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Description of measure 
Blue mussel suspended cultures can mitigate effects of excess run-off of nutrients from land. As farming 
of mussels off-bottom can be considered new production, harvest of the farmed mussels will imply a 
return of nutrients bound in mussel tissue back to land thus reversing eutrophication (Petersen et al 
2014, 2016, 2018). In addition to removal of nutrients, off-bottom blue mussel farming will provide 
additional ecosystem sevices as increased water transparency (Timmermann et al 2019, Petersen et al 
2019), local increase in biodiversity and provisioning of sustainable marine proteins with a low CO2 
footprint. 

Activity:  
Fish and shellfish harvesting (pelagic towed gears, stationary gears, professional, recreational)  
Aquaculture – marine, including infrastructure 

Pressure: 
Input of nitrogen 
Input of phosphorous 
Extraction of target fish and shellfish species and incidental fish catches 

State: 
Nutrients 
Pelagic habitats 
 
Blue mussels are filtering the water for nutrients (N and P) bound in phytoplankton biomass that is 
incorporated into mussel tissue. Nutrients are removed from the system through harvest of mussel 
biomass. The harvested biomass can be used partly for human consumption or be processed into feed 
for husbandry or fish (e.g. Nørgaard et al 2015). Mussel meal is a suitable protein source for fish, that can 
replace fish meal, due to having a similar amino acid profile.  
The mussel filtration reduces the Chlorophyll a concentration and improves water clarity thereby 
providing additional ecosystem goods and services. Denitrification can also be enhanced below the farm 
and contributes to further nutrient removal from the marine environment (Petersen et al 2018). 
 

Extent of impact: 
The impact is mainly local within coastal areas, where nutrients are extracted and the mussel filtration 
have a clear effect on water quality (Timmermann et al 2019, Petersen et al 2019). However, if many 
farms are implemented along the Baltic Sea coastline, it may act as a nutrient filter and less nutrients are 
transported to the open waters. The mussel production, and hence nutrient removal, is highest in the 
western Baltic Sea with higher salinities. 



Effectiveness of measure 
Results show that a standard mussel farm can remove 0.9 t-N/ha and 0.07 t-P/ha with conventional 
methods or 1.8 t-N/ha and 0.11 t-P/ha with newer methods at salinity as in Danish waters (Taylor et al 
2019). The effectiveness has been tested in trials from Greifswald Bay (Buer et al submitted) in Germany 
to the Limfjorden in Denmark (Taylor et al 2019) and estimated by a spatial model for the western Baltic 
Sea and showed the highest mitigation potential in the Danish fjords, the Swedish west coast and the 

Little Belt-Kiel Bay area with salinities 16 (OPTIMUS model, Maar et al in prep). Although the mussels 
growth, and hence nutrient removal, is slower at salinity <16, mussel farms will still contribute to 
improve water quality during farm operation in those areas. 

Cost, cost-effectiveness of measure: 
Several studies indicate that nutrient removal by mussel farming is less costly than abatement by other 
measures, in particular abatement at emission sources upstream in the catchment with relatively low 
and uncertain removal effect on the coastal waters. The costs of nutrient removal by mussel farming are 
determined by productivity at the site and by costs of inputs such as labout and capital. Modelling of the 
cost effectiveness of reaching the BSAP maximum load targets show that the introduction of mussel 
farming can reduce overall costs by at least 10 % or approximately 0.3 billion Euro (Gren et al 2018, Gren 
2019).  

Feasibility: 
Technically, mussel farming as a mitigation tool can be implemented in coastal areas without further 
development. However, training of staff will be required as there is low human resource capital available 
for mussel farming in the Baltic area in general. Off-coast mussel farming in open waters will require 
further development of gear but is feasible within a 5 yr. range given sufficient investment in 
techological development. Mussel faming as a mitigation tool can thus be implemented rapidly and 
equally rapidly been removed as environmental goals are reached. 
 
Economically, mussel farming as a nutrient removal tool is a cost effective nutrient abatement option in 
Kattegat region and part of the Danish straits because of the high salinity and productivity, which are 
optimal conditions for mussel production. Despite the relatively low salinity levels in the southern and 
eastern part of the Baltic Proper, mussel farming is also a cost effective removal option because of the 
low costs for labour. There exist today no mechanism for the materialization of the nutrient removal 
values of mussel farming. Therefore, a suggestion is that mussel farming can be used as an offset for 
firms and farms subject to nutrient regulations, i.e. that part of a reduction requirement can be 
accomplished by investing in mussel farms.  
 
Compared to other coastal uses (e.g. wind power stations) mussel farming is currently not a big social 
issue in the coastal waters of the south western Baltic Sea. But it is important to consider and adapt to 
local reactions to siting of new facilities. As concerns, e.g. visual disturbance, and interests can be very 
site specific, it is important to inform and involve stakeholders and residents in the process of planning 
(incl. site selection) and establishing mussel mitigation farms. Broad information, especially about the 
improvement of water clarity and nutrient removal by mussels, can increase the acceptance and the 
success of mussel mitigation farms.   



Follow-up of measure: 
The harvested mussel biomass should be registrered to assure that the measure is working i.e. that 
nutrients are removed and not lost within the system (due to predation, drop-off to the bottom or 
damage to the farm). Field data can support the choice of farm location with respect to hydrodynamic 
conditions, Chl a concentrations, sediment organic content and risk of hypoxia. After the farm is 
established, field data can continue to demonstrate the effects of water quality and to assure that the 
negative sediment impacts (changes in oxygen uptake, nutrient fluxes) are of minor importance. If 
mussel farming is considered as a means of nutrient removal in a policy scheme, field data will be 
necessary for monitoring and verification of compliance with a contract regulating nutrient removal and 
associated payment. 
 

Background material: 
The material is based on the new results from the BONUS OPTIMUS project and from the literature. 
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