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Abstract

The Marine Strategy Framework Directive (MSFD) Technical Group on Marine Litter developed the ‘Guidance
on monitoring of marine litter in European seas’ in 2013 to enable EU Member States to launch monitoring
programmes for MSFD Descriptor 10: ‘no harm caused by marine litter’. The maturity of methodological
protocols for marine litter monitoring has increased over the last 10 years, based on research advances and
Member States’ efforts.

This document updates the previous guidance to facilitate the harmonisation of the monitoring framework for
the MSFD, including protocols, recommendations, and information required to increase the comparability of
data and assessments among Member States. The document comprises chapters dedicated to the protocols
for monitoring marine litter across different marine environmental compartments (i.e. the coastline/beach, the
surface layer of the water column, the seafloor/seabed) and types of litter (i.e. macro litter, mesolitter,
microlitter, ingested litter and microlitter by biota, and entanglement with litter).
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Foreword

The Marine Directors of the EU and all EU Member States have developed a common strategy to support the
implementation of Directive 2008/56/EC, the Marine Strategy Framework Directive (MSFD). The main aim of
this strategy is to ensure coherent and harmonious implementation of the Directive among EU Member
States. The focus is on methodological questions related to a common understanding of the technical and
scientific implications of the MSFD. In particular, one of the objectives of the strategy is the development of
non-legally binding and practical documents, such as this guidance document, on various technical issues
pertaining to the Directive.

To support and advise on the policy development and implementation process, the MSFD Technical Group on
Marine Litter (TG ML) was set up as part of the MSFD Implementation Strategy. The TG ML acts through the
mandate of the Marine Directors of the EU. It is led by the Directorate-General for Environment and chaired
by the Spanish Centre for Public Works and Experimentation and the European Commission’s Joint Research
Centre. Members include EU Member State delegates, representatives of the parties to the Regional Sea
Conventions, other stakeholders and invited technical experts. The TG ML reviews scientific developments and
prepares technical guidance and information documents to support EU Member States in implementing the
MSFD. Further information can be found on the TG ML page of the Joint Research Centre’s MSFD Competence
Centre website (http://mcc.jrc.ec.europa.eu/dev.py?N=41&0=434&titre_chap=TG %20Marine %20Litter).

The present document updates the previous Guidance on monitoring of marine litter in European seas,
published in 2013, to facilitate the harmonisation of the monitoring framework for the MSFD, including
protocols, recommendations and information required to increase the comparability of data and assessments
among Member States.
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1 Introduction

The Marine Strategy Framework Directive () (MSFD) is the EU policy for the protection of the marine
environment. The MSFD requires European Member States to develop strategies and establish monitoring
programmes to assess the state of marine waters and to achieve or maintain the Good Environmental Status
(GES) in European seas.

‘Marine litter’ is defined by the United Nations Environment Programme (UNEP) as ‘any persistent,
manufactured or processed solid material discarded, disposed of or abandoned in the marine and coastal
environment’ (UNEP, 1995) (?). Marine litter consists of anthropogenic items that have been discarded in the
sea or rivers or on beaches; transported to the sea by rivers, sewage, stormwater or winds; accidentally lost,
including lost at sea in bad weather; or deliberately left on beaches and shores by people. Increasing levels of
marine litter have led to growing concern worldwide regarding its environmental impact (e.g. UNEP, 2016).
Marine litter is covered by Descriptor 10 (D10) of the MSFD, which requires that ‘properties and quantities of
marine litter do not cause harm to the coastal and marine environment’.

Marine litter research has expanded its borders into different areas of knowledge, developing new monitoring
methodologies for different environmental compartments and types of marine litter, since the 2013
publication of the previous guidance on marine litter monitoring in European seas (Galgani et al., 2013).
Ongoing discussions have highlighted the variability of methods, data formats and data accessibility, which
hinders comparability, as well as differences in the provisions for GES assessment.

Harmonised methods and comparable data and formats are needed to establish trends and determine
threshold values, which are set in relation to a reference condition. The Commission Decision (EU)
2017/848 (°) defines ‘threshold value’ as ‘a value or range of values that allows for an assessment of the
quality level achieved for a particular Criterion, thereby contributing to the assessment of the extent to which
good environmental status is being achieved’ and specifies that ‘threshold values are intended to contribute
to Member States’ determination of a set of characteristics for Good Environmental Status and inform their
assessment of the extent to which Good Environmental Status is being achieved’.

The MSFD Technical Group on Marine Litter (TG ML) has carried out its work since 2011, investigating
outstanding issues, such as the assessment of harm caused by marine litter (Werner et al., 2016); approaches
to the identification of land- and marine-based sources of marine litter (Veiga et al., 2016); monitoring of
riverine litter (Gonzalez et al, 2016); the identification of the most abundant marine beach litter items
(Addamo et al., 2017); the definition of beach litter baselines (Hanke et al., 2019) and threshold values (van
Loon et al,, 2020); and the development of the Joint List of Litter Categories for Marine Macrolitter Monitoring
(Fleet et al,, 2021). Furthermore, the MSFD TG ML has explored the Directive needs and started to develop
approaches to determining threshold values for the various marine litter criteria (van Loon et al, 2020;
Werner et al.,, 2020; Vasilakopoulos et al., 2022).

This document aims to update the guidance presented in 2013 (Galgani et al., 2013), including with regard to
the methods and protocols that have been developed, which have reached a degree of maturity that allows
for harmonised monitoring. This harmonisation will reduce differences in the collection, classification and
reporting procedures among EU Member States, increasing the comparability of the data and allowing
environmental assessment at the regional and European levels. Simultaneously with the preparation of this
document, information on the current scientific background has been compiled to update the existing
guidance, resulting in the production of an additional technical report supplementing the chapter on floating
marine macro litter (FMML) (Vighi et al., 2022).

()  Directive 2008/56/EC of the European Parliament and of the Council of 17 June 2008 establishing a framework for community
action in the field of marine environmental policy (Marine Strategy Framework Directive) (OJ L 164, 25.6.2008, p. 19).

(®  Marine litter definition put forward by UNEP and adopted during the intergovernmental conference on the Global Programme of
Action for the Protection of the Marine Environment from Land-based Activities, Washington, DC, 1995 (UNEP(OCA)/LBA/IG.2/7, p.
54).

()  European Commission, Commission Decision (EU) 2017/848 of 17 May 2017 laying down criteria and methodological standards on
good environmental status of marine waters and specifications and standardised methods for monitoring and assessment, and
repealing Decision 2010/477/EU (OJ L 125, 18.5.2017, p. 43).



1.1 Use and structure of the guidance on monitoring marine litter

This guidance document on marine litter monitoring is primarily intended to provide the EU Member States
and other national authorities, regional bodies and intergovernmental and international organisations
responsible for marine litter management with the information necessary to facilitate the strategic design
and effective implementation of harmonised marine litter monitoring programmes.

The document is divided into eight main chapters (Figure 1.1). Chapter 2 provides information on the marine
litter monitoring requirements for successfully implementing MSFD D10, including the conceptual approaches
and aims of the harmonised monitoring framework. Chapters 3-7 describe the specific monitoring strategies,
methods, and assessments for each marine environmental matrix, including quality assurance / quality control
(QA/QC) measures and data processing and reporting approaches. These chapters are structured according to
the criteria of D10, with Chapters 3-5 corresponding to the primary criterion (D10C1) for monitoring marine
litter, excluding microlitter. Chapter 6 considers methods for monitoring mesolitter fragments and pellets on
beaches. Chapter 7 includes recommendations for monitoring microlitter (D10C2) on the water surface and in
sediments, and subsequent sample processing and analytical methods.

Methods for criteria D10C3 and D10C4 are compiled in Chapter 8, including protocols for monitoring litter and
microlitter ingested by organisms (D10C3), and methods for assessing entanglement with litter (D10C4).

Figure 1.1. General structure of the MSFD Guidance on monitoring of marine litter.
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2 General approaches to and strategies for marine litter monitoring

This chapter discusses general topics associated with the monitoring of marine litter and the requirements
under the MSFD, including advice on the harmonisation of the monitoring framework, the data requirements,
and the costs and efforts of monitoring, and a general overview of existing monitoring protocols.

Monitoring is crucial to assess the state of the environment by providing reliable and objective information to
address specific policy questions and concerns. Therefore, monitoring programmes should be designed as
long-term processes and in accordance with the purposes of monitoring, which may include the assessment
of environmental status, including temporal and spatial trends; the identification of sources and hotspots; the
assessment of the degree of achievement of targets; or the evaluation of the effectiveness of measures.
However, monitoring requirements also depend on measuring techniques and reliable, comparable, and fit-
for-purpose data at affordable costs, to implement MSFD D10 successfully.

The revision of monitoring frameworks and programmes to follow harmonised approaches that take into
account the degree of maturity and the research development of methodologies favours the consistency and
robustness of data. It also facilitates the exchange and comparability of data among institutions to address
policy concerns.

2.1 Monitoring requirements under the Marine Strategy Framework Directive

The EU MSFD covers diverse aspects of marine GES by monitoring humerous environmental parameters for
the holistic assessment of the marine environment, ranging from marine biodiversity to multiple
anthropogenic pressures (e.g. marine contaminants, marine litter or energy, including underwater noise).

Article 11 of the MSFD provides legally binding requirements for establishing and implementing coordinated
monitoring programmes to assess EU waters’ environmental status. Article 11(1) specifies that:

On the basis of the initial assessment made pursuant to Article 8(1), Member States shall establish
and implement coordinated monitoring programmes for the ongoing assessment of the
environmental status of their marine waters on the basis of the indicative lists of elements set out in
Annex Il and the list set out in Annex V [of the MSFD], and by reference to the environmental targets
established pursuant to Article 10.

Monitoring programmes shall be compatible within marine regions or subregions and shall build
upon, and be compatible with, relevant provisions for assessment and monitoring laid down by
Community legislation, including the Habitats and Birds Directives, or under international agreements.

In addition, Article 11(2) indicates that:

Member States sharing a marine region or subregion shall draw up monitoring programmes in
accordance with paragraph 1 and shall, in the interest of coherence and coordination, endeavour to
ensure that:

(a) monitoring methods are consistent across the marine region or subregion so as to facilitate
comparability of monitoring results;

(b) relevant transboundary impacts and transboundary features are taken into account.

EU Member States reported on their monitoring programmes under Article 11 in 2014 and had updated these
programmes by 2020, in line with Article 17(2) of the MSFD. After the first cycle of implementation, to
facilitate future updates of the initial assessment and ensure comparability between Member States’
assessments, in 2017 the European Commission released a new Commission Decision (Decision (EU)
2017/848). It clarified, revised and introduced criteria, methodological standards, specifications and
standardised methods to be used by Member States for marine litter monitoring instead of those previously
laid down in Commission Decision 2010/477/EU. Commission Decision (EU) 2017/848 establishes four criteria
for determining GES under D10 (Box 2.1).

Regular assessment of the state of the environment is crucial for adaptive management processes within the
MSFD and the European Regional Seas Conventions (RSCs). Moreover, the Zero Pollution Action Plan (%)

() See European Commission (undated), ‘Zero Pollution Action Plan’ (https:./ec.europa.eu/environment/strategy/zero-pollution-action-
plan_en)



https://ec.europa.eu/environment/strategy/zero-pollution-action-plan_en
https://ec.europa.eu/environment/strategy/zero-pollution-action-plan_en

provides an approach to addressing environmental pollution and targets for reducing litter at sea. Marine litter
has been identified as one of the main global challenges by the international scientific community and it is
specifically addressed by UN Sustainable Development Goal 14 (‘Life below water’). It is covered by the
ministerial declaration of the UN Environment Assembly on strengthening actions for nature to achieve the
sustainable development Goals (°) and launched negotiations on the Global Plastic Pollution Treaty (°) during
its fifth session (UNEA-5). Marine litter and microplastics are also covered by the global monitoring processes
supported by the G20 (%), the Blue Planet initiative of the Group on Earth Observations (¢) and the UNEP /
Global Partnership on Marine Litter (°). Therefore, actions and best practices should be linked to these external
global monitoring schemes and other activities to provide comparable quantitative assessments on a large
scale.

Box 2.1. Marine litter criteria and methodological standards under the MSFD, as specified in
Commission Decision (EU) 2017/848

Primary criteria

D10C1 - ‘The composition, amount and spatial distribution of litter on the coastline, in the surface layer of
the water column, and on the seabed, are at levels that do not cause harm to the coastal and marine
environment.’

Specifications: ‘Litter shall be monitored on the coastline and may additionally be monitored in the surface
layer of the water column and on the seabed. Information on the source and pathway of the litter shall be
collected, where feasible.’

D10C2 - ‘The composition, amount and spatial distribution of microlitter on the coastline, in the surface layer
of the water column, and in seabed sediment are at levels that do not cause harm to the coastal and marine
environment.’

Specifications: ‘Microlitter shall be monitored in the surface layer of the water column and in the seabed
sediment and may additionally be monitored on the coastline. Microlitter shall be monitored in a manner that
can be related to point-sources for inputs (e.g. harbours, marinas, waste-water treatment plants, storm-water
effluents), where feasible.’

Secondary criteria

D10C3 - ‘The amount of litter and microlitter ingested by marine animals is at a level that does not
adversely affect the health of the species concerned. Member States shall establish threshold values for
these levels through regional or subregional cooperation.’

D10C4 - ‘The number of individuals of each species which are adversely affected due to litter, such as by
entanglement, other types of injury or mortality, or health effects. Member States shall establish threshold
values for the adverse effects of litter, through regional or subregional cooperation.’

Specifications: ‘For D10C3 and D10C4: the monitoring may be based on incidental occurrences (e.g. strandings
of dead animals, entangled animals in breeding colonies, affected individuals per survey).’

(®  UN Environment Assembly (2022), Ministerial declaration of the United Nations Environment Assembly at its fifth session -
Strengthening actions for nature to achieve the sustainable development goals, UNEP/EA.5/HLS.1, Nairobi.

(®  UN Environment Assembly (2022), Resolution adopted by the United Nations Environment Assembly on 2 March 2022 - End plastic
pollution: Towards an international legally binding instrument, UNEP/EA.5/Res.14, Nairobi.

()  See Japanese Ministry of the Environment (2021), G20 Report on Actions against Marine Plastic Litter — Third information sharing
based on the G20 implementation framework: 2021, 2" edition, Tokyo (https://www.env.go.jp/content/900505935.pdf).

©® See Group on Earth Observations, Blue Planet initiative (undated), ‘Marine Litter’ (https:/geoblueplanet.org/marine-litter/).

©® See UNEP (2021). ‘Global Partnership on Marine Litter (GPML) digital platform’, presentation
(https://wedocs.unep.org/handle/20.500.11822/37070)
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2.2 Harmonising the monitoring framework under the Marine Strategy Framework
Directive

Harmonisation of monitoring approaches, in particular for sampling design, marine litter categories, analysis
techniques and data reporting, is vital to combine and compare datasets. Numerous international and national
frameworks are working on developing harmonised approaches to marine litter and microlitter (e.g. the UN,
the RSCs, the National Oceanic and Atmospheric Administration (NOAA)); at the European level, a major effort
is represented by the TG ML.

The aims of marine litter monitoring in the MSFD framework are to:

1. generate compatible and comparable data for each marine environmental compartment to allow
spatial and temporal trend analysis;

2. identify the main marine litter sources to support the development of mitigation measures;

3. assess whether GES has been achieved or maintained, and if environmental status is improving,
remaining stable, or deteriorating;

4, assess the progress towards achievement of environmental targets and the effectiveness of
mitigation strategies.

Monitoring may have different aims and purposes at different stages of the management cycle; however, the
harmonisation of monitoring frameworks is fundamental to inform policy and support the implementation of
the MSFD towards provisions such as reduction targets, the definition of threshold values, and the
determination of GES, based on compatible and comparable quantitative data and assessments.

This updated guidance on monitoring marine litter is intended as a tool to aid EU Member States in complying
with the new decision requests by presenting the state of the art in methodologies for marine litter
monitoring. EU Member States’ efforts, research developments and the involvement of non-governmental
organisations (NGOs) in the last few decades, have indeed increased the level of maturity of the diverse litter
and microlitter methodologies used during the monitoring processes (see Section 2.5), creating a base for
harmonisation and comparability of results, through regional cooperation, as requested by Article 6 of the
MSFD. Furthermore, the MSFD requires an approach that generates information and data of sufficient quality
and comprehensibility through incorporating QA/QC approaches into the different stages of the monitoring
framework (i.e. from the definition of monitoring programmes to the reporting stage). The respective chapters
elaborate on the QA/QC aspects relevant to each marine compartment. The EU Member States’ adoption of
the Joint List of Litter Categories for Marine Macrolitter Monitoring (Fleet et al,, 2021) is considered in the
monitoring approach presented, and this will pave the way for the consistency, compatibility and
comparability of assessments of D10C1 under the MSFD.

2.2.1 Spatial distribution of survey sites — site selection strategies

The strategy for selecting survey sites is related to the purpose and design of the monitoring. It has
implications for the monitoring analysis, affecting the comparability of monitoring programmes even if the
same sampling methods are used.

Site selection may depend on many characteristics, such as the potential land and sea sources of marine
litter, pathways, potential accumulation areas and the presence of protected areas or areas of particular
environmental or social value. Another strategy is the random selection of sites that may meet certain
requirements based on the purpose of the monitoring. In this sense, Commission Decision (EU) 2017/848
specifies the environmental compartments to be selected and, where possible, prioritises areas that provide
information on potential sources of marine litter (see Box 2.1).

It should be ensured that survey sites are representative of the state of litter in the study area, regardless of
the other characteristics considered in their selection. Replication is necessary to assess the intrinsic variability
of litter abundance and distribution in the study area. The determination of the locations and the minimum
sample size are still under discussion for some of the methods and environmental compartments. In these
cases, priority should be given to monitoring programmes that focus on measuring the state of the
environment and the spatial and temporal trends that allow for their statistical evaluation.

The selection of marine litter monitoring sites can be compatible with their integration into other studies or
monitoring programmes or can be made through opportunistic sampling as a cost-effective approach (e.g.
visual observations from ferry lines, seafloor litter monitoring as part of scientific trawl surveys for stock



assessment), seeking a compromise between representativeness for marine litter monitoring and the
opportunity to reduce costs. However, it is essential to analyse their suitability for marine litter monitoring,
together with the trade-off between the representativeness of monitoring and the opportunity to reduce
costs.

2.2.2 Quality assurance / quality control approaches

Implementing QA/QC processes provides measures to improve the rigour and the quality of data and results
(Erickson et al., 1991). Data and information generated from the assessments should be of sufficient quality
to answer policy questions and facilitate decision-making. Incorporating harmonised QA/QC approaches
should ensure the quality and integrity of marine litter monitoring data at all stages of the monitoring
programme (i.e. from monitoring programme design to storage and reporting of data and information).

The approaches and measures used in QA/QC may vary depending on the stage of the monitoring
programme, the method used or the marine environmental compartment addressed. Elements such as
harmonising terminology to reduce inconsistencies have been developed for macro litter items in the Joint
List of Litter Categories for Marine Macrolitter Monitoring (Fleet et al., 2021). Reference materials and inter-
laboratory comparisons (e.g. the quality assurance of information on marine environmental monitoring in
Europe project (QUASIMEME) (van Mourik et al., 2021), the Joint Research Centre (JRC), the Bundesanstalt fiir
Materialforschung und -prifung (BAM)) are essential for ensuring accuracy and reliability and identifying and
addressing biases to improve the quality of microlitter measurements. Currently, inter-laboratory comparisons
targeting microlitter are in the early stages, but are expected to be further developed in the coming years.
Specific recommendations for sampling and data processing are detailed for each marine environmental
compartment in the subsequent chapters of this guidance document.

Four general aspects should be considered when adopting QA/QC measures at different phases of the design
of monitoring programmes.

e Harmonised operational procedures. This should include the design of the monitoring, the
selection of methods to ensure that data are comparable, and the specification of procedures and
responsibilities through protocols or field manuals.

e Harmonised terminology. The use of common terminology (e.g. litter item categories, litter
characteristics) will reduce inconsistencies in data reporting and allow comparison of results between
regions and marine environmental compartments.

e Management and traceability. Management and traceability systems should be implemented in
the different phases of the monitoring programme to control, plan and manage the tasks of the
monitoring programme.

e Control and evaluation of critical phases. Systematic quality checks and random assessment
evaluations should be in place at each stage of the monitoring programme to detect potential
failures or errors (e.g. checking data in report against raw data).

However, a complete discussion of specific QA/QC procedures at all phases of a monitoring programme is
beyond the scope of this report.

2.3 Data requirements for monitoring

Monitoring programmes should follow the practices set out in their data management policy/strategy for
handling collected or generated data that can be used for reporting and decision-making. In addition to
ensuring data management and security, these practices should support comprehensive data analysis and
quality and control requirements to ensure that the data meet the requirements of the MSFD.

This guidance document provides recommendations on data collection and units (i.e. standard categories of
items), but it is beyond the scope of this guidance to provide specific recommendations on data handling and
reporting.

2.3.1 Data units

The data’s recording, format and units may vary depending on the questions to be answered and the
sampling methods used in each marine environmental compartment. Commission Decision (EU) 2017/848
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sets out the units of measurement to be reported for each D10 criterion under the MSFD in the decision’s
‘Specifications and standardised methods for monitoring and assessment’ sections (Box 2.2).

The data should also be accompanied by auxiliary data that describe a dataset and the monitoring process
(ie. metadata). Metadata used in monitoring activities typically include three types of metadata:
administrative metadata (e.g. unique identification, date, location, surveyor/scientist responsible, keywords),
technical metadata (e.g. equipment used, opening, exposure, file format) and descriptive metadata (e.g.
environmental variables, short description). Information on the specific metadata requirements for each
method is provided in Chapters 3-8.

Box 2.2. Units of measurements for the MSFD D10 criteria, as specified in Commission Decision
(EU) 2017/848
Primary criteria
D10C1 - ‘Amount of litter per category in number of items;
= per 100 metres (m) on the coastline,
= per square kilometre (km?) for surface layer of the water column and for seabed'.
D10C2 - ‘Amount of micro-litter per category in number of items and weight in grams (g):
= per square metre (m?) for surface layer of the water column,
= per kilogram (dry weight) (kg) of sediment for the coastline and for seabed'.
Secondary criteria

D10C3 - ‘Amount of litter/micro-litter in grams (g) and number of items per individual for each species in
relation to size (weight or length, as appropriate) of the individual sampled’.

D10C4 - ‘Number of individuals affected (lethal; sub-lethal) per species’.

2.3.2 Data handling and reporting

Data handling and reporting of MSFD marine litter data refer to raw and interpreted data (information): data
on the occurrence and composition of litter (Article 8), on progress towards GES (Article 9) and targets (Article
10), and on the impact of measures and actions (Article 13). The separation between raw data and
interpreted information offers a basis for interpreting the Directive’s phrase ‘data and information’ in Article
19(3).

The content and formats used for the reporting are agreed upon by the European Commission and Member
States in the context of the MSFD Common Implementation Strategy (MSFD CIS). The discussions are dealt by
the Working Group on Data, Information and Knowledge Exchange (WG DIKE) and steered by the EC
Directorate-General for Environment (DG ENV) and the European Environment Agency (EEA).

Data are often made available through data infrastructures, such as the European Marine Observation and
Data Network (EMODnet), following the principles and legal requirements of the Infrastructure for Spatial
Information in the European Community (INSPIRE). Other platforms or infrastructures are also involved in
collecting marine litter data relevant to the MSFD at different levels (e.g. at the national or regional level),
establishing coordinated linkages and collaboration between the different data infrastructures.

2.4 Cost and efforts needed for marine litter monitoring

Marine litter monitoring requires efforts and resources that depend on the priorities/scope set during the
design of the programmes. An important factor determining the costs of marine litter monitoring is the
marine space that is planned to be monitored and its influence on the management measures. For example,
monitoring beach litter in remote and inaccessible beaches is more costly and requires more effort than
monitoring easily accessible ones. Similarly, monitoring seafloor litter in deep waters (e.g. > 800 m depth)
requires substantial infrastructure, equipment and know-how, which increase the costs. Decision-making tools
may help design effective and efficient monitoring programmes (e.g. to determine the spatial and temporal
resolution needed or possibilities for the integration of techniques). Cooperation between Member States in
the execution of monitoring programmes, the use of EU services/data products (e.g. Copernicus products) and

11




joint monitoring with other ongoing programmes (e.g. the International Bottom Trawl Survey (IBTS)) are some
examples of optimally using resources to reduce monitoring costs.

The main points that need to be taken into consideration for a cost-effective monitoring programme are
summarised below.

Technological improvements for marine litter monitoring are expected to improve data quality and accuracy,
increase the spatial coverage of monitoring and lead to faster data acquisition. Nevertheless, to date, the
development of such methods has still not reached the desired level of integration in the monitoring
programmes, as, in many cases, they are considered high cost. This is the case for aerial imaging of floating
macro litter and the use of autonomous underwater vehicles (AUVs) for deep seafloor litter monitoring. For
microlitter monitoring, laboratory equipment is another factor affecting the overall costs, especially if
targeting the identification of microlitter of < 300 um.

Although many D10 criteria require scientific expertise, sophisticated equipment, and the use of ships, there
are certain cases in which volunteers and citizens can be trained in marine litter monitoring. This is the case
for beach litter monitoring. Through citizen science and community engagement programmes a high level of
spatio-temporal monitoring coverage can be achieved in a cost-effective way. The engagement of citizens is
expanding to groups of divers for monitoring the shallow seafloor. As with any citizen-science-based
programme, thoughtful design and ongoing quality control are essential elements of success, but Member
States should support and validate the data generated for the requirements under the MSFD.

The integration of marine litter monitoring into other monitoring programmes is encouraged. For seafloor
litter in trawlable areas (soft bottoms), the integration with trawling for monitoring fish stocks (e.g. IBTS; see
Kammann et al., 2017) is already a common approach in most Member States. Unfortunately, this is not the
case for the Mediterranean region, resulting in a severe data gap for this region (*°). For the shallow seafloor
and/or rocky bottoms, integration should be sought with other monitoring programmes related to the
sublittoral zone (e.g. Nature 2000, introduced by the Habitats Directive 92/43/EEC) and to the monitoring for
the needs of Descriptors 1 and 6 (see, for example, Angiolillo et al., 2023).

Monitoring of FMML and floating marine microlitter can be integrated into the monitoring programmes of
other Descriptors that make use of ships, such as those for Descriptors 1, 4, 5 and 8. For floating macro litter,
visual observations from ferries have been used by many Member States; however, these require a large
workforce. For macro litter and microlitter in biota, the same approach can be followed (e.g. integration with
other monitoring programmes collecting fauna). For microlitter ingestion by fish, monitoring can be done
through integration with the IBTS trawling programme and subsequent sharing of fish samples. For other
kinds of animals (beached turtles or birds), integration should be sought with Descriptor 1 and/or with specific
networks and NGOs that record and handle beached animals, including protected species. Therefore, only
authorised people should handle live and dead animals or parts of them.

Re-designing the monitoring programme on a 6-year cycle is envisaged, although improvements may be
made if possible. Based on the experience and knowledge obtained from previous cycles, a more cost-
effective programme can be designed by updating the selection of monitoring sites and spatio-temporal
coverage, by improving integration with other programmes and by fine-tuning monitoring practices.

Details on monitoring costs of or the effort required for specific protocols are provided in the subsequent
chapters. A general summary of the estimated cost per year, the effort per survey and the level of expertise
for each of the protocols proposed in this guidance is given below (Table 2.1). Please note that these are very
rough estimates, as the staff and equipment costs vary considerably across countries.

(*®) See EMODnet (2021), ‘European sedafloor litter standardized, harmonized and validated datasets 2006/2021 v2021’
(https://sextant.ifremer.frirecord/72155279-1315-48ce-99a1-48a957ed599b/)
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Table 2.1. Summary table of estimated costs of and effort needed in applying different protocols on a three-step scale.

Estimated cost-effort and level of expertise

Marine Beach FMML Seafloor Mesolitter = Microlitter Biota
compartment and
pellets
MSFD criteria D10C1 = D10C1 D10C1 D10C1 and @ D10C2 D10C3 D10cC4
D10C2
Protocol
S 3
= = _ 5 & 5 L g £ g
= kS 2 B o & B g 3 2 g
3 © o @ = 5 @ £ € c S
S =} T ° © o ° I} ° | 2
= - D 5 = = = o = %) 1S & S (_ut; %) o
s — 5 = o = 5 o 8 S - e 0 ) > 0 £ E 2
< < ) =] < = =) ] (&) a S S D £ & = E k=) =
7 7 & = 7 = & 3 = 3 @ o = = < o E 5 s =
= s E 52 s = E & a & & & = s i s PE & &
Estimated Collection L/M L H M/H MH | LM H LM (® L/M M LM®  MH  MH H L L M M M
cost of samples (°YH
Analysisof | LIM(®) = M/H MH | MH MH L M L M/H MH M M M M H H L L L
samples
Equipment | L L H H M M H L M/H MH M L L L M/H M/H L L M
required
Estimated Working — LM M MH | MH LM | LM M/H M MHE  MH MH(E M M M M/H M/H L L L
effort hours ® ® ©)
required
for sample
collection
and
analysis
Required Sampling LM LM H H HM | LM H LM M/H MH M M M M H H L L L/M
expertise
Analysis M H M M L L M M M/H MH = MH M M M M/H M/H L L L
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Statistical M M M M M M M M M M M M M M M M L/M LM L/M

analysis
Potential VT, P P P P P P P VT, P P P P VT, VT, P VT, P P P VT, P VT, P P
performers P
® Depending on litter quantities.
®) If ships of opportunity are used.
© Depending on microlitter quantities and the method of analysis used.
NB: For cost per year, L = low (EUR 1000-10000), M = medium (EUR 10000-50000) and H = high (EUR 50000-100000). For effort per survey, L =low (< 8 working hours), M = medium (8-40 working hours)

and H = high (> 41 working hours). For required expertise, L = low (trained personnel without specific professional formation), M = medium (trained personnel with specific professional formation) and
H = high (high expertise and special skills required). For potential performers, VT = volunteers and P = professionals.

Source:  Adapted and updated from Galgani et al. (2013).
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2.5 General overview of protocols

The methods/protocols presented in this update of the guidance are the results of the last years of
development of methodologies for monitoring the environmental status and measuring progress toward GES.
These protocols must be effective in assessing progress towards targets and measuring the impact of
measures. Moreover, protocols need to be flexible enough to be integrated into combined monitoring
programmes and to continue to address changes triggered by the implementation of specific measures.

Monitoring methods that provide high-level detail may be more suitable for addressing measures related to
specific litter types, for instance monitoring beach litter by using a detailed categorisation of the litter items.
However, other proposed protocols may be applied or combined where limitations or incompatibilities exist,
thus offering approaches that can enable the assessment of targets linked to trends or measures.

Table 2.2. provides an updated overview of the available protocols, from the previous guidance (Galgani et al,,
2013) to support the appropriate selection of protocols based on the following characteristics:

o The level of maturity refers to the extent to which the protocol/method has been tested and
systematically applied in different regions for a period. The following scale has been used to
categorise the maturity of protocols: high, when the protocol has been applied systematically for
more than a decade and extensively in one or more regions, medium, when the protocol/method has
been applied systematically in a few countries/regions for less than a decade; and low, when the
protocol/method is under development/has been only tested in a couple of pilots.

e The level of detail generated is the potential of the protocol/method to generate details and
information in terms of the material, nature and purpose of the items sampled, which can be
attributed to specific and distinct sources.

e Geographical applicability refers to the potential of the protocol to be applied in any geographical
arealregion.

e The main limitations are the key aspects inherent to the protocol and/or factors that can limit its
applicability and/or generation of reliable and comparable data.
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Table 2.2. Updated overview of monitoring protocols.

D10 Marine
criterion environment
matrices

D10C1 Beach

Floating

Floating

Floating

Floating

Seafloor (shallow)

Seafloor

Method/protocol

Visual/ collection

Visual

Automated camera
survey

(imagery)

Aerial (aircraft) survey
(visual)

Aerial (unmanned
aerial vehicle) survey

Visual

Bottom-trawl surveys

Level of maturity
(development compared
with previous guidance)

High (maintained)

High

(maintained - improved
with the use of dedicated
apps)

Medium

(increased - in
development)

Medium
(increased)

Low
(in development)

Medium

(maintained)

High

(increased —
systematically applied
for more than a decade)

Level of detail generated

High (size = 2.5 cm)

Medium (size > 2.5 cm)

Low/medium/high (depending on the

dispositive/camera and platform used

(height and resolution))

Low (size > 30 cm)

Medium/high (depending on the
dispositive/camera used (height and
resolution))

Medium

Medium
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Geographical
applicability

High

High

High

High

High

High

Medium

Limitations

Distribution and accumulation of
litter may be affected by weather
and sea conditions

Variability among sites

Observations affected by weather
and sea conditions

Still needs to be adapted for
routine use

Depends on good weather and sea
conditions

Analysis can be time-consuming

Depends on good weather and sea
conditions

Focused on large floating macro
items

Depends on good weather and sea
conditions

Analysis can be time-consuming

Restricted to accessible areas

Restricted to flat and smooth
bottoms, in continental shelves

Affects the seafloor structure



D10 Marine Method/protocol Level of maturity Level of detail generated Geographical Limitations
criterion environment (development compared applicability
matrices with previous guidance)
Seafloor Video imagery Medium Medium Medium - .
(maintained) Affected by turbidity conditions
D10C1- Mesolitter and Beach sediment Low Medium Medium Restricted to sandy beaches
D10C2 pellets (in development) Sg:;fgs;() sandy Distribution and accumulation of
litter may be affected by weather
and sea conditions
Variability among sites
D10C2 Floating Water Medium/High Medium/ High High Affected by weather and sea
microlitter manta trawl (increased — (depending on the mesh size: usually conditions
systematically applied 300 pm) .
for more than a decade) Clogging problems
Potential contamination from the
vessel and tow rope fibres
Seafloor Sediment collection Medium High (size > 20 um) Medium Limited representativeness
microlitter (increased) (only in soft . .
sediments) Restricted to soft sediments
Beach microlitter Beach - collection Low Medium/ High Medium Restricted to sandy beaches
gg;?gs;o sandy Distribution and accumulation of
litter may be affected by weather
and sea conditions
High variability among sites
D10C3 Biota Seabirds (ingestion) High Medium (size > 1 mm) Medium Depends on availability of dead

(maintained)
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seabirds

Affected by feeding selectivity and
behaviour

Depends on geographical coverage
of species



D10 Marine Method/protocol Level of maturity Level of detail generated Geographical Limitations
criterion environment (development compared applicability
matrices with previous guidance)
Turtles (ingestion) Medium/high Medium (size > 1 mm) Medium Depends on availability of animals
increased . .
( ) Affected by feeding selectivity and
behaviour
Depends on geographical coverage
of species
Marine mammals Low Medium (size > 1 mm) Medium Depends on availability of animals
ingestio maintained . .
(ingestion) (maintained) Affected by feeding selectivity and
behaviour
Low rates of ingested litter
Depends on geographical coverage
of species
Fish (ingestion) Low Medium High Depends on geographical coverage
(maintained) of species.
Level of maturity (low)
Mussels (ingestion) Low Medium High Level of maturity (low)
(maintained)
D10C4 Biota Turtles and marine Low Low/medium Medium Depends on availability of
mammals (maintained) entangled animals
(entanglement)
Seabirds (nesting Medium/low Low/medium Medium Depends on geographical coverage
materials) (increased) of species.
Benthic organisms Low/medium Low/medium Medium Depends on geographical coverage
of selected species.
Source:  Adapted and updated from Galgani et al. (2013).
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3 Beach macro litter

3.1 Introduction

Within the MSFD (Directive 2008/56/EC) and Commission Decision (EU) 2017/848, criterion D10C1 has been
defined as ‘The composition, amount and spatial distribution of litter on the coastline, in the surface layer of
the water column, and on the seabed, are at levels that do not cause harm to the coastal and marine
environment’. This criterion refers to items larger than 5 mm (macro litter and mesolitter). Moreover, the
MSFD requires, when feasible, the collection of information on the sources and pathways of marine litter to
pinpoint the prioritisation and elaboration of targeted prevention, reduction and mitigation measures. In
addition to identifying tailor-made management approaches, the MSFD requires assessment of their
effectiveness to feed into the decision-making process of the subsequent MSFD implementation cycles.

In September 2020, the Commission published a threshold value for marine macro litter (> 2.5 cm) on
coastline, paving the way for reducing harm to European regional seas from beach litter to a sufficiently
precautionary level. EU Member States’ experts have agreed that the median value of beach litter within a
country subregion has to be less than 20 items per 100 m of coastline to stay under the threshold as part of
GES for marine litter (van Loon et al., 2020). The reduction of beach litter in Europe in order to move towards
achieving GES requires a combination of efforts at different levels. These include legislative measures at the
EU level, such as the European Plastics Strategy (European Commission, 2018), the Single-Use Plastics
Directive (**), the Water and Waste policies, the Green Deal and the Circular Economy Action Plans; measures
in the context of the European Regional Seas Conventions and Action Plans against marine litter; national
initiatives ranging from the country level to the municipality levels, including awareness-raising targeting
different societal actors.

3.1.2 Background and state of the art

Beach surveys for macro litter assessment are the most common marine litter monitoring (Ryan et al., 2009).
Litter monitoring on the European Regional seas’ coasts has developed from several community-based
campaigns, mostly of NGOs (Galgani et al., 2013). Originally designed to heighten public awareness or make a
simple assessment of the magnitude of the problem, they have developed over the past 40 years into a tool
for monitoring litter washed ashore and/or deposited on beaches (e.g. Schulz et al., 2015). In 2013, the MSFD
TG ML published operational guidelines on how to monitor beach macro litter on the European coastline to
address the need for obtaining harmonised beach macro litter data and support Member States in setting up
their beach macro litter monitoring programmes (Galgani et al., 2013). Indeed, the comparison of beach litter
data among assessment programmes and Member State is one of the aims of the MSFD. While some
Member State already have beach litter monitoring programmes in place (e.g. countries in the Helsinki
Commission (HELCOM) region and those in the Convention for the Protection of the Marine Environment of the
North-East Atlantic (OSPAR) region; Schulz et al., 2013; HELCOM 2020), other countries only recently started
to set up their marine litter monitoring programmes within the context of the MSFD (e.g. Italy; see Fortibuoni
et al, 2021).

Most beach litter protocols that were used on European coasts during the first MSFD cycle focused on the
collection and visual identification and classification of litter items found at shoreline sites. However, the
protocols applied in some countries differed in terms of sampling units (type, size and positioning criteria),
frequency and timing of the surveys, size limits for and classes of litter items to be surveyed, classification
lists and quantification units (number, weight or volume of items per stretch of coastline or per surface area
of coastline) (Hanke et al,, 2019). The application of several protocols between and within European Regional
seas made it difficult to compare data.

In 2017, within the TG ML and with the support of EMODnet, the first pan-European beach litter dataset for
2012-2016 was compiled and analysed to derive baselines for the MSFD (Hanke et al,, 2019). The analysis
involved data from 22 European countries and four marine regions. Data from 3063 surveys performed on
389 European beaches were considered. The biggest challenge faced during the data compilation phase was
dealing with the heterogeneity of data formats, data quality and protocols used during the beach surveys. The
outcomes of this analysis were considered in the revision of the beach macro litter monitoring guidance. One

(*) Directive (EU) 2019/904 of the European Parliament and of the Council of 5 June 2019 on the reduction of the impact of certain
plastic products on the environment (OJ L 155, 12.6.2019, p. 1).
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of the key findings was that five litter item classification lists were used, each featuring different levels of
litter item category aggregations and total category numbers (Hanke et al.,, 2019). In response, the Joint List
of Litter Categories for Marine Macrolitter Monitoring was prepared by the TG ML in close collaboration with
Member States and the RSCs (Fleet et al,, 2021). This list is based on a hierarchical system that facilitates the
recording of litter items at different levels of detail. This enables the compatibility and comparability of
results obtained through different marine litter recording schemes used for beach litter or those performed in
other compartments of the marine environment (Fleet et al,, 2021). The benefits of comparable data (also
linked to the implementation of large-scale policy measures against litter) are evident. Indeed, in recent years,
cooperation among the RSCs and the EU Member States led to a better harmonisation of data collected under
different policy and legislative frameworks; a comparison of the latest versions of the different protocols
(Table 3.1) shows an overall alignment of the most critical aspects, even if there is still room for improvement
and additional efforts are needed. This chapter represents a further step towards harmonising the monitoring
of litter on the coastline among Member States and the RSCs.

3.2 Scope

The TG ML has evaluated existing methods for monitoring litter on the coastline regarding their capacity to
meet the MSFD requirements. The TG ML recommends a harmonised method that can be applied to assess
beach litter in all European Regional seas, thus ensuring the consistency, compatibility, and comparability of
monitoring data from coastal assessments of litter within and among regions. In this chapter, the
methodology for conducting beach macro litter surveys within the MSFD is thoroughly described, and QA/QC
aspects are addressed. In addition, an overview of other beach macro litter survey methods is presented.
3.3 Definitions and terminology

e Macro litter. Litter items larger than 25 mm in the longest dimension, with no set upper limit.

e Mesolitter. Litter items from 5 mm to 25 mm in the longest dimension.

e Microlitter. Litter items smaller than 5 mm in the longest dimension, with no set lower limit

e Monitoring campaign. The long-term process of carrying out one or more surveys in one or more
survey sites with a certain frequency and within a given time period.

e Monitoring programme. A national or regional scheme for monitoring and assessing marine litter
pollution.

e Monitoring protocol. A detailed description of the procedural method for monitoring marine litter
pollution, including a reference list of litter types.

e Monitoring strategy. It outlines the survey sites and the associated survey sites selection criteria,
the timing and frequency of the surveys, and the survey method.

e Sampling unit. A fixed section of coast covering the whole area from the water edge to the back of
the beach (base of dunes, cliff, vegetation line or human artefacts), where the survey is carried out.

e Survey (or sampling). The process of recording data related to a sampling unit at a given time.

e Survey site (or sampling site). A beach or section of a large beach chosen for placing one or more
sampling units.
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Table 3.1. Comparison of the main aspects of the different beach macro litter monitoring protocols adopted by the MSFD TG ML (this guidance) and the RSCs (i.e. OSPAR, HELCOM, the

Barcelona Convention and the BSC)

Materials /
main
categories

List and item

Litter size :
categories

>25cm

Plus 15

Reporting unit

Survey
frequency
and
timing

Sampling unit
definition

A fixed section of

Sampling
unit length

Selection of beaches (partial)

The beaches should be spatially

categories of AP, R, C/T, P, Joint list (Fleet Four times  P€ach from the Urban, semi-  stratified to reflect:
EU MSFD (1) litter that are  WW, M, G/ICE, 2021) Items/100 m 2 vear water's edge to the 100 m Yes urban, remote/ - different pressures and different
always CH, O F 183 categories y back of the beach natural levels of exposure;
recorded, even (obstacles) — different development and
if<25cm urbanisation levels.
5 “ C\;PW RM C’GP’CE ﬁef:((;idff:r??;e()f The survey sites should be
>5mm » M, G, CE, i i i i
OSPAR (2) SW. MW OSPAR list . ltems/100 m Four times water's edge to the 100 m Yes representative of the litter sources.
' 126 categories ayear The beaches should not be subject to
back of the beach : - S
any other litter collection activities.
(obstacles)
Different coding A fixed section of . . .
AP, R, C/T, P, lists (Joint list, Three beach from the Urban, semi- f‘;ﬁ:sz?anrec:)eeﬁz 1S ngézglggzdi;n
HELCOM (3) >5 mm WW, M, G/CE, OSPAR (2010) Items/100 m times a water’s edge to the 100 m Yes urban, remote/ 9 g pr
frequented by few visitors. Beaches
u or MARLIN year back of the beach natural are preferably in rural areas
(2013)) (obstacles) P y :
AP, R, C, P, At least /l;\ef;)t(:?]dffgfr: Ift)r?eOf
Barcelona WW, M, G, C, IMAP list Items/100 m and . , Urban, peri- The beaches should not be subject to
. >5mm c | 2 two times  water’s edge to the 100 m Yes : - L
Convention (4) SW, MW, F, 131 categories: items/m urban, rural any other litter collection activities.
PW ayear back of the beach
(obstacles)
BSC n/a n/a n/a n/a nla n/a n/a nla n/a n/a
® Only items > 2.5 cm are used for assessment.
NB: AP, artificial polymer materials; C, cloth; CE, ceramic; CH, chemicals; F, faeces; G, glass; IMAP, integrated monitoring and assessment programme of the Mediterranean Sea and coast and related

assessment criteria; M, metal; MW, medical waste; U, undefined; n/a, not available; P, paper/cardboard; PW, paraffin/wax; O, organic food waste; R, rubber; SW, sanitary waste; T, textile; WW,
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processed/worked wood. In dark green are the aspects that are fully harmonised; in light green are the aspects that are partially harmonised but still not fully in line; in orange are the aspects that have
been addressed but would require additional effort to become harmonised.

Sources: (1) This guidance; (2) OSPAR Commission (2020); (3) HELCOM (2021); (4) UNEP/MAP (2019).
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3.4 Marine Strategy Framework Directive methods for beach macro litter
surveys

Capitalising upon the lessons learned from implementing the first MSFD cycle, the following protocol for
carrying out beach macro litter monitoring has evolved.

3.4.1 Monitoring strategy

3.4.1.1 Survey site selection

Survey sites should, whenever possible, have the following characteristics:

e aminimum length of 100 m along the water edge (i.e. sufficient to have at least one sampling unit);

e composed of sand or gravel;

e low to moderate slope;

e clear access to the sea (not blocked by breakwaters or jetties);

e accessible to survey teams year-round.

Within the above constraints, the location of survey sites should be spatially stratified to reflect:

o different pressures and different levels of exposure to litter (e.g. close to river mouths, close to
harbours/marinas, presence of touristic facilities nearby);

o different development and urbanisation levels, including a balanced mix of urban, semi-urban, and
remote/natural beaches (Table 3.2 and Figure 3.1).

Table 3.2. Main characteristics of different beach typologies representing different levels of urbanisation.

Environment Accessibility Habitation and Services and
accommodation facilities
Urban Located in front of urban Accessible by both Large population and Extensively
areas, with a wide range of | public and private large-scale residential developed range of
well-established public transport and tourist services and facilities
services (shopping areas, accommaodation provided for beach
business districts, etc.) users
Semi-urban Located in the Accessible by both Small residential A reduced range of
surroundings of the urban public and private populations and/or many = services and facilities
areas, adjacent to or within  transport beach users during the provided for beach
a small coastal town with bathing season; presence = users
small-scale community of accommodation
services facilities (hotels, bed and
breakfast, campsites)
Remote/natural Remote and natural Accessible by Absence of residential Absence of services

NB: The table is indicative, and some deviations may occur.

environment, located away
from small towns or
villages, a predominance of
natural elements and
absence of community
services

private transport,
boat or walking;
includes those
beaches that are
closed to the public
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Figure 3.1. Examples of survey sites in Italy characterised by different level of development and urbanisation: (a) urban, (b)
semi-urban and (c) remote/natural.

(@) (b) ©)

urce: Maps data - Googl,‘©2019.

The survey sites should be the same as those monitored in the first MSFD cycle to compare results over time.
It is possible to replace one or more of the survey sites among those monitored until 2020, but only in the
case of profound changes that make it impossible to monitor a site indefinitely (destruction of the coast, new
positioning of breakwaters, inaccessibility, etc.). Changes should be kept to a minimum, and, where possible,
the new monitored survey sites should have the same characteristics as the original ones. New survey sites
can be established, by applying the selection criteria above, if this increases the representativeness of
beaches at the country-region level. It is of utmost importance that the characteristics of their survey sites
and any changes in the characteristics are recorded and saved for future reference (see below and Annex | -
‘Survey site (beach) Identity Form (Al)").

There is no agreed statistical method for recommending a minimum number of survey sites represent a
certain length of coast, a specific region or a country. It depends on the purpose of the monitoring, the
geomorphology of the coast, the number of sites available that meet the criteria presented above, and trade-
offs between available resources and monitoring needs. The sampling effort necessary to assess litter
concentrations within a given region is, for instance, dependent on the desired level of detection (i.e. to detect
small-scale spatial differences in litter quantity and composition, more sampling sites are required) and the
heterogeneity of pressures.

It is proposed that beach litter surveys should be performed in at least four survey sites within a country-
subregion (e.g. France — western Mediterranean Sea). This approach (four surveys per year in four survey
sites) is in compliance with the method for assessing the threshold value for beach litter and would provide a
sufficient number of surveys (over 40) within a 3-year period (van Loon et al.,, 2020).

It should be highlighted that all necessary precautions should be taken to ensure that surveys will not pose
any threat to endangered or protected species such as sea turtles, shorebirds, marine mammals, or sensitive
beach vegetation/habitats. In many cases, this could exclude protected areas from survey areas; however, this
will depend on local management arrangements.

3.4.1.2 Survey site metadata

For each survey site, metadata on the characteristics of the site should be recorded and saved to facilitate
the analysis and interpretation of results. Using the form provided in Annex | — ‘Survey site (beach) identity
form (Al) is suggested. This form needs to be filled out once for each survey site and then updated if
significant changes to the characteristics of the site occur (e.g. creation of a new residential area nearby).

The information that should be recorded for each survey site includes the following (see Annex | — ‘Survey site
(beach) identity form (Al)’ for metrics and units):

o the total length of the coast/beach;
o the latitude and longitude of the central point of the beach (to identify the position of the beach);
e degree of urbanisation (urban, semi-urban, remote/natural);

o features related to the back of the beach (i.e. cliffs, dunes, rocks, forest, bush, crops, fields, built-up
area, road, other);

o features related to the development behind the beach (e.g. camping, road, hotels);
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e the main orientation of the coast/beach (i.e. the direction the coast is facing when looking from the
coast to the sea);

e coastline curvature (i.e. linear, concave, convex or sinusoidal);

e beach substrate (i.e. percentage of sand, pebbles, rocky coast);

e objects in the sea that influence the currents (e.g. reefs);

o beach slope (i.e. level, gentle slope, moderate slope, steep slope);
e heach access (i.e. pedestrian, vehicle, only boat);

e heach usage (e.g. tourism and recreation, fishing) indicating for each usage if it is primary or
secondary and whether it is seasonal or not;

e estimated number of people using the beach (seasonal average);

e any other relevant information (e.g. an incidental large-scale touristic event such as a surfing
competition which may create a litter peak).

Some of this information can be obtained from maps and similar sources (e.g. Google Earth™ images),
although this information should be checked by direct observation at the site. The collection of metadata
would ideally be a task for a national or local coordinator of the beach litter surveys, who can access the
required information and collect the information in a uniform way for all beaches.

3.4.1.3 Survey frequency and timing

Preferably four surveys per year should be carried out for each survey site. The proposed periods in which the
surveys are to be performed are the following:

e winter - January
e spring - April

e summer - July

e autumn - October

These periods are more or less evenly distributed throughout the year. However, regional or even local
conditions might prevent the performance of surveys in the periods proposed. Weather conditions (e.g. snow)
in particular could prevent surveys in winter or spring. In addition, a high volume of tourists and extremely hot
weather might hinder surveys in July. Surveys should not be undertaken during periods when there is a risk of
affecting endangered or protected species, such as sea turtles and birds (i.e. nesting period).

While using harmonised monitoring periods among the countries is highly recommended, it is up to the
national coordinators of beach litter surveys to choose the survey periods best suited for their regions.

3.4.1.4 Sampling unit

According to Commission Decision (EU) 2017/848, the unit of measurement for beach macro litter is the
amount of litter per category in terms of number of items per 100 m of the coastline.

The sampling unit is a stretch of coast of 100 m in length covering the area from the water’s edge to the
back of the beach measured at half the actual width as a curved line on curved beaches or a straight line on
straight beaches. Examples of how to measure the length of the sampling units are provided in Figure 3.2(b).
Please note that, if the monitored stretch deviates slightly from the suggested 100 m length, the results must
be normalised to 100 m when reported.

Sampling units should represent the general characteristics of the survey site and the overall state of litter
within it. The sampling units should not be placed on the edges of a beach or on parts of the beach that have
a higher likelihood of accumulating litter. In addition, the sampling unit should not be placed in potential litter
hotspots, such as areas near the entrance of the beach, near coastal parking lots or directly in front of hotels.
Based on these considerations, a set of potential sampling units should be identified and a random selection
of survey units should then be made from this set (e.g. dividing the coast into 100 m sections and randomly
choosing a number of these sections as sampling units) (Figure 3.3). However, existing sampling units from

25



long-running monitoring programmes (e.g. those used for the first MSFD monitoring cycle) should continue to
be surveyed.

Figure 3.2. (a) Sampling unit characteristics and (b) suggested method to measure the length of the sampling unit in
differently shaped beaches

(@)
d~—-- B e >[5
3) a .
PR V _____
/_—'\——.__.__——'_'_‘—____—_—.-'_‘_
(b)
NB: Numbers refer to the following: 1, sampling unit length; 2, sampling unit width; 3, edge of the water; 4 and 5, GPS coordinates

of the sampling unit; and 6, back of the beach.

Source:  Created by the authors.

In heavily littered survey sites (i.e. where a 100 m stretch requires more than 1 day of work to be surveyed)
(Figure 3.4), a smaller sampling unit (at least a 50 m stretch of coast covering the area from the water’s edge
to the back of the beach), representative of the situation, can be monitored. Note that the results must be
normalised to 100 m when reported to obtain comparable results.

Monitoring more than one sampling unit at the same survey site allows an estimation of the sample
variability (e.g. the sample mean and standard error).
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Figure 3.3. Example of how to select the sampling unit(s): once potential hotspots (shaded sections: a, g and |) are
excluded, the sampling unit(s) should be chosen randomly from the remaining 100 m sections of the beach (unshaded
sections b, ¢, d, e, f, h, i and m)

ENTRANCE
OF THE BEACH

“ACCUMULATION
‘ AREA SEA

Source:  Created by the authors.

Figure 3.4. Examples of heavily littered sites.

@ (b)

[

Sources:  Photo credits - (a) VIachoianni, T, and (b) Fortibﬁoni, T

3.4.15 Sampling unit metadata

The same sampling units should be monitored for all surveys planned in the monitoring programme. The
sampling units’ coordinates should be documented (sampling unit start latitude/longitude and sampling unit
end latitude/longitude) (see Figure 3.2(a)). If absolutely necessary (e.g. because of the construction of a tourist
facility), the sampling units can be replaced with new units within the same stretch of coast. In such cases,
new metadata must be recorded. As beach litter distribution is usually heterogenic, even on a small scale, the
replacement sampling unit must be very close to the original one. Coordinates obtained by GPS are useful for
identifying the sampling units; easily identifiable landmarks can be used, provided that their presence and
position are consistently maintained over time.

The following information can be collated once for each sampling unit (using the form provided in Annex Il -
‘Sampling unit identity form (A2)’ is suggested) and, once recorded in a database, can be used for all future
surveys:
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e the sampling unit length, measured along the beach curve at the mid-point between the water’s edge
and the back of the beach (see Figures 3.2 and 3.5);

e the sampling unit width (perpendicular to the shoreline line), defined as the distance between the
water edge and the back of the beach (base of dunes, cliff, vegetation line or human artefacts) and
measured at half its length — beach width should be measured at the mean water level in areas with
small tidal amplitudes and at the mean high tide level for areas with high tidal amplitude (see
Figures 3.2(a) and 3.5);

e start/end GPS coordinates;

e direction of the prevailing winds;

e direction of the prevailing water currents;

e name, distance to and position of the nearest town, and the size its residential population;

o distance to and position of the nearest food/drink outlet and the months in which the food/drink
outlets are present;

e name, distance to and position of the nearest harbour and the type of shipping using the harbour
(e.g. passenger, merchant, fishing, military, recreational);

e name, distance to and position of the nearest river mouth;
e distance to and position of the nearest wastewater or stormwater discharge point;
e distance to and position of the nearest shipping lane and the type and intensity of marine traffic.

Much of this information can be obtained from maps and similar sources (e.g. Google Earth™ images),
although this information should be checked by direct observation at the site.

Figure 3.5. Examples of sampling units starting from the water’s edge and extending to the back of the beach

(@)

NB: In part (a), the back of the beach is defined by the presence of trees and vegetation; in part (b), it is defined by the dunes.

Sources:  Photo credits - (a) T. Vlachogianni and (b) T. Fortibuoni.

3.4.2 Survey protocol

3.4.2.1 Survey metadata

For each survey performed on a sampling unit, the following data should be recorded (using the form
provided in Annex Il - ‘Marine litter monitoring survey form (A3)’ is suggested):

e sampling unit code/name;

e survey date;
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surveyors’ names and contact details;

length of the surveyed sampling unit, which may differ slightly from the suggested 100 m, measured
along the beach curve at the midpoint between the water’'s edge and the back of the beach (see
Figures 3.2(b) and 3.5);

date of the last known cleaning action (e.g. municipality beach cleaning, clean-up days);
weather conditions during the dates of the surveys;

any deviation from the sampling protocol (e.g. transect length reduction or displacement of the
transect, sampling outside the expected period, subsampling) and motivation (e.g. extreme weather
events, flooding, new infrastructures in place);

special circumstances and events that could have caused unusual litter in terms of abundance and/or
type (e.g. clean-up actions, mechanical cleaning, beach party or competition, cargo losses nearby,
extreme weather conditions);

information on any entangled fauna encountered during the survey (details of the organism, nature
of entanglement, live or dead).

3.4.2.2 Litter sampling

To ensure that all macro litter items are recorded in the sampling unit, a systematic sampling approach
should be deployed. Some examples are shown in Figure 3.6. All items found on the surface of the sampling
unit must be recorded (litter items should not be dug up). Items entangled in seaweed or other natural
materials should also be considered.

Figure 3.6. Examples of litter sampling approaches. (a) recommended path, transverse to the water’s edge, (b) different
groups of surveyors can monitor different sections of the transect at the same time, (c) different groups of surveyors
monitoring the whole section but in opposite directions and (d) path parallel to the water’s edge
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Source:

Created by the authors.
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3.4.2.3 Litter size ranges and classification

A lower limit of 2.5 cm in the longest dimension is set for macro litter items monitored during beach surveys.
However, the specific objects listed in Table 3.3 should be recorded in all cases, even if they measure less
than 2.5 cm. An upper size limit has not been established.

Table 3.3. Items from the Joint List that should be recorded during the macro litter surveys even if smaller than 2.5 cm in
the longest dimension
Code  Name
J182 | Metal fisheries-related weights/sinkers, and lures
J178  Metal bottle caps, lids and pull tabs from cans
J195  Metal household batteries
J21 Plastic caps/lids drinks
J100 | Plastic medical/pharmaceuticals containers/tubes/packaging
J22 Plastic caps/lids chemicals, detergents (non-food)
J23 | Plastic caps/lids unidentified
J24  Plastic rings from bottle caps/lids
Jol Plastic biomass holder from sewage treatment plants and aquaculture
J32  Plastic toys and party poppers
J60 | Plastic fishing light sticks / fishing glow sticks including packaging
J257  Foamed plastic packaging
J27 | Tobacco products with filters (cigarette butts with filters)
J131  Rubber band (small, for kitchen/household/post use)

J125 | Rubber balloons
Source:  Adapted from Fleet et al. (2021).

The MSFD TG ML Joint List of Litter Categories for Marine Macrolitter Monitoring (Fleet et al.,, 2021) should be
used for classifying the litter items sampled. Using the most detailed level of the joint list is highly
recommended. The manual for applying the Joint List classification system provides detailed information on
how to classify litter items (Fleet et al,, 2021).

Litter items can be classified and recorded either on-site or in a sheltered place (e.g. a lab) after the sampling
has been completed (e.g. in the case of bad weather conditions and/or heavily littered beaches); however, the
latter approach should be avoided for weathered or fragile items, which can easily disintegrate, potentially
leading to an overestimation of these litter items.

For specific purposes, it may be worth recording additional data regarding litter items (Cau et al,, 2019), for
example:

the expiry date and/or the production date reported on food packaging or other containers;
e the geographical origin of the item if the label or the barcode is readable;
e whether it is deposited in situ or whether it was washed out from the sea;

e weight per material category (i.e. chemicals, clothes/textile, food waste (organic), glass/ceramics,
artificial polymers/plastic, paper/cardboard, rubber, processed/worked wood);

o the size of litter items, since this can provide a link to litter quantities (the manual for the application
of the Joint List of Litter Categories for Marine Macrolitter Monitoring (Fleet et al., 2021) provides
recommended approaches to recording the size of objects).
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3.4.24 Litter removal

All items sampled during the survey must be removed from the sampling unit. The litter collected should be
disposed of properly. Local, regional or national regulations and arrangements for waste disposal should be
followed. Larger items that cannot be removed (safely) by the surveyors should be marked, for example, with
paint spray (that meets environmentally friendly standards) so that they are not counted again in the next

surveys.

3.4.25 Survey equipment and consumables

The following equipment and consumables are recommended when carrying out the surveys:

a hand-held GPS unit (with extra batteries);
a measuring wheel or a 100 m decametre;
flag markers/stakes;
a sturdy 30 cm ruler;

a clipboard and field sheets (one per team) and/or a mobile phone or a tablet for recording litter
items;

pencils and rubbers;

printed list of items (the Joint List codes and hames are recommended);

high-resolution cameras (e.g. digital single-lens reflex cameras (DSLR), mirrorless, smartphones);
protective gloves;

bags to collect the litter (mesh bags can be used for bigger items);

a rigid container and sealable lid to collect sharp items such as needles;

a first aid kit.

Box 3.1 provides practical tips on conducting surveys and Box 3.2 lists safety considerations.
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Box 3.1. Practical tips on monitoring beach macro litter

Print the field form from Annex Ill — ‘Marine litter monitoring survey form (A3). This will ensure
harmonisation.

Items that easily break or get entangled and are weathered must be sorted and classified on-site to avoid
errors.

To record the items one by one, a quick method is to use slashes marks on the litter items recording sheet: in
the example, this approach makes it convenient to count items in groups of five at the conclusion of the
survey.

Litter category 1 “ l
Litter category 2 M H’H H

To speed up the survey, the items can first be grouped into categories according to the Joint List and then
counted together

Arranging the litter types on the field list according to the most frequent items found can facilitate the
recording of the litter items found.

To ensure that the sampling unit’s entire area is sampled and no parts are left out, small flags moved along
the beach during the survey can be used to mark subsections.

Field forms should be entered into a database or digital storage medium (e.g. a spreadsheet) within 3-days of
the field surveys. This will ensure a good recollection of the litter observations and field conditions.

A tablet or smartphone with access to the European Commission’s European Commission’s ‘Online_photo
catalogue of the joint list of litter categories’ web could help the categorisation of the items. Unusual or not
recognisable litter items can be photographed for further evaluation.
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https://mcc.jrc.ec.europa.eu/main/photocatalogue.py?N=41&O=457&cat=all
https://mcc.jrc.ec.europa.eu/main/photocatalogue.py?N=41&O=457&cat=all

Box 3.2. Safety considerations

Safety should be the number one priority during any survey activity. Since this work is carried out in the field,
there are a few inherent hazards. Caution should be used, and the general safety guidelines presented below
should be followed.

Start the monitoring about 1 hour after high tide to prevent surveyors from being cut off by the incoming tide.

Check and avoid circumstances that may lead to unsafe situations for surveyors: heavy winds, slippery rocks
and hazards such as rain, snow or ice.

Wear appropriate clothing (sturdy shoes and gloves) when handling litter, as they may have sharp edges. If
you come across a potentially hazardous material (e.g. oil or chemical drums, gas cans, propane tanks),
contact competent authorities to report the item. Do not touch or sniff the material or attempt to move it.

Large, heavy objects should be left in place. Do not attempt to lift heavy litter items; instead, report them to
the appropriate authorities for removal.

When in doubt, do not pick it up! If the item is potentially hazardous (e.g. ammunition), report it to the
appropriate authorities.

Be aware of your surroundings and be mindful of trip and fall hazards.

Always carry a first aid kit. The kit should include an emergency water supply, sunscreen and bug spray.
Understand the symptoms of heat or cold stress and the actions to treat them.

Make sure to carry enough water.

Carry a means of communication for emergencies, for example, a mobile phone.

Let someone know where you are and when you expect to return.

3.5 Quality assurance / quality control

Implementation of consistent QA/QC practices should be considered early and throughout the beach macro
litter monitoring process, including the monitoring strategy design, the sampling and classification, the data
processing and reporting. Although there are many facets to QA/QC, the most important elements when
surveying macro litter are related to the survey sites’ locations and their respective number, the timing of
surveys, the positioning of the sampling unit on the survey site, the collection and classification of litter items,
the data control and reporting and the metadata documentation.

3.5.1 General quality assurance / quality control measures

Establishment of a beach macro litter monitoring organogram. It is recommended that the Member
States establish an organisational chart with clear-cut and distinct roles for each type of staff (including third
parties, NGOs) involved in the design and implementation of the beach macro litter monitoring strategy. Some
proposed roles include national coordinators, local coordinators, fieldworkers/surveyors, and data managers
with one or more of the following QA/QC related roles. These roles can include:

e establishment of a national macro litter monitoring strategy;

e selection of survey sites in compliance with this guidance;
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e training, coordination, and supervision of field workers;

e collection and recording of data and metadata related to the survey sites, the sampling unit and the
survey;

e establishment of contact with local municipalities and local NGOs to better plan the surveys and
obtain the latest information on beach-cleaning activities;

o performance of quality control for the monitoring data (checking the correctness of the data directly
before and after their entry into a database and undertaking an annual quality control examination
of national beach macro litter data);

e management of the national macro litter monitoring dataset, including all related data and
metadata.

Establishment of an advanced training programme. High-quality training is essential to ensure data
quality, and it needs to include the development of operational (field) skills. It is recommended that the
surveyors are engaged on a long-term basis to maintain experience and knowledge of how the monitoring
should be performed. Member States should provide adequate training for the fieldworkers who participate in
the surveys. Staff and/or volunteer training programmes should also incorporate information on the results
and outcomes of the beach macro litter surveys so that field workers can understand the context of the
macro litter assessment programme. In addition, the training programme should include hands-on calibration
exercises to ensure, among other aspects, that macro litter items are attributed correctly to the litter types
included in the field protocols. Inter-calibration exercises with neighbouring countries and at the regional sea
level could be carried out if necessary.

3.5.2 Quality assurance / quality control measures related to sampling

When performing the beach macro litter sampling, the following best practice measures are recommended to
reduce biases and/or errors.

Sampling design. Identifying appropriate survey sites (sampling site) types and numbers is paramount for
establishing a comprehensive macro litter monitoring programme. Survey sites should be identified by using a
stratified randomised approach. An initial pool of survey sites should be identified with locations that reflect
different human-induced pressures leading to different litter densities and compositions. From this pool of
locations, the actual sites should be selected randomly, considering the characteristics mentioned in Section
3.5.1. A sufficient number of survey sites should be chosen considering the coastline length of a country and
the diversification of pressures (in terms of intensity or typology).

Sampling unit. To ensure that the sampling unit reflects the overall beach status, it should be positioned in
the most representative section of the beach. This means that the parts of the beach where litter might tend
to accumulate should be avoided and the sampling units should be located at least 50 m from points of
access to the beach. In addition, special attention should be given to surveying exactly the same sampling unit
in each seasonal survey and keeping to precisely the same 100 m stretches of the beach during each survey.
If a sampling unit has to be moved for some reason (e.g. erosion of the coastline), it must be defined as a
new sampling unit.

Representative sampling. Beach macro litter sampling is influenced by many factors, such as extreme
weather phenomena and clean-up operations. It is recommended that the beach macro litter survey be
postponed to at least 14-days after a weather-related or clean-up-related event that may have affected the
abundance of macro litter on the beach. In addition, sampling units could be explicitly marked as national
monitoring areas (e.g. by putting signs on the coastline) to discourage people from removing litter from that
site. Moreover, a national database could be set up to register all coastal clean-up activities.

Replicate surveys. To increase the accuracy and precision of beach macro litter data from beach surveys,
replicate surveys in close proximity to the sampling unit can be conducted. Average values can then be used
for assessments. For research purposes, the individual replicate survey data can be stored separately.

3.5.3 Quality assurance / quality control measures related to sample processing

The sample processing elements of a beach macro litter survey address the litter items’ removal, sorting and
classification. The following best practice measures are recommended.
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Litter item collection. All the litter items found (without digging) on the beach within the boundaries of the
sampling unit must be collected. Litter items that easily break or get entangled and/or are weathered must be
classified on-site to avoid the introduction of errors in their numbers due to fragmentation or entanglement
during transport and processing.

Litter items sorting and classification. All macro litter items collected should be classified according to
the categories of the Joint List of macro litter items. The photo guide can help the surveyors identify and
categorise the litter items (*?). Pieces of litter that are recognisable (e.g. a piece of a drinking bottle) should be
registered as such (see also Fleet et al., 2021). Unusual or unknown litter items or recognisable litter items,
that are not attributable to litter types from the field protocol, should be recorded along with a description
and a photograph. In this way, emerging litter types can be identified and considered for inclusion
updates/revisions of the protocol. It is recommended that the most experienced members of the surveying
team supervise the final classification of the litter items.

3.5.4 Quality assurance / quality control measures related to data processing and
reporting

All data and metadata should be reported using a ‘standardised’ data reporting sheet. The local coordinator
should undertake the data collation and data quality assurance for each survey. Once submitted to the
national database, the data should undergo additional control by the national data manager. The national
coordinator will undertake responsibility for the review and final approval of uploaded data and will clarify
any issues with local coordinators. Annual checklist documentation will provide an incentive for national
coordinators, at the end of the monitoring year, to check that all surveys have been carried out and that all
relevant information has been collected and entered into the appropriate beach litter database. This would
ensure a high level of consistency within each region and create a hierarchy of quality assurance on data
acquisition. The use of such a system will also support a comprehensive analysis of the data providing the
opportunity to undertake statistically robust comparisons over time and between survey locations (Cheshire et
al., 2009). Relevant databases that serve the needs of the Member States are made available by EMODnet
(https://www.emodnet-chemistry.eu/marinelitter) for European Regional Seas, and by the OSPAR Commission
for the north-east Atlantic Ocean (http://beachlitter.ospar.org).

3.6 Costs and efforts needed for beach monitoring

Compared with the methods described in this guidance for other compartments, beach litter monitoring is far
less burdensome in terms of efforts and costs. In most cases, the survey sites can be easily reached by car
and on foot. The operators need a low/medium level of expertise to collect and categorise the items, as long
as expert supervisors train the participants and perform accurate quality control during and after the
collection, especially regarding the marine litter item subcategories. The equipment required to perform the
beach surveys is mainly related to the safety of the operators, while, for the actual collection and
classification of the items, the expenses are low (see Section 3.4.2.5). The time required for collecting the
items may vary greatly depending on the state of the beach and, thus, the quantity of litter accumulated. In
general terms, 1-day may be sufficient to monitor one survey site (100 m length), including the collection,
characterisation and disposal of the items. The relatively simple and easy-to-apply protocol for coastlines
allows several Member States to involve NGOs and citizen science projects, which may drastically increase the
cost-effectiveness of beach monitoring programmes under the MSFD. Beach litter data can be analysed with
basic statistical methods and software, at least for a general overview and reporting purposes.

3.7 Other beach macro litter monitoring methodologies — an overview

In addition to the beach macro litter monitoring method described in this guidance, which provides data for
the MSFD reporting requirements, several other methods are used to perform beach macro litter surveys, with
different aims. The data from these surveys could potentially be compared with the MSFD monitoring data by
using the Joint List of Litter Categories for Marine Macrolitter Monitoring. While it is not possible to specify a
best method in general, it should be kept in mind that it is important to adopt the most appropriate
monitoring methodology taking into account the aims of the study, the characteristics of the sites monitored,

(*») See European Commission (undated), ‘Online photo catalogue of the Joint List of Litter Categories”
(https://mcc.jrc.ec.europa.eu/main/photocatalogue.py?N=41&0=457 &cat=all).
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the staff involved and other specific aspects of the survey. It is also important to acknowledge that each
methodology has its pros and cons and strengths and limitations that need to be considered when analysing
and interpreting the data (Velander and Mocogni, 1999).

Beach macro litter studies are commonly categorised into two main types: accumulation and standing stock
studies (Ryan et al., 2009). Accumulation studies require the initial removal of all litter from the site, followed
by regular surveys to record and remove all litter. The data collected over time may provide an estimate of
the litter's flux on the shoreline (e.g. Prevenios et al, 2018). To have a realistic estimate of loading rates
(fluxes), a high frequency of sampling is needed, which may pose substantial challenges in terms of high time
costs (Smith and Markic, 2013). Conversely, carrying out surveys four times a year, as suggested in this
guidance, allows the assessment of long-term balance between input and output (standing stock). In contrast,
surveys that are run more frequently provide information on what is arriving over a shorter time frame
(GESAMP, 2019).

3.7.1 Rapid surveys

Rapid surveys for beach litter (i.e. surveys that can be completed in a short time and are not based on a
detailed assessment of litter types) may be used to provide an initial ‘snapshot’ of the distribution and
abundance of marine litter. They can be useful in the case of a major natural disaster (e.g. a tsunami or
typhoon); to collect a qualitative or semi-quantitative estimate of litter abundance and composition that is
sufficient to direct further recovery operations or monitoring design; to provide a baseline to inform the
development of a routine monitoring programme; and to identify accumulation hot spots for possible
intervention. This kind of survey is not intended for application where detailed information about litter
amounts, composition and fluxes is required.

For instance, in the frameworks of the Interreg Mediterranean Actions for Marine Protected Areas project
(AMARE) (https:/amare.interreg-med.eu) and the Interreg Mediterranean Plastic Busters Marine Protected
Areas (https://plasticbustersmpas.interreg-med.eu) project, rapid surveys for beach litter were performed with
small boats (5-6 m) operating at low speed (1-12 knots) from 20 m to 100 m from the shore along the coast
of Corsica (France). The presence of litter was recorded for low accumulation zones (2-10 litter items per site,
which were usually a 5-30 m apart) and high accumulation zones (> 10 litter items per site). The position of
accumulation areas was recorded using GPS. A detailed assessment of litter types was not performed.

The development of image capture using aerial photography has proved to be useful for rapid assessments of
litter, allowing large-scale coverage (GESAMP, 2019). These methods and their limitations are described in the
subsequent sections.

3.7.2 Imaging techniques

Imaging techniques are particularly useful for detecting litter in dense vegetation (e.g. reed beds), and for
non-destructive observations in sensitive habitats (e.g. salt marshes) and remote or inaccessible coastlines.
Indeed, distant and rugged coastline segments are usually challenging to monitor conventionally. A variety of
remote, aerial monitoring methods have been implemented, using fixed-wing aircraft (Kataoka et al., 2018),
bush planes (Moy et al., 2018), balloons (Nakashima et al., 2011), aerial vehicles (Papakonstantinou et al.,
2016; Deidun et al., 2018; Martin et al., 2018) and webcams (Kako et al.,, 2018; Kataoka et al.,, 2018).

Unmanned aerial vehicles (UAVs) / unmanned aircraft systems (UASs) (e.g. drones) may be good technological
options for beach macro litter monitoring (e.g. Martin et al., 2018; Papakonstantinou et al., 2021). Their use
has the advantages of high image acquisition frequency, high spatial resolution, the ability to fly at low
altitudes below clouds, and high mobility (Bao et al., 2018). UAVS/UASs can be used to acquire georeferenced
red, green and blue (RGB) images along the coastline cost-effectively and rapidly (Deidun et al., 2018). A
post-processing system based on visual interpretation of the images allows the localisation and identification
of the marine litter within the scanned area and the estimation of its spatial and temporal distribution
(Merlino et al., 2020). Deep learning algorithms can automatically identify and quantify marine litter (Fallati et
al., 2019). However, it has been shown that monitoring with UAVs/UASs may lead to an underestimation of
beach litter compared with human inspection since, for instance, hidden and transparent items cannot be
detected (Merlino et al., 2020). Another limitation of using UAVs/UASs is adverse weather conditions because
surveys cannot be carried out on windy or rainy days.

Another method that could be used for inaccessible beaches is based on the acquisition of high-resolution
images through vessel-based photography surveys (Papachristopoulou et al., 2020) or by applying image
processing techniques to archived shoreline aerial photographs (Kataoka et al, 2018). Vessel-based
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photography provides a good trade-off between high-quality photographic documentation, spatial coverage,
processing time, and operational cost. At the same time, unlike other remote methods, it could easily be
performed by non-experts (Papachristopoulou et al., 2020). However, it is worth noting that the quantification
of beach litter abundance through remote photography may result in an underestimation of litter densities
when the quality and resolution of the images are poor, for instance, as a consequence of bad illumination
due to bad weather or it being impossible to navigate close to the coast.

3.7.3 Participatory science and community-based initiatives

Even though there is no internationally accepted definition of citizen science, the term mainly refers to the
involvement of non-professional volunteers, typically in data collection, but also in other phases of the
scientific process, such as data interpretation, problem definition or the dissemination of results (Bonney et
al., 2009; Haklay, 2015).

Participatory science is a more inclusive term that refers to ‘research conducted in partnership between
trained experts and members of a “community” or CSOs [civil society organisations], including non-
governmental organisations (NGOs) (Gall et al,, 2009, p. 12). Throughout the years, NGOs have significantly
contributed to providing data and information on the temporal and spatial distribution of marine litter found
stranded on beaches, and participatory science campaigns have proved to be an essential tool to fill in the
marine litter knowledge gaps (Hidalgo-Ruz and Thiel, 2015). In many cases, environmental NGOs can produce
fit-for-purpose and accurate beach litter monitoring data for institutional purposes (Vlachogianni et al., 2020).

3.7.3.1 Clean-up and removal

Community-based beach litter initiatives mainly focus on clean-up and removal actions (e.g. Ocean
Conservancy’s International Coastal Cleanup, NOAA Marine Debris Program, Clean Up the Med campaign,
SeaCleaner) rather than research/monitoring actions. These actions may generate estimates of litter amounts
at a particular site. Community-based projects that focus on research and monitoring (citizen science) can
produce good-quality data on litter (e.g. van Der Velde et al., 2017; Vincent et al., 2017; Chen et al, 2020;
Haarr et al, 2020; Kideys and Aydin, 2020; Vlachogianni and Scoullos, 2023), provided that volunteers are
trained, and professionals/scientists supervise and guide them. A rigorous citizen science programme requires
intensive coordination and communication with the volunteer participants. The resulting data must be
controlled, reviewed and validated by experts to remove mistakes and spot unlikely results that are from
errors or misunderstandings in data acquisition (GESAMP, 2019). The general public’s involvement in research
can generate added value in addition to producing new data; for example, it can raise awareness, strengthen
custodianship for the local environment and increase pressure on policymakers to act (Merlino et al., 2015;
GESAMP, 2019).

3.7.3.2 Hotspot surveys

While the MSFD coastline litter surveys are based on the repeated monitoring of a fixed set of beaches, litter
quantification on other beaches may provide important complementary information and help to identify litter
hotspots that might require special attention, potentially reducing litter input to the marine environment, for
example, through specific local measures. Such surveys would ideally use the same protocols as the MSFD
surveys and thus enable a comparison of data.

3.7.3.3 Rare events monitoring and early warning

Opportunistic beach litter surveys involving citizens can provide a cost-effective approach to documenting
relatively rare events such as animals’ entanglement in litter or to following the spread of massive quantities
of litter items along the coastline due to unexpected events, such as a cargo loss or an accident along the
coastline. This type of survey is based on massive amounts of citizens’ engagement, resulting in the broader
distribution of the observations in space and time and an early warning system. Dedicated websites and/or
apps can facilitate the collection of this data (e.g. https://seawatcher.info-rac.org).
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3.7.3.4 The EEA Marine Litter Watch

The EEA has developed the Marine Litter Watch to strengthen Europe’s knowledge base and thus provide
support to European policy implementation. MLW offers tools —anapp (*3) and a public database (*4) - to
collect and share data on marine litter on beaches. A web portal (%) is also available for the communities to
manage their events and data. Communities organise events on beaches and make surveys with the Marine
Litter Watch app to report on litter items found.

3.8 Resources

When recording and analysing litter on the coastline, Member States and other communities can benefit from
the set of tools and resources developed in the last decade to collect, store, visualise and analyse data.

EMODnet. EMODnet is a European initiative funded by the Directorate-General for Maritime Affairs and
Fisheries. The initiative is divided into seven thematic areas, each focused on a specific topic. EMODnet
Chemistry (https://emodnet.ec.europa.eu/en/chemistry) started in 2009, intending to support the MSFD
implementation with a data management plan (Molina-Jack et al., 2019). Marine litter was included among
the target parameters in 2017. In recent years, a joint task has been performed to develop a standard data
structure for marine litter at the European level. It was modelled to host MSFD monitoring data, following the
OSPAR beach litter database (OSPAR-MCS) approach and taking into account the MSFD TG ML and UNEP /
Mediterranean Action Plan requirements (Molina-Jack et al,, 2019). The collaborative action between the JRC,
the TG ML, and EMODnet Chemistry for gathering official MSFD monitoring data for calculating European
baselines and thresholds gave the database an initial boost, including a large number of datasets in 2018
(Partescano et al. 2021).

LitteR. LitteR (Schulz et al.,, 2019) is an open-source statistic tool for analysing litter data developed as an R
package (R Core Team, 2021), to support OSPAR and EU scientists and policymakers. This package offers a
simple user interface for analysing litter data in a consistent and reproducible way. It contains routines for
data quality control, outlier analysis, descriptive statistics, trend analysis and regional aggregation of states
and trends. The tool produces a detailed analysis report in HTML format, from which tables and figures can be
copied (https:/cran.r-project.org/web/packages/litteR/). Schulz et al. (2017, 2019) provide more background
information on the statistical data analysis of beach litter.

(*%) See EEA (undated-a), ‘Marine Litter Watch’, https://marinelitterwatch.discomap.eea.europa.eu/Index.html

(**) See EEA (undated-b), ‘Marine Litter Watch data viewer’, https://www.eea.europa.eu/themes/water/europes-seas-and-
coasts/assessments/marine-litterwatch/data-and-results/marine-litterwatch-data-viewer/marine-litterwatch-data-viewer

(*%) See EEA (undated-a), ‘Marine Litter Watch’, https://marinelitterwatch.discomap.eea.europa.eu/Index.html
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4 Floating marine macro litter

4.1 Introduction

The occurrence of anthropogenic objects, mainly made of plastic, floating at sea has been described for
decades (Venrick et al., 1973; Morris, 1980). MSFD criterion D10C1 includes the amount of floating litter (‘The
composition, amount and spatial distribution of litter on the coastline, in the surface layer of the water
column, and on the seabed, are at levels that do not cause harm to the coastal and marine environment’), and
the evaluation of its spatial distribution, composition and sources, according to Commission Decision (EU)
2017/848.

Floating Marine Macro Litter (FMML) referring to any floating object larger than 2.5 cm in size, poses a direct
threat to marine organisms, which may be adversely affected by ingesting whole items or pieces of larger
litter items, or by becoming entangled in litter items such as bags, nets and other fishing gear (e.g. Boerger et
al, 2010; van Franeker et al, 2011; Doménech et al, 2019). Moreover, FMML is a precursor of marine
microlitter, whose effects on living organisms are still under investigation and which could be a vector for
transportation of invasive species, or for the adsorption/release of harmful chemical compounds that might
be mobilised during FMML degradation processes, or after its ingestion by marine organisms (e.g. Aliani and
Molcard, 2003; Teuten et al., 2009; Hahladakis et al., 2018).

4.2 Scope and key questions

According to the requirements of the MSFD and to comply with the necessity of producing reliable and
comparable data within and among regions, monitoring should assess the environmental status, the temporal
and spatial trends, and the main sources and pathways of litter items in the marine environment in order to
determine the level of achievement of environmental targets and/or the effectiveness of measures. Thus,
monitoring programmes should collect information on: (i) amount, distribution, and composition of litter; (ii)
rates at which litter enters the environment (and sources); (iii) spatial and temporal variations of (i) and (ii);
and (iv) impacts of litter.

Monitoring protocols must supply quantitative data in response to the assessment needs. For this reason, and
to allow the assessment of trends, they need to be coordinated, coherent, consistent, and comparable across
the European seas. Furthermore, data should be produced in a comparable format to allow their integration
across monitoring programmes. However, the most appropriate protocols should be selected according to
their suitability for achieving the relative aims and objectives of monitoring, which determine the temporal
and spatial scales of application, the frequency of sampling, replication needs, etc. The goal of FMML
monitoring can functionally be to evaluate trends; identify pathways, geographical sources, and potential
accumulation areas or seasons; assess changes due to mitigation measures (long-term monitoring); provide
information to evaluate risks for and focus mitigation actions on sensitive areas for marine biodiversity.

This chapter compiles the recommended protocols for FMML monitoring, investigate their differences and
applicability, and identifies their potential limitations to fulfil the requirements of the MSFD. The protocols aim
to create harmonised monitoring approaches to ensure data comparability between programmes and across
regions. They address FMML monitoring at the local scale and in the open sea, and consider the different
approaches needed with regard to the observation conditions provided by the monitoring platforms and,
consequently, the range of sizes of litter that can be detected from them. This chapter also addresses the
issue of data QA/QC for trend analysis, considering monitoring data derived from the use of platforms of
opportunity and from new monitoring methods such as aerial photography.

4.3 Strategy for floating marine macro litter monitoring
FMML monitoring protocols should define the spatial and temporal scales of application, sampling units and
replicates.

4.3.1 Spatial distribution of monitoring

Monitoring programmes should be consistent, coherent, and comparable within marine regions and surveys.
Given the high heterogeneity of litter distribution, the criteria used to select the survey site could have a
crucial effect on results (UNEP/MAP, 2016). The selection of the monitoring site is highly dependent on the
purpose and the monitoring method and may be made based on certain characteristics of interest to reduce
variability, or through a random selection to allow extrapolation to other sites or areas.
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Given the differences in the main drivers, distribution, amount of litter, and the geographical scale involved,
stratifying the sampling in relation to sources (urban, riverine outputs, offshore activities) is suggested in
order to provide representative data in each location (Cheshire et al, 2009; Zampoukas et al, 2014).
Alternatively, sampling could be designed to cross-areas of expected low (e.g. open sea) and high (e.g. close to
harbours/marinas) litter density, identified based on the results of preliminary exploratory surveys that should
be performed to assess the variability of litter distribution. Based on this initial phase, a routine programme
should be established that includes areas of interest that cover the widest range of conditions and is
stratified for at least coastal and high sea areas. Furthermore, the selection of other specific areas should be
considered (e.g. in estuaries, areas of touristic or commercial traffic) (Vighi et al., 2022).

The monitoring areas from the previous MSFD cycle should be maintained to allow the comparison of results
over time; new locations may be added based on the above considerations. Changes or modifications to areas
should be limited, and newly designated areas should maintain the same characteristics as the original
locations.

4.3.2 Timing of monitoring

Seasonality may play a key role in driving the variability of the amount and distribution of litter, which is
linked to seasonal variations in oceanographic and anthropogenic factors (Arcangeli et al, 2017). As the
observation of FMML is dependent on weather conditions such as the sea state and the wind speed, temporal
(i.e. seasonal) stratification of surveys is highly recommended. However, the organisation of monitoring must
be flexible enough to take the variability of environmental conditions into account and to allow rescheduling
observations to meet appropriate conditions. Ideally, monitoring should be performed after a minimum
duration of calm sea to prevent any bias related to recent storms or heavy seas.

Preliminary monitoring should be performed with a higher frequency to assess the variability of litter
quantities over time. Subsequently, a minimum sampling frequency of one per year is required, although
seasonal replication is recommended (Cheshire et al., 2009).

In some cases, the timing of surveys can depend on the schedule of the observation platforms. Regular
patrols of coast-guard ships, ferry lines or touristic trips may offer frequent opportunities for observations,
especially during the calm weather conditions that are required. Sharing information and experiences
regarding the preliminary monitoring among local and regional authorities and at the EU level will be
important for the organisation of harmonised and cost-effective monitoring of the European seas.

4.3.3 Sampling units and replicates

To perform temporal analysis (e.g. to assess trends), surveys are usually based on transects, considered as
sampling units, and include information on gradients such as distance from the coast (or from main sources
of litter). A minimum transect length for the surveys must be set to avoid biases due to small sample sizes.

A grid cell may be overlaid on the monitoring effort to perform spatial analysis: in this case, the single cells
are considered statistical units. A minimum sampling effort per cell is also required in order to avoid outliers
due to uneven effort. Sampling units should be randomly allocated within each monitoring site, provided that
the heterogeneity in the amounts of marine litter is taken into account.

Replicates are a combination of monitoring sites and monitoring occasions. Due to the variability of
monitoring needs and specificities, it is not possible to give general advice on how many replicates is an
adequate number; this must be defined according to the variation across sites and seasons, determined within
pilot studies.

4.4 Litter categories for floating marine macro litter

For consistent monitoring results, litter items must be grouped into categories according to their size, material
and type. The approach used to categorise FMML is linked to the Joint List of Litter Categories for Marine
Macrolitter Monitoring used for the other environmental compartments to allow cross-comparisons across
compartments (Fleet et al,, 2021).

4.4.1 Size categories

Since items are usually observed but not collected, the size of FMML items is the main indicative parameter
of their volume or weight (which vary according to the material). The size of an object is defined here as its
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largest dimension, width or length, as visible during the observation. Any piece of litter that can be identified
as an item should be counted as one item.

Lower size limit. The minimum size of the observed litter depends on the observation conditions, specifically
the platform’s speed and height. Although a lower size limit of 2.5 cm is recommended, any alternative limit
should be specified for each platform type.

Classes. As visual observation will not permit the exact measurement of object sizes, size range classes must
be introduced for reporting purposes. It is important that a common approach is used, as the data will be
combined in common databases. The TG ML has recommended reporting the size of macro litter according to
agreed size ranges in order to allow quantitative reporting and link the reporting to the MSFD assessments
(Galgani et al,, 2013; Fleet et al., 2021; Vighi et al,, 2022).

The size determination/reporting scheme should cover the following classes:
e A 25<x<5cm
e B.5<x<10cm
e C.10sx<20cm
e D.20<x<30cm
e E. 30<x<50cm
e F.250cm

4.4.2 Litter item categories

The categories of FMML items should be consistent with the categories selected for beach litter, seafloor litter
and others to allow comparisons between environmental compartments, particularly between beach and
surface floating litter. Thus, the quality of data collected within FMML monitoring relies on the unambiguous
identification of litter-type categories through a commonly agreed list. The Joint List of Litter Categories for
Marine Macrolitter Monitoring (Fleet et al., 2021) has been adopted by EU Member States for MSFD litter
monitoring.

The Join List of Litter Categories is organised into six levels with increasing classification details: level 1
(classification by material), level 2 (classification by use), level 3 (classification by general type), level 4
(classification by type), level 5 (classification by specific type) and level 6 (classification by size class). The
highest level of detail includes 183 categories. An online photo catalogue supports the identification of items
to facilitate their categorisation during monitoring ().

4.4.3 Source attribution of floating marine litter

The spatial distribution of FMML, in combination with information on local currents, tides and river discharges,
gives indications of physical sources (i.e. the litter input zone) and pathways, which is very valuable
information that may help to design appropriate measures and check the efficiency of existing ones.

4.5 Observation parameters to be considered within monitoring protocols

Essential data to be collected during FMML monitoring should include the geographical coordinates, number,
size class, composition, and type of items. However, the observation of floating marine litter is subject to
numerous variables related to the observation conditions that may influence the detectability and
identification of items, which must be taken into account in any protocol. These may be divided into
operational parameters related to the technique used, the sampling design and the characteristics of the
observation platform, environmental parameters related to the geographical position or weather conditions,
and parameters related to the properties of observed marine litter items.

(**) See European Commission (undated), ‘Online photo catalogue of the Joint List of Litter Categories’
(https://mcc.jrc.ec.europa.eu/main/photocatalogue.py?N=41&0=457 &cat=all).
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Operational parameters

Transect strip-width. Width of the defined observation transect. For image-based methods the
observation area is defined by the sensors, lens and the observation height.

Observation height. Vertical distance between the observer’s eyes and the water surface.

Observation distance (maximum). Maximum distance between the observer’s eyes and the far
end of the transect width.

Observation angle. Radial angle between the transect direction and the observed item.

Environmental parameters

Wind speed and direction (Beaufort wind force scale — see Annex IV - ‘Beaufort wind force scale’)
Sea state (Douglas scale — see Annex V - ‘Douglas scale - state of the sea’)

Light conditions (sun direction and intensity)

Visibility (quality of vision, in terms of the maximum detectable item distance, potential impairment
by fog, etc.)

Marine litter object properties

Location (Infrastructure for spatial information in the European Community (INSPIRE) compatible
geographical coordinates).

Lower/upper size ranges (detection limit/detection probability). These should be set for each
platform/technique according to the height of observation.

Size classes.

Type of items: Items should be categorised according to the Joint List of Litter Categories for Marine
Macrolitter Monitoring (Fleet et al., 2021, see Section 4.4.2).

Further levels of classification could include a description of the:

o item state (general description of the item, including the status of degradation);
o buoyancy (under surface, on surface, above surface);

o item colour

o item shape

4.6 Practicalities of monitoring protocols

To produce comparable results, protocols must include a description of how to implement FMML monitoring
and how to process the collected information, from the necessary equipment and staff to data compilation,
elaboration and further use. The compilation of data in the same format across observing institutes and
areas/regions should make it possible to plot the FMML distribution over time and consequently couple this
information with current oceanographic models.

46.1

General equipment

Datasheet (app/laptop/paper forms).

Observers with binoculars / photographic equipment (optional).
GPS.

Notebook and pen (optional).
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4.6.2 Data analysis

Geographic information systems (GISs) may be used to determine the relative abundances (%) of litter on a
spatial basis. Steps for basic data analysis and presentation include;

o exploratory statistics;

e geostatistical analyses;

o modelling (based on current oceanographic models);
e map plotting;

e graphs;

e density mapping.

The goal of monitoring is the quantification of FMML. The formula used internationally to calculate the
density, D, of marine litter is:

D ="/ x 1)

where n is the number of items observed, w is the width of the strip (km), and L is the length of the strip (km)
(Thiel et al.,, 2003). The total density and density per litter type should be calculated.

4.6.3 Optional synoptic monitoring of marine fauna

To identify areas and seasons that may pose a risk to marine biodiversity due to the high occurrence of
FMML, the synoptic monitoring of marine fauna is recommended (e.g. Arcangeli et al,, 2019). Data on marine
fauna (e.g. jellyfish, ocean sunfish, sea turtle) can be collected by FMML observers within the same fixed-
width monitored strip, or dedicated observers can use distance sampling techniques to monitor/record the
presence of marine macrofauna and megafauna (e.g. cetaceans, sea turtles, sharks).

4.7 Protocols for visual monitoring of floating marine macro litter

This section includes a subset of protocols that provide harmonised approaches to quantifying FMML using
observer-based (visual) methods, performed from different types of platforms. The protocols are intended to
be used for monitoring from large ships, small or medium sized vessels, and aircraft (see Table 4.1).

The most commonly applied method for the visual monitoring of FMML is based on the designation of
transects with a fixed width, measured from either the side or the front of the vessel during navigation (Vighi
et al, 2022). The linear distance-to-object technique has been used in several studies (e.g. Bergmann et al,
2016; S& et al,, 2016; Currie et al,, 2017), but the results obtained with the two methods are not completely
comparable.

As a general rule, a minimum of one dedicated and experienced observer must perform the observation,
quantification and identification of floating litter items. As intensive surveying of the sea surface leads to
fatigue and potential observation errors, the transect length or the observation shifts should be reduced. It is
also suggested that observers should be switched at least every 60 minutes to avoid fatigue and to maintain
their attention. However, it is recommended that observers perform shorter transect observations of 20 - 30
minutes to avoid underestimating litter density.

Table 4.1. Recommended classification of platforms for visual monitoring of FMML based on the observation height.

Platform | Size of the Types of Observation = Recommended Maximum Suitable use
ship/vessels = ships/vessels height maximum speed = fixed
(for width of
observations) strip
Vessels
Vessel Large Ferries, cargo ships, = 10-25m 25 knots 50 m Offshore -
oceanographic large scale

16/18 knots in

vessels, etc. ) .
high-density areas
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Platform @ Size of the Types of Observation = Recommended Maximum Suitable use

ship/vessels = ships/vessels height maximum speed = fixed
(for width of
observations) strip

Vessel Medium Medium-sized ships: >2 m and 6-15 knots 20 m Offshore /
sailboats, <10m coastal
motorboats, fishing waters
boats,
oceanographic
vessels, etc.

Vessel Small Inflatable boats, <2m 4 knots 3m Coastal
rigid-hulled waters - local
inflatable boats, scale
etc.

Aircraft

Aircraft - - ca. 750 ft n/a ca.275m Large scale

monitoring
programmes

NB: n/a, not applicable.

4.7.1 Protocol for visual monitoring survey from vessels

Although some studies (e.g. Vighi et al. 2022) use the distance sampling method to record FMML synoptically
with top predators monitoring, strip transect (fixed width) is the commonly used method of estimating FMML
density in offshore and large-scale areas. Therefore, conducting visual surveys based on fixed-width strip
transects to monitor FMML is recommended.

Large (e.g. commercial ferries, cargo ships) or medium sized (e.g. oceanographic vessels, medium sized fishing
boats) vessels are suitable for monitoring FMML in offshore/large areas, covering the large oceanic processes
that drive FMML distribution with and adequate sample size. Considering the logistical characteristics and
potential constraints of these types of vessels, opportunistic monitoring might be a cost-effective approach.
For coastal and local scales, the monitoring of FMML is often related to potential land-based sources and the
coastal distribution of litter; however, some adaptations related to the speed of the vessel and the
observation height should also be considered during the definition of the strip width.

4.7.1.1 Survey frequency

Although sampling in offshore and large-scale areas is usually carried out using opportunistic platforms, a
preliminary monitoring at a higher frequency is recommended to assess the variability of litter quantities over
time. A minimum sampling frequency of once per year is required, and seasonal sampling is recommended
(Cheshire et al., 2009). Ideally, it is also recommended that the number of surveys per season be increased to
perform seasonal analysis for a single monitoring year (Arcangeli et al., 2020).

Since the distribution of marine litter in coastal waters may be influenced by local/regional environmental
factors, such as rainy or windy periods, knowledge of local temporal variations should be used to define
sampling frequency. Each seasonal collection of data should be performed at a similar time point each year,
considering seasonal surveys to assess the variability of environmental factors at each sampling site.

4.7.1.2 Survey coverage

There is no agreed statistical method to determine the minimum representative coverage per survey that can
be extrapolated to all regions and/or density ranges of litter for offshore and coastal waters. However, the
Burnham approach may facilitate the initial assessment of the minimum transect area required for a given
precision when a pilot study cannot be conducted in the study area (Burnham et al., 1980; Arcangeli et al.,
2020).
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47.1.3 Transects

The usual fixed width of the transects for FMML visual surveys is set in the range of 10-50 m for large and
medium-sized vessels in offshore waters, with a maximum speed of 25 knots and an observation height of
25 m for large vessels such as cargo ships or ferries. Nevertheless, to define a strip width that will allow the
detection of objects as small as 2.5 cm (sizes classes A-F, see Section 4.4.1), the following three factors must
be considered: observer height, speed, and observation time/fatigue. If it is not possible to define a fixed width
sufficient to detect items in the smaller size classes (i.e. A size category), a higher range of detectable sizes
should be considered.

The strip width can be defined using an inclinometer in front of the bow or at the side of the vessel. When
monitoring from the side, it is strongly recommended to perform monitoring from the side less affected by
the sun glare effect and with the best visibility. The strip width measure should be continuously controlled, or
marked on the vessel (e.g. using a marking system to delimitate the strip width, as in Figure 4.1) during the
survey to ensure that only items spotted within the strip are monitored.

Figure 4.1. Examples of a marking system to control the strip width of the transect: (a) marking system on large or
medium-sized vessels and (b) marking system on small vessels

Source:  Interreg Mediterranean MEDSEALITTER project.

Medium-sized or small vessels (see Table 4.1) are suitable for assessing the quantity and the characteristics
of FMML larger than 2.5 cm (size classes A-F, see Section 4.4.1) in coastal and small-range areas. Transect
widths are normally set in the range of 3-20 m, at a speed of 2-10 knots and with an observation height of
1.5 m to 9 m, depending on the type of vessel used (e.g. Arcangeli et al.,, 2018; Suaria et al.,, 2020; Vighi et al,,
2022). However, for coastal and local-scale monitoring, the strip width and observation height should be
adjusted to allow for the detection and observation of items as small as 2.5 cm across the entire width of the
transect. Additional transects may be added during the same survey if additional observers participate in the
monitoring (e.g. 3 m fixed width strip at each side of the bow). The fixed-width strip could be defined and
delimited visually using an inclinometer or physically using a rod (or similar) of known length attached
perpendicularly to the boat.

For small vessels, with an observation height of < 3 m, it is recommended that parallel transects be used to
cover a determined area of interest due to the visibility limitations (i.e. limited angle of observation, sun glare
effect).

47.1.4 Litter size range

Since macro litter includes any item larger than 2.5 ¢cm in its longest dimension, efforts should be made to
record any item down to this lower limit. However, when conducting visual observations in offshore waters
with medium/large vessels, the observation height and the strip width may limit the detectability of the
smaller litter items over the entire transect width. In these cases, a size range class with a larger minimum
size may be selected that allows all objects within the size range and above to be detected across the strip
width. The acquired data will then not be comparable to data considering the lower size limit of 2.5 cm.
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The relevance of items larger than 50 c¢cm in the statistical analysis of data obtained from short and narrow
coastal transect-based surveys may be questionable due to the limited representativeness of this method for
larger items.

47.15 Detectability

Depending on the type of vessel and visibility on the deck, observers may survey from the side of the vessel.
The observer should be positioned on the bridge or the command deck of the vessel, on the side, in the
vicinity of the bow, to have the best visibility of the strip, but avoiding the turbulence generated by the bow
itself. Observers should stay on the side with better visibility (i.e. less affected by sun glare and with the sun
behind them). Binoculars can be used to confirm litter sightings if needed. The observation height from small
vessels may hinder visibility depending on the angle of observation obtained when defining the width strip; it
is recommended that narrow strips be defined to facilitate the observation and detectability of objects within
them. Photographs can be taken to facilitate the identification of some litter items, but additional observers
should be assigned to this task.

Weather conditions might also hinder the detectability of litter items, particularly the smaller ones. To avoid
this bias, it is recommended that monitoring is performed when the wind force is < 3 on the Beaufort scale to
avoid reduced visibility of items due to sea conditions and wave mixing.

4.7.1.6 Survey and sampling metadata
The following data should be recorded within each survey transect through the dedicated app:

e name of the vessel;

start/end geographical coordinates;

e course over the ground / ground track;

e region;

e country and country identifier code;

e sea state (Douglas scale);

e weather description;

e visibility range;

e average wind direction (Beaufort scale);

e transect width;

e transect length;

e number of observers;

e observation height;

e minimum size range observed and surveyed;
e speed (maximum / minimum and average);
e start/end time of observation;

e total time of observation

4.7.1.7 Survey equipment and consumables

Other than the observation platform, the equipment used for FMML visual monitoring is very limited. The
instruments that may facilitate the task include the following:

e asystem for training and calibrating size classification (e.g. inclinometer, ruler, marker stickers);
e asystem for visually marking the observation area (e.g. inclinometer, ruler, marker stickers);

e hinoculars (optional);
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e a GPS for determining ship speed and geographical coordinates, and extra batteries;

e a tablet computer for documenting the results (through a dedicated app/programme; e.g. the JRC
Floating Litter Monitoring app);

¢ high-resolution cameras (e.g. digital single-lens reflex camera or mirrorless cameras) (optional);

e protective equipment (e.g. sunglasses, sunscreen, cap).

Box 4.1 provides some tips on visual monitoring from vessels.

Box 4.1. Tips on conducting visual monitoring surveys from vessels

Determine the observation area with a visual marking system, if possible. Check often that the markings
correspond to the defined transect.

Use a tablet computer with a dedicated app/programme.

Grouping the most frequent categories of litter items can facilitate the recording of items observed
during the survey.

An additional observer can photograph the litter items and patches in areas of medium/low density and
associate the photographs with the records taken by the main observer. The subsequent analysis of the
images may provide more detailed information on the observed items.

An additional tablet or smartphone with access to the Online Photo Catalogue (*’) of the Joint List of
Litter Categories may facilitate the swift identification of unknown litter items.

4.7.2 Protocol for visual monitoring on aircrafts

Aerial surveys are useful for assessing FMML in large-scale monitoring programmes, and for detecting and
identifying aggregations of litter. Aerial surveys are usually performed on small, high-wing, two-engine
airplanes, equipped with bubble windows for improved visibility. Observers sit at the two sides of the aircraft
and the co-pilot acts as the data recorder. Considering that the lower limit of object size for aerial detection is
ca. 30-40 cm, a limitation on the categorisation of FMML observed from aerial surveys is imposed.
Concurrent visual-based and image-based observations were performed from this type of platform, and
results highlighted that the densities of FMML detected by aerial photography were higher than those
detected through the observer-based method (Garcia-Garin et al., 2019).

4.7.2.1 Survey frequency

The frequency of aerial monitoring should be set using an analogous approach to that used for visual
observations from vessels. At least one survey per year is required, and seasonal replications are
recommended to evaluate intra-annual variability; however, the cost-effectiveness of this methodology is
high and its use for FMML monitoring in conjunction with other purposes (e.g. cetacean monitoring) is
recommended.

47.2.2 Survey coverage

There is no agreed statistical method to determine the minimum representative coverage per survey that can
be extrapolated to all regions and/or density ranges of litter for offshore and coastal waters.

(*") See European Commission (undated), ‘Online photo catalogue of the Joint List of Litter Categories’
(https://mcc.jrc.ec.europa.eu/main/photocatalogue.py?N=41&0=457 &cat=all).
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47.2.3 Transects

Surveys should be designed according to the fixed width transect technique in which a high representation of
the study area is homogenously covered. Since the observable area of the transect corresponds to an angle of
observation between 90° and 40°, for flights performed at around 750 ft, the observation strip width ranges
from 200 m to 275 m (e.g. Lambert et al. 2020). The distance from the detected items to the transect line
can also be established according to the angle of sighting estimated using a hand-held inclinometer. The
angle from each item detected, together with the flying altitude, should be used to calculate the perpendicular
distance of the item from the transect line.

4,7.2.4 Litter size range

The size ranges proposed by the TG ML (see Section 4.4.1) should be used whenever item identification is
feasible. However, as a suitable method of standardising the size of the observed marine litter, items can be
classified into three main categories: small (measuring ca. 30-100 cm), medium (measuring ca. 100-200 c¢m)
and large (measuring larger than 200 cm).

4725 Detectability

The size ranges determined in Section 4.4.1 may be difficult to assign to each item observed, mainly due to
the observation height and speed of the aircraft. Since atmospheric and sea conditions also influence the
detectability of litter objects from aircraft, monitoring should be performed when the wind force is < 3 on the
Beaufort wind force scale.

4.7.2.6 Survey sampling metadata

Data on litter should take into consideration the characterisation of each transect (geographical coordinates
at the starting and ending points, oceanographic characteristics, etc.), in addition to the number of sightings
and the average distance between consecutive sightings (average distance = length between transects /
number of sightings). The following data should be recorded within each survey transect, through the
dedicated app:

e name of the aeroplane;

start/end geographical coordinates;

e course over the ground / ground track;

e region;

e country and country identifier code;

e sea state (Douglas scale);

e weather description;

o visibility range;

e average wind direction (Beaufort scale);

e transect width;

e transect length;

e number of observers;

e observation height;

e minimum size range observed and surveyed;
e speed (maximum / minimum and average);
e start/end time of observation;

e total time of observation.
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4,7.2.7 Survey equipment and consumables

Other than the different observation platform, the equipment used for FMML visual monitoring from aircraft
is analogue to that used from vessels. The instruments that may facilitate the task include the following:

e asystem for training and calibrating size classification (e.g. inclinometer, ruler, marker stickers);
e asystem for visually marking the observation area (e.g. inclinometer, ruler, marker stickers);

e binoculars;

e a GPS for determining aeroplane speed and geographical coordinates, and extra batteries;

e a tablet computer for documenting the results (through a dedicated app/programme; e.g. the JRC
Floating Litter Monitoring app);

e protective equipment (e.g. sunglasses).

Box 4.2 provides some tips on visual monitoring from aircraft.

Box 4.2. Tips on conducting visual monitoring surveys from aircraft

Determine the observation area with a visual marking system on the window of the aircraft. Check often
that the markings correspond to the defined transect.

Grouping the most frequent categories of litter items together can facilitate the recording of items
observed during the survey.

An additional tablet or smartphone with access to the online photo catalogue (*8) of the Joint List of Litter
Categories may facilitate the swift identification of unknown litter items.

4.8 Protocols for image-based monitoring of floating marine macro litter

According to the scale and budget requirements, image-based monitoring may be performed using different
platforms, such as small aircraft, any kind of vessel and UAVs (e.g. Bryson and Williams, 2015; Garaba et al,
2018; Garcia-Garin et al, 2020; Vighi et al., 2022). The task of recognition analysis is performed afterwards
on the video/images acquired. Various algorithms for automated image analysis and object detection are
being developed: these techniques are under constant improvement and their applicability to marine litter
surveys is under evaluation.

4.8.1 Types of platforms and sensors

48.1.1 Platforms

Automated recording sensors (video and/or photographic cameras) may be mounted on a range of platforms,
both flying (small aircraft, UAVs - e.g. Garcia-Garin et al., 2020; Garaba et al., 2018) and sailing (ranging from
a small inflatable boat with a camera attached on a pole to a large passenger ferry with a fixed sensor
mounted on the top of the bow - de Vries et al., 2021). Each platform is characterised by a different range of
speeds and heights. Thus, different sensors must be selected in order to maintain a minimum standard of
image resolution. The selection of the most appropriate combination of platform and sensor should once
again be made according to the required monitoring scale and the available budget/time.

(*®) See European Commission (undated), ‘Online Photo catalogue of the Joint List of Litter Categories’
(https://Imcc.jrc.ec.europa.eu/main/photocatalogue. py?N=41&0=457&cat=all)
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48.1.2 Sensors

A series of different sensors may be applied on each platform according to the monitoring needs. The most
common instruments include RGB cameras, which can provide high-resolution images and thus be used even
from the flight height of a small aircraft. Under good monitoring conditions, the use of these cameras allows
the identification of the colour, material, type and size of items, but the sun glare effect could heavily affect
the quality of images obtained in the visible RGB spectrum. It is important to select an adequate image
resolution and photographic lenses according to the planned monitoring height, considering a minimum pixel
size of 2 cm and a frequency of four images per second. Lower observation heights, longer focal lengths and
higher-resolution sensors can increase image resolution to allow the detection of the smaller sizes classes of
FMML.

Other sensors may be coupled to RGB cameras to cope with adverse environmental conditions; thermic
cameras and multi-spectral cameras are also being experimented with for automated marine monitoring
(Bryson and Williams, 2015). Thermic cameras generally have a limited resolution, but could help identify
objects with a positive buoyancy that have been warmed from the sunlight, such as a floating board. It is
suggested that their use be coupled with an RGB camera, as they may help distinguish items when sun glare.
Multi-spectral cameras can also help identify floating items in cases of sun glare, as their sensors are less
affected by its effects. Despite these sensors generally having a lower resolution than traditional RGB
cameras, they could be useful for distinguishing between different materials and between materials and the
seawater, as each material has different spectral characteristics.

4.8.1.3 Survey frequency

The frequency of image-based monitoring, analogous to that of visual observations, should be based on
knowledge of the temporal variation of marine litter. Reproducing the monitoring plan several times per
season is suggested in order to detect possible trends related to main currents, temperature changes and any
seasonal pattern; this can be adjusted to the temporal variation characteristics of the study area. Continuous
monitoring programmes at the same site in subsequent years should ensure robustness of the data obtained.

48.1.4 Survey coverage

There is no agreed statistical method to determine the minimum representative coverage per survey that can
be extrapolated to all regions and/or density ranges of litter. Coverage should be determined based on the
purpose of the monitoring programme.

4.8.1.5 Transects

The width of transects is directly dependent on the camera resolution and lenses used, and/or the height of
the operating sensor. Depending on the needs of each monitoring programme, the height (of flight, or of the
camera position on a ferry or on a smaller boat) can be reduced to obtain more detailed pictures but cover
smaller areas, or increased to cover larger areas but with lower-quality images. Sensors with higher resolution
should be selected if the position of the camera above the sea is higher.

48151 Small monitoring scale

For small-scale monitoring, it is possible to photographically cover the whole area of interest using a camera
mounted on a pole attached to a small/medium sized vessel or a simple drone, designing the flying/sailing
routes on parallel transects, or regularly spaced concentric squares. The spacing between adjacent transects
should allow an approximately 30 % overlap between adjacent images. The same spacing must be considered
for subsequent images; thus, the shooting rate should be set according to the platform speed and the image
size. Timing, height and geographical positions for each photo must be recorded automatically by a sensor to
allow their subsequent geo-referencing.

48152 Large monitoring scale

For larger areas, it is not possible to obtain a complete photographic map without considerable efforts in
terms of budget and time. The use of aerial photography from small aircraft could provide a more continuous
image recording across the area of interest. Parallel or zigzag transects should be planned to homogeneously
cover any possible environmental gradient. To photographically monitor large areas over fixed surveys,
mounting a recording camera on the bow of cruise ships, cargo ships or ferries (e.g. the JRC Sealittercam,;
Hanke and Piha, 2011; Gonzalez-Fernandez et al., 2022) is also an option.
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4.8.1.6 Litter size range

The monitoring height, the lenses used, and the sensor definition should be considered in the selection of the
optimal resolution to detect the largest possible size range of litter. A minimum resolution of 2 cm per pixel is
considered adequate for monitoring litter items of more than 25-30 cm in length from aerial platforms (i.e.
aircraft or UAVS). Detection of smaller sizes can be improved by reducing the observation height, and using
cameras with high-resolution sensors (e.g. 100 megapixels) and/or cameras equipped with longer focal length
lenses.

For sensors and cameras installed on vessels, the height of observation - or the height at which the camera is
installed in relation to the sea surface - the type of lens and the definition of the sensor must also be
considered. This approach allows for the detection of items in the lower size range of litter; however, the
upper size range may be underestimated, depending on the size of the path covered in each image.

4.8.1.7 Detectability

Monitoring should be performed from a calm sea to prevent reduced visibility of items due to sea conditions
and wave mixing. As in the previous protocols, monitoring should be carried out when wind force is < 3 on the
Beaufort wind force scale.

4.8.1.8 Image processing and analysis

Automated detection systems (e.g. user-friendly apps, machine learning systems) could be used to help detect
marine litter according to the parameters selected for monitoring (e.g. flight height, image resolution, the
effect of glare, minimum size of detectable litter). The processing procedure would involve three major steps:
(i) statistical analysis of detectability, (ii) candidate object extraction and (iii) classification. Nevertheless, a
human operator should perform the final validation.

4.8.1.9 Survey sampling metadata

Data on litter should take into consideration the characterisation of each transect (geographical coordinates
at the starting and ending points, oceanographic characteristics, etc.), in addition to the number of sightings
and the average distance between consecutive sightings (average distance = length between transects /
number of sightings). The following data should be recorded within each survey transect, through the
dedicated app:

o type of platform (i.e. UAV, vessels);

e types and models of cameras and lenses used;
e types and models of sensors used;

e start/end geographical coordinates;

e course over the ground / ground track;

e region;

e country and country identifier code;

e sea state (Douglas scale);

e weather description;

e visibility range;

e average wind direction (Beaufort scale);

e transect width;

e transect length;

e observation height;

e observation angle of each camera and sensor;

e percentage of overlap between images;
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e minimum size range observed and surveyed;
e speed (maximum / minimum and average);
e start/end time of observation;

e total time of observation.

4.8.1.10 Survey equipment and consumables
The following equipment is the minimum recommended for conducting the survey:
e cameras and sensors;
e lenses (if needed);
e hatteries and extra batteries for cameras and sensors (for unwired systems);
e hatteries and extra batteries for UAVs and control systems (only for monitoring with UAVS);
e autonomous power supply system (e.g. uninterruptible power supply)
e (ata storage system and extra data storage (e.g. hdds, ssd, etc.)
e  UAV control system (only for monitoring with UAVS);
e control system for cameras and sensors (except in continuous recording);
e attachment system for mounting cameras and sensors on vessels;
e tools;

e protective equipment for operators (e.g. sunglasses, sunscreen, cap).

4.9 Data and metadata reporting

The data analysis of litter needs to be performed at different spatial and temporal scales, and should be
harmonised when reporting monitoring results, as this is crucial for comparing data.

The data obtained from the application of the protocols described above will be a list of georeferenced items
classified according to the Joint List of Litter Categories for Marine Macrolitter Monitoring (Fleet et al,, 2021)
and size classes. The use of a laptop or other portable devices with a dedicated app to collect FMML data has
a clear advantage over paper documents.

4.9.1 Floating Litter Monitoring app

The JRC has developed a system based on a mobile computer app, the Floating Litter Monitoring (FLM) app,
which has been field tested within the Policy-oriented marine environmental research for the European
regional seas (PERSEUS), the Improving environmental monitoring in the Black Sea Il (EMBLAS Il) and the
Riverine and marine floating macro litter monitoring and modelling of environmental loading (RIMMEL)
projects (e.g. Gonzalez-Fernandez and Hanke, 2017; Gonzalez-Fernandez et al., 2022). The FLM app aims to
enable the large-scale acquisition of comparable data based on observations and/or image-based systems in
offshore and inshore waters and rivers, using the harmonised litter categories of the Joint List of Litter
Categories for Marine Macrolitter Monitoring developed by the MSFD TG ML in collaboration with the RSCs
(Fleet et al., 2021).

The FLM app has been designed for data acquisition by monitoring authorities, scientific projects, NGOs and
the general public, where data can be managed by users, depending on the assigned role, and data managers.
The app also enables the setting up of coordinated actions based on group codes for the subsequent
management of datasets. The FLM app can contribute to harmonising the monitoring of FMML. For further
information and access to the web platform, see the Commission’s floating litter monitoring web page
(https://floating-litter-monitoring.jrc.ec.europa.eu).

4.10 Quality assurance / quality control

A high level of consistency within and among regions would support a comprehensive analysis of the data
providing the opportunity to undertake statistically robust comparisons over time and across survey locations.
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The implementation of consistent QA/QC processes should be considered and implemented from the initial
development of FMML monitoring programmes, following best practice measures to reduce potential biases
and errors.

4.10.1 Quality assurance / quality control related to monitoring and sampling
The following measures are recommended for FMML monitoring and sampling processes.
o Appropriate techniques and platforms should be selected according to monitoring needs.

e Monitoring of FMML should be stratified into selected coastal/open sea transects. Initial pilot studies
are recommended to select locations and define a sampling frequency that reflects the impact of
human activities and pressures, and the temporal variation of local/regional environmental factors,
particularly for coastal monitoring.

e Seasonal surveys are recommended to provide greater precision and accuracy and robust data for
trend analysis.

e Advanced training programmes or hands-/eyes-on training courses with comparisons of observations
and use of artificial targets should be held to guarantee minimum standards of observations from
each platform. Similar events should be organised periodically at the EU level with further
implementation at the national level within the EU Member States.

e Monitored sizes range categories might vary according to the platform and monitoring scale used but
should include a range covering relevant small items and be based on the MSFD Joint List of Litter
Categories for Marine Macrolitter Monitoring (Fleet et al., 2021).

e Calibration approaches should be implemented to guarantee the consistency and comparability of
the monitoring data between areas and over time.

4.10.2 Data processing and reporting measures

Data acquisition should be organised effectively between Member State authorities and scientific research
projects to ensure a consistent data reporting.

All data should preferably be reported through laptop or tablet computer devices with a dedicated app for
collecting FMML data. If there are technical issues, data can be collected manually and then transferred to the
dedicated apps to provide a consistent digital FMML database that allows a comprehensive analysis of the
data within each region.

4.11 Cost and efforts needed for monitoring floating marine macro litter

Several factors influence the cost of FMML monitoring, including staff, equipment and field implementation
requirements. Costs for monitoring when using a dedicated platform/activity could be high due to the
involvement of vessels or aircraft; however, these costs may vary widely between regions. Integrated
multidisciplinary monitoring programmes, targeted monitoring, the use of volunteers and the development of
electronic tools to simplify data collection (apps, automated detection systems), would contribute to reducing
costs and maximising the use of existing resources.

4.11.1 Using opportunities for observation

Costs and efforts could be reduced by connecting FMML monitoring to other activities (e.g. by using ferries or
regular cruises as observation platforms). Placing a dedicated person on board a ferry for a selected short
coastal transect repeated at appropriate intervals, appears to be a very cost-effective methodology, which
may provide a quantification of FMML in a short time. However, although this would drastically reduce
operational costs, visual monitoring still requires the employment of dedicated personnel. The use of
volunteers could further reduce staff costs, provided that volunteers are properly trained and protocols are
rigorously applied. Finally, staff costs would be further reduced if photographic methods and automated
detection algorithms were used, as then only one staff member in charge of the maintenance of technical
equipment, would be needed.

Other opportunities for performing FMML observation could be provided by scheduled coastal oceanographic
cruises, coast-guard patrols, touristic cruises, etc. However, any monitoring programme would need to be
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adapted to the available opportunities, and some compromises for the ideal observation transect might be
needed.

4.11.2 Estimating costs and efforts

The selection of a given protocol should be made according to the monitoring needs in terms of the spatial
resolution and level of detail needed, the budget and the available staff/fequipment. To facilitate this selection
process, an estimation of the cost and effort (including the cost of labour, equipment and other running
costs), the level of technical equipment and expertise needed for data collection and analysis, and the
applicability has been provided for each protocol proposed (Table 4.2). Given the high variability of labour
costs among countries, these are only rough estimates provided to support the decision of which protocols to
adopt for monitoring. However, the quantification of the costs is highly dependent on the technique
(visual/photographic) and platform used and should consider any available equipment or opportunity that
could reduce costs.
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Table 4.2. Overview of the approaches recommended for FMML monitoring with relative indications of the technical equipment and expertise required, possible performers, costs associated
with the different phases of implementation, detail generated, scale of applicability and a summary of the main pros and cons

Technical
equipment

Expertise

Possible
performers

Costs
(sampling;
analysis;
equipment)

Detail
generated

Spatial scale
of applicability

Benefits
opportunities
to reduce the
costs

Large vessels (visual)

LM

V:P

L/H; M; LH
Overall: /M

M (size > 20 cm)

Wide coverage. Can be
integrated with ongoing
vessels’ operations and/or
coupled with marine fauna
monitoring programmes to
allow replicated surveys
across seasons and years.
Trained volunteers can be

Small/medium vessels
(visual)

M

LM

V:P

M: M; M
Overall: M

H (size > 25 cm)

High detail of observations. Can
be adapted to necessities of
sampling (specific
areas/seasons). Allows precise
assessments on a local scale.
Can be coupled with marine
fauna monitoring. Trained
volunteers can be employed to

employed to reduce staff reduce costs.
costs.
NB: VH, vey high; H, high; L, low; M, medium; P, performers, V, volunteers.

Source:

Adapted from Vighi et al. (2022).

Ship-based imagery = Aerial surveys (visual)

M: M; M
Overall: M

M/ (depending on
height and resolution)

H

Can produce
extremely highly
detailed observations
and allows FMML
assessment over
large areas.
Automation of
analyses can further
reduce costs.
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M/H

H M; H
Overall: MH

L (size > 30 cm)

Allows FMML assessment over
large areas and correlations
with potential sources
(shipping/fisheries). Can be
coupled with marine fauna
monitoring or other ongoing
monitoring activities to reduce
costs.

Aerial (aircraft)
photography

H

H; M; VH

Overall: H

L/M (depending on height
and resolution)

H

Large area coverage and
highly detailed
observations. Recorded
images can be used for
several subsequent
analyses. Automation of
analyses can reduce the
overall cost and time
dedicated to analyses.

Aerial (UAV)
photography

M

M/MH; M; MIH
Overall: MH

M/H (depending on height
and resolution)

WY

Can produce extremely
highly detailed
observations. Basic
platforms and sensors can
be easily adopted for
routine low-cost monitoring
of small coastal areas.
Automation of analyses can
further reduce costs.



4.12 Other methodologies
Riverine litter monitoring

Visual and image-based techniques are also applicable for monitoring floating litter on rivers by performing
observations from bridges or similar places (Gonzalez et al, 2016). Depending on the height of the
observation station and the river flow rate, either the large ferry or the medium-sized boat protocols can be
used for determining the observation strip width, the sample size (time effort) and the categorisation of the
litter. The height of the observation station would also determine the resolution needed for photographic
methods. The comparability of data between riverine and marine monitoring is important for quantifying
FMML and identifying its main sources.

Net tow surveys for macro litter and mesolitter

A physical sampling of floating macro litter requires large net openings to be operated on the sea surface.
Given the occurrence of macro litter items, this would require significant dedicated ship time and specific
equipment (e.g. Lebreton et al, 2018; Vighi et al, 2022). This method may be applicable for floating
mesolitter, size range relevant to ingestion by marine biota, and in line with the monitoring of floating
microlitter, but further research is needed.

Satellite imagery

Satellite imagery has also been investigated in the last decade to detect and track FMML and aggregations,
such as windrows, as proxies for marine litter monitoring (e.g. Arias et al., 2021; Cozar et al,, 2021), however,
it is not ready yet for standardised and systematic FMML monitoring programmes (Vighi et al., 2022).
Analysing some sources and modelling dispersal by applying current data from remote sensing via satellite
has the potential to become an efficient and reliable tool to support the design of monitoring programmes in
large marine areas.
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5 Seafloor macro litter

5.1 Introduction

Criterion D10C1 (‘The composition, amount and spatial distribution of litter on the coastline, in the surface
layer of the water column, and on the seabed, are at levels that do not cause harm to the coastal and marine
environment’) of D10 includes the amount of litter deposited on the seafloor, with analysis of its composition,
spatial distribution and, where possible, source, according to Commission Decision (EU) 2017/848 (replacing
Decision 2010/477/EV).

Comparable data and baselines are needed to establish trends and compare current data against threshold
values. The existing methods for monitoring litter on the seafloor reflect the difficulties associated with
applying compatible and harmonised methods and their limitations. Any location is characterised by different
depths, and the nature of the bottom may be sandy, muddy or rocky. As a consequence, different methods
are applied to monitor litter on the seafloor (e.g. trawling, diving, imagery) (GESAMP, 2019). Moreover,
monitoring litter on the seafloor may be challenging for some Member States and coastal areas because of
limited resources; therefore, there is a need to set up a list with priority areas to monitor.

Coordinated national or regional monitoring programmes for litter on the seafloor within Europe started in
2013 through experimental monitoring. The most common approaches to evaluating seafloor litter
distribution use opportunistic sampling during trawling surveys. This type of sampling is usually coupled with
regular fisheries surveys (marine reserve, offshore platforms, etc) and programmes on biodiversity
monitoring, since methods for determining seafloor litter distribution (e.g. trawling, diving, video) are similar to
those used for benthic and biodiversity assessments.

Monitoring programmes for demersal fish stocks, undertaken as part of the Data Collection Framework (DCF),
provide data using harmonised protocols, which may support the monitoring of litter at the European scale.
Data are collected regularly through existing International Bottom Trawl Surveys in the North Sea (NS-IBTS),
the Atlantic Ocean (IBTS, North-East Atlantic Surveys), the Baltic Sea (Baltic International Trawl Survey (BITS)),
the Mediterranean Sea (Mediterranean International Trawl Survey (MEDITS)), and the Adriatic Sea (Solea
monitoring project (SOLEMON)), according to MSFD requirements.

5.2 Background and the state of the art

The seafloor, from inter-tidal to abyssal depths, has been identified as an important sink for marine litter
(Ramirez-Llodra et al., 2011). Data have been obtained from varying locations and depths using different
methodologies (divers, video footage, or sampling by bottom trawls).

Both abundance and spatial distribution of seafloor litter show considerable variability. The distribution of
litter on the seafloor is strongly influenced by hydrodynamics, geomorphology and human factors. In general,
the abundance of marine litter is much greater in shallow coastal areas than on the deeper parts of the
continental shelf. For instance, near metropolitan areas, densities may exceed 100000 items per km? (Galgani
et al,, 2015). In these coastal areas, activities related to fishing and tourism significantly contribute to the
littering of the seafloor with notable temporal, particularly seasonal variations, while dumping activities that
pre-date the introduction of international regulations (e.g. the London Convention) influence the offshore litter
distribution. Considering existing data, the Mediterranean Sea may be the most affected European sea
(Galgani et al.,, 2015; Canals et al., 2021).

Long-term monitoring of litter on the seafloor has been performed regularly in some EU countries such as
Germany, Spain, France and Italy, and non-EU countries such as the United Kingdom. In the United Kingdom,
the results from the plastic caught in nets have not changed since 1999 (Maes et al., 2018). Consistent
results were also obtained at several sites in the Spanish Mediterranean Sea in a study carried out between
2007 and 2017, with 1 323 hauls on shelves, except for the Alboran Sea, where a decrease was measured
(Garcia-Rivera et al., 2018).

Other studies indicate an increase in litter amounts. For example, at the margins of the Gulf of Lion (France;
Gerigny et al,, 2019), trend studies (70 stations, depth 40-800 m) have determined a slight but statistically
significant increase since 2013.

In the Baltic Sea, a survey performed by seven countries conducting 2 377 hauls (53 cruises between 2012
and 2017) also showed an increase in the occurrence of plastic in the last 2-years; however, no trend for
fishing-related litter was detected (Zablotski and Kraak, 2019). A weak but statistically significant increase in
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seafloor litter representing non-natural materials in the Baltic Sea was also seen between 2012 and 2016
(HELCOM, 2018).

In contrast, a significant decrease in the total litter quantity (kg/km?) between 2011 and 2016 was found in
the north-central Adriatic Sea (Strafella et al., 2019).

However, the evaluation of trends may be challenging when the aim is to detect slight changes. A power
analysis of IBTS-related sampling by the Centre for Environment, Fisheries and Aquaculture Science (Cefas)
indicated that detecting a 10 % change over 5 or 10 years is unlikely without massive sample sizes (Maes et
al., 2015). However, a 50 % change over 5 or 10 years looks readily detectable with current designs based on
fish stock surveys such as the IBTS. Annual variations in litter transport, such as seasonal changes in the flow
rate of rivers and related turbidity currents, further complicate the interpretation of temporal trends. Other
seasonal factors include the intensity of currents, swell and downwelling/upwelling.

Due to the persistence of many litter materials, monitoring litter on the seafloor must consider accumulation
processes over past decades. Timescales for observations should therefore be adapted, for example by
requiring pluriannual deep seafloor surveys. Finally, seafloor litter assessments need to be planned with
defined protocols, including the definition and specification of the survey location; the choice of sampling
units; the methodology for collection, classification and quantification of litter; and the process for data
integration, analysis and reporting of results.

Research activities focusing on evaluating litter on the seafloor have suggested some priority topics (Canals
et al, 2021). These include (i) the evaluation of the catching and detecting potentials of different possible
approaches and gear, (ii) the localisation of accumulation areas and supporting tools, such as modelling or
seabed maps of sedimentation, to identify areas to be targeted by reduction measures, and to enable the
backtracking of transportation schemes and sources, (iii) an analysis of existing data to characterise the most
important sources, and (iv) the improvement of imaging tools (automated analysis, image resolution, etc.) for
video protocols. A combined approach using both trawl surveys and visual/imaging surveys may be the best
set-up for future monitoring of seafloor macro litter.

5.3 Scope and key questions to be addressed

This chapter evaluates existing methods for monitoring litter on the seafloor with respect to their capacity to
fulfil the requirements of the MSFD. It proposes harmonised methods that can be applied to assess litter in
regional seas, ensuring the comparability of seafloor assessments of litter within and between regions and at
the European scale. A strategy is proposed, listing criteria, sites of interest and constraints. Complementary
methodologies are also proposed for specific questions. Finally, it addresses data QA/QC requirements. An
outlook for the needs of developments and research is provided.

Because of limited resources, the monitoring of litter on the seafloor is determined by each Member State at
the national level, depending on the priority areas to be monitored. The strategy to be employed may consist
of regularly monitoring selected areas, comparable to the approach used in beach litter surveys to identify
and report litter trends over time (Hanke et al., 2019).

Opportunistic approaches may be used to minimise monitoring costs. Valuable information can be obtained
from ongoing monitoring of benthic species in marine protected areas, during pipeline camera surveys, the
cleaning of harbours and diving activities. Additional monitoring might have to be put in place to cover all
areas and create a consistent monitoring network. The sampling strategy should enable the generation of
detailed data in order to allow the assessment of the most likely sources of litter, the evaluation of trends
and pressure/impact (ingestion, entanglement, and contaminants) relationships and the possibility of
evaluating the effectiveness of measures.

The TG ML proposes using protocols based on existing trawl surveys and two protocols based on diving and
imagery, which fit the MSFD requirements and will support harmonisation at the European level if applied
transnationally. The monitoring strategy for the seafloor can partly be based on ongoing monitoring already
developed at the European level. Indeed, existing fishery stock assessment programmes cover most European
seas annually, facilitating harmonisation across Member States and data management. Key information on
seafloor litter typology, sources, localisation and trends can be obtained. Trawling (otter or beam trawl) is an
efficient method for large-scale evaluation and monitoring of seafloor litter, but a much better understanding
of how different fishing trawls catch litter from the seafloor is needed. However, when the same gear is used,
seafloor data from trawling represent a resource that can be used as a base for marine litter assessments at
the transboundary level.
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Nevertheless, it must be noted that trawling is a destructive monitoring method, and some sampling locations
in rocky areas are incompatible with trawling. Indeed, potential litter accumulation areas (e.g. trenches,
seamounts and canyons) cannot be covered by trawling approaches. Designing and developing an adequate
monitoring programme will have to consider these limits and consider non-destructive imagery approaches. In
a combined approach, protocols based on imaging techniques are efficient approaches to monitoring,
particularly in deep-sea areas. These protocols are based on the use of submersibles, remotely operated
vehicles (ROVs), AUVs and towed underwater cameras (TUCs). Only some countries will have to consider deep-
sea areas in terms of monitoring seafloor litter. The strategy is to be determined by each Member State at
the national level, depending on affected areas, but previous scientific results indicate that priority should be
given to coastal canyons (e.g. Pierdomenico et al,, 2019; Canals et al.,, 2021).

In this chapter, guidelines are provided for the following:
e visual surveys,
e trawl surveys,

e image-based surveys.

5.4 Visual surveys

Underwater visual surveys are the most common method of estimating marine litter density in shallow areas
(GESAMP, 2019). The shallow seafloor is considered separately from other compartments, as it requires a
dedicated monitoring strategy, and the approach can differ from those applied to other seafloor depths. The
depth limit here is defined as 30 m, which is within the limits of recreational diving and provides enough
bottom time to perform safe surveys. Underwater visual surveys are well adapted to monitoring marine
protected areas and may address the lack of data where other methods, such as trawls, cannot be employed.
As the shallow seafloor is the more accessible seafloor area, there are additional opportunities for data
gathering through participatory science with non-scientific communities (e.g. Consoli et al., 2020); these
opportunities are not available for the deep seafloor. The abundance of marine litter in shallow coastal waters
is generally high in bays, where litter disposed of locally is more likely to accumulate on the bottom because
of weaker currents (Katsanevakis, 2008; Stagli¢i¢ et al., 2021). Furthermore, wave or upwelling-induced
cleaning of the seafloor is less important in small bays, where there is usually much less transport. As the
logistics related to scientific diving are demanding, opportunistic monitoring - that is, the add-on of litter
monitoring to surveys performed for other purposes, such as biodiversity assessments — might provide a cost-
effective approach.

Although the most commonly used method to estimate marine litter density in shallow coastal areas is to
conduct underwater visual surveys by scuba diving, snorkelling has also been used in very shallow waters
(usually <10 m depth) and for larger items of marine litter (nets/fishing gear). The most common
methodology is to perform strip transects, where the observer travels along the centre line searching for litter
and counting all items within the strip (e.g. Fortibuoni et al.,, 2019, Pasternak et al., 2019).

5.4.1 Technical requirements

Knowledge of temporal variation is used to choose the sampling frequency. The minimum sampling frequency
for any site should be annual, and at a similar time of the year. Ideally, it is recommended that locations are
surveyed every three months (allowing an interpretation in terms of seasonal changes). Sites should be
selected that have flat and uniform substrates without risks of wrecks, munitions and/or endangered or
protected species.

The easiest methodology for underwater visual surveys with scuba diving is to perform ‘strip transects’. The
observer travels along a line searching for litter and counting all items within a predefined strip. The transect
length (L) must be measured. All litter items within 2 m or 4 m (w) on both sides of a nylon line are recorded
and removed, if possible. The strip area (A) is defined as A = 2 * w * L. It has to be considered that
underestimations of the abundance might occur, especially when counting small items or in the case of high
turbidity.

Surveys should be conducted through a minimum of two transects for each site (GESAMP, 2019). Unbiased
design-based inference requires allocating transects randomly in the study area or on a grid of systematically
spaced lines randomly crossing each other. However, with a model-based approach such as density surface
modelling (DSM), it is not required that the transects are located according to a formal and restrictive survey
sampling scheme, although good spatial coverage of the study area is desirable. Transects may be defined
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with a nylon line, marked every 5 meters with resistant paints, and deployed using a diving reel while scuba
diving. This way, the transect is well-defined, and its length is easily and accurately measured. Another option
might be to not physically define the line but move along an imaginary line using a compass. However, when
no real line is deployed, there are difficulties in accurately estimating transect length. A vessel with a GPS
may help to assess the transect length in this case by measuring the distance between the start and endpoint
of the dive or by summing the lengths for a sequence of positions along the line (in which case, the divers
could display their position, for example by towing a buoy) (Katsavenakis, 2009).

The nature of the bottom/habitat is also recorded. The length of the transects may vary between 20 m and
200 m, depending on the depth, the depth gradient, the turbidity, the habitat complexity and the litter density
(Katsanevakis, 2009). Results are expressed as litter density (e.g. items/km? or items/100 m?),

5.4.2 Use of volunteers in shallow water surveys

Recreational scuba divers can provide valuable information on seafloor litter in shallow waters. They can
access and have the skills and equipment needed to collect, record, and share information about the litter
they encounter underwater. Many dive clubs and shops organise underwater clean-ups, often in partnerships
with NGOs or local governments. For some Member States, the involvement of volunteer divers might be a
good opportunity for litter monitoring in shallow waters, but standardisation and conformity with the common
methodologies, protocols and tools proposed here should be achieved.

For example, the Dive Against Debris (DAD) project run by the Professional Association of Diving Instructors
(PADI) AWARE Foundation provides a harmonised methodology, field protocol and data reporting process for
scuba divers to remove and report marine litter found on the seafloor. As such, data are directly comparable
between survey sites globally. Data acquisition can be further harmonised by considering the effort of the
survey (e.g. Consoli et al,, 2020; Scotti et al., 2021). As the DAD project encourages divers to also report
debris-free sites, it yields also presence-absence data. Divers are encouraged, but currently not required, to
conduct surveys at the same dive site on a regular (monthly) basis to build data identifying temporal trends in
seafloor litter. All resources are freely available to download from the DAD project website
(https://www.diveagainstdebris.org/) and the PADI AWARE Foundation has numerous data sharing agreements
with various entities to provide bespoke datasets at the local, national and regional levels. Volunteers submit
their data to the global data set via the free mobile app or the online submission form. Every DAD survey
submitted undergoes and internal quality review process to ensure data integrity. The DAD project and similar
projects provide a cost-effective monitoring tool that Member States can implement nationally to build
quantitative baselines regarding the types and quantities of seafloor debris and facilitate ongoing
assessment.

55 Trawl surveys

Trawling (otter and beam) has been employed for large-scale seafloor litter evaluation and monitoring (e.g.
Goldberg, 1995; Galgani et al.,, 2000; Maes et al., 2018; Spedicato et al., 2019). There are some restrictions in
rocky areas and soft sediment, as the method may not be suitable and/or may underestimate the litter
quantities present.

General strategies to investigate seabed litter are similar to the methodology for benthic ecology. The
occurrence of international surveys of bottom trawls such as the IBTS (Atlantic Ocean), the BITS (Baltic Sea),
MEDITS (Mediterranean Sea) and SOLEMON (Adriatic Sea) provides useful and valuable means for monitoring
marine litter. These use standard gears, depending on the region (GOV and BACA nets in the Atlantic, TVL and
TVS nets in the Baltic Sea, GOC73 nets in the Mediterranean and a modified beam trawl in the Adriatic Sea)
and provide some harmonised and common conditions for sampling (mesh size, duration of tows, large
sampling surface covered) and hydrographical and environmental information (surface & bottom
temperature, surface & bottom salinity, surface & bottom current direction & speed, wind direction & speed,
swell direction and height). Moreover, specific equipment is used to calculate the swept area of the net. In
some cases, when the horizontal opening of the trawl is not evaluated for each tow, surfaces can be
calculated by estimating the opening of the trawl (e.g. Fortibuoni et al., 2019). The TG ML recommends using
these ongoing and continuous programmes to collect data on marine litter on the seafloor in combination
with other visual and imaging methods. However, bottom trawling has a significant impact on benthic
ecosystems. Thus, creating a new monitoring programme to monitor seafloor litter may not be justified from
an environmental perspective when other methods are available (GESAMP, 2019).
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Data on seafloor litter should be reported as items/km? before further processing and reporting according to
Commission Decision (EU) 2017/848.

5.5.1 Technical requirements

5.5.1.1 Atlantic Ocean, North Sea and Baltic Sea

Litter data collection using trawl surveys started in the 1990s in the north-east Atlantic Ocean (within the
IBTS programme; Maes et al,, 2018). The International Council for the Exploration of the Sea (ICES) Working
Group on Marine Litter (WGML) has recently developed a unique protocol for marine litter assessment using
trawling programmes; its application is mandatory for ICES surveys (ICES, 2022). This protocol harmonises the
procedures for collecting and reporting marine litter data during existing fish stock surveys. It has been
discussed within the TG ML and modified to provide an accurate methodology applicable to MSFD monitoring
(facilitating the evaluation of sources, trends, data analysis, etc.).

In the North Sea, the sampling grids are based on statistical rectangles of 1° longitude x 0.5° latitude (30 x
30 nautical miles). Each rectangle is usually fished by ships of two different countries (two hauls per
rectangle) or a single country fishing more than once in every rectangle (e.g. in the Skagerrak and the
Kattegat, Sweden). In the Baltic Sea, the station allocation is different and stratified by depth intervals, and
only one country covers each area. All countries have a standard haul duration of 30 minutes (defined as
starting at the moment when the vertical net opening and door spread are stable), using the same 36/47 GOV
demersal trawl in the North Sea (ICES/IBTS, 2017), BACA nets in the Bay of Biscay and on the Iberian coast,
and TV-3 (TVS and TVL) bottom trawl in the Baltic sea (ICES/BITS, 2017), sampling at 3.5-4 knots (2.3-2.73
knots in the BITS) between 20 m and 200 m depth with 20 mm mesh nets (3 knots in the IBTS between 15 m
and 800 m).

5.5.1.2 Mediterranean Sea

Litter data collection using trawl surveys started in the 2010s in the Mediterranean Sea (within the MEDITS
programme; Spedicato et al., 2019). The protocol is derived from the MEDITS survey (see the protocol manual
(MEDITS working group, 2017)). It is also a reference for associated countries, including Bulgaria and Romania
in the Black Sea. The hauls are positioned following a depth-stratified sampling scheme with a random
drawing of the positions within each stratum. The number of hauls in each stratum is proportional to the
surface of these strata, and the hauls should be made 