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Introduction

As Fart of a program for conservation and man,a%ement Sweden has traditionally
cultivated fish and other aquatic organisms, Fish such as salmon have '0-”? been
cultivated for stocking in our rivers as smolt (fingerlings). The commercial culti-
vation of fish for direct human consumption has an even older history. This pro-
duction has, however, not been of any significance for the national food supply.

Since the_nineteenth century rainbow trout, tench, carE, and other species have
been cultivated on a small scale. From the early 1970%, however, the extent of
commercial production has rapidly increased through the introduction of net pens
for cultivation of rainbow trout, and the line cultivation of blue mussels.

A survey made in 1981 revealed that not less than fifteen species of fish and two
hybrid Species are cultivated either to enhance natural populations or to be used
for direct human consumption.

Rainbow trout, for example, was used in 125 separate operations in 1981, In addi-
tion to fish, hlue mussels and crayfish are also cultivated. Blue mussels are produ-
ced in gr?ater volume than crayfish but the latter are presumably of greater eco-
nomic Value.

Stockholm, April 1983,



Establishment of an
Or%anlzatlon_ or
AqUaculture In Sweden

In 1979 the Commission for Research on Natural Resources within the Swedish
Council for Planning and Coordination of Research appointed a study group to
survey the problem areas in the field of aquaculture. A report was published on
aquaculture in Sweden and in other lands. The purpose of the report was to briefly
describe and summarize the biological, economic and technical problem areas. At
the end of the same year, the National Marine Resources Commission and the
Commission for Research on Natural Resources, decided to follow up the report
with an in-depth study. A steering committee was appointed and equipped with a
small office, a full time salaried president and a part time assistant, The commit-
tee is composed of representatives from the above mentioned bodies, as well as
from private fishing organizations, Swedish universities, the Institute of Fresh-
water Research, private industry and the county governments.

The Steering Committee and its eight working groups published their results in
1982. The subject of aquaculture is elucidated in many ways. The production of
food on land and in the water as well as the international develogmen_t of aquacul-
Eure are described as a background in the final report from the Steering Commit-
ee.

This booklet is a collection of the summaries from the various reports made by the
Steering Committee and its working groups.
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Figure 1. The Swedish Steering Committe on Aquaculture and its working groups.



IF;]r%s\ﬁgatesnfor Aquaculture

Fio 1 Steanng Covaes

For two years, 1981-82, the

Steering Committee on agua-

culture “and its eight working

g_rqups have analysed the possi-

ility of building up an aquacul-

_ ture” industry in Sweden. This

reﬁ_ort summarizes the background, analyses and proposals of the different Ero_ups

which briefly can be divided into “four main areas: economy/marketing,
administration/organization, research and education.

The whole project comprises in total nine published reports which deal with legis-
lation, environmental effects, economy and marketing, diseases, hreeding, crusta-
cean culture, culture techniques, education and research. The culture techniques
report includes a chapter on the cultivation of mussels. Nutrition and the culfiva-
tion of algae are also _bnefl¥ dealt with in this report. Two new working groups
will cover the cultivation of mussels and algae.

The importance of fish and shellfish cultivation for the production of food for the
\I/vo[jld |sd d_|scus%ed against the hackground of the present production of food on
and and in water.

Globally, aguaculture yielded in total about 10 million tons of fish, shellfish and
algae in 1961 or about 13% of the total yield from all seas and lakes. In 1970 this
figure was only 7%. This shows clearlgy at aquaculture is developing verY rapid-
l%’ and FAQ predicts a production of 30 million tons by the turn of thé cen urx. Of
the total yield in 1980, 84% came from Asia and 13% from Europe. Although the
present production from North America is o_nlz 1.6 % of that of the world, the ab-
solute figure will probably increase very quickly.

About 50,000 tons of fish and shellfish are cultivated yearly in Scandinavia. The
greater part of this is made up of rainbow trout and salmon In cultivation for con-
sumption. Sweden cultivates only about 2 000 tons of rainbow trout and just
under 1000 tons of blue mussels.

About 10 species of fish are cultivated under the auspices of fisheries conservati-
on in Sweden. The commercial fishery mainly favours the 8romotlon of salmon
trout and eel. Other species such as ranbow’ trout, trout, brook trout, char and



grayling are important to sport fishing. Thanks to the man¥ compensatory. culti-
vations of salmon there is a relatively large salmon population in the Baltic.

The rapid development of aquaculture in the industrialized areas of the, world can
be_explained by, amon? other things, a stagnating sea fishery, mcreasm? energK
prices, increased pollution of seas and lakes, the market demand for certain fis

species plus the realisation of the value of fish and shellfish as nourishing food.

Apart from the cultivation of fish for consumption, fish are also cultivated for
hait, aquaria, biological control methods and research. Mussels are cultivated for
the production of pearls, and algae for the production of chemicals for amongst
others the food industry, for conversion to energy or for the treatment of sewage.

Figure 2. F_armin% In net cages is now the most common method for the production of rain-
how trout in Sweden,
Photo: Flans Ackefors

Culture techniques are developing along low-energy cultivation lines where the
nutrients are recycled. Aquaculture —agriculture"and aquaculture — industry
will become more and more integrated so that warm water effluents and other
waste products can be utilized for the production of fish food. The Chinese poly-
cultures, where fish food is produced with the aid of a(I;rlcuIturaI and community
wastes provide models for a new way of thinking for the Western world.

All use of land and water for agriculture, industry, soc_|et¥_etc. has an effect on the
environment. This is also true of aquaculture. In cultivation the surrounding wa-
ter is loaded with phosphorus from, feed and excretion, products. Through approp-
riate localization and culture technl_(iues and an optimization of the production le-
vel, the phosphorus load can be limited. Waste from cultivation must be seenin a
larger context. The production of 4 000 tons of cultivated fish in the Baltic proper
would result in an increase of only 0.24% of phosphorus and 0.04% of nitrogen in
comparison with what is now refeased into the Baltic from the urban comimuni-
ties, industry and atmospheric deposits.



The incentives for a Swedish aquaculture industry are manifold. Roughly 9% of
Sweden’s surface is covered by water and the coastline is more than 7000 km
long. The quality of the water is ?ood_ in most cases. The accumulation of toxic
substances can be restricted in cultivation by the use of suitable fodder. The large
import of fish products can be cut down. Sveden imports more fish and fish Pro-
ducts per capita than any ather country in the world today. In 1980 the budgetary
balance showed a deficit of 1.1 billion Swedish crowns and in 1981 the deficit was
670 mt|_ll|(in crowns. This represented 11% and 37% of the total trade deficit
respectively.

Figure 3. The cultivation of blue mussels with the long-line method is now quite common on
the Swedish west coast.
Photo: Hans Ackefors

The Steering Committee envisages the cultivation of 9 000 tons of fish, 1200
tons of crustaceans and. 15,000 tons of mussels by 1990. This represents an imme-
diate value of 343 million Swedish crowns which is the same as 66—80% of the
values of commercial catches in the fisheries for the years 1979—1981.

The effect on the labour market of a Swedish aquaculture industry can be expec-
ted to be quite large. The anticipated volume of cultivated products in 1990 could
well provide up to"2200 jobs and by the year 2000, 6400 people could be employed
directly or indirectly in"aquaculture.

Fish and crustaceans as a food source are becoming more and more usual. Econo-
mically they are cheaper to produce than meat. From the aspect of health they are
perhaps even more important. The risks of heart and gflandular diseases can be
decreased. The importance of aquaculture for the sport Tishery is also increasing.



The Steering Committee’s ﬁropos_als for the founding of a Swedish aquaculture in-
dustry include amongst other things Ogwd_elm_es for production, proposals for the
combination of marketing, sales and distribution of cultivated products, for trade
nolicy pracedures, regional and fishery policies as well as administrative and arga-
nizational measures. In addition, the"committee has put forward proposals for a
multidisciplinary research institute for aquaculture and the educational structure
which should be aimed at for the building up of aquaculture in Sweden.

The Steering Committee recommends that the production of salmon, trout, other
salmon species, eel and freshwater crayfish should be sited in selected waters and
combined with conservation measures. For extensive and intensive cultivation
different species are recommended for freshwater, the Baltic Sea and the West
coast. Special recommendations and proposals for intensive production using
waste heat are given.

The extensive production should preliminarily include salmon, sea-trout, eel, river
crayfish and signal crayfish. Intensive production in natural waters is most suited
to farge rainbow trout; salmon and char. Intensive cultivation with suPpIeme_nta-
ry heat is best suited to eel and turhot. All recommendations are made taking into
account the economy/market and physical conditions.

The Steering Committee proposes the foundation of a new organization with the
workmq name "Swedish Fish Company” with a central marketing function with
regard to both naturally caught as well as cultivated products.” This company
should embrace many functions in order tg support the Industry with help in es-
tettbhshment, product development, marketing, export and import, legal questions
etc.

Trade questions re?ardmg customs and excise and import duties are dealt with as
are fishery Pohcy. nvestment in aquaculture should be assisted with the help of a
new tyPe of loan, specifically designated for aguaculture, and by the changing of
present rules for the founding of Companies. Total investment requirements are
estimated at 48 million crowns per year for the period 1983—1987.

The Steering Committee proposes various administrative and organizational mea-
sures. Proceedings for the granting of permits for s_ettm? up aquaculture opera-
tions ought to be simplified: Water planning should in certain cases be carried out
attthe county and community level. Breeding and quarantine stations ought to be
set up.

The organization for the diagnosis and prevention of fish disease should be
strengthened centrally and regional advisory services should be instituted.

An a(iu_acu_lture committee should be set up to temporarily guide the development
of cultivation. This committee should be linked with an international reference
group, a research group, a grouP for applied aquaculture and a group representing
commercial interest in aguaculture,



Research will be of great importance in the development of aquaculture. The Stee-
ring Committee Eroposes the founding of a multi-disciplinary institution. The in-
stitution should be centrally situated and attached to a university. Research will
take place at regional field Stations or institutions. In total, it is proposed that 15
research groups in biology, techniques and economy be set up.

Education.in aguaculture at different levels from high school to research trainin

at university is proposed. Cultivators, advisors and researchers are those primari-
ly in need of training, but administrative education should also be instituted.



Aquaculture and Economy

In_the future, fish products
willconstitute anincreasingl
large share of the food con-
sumption in many countries.
Warm blooded animals such
as pigs and broiler hens have
_ _ , a lower rate of protein con-
version than fish, and therefore it has become more expensive to produce meat
products, The growing public interest in nutritional issues has also led to greater
Interest in eating fish and shellfish. In addition, reduced food subsidies in Sweden
will be advantageous in promoting the consumption of fish.

Our country has good prerequisites for a(iu_acu_lture. No less than 9% of the land
surface is covered by lakes, and the coastling is more than 7000 km long. How-
ever, the environments which are characteristic for the different parts of Sweden
must be taken into account. The report evaluates the cultivation conditions for va-
rious salmonids, eel, turbot, carp, mussels and freshwater crayfish with regard to
the environment, cost estimates, and market analyses for both domestic and for-
eign markets, In addition, the importance of maring algae for industries con-
cerned with foodstuffs, colourings, medicine and textiles s discussed.

Despite geographical problems, the distribution of everyday commodities in Swe-
den'is more rational and effective than in most other countries. A very str_on? 000-
perative organization for farmers produces and distributes its own agricultural
products throughout the entire country, and to all sorts of consumers. Nearly all
of the remaining commodities are distributed by the three large %[osmst firms KF,
ICA and DAGAB. However, this does not apply to fresh fish, which due to its pe-
rishability, requires special, expensive arrangéments,

In Sweden there is still a separate distribution network for fresh fish, which
works on a strong local basis. At present, this system is poorly adapted to the
klgdstof dlS'[(ijbU'[IOﬂ, product development and marketing that the modern food
industry needs.

The Swedish fishing industry is.mainly geared towards the harvest, distribution
and sale of unprocessed, fresh fish. However, Swedish consumers have begun to
demand highly processed products, which as a result are mainly imported.

The disparity between the yield of the fishing industry and consumer demands
has led to a_mgm_ﬁgant imbalance hetween exports and'imports of fish products.
In 1979, this deficit amounted to 861 million crowns, which was more than the
total Swedish_budget deficit of 779 million crowns, By 1980, the deficit in fish
products had increased to 1,128 million crowns. Unless measures are taken, this
negative trend will continue.



Unfortunately, Swedish fisheries and aguaculture have to overcome some major
trade problers of a political nature. Sweden must pay customs duty when expor-
ting goods to EEC countries, while her competitors on the Swedish market do'not
have to pay equivalent duties.

Figure 4. Sweden exports, above all, unprocessed fish of low commercial value but imports
consist of processed fish, mussels and crustaceans of high commercial value.

At present, 80% of the deep frozen cod which is consumed in Sweden is imported
from either Norway or Denmark. No less than 95% of the salmon is imported.

The employment potential of Swedish aguaculture may be considerable, especially
in sparsely populated areas where there are few jobs. Fishermen who can no lon-
(rler support themselves by fishing alone, or other qualified persons, may be able to
Ind part-time or full-time employment in this field. It is calculated that a total of
about 2000 persons will be directly or indirectly employed in intensive cultivation
by 1990. Moreover, employment viill e provided by cultivations producing fry for
fisheries management or for the cultivation of food fish.

The workm? group for "Marketing and Economics” has devoted a large amount of
time to ana Xsmg the distribution network for fresh fish in Sweden. Regrettably,
this system Ras not been rationalized as has the rest of the food trade. This has re-
sulted in poorer marketing practices, longer distribution routes, a larger number
of intermediate steps, and consequently a greater rise in price from the producer
(the fisherman) to the consumer than for other food products. A more rational
distribution system must be introduced and coordinated with, for instance, new
methods for maintaining the quality of fresh fish. If Swedish fish marketing
bodies are not able to accept new ideas concerned with packaging fresh fish, main-
taining its quaht¥ etc., both Swedish fisheries and aquaculture may be hit hard,
which will lso atfect the Swedish economy in the long term.



Consequently, the fisheries sector must be restructured. The foIIowing report at-

tempts to illustrate the necessity of such a measure. It indicates a num

er of alter-

natives which can and should be developed, as well as several ways in which fishe-
ries and aquaculture should be seen in'the same context.

The group has made the following proposals;

A strengthening and restructuring of the present marketing organization of
the fisheries sector.

+ Aréévaluation of the possibilities of political intervention conceming trade

agreements.

Political measures to aid fisheries in the form of a special aquaculture loan
(comparable to fishery-loans).

The renewal and supplementation of existing forms of support (rural support
schemes, operating credit, loans for product development, and regional politi-
cal supporti)to achieve a more suitable adaptation to the structure and needs of
the aquaculture industry.

The development of suitable insurance schemes.



Aquaculture and Pathology

The field of fish cultivation in Sweden underwent
a phase_of development and structural transfor-
mation in the 1950% and 1960°s. The cultivation
_ ~of rainbow trout changed from bemgat_ephm ue
which farmed sparse populations of fish to one adapted to high fish densities. The
hydroelectric industry built comEensator cultivation operafions in order to farm
salmon smolt in troughs and tanks. The transport and import of live fish became
more common. All of these developments increased the risks of spreading and in-
troducing serious contagious diseases. Same diseases_resulted in severe losses.
Therefore, at the beginning of the 1950%, a state-orﬁ_amzed program was initiated
to combat fish diseases. The immediate reason for this effort was the introduction
of the disease furunculosis to Sweden with an import of fish material. Oﬁeratlons
to combat fish diseases were thereafter organized in the form of a health control
service run by fish patholo%nsts_ at the Swedish State Veterinary Institute (SVA)
and the Salmon Research Tnstitute (LFI), whose main task was to prevent the
spread of serious contagious diseases to and within the country.

During the 1970%, the farming of food fish, with the heIP of a new techmgue, net
en cultivation, increased further, as did other forms of aquaculture in Sweden.
his has lead to significant changes in the disease situation and created an even

greater need for a new, enlarged organization for the combat of diseases.

The following contagious diseases either occur in Swedish fish farms or risk bem(i
introduced with imported material: the virus diseases IPN and VHS; the bacteria
diseases furunculosis, vibriosis and contagious dermatitis; the parasitic diseases
white spot disease and whirling disease; various skin and gill é)_arasnes such aspa-
rasitic nephritis, eye fluke and the salmon louse; as well as diseases of uncertain
origin, such as UDN. In the case of invertebrates, special mentign should be made
of Crayfish disease. In addition, there are ailments caused by dietary deficiencies
and mietabolic disorders, and diseases caused by a combinafion of factors.

Due to the present rate of expansion within the aquaculture sector, and taking
into consideration future developments, e.g. new techniques, it is likely that the
disease situation will be continually changing. Large demands will be placed on
health care, diagnostic methods and the combat of diseases. It is necessary. to car-
ry out research into diseases caused by viruses, hacteria, fungi and parasites, as
viell as those of nutritional origin in grder to Pam more knowledge about them.
This research should be carried out in direct contact with industry and with
health consultants engaged in field work.

The financial consequences of these diseases are guite considerable, and the avera-
ge losses in Skandinavia are on average 10 to 20% of the production value. There



are two main ap]groaches to_combatting the diseases; preventive measures and
acute measures. The former include preventing the spread of disease, increasing
the resistance of the animals, |mprqvm|g the cultivation environment and impro-
ving the nutritional status of the animals. In the case of an acute outbreak of dige-
ase, internal and external chemotherapeutic methods are used, and in case of in-
fe(;noT under the epizootic layer (IPN, VHS), it may be necessary to slaughter the
animals.

At present, the health control service, originally suited to the needs of compensa-
tory cultivation, is completely inadequate. A new orgiamzatmn for combattm% di-
seases must be dimensioned and ditferentiated so that there can be a gradual
adaptation to a growing volume of production and increased specialization within
the aquaculture sector.

Below is a proposal for the future organization of operations to combat diseases:

Organization
The organization should be responsible for:

1. Surveillance and preparatory measures as regards epizootic and certain other
contagious diseases (the prevention of contagion).

2 Gerger?)l preventive measures and an advisory service for health issues (health
control).

3. Diagnosis and treatment, or recommendations in connection with outbreaks of
disease (medical service).



CL: Central Laboratory with diagnostic specialists, an advisory service, some
health control.

R: Responsible Authority with a center for the prevention of contagious disea-
ses, overall responsibility for the administration of preventive measures.

A Advisory Board, composed of representatives from R, CL, RL and C, with the
task of Steering the direction of measures to combat disease.

RL: Regional Laboratories with limited diagnostic functions, consultants.
C. Cultivations,
Three steps are proposed for building up such an organization:

1. Immediate measures: an exPansion of hasic resources to cover present require-
ments; the establishment of a center for the prevention of con agilon, attache
to the Responsible Authority; and better resources for existing Taboratories.

2. The successive development of regional centers.
3. An adaptation of resources to the volume of production,

Import

There is a need for imports as regards fish fry for stocking, breedin% material and
new species. Present import requlations, administration and controls must be
improved and the issue of quarantine facilities should be investigated.

Information

The central laboratory should organize a continual flow of information to cultiva-
tors and other interested persons in the form of a hand book on diseases, which
should be kept up to date.

Education

Regular courses of a practical nature should be held for cultivators, Yearlsy orien-
tation courses should be held by the Swedish University of Agricultural Sciences
forltagrtlcultural students, science students, veterinaries, fisheries employees and
cultivators.

The two year course in fisheries management at the University of Gothenburg
should be extended by a third year, which should include a course in health care.

Support should be provided for graduate courses in the subject area at university
institutes of veterinary_medicing, zoology, limnol g¥_ and microbiology. There
should be more cooperdtion between the university institutes and the central labo-
ratory. It should be made possible for research stidents to participate in relevant
COUISES OVErseas.



Fish Breedin Tand Fisheries
Mapagement trom a
B|ologg|cal Perspective

There is a wealth of well-

documented research results of

direct importance for the effec-

tive utilization and protection

of genetic natural resources, but
o _ for' various reasons —practical,
juridical and educational —these are not always put to use in current fish farming
Pracnces. Therefore, our aim has primarily begn to try and estimate 1) to what ex-
ent current knowledge is used and what ﬁrevents Is application, 2) which met-
hods within fish cultivation —especially those concerning breeding methods in a
strict sense —can be assumed to improve fish cultivation and thus %ene_tm fisheri-
e mana(I;ement, and 3) how these problems can be solved practically in a better
manner than at present.

By dIStrIbUtIn(i a questionnaire to Swedish fish farmers we have tried to deter-
mine the greatest weaknesses of the present methods, as well as to study an
other possiole limitations, such as in the capacity for sP_awn production. Asa side
effect of the questionnaire we were able to see which fish species dominated cur-
rent fish cultivation in the country (due to the large percentage of answers) as well
as which farming methods were most widely used for the various species.

The working ?_roup_has dealt foremost with the basic ?enetm_and ecologlcal prin-
ciples within Tisheries management and more particularly with those factors af-
fecting fish cultivation. Only fish have been studied, but the resultant principles
can even be applied to other aquatic organisms. Three main subject areas can be
distinguished: cultivation for stocka of fry glshenes management, including so-
called” compensatory cultivation), culfivation for human consumption, and préser-
vation of genetic natural resources (Species and populations threatened by extinc-
tion). There are significant differences between the aims and methods of the three
areas and the genetic principles can be said to be the gnly common denominator.
The aim has been either to tailor the fish to the requirements of cultivation for
consumption, or to retain the functional characeristic features of a population for
stocking purposes. Gene banks and conservation aim to adapt the preservation
methods as far as possible to basic genetic principles for reducing inbreeding and



counteracting the loss of valuable alleles, As the aim of the present investigation
has also been to provide %mdelmes for alternative breeding methods and associa-
ted fisheries management, even general biological, practical, economic and juri-
dical considerations were taken into account.

Proposals and consequences

The practical and theoretical background to the recommendations made by the
workm% group is an attempt to compromise genetic theory, %eneral biolagical
knowledge and practical circumstances. The main %oal has béen o allow the gene-
tic "demands”to form the initial starting point. The variqus theoretical and prac-
tical judgements have not always been gasy to compromise, with the result that
certain parts of this report maycontradict each other. This is mainly due to diffe-
rent opinions as to when and how the results of certain analyses should be inter-
preted. It should be [oomted_out, however, that differing qulons within the
working group have led to dissimilar views on RIVIH? priority to measures for
improving current fisheries management and fish culfivation in Sweden.

Administrative measures

Some proposals for improvement only concern a special cate?orY of fish fa_rming
activities, while others are more general. The proposals have further been divide

Figure 5. Sweden has long traditions concerning fisheries management in fresh waters. The
strengthening of stocks by releasingjuvenile fish is a common method.

into those which must be resolved within a short-term perspective and those
which either depend on other short-term measures being resolved first or can be
regarded as being relevant in a longer perspective.

Among the short-term goals are the presentation of advice and directions for a
mo_re_b_lologlcall}/ adapted breeding technique for all three forms of fish farming
activities as well as the compilation of a standardized data base for fish and crus-



taceans. In addition, improved practical and economic resources are necessary for
experimental fish farming, for the establishment of three central breeding sta-
tions for controlled breeding practices modelled on those used for domestic ani-
mals, and for the appointment of a state investigation into ?ene banks for fish and
crustaceans so as to protect natural genetic resources. In alonger perspective it is
necessary to improve juridical meastres to minimize the movement of fish hetwe-
en water systems, to simplify the administrative procedures for creating nature
reserves to protect valuable fish populations, and to establish a national quaran-
tine farm for fertilized spawn so s to safequard import and export prospects for
expanding the domestic stocks of exatic fish species and crustaceans.

Research and education proposals

The most urgent research requirements concern the identification and characteri-
zation of f|sh_FopuIat|ons in natural waters and stocks in fish farms as well as the
need to compile quality criteria for fish stocks depending on the area of usage. Ina
somewhat longer perspective, it is important to continually evaluate fisheries ma-
na_?ement measures and to develop methods for long-term storage of spawn and
milt. Educational problems are centered around the need for developing the cur-
rent university course from a two year education in fisheries management to a
complete threé year course in fishery b|_ologiy and for the establishment of a multi-
disciplinary institute with responsibility Tor organizing research and education
within_the aquaculture sector. Furthermore, it Is recommended. that continuous
educational activities be OFrowded_ for tradesmen and that advisory services he
instituted in practical and theoretical fish cultivation.

Many of the proposed recommendations can be fulfilled by using relatively simple
administrative measures and exmtmgi personnel, Others require the re-allocation
of research resources for the development of methods, while a third group
demands the establishment of new nationally financed services.



The Envirgnmental Impact
oT Aquaculture

This report is an investigation

of the environmental = con-

sequences of the cultivation of

fish, mussels and algae in water

bodies and coastal areas. Depen-

_ _ _ dmg on the location of the culti-

vation, the volume of production, the techniques used and on whether processing

takes place in the vicinity of the cultivations, the surroundings are affected to

various degrees. The report deals with the composition and Propemes of hy-

products and wastes which result from different kinds of cultivation operations as

well as the tyPe of environmental effects which can be Eredlcted. In general, the

wastes consist of naturally occurring and easily degradable substances, which are

8ulckly recycled in the ecosystem. Compared with other activities ut|||zmg Swe-

Ish waters, the contribution from cultivation operations is, from a quantitative
viewpoint, very small at present.

The report presents means of reducing the environmental effects of aquaculture,
These Include the alteration of feed composition, the collection and recyclmgi of
wastes, the combination of different forms of cultivation and the use of So-called
coarse fish from the recipient for feed. In addition an investigation has been
carried out into the environmental effects which occur when fis ?roduct[on in
natural waters is altered as a result of fertilization, lime treatment, stocking of
other organisms, and so on.

The environmental consequences may constitute a limit for the exlolmtatlon of
fresh water bodies and coastal areas for aquaculture. Therefore, finally, a number
of research areas are identified as be|_n1g able to provide a more detailed examina-
tion of the environmental effects of different forms of aquaculture as well as to re-
sult in methods to decrease these effects.

The environmental effects which can arise as a result of discharges from cultiva-
tions and altered production in natural waters can be summarized as follows:



* Allintensive cultivation operations result in a release of nutrients and organic
matter.

» The phosphorus thus released is responsible for the greatest effects in inland
waters, while nitrogen is usually of most importance in coastal areas.

» The amounts of waste are dependent on the volume of production and the
waste treatment measures.

. Thte a{nounts of waste which are released determine the location of aquaculture
activities.

« With regard to cultivation_techniques and discharges, net bag cultivations
should primarily be located in coastal areas or in nutrient-poor lakes which are
judged as being able to accept an increased nutrient load.

J ImProve_d feeding techniques (better feed coefficients) and/or the development
of techniques for collecting the wastes will decrease environmental effects.

Figure 6. Wastes and excess feed must be collected under the net cages, and be recycled.

* Net pen cultivations should be located so that the wastes do not reach the deep
areas of lakes, where the oxygen content is usually limited.

J Seddimenting wastes constitute a resource which should be collected and utili-
zed,

» A combination of different cultivation technigues may be able to reduce envi-
rflJnmentaI effects, as in the combination of fish farming and the cultivation of
algae.

» The effects of discharges from land-based cultivations may be reduced by
means of waste treatmeént measures.

* The fertilization of lakes in order to imﬁrove fish production should_only be
Bractjs_ed in badly damaged waters or when the effects of other activities can
e mitigated or counteracted by the addition of nutrients.



The treatment of lakes with lime is necessary to counteract the negative effects
acidification may have on aguaculture activities.

Additional stocking of existing species should only be considered when natural
reproduction does not occur, or when fish recruitment is poor.

The stocking of new and foreign fish species should be practised with restraint,
as such introductions can often be regarded as irrevocable.

The stocking of food organisms may have a positive effect on fish production in
1tgadtlyddamtaged reservoirs, but it is a measure of doubtful value in normal, unaf-
ected waters.

The stocking of fish in fish-free lakes should be avoided as a rule, as such lakes
have hecome more and more uncommon and are valuable for other organisms
as well as for research activities.

Aquaculture is often "self requlating”, as negative environmental consequences
also damage the cultivation operations.

Aquaculture can be integrated with other methods of utilizing water resources.
Aquaculture techniques must be adapted to environmental demands.



Cultivation of Algae

Algal products are more extenswelhl used in
Sweden than is commonly known and the valug of
the products corresponds to about 100 million
Swedish crowns (SEK) per year.

Today all these products are imported or are manufactured from imported raw
materials. In Sweden the cultivation of algae is new. Traditionally, algae have
only been used here as fertilizers and to some extent as fodder.

The development of modern cultivation techniques implies that algae in the very
near future will be cultivated here in units on land and i shallow water to supply
both biomass for fermentation into ener?y (methane) as well as fodder, raw mate-
rials for medicines and other commercial products (e.0. agar, carrageenan, algina-
tes, algial meal?. By using modern b|ptechnolo%¥ and ?ene manipufation algag can
in the Tuture also be induced to provide other chemical substances on a large scale.

Algae are also a valuable supplement to human food, as well as to animal fodder,
dug to their high content of vitamins, minerals and protein. This resource could be
still better exploited by increasing publicity about algal products.

Furthermore, it is shown in the paper that aguaculture of algae can be utilized for
sewage treatment, thereby removing consicerable amounts of nutrients (n|_tro%en
and phosphorus) from the water. The importance of this will increase with the
?rogr_esswe eutrophicaion of our lakes and coastal waters. Algag also make good
fertilizers. Previously in Sweden there was even legislation stating which people
in the coastal provinces had the right to collect this natural resource, which accu-
mulates alon? the shore. Today we could substitute artificial fertilizers with a na-
tural product; which at the same time would improve the structure of the soil.

The cultivation techniques can be adjusted to produce either macro- or microal-
gae. The prere(iumtes, together with_the intended use of the yield, will decide
which kind of a %ae are most suitable. This is particularly important when specific
chemical products are required.

The Pa er describes algae and sYstems which are already possible to use in Swe-
den today. Examples of macroalgae are the red algae Chondrus and Furcellaria
carrageena and similar productsi the brown algae Ascophyllum and Laminaria
algmates), the green algae Ulva, Enteromorpha, Cladophora and the brown algae
cfocarpus, Pilayella and Fucus as well as several others (fermentation to energly).
Examples of microalgae are the bluegreen aIPa Spirulina (protein), the green alga
Chlorella and othersas well as diatoms for fodder. Macroalgae can be Cultivated
by the spray or drip technique developed for units on land, in free-floating or rope
cUltures in shallow coastal areas, and'in tanks and ponds. For microalgae, open or



closed tanks or ponds can be used. The addition of fertilizers, air and organic sub-
stances is also discussed and some cost analyses are presented,

Raw material aimed

Nutrients from N D i“N for chemical industry

wastewater NHAMN

Medicines

NO~-N Cultivation of algae

nh4-n
pPO4-P

Manure and fodder
for agricultural production

Production
of energy

Figure 7. The cultivation of macroalgae (or wild harvestz for production of food, fodder, ma-
nure, chemicals and medicines is common in many countries. However, the algae can also be
used to purify waste water and absorh nutrients from fish and mussel cultivations.

However, further development and improvements are needed before these sys-
tems can be made economically feasible for Swedish conditions, especially regar-
qu(ou_r high salary standard and the Swedish.climate. Product development and
marketing are other areas needing more attention before the aquaculture of algae
can be economically optimized.

The paper also reports on algal cultivation in other countries, both using traditio-
nal and new techmques. In these countries, rapid improvements in both the yield
and quality of the algae have been largely due to research. International scientific
co-operation and exchange of ideas aré thus prerequisites for the future success of
the aguaculture of algae’in Sweden, particularly conceming production and pro-
duct development.

Combined aquaculture wol}/_cultures), including both primary producers (algaeg
and animals %ﬂsh and shellfish) have interesting possibilities in the future ang
seem to offer better economy. At the same time these s¥s_tems are also more envi-
ronmentally suitable, since the algae can take up and utilize the animal excretion
products td a very large extent.

Algal diseases and other threats (epiphytes, grazers) are briefly summarized. The
(rj|s éhtat glgae V\lllhlch produce toxic substancés will appear in the cultures is consi-
ered to be small.



Plant breeding through the selection of suitable clones, hybridization, mutageni-
cally induced characteristics or tissue and cell culture techniques offers still better
P035|b|llt_|e_s of opt_lmlzmg the usa%e of algae or Qf_concentratm? their production
10 a specific chemical substance. This is exemplified by microalgae which can be
induced to produce almost solely ammonium compounds, amino acids or other
highly desirable substances, and by the fact that tissue cuftures of red algae have
produced an agar content of up to 75% of the dry weight.

The need for research and development to make the aquaculture of algae economi-
ca_IIF profitable in Sweden has been analysed. An annual investment of about 2.5
million Swedish crowns (SEK? IS needed"for biological research (salaries) on mac-
roalgal culture, microalgal culture and polycultures. To this have to be added the
costs for genetic and chemical research, which should be included in the biotech-
nological program,



Sw(fdish Aguaculture
and Crustaceans

The demand for various crusta-

ceans, such as freshwater cray-

fish, European lobster, Nor-

weqran lobster, crab and the

northern shrimp, Pandalus ho-

_ realis, is considerably greater

than the natural supply in Sweden. The trade deficit is 290 million Swedish
crowns. New crustacean products, in particular prawn tails, have been introduced
during the last few years. This is because food habits have become internationali-
zed, freezing has become a more common method of preservation and because
crustacean products are very tasty, even after belngz deep frozen. The consump-
tion of crustaceans deserves to bé promoted, on both ecological and nutritional
8rounds. One problem is, however, that the large and increasing international
emand for these products keeps prices at a high level.

The investigation has carried out an inventory of the natural yield of crustaceans
in Sweden and an attempt has been made to judge whether it would be possible to
re Ia?te_ mgports by improving the management of Swedish resources or by means
of cultivation,

The possihilities of developing cultivation operations have been investigated in
more detail. Species such as crab, Norwegian lobster and the northern shrimp,
Pandalus horealis, were not considered in this discussion. The cultivation of lobs-
ter is not economically justifiable at present, even though the techniques are
wellknown. Neither would it be justifiable for Sweden to Concentrate on develo-
ping her own methods for ,cultwat_mg these species. Instead, Swedish researchers
should follow the work being carried out in other countries.

The European crayfish, Astacus astacus, the most popular Swedish crustacean,
has been hard hit By the crayﬁsh-lglague and there seems to be no possibility of the
affected populations recovering. Research has not been able to yield any practical
methods for protecting healthy populations from the disease.

The 3|Pnal crayfish, Pacifastacus leniusculus, imported from North America, is.a
suitable substitute for the native cra5{f|_sh, and it s resistant to cr_ayfl_sh-pla?ue in
natural surroundings. Experimental introduction of this species into plague-
ridden waters has been successful. However, many valuable crayfish lakes have



been affected by acidification and will be unsuitable for stocking unless lime treat-
ment is carried out regularly in the future. If the remammgz populations in
healthy waters are to be managed effectively, it is necessary to conduct more
research into_the ecology of crarﬂsh. The signal crayfish has the best quallflca-
tions for cultivation in Small or large ponds and lake$ which have been cleared of
coarse fish and in which the crayfish can be combined with suitable fish species.
Sometimes, different species may favour each other so that their combined
P_roductlon I greater than the sum of the Broductl_on X|el_ded by separate cultiva-
lon of _the_sRemes. Crayfish can Probably e comhined with other species such as
salmonid fishes, whichare popular among sport fishermen.

There are several interesting species of crustaceans which are adapted to warmer
climates and thus cannot reproduce naturally in Swedish waters. Such species
could, however, be cultivated in heated water which is filtered and recirculated
through the cultivation several times. In man parts of Sweden, warm waste wa-
ter is Teleased, for instance by industries, without being utilized. This is a cheap

Figure 8. The signal crayfish, Pacifastacus leniusculus, imported to Sweden from North
Anierica in 1960, is a suitable substitute for the native crayfish in areas where the latter
species IS attacked b%/ the crayfish-plague.

hoto: Magnus Fiirs

source of ener )( if it can be combined with cultivation operations, Species which
could be suitable for this type of intensive cultivation are crayfish such as the
American Procambarus and'the Australian Cheray, the very large and tasty fresh-
water shrimp Macrobrachium and possibly the signal crayfish,



In many countries, extensive cultivation can be operated profitably without being

highly efficient. On the other hand, intensive cultivation has not proved to he

completely sound econom|call}/. Despite this, it is of economic interest, as further

aesezérch IS thought to be able to develop this field considerably during the coming
ecade.

The kind of research which is a prerequisite for the development of economically
sound aquaculture has been S_Peuﬂed in a number of projects. The projects have
been listed accorde to priority, so that the most important ones can bg initiated
first. This also enables a valuable continuity to be maintained within the research
field.Combined, the projects are estimated to require approximately 100 man-
years of research,

|t seems that the best way of achieving results would be to initiate and organize
research activities using a small number of researchers during the first few years.
During the following five to ten-year period, intensive research would be carried
out by researchers employed by various projects to solve the most important prob-
lems which do not require Ien%thy follow-ups. At the end of this period, long-term
research should continue into breeding programs, the combat and control of disea-
ses and.the testing of new species. Long-térm aspects should be considered when
improving methodology while at the same time, developments in other countries
should be'followed. 1t1S of the outmost importance that economic analyses be car-
ried out parallel to developmental work in order to continually choose the lowest
costs in relation to the production results.

In Sweden, the total budget deficit for crustaceans is 290 million crowns per year.
This includes the import of 2 000 tons of freshwater crayfish (see table 1, figure
6). If fisheries management can be improved as a result of increased research acti-
vity, while signal crayfish are stocked at the same time Sweden’s production of
crayfish can Erobably be increased from the present value of 50—75 tons to a
maximum of 1000 tons. It is likely that the demand for craYﬁs_h can he complete-
ly satisfied if the proposed research projects, which alsg deal with cultivation, can
be carried out. The value of 2,000 tons of Swedish crayfish would be approximate-
ly 100 to 150 million crowns if the price paid over the counter was 50 to 75 crowns

er kg. The present price, due to the gfreat demand, is about 150 crowns per kg.

he aim is to reduce the budget deficit Tor other crustacean species as well. A com-
parison should he made with the cost of the research, which is estimated tq be
about 3 million crowns per year in salaries and social fees over a ten-year period.
After this period, research activities are to be_halved. One of the investments
would be premises for experimental work, covering an area of about 250—300 m2

Research into ecoloPy, behaviour breedmg and diseases should be solely state-
financed, as the application of such knowle ge concerns a broad and diverse group
of customers. As _rePards species with higher'temperature requirements, however,
it should be possible to count on support and cooperation from those Industries
which have access to heated waste water.



Technology and
Aquaculttre

Fish have been farmed in Asia
for several thousand years in a
truly ecological mannér through
rec?/clmgF, and  multi-species
culture. Fish farm!n? and agri-
culture have been infegrated:

In the Western world a development of technigues CPrimarily for intensive culture
systems and monocultures began in the 1950s ana 60s. Cage cultivation, tanks,
silos, troughs etc. replaced the old dam cultivation system.

Several countries have also invested in highly technical recirculation or through-
flow systems built upon advanced techniques. Warm water cultivation has been
deveI?ped to utilize geothermal energy, waste heat from industry, domestic sew-
age etc.

Interesting methods for the cultivation of algae or other water plants for the
reduction of nutrient levels in receivers are being developed. The aI?ae produced
is thereafter transformed through fermentation into biogas. The culfivation of al-
gae on land using the spray technique is on the way to becoming a reality.

Integrated systems utilizing solar and wind energﬁ for fish, algae and tomato gro-
wing are in the experimental stage. Methods for the production of ethanol, where
the Waste products are used for fish farming are bem? tried out. Industrial and ag-
ricultural waste is used either as food or as a substrate for the growmg of food for
f|sP|._ Admodel for broiler production, worm cultivation and fis

outlined.

ExPerimen_ts using OTEC plants for the ?roduction of electricity are being made
in_the tropics. Water pumped to the surface from a depth of 800—1000m con-
tains large concentrations of nutrients which are used in aquaculture.

Feeding techniques and nutritional physiology are of prime importance in all in-
tensive culture systems. Fresh, semi-moist and dry feeds are used on a large scale.
Methods for the ensilage of fish waste and industrial fish are being developed for
adaptation in certain Cultivation systems.

Systems usm? integrated microprocessers, tabletop and micro computers are used
in the so-called automatic, control technique_for the manipulation of daylight
length, regulation of feedln(% automats etc. The aim among other things' is to
increase the ratio of growth to food and to retard sexual maturity.

farming has been



Sexually mature fish are one of the biggest problems in fish farming. The
breedlng of late_ maturing strains, single séx populations or sterile fish is being
achieved with different techniques.

A method for the ove[wmtermq of fish in water which freezes during winter is be-
ing developed, Techniques for the avoidance of super cooled water and the crea-
tion of artificial currents and the development of new types of feed adapted for
the winter needs of fish are important research objectives.

Within the farming Plan_ts water must be checked and purified in the containers
with the help of both_ biological and mechanical filters, ultra violet and ozone
treatment. A new environmental technique is being developed to reduce the out-
flow of nutrients, particulate matter, food remains and excrement produced in
cultivation and carried out in the outflowing water.

Size sorting, handling and slaughter are operations which to a certain extent
require new technlgues although' there are certain mechanical aids available on
ahe rinarléet. Methoas using for example mobile slaughter machines ought to be
eveloped.

Distribution and refining are imE_ortant operations in the marketing of cultured
products. F|Ilet_|n% freezing, smoking, drying and packaging are some of the diffe-
rent processes in the handling of the raw products.

Figure 9. A mussel operation for the cultivation of 200 tons of hlue mussels.

Research and the development of techniques must be stimulated in all spheres of
cultivation, Proposals for research objectives in general cultivation techniques,
water quallty, feeding and b|olog||cal techniques, automatic control, environmen-
tal energy, transport’and mussél culture techniques as well as handling, treat-
ment and refining are put forward in this report,

The formation of research groups for the development of general culture techni-
ques and hiological techniques as well as a working group for the evaluation of
equipment and machinery are recommended.



he Legislative System
or Aquacu tures|x Sweden

ApPI|catjons for proposed aqua-

culture in Sweden have to e
consicered by two, or some-
times three, authorities before

o permission 1S granted:

—The County Administration o

—The Swedish National Board of Fisheries

—The Water Rights Court (occasionally)

The County Administration examines applications in accordance with the Prow-
sions of the Environmental Protection Act and the Nature Conservancy Act, and
refers the matter for comment to_ various regional and local authorities. The
replies received from these authorities are studied, and regional economic aspects
also taken into account, before a decision is made.

The Swedish National Board of Fisheries examines applications in accordance
with the provisions of the Fisheries Act. This examination is mainly conducted in-
ternally Dy the fishery authorities at central and regional levels and is concerned
with the risk of sBreadmg fish diseases and introducing mare vigorous fish speci-
es. The decision by the Swedish National Board of fisheries generall¥_ precedes
that of the CountY Administration. Replies to referrals by the regional

| ish autho-
rity (the Regiona

Fishery Office) are passed on to the County Administration to

_Fi?ure t10. Competition for the usage of waters can bring about conflicts between different
interests ...



Figure 11. How an zwplication for aﬂuaculture is dealt with by the Water Rights Court in ac-
cordance with the Water Rights Act.

Occasionally, an a%hcanon for aquaculture has to he dealt with according to the
provisions of the Water Rights Act. Up to now, very few cases have had to_ be
dealt with in this way. There are six Water Rights Courts in Sweden. Permission
from a Water Court is always needed if there is a risk that proposed aquaculture
will transgress public or private rights. The relevant Water Rights Court consults
the various authorities involved. If; however, it is clear that there is no question of
transgression of Bub“C or private rights, permission does not have to b obtained
from the Water Rights Court.

Figures 11 and 12 show in outline how an application for aquaculture is dealt with
in"Sweden.



Figure 12. Routes by which an application for aquaculture is dealt with (a) by the County
Administration in accordance with the Environmental Protection Act, and'(b) by the Swe-
dish National Board of Fisheries in accordance with the Fisheries Act.



Education and Research In
Aquaculture

As the interest in aquaculture

increases, the lack of knowledge

within research and deve!olo-

ment and education in this field

becomes more and more evi-

, _ dent. There is no institute in

Sweden which deals solely with research and development, in aquaculture nor
even one which has this as its main objective. In a questionaire sent out to diffe-
rent institutes it transpired that research related to aquaculture is in fact carried
out all over Sweden but that this covers a relatively small area. Despite this, a cer-
tain amount of research and deveIoPment work is going on in the hiology, tech-
3|qtt1e and economy of aquaculture at state supported institutes and in private in-

Ustry.

Seen from an international viewpoint these research efforts are limited and relati-
vely insignificant. In contrast, purposeful attempts are bem? made by our Scandi-
navian neighbours and other industrial countries by both state agencies and uni-
versities as well as by private firms. Large international corporations are also in-
volved in the development of aquaculture,

The yield of cultured products is increasing enormoush{ and in 1980 constituted
12%"of the yield from seas and lakes for the whole world. Cultured mussels, oys-
ters and algae yielded 70—80% of the total harvest of these organisms. Great ef-
forts are being'made to increase the percentage of marine fishes and crustaceans
such as lobsters and shrimps,

In, Sweden, aquaculture is poorlg developed. In total, onlg about 2 000 tons of
rainbow trout and 500 tons of blue mussels are produced per year apart from
smaller quantities from approximately 10 other fish and freshwater crayfish spe-
cies. Denmark, Norway and Finland have a significantly larger volume of cultiva-
ted Broducts_. The combined fish production for human Consumption reached
40 000 tons in Scandinavia in 1981,

In the deyeIoR/Iment of any new industry such as aquaculture education is obvious-
ly essential. Many countries have therefore provided training for eventual gro-
Wers, consultants and researchers. Apart from short courses however there is.no
comprehensive training available in Sweden although several courses are heing
planned at hoth high school and university levels.

Although the need for research in aquaculture is greatest within the biological dis-
ciplines, it is also essential to support technical and economic research. This re-



?ort presents several different research models which describe various methods

or the development of aguaculture. Within the b|olo%|cal sphere, ecol_og{, etholo-
gy,.physiology and genetics are foundations in such a development whilé knowled-
0¢ in reproduction, breeding, nutritional physiology and pathology are important
If optimum culture conditions are to be obfained.

Culture technique encompasses many different technical disciplines such as auto-
matic control, water recycling and environmental engineering. Also important is
development work on apparently simple things such as the shape of culture tanks,
the construction of net bags etc. New technical measures are needed to mteg%rate
aquaculture and aqnculture, or aquaculture and industry. Waste products Trom
farming and industry could be of great importance in future cultivation.

Figure 13, Traininﬁ courses for farmers, people in extension services, scientists and admi-
nistrators, are of the utmost importance for the development of aquaculture.

Economic evaluation of culture techniques, and community and re?iona_l economic
appraisals, are a few important points for economic research,involved in aguacul-
ture. Other examples are marketing and distribution analysis.

A proposal for a research organization for aqluaculture IS Rresented in this report.
In order to guarantee a cohesive and aim-related research programme the estab-
lishment of a multi-disciplinary institute for aquaculture (TVV) is proposed. It is



suggested that the institute should consist of 1) A Steering committee, 2) An Ac-
counting department, 3)AComRuterde artment, 4) An Extension service depart-
ment, S?Elght different research departments, These latter would be responsiple
for research and development of breeding techniques, nutritional physmlo%y, fish
disease, culture technigues and economy. Besides the internal research within the
framework of the institute it is proposed that external research be undertaken to
examine the environmental effects of aquaculture mcludm?_slaughter, refining
and distribution. Research at different universities and institutes etc should be
stimulated by the setting aside of funds ear-marked for the purpose. In addition
t?et etstdabllshment of research and training for developing countries should be in-
stituted.

Education should cover all stages ranging from h|%h school level to research trai-
ning at university level, Practical training should be started at school level either
as 4 long term course within the school’s own trade course or as short term courses
assisted by the aforementioned extension service officers, local consultants, fishe-
ry consultants etc.

It is proposed that the undergraduate training should be based at the University
of Gothenburg by the extension by one year of the fisheries course. In addition
other universities should be stimulated to arrange shorter or longer courses
within different fields.

Research training should in general be undertaken at the proposed TVV. Special
research scholarships for studies at foreign universities should be made available.
Education of students from developing countries should be instituted at the TVV
in cooperation with SIDA and SAREC.

Loca{_advice and information should be supplied by consultants in the various
counties.

Figure 14. Training courses for people from developing countries are important even for
Swedish aquaculture,
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DEVELOPMENT OF
AQUACULTURE IN SWEDEN

The subject of aquaculture is elucidated in many ways.

The production of food on land and in the water, as well as
the international development of aquaculture, are described
as a background in the final report from the Swedish Steering
Committee on Aquaculture, which was published for the first
time in 1982.

This booklet is a collection of the summaries from the
various reports made by the Steering Committee and its
working groups.

THE SWEDISH COUNCIL FOR
PLANNING AND COORDINATION OF
RESEARCH (FRN)

The FRN is a new element in the organization of the Swedish

research system. The back-ground to the establishment of

FRN in 1977 was a need for more cooperation and closer

contacts, not only between the different Research Councils

but also within the research and development system in

general. FRN’s main tasks are:

« to initiate and support research within areas important to
the society

« to further cooperation between the Research Councils
and other research bodies and financiers

« to encourage the spread of information about research
and its results, and to stimulate the dialogue between
researchers and society in general

« to further international research cooperation in those
areas not taken care of by other bodies.

THE NATIONAL MARINE
RESOURCES COMMISSION (DSH)

The National Marine Resources Commission (DSH) is a
governmental agency set up to coordinate Swedish marine
resources activities. Its aims are to work for and support these
activities by coordinating research and development in this
field, to promote Swedish trade and industry in the marine
sector, to suggest changes in existing law and administrative
practices and to work towards international cooperation in
the short- and longterm management of marine resources
etc. One of its chief tasks is to develop and propose to the
government a comprehensive program for the Swedish
marine activities.

The first proposal was delivered to the government in 1982.
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