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AQUA -LIT project

AQUALITis anEMFFEASMHEuUNded project that aims at providing the aquaculture sector

with a sustainabléoolbox of innovative ideas and methodologies to address the 3 main

components of marine litteringtINB Sy G A2y 3 NBRdAzOGA2Yy > Y2y Ad2N
removal & recycling.

To fulfill this mission, we will be
working faceto-face with aquaculture
farmers in hreeregional Learning IR
Labs at theMediterranean basin the

North Seaand theBaltic Sea regions. @
In parallel, we will identify and cluster
existing, upcoming and already
implemented tools on marine littering

and we will furthedevelop a LEARNING LABS
platform and anapp for providing the it

Q¢ARS |3|Ay?u YI,I\ SV & %}.
LaStly’ We WI"IJ é O | f S dw\] u Mediterranean North Sea Baltic Sea
RSOSt 2 LUyt QieK SF 2UN.

set of recommendations, by
showcasingth&# ¥ dzy RAy 3 |
a2t dziavaiaylef@ the sector and ! @
by coming up with &ransferability @ <

plan for Outermost reglons Prevention & Monitoring & Removal &

reduction quantification recycling

STATE OF PLAY

Literature Aquaculture Existing tools
research players

A TIDE AGAINST MARINE LITTER TOOLBOX
I g g e

Through this, we expect to help all

stakeholders from the aquaculture SCALING UP THE TIDE

chain to increase the understanding, T
awareness and availability of g )

solutions, so a potential <5
transformation of the aquaculture Policy for  Funding a wave Transferability of _ _AQUA-LIT

less litter of solutions AQUA-LIT tide exploitation plan
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
O2yGSEG 2F | YyiKNRLIRZIASYAO RSONRE YR LIXIadaAao
a strong connotation pointing at carelessly discarded itetiemsisl that have been discarded
incorrectly and/or deliberately at an unsuitable location.

The AQUALIT project cooperates with stakeholders from the aquaculture sector. This sector
deals with exceptional offshore conditions, storm events, etc. and consedye has
unintentional losses of materials or equipment. To better represent the context, the word
'debris’ is used instead of 'littefior those exceptional cases, if the distinction can be made
correctly. hi KSNBAAS GKS I dziK2NRf A8AQUzZSG 82 0 KKS (i SINI
AquaLlT.

Litter: consists of (anthropogenic, manufactured, or processed solid) items that have been
deliberately discarded, unintentionally lost or abandoned, or transported by winds andrivers,
into the environment. Theerm 'litter' has the connotation of been discarded incorrectly and/or
RSEAOSNIXGSte 0 |y dzyadzidloftS t20F0A2y® ¢KS
objects in the environment.
Waste any substance or material which is eliminated ocadded after primary use, or |is
worthless, defective and of no longer useful.

Debris rubble, wreckage, scattered remains of something that has been destroyed, piéces of
rubbish or unwanted materials.

This project has received funding from thelzZNB LIS | y | yEMERM@ding @rogiami9e 6
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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 mheling
originating from the aquaculture sector and reported in the marine environmeahedorth
Sea regiorthe Mediterranearregion andthe Baltic region

In order to understand the potential sources afuaculturedebris this report starts by
providing @& overview of the different types afjuaculture facilities these areadn the North

Sea, aquaculture of shellfish iglespread 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 facilitiebhe production ofinfish is limited to Finland Swedenand
Denmark. In the Mediterranean Sea, aquaculture is charachterised by a much wider variety of
finfish production. Also shellfistnd seaweegroduction igpresent mainly in France, Italy and
Spain.

Following the mapping result$ the aquaculture facilities, this report provides a description of
all aquacultureelated items that can be observed as litter in the marine and coastal regions.
Thiglitter inventorywas generated by a genuine screening of the available literaturittand
databasege.g. OSPAR, HELCOM, Marine Litter Watchyvill be extended during the course

of the AQUALIT project on the basis of discussions with stakeholders and aquacuttueesta
Currently, this listonsists 064 differentitems of litter, of whichL9 items are unigque to the
aquaculture industry.

Effortswere made to quantify the marine debfism the aquaculturesectorusing éta from
scientific publicationsThis providd anindication of the occurrence of this category of debris
at a certain locationwhat can be used to inform stakeholders, aquaculture industry and
policymakers.Sea basin mapsere generated visualising information on the geographic
position of aquactiire facilities, in combination with the quantitative data of aquacuture
related litter. These maps are provided for the three sea basins and give an initial indication of
the sources andsinks of aquaculturerelated litter, which are a useful totw inform various
stakeholders and policy makets. addition, the proportion of aquaculture related litter in
relation to the total amount of litter was calculated footh beach litter, floating litter and
seafloor litter inall monitoring locationdn Europan watersmost aquaculture relatedebris

is made fronplastics. In the North Sea, aquaculture debris is mainly originatingfirdish and
shellfish aquaculture activitiedn the Mediterranean and BalticSea, primarily shellfish
aquaculture relatediebriswas collectedin many countriegnly shellfishaquaculture related
debris was monitored and recorde@nd therefore impossible to compare with other
aquacultureactivities The highest percentaged the mariculture relatedlebriswere found

on the seafloor (14.75%), followed by the seaam&f(11.25%) and the beach (26)8The
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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 amountebris

The aurrent needs and knowledge gapsaebrisfrom the aquaculture sect@resummarised
in this report:

1 There are many aquaculture activities carried out in Europe, unfortunately it is currently
not possible to display all aquaculture facilities due toléick of datafrom many
countries.Most monitoring events took place in the Adriatic Sea, while in the Southern
Mediterranean Sea almost no surveys were condudtetthe North Sea and Baltic Sea
there is alack of datafrom several countries regarding thecédion of aquaculture
facilities and the quantification of aquaculture related debris.

1 Importantfarmedspeciesn the North Sea region asalmon,rainbow trout, mussel
species, oysters and broveeaveeds. Inthe Baltic Sea region, mainginbow trout,
mussels and oysters and brown seaweeds are farmed, and for the Mediterranean Sea
region mussels, oiers and other clams, Europeamabass and a wider variety of
finfish, red and green algae belong to the farmed species.

1 Depending on the type of aquacukuiacility, different types of waste can be expected.
¢ K BQUWLIT litter inventor@ O2y G Ay a | ljdzl Odzf G dzNBE A GSYa
found as marine debris and this list will be completed during the course of the- AQUA
LIT project.

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

1 At regional levelmonitoring programmes should be harmonisetdween the remns
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 diffefend consequence,
Al0Qa RAFTFAOMzZ G G2 O2YLI NB (GKS NEaa#H 6a 0S5
there is no official monitoring programme for the Mediterranean Sea region, currently
the data are based on citizen sciemuéatives

1 This report containmaps for the North, Baltic and Mediterranean Sea regioaisfor
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.

1 The monitoring programethat exiss for seafloor litter (e.g. OSPAR) does not provide
a category for aquaculture debris.

1 There is aneed for operaccess hydrodynamic modetbat demonstrate the
distribution of different types adebrisin the North and Baltic &eCurrently tkere 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 littdfor the Mediterranean €&, a
hydrodynamic model was developed by the INDICIT project.

This report will be combined witthe ongoing exercise on the mapping of aquaculture
stakeholders and theeport 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 AQUAIT "Toolbox for integrated approaches'.

This project has received funding from thelzZNB LIS | y | yEMERM@ding @rogiami9e 8
under grant agreement EASME/EMFF/2017/1.2.1.12/S2/04/S12.789391.




2. Players at play

2.1. Objectives

The topic of aquaculturedebris is very diverse and complex, and seeks a thorough
understanding of the wide range of actargividuals, groups and organisatiansgerating in
different stages of an aquaculture farm lifecycle (Initiation, Development, Operation and
Maintainance, End of Life) and at a variety of spatial and governzaies Error! Reference s
ource not foundpresents the stakeholder categories through the life cycle of the aquaculture
farm as defined ithe AQUALITproject.

Areview of relevant actors was conducted in &QUALITproject withthe overall aim to gain

a better understanding of the various actors relevant in the context of marine aquaculture
debrisand advise arffective stakeholder engagement strategythe project. This is also
essential for the development of recommendationsclihwill betargeting the appropriate
type of actorswith the WJ2 £ A O& T 2 $¢d of récanimeriddtiondakimgXinto account
national, regional and sea basin dimensions

Having a good understanding of relevant actoneionlya prerequisite for th establishment

of mechanisms for attracting stakeholder input into &QUALITwork, but alsofor effectively
feeding theAQUALITrecommendations back into relevant policy processes, and for providing
recommendations on ways to increase social awaresigsgt the topic of marine litter from
aquaculture activitiedn order to ensure the acceptance and implementation ofAQ&JALIT
project results and recommendations, it is crucial to have those with the powémowledge
actively involved in the egrbevelopment stages of the project.

Bodies approving the aquaculture
technology (classification bodies)

Aguaculture installation & system
designing & engineering companies
Inftiati Develo-
. . nitiation . N
Authorities approving the pment Those constructing, bringing,
aquaculture farm assembling the farm
Waste management/governance Aguaculture producers & operators
bodies . ,
End of life Operation
Those dismantling the farm Aquaculture maintenance &
installation monitoring

Those processing the
waste/collection/clean-up

Figurel: Stakeholder categories in regardthe life cycle of an aquaculture farm.

This project has received funding from thelzZNB LIS | y | yEMERM@ding @rogiami9e 9
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2.2. Stakeholder analysis and country profiles

The analysis of actors is angoing iterative procegbat will evolve throughout thAQUALIT
project.

As a first step in the analysis of actors relevant in the context of nequaeulturedebris a
comprehensive list of actors has been compiled and categdnsell project partners, based
on existing kawledge and desktop researchhese stakeholder lists and descriptions of
stakeholdersoperating in different stages of an aquaculture farmdifeleand in different
countries are summarised in internal project documents.

Inthe second step in the analysis of actting, knowledge gapglentified during the desktop
phase of the stakeholder analysis were filledvhyious stakeholder engagement process
carried out duringthe 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 atny profile was compiled for the two most extensively
studied countries in each of the studied sea basins.

1 Mediterranean Sea: Spain and Italy
1 North Sea: Belgium and France
1 Baltic Sea: Germany and Denmark

Detailed information on the stakeholders actimghe different life stages of an aquaculture
farm is provided in every country profieeAnneces 5, 6 and)./Every country profile provides
the contact information from the responsible AQUA partner that was in charge of compiling
the information. The findings obtained from the stakeholder engagement activities were
verified and revised by key stakeholdefs. new information is gained (purposefully or
opportunistically), stakeholder information will be updated and revised, with an intention to
deepen the analysis

C2NJ 0KS LizN1J)2aS 2F (GKA& RSEtAOBSNIofSs (KS
aguaculture life cycle were examined and described in following section.

This project has received funding from thelzZNB LIS | y | yEMERM@ding @rogiami9e 10
under grant agreement EASME/EMFF/2017/1.2.1.12/S2/04/S12.789391.

a

l.j



2.3. Agquaculture facilities

It is relevant to understanthe location,volume and type ofiquaculturefacilitiesacross the

three analysed sea basins, as this may giwve@icationon the origin of variougypes of
aquaculture litter. Given the different water conditiopsesence ofnatural resources and
farming traditions, different types of aquaculture can be found across the three sea basins
analysedThe differentmariculture facilitiesthe cultivated specgand an indication of their
volumeproducedare described below. A map indicating the exact location of the aquaculture
facilities, as described in more general terms is presantigures 2, 3 and4.

The locations of the aquaculture facilitiés all three sea basins were retrieved from the
EMODnet Human Activities databa®his portal provides freely accessible and downloadable
data and an interactive map of Europe on macroalgae, finfish arfisstegjuaculture

The macroalgae dataseincludes geographicdata on the production facilities and the
production method. With relevance this project, data ave been collected in the following
countries: Belgium, Denmark, Estorftaance, Germany, ltaly, Netherlands, Norway, Spain,
Sweden, and URata are missing for Poland, Latvia, Lithuania, Finland, and for most countries
in the Mediteranean Sea. Data were last revised on 20%89.

The marine finfish dataseincludesoffshore and inland facilities related to the farming of
marine finfsh The database contains marine finfish aquaculture facilities in the following
countries: Cyprus, Denmark, Finland, Greece, Malta, Norway, SpauKa@duntries with
missing data are France, Italy, Montenegro, Albania, Croatia, Slovenia, Germard;, Polan
Estonia, Latvia, Lithuania, Sweden, Belgium and the Netherlands. Data were last revised on
201901-04.

The shellfish _dataseprovides informationon the location of shellfish farms Denmark
Greece, Ireland, Italy, Spain, UK, France and the Nether2amdswere last revised on 2015
01-28.

Complementary to the EMODnet informatjam indication of theproduction volumeof the
different species cultivatedas obtainedrom theFAO production figures of 20(FAO, 201p

The production in tonnage is summarised in Table 1 and is usediéotiyeiinterpretation 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 includesthdhe production in the greater North Sea and in the
Atlantic Ocean).

This project has received funding from thelzZNB LIS | y | yEMERM@ding @rogiami9e 11
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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

2.3.1. Finfish

The aquacultureof finfish shows a strong difference in selected finfish species
between the studied sea basins (FigureThe technologies and practices uged
finfish productioralso differ accros the seadnas, from more traditional small scale
(i.e. Adiatic) to more industrial scale (i.e. North SeBhis type of aquaculturs expected to

grow in the Mediterraean and North Sea countries, especially in further offshore areas

(Bamlet et al., 2013

0 50 100

200 km

" e L o ) AT B

——
VLIZ

Created: 2019-05-29
Projection: Europe Lambert Conformal Conic
Source: OSPAR Beach Litter Database, ¢

EMODnet Bathymetry, Eurostat, \’ o
EMODnet Human Activities & ,j;
3
o
o) o 0
& ° &
Be
3 o o
o ®
o o°
<%O o
3 ™
o}
fe}
[o)
2 .
© o (2]
0
ol
°
o
o
°

Legend

0.9 e Aquaculture facilities
2 o Seaweed ©

Shellfish

Finfish

(o]

Figure 2Distribution of aquaculture facilitidsr seaweed, shellfish and finfishthe Greater North Sea bagiource:

EMODnet Human Activities)

This project has received funding from thelzZNB LIS | y | yEMERM@ding @rbgfamde
L under grant agreement EASME/EMFF/2017/1.2.1.12/S2/04/S12.789391.

12


http://www.vliz.be/nl/catalogus?module=ref&refid=311198

sustainable

1|l|l||||| OS.PrO :,

projects VLIZ
L
Created: 2019-05-28
Projection: Eurape Lambert Conformal Conic
Source: EMODnet Bathymetry, Eurostat,
GADM, EMODnet Human Activities
©
@
@
o]
D o
. ®
=
%Q%O% o
& § @ a(‘ﬁ 4
'ge8 i
Q
°
(e}
(]
[}
g 0
o o o)
. o
g o
% =
- 8o [
Qo
© Legend

Aquaculture facilities
Seaweed @

Shellfish

Figure 3Distribution of aquaculture facilitidar seaweed, shellfish and finfishthe Baltic Sea bas{§ourceEMODnet
Human Activities).

In theNorth Seafacilities are clustered in favourable areas in the outer regions of the Greater
North Sea (Figure 2). Atlansalmon Salmo salgris the most important aquaculture species

in Europethat benefits fromnatural conditions with good sea temperatures,rsgl and
currentsin sheltered fjordsMost of the farmed Atlantic salmon is produced in floating cages
at sea, while there are a few laidsed farms. Norway, followed by the UK, are the most
important producing countries in EuropEufopean Commission, 2019he second most
important aquaculture species in this region is the rainbow t@acorhynchus mykijsd his
anadromousspecies can be farmed in floating cages in lakes os tackted beside a river.
However, trout are also grown in floating cageshe protected waters of the Scandinavian

This project has received funding from thelzZNB LIS | y | yEMERM@ding @rbgfamde 13
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http://www.vliz.be/nl/catalogus?module=ref&refid=311157

fjords. When the fish have reached commercial weight, the trout are collected with a net or are
pumped on to landToday, nearly all rainbow trout on the EU market comes from aquaculture.

In the Baltic Seaon the other hand, this type of aquaculture is not so prominent given the
eutrophication increase concernsarfed fish productionn this regionis more relying

recircdating aquaculture system{®AS) ofand Rainbow trout ©Qncorhynchus mykijsis 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 Swedeneangath producers in the

Baltic SeaHowever, since the EMODngtF i R2Say Qi KI @S AyF2NXYI G,
Sweden, finfish facilities is this region are not shown in Figure 3.

In the Mediterranean Sedigure 4), a much wider variety of finfishasrfed, of which the
European seabasPBi¢entrarchus labraxs the mairspecies. Most farmed European seabass
are produced in floating sea cages, with a few produced onrblased farms. The fish is
normally harvested after one and a half years and upréoyears in size categories below 1 kg
(European Commission, 2019Gilthead seabreamSparus auratpis the second most
produced species in the Mediterranean Sea. This species isllyoreared in sea cages, but
some lanebased 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 befawapkgr(
Commission, 2039 After Turkey, Greece is the largest aquaculture producer of seabass and
seabream in the Mediterranean Sea, followed by Spain andAtklgtic bluefin tunaThunnus
thynnug is a quotum specigresentin both the Mediteranean and the eastern Atlantic with

a high market value. Due to the stagnation in the yield of the wild fisheoiastries are trying

to exploit the quota to the fullest and raise wildught specimens in aquaculture conditions
for the purpose of increasing fat conteMalta, Croatia and Spain are countries bordering the
Mediterranean sea practicing aquaculture in the greatest volurhere has also been an
intensive effort in closing the life cycle of Atlantic bluefin turtaurope, but this has not yet
been achieve@European Commission, 2019

2.3.2. Shellfish

The etractive aquacultre (shellfish and seaweedgctor is gaining traction across

the EU, wih a wide range of commercial applications going beyond human

consumption (e.g. poultry and fish feed, biofuel, chemistry, pharmaedsjt etc.)
(European Commission, 2Q19arious spcies can be cultivated by using different techniques
(Figure 5).

Mussel specieare 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 mussellytilus galloprovincialjsare the core of
European production. Accordingfé\O (2018)EU production amounted to 545,000 tonnes in
2015, providingapproximately 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.

This project has received funding from thelzZNB LIS | y | yEMERM@ding @rogiami9e 14
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There are three different culture techniqués mussel farmingdza Ay 3 L2t S& 0640 2
suspended ropes or tom culture:

 Poleculturel &Go02dzOK23G¢ A& YIRS 2F g2 2iiefigal LI2f S &
area.Mussel seedr spat collected (usually around March) either on poles (placed
FAdzNIKSNJ 2dzi (G2 aSFo 2N 2y NRLBERAYNBSE NI
July. A net is placed over the whole structure to keep the mussles from falling.
Harvesting occurs after 15 months of growthmanual or mechanical scraping

1 Suspended rope culturfeor this technique, ropes covered with mussel seed are
susgended 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 mussds, placed in nylon ndiags, are grown throughout the year and harvested
FOO2NRAY3I (2 RSYIFIYR® Cf2FGAy3 aid NS dzNB a
technique is suitable for sheltered areas (Mediterranean Séfshore mussel farming,
whicdh 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.

1 Bottom cultureThis technique rests upon the harvesting of natugaibduced young
mussels and their spreading out on specially prepared growing plogsechnique is
widely practised in the Netherlands.

In theNorth Seamussel cultivation (predominantly blue mussel) is dominated by France and
the Netherlands. Othemsaller producers of the blumussel are Denmark, Norway, Sweden
and the UKThe locations of the shellfish facilities in Norway and Sweden are not present in the
EMODnet Human Activities databasel lence not shown on Figure 2.

Multiple mussel farms can be identified along Badtic coastNevertheless, except the sites in

the Western Baltic Sea, mussel farming is mainly in the experimental scale in the Baltic Sea
Region. Demonstration projects arerrently 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
guality and tansparency as mussels filter water and take up nutrients through their food
intake, thus counteracting eutrophicatioBgltic Blue Growth project, 201®@zolina et al.,

2017). In the Baltic Se&§UBMARINER Netwdr&s a crucial role in gathering relevant actors
including public authorities, research centers andigtiy to jointly work on innovative mussel
projects in the region. Apart from thgaltic Blue Growth projecfocusing directly on the
suitability of mussels cultivation in the Baltic Sea Region, the SUBMARINER Network members
are also working on a highly innovatimeoAquaTech projedh the South Baltic. This project

is working to develop and transfernovative and sustainable aquaculture technologies across
the area. Through this project, SMEs all over the region are getting access -uf-ftatart
technology, knowhow, expertise anfinancing models.

In theMediterranean Sed-rance, 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 regi&ufopean Commission, 2019
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Figure 5Examplesf Europearmarine aquaculturéarms The collage above depicts several types of aquaculture perfor
in the North Sea, Baltic Sea and Mediterranean Sea. Nevertheless, aquaculture types can differ per region and count
this, various shellfish farming techniques can be used for thiivation of multiple shellfish species
A) Net cages for cultivation of seabass; B) Net cages for cultivation of seabream; C) Net cages for cultivationafifdtgn
D) Pole culture for mussel cultivation; E) Bottom culture for oyster cultivé)oBpttom culture for clams farming;
Suspended rope culture for mussel cultivation; and H) Suspended rope seaweed farm (SourceblG Prmc&AAand

European Commissihn

Oysterfarming has a long historgfter several yearsfaecreasing production caused by the
2008 disease outbreak Frenchoyster farming areas, production has increased again since
2014 European Commission, 2019n Europe, commonlyafmed oysters include the
European flat oystefstrea edulisand the Pacific cupped oyst@rassostregigas According

to the European Mollusc Producers Association (EMPA), the EU tpyodimysters in 2015
was 108910 tonnes andontributed for 97.5 % by Pacific cupped oysters and for 2.5 % by flat
oysters. fie Portuguese cupped oysteCréssostrea angulala 6 f a2 O f £ SR
22 a0SNE & not coltazddPchd8nercially in Europe anymdeerppean Commission,

2019.

The sector is characterized by being composed mainly of small,-éawnidyg businesses of
limited financial capacitfeuropean oystegrowing techniques have developed in order to
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suppy the market for fresh oysters, delivered in the shell. Cultivation is usually ayd@ee
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 yeartafe;wysters are spread

out in the intertidal range, either directly on the ground (bottom culture), or in bags on trestles,
or suspended (Mediterranean shoreldplf of the spat used for oyster farming is supplied by
hatcheries; the remaining 50% is vafzht collected by farme(&uropean Commission, 2019

In theBaltic Seaoyster farmings not successful due to the low saline watémsSweden, this
relatively new industry is still in its research phase; investigating the high mortality rates
observed in Swedisch commercial hatchei@zdis, 201P In theNorth S@, oyster culture is
dominated by France, whitee Netherlandsandthe UKhave limited production capacitin

the Mediterranean Sedhe oyster farming countries are France, Spain, Italy, Cevatillalta

Bivalve mollusdgncluding clams which is ammon name for several kinds of bivalve molluscs)
are available from both fisheries and aquaculture. Accordifiutopean Commission, 2019
EU production of clams from aquaculture aaated for 44000 tonnes in 2016The main
species produced are grooved carpet shellRgditapes decussafisPullet carpet shell
(Venerupis pullastha Japanese carpet shellR{ditapes philippinarumand cockles
(Cerastoderma edule

In the Baltic Seathe aquaculture production of this type of bivalve molluscs is absent. In the
North SeaFrance is the main aquaculture producer of clams. IMibgiterranean Seahe
majority of farmed clams come from lItaly, and other clam farming countries are F&juace

and Slovenia.

2.3.3. Seaweed

Marine nacroalgae 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, angnoelvction models and
new market stream are emerginguropean Commission, 201®lacroalgae production is an
upcoming sector for growing biomass for producing feddrmaceuticalconsumables such
as plastics and energy without competing for arable land, depleting fresh water and using non
renewable fertiliser.

The most importanspeciesin terms of landings and value, dr@minaria digitataLaminaria
hyperborea and species Ascoplgllum nodosum because these species are harvested
mechanically by fishing vessel in France and Nomsoophyllum nodosum harvested by
fishing vessel in Norway, whereas in France and Ireland, it is harvested manually. All other
species are harvestedamually, either on foot or by divinglechanical harvesting is done by
fishing vessels and is practised mainly in Norway (Rogalandfog®delag), France (Brittany),
Spain (Galicia and Asturias) and to a lesser degree in the French Basque Courdlgnand Ir
(European Commission, 2019

EU algae production increased from 2005 to 2014 with 67&,axproduction to more than
93,000 tonnesin 2014 (0.3% of the world supply). In tBaltic SeaDenmark is the largest
producer of seawee(Table 1) Besides that, th€UBMARINER Netwdréis a crucial role in
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gathering relevant actors, and inttiag innnovative projects in the field of sustainable seaweed
and mussels aquaculture. For example, an EU funded pi@GjREISES working on pilots in the
Baltic Sea to raise the awareness duild 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 arthe main legislative bodies that also control much of national and
regional funding. Th®epartment of Seaweeid a transdisciplinary platform which gathers

together experts from different fields wheork with seaweed as material to jointly explore
seaweed as a sustainable resource

In the North Sea seaweed aquaculture is predominamt France and Norwagbrown
seaweeds)The majority of the production in France is wild seaweed that is harvétest.
countries (the Netherlands, Belgiuare investing in pilot studie$he Value@Sea projegas
initiated in Belgium in 2017 to test the technical, ecological and economic feasibility of the
integrated cultivation of extractive aquaculture species sgdhe flat oyster, scallop and sugar
kelp(Bossier et al.2019. Zeewaars 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 couritioesdzeeboerderij, 2099

In theMediterranean Se&pain (mostly red algae) and Italy (green and red algae) are the main
producergEuropean Commission, 2019

2.3.4. Other aquaculture types

TheIntegrated MultiTrophic Aquaculture (IMTA), where muttiophic 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 bgitensive aquaculture activitie$he IMTA has many
benefits, among hich bioremediation is one of the most relevgBbto, 2009Buck et al.,

2018) ¢ this type of aquaculture provides an opportunity to reduce environmental impacts
through direct uptake of dissolved nutrients, while at the same time increasingffioEtncies

due to more products which can be s@thultzZehden and Matczak, 20112

So far, however, hardly any real data or practical knowledge is available as only a few pilots
exist(e.g.in Finlangd Denmarl, where mussel or macroalgaeltivations are combined with

open net cage fish farmdJp to datethe EMODnet Human Activities portal does not indicate

GKS La¢! Qa aSLINIradSteod |1 SyOoS>s GKS FAIdz2NBaA A
single species aquaculture atfe combinel farming of multiple species.
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2.3.4.2. Multi -use con cepts with integrate d aquaculture facilities
Aquaculture can be combined with
other offshore uses, like wind
farmsor tourism. In this respect, a
few pilot studies are running to
investigate various aspects of
offshore  multiuses. A few
examples are thEDULI$rojectin
Belgium investigaing the
feasibility of mussel ¢twre in
offshore wind farmsand the
SOMOS projean the Netherlands
aiming to develop a meaningful safety assessment and safety control to stimulate the
production of energywind farmsyand food(seaweedpat sea

Figure 6: Tourism and aquaculture as a mulde concept(Source
Bamlettet al., 2018.

The Horizon 2020 EU wide projddtUSEJMulti-Use in European Seas) has among other
extensively explored various aquaculture rudte options and provided an overview or
examples and development options in its Ocean Niga& Action Plan. The upcoming Horizon
2020 UNITED project is to pilotster 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 gedject starts in January 2020).

Moreover, tourism andaquaculture as a multi-use concept is very populan the
Mediterranean countried-or examplein 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 surrounthg the Balearic Islands and then moved to an aquacutoigywhere 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 sutimthe tuna in

the open ocean cagd&uropean MSP PlatfojnEducational elements (relating the history,
biologyand fishing of bluefin tuna during the boat trip to the farm) are combined with the real
experience of swimming or diving and selling tuna prod@tgan multuse that involves
aquaculture has been indicated as a future trend that has yet unknownsetfactnarine
littering.
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aquaculture production are ranked according to contribution (higbastribution is ranked firytsource;FAO, 2019

TABLE 1

Aquaculture production in 2017, presented by sea basin and by species giwegusuntries contributing to the

Baltic Sea

Main species
Salmons, trouts, Oncorhynchus mykiss, Coregonus

Countries Tonnage \

FI, DK, SE 21,759

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

smelts lavaretus, O. kisutch, Salmo trutta
North Sea Salmons, trouts, SaImo' salar, anorhynchus mykis: NO, UK, DK 1503622
smelts Salvelinus alpinus FR
. Dicentrarchus labrax, Sparus aura TR, EL, ES,
= Misc. astal Argyrosomus regius, Pagrus pagrt IT, HR, CY, 337233
2 fish Mugil cephalus , AL, MT, FR.
= g cep ME, SL
Mediterranean | Tunas, bonitos, MT, HR, ES
Sea billfishes Thunnus thynnus TR 7,393
Salmons, trouts, Onco_rhynchu§ mykiss, Salmo spp, TR, IT, EL 6252
smelts Anguilla anguilla
Other Osteichthyes, Seriola dumerili, Sol EL, MT, IT, 231
solea ES
Mussels Mytilus edulis DE, DK, SE 20,077
Oysters Ostrea edulis, Crassostrea gigas, FR, NL, UK 66,547
Baltic Sea Crasostrea spp DE
. . NL, FR, UK
Mussels Mytilus edulis NO, DK, SE 120,016
= Clams, cockles, dams neiCerastoderma edule,
@ . S FR 90
= arkshells Ruditapes philippinarum
(]
< . . FR, ES, IT,
n Oysters Ostrea edulis, Crassostrea giga CR,MT 4,619
IT, EL, FR,
Mediterranean | Mussels Mytilus galloprovincialis ES, HR, SL 101676
Sea TR, AL, ME
Clams, cockles, Ga”?s nel,Cer_a_sto_derma edulg, IT, FR, ES,
Ruditapes philippinarum, Ruditape 36,642
arkshells o SL
decussatus, Ensisis
©
9 | Baltic Sea Brown Phaeophyceae DK 10
s seaweeds
(5 . .
S North sea Brown Alqua} esculenta, Saccharina NO 149
seaweeds latissima
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3. Aquaculture related  debris

3.1. Objectives

The aim of thisectionis to set upa solidknowledge basen marinedebrisfrom aquaculture
activities. Thiglatasetincludes information on theain types of debrisee 3.2. Identification
of aquaculture related debrisds well a®n the quantitiesin which they occur in the marine
environment(see 3.3. Quantification of aquaculture related deb¥#}hin this taskseveral
geographicanapsare createdhat visualisehe regionalvaste problems ankinowledgegaps
Astructured dataseis developedo create some consistenagrosghe divergentdata in order
to enable comparison and analysetween different countries and sea basiiBetemplate
of the datasetan serve as an example for future monitoring activities andplatessing

3.2. ldentif ication of a quaculture related debris

3.2.1. Methodology

The first step in acquiringis knowledge base wasrried out bydraftinga list of possible litter
items from the aquaculture sectfmundin the North Seahe Baltic Sea anithe Mediterranean
Seabasins As a starting point, several existing litrenitoring guidelinesr aquaculture/litter
reportswere consulted, e.g.:

1 The OSPAR Beach Litter Monitoring Guidelimetude a standardized approach to
collect marine litter data oreference beaches in the OSPAR Maritime Area. The OSPAR
Beach Litter Databag®SPAR Commission, 28)lis an online database that has been
developed to manage the data and allow it to be interrogated at the maQio
subregional and beach le&uideline for monitoring marine litter on the beaches in
the OSPAR maritime area, 2010

1 The GESAMP reportsom the Joint Group of Experts on thee@tific Aspects on
Marine Environmental Protection, e.g. Sources, Fate and Effects of Microplastics in the
Marine EnvironmentKershaw, 2015Kershaw and Rochman, 20X&ershaw et al.,
2019;

1 Joint Research Centre (JR€ghnical Reportse.g. Top Marine Beach Litter Items in
Europe from the MSFDechnical Group on Marine Liti@feiga et al., 20t&ddamo et
al., 2017,

1 TheNational MSFD (second cycle)trimitions(European Environment Agency, 21319

1 The Food and Agriculture Organization of the United Nati(f@Q reports on
aquaculture and/or marine littefMacfadyen et al., 200€ardia and Lovatelli, 2015
Lusher et al., 2037

1 TheEnvironmental Impact Assessments (El&s)he aquaculture sectofif publicly
available or supplied by the AQUHA project partners).

Additional tothese reports, th&knowledge base or théitter inventonfQvas furtherextended
by otherscientific literaturgbooks and peereviewed publications) derived from an extensive
Web of KnowledgendScopusearchC2 NJ G KA & f AGSNF G dzNB &St NOKZ
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WFAAK FTENNFQ YR $YRI MR QK ®dzZiB 3 SHENES YESDNAVE Q3
Y y I 3SYS ypériod o210 yearg2009- January 2019) in relation to thieree sea basins

and their regional seas and waters (e.g. Gulf of Riga, Adriatic Sea, etc.)SAsphssearch

onlygave a limited number of relevant hits, an additional search was carried out on the basis

of beach debris/litter in the desired regions. Thetit ofeach publicationvassubsequently
AONBSYSR T2NJ Wi ljdzl Odzt GdzZNBQ AYyF2NNXIF GA2Y @

Based on the repost bools, and publications, a list was drawn apntainingboth general
objects(A)which are used by multiple offshore sectors, spécific objectgB)which can only

be linked tothe aquaculturesector. Thislitter inventoryis 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 Sourdel, hosted at the VLIZ website.

Additional tothese reported itemsfirst steps were taken to screenodern aquaculture
techniques in the North Sethe Baltic Sea anthe Mediterranean Sea in order to identify

W2 G KSNJ LI G Stifall dokldtbe tunSiytheQnaring 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 BaBea and EurOcean & IEO for the Mediterranean Sea). In
addition informationis gathered from the existing and wsilituctured néworks of all AQUA

LIT partnersi-urthermore, varioustakeholdersctive at different stages of the liégcle of an
aquaculure farm will be interviewedhrough a standardized questionnadering the course

of the AQUALIT project. Thereforehe litter inventorywill bea useful instrument to identify
aquaculture relatedlebrisfrom all mariculture sectors.

3.2.2. Results

Since helitter inventory(Annex 1) has the aito builda solid knowledge base on marine litter

from aquaculture activities, each litter item is clarified by a number of characteristics. These
include an item number (AGeneral items, B Specific itemsand C¢ Other potential items),

item type, item name, short description, type of material, aquaculture type, cultivated species,

' LIAOGdzNBE yR GKS A GSNI G dzNBSsofirguttipdysodps ¢ef K S O
items, e.g. tags, nets, ropes, collegtmateral, strapping material, floatsuoys, etc. The type

of material is confined to plastic, metal, concretegl, rubberywood, and natural textile. Since

Y2aid WwW3Sy@Nanhot be $pecifidally linked to certain aquaculture activities, the

OF 6 STI2NARSE WI ljdzk Odzf GdzZNBE GeLisSQ | yR WI ljdzl Odzt G ds
(B) The information provided by thhtter inventory is mainly derived from the above
mentioned reportswith some additions from scientific publications.

Thelitter inventorymainly containgenerallitter items(A)(31items of which 22 are made of
plastig, usedby offshore activities including aquaculture. In additi@8,items listedare
exclusively linked to the aquaculture sector. Examples are: plastic mesh screens, mussel socks
and tahitians Almost all (18/19) specific items (B) amade of plasticwhich indicates the
importance of plastic for the aquaculture sectbtainly bivalve farming is dependent on

different types of plastic itemgl3 items)followed bythe finfish industries(6 items) For
seaweed cultivation only longlines are reporésditter item Thelitter inventoryalso provides

an overview ofl4items that have noyet been reported as litter, but whican get lost during
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aquaculture activitiesAlmost alldebrisitems 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

The aim of this searcis not only to collect information on the litter items derived from
mariculture activities, but also to quantify their abundance in the marine environmeat. As
starting point, databases &uropean BgionalSea Conventions such aOSPARNorth Sea)
HELCOMBaltic Seapnd Marine LitterWatchof the Euopean Environment Agency (EEA)
(European watetrsbut here only used for thMediterranean Seawere consulted to map
information on several specific items which were collected din@agh surveyslhese 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 epdzy’ R S NJ (i K $theOdiadti@vaidhE W
is not included in thitter inventory In addition, HELCOM does not always use the same coding
method, which makes ihot only
difficult to compare the data within
the Baltic Sea but also with th
North Sea andlediterranean Sea.

x OSPAR Beach Litter
Database

The OSPAR Beach Litter Databi
(OGSPAR Commission, 9@jcan be
consulted online by every
stakeholder. ThH®SPAR Beach Litte
Dataset (OSPAR Commissiol
20199 was consulted in
cooperdion with the Royal Belgiar
Institute of Natural Science:
(RBINS). Th©SPAR Beach Litte
Guidelinesncludefour specific litter |
categoriedinked to the aquaculture
ad S 002 N) lobskerdandv fism
GF JG48 b2d Hy Wi
mussel bags including plast
A02L)GESRBE Q2D HEp !
ONRdzy R FNRY §H6] |
YR b2d on WLI I
Ydza a St Odzf (i dpsd3]
Using the OSPAR database,dbhta e T e
from beaches in the Northern ani | s i s i o e saches o e CER i e Sdion 107
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and 3 were screened ondatns from _ _ ) .
Figure7: Map with the sea areas imtled in the OSPAR Maritime A
(SourceCuideline for monitoring marine litter on the beaches in the O:

This project has received fundlngM.‘?’ir.'.t.mJ?Jg‘.r.eE) —— . | ey et e o = D et ——r

under grant agreement EASME/EMFF/2017/1.2.1. 12/82/04/512 789391.

0L Arcic Soas
1. Noriham Mo Sea
2 Caitic Soxs
3. Scuthem Morth sea
wem | 4 Bay of Blscay
5 Iherian ooast



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

these four aquacultureelated categories. For each survey sitthese regions, the occurrence
of these fourobjectsper 100 meters of beachaschecked and an average was calculated for
the period 20022019.

x HELCOM Beach Litter Database
TheHELCOM data portadasconsultedfor the preparation of the map showing the presence
of marinedebrisfrom aquacultureand the leationsof aquaculture facilities in the Baltic Sea.
Thus, the datasetonsists othe reported beach litter items on monitoring sites at the Baltic
Sea area. Visualised data include thember of recovereditems per category for each
monitoring site, asraaverage for the whole monitoring peri¢a011-2018) Litter data is
provided by HELCOM contracting parties in responteetdata call for State of the Baltic sea
report. For this report, the data on the same litter categories/itéfirastags[G43, mussel and
oysternets[G49, oystertrays[G46]and plasticsheetingfrom mussel culture [G4Yhas been
used as in other sea basins as to consisteothlyparethe aquaculture litterlt is to be noted
that for Estonia and Polando data wasavailable orthe length of the monitored transect
(presumably 100 mand that surveys were probably carried out between 28Q18 but no
exact dates were registered. In Latwienitoring § carried out only in the summer season and
is not completely comparable withther countries that carry out monitoring seasonally
Therefore Latvian data is neisualised ifHgure9. For Finlandand Swedepthe length of the
monitored beaches wifferent for each surveyn order to combine all HELCOM data, the litter
data fromFinland and Sweden has beeonverted by Dr. Sanna Suikkanen of the Finnish
Environment Institutefo items found perlO0 m. Lastly, it is to be noted thdor Estonia,
Finland, Germany anav8den a different coding methadas usedAs a consequencenlythe
OF iS3I2NB WYdzaaSt YR 28aiSNJ ySiaQ wbDnp6 O2d
2yfteée (KS OFdS32NE WL IFadAO aKSSGAY3I FNRY Ydz

x Marine LitterWatch Database
The Marine LitterWatch platform was develddgsy the European Environmental Agency (EEA)
as amobile app for citizen® identify marine litter found in European seas and coasts. The
information provided to Marine LitterWatch encloses the results of organized beachupgan
events or monitoring divities. 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 arsadeliveredFinally, the numdr of items foreach category
is recorded. Users of the mobile app are able to identify mateteis usinga European
harmonized list of items reflecting similar language established by the Marine Strategy
Framework DirectiveAgain here are four categories considered as the result of aquaculture
activities: Yaigs (fishing and indust@)G43; W ¥ssel netspyster net€]G49; Wyater trays
(round from oyster culture§)G44; Wlastic sheeting from mussel culture (Tahiti&hGy7.
The list of dat@ollected(Annex4) is the result of identiéditems spanning from January 2013
to February 2019The results bthis programare freely available through the EEA database
andexclusively usenh this project for the Mediterranean Sea basimce OSPAR and HELCOM
provide more professional databases for the North Sea and the Baltic Sea, the Marine
LitterWatch databse was not consulted for these basm#his project
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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, andre visualised on three regional maps representing the NBeghBalticSea

and Mediterranean Sea basifftigures 8, 9 and10).

x OSPAR Beach Litter Database
For the North Sea basin, th@SPAR datéAnnex?2) is visualisedwith data on aquaculture
facilitiesretrieved fromthe EMODnet Human Activitielatabase(Hgure 8). These datsets
consist of both European seaweed, shellfish and finfish produwsetgnableus to visualis
the strandedaquaculturedebristogether withits potential source.

The composition of the collected aquaculture relatkbris varies strongly between the
Northern and Sathern Greater North Seaas can beseen inFHgure 7. Whereasshellfish
aquaculture facilitiegn=183)and debrisrelated to these activities are mainlyufal in the
English Channel an@d@hern North Seafinfish facilitiesn=250)and debris are primarily
located and recovereidh the Northern North Sea, Skagerrak and Katteghatsnot onlyproves

that the distribdion of aquaculture facilitieand litter differ greatly within the Greater North
Sea,but alsoindicatesthat they may be related to each othé&emarkably, the aquaculture
related litter at the west coast of Sweden mainly consists of fish or lobsteAtagsding to
Blidberg et al. 2015his would be due totong currents from the Atlantic Ocean towards
these regionstogether with frequent westerly windshe aquaculture relatedebrison the
Belgian, Dutch and German beaches are mainly derivedifrfnr® W. 2 dzOKSGQ Ydza & $§
cultivationsin Normandy, FrancéAnother major part is originating from longline mussel
cultures near Zuydate, Francelt isnoteworthy that on the beaches of the United Kingdom,
none of these items were found in tiperiod of 20092018.Besides this, lobster tags are not
originating from aquaculture activities and fish tags can also be derived from fisheries research.
Sincefish tags are also used for research purposes,tafdt | w R 2 Sa ¢fstngtiony’ | 1 S
between lobster and fish tags is impossible to calculate the actual share of the aquaculture
sector to the distribution of fish tags waste.

x HELCOM Beach Litter Database
In order to visualise the geographical distribution of aquaculture facilities and aquaculture
related debris inhe Baltic Sea (Figuég, the HELCOM Beach Litter Databasméx3) and the
EMODnet HumaActivities databaseere consulted. The results show a higher occurrence of
aquaculture related litter in the Southern Baltic Sea than in the Northern Baltic Sea.
Nevertheless, foEstonia, Finland, Germany and Sweden a different coding method was used
(see 3.3.1.1 Methodolédgz &3 QN zhya W S| OK [ AsiaidoBIeguéntenly 6 I a4 S Q.
theresultsofthedl 1 SA2 NE W HOI t &5 HEK@ o yNFE@NI GKS b2NUK
it is difficult to compare the northern part with the southern part of the Baltic Sea.

Newertheless one can conclude thall finfish facilities(n=174)are bcated around Finland
(n=140) and the east coast of Denmark (n=34). In total, Denmark has 53 finfish farms in the
Baltic and North Se&wedish ihfish facilities arenot includedin the EMODnet Human
Activities database, bwtre present in thdFAO data (Table .1$hellfish facilitiegn=12)are

mainly located at the east coadt®weden and Denmark, and seaweed aquaculture (n=10) is
primairily performed in Denmark and the Saaremaa lslaritstoniaSeaweed and shellfish
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AQUA-LIT

aquaculture are less common in the Bali&a compared to the North Sea and Mediterranean
Sea.Consequentiythe reported numbers of litter coming from these activities are also much
lower than in the North SeaAnexception to this trend is Lithuanmherelarge quantities of
oyster trays were collected on four beaches from January 2012 till NovembeH2zMeSver,

no shellfish activities have been recorded in Lithuanits meighbouring countriefn Poland,
where all categories were monitored, suprisinglyly fish tags were recovered at all 15
monitoring sites. Finallfrigured indicatesthat the number of performed surveys is quite high,
but that the distribution is rather low with a few hotspots in the Southend Eastern Baltic

Sea.
0 50 100 200 km
‘ | BTN 16 B ST
[S—_—] p
VLIZ
Created: 2019-03-12
Projection: Europe Lambert Conformal Conic
Source: OSPAR Beach Litter Database, ‘)
EMODnet Bathymetry, Eurostat, gt o
EMODnet Human Activities fod i{
f_: Ytre
§ Hvaler
o G fasvik R
0 o &
@’ Mill Bay ©
5 g (Orkney)
o o
O ) (— L
Saltd
o
00 [¢) . -
'8’ 0(‘- Haby . G'}E‘fﬁv{r;
kviljo™ <50 Edshultshall
3 =
Kinghorn o
O Harbour Gronevik
Cramond Beach g : \,
-_—0
Nym?degab
Strand Skagen Skagen
Saltburn Strand
Vil Sylt (island)
Hood's Bay >
Terschelling Juist
- B Scharhém (island)
L
Minsener oog (island)
Bergen B L
Legend
Veere 8 Aquaculture facilities
— o Noordwijk Seaweed  ©
Jubilee :
Beach o Shellfish
‘Seatcrwn 0. Finfish o
xﬁcmﬂgdﬁ'dﬂ . Ftente
. Aquaculture litter
No aguaculture litter
Larmor Raversijde Aguaculture litter measurements
B Plougastel a (average number of items per 100 m
beach for the period 2009-2019)
; =
Kerizella Dieppe Bivalve net or bag _
L e
\ - P Lobster or fish tags 5
Sein Koubou Mussel sheeting 5
Figure 8Distribution of aquaculture facilities and aquaculture related béitiehin the Greater North Sea
basin(Source: OSPAR Beach Litter Database via Francis KerckhanBBEIMSDnet Human Activities
This project has received funding from thelzZNB LIS | y | yEMERM@ding @rbgfamde 27

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



AQUA-LIT

0 50 100 200 km
T O Y [ T ° S PrO ‘
: AT
‘ sustainable [e—
projects VLIZ
-
01 Pomlenakke, Falster Created: 2019-05-20
2 Bl Projection: Europe Lambert Conformal Conic
gi ;ehma”:n - Krummsges Storsand Kalajoki Source: HELCOM Beach Litter Database,
—— s o
05 Si:oeifwrgeacien EMOQODnet Bathymetry, Eurostat, GADM,
2 Kokkola EMODnet Human Activities
06 Tarnewitz »
07 Wieschendorf
08 Poel
09 Boiensdorf
10 DarR - Miller 3
11 Zingst 3
12 Hiddensee - Gellen
13 Bug
14 Hiddensee - Enddorn
15 Varnkevitz %
16 Nobbin
17 Glowe o
18 Stubbenkamer
19 Mukran
20 Binz Rauma inner ? Kotka inner =——
21 Sellin Rauma outer Turku o
22 Gohren Ruissalo %)O 1
23 Vilm Mustfinr -0 PRl il Diter
24 Klein Zicker Rullsand a0 & pihlgtlalgaari
25 Greifwalder Oie g o) %c |
S E G ) g’ ] a3 21 Jussaro Loksa
27 Usedom - Peenemiinde o'grg et «  “Kolga-
uto * Oro Aanla e
L Nova e Saka
e X Viimsi
Kaleste
x
N3ttaro o, Orissaare 4
Valgeranna
o
,Ohessaare xMetsapooIe
Tofta
Sjauster
x
; Nemirseta Palanga
o % Legend
SudakEHaR Karehamn strand/
Bjérkaungsehsa\ggbad kanviken £ Aquaculture facilities
g Karkle Seaweed ©
' Shellfish
® Roskide
= s Jsa'_(qvallen/ & = Finfish o
g joangarna e
o - Nybrostrand Chocrate Aquaculture litter
X i ——
) o a 2 Hel (I1) No aquaculture litter  x
e x 8 i ¥
6 ) ng%eds + xMilarhusen ShotnG Hel (1) '\Kj‘rg?ﬁg Aquaculture litter measurements
@ Arr%a e (average number of items per 100m
8o 8 o beach for the period 2011-2018)
g x01 14 7 Kotobrzeg Baliovo ; . " :
Fehmarn - 13 &1613 ; - - 2 Bivalve net or bag _
Griiner e 1011 A0 . Me|nrage/
W, o % X1 = Klaipeda Lobster or fish tags 5
o 23X 722 ) Gdynia
0 08 247 X% 25 & Ustka !
04 x X% 09 Kégsdorf . Mussel sheeting 5
Trzebiatow
Swinoujécie Gdansk  gregna ! §
Dziwnow Mielno

Figure 9Distribution of aquaculture facilities and aquaculture related béiiehin the Baltic Sea basim order to interpret
the map above correctly, it should be notédt for Estonia and Poland no data was available on the length of the moni
transect (presumably 100 m) and that surveys were probably carried out betweer2@DA but no exact datewere
registered.In addition, thedata for Estonia, Finland, Germany and Sweden was collectecudiffegent coding methadAs

I 02y aSljdzsSy0Ss 2yt e
sheStiAy3a FNRY VYdzaaSsSt
EMODnet Human Activities).

i KBS 08 G SARMNESE YWalaasd i 2 WRE 2 @@XHSGIN
Odzt G dzZNB Q D @ (Séurc& RIELCAMSReACH Witter Dat&bhhkB

This project has received funding from thelzZNB LIS | y | yEMERM@ding @rbgfamde
under grant agreement EASME/EMFF/2017/1.2.1.12/S2/04/S12.789391.

28



x  Marine LitterWatch Database

Forthe Mediterranean Sedhe Marine LitterWatcldata (Annex 4) is combinedth data on
aquaculture facilities retrieved from tliiEMODnet Human Activities databaBata 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 &) (Figurel0). Finfish farming is mostly found in
Spain ad 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 FigurelO, the average number of collectetems per 100 nusing the categoriesV i | 3 a
OFAAKAY3I YR AYRdzZZAGNROQ 6Dno0T WYdzaaSt ySdaa:z
Odzft GdzNB&auvQ oDncOT WL FadAO &aks 8&ré NugtaatedinNR Y Y d:
general,bivalvenets and bagsvere mainly found in neighbouring regions of countries with

high shellfish farming activityhis may give an indication of the potential source of the mussel

nets found onthese beaches. The second most comryofiound item were fish tags
Interestingly, fish tags wemost frequently foundn Italianbeachesand beachesalongthe

Adriatic sea where no fish farms were registered. Hence, this gives an indication of fish tags
possibly arriving by means of ocean circulation and hydrodynantiwat these tags originate

from research activitiedMeanwhile, oyster bags and mussle sheetiage not found

Sincethe datawas acquired througbitizen beach cleaops and monitoring eventsome
issuesmay come up.Thereis no standardizedmonitoring protocolwith the result that
information is collected in different ways. For example, the proposed length of monitored
transects may vary alortige different countries. Hence, the results of the beach clgaare
recalculated to items per D0m. 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 AnneR#dother problem with data from citizdseach clean

ups and monitoring eventss the reliability.n particular, errors are more likely to occur, which
can lead to more frequent outliers that are difficult to exp(aig. Otok Levrnaka and Sakarun,
Croatia).

Another possible issue to consider is the palésitthat litter might have beemwrongly
identified and aquaculture items end up in the wrong category. This can be deduced from the
limited entries of aquaculture related waste during these surf@reentages shown in Annex

4). In addition, these miakes are more likely to occur within citizen sciences projects than
during professional monitoring events. Lastly, FigOrenly shows results from surveys at the
northern coastline of the Mediterranean Sea. In order to make further conclusions ontéie sta
of-the-art in the Mediterranean Sea, the southern coastline should be monitored as well.
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The OSPAR, HELCOM and Marine LitterWatch databases all define four categjtiges of
items, directly related to aquacultureactivities Nevertheless, thétter inventory (Annex 1)
demonstratesa much higher occurrence of specific items (n=19) (B). As a consequence, all
other collected mariculture related litter itenagse categorised in other more genemgoups

and are consequentlynot taken into accounfor this analysisFurther subdivision would
therefore be a good solutionn order to identify as many aquaculture related debris and
sources of aquaculture related debris as possibladdition,categories ordebris originating

from finfish aquaculture activitiemre poorly representedn all three databases. However, the
litter inventory indicates the high complexity and the high number of elements related to fish
farms.As statedn the differentsectiors under3.3.1.2 Resultsa la of information is absent

for the Baltic Sea, the Mediterranean Sea, and to a lessertélxeeNorth Seals a result, iis
difficult todrawabalanced conclusioBoth the aquaculture facilities and litter reported in the
different datasetsare incomplete, and in some cases updates are even regiostheless,

it is clear that finfish aquaculture and shellfish aquaculture have the highest activity regarding
mariculture in European waters.
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3.3.2. Published quantities of  aquaculture related debris

3.3.2.1. Methodology

In addition to thelitter inventory, all collected literaturg2009 - 2019) was screened for
potential referenceo quantities of mariculture relatedebrisrecovered on beachesn the
seabed or at the sea surfadehisinformation was gathekin combination withlthe location,

litter source, observation period, type of quantification and the item itself. When possible,

coordinates of the locations were listed and usedreatean overall map afhe North Sea,

Baltic Sea and Mediterranean S&he unit of the reported quantities are very divergent and
can range from items/100m or m2 kg or tonnes/annunilo obtain some consistency in these

data, the proportion of aquaculture related littier relationto the total amount of recovered

litter was extracted or calculated from the published datance, the results of most published
articles can be compared and visualised geographidadjyrés 11, 12 and 13). For this
purpose several authorsvere contacted and requested to share their monitoriocations
with the AQUALIT consortiumiWe would like tanote thecrucialcooperation withDr. Thomais
Vlachogiannof the DeFishGear projeahd MIGECSDHY. Pierluigi Strafellxom ISMAR CNR

Italy and Stefania Di &6 from LegambienteFinally, we would like to thank the MCS UK for

providingBeachwatcldata from their volunteer beach litter monitoring programme

Besideson the regional mapghe litter data can also be consulted in anline table. The

parameters used in thigble are explained iMable2d hy S 2F GKS LfdlerNI YSGS
inventoryy dzY 6 S NdférendefUitder is the same code that was given to each item in the

litter inventory (Annex 1).Hence, both datasstare directly linkedo each other and can be
used together for analysis.

TABLE 2

The parameterin onlinetableof AQUALIT

Parameter Decription
Default choice: Nortlseag MediterraneanSeag BalticSea

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

City, town, beach, etc.

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

Year(s) of observation

The rame ofthe aquaculture related litteitem that is mentioned in theublication If not available
other informationis included in the colum®¥ ¢ & WRIEL) 2 ¥ daNEBHE I SNA |  Q

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

Item

[EeililoNaficig Default choice: General itemSpecific itent Other potential item

[WEelAN[eBs The eferencenumber'code of theitem indicated inthe litter inventory (Annex 1)

Material The naterialtype of the itemmentioned above (e.g. plastic, metabncrete,etc.).

Quantity The quantityof this item that was founéh a certain area

Deviation The standard deviation of thguantity.

Unit The wit used for quantity(e.g. items/kmz, items/l, items/100ntpnnes/year etc.).

Source Defaultchoice: Aquaculture Aquaculure/Fisheriex; Aquaculture/General

Fate Default choice: BeaohSea surface Seabed

% of total The proportion of aquaculture related littén relationto the total amount of recovered litter extractec
litter or calculated from the published data

Reference Citationof the publication organisation, database or project.
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The collectediata pointgn=3010)aremainly locatedn theNorth Sea anMediterranean Sea
Approximately 5% (n=1654) of the sampling locations are located in the North Sea region
(almost exclusively UKJ0% (n=1219) is positioned in the Mediterranean Sea and &ty
(n=137% of the outcome is derived from theallic Sea regionLess than one fifth athe
observations took plackefore 2014 and at almostone-third of the reported locations only
specificitems (exclusively related to aquaculture) were record@&dall other locations both
specific and generdkems (related to aquaculture and fisheriesgre reported Buoys, ropes
and collecting materials (e.g. fish boxes, crates,,at@)e most frequently found ithe
category ofjeneral items, and mainly nets (especiallissel/oyster nets and mesh bags) were
reportedwithin the specific itemsategory 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 wheasd
according to the fate (beacHpatingandseafloor litte) of the collected litterHgures 11, 12
and13).

x Beach litter
The locations of the beach litter survégs2367, 79%)from several published studigzojects
and databasesalong with the daa from OSPAR, HELCOM and Marine Litter\Wateh
illustrated inHgure 11. Every data point is marked with a colour which represents the
proportion of aquaculture related litten relationto the total amount of recoveredtier. For
example, yellows equal to a value between3%, and red represents a percentage of more
than 15% while zeros are visualised by light yellow dots or squé@lessecategorieswere
determined on the basis of the mediany’ SI OK aSOlGA2y 2y elghdzNE MM
to the correspondingategory arevisualised without filling colouFurthermore, the data is
divided into litter directly related to aquaculture (indicatedgure 11 with acircle), and litter
which can be connected to multiple offshore sectors (marked om#pewith asquare.

In general, beaches in all three seawoagiare well representealith the exception of the North
African beachesMost European beaches havelatively low percentages of aquaculture
related litter, with some exceptions.

A little more than 80%f the data pointsn the North Sea regioare locaed along the British
coastline, 4% of which has a share of aquaculture debris of 10% or hilgh&cotland,
Shetland and the Orkney Islands considerably higher proportions of aquaculture items were
found compared toother British beache®elgium, Dennt&k and France also have several
beaches with high percentages of aquaculture related debris.

Interestingly almost the entireBaltic Seaegion (expect for Denmarkdhows relatively low
numbers of aquaculturdebris.This is consistent with thenited aqiaculture activity irthe
Baltic Sedsee 2.3. Aquaculture facilitieaid suggests that aquaculture debdeming from
the North Sea and outer regiodees not extend beyond the straitennecting both seas

In the Mediterranean Sea, theghes shares of aquaculture debrse found in the Adriatic
Sea mainlyalongthe Italian coastOn almost 18 ofthe Europeanmonitored beaches, no
aquaculture related debris was found.
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Figurel1l: The monitored beaches in the North, Baltic and Mediterraneanb8siasand their reported percentage of
aquaculture related litterOn the map above, the locations of the beach litter monitoring events are plotted in combination
with a representation athe amount of aquaculture related litter reported. This is done by a colour scheme which represents
the proportion of aquaculture related litten relationto the total amount of recovered littefThese categories were
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determined on the basis of the medid he results which can only be linked to aquaculture are illustrated with a square, while
more general results (aquaculture/fisheries related g&eare represented by a circle.

Theaverage percentage of aquaculture related litterelation to the tothamount of collected

litter on beaches i19.2% Nevertheless, when only the specific items are taking into account,
the average percentage of aquaculture litter is G#%6 Since aquaculture relatetebrisin

this report both represents general and siiiedtems, andjiven that onla part of the general

items originate from aquaculture activitigself, 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. Therefdhe actual percentage of aquacultur@ated debris

in relation to the total amount of collected litter on beacheasiesbetween the above

x  Floating litter
In FHgure 12, the positions of the observational transects for floating liftex67, 2%)pre
plotted in combination with a representation of the amowf aquaculture related debris
reported. This was again done with the same colour scheme as udeguia 11. All
information wascollected during visual surveys, adticonvenient datavere related toboth
aquaculture and fisheries activitids. othe words, ne of the litter itemswere uniquely
linked to aquacultureThe surveys were exclusively performed in the Mediterranean Sea and
an average o11.3%of the detecteddebriswas related to aquaculturand fisheriesin the
Ligurian Sea antle Gulfof Lion a wider area highlighted ifigure12. This polygon represents
a series of transects which were monitored during multiple visual surveys by the same research
group DFMegio et al, 2017). In this area the proportion of aquaculture related litterelation
to the total amount of recovered litter is approximately 9.5%.

x  Seafloor litter
Besides the beach aridatinglitter monitoring, both bottom trawl surveys angual surveys
with scuba/snorkelling were conducted to map seafloor l{tie676, 196) The results of these
studies are visualised in a similar wayindggures 11 and 12, in Hgure 13. Seafloorlitter data
are exclusively available fure MediterraneanSea basin more specifically thAdriatic Sea
parts ofthe lonian 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 afjuaculture related debrisn the seaflooris
14.846 Nevertheless, when only the specific items are taking into account, the average
percentage of aquaculturgebrisis onlyl1.8% For same reasons as explaindSnsi A S Q. SI O
f A (theSaxdpcan be seen as thewer limit of aquaculture related debris on the seafloor.
The first proportion indicatg can be seen as the upper lintn almost 3% ofthe monitored
seafloor locationsno aquaculture related debngas found

In comparison with the beadB.4 ¢ 9.2%) and sea surfacfll.3)datad 4SS aSOG A2y a
f AGGOSND Iy Rabowe] 6n2 tait soyicHide fthiihie highesaverageproportion of
mariculture related littenin relation to the total amount of litteis found onthe seafloor.
Howeverthese surveys only took place the seabed of shallow waterserteg no statements

can be made on the amount of litter in deeper waters.
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x Lack of data

In generalthese three mapgFiguresll, 12 and 13) indicateinformationgapsin several parts

of the Mediterranean Sea, North Sea and Baltic Beae specific, little to no data is available
on the amount ohquaculture related debria thenortheastern Nor Seasoutheastern Baltic
Sea,Gulf of BothniaAegean Sea, Levantine Sea, Gulf ofdndnalmost the entire southern
coastline of the Meerranean Seabn both beaches, the sea surface and the seafloor.
Furthermore, in th&reaterNorth Seaandthe Baltic Se#here isnoinformation onthe amount

of aquaculture related debriat the sea surface and on the seab&te same goes for large
parts of the Mediterranean Sea.
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Figurel2: The observational transecdis the North, Baltic and Mediterranean Smssinsand their reported percentage of aquaculture related litten the map above, the positions of the
observational transects for floating litter are plotted in combination with a representation of the amaquazfulture relateditter reported. This is done by a cotescheme which represents
the proportion of agaculture related littein relationto the total amount of recovered littelhesecategoriesvere determined on the basis of the medidhepolygonlocated partially in the
Ligurian Sea arttie Gulf of Lion represents a series of transects which were monitored dauitigle visualsurveysy the same research group
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Figurel3: The locations of theeafloorsurveys in the North, Baltic and Mediterranean ISesinsand their reported
percentage of aquaculture related litt&n the map above, the positions of thettom trawls and diving campaigiare
plotted in combination with a representation of the amount of aquaculture related litter reported. This is doceltyra
scheme which represents the proportion of aquaculture related litteelationto the total amount of recovered litter.
Thesecategoriesvere determined on the basis of the medid@he 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.
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