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Abstract. The paper covers research findings on mussel farming and the analysis
of current situation in mussel farming in the Baltic Sea. The mussel farming has
a development potential in the Baltic Sea region. Some developers have chosen
progressive activities to achieve the aim. For example, in Sweden the
development of mussel farming is suggested as one of the instruments for
reducing eutrophication. Several countries in the Baltic Sea region are in the
beginning phase of the mariculture development. The following research
methods were used in the research: studies of scientific publications, case studies
and document studies on some important factors impeding the development of
mussel farming in the Baltic Sea.
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INTRODUCTION

Blue mussel shells have been found in kitchen middens dated as far back as
6000 years ago. Until the 19th century, in most European countries blue mussels
were harvested from wild beds for food, fish bait and fertilizer (Goulletquer, 2014).

Latin name of blue mussel is Mytilus edulis. This species occupies the North
Atlantic and the North Pacific coasts, and lives also in the Baltic Sea. The size of
mussels varies up to 10 cm, the largest specimens may reach up to 20 cm (Tyler-
Walters & Seed, 2006).

Mussel cultivation in the Baltic Sea is not widespread. The locals focus on using
mussels for human consumption, whereas in the last few years the first small-scale
pilot plants have been established for the abatement of eutrophication in other areas
of the Baltic Sea. The knowledge about the impacts of mussel farming on the
ecosystem of the Baltic Sea and the influences on socio-economy is limited,;
experience from other mussel farming areas in northern Europe might be partly
used. A lot of academic research has been performed and scientific publications
developed world-wide on best approaches in mussel farming and on marketing
tools; different aspects are analysed and discussed. Deep analysis of perceived
opportunities and pursued strategies in an emerging industry has been done in the
case of Norwegian Blue Mussel farming (Ottesen & Grenhaug, 2004). Analysis of
mussel farmers' perceived risks and development and application of risk
management strategies in the emerging mussel aquaculture industry in Denmark
was performed and published by researchers Ahsan and Roth (2010). The results of
extensive socio-economic analysis and aspects of stakeholder involvement in
mussel-farming in the Gulf of Trieste are published in scientific paper and discussed
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in academic environment (Canu & Solidoro, 2014). Aspects of production and
consumption of oysters and mussels in France are analysed within the European
market paying special attention to the realisation of produced oysters and mussels
(Girard & Mariojouls, 2003). Results of academic investigations on history,
experience and findings of production and marketing trends of the cultured
Mediterranean mussel in Greece are discussed in scientific publications by
Theodorou et al. (2011).

In the Eastern Baltic Sea countries there are many small fishermen but almost
none is related to the business of blue mussels. In the Western Baltic Sea mussel
farmers have had business for a longer period of time but some of them are
newcomers. Blue mussel processing as a business is in a pilot-project phase and it
is a challenge for local fishermen.

1. PLACE OF FISH FARMING AND MUSSEL FARMING IN ECONOMY

Agriculture has significant influence on people's life and is responsible for food
provision in the world. Today a number of people are still suffering from hunger
(Food and Agriculture organization of the United Nations, 2011). Due to this reason
the importance of agriculture increases.

According to the information from the Food and Agriculture organization of
the United Nations (FAO), in developing countries the livelihood of over 500
million people directly or indirectly depends on fisheries and aquaculture. Due to
several reasons, such as the willingness to increase one's own welfare, the
overfishing increases and fish stocks are decreasing (FAO, 2012).

Notwithstanding the agriculture sector does not include such areas as fishery
and forestry, these sectors are highly important in overall food providing industries.

Gross domestic product (GDP) is the market value of all officially recognized
final goods and services produced within a country in a given period (Wierzbicki et
al., 2016).

To examine the increase of volume the gross domestic product (GDP) and
fishery sectors were analysed.
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Fig. 1. World GDP from 1984—2015 and fishery trade and production from
1984—2013), (Developed by author; World Bank (GDP) data, 2016;
FAO data, 2017).
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Analyses of the world GDP and fishery shows that the tendency of growth is
relatively very similar. From 2003 to 2009, the amount of both positions increased
by 10 % per year which was a sharp increase. In 2009, GDP decreased by 5 % and
in 2015 by 6 %.

Fisheries production and trade increased by 8 % every year. In 2009, fishery
decreased by 7 %. The increase of fisheries trade and production has been faster
than 1 % of GDP within last 5 years.
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Fig. 2. Global fishery production, 1961—-2014. (Developed by author;
FAO data, 2017).

Figure 2 includes the volume indices of use of fishery for commercial,
industrial, recreational and subsistence needs. The harvest from mariculture,
aquaculture and other kinds of fish farming is also included.

During the last 60 years fishery production has increased multiple times. The
tendency of fishery increase has a linear input.

In these 60 years, the average annual increase of fisheries capture production
reached 3.8 %, but in last 10 years the average annual increase was comparatively
lower — 2.2 % per year.

During the last 20 years the amount of capture remained at the same level, but
overall it increased by 5 times. The highest increase within these 20 years was in
1994 — by 6 %, in 1999 — by 7 %, and in 2004 and 2011 by 5 %. The decrease was
in 1998 — by 8%, in 2001, 2003, 2006 and 2012 — by 3 %, and in 2010 — by 1 %.

During the last 20 years the amount of aquaculture had increased by 7 % yearly.

In 1992, 1993 and 1994, the amount of aquaculture had increased by 15 % per
year, while in next periods the growth rate of aquaculture was lower.

In 2000, average consumption of fish food was 15.8 kg per capita per year, and
in 2011 it reached 18.9 kg per capita per year.
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During the last 10 years the consumption of fish and seafood yearly increased
by 2 % and this increase has a linear tendency.

The increase of the volume (in tons) of global fishery production was smaller
than the increase in euros. In order to analyse the volume of production of blue
mussel, the overall volume of mussel production will be analysed.
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Fig. 3. Fishery and mussel production in the world in 1950-2014 (Developed by
author; FAO data, 2017).

The production volume of fishery and mussels has increased progressively
since the beginning of 90s. But the production volume of blue mussels has not
significantly increased and the decrease tendency of the production volume has
been observed every 2—-3 years up to 2006.

In the last 10 years the total volume of blue mussel production decreased by
3.5 % per year, while the volume of mussel production increases by 1 % per year.

If the tendency repeats, it is possible to forecast the decline of mussel
production. More notable decline of the blue mussel production repeats every 15
years, the last one was observed in 2006 and also in 2008.

In the last 3 years the amount of blue mussels decreased. One of the factors
influencing the volumes was storms.
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Fig. 4. Fishing of blue mussel in the world in 1950-2014 in tons (Developed by
author; FAQ data, 2017).

During the last 60 years the structure of main players has changed several times.
In the 1950s the main players in the sector were in the Netherlands, but in the 2000s
they were in France and Denmark. In 2014, blue mussel fishing took place mainly
in Denmark, France, the Netherlands, Canada, the UK and Ireland.

Within the last 3 years, Denmark lost its leading position and has remained only
in the 3rd place. In 2010, the Danes farmed blue mussel more than 3.5 times less
than in 2000 (in numbers —110 618 tons).

2. RESTRICTING FACTORS IN LATVIA

2.1. Research Output

The research on mussels has been carried out in several projects (see Table 1).

The research has not been carried out in BONUS and within the 7th Framework
Programme (CORDIS, 2016).

The estimated costs of the research on mussel farming constitute 200 thousand
euros.

Though there has been historical experience in pearl fishing in the 18th century
in Latvia (Rudzite & Rudzitis, 2007) it cannot be compared with mussel farming.

To create a pilot mussel farm in the Baltic Sea or in the Gulf of Riga and to
carry out research, Latvian Institute of Aquatic Ecology has made provisional
calculations; the amount of potential investment estimates approximately 100-500
thousand euros.
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Table 1. Research Projects on Mussel Farming in Latvia until 2015

Amount of
Amount of . . ount o
. X Project partner in funding per
Project Program funding, -
Latvia partner

thousand euro
thousand euro

SUBMARINER The Baltic 3581 Environmental 120
(Baltic Sea Program,|Sea Region Development Association
2013) Ministry of 156
Environmental Protection
and Regional
Development
AQUABEST (Baltic|The Baltic 3745 Institute of Food Safety, 36
Sea Program, 2013) |Sea Region Animal Health and
Environment — "BIOR"
Baltic EcoMussel  |The Central 723 Latvian Environmental 104
(Central Baltic Baltic Investment Fund

INTERREG IV A |Program

Programme, 2013) Kurzeme planning region 83

Mussel farm potential can be determined by establishing a proper pilot project
in the Baltic Sea or in the Gulf of Riga and it should be carried out in 24 months.

During the study, it is important to involve competent industry specialists from
foreign countries, such as Denmark, Canada, France, and the Netherlands etc.

After successful implementation of the project, it will be possible to define the
possibilities of industry development.

During the research it is important to assess not only biological, environmental
and technical aspects but also to analyse the available information based on
economic and financial aspects.

For a long time Sweden has participated as a partner in mussel farming projects.
The studies carried out on mussel farming in total amount to more than 20 million
euros, part of the amount covers other industries, like algae, etc.

2.2. Legislation

In Latvia it is necessary to amend the existing legislation to start business in the
Baltic Sea (Lancmane, 2013). There is legal basis for economic activities in
aquaculture in inland water but mariculture is generally regulated.

It is suggested to introduce a licensing process for potential farming developers.
There are different opinions of different institutions about the permissions to be
obtained by the potential farming developers.

While evaluating the terminology, it was stated that mussel farming and
harvesting can be interpreted differently, e.g. mussel is a wild or aquaculture animal
(Lancmane, 2013). There are different viewpoints regarding the use of the end
product of farming — mussel.
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Mussel farming reduces eutrophication in water (Lindahl et al., 2005; Gren,
Lindahl & Lindgvist, 2009; Stadmark & Conley, 2011). This factor might be a cause
for future pollution quotas of allocation to the countries considered. Thus, it is
important to understand Latvia’s starting position and the instruments, which might
help to reduce the pollution in the Baltic Sea, as well as the factors, which could
prevent pollution.

2.3. Outlets and End-user Market

Before starting a business it is important to identify the end-user market,
technologies used in farming and harvesting, and prices. Generally these factors
affect the amount and production costs of the farming.

Seafood market recognizes the relative short term production shortage or excess
by increasing the price when there is shortage and decreasing it during
overproduction (Rodriguez, Villasante & Garcia-Negro, 2011).

The opportunities in expansion of new market and sales, e.g. selling mussels
for biotech companies, may increase mussel production volumes, as well as change
the market price. New market can occur if the authorities promote research projects
to discover new possibilities.

Sometimes, based on current legislation, the industry might not develop
because there are restrictions to the distribution of product in the country of interest.
Thus, it is important to determine markets and to evaluate current legislation to
avoid restrictions.

2.4. Tourism and Leisure Activities

Mutual cooperation and understanding is an essential component among the
various sectors.

Notwithstanding the appearance of a farm might be unpleasant to tourist's eye,
the mussel farm makes the environment cleaner. To promote the public awareness
of the new sector, public information activities should be organised, thus decreasing
the public scepticism and doubt. At the same time, as stated by some fishermen and
mussel farmers, sometimes tourists can be pro-active and they make their own
check to look what there is in the nets, ropes. However, their actions are not always
good and sometimes it may cause damage to farms, for example, they become
entangled in ropes and nets, regardless the fact that the place is marked by buoys,
or they may use sharp objects and cut nets.

2.5. Methods of Growing

National authorities are allowed and may control the method used for mussel
farming, e.g. dredging method is not allowed in some countries. This method is
cost-effective if compared to other methods, however, in harvesting process it is
possible to exhaust the whole mussel bed, thereby potentially reducing the amount
of mussels in the Baltic Sea. At the same time, in Denmark (International Council
for the Exploration of the Sea, 2009; Madina, 2014), this method is not prohibited,
and a number of companies obtained mussel by dredging from the seabed. These
companies have also been certified by the Marine Stewardship Council.
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2.6. Local Employment

In order to develop and enhance regional competitiveness and income levels,
mussel farming can act as additional source of income for coastal living.

By exploiting mariculture it is possible to develop the production and
processing at a regional level, thus mussel farming can increase the number of jobs
and tax revenue contribution in the region, as well as the income from tourism in
seaside areas.

In order to reduce costs, it can be combined with other scopes of mariculture,
although this aspect has not been sufficiently researched and requires further
evaluation.

2.7. Environmental Aspect

Mussel is one of the basic species, which provides ecosystem services.
Increasing of their number in the Baltic Sea will decrease nitrogen and phosphorus
concentrations (Lindahl, 2012) with a condition that new pollution will not get into
the sea.

2.8. Innovation

Since mussels are mainly sold for human consumption purposes and food
production has a small-scale realisation, the sector's potential has not been fully
realised. Promoting scientific research may result in new end-user markets.

3. PROGNOSIS OF VOLUME OF MUSSELS

Based on the historical data, the prognosis of mussel fishery was set using
probabilistic projection methods.
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Fig. 5. Prognosis of volume of mussels, 1950-2040 (FAO data, 2017;
prognosis by the author).
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The volumes of captured mussels were set according to the level of volumes in
2010 and corrected taking into consideration the data in 2011-2014, the increase of
0.01 % per year is foreseen, but the fishery volume of aquaculture mussels should
increase as follows:

- Fishery of other mussels will increase by 1-3 % per year;
- Fishery volume of blue mussels will increase by 0.5-1.5 % per year.

CONCLUSION

Global fishery production (in tons) had increased by 7 % yearly during the last
20 years.

The consumption of fish food is continuously increasing. Within the last 10
years the consumption of fish and seafood increased by 2 % per year and the
increase has a linear tendency. One of the reasons is the growth of population
(World Bank, 2016).

Fishery volume of aquaculture mussels is going to increase by 1-3 % per year
in the world.

Participation in research projects might encourage industry development. The
demand for mussels depends on price, habits of people, costs to fulfil the
requirements of governmental institutions, logistics and marketing activities.

Mussel farming industry is new in the Baltic Sea countries, and due to this
reason new terminology needs to be developed.

In Latvia there is a lack of precise specific legal regulations for mariculture
activities. This factor is a serious obstacle for potential stakeholders to start mussel
farming business.

Mussel farming industry has a potential to develop in case the end-user market
develops. Mussel farming might be combined with other scopes of mariculture to
reduce costs and it might increase regional development.

Advanced marketing activities could be useful to promote mussels from the
Baltic Sea.
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