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Background 
The attached document contains the English summary of Nordic Council of Ministers (NCM) report on 

Aquaculture in the Nordic countries and the BAT concept. The complete report (in Danish) is available 

online at: http://norden.diva-portal.org/smash/get/diva2:701735/FULLTEXT01.pdf. 

FISH 6-2017 recalled that FISH 5-2016 welcomed the proposal by Denmark to base the work on aquaculture 

BAT/BEP on a translation of the Nordic Council of Ministers (NCM) report “Bat for fiskeopdræt i Norden”, as 

well as necessary updates and other material relevant to Baltic Sea countries that are not covered by the 

NCM report (Outcome para 5.1). 

FISH 6-2017 also recognized the delay in implementing Recommendation 37/3 and was of the view that in 

order to start the translation work as soon as possible the Secretariat is requested to use any available 

means, including Google translate (Outcome para 5.7). 

 

Action requested 
The Meeting is invited to take note and make use of the report as appropriate. 
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16. Summary 

16.1 Aquaculture in the Nordic countries and the 
BAT concept 

Fish farming has existed for thousands of years and was in the middle 

age a common method of producing food in certain European countries. 

In recent time the demand for fish has intensified which is indicated by 

the global fish consumption, that was doubled in the period 1973–2003. 

Fisheries suffer from overfishing on stocks and can only partly meet the 

market demands. However, more and more fish are supplied by aquacul-

ture, an industry that has increased drastically over the last 20–30 years. 

Today, slightly more than 50 % of all fish consumed globally is coming 

from aquaculture. Figure 128 presents the significant increase in pro-

duction of aquatic animals in the years 1970 to 2008.  

Figure 127. Trends in world aquaculture animal production: major species 
groups in the period 1970–2008 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: FAO (www.fao.org ) 

 

Mostly salmonids are produced in aquaculture in the Nordic countries 

with Norway having a substantially larger production of fish (Atlantic 

salmon) than any other Nordic country. The yearly production is ap-

proximately 1,000,000 tons compared to 5,000–40,000 tons in the other 

Nordic countries. The main reason for this difference is the deep fjords, 

protected from the harshest weather, and suitable water temperatures, 

http://www.fao.org
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that characterises the Norwegian west coast and make the opportunities 

for production of cold water species very advantageous.  

Whereas fish production in Norway has increased over recent years, 

as seen throughout the world, the production in the other Nordic coun-

tries has been stagnated. This latter trend is also noticed in other Euro-

pean countries. The reasons are mostly related to limited opportunities 

for obtaining licences, environmental restrictions and absence of suita-

ble areas for fish production.  

The technological advances that have been achieved over the last 

years are however tools that can be applied to reduce the environmental 

load from aquaculture. This opens for possibilities to overcome one of 

the important barriers for aquaculture to develop in the Nordic coun-

tries – and in the whole Europe. 

16.1.1 The BAT concept 

BAT is an abbreviation of Best Available Technology.  

The term is applied in relation to limiting pollutant discharges and is 

integrated in environmental legislation in many countries. The term 

constitutes a dynamic target on practices and is, like in the Danish legis-

lation, used as a tool to push industry to integrate new environment- 

friendly techniques that are feasible to the industry (by, ”feasible” means 

that the new technology is efficient and that it is economically attainable 

by the industry).  

Using the best available technologies and aiming at an increase in aq-

uaculture production are closely associated. This is due to the permanent 

focus on environmental protection, that prevails both in the Nordic coun-

tries and within the EU. The stipulation of the EU water frame directive 

(Vandrammedirektiv, 2000) exemplifies this as a key political goal to 

reach acceptable environmental conditions in all aquatic areas in the Eu-

ropean Union. In order to reach such objectives it appears mandatory 

continuously to develop new technologies, that reduce the environmental 

influence, and thus make aquaculture more sustainable. This can also help 

making the industry more lucrative and so more apt to grow. 

16.2 Brief overview of each country 

16.2.1 Denmark 

Denmark has broad range of aquaculture production, but the freshwater 

production is dominated by the farming of table-sized rainbow trout and 

the marine farming is dominated of production of ”all-female” rainbow 

trout in the size of 4–6 kg fish – mainly for roe production. The current 

technology involves landbased production of fry in systems fed by 
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pumps or RAS supplied water. Discharges are filtered into freshwater 

systems or the sea, and sludge collected from filters and sediments is, in 

most cases, used as compost or fertilizer. Ongrowing takes place in land-

based raceways of lined earthponds, concrete constructions, and circular 

tanks, or at sea in netbased cages with floaters in PE/ steel. Farming 

sites produce about 50– 2000 tons with locally scattered, smaller scale 

harvesting and processing plants. Denmark represents a knowledge 

cluster for RAS systems in the Nordic countries. There is growing inter-

est for establishing pike pearch as new freshwater species. Production of 

other species are minor compared to rainbow trout but include eel, blue-

mussels, pike-perch, perch, whitefish, turbot, sharr, other salmonids, 

barramundi, pike, sea bream, carp, koi, crayfish, catfish, flounder, stur-

geon, ulva, dover sole and oysters. 

16.2.2 The Faroe Islands 

 The Faroe Islands are dominated by the production of Atlantic salmon. 

The current technology involves land based (coastal) production of 

smolts in tank systems fed by gravity, pumps or mainly RAS supplied 

water, and discharges are released filtered or unfiltered into the sea. On-

growing takes place at sea in large scale, open, net based cages with 

floaters in PE or steel in sites producing 1200 – 7000 tons. Centralised 

large scale harvesting and processing plants are well developed as well 

as well established logistics for live fish and finished products. Aquacul-

ture in the Faroe Islands has a totally renewed production layout after 

major disease problems in the 1990s and the lowest mortality rates 

from sea transfer to harvest. The market is dominated by only three 

large companies. 

16.2.3 Finland 

Finland is dominated by the farming of rainbow trout and the produc-

tion of roe. Current technology involves landbased production of fry in 

systems fed by gravity, pumps or RAS supplied water, or natural food 

ponds. Discharge is released filtered or unfiltered into freshwater sys-

tems or the sea. Ongrowing takes place at sea in small scale, open, net-

based cages with floaters in PE or steel in sites producing 30 – 350 tons. 

Production is harvested in locally scattered, smaller scale harvesting and 

processing plants. There is a relatively small scale logistical operation 

due to the small volumes. There is growing interest in establishing white 

fish and pike perch as new freshwater species. Other species are minor 

compared to rainbow trout, but include trout, charr, perch, sturgeon, 

grayling and crayfish.  
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16.2.4 Iceland 

Iceland is dominated by the production of Arctic charr. Charr are pro-

duced in landbased farms supplied with geothermal water presented by 

flow-through system, gravity fed or pumped. On-growing of charr takes 

place in large scale concrete tanks originally designed for salmon produc-

tion in the 1990s. Salmon and cod are produced at sea (fjords) in open net 

based cages with floaters in PE or steel. Charr and salmon sites produce 

around 200 – 1000 tons. Production is harvested in locally scattered, 

smaller scale facilities and processing plants with relatively small scale 

logistical operation due to the small volumes. There is growing interest for 

establishing aquaculture with hot water species like sole and tilapia in 

landbased systems. Other species minor to charr include Atlantic salmon, 

Atlantic cod, halibut, turbot, tilapia, blue mussel and Senegal sole. 

16.2.5 Norway 

Aquaculture in Norway is dominated by the farming of Atlantic salmon. 

Current technology involves land-based (coastal) production of smolts 

in tank systems fed by gravity, pumps or recirculation aquaculture sys-

tems (RAS) supplied water, discharged filtered or unfiltered into the sea. 

Ongrowing takes place at sea in large scale, open, netbased cages with 

floaters in PolyEthylene (PE) or steel in sites producing 1200 – 14.000 

tons. Centralised large scale harvesting and processing plants enable 

well established logistics for live fish and finished products. A breeding 

program for Atlantic salmon and trout has been established for more 

than 20 generations of fish. Inland aquaculture has not yet developed 

into a viable business. Other species farmed are minor to Atlantic salm-

on but include rainbow trout, cod, halibut, turbot, blue mussel, Arctic 

charr, lobster, and spotted wolffish.  

16.2.6 Sweden 

Sweden is dominated by the farming of rainbow trout and arctic charr. 

The current technology involves landbased production of smolts in 

tanks systems fed by gravity, pumps or RAS supplied water, discharged 

filtered or unfiltered into the sea or water systems. Ongrowing takes 

place in sea or freshwater systems with open netbased cages with float-

ers in PE or steel in sites producing from 25 – 2000 tons. Aquaculture 

consists of more locally scattered smaller scale harvesting and pro-

cessing plants and relatively small scale logistical operations due to the 

small volumes. There is growing interest in establishing Aarctic charr 

farming using oligotrophic freshwater systems. A breeding program for 

Arctic charr has now been established for seven generations of fish. Oth-

er farmed species are minor to rainbow trout, and charr, but includes 

blue mussels, pearch, eel and, crayfish. 
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16.3 Life stages 

A brood stock consists of fish that are selected for breeding because they 

have traits that are advantageous to the fish farmer. These traits are for 

instance fast growth, immunity, late maturing and good flesh quality. 

When brood stock reach maturity they are stripped (at last salmonids) 

for eggs and semen that subsequently are mixed together and placed in 

small basins or similar. After a period, that can be shortened by high 

water temperatures, the fish hatch and enter their larval stage. Eggs and 

larvae of freshwater fish (including salmonids that are anadromous) are 

large, and larvae can ingest industrially produced dry feed from the 

moment, their yolk sac is depleted. This is in contrast to marine species, 

where both eggs and larvae are small, and where live feed consequently 

is needed to feed the larvae due to the suitable smaller size of these 

components. It is not until a period on live feed has elapsed, that marine 

larvae slowly become capable of ingesting dry feed (weaning). 

All hatcheries are land-based. A major separation of hatcheries can 

however be made by their supply of either 1) freshwater for freshwater 

species or 2) saltwater for marine species. Though, marine species often 

produces great numbers of very small eggs and the resulting larvae re-

quire special feeding regimes, some freshwater species follow the re-

gime. Some hatcheries apply water recirculation and water purification 

with success. Regardless whether recirculated or fresh water is applied, 

a most important feature is to maintain a high water quality in hatcher-

ies since larvae and juvenile fish are particularly vulnerable to deterio-

rated water and pathogens. 

Many marine hatcheries pump salt water from considerable depths 

prior to purifying the water by e.g. filtering, UV light and/or ozone 

treatment. Using recirculated and treated water can be economically 

feasible in hatcheries since water consumption is relatively low due to 

the small biomasses. Some of the advantages of applying recirculated 

water are that proper treatment leads to high water quality and that the 

limited water consumption makes it possible to keep temperatures 

higher, and fish growth faster, than in flow-through systems. The ability 

to control the growth rate of juveniles is often advantageous by its facili-

tation of production planning. 
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Figure 128. Newly stripped eggs from rainbow trout (above). Incubation of 
salmon eggs in a hatchery in a chilled and dark environment (below) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photos by Jesper Heldbo. 

 

The time needed for juvenile fish to be kept in hatcheries depends on main-

ly water temperature and feeding levels. When fish have reached a certain 

size they are usually suitable for being transferred to on-growing in larger 

units. In the case of young salmonids, that are going to be transferred to the 

sea for on-growing (smolts), it is mandatory that they have adapted (smolti-

fied) sufficiently to sea water. In any case, bringing underdeveloped fish 

from hatcheries to on-growing facilities will most often entail several prob-

lems such as poor growth, illnesses, mortalities, or alike. 
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16.4 Land-based aquaculture 

16.4.1 Flow through systems 

The focus on environmental protection and water consumption did not 

exist, when aquaculture was introduced in the Nordic countries for 

many years ago. Fish farms were at the time typically constructed as 

flow-through systems that proved advantageous both by supplying fresh 

and oxygen rich water to the fish and by removing contaminated pro-

duction water. Also, the energy consumption was – and still is – relative-

ly low in flow-through systems. This is due to costless water transport 

that occurs entirely by gravity in addition to the low technological level 

that requires little energy. The low technological levels of flow-through 

farms also make them rather inexpensive to establish. 

The large water consumption in flow-through farms combined with a 

relatively little production of nutrients makes the discharge water rather 

low on concentrations of nitrogen, phosphorus and organic matter. It is 

accordingly disadvantageous to use resources on treating the water. 

Some other characteristics that speak against the flow-through method 

are that pathogens and other contaminants can be brought into the farm 

through the supply of surface water. Furthermore, natural oxygen levels 

in incoming water may become very low, particularly in summer peri-

ods, with a larger risk of mortalities that makes it necessary to oxygen-

ate the production water. 

Figure 129. Kaervang fish farm in Denmark. A traditional trout flow-through 
farm with earth ponds 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo: Jesper Heldbo. 
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16.4.2 Partly recirculated systems  

Partly recirculation is a method that takes advantage of some of the bene-

fits in recirculated aquaculture but without a complete rebuilding of sys-

tems to full recirculation. This solution can be applied for instance by 

farms that are limited on fresh water or met by administrative demands 

on reducing their discharges. A reduction in water consumption facilitates 

purification of water used in the fish production. In cases where a produc-

tion is limited by the discharges, partly recirculation can provide basis for 

an increase in the production through improved water treatment. 

16.4.3 Fully recirculated systems  

All systems loose water through evaporation, leaks, water accumulating 

in fish during growth etc. This means that all systems must be supplied 

with water to some extent. Fully recirculated systems are defined by 

having a water consumption that is below 10 % of the total volume on a 

daily basis. 

Figure 130. Fully recirculated system for production of smolt, Nova Sea, Sundsfjord  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo by Bent Højgaard. 

 

Fully recirculated systems are costly to establish and they also carry 

extra costs due to high energy consumption and maintenance of equip-

ment etc. Fully recirculate systems require more knowledge by person-

nel on how to operate the new technologies. By combining large bio-

masses with small water volumes the time to react by personnel upon 

oxygen shortage or similar is very short. However, proper management 

of the intensive production in fully recirculated systems can be support-
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ed by sound training of employees and accommodating, spare equip-

ment to be applied in case of alerts. 

In recent years, methods for water treatment in aquaculture have 

been optimized. This development has made it more achievable to apply 

high recirculation degrees. Land-based systems that apply full recircula-

tion are by many considered to be the most promising rearing method in 

future fish farming. This is not at least due to increased administrative 

constraints for reduction of water consumption and lowering of dis-

charges from industry and other activities in general that conflict with 

traditional fish farming without recirculation. The potential future suc-

cess of recirculated systems should also be viewed in the light of the 

opportunity to substantially improve the control of fish-production in 

comparison to traditional farms. 

16.4.4 Designing land-based rearing systems 

The design of rearing systems must among others draw attention to the 

basic requirements by the fish, the fish farmers needs, and the ability of 

the system to ease removal of fish faecal matters and other solids as well 

as dissolved particles. It is of main importance that nutrients are re-

moved relatively fast since they otherwise lead to oxygen depletion 

through combustion of the nutrients by bacteria. Fish, and in particular 

salmonids that require high oxygen levels, may thus be exposed to low 

oxygen levels which initially reduces their appetite and give rise to re-

duced growth and feed utilisation. The bacterial growth is stimulated by 

the supply of nutrients and this may further be disadvantageous with 

regard to development of pathogenic bacteria and production of toxic 

compounds. Hence, modern fish farms often have sludge traps that re-

move faecal matters; uneaten feed pellets etc. in the production units 

where they evolve initially. 

In modern land-based systems the most common designs are circular 

tanks and raceways (rectangular units). There are some advantages and 

disadvantages associated with both systems: 

Well-designed circular tanks are continuously cleaned for particles 

because of the centrifugal power and central outlet that is placed in the 

bottom of each tank. Raceways do not have quite as good cleansing 

properties but sludge can be removed in traps that are distributed even-

ly in the raceways. 

Uncomplicated removal of sludge from traps, micro sieves etc. that is 

low in water content also characterises an efficient system. In circular 

tanks a “double-drain”-system has shown to be efficient in removing 

water from sludge and thus minimise the volume of the sludge, and 

withhold water within the production system. 

Both circular tanks and raceways allow for good water quality, easy 

feeding procedures and high water velocities. The latter is also favoura-
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ble for production of salmonids, since high velocities can stimulate 

growth and quality of the fish as well as improve welfare. 

Circular tanks are disadvantageous to raceways when it comes to 

netting the fish. Raceways are at times installed with nets that by auto-

matic and slow movement force the fish to swim to one end of the unit 

whereupon fish can be pumped to another unit. 

Other differences between raceways and circular tanks relate to their 

costs, materials used etc. and the choice of either of the systems must be 

based on the specific conditions at the fish farm that is to be constructed. 

The ”Danish Trout Fram” concept  

Since 1989 fishfarmers in Denmark have been restricted in the produc-

tion because of feed quotas that were implemented with the aim of re-

ducing discharges from fish farms to the surrounding water recipients. 

As a means to create better production opportunities and reduce the 

environmental impact of fishfarming even more the so called model 

farm concept87 was introduced some ten years ago. The concept is based 

on certain models for designing a trout farm and it involves three differ-

ent farm types. 

Figure 131. Outline of the principles in a ”Danish Trout Farm model”  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Danish EPA (Miljøministeriet, 2008). 

 

 

 

────────────────────────── 
87 In English called: Danish Trout Farm. 
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All ”Danish Trout Frams” farms have recirculation percentages at 70 % 

or higher, a maximum water supply of 125 l/s or less (based on 100 tons 

feed per year), sedimentation zones separated from the production 

units, components for the removal of particles and plant lagoons in 

which nutrients are metabolised. The most simple farm (model 1) devi-

ates from the most environment friendly (model 3) particularly with 

regard to water consumption (only 15 l/s in model 3) and the existence 

of a biofilter that only is required for model 3. 

16.4.5 Environmental effects of model farms 

At the start of the model farm project the expected reductions in discharges 

were mostly based on theoretical considerations. Various projects have 

been implemented in order to document the actual effect of the farms that 

should provide basis for their future feed quota. These projects, excluding 

model 2 that proved unattractive for fish farmers, show that model 1 farms 

generally do not exceed the expected discharges. Model 3 farms have like-

wise shown successful in the efforts to reduce discharges from fish farms. In 

short, the projects have shown that in particular low water consumption, 

long retention time of water at the farm and a high water recirculation per-

centage are very important for keeping discharges low.  

Figure 132. Hallundbæk trout farm is a model 1 (extracting water from the riv-
er) farm with sectioned raceways 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photo: Jesper Heldbo. 

 

The cleansing efficiencies (%) for the most important compounds total 

nitrogen; total phosphorus and degradable organic matter (BOD5) were 

respectively on average 50–78 %, 76–90 % and 78–93 %. In several 
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cases the model 1 farms performed better than the model 3 farms owing 

to general higher nutrient concentrations in the inlets to model 1. This 

gives rise to a larger potential for removal of nutrients and thus better 

cleansing percentages. Besides, the plant lagoons on the model 1 farms 

were large, in particular in comparison to their feed quotas that are low-

er than at model 3 farms. 

16.4.6 Rearing in lakes 

Though on a smaller scale, cages are also used for rearing of fish in lakes 

just as in the sea. Pontoons are often used together with quadratic cages. 

The method is low technological and is particularly popular for trout 

culture in large and deep lakes in Sweden and Finland. Fish are typically 

produced in sizes up to 400–800 g while some reach more than 1000 g. 

Production during winter is also possible on some occasions.  

16.4.7 Development and trends in system design 

The land-based sector seems particularly associated with certain trends in 

the design of rearing systems. One trend is the size of the fish farms that 

tend to increase of rational reasons and better prices on feed and other 

necessities because of volume. Another trend is an increase in automation, 

i.e. surveillance and control systems. Standardisation is a third trend that 

is related to e.g. rearing units being delivered in modules. This makes es-

tablishing easier and allows for extension of the systems. 

16.4.8 Environmental effects of land-based systems 

The environmental effects of land-based aquaculture are very diverse 

and depend to a large degree on the type of the system and its localisa-

tion. The least effect is seen from aquaculture with intense recirculation 

of water and little water consumption. The production of eels (Anguilla 

anguilla) is an example of an environmental friendly production; the 

waterconsumption is very low due to low biological requirements for 

fresh water among eels and this means that eels can be produced with-

out discharges to aquatic recipients. Salmonids are on the other hand 

more demanding with regard to fresh water and this makes it more 

complicated to rear salmonids in fully recirculated water. 

Aesthetic, terrestrial, and atmospheric effects  

Aquaculture can lead to aesthetic changes in the landscape and this may 

collide with neighbour interests or people who have particular interest 

in the area for other reasons. These effects are however difficult to quan-

tify since they mostly rely on subjective considerations.  

Terrestrial habitats can also be influenced by aquaculture. First, the 

plant takes up an area that may be important to wildlife. Secondly, if 
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ground water is drilled this can drain water from an area and this can 

influence wildlife as well, not at least plants that have adapted to humid 

conditions, where some may be rare. 

Energy, noise, threats etc.  

Fish production is dependent on energy and contributes thus to the at-

mospheric content of carbon dioxide. New technologies are consequent-

ly aiming at being as energy effective as possible. Noise and vibrations 

are generally not problematic in fish culture and the same holds for un-

pleasant smell. Sludge is collected from land-based aquaculture and can 

often be used as fertiliser in agriculture. In some cases, as seen in Danish 

trout farms, the water supplying the fish farm contains heavy metals like 

cadmium and nickel and they tend to accumulate in the sludge. At times 

this accumulation may reach levels that make the sludge inappropriate 

for being used as fertiliser. 

Influence on adjoining watercourses  

Land-based fish farms are often obtaining surface water from water-

courses close to the farm. In some cases this occurs by stemming the 

watercourse. The stems are typically constructed with fish stairs to sup-

port wild fish in their migration. Various studies have shown that stairs 

do not sufficiently ensure migration of wild fish. Another aspect of stems 

is their tendency towards reducing water velocity and thereby creating 

sedimentation in the water course with possible negative impact on 

areas that are suitable for spawning. A third issue regarding stems re-

lates to a part of the watercourse that starts at the farm water inlet and 

ends at the outlet. Here water transport is reduced in summer periods 

and this also reduces the opportunity for fish (and other fauna) to mi-

grate. Removing stems from watercourses can consequently be im-

portant for fauna in the watercourses and can most possibly be accom-

plished at farms where recirculation technologies are implemented and 

where the entire water supply is allocated from ground water. 

Particularly modern trout farms (model 3) in Denmark use only 

ground water in their production and in addition to creating opportuni-

ties for the removal of stems; the introduction of wild fish and pathogens 

to these fish farms is also avoided. 

Even model 3 fish farms which are equipped with several cleansing 

facilities have a certain discharge of nutrients to the water recipients. 

The bacterial metabolism of degradable organic matter (BOD5) and ion-

ised ammonia (NH4+) occurs by use of oxygen. This can consequently 

reduce the oxygen content in the water recipient and thus create unfa-

vourable conditions to the fauna. In many cases, however, the amount of 

water from the fish farm is small relatively to the volume of water trans-

ported in the watercourse and this reduces the problem. If sludge by 

accident is discharged to the watercourse this can create relatively large 
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oxygen depletion in the watercourse, but generally this seems not to be a 

common problem in land-based aquaculture. 

Environmental effects of antibiotics and other therapeutic agents  

Antibiotics and other therapeutic agents are to some extent applied in 

rearing of fish, both in order to treat ill fish but in some cases also prophy-

lactic or as medicaments to reduce harmful algae. Whenever possible, the 

industry is urged to apply efficient vaccines as to avoid use of large quanti-

ties of antibiotics that may stimulate development of resistance among 

bacteria and potentially pollute the water environment. Environmental 

effects of using antibiotics in aquaculture are not comprehensively stud-

ied. Some examples can however be mentioned, such as effects on algae. 

Other agents applied at fish farms (e.g. formaldehyde and copper sul-

phate) are used with the purpose of eliminating parasites and exegete 

bacteria in the gills. Formaldehyde is reduced within a relatively short 

period and is thus less likely to contaminate the watercourse. Formalde-

hyde is sought to be substituted by hydrogen peroxide that appears more 

environment friendly. Copper is both an essential mineral for animals and 

toxic in large amounts. There are however seemingly no reports on severe 

hazardous effects of copper than can be ascribed its use in aquaculture. 

This also holds for the other therapeutic agents. 

As a method to hinder environmental effects of the substances used 

for treating fish, many countries have implemented legislation that ap-

points specific limiting values for the discharge of each relevant sub-

stance. This implies occasionally that fish farmers only can treat a part of 

their stock as to avoid too high levels of the substances in the outlet from 

the farm. 

Environmental influence on distant recipients  

By contrast to ionised ammonia and degradable organic matter, organic 

nitrogen and phosphorus tend to be transported far away from the point 

of discharge before being utilised as nutrients by algae and larger plants. 

The environmental effects of these substances occur thus mostly in dis-

tant – often marine – recipients or alternatively lakes. Some recipients 

are already characterised by high concentrations of nitrogen and phos-

phorus, often primarily caused by pollution from agriculture. Lakes tend 

to be limited in phosphorus so that increased supply of phosphorus will 

particularly tend to initiate algal blooms during summer periods. Algal 

blooms are followed by oxygen depletion due to degradation of large 

quantities of algae. In the worst case scenario this leads to fauna mortali-

ty – particularly benthic fauna that have poor escape opportunities – and 

it further creates poor growth conditions for plants (macrophyta) be-

cause of the limited light in the water column that algae create. 
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16.4.9 Metabolism of feed components and excretion in fish 

Fish, not at least salmonids, are very good at making efficient use of 

modern feed types. However, only a fraction of the feed components 

(nitrogen, phosphorus and organic matter) are accumulated as growth 

in the fish. The remaining fraction is excreted to the water. High feed 

utilisation, and thus relatively low excretion rates and pollution, has 

mainly been achieved through successful development of fish feed. Here, 

focus has been on specifying the exact nutrient requirements of the fish. 

Feed utilisation can be denoted as the ability of the fish to gain weight 

relatively to the amount of feed ingested. Feed utilisation can sometimes 

be rather poor, e.g. when fish are ill, water quality is poor, temperatures 

are very low or high or when fish only are fed at levels where they can 

maintain their weight. In these cases the quantities of excreted nutrients 

are high compared to the increase in biomass. 

The main ingredients in fish feed are proteins, lipids, carbohydrates 

and water. Water does not give rise to pollution and is therefore of less 

interest in an environmental perspective. Phosphorus is on the contrary 

important in that regard, although it only makes up around 1 % in fish 

feed. Proteins are mostly degraded to soluble ammonia (NH4+) that is 

easily excreted through the gills, while lipids and carbohydrates can be 

fully catabolised to CO2 that also easily penetrates the gills. Not all ingre-

dients are however fully catabolised and soluble in water but are excret-

ed as large molecules/suspended solids. Phosphorus can be excreted 

either as soluble phosphorus (PO42-) or as a component in various or-

ganic molecules. 

These excretory products can harm the fish in aquaculture if not suf-

ficient purification or fresh water is supplied to the production units. 

Not at least unionised ammonia (NH3), which is in equilibrium with ion-

ised ammonia, is toxic, and the fraction of ionised ammonia is particular-

ly high at low acidity in the water (i.e. high pH). Hence precautions for 

such conditions must be undertaken at fish farms, not at least in inten-

sive systems. 

A model for the contribution of nutrients from fish production  

As a part of calculating the cleansing efficiencies (C.E.) in model fish 

farms, as described earlier, it was also required to estimate the fraction 

of compounds that could be ascribed the fish only (the other nutrient 

contributions came from the inlet water while other contributions were 

estimated to be negligible). The C.E. could then be calculated as: (%) = 

(kg total contribution of compound – kg compound discharged to water-

course) 100 %/ kg total contribution of compound. 

The contribution of each compound (nitrogen, phosphorus and organic 

matter,) that was owing to the fish, was calculated on basis of the amount 

of feed eaten, fish growth, the specific content of each nutrient in the feed, 

digestibility of each compound in the feed and the feed waste. 
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It is anticipated, that DTU AQUA88 will make the model for contribu-

tion of nutrients from fish production available for free download at 

their homepage during 2013. 

16.4.10 Diseases and parasites in fresh water 

Fish densities can be high in aquaculture and this increases the risk of 

illness in the fish stocks. Other factors that are prone to induce illness 

are supply of water, not at least surface water, humans, fish transport-

ers, the introduction of fish or eggs from other farms and birds. Besides 

the immediate mortality losses, illnesses also lead to reduced growth, 

secondary infections and general weakness of the fish. 
Overall pancreatic disease is still a substantial problem in freshwater 

rearing while a reduction has been seen in infectious salmon anaemia. 

Infectious pancreatic necrosis is apparently reduced by improvements 

in breeding and production. 

Other examples on fresh water diseases are bacterial kidney disease 

in addition to red mouth disease. Among parasites, the freshwater white 

spot disease, Ichthyophthirius multifilis, plays a role in many land-based 

systems. This parasite is intolerant to salt, and salting (in combination 

with formaldehyde) can thus be applied to eliminate this parasite. In 

Norway a particular problem exist with the ectoparasite Gyrodactylus 

salaris that attacks Atlantic salmon. Among the moulds, saprolegnia 

should be mentioned as a common problem in many land-based farms. 

Water treatment technologies in land-based systems  

Rearing of fish generates pollution. The primary pollutants are organic 

matter (COD, BOD5), nitrogen (N) and phosphorus (P). 

Suspended solids (SS) are large particles that can enclose each of the 

pollutants mentioned. SS are prone to accumulate in areas where the 

water velocity is slow. A large fraction of SS is organic and is conse-

quently catabolised by bacteria by use of oxygen. High levels of SS con-

tribute therefore to oxygen depletion in the system which is disadvanta-

geous to the fish. As a nutrient, SS can give rise to bacterial growth of 

which some may excrete toxic compounds. SS can also accumulate in 

bio-filters and thus make these less effective. There are accordingly nu-

merous reasons for removing SS from fish rearing systems. 

Important methods for removing SS are sedimentation, filtering and 

flotation. SS settle relatively easy because of their weight and the settle-

ment can for instance take place in settling tanks with low water veloci-

ties that also stimulate settlement. Filtration can occur in sieves or spon-

────────────────────────── 
88 www.aqua.dtu.dk 

http://www.aqua.dtu.dk
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gy material. In flotation particles are adsorbed by air bubbles due to the 

surface tension of the particles and they can be removed again when 

bubbles reach the water surface (foam fractionation).  

Figure 133. Technologies for removing particles (SS) of different sizes. The tech-
nologies are arranged in accord with the particle size interval they can handle 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Wheaton, 2002) 
 

Among the non-energy consuming methods that are applied for remov-

ing particles are sludge traps that are positioned at the bottom of the 

production units. Sludge traps can remove a great deal of the particulate 

matter before it starts to dissolv and then becomes more difficult to trap. 

Once particles are trapped, short flushes, automatically or manually, will 

transport the particles away from the production units without remov-

ing too much water. 

With double drain it is possible effectively to separate settle able sol-

ids from suspended solids and at the same time reduce the amount of 

water needed for flushing. The principles are indicated in Figure 135. 
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Figure 134. An ECO-TRAP™ (by AquaOptima AS) particle trap is a double drain 
where a concentrated flow of settle able material (B) is removed separately from 
the main discharge (A). Only around 3 % of the discharge is carried away by 
flushing. The B flow leads to a hydro cyclone that further concentrate the sludge 

 

 

 

 

 

 

 

 

 

 

 

 

 

After being concentrated in a double drain the settleable solids can be 

transported to a hydrocyclone in which water is hurled against the sides 

and is removed at the top of the hydrocyclone. The heavier particles are 

accumulating in the middle of the vortex in the hydrocyclone and are 

moved towards a conical bottom where they are discharged separately. 

A sedimentation basin is a simple and effective way of removing par-

ticles. By constructing wide basins the velocity of the water that is to be 

treated will decrease and this makes the solids sink. Besides being wide, 

a sedimentation basin must also be long enough to secure that water can 

retained for a sufficient period as to ensure an effective cleaning. 

Just like sedimentation basins, plant lagoons can be established in 

earth ponds that are no longer used for rearing. The model farm projects 

showed that the time water was retained at a fish farm before being 

discharged to the watercourses was very important for achieving high 

cleansing effect. By their normally large sizes lagoons can therefore be 

very effective with regard to purification of water. Both aerobic and an-

aerobic areas are found in lagoons and this is beneficial to nitrification 

and de-nitrification processes and thus complete removal of nitrogen. 

Some very effective but also energy consuming methods for removal of 

particulate matter involves drum filters and disc filters. The principle in 

these filters is that that water is sieved and the particles trapped by the 

sieves are then flushed off when the drum reaches a certain point in its 

rotation. Water and particles are then transported away from the filter. 

Band filters also apply sieves/microfiltration. The band filter is typi-

cally positioned in a small angle in relation to the water surface. This is 

to ensure that particles floating to the filter can be trapped firmly by the 

band. The particles are then flushed of the band at the very top and led 

to central sludge collection elsewhere. 
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Biological treatment  

The primary aim of biological treatment is to eliminate dissolved sub-

stances. To some extent biological treatment can also remove small par-

ticles that have passed through the mechanical treatment. In recirculat-

ed systems the biological treatment mostly occurs in bio filters.  

Figure 135. Different bio filter reactor types for treatment of sewage  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: (Janning, K.F., Jørgensen, P.E., Klausen, M.M., Højgaard, B. & Thomsen, U., 2008). 

 

These are filled with elements that provide a huge surface and so allow 

for large colonisations of bacteria that are responsible for degrading the 

excretory products. In order to facilitate the nitrification process (Oxida-

tion of ammonia to nitrate; NH4+ + O2  NO2 + O2  NO3) it is necessary 

to eliminate most of the organic matter (COD). This is because fast grow-

ing heterotrophic bacteria (degrading COD) otherwise may outrank ni-

trifying bacteria with regards to oxygen consumption and leave to small 

quantities of oxygen for the nitrification process. In order to assure that 

a bio filter is performing optimally there are thus a number of parame-

ters to bring into balance. 

While ammonia (particularly unionised ammonia NH3) is very toxic 

to fish, nitrate (NO3) can be tolerated in much larger amounts. Nitrate is 

however polluting the environment and must consequently be sought to 

be removed from the system before discharge to the external environ-

ment. The denitrification process is an anaerobic process where bacteria 

utilise the oxygen in nitrate in their metabolism and leave only N2 that 

freely can evaporate to the atmosphere without any environmental 

harm. The process can often be enhanced by adding easy degradable 

organic matters, like alcohols, to the filter in order to provide an easy 

metabolisable carbon source to the bacteria. 
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Bio filters are produced in many different types and some filters that 

are applied in the aquaculture industry are show below.  

In recirculated aquaculture there are primarily two types of aerobic 

bio filter; submerged bio filters (with a stationary or moving media) or 

trickling filters (with a stationary media). Submerged filters usually re-

quire oxygen and back flushes must be carried out occasionally to re-

move sludge that otherwise will accumulate in the filter. This holds in 

particular for filters with stationary media. Filters with a moving media 

(moving bed) have better self-cleansing abilities, and have larger cleans-

ing capacity since the surface area of the media is very large. Disad-

vantages are however those tiny particles may dissociate from the mov-

ing media and create poor water quality in the production units, unless 

they are trapped by subsequent filtering. Moreover, the energy con-

sumption in moving bed filters is rather high. 
Trickling filters have the advantage of utilising trickling for aeration 

of the water. The trickling in itself also degasses excretory gases like 

carbon dioxide and nitrogen from the production. During warm periods 

trickling may support cooling of the water and trickling filters are gen-

erally characterised by efficient cleansing performance, not at least due 

to optimisation of filter media in recent years. However, trickling filters 

are not very compact and are thus rather space requiring. Also, oppor-

tunities for back flushing of the filters are limited. 

Figure 136. Example of an element in a moving bed biofilter. A large surface area 
provides space for many bacteria and thus potential for a large purification capacity 

 

 

 

 

 

 

 

 

 

 

 

 

Denitrification filters are typically submerged and are produced with 

different media types. They are yet not very common in recirculated 

aquaculture. This is partly owing to the large nitrate tolerance by fish 

that makes it less demanding to remove the nitrate from the system. The 

environmental constraints that appear to have increasing relevance are 

however expected to generate more interest in these filters in future.  
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Oxygenation and degassing 

All fish respire and thus need oxygen for their metabolism. Fish in aqua-

culture are often fast growing due to breeding for this trait and since 

growth is highly correlated with feed intakes, this makes the require-

ments for oxygen substantial. Salmonids in particular are active fish and 

this also adds to a larger demand for oxygen. Oxygen is thus a key factor 

in fish rearing. Carbon dioxide is a waste product that generates when 

oxygen is utilised for combustion of organic compounds and this gas is 

important to remove since it can be harmful to the fish in large doses. 

For this process a trickling filter can advantageously be applied since the 

extensive contact between water and air in this filter type supports the 

degassing process.  

Figure 137. Trickling filter (left) and simple degassing unit (right) 

 

 

 

 

 

 

 

 

Photos by Bjarne Hald Olsen (left) and Jesper Heldbo (right).  

UV-treatment and use of ozone 

The use of ultraviolet light and ozone (O3) is effective for elimination of 

pathogens like bacteria, viruses, moulds, algae etc. Furthermore, the 

methods also degrade organic matters including those responsible for 

colouration and smell of water. The methods can thus act as important 

tools in aquaculture. However, the methods are rather costly and this is 

why water volumes often only are partly cleansed by these techniques. 

Treatment of sludge 

It is very important effectively to remove sludge deposits from produc-

tion facilities because of the ability of sludge to produce toxic substances 

and deplete water for oxygen. Once collected, sludge can be useful as 

fertiliser in agriculture. Prior to this, sludge needs drying as to ease 

transport and reduce its volume. Several methods have been developed 

for drying sludge; first sludge needs sedimentation and the excess water 

in this process can be added a polymer whereupon nitrogen, phospho-

rus and organic matter is extracted from the water by creating floccula-

tion. This fraction can then be transferred to a band filter for further 

dewatering (Figure 139). The process stimulates both drying and accu-

mulation of nutrients in the sludge. 



328 Bat for fiskeopdræt i norden 

Figure 139 Geotubes being filled (left) and during emptying (right) 

 

 

 

 

 

 

 

 

 

Source: (Michelsen, 2011). 

 

The use of geotubes is an alternative method for dewatering sludge. 

They are large units, up to 60 m, made of water permeable polyethylene. 

Polymer can be supplied to the sludge before adding it to the tube. This 

stimulates the separation of water and dry matter. In geotubes the dry 

matter content can reach high levels, up to 25 %. 

Hydrolysis is a method in which large molecules (proteins, lipids etc.) 

are converted to smaller molecules. The process is facilitated by bacteria 

that secrete enzymes that catalyse the conversions. Hydrolysis can de-

compose sludge and so reduce its volume. At the same time small organ-

ic molecules derived from the process are very suitable for use for deni-

trification processes in which carbon is need by the nitrifying bacteria. 

Figure 138.Facility for drying of sludge. Dewatering on a filter band supply of 
polymer 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Henrik Mortensen.  
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Sludge can also be treated in constructed wetlands. Here, watery sludge 

is pumped to basins with plants like common reeds or similar. In this 

process the sludge is then both dewatered by water being transported 

through the sediment, and decomposed by bacteria (mineralised). The 

method is simple in use and no additives are added to the sludge. After 

some years a requirement for cleaning the basins may evolve. 

Once sludge is dewatered and the nutrients have concentrated, 

sludge from fish production can be attractive for different purposes. It 

may be delivered to biogas plants where it is very suitable because of 

high energy content, and there is a potential for sludge from fish farms 

to be transformed into pills used for heating. 

16.4.11 Trends in water treatment technologies 

The aquaculture industry benefits from many years of developing water 

treatment technologies in other industry sectors, waste water treatment 

etc. Many of the technologies can directly or with small adjustments be 

transferred to aquaculture. The future development of these technologies 

will focus on energy consumption since this is a relatively costly compo-

nent in recirculating fish farms. Bio filter elements with large surface are-

as and reduced requirements for filter cleansing are focused upon as are 

micro sieves with fine apertures allowing for withhold of tiny particles. 

Ozone treatment is also believed to become more common in future as is 

the use of natural compounds, such as clay, that has potential to stimulate 

sedimentation of particulate matters, remove large bacteria colonisations 

and thus stabilise bio filter performances. Another novel technology is 

ultra sound that can create tiny air bubbles in sludge followed by bubble 

collapses under strong mechanical forces that stimulate the decomposi-

tion of organic matter. Elimination of organic matter can also be acceler-

ated by use of certain genera of flies and their maggots can be utilised for 

fish feeding. The question is whether the latter method can be developed 

to an extent that makes it usable in large scale systems. 

16.4.12 Reducing the environmental impact 

It is very important quickly and efficiently to remove large particles 

from fish production units. One of the reasons is that they easily dissoci-

ate into finer particles that are released to the production water. These 

particles are difficult to re-catch and can be harmful to the fish. Micro 

sieves are efficient for removal of these particles; some commonly used 

sieves can catch particles down to 40 µm and upwards. However, the 

process is very water consuming, in particular for fine sieves, and micro 

sieves are also rather energy consuming. New sieve types would there-

fore preferably operate discontinuously and only when needed. 
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Table 44. Removal of particular material with a mechanical micro filter (drum filter/ disc filter). 
The effectiveness (%) is indicated in intervals since it depends on several variables 

Parameter Raceway Raceway Raceway Circular, self-

cleansing tank  

Circular, self-

cleansing tank 

Circular, self-

cleansing tank 

 40 μ 60 μ 90 μ 40 μ 60 μ 90 μ 

 Effectiveness % Effectiveness % Effectiveness % Effectiveness % Effectiveness % Effectiveness % 

Tot-P 50–75 40–70 35–65 65–84 50–80 45–75 

Tot–N 20–25 15–25 10–20 25–32 20–27 15–22 

BOD5 45–75 40–65 30–60 55–80 50–75 35–70 

TSS 50–80 45–75 35–70 60–91 55–85 50–80 

Source: Henrik Mortensen. 

 

As indicated by the model farm project, cleansing effectiveness calculat-

ed for complete farms or separate installations require that the total 

input to the system/installation is just as precise as the total output. 

When carrying out these measurements on plant lagoons in the model 

farm project, it was occasionally found that large amounts of water was 

lost in the lagoons, i.e. water seeped to the adjoining stream. This is dis-

advantageous for documentation of the cleansing effectiveness of the 

lagoons. In the model farm project these water loses were integrated in 

the calculations and average removals were then calculated for the la-

goons and for the production sections (including sludge traps, micro 

sieves and bio filters) (Table 45). 

Table 45. Average removal (%) of total-nitrogen (N), ammonia-N, nitrite-nitrate-N, total-phosphorus, 
organic matter and easy degradable organic matter in the production sections and in the plant 
lagoons on model farm type 3. Average data from 8 farms. The negati negative value is due to pro-
duction of nitrate from ammonia 

 Tot-N NH4
+
-N NO(2)3-N Tot-P COD BOD5 

Production section  15 67 -74 51 52 60 

Plant lagoon 37 9 45 25 28 30 

Discharge to recipient 48 24 56 24 20 10 

(Svendsen L. S., 2008). 

 

Within the production sections, each of the cleansing components per-

formed as indicated in Table 46.  

Table 46. Average cleansing efficiencies (%) in sludge traps, micros sieves and bio filters. The data 
are from 8 model 3 farms. Data are indicated both for systems with and without micro sieves. 
Remark that sludge traps are the first to receive excretes from the fish, followed by micro sieves 
and then lastly the bio filters 

  Sludge cones Micro sieve Bio filter 

Tot-N 100 51 0 49 

100 

 

22 48 30 

Tot-P 100 69 0 31 

100 

 

38 44 18 

BOD5 100 76 0 24 

100 44 43 13 

(Svendsen L. S., 2008). 
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The model farm project showed that mainly the bio filters eliminated a 

great deal of ammonia in the production sections (50–80 %). Anaerobic 

areas in the filter also facilitate denitrification and therefore complete 

removal of nitrogen from the system. Sludge and thick biofilms on the 

filter elements is disadvantageous to nitrification and it is anticipated 

that efficient regulation of biofilm layers and addition of oxygen can 

strengthen the nitrification efficiency in fish farm bio filters. 

Establishing of model farms can reduce discharges to the surround-

ings but the generated results indicate that it is challenging to foresee 

the actual loads from these farms once they are running. 

The data shown indicate some expectations to cleansing of water on 

these farm types. However, since numerous parameters influence the 

decomposition of the relevant compounds the actual data obtained from 

a model farm may come out differently. Since precise documentation for 

the specific cleansing components consequently is difficult to generate 

this also weakens the opportunity for applying the components in BAT. 

Yet, each of the components are effective with regards to water purifica-

tion, and the experience the fish farmers gain with the new technologies, 

and following adjustments, is also expected to add to even better cleans-

ing efficiencies than the ones presented here.  

Cleansing efficiency at increasing use of BAT 

Data obtained by deliverers of fish farm systems and farm equipment 

show the importance of installing various technologies in fish aquacul-

ture. Although large variations in performance are seen, and the data not 

necessarily integrates the development that has evolved in e.g. fish feed, 

the figure below at least indicates the impact of various technology lev-

els on removal of the main pollutants (Figure 141). 

Figure 140. Reduction in discharges of the most important pollutants when inte-
grating different technology levels in fish rearing systems 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Bjarne Hald Olsen. 
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Escapees 

Escapees from land-based farms are not very common. On the contrary, 

wild fish may end up in land-based farms if this is not sufficiently coun-

teracted by installation of gratings or similar guards. 

One of the advantages of recirculated fish farms is that both escapees 

(not least relevant in marine farming) and introduction of wild species 

to fish farms can be entirely avoided. This is because of the design of the 

recirculated systems that more or less isolates the system from the sur-

roundings. 

16.4.13 Antibiotics and other medicaments 

Pathogens within a fish farm can be spread by sources like employees, 

equipment and fish. The management of a fish farm that includes de-

tailed procedures (“Biosecurity)” for avoiding the dispersion of patho-

gens is therefore very important. Biosecurity should most advantageous-

ly be initiated already at the time of construction of the fish farm as to 

avoid pathogens to be introduced at initial stages of the project. 

Efficient disinfection is a key component in biosecurity and this can 

be relevant for footwear, hands, system and equipment etc. Dividing the 

farm into biosecurity zones that are assigned to the various production 

units can also be advantageous. 

Removal of particles in inlet water is also a key issue in avoiding illness-

es since inlet water is often an important source for contamination with 

pathogens. Further, inlet water also encompasses other particles that can 

create disadvantageous conditions in the production by lowering the water 

quality. Large parasites can often be removed by mechanical filtration while 

moulds, viruses and bacteria can be removed by UV-light or ozone. 

A most proficient method for avoiding illnesses and thus use of antibi-

otics or other medicaments in fish culture, is the application of efficient 

vaccines. Unfortunately, efficient vaccines only exist for a limited range of 

illnesses. The result of using vaccines is reflected in substantial decreases 

in the amounts of antibiotics needed by the fish farming industry. Other 

methods for combating illnesses in fish farming are complete slaughtering 

of stocks once an infection is identified, leaving production area dry and 

disinfected for long periods and establishing veterinary zones with limited 

transport of fish between the zones. These latter procedures have shown 

efficient in the elimination of VHS in trout production. 

Exogenous parasites that attack gills, skin etc. are often treated effi-

ciently with formaldehyde. This, however, is not an environment friend-

ly compound and is thus sought to be reduced by other substances like 

hydrogen peroxide. There is still a need for more knowledge on how to 

use hydrogen peroxide efficiently under different conditions. An im-

proved treatment of inlet water seems to be an efficient initial barrier 

for parasites to evolve in fish farms. In that regard, well-dimensioned 

mechanical filtering is important for the basic removal of the largest 
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particles and this method should be optimised before introducing UV-

light and ozone for further water treatment. 

16.5 Marine Aquaculture 

Norwegian salmon production is by far the largest aquaculture produc-

tion in the Nordic countries. Around 1 million tons of Atlantic salmon is 

produced per year. Each of the other Nordic countries produce a maxi-

mum of 50,000 tons fish per year and some countries produce even 

much less than this number.  

The production of salmonids starts however in land-based systems. 

Larvae hatch in fresh water and are reared until suitable for on-growing 

at sea. In order to be appropriate for life at sea the salmonids must have 

smoltified, i.e. have become adapted to tolerate the enlarged osmotic 

pressure in salt water. Norwegian salmon are typically produced to 

around 5½ kg before being harvested.  

Figure 141. Development in cage sizes from 1970 to 2010. Dimensions are pre-
sented as circumference/depth 

 

 

 

 

 

 

 

 

 

 

 

 

 

Illustration by (Fixdal, 2012). 

16.5.1 Net cages 

Net cages are very common in marine production of salmonids and were 

originally positioned in relatively calm areas as to protect the cages from 

harsh weather. The original cages consisted of three main components: a 

floating ring, a net and an anchoring devise. This basic design has proved 

useful since it is still applied in modern salmon production. The design 

of net cages has however been developed and optimised over the years 

and today net cages are constructed specifically as to comply with the 

local climate, production size, work environment and feeding methods. 
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Strong sections with substantial buoyancy make it possible to use 

weighty equipment at the net cage. In cold areas there are risks of ice 

accumulation that can make the net cages less stable. 

Open and closed systems 

Open marine systems have exchange of production water and water in 

the surroundings and are placed at sea. Closed systems are defined by 

having a closed, or almost closed (e.g. permeable), barrier between the 

production and the surrounding water environment. 

Standards 

In Norway a standard for marine cage culture was developed in 2003 

with the primary aim of reducing escapees. The revised standard from 

2009 (NS 9415:2009) involves mandatory studies of the local area, risk 

analysis, design and dimensioning, production of system and establish-

ing and operation of the system. The standard is also used for admin-

istration of marine aquaculture licenses in other countries than Norway. 

Specific design of net cages 

Modern floating rings are made of either polyethylen (PE) or steel. PE 

seems to have several advantages in comparison to steel; they appear 

more stable in harsh weather and seem better adapted for large systems. 

The latter has particular relevance for future farming since net cages are 

produced in still larger sizes. Originally a net cage was around 40 m in 

circumference while todays cages have circumferences up to 160 m. The 

larger cages relate to the fact that cage volumes since 2005 no longer are 

limited by Norwegian authorities. Today, licences for fish production in 

Norway instead make demands on biomasses, i.e. a limitation of the 

weight of fish in a licence. 

As a means to secure that sea cages are retained at the sea floor and 

to avoid escapees it is important that cages are efficiently anchored to 

the bottom. In order to ensure this, investigations indicate that anchors 

should be designed in accord with the characteristics of the sea floor. 

The nets are also very relevant for the avoidance of escapees and the 

pervasion of predators, like seals. Net design has in general not changed 

much over the years. Nylon in different constructions is mostly used for 

modern nets and the specific construction can seemingly be important 

for the ability to withstand accumulation of algae and small aquatic ani-

mals on the nets. Nets are consequently of environmental importance in 

a number of ways, i.e. escapees, predators and use of anti-fouling agents 

for reducing growth of organisms on the nets. The standards specified in 

NS 9415 have thus led to further requirements to the strength of nets. 

Rearing of cod seems to pose new challenges to design of nets in sea 

cages since cod is able to gnaw through them. 
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Fouling 

Fouling – the accumulation of algae, molluscs and other marine organ-

isms – occurs in all sea cage farming. The phenomenon leads to reduc-

tions in the supply of fresh water and oxygen to the fish and can thus 

create unfavourable conditions for the production. Another problem is a 

significant increase in cage weight that enhances the risk of damages.  

As to eliminate fouling, nets must be cleaned on a regular basis and 

most frequently in warm periods where settling organisms grow fast. 

Cleaning and proofing of nets is often very demanding on work. The pro-

cess is accomplished by washing, drying and proofing with copper con-

taining substances on land. While on land, nets are also inspected for de-

fects and repaired. In large salmon productions, net cleaning is also under-

taken in the water. Cleaning is carried out either by divers or by personnel 

who work with specialised equipment from walkways at the edge of the 

cages. ROV’s (remotely operated vehicles) are being developed at the 

moment and can possibly prove successful in cleansing of nets. 

Pro’s and con’s in existing technology in marine aquaculture 

There are a number of advantages that characterise marine cage farm-

ing. The technology is thoroughly demonstrated – also under harsh 

weather conditions – and the costs of establishing and costs of rearing 

space are low. The latter is beneficial to fish welfare and fish health. Also, 

the location of sea cages in natural environments is advantageous to 

salmon production because of appropriate oxygen levels, water currents 

and suitable temperatures. Furthermore, establishing sea cage cultures 

has minimal – or no – permanent impact on the surroundings and cages 

can easily be removed to other locations.  

On the contrary, sea cage farming is also associated by a number of 

challenges. The most important ones are the vulnerable barrier between 

the fish and the surroundings, the facts that open culture is exposed to 

pathogens and doesn’t allow for retaining polluting compounds. Also, 

that the magnitude of salmon louse colonisation depends on the specific 

localisation of the sea farms, and that future localisation of marine farms 

at open sea requires further development of the systems. Lastly, the risk 

at managing cages is also worth mentioning together with the fact that 

the appearance of sea farms by some is considered to reduce the aes-

thetical quality of the area. 

Feeding systems and other equipment 

Several feeding techniques can be used in marine farming. In small sys-

tems semi-automatically feeding is often applied while boats or barges 

can be employed at larger farms. Feeding can also be completed directly 

from land by use of tube systems. Barges are often very large and in-

clude feeding silos, buildings, and various large equipment for use at 

operation of the farm.  
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Feed should be distributed widely within a cage as to ensure that all fish 

are fed and thus tend to grow equally. The equipment used for feeding 

can be rather powerful and this makes it important to control that feed 

pellets not dissociate and become uneatable. This owes to feed being 

costly and polluting the environment. Large scale feeding can be com-

puter controlled in a set up that includes sensors and under water cam-

eras (that can also be used for inspection of nets). The latter devices 

inform the computer about water temperatures, feeding activities etc. 

and this enables the computer to regulate feeding levels by adjusting the 

information to the feeding system. Such advanced systems can be bene-

ficial in terms of reduced manpower and better feed utilisation.  

Among other important equipment on a sea farm should be men-

tioned underwater light that delays maturing of salmon. This tends to 

improve the production since fish then allocate more energy for somatic 

growth. 

Exposed locations 

The location of sea farms in close distances to land, where water ex-

change is somewhat limited in comparison to the open sea, can possibly 

lead to an unacceptable environmental impact in the area. This makes it 

relevant to draw attention to fish farming at open sea where discharges 

have less impact on the ecosystems. Open sea farming occurs on several 

continents and applies to rearing of king fish, tuna, salmonids and bar-

ramundi. This type of farming can however be more demanding with 

regard to strength of the construction and is also more difficult to access.  

The difficulties that arise by farming under severe conditions at open 

sea can be obviated by using submerged cages. Besides being less de-

manding in terms of construction strength, these systems also provide 

opportunities for avoiding plants and other material that drift at the sur-

face, and they are less susceptible to icing. On the contrary, the submerged 

cages are less accessible and therefore in some ways more difficult to 

manage. As an alternative to this farming method, semi-submerged cages 

have been developed. These cages can be submerged when this is pre-

ferred, e.g. before servere weather conditions is ecpected.  

Open sea culture can be of relevance in several Nordic countries, par-

ticularly at locations where the environmental impact of aquaculture is 

limiting to its propagation. The open sea is characterised by being low 

on nutrient concentrations and improved opportunities for dilution and 

transport of nutrients from the fish make algal blooms less probable. 

Other environmental issues, like disturbance of wildlife and aesthetics, 

will also be less relevant – if at all – at open sea. 

Locations close to the coasts 

It is often smaller fish that are reared in square-shaped systems at loca-

tions near land. The single cages can be built together or be subdivided 
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into separate productions. Pontoon systems are characterised by being 

rather lengthy and with single cages tightened to the central pontoon. 

Figure 142. Kampachi Farms uses submerged cage in commercial production 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: www.kampachifarm.com 

Land-based marine systems  

In Iceland and Denmark some fish cultures apply sea water that is 

pumped to the production units. After use, the water is then discharged 

to sea without any intense purification. During winter the water can 

reach temperatures that make production inefficient since the combina-

tion of high salinity and low temperatures is not very well tolerated by 

the fish. In Iceland, however, there are some opportunities for applying 

thermic water.  

An alternative to these systems are recirculated, land-based fish 

farms that also use sea water. In Denmark, a relative newly established 

recirculated farm that produces salmon has a water consumption of less 

than 10 l/s and is expected to produce 1000 tons of fish per year. The 

low water consumption is due to intensive cleansing of water in me-

chanical filters, biofilters etc. In Hirtshals, Denmark, a similar kind of 

farm is under construction. Such farms are very environment friendly 

due to their low discharges and the fact that escapees cannot occur. Also, 

the risk of spreading infections is very limited. This production method 

allows the fish farmer to keep intense control over the production and 

no resources are used for transportation during feeding and other man-

aging as in sea culture.  

In Norway, and in other countries where salmon louse pose problems 

to the industry, the propagation of recirculated, marine land-based sys-

http://www.kampachifarm.com
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tems could potentially be a future successful method for fish culture, 

including rearing of even large salmon. The disadvantages of these sys-

tems are the expenses for construction and the relatively high running 

costs owing to high energy consumption. Also, the water quality is occa-

sionally sub-optimal and at times the water temperature may reach too 

high levels. Temperatures that are below these levels, however, can 

stimulate fish growth and thus production which is beneficial to the 

farmer. Fast growth, on the other hand, caused by high feeding levels can 

reduce fish quality by increasing lipid deposition in the fish body and so 

reduce the slaughter yield. However, it is likely that the future experi-

ences that are obtained by managing these farms can add to solving the 

problems mentioned, and thereby may create success for intensive, 

land-based marine production of fish. 

Farming of shelled, marine organisms 

Farming of molluscs and oysters is yet relatively limited in the Nordic 

Countries. Production of shelled organisms is however rather popular in 

some other countries and occurs either most simply on reefs where ei-

ther wild or hatchery produced spat is collected and placed on the reefs 

for on-growing until being harvested. Line culture is an alternative 

method for instance for production of blue/common mussel (Mytilus 

edulis). Here mussel larvae adhere to ropes and grow until they reach a 

size where they are size-sorted and put into “tights” where they grow for 

the remaining period until harvest. In Denmark the production is usually 

initiated in the month of May and the mussels are then ready to be har-

vested at a length of 50 mm in spring or summer the following year. 

Apart from blue mussels and oysters other mussels like scallops (Pec-

tinidae), sand gapers (Mya arenaria) and razor shells (Ensis ensis) are 

future rearing candidates in Nordic aquaculture. The production of 

shelled organisms is generally advantageous to the environment since 

they filter algae that have accumulated nutrients, like those excreted 

from fish farms. Hence the production is net removing nitrogen and 

phosphorus from the aquatic environment. 

16.5.2 Impact of marine farming on the environment 

Just as in fresh water culture there are a number of different environ-

mental effects of marine farming. When rearing fish the main nutrients 

excreted by the fish are nitrogen (N), phosphorus (P) and organic com-

pounds (BOD5 or COD). These compounds originate from the part of the 

fish feed that is not converted to biomass growth. Additionally, the re-

lease of antibiotic residues when treating fish has also potential to influ-

ence the environment as has the use of copper substances for anti-

fouling purposes.  

Among important environmental issues, the transfer of illnesses from 

cultured fish to wild stocks – not at least the risk of infecting wild fish 
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with salmon louse – should also be mentioned. Transfer of pathogens is 

also problematic in relation to escapees, and escapees also increases the 

risk of spreading genes from reared specimens to wild fish.  

The environmental requirements that authorities enforce differ be-

tween countries. There is however a general trend towards increased 

requirements to aquaculture and other polluting activities. Within EU 

the Water Frame Directive has been stipulated as a means to obtain 

good environmental conditions in all aquatic environments. In relation 

to fish farming, noise and its impact on wildlife can also be an environ-

mental issue as can aesthetics and the use of area. 

Nutrient pollution 

Nitrogen and phosphorus are nutrients in the primary production (i.e. 

algae) and large amounts of these nutrients lead to algal blooms with the 

consequences that oxygen is depleted from water when algae are de-

composed by bacteria. Large concentrations of microalgae in surface 

water also hinder sunlight in penetrating the water column. This leads to 

both reduced growth of large plants (macrophyta) and reduced oxygen 

production. Large plants, like eelgrass, constitute an important habitat 

for juvenile fish and other aquatic animals wherefore a reduction in 

these can be of general significance to the ecosystem.  

Oxygen depletion is also caused by aerobic decomposition of organic 

material that accumulates as excreta and feed wastage from fish produc-

tion. Sedimentation of organic compounds from fish production can be 

counteracted, as seen in Norway at the Faroe Islands, by frequent reloca-

tions of rearing cages between appropriate areas.  

Bergheim (Bergheim, 2007) has made estimations on how many nu-

trients are lost from a production of 1 tons of salmon that takes 1,150 

tons of feed and includes an estimated feed waste of 100 kg (Table ).  

Table 47. Estimated losses to the water environment (organic matter (BOD5), nitrogen and phos-
phorus in kilos) when producing 1 tons of salmon. The fish have been estimated to consume 645 
kg O2 for digestibility, maintenance and activity 

Amounts supplied 

 by feed  

Built into fish Metabolic loss Feed waste Loss 

Settling  Dissolved  Settling  Dissolved  Total % 

Organic matter  1.800 650 330 25 55 95 505 28 

Nitrogen 70 29 8 27 5 1 41 59 

Phosphorus  12 4 6 1 0 1 8 67 

 

When applying these data in relation to the total production of salmon in 

Norway in 2010 (982,411 tons) the estimated total discharge of nutri-

ents from the production in 2010 was then 496,000 tons organic matter, 

40,000 tons nitrogen (including 27,500 tons dissolved nitrogen) and 

7,860 tons phosphorus including approximately 2,000 tons as dissolved 

phosphorus. It is estimated that a large fraction (90 %) of the discharged 

nutrients not will have any immediate effect on the primary production 

since the major part of nutrients will be transported to the deep layers 
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of the sea. Norway is favoured in terms of nutrient pollution by having 

deep fjords with large water quantities that dilute the nutrient loads and 

thereby reduce the environmental impact of fish farming. Water anal-

yses undertaken in fjords with the largest fish productions (Hardan-

gerfjorden og Boknafjorden) show no signs of increased concentrations 

of nitrogen or phosphorus and the water quality in Hardangerfjorden is 

considered good even though 70,000 tons of salmon are produced in the 

fjord every year. In other Nordic countries, where water depths are low-

er (Sweden, Finland and Denmark), and where significant nutrient con-

tributions from agriculture, industries etc. can occur the environmental 

effects of marine farming can have more importance. Some sources con-

clude that in Norway and at the Faroe Islands there is a limited risk that 

negative environmental conditions can appear because of discharges of 

nutrients and particulate matter from fish farming. (Havforskningsinsti-

tuttet, 2011) (Norði, 2012). 

In Norway, a standard for environmental surveillance of marine fish 

farming has been elaborated (MOM, NS9410). The Faeroe Islands have a 

similar system. MOM investigations are carried out by accredited or 

otherwise approved companies. The surveillance aims at hindering that 

neither the environment in or around the fish farms is influenced to any 

unacceptable degree. MOM investigations must always be undertaken 

when farms are established or expand. Furthermore, investigations are 

required at certain frequencies depending on the conditions in the spe-

cific area (i.e. very good conditions require MOM every second year 

while poor conditions require MOM every sixth month). 

Figure 143. Aquaculture contribution (blue) of dissolved nitrogen (ammonia) in 
Hardangerfjorden – in relation to other contributions (red: terrestrial sources, 
green: sea, yellow: fresh water) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Illustration from: (Havforskningsinstituttet, 2011). 
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In Denmark, marine farms must apply for, and obtain, an environmental 

approval as to ensure that the production does not lead to significant 

influences on the environment. The approval puts forward limits on the 

amount of feed than can be used per year and can also, as an example, 

include requirements for analyses of copper content in the sediment 

below the sea cages. As a method to overcome the limits on production 

in Danish marine farming there is an on-going debate about the oppor-

tunities of using nutrient absorbing seaweed and mussel production as 

to compensate for the discharges from the fish farms.  

Figure 144. Escapees (number of fish) in Norwegian salmon farming in the period 
1993 to 2011  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Fixdal, 2012). 

Escapees 

Escapees from marine fish farms are considered being a large environ-

mental problem. More than 370.000 fish were estimated to have escaped 

from Norwegian farms in 2011. Apparently, most escapes are due to 

handling of equipment and not because of defects. Some escaped fish can 

be recaptured in spawning areas for wild salmon and so potentially cre-

ate genetic changes in wild stocks. Escapees are also of importance due 

to an increased risk of transferring salmon louse to wild fish. Studies 

have indicated that reared salmon swim in different directions and that 

they are able to move some 10 km within a few days.  

Institute of Marine Research (Havforskningsinstituttet, 2011) in 

Norway estimate in an analysis that transfer of salmon louse and the 

genetic influence of escapees are the most problematic environmental 

issues in Norwegian marine farming. Salmon louse have also potential to 
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thrive in salmon farming in the Faroe Islands and Iceland while farming 

in the Baltic and Kattegat is unproblematic since louse cannot survive in 

water with low salinities. 

Institute of Marine Research (Havforskningsinstituttet, 2011) in 

Norway estimates that transfer of salmon louse and the genetic influ-

ence of escapees are the most problematic environmental issues in 

Norwegian marine farming. Salmon louse have also potential to thrive in 

salmon farming in the Faroe Islands and Iceland while farming in the 

Baltic and Kattegat is unproblematic since louse cannot survive in water 

with low salinities. 

Diseases in marine farming 

Diseases in fish farming can have several environmental effects. First; 

wild fish can become infected with pathogens from marine farms and 

second; residues of antibiotics and other medicaments used for treating 

diseases can be released to the water environment with possible effects 

on organisms living there. Not at least have such compounds ability to 

increase antibiotic resistance in microorganisms. 

Parasites 

The most substantial problem related to diseases in Nordic aquaculture 

is the existence of salmon louse. It is estimated that combating salmon 

louse costs close to one billion kroner per year in addition to the produc-

tion losses that the louse generate. Salmon louses are parasites that ad-

here to the skin of the fish and their occurrence has increased signifi-

cantly with the increase in marine salmonid production. Louse can be 

reduced by use of other fish species that eat the louse (Labridae sp.) or 

with medicaments added to the feed or used in baths in which the in-

fected salmon are immersed. Unfortunately louse often develop re-

sistance to medicaments. Norwegian authorities require that salmon 

must be disinfected for louse at a certain limit for the number of louse. In 

Norway, some residues of louse medicaments have been found in sedi-

ment, mussels, crustacean etc. close to rearing cages. The effect of this is 

however not specified. Other parasites that thrive in marine aquaculture 

are costia (exogene) and tapeworm (endogen).  

Bacterial and viral diseases 

Vaccines do exist for a number of diseases in aquaculture; however 

some of them are more efficient than others. Winter ulcer is one of the 

bacterial diseases where vaccines have been developed, whereas for e.g. 

bacterial kidney disease (BKD) no vaccines are available. 

Infectious salmon anaemia (ISA) is caused by a virus, and it has been 

normal practice to slaughter all fish and disinfect the system in order to 

eliminate the disease. On the Faroe Islands this method was applied 

until 2005 but the following use of vaccines and intense surveillance for 

virus has so far proved successful. 
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Pancreatic disease (PD) has only been identified in cultured salmon 

and the disease is distinct in the way that fish show no immediate signs 

of disease. However, after a period fish mortality starts increasing.  

Infectious pancreas necrosis (IPN) is also mostly related to salmon 

culture. Many of the infected fish carry the disease throughout their life. 

IPN is one of the diseases where breeding has been attempted as a 

method to combat the disease but no breakthrough has yet been ob-

tained. Vaccines are also available, but their effect is doubtful. 

Heart and skeleton muscle infection (HSMI) is a disease that has 

evolved rather drastically in recent years. It seems that the disease, 

which primarily affects the heart, is caused by a (reo-) virus.  

The cardiomyopathy syndrome (CMS), that also seems to be caused 

by a virus that affects the heart, was first described in Norwegian salmon 

farming in the 80’ies. The disease leads to increased mortality of even 

large, seemingly healthy, salmon. 

Viral Hemorrhagic Septicemia (VHS) is also a virus disease. The dis-

ease was dominating in trout freshwater farming in Denmark for many 

years. Eventually, the disease was eliminated recently because of sys-

tematically slaughtering of diseased fish, subsequent disinfections and 

limited transfer of fish between veterinary zones. 

Table 48. Development in some major virus diseases in Norwegian salmon culture. The table 
shows the number of localities in the years 1998–2011 with infectious salmon anaemia (ILA), 
pancreatic disease (PD), heart and skeleton muscle infection (HSMB) and infectio p ancreatic 
necrosis (IPN)  

  1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

ILA 13 14 23 21 12 8 16 11 4 7 17 10 7 1 

PD 7 10 11 15 14 22 43 45 58 98 108 75 88 89 

HSMB       54 83 94 162 144 139 131 162 

IPN     174 178 172 208 207 165 158 223 198 154 

Data from: Norwegian Veterinary Institute, 2011. 

Other threats to marine farming 

High mortality in salmon culture in Norway is often due to a low quality 

of smolts. The fish typically dies within the first month in sea because of 

wounds, diseases, incomplete smoltification (salt water adaption), heart 

failures, injures caused by handling and attacks by predators such as 

seals or birds.  

Other effects in the marine environment 

Antibiotics used in fish farming can impede growth of bacteria in the 

sediment and thus reduce the decomposition of organic matter. This 

effect is however reversible, i.e. it disappears once the antibiotic pollu-

tion halts. The largest problem when using antibiotics seem therefore to 

be the development of bacterial resistance to these substances. This 

resistance makes antibiotics less efficient and it becomes therefore more 

difficult to cure diseases. Copper-containing substances have for many 



344 Bat for fiskeopdræt i norden 

years been widely applied for anti-fouling purposes and hindering of 

spoiling nets by (sun) UV-light. Despite these treatments cleaning of nets 

must be carried out regularly. Increased copper levels have occasionally 

been found in sediments below sea cages. Danish studies indicate a loss 

of copper of 20 % of the total amount used throughout a season. In Nor-

way, the release of copper to the environment increased by 36 % in the 

years 1995 to 2005 because of the enlarged fish production. Eco toxico-

logical studies though, show that the copper release from sea farming in 

Norway does not accumulate in the trophic levels and doesn’t possess 

long-term effects. More knowledge on copper effects is however needed. 

In Denmark, there are certain limits for copper contents in both fresh 

and sea water and this limits the allowed release of copper from indus-

tries, including sea farms. 

Fish feed contains small amounts of complex organic substances that 

can be harmful to the environment. These substances are originating from 

the marine fish used as raw material in the feed. Norwegian analyses 

show however that the contents of these compounds (pesticides like DDT, 

PCB’s etc.) in fish feed are below the limits stipulated by the EU. 

Activities and noises caused by aquaculture can disturb the marine 

wildlife, such as seals, porpoises, birds etc. In general, however, disturb-

ances do not seem to be a general problem to animals in the surround-

ings. Some animals, like water birds seem at times to be attracted to the 

activities at the farms. 

The existence of marine farms takes up space and can thus limit the 

access to area for animals and human activities. Yet, the area of farms is 

most commonly small in comparison to the total area. More focus seems 

on the contrary to be on the specific localisations of the farms. In that 

regard, aesthetics is also relevant since this topic can generate protests 

from various groups. 

Aquaculture activities need energy and, unless the farms are driven by 

renewable energy, they will contribute to increased carbon dioxide release 

to the atmosphere. Some have pointed at the nutrient discharges from 

Norwegian aquaculture that create growth and CO2 absorption in algae, and 

in this manner removes 500,000 tons of CO2 from the environment. 

16.5.3 Opportunities for reducing the environmental effects 

As described above there are a number of environmental effects of marine 

fish farming. Some of the effects are significant and can thereby be limiting 

for development of marine fish farming while others are less significant. The 

present section describes various opportunities for diminishing the envi-

ronmental impact of marine farming and thus adds to an analysis of how 

Nordic aquaculture can become more successful in future. 

The production of feed has undertaken substantial development 

within the last 30 years. Feed for salmonids was originally chopped, 

freshly caught fish from sea but today dry feed is used. Modern dry feed 
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is nutritionally balanced, with appropriate amino acid profiles and suit-

able raw materials that have been gently processed and thus supports 

high digestibility. Owing to their high quality modern feed types provide 

basis for high feed utilisation efficiencies. These are accompanied by 

relative small quantities of nutrients excreted from the fish. 

Today, the development of feed for salmonids concentrates for in-

stance on optimising the performance of feed used for recirculated fish 

farming. The characteristics of excreta from fish depend largely on the 

composition and raw materials in the feed and these characteristics are 

important when cleansing water since little dissociation of the excreta 

supports immediate removal of the settleable nutrients from the pro-

duction. Raw materials used in fish feed have also impact on growth of 

bacteria in the biofilters. 

All modern feed types used in the Nordic countries are environment 

friendly. Farmers managing flow-through systems or sea cages are fo-

cused on the total economy in fish feed, i.e. costs of feed in relation to the 

biomass production the feed can generate. Farmers who operate recir-

culating systems naturally have more focus on how the system reacts to 

the feed applied. In Denmark, new rules for associating the maximum 

feed quota to actual discharges from the farm have been announced 

recently. Such rules are motivating for fish farmers with regard to im-

proving water purification, both in terms of feed quality, use of cleansing 

devices and farm operation in general. 

In addition to the feed quality the feeding methods are also important 

for securing high feed utilisations and thus better economy and low dis-

charges. In order to obtain the latter the amounts of feed supplied to the 

fish must be closely balanced with the current biomass, the water tem-

perature and the size of the fish. Good feed utilisation is also achieved by 

selection of an optimal feed type for the relevant species and the sizes of 

the fish. Central, automatized feeding systems as those mentioned earli-

er can be valuable in supplying the optimal feed doses to the fish and 

thus improve feed utilisation efficiencies. 

Compensating water treatment in marine system 

The water used in fish production can be recirculated and treated in 

various cleansing devices no matter if this is saline water or fresh water. 

In principle, there are thus no significant differences in the way sea wa-

ter and fresh water is treated. There is however substantial differences 

in the opportunities for implementing water treatment methods at land 

vs. at sea owing to the favourable possibilities for access to and control 

of land-based systems. In marine farming an alternative to on-site water 

treatment is however to implement water cleansing in terms of produc-

tion of plants and/or shelled organisms that both net absorb nutrients 

and so compensate for the discharges from sea farming. 

Integrated multi trophic aquaculture (IMTA) mostly occurs in devel-

oping countries where humans are forced to view critically on the avail-
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able resources. IMTA integrates several species where nutrients excret-

ed from one species are used for growth in other species. One example 

of IMTA, that has potential in Nordic aquaculture is the loss of nitrogen 

and phosphorus from fish production that can serve as fertiliser for al-

gae or sea weed that also use carbon dioxide (CO2) and sun energy for 

growth (photosynthesis). IMTA is in this way a method that can increase 

sustainability of fish production with regards to environmental issues 

that relate to discharges of nutrients. Perhaps, optimisation of the meth-

ods can also generate an improvement in economy of Nordic aquacul-

ture. Economic studies based on data from Canada indicate that salmon 

production and IMTA actually can generate a higher profit than when 

salmon is reared in monoculture. A future success of IMTA seem primar-

ily to depend on future requirements to nutrient discharges, like nitro-

gen quota, and development of better technology for production of for 

instance mussels and weed that also addresses reductions in man hours. 

On a global scale the production of seaweed is very large. This type of 

aquaculture is almost entirely taking place in Asia. Together with mussel 

production the seaweed production accounts for a removal of 165,000–

220,000 tons of nitrogen, an amount that correspond to the total dis-

charges of N from the global rearing of prawns and fish. Based on esti-

mations from Denmark, a sea farm that produces 3000 tons trout must 

allocate around 23 hectares of the sea for production of sea weed that 

compensates for 10 % of the discharges of nitrogen from the farm. How-

ever, it is expected that seaweeds can be bred and optimised with regard 

to absorbing nutrients and so improve their “cleansing” capacity in cold 

areas like the Nordic countries. Seaweed is a healthy product that is rich 

on polyunsaturated fatty acids and minerals. Furthermore there is a 

potential for use of seaweed as bioenergy, in feed and for other purpos-

es. Within the EU rules for production of organic seaweed have been 

announced and this opens for opportunities to initiate this production.  

Mussel production is an alternative to seaweed or algae. Mussels are 

thriving where water currents are significant and thus supply feed (micro-

algae) and oxygenated water. As mentioned earlier, there are different 

methods for culturing mussels (or other shelled organisms) and it is ex-

pected that these methods will be developed further in the coming years 

and so reduce the need for man power. Promising results on mussel pro-

duction in Danish waters have been obtained in the project MarBioShell.89 

────────────────────────── 
89 http://www.marbio.sdu.dk/index.php?page=marbioshell  

http://www.marbio.sdu.dk/index.php?page=marbioshell
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Reductions in discharges of antibiotics and other substances from 

marine farms 

Since the late 90” the use of antibiotics in Norwegian salmon culture has 

been stable and low despite a doubling in salmon production. This is not 

at least owing to the development of effective vaccines. Compared to the 

consumption of antibiotics in treatment of humans and land animals the 

consumption in aquaculture is very low (1 %). 

In general, the use of antibiotics in Norway is sought to be reduced 

by: a) vaccination against the most frequent diseases b) authoritative 

rules and farm management must contribute to reduce disease out-

breaks c) antibiotics can only be attained on receipt from authorised 

persons d) controls for antibiotic residues in systems is carried out rou-

tinely e) all use of antibiotics and other medicine must be reported to 

the authorities. 

The best method for avoiding discharges of medicine residues from aq-

uaculture is naturally not to apply these medicaments. This can only be 

accomplished if no treatments are required. Pathogens are in particular 

difficult to avoid in open systems such as sea cages, whereas the opportuni-

ties are much better in land-based “closed” systems. In both cases several 

precautions can be made in order to reduce the risk of disease outbreaks. 

Stress is known to stimulate disease outbreaks. Attention should con-

sequently be drawn to gentle handling of fish during transport, sorting 

and fish densities in production units etc. Stress has particular relevance 

in recirculated systems where the production is more intensive and where 

densities tend to be higher than in flow through systems. High densities 

can initiate stress but can also generate higher concentrations of patho-

gens in the water. The latter problem can be counteracted by use of ozone 

or UV-light for elimination of microorganisms. In general abrupt changes 

in the relevant parameters like temperature, oxygen levels and salinities 

should be avoided as to reduce stress among the fish.  

In addition to Biosecurity that aims at keeping the system free of 

pathogens, attention should be drawn to the fish that are introduced to a 

farm. Many fish diseases are not visible to the human eye since they are 

only found in a latent state in the fish. Knowing the origin of the intro-

duced fish is therefore important in preventing diseases. In this regard, 

the quality of smolts is also relevant. If they are not completely smolti-

fied prior to transfer to sea cages or have undergone rough handling 

their ability to survive in the sea is reduced. At the Faroe Islands exper-

iments have indicated the advantage of transferring salmon to sea when 

they reach 150 g instead of 50 g. Certainly fish, as other animals, are 

more robust the older they get and they are therefore more prone to 

survive in sea at higher ontogenetic stages. The costs of extending the 

period in which salmon are reared on land before transfer to sea might 

immediately increase. However, improved survival of the fish on a long 

term will add to better economy and improved animal welfare. 
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Breeding can also be a method for improving immunity of reared fish 

species. In Iceland, such programmes have been running since the begin-

ning of the 90.” Norwegian analyses have shown that breeding for growth, 

as is common in aquaculture, in itself increases immunity in salmonids. 

Probiotics (microorganisms added with feed that enhances immuni-

ty) is also a rather new approach to seek elimination of diseases in aqua-

culture. Within recent years, fish feed with probiotics have been intro-

duced on the Nordic market. 

The localisation of fish farms has also significance to development of dis-

eases. Water currents supply fresh and oxygenated water to fish and exer-

cise in water can for instance decrease the levels of stress hormones in the 

fish. This latter effect can possibly stimulate immunity. As an extra benefit, 

nets appear to be less prone to fouling in areas with good water currents. 

Attention should also be drawn to the boats used for transport of fish 

or for feeding. Studies indicate the importance of effective disinfection of 

these boats with regards to avoiding diseases. In addition to complete 

disinfections, care should be undertaken with regards to use of boats for 

different productions (smolt, adult fish etc.) that can add to the colonisa-

tion of pathogens in the boats. After the boats have delivered fish to the 

slaughterhouses the slaughterhouses occasionally uses land-based tanks 

for keeping fish until slaughter. After emptying tanks the water can then 

be disinfected before being discharged. Alternatively, barges can be used 

for fish transport and they sometimes have opportunity for keeping the 

fish until slaughter. 

Methods for avoiding escapees 

Escapees have negative environmental consequences for two reasons. 

Firstly escapees induce increased risk of disease transfer to wild fish. 

Secondly escapees can cause genetic changes in wild stocks.  

In order to reduce escapees several precautions are taken in Norway. 

Some of these precautions include mandatory and detailed reports 

about escapees to the authorities. These reports contribute to 

knowledge about the topic and thus development of better technology 

etc. for hindering escapees. Other efforts relate to the requirement of 

following standards (NS 9415) for strength and construction of sea cag-

es etc. and the financial support of research, development and education 

that aims at improving sea cages and methods used in sea farming. 

Nets are certainly a key component in avoiding escapees. New materi-

als are tested for their ability to substitute nylon and brass has been sug-

gested together with plastic composite materials. It I expected that in fu-

ture will materials other than nylon will be applied. The design of the nets 

and cages must try to avoid chains that tear the nets apart. Further, the 

nets must also be constructed in a way that refuses predators attacking 

from different positions. In that regard it is important that dead fish at the 

bottom of the cages are removed as not to make them appealing to sharks. 
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Once cages are in operation nets must be controlled for damages on a 

regular basis. This can be done by divers or by use of more novel tech-

niques where remote control of equipment is applied. 

Among other initiatives should be mentioned use of sterile salmon. 

This method is presently analysed for its applicability. While it cannot 

reduce escapees it can hinder the risk of changed genetics in wild fish. 

Experiments on sterile fish have hitherto not proved very suitable be-

cause of poor growth, skeleton defects etc. 

Figure 145. Electrical cords surround a net. Short but powerful pulses are be-
lieved to hinder both fouling and invasin of louse and predators 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Sea¬farm Development. 

 

In cod farming the fish spawn in the cages and, although fertilised eggs 

are collected, some of them drift away from the farms and carry thus 

potential to induce genetic “pollution.” Another disadvantage of rearing 

cod in cages is that this species has an ability to gnaw through the nets. 

Also, cod is rather effective in finding openings in nets because it doesn’t 

school as salmon does but swims more dispersed. 

Several new techniques for reducing escapees are looked upon. One 

method is focusing on tagging fish simultaneously with the vaccinations. 

This method can help identifying the origin of the fish if they are being 

recaptured. Another technique addresses use of copper threads in the 

nets and their ability to conduct electricity. If an aperture appears this 

will disconnect the electrical impulses and a signal will be transferred to 

an alarm. An even more advanced method that also integrates electric 

impulses seeks not only to hinder escapees but also to reduce fouling, 
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louse and predators. This system is based on an electrical “skirt” that 

surrounds the net (Figure 146).  

Fouling 

Anti-fouling is typically based on controlled release of biocide (copper) that 

kills the settling organisms. Other compounds than copper could be applied 

as antifouling agents but it is difficult to obtain permission to apply these 

substances due to EU legislation. In order to develop antifouling further, a 

number of parameters are considered. Some of them concentrate on identi-

fications of microstructures on surfaces that can hinder fouling, the im-

portance of light and net colour, mesh sizes and nanocoating. 

Salmon lice  

The existence of salmon louse causes a major problem in salmon pro-

duction. As a means to enhance the initiative against louse new and 

stricter regulations were implemented in Norway in January 2011. Ac-

cording to the new directive de-lousing in “bath” must now be carried 

out by surrounding the whole net and not just the upper part of the net 

(where most lice exist). Also the central information and coordination of 

louse treatment has been improved. On the Faroe Islands coordinated 

initiatives in certain zones have also been introduced. 

Because salmon louse tend to develop resistance to chemical treat-

ments the focus on alternative methods for treatment has increased. 

The use of other fish species for removing louse has previously been 

mentioned. In Norway six species within the Labridae family are applied 

for louse removal. The specific species depend on the size of the salmon 

and they are introduced in the cages in an amount of few percent. The 

use of these fish is advantageous because no medicaments are applied 

and no resistance can be developed by louse. As a positive side effect, the 

fish also nibble matter that accumulates on the net and therefore ex-

tends the periods between net cleanings. The negative aspects of using 

Labridae are the potential ecological effects of large catches of wild fish 

in addition to ethical concerns. Rearing of Labridae sp. is however under 

development in these years and so far, the results seem promising with 

low mortalities and effective removal of louse. 

Another strategy that is reported to reduce louse infection is the keep-

ing of rearing areas free of fish in certain periods, e.g. when cages are emp-

tied for slaughter of fish and until smolt again are released in the cages. 

Louse can perhaps also be fought by making use of the fact that louse 

mostly thrive in surface waters. Experiments have thus involved use of 

covers (nets) to keep salmon from swimming to the surface. However, 

salmon need occasionally to take up oxygen from the surface and this 

make them jump when covers are removed. Perhaps this activity can 

reduce the ability of louse to adhere to the skin of salmon, and/or oil-

soluble louse medicaments can be poured onto the water surface and 
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treat the salmon when they jump. This method has the advantage that 

medicaments can be re-collected from the water surface. 

As an alternative to the methods mentioned some researchers try 

making louse traps by imitating the chemical signals that louse are at-

tracted to. The idea is that the louse then are cheated by false stimuli and 

trapped. 

Vaccines are also considered but vaccines that target parasites are 

generally difficult to develop. Hence, if effective vaccines are to appear it 

seems necessary to apply very advanced and creative methods in the 

production of these. 

Mechanical removal of louse is also a potential method to be applied. 

This can perhaps be accomplished during pumping of fish where venturi 

pumps occasionally are used. These pumps create a fairly strong current 

and this force has been found to reduce the adhesion of louse on salmon. A 

micro sieve can then subsequently be used for collecting dissociated lice. 

The effects of venturi pumps have been sought further developed and 

designed specifically for the purpose of removing louse from the fish. 

A rather advanced method is also under development in which high-

definition underwater cameras are used for identifying louse on the 

salmon. Once louse are identified, laser beams are then used for elimi-

nating the louse. Though on a developing stage, the results gained so far 

are promising. The project seems very innovative and is supported fi-

nancially by both industry and public research grants in Norway. 

Taken together, some of the many initiatives that are undertaken in 

an effort to eliminate the problems with salmon louse will probably 

prove successful in near future. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




