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1.

Introduction

As a follow up to the Commission Decision on criteria and methodological standards on good environmental
status (GES)of marine waters Canmission DecisiorR010/477/EU), the Marine Directoreequested the
DirectorateGeneralfor the Environment(DG ENV)n 2010 to establish a technical subgroup under the
Working Grouppn GEWG GESh relation to the Marine Strategy Framework Directive @8/EC(MSFLD

for further development of Descriptor 10 Marine Litter and Descriptor 11 Noise/EnErgypractical reasons

the work was carried ouby two separate groupsThis report compiles the recommendations regarding
Descriptor 10, Marine Litter.

The bases for the work of this group are the criteria and indicators listed in the Commission Decision
2010/477/EU under Descriptor 10:

Descriptor 10: Properties and quantities of marine litter do not cause harm to the coastal and

environment.

The distribution of litter is highly variable, which needs to be taken into consaterfar monitoring

programmes. It is necessary to identify the activity to which it is linked including, where possible, its
There is still a need for further development of several indicators, notably those relating to biological i
and to mero-particles, as well as for the enhanced assessment of their potential toxicity ( 21 ).

10.1. Characteristics of litter in the marine and coastal environment

0 Trends in the amount of litter washed ashore and/or deposited on coastlines, includisg arfiatg
composition, spatial distribution and, where possible, source (10.1.1)

0 Trends in the amount of litter in the water column (including floating at the surface) and deposited
sea floor, including analysis of its composition, spatial dimition and, where possible, source (10.1.

d Trends in the amount, distribution and, where possible, composition of -pacticles (in particular
micro- plastics) (10.1.3)

10.2. Impacts of litter on marine life

0 Trends in the amount and compositioh litter ingested by marine animals (e.g. stomach analy
(10.2.1).

This indicator needs to be developed further, based on the experience in seegicub(e.g. North Sea), t
be adapted in other regions.

The mandatdor the Technical Subgroup on Marine Litter (TSG WHSdrafted by DG ENVFREEMERand JRC
(European Commission Joint Research Centtistussed byWG GE&nd issued by the European Marine

Directorsfor the year 20111t contained the following work items

1. Identify and review existing data and -going d#a collection on marinditter;

2. Describadata needs and methods for future assessment of marine Jitter

3. Consider standards for recording of marine litter

4. Develop proposals for the development of impact indicators for each of the regions

5. Address how to develop objiees (characteristics @BES, environmental targets and associated indicators

in relation to marine litter

6. Discuss effectiveness of measures leading to reductions in métare &nd;
7.Recommend proposals for further research priorities.

For the full mandateof the group please see Annex 1.

TheaNR dzLJQ& FANRG G &1 61 & G,2nth shbrotenassi®lentber StatdgMS)is 3 &

the implementation of the MSFD with regard Eescriptor10. During the first meeting a stragy based on
three major pillarsvas proposed and agreed:

1 The use of a webased communication tool for effective collaboration between the meetings
1 The development of a toolbox containy descriptions(tool sheets)of suitable/applicablemonitoring
approaches for the different indicators

1 The development of a roadmap indicating the needs for further development by the various

stakeholders in science and policy

8| Page
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1.1 Group organisation

In Sepember 2010, MS and stakeholder delegatesre invited to appoint expas for the TSG MLIntotal, 42
people participated in the group (see Annfor the detailedlist of group members)Throughout the process
further interestedMSdelegates joined the work.

The groupwas chaired by Francois Galgani (Ifremer, France)xhaired by Georg HankdRC Institute for
Environment and Sustainabiljtyand Stefanie WernerGerman Environment AgencYBA, Germanyand
supportedby Henna Piha (JRES.

The group identified 11 tasks for organisation of discussions and informataction For each task, a
contact person was nominated and group members were allocated to take lead in preparing the task
deliverables. However, all group members waretedto contribute to each task

Group organisation

Task 1 Availability of datnd methods

Task 2 Beach

Task 3 Water Colurmend Surface

Task 4 Seafloor

Task 5 Biota

Task 6 Microplastics

Task 7 Objectives and Targets

Task 8 Sources

Task 9 Reporting and Data Treatment

Task 10 Research Needs

Marine Litter Report 201{added forthe final drafting process)

=4 =8 =4 = 4 -8 -8 -4 -8 -4 -9

1.2 Collaboration and communication: Basecamp/Circa

The groupreportedto WGGESdonsisting of representatives Member Stats, Regional Sea Conventions and
Stakeholders), the Marine Strategy Coordination Gram the Europeaimarine Directors. Prior to the final
report, the group produced two intermediate reports and presentations to the meetings of the WG GES, which
are available on CIRCAs several groupnembers wereclosely related to the implementation of the
Descriptor10 provisions in their homeountries, the group served asdirectinformation exchange platform

with manyMS

The work of the group was facilitatday Basecam@ (37signals LLC, Chicago, lllinois, USAjch is a web

based communication tool. It was proed through JRC and used fmmmunication drafting documents and
compiling information JRC provided a privacy policy document for the use of this externahtablegular

backup of the data

The deliverables of the group were communicatedthim Eurgpean Commission communication tddRCA
under theMarine Strategy interest group in the Environment section:
(http://circa.europa.eu/Members/irc/env/imarine/librargl=/implementation_coordinat/technical_subgroup&
vm=detailed&sb=Titlp

1.3 Meetings

The group convened three times. Tkiek-off meeting was held in Copenhagem 4 November 201(backto-

back with a workshop on Marine Litter organised by ICHES.secondmeeting was held inCalvi, Corsica,
France froml8-20 April 2011with focus on discussions about a common understanding of the work items and
drafting of toolsheets.The third meeting was heldn Varna,Bulgariafrom 12-14 October 2011concentrating

on final discussions angreparation of thefinal report.

2. Toolbox and Roadmap Concepts and Availability o f Litter Monitoring Data

It is of prime importance that the assessmertnductedunder the MSFDf trends in occurrence aharine

litter are comparable irorder to achieve an equal level of GES across all European Seas. The first objective of
the group was therefore to establish whether sufficiently harmonised monitoring methodologies for assessing
the quantity of litter in the marine environment anith marine organisms were availahland to propose
actions necessary to develop methods where they are currently lacking. Wkilproposedmethodologies
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may be adapted to regional needs, they are the basis for trend assessniemtise it is essential that MS
approach GES through the implementation of the MSFD Descriptor 10 in a harmonised way.

The group focused its workn developinga toolboxwith applicable monitoring/quantification method$oQls)
anda roadmapfor the furtherimplementation ofMSFD DescriptdlO.

21 Toolbox concept

Thefirst obligation for MS under the MSFD is tbalectionand considerationof available and new data for
the initial assessment of the environmental status of their marine wabgnsid-2012(MSFD Art.8)Therefore
information alput existing monitoring tools and their propertiess well as their limitationss of primary
importance.For the indicators listed in the Commission Decision (2010/477/EU), tool sheets describing the
appropriate methodologies for potential use have beeregared. The group prepared altogether 1ol
sheets describing the different methodologifes potential use These tool sheets collect the main information
about the methodologies, such as scope, matrices, and size ranges. They refer to existingegumtedi
detailed descriptios if available and indicate also the maturity of the identified tool, including eventual
shortcomings.These tool sheets are presented in Chapte® & this report under the relevant monitoring
matrices.They provide a firstex of methodologiedor application by the MSor starting marine litter data
collection.

2.2 Roadmap concept

While currently existing monitoring tools have been identifeela first priority there are numerous issues in

the Descriptor 10 implementation wtih need further attention. The elaboration of a roadmap which shows
the options and needs for further development was therefore the second main task of the group. It has been
tried, where possible, to differentiate between needs on different timescalestaridentify the various actors

who could be responsible for their development.

Also the need for further followap within the frame of theWG GES, to be carried out by the technical
subgroup was identified. Therefore, in chapter 12 the roadmap for 20&Rides a list of priority tasks for
preparation of a respective mandate. Further important milestones within the MSFD implementation are the
start of monitoring programs in 2014 (Aril), the identification of programmes of measures in 2015, the
implemertation of those measures in 2016 (Art3) and the first revision of the Commission Decision
(2010/477/EQY also expected by 2016Throughout the whole process coordination of efforts, or at least
mutual information exchange between the MS and stakeholdgreuld be guaranteed

23 Availability of data and methods

The group reviewethe main available data sources on marine litter in the European Seas. For that purpose a
data sheet was developed which requested extensive (38 categories) information abouarghsttgoing

litter monitoring or survey projects and programs: such as geographical information, data holder information,
dataset size, covered matrices, and methodologies. The intention was to identify the spatial coverage and
timing of marine litter asessmens in Europeas well as the responsible persons and institutes. Datasets were
receivedfrom approximately 40 organisations covering altogether 56 different monitoring projects. These
ranged from monitoringorograms by national authorities developeader the Regional Seas Conventions or
initiatives by NGOs, to outcomes from research projects. This information has been used by the different tasks
for their specific purpose.

Summary tables of current data availability regarding marine litter monitaimsurveys, according to the
various compartments (beach, water column, sea floor, and biota) are presented in Anlexgcel sheet
compiling all collected information is available on Circa:
http://circa.europa.eu/Members/irc/env/marine/library?I=/implementation_coordinat/technical_subgroup&v
m=detailed&sb=Title

The methodological approaches related to the reported datasets as well as other approaches @dhecte
scientific publications, conference contributions and experti§ghe group members have been identified.
The outcome from this analysis was then used in the different taskthédevelopment of the tookheets
and therespectiveroadmap for furher developmenneeds
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3. Beach Litter

Litter on the coastline is one of the most obvious signs of marine litter pollution. Majorbased sources
include tourismrecreation, illegal dumping, waste disposal sites, input from rivers, sewage and storm water
outflows. Major seebased sources are commercial shipping, fisheries actiypieasure craft and offshore
installations.

Surveys of litter stranded on the csifine are a primary tool for monitoring the load of litter in the marine
environment and have been used worldde to quantify and describe marine litter pollution. They can be
used to measure the effectiveness of mapatent or mitigation measuresgentify the sources and activities
leading to litter pollution andletermine threats to marine biota and ecosystems (Chesétia., 2009)

For this reasonthe amount oflitter on the coastline iproposed as main indicator for marine littepollution
(10.1mM0 OKF NI OGSNAT SR a adNByRa Ay GKS lFyYy2dzyda 2F A
AYyOtdzRAY3I Fylfteaira 2F Ada O2YLRaAAGAZ2Y T &LI GAFE RAAGNK
l'f K2dzZ3K GKS GSNXY &/ 21 aidf Ay Ssioh (RALAAI M), it is cordros ractice/ (1 K S

G2 dzasS GKS GSN¥Y a. SI OK fA"uSNchD ¢CKA& A& GKS GSN¥Y (K

m<

[
3.1 Availability of data

Upto-date overviews of the results of litter surveys on the coastline are included in the Global Marine
Owerview Cheshire et al 2009. This includes the results of the reviewslimzanoand Mouat (OSPAR009)

for the North-East AtlantidRegion, Helsinki Commission (2007) for the Baltic region, BSC (2007) for the Black
Sea region and information for the Me€eliranean Sea. For this report an inventory has been prepared of
beach litter data available in the EU area. These data are summarised in Annex 3, Table 1. For the full data set

see:
http://circa.europa.eu/Members/irc/env/marine/library?l=/implementation cordinat/technical_su
bgroup&vm=detailed&sb=Title

Fig. 2Beach on the Swedish west coast. Photo: West Coast Foundation, Sweden
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3.2 Availability of methods

An initial identificéion of available methodologies resulted in a limited amount of reports for the EU region:
OSPAR (Convention for the Protection of the Marine Environment of the Magh Atlantic) and HELCOM
(Helsinki Commission Baltic Marine Environment Protection Cesiom). There was limited information on

the BlackSeaand Mediterranean region and overall there is limited information specifically on hands
experience and data analyses. Therefore, the methodologies from UNEP (United Nations Environment
Programme), BA (U.SEnvironmental Protection Agené@cean Conservancgnd NOAA (National Oceanic

and Atmospheric Administration) are also considered here.

OSPAR: Guideline for monitoring marine litter on beaches in the OSPAR area

Monitoring of beaches in the OSPARa has been running for 11 years. The number of participating countries
and beaches varies per year with approximately 50 beaches in 10 countries surveyed in total. The
methodology is practical and well documented although further development and haraiom is needed.

Data has been analysed for several reports; a more advanced method of analysis is still being looked into

HELCOM: HELCOM RECOMMENDATION 29/2 Guidelines on sampling and reporting of marine litter found on
beach

The method is a less extsine version of the OSPAR method. As far as is known these guidelines have not yet
been used (tested) in the HELCOM area

UNEP: UNEP/ICO Guidelines on Survey and Monitoring of Marine Litter (global).

These guidelines are based on studies of methods worklwithey provide information on different
monitoring methods varying from scientific to educational. The guidelines are well documented. There is,
however, norecordof the practical use of the guidelines.

EPA/Ocean Conservancy: National Marine Deldignitoring Program(USA)

This programmavas conductedor 10 years across the USA with 20 beaches per region in 9 regions. It is well
organized and well documented, including the evaluation of method + analysis.

NOAA: Marine Debris Density Monitoring and Assenents NOAA Marine Debris Division (USA)

A pilot programme from 2009, it is currently undergoing rigorous testing. Well described method, including
micro litter, working with transects.

3.3 Tool sheet development

Ananalysis of the methodslescribed in 3.2 &s been carried using an extensive list of assessment criteria and

many discussions in TSG ML. This has led to the following observations and conclusions:

1. ¢KSNBE R2SayQi aSSy G2 o6S | ySSR T2 BNERBdem&meds/ i A Y RA
chosen this can be applied to all countries. @beindanceand thetypes of litter recorded on beachemay
vary between countrieshowever, this is not a barrier for a harmonized method

2. One standard method for beach litter surveys should be implemeritivide for measuring whether
objectives of the MSF@re met. ICES WKMAL REPORT ZGHlgani and Piha, 201Qpere is a general
agreement on using the same protocol in every countviiich shoulcbe an advanced method arallow
the assessment of trendsith sufficient accuracy for the purpose of the MSFD

3. Counting the number of individual items provides the best information for formulation of management
measures at all levels (linking items to sources and uses). It is also the most practical method; other
additional methods can be valuable: e.g. the assessment of the weight of the items found.

4. The detailed assessment of small piecesnadro litter particles € 5 mm) should be carried out according
to the methods provided iChapter 7 on Microlitter

5. Litter items should be registered on a standard survey shAeEuropean list of standard litter items
should be produced from which items can be selected for regional surveys. This will enable the comparison
of the results of the surveys at a European leydl.litter itemsshould be given a unique édtification
code. A hierarchical categorization system should be develagleidh groups items according to their
type, application and allocates them, where possible, to different sources.
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10.

11.

12.

13.

The reporting of barmdes on litter itemscan provide some additional information on the country of origin

of litter, although considerably more effort is required during the surveys and during analysis. However, as
ships can purchase products in numerous ports of balicoces donot necessarily provide information on

the source of litter.

Litter should be counted and removed from the beach during each survey. During the first survey this will
provide a one off assessment of the standing stock of litter on that beach. Fojj@aurveys will provide
information on litter flux.

The frequency of surveys should be adjusted to the needs for trend assessments within the MSFD time
frame. Ideally counts should be carried out after each high tide. However this is in most casesctioapra

and very manpower intensive. It is therefore recommended to carry out a minimum frequency of four
surveys per beach/year in order to be able to assess possible seasonal differences in litter pollution. At this
moment there is no knowledge if a highsurvey frequency would provide better data

The cleaning of beaches (all year round, seasonally or incidentally) can influence the data. Although it is
better to use beaches where cleaning does not take place, it is not necessary to exclude cleares$ beac
from the assessment programme. It is, however, of utmost importance that the cleaning activities are well
documented so that the information on beach cleaning can be taken into consideration when analysing
the data. It is also very important that thedal authorities responsible for cleaning the beaches are
contacted before surveys begin and that there is a close cooperation between surveyorthasad
authorities.

Criterion for the selection of beaches can vary. Ideally beaches should be selectechianidowever, this

is rarely practical when organising beach surveys. An attempt should be made to cover all aspects of the
litter pollution problem within the region involved. A selection of beaches close to point sources such as
towns or rivers and bedes reflecting diffuse sources such as shippindfisheries should be chosen. The
number of beaches chosen per country/region eshould reflect the prevailing coast (length and
geography)Sandy beaches are the easiest to suntmyt, pebbly and rockpeaches can be included in the
assessment programme. However, it must beted that the results from such beaches will not be
comparable to sandy beaches as there will be an underestimation of small dempsbbly beaches and
accumulation processes wileldifferent (especiallpn rocky coastlines). Here agadocumentation of the

type of beach, local conditions and factors that can potentially affect the results of the surveys is of utmost
importance.

When collecting data it is important to consider tfa@lowing pointsas this will improve standardisation
and the quality of data:

1 Detailed description of the methods to be applied including information on how to collect data.
For example it is important to define clearly how pieces or broken litter iterasrecorded e.g.
broken bottles or pieces of larger items identifiable as being part of a given item.

1 Photo guides of all items that are likely to be found on beach aid identification and standardisation
of reporting.

1 Optimally the same person(s) shouldonitor a given beach for the duration of the monitoring
programme to ensure that effort remains constant. However, this is seldom possible, and often
volunteers are used for beach litter surveys. Overall, it is important that surveyors are well trained
by people experienced in beach litter monitoringQuality control measures should be
implemented to check that surveyors are efficient at counting all litter items.

1 The physical characteristics and local conditions of the survey beach and adjacent regioinbshou
documented before surveys begin. Photographic documentation of the beach and individual litter
items can be helpful. Survey conditions should be recorded during the survey (e.g. wind, snow or
ice, special eveni®tc.)

A 100 m stretch of beach seerusbe a practical length for surveys providing sufficient data for analsis.
minimum of two surveyors are recommended to carry out a given survey. However if the survey site is
very heavily littered more surveyors may be required.

A method for analysinthe data and producing an index for assessing achievement of set targets should be
developed for the MSFD. OSPAR and The Ocean Conservancy have both apptieut diffalysing
methods. NOAA is currently working on this topic and a German R&D projeloewslbking at possibilities
using the OSPAR data.
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3.3.1 Common best practice methodology

Looking at the conclusions above atwhsideringhe different aspects of beach litter monitoring a proposal is
developed for a tool for beach litter monitoring in the Etgjion, based on common best practice.

Starting points

91 Properties and quantities of marine litter do not cause harm to the coastal and marine environment.
Harm can be divided into three categories: ecological, economic and social.

1 MSFD Task Group 10 recommds that the overriding objective would be a measurable and
significant decrease in comparison with the initial baseline in the total amount of marine litter by
2020(Galgani et aj2010)

Recommendations for monitoring litter on beaches in the EU region

1. One standard method, at least on a regional seas level but preferably for the EU.region
2. Objective: a measurable and significant decrease in comparison with the initial baseline in the total
amount of marine litter by 2020

The following tools have beddentified:

Beach Litter monitoring (10.11_T1)
Beach Meso litter (10.11_T2)
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MSFD Marine Litter Monitoring TOCRHEET
Tool name:Beach litter monitoring

Indicator for which the tool is to be appliedl0.1.1
Tool code:10.1.1 T1

Tool description:Surveys of litter on beaches are a primary tool formiaring the load of litter in the
marine environment and have been used wewile to quantify and describe marine litter pollutior]
Counting the number of individual items provides the best, easiest and cheapest information for formu
of managementmeasures at all levels (linking items to sources and uses). It is also the most pr
method; other additional methods can be valuable: e.g. the assessment of the weight of the items four]

Technical requirementsThe beach litter monitoring surveys@uld take place on selected beaches whi
are marked by reference landmarks GPSoordinates. The entire 1081 beach stretch should be surveye
from the tide line to the structures forming the border of the back of the beach (dunes, sea wall eter).
items found on the beach should be registered using a standard list of items. All the items sho
counted. The identification of items should be assisted by the use of a photo ghidé isincluded in the
guidelines. During the monitoring sessithe litter should be removed from the beach.

Size rangeAlthoughin line with the OSPAR methods no lower size limit is proposed, litter items sm
than 2.5 cm should be assessadditionally(in line with the NOAA protocol) using the method for mes
litter on beaches, described in Toolsheet 10.1.1_T2. The assessment of microplastics in beach sedi
also included in Chapter 7 (Task 6).

Spatial coverageSurvey area length 100 m; width determined by geography of the beach.
Survey frequencyAt leag four times a year.
Maturity of the tool: Comparable tools are in use.

Regional applicability of the tool: method can be applied in all regions of the EU. Regional differer
items and their sources will need to be taken into account.

Source related nformation: Material, items and categories are linked to sources. A hierarch
categorization system should be developed which groups items according to their type, applicatio
allocates them, where possible, to different sources. This should be atingwith other indicators.

References

Cheshire A.C., Adler E., Barbiere J., Cohen Y., Evans S., Jarayabhand S., Jeftic L., Jung R.T., Kinsey S., Kysui H
Manyara P., Oosterbaan L., Pereira M.A., Sheavly S., Tkalin A., Varadarajan &e€Brarel Westphalen G. 2009,
UNEP/IOC Guidelines on Survey and Monitoring of Marine Litter. UNEP Regional Seas Reports and Studies, ||
I0C.

EPA/Ocean Conservan@007.National Marine Debris Monitoring Program, final program report, data anaysis
summary

Galgani, F., Fleet, D., van Franeker, J., Katsanevakis, S., Maes, T.,Mouat, J., Oosterbaan, L., Poitou, I., Hanke,
G.,Thompson, R., Amato, E., Birkun, A., Janssen, C Editor: ZampouBagSFDTask Group 10 Report Marine
litter.

HELCOM2008 HELCOM Recommendation 29/2 Guidelines on sampling and reporting of marine litter found on th
beach

NOAA Marine Debris Division. Visi@A10/2011 Marine Debris Density monitoring and Assessments (DRAFT)

OSPAR2010.Guideline for monitoring marinétier on beaches in the OSPAR area
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As visual surveydo have a practical lower size limit,is proposed to close the gap between pedcires
representatively quantifying macrolitter (> 2.5 cm) and microlitter (< 5 mm), which is a size fraction most
relevant for ingestion, by specific methodologyToolsheet 10.1.1_T2)A presentation of the proposal is
included in the following

MSFD Marine Litter Monitoring TOCRHEET

Tool name:Sampling meso beach litter 5 25 mm size
Indicator for which the tool is to be applied for10.1.1
Tool code 10.1.1_T2

Tool description Sampling fragments of litteF N2 Y 6 Sl OKS & Ay hnt 23HhMS.a 2 ¢
Sediment is collected from within%0 cm x 50cm quadrat usig a metal trowel or scoop to a depth of
3cm. Material is sieved @@m sieve) and fragments of litter removed and stored for further analyses.
Further analyseshoud include counting the number of items, categorizing according to material type
(plastic, ghss, metal); use (where possible e.g. bottle cap closure), categorizing according to shape a
colour. It may be necessary to uselRTspectroscopy (see tool sheets on miitter) to confirm the

identity of some pieces.

Technical requirementsQuadrat 5@m x 50cm, metal trowel orcsop, 5mm sieve

Size rangeMeso beach litter 5 mng 25 mm size

Spatial coverageTool can be used to sample meso litter on beaches from a series of replicate quadrg
randomly distributed along thbeach The tool could mostffectively be considered as an extension of th
protocols used to sample larger items of beach litter which are described in Toolsheet 10.1.1_T1,
alternatively it could be conducted at the same time as monitoring ritteo on beaches. Hence spatial
extent for this monitoring approach will most logically be dictated by the overall number of beaches
sampled for macro or miclibter.

Survey frequencyAs for macro beach debris described in Toolsheet 10.1.1 T1
Maturity of the tool: Not yet used but similgsrotocols in use.
Regional applicability of the toolWidely applicable but not yet used

Source related informationinformation could be complied in spatial data base and linked with
hydrodynamic and meteorological conditions, analysis of sampled mateaiegories, shapes
References:None- Not previously usethut in line with NOAA protocoNOAA Marine Debris Division
(2010/2011); Marine Debris Density monitoring and Assessments (DRAFT)

3.4 Future needs and further development

A standardized, well documented methodology for monitoring beach litter is drémiecollecting data tht
can meet the MSFD objectives, needmgneasurable and significant decrease in comparison with the initial
baseline in the total amount of beach litter by 2020.

Harmonization is necessary at every level, resulting in the fallpwécommendations:
34.1 Development needs and options within 2012

1 Develop advice on monitoring strategy and implementation. Including:

0 The identification of regionswith a similar litter profile Takinginto accountlitter sources,
geographical, meteorologal and hydrologicatonditions,as well agegionallitter related
activities practicesand measures

o Define the minimum amount of beaches (per country/region/EU) and number of surveys
necessary to be able to measure whether thi&SFDobjectives are met for a given region
within the definedtimeframe.

o0 Developdetailed guidelines for monitoring beach litterbased on existing programmes
Includingthe monitoring oflitter items < 25 cm andof micrdlitter in beach sediments
Taking into account regional diffences in relation to itemsind sources. All aspects of
monitoring, from choosing a beach to datallection as well aguality assuranceand
quality control(QA/QC)should be described in detail. Thguidelines must also include: a
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questionnaire onthe characteristicsof survey beachesan itemized surveyata sheet
including a survey questionnaiend a photo guide of all litter itemgxpected to be found
on the beach

o0 A standardEUwide list of litter itemswith unique identification codeshould be degloped.

This should include thdevelopment of a hierarchical categorization system, which groups
items according to their type and application and allocates them, where possible, to
different sources.

o |If in some regions the standard 10@ length of beachcannot be adhered to for
geographical reasons the inclusion of shorter lengths of coastline for data collection needs
to be tested for compeability.

0 Exchangef experience between regions/road testidgaft guidelines

3.4.2 Development needs and options uit?2016and beyond

1 Monitoring strategies
o0 Monitoring more frequently than four times a year may provide better data. In France three
beaches are monitored on a monthly basSomprehensivedrift models should define
source and destinations of litter regionsstimated residence times and average drift times.
I Socio economic impact

o Evaluate the potential loss of incondele to beach litter in relation to tourism.

o Evaluate direct costs to industry, local authorities and governments, to ecosystems goods

and serces.

0 Assess socially acceptable levels of marine [{iterluding aesthetic impactp the society.

o Improve tools such a&lS;sociceconomic models etc. enabling evaluations of sources of

litter, social impact and contributih to management efforts.

0 Establish the impact of marine litter on human health.

0 Understand the effectiveness of measures intended to reduce the amount of marine litter.
Develop a data handling and storage system, coordination, database, data entry, quality control etc.
Set up a ommunication tool for exchanging information
Develop a table with conversion factors from number of items to weddlitems
Develop a standard method for data analysis
Carry outfurther work on linkingmarinelitter to sources

=4 =4 -8 —a -2

4. Water Column and Surface Floating Litter

Floating items play an important role in the cycling of marine litter as they represent its mobile fraction and
the pathway between different enviromental compartments. Floating litter has therefore been selected as
part of indicator 10.1.2 of th€ommission Decision{20/477/EU):

1 Trends in the amount of litter in the water column (including floating at the surface) and deposited on
the seafloor, mcluding analysis of its composition, spatial distribution and, where possible, source
(10.1.2.

An understanding of the dynamics of floating litter is fundamental to developing appropriate strategies
order to manage marine litter in both a global atmtal context.The objects encountered as floating marine
litter range from ship or container-sized objects, fishing nets, drums, boxes, bottles, plastic bags, small
consumer items, object fragments and microlitter particles down to the ramal molecudr scale. Almost 90
%of floating marine litter has been estimated to be items made of p&lss of anthropogenic origin.

There is a wide range of potential harm caused by floating litter. Ingestion by and entanglement of marine
biota such as seabirds, fisturtles and marine mammals, with different object sizes affecting different species,
is one impact from litter at the sea surface. This is further discuss€tiapter 6of the report. As precursors of
microlitter through physical degradation, floatingms play an important role by triggering a whole range of
other environmental effects, se€hapter 7 Floating litter also has the potential to provide a vector for the
translocation of alien (invasive) species.

Pathways for the introduction are variouas floating litter in the marine environment can originate from
riverine input, shoreline rwoff, aerial input of low density objects or from sources at sea such as disposal or
loss from ships or installations.

17| Page


https://msfdmarinelittertechnicalsubgroup.basecamphq.com/projects/6535013

Objects with positive buoyancy might bedting due to the properties of their material (polymer material with
positive buoyancy) or their design (bottles, containers, nets with floats, etc.). On the water surface they are
transported with the surface currents, though considerable influence thinougnd action can affect the
distribution of objects protruding from the surface.

It is assumed that these objects under influence from wave and weather action physically degrade and form
smaller litter pieces, down to the smalled microlitter, defined aparticles below 5 mm in size. The physical
degradation can subsequently form particles in timécrometrerange and below. The report deals with this
fraction inChapter 7 The degradation process can include the change in chemical composition and structur
due to leaching of additives @olymer alteration by UV radiation.

Besides the obvious sinking of drums or bottles after damage, there are processes which can lead to a change
in object density and thus cause an object to sink, e.g. biofouling (acatiorubf organic materiglLaw et al.

2010). Therefore the occurrence of litter in the water column (madter) would be limited to the steady

state concentration of sinking litter. Nevertheless edlgwn wellingevents or the occurrence of litter having

the same density as the surrounding seawater may lead to litter suspended in the water column as included
under Indicator 10.1.2. This is regarded by the group as a matter for further research and the report will
concentrate on litter floating at the sua€e, including litter which is temporarily mixed into the subsurface
water through wave action.

The affected water depth is typically a few meters and will depend on the buoyancy of the objects and the sea
state. Recent reports indicate that smaller paei might rapidly be mixed under water, but take longer time
to re-surface(Prdkurowski et al, 2011)

The monitoring of microlitter will be discussed here only for sampling methodologies where the size ranges for
different monitoring methodologies overlap

4.1 Avalilability of data

While visual observation of litter from ships is the most obvious methodology for quantification of floating
litter in the marine environment there have been comparatively little surveys been reported. When cross
checking with scigtific publications it becomes apparent that the survey methodologies are often slightly
different and results therefore are difficult to compare. No multiannual time series of more than 5 years
coverage have been reportedhere are no surveys availabléish cover large areas or regional scale.

Selected information about the collected data availability on surface floating litter is giv&nriax 3 which
has been extracted from théata collectiortable referred to inChapter 2.

4.2 Availability of methods

The methodologies for monitoring floatingacroscopiditter are mostly observation methods. Surveys can be
done with the naked eye or by using images from different kind of platforms such as fixed structures, ships,
airplanes (Ribic et al1992, Veenstt and Churnside2011). No litter is actually collected and surveys will be
subject to meteorological conditions. Protocols and reporting forms are avail@bleshire et al., 200INOAA

2011, Thielet al., 2011), but methodologies might need further déepment for the collection of data for

trend assessment$:or smaller litter items surface net trawls can be employed.

4.3 Tool sheet development

For the purpose of this report available techniques for quantification of floating litter have been revidsed.

agreed in thework planfor the MSFD GES TSG Marine Litter group, approaches currently in use have been
ARSYUGUATASR YR FINB LINBaSyGSR Fa adz22taeg F2N GKS A YLX !
developed specifically for MSFD purposes ytheay need to be further developed or adapted to regional or

local circumstancesTheir degree of maturity is indicated and the roadmap highlights further
development needsAlso new, promising tools are described in the roadmap section. The selection of a
appropriate methodology will depend on the required object size range to beitored.

Litter sizedependentoptions:

1 For object size > 380 cmaerialobservation can be suitahle
9 For 2.5cm- 30-40 cm object size observation from ships can be suitable
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91 For smaller objects (e.g- 2.5 cm) trawl nets can be suitable, depending on sampling width and
density ofoccurrencesee also Chapter 7 on microlitter

4.3.1 Visual ship based observation

The visual observation from ships is the mofien usedmethodology fa the quantification of floating marine
fAGGSNY ¢KS YSGK2R2f23& Aa OSa® theyuodeol, RSB ERI G 2y
observation conditionsAs the results depend on these various external factors the comparison between

different suveys and thus trend assessments are difficult. Harmonised protocols for reporting and detailed
recording of observation conditions are crucial. It is likely that such surveys are being performed during
already scheduled cruises for other purposes or dpsbf-opportunity.

Guidelines and scientific publications provide approaches for the quantification of marine litter. The UNEP
(Cheshire et al., 20Q9guidelines describe approaches for detailed monitoring of 5 x 5 km areas by
subsampling through dedicatesurveysand alsosurveys along line transegtas they would be typical when
using shipsof-opportunity.

US National Oceanographic and Atmospheric Administraii®AA) developed protocols, called the
Shipboard Observation Form for Floating Marine Dsef#ithur et al.,2011) They are based on methods used

in studies of floating marinétter, previous shipboard observational studies conducted at sea by NOAA, and
the experience and input of the yacht sailofihe goal of this form is to be able to cdate the density of
marinelitter within the transect area using a slightly modified version of the formula used by Matsumura and
Nasu, 1997 Shiomoto and Kameda, 200&nd Thiel et al, 2003 Emocean is performing visual transect
monitoring on the Mediteranean Sea since 2006 (Ecean, 2012).

Source attribution by identification and categorisation of floating objects can be diffi@rplified
classification systemisave been proposewhere litter is observed remotely, because it is often impossible t
distinguish items based on material compositi@heshireet al, 2009. The operated classification system
should be compatible with the one used for other Descriptor 10 indicatbis important that litter categories
are compatible among the differd surveyed matrices

The litter density should be calculated according to the strip transect method (Hinajos#@hiel 2009):

D = n/((w/1000) x L)

1 n=# oflitter observed

1 w=maximum distance perpendicular to the transect
1 L =total length (in km) ohe transect

It should be mentioned that observation targeting smaller items, e.g. down to 2.5 cm (compatible with
shoreline survey size limits) can be done (Day and Shaw, 1987) but will have an influence on the observation
corridor. The planning of surveysse of protocols and briefing of observers should clearly identify the survey
scope and recognise its limitations.

Although there is no theoretical upper size limit for the visual observations, typically larger objects are less
abundant and may not be €md representatively in a narrow observation transect.

Survey location

The selection of the observation transects depends on the aim of the survey. In an initial phase gradients and
distribution patterns need to be understood. This information can thenubed to select survey areas for
trend assessments. Sampling locations carelge inaccumulation areasreated bywind and currens, or
reference areas with little variability. The selection of these sites can be supportedydinpgraphical
(currents),meteorological(wind direction patterns) or source related information such as vicinity of estuaries

or cities. Further work and agreement is needed in order to guidesiection ofsurveylocations for the

trend assessments.

Survey timing

The frequency bthe surveys should be selected according to the needs for a statistically sound trend
assessment. This will need an initial phase in order to understand patterns of variability in time. The timing of
surveys will be much influenced through weather coiwfis and the availability of an observation platform.

The following 3 toolfiave been identified:
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Surface observation from ship  (10.1.2_Water T1)
Surface bservation from air (20.1.2_Water T2)

Surface trawl net survey (10.1.2_Water T3)

MSFD Marine Litter Monitoring TOCRHEET
Tool name:Visual surface observation from ship

Indicator for which the tool is to be applied fort0.1.2

Tool code:10.1.2_Water T

Tool description:Visual observation of a surface sample area by observers

Technical requirementsShip (of opportunity), observation without binoculars

Size range2.5cm (depending on survey sap) ¢ limited by observation area/item occurrence detysi
Spatial coverageHours of observing transects (x m width of transect) at vessel speed

Survey frequencySeveral times a year, also depending on opportunities

Maturity of the tool: In use for years, need for harmonisation and scientific studies orpaaability
between different observation saips and representativeness (Cameras can be an option for automatiz
surveys)

Regional applicability of the toolWeather dependency, calm sea required

Source related informationCoordinates linked with hyddynamic and meteorological conditions,
categories, shapes

References

Cheshire A.C., Adler E., Barbiére J., Cohen Y., Evans S., Jarayabhand S., Jeftic L., Jung R.T., Kinsey S., Kus\
Manyara P., Oosterbaan L., Pereira M.A., Sheavly 8in B, Varadarajan S., Wenneker B., Westphalen G. 2
UNEP/IOC Guidelines on Survey and Monitoring of Marine Litter. UNEP Regional Seas Reports and Studies
10C.

Thiel, M., Hinojosa, I.A., Joschko, T., Gutow, L. 2011. Seatporal distributon of floating objects in the Germar
Bight (North Sea) , Journal of Sea Research 653368

4.3.2 Surface observation from air

Aerial surveys can be a way forward in detecting larger litter items, while allowing for breadsarveysA
typical lower size limit for aerial surveys is ca-480cm, while satellite images have less resolution. These
monitoring techniques are therefore suitable for the detection of larger objects, such as derelict fishing gear
(floating nets) o large litter accumulation spots (Veenstad Churnsidg2011).

The aerial surveys are very likely to be based onupst prepared for the evaluation of the abundance of

marine fauna on the sea surface. The methodology has been applied in the Gerrhardilnimg cetacean

surveys (Herr, 2009, Thiet al., 2011). This methodology has been applied in recent years in some countries to
estimate the population abundance of marine mammals, sea turtles and fishes (Bimigenseret al., 2010,

Laurianoet al, 2011, Palka, 2006Panigadeet al.,2011).Also surveys on the Black Sea have been performed
(BSC2007).¢ KS & dzNIWSe& Aa dzadzt tt& RSaAaA3IYSR dzaAy3d GKS WRAAG!H
(Bucklandet al, 2001, Thomaset al, 2010). The pitform is an aircraft equippe@ppropriate observation

windows to enable a full view of the track lineéxperience has shown that aerial litter surveys need method
adaptation and their execution in addition to other tasks (such as cetacean monitorirsgpject to the

availability of dedicated observers and an appropriate flight plan
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MSFD Marine Litter Monitoring TOCRHEET

Tool name:Surface observation frorair

Indicator for which the tool can be applied10.1.2

Tool code 10.1.2_Water T2

Tool description:Visual observation of a surface sample area by observers from airplane

Technical requirementsAirplane, slow speed, observation without binoculars

Size rangemin: 30-40 cm (depending on altitud&)max:limited by sample area

Spatid coverage Hours of observing transects (x m width of transect) at airplane speed and altitude
Survey frequencySeveral times a year, also depending on opportunities

Maturity of the tool: In use for years, need for harmonisation and scientific stusiiesomparability
between different observation saips and representativeness

Regional applicability of the toolWeather dependency

Source related informationCoordinates linked with hydrodynamic and meteorological conditions,
categories, shapes

Refeences

Herr, H., Vorkommen von Schweinswal®nhdcoena phocoenan Nord und Ostsee; im Konflikt mit Schifffahrt und
Fischerei? , Department of Biology, Hamburg University 2009

4.3.3 Surface net trawls

The trawling for surface floating litter is a method which, due to the distribution and frequency of occurrence
is mostly suied to a representative sampling afeso andmicrolitter. Depending on thesampledsurvey area

and trawl design also larger itent®uld be sampled representativelyThis depends on the opening of the
employed net types and the expected object occurrencexsity and needs to be demonstrated in the
sampling design

The group considered a net mesh size of 333 um, typically used for zooplankton sampling, as appropriate for
marine litter monitoring. Smaller mesh sizes are indicated for specific purpegasdng microlitter.

Therefore trawl net and filtration techniques are mainly described in the chapter on microlitigal datasets

are needed in order to derive the upper size limit reasonably to be reported.

Trawl/Net types
The main types of surface traswvhich can be used for surface monitoring are:
- Neuston
- Horizontal Bongo
- Manta (hispeed/lospeed)
- Inflatable Macro Litter trawls

Different net sizes and trawl types have been used in litter surveys across the world, with mesh sizes ranging
between 80um to 2mm. The Manta trawl has two angled wings which keep it floating on the surface and a
top lid that directs surface splash back into the trawl. It looks a bit like a manta ray hence its name. The trawl
has a top opening and is lined by a mesh net Wwharminates in a small collection sock called the cod end.
The manta trawl skims the surface layers draps particles with sizes between this mouth aperture and the
meshsize of the net used (Brown and Cheng, 1981has been used for surface water mitoring of mese

and microlitter (Algalita2004).

Neuston nets have a typical design featuring a large, rectangular metal net frame with a relatively long fine
meshed net which allows sampling substantial water volumes at or near the surface. Diffetempanings,

lengths and mesh sizes are available, they will mainly determine the speed of trawling and size limit of
samples. Bongo nets are paired mesh nets attached to a metal frame which allow taking samples throughout
the water column. The net openisgcan vary in diameter and have long, micro meshed nets and collecting
bags attached to them, cod ends, where the particles are concentr&8edgo samples are typically towed
obliquely so that all depths (except the deepest point) are sampled twice. éigedi bongo nets with
remotely closable mouths exist so samples can be taken at different selected depths. This means bongo nets
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are suitable for sampling both the surface and the water column. There are flow meters in the mouths of the
nets so that the @lume of water filtered can be calculated accurately.

= e =

Fig 3. A highspeed Manta trawl.(© Crown copyright 2011, permission granted by Cefas)

#= o Not all types of trawls have to be specifically developed for
= marine litter surveys;adaptation of existing structuse may
deliver low cost options.

The depth of the sampled water will depend on the net type used
and the results will depend on the sea conditions also in the time
prior to sampling, as surface floating particles may havenbe
mixed into the upper water column.

Fig 4.A double paired horizontal bongo net

Also some methodologies for monitoring biota impacted by litter, e.g. by ingestion, are an indicator of floating
marine litter (e.g. seabird ingested litter), but thesesdribed under Chapter 6 (Impact of litter on marine life)
whereas the indicator 10.1.2 regards the unbiased physical quantification of litter presence.

MSFD Marine Litter Monitoring TOCGBRHEET

Tool name: Surface trawl

Indicator for which the tool is to be applied far10.1.2

Tool code:10.1.2_Water T3

Tool description Towing of trawl net on surface

Technical requirementsship, trawl net

Size range333um ¢ e.g. 2.5 cm (max size for representative sampling depending on petaiyd survey
design)

Spatial coverageExamplesHigh speed trawl: 30 min at 6 knots (15.5 cm x 50 cm (20 cm in Water)
Low speed trawl: 15 min at2 knots (100 cm x 3€m)

Survey frequencyLikely to be based on existing cruises for fish stock assgsand limited by weather
conditions.

Maturity of the tool: In use for years, further harmonisation and scientific studies on comparability of
different designs and sampling representativity needed

Regional applicability of the tooltimited by prevailig weather conditions

Source related informationCoordinates linked with hydrodynamic and meteorological conditions, anal
of sampled material, categories, shapes
References:

Algalita 2004 Quality Assurance Project PlaAssess Sources of Plastilarash in Urban and Coastal Waters, Mari
Research Foundation, 148 N. Marina Drive Long Beach, CA 90803.
Maes, EFAS. 2012IK case studies manta trawl
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4.4 Future needs and further development

4.4.1 Development needs and options withig012

Visual observations, in particular froships are a methodology which can readily be employed. Depending on
the selected observation transects research vessels or lippportunity, such as ferries, freight or cruise
ships can be used.

1 The develpment, endorsement and dissemination of a common Visual Shipboard Observation
protocol for use in MSFD D10 implementation appears to be feasible and should be done on a short
time scale. This will enable MS to gather comparable data of good quality fioragsessments.

1 Further discussion on the size range to be reported is needed. This regards in particular the main
Gl NBSG aAT S Nry3aSé¢ SH6KAOK &K2dzZ R 0SS Y2YAG2NBRD ¢k
elevation and the transect width, as srsalitems (e.g. down to 2.5 cm) can only be observed in a
narrow corridor. There shouldlsobe an estimation of the representative sampling of larger items,
which also depends on the statistical distribution.

1 The initial assessments made by EU MS unéhtshould be analysed for their approaches and this

information should be exchanged among MS authorities on a common platform.

Costs of different monitoring options should be estimated.

While currently there is little knowledge about the distributionlitfier items, a common view on the

sampling strategy should be developed at EU level on a short time scale. This regards e.g. the

approach for monitoring estuaries in relation to riverine input, or accumulation zones and background
reference areas.

1 The ink between monitoring of floating marine litter and the identification of their sources should be
further enhanced.

= =

4.4.2 Development needs and options until 2018d beyond

First assessments of surface floating litter should lead to an improvement in thesasset strategy over the

next few years. Research efforts should provide insight into pathways and transportation pattern of litter.
Monitoring efforts can then be focused on selected areas with known characteristics and monitoring programs
of EU MS can pvide data for reliable trend assessments.

Identified research prioritieshould be communicatetb research funding organisations at national and EU
level DirectorateGeneral for Research and Innovatjon

The experts on Marine Litter involved in the ingmentation of MSFhould observe developments and
promote promising approaches. The aim should be to achieve an improved knowledge of factors determining
the distribution of litter at sea in time for the revision of the Commisdieeision(2010/477/EUxaNnd react by
adjusting Descriptor 10 indicators, if needed.

Triggered by scientific research needs and the requirements for monitoring, some upcoming methodologies
have been developed recently. They will need careful evaluation for their possible aigplitat the purpose

of MSFD marine litter monitoring in observing trends as indicators for successful measure implementation.
Among the upcomingevelopmentsare the following:

4421 Camera based systems

The use of camera based observation systems has greanfmten harmonising visual observatioros

floating litter from different platforms A system for the quantification of litter items on surface transects

oFraSR 2y | KAIK NBazfdziazy OFYSNI FYR AYlFI3ISdeNBEO23IYyACl
development at the European Commission Joint Research Centr@ B&®Eystem acquires images through a

high resolution CCD camera pointing to the sea surface and evaluates images through image recognition
(Hanke and Piha, 2011).

The Sealittercam was oanted on the bow at 16 m elevation on a Costa Crociere cruise ship. With a 50 mm
lens a lower observation size limit of 2.5 cm can be achielredge recognition software parameters are
currently being adjusted for identification of litter items. Automdtsystems have the advantage of covering
very large areas and allow quality control of the results, including better possibility for object categorisation.
The approach has been tested in 2010 and 2011 on transects in the Western Mediterranean Sea.

23| Page



Fig.5. Sealittercam developed by JRC.

4.4.2.2 Modelling approaches

Besides the development of new monitoring tools, the development of approadsasy surface current
modelling at relevant scaledor forecast of accumulation areas with small scale models and targeted
observations appears to be promising for further developmemhat could support the selection of
appropriate beach locations, seafloor accumulation areas and surface water monitdhiisgshould involve
national and regional agencies using e.g. modmi®il spill distribution predictions and experiences as well as
research efforts at EU scale and beyond. Exchange of information through an appropriate portal should be
ensured.

4.4.2.3 Combinedsatellite, aerialimageryand modelling

Remote sensing with applidanh of satellite radarmultispectral data and airborne remote sensing (particularly
radar) can be used tddentify eddies and convergence zones in the oma A multistage modelling and
remote sensing approach is proposed for the identification of amdfafie open ocean wherétter items are

more likely to congregate. A path forward may best be achieved through the refinement of existing procedures
with the addition of a final search stage using airborne radar from an UAS simulator aircraft to detestaf
potential accumulation for direct search (Mace, 2011). NOAA and NASA have been planningdgstisetic
aperture radar (SAR) instrument that can see through cloud cover to detect ocean features that might
accumulate marinditter. This particulaSAR is designed to be mounted on an unnehaerial vehicle (UAV),

so it & called a UAVSAR. Maps of likélier accumulation locations are prepared using sea surface
temperature and photosynthetic chlorophyll data from satellite sensors. liiteg esimated likelihood index
(DELI) map that averages data before flights shows the areas they expect to contaifitteardhese maps

are used as a guide for planned flight tracks.

Temporal resolution is limited by orbit characteristics (for satellitegjhtflduration (for aircraft), and weather
conditions. Polar orbiting satellites vary considerably but usually range from several days to a month or more,
depending on swath width and altitude. Aircraft are generally limited to less than 10 h for piloteléssithan

30 h for unmanned aerial systems (UAS). Area coverage is limited by the airspeed of the aircraft, making large
areas difficult to survey at high repeat rates. Weather is a severe constraining factor for all optical
measurements, but less so fobservations in the microwave portion of the spectrum (Mace, 2011).

5. Litter on the Sea Floor

Indicator 10.1 (Characteristics of litter in the marine and coastal environment) of Descripincltiies the
trends in the amounts of litter deposited on the $kemr, with analysis of its composition, spatial distribution
and, where possible, source Commission Deci€0i10/477/EU).There are currently no coordinated national
or regional monitoring programmes for litter on the seabed within Europe. Only somerimental
monitoring in some countries has been described (GalgandiPiha, 2010). However there are monitoring
programs for demersal fish stocks undertaken as part of the InternatiBotbm Trawl Surveys that can
provide information on the amount andomposition of litter on the seafloorThere isalso no quality
assurancgrogram for littermonitoringon the sea floor.
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The abundance and distribution of marine litter show considerable spatial variability. The geographical
distribution of litter on the ea floor is strongly influenced by hydrodynamics, geomorphology and human
factors. Under the weight of fouling by a wide variety of organismest litter will eventuallysink to the
bottom. Currents will enable transportation of litter to areas of accuatioin, such as the seaflooMoreover,

there is notable temporal, particularly seasonal, variation with a tendency for accumulation and concentration
along coastal and particular geographical areas. Interpretation of temporal trends is therefore contpbyate
annual variations in litter transport, such as seasonal changes in flow rate of rivers and related turbidity
currents.Other seasonal factors include the intensity of currents, swell and upwelling and the conformation of
deep sea floor, which influeecboth the distribution and densities. Nevertheless, considering existing data, it
would appear that the Mediterranean Seaa the most affected part of the Europedbeas Due to the
persistence of some litter materials, the monitoring of litter on the dl@r must consider accumulation
processes for past decades. Timescales of observation should therefore be adapted, requiring multiannual
frequencies for sea floor surveys. Finally, the data can be amalgamated to produce values for local, regional
and basih and European level. UNEP has developed recommended pratooakideredby the International
Council for the Exploration of the Sednternational Bottom Trawl Surveys Working GrolpHS/ IBT®/G)

and OSPAR meetings (Galgand Piha, 2010) but no mabdological standards exisA classification system

using 6 categories is in use (Cheshire et al., 2008 TSGML recommendsharmonizingcategorizations
between shorelines, water surface and sea floor evaluations. However the different compartmesaizs fdbor

require different monitoring approaches

5.1 Availability of methods

5.1.1 Shallow waters

In shallow coastal areas (< 40 m depth), the abundance of marine litter is generally much greater than on the
continental shelf or on the deep seafloor, with theception of some accumulation zones in the open sea
(Katsanevakis, 2008). This is especially true in bays due to weaker currents; litter disposed locally is more likely
to accumulate on the bottom. Furthermore wave or upwellinguced cleaning of the seafir is of less
importance in small bays, where usually there is much less transport. In shallow coastal areas, fishing activities
of the coastal fleet significantly contribute to littering of the seafloor (Katsanevakis and Katsarou, 2004).

The most commoly used method to estimate marine litter density in shallow coastal areas is to conduct
underwater visual surveys with SCUBA, although snorkelling or manta tow have also been applied for very
shallow waters (usually < 10 m deptid for larger forms of niéne litter (nets/gear) These surveys were
mostly based on plot sampling and especially strip transetisre all items can be counted and type or size
may be recordeqTable 1) There ishoweveran underestimation of abundance. This is overcome by apgplyi
distance sampling, which is a group of methods for estimating abundance and/or population density (Buckland
et al, 2001).The most commonly used Distance Sampling method for underwater surveys is line transect
sampling. The standard software for modieyl detectability and estimating density/abundance, based on
distance sampling surveys, is DISTANCE (Thetnads2006).

In areas with high litter densities, clear water and low sea bottom complexity (e.g. sandy bottoms) narrow strip
transects may be pferred. In areas with low litter densities (where large sampling surfaces are needed to
obtain a sufficiently high number of records), turbid waters, and/or high sea bottom complexity (e.g. rocky
reefs, sea grass beds) imperfect detectability is an imparissue and should not be ignored; line transects
should be preferred and detectability should be estimated. The field protocols for line transect surveys of litter
on the seabed are exactly the same as those for benthic sessile fauna, described inndttdanevakis
(2009). Tabld provides some hints on the selection of the appropriate method and sampling unit depending
on the expected density of marine litter.
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Table 1. Proposed method and indicative sampling units depending on anticipated litter d ensity
and environmental conditions.

Litter density Conditions Method Samplingunit (strips:

length xwidth)
>1 items/nf Low turbidity- low habitat complexity plot sampling 10mx2m
>1 items/m’ all other cases plot sampling 20mx1m
0.1-1 items/m? Low turbidity- low habitat complexity plot sampling 20mx4m
0.1-1 items/m? Low turbidity- high habitat complexity =~ distance sampling 20mx4m
0.1-1 items/m? high turbidity distance sampling 20mx4m
0.01-0.1 items/m? for every case distan@ sampling 100mx 8 m
<0.01 items/ M for every case distance sampling 200mx 8 m

Linking shallowvater monitoring surveys to existing biological monitoring programs with SCUBA might
improve costefficiency. Such biological monitoring based on strigime transects is regularly conducted in
many Marine Protected Areas or other sites within the framework of @mgh monitoring projects. An
additional effort to record marine litter together with the target benthic species could be posdhtewill
depend on the details of the surveys and itgjurements.

In many regions underwater cleaizLJa | NB 2NHIyAT SR o0& RAGAy3a Ofdzoaxz
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field protocols for scuba divers to collect and report marliteer found underwater so that results from
different surveys would be comparable as much as possible. Cooperation with such initiatives might be a good
opportunity for some Membe States for shallovwater litter monitoring but standardization and conformity

with the common methodologies and tools proposed here should be achieved. It also has to be noted that to
reduce variability and thus to be able to increase precision in thienation of trends, surveyed sites should

be fixed and not selected on a basis of opportunity. This might be an important issue wheruglean
campaigns by volunteers and NGOs are used as a means for litter

5.1.2 Shelves

Surveys of mackitter loads on the seadd have been conducted mainly using trawl surveys. This method is
the most adequate method to date, although quantities of litter are underestimated. It should be considered
as a method for estimating relative litter densities rather than absolute dessitte constant trawl mouth
width is required. General strategies to investigate seabed litter are similar to methodology for benthic
ecology and place more emphasis on the abundance and nature (e.g. bags, lzottlgseces of plastics) of
items rather than their mass. Just like stranded litter, litter on the seabed aggregates locally in response to
local sources and bottom topography.

As part of the assessment of the status of the fish stocks in the North Sea, Baltic Sea, western European waters
and Medierranean sea (i.e. Celtic Sea, Bay of Biscay and Eastern Atlantic from Shetlands to Gibraltar,
European Mediterranean coasts), fisheries institutes of the bordering countries have for many years carried
out research vessel surveys. At present four majderimational trawl surveys can be distinguished: the
International Bottom Trawl Survey (IBTS, Table 2), the Baltic International Trawl Surveys (BITS), the Beam Trawl
Survey (BTS) and Mediterranean Trawl Survey (MEDITS). Although initially these survesgowdimated at

the national level, over the years a number of these trawl surveys have evaluated into standardized
international research programs. These programs in OSPAR/HELCOM/MEDPOL/BSC sub regions cover all
shelves on a regular basis (annually). ThAey dedicated to fish stock assessment and may be used for litter
data collection. The following programs may provide means for litter monitoring on the sea floor, including
quality insurance.
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Table 2. Summary of International Bottom Trawl Surveys (IBTS) cruises in Western Europe .

Country Location Number of hauls Trawl width (m) Trawl type (mesh) Depth (m)
Bottom Trawl Survey

Belgium southern North sea 60 8 beam <50
The Netherlands South eastern North sea 8 beam (40mm) <50
Germany South easten North sea 60 7 beam (75 mm) <50
England Channel 91 4 beam (40mm) <50
France Bay ofBiscay beam (40 mm) <200
IBTS North sea

The Netherlands

Belgium

France (IBTS) SouthernNorth sea 80 20 GOV 36/47 (20mm) <50
England (IBTS) North sea

Scotland (BTS) North sea 36/47 GOV (20mm) 20-500
Norway North sea

Denmark North sea

National Bottom Trawl Surveys

Portugal Portugal 76-85 15 Campell 1800/96 NCT (20mm) 20-500
Spain(PGFS) Porcupine 80 Baka trawl 40/52 (20 mm) 170-800
Spain (NGFS) Northern Spain 120 21 Baka trawl 44/6 (20 mm) 15-700
Spain (SGFS) Gulf of Cadix 75 21 Baka trawl 44/6 (20 mm) 35-700
Spain (ArsaGC) Baka trawl 44/6 (20 mm)

France ( EVHOE) Biscay, Celtic 135 20 GOV 36/47 (20mm) 30-600
France (CGFS) Channel (CGFS) 105 20 GOV 36/47 (20mm) <50
England(CEFAS) North Sea

England(CEFAS) Channel PHHT (20mm)

England(CEFAS) Celtic sea PHHT (20mm)

Ireland (WCGSISCGS) West Ireland, Celtic sea 70 rock-hopper (20 mm) 15-300
Ireland (NIGS) Northern Ireland & St Georges 57 rock-hopper (20 mm) 15-300
Scotland (SWCS/VI A) West Scotland 2-8/ICES square 36/47 GOV (20mm) 20 to 500

Scotland (SGD6B)
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5.1.2.1 International Bottom Trawl Surveys IBTS

The IBTS consists of a number of natiiosurveys stated in 1990 that aim at improving standardization and
collaboration between surveys. Two areas can be distinguished that differ in terms of the length of trawl time
and hence the degree to which standardization was achieved: IBTS North &&BiT@& Western and Southern
areas.

In the North Sea, The IBTS has been carried out twice per year since 1997 using a standardized protocol. In
1994, it was suggested to extend the remit of the ICES/IBTS Working Groupridirzate and standardize the
surveys in the western and southern areas.

For southern and western seas, each country conducts surveys in adjacent areas with no overlap. Due to the
variation in bottom types, each country uses a different gear. With the sampling protocols, however, a
signficant level of standardization is achieved and all countries are using the same sampling strategy. Details
on protocols are available for each countrigttp:/datras.ices.dk/Home/Descriptions.aspx#IBT&nd are
described by IBTS (2004).

5.1.2.2 Baltic Internatioral Trawl Surveys BITS

The Baltic cod stock has been monitored annually since 1982 through bottom trawl surveys carried out by most
countries surrounding the Baltic. The national research vessels have each surveyed part of the area with some
overlap in coveage and applied a depth stratified sampling design. After agreement a common standard trawl
gear and standard sampling procedures were implemented in 2000 resulting in the coverage of the whole
Baltic Sea. The design and construction of the standard $r§20 mm mesh) are given in ICES (2007) and can
also be found in the BITS manual (ICES, 2011). The BITS is conducted ast@aliigith survey. The standard

haul is a 3@min haul with a towing speed of 3 knots.

5.1.2.3 Beam Trawl Survey BTS

5 dzNA y 3 {ifkeéScoumteg oflérilg the North Sea and western waters of the UK had developed a range
of beam trawl surveys. Despite the fact that a number of different gears and survey designs being used,
sampling methods, data collection and storage, have been statiwked to a considerable extent. Surveys are
performed in the North Sea (Netherlands), Channel and lIrish Seas (England), German Bight (Germany),
southern North Sea (Belgium) and Bay of Biscay (France).

5.1.2.4 Mediterranean Trawl SurveEDITS

The MEDITS prograiman international survey conducted for fish stock assessments. It is financially supported
by the European Commission (DG Mare) and the participating countries. It consists of bottom traoviopglal
Mediterranean shelves éble3). It also includesleeper sites (20800 m)(MEDITS, 2007)
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Fig. 6. General map of the area covered by the MEDITS programme .

Table 3. MEDITS, trawling experiments in Mediterranean European countries. Non -
European countries such as Morocco, Croatia, Montenegro, and Albania are partic ipating
in the MEDITS program. (Coordinator: M.T. Spedicato )

Country  GSA geographical sub-area Number of surveys Area

Cyprus 25 26 Cyprus
France 7 95 Gulf Lion, Corsica
Greece 20 32 Eastern lonian sea
Greece 22 21 Aegean sea
Greece 22 65 North Aegean Sea
Greece 22 61 South Aegean sea
Italy 9 120 N Tyrrhenian sea
Italy 10 70 S Tyrrhenian sea
Italy 11 98 Sardinia

Italy 16 120 Strait Sicily
Italy 17 121 North Adriatic
Italy 19 70 South Adriatic
Italy 19 70 lonian sea (NW)
Malta 15 45 Malta
Slovenia 17 2 North Adriatic
Spain 1,2 46 Alboran sea
Spain 5 60 Balearic islands
Spain 6 92 Northern Spain

The sampling gear is a bottom trawl (GOC73, horizontal opening of)20he hauls are made in the same
position from year to year at fixestrata limits: 10- 50 m, 50- 100 m, 100- 200 m, 200- 500 m, 500- 800 m.
ThePosidonia oceanicgrasslands are excluded from the sampling scheme and should never been trawled. The
haul duration is fixed at 30 minutes on depths less than 200 m andiB@tes at depths>200m. The codend

mesh size is 2im. Hauls are made at constant depth {526) and rectilinear.

5.1.25 Black Sea program

In the Bucharest Bilateral Coordination Meeting (February 2010) Bulgaria and Romania agoeediuct a
common demershtrawl surveys in Romanian and Bulgarian areas (Appendix IX, Commission Decision
2008/949/EC). Mainly to define the stock biomass indices and respectively the annual quota for turbot fishery,
they are undertaking surveys on annual basis, using the santieos@ogy and where the same type of litter

data could be collected. This program is linked to the MEDITS program with harmonized methodology and
Black sea is quoted as number 29 of the MEDITS areas.

5.1.2.6 "Fishing for Litter" initiatives

"Fishing for Litter"nitiatives have been implemented to remove litter mainly from the seabkthe North Sea
(OSPAR, 2007). It is an activity where fishing vessels brings #tkoreaught in their netsas part of their
fishing activities The initiative is coordinated IMO Internationa(The Netherlands, United Kingdom, Isle of
Man, and Faeroesnd promotes a responsible attitude within the fishing industry towards this probNABU

KFa €1 dzyOKSR | FTANBRUG GCA&AKAY3 BeitsepvikoaniestlbendfifNiea S O
fishing industry in particular will benefit from the initiative through the reduced risks of damages to fishing gear
and contamination of catcheKIMO Baltic has also begun a scheme. Total figures for the FFL schemes
operated ly KIMO in 2010/11 are as follows: 390 vessels, 40 harbors, 700 tonnage collected.

To date, most studies have measured amounts of litter collected but not on regular baseshb& been
collected by theboats involved irthe initiative, whichis runin the North Sea. In the Baltic Sea 20 vessels have
joined the initiative so far. Data may be of importance locally to evaluate composition and sources of litter but
will not be included in large scale monitoring network to assess litter on the sea floor.
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5.1.3 Deep sea floor

Studies that investigate seabed litter typically focus on continental sheliie research into the deeper
aSFr0SRE ¢gKAOK F2N¥X& Fo2dzi KIFEF GKS LI FySidQa-scalezNF I OS=
evaluations of deefseabed litter distribution and densities anywhere are scarce. Of the areas investigated
along European coasts to date (Galgenal., 2000), Mediterranean sites tend to show the greatest densities.

In general, bottomitter tends to become trapped in arseaof low circulation and high sediment accumulation

in contrast to floatinglitter, which accumulates in frontal aredstter that reaches the seabed may already
have been transportedfor considerabledistances, only sinking when weighed down by foulinghe
consequence is an accumulation of plastitger in bays and canyons rather than the open sea. Some
accumulation zones in the Atlantic Sea and the Mediterranean Sea have vetitthigtiensities despite being

far from coasts. These densities reldatethe consequence of largecale residual ocean circulation patterns

and locally to the morphology of theea bed(around rocks and/or in depressions or channels). Deep
submarine extensions of coastal rivers also influence the distribution albesklitter. In some areas, local
water movements transpormarine litter away from the coast to accumulate in zones of high sedimentation.
Continental shelves havecally lower concentrations dftter since most of the anthropogenidter in the

outer shelf orignates from coasts to shelves that are washed offshore by currents associated with river plumes.
Investigations using submersibles at depths beyond the continental shelf have revealed substantial quantities
of litter mainly in canyons adjacent to largeie# (up to 112 items pekilometre and 70% plasticspPnly some
areas/countries are concerned along the European coasts including Norwegian trench, France, Spain, Portugal,
Italy, and Greecdror evaluation of litter and monitoring, the use of trawl in gesea areas will be restricted to

flat and smooth bottoms. For slopes and rocky bottoms, special means are necessary inBadiotgly
Operated VehiclesROV¥and submersibles that are very expensive to oper®eVs are simpler argénerally
cheaper andmust be recommenda for litter surveys.There are some available protocols where litter is
counted on routesThe route surveyesults are expressed as item/kiitter occurrence density quantification
should be performed taken the survey width into acnbso that they can be compared to other methods

5.2 Tool sheet development

Following the activity of the group focusing on developing toolboxes with applicable monitoring/quantification
methods for the further MSFD Descriptor 10 implementation, tool shbeige been developed and agreed to
support the monitoring of littr on the sea floor @ble4).

Altogether four monitoring tools are presented for litter monitoring on the sea floor:

SCUBA surveys for shallow seahdtlot Sampling (20.1.2_Seafloor T1)

SCUBA surveys for shallosabed¢ Distance Sampling (10.1.2_ Seafloor T2)
Trawling surveys (10.1.2_ Seafloor T3)
Submersibles (10.1.2_ Seafloor T4).
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Table4. ummary of methods available folitter evaluation on sealbor.

Gomponent Shallow waters Continental shelves and canyon bottoms Deep sea floor

Depth 0¢40m 40¢800m 200- 2500 m

Areas to be Coastal Shelves Prioritiesmust be considered and given to deep sea
monitored areas close to sourcésostal urban,affected by litte).
Approach Diving Trawling SubmersiblesROVs Autonomous or manned

Existing program

Areasnot
concerned

Areaslargely
concerned

Sample size
Units
Categories

Fequency
Inter calibration

Research neede(

E.g. Project AWARE dive against
debrig NGO initiative

All Mediterranean countriesBaltic

10-2000 nf
Density (items/ha)

Plastic, papeandcardboard glasand
ceramics, mel, leather/clothes,
others, fishing gear

Compatitbe among indicators
Every year

Possible

MEDITS related programs (including Blee®),S
IBTS related (IBTS, EVHOE{CGF X ®0 [/
(OSPAR/ICES)

Any shelf

1-5 ha
Density (items/ ha , per categories)

Plastic, papeandcardboard glasandceranics,
metal, leather/clothespthers fishing gear

Compatible among indicators
Every 13 years
Possible

submersibles)

Irregulardives (France)

Baltic countries, Nortlseacountries,North Adriatic
etc.

Mediterranean §pain, France, West and southise¢
Italy, Greece, Cyprus), Portugal, England (Partly)

0.1-2 km routed dive
Items per categories) / km route

Plastic, papeandcardboard glasandceramics, metal,
leather/clothes,others, fishing gears

Compatible among indicators
Every 510 years
Difficult

Search for accumulation areas
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MSFD Marine Litter Monitoring TOCRHEET

Tool name SCUBA surveys for shallow seabeRlot Sampling
Indicator for which the tool is to be applied10.1.2

Tool code 10.1.2_Seafloor T1

Tool description The most commonly used method to estimate marine litter density in shallow coastal areas is to cd

underwater visual surveys with SCUBA, although snorkeling or ntewtdas also been applied for very shallow watdr:

(usually < 10 m depth). These surveys were mostly based on plot sampling and especially strip transects, where
can be counted and type or size may be recorded. In strip transects, the plotmgrenbarrow strips and the divabserver

travels along the centerline searching marine litter and counting all items within the strip. The survey design comgrig

randomly positioned strips or a grid of k systematically spaced strips randomly sppeegth on the study area. Th

. L . : = : Lo
average density of litter in the study area is estimatel &= —, where n is the number of detected individuals, andsA

the surface area covered by the survey.

In plot sampling, the critical assumptiortiat all items present in the surveyed area Ac are detected. However, this
assumption cannot be tested using the survey data, and to ensure that it holds to a good approximation, it may be
necessary to use narrow strips, which is problematic for low ldgsrsities and increases the variance of density

estimators. If the assumption that all items present in the surveyed areas are detected is not met, there is underestim.

of abundance.
Technical requirementsSCUBA equipment, trained observers
Size rage: >2.5 cm

Spatial coverage
Sampling Unit (strips:

Litter density Conditions Method length x width)

>1 items/nf Low turbidity- low habitat complexity plot sampling 10mx2m

>1 items/nf all other cases plot sampling 20mx1m

0.1-1 items/nt Low wrbidity - low habitat complexity plot sampling 20mx4m
Depth G40 m

Survey frequencyAnnually.
Maturity of the tool: In use

Regionalapplicability of the toot Very relevant in clear waters (e.g. Mediterranean), problematic in turbulent and turbi
waters, and in complex habitats (e.g. rocky reefs, seagrass beds).

Source related informationCategories are recorded and thus some limisedirce information can be inferred.
References:

Katsanevakis, S. and Katsarou, A. 20@R&uences on the distrition of marine litter on the seafloor of shallow coastal areas in Gre¢

U
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2

(Eastern Mediterranean). Water, Air and Soil Pollution: B28¢337.
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MSFD Marine Litter Monitoring TOCRHEET

Tool name:SCUBA surveys for shallow seahd2istance Sampling
Indicator for which the tool is to be applied10.1.2

Tool code:10.1.2_Seafloor T2

Tool description:in plot sampling, the critical assumption is that all items present in the surveyed aaza A
detected. However, this assumption cannot be tested using theesudata, and to ensure that it holds to a good
approximation, it may be necessary to use narrow strips, which is problematic for low litter densities and increals
the variance of density estimators. If the assumption that all items present in the suheegas are detected is not
met, there is underestimation of abundance. This is overcome by applying distance sampling, which is a group
methods for estimating abundance and/or population density (Buckland et al., 2001). In distance sampling sury
is acceptable that we fail to detect some of the items that are in the covered region, as detectability is actually
estimated and used to correct abundance estimations. The probability that any particular individual that is in thé
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cE: N The extra effort in a line transect survey is to record the perpendicular distance of each item from ft

AP,
line. This set of distancesused to estimate detection probability, (Buckland et al., 2001; Katsanevakis, 2009). T:lu
most commonly used Distance Sampling method for underwater surveys is line transect sampling. The standaid
software for modelling detectability and estimating deg&itbundance, based on distance sampling surveys, is
DISTANCE (Thomas et al., 2006).

In areas with high litter densities, clear water and low sea bottom complexity (e.g., sandy bottoms) narrow strip
transects may be preferred. In areas with low litter déiesi (where large sampling surfaces are needed to obtain a
sufficiently high number of records), turbid waters, and/or high sea bottom complexity (e.g. rocky reefs, sea gra
beds) imperfect detectability is an important issue and should not be ignoredtriinsects should be preferred and
detectability should be estimated. The filed protocols for line transect surveys of litter on the seabed are exactly
same as those for benthic sessile fauna, described in detail in Katsanevakis (2009).

Technical regirements: SCUBA equipment, trained observers
Size range>2.5 cm
Spatial coverage:

m

[

Litter density Conditions Method iigtﬁ")r:%v%mt) (strips:
0.1-1 items/nt Low turbidity- high habitat complexity distance sampling 20mx4 m
0.1-1 items/m? high turbidity distance sampling 20mx4 m
0.01-0.1 items/nf for every case distance sampling 100mx 8 m
<0.01 items/n for every case distance sampling 200mx 8 m
Depth 340 m

Survey frequencyannually

Maturity of the tool: In use for benthi¢dauna

Regional applicability of the tooltt can be applied in every region.

Source related informationCategories are recorded and thus some limited source information can be inferred.
Refaences:

Buckland, S.T., Anderson, D.R., Burnham, K.P., LaakeBarchers, D.L., Thomas, L. 20@froduction to distance sampling
Estimating abundance of biological populations. Oxford University Press, New York. 448 pp.

Katsanevakis, S. 2009. Estimating abundance of endangered marine benthic species usiog Séstgoiing through SCUBA divir]
the Pinna nobiligMollusca: Bivalvia) example. In: Columbus AM, Kuznetsov L (eds) Endangered Species: New Resegr
Science Publishers, New York. ppsBi5.

Thomas, L., Laake, J.L., Rexstad, E., Strindberg, SuellaFgF.C., Buckland, S.T., Borchers, D.L., Anderson, D.R., Burnham
Burt, M.L., Hedley, S.L., Pollard, J.H., Bishop J.R.B. and Marques, T.A. 2006. Distance 6.0. Release Beta 3. Resep
Wildlife Population Assessment, University of St.ramd: St. Andrews, UKttp://www.ruwpa.st-and.ac.uk/distance/.
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MSFD Marine Litter Monitoring TOCRHEET
Tool name:Trawling surveys

Indicator for which the tool is to be appliedl0.1.2
Tool code:10.1.2_Seafloor T3

Tool description:Surveys of macritter loads on the seabed have been conducted mainly using trawl surveys. T
method is the most adequate method to date, although quantities of litter are underestimated. It should be
considered as a method for estimating relative litter densities rathantabsolute densities. A constant trawl mouth
width is required. General strategies to investigate seabed litter are similar to methodology for benthic ecology
place more emphasis on the abundance and nature (e.g. bags, bottles, pieces of plagtcs3 cdther than their
mass. Just like stranded litter, litter on the seabed aggregates locally in response to local sources and bottom
topography.

Technical requirementstrawler [20mm mesh size for otter trawls; 40 mm mesh size for beam trawls]
Sizerange:> 2cm for otter trawls; > £m for beam trawls

Spatial coverageSampleareasize 15 ha, 26800 mdepth, fixed locations

Survey frequencyAnnually

Maturity of the tool: In use

Regional applicability of the tooltt can be applied in every géon on soft bottoms.

Source related informationCategories are recorded, minimum7+1 categories [7 (plastic, paper & cardboard, glg
ceramics, metal, leather/clothes, others) + 1 (fishing gears)]. Categories should be compatible with other surve

Refaences:

Galgani F., Jaunet S., Campillo A., Guenegan X. & His E.,1995b. Distribution and abundance of debris on the contio&tital s
North-western Mediterranean Sea.Mar. PollBull. 30, 718717. (doi:10.1016/002326X (95)0005&)

Galgani F., Lese J. P., Moguedet P., Souplet A., Verin Y., Carpentier A., Goraguer H., Latrouite D., Andral B., Cadiou Y., M
Poulard J. C., Nerisson P. (20Q@jer on the Sea Floor Along European Coasts. Marine Pollution Bulletin 40(62516
doi:10.1016S0025326X(99)002349).

MSFD Marine Litter Monitoring TOCRHEET

Tool name:Submersibles (manned and unmanned)
Indicator for which the tool is to be appliedl0.1.2
Tool code:10.1.2_Seafloor T4

Tool description:Only some areas/countries are concerreddng the European coasts including Norwegian trench
France, Spain, Portugal, Italy, Greece. For evaluation of litter and monitoring, the use of trawl-sedeseas will
be restricted to flat and smooth bottoms. For slopes and rocky bottoms, speeshsrare necessary including ROV
and submersibles that are very expensive to operate. ROVs are simpler and largely cheaper and must be
recommended for litter surveys. There are some available protocols where litter is counted on routes. These ro
surveys must be in the km range and results are expressed as item/km).

Technical requirementsROVs, submarines

Size range> 2.5cm

Spatial coverageSample size 0-8 km routes/ dive, depths: 52500 m
Survey frequencyOn irregular basis, everyB) years

Maturity of the tool: In use

Regional applicability of the toolPriority regions: Mediterranean (Spain, France, West and south east, Italy, Gre
Cyprus), Portugal, UK (Partly), Norwegian trench. Priority sites: large cities, accumulation areas

Source related information:Categories are recorded, minimum7+1 categories [7 (plastic, paper & cardboard, glg
ceramics, metal, leather/clothes, others) + 1 (fishing gears)].

References:

Galgani, F., Souplet, A. and Cadiou, Y. 1996. Accumulation of delhis d@eep sea floor off the French Mediterranean coast.
Marine Ecology Progress Serigk2 225234,
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5.3 Future needs and further development

Toimprovethe monitoring of litter on the sea floor, the following recommendations were considered as important for
data cdlection and management, harmonization and trends evaluation and more generally for a better evaluation of GES:

5.3.1 Development needs and options within 2012

Shallow seafloor monitoring

Develop a monitoring strategy for shallow waters (sites, depths, priarigs). Diving surveys to monitor marine litter
are scarce in European waters and there is a rfeefurther development of the monitoringThe concept of priority
areas is important and the issue of selection of sites and their representation wilktdidesdiscussed in developing a
strategy adapted tshallowcoastal waters. Alternatives to divimgethods will have to be evaluated@here isieed to link
the strategy to ogoing seafloor habitat surveys and to investigate possible contribution by Nt&Givas (e.g. Project
AWAREhttp://www.projectaware.org/project/diveagainstdebris).

Bottom trawl surveys

Available program in OSPAR/HELCOM/MEDPOL/BSC areas covering all shelves on regular basis (annually). Rationali:
implement, improve the existin@®l’'S, BITS and MEDITS (includi@y B&rine litter protocols and extend them to other

regions covered by these programs, will enable a coverage of most European seafloor areas between 40 m and 800 m.
Monitoring of Litter through seafloor trawls must be -ooganized and coordinatedithin the two groups ICES/IBTS
covering NE Atlantic and Baltic Sea and MEDITS covering Mediterranean and Black Sea. Inclusion of litter monitoring
through IBTS/MEDITS programs will need to be organized within the EU th®UgRGScientific, Technical and
Economic Committee for Fisherieahd its Subgroup Research Needs (SGRN) with the support of the Data Center
Framework (DCF) from DG MARKr€ctorateGeneral for Maritime Affairs and FisherieShe development of a central
database for European trawl survey data (DATRAS) may be used for collection of trawl survpsedatiinga more

specific litter data management system.

Seafloor litter reporting categories

Following recommendations from OSPAR, UNEP/IOC, ICES/WKMAL B86 thHdiscussionst is the opinionof the
groupthat for classification of marine litter in generah hierarchical approach should developed andised.Very
general categorieshould split up intanore detailed identificationwherepossible. For sefloorsurveyscategoriesare
including plastic, paper and cardboard, wooprécessef, metal, glass and camics, cloth (textile)rubber, others.This
system should be compatible mss the different survey typesee: Chapte8.5, Availability of sowe identification
methods.The same approacthould be applied in afturopean areas.

5.3.2 Development needs and options until 20J#&hd beyond

Long term improvement of sea floor monitoring is related to research needsshodld includethe development of
innovative methods€.g.imaging orsonardetection), semi automation and rationalisation of monitoring

Monitoring of deep sea is actually on irregular basis becduisevery expensive. Thefore very specific deegea areas
where no trawling exists andthich are especiallgffected by littershould be prioritizedNorwegian trench, Cap Breton
canyon, canyon of Lisbon, large towns in the Mediterranean and deeps subjected to .inputs)

6. Impacts of Litter on Marine Life

Marine organisms may be impacted by litter in various ways. At lea8h 48 existing cetacean species, all species of
marine turtles, approximately 86 2 F (GKS 62 NI RQa& &St 0 A NI hawd 38ed fefodted tolingeR Y I v
marine litter (Katsanevakis, 2008). Ingestion of marine litter may occur either because of misidentificdtitar déms

as natural preyas shells fronsepia for calcium carbonate supply, accidentally during feedgnand normabehaviour
(Gregory, 2009)Serious effects of ingested litter are the blockage of the digestive tract and internal injuries by sharp
objects, which may be a cause of mortali@ther harmful effects include the blockage of gastric enzyme production,
diminished feeding stimulus, nutrient dilution, reduced growth rates, lowered steroid hormone levels, delayed ovulation
and reproductive failure, and absorption of toxins (Azzareild &¥anVleet, 1987; Ryan, 1988; Van Franeker and Bell,
1988; Sievert and Sileo, 1993; Aumetnal.,, 1997; McCauley and Bjorndal, 1999; Derraik, 2002; Thomgisah, 2009,
Teuten et al, 2007; Teutenet al, 2009) Entanglement in marine litter has been reported for numerous species
(Katsanevakis, 2008) and can cause limited mobility and restricted movement (leading to starvation), suffocation,
laceration, subsequent infection, and possible mortality in maringfienolulu Strategy, draft 2011)
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https://msfdmarinelittertechnicalsubgroup.basecamphq.com/projects/6534864

According to the 1998 U.S. Marine Mammal Commission’s last published report in 1999, 136 marine species have been
reported in entanglement incidents, including six of the seven species of sea turtle, 51 out of the wbBdgegies of
seabirds, and 32 species of marine mammals. Of the 120 marine mammals species listed on the IUCN It) téi@5
reported to have interacted (ingestion and/or entanglement) with malitter.

With accounting for around one tenth of themtire litter in the world’s ocean<heshire et al., 20Q%lerelict or discarded

fishing gearanks aghe most problematic marine littefThese estimated 640000 tons of fishing gear lost, abandoned or
discarded annually may continue to fish for yearRanS @Sy RSOF RS&a ot LINPOSaa NBTSNNE
impact of lost fishing gear in shallow waters are better known and documented, impacts on deep water environments
have also been observed (McElwee ef 2011 in press)For example thalecline of deep water sharks in North Atlantic

has been linked to ghost fishing in the North Atlantic (Hareide @05 Large et al.2009). Please see Annex 4 for an
overview of the issue.

Other known impacts of marine litter include alteration, dageaand degradation of benthic habitats and communities
(Katsanevakis et al., 2007) such as coral reef abrasion from derelict fishing gear or smothering from plastic bags. Litter ca
disrupt the assemblages of organisms living on or in the sediment (Uneputd Evans 1997; Donohue et al., 2001
Chiappone et al., 2002). Marine litter items can assist in alien species invasions (Winston, 1982; Barnes, 2002; Barnes anc
Milner, 2005). Chemicals incorporated in, or attracted to plastics floating in seawaterahbr@ad range of potentially

toxic, carcinogenic and hormone disturbing effects (Thompson e@09). Evidence from passive samplers indicate
associated release and sorbance of chemicals on polymers, thus plastics anéplastics have a potential tpossibly

cause long term effects as they may act as a vector for transferring ¢brimicals to the food chain.

Evidence from passive samplers indicate associated release and sorbance of chemicals on polymers, thus plastics and
micro-plastics have a pential to possibly cause long term effects as they may act as a vector for transferring toxic
chemicals to the food chain.

In the Commission Decisio(R010/477/EU), the impacts of litter on marine life are addressed with indicator 10.2.1
G¢CNBYyRaYagzy i KEYR O2YLRA&AAGAZ2Y 2F tAGGSNI Ay3aSaidSR o6& Yl
assessing trends in ingested litter, tl@ommission Decisio2010/477/EU) also requests for the improvement of
knowledge concerning the impacts of litter on rime life in general.

6.1 Availability of data

In the EU, monitoring programs focusing on the trends of ingested marine litter or on its impacts have been scarce. The
most comprehensive data set available is that on northern fulmBuéniarus glacial)s Northern fulmar monitoring has

been conducted in the Dutch North Sea since the early 1980s, and since around 2002 in the German North Sea, Danish
Skagerak area, Norwegian North Sea/Skagd area, Swedish west coast, Belgian North Sea / Channel, UK NoghdSea
around Faroe Islands:airly isolated data are available on ingested litter in other seabird species, cetacean, seals, sea
turtles, plankton, crustacean and fish. Formal programs and methodologies are not in place or only poorly developed and
suitable numbers of individuals are not collected making it hard to draw robust conclustortanglements have been

studied from beached seabirds in only very few places, mostly in the German and Dutch North SeéCemagtsiysen

2008. The most representativeada set with regards to seabird entanglement rate originates from Germany, where this

has been monitored in approximately 30 sites from the beginning of the 1@96et et al.2010)

6.2 Availability of methods

In general, the following characteristicsan indicator species to be used to assess trends in the amount and composition
of ingested marine litter can be identified:

an abundant species

easily attainable (e.g. via Beached Bird Suryeys)

foraging exclusively at spa

a species known to have a saféntly high incidence of ingested litter to monitor change even in times or
areas of lower pollution.

> > >

Currently the only mature methodology for indicator 10.2.1 is the OSPAR Ecological Quality Objective (EcoQO) for litter
particles in stomachs of northe fulmars. It is used tassess temporal trends, regional differences and compliance with a

set target for acceptable ecological qualifor each litter category/subcategory the incidence, abundance by number,
and abundance by mass is assessed. Trergsasgent is based on statistical tests of linear regressionstofhsformed

data for the mass of plastics against year of collection in individual stomachs.
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The methodology has been developed for the North Sea but it is applicable to most of the Netthtiatic. It is
however not directly applicable to the Baltic, Mediterranean, Black Sea, and southern parts of the North East Atlantic,
which are outside of the range of northern fulmars. The methodology itself is directly comparable on studiestinringes

in other seabird species.

EcoQO monitoring trials in the southastern North Atlantic and western Mediterranean (Azores; Canary Islands;
Selvagens; Spain Mediterranean; Maiead KIF @S 06SSy OF NNASR 2dzi g6AGK J/eRrfNE Q& {
coverage of the Mediterranean and does not occur in the Baltic or the Black Sea. Methodologies will have to be adapted
and finetuned to fit other potential indicator groups such as marine turtles.

Sea turtles are considered as a candidate toaacan ingestion indicator in the Mediterranean and nearby Atlantic areas,
not however being suitable for the Black Sea or Baltic Sea regions, as their distribution does not cover theseteeas. O
basis of latest scientific studies, the loggerh&zatettacarettaseems to be the best indicator for the Mediterranean Sea,
although more information on this topic must be collected. Sevéitar suchas plastic, fish hooks, rubber, aluminum
foil, tar, ropes and monofilament line have been found in its stomemhtents (Tomas et al., 2002, Lazar and &rac
2011) and in its faeces (Casale et al., 2@0Banasco et al., 2010).

6.3 Tool sheet development

Altogether three monitoring tools are presented for the monitoring of ingested litter

Fulmar (10.2.1_T1)
Shearwater (10.2.1_T2)
Sea turtle (10.2.1_T3)

The fulmar tool is classified as mature and the shearwater tool close to mature. The sea turtle tool is classified as under
development indicating that enough information exists for the group to be able to suggest a monitoring approach for this
species.

Additionally, the group has identified three other animal groups that could be suitable for ingested litter monitoring, but
which require significant further development in order to be applied as tools for indicator 10.2.: fishes, seals, and
crustaceansThese are presented and discussed in the following section 6.4.
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MSFD Marine Litter Monitoring TOCRHEET

Tool name:Fulmar

Indicator for which the tool is to be applied for10.2.1
Tool code:10.2.1 T1

Tool description The methodology of this tool is the OSPAR Ecological Quality Objective (EcoQO) for litter part
stomachs of northern fulmarg=¢Imarus glacial)s The stomach contents of betaed northern fulmars are used to
measure trends in marine litter.

Technical requirementsThe technical requirements are described in detail in documents related to the fulmar
EcoQO methodology: Van Franeker & Meijboom (2002), OSPAR (2008), Van Fataslek2d11a, 2011b). For each
litter category/subcategory the (1) incidence; (2) abundance by number (count of number of items), and (3)
abundance by mass (weight in grams) is assessed. Trend assessment is based on statistical tests of linear reg
of In-transformed data for the mass of plastics against year of collection in individual stomachs.

Size range>=1 mm (stomach contents are rinsed over 1 mm mesh sieve)
Spatial coverageDead birds are collected from beaches (for methodology see Vankanfe04).

Survey frequencyContinuous sampling. A sample size of 40 birds or more is recommended for a reliable annug
average for a particular area. However, also years of low sample size can be used in the analysis of trends as
based on indidual birds and not on annual averages. For reliable conclusions on change or stability in ingested
quantities, data over periods of 4 to 8 years (depending on the category of litter) is needed.

Maturity of the tool: Mature and in use.

Regional apptability of the tool: The tool is applicable to the MSFD marine regions where fulmars occur; the Gr
North Sea, the English Channel, and the Celtic Seas.

Quality assurance / quality controlThe methodology referred to in this report is based on aread OSPAR
methodology which has been developed over a number of years.

Source related informationin this tool the following categories are used:

1 Plastics

1.1 Industrial plastic pellets

1.2 User plastics

1.2.1 sheetlike user plastics

1.2.2 threadike user plastics

1.2.3 foamed user plastics

1.2.4 fragments

1.2.5 other (including e.g. cigarette filters)

2 Rubbish other than plastic

2.1 Paperincl. multiHlayer laminates that are dominated by paper as in tetrapacks, and foils wfralum-like

materials

2.2 Kitcherfood

2.3 Various rubbish (incl. manufactured wood, paint chips, metal, glass, etc.)

2.4 Fish hook

Further optional categories of stomach contents

3 Pollutants

3.1 slag/coal

3.2 oilltar

3.3 paraffire/ chemical

3.4 feather lump(of oil or chemical fouled feathers)

4 Natural food remains

5 Natural norfood remains

¢KS (Sata 2y &aA3IyAFAOLIyOS 2F GNBYyRa | NB &4dz33asSaiasSR
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MSFD Marine Litter Monitoring TOCRHEET

Tool name:Shearwater

Indicator for which the tool is © be applied for 10.2.1

Tool code 10.2.1_T2

Tool description The methodology of this tool is basically the same as the OSPAR Ecological Quality Objective
(EcoQO) for litter particles in stomachs of northern fulm&difarus glacial)s The stomach coents of beached or
otherwise found dead individuals of Kiihls Shearwa(@alonectris diomedea / scopaie used to measure trends ir
marine litter. Potentially other shearwater speci@auffinus spp.jnay be considered.

Technical requirementsThe techical requirements are described in detail in documents related to the fulmar
EcoQO methodologyan Franeker & Meijboom (2002), OSPAR (2008), Van Fraatedef2011a, 2011b)-or each
litter category/subcategory the (1) incidence; (2) abundance by nur(dmint of number of items), and (3)
abundance by mass (weight in grams) is assessed. Trend assessment is based on statistical tests of linear reg
of In-transformed data for thenassof plastics against year of collection in individual stomachs.

Sze range>=1 mm (stomach contents are rinsed over 1 mm mesh sieve)

Spatial coverageDead birds are collected from beaches (for methodology see Van Franeker 2004) or from any
or sea based location. Trial studies at the moment use a mix of longtiti@s of chicks that died during fledging, an
of corpses found in/near colonies. Fledged chicks would be the best sample type, but is probably not possible i
locations.

Trial studies are being conducted using birds from Azores, Canaries, Selsademsstern Mediterranean. In
principle, the species occurs in the southern part of the Atlantic OSPAR area and in the Mediterranean. But altl
the species is reasonably common in the Mediterranean, suitable sampling locations seem hard to find.

Surveyfrequency:Continuous sampling. It is not yet known whether a sample size of about 40 birds, would be
suitable in this species for assessing a reliable annual average for a particular area. However, also years of lov
size can be used in the analysfdrends as these are based on individual birds and not on annual averages.

Maturity of the tool: Method itself is mature, but feasibility of establishing a proper sampling network is in trial
phase, not mature.

Regional applicability of the toolThe bol is applicable to the MSFD marine regions where shearwaters occur;
southeastern North Atlantic and Mediterranean.

Quality assurance / quality controlThe methodology referred to in this report is based on an agreed OSPAR
methodology. Application to sleewaters is tested in particular on the Azores for several years, but data still have
analysed and results evaluated, which has been developed over a number of years.

Source related informationPlease see thiulmar tool (10.2.1_T)for the categoriedo be used.
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MSFD Marine Litter Monitoring TOCRHEET

Tool name: 8a turtle

Indicator for which the tool is to be applied forl0.2.1

Tool code 10.2.1_T3

Tool description:The gastrointestinal tract contents of dead sea turtles, loggerh€aaddtta caretta are used to
measure trends in marine litter. The animal shohécollected once stranded on the beach or straight from the se
as accidental bycatch collected by fisherman, coast guard, or NGO volunteers. Carcasses sabelk:theith
AYTF2NXIGAZ2Y 2y £20FGA2y 3> RIGSI dvanyiroBidiida AftelSHaEiBNStepithe
animal or sample should be frozen in a plastic bag and transported to an authorized laboratory for dissection (if
the stomach and gut are collected, data should be added with a necropsy form). The gastioaitiract is best
divided into esophagus, stomach and intestine using particular attention to not mix contents. These component
be opened, after which the contents are rinsed with cold water in a sieve 1mm mesh to remove smaller organid
material. Fecal pellet analysis is another possibility to collect litter in sea turtles but the methodology is under
development.

Technical requirementsAll items are sorted using the categorization as in Fulmar protocol analysis. For each
category of plastics (@ustrial pellet or user plastic), rubbish (other than plastic), pollutant (industrial or chemical
waste remain) or natural nefood remain, in the different parts of the gastrointestinal tract, incidence
(presence/absence), abundance by number (count ohber of items), and abundance by mass (weight otiajyr
material) are recorded. Further details are possible, for example recootilogirs(number of items with the same
colour). Different items found could be photographed above a graph paper foil.

Sizerange:>=1 mm (stomach contents are rinsed over 1 mm mesh sieve)
Spatial coverageDead turtles are collected from beachesstraight from the sea

Survey frequencyContinuous sampling, but it could be possible to have samples only during spring andrsumme
period, in particular from May to Octobe

Maturity of the tool: Under development.

Regional applicability of the toolThe tool is applicable to the MSFD marine regions where sea turtles occur; the
Mediterranean Sea.

Quality assurance / quality controlUnder development.
Source related informationPlease see th&ulmar tool (10.2.1_T)for the categories to be used.
References:
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6.4 Future needs and further development

6.4.1 Ingested litter

For MS to be able to evaluate the status of their marine regions with regard to litter, the most urgent need is to develop
an integated set of monitoring tools for ingested litter that covers all the four regional seas. Currently such tools cannot
yet be recommended for the Baltic Sea and the Black Sea due to the lack of data on potential indicator species in these

areas that would hve adequate amounts of litter in their stomachs is pivotal that MS establish pilot studies for
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monitoring programs that provide information that supports the further development of tools for assessing trends in
ingested litter. This is also the onliapsible way to assess whether or iegestedmarine litter is causing harm to biota.

LYLRNIGFyGtes GKS O2YLI NIoAfAGEe 2F GNBYR NBadzZ Ga 206G+ Ay S
be ensured. As no single indicator species caver all European waters, the selected indicator species should ideally
have some spatial and/or ecological overlap with those from bordering areas. Consideration should be given to using
different trophic levels. For example, it could be that ecologicsilnilar fish species in all waters with a low frequency of
plastic ingestion can be used for a rough general comparison of pollution levels in different regional seas, but that the
monitoring of spatiatemporal trends within regional seas requires otfsprecies

In addition to the animal groups for which ingestion tool sheets have been prepared, we propose three animal groups,
which we regard to have potential for ingested litter monitoring in the future, particularly in the Baltic and the Black sea.
Addtionally, as an essential parallel activity to developing the monitoring of ingested litter, we highlight the importance
and need of separate experimental studies for the assessment of harm/impacts of litter on marine organisms.

Fish

To evaluate the appability of fish for ingested litter monitoring, studies surveying the occurredddter in fish in the

different marine regions is needed. The group encourages MS to assess the applicability of already ongoing fisheries
analysis in their country alsfor litter monitoring purposes and/or the establishment of smsdhle research projects
focusing solely on this issue. Ultimately MS should aim at a dedicated prdgramalysis of litter ingested by fishased

on harmonisedmethods. Species, which filll the requirements identified in section 6.2., such as sand eel, sprat, herring,
and sardines, should be considered. Preliminary results of European surveys on litter ingested by fish have not shown
clear candidate species so far, as incidence leveds évw polluted areas have often found to be low. The standard
fisheries stomach research (which may miss smaller particles) very rarely shows ingested litter, with incidence usually far
below 1 %. This was observed even in species suspected to easilyppitier like the Mackerel §comber scombris
(Foekema et a) 2011; Loped.opez 201lunpublished reports Dedicated studies around the North Sea that included

very careful inspections for small particles occasionally showed somewhat higher incidertoes. 10% in some species

in polluted areas (Foekema et ,a2011; unpublished reports). Such levels are not very suitable for monitoring within
regions, but could be useful as a general comparison between the four European seas. Further work arefiainig

required and should include other species and also different life stages of fishes. Possibly ingestionlifesnsathore
common in juvenile fishes, which may be of high relevance to the issue of harm as well as potential economic impact.
Sudies in the northern Pacific (Boerger et, @010 Davisonand Asch 2011) and in the Southern Ocean (Eriksaod
ButonHnnoov &dz33SadG GKIFIG YeOUG2LIKAR FA&AK aLSOASa odatl yiaSNy
species are not ecamonly captured and have not yet been included in European surveys but should be looked at as soon
as possible.

In conclusion it seems that many fish in the European areas are not very suitable as ingestion indicators, but available
information is fragmetary and much more dedicated work is urgently needed.

Seals and whales

In Germany, the occurrence of ingested litter in marine mammals (Pinnipedia and Cetacea) has beenbstutlzd
former Research and Technology Centre (FTZ West coast, now Institlierrektrial and Aquatic Wildlife Research)
following the protocols developed for marine top predators (Pieeswl Boyle 1991). During the examination of
defrosted stomachs, intact or partially digested food items are identified and measured. Remagrimagktcontents are
separated using a series of sieves with mesh sizes € thn. Another method which is applied e.g. in Sweden, is to
flush stomachs and intestines of hunted and beached seals with water and pass the contents through strainers. The
smalkest sieves used in this method have a mesh size of 0.5 mm.

In Sweden, the digestive track of Grey seals, Harbour seals and Ringed seals are analysedgnthalwedish
Museum of Natural Historin a diet projettaking also note of litterOver the yars, several hundred Baltic grey seals and
approximately a hundred Ringed and Harbour seals have been analysed, but the occurrence of ingested litter has been
negligible. At the FTZ West coast in Germany, only one harbour seal out of 24 contained iitestomach. A study of

over 100 stomachs of seals that died in the Netherlands during the 2002 virus disease showed about 12 % incidence of
litter (van Franeker, unpublished), but this was a special situation and without further work, it is not kneteméch

contents reflect a normal pattern. Extensive studies of seal faeces from the Dutch Waddensea have not shown litter to be
present (unlike e.g. Erikss@nd Burton, 2003. Reportedly, stomachs of seals from the Icelandic area only very rarely
show maine litter.

An exception to the above findings are the results obtained by ErikaedrBurton (2003), where they found plastics
remains in about 85 % of the scats in the Southern Ocean Fur Seals. The authors suggested that plastic remains were not
consuned by seals directly but instead were ingested by pelagic fish that were consumed by the seals. Maybe the fish
species consumed by Baltic seals are not very prone to ingest plastic, but this needs to be verified.
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Beaching numbers in some toothed whales ¢®ceti) could be high enough to evaluate potential suitability for
indicating trendsHowever, the species known to be more prone to ingestion like Cuvier's beaked whales (Macleoad,
2009) and Sperm Whales (Jacobsen e28l10) are rare on European céssOut of 47 analysed harbour porpoises from
19982006 by the FTZ West coast (according to the protocol mentioned above) two animals had plastic and nylon in their
stomachs. Regular studies of stomach contents of Harbour porpoises from the Netherlagmdé4(eanimals in Leopold

and Camphuysen 2006) only very rarely show ingested marine litter.

Plastic accumulates in Risso’s dolphin habitat in the Mediterranean (Aliani, @0@B). Of the 100 Risso’s dolphins
stranded or rescued along the coasts ofyithetween 1986 and 2005, one reportedly had many plastic bags and a ping
pong ball in its stomach and the stomach and oesophagus of another were occluded by plastic bags (Be&@il&).al.

Of the 59 Risso’s dolphins stranded in France between 1072G0®I(including along the Atlantic coast), 2 had ingested
plastic bags (Dhermain, 2004). Those proportions do not reflect actual rates of ingestion because only a minority of
stranded animals were dissected.

In conclusion, it seems that for marine mammalther the known incidence of ingested plastic is too low to use this
group for ingestion monitoring, or it concerns species that occur in too low frequencies to be used in a monitoring
system. Studies of litter in stomach contents of marine mammals atainly recommended, also from the viewpoint of
knowledge of harm, but not as a monitoring tool.

Crustaceans (Norwegian Lobster or similar)

Crustaceans are widely distributed animals, and should be surveyed for their potential to act as indicatoteiv&FD
marine regions. However the occurrence of litter in crustaceans has yet received little attention. Plastic contamination
has been found to be high in the crustacedaphrops norvegicus the Clyde Sea, where 83 % of the animals sampled
contained pastics (predominantly filaments) in their stomach. Tightly tangled balls of plastic strands were founéoin 62
of the animals studied but werdess prevalent in animals which had recently moulted (Murray and Cowie 2011).
Variations in litter accumulationselated to age or moulting stage of crustaceans could complicate their use for
monitoring and further studies in this and other crustacean species need to verify these findings.

6.4.2 Entanglement

The entanglement of marine species in marine litter has beequiently describeds a serious mortality factor.

Longterm observations on the German North Sea island Helgoland from-1985 suggested that 2% of the observed
mortality of beached gannets could be caused by plditer and fishing gear; the actuantanglement rate among
beached birds was 13% (Schrayd Vauk 1987). A study conducted on th@ritish island Grassholm, Wales, where
approximately 40000 pairs of gannets breed, accounted4®® g plasticon average in each nest, equating to an
estimatel colony total of 1& tonnes. A total of 525 individuals were found entangled over eight years {1998 and
2005-2010), the majorityof which were nestlings (Votier et a2011).

Fifteen species odea- and water birds were recorded as victims of emglement with litter on the German North Sea
coast in the 1980s. The most common victim was the Gannet, witBo28f all corpses of this species found to be
entangled (Hartwig et gl1985 1992).An increase in entangled dead beached seabirds from 231% for the years
19922003 to 0.35t 0.06 % for the years 2062007 was reported for Dutch beaches (Camphuysen, 2008). Up b 615
Gannets beached in the Netherlands shows entanglement (Camphu2868). The values for seand waterbirds
beached @ the German North Sea coast in the period 12097 and included in the German North Sea beached bird
database are 0,26 0,11 % entangled (n entangled = 230; n total = 87074). As in the Netherlands, the Gannet remains the
species most frequently found &ngled on German North Sea coasts and¥d2f all gannets recorded are entangled
(Wadden Sea Ecosystem No. 25, 2009).

In conclusion, it seems that entanglement rates among beached birds, except for gannet, are often too low for monitoring
purposes of mdne litter. Wherever beached birds surveys are carried out protocols should include the aspect of
entanglement to monitor trends in entanglement rates especially of Gannets. In addititemglement rate may provide

a useful tool to be used for the assasnt of harm in breeding bird colonies, such as ganndtiwakes,and cormorants

(Votier et al, 2010).In the case of the kittiwakes colony in the®d f £ SR & WI Y Y S-MbBstB@rimark stukligs b 2 NJ
were carried out quantifying the percentage of nesontaining plastic litter being used @astingmaterial.ln 1992 39 %

of the 466 nests in that season contained plastibereas in 200557 % out of 311 nestsontained plasti¢Heckroth and

Hartwig 2005). This is an issue to be considered

Entanglerent rates of marine mammalare probably high, buare extremely complicated to asseas found in the
detailed study of death causes ftwarbour porpoisesby Leopold and Camphuysen (20060 most casgsno proper
protocol has yet been developeddditionally, n beached animals, usually entanglement in marine litter cannot be
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distinguished from entanglement in active fishing geas. for the beached birds, protocols should always include a
section for entanglement in order to assess harm.

6.4.3 Development neels and options within 2012

The group identifies that as a priority and feasigt&alfor 2012, a common protocol for the monitoring of ingested litter

in fish needs to be developed. This is not an uncomplicated tagkeasze of itemgo be looked at ha to be specified,

as well as which species should d@nsidered Currently recording of litter of stomachs in standard fisheries research
does not allow for the identification of micrtiér, which may be causing harm to the fish, and hence the technigues

not useful for the purposes of assessing GES. Additionally a protocol for a harmonised assessment of entanglement rate in
breeding bird colonies needs to be developed, taking into account the number of birds attending a certain breeding
colony and thenumber of birds dyindrom entanglement

6.4.4 Development needs and options until 201#hd beyond

To a great extent, the long term development needs for the assessment of the impacts of litter on biota, depend on the
effectivenesswith which MS begin to impleent the proposed monitoring tools and to provide information on the
occurrence of litter in biotaThe interaction of chemical pollutants related to marine litter in the aquatic food chains
needs further attentionThe implementation ofurther researchagpects concerningpoth monitoring andassessment of

harm are of key importangein which harm from ingestion should cover both physical and chemical consequences.
Derelict fishing geadeserves particular attention andcé need foractivity collecting infomation on the current state
considering all involved stakeholders under iM& GEShould be considered. The aim would be to exchange information

at EU level and enable thus for a common approach utiteeMSFD.

Once MS have begun to implement these mathpthe results have to be brought together, analysed, and protocols
further developed from there. This is an iterative process, and hence the group sees that to ascertain the best use of the
information provided by MS during the coming years, a coordihaa@proach would be needed to collecting and
processing the data.

7. Microlitter

Microlitter is specificalliconsideredn the Commission Decisiq2010/477/EVY): dTrends in the amount, distribution and,
where possible, composition of micgarticles (in paitular micreLJX | aGA Q&0 omMndmMPdo 0 QQd

When first described the term microplastic was used to refer to truly microscopic particles in the region of 20 um
diameter (Thompson et a).2004). However the definition has since been broadened to include particles smallerStha

mm (Arthur et al, 2009. In effect microparticles are noftérent to any other type of litter; they are merely pieces of
litter at the small end of the size spectrum. Microparticles of a range of common material types including glass, metal,
plastic and paper litter are undoubtedly present in the environment. By the most comprehensive date we have is

for microscopic particles of plastic. Microplastics are widely dispersed in the environment and are present in the water
column, on beaches and on the seabed, and it is likely that microparticles of other nwmtrén as metal and glass are
also present across a range of locations and habitats. Hence microparticles are releGaptes 3, 4, 5 and 6 of this
report and some of the sampling approaches described in tisgptes, for example the Manta trawl fesurfacelitter

will undoubtedly capture buoyant microplastics as well as larger items of litter. Microplastics are also treated separately,
here in Chapter7, because their size may also necessitate more specific methodology for collection and congpared t
larger items microparticle sampling invariably requires additional steps for identification.

Sampling strategieg avoiding gaps and avoiding duplication in sampliatjort

Since marine litter is present in the environment in a range of sizes effgcfivahing a continuunfrom very large items

such as fishing nets to microscopic particles it is inevitable there will be some overlap in sampling protocols and this can
be harnessed to achieve greater efficiency, for example by surveying for riieroand micrditter simultaneously.
There is also potential for gaps in coverage across the size spediterofo result according to the combinations of
approaches used. For example, approaches to monitor beach litter descrilietuhjpter3 follow well esablished OSPAR
protocols. In this protocol there is a minimum cut off point for categorization atcth5and while the protocol has the
option for smaller particles to be recorded (category for items < 2.5 cm amalgamated together) in practice thissdata ha
limited accuracy because of the large size of the area being examined compared to the relatively small sititenf, the

i.e. it is inevitable that when surveying at the scale of a beach that monitoring will not be able to adequately camture all
the very small items. However, sampling of beaches for microlitter, described heZadpter?7, only considers pieces
smaller than Gmm. Hence there is a gap in coverage (OSPARcHE.Ficroplastic < ,nm) representing the size range <
2.5cm and > mm. Ths size range represents an important fraction of matitter that is numerically abundant and has

the potential to be ingested by marine organisms. HenceTftB&Marine Litterdecided an additional protocol should be
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included in this report to allow c&NJ IS 2 F it S siz2 angd ©2.8n&nd >5 mm. A tool sheet for meso
beach litter is included here. In terms of efficiency of data collection, information on meso litter could either be cbllecte
at the same time as surveying for largernite of beach litter which are described @hapter3 or while sampling for
microparticles which are described hereGhapter7. Protocols for beach litter represented an obvious and inevitable gap
in sampling; similar gaps in data collection could occuewbBampling surface watershe seabed or biotaand will
depend the sampling devices or approaches used (net, trawl, gtal) and this should be an important consideration
when selecting monitoring approaches for marine litter in order to give goodessprtation across size categories;
avoiding gaps and also avoiding duplication of effort.

7.1 Availability of data

Considering the broad definition of microplastics proposed by NOAA (i.e. particles < 5 mm), it is evident that microplastics
are not a new phenomnon. For example, the presence of small plasticgnaduction pellets in coastal waters (5 mm)

was first reported in the early 197@€arpenter et al.1972) and since then pellets and fragmented pladiiier have been
reported worldwide(Barnes et aJ.2009 Plastic pellets and plastic fragments are frequently found either floating on the
sea surface, deposited on the sea bed, or in the intertsdaliment

Microplastics can enter the marine environmentatitly (e.g. pregproduction pellets and/or granules used as abrasives in
cleaning products) or indirectly (fragmentation of larger pladiiter). Plastics are progressively fragmenting in the
environment and are also transported as pellets (&) and powders (<1mm) prior to manufacture into everyday items.

The sizes of microplastics reported varies from study to study from 1.6 um to Baemmes et al. 2009 There is no widely
accepted "lower bound" in size as the limit of detection is dependent on the sensitivity of the sampling technique used
(e.g. mesh size of the netorsize Kf$ FAE GSNDL FyR LI FaGAO LI NI A @Mg&ndObbaid a Y I f
2006. When considered in terms of numerical abundance, as opposed ightyehere is evidence that microparticles of
plastic are the most numerous type of pladlitter. An investigation of micritter in plankton samples collected during
NOAA surveys in the Southeast Bering Sea (2006) and off the U.S. West Coa20(@P8Bowed that plastic fragments,
mostly resulting from the degradation of largkiter, accounted for the majority of the particles in the plankton samples,
and that most of these fragments were less than 2.5 mm in size (Figb) (Doyle et al., 2011 Similarly in estuarine
sediments in the UK, small fragments were the most abundare tfplastiditter present(Browne et al.2010.

Microplastics entetthe environment from both primary and secondary sources (8jgPrimary sources of microplastics
include particulates which are produced either for direct usehsas for industrial abrasives, exfoliants, and cosmetics or

as precursors (resin pellets) for the production of consumer products. For example, microplastics can be used as exfoliants
in cosmetics, replacing natural exfoliating materials with median sagging from 196 to 375m (Fendall Sewel] 2009.

A typical concentration of PE beads in fotations is 0.5¢ 5 % and it is estimated that approximately 260 tonnes are
currently formulated per year in the US alone (with an estimated per capita consumption of 0.88 g/persofBGESAMP

2010. These microplastics are then transported by waste water to wastewater treatment plants where a portion is likely to
be captured in oxidatioponds or sewage sludge. However, due to their small size material will pass through the filtration
system and enter the marine environment. Fendall and Sewell (2009) reported the implication of microplastics used as
GaONHzo 6 SNBE Ay Oapssintn (30MEP R didrietadrybeinigdetizhsed into the natural environment

at sizes that are readily available for ingestion by organi€fhempson et aJ.2004h Browne et al. 2008 Grahamand
Thompson 2009 .
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Fig.7. Abundance of plastic particles (mean * SfEyording to plastic particleise categoriesn samples, combinedrom
(a) Bering Sea cruises (2006), and (b) US west coast cruises-22009.

Preproduction pelletsaccidentallyreleased by spillage from industry can enter the aquatic environment by three distinct
routes (US EPA 199BMO 201): 1) Combined sewer overflow (CSO) atorm waterdischarges: Spilled pellets may be
carried by rainwater intstorm waterdrains, which in turn transport the water into municipal wastewater systems @kig.
Thepellets may then be discharged into the aquatic environment throsigiim water discharges or, where the sewage
and storm sewers are combined, through CSO discha®)eRellets mayalsobe spilled directly into waterways, such as
during cargo handling agations at ports or during cargo transport at sea.

Secondary sources relate to formation of microplastics in the environment due to the degradation of larger plastic
material, are described as secondary microplastics. The relative importance of primdngegondary sources of
microplastics to the marine environment is not known. Also, predicting the rate of formation of secondary microplastic is
difficult, as no systematic study of the disintegration processes of plastics under realistic conditioreehabhducted
(Arthur et al., 200%

Fig.8. Primary (from direct sources,-§ and secondary (from indirect,-§) microplastics. a: prgroduction plastic

pellets layering the ground around railroad tracks, b: ppeoduction pellets found on a sandy beach c: pdered

plastic for thermosetting, , d: microbead facial scrubsf:elastic fragments from beaches in the UK resulting from
degradation of largefitter, gKY | G RSANI RIFIo6f Sé¢ LI I aiA O (AdgaHa 20IPiimaNS Yy G Ay 3
Technologies Pvt. Ltd. 2018roud2BeGreen 203BAS 2008

Oceanographic modelling and net sampling indicates accumulation of plastic, including micrdipiestidter, in gyres,

which are large systems of rotating oceanrents Fig 9 (Law et al. 2010 with some of the greatest densities of plastic
being furthestfrom land. Hence, the buoyancy and high mobility of plastic items in the marine environment results in a
widespread distribution and microplastics have accumulated on shorelines worldwidd @F{@owne et al, 2011).The
abundance of microplastics is variable but in some locations they can represent the major component of marine litter in
terms of numerical quantity but not by weighBrowne et al. (2010) found 65 %lifer sampled from intertidahabitats

in Plymouth, UK, was microplasti®lartins and Sobral (2011) repoi2 % microplastics iditter from 5 beaches in
Portugal. The most prevalent polymer types were polyester (8% PVC (260) and polyamide (186). Other types of
polymers common encountered in the marine environment, both in the sediment and water column, include PE, PP and

45| Page













































































































































