong
interest group that opposes, in many lo-
cations, the development of aquaculture.
The preservation of the marine landscape
is an argument used to refuse the issue of
licenses or to obtain their withdrawal.
Such conflicts are numerous. For ex-
ample, in France farming in floating cages
is often prevented or sometimes subject
to court proceedings to foreclosure.

At the present time, there is no evi-
dence of one aquaculture farm negatively
impacting another. A few cases of self-
pollution by degradation of the bottom
condition are recorded in Greece (6) . Yet
scientific controversy remains about the
impact of marine fish farming on the
Mediterranean environment. The scien-
tific information used was based on
salmonids, which behave differently from
the species reared in the Mediterranean.
Consequently, the regulations that were
established have a weak scientific base
and deal more with a precautionary prin-
ciple than with a rational approach.

In the decision to allow farming activ-
ity, the weight of environmental concerns
varies from one country to another. In
France, fish farms over 20 tons must per-
form an environmental impact assessment
as part of the application for an exploita-
tion permit. In Greece, an impact study is
always required and a minimum distance
from other farms must be kept. Other cri-
teria are set concerning the rearing den-
sity, the feed quality, the monitoring of
sea bottom and site rotation. But these
criteria are more suggestive than con-
trolled (1

 3) .

Marketing issues and technologi-

cal progress

Market targets and trade flows

The European market is the major out-
let for Norwegian salmon, 200,000 tons
of a total production of 300,000 tons in
1996. The French market alone accounts
for 20 percent of the Norwegian export.
Tariff agreements allow an especially low
duty on fresh Norwegian salmon when
entering the European Union, 2 percent
instead of 15 percent. Smoked salmon is
subjected to higher a duty, 13 percent, to
protect the EU processing industry. Aware
that the European market is limited and

highly competitive, the Norwegian, Scot-
tish and Irish salmon producers now tap
new markets in Asia, seeking new outlets
for their increasing production.

Seabass and seabream farming has
developed to supply the Italian market, a
traditional consumer of these species. In
1996, 57 percent of the Mediterranean
production was exported, mainly to Italy,
but some also to France and Germany. All
of the fish has been traded as raw whole
fish, between 300 and 500 g. Some pro-
ducers try to sell bigger, ungutted fish to
the northern markets. Hatcheries from
Italy, Spain and France sell around 20
percent of their production on foreign
markets. The fingerling trade primarily
supplies farms operating in Greece, Malta,
and Croatia. Given the cost of freight, it
is costly to export fingerlings from the
north to the south of the Mediterranean.
Therefore, the big industrial hatcheries in
France, Italy, and Spain seek ways to pro-
mote the quality of their fingerling pro-
duction, especially the disease-free aspect.

Evolution of the prices

For these species, aquaculture produc-
tion now greatly exceeds the fishermen's
catch. This rapid development has led to
declining prices. In 1996 salmon prices
on the French market were two times less
than those in 1988, and seabass prices on
the Italian market are three times less
(Table VI).

The market for salmon developed
while the consumption of fish has essen-
tially remained stable over the same pe-
riod in Europe. In France, salmon is the
most common fresh fish for household
consumption with a market share of 25
percent. Three factors explain this suc-
cess: the excellent world-wide image of
salmon, the availability of this species in
sizes from 1 to 7 kilos, and the variety of
presentation, whole or filleted, fresh,
smoked or frozen. ready-cooked. The
price of salmon is now a reference price
on the French market, so that the price of
most wild species follow the decrease of
the salmon price. The price of seabass and
seabream has fallen much more quickly
as a result of the increase in production
and in the absence of a diversification of
products. The connoisseur market for a
small and expensive fish is not as large as
the market for a reasonably priced big
fish, such as fillets, slices and other prepa-
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Table VI: Salmon and seabass/seabream production and price in Europe from 1988 to 1996'

Salmon 	 Production
Price

Bass/Bream Production
Price

	1988	 1989	 1990 	 1991 	 1992 	 1993 	 1994 	 1995 	 1996

	

100 	 130 	 185	 185 	 200	 260 	 300	 350	 410

	

8.9	 6.8	 6.3	 5.7	 6.0 	 5.2	 4.9 	 4.1	 3.7

	

3	 4	 6	 10	 16	 26	 32	 42	 57

	

22.6 	 22.6	 20.9	 17.4	 14.0	 8.8	 7.9	 7.8 	 7.8

Source : IFREMER, FAO (prices converted in 1996 currency)
Import prices for salmon in France and for seabass in Italy (prices in US$ per kilo - production in 1,000 tons)

rations of salmon. Consequently the price
has dropped when the level of production
has increased.

Evolution of production costs

Because of joint public/private re-
search in genetics, nutrition and pathol-
ogy. zootechnical management of salmon
farming has improved, permitting the pro-
fessional sector to reduce the costs of pro-
duction by more than 40 percent and to
overcome market crises resulting from the
rapid increase in supply. This improve-
ment is a result of an increase in yield per
egg and per juvenile, the reduced dura-
tion of the fresh water rearing cycle, the
larger size of smolts transferred to the sea,
the reduced duration of the marine cycle,
the higher culture density and the better
food conversion ratio. So, the average
production time at sea to produce salmons
till the weight of 4 kg decreased from 20
months in 1980 to 12 months in 1993. In
the meantime, the average slaughter
weight passed from 3 kg to 5 kg (7) . Nev-
ertheless, greater incidence of mortality
may be a consequence of high perfor-
mance and some insurance companies
now consider salmon farms more risky
than seabass farms.

In contrast, the productivity gains have
not been considered as important in
seabass farming; explanations for this
trend include the small size of the farms
and lack of genetic and nutritional im-
provements. The proportional breakdown
of production costs for seabass in differ-
ent European countries shows that feed
and labor accounts for 25 percent to 35
percent and 10 percent to 15 percent, re-
spectively. These data are important in
determining the success of a young aquae-
ultural activity. In salmon farming, for
instance, the cost of labor is less than 8
percent, while feed costs usually exceed
60 percent, a consequence of better

zootechnical management, food conver-
sion ratio (FCR), labor productivity, and
high rearing density. Little progress in
genetic improvement has been realized
with the Mediterranean species and the
food industry has not devoted the same
level of attention to seabass as to salmon.
Thanks to better husbandry practice, the
FCR for seabass farming has decreased
from 2.5 in 1988 to 2.0 in 1994. while
survival in cages has increased from
80percent to 95 percent. However, the
duration of the grow-out phase is com-
paratively long, between 14 to 24 months
to attain a weight of 350 to 500 g. The
profitability ratio that was very high in
the early phase of the activity, 40 percent
in 1988 for a French farm, has substan-
tially decreased to under 15 percent. Af-
ter consideration of risk and financial
planning, this level of profitability does
not seem very appealing for new inves-
tors, all the more as the payback is over 7
years because of the long rearing cycle.

Product diversification and quality

approach

Salmon producers have succeeded in
offering a wide range of products, whole
fish, fillets, steaks, smoked, and mari-
nated, to the European and world market,
a form of horizontal differentiation.
Moreover, by taking advantage of differ-
ent geographical origins and different
rearing conditions, a vertical differentia-
tion is being implemented and all consum-
ers, from mass market to connoisseur's
niche, are being reached. As a response
to the increasing competition within the
European seafood market, some produc-
ers have initiated a specific quality ap-
proach based on collective structures. In
response, several associations of salmon
farmers in Scandinavia, Scotland and Ire-
land have adopted rigorous specifications
concerning the production process. In

Scotland, this approach is signified by the
award of the French top-grade sign of
quality called "Label Rouge" and results
in a price premium to Scottish salmon on
the French market18 .

Presently, development of a similar
quality assurance/control operation for
seabass and seabream is difficult because
possibilities for differentiation of the
products are few. In Greece, Spain, Italy
(except in the valli) or France, all of the
fish are fed similar diets, come from the
same hatchery strains, and are reared ac-
cording to close marine practices, includ-
ing density, prophylactic use, and han-
dling conditions. Competition is intense,
and especially focused on price. To en-
sure a large-scale development of Medi-
terranean aquaculture, diversification of
cultured species is another approach. Two
approaches toward diversification have
been attempted in the Mediterranean area,
one involving rapid growth, medium
priced fish, Thunnus tynnus, Coryphaena
hippurus, Seriola dumerilli, and Poly-prion
arnericanus, the other, slower growth,
higher priced fish, Pagrus pagrus, Dentex
dentex, Puntazzo puntazzo, Diplodus
sargus, and Epinephelus sp. In the first case,
new outlets should be considered while
inn the second case, the orientation should
be toward competition within the same
connoisseur market to provide larger mar-
ket shares for the pioneer firms.

The quality of seafood is not defined
and recognized easily because personal
interests of producers, wholesalers, retail-
ers, and consumers often conflict. Agree-
ment among parties involved along the
production chain, from the equipment and
input suppliers to the final consumer, in-
cluding the administrators is a necessary
social process. For the consumers, the
fishery products usually have a very posi-
tive image because they are regarded as
healthy. Aquaculture products also di-
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rectly benefit from this positive image
because most of the time, consumers have
no way of discriminating the origin,
farmed or wild. Nevertheless, given the
experience with poultry or veal, produc-
ers must be aware of the low regard of
some consumers for intensive rearing.

To a larger extent, the technological
advances obtained so far, particularly in
the field of larval rearing, have potential
to be transferred to other kinds of aquac-
ulture such as ornamental fish culture.

Conclusion

A parallel analysis of marine fish farm-
ing development in northern and south-
ern Europe shows common trends and
specific constraints. In both cases, gov-
ernments have dedicated a large amount
of funding for biological research and
strong incentive policies to help invest-
ment. Despite public willingness, results
are not the same for all species. Availabil-
ity of natural sheltered areas, less conflict
with urbanization and tourism, and inex-
pensive fishmeal as a feed ingredient and
energy are factors that contribute to the
success of salmon farming. Other institu-
tional and organizational factors must be
recognized. Efficient cooperation be-
tween the government and the private sec-
tor in the financing and the management
of Norwegian research in salmon farm-
ing is an example. Scientific information,
especially genetics, nutrition, and metabo-
lism, are more advanced for salmon than
for other species and is beginning for pro-
ductivity gains and easier product differ-
entiation. The producer's ability to mar-
ket has also played a positive role in the
development of Norwegian salmon farm-
ing. However, the issues of control of pro-
duction and the adaptation by producers
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to specific quality requirements of differ-
ent end users have not been totally solved.

Aquaculture production in the EU was
organized poorly and efforts to change
these conditions are being made. For ex-
ample, the Federation of European Aquac-
ulture Producers (FEAP) has received
European funds to establish a network for
the collection of marketing information.
This project, which is aimed at updating
prices and volumes marketed every two
weeks, has been initiated by the Federa-
tion of Greek Mariculturers with the par-
ticipation of the Scottish Salmon Grow-
ers Association, the British Trout Asso-
ciation and the Association of Italian Fish
Farmers'. This first step toward aquacul-
ture planning based on market require-
ments is necessary because aquaculture
competes with all the activities that pro-
duce animal protein. From the consumer
point of view, substitutions between meat
and fish are acceptable. Therefore aquac-
ulture products are compared with other
products in price and quality and must be
competitive.

Following the Norwegian case, special
attention must be paid to environmental
regulation in Europe. Regulations that
apply specifically to aquaculture in Eu-
rope, deal mainly with aquaculture as a
source of pollution. Marine fish farming
also needs to maintain good environmen-
tal quality because self-pollution is the
main issue of concern. Responsible par-
ticipatory management, where user
groups, such as aquaculturists, are in-
volved and supported by public author-
ity, is necessary for the aquaculture in-
dustry to have its environmental needs
recognized legally. Moreover, environ-
mental concern continues to increase
among European consumers who will
soon call for environmentally sound
aquaculture products. Good information,
observance of guidelines in the produc-
tion process, coordination among produc-
ers and cooperation with public authori-
ties will be required to prevent consum-
ers from turning away from farmed fish.
Fish farming development can he realized
under various forms, according to both the
socio-cultural context of each country and
the biological specificity of each species.
Aquaculture planning and production
must be flexible enough to evolve with
the activity, as achieved in Norway, where
a vertically integrated industrial organi-

zation has succeeded an organization of
small scale producers in a state regulated
context.
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