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AQUA -LIT project  
 

AQUA-LIT is an EMFF-EASME funded project that aims at providing the aquaculture sector 
with a sustainable toolbox of innovative ideas and methodologies to address the 3 main 

components of marine littering: ǇǊŜǾŜƴǘƛƻƴ ϧ ǊŜŘǳŎǘƛƻƴΣ ƳƻƴƛǘƻǊƛƴƎ ϧ ǉǳŀƴǘƛŬŎŀǘƛƻƴΣ ŀƴŘ 

removal & recycling. 

To fulfill this mission, we will be 

working face-to-face with aquaculture 

farmers in three regional Learning 

Labs: at the Mediterranean basin, the 

North Sea and the Baltic Sea regions. 

In parallel, we will identify and cluster 

existing, upcoming and already 

implemented tools on marine littering, 

and we will further develop a 

platform and an app for providing the 

Ω¢ƛŘŜ ŀƎŀƛƴǎǘ ƳŀǊƛƴŜ ƭƛǘǘŜǊ ǘƻƻƭōƻȄΩΦ  

Lastly, we will ΨǎŎŀƭŜ ǳǇ ǘƘŜ ǘƛŘŜΩ by 

ŘŜǾŜƭƻǇƛƴƎ ǘƘŜ ΨǇƻƭƛŎȅ ŦƻǊ ƭŜǎǎ ƭƛǘǘŜǊΩ 

set of recommendations, by 

showcasing the ΨŦǳƴŘƛƴƎ ŀ ǿŀǾŜ ƻŦ 

ǎƻƭǳǘƛƻƴǎΩ available for the sector and 

by coming up with a transferability 

plan for outermost regions.  

Through this, we expect to help all 

stakeholders from the aquaculture 

chain to increase the understanding, 

awareness and availability of 

solutions, so a potential 

transformation of the aquaculture 

sector towards a less polluting sector 

can become possible. 
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Definitions  
 

Globally, the term 'marine litter' is put forward in research and communication strategies in the 

ŎƻƴǘŜȄǘ ƻŦ ŀƴǘƘǊƻǇƻƎŜƴƛŎ ŘŜōǊƛǎ ŀƴŘ ǇƭŀǎǘƛŎ ǿŀǎǘŜ ƛƴ ŀƴŘ ǘƻǿŀǊŘǎ ǘƘŜ ǎŜŀΦ !ŎǘǳŀƭƭȅΣ ΨƭƛǘǘŜǊΩ Ƙŀǎ 

a strong connotation pointing at carelessly discarded items. Items that have been discarded 

incorrectly and/or deliberately at an unsuitable location.  

The AQUA-LIT project cooperates with stakeholders from the aquaculture sector. This sector 

deals with exceptional offshore conditions, storm events, etc. and consequently has 

unintentional losses of materials or equipment. To better represent the context, the word 

'debris' is used instead of 'litter' for those exceptional cases, if the distinction can be made 

correctly.  hǘƘŜǊǿƛǎŜ ǘƘŜ ŀǳǘƘƻǊǎ ǎǘƛŎƪ ǘƻ ǘƘŜ ǘŜǊƳ άƭƛǘǘŜǊέ ŀƭǎƻ ŘǳŜ ǘƻ ǘƘŜ ǇǊƻƧŜŎǘǎΩ ƴŀƳŜ 

AquaLIT. 

  

 

Litter: consists of (anthropogenic, manufactured, or processed solid) items that have been 

deliberately discarded, unintentionally lost or abandoned, or transported by winds and rivers, 

into the environment. The term 'litter' has the connotation of been discarded incorrectly and/or 

ŘŜƭƛōŜǊŀǘŜƭȅ ŀǘ ŀƴ ǳƴǎǳƛǘŀōƭŜ ƭƻŎŀǘƛƻƴΦ ¢ƘŜ ǾŜǊō Ψǘƻ ƭƛǘǘŜǊΩ ƳŜŀƴǎ ǘƻ ŘǊƻǇ ŀƴŘ ƭŜŀǾŜ ŦŀōǊƛŎŀǘŜŘ 

objects in the environment.   

Waste: any substance or material which is eliminated or discarded after primary use, or is 

worthless, defective and of no longer useful.  

Debris: rubble, wreckage, scattered remains of something that has been destroyed, pieces of 

rubbish or unwanted materials.  
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Knowledge wave on marine debris  
from aquaculture sources  (D2.2)  
1. Summary  
The aim of this report is to provide an overview of the available knowledge on marine debris 
originating from the aquaculture sector and reported in the marine environment of the North 
Sea region, the Mediterranean region, and the Baltic region.  

In order to understand the potential sources of aquaculture debris, this report starts by 
providing an overview of the different types of aquaculture facilities in these areas. In the North 
Sea, aquaculture of shellfish is widespread along the coasts of most countries whereas floating 
cages for finfish farming are clustered in favourable areas in the outer regions of the Greater 
North Sea. Production of seaweed is still limited in the North Sea with France and Norway being 
the major producers and other countries investing in pilot facilities to explore economic 
feasibility. In the Baltic Sea, mariculture facilities are less diverse and abundant, with very little 
shellfish and seaweed facilities. The production of finfish is limited to Finland, Sweden and 
Denmark. In the Mediterranean Sea, aquaculture is charachterised by a much wider variety of 
finfish production. Also shellfish and seaweed production is present, mainly in France, Italy and 
Spain. 

Following the mapping results of the aquaculture facilities, this report provides a description of 
all aquaculture related items that can be observed as litter in the marine and coastal regions. 
This litter inventory was generated by a genuine screening of the available literature and litter 
databases (e.g. OSPAR, HELCOM, Marine Litter Watch) and will be extended during the course 
of the AQUA-LIT project on the basis of discussions with stakeholders and aquaculture farmers. 
Currently, this list consists of 64 different items of litter, of which 19 items are unique to the 
aquaculture industry. 

Efforts were made to quantify the marine debris from the aquaculture sector using data from 
scientific publications. This provided an indication of the occurrence of this category of debris 
at a certain location, what can be used to inform stakeholders, aquaculture industry and 
policymakers. Sea basin maps were generated visualising information on the geographic 
position of aquaculture facilities, in combination with the quantitative data of aquaculture-
related litter. These maps are provided for the three sea basins and give an initial indication of 
the sources and sinks of aquaculture-related litter, which are a useful tool to inform various 
stakeholders and policy makers. In addition, the proportion of aquaculture related litter in 
relation to the total amount of litter was calculated for both beach litter, floating litter and 
seafloor litter in all monitoring locations. In European waters, most aquaculture related debris 
is made from plastics. In the North Sea, aquaculture debris is mainly originating from finfish and 
shellfish aquaculture activities. In the Mediterranean and Baltic Sea, primarily shellfish 
aquaculture related debris was collected. In many countries only shellfish aquaculture related 
debris was monitored and recorded, and therefore impossible to compare with other 
aquaculture activities. The highest percentages of the mariculture related debris were found 
on the seafloor (14.75%), followed by the sea surface (11.25%) and the beach (4.08%). The 
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North-western Adriatic Sea and the region of Corfu island show the highest proportion of 
aquaculture related debris in relation to the total amount of debris.  

The current needs and knowledge gaps on debris from the aquaculture sector are summarised 
in this report: 

¶ There are many aquaculture activities carried out in Europe, unfortunately it is currently 
not possible to display all aquaculture facilities due to the lack of data from many 
countries. Most monitoring events took place in the Adriatic Sea, while in the Southern 
Mediterranean Sea almost no surveys were conducted. In the North Sea and Baltic Sea 
there is a lack of data from several countries regarding the location of aquaculture 
facilities and the quantification of aquaculture related debris. 

¶ Important farmed species in the North Sea region are salmon, rainbow trout, mussel 
species, oysters and brown seaweeds. In the Baltic Sea region, mainly rainbow trout, 
mussels and oysters and brown seaweeds are farmed, and for the Mediterranean Sea 
region mussels, oysters and other clams, European seabass and a wider variety of 
finfish, red and green algae belong to the farmed species.  

¶ Depending on the type of aquaculture facility, different types of waste can be expected. 
¢ƘŜ ΨAQUA-LIT litter inventoryΩ Ŏƻƴǘŀƛƴǎ ŀǉǳŀŎǳƭǘǳǊŜ ƛǘŜƳǎ ǘƘŀǘ ŀǊŜ ŎǳǊǊŜƴǘƭȅ ŀƭǊŜŀŘȅ 
found as marine debris and this list will be completed during the course of the AQUA-
LIT project. 

¶ Most of the litter items from the litter inventory consist of plastic, which certainly shows 
that measures need to be taken to tackle plastic litter from the aquaculture sector.  

¶ At regional level, monitoring programmes should be harmonised between the regions 
and between the countries (e.g. HELCOM, OSPAR). Currently, different codes are used 
for the objects, and the units used in the reporting are also different. As a consequence, 
ƛǘΩǎ ŘƛŦŦƛŎǳƭǘ ǘƻ ŎƻƳǇŀǊŜ ǘƘŜ ǊŜǎǳƭǘǎ ōŜǘǿŜŜƴ ŎƻǳƴǘǊƛŜǎ ŀƴŘ ǎŜŀ ōŀǎƛƴǎΦ CǳǊǘhermore, 
there is no official monitoring programme for the Mediterranean Sea region, currently 
the data are based on citizen science initiatives. 

¶ This report contains maps for the North, Baltic and Mediterranean Sea regions that for 
the first time ever document the presence of aquaculture debris in these areas, based 
on available data. The maps drawn up in this report also give an indication of the data 
gaps in different parts of the three sea areas.  

¶ The monitoring programme that exists for seafloor litter (e.g. OSPAR) does not provide 
a category for aquaculture debris.  

¶ There is a need for open-access hydrodynamic models that demonstrate the 
distribution of different types of debris in the North and Baltic Sea. Currently there are 
models that show the drift patterns of oil spills in the North and Irish Sea but the 
applicability of these models for marine litter is not known. These models should also 
distinguish different materials and forms of litter. For the Mediterranean Sea, a 
hydrodynamic model was developed by the INDICIT project. 

 
This report will be combined with the ongoing exercise on the mapping of aquaculture 
stakeholders and the report D2.3 on 'Available tools and measures' to discuss possible solutions 
for the specific problems related to this litter in the 'Learning Labs'. In this way, work will 
continue on the AQUA-LIT 'Toolbox for integrated approaches'. 
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2. Players at play  
2.1. Objectives  
The topic of aquaculture debris is very diverse and complex, and seeks a thorough 
understanding of the wide range of actors; individuals, groups and organisations operating in 
different stages of an aquaculture farm lifecycle (Initiation, Development, Operation and 
Maintainance, End of Life) and at a variety of spatial and governance scales. Error! Reference s
ource not found. presents the stakeholder categories through the life cycle of the aquaculture 
farm as defined in the AQUA-LIT project. 

A review of relevant actors was conducted in the AQUA-LIT project with the overall aim to gain 
a better understanding of the various actors relevant in the context of marine aquaculture 
debris and advise an effective stakeholder engagement strategy in the project. This is also 
essential for the development of recommendations which will be targeting the appropriate 
type of actors with the ΨǇƻƭƛŎȅ ŦƻǊ ƭŜǎǎ ƭƛǘǘŜǊΩ set of recommendations, taking into account 
national, regional and sea basin dimensions.  

Having a good understanding of relevant actors is not only a prerequisite for the establishment 
of mechanisms for attracting stakeholder input into the AQUA-LIT work, but also for effectively 
feeding the AQUA-LIT recommendations back into relevant policy processes, and for providing 
recommendations on ways to increase social awareness about the topic of marine litter from 
aquaculture activities. In order to ensure the acceptance and implementation of the AQUA-LIT 
project results and recommendations, it is crucial to have those with the power and knowledge, 
actively involved in the early development stages of the project.  

 

Figure 1: Stakeholder categories in regard to the life cycle of an aquaculture farm. 
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2.2. Stakeholder analysis and country profiles  

The analysis of actors is an ongoing iterative process that will evolve throughout the AQUA-LIT 
project. 

As a first step in the analysis of actors relevant in the context of marine aquaculture debris, a 
comprehensive list of actors has been compiled and categorised by all project partners, based 
on existing knowledge and desktop research. These stakeholder lists and descriptions of 
stakeholders operating in different stages of an aquaculture farm life cycle and in different 
countries are summarised in internal project documents.  

In the second step in the analysis of actors, the knowledge gaps identified during the desktop 
phase of the stakeholder analysis were filled by various stakeholder engagement process 
carried out during the project. Additional information was retrieved from the interactive 
workshops as well as the individual stakeholder interviews in the Mediterranean Sea (as 
described in D3.2), the North Sea (D3.3) and the Baltic Sea (D3.4).  

Based on the resulting information, a country profile was compiled for the two most extensively 

studied countries in each of the studied sea basins.   

¶ Mediterranean Sea: Spain and Italy  

¶ North Sea: Belgium and France 

¶ Baltic Sea: Germany and Denmark 

Detailed information on the stakeholders active in the different life stages of an aquaculture 

farm is provided in every country profile (see Anneces 5, 6 and 7). Every country profile provides 

the contact information from the responsible AQUA-LIT partner that was in charge of compiling 

the information. The findings obtained from the stakeholder engagement activities were 

verified and revised by key stakeholders. As new information is gained (purposefully or 

opportunistically), stakeholder information will be updated and revised, with an intention to 

deepen the analysis.  

CƻǊ ǘƘŜ ǇǳǊǇƻǎŜ ƻŦ ǘƘƛǎ ŘŜƭƛǾŜǊŀōƭŜΣ ǘƘŜ ǎǘŀƪŜƘƻƭŘŜǊǎ ŀŎǘƛǾŜ ƛƴ ǘƘŜ ΨƻǇŜǊŀǘƛƻƴŀƭΩ ǎǘŀƎŜ ƻŦ ǘƘŜ 
aquaculture life cycle were examined and described in following section.  
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2.3. Aquaculture facilities  
It is relevant to understand the location, volume and type of aquaculture facilities across the 
three analysed sea basins, as this may give an indication on the origin of various types of 
aquaculture litter. Given the different water conditions, presence of natural resources and 
farming traditions, different types of aquaculture can be found across the three sea basins 
analysed. The different mariculture facilities, the cultivated species and an indication of their 
volume produced are described below. A map indicating the exact location of the aquaculture 
facilities, as described in more general terms is presented in Figures 2, 3 and 4.  

The locations of the aquaculture facilities in all three sea basins were retrieved from the 
EMODnet Human Activities database. This portal provides freely accessible and downloadable 
data and an interactive map of Europe on macroalgae, finfish and shellfish aquaculture. 

The macroalgae dataset includes geographic data on the production facilities and the 
production method. With relevance to this project, data have been collected in the following 
countries: Belgium, Denmark, Estonia, France, Germany, Italy, Netherlands, Norway, Spain, 
Sweden, and UK. Data are missing for Poland, Latvia, Lithuania, Finland, and for most countries 
in the Mediterranean Sea. Data were last revised on 2018-10-09. 

The marine finfish dataset includes offshore and inland facilities related to the farming of 
marine finfish. The database contains marine finfish aquaculture facilities in the following 
countries: Cyprus, Denmark, Finland, Greece, Malta, Norway, Spain and UK. Countries with 
missing data are France, Italy, Montenegro, Albania, Croatia, Slovenia, Germany, Poland, 
Estonia, Latvia, Lithuania, Sweden, Belgium and the Netherlands. Data were last revised on 
2019-01-04. 

The shellfish dataset provides information on the location of shellfish farms in Denmark, 
Greece, Ireland, Italy, Spain, UK, France and the Netherlands. Data were last revised on 2015-
01-28. 

Complementary to the EMODnet information, an indication of the production volume of the 
different species cultivated was obtained from the FAO production figures of 2017 (FAO, 2019). 
The production in tonnage is summarised in Table 1 and is used to guide the interpretation of 
the production of the different species groups in the different sea basins. An overestimation of 
the production might have occurred for those countries bordering several sea basins (e.g. the 
finfish production in Norway includes both the production in the greater North Sea and in the 
Atlantic Ocean). 

http://www.emodnet.eu/human-activities
http://www.emodnet-humanactivities.eu/search-results.php?dataname=Macroalgae+%28seaweeds%29
http://www.emodnet-humanactivities.eu/search-results.php?dataname=Finfish+Production
http://www.emodnet-humanactivities.eu/search-results.php?dataname=Shellfish+Production
http://www.fao.org/fishery/statistics/global-aquaculture-production/en
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2.3.1. Finfish  

The aquaculture of finfish shows a strong difference in selected finfish species 
between the studied sea basins (Figure 5). The technologies and practices used for 
finfish production also differ accros the sea basins, from more traditional small scale 

(i.e. Adriatic) to more industrial scale (i.e. North Sea).  This type of aquaculture is expected to 
grow in the Mediterranean and North Sea countries, especially in further offshore areas 
(Bamlett et al., 2018). 

Figure 2: Distribution of aquaculture facilities for seaweed, shellfish and finfish in the Greater North Sea basin (Source: 

EMODnet Human Activities). 

http://www.vliz.be/nl/catalogus?module=ref&refid=311198
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In the North Sea, facilities are clustered in favourable areas in the outer regions of the Greater 
North Sea (Figure 2). Atlantic salmon (Salmo salar) is the most important aquaculture species 
in Europe that benefits from natural conditions with good sea temperatures, salinity and 
currents in sheltered fjords. Most of the farmed Atlantic salmon is produced in floating cages 
at sea, while there are a few land-based farms. Norway, followed by the UK, are the most 
important producing countries in Europe (European Commission, 2019). The second most 
important aquaculture species in this region is the rainbow trout (Oncorhynchus mykiss). This 
anadromous species can be farmed in floating cages in lakes or tanks located beside a river. 
However, trout are also grown in floating cages in the protected waters of the Scandinavian 

Figure 3: Distribution of aquaculture facilities for seaweed, shellfish and finfish in the Baltic Sea basin (Source: EMODnet 

Human Activities). 

http://www.vliz.be/nl/catalogus?module=ref&refid=311157
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fjords. When the fish have reached commercial weight, the trout are collected with a net or are 
pumped on to land. Today, nearly all rainbow trout on the EU market comes from aquaculture.  

In the Baltic Sea, on the other hand, this type of aquaculture is not so prominent given the 
eutrophication increase concerns. Farmed fish production in this region is more relying on 
recirculating aquaculture systems (RAS) on land. Rainbow trout (Oncorhynchus mykiss) is the 
most important farmed fish species in this region, which is farmed in floating cages in the low 
saline water of the Baltic Sea. Finland, Denmark and Sweden are the main producers in the 
Baltic Sea. However, since the EMODnet Řŀǘŀ ŘƻŜǎƴΩǘ ƘŀǾŜ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ǘƘŜ ŀŎǘƛǾƛǘƛŜǎ ƛƴ 
Sweden, finfish facilities is this region are not shown in Figure 3. 

In the Mediterranean Sea (Figure 4), a much wider variety of finfish is farmed, of which the 
European seabass (Dicentrarchus labrax) is the main species. Most farmed European seabass 
are produced in floating sea cages, with a few produced on land-based farms. The fish is 
normally harvested after one and a half years and up to two years in size categories below 1 kg 
(European Commission, 2019). Gilthead seabream (Sparus aurata) is the second most 
produced species in the Mediterranean Sea. This species is normally reared in sea cages, but 
some land-based systems can be found. The fish is normally harvested after approximately 16 
months in the sea, and, as with European seabass, in small size categories below 1 kg (European 
Commission, 2019). After Turkey, Greece is the largest aquaculture producer of seabass and 
seabream in the Mediterranean Sea, followed by Spain and Italy. Atlantic bluefin tuna (Thunnus 
thynnus) is a quotum species present in both the Mediterranean and the eastern Atlantic with 
a high market value. Due to the stagnation in the yield of the wild fisheries, countries are trying 
to exploit the quota to the fullest and raise wild-caught specimens in aquaculture conditions 
for the purpose of increasing fat content. Malta, Croatia and Spain are countries bordering the 
Mediterranean sea practicing aquaculture in the greatest volume. There has also been an 
intensive effort in closing the life cycle of Atlantic bluefin tuna in Europe, but this has not yet 
been achieved (European Commission, 2019).      

2.3.2. Shellfish  

The extractive aquaculture (shellfish and seaweed) sector is gaining traction across 
the EU, with a wide range of commercial applications going beyond human 
consumption (e.g. poultry and fish feed, biofuel, chemistry, pharmaceuticals, etc.) 

(European Commission, 2019). Various species can be cultivated by using different techniques 
(Figure 5).  

Mussel species are a major aquaculture product in several European countries. Production of 
aquaculture mussels is much larger than the production by mussel fishing. The blue mussel, 
Mytilus edulis, and the Mediterranean mussel, Mytilus galloprovincialis, are the core of 
European production. According to FAO (2018), EU production amounted to 545,000 tonnes in 
2015, providing approximately 27% of the world supply. Mussel production has shown 
remarkable fluctuations over recent years due to  the decrease in the mussel production from 
diseases and lack of mussel seeds. 

http://www.vliz.be/nl/catalogus?module=ref&refid=311157
http://www.vliz.be/nl/catalogus?module=ref&refid=311157
http://www.vliz.be/nl/catalogus?module=ref&refid=311157
http://www.vliz.be/nl/catalogus?module=ref&refid=311157
http://www.vliz.be/nl/catalogus?module=ref&refid=311157
http://www.vliz.be/nl/imis?module=ref&refid=301646
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Figure 4: Distribution of aquaculture facilities for seaweed, shellfish and finfish in the Mediterranean Sea basin (Source: EMODnet Human Activities). 
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There are three different culture techniques for mussel farming - ǳǎƛƴƎ ǇƻƭŜǎ όάōƻǳŎƘƻǘέύΣ 
suspended ropes or bottom culture: 

¶ Pole culture: ! άōƻǳŎƘƻǘέ ƛǎ ƳŀŘŜ ƻŦ ǿƻƻŘŜƴ ǇƻƭŜǎΣ ǇƭŀŎŜŘ ǳǇǊƛƎƘǘ ƛƴǘƻ ǘƘŜ intertidal 
area. Mussel seed or spat, collected (usually around March) either on poles (placed 
ŦǳǊǘƘŜǊ ƻǳǘ ǘƻ ǎŜŀύ ƻǊ ƻƴ ǊƻǇŜǎΣ ŀǊŜ ǘǊŀƴǎǇƭŀƴǘŜŘ ƻƴǘƻ ƎǊƻǿƛƴƎ ǇƻƭŜǎ όάōƻǳŘƛƴŀƎŜέύ ƛƴ 
July. A net is placed over the whole structure to keep the mussles from falling. 
Harvesting occurs after 15 months of growth by manual or mechanical scraping. 

¶ Suspended rope culture: For this technique, ropes covered with mussel seed are 
suspended either from metallic frames or from floating structures, enabling young 
mussels to remain under water permanently. Frames are built from metallic poles, 
placed upright into the ground, at water depths ranging between three to nine metres. 
Young mussels, placed in nylon net-bags, are grown throughout the year and harvested 
ŀŎŎƻǊŘƛƴƎ ǘƻ ŘŜƳŀƴŘΦ CƭƻŀǘƛƴƎ ǎǘǊǳŎǘǳǊŜǎ ŀǊŜ ǊŀŦǘǎ όάōŀǘŜŀǎέύΣ ǎŀǳŎŜǊǎ ƻǊ ƭƻƴƎƭƛƴŜǎΦ This 
technique is suitable for sheltered areas (Mediterranean Sea). Offshore mussel farming, 
which recently developed in France, the UK, and Belgium, also uses this technique. The 
mussels are harvested by raising the ropes out of the water and removing the clusters.  

¶ Bottom culture: This technique rests upon the harvesting of naturally produced young 
mussels and their spreading out on specially prepared growing plots. This technique is 
widely practised in the Netherlands. 

 
In the North Sea, mussel cultivation (predominantly blue mussel) is dominated by France and 
the Netherlands. Other smaller producers of the blue mussel are Denmark, Norway, Sweden 
and the UK. The locations of the shellfish facilities in Norway and Sweden are not present in the 
EMODnet Human Activities database and hence not shown on Figure 2.  
 
Multiple mussel farms can be identified along the Baltic coast. Nevertheless, except the sites in 
the Western Baltic Sea, mussel farming is mainly in the experimental scale in the Baltic Sea 
Region. Demonstration projects are currently running to explore full scale mussel farming in 
the Baltic Sea (more specifically along the German, Danish, Latvian and Lithuanian coast). 
Cultivating and harvesting blue mussels in the Baltic Sea may substantially improve the water 
quality and transparency as mussels filter water and take up nutrients through their food 
intake, thus counteracting eutrophication (Baltic Blue Growth project, 2017; Ozolina et al., 
2017). In the Baltic Sea, SUBMARINER Network has a crucial role in gathering relevant actors 
including public authorities, research centers and industry to jointly work on innovative mussel 
projects in the region. Apart from the Baltic Blue Growth project, focusing directly on the 
suitability of mussels cultivation in the Baltic Sea Region, the SUBMARINER Network members 
are also working on a highly innovative InnoAquaTech project in the South Baltic. This project 
is working to develop and transfer  innovative and sustainable aquaculture technologies across 
the area. Through this project, SMEs all over the region are getting access to state-of-the-art 
technology, know-how, expertise and financing models.  
 
In the Mediterranean Sea, France, Italy and Spain are the main producers of the Mediterranean 
mussel. Slovenia, Turkey, Greece, Croatia, Albania and Montenegro contribute to a lesser 
extent to the mussel production in this region (European Commission, 2019). 

http://www.emodnet.eu/human-activities
http://www.vliz.be/nl/catalogus?module=ref&refid=311249
http://www.vliz.be/nl/catalogus?module=ref&refid=311253
http://www.vliz.be/nl/catalogus?module=ref&refid=311253
https://www.submariner-network.eu/
https://www.submariner-network.eu/projects/balticbluegrowth
https://www.submariner-network.eu/projects/innoaquatech
http://www.vliz.be/nl/catalogus?module=ref&refid=311157
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Oyster farming has a long history. After several years of decreasing production caused by the 
2008 disease outbreak in French oyster farming areas, production has increased again since 
2014 (European Commission, 2019). In Europe, commonly farmed oysters include the 
European flat oyster, Ostrea edulis, and the Pacific cupped oyster, Crassostrea gigas. According 
to the European Mollusc Producers Association (EMPA), the EU production of oysters in 2015 
was 108,910 tonnes and contributed for 97.5 % by Pacific cupped oysters and for 2.5 % by flat 
oysters. The Portuguese cupped oyster (Crassostrea angulataύ όŀƭǎƻ ŎŀƭƭŜŘ ǘƘŜ άWŀǇŀƴŜǎŜ 
ƻȅǎǘŜǊέ ƛƴ 9ǳǊƻǇŜύ is not cultured commercially in Europe anymore (European Commission, 
2019).  

The sector is characterized by being composed mainly of small, family-owned businesses of 
limited financial capacity. European oyster-growing techniques have developed in order to 

Figure 5: Examples of European marine aquaculture farms. The collage above depicts several types of aquaculture performed 

in the North Sea, Baltic Sea and Mediterranean Sea. Nevertheless, aquaculture types can differ per region and country. Besides 

this, various shellfish farming techniques can be used for the cultivation of multiple shellfish species.  

A) Net cages for cultivation of seabass; B) Net cages for cultivation of seabream; C) Net cages for cultivation of Atlantic salmon; 

D) Pole culture for mussel cultivation; E) Bottom culture for oyster cultivation; F) Bottom culture for clams farming; G) 

Suspended rope culture for mussel cultivation; and H) Suspended rope seaweed farm (Sources: s.Pro, CNC France, GAA and 

European Commission). 

http://www.vliz.be/nl/catalogus?module=ref&refid=311157
http://www.vliz.be/nl/catalogus?module=ref&refid=311157
http://www.vliz.be/nl/catalogus?module=ref&refid=311157
http://www.cnc-france.com/Normandie-Mer-du-Nord.aspx
https://www.aquaculturealliance.org/advocate/mediterranean-mussel-culture-in-greece/
https://ec.europa.eu/fisheries/cfp/aquaculture/species
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supply the market for fresh oysters, delivered in the shell. Cultivation is usually a three-year 
process that starts with the collection of small oysters on a support from which they can be 
easily removed after six to eight months. During the second year of culture, oysters are spread 
out in the intertidal range, either directly on the ground (bottom culture), or in bags on trestles, 
or suspended (Mediterranean shores). Half of the spat used for oyster farming is supplied by 
hatcheries; the remaining 50% is wild spat collected by farmers (European Commission, 2019). 

In the Baltic Sea, oyster farming is not successful due to the low saline waters. In Sweden, this 
relatively new industry is still in its research phase; investigating the high mortality rates 
observed in Swedisch commercial hatcheries (Cordis, 2019).  In the North Sea, oyster culture is 
dominated by France, while the Netherlands and the UK have limited production capacity. In 
the Mediterranean Sea, the oyster farming countries are France, Spain, Italy, Croatia and Malta.  

Bivalve molluscs (including clams which is a common name for several kinds of bivalve molluscs) 
are available from both fisheries and aquaculture. According to European Commission, 2019, 
EU production of clams from aquaculture accounted for 44,000 tonnes in 2016. The main 
species produced are grooved carpet shell (Ruditapes decussatus), Pullet carpet shell 
(Venerupis pullastra), Japanese carpet shell (Ruditapes philippinarum) and cockles 
(Cerastoderma edule).  

In the Baltic Sea, the aquaculture production of this type of bivalve molluscs is absent. In the 
North Sea, France is the main aquaculture producer of clams. In the Mediterranean Sea, the 
majority of farmed clams come from Italy, and other clam farming countries are France, Spain 
and Slovenia. 

2.3.3. Seaweed  

Marine macroalgae, or seaweeds, are traditionally harvested for the extractrion of 

hydrocolloid for industrial purposes. EU macroalgae production is limited but the 

demand for edible algae is increasing in EU markets, and new production models and 

new market stream are emerging (European Commission, 2019). Macroalgae production is an 

upcoming sector for growing biomass for producing food, pharmaceuticals, consumables such 

as plastics and energy without competing for arable land, depleting fresh water and using non-

renewable fertiliser. 

The most important species, in terms of landings and value, are Laminaria digitata, Laminaria 
hyperborea and species Ascophyllum nodosum, because these species are harvested 
mechanically by fishing vessel in France and Norway. Ascophyllum nodosum is harvested by 
fishing vessel in Norway, whereas in France and Ireland, it is harvested manually. All other 
species are harvested manually, either on foot or by diving. Mechanical harvesting is done by 
fishing vessels and is practised mainly in Norway (Rogaland to Sør-Trøndelag), France (Brittany), 
Spain (Galicia and Asturias) and to a lesser degree in the French Basque Country and Ireland 
(European Commission, 2019). 

EU algae production increased from 2005 to 2014 with 67%, with a production to more than 
93,000 tonnes in 2014 (0.3% of the world supply). In the Baltic Sea, Denmark is the largest 
producer of seaweed (Table 1). Besides that, the SUBMARINER Network has a crucial role in 

http://www.vliz.be/nl/catalogus?module=ref&refid=311157
https://cordis.europa.eu/project/rcn/99417/brief/en
http://www.vliz.be/nl/catalogus?module=ref&refid=311157
http://www.vliz.be/nl/catalogus?module=ref&refid=311157
http://www.vliz.be/nl/catalogus?module=ref&refid=311157
https://www.submariner-network.eu/
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gathering relevant actors, and initiating innnovative projects in the field of sustainable seaweed 
and mussels aquaculture. For example, an EU funded project, GRASS is working on pilots in the 
Baltic Sea to raise the awareness and build capacity on macroalgae cultivation, harvesting and 
use among public authorities and other relevant stakeholders across the region. Public 
authorities, ministries, planning regions and counties play a crucial role in promoting 
macroalgae as they are the main legislative bodies that also control much of national and 
regional funding. The Department of Seaweed is a transdisciplinary platform which gathers 
together experts from different fields who work with seaweed as material to jointly explore 
seaweed as a sustainable resource.  

In the North Sea, seaweed aquaculture is predominant in France and Norway (brown 
seaweeds). The majority of the production in France is wild seaweed that is harvested. Other 
countries (the Netherlands, Belgium) are investing in pilot studies. The Value@Sea project was 
initiated in Belgium in 2017 to test the technical, ecological and economic feasibility of the 
integrated cultivation of extractive aquaculture species such as the flat oyster, scallop and sugar 
kelp (Bossier et al., 2018). Zeewaar is the first seaweed farm of the Netherlands and the North 
sea Farm Foundation is the national seaweed platform that aims at realising a sustainable 
seaweed industry in the Netherlands and surrounding EU countries (Noordzeeboerderij, 2019). 
In the Mediterranean Sea, Spain (mostly red algae) and Italy (green and red algae) are the main 
producers (European Commission, 2019).  

2.3.4. Other aquaculture types   

2.3.4.1. Integrated Multi -Trop h ic Aquaculture  
The Integrated Multi-Trophic Aquaculture (IMTA), where multi-trophic refers to the explicit 
incorporation of species from different trophic positions or nutritional levels in the same 
system, has been gaining the attention especially as a mitigation approach against the excess 
nutrients/organic matter generated by intensive aquaculture activities. The IMTA has many 
benefits, among which bioremediation is one of the most relevant (Soto, 2009; Buck et al., 
2018) ς this type of aquaculture provides an opportunity to reduce environmental impacts 
through direct uptake of dissolved nutrients, while at the same time increasing cost-efficiencies 
due to more products which can be sold (Schultz-Zehden and Matczak, 2012).  

So far, however, hardly any real data or practical knowledge is available as only a few pilots 
exist (e.g. in Finland, Denmark), where mussel or macroalgae cultivations are combined with 
open net cage fish farms.  Up to date, the EMODnet Human Activities portal does not indicate 
ǘƘŜ La¢!Ωǎ ǎŜǇŀǊŀǘŜƭȅΦ IŜƴŎŜΣ ǘƘŜ ŦƛƎǳǊŜǎ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘ Řƻ ƴƻǘ ƳŀƪŜ ŀ ŘƛǎǘƛƴŎǘƛƻƴ ōŜǘǿŜŜƴ 
single species aquaculture and the combined farming of multiple species. 

https://www.submariner-network.eu/projects/grass
https://www.department-of-seaweed.com/
http://www.vliz.be/nl/imis?module=ref&refid=303537
https://www.noordzeeboerderij.nl/en/overview
http://www.vliz.be/nl/catalogus?module=ref&refid=311157
http://www.vliz.be/nl/imis?module=ref&refid=196519
http://www.vliz.be/nl/catalogus?module=ref&refid=311254
http://www.vliz.be/nl/catalogus?module=ref&refid=311254
http://www.vliz.be/nl/imis?module=ref&refid=223841
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2.3.4.2. Multi -use con cep ts with integrate d  aquaculture facilities  
Aquaculture can be combined with 

other offshore uses, like wind 

farms or tourism. In this respect, a 

few pilot studies are running to 

investigate various aspects of 

offshore multi-uses. A few 

examples are the EDULIS project in 

Belgium, investigating the 

feasibility of mussel culture in 

offshore wind farms and the 

SOMOS project in the Netherlands, 

aiming to develop a meaningful safety assessment and safety control to stimulate the 

production of energy (wind farms) and food (seaweed) at sea. 

The Horizon 2020 EU wide project MUSES (Multi-Use in European Seas) has among other 

extensively explored various aquaculture multi-use options and provided an overview or 

examples and development options in its Ocean Multi-Use Action Plan. The upcoming Horizon 

2020 UNITED project is to pilot oyster farming in the offshore wind farm in Belgium, and test 

different options for seaweed and mussels farming combined with energy generation in the 

Netherlands and Germany (no source available yet - project starts in January 2020). 

Moreover, tourism and aquaculture as a multi-use concept is very popular in the 

Mediterranean countries. For example, in the Catalunia and Murcia regions in Spain, a unique 

and innovative system has been developed to farm bluefin tuna. The fish are caught in the 

waters surrounding the Balearic Islands and then moved to an aquaculture facility where they 

are fattened for around a year in large offshore cages. This aquaculture operation is also being 

used as a tourist attraction, more specifically, to offer the opportunity to swim with the tuna in 

the open ocean cages (European MSP Platform). Educational elements (relating the history, 

biology and fishing of bluefin tuna during the boat trip to the farm) are combined with the real 

experience of swimming or diving and selling tuna products. Ocean multi-use that involves 

aquaculture has been indicated as a future trend that has yet unknown effects on marine 

littering.  

  

Figure 6: Tourism and aquaculture as a multi-use concept (Source: 

Bamlett et al., 2018). 

http://www.aqua.ugent.be/edulis
https://www.wur.nl/en/project/SOMOS.htm
https://www.submariner-network.eu/projects/muses
https://www.msp-platform.eu/story-4-spain-aquaculture-and-tourism
https://www.submariner-network.eu/images/projects/MUSES/MUSES_Multi-Use_Action_Plan.pdf


  

21 
 

This project has received funding from the 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ 9!{a9-EMFF funding programme 

under grant agreement EASME/EMFF/2017/1.2.1.12/S2/04/S12.789391. 

  

 

TABLE 1 
Aquaculture production in 2017, presented by sea basin and by species groups. The countries contributing to the 

aquaculture production are ranked according to contribution (highest contribution is ranked first) (source: FAO, 2019). 

  Sea basin  Group Main species Countries Tonnage 

F
in

fi
sh

 

Baltic Sea 
Salmons, trouts, 
smelts 

Oncorhynchus mykiss, Coregonus 
lavaretus, O. kisutch, Salmo trutta 

FI, DK, SE 21,759 

North Sea 
Salmons, trouts, 
smelts 

Salmo salar, Oncorhynchus mykiss, 
Salvelinus alpinus 

NO, UK, DK, 
FR  

1,503,622 

Mediterranean 
Sea 

Misc. coastal 
fish 

Dicentrarchus labrax, Sparus aurata, 
Argyrosomus regius, Pagrus pagrus, 
Mugil cephalus 

TR, EL, ES, 
IT, HR, CY, 
AL, MT, FR, 
ME, SL 

337,233 

Tunas, bonitos, 
billfishes 

Thunnus thynnus 
MT, HR, ES, 
TR 

7,393 

Salmons, trouts, 
smelts 

Oncorhynchus mykiss, Salmo spp, 
Anguilla anguilla 

TR, IT, EL 6,252 

Other 
Osteichthyes, Seriola dumerili, Solea 
solea 

EL, MT, IT, 
ES 

231 

S
h

e
llf

is
h 

Baltic Sea 

Mussels Mytilus edulis DE, DK, SE 20,077 

Oysters 
Ostrea edulis, Crassostrea gigas, 
Crasostrea spp 

FR, NL, UK, 
DE  

66,547 

Mussels Mytilus edulis 
NL, FR, UK, 
NO, DK,  SE 

120,016 

Clams, cockles, 
arkshells 

Clams nei, Cerastoderma edule, 
Ruditapes philippinarum 

FR 90 

Mediterranean 
Sea 

Oysters Ostrea edulis, Crassostrea giga 
FR, ES, IT, 
CR , MT 

4,619 

Mussels Mytilus galloprovincialis 
IT, EL, FR, 
ES, HR, SL, 
TR, AL, ME 

101,676 

Clams, cockles, 
arkshells 

Clams nei, Cerastoderma edule, 
Ruditapes philippinarum, Ruditapes 
decussatus, Ensis ensis 

IT, FR, ES, 
SL 

36,642 

S
e

a
w

e
e

d 

Baltic Sea 
Brown 
seaweeds 

Phaeophyceae DK 10 

North sea 
Brown 
seaweeds 

Alaria esculenta, Saccharina 
latissima 

NO  149 

 

  

http://www.fao.org/fishery/statistics/global-aquaculture-production/en
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3. Aquaculture related debris  
3.1. Objectives  
The aim of this section is to set up a solid knowledge base on marine debris from aquaculture 
activities. This dataset includes information on the main types of debris (see 3.2. Identification 
of aquaculture related debris), as well as on the quantities in which they occur in the marine 
environment (see 3.3. Quantification of aquaculture related debris). Within this task, several 
geographical maps are created that visualise the regional waste problems and knowledge gaps. 
A structured dataset is developed to create some consistency across the divergent data in order 
to enable comparison and analysis between different countries and sea basins. The template 
of the dataset can serve as an example for future monitoring activities and data processing.   

3.2. Identif ication of a quaculture related debris  
3.2.1. Methodology  
The first step in acquiring this knowledge base was carried out by drafting a list of possible litter 
items from the aquaculture sector found in the North Sea, the Baltic Sea and the Mediterranean 
Sea basins. As a starting point, several existing litter monitoring guidelines or aquaculture/litter 
reports were consulted, e.g.: 

¶ The OSPAR Beach Litter Monitoring Guidelines include a standardized approach to 
collect marine litter data on reference beaches in the OSPAR Maritime Area. The OSPAR 
Beach Litter Database (OSPAR Commission, 2019a) is an online database that has been 
developed to manage the data and allow it to be interrogated at the regional, 
subregional and beach level (Guideline for monitoring marine litter on the beaches in 
the OSPAR maritime area, 2010); 

¶ The GESAMP reports from the Joint Group of Experts on the Scientific Aspects on 
Marine Environmental Protection, e.g. Sources, Fate and Effects of Microplastics in the 
Marine Environment (Kershaw, 2015; Kershaw and Rochman, 2016; Kershaw et al., 
2019); 

¶ Joint Research Centre (JRC) Technical Reports, e.g. Top Marine Beach Litter Items in 
Europe from the MSFD Technical Group on Marine Litter (Veiga et al., 2016; Addamo et 
al., 2017); 

¶ The National MSFD (second cycle) contributions (European Environment Agency, 2019);  

¶ The Food and Agriculture Organization of the United Nations (FAO) reports on 
aquaculture and/or marine litter (Macfadyen et al., 2009; Cardia and Lovatelli, 2015; 
Lusher et al., 2017); 

¶ The Environmental Impact Assessments (EIAs) for the aquaculture sector (if publicly 
available or supplied by the AQUA-LIT project partners). 

Additional to these reports, the knowledge base or the Ψlitter inventoryΩ was further extended 
by other scientific literature (books and peer-reviewed publications) derived from an extensive 
Web of Knowledge and Scopus search. CƻǊ ǘƘƛǎ ƭƛǘŜǊŀǘǳǊŜ ǎŜŀǊŎƘΣ ǘƘŜ ǎŜŀǊŎƘ ǘŜǊƳǎ ΨŀǉǳŀŎǳƭǘǳǊŜΩΣ 

http://www.mcsuk.org/ospar/
http://www.vliz.be/en/catalogue?module=ref&refid=306450
http://www.vliz.be/en/catalogue?module=ref&refid=306450
http://www.vliz.be/en/catalogue?module=ref&refid=306451
http://www.vliz.be/en/catalogue?module=ref&refid=306452
http://www.vliz.be/imis?module=ref&refid=308064
http://www.vliz.be/imis?module=ref&refid=308064
http://www.vliz.be/en/catalogue?module=ref&refid=306453
http://www.vliz.be/en/catalogue?module=ref&refid=306458
http://www.vliz.be/en/catalogue?module=ref&refid=306458
http://cdr.eionet.europa.eu/recent_etc?RA_ID=761&mindate=2016-01-01
http://www.vliz.be/en/catalogue?module=ref&refid=135291
http://www.vliz.be/en/catalogue?module=ref&refid=306482
http://www.vliz.be/en/catalogue?module=ref&refid=306449
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ΨŦƛǎƘ ŦŀǊƳϝΩ ŀƴŘ ΨƳŀǊƛŎǳƭǘǳǊŜΩ ǿŜǊŜ ŎƻƳōƛƴŜŘ ǿƛǘƘ ΨƭƛǘǘŜǊΩΣ ΨŘŜōǊƛǎΩΣ ΨǇƭŀǎǘƛŎΩΣ ΨǿŀǎǘŜΩ ŀƴŘ ΨǿŀǎǘŜ 
ƳŀƴŀƎŜƳŜƴǘΩ ƻǾŜǊ ŀ period of 10 years (2009 - January 2019) in relation to the three sea basins 
and their regional seas and waters (e.g. Gulf of Riga, Adriatic Sea, etc.). As this Scopus search 
only gave a limited number of relevant hits, an additional search was carried out on the basis 
of beach debris/litter in the desired regions. The full-text of each publication was subsequently 
ǎŎǊŜŜƴŜŘ ŦƻǊ ΨŀǉǳŀŎǳƭǘǳǊŜΩ ƛƴŦƻǊƳŀǘƛƻƴΦ  

Based on the reports, books, and publications, a list was drawn up containing both general 
objects (A) which are used by multiple offshore sectors, and specific objects (B) which can only 
be linked to the aquaculture sector. This litter inventory is equipped with a photo guide for 
visual clarification. All items in the list are also provided with a source reference. The 
publications, books and reports used are included in the online searchable catalogue which is 
part of the Integrated Marine Information Source (IMIS), hosted at the VLIZ website.   

Additional to these reported items, first steps were taken to screen modern aquaculture 
techniques in the North Sea, the Baltic Sea and the Mediterranean Sea in order to identify 
ΨƻǘƘŜǊ ǇƻǘŜƴǘƛŀƭ ƛǘŜƳǎΩ ό/ύ that could be found in the marine environment. For the North Sea 
area this was done by VLIZ. For the other sea basins, input was requested from the project 
partners (e.g. s.PRO for the Baltic Sea and EurOcean & IEO for the Mediterranean Sea). In 
addition, information is gathered from the existing and well-structured networks of all AQUA-
LIT partners. Furthermore, various stakeholders active at different stages of the life cycle of an 
aquaculture farm, will be interviewed through a standardized questionnaire during the course 
of the AQUA-LIT project. Therefore, the litter inventory will be a useful instrument to identify 
aquaculture related debris from all mariculture sectors. 

3.2.2. Results  
Since the litter inventory (Annex 1) has the aim to build a solid knowledge base on marine litter 
from aquaculture activities, each litter item is clarified by a number of characteristics. These 
include an item number (A ς General items, B ς Specific items, and C ς Other potential items), 
item type, item name, short description, type of material, aquaculture type, cultivated species, 
ŀ ǇƛŎǘǳǊŜ ŀƴŘ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ǎƻǳǊŎŜΦ ¢ƘŜ ŎŀǘŜƎƻǊȅ ΨƛǘŜƳ ǘȅǇŜΩ Ŏƻƴǎƛǎǘs of multiple groups of 
items, e.g. tags, nets, ropes, collecting material, strapping material, floats, buoys, etc. The type 
of material is confined to plastic, metal, concrete, steel, rubber, wood, and natural textile. Since 
Ƴƻǎǘ ΨƎŜƴŜǊŀƭ ƛǘŜƳǎΩ (A) cannot be specifically linked to certain aquaculture activities, the 
ŎŀǘŜƎƻǊƛŜǎ ΨŀǉǳŀŎǳƭǘǳǊŜ ǘȅǇŜΩ ŀƴŘ ΨŀǉǳŀŎǳƭǘǳǊŜ ǎǇŜŎƛŜǎΩ ŀǊŜ ƻƴƭȅ ŘŜŦƛƴŜŘ ŦƻǊ ǘƘŜ ΨǎǇŜŎƛŦƛŎ ƛǘŜƳǎΩ 
(B). The information provided by the litter inventory is mainly derived from the above 
mentioned reports, with some additions from scientific publications.  

The litter inventory mainly contains general litter items (A) (31 items, of which 22 are made of 
plastic), used by offshore activities including aquaculture. In addition, 19 items listed are 
exclusively linked to the aquaculture sector. Examples are: plastic mesh screens, mussel socks 
and tahitians. Almost all (18/19) specific items (B) are made of plastic, which indicates the 
importance of plastic for the aquaculture sector. Mainly bivalve farming is dependent on 
different types of plastic items (13 items) followed by the finfish industries (6 items). For 
seaweed cultivation only longlines are reported as litter item. The litter inventory also provides 
an overview of  14 items that have not yet been reported as litter, but which can get lost during 

http://www.vliz.be/en/imis?module=ref


  

24 
 

This project has received funding from the 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ 9!{a9-EMFF funding programme 

under grant agreement EASME/EMFF/2017/1.2.1.12/S2/04/S12.789391. 

  

 

aquaculture activities. Almost all debris items can be associated with the developmental and 
operational phase of the life cycle of an aquaculture farm.  

3.3. Quantification of aquaculture related debris  
3.3.1. OSPAR, HELCOM and Marine LitterWatch beach litter databases  

3.3.1.1. Methodology  
The aim of this search is not only to collect information on the litter items derived from 
mariculture activities, but also to quantify their abundance in the marine environment. As a 
starting point, databases of European Regional Sea Conventions, such as OSPAR (North Sea), 
HELCOM (Baltic Sea) and Marine LitterWatch of the European Environment Agency (EEA) 
(European waters, but here only used for the Mediterranean Sea), were consulted to map 
information on several specific items which were collected during beach surveys. These items 
include fish tags, oyster nets or mussel bags, oyster trays and plastic sheeting from mussel 
culture (Tahitians). An important note here is that aquaculture items are not always 
distinguished, and therefore some items may end up ǳƴŘŜǊ ǘƘŜ ŎŀǘŜƎƻǊȅ Ψother plasticsΩ, which 
is not included in the litter inventory. In addition, HELCOM does not always use the same coding 
method, which makes it not only 
difficult to compare the data within 
the Baltic Sea but also with the 
North Sea and Mediterranean Sea. 

× OSPAR Beach Litter 

Database 

The OSPAR Beach Litter Database 
(OSPAR Commission, 2019a) can be 
consulted online by every 
stakeholder. The OSPAR Beach Litter 
Dataset (OSPAR Commission, 
2019b) was consulted in 
cooperation with the Royal Belgian 
Institute of Natural Sciences 
(RBINS). The OSPAR Beach Litter 
Guidelines include four specific litter 
categories linked to the aquaculture 
ǎŜŎǘƻǊΥ bƻΦ ммп Ψlobster and fish 
ǘŀƎǎΩ [G43]Σ bƻΦ ну ΨƻȅǎǘŜǊ ƴŜǘǎ ƻǊ 
mussel bags including plastic 
ǎǘƻǇǇŜǊǎΩ [G45]Σ bƻΦ нф ΨhȅǎǘŜǊ ǘǊŀȅǎ 
όǊƻǳƴŘ ŦǊƻƳ ƻȅǎǘŜǊ ŎǳƭǘǳǊŜǎύΩ [G46] 
ŀƴŘ bƻΦ ол ΨǇƭŀǎǘƛŎ ǎƘŜŜǘƛƴƎ ŦǊƻƳ 
ƳǳǎǎŜƭ ŎǳƭǘǳǊŜ ό¢ŀƘƛǘƛŀƴǎύΩ [G47]. 
Using the OSPAR database, the data 
from beaches in the Northern and 
Southern North Sea (Figure 7: area 1 
and 3) were screened on items from 

Figure 7: Map with the sea areas included in the OSPAR Maritime Area 
(Source: Guideline for monitoring marine litter on the beaches in the OSPAR 
Maritime Area). 

http://www.mcsuk.org/ospar/
http://www.mcsuk.org/ospar/admin/ospar/survey
http://www.mcsuk.org/ospar/admin/ospar/survey
http://www.vliz.be/en/catalogue?module=ref&refid=306450
http://www.vliz.be/en/catalogue?module=ref&refid=306450
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these four aquaculture related categories. For each survey site in these regions, the occurrence 
of these four objects per 100 meters of beach was checked and an average was calculated for 
the period 2009-2019. 

× HELCOM Beach Litter Database 

The HELCOM data portal was consulted for the preparation of the map showing the presence 
of marine debris from aquaculture, and the locations of aquaculture facilities in the Baltic Sea. 
Thus, the dataset consists of the reported beach litter items on monitoring sites at the Baltic 
Sea area. Visualised data include the number of recovered items per category for each 
monitoring site, as an average for the whole monitoring period (2011-2018). Litter data is 
provided by HELCOM contracting parties in response to the data call for State of the Baltic sea 
report. For this report, the data on the same litter categories/items (fish tags [G43], mussel and 
oyster nets [G45], oyster trays [G46] and plastic sheeting from mussel culture [G47]) has been 
used as in other sea basins as to consistently compare the aquaculture litter. It is to be noted 
that for Estonia and Poland no data was available on the length of the monitored transect 
(presumably 100 m) and that surveys were probably carried out between 2011-2018 but no 
exact dates were registered. In Latvia, monitoring is carried out only in the summer season and 
is not completely comparable with other countries that carry out monitoring seasonally. 
Therefore Latvian data is not visualised in Figure 9. For Finland and Sweden, the length of the 
monitored beaches is different for each survey. In order to combine all HELCOM data, the litter 
data from Finland and Sweden has been converted, by Dr. Sanna Suikkanen of the Finnish 
Environment Institute, to items found per 100 m. Lastly, it is to be noted that for Estonia, 
Finland, Germany and Sweden a different coding method was used. As a consequence, only the 
ŎŀǘŜƎƻǊȅ ΨƳǳǎǎŜƭ ŀƴŘ ƻȅǎǘŜǊ ƴŜǘǎΩ ώDпрϐ ŎƻǳƭŘ ōŜ ǳǎŜŘ ŦƻǊ 9ǎǘƻƴƛŀΣ CƛƴƭŀƴŘ ŀƴŘ {ǿŜŘŜƴΣ ŀƴŘ 
ƻƴƭȅ ǘƘŜ ŎŀǘŜƎƻǊȅ ΨǇƭŀǎǘƛŎ ǎƘŜŜǘƛƴƎ ŦǊƻƳ ƳǳǎǎŜƭ ŎǳƭǘǳǊŜΩ ώDптϐ ǿŀǎ ǊŜŎƻǊŘŜŘ ƛƴ DŜǊƳŀƴȅΦ 

× Marine LitterWatch Database 

The Marine LitterWatch platform was developed by the European Environmental Agency (EEA) 
as a mobile app for citizens to identify marine litter found in European seas and coasts. The 
information provided to Marine LitterWatch encloses the results of organized beach clean-ups, 
events or monitoring activities. For each event, the length of the beach is recorded as well as a 
description of the beach location and beach type. In addition, the transect information for the 
start and finish of the surveyed area is delivered. Finally, the number of items for each category 
is recorded. Users of the mobile app are able to identify marine debris using a European 
harmonized list of items reflecting similar language established by the Marine Strategy 
Framework Directive. Again there are four categories considered as the result of aquaculture 
activities: Ψǘags (fishing and industry)Ω [G43]; ΨƳussel nets, oyster netsΩ [G45]; Ψƻyster trays 
(round from oyster cultures)Ω [G46]; ΨǇlastic sheeting from mussel culture (Tahitians)Ω [G47]. 
The list of data collected (Annex 4) is the result of identified items spanning from January 2013 
to February 2019. The results of this program are freely available through the EEA database 
and exclusively used in this project for the Mediterranean Sea basin. Since OSPAR and HELCOM 
provide more professional databases for the North Sea and the Baltic Sea, the Marine 
LitterWatch database was not consulted for these basins in this project.  

http://metadata.helcom.fi/geonetwork/srv/eng/catalog.search#/metadata/0ad43c29-442e-4628-9944-b0e695126846
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3.3.1.2. Results  
The collected results from these three different databases (OSPAR, HELCOM and Marine 
LitterWatch) were recalculated per category to average number of collected items per 100 
meter beach, and are visualised on three regional maps representing the North Sea, Baltic Sea 
and Mediterranean Sea basins (Figures 8, 9 and 10). 

× OSPAR Beach Litter Database 

For the North Sea basin, the OSPAR data (Annex 2) is visualised with data on aquaculture 
facilities retrieved from the EMODnet Human Activities database (Figure 8). These datasets 
consist of both European seaweed, shellfish and finfish producers, and enable us to visualise 
the stranded aquaculture debris together with its potential sources.  

The composition of the collected aquaculture related debris, varies strongly between the 
Northern and Southern Greater North Sea, as can be seen in Figure 7. Whereas shellfish 
aquaculture facilities (n=183) and debris related to these activities are mainly found in the 
English Channel and Southern North Sea, finfish facilities (n=250) and debris are primarily 
located and recovered in the Northern North Sea, Skagerrak and Kattegat. This not only proves 
that the distribution of aquaculture facilities and litter differ greatly within the Greater North 
Sea, but also indicates that they may be related to each other. Remarkably, the aquaculture 
related litter at the west coast of Sweden mainly consists of fish or lobster tags. According to 
Blidberg et al. 2015, this would be due to strong  currents  from  the  Atlantic  Ocean  towards 
these regions, together  with  frequent  westerly winds. The aquaculture related debris on the 
Belgian, Dutch and German beaches are mainly derived from ǘƘŜ Ψ.ƻǳŎƘŜǘΩ ƳǳǎǎŜƭ ŀƴŘ ƻȅǎǘŜǊ 
cultivations in Normandy, France. Another major part is originating from longline mussel 
cultures near Zuydcoote, France. It is noteworthy that on the beaches of the United Kingdom, 
none of these items were found in the period of 2009-2018. Besides this, lobster tags are not 
originating from aquaculture activities and fish tags can also be derived from fisheries research. 
Since fish tags are also used for research purposes, and h{t!w ŘƻŜǎƴΩǘ ƳŀƪŜ a distinction 
between lobster and fish tags, it is impossible to calculate the actual share of the aquaculture 
sector to the distribution of fish tags waste.  

× HELCOM Beach Litter Database 

In order to visualise the geographical distribution of aquaculture facilities and aquaculture 
related debris in the Baltic Sea (Figure 9), the HELCOM Beach Litter Database (Annex 3) and the 
EMODnet Human Activities database were consulted. The results show a higher occurrence of 
aquaculture related litter in the Southern Baltic Sea than in the Northern Baltic Sea. 
Nevertheless, for Estonia, Finland, Germany and Sweden a different coding method was used 
(see 3.3.1.1 MethodologȅΣ ǎŜŎǘƛƻƴ ΨI9[/ha .ŜŀŎƘ [ƛǘǘŜǊ 5ŀǘŀōŀǎŜΩύ. As a consequence, only 
the results of the ŎŀǘŜƎƻǊȅ Ψ.ƛǾŀƭǾŜ ƴŜǘ ƻǊ ōŀƎΩ ŀǊŜ ǎƘƻǿƴ ŦƻǊ ǘƘŜ bƻǊǘƘŜǊƴ .ŀƭǘƛŎ {ŜŀΦ ¢ƘŜǊŜŦƻǊŜ 
it is difficult to compare the northern part with the southern part of the Baltic Sea.  

Nevertheless, one can conclude that all finfish facilities (n=174) are located around Finland 
(n=140) and the east coast of Denmark (n=34). In total, Denmark has 53 finfish farms in the 
Baltic and North Sea. Swedish finfish facilities are not included in the EMODnet Human 
Activities database, but are present in the FAO data (Table 1). Shellfish facilities (n=12) are 
mainly located at the east coast of Sweden and Denmark, and seaweed aquaculture (n=10) is 
primairily performed in Denmark and the Saaremaa Island in Estonia. Seaweed and shellfish 

http://www.mcsuk.org/ospar/admin/ospar/survey
http://www.emodnet.eu/human-activities
http://www.vliz.be/en/catalogue?module=ref&refid=306481
http://www.emodnet.eu/human-activities
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aquaculture are less common in the Baltic Sea compared to the North Sea and Mediterranean 
Sea. Consequently, the reported numbers of litter coming from these activities are also much 
lower than in the North Sea. An exception to this trend is Lithuania where large quantities of 
oyster trays were collected on four beaches from January 2012 till November 2013. However, 
no shellfish activities have been recorded in Lithuania or its neighbouring countries. In Poland, 
where all categories were monitored, suprisingly only fish tags were recovered at all 15 
monitoring sites. Finally, Figure 9 indicates that the number of performed surveys is quite high, 
but that the distribution is rather low with a few hotspots in the Southern and Eastern Baltic 
Sea.  

  

Figure 8: Distribution of aquaculture facilities and aquaculture related beach litter in the Greater North Sea 

basin (Source: OSPAR Beach Litter Database via Francis Kerckhof, RBINS and EMODnet Human Activities). 
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Figure 9: Distribution of aquaculture facilities and aquaculture related beach litter in the Baltic Sea basin. In order to interpret 

the map above correctly, it should be noted that for Estonia and Poland no data was available on the length of the monitored 

transect (presumably 100 m) and that surveys were probably carried out between 2011-2018 but no exact dates were 

registered. In addition, the data for Estonia, Finland, Germany and Sweden was collected using a different coding method. As 

ŀ ŎƻƴǎŜǉǳŜƴŎŜΣ ƻƴƭȅ ǘƘŜ ŎŀǘŜƎƻǊȅ ΨƳǳǎǎŜƭ ŀƴŘ ƻȅǎǘŜǊ ƴŜǘǎΩ ώDпрϐ ŦƻǊ 9ǎǘƻƴƛŀΣ CƛƴƭŀƴŘ ŀƴŘ {ǿŜŘŜƴΣ ŀƴŘ ǘƘŜ ŎŀǘŜƎƻǊȅ ΨǇƭŀǎǘƛŎ 

sheŜǘƛƴƎ ŦǊƻƳ ƳǳǎǎŜƭ ŎǳƭǘǳǊŜΩ ώDптϐ ŦƻǊ DŜǊƳŀƴȅ ǿŜǊŜ ƛƴŎƭǳŘŜŘ ƛƴ CƛƎǳǊŜ 9 (Source: HELCOM Beach Litter Database and 

EMODnet Human Activities). 
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×  Marine LitterWatch Database 

For the Mediterranean Sea, the Marine LitterWatch data (Annex 4) is combined with data on 
aquaculture facilities retrieved from the EMODnet Human Activities database. Data on coastal 
aquaculture litter were visualised from the Marine LitterWatch database, which contains long-
term data on marine debris present on European beaches.  

The two principal types of aquaculture farming at sea in the Mediterranean Sea consist of finfish 
farming (n=375) and shellfish farming (n=311) (Figure 10). Finfish farming is mostly found in 
Spain and the Aegean Sea in the countries of Greece, Malta, Cyprus and Turkey. Shellfish on 
the other hand is more concentrated on the Western Mediterranean Sea along the coastline of 
Spain, France, Italy and Greece.   

In Figure 10, the average number of collected items per 100 m using the categories: ΨǘŀƎǎ 
όŦƛǎƘƛƴƎ ŀƴŘ ƛƴŘǳǎǘǊȅύΩ όDпоύΤ ΨƳǳǎǎŜƭ ƴŜǘǎΣ ƻȅǎǘŜǊ ƴŜǘǎΩ όDпрύΤ ΨƻȅǎǘŜǊ ǘǊŀȅǎ όǊƻǳƴŘ ŦǊƻƳ ƻȅǎǘŜǊ 
ŎǳƭǘǳǊŜǎύΩ όDпсύΤ ΨǇƭŀǎǘƛŎ ǎƘŜŜǘƛƴƎ ŦǊƻƳ ƳǳǎǎŜƭ ŎǳƭǘǳǊŜ ό¢ŀƘƛǘƛŀƴǎύΩ όDптύ are illustrated. In 
general, bivalve nets and bags were mainly found in neighbouring regions of countries with 
high shellfish farming activity. This may give an indication of the potential source of the mussel 
nets found on these beaches. The second most commonly found item were fish tags. 
Interestingly, fish tags were most frequently found on Italian beaches and beaches along the 
Adriatic sea where no fish farms were registered. Hence, this gives an indication of fish tags 
possibly arriving by means of ocean circulation and hydrodynamics or that these tags originate 
from research activities. Meanwhile, oyster bags and mussle sheeting were not found.   

Since the data was acquired through citizen beach clean-ups and monitoring events, some 

issues may come up. There is no standardized monitoring protocol with the result that 

information is collected in different ways. For example, the proposed length of monitored 

transects may vary along the different countries. Hence, the results of the beach clean-ups are 

recalculated to items per 100 m. In order to further improve the interpretation of the data, the 

amount of aquaculture related litter in relation to the total number of recovered items was 

calculated as well, and listed in Annex 4. Another problem with data from citizen beach clean-

ups and monitoring events, is the reliability. In particular, errors are more likely to occur, which 

can lead to more frequent outliers that are difficult to explain (e.g. Otok Levrnaka and Sakarun, 

Croatia). 

Another possible issue to consider is the possibility that litter might have been wrongly 

identified, and aquaculture items end up in the wrong category. This can be deduced from the 

limited entries of aquaculture related waste during these surveys (percentages shown in Annex 

4). In addition, these mistakes are more likely to occur within citizen sciences projects than 

during professional monitoring events. Lastly, Figure 10 only shows results from surveys at the 

northern coastline of the Mediterranean Sea. In order to make further conclusions on the state-

of-the-art in the Mediterranean Sea, the southern coastline should be monitored as well.  

 

http://www.emodnet.eu/human-activities
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3.3.1.3. Conclusion  
The OSPAR, HELCOM and Marine LitterWatch databases all define four categories of litter 
items, directly related to aquaculture activities. Nevertheless, the litter inventory (Annex 1) 
demonstrates a much higher occurrence of specific items (n=19) (B). As a consequence, all 
other collected mariculture related litter items are categorised in other more general groups 
and are consequently not taken into account for this analysis. Further subdivision would 
therefore be a good solution in order to identify as many aquaculture related debris and 
sources of aquaculture related debris as possible. In addition, categories on debris originating 
from finfish aquaculture activities are poorly represented in all three databases. However, the 
litter inventory indicates the high complexity and the high number of elements related to fish 
farms. As stated in the different sections under 3.3.1.2. Results, a lot of information is absent 
for the Baltic Sea, the Mediterranean Sea, and to a lesser extent the North Sea. As a result, it is 
difficult to draw a balanced conclusion. Both the aquaculture facilities and litter reported in the 
different datasets are incomplete, and in some cases updates are even required. Nonetheless, 
it is clear that finfish aquaculture and shellfish aquaculture have the highest activity regarding 
mariculture in European waters.  
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Figure 10: Distribution of aquaculture facilities and aquaculture related beach litter in the Mediterranean Sea basin (Source: Marine LitterWatch Database and EMODnet Human Activities). 
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3.3.2. Published quantities of aquaculture related debris  

3.3.2.1. Methodology  
In addition to the litter inventory, all collected literature (2009 - 2019) was screened for 
potential reference to quantities of mariculture related debris recovered on beaches, on the 
seabed or at the sea surface. This information was gathered in combination with the location, 
litter source, observation period, type of quantification and the item itself. When possible, 
coordinates of the locations were listed and used to create an overall map of the North Sea, 
Baltic Sea and Mediterranean Sea. The unit of the reported quantities are very divergent and 
can range from items/100m or m² to kg or tonnes/annum. To obtain some consistency in these 
data, the proportion of aquaculture related litter in relation to the total amount of recovered 
litter was extracted or calculated from the published data. Hence, the results of most published 
articles can be compared and visualised geographically (Figures 11, 12 and 13). For this 
purpose, several authors were contacted and requested to share their monitoring locations 
with the AQUA-LIT consortium. We would like to note the crucial cooperation with Dr. Thomais 
Vlachogianni of the DeFishGear project and MIO-ECSDE, Dr. Pierluigi Strafella from ISMAR CNR 
Italy and Stefania Di Vito from Legambiente. Finally, we would like to thank the MCS UK for 
providing Beachwatch data from their volunteer beach litter monitoring programme.  

Besides on the regional maps, the litter data can also be consulted in our online table. The 
parameters used in this table are explained in Table 2Φ hƴŜ ƻŦ ǘƘŜ ǇŀǊŀƳŜǘŜǊǎ ƛǎ ǘƘŜ ΨLitter 
inventory ƴǳƳōŜǊΩΦ ¢Ƙƛǎ reference number is the same code that was given to each item in the 
litter inventory (Annex 1). Hence, both datasets are directly linked to each other and can be 
used together for analysis. 

TABLE 2 
The parameters in online table of AQUA-LIT. 

Parameter Decription 

Sea basin Default choice: North Sea ς Mediterranean Sea ς Baltic Sea 

Water e.g. Adriatic Sea, Ligurian Sea, Gulf of Gabes, etc. 

Location City, town, beach, etc. 

Country e.g. Belgium, Spain, France, etc. 

Observation Year(s) of observation 

Item 
The name of the aquaculture related litter item that is mentioned in the publication. If not available, 
other information is included in the column Ψ¢ȅǇŜΩΣ ΨDǊƻǳǇ ƻŦ ƛǘŜƳΩΣ ΨSƻǳǊŎŜΩ or ΨaŀǘŜǊƛŀƭΩ. 

Type e.g. Clothing, Buoys, Collecting material, Strapping material, etc. 

Group of item Default choice: General item ς Specific item ς Other potential item 

Inventory No The reference number/code of the item indicated in the litter inventory (Annex 1). 

Material The material type of the item mentioned above (e.g. plastic, metal, concrete, etc.). 

Quantity The quantity of this item that was found in a certain area. 

Deviation The standard deviation of the quantity. 

Unit The unit used for quantity (e.g. items/km², items/l, items/100m, tonnes/year, etc.). 

Source Default choice: Aquaculture ς Aquaculture/Fisheries ς Aquaculture/General 

Fate Default choice: Beach ς Sea surface ς Seabed 

% of total 
litter  

The proportion of aquaculture related litter in relation to the total amount of recovered litter extracted 
or calculated from the published data. 

Reference Citation of the publication, organisation, database or project. 

https://aqua-lit.eu/marine-litter-inventory/menu
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3.3.2.2. Results  
The collected data points (n=3010) are mainly located in the North Sea and Mediterranean Sea. 
Approximately 55% (n=1654) of the sampling locations are located in the North Sea region 
(almost exclusively UK), 40% (n=1219) is positioned in the Mediterranean Sea and only 5% 
(n=137) of the outcome is derived from the Baltic Sea region. Less than one fifth of the 
observations took place before 2014 and at almost one-third of the reported locations only 
specific items (exclusively related to aquaculture) were recorded. At all other locations both 
specific and general items (related to aquaculture and fisheries) were reported. Buoys, ropes 
and collecting materials (e.g. fish boxes, crates, etc.), were most frequently found in the 
category of general items, and mainly nets (especially mussel/oyster nets and mesh bags) were 
reported within the specific items category. More than 90% of all reported items are partially 
or completely made of plastic.  

In order to get a clear view on the wide range of data, three different maps where created 
according to the fate (beach, floating and seafloor litter) of the collected litter (Figures 11, 12 
and 13).  

× Beach litter  

The locations of the beach litter surveys (n=2367, 79%) from several published studies, projects 
and databases, along with the data from OSPAR, HELCOM and Marine LitterWatch, are 
illustrated in Figure 11. Every data point is marked with a colour which represents the 
proportion of aquaculture related litter in relation to the total amount of recovered litter. For 
example, yellow is equal to a value between 0-5%, and red represents a percentage of more 
than 15%, while zeros are visualised by light yellow dots or squares. These categories were 
determined on the basis of the median. Lƴ ŜŀŎƘ ǎŜŎǘƛƻƴ ƻƴ CƛƎǳǊŜ ммΣ ŀƭƭ Ǉƻƛƴǘǎ ǘƘŀǘ ŘƻƴΩt belong 
to the corresponding category are visualised without filling colour. Furthermore, the data is 
divided into litter directly related to aquaculture (indicated on Figure 11 with a circle), and litter 
which can be connected to multiple offshore sectors (marked on the map with a square).  

In general, beaches in all three sea regions are well represented with the exception of the North 
African beaches. Most European beaches have relatively low percentages of aquaculture 
related litter, with some exceptions.  

A little more than 80% of the data points in the North Sea region are located along the British 
coastline, 44% of which has a share of aquaculture debris of 10% or higher. In Scotland, 
Shetland and the Orkney Islands considerably higher proportions of aquaculture items were 
found compared to other British beaches. Belgium, Denmark and France also have several 
beaches with high percentages of aquaculture related debris.  

Interestingly, almost the entire Baltic Sea region (expect for Denmark) shows relatively low 
numbers of aquaculture debris. This is consistent with the limited aquaculture activity in the 
Baltic Sea (see 2.3. Aquaculture facilities) and suggests that aquaculture debris coming from 
the North Sea and outer regions does not extend beyond the straits connecting both seas.  

In the Mediterranean Sea, the highest shares of aquaculture debris are found in the Adriatic 
Sea, mainly along the Italian coast. On almost 16% of the European monitored beaches, no 
aquaculture related debris was found. 
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Figure 11: The monitored beaches in the North, Baltic and Mediterranean Sea basins and their reported percentage of 

aquaculture related litter. On the map above, the locations of the beach litter monitoring events are plotted in combination 

with a representation of the amount of aquaculture related litter reported. This is done by a colour scheme which represents 

the proportion of aquaculture related litter in relation to the total amount of recovered litter. These categories were 
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determined on the basis of the median. The results which can only be linked to aquaculture are illustrated with a square, while 

more general results (aquaculture/fisheries related items) are represented by a circle. 

The average percentage of aquaculture related litter in relation to the total amount of collected 
litter on beaches is 9.2%. Nevertheless, when only the specific items are taking into account, 
the average percentage of aquaculture litter is only 2.4%. Since aquaculture related debris in 
this report both represents general and specific items, and given that only a part of the general 
items originate from aquaculture activities itself, the first percentage can be seen as an upper 
limit. The other part of general items can be allocated to other offshore sectors and should, in 
theory, be excluded. However, with the current data this is not possible. The second percentage 
can be seen as the lower limit. Therefore, the actual percentage of aquaculture related debris 
in relation to the total amount of collected litter on beaches varies between the above. 

× Floating litter 

In Figure 12, the positions of the observational transects for floating litter (n=67, 2%) are 
plotted in combination with a representation of the amount of aquaculture related debris 
reported. This was again done with the same colour scheme as used in Figure 11. All 
information was collected during visual surveys, and all convenient data were related to both 
aquaculture and fisheries activities. In other words, none of the litter items were uniquely 
linked to aquaculture. The surveys were exclusively performed in the Mediterranean Sea and 
an average of 11.3% of the detected debris was related to aquaculture and fisheries. In the 
Ligurian Sea and the Gulf of Lion a wider area is highlighted in Figure 12. This polygon represents 
a series of transects which were monitored during multiple visual surveys by the same research 
group (Di-Meglio et al., 2017). In this area the proportion of aquaculture related litter in relation 
to the total amount of recovered litter is approximately 9.5%.  

× Seafloor litter 

Besides the beach and floating litter monitoring, both bottom trawl surveys and visual surveys 
with scuba/snorkelling were conducted to map seafloor litter (n=576, 19%). The results of these 
studies are visualised in a similar way, as in Figures 11 and 12, in Figure 13. Seafloor litter data 
are exclusively available for the Mediterranean Sea basin, more specifically the Adriatic Sea, 
parts of the Ionian Sea, and the Eastern and Southern waters of Sardinia. Interestingly, in the 
Adriatic Sea, coastal regions show higher proportions of aquaculture related debris than 
offshore locations.  The average percentage of aquaculture related debris on the seafloor is 
14.8%. Nevertheless, when only the specific items are taking into account, the average 
percentage of aquaculture debris is only 11.6%. For same reasons as explaind in sŜŎǘƛŜ Ω.ŜŀŎƘ 
ƭƛǘǘŜǊΩΣ the latter can be seen as the lower limit of aquaculture related debris on the seafloor.  
The first proportion indicated, can be seen as the upper limit. On almost 38% of the monitored 
seafloor locations, no aquaculture related debris was found. 

In comparison with the beach (2.4 ς 9.2%)  and sea surface (11.3%) data όǎŜŜ ǎŜŎǘƛƻƴǎ Ψ.ŜŀŎƘ 
ƭƛǘǘŜǊΩ ŀƴŘ ΨCƭƻŀǘƛƴƎ ƭƛǘǘŜǊΩ above), one can conclude that the highest average proportion of 
mariculture related litter in relation to the total amount of litter is found on the seafloor. 
However, these surveys only took place on the seabed of shallow waters. Hence, no statements 
can be made on the amount of litter in deeper waters.  

  

http://www.vliz.be/en/catalogue?module=ref&refid=306446
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× Lack of data 

In general, these three maps (Figures 11, 12 and 13) indicate information gaps in several parts 
of the Mediterranean Sea, North Sea and Baltic Sea. More specific, little to no data is available 
on the amount of aquaculture related debris in the northeastern North Sea, southeastern Baltic 
Sea, Gulf of Bothnia, Aegean Sea, Levantine Sea, Gulf of Lion and almost the entire southern 
coastline of the Mediterranean Sea on both beaches, the sea surface and the seafloor. 
Furthermore, in the Greater North Sea and the Baltic Sea there is no information on the amount 
of aquaculture related debris at the sea surface and on the seabed. The same goes for large 
parts of the Mediterranean Sea. 
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Figure 12:  The observational transects in the North, Baltic and Mediterranean Sea basins and their reported percentage of aquaculture related litter. On the map above, the positions of the 

observational transects for floating litter are plotted in combination with a representation of the amount of aquaculture related litter reported. This is done by a colour scheme which represents 

the proportion of aquaculture related litter in relation to the total amount of recovered litter. These categories were determined on the basis of the median. The polygon located partially in the 

Ligurian Sea and the Gulf of Lion represents a series of transects which were monitored during multiple visual surveys by the same research group.
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Figure 13: The locations of the seafloor surveys in the North, Baltic and Mediterranean Sea basins and their reported 

percentage of aquaculture related litter. On the map above, the positions of the bottom trawls and diving campaigns are 

plotted in combination with a representation of the amount of aquaculture related litter reported. This is done by a colour 

scheme which represents the proportion of aquaculture related litter in relation to the total amount of recovered litter. 

These categories were determined on the basis of the median. The results which can only be linked to aquaculture are 

illustrated with a square, while more general results (aquaculture/fisheries related items) are represented by a circle.  


































































































































































