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Foreword

Marine litter is found in all sea areas of the world — not only in densely populated regions, but also in
remote places far away from any obvious sources. Marine litter originates from many sea-based and
land-based sources and causes a wide spectrum of environmental, economic, safety, health and
cultural impacts. The very slow rate of degradation of most marine litter items, mainly plastics, together
with the continuously growing quantity of the litter and debris disposed, is leading to a gradual, but
dramatic increase in the quantities of marine litter in our oceans and world shores.

In response to the global challenge posed by marine litter, UNEP’s Regional Seas Programme (RSP)
and the Global Programme of Action (GPA) embarked in 2003 on the development of a ‘Global
Initiative on Marine Litter’. Although marine litter is found in all oceans and sea areas of the world,
this initiative focuses on the establishment and development of pilot regional activities in twelve
regions (Baltic Sea, Black Sea, Caspian Sea, East Asian Seas, Eastern Africa, Mediterranean Sea,
Northeast Atlantic, Northwest Pacific, Red Sea and Gulf of Aden, South Asian Seas, South East
Pacific, and Wider Caribbean) that are particularly affected. The global initiative also provides a global
platform for the establishment of partnerships, cooperation and coordination of activities for the control
and sustainable management of marine litter. Most of these activities have been developed by
UNEP/RSP in close cooperation with the secretariats of participating Regional Seas Conventions and
Action Plans and in consultation and, when appropriate, in cooperation with UN Agencies, including
I0C of UNESCO, FAO and IMO.

The problem of marine litter was recognized by the U.N General Assembly (UNGA), which in its
Resolution A/60/L.22 (Nov. 2005) calls for national, regional and global actions to address the problem
of marine litter. This resolution notes the lack of information and data on marine debris, encourages
States to develop partnerships with industry and civil society, urges States to integrate the issue of
marine debris within national strategies dealing with waste management; encourages the development
of appropriate economic incentives to address this issue, and encourages states to cooperate
regionally and subregionally to develop and implement joint prevention and recovery programmes for
marine debris. A number of regions and countries have taken some steps to address the marine litter
issue but despite all these efforts there are indications that the marine litter problem keeps growing.

As recognized in the UNGA Resolution one of the significant barriers to addressing marine litter is the
absence of adequate science-based monitoring and assessment programmes that will provide useful
information, from which the most critical impacts of litter, on national, regional and global scales can
be determined. Changes in accumulation rates and composition, trends over time and the
effectiveness of management systems are also hard to assess without good monitoring
methodologies. Although monitoring of marine litter is currently carried out within a number of
countries around the world, the methods of survey and monitoring used tend to be very different,
preventing comparisons and harmonization of data across regions or time-scales.

In order to confront this problem the Regional Seas Programme of UNEP launched, in full cooperation
with the Intergovernmental Oceanographic Commission (IOC) of UNESCO, the development of the
UNEP/IOC Guidelines on Survey and Monitoring of Marine Litter that will assist policy makers and
support efforts by regions, countries, Regional Seas Programmes and other relevant organizations to
address the problem of monitoring and assessment of marine litter.

These Guidelines include a comparative analysis of information from around the world on existing
experience and methods for surveys, monitoring, reporting protocols and assessment of marine litter.
The compilation of the information and the development of the Guidelines were carried out by a group
of experts from all around the world and representing all oceans, lead by Prof. Anthony Cheshire of
Australia and supported by the Government of Australia. UNEP and I0C wish to thank all the
scientists and individuals who took part in this project!

It is a hope by all organizations and individuals involved in the preparation of these Guidelines that
they will be adopted and implemented for years to come by the relevant international and national
organizations, regions and countries.

Dr. Ellik Adler Mr. Julian Barbiere
UNEP, Nairobi UNESCOI/IOC, Paris
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GLOSSARY AND ACRONYMS

Glossary and Acronyms

Term Definition

AMDS Australian Marine Debris Survey

AMSA Australian Maritime Safety Authority

ANZECC Australian and New Zealand Environment and Conservation Council
Material that has been deposited on beaches after being washed up by storm or

Beach cast .
tidal movement.

. On the sea-bed — benthic litter is litter found sitting on or entangled with objects

Benthic
on the seabed.

CEARAC Coastal Environment Assessment Regional Activity Centre

CCl Clean Coast Index

CmMC Centre for Marine Conservation (now the Ocean Conservancy)
See Litter — although the words “litter” and “debris” are sometimes used to
indicate “rubbish” with different sources in this document the two words are

Debris taken to be inter-changeable.
Note also that the UN resolution A/60/L.22 and supporting documents used the
term “debris” but subsequent UN programmes and documentation have used
the term “litter”.

DEW Australian Government Department of the Environment and Water Resources
Flux rate is the amount of litter that accumulates on a given length of beach

Flux rate over a given period of time expressed as [unit quantity of litter] per [unit length
of beach] per [unit time]). See also standing crop.

GESAMP Joint G_roup of Experts on the Scientific Aspects of Marine Environmental
Protection

HELCOM Governing body of the "Convention on the Protection of the Marine Environment
of the Baltic Sea Area" — more usually known as the Helsinki Convention.

ICC International Coastal Cleanup

IMCRA Interim Marine and Coastal Regionalization for Australia

IMO International Maritime Organization

I0C of UNESCO Intergovernmental Oceanographic Commission of United Nations Educational,

Large Marine
Ecosystem

Scientific and Cultural Organization

Large marine ecosystems (LMEs) represent large, continuous ocean areas
(typically around 200,000 km2) that have relatively distinct hydrography and
bathymetry. LME’s typically encompass coastal bays and estuaries and extend
out to the edge of the adjacent continental shelf. Importantly they represent
areas with a high degree of physical, biological and ecological connectivity with
constituent trophically dependent populations.

The system of LMEs has been developed by the US National Oceanic and
Atmospheric Administration (NOAA) to assist in the identification and
characterization of areas of ocean for conservation purposes.



GLOSSARY AND ACRONYMS

Term Definition
System used to classify different types of litter. Many different systems have
been used in the literature including grouping litter based on its material
Litter composition (e.g. plastic vs wood vs metal), form (e.g. bottles vs crates vs
Characterization  sheets) or source (e.g. recreational activities vs fishing vs commercial
transport). In this report a comprehensive litter characterization scheme has
been developed that uses both material composition and form.
Repeated surveys of beaches, sea bed and/or surface waters to determine litter
Litter Monitoring quantities such that information can be compared with baseline data to see if
changes occur through time and / or in response to management arrangements.
. Structured set of procedures to provide a quantitative assessment of the
Litter Survey o ; :
amount of litter in a given location.
LME See Large Marine Ecosystem
Mediterranean Action Plan - Action Plan for the Protection of the Marine
MAP Environment and the Sustainable Development of the Coastal Areas of the

Marine Litter

MARPOL
MERRAC
NDNHI

NMDMP

NOWPAP

NRETA

OSPAR

RCU
RSP

Standing crop

Mediterranean

Waste, discarded or lost material resulting from human activities — marine litter
is any such material that has made it into the marine environment, including
material found on beaches or material that is floating or has sunk at sea. In
some countries organic material (e.g. faeces or food waste) are included as
litter. In this document organic waste has not been included and we only
consider manufactured materials (including processed timber). Materials of
natural origin, including seagrass or algal wrack and other vegetation, are
explicitly excluded.

International Convention for the Prevention of Pollution from Ships

Marine Environment Emergency Preparedness and Response Regional Activity
Centre

The Northwest Hawaiian Island marine litter survey

National Marine Debris Monitoring Program developed by the Ocean
Conservancy in the USA

Northwest Pacific Action Plan - adopted in 1994 by the four Member States,
namely the People’s Republic of China, Japan, the Republic of Korea and the
Russian Federation as a part of the UNEP Regional Seas Programme (see
RSP).

Natural Resources, Environment and the Arts, Northern Territory, Australia

The 1992 OSPAR Convention is the current instrument guiding international
cooperation on the protection of the marine environment of the North-East
Atlantic. It combined and up-dated the 1972 Oslo Convention on dumping waste
at sea and the 1974 Paris Convention on land-based sources of marine
pollution.

Regional Coordinating Unit for any of the various UNEP Regional Seas
Programmes (see RSP).

The UNEP Regional Seas Programme

Standing crop is a measure of the amount of litter on the beach expressed as
the [unit quantity of litter] per [unit length of beach]). See also Flux rate.

Xi



GLOSSARY AND ACRONYMS

Term Definition
The term trawl shot is used to denote a single trawling event where the net (or
Trawl shot grapple) is deployed behind the boat, dragged (or trawled) through the water
and then recovered. Each trawl shot can therefore be taken as a sample (or
sub-sample) of an area.
T . Use of a net that is dragged through some portion of the water column or along
rawling
the sea floor.
Technical Working Group — refers to the group responsible for compiling this
TWG .
report see Appendix A.
UNEP United Nations Environment Programme

UNEP Regional
Seas Programme

UNESCO

Visual survey

WWEF

The Regional Seas Programme was launched in 1974 in the wake of the 1972
United Nations Conference on the Human Environment held in Stockholm,
Sweden.

Currently, eighteen regions are covered by the Regional Seas family. Thirteen
regional seas programmes have been established under the auspices of UNEP.
The East Asia (COBSEA), Eastern Africa (Nairobi Convention), Mediterranean
(Barcelona Convention), Northwest Pacific (NOWPAP), West and Central Africa
(Abidjan Convention) and Wider Caribbean (Cartagena Convention)
programmes are directly administered by UNEP. The Black Sea (Bucharest
Convention), Northeast Pacific (Antigua Convention), Red Sea and Gulf of Aden
(Jeddah Convention), ROPME Sea Area (Kuwait Convention region), South
Asian Seas (SAS, SACEP), Southeast Pacific (CPPS, Lima Convention) and
South Pacific (SPREP, Noumea Convention) programmes are independently
administered by their regional secretariats. Furthermore, five regional partner
programmes are in place in the Antarctic (CCMLAR), the Arctic (PAME), the
Baltic Sea (Helsinki Convention, HELCOM), the Caspian (Teheran Convention)
and Northeast Atlantic (Oslo Paris Convention, OSPAR).

The RSP aims to address the accelerating degradation of the world's oceans
and coastal areas through the sustainable management and use of the marine
and coastal environments, by engaging neighbouring countries in
comprehensive and specific actions to protect their shared marine environment.
In total more than 140 countries participate in regional programmes thus the
RSP is one of the most globally comprehensive initiatives for the protection of
marine and coastal environments.

United Nations Educational, Scientific and Cultural Organization

A litter survey conducted by visual assessment rather than by physical
collection of litter items. Typically visual surveys are used when litter items can
be seen (observed) but not collected, for example, when using underwater
cameras or when observing from planes or ships travelling at sea.

World Wide Fund for Nature
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Executive Overview

Background to the development of operational guidelines

Globally our awareness of both the pervasiveness and magnitude of marine litter and the associated
environmental and social problems is growing (Ribic et al. 1992, ANZECC 1996a, GESAMP 2001,
Kiessling 2003, Cho 2005, UNEP 2005, OSPAR 2006, HELCOM 2007). This growth in knowledge is
being paralleled by a concomitant increase in the number and scope of national and international
marine litter investigations and assessment programmes. The objectives underpinning these litter
assessment programmes are quite diverse with groups/organizations variously targeting increased
public awareness, better understanding of the risks and impacts of litter, more understanding of litter
sources and sinks to support improved management and not the least, cleaner waterways and
beaches at local, regional, national and international scales. This variety in the purpose of assessment
programmes is matched by the diversity in the operational structure of those programmes.

Regardless of the underpinning motivation, marine litter investigations will generally fall into one of
three basic types:

1) Beach litter surveys.

2) Benthic litter surveys, which include:
a) Observations made by divers, submersibles or camera tows.
b)  Collection of litter via benthic trawls.

3) Floating litter surveys, which include:
a) Observations made from ship or aerial based platforms.

b)  Collection of litter via surface trawls.

Ultimately, to effectively manage and thereby mitigate the impacts from marine litter, there is a need to
develop a good understanding of the problems and specifically to increase our knowledge about the
principle types and sources of litter and the behaviours that result in litter entering the marine
environment. To achieve this aim, there is a need to ensure that good quality data are available that
will allow comprehensive analyses of the nature and sources of litter in marine environments and how
these vary through time and in response to management interventions.

In spite of growing interest and a mounting body of evidence from research and surveys, it is widely
accepted that a major factor that limits our knowledge of (and therefore the ability to manage) marine
litter results from inconsistencies in the design and delivery of sampling and assessment programmes.
These inconsistencies largely result from a lack of consistent objectives and litter classification
systems between alternative monitoring programmes (Ribic et al. 1992, ANZECC 1996a, Cheshire
and Westphalen 2007).

There is a growing need to develop standardized operational guidelines for marine litter survey and
monitoring programmes so that litter levels on our beaches and within our seas and oceans can be
estimated and interpreted through long-term, broad scale comparative studies that will support
management at both national and international scales. Similarly, given that marine litter management
ultimately relates to social and behavioural changes, there is a need to develop or maintain public
awareness and education through simpler, less rigidly structured, programmes.

Objectives

The objectives for this study were to develop a set of standardized operational guidelines for the
conduct of beach, benthic and floating litter assessments. In working to achieve this outcome it
became clear that there was also a need to address the different underlying purposes, particularly in
relation to beach litter assessments, and to that end we have developed two classes of surveys:

1) Comprehensive surveys for beach, benthic and floating marine litter

These protocols are targeted at the collection of highly resolved data to support the
development and/or evaluation of mitigation strategies in coastal and marine systems. The
protocol for these surveys includes a highly structured framework for observations at
regional, national and international scales.

1
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2) Rapid surveys for beach litter

This protocol comprises a simplified version of the comprehensive beach survey, targeted
primarily at developing public awareness and education about marine litter issues and is thus
not constrained by the need to fit within a broader spatio-temporal comparison framework.
Such surveys may be used as a vehicle for broader based community engagement and in
building community capacity when working towards inclusion within the comprehensive
survey framework.

In developing the guidelines marine litter was defined as any waste, discarded or lost material,
resulting from human activities, that has made it into the marine environment, including material found
on beaches or material that is floating or has sunk at sea. Some organic materials (e.g. faeces or food
waste) have been explicitly excluded and we do not include naturally sourced materials such as
vegetation (e.g. seagrass wrack, algae or river sourced trees and branches). Organic materials have
only been included where they have been through some form of processing (e.g. cloth and processed
timber).

Scope of this report

As noted by the United Nations General Assembly Resolution (A/60L.22), one of the most significant
barriers to addressing the global problem of marine litter is the absence of information that can be
used to determine the sources, the movement and paths, the oceanographic dynamics, the trend and
the more general status of marine litter. This kind of information is basic and mandatory in order to
assess the impact of marine litter on national, regional and global scales. The absence of harmonized
and globally agreed upon scientific methodologies to monitor changes in accumulation rates and the
composition of litter, and the effectiveness of management arrangements over time are critical issues
that require the development of appropriate guidelines.

In order to address this problem the Regional Seas Programme (RSP) of UNEP, together with the IOC
of UNESCO, and with the support of the Government of Australia, within the context of the ‘Global
initiative on marine litter’ initiated the work on developing guidelines for the ‘standardization’ and
harmonization of the survey and monitoring of marine litter worldwide. Such guidelines will contribute
to the global efforts, especially of developing countries, to address and abate marine litter and will
assist scientists, governmental authorities and policy makers and respective efforts by governments,
NGOs, Regional Seas Programmes and other relevant organizations to address the problem of the
monitoring and assessment of marine litter.

Within the framework of the collaboration between |IOC and UNEP, related to the development of the
‘UNEP/IOC Guidelines on Survey and Monitoring of Marine Litter’, this report aims to outline practical
operational guidelines for the survey and monitoring of marine litter and in particular:

1) To collect information from around the world on existing experience and methods for the
monitoring and assessment of marine litter drawing on information already compiled by
UNEP, OSPAR, HELCOM, the Australian Department of the Environment and Water
Resources, the Ocean Conservancy’s NMDMP and other relevant sources.

2) To develop a comparative analysis of selected methodologies for marine litter survey and
monitoring, including reporting protocols and forms.

3) To develop a set of practical operational guidelines on survey and monitoring of on-shore,
floating and sea-floor marine litter for consistent application worldwide. These guidelines
include advice on the format and organization of data needed to support statistical and
trend based analyses.

The survey design, guidance and data recording protocols are intended to support comprehensive
surveys and monitoring as well as rapid surveys suitable for application by community-based or other
non-research trained personnel.

Given the extensive logistical requirements for surveys of floating and benthic litter, it is not practical to
develop rapid assessment surveys for either floating or benthic litter. It is recognized however, that
community groups may well participate in ad-hoc clean-up and removal operations for floating or
benthic litter which may then be reported in general terms (e.g. total volume or weight of material
collected).
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Similarly, while there is broad agreement about the importance of microplastics (a component of
neustonic litter) as a threat to wildlife (Derraik 2002, Lattin et al. 2004), investigations into this type of
litter are technically demanding and require specialist equipment and training (see Lattin et al. 2004);
specific survey guidelines for this form of litter have not been included.

Approach used in developing guidelines

In order to organize the preparation of the Guidelines, the RSP of UNEP and the IOC of UNESCO,
with the support of the Government of Australia, established an international Technical Working Group
(TWG) comprising of sixteen “globally spread” experts from various regions and countries of the world.
The TWG began work in July 2007 with support from UNEP and IOC; Prof. Anthony Cheshire from
Australia took the lead role in the project and acted as a Chief Scientist, Team Leader and Coordinator
of the TWG.

The TWG undertook a detailed review of 13 different sampling protocols that are currently being used
around the world to survey beach cast, benthic and/or floating marine litter. Survey protocols were
assessed against 46 criteria related to the basic structure of the survey, the analysis of sampling units,
the frequency and timing of surveys, the systems used for litter classification and the underpinning
framework for facilitation and management of logistics.

Results of this review were summarised and then used to determine the best way to structure different
types of litter surveys. The outcomes from this work have been incorporated into the development of
these Operational Guidelines. In framing these recommendations a set of draft guidelines were
reviewed by all members of the TWG and these were further developed during a workshop held in
Phuket, Thailand during May 2008. Following this workshop the results were compiled into an agreed
set of operational guidelines to support the delivery of marine litter surveys.

In total four sets of guidelines have been developed, one for each of:

1) Comprehensive assessments of beach cast litter;

N

Assessments of benthic litter;

w

)
) Assessments of floating litter; and
)

N

Rapid assessments of beach cast litter.

Chapter | presents an introduction to marine litter and the associated problems. General information
about the application of these guidelines in a global / regional framework is detailed in Chapter Il while
the detailed methodology for each of the guidelines is presented in Chapters IlI-VI. Appendix A lists
the TWG membership while Appendix B provides a summary of the findings from the review of the
various litter assessment programmes that formed the background to these guidelines.
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INTRODUCTION TO MARINE LITTER

Chapter l. Introduction to marine litter

Despite international, national and local prohibitions (e.g. ANZECC 1996a, GESAMP 2001, Kiessling
2003, NRC 2008), the level of manufactured litter lost or deliberately discarded into the world’s seas
and oceans is substantial and represents a growing threat to marine environments and industries (e.g.
ANZECC 19963, b, Barnes 2002, Kiessling 2003). Marine litter accumulates on virtually all coasts from
the poles to the equator (e.g. Haynes 1997, Convey et al. 2002) and at least some form of litter can be
found on almost any beach anywhere in the world, irrespective of its remoteness from domestic
sources. Litter may originate from many sources including (e.g. Jones 1995, ANZECC 1996a,
Kiessling 2003, NOWPAP 2007a, Otley and Ingham 2003):

o commercial and recreational fisheries and aquaculture operations

[ vessels — including cargo, bulk carrier, military, surveillance, research, passenger ships
and non-commercial pleasure craft

L stormwater and urban run off

o wind blown from land

° riverine inputs

[ beach users, including deliberate illegal dumping

o offshore oil rigs

The International Convention for the Prevention of Pollution from Ships (MARPOL 73/78) is a major
international treaty on marine litter and pollution control for which Annex V relates to garbage. Across
the world, various countries enact this treaty through legislative arrangements (e.g. in Australia
through the Protection of the Sea (Prevention of Pollution from Ships) Act 1983). It needs to be
understood however that, although MARPOL provides some control over litter from shipping, it does
not prohibit discharge of all material from vessels. Furthermore, other sources of litter (e.g. lost fishing
gear or land based sources such as domestic discards) represent a substantial, and in some parts of
the world an even greater, source of litter into marine and coastal environments.

Other international and regional legal instruments have been developed to cover some of these other
litter sources including the London Dumping Convention' which addresses dumping at sea and the
Barcelona Convention which addresses marine litter from land-based sources.

Nevertheless, irrespective of the legislative framework, prosecutions for illegal disposal of marine litter
are rare (e.g. Rees and Pond 1995, Derraik 2002) because the tracing of litter to the source is often
difficult or impossible (ANZECC 1996a, Kiessling 2003).

Marine litter — the problem

For the purposes of the guidelines developed herein, the definition of marine litter* includes any
manufactured or solid waste entering the marine environment irrespective of the source (see Coe and
Rogers 1997). Marine litter can thus be categorised into several diverse classes of material (e.g. Ribic
et al. 1992, ANZECC 199643, Kiessling 2003, Otley and Ingham 2003, Edyvane et al. 2004), including:

e plastics (e.g. moulded, soft, foam, nets, ropes, buoys, monofilament line and other
fisheries related equipment, smoking related items such as cigarette butts or
lighters)

e metal (e.g. drink cans, bottle caps, pull tabs)
e glass (e.g. buoys, light globes, fluorescent globes, bottles, etc)

e processed timber (including particle board)

' The "Convention on the Prevention of Marine Pollution by Dumping of Wastes and Other Matter 1972", was one of the first
global conventions to control pollution of the sea through the dumping of wastes and other matter. There are Currently, 85
States are Parties to this Convention. In 1996, the "London Protocol" was agreed to further modernize the Convention and,
eventually, replace it. Under the Protocol all dumping is prohibited, except for possibly acceptable wastes on the so-called
"reverse list". The Protocol entered into force on 24 March 2006 and there are currently 36 Parties to the Protocol.

2 Note that the terms “debris” and “litter” are variously used throughout the literature. In some cases they are used to
differentiate between marine sourced material (debris) and locally sourced material (litter). In this report the terms are used
interchangeably although preference is given to the word “litter”.
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e paper (including cardboard)
® rubber

e cloth

Furthermore, in some countries organic material (e.g. faeces or food waste) are also included as litter.
In these guidelines organic waste has not been included although we do include processed timber.
Conversely, materials of natural origin, including seagrass or algal wrack and other vegetation, are
explicitly excluded.

The range and scale of impacts from marine litter are diverse (e.g. Dixon and Dixon 1981, Laist 1987,
Jones 1995, GESAMP 2001, Moore et al. 2001, Barnes 2002, Derraik 2002, Kiessling 2003, Otley and
Ingham 2003, UNEP 2005, NRC 2008) and include:

1. Environmental

a. entanglements and ghost fishing

b. ingestion (intestinal blockage, malnutrition and poisoning)

c. blockage of filter feeding mechanisms from small particulate (neustonic) plastic debris
d. physical damage and smothering of reefs, seagrasses, mangroves

e. potential to vector marine pests including invasive species.

2. Social

a. loss of aesthetics and / or visual amenity

b. loss of indigenous values

c. antagonism against perceived polluters

d. perceived or actual risks to health and safety
3. Economic

a. cost to tourism (loss of visual amenity and obstruction to beach use)
b. cost to vessel operators (downtime and damage due to entanglements)
c. losses to fishery and aquaculture operations due to damage or entanglements
d. costs for clean up, animal rescue operations, recovery and disposal
4. Public Safety

a. navigational hazards (loss of power or steerage at sea is potentially life threatening)
b. hazards to swimmers and divers (entanglements)

c. cuts, abrasion and stick (puncture) injuries

d. leaching of poisonous chemicals

e. explosive risk (gas cylinders frequently wash ashore in northern Australia, similarly
dumped military ordinance is a problem off the Irish coast)

Litter accumulation in our seas and on our beaches depends upon both the rate at which litter is
entering the system and the rate at which it is removed or decays. Estimates for the rate of litter
accumulation in the world’s seas and oceans vary substantially. The highest estimates suggest
accumulation rates as high as 7 billion tonnes per annum (GBRMPA 2006) a figure which may be an
over-estimate’. Conversely, the lowest estimate of 6.4 million tonnes per annum, although based on a
comprehensive assessment, is now quite dated (National Academy of Sciences 1975). Irrespective, it
is generally agreed that both the current levels and the rates of input are increasing (e.g. Ryan and
Maloney 1993, Barnes 2002, Derraik 2002) in spite of measures targeted at controlling the problem
(Williams et al. 2005, National Academy of Sciences 2008). The ever increasing use of plastics that
both float and degrade very slowly (Laist 1987) means that litter will remain in the system for
protracted periods and over that time it may travel substantial distances (Derraik 2002). Derraik (2002)
also suggested that while it is difficult to reliably estimate the amount of plastic entering the marine
environment the quantities are substantial.

3 While estimates vary considerably other sources suggest that plastic production world wide is around 5 kg per annum for every
person on earth. Given that plastics typically make up 50%-70% of litter items then as a worst case (assuming all plastic
produced ends up in the sea) marine litter production rates would be around 60,000,000 million tonnes. Although the figure of 7
billion tonnes is often reported it is unlikely to be correct and is probably 2-3 orders of magnitude above the real level.
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The longevity of many litter components (especially glass and plastics) is widely accepted (e.g. Clarke
1986, Laist 1987, UNEP 1990, UNEP/IOC/FAO 1991, The Ocean Conservancy 2006). A piece of
paper the size of a parking ticket might last a month, cigarette butts will last from 1-5 years, a plastic
bag for 20-30 years, aluminium cans from 80-500 years but glass and plastic bottles can last much
longer (UNEP 1990, The Ocean Conservancy 2006). The Ocean Conservancy International Coastal
Cleanup Coordinator Handbook lists 21 different types of litter, obtained from the US National Parks
Service, with decomposition times of 2-4 weeks for paper towels up to 1 million years for glass bottles
(The Ocean Conservancy 2006). However, these values will vary substantially according to
environmental conditions such as sun exposure, particularly UV levels, temperature, oxygen level,
wave energy and the presence of abrasive factors (sand, gravel or rock). There is also uncertainty in
our understanding of persistence; Clarke (1986) for example, suggests that plastic containers will last
around three years, substantially less than the 20-30 years suggested by the US National Parks
Service (The Ocean Conservancy 2006). Note that, while fragmentation of litter is not the same as
decomposition, this process may enhance the breakdown rate or at the very least change the nature
of the risks presented by litter to marine biota or ecosystems.

More research is needed into litter decomposition rates under different environmental conditions so
that the half-lives for different litter types can be quantified. Data on half-life will assist in identifying
residence times in the oceans and on beaches as well as targeting management strategies at those
litter types that are both damaging and persistent (e.g. changing the material composition to
preferentially select material that decomposes more rapidly).

Lost and discarded fishing gear is a primary cause for environmental, economic and public safety
concern (Jones 1995, Kiessling 2003), but plastics are far and away the most pervasive of marine litter
items for which ingestion by marine biota can lead to major health issues and frequently death (Laist
1987, Moore et al. 2001, Derraik 2002). Although in general terms netting and monofilament line could
be included under plastics, some surveys of marine litter analyse this component separately in order
to differentiate these risks (Kiessling 2003, White 2005) and because there is little confusion as to the
source. While it is possible that fishing nets may be lost from poorly maintained storage or dumping
facilities, derelict nets can generally be attributed to maritime origins. The same cannot be said for
other beach litter, particularly items that occur frequently (e.g. smoking related items, plastic bags,
bottles, etc), which are generally derived from land based sources (i.e. transport via rivers and drains
or via deliberate dumping and discards).

The need to improve marine litter reporting systems

To effectively manage, and thereby mitigate the impacts from marine litter, there is a need to develop
a good understanding of the problem and specifically to understand the principle types and sources of
litter in the marine environment. To achieve this aim there is a need to ensure that relevant, quality
data are available that allow a comprehensive analysis of the nature and sources of litter and how
these are changing through time and in response to management interventions.

Beach surveys of accumulated marine litter are the most common means of estimating loads in the
sea (e.g. Ribic et al. 1992, ANZECC 1996a, b, Rees and Pond 1998, Kiessling 2003, Stuart 2003).
However, in spite of growing interest and a mounting body of research, it is widely accepted that a
major factor that limits our understanding of (and therefore the ability to manage) marine litter, is the
lack of clearly identified objectives and inconsistencies in sampling design and litter classification
systems between litter surveys. These inconsistencies are such that they prevent or severely
confound the analysis of spatial and temporal patterns (e.g. ANZECC 1996a, b, GESAMP 2001,
Kiessling 2003).

Even when sampling methods are similar, comparative studies are often compromised by a lack of
information on factors influencing the depositional environment (prevailing winds, local and offshore
currents, proximity to land based sources) for the different sampling areas (ANZECC 1996b). In such
cases, even when differences in litter loads can be demonstrated between sites it is difficult to
interpret these because the sources of the variability remain unknown. The development and
evaluation of global strategies for the management of marine litter are thus hampered by an inability to
compare and contrast litter levels between different regions.

There is growing need therefore, to develop standardized marine litter sampling guidelines such that
litter levels within coastal and marine systems can be estimated and interpreted through long-term,
broad scale comparative studies that will support management at both national and international
scales (e.g. Wace 1995, ANZECC 1996b, Kiessling 2003, Stuart 2003, Edyvane et al. 2004, Cho
2005, HELCOM 2007, NOWPAP 2008, Sheavly 2007).
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Lifecycle model for marine litter

A key challenge in developing guidelines for the assessment of marine litter is to identify the major
processes that control the entry and / or removal of litter from the oceans and also the transformations
that occur during the lifecycle of any given litter item (e.g. when floating litter sinks to become benthic
litter or is cast onto a beach to become beach cast litter).

In developing any sampling strategy it is necessary to establish a model of the system being
investigated which makes explicit the various assumptions about how the system works. In the
following we provide a systems model that describes the dynamics of marine litter from source to sink.
This model can be used to visualise the “lifecycle” of marine litter by tracking the various pathways that
litter can take from the point of discard and through the system until it is eventually removed or
decomposed. The model, represented schematically in Figure 1, provides a simplified view of the key
parameters and processes that can be measured or inferred from an appropriately configured marine
litter sampling strategy.

In summary, the model identifies a set of key state variables (rectangular boxes) that represent “pools”
of material that are in dynamic flux within the system. These pools include Floating litter, Benthic litter
and Beach cast litter. The size of the litter pools are defined in terms of quantities of material (e.g.
tonnes of floating litter or the numbers of particular items) and thereby represent the sum total of
material within the system under consideration.

Managing discard behaviour . : We may be able to kee

is ultimately the only Marlne lltter pOOIS populary beaches clear (?f litter
practical route for combating but litter collection is both
marine litter problems. By expensive and logistically
preventing discards the other . difficult. For oceanic systems
problems take care of FlOatlng Gl Beach cast it is almost impossible.
themselves. A

Discards == k» J —>  Collection
Fragmentation

-

Benthic <
Fragmentation is not the same as decomposition. Smaller (fragmented) | Decomposition may take between weeks (paper and cardboard) to
litter presents different sorts of risks to marine systems. While large thousands or even millions of years (plastics and glass). The rates
items may present entanglement risks, smaller items represent of input far exceed the rate of decomposition.
ingestion risks. Even heavily fragmented items (e.g. microplastic
particles), present risks to the trophic structure of ecosystems. > Decompostion

Figure 1. Schema representing the lifecycle of marine litter.

Dynamical processes (indicated in Figure 1 by arrows) illustrate the flux rates or movement of litter
from one pool to another. These values are measured and reported as rate functions (e.g. tonnes of
litter discarded per year or tonnes of litter being cast onto beaches per year). In general terms these
flux rates can be measured either directly, by observation of amounts of material being transported, or
indirectly through inferences based on changes in the amounts of litter in each pool over time.

The model can be used to illustrate some simple truths about the longterm options for the
management of marine litter including:
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1. For as long as the input processes (Discard) exceed the removal processes (Collection and
Decomposition) then the amount of litter will increase through time resulting in more litter in
the oceans and on the beaches.

2. Given that decomposition is slow (particularly for some of the persistent and more toxic
plastic forms of litter) then this will never be a solution to the marine litter problem. In some
cases material engineering may provide alternative materials that decompose more rapidly;
increased rates of decomposition would then result in a reduction in the size of the litter pool.

3. The key point of control in the system is through the management of discard behaviours. If
we can reduce inputs we have some chance of managing the downstream environmental
consequences. Improvements are needed in waste management and reception facilities in
ports and harbours, education of beach goers is essential to reduce domestic discards and
improved management of rubbish dumps, particularly those in coastal catchments, are all
required to reduce inputs to the system.

Management of marine litter can be informed by obtaining good quality data on the size of each of the
pools and the rates of exchange between them. This allows us to articulate a set of useful objectives
for any national or international programme of marine litter surveys. These being:

i) To provide information about the sources of different types of litter, and
i) To quantify the amount of litter in different ocean systems.

To achieve these objectives, litter assessment guidelines must explicitly incorporate an awareness of
the “life-cycle” of marine litter into the design, to support quantification of the key response variables
and to allow an analysis of the efficacy of various management interventions.

In the absence of better management at source, the exponential growth of litter in the marine
environment is certain to continue (Barnes 2002). The need to develop and evaluate alternative
management strategies is therefore central if we aim to limit the amount of litter entering marine
systems. In 1975, the annual influx rate of litter to the world’s oceans was estimated at six millions
tonnes (National Academy of Sciences 1975) ; current rates are likely to be substantially greater.
Given the prolonged timeframe for decomposition (UNEP 1990, The Ocean Conservancy 2006) and
the very small amounts of litter actually removed through beach clearances (The Ocean Conservancy
2006), it can be argued that the volume of marine litter in the oceans will continue to increase
exponentially over coming decades.
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Chapter ll. Establishing a framework for litter assessment

Introduction

To achieve better management outcomes in addressing the problems of marine litter there is a need
to ensure that relevant, quality data are available to facilitate a comprehensive analysis of the nature
and sources of litter and to quantify changes across regions, through time and in response to
management interventions.

In this chapter guidelines are presented to support the establishment of a framework within which litter
assessments (beach, benthic and floating litter) can be conducted. The primary objective is to
establish a framework for managing the integration of individual litter assessment activities across
broad geographical regions. In this context, regions may comprise sub- or supra-national areas where
there is a unified system for coordinating and / or managing litter assessments. Typically regions may
comprise UNEP regional seas areas that span national boundaries or, in the cases of countries such
as Australia, national or sub-national programmes that cover management or planning areas.

The regional framework aims to support:

1) Quantification and characterization of marine litter for the purposes of developing and
evaluating the effectiveness of management, control, enforcement and/or mitigation
strategies in particular integration with solid waste management.

2) Understanding of the level of threat posed by marine litter to biota and ecosystems.

3) Provision of comparable datasets to support national, regional and global assessments of
marine litter.

Framework for developing operational guidelines

The methods (detailed in the following chapters) for beach, benthic and floating litter assessment have
been developed from a number of existing survey protocols that collectively have a track record of
application in various regions around the world. Significant amongst these were the OSPAR,
NOWPAP and the NMDMP protocols (Appendix B) which collectively provide:

1) Proven frameworks for delivery of long term, large scale marine litter surveys using trained
(although often voluntary) survey participants.

2) Frameworks that support the development of litter summaries at a variety of spatial and
temporal scales.

3) Methodologies that collectively satisfy most of the key criteria detailed in the comparative
analysis of the alternative survey protocols (Appendix B).

4) Methodologies that are rigorous but still flexible enough to encompass a range of different
litter management objectives.

5) Methodologies that have the capacity to address quality assurance and quality control
issues.

Litter assessments need to be planned to ensure that they sit within and across the context of a
broader regional management framework (Figure 2) and are delivered consistent with the defined
protocols. In turn, these protocols need to include the definition and specification of the survey
location, choice of sampling units, methodology for collection, classification and quantification of litter
and a process for data integration, analysis and reporting of results.

Three aspects of this framework need to be structured to ensure integrity across regions and to
support national, regional and global analysis of litter data. These are:

1. Effective and culturally appropriate systems for the recruitment and training of field staff and /
or volunteers.

2. Establishment of a system for selecting litter survey sites at national and regional levels; and

3. Standardisation of the system used to classify and quantify litter (to support comparisons over
broad regional and global scales.
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Figure 2. Steps in developing a marine litter assessment.

Recruitment and management of staff and volunteers

Any long term marine litter assessment programme will require a specific and focussed effort to recruit
and train field staff and volunteers. Consistent, high quality training is essential to ensure data quality
and needs to explicitly include the development of operational (field based) skills. Staff education
programmes should incorporate specific information on the results and outcomes from the work so
that staff and volunteers can understand the context of the litter assessment programme.

Whereas most guidelines (AMDS, NMDMP, NOWPAP — Beach, OSPAR, CCAMLR, CCl and NDNHI)
recommend the use of the same personnel in all surveys through a programme, the maintenance of
volunteer enthusiasm and continuity can be quite difficult (especially for long running — 5 — 10 year
programmes) with a concomitant need to find and train replacement field teams (Sheavly 2007).

Sheavly (2007) concluded that while volunteers were effective, efficiencies could be greatly enhanced
through integration of the sampling within local resource management programmes. This could include
support from national parks, resource managers, fisheries and tourism managers as well as non-
government organizations.

In developing a programme it needs to be recognized that volunteers typically come from a wide
variety of backgrounds; by way of example the NMDMP volunteers included retired corporate
executives, technicians, educators, local conservation organizers, middle and high school science
classes, college students, U.S. Naval and Coast Guard offices and other members from the private
sector (Sheavly 2007).

This diversity will bring with it differences in knowledge and experience and these need to be
addressed when developing a volunteer programme. In summary there are a number of key issues
that need to be considered when engaging volunteers in marine litter assessments and these include
(adapted from Sheavly 2007):

i. Volunteers need to be properly trained with hands-on training exercises and supportive training
materials and programme manuals that detail responsibilities and procedures.

ii. Local coordination and management is needed to ensure that volunteers are available when
needed and monitoring schedules are followed.

iii. Effective and frequent communication is a key element in keeping volunteers engaged and up-
to-date with the programme activities, including how their monitoring activities are supporting
resource and conservation management efforts.

iv. Succession plans are needed to ensure that as some volunteers retire or leave the programme,
new volunteers are trained to provide replacements.

v. Regular recognition efforts of the volunteers and their efforts can be effective in maintaining their
involvement in the monitoring programme (e.g. media coverage, presentations by monitoring
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group members and/or management groups at local civic meetings, thank you notes, various
memorabilia including t-shirts, hats, etc.).

vi. The monitoring programme needs to be realistic in terms of the expectations of labour and the
length of time needed to conduct this type of study.

vii. Programme managers need to make regular visits to sites to ensure that training is relevant and
appropriate to the needs of the survey. Ideally follow-up visits should be scheduled to coincide
with re-training efforts and other activities.

viii. Volunteer managers, who may often be volunteers themselves, need appropriate training to
ensure that they have the skills to manage a volunteer workforce.

ix. ldeally local partnerships may be developed with state or municipal agency staff to facilitate the
monitoring and integration of volunteer management, training and programme delivery.

x. Where appropriate, typically for remote surveys or where local people are limited by financial or
other resources, monetary support may be required to cover transportation expenses related to
their efforts.

xi. While the very nature of a volunteer is not to expect anything in return for his/her efforts, people
do like to know that their efforts are meaningful and appreciated.

In more general terms the following issues are also relevant when managing volunteer programmes
(adapted from the “Model Code of Practice for Organisations Involving Volunteer Staff’; Volunteering
Australia 2007):

i. Interview and employ volunteer staff in accordance with anti discrimination and equal
opportunity legislation;
ii. Provide volunteer staff with orientation and training;
iii. Provide volunteer staff with a healthy and safe workplace;
iv. Provide appropriate and adequate insurance coverage for volunteer staff;
v. Define volunteer roles and develop clear job descriptions;
vi. Differentiate between paid and unpaid roles;
vii. Provide appropriate levels of support and management for volunteer staff;
viii. Provide volunteers with a copy of policies pertaining to volunteer staff;
ix. Provide all staff with information on grievance and disciplinary policies and procedures;
x. Acknowledge the rights of volunteer staff;
xi. Offer volunteer staff the opportunity for professional development;
xii. Reimburse volunteer staff for out of pocket expenses incurred on behalf of the organization;
xiii. Treat volunteer staff as valuable team members, and advise them of the opportunities to
participate in agency decisions; and
xiv. Acknowledge the contributions of volunteer staff.

All large scale marine litter surveys also have manuals and/or field guides to assist volunteers, most
notable are those developed for the ICC and NMDMP (The Ocean Conservancy 2002, US
Environment Protection Agency 2002, Sheavly 2007).

Field guides and litter identification tools are an important element in the maintenance of sampling
consistency. Importantly, care should be taken to ensure that the development of guides is sensitive to
language and cultural issues. For example, guides for surveys involving indigenous Australians should
contain warnings that they may include images or the names of deceased persons. Issues of this
nature highlight the need to obtain the support of locally based managers as the point of liaison
between volunteers and higher level survey management.

Framework for selecting survey locations

Identification of appropriate sampling “locations” (Step 2 in Figure 2) is a precursor to establishing the
basic sampling units within any litter survey programme. Accordingly, there is a need to consider the
process by which survey locations are chosen. Ideally locations should be selected with reference to
regional management or resourcing arrangements as well as their utility in providing meaningful data
about litter dynamics. Typically, management arrangements will not only consider larger regional scale
assessments but in most cases, will also need to address the requirements at smaller scales (sub-
regions and countries or other geographical sub-divisions).

Regions, for the purposes of litter assessments, are best defined as large domains wherein
management arrangements can be relied upon to provide broad coordination of litter survey
programmes. Globally a variety of such domains already exist including international networks (e.g.
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the UNEP Regional Seas Programme Areas (RSPA); Figure 3) and national networks such as those
that define the sampling programmes for the NMDMP in the USA or the proposed arrangements for
implementation of the AMDS in Australia (see e.g. Figure 3).

Regional coordinating units (RCU) associated with the various Regional Seas Programme areas (see
glossary) currently manage marine litter investigations such as those operating in the NOWPAP,
COBSEA and MAP regions. Elsewhere, regional or national coordinators manage the OSPAR,
NMDMP and CCAMLR programmes.

For larger countries it may be necessary to sub-divide the coast to align with management
arrangements. In Australia, for example, the AMDS programme (Cheshire and Westphalen 2007) has
identified eight principal marine planning zones (Figure 3) whilst in the USA the NMDMP identifies
nine coastal sub-regions (Sheavly 2007). Conversely, smaller nations (such as the small island
nations in the Caribbean) might contribute survey data to a broader framework based on marine
ecosystem boundaries. In such cases, although individual countries may only have a single sampling
location, ideally all countries within a region will have at least one sampling location to contribute to
regional programmes.

a) b)

Northwest
2
East

3 /
N
Southwest Southeast

Figure 3. Alternative management arrangements including a) Regional Seas Programme Areas
or b) Australian Bioregional Planning areas. Such programmes could be used to establish a
framework for the management (and analysis and integration of results) of comprehensive
regional beach litter assessments.

To be useful in delivering both regional and local scale coordination the management framework
needs to be able to support the collection of meaningful data across countries and broader regions as
well as to accommodate a degree of overlap in operational management, data structures and the
management questions being addressed.

The broader framework for litter surveys may thus be realized through cross-linking the fundamental
sampling units (i.e. beaches or other near-shore locations) within classes based on their
representation of broader geopolitical regions/sub-regions as well as across countries and/or Large
Marine Ecosystem (LME) areas.

Such a structure can be accommodated within a data integration and analysis system using a
relational database structure where “Sampling units” represent the core (unique) element and
information about national, regional or LME membership comprise descriptors for each sampling unit
(Figure 4).

The use of a relational database approach to manage the information will then permit analyses to be
conducted by aggregating and summarising data against any of these criteria (i.e. by Region, Country
or LME; Figure 4). In the example shown (Figure 2; Figure 4) an analysis by RSPA would include data
from all 3 sample units (they are all within the COBSEA area) whereas an analysis by LME would only
include the Thailand and Malaysian samples (Bay of Bengal LME) with the Australian sample being
analysed separately as part of the NW Australia Shelf Seas LME.
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Ideally regional coordinators would be appointed to work across regions which may be either the
RSPAs or National Programmes depending on the size and number of sample units being managed.
The regional coordinator would have responsibility for managing the data obtained from sampling units
within that management area. This person would also be responsible for the recruitment of location
managers (see below), data integration and they may also provide support for volunteer training
and/or community education.

Overall a management structure incorporating clear lines of communication to and from the
centralised management agency is critical to the development and maintenance of a larger scale
survey (Sheavly pers. comm.). Accordingly, location managers would need to work closely with a
centralised management organization (e.g. Ocean Conservancy in the case of the NMDMP) to ensure
effective outcomes.

Regional Seas
Program Area
(RSPA)

lllustrative data table

Sample unit LME RSPA Country
Mai Khao Beach, Phuket Bay of Bengal COBSEA Thailand
Broome Beach, Western Australia | NW Australian Shelf | COBSEA Australia
Tanjung Rhu Beach, Langkawi Bay of Bengal COBSEA Malaysia

Figure 4. Schematic data relationships with illustrative data table — Sample units (i.e.
beaches or near-shore locations) form the central data entity while information about Large
Marine Ecosystems (LME), Regional Seas Programme Areas (RSPA) or Country are
additional elements related to each sample unit and used to facilitate analyses with different
geographical perspectives (e.g. based on LME or RSPA).

Framework for litter classification

The second major element of any regional framework is the adoption of a unified system for
classifying litter items. Such a system will be a requisite part of any attempt to develop national or
regional syntheses of litter data.

In broad terms existing survey protocols fall into one of three types:
1. Low resolution surveys that distinguish 1-6 different litter categories as seen in the two
operational and floating litter surveys (CCl, FAP and Japan Floating);
2. Medium resolution surveys (30-60 litter categories) used in most other surveys (NMDMP,
NOWPAP - Benthic, KMMAF, CCAMLR and WWF); and
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3. High resolution (90 + litter categories) used in three surveys; the AMDS, OSPAR and

NOWPAP — Beach survey protocols (the latter using the NPEC data sheets)".

From a research perspective, it can be argued that a higher resolution in litter classification (i.e. the
classification of litter into a greater number of discrete classes) will provide the best opportunity to
analyse and interpret data. Conversely, a fewer number of classes is likely to result in a lower error
rate and therefore provide more consistency in data collection as well as making it easier to train and
support survey staff and volunteers.

In these guidelines, the system for litter classification has been chosen to ensure a good balance
between resolution and operational efficiency. The recommended system comprises a two level
hierarchy that identifies items firstly by material composition (e.g. plastic vs. glass vs. rubber, etc) and
then by form (e.g. bottles vs. sheets vs. fishing nets, etc). This classification system comprises a list of

10 different material classes and a total of 77 discrete types of litter (Table 1).

Table 1. Litter classification system for all surveys where litter is collected or identified in situ;

the Remote Litter Classes (RLCs) are further detailed in Table 3.

CLASS MATERIAL LITTER LITTER FORM (and examples) RLC
COMPOSTION CODE
1 Plastic PLO1 Bottle caps & lids RLO1
2 Plastic PLO2 Bottles <2 L RL0O2
3 Plastic PLO3 Bottles, drums, jerrycans & buckets > 2 L RL0O3
4 Plastic PLO4 Knives, forks, spoons, straws, stirrers, (cutlery) RL26
5 Plastic PLO5 Drink package rings, six-pack rings, ring carriers RL11
6 Plastic PLO6 Food containers (fast food, cups, lunch boxes & similar) RL09
7 Plastic PLO7 Plastic bags (opaque & clear) RL15
8 Plastic PLO8 Toys & party poppers RL27
9 Plastic PL0O9 Gloves RL25
10 Plastic PL10 Cigarette lighters RL20
11 Plastic PL11 Cigarettes, butts & filters RL19
12 Plastic PL12 Syringes RL18
13 Plastic PL13 Baskets, crates & trays RL0O6
14 Plastic PL14 Plastic buoys RL04
15 Plastic PL15 Mesh bags (vegetable, oyster nets & mussel bags) RL25
16 Plastic PL16 Sheeting (tarpaulin or other woven plastic bags, palette wrap) RL16
17 Plastic PL17 Fishing gear (lures, traps & pots) RLO6
18 Plastic PL18 Monofilament line RLO7
19 Plastic PL19 Rope RLO8
20 Plastic PL20 Fishing net RLO5
21 Plastic PL21 Strapping RL17
22 Plastic PL22 Fibreglass fragments RL23
23 Plastic PL23 Resin pellets RL23
24 Plastic PL24 Other (specify) RL23
25 Foamed Plastic FPO1 Foam sponge RL13
26 Foamed Plastic FP02 Cups & food packs RL09
27 Foamed Plastic FPO3 Foam buoys RLO4
28 Foamed Plastic FP04 Foam (insulation & packaging) RL13
29 Foamed Plastic FP0O5 Other (specify) RL13
30 Cloth CLO1 Clothing, shoes, hats & towels RL25
31 Cloth CLO2 Backpacks & bags RL25
32 Cloth CLO3 Canvas, sailcloth & sacking (hessian) RL25
33 Cloth CLo4 Rope & string RL08
34 Cloth CLO5 Carpet & furnishing RL25

* Note that the Hawaiian benthic survey method (NDNHI) uses 250 litter categories, but these relate to the diversity of derelict
fishing nets that were the specific target of that survey. Similarly, the Net Kit employed in Northern Australia as part of the WWF
survey protocol (now operated by NRETA) contains more than 180 different net types that may be identified within litter

collections (White et al. 2004).
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MATERIAL

LITTER

CLASS COMPOSTION CODE LITTER FORM (and examples) RLC
35 Cloth CLO6 Other cloth (including rags) RL25
36 Glass & ceramic ~ GCO1 Construction material (brick, cement, pipes) RL23
37 Glass & ceramic  GCO02 Bottles & jars RLO2
38 Glass & ceramic  GCO03 Tableware (plates & cups) RL26
39 Glass & ceramic  GC04 Light globes/bulbs RL22
40 Glass & ceramic  GCO05 Fluorescent light tubes RL21
41 Glass & ceramic  GCO06 Glass buoys RLO4
42 Glass & ceramic ~ GCO07 Glass or ceramic fragments RL23
43 Glass & ceramic ~ GCO08 Other (specify) RL23
44 Metal MEO1 Tableware (plates, cups & cutlery) RL26
45 Metal MEQ2 Bottle caps, lids & pull tabs RLO1
46 Metal MEO3 Aluminium drink cans RL10
47 Metal MEO4 Other cans (<4 L) RL10
48 Metal MEOQ5 Gas bottles, drums & buckets (>4 L) RLO3
49 Metal MEQ6 Foil wrappers RLO9
50 Metal MEOQ7 Fishing related (sinkers, lures, hooks, traps & pots) RLO6
51 Metal MEO08 Fragments RL23
52 Metal MEO09 Wire, wire mesh & barbed wire RL29
53 Metal ME10 Other (specify), including appliances RL23

Paper & ] . )
54 PCO1 Paper (including newspapers & magazines) RL14
cardboard
Paper &
55 PCO02 Cardboard boxes & fragments RL14
cardboard
Paper & ) . )
56 PCO03 Cups, food trays, food wrappers, cigarette packs, drink containers RL09
cardboard
57 Laper & poos Tubes for fireworks RL27
cardboard
58 Paper & pcos Other (specify) RL23
cardboard
59 Rubber RBO1 Balloons, balls & toys RL27
60 Rubber RB02 Footwear (flip-flops) RL25
61 Rubber RBO03 Gloves RL25
62 Rubber RB04 Tyres RL28
63 Rubber RB05 Inner-tubes and rubber sheet RL28
64 Rubber RBO06 Rubber bands RL23
65 Rubber RBO7 Condoms RL18
66 Rubber RBO08 Other (specify) RL23
67 Wood WDO01 Corks RL23
68 Wood WDO02 Fishing traps and pots RLO6
69 Wood WDO03 Ice-cream sticks, chip forks, chopsticks & toothpicks RL12
70 Wood WDO04 Processed timber and pallet crates RL24
7 Wood WDO05 Matches & fireworks RL12
72 Wood WDO06 Other (specify) RL23
73 Other oT01 Paraffin or wax RL23
74 Other OT02 Sanitary (nappies, cotton buds, tampon applicators, toothbrushes) RL18
75 Other OT03 Appliances & Electronics RL23
76 Other OoT04 Batteries (torch type) RL23
77 Other OoT05 Other (specify) RL23

It should be noted that the classification system in Table 1 can be adapted for use in surveys where
more detailed litter classifications are currently applied (e.g. OSPAR). This can be effected simply by
using the litter code shown in Table 1 and then adding a decimal identifier to provide for further
subdivisions of these classes. For example it may be desirable to differentiate vegetable bags from
oyster or mussel bags (Code PL19). This could be done by assigning code PL19.1 to vegetable bags
and PL19.2 to mussel or oyster bags. Providing this nomenclature is documented in the database then

it will not impact on the overall data quality of the system.
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The litter code associated with each of these different types of litter will need to be used to record
information on all data sheets (see e.g. Table 2; except for remotely observed litter data where the
codes in Table 3 should be used instead). Litter codes are recorded on the sheet along with
information about the amount of each item collected. If for example a survey results in the collection of
25 plastic bottles (comprising 20 small, < 2L and the remaining large), 4 light globes, 10 cardboard fast
food trays and 3 mesh vegetable bags then the data would be recorded as shown in Table 2.

Table 2. lllustrative section of data sheet used to record litter items collected.

LITTER DATA (continue over page if more space required)

Item code .
(standard Description ( #Cict):r:ts) W(?'(' g)ht
list) g
PLO2 Plastic bottles small 20 0.86
PLO3 Large bottles, 2 stroke oil containers 5 0.67
GC04 Light globes 4 0.2
PCO04 Paper trays 10 0.35
PL19.1 Vegatable bags 3 .18

In developing a regional framework the litter data can be further augmented with information about the
sources of the litter in the environment. This is best achieved using a relational data structure (similar
to that used to record location) with litter code as the core piece of data and additional information
about material composition, form and source recorded in parallel.

Where litter is observed remotely, for example in some benthic or floating litter surveys, the
classification needs to be simpler because it is often impossible to distinguish items based on material
composition. A floating bottle may for example be made of plastic or glass but it may not be possible
to determine which simply by seeing it in the water from a distance. In such cases a less resolved
classification system is recommended using the Remote Litter Classes (RLCs) that are principally
based on the type of object (Table 3). Note that all litter items identified in Table 1 can be placed into
one of the RLC categories (Table 3).
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Table 3. Codes used to classify litter items that have been observed remotely (RLC)

General class RLC LITTER TYPE and examples
Containers RLO1 Bottle caps, lids & pull tabs
RLO2 Bottles<2L
RLO3 Bottles, drums & buckets > 2 L
Fishing & Boating RL0O4 Buoys
RLO5 Fishing net
RLO6 Fishing related (sinkers, lures, hooks, traps, pots & baskets/trays)
RLO7 Monofilament line
RL0O8 Rope
Food & Beverage RL09 Cups, food trays, fast food wrappers & cardboard drink containers
RL10 Drink cans
RL11 Drink package rings
RL12 Ice-cream sticks, chip forks, chopsticks, toothpicks, matches & fireworks
Packaging RL13 Foam (insulation & packaging)
RL14 Paper & cardboard
RL15 Plastic bags (opaque & clear)
RL16 Plastic sheet or plastic tarpaulin
RL17  Strapping
Sanitary RL18 Sanitary (nappies, tampon applicators, cotton buds, condoms, etc)
Smoking RL19 Cigarette butts
RL20 Cigarette lighters
Other RL21 Fluorescent light tubes
RL22 Light globes
RL23 Other (specify)
RL24 Processed timber
RL25 Rags, clothing, shoes, hats & towels
RL26 Tableware
RL27 Toys
RL28 Tyres & Inner-tubes
RL29 Wire, wire mesh & barbed wire

Quantification of litter

Irrespective of how litter is classified, there is a need to develop a system for quantification in order to
provide a basis for comparison between surveys.

Ideally, in situations where litter items are collected, both counts and weights should be recorded for
all litter classes. Alternatively, it is recommended that the litter is weighed (and the quantity reported
as kg). Recording both counts and weights allows for the broadest integration of data and avoids the
obvious pitfalls (see below) with either type of measurement on its own.

If litter is not collected (and particularly for remote observations), then the amount of litter in each class
should be quantified by counting items.

The relative merits of these two approaches for quantification are discussed below.
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Weights of litter within categories

Weights of litter by categories are relatively easy to obtain and provide a very quick method for
quantifying large numbers of items that have been collected during a survey. Furthermore, by
aggregating items within a class and measuring the weight it is possible to rapidly deal with broken or
fragmented material (e.g. glass bottles or plastic bags). In some cases (e.g. cloth or fishing net) the
weight will be affected by whether the material is wet or dry and this is a source of error.

It needs to be recognized however that while a simple measurement of weight (e.g. that there is 100
kg of polyethylene sheet) quantifies how much material is present it is very difficult to relate this to
management or the assessment of downstream risks unless you know what that 100 kg comprises in
terms of individual items. If for example the 100 kg comprises 10,000 plastic bags each of which has
the capacity to be ingested and kill wildlife then this represents a different scale of problem than if the
litter comprises a single roll of material.

Similarly not all types of litter can be weighed, heavily fouled fishing nets or baulks of timber may
weigh many tonnes. Practically these cannot be weighed unless the survey team has access to
specialist equipment (that may not be routinely available’®).

Counts of litter items within categories

Counts are relatively easy to make and they do not require any specialised equipment. In relation to
litter items such as plastic drink bottles or plastic bags counts provide a quantitative indicator of
relative importance. For remotely observed litter, counts within types are the only available approach.

Problems arise however when there are litter items within the same class that may differ substantially
in terms of size. Counts of derelict fishing nets will grossly underestimate the significance of larger
nets (Kiessling 2003) which may vary in size from less than 1 m? to 100s or even 1000s of m?. In such
cases counts are much less useful than a measurement of weight. Similarly counts are of very little
use for quantifying heavily fragmented litter items. How, for example, do you count a hundred pieces
of plastic bottle — is it equivalent to one bottle or many?

* Although it is acknowledged that in places such as northern Australia, where large fishing nets are ubiquitous in the beach cast
litter, four wheel drive vehicles equipped with winches and lifting cranes are a standard piece of equipment used by survey
teams. These vehicles allow collection of large items which may then be taken back to a central location for weighing and
subsequent disposal.
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Chapter lll. Operational Guidelines for
Comprehensive Beach Litter Assessment

Objectives for comprehensive beach litter assessments

Beach surveys have long been the primary tool for measuring the load of marine litter in
coastal and marine systems and they also provide an invaluable mechanism for
education and building community understanding and awareness.

Historically, surveys of marine litter accumulation on beaches have been the most
commonly used method for estimating loads in the sea (e.g. Ribic ef al. 1992, ANZECC
19964, b, Rees and Pond 1998, Kiessling 2003, Stuart 2003), however, there has been a
marked lack of consistency in sampling protocols and litter characterization
(classification). To address this issue there is a need to develop and implement a
standardized marine litter sampling protocol such that the amount of litter within our seas
and oceans can be quantified and understood through long-term, broad scale,
comparative studies (e.g. Wace 1995, ANZECC 1996b, Kiessling 2003, Stuart 2003,
Edyvane et al. 2004, Cheshire and Westphalen 2007).

In this chapter guidelines are presented for comprehensive assessments of beach cast
litter which have the following primary objectives.

1. Quantification and characterization of marine litter for the purposes of developing
and evaluating the effectiveness of management, control, enforcement and/or
mitigation strategies in particular integration with solid waste management.

Understanding the level of threat posed by marine litter to biota and ecosystems.

Providing comparable datasets to support national, regional and global
assessments of marine litter.

In developing these objectives it needs to be recognized that data from surveys should be
useful in addressing a number of fundamental questions about marine litter relating to the
management, mitigation, sources and risks associated with litter in the environment
(Table 4). In turn, such questions allow evaluation of the information collected from
monitoring programmes and thereby assess its utility in supporting management
responses.

Table 4. Key questions to be addressed through comprehensive beach litter
monitoring programmes.

Monitoring Questions Monitoring Parameters

Are management/mitigation strategies effective? Litter Quantity (counts/weight) — changes
through time.

What are the sources and activities leading to Litter categories (indicator items®)
production of marine litter?

Is there a threat to marine biota and ecosystems? Litter categories (indicator items?)

¢ Indicators items for sources represent classes of items that are characteristic of certain types of users of the
marine environment. For example cigarette butts are typically discarded by beach goers whereas oil containers
by at sea operations including recreational and commercial boating.

’ Indicators items for threats represent classes of items that may present specific risks to wildlife such as drink
package rings or discarded fishing nets which present an entanglement risk whereas plastic bags present an
ingestion risk.

21



OPERATIONAL GUIDELINES FOR COMPREHENSIVE BEACH LITTER ASSESSMENT

Beach litter comprehensive survey operational guidelines

Comprehensive litter assessments need to be planned to ensure that they sit within the
context of regional management frameworks (Chapter II). The key element in developing
comprehensive beach litter assessments within the regional framework, is in the definition
of “beaches” as the core sample unit.

The methodology for comprehensive beach surveys detailed below has been developed
with reference to a number of existing survey protocols all of which have a track record of
application in various regions around the world. Significant amongst these were the
OSPAR, NOWPAP, NMDMP and AMDS protocols (Appendix B) which collectively
provide:

1. Proven frameworks for delivery of long term, large scale marine litter surveys
using trained (although often voluntary) survey participants.

2. Frameworks that support the development of liter summaries at a variety of
spatial and temporal scales.

3. Methodologies that collectively satisfy most of the key criteria detailed in our
comparative analysis of the alternative survey protocols (Appendix B).

4. Methodologies that are rigorous but still flexible enough to encompass a range of
different litter management objectives.

5. Methodologies that have the capacity to address quality assurance and quality
control issues.

It needs to be recognized that none of the existing protocols was deemed sufficient in its
own right to qualify as the model for global adoption; instead we have adapted the best-
practice elements from across the different survey protocols to ensure we have a system
that fully addresses the requirements.

Beach selection and characterization

When undertaking beach litter assessments as part of a regional programme there is a
need to:

1. Identify and select suitable beaches to allow the establishment of appropriate
sampling units; and

2. To develop a survey schedule to ensure that data are collected as required over
the lifetime of the study.

Ideally, at least 20 beaches should be selected per region, with a minimum of one beach
in each of the representative countries. Note that replication of beaches (choosing more
than one) within countries or even sub-regions is desirable.

Care needs to be taken to account for differences in the spatial intensity of the sampling
programme between areas within a region.

Data from replicates should be aggregated and standardized by total length of beach
surveyed, before any analysis that attempts to elucidate regional patterns.

Selection of beaches for marine litter surveys should follow the approach detailed in the
NMDMP (which are similar to the OSPAR and AMDS criteria; Sheavly 2007, OSPAR
2007, Cheshire and Westphalen 2007), although the need for sandy beaches should be
relaxed such that gravel beaches can also be included. The basic beach selection criteria
(see e.g. Figure 5) should therefore include:

e A minimum length of 100 m (i.e. sufficient to fit the smallest sampling unit)
although beaches with small amounts of litter may need to be longer (e.g. 1 km);

® |ow to moderate slope (15 — 45°), which precludes very shallow tidal mudflat
areas that may be many kilometres wide at low tide;
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Clear access to the sea (not blocked by breakwaters or jetties) such that marine
litter is not screened by anthropogenic structures;

Accessible to survey teams year round, although some consideration needs to be
given to sites that are iced-in over winter and the difficulty in accessing very
remote areas;

Ideally the site should not be subject to any other litter collection activities,
although it is recognized that in many parts of the world large scale maintenance
cleaning is carried out periodically; in such cases the timing of non-survey related
beach cleaning must be known such that litter flux rates (the amount of litter
accumulation per unit time) can be determined (see sampling frequency below);

Survey activities should be conducted so as not to impact on any endangered or
protected species such as sea turtles, sea birds or shore birds, marine mammals
or sensitive beach vegetation; in many cases this would exclude national parks
but this may vary depending on local management arrangements.

Although the NOWPAP and OSPAR selection criteria specify that sites should
not be within close proximity to rivers, harbours and ports (NOWPAP 2007b,
OSPAR 2007) it is recommended that within the above constraints, the location
of sampling sites within each zone should be stratified such that samples are
obtained from beaches subject to different litter exposures, including:

Urban coasts (i.e. mostly terrestrial inputs);
Rural coasts (i.e. mostly oceanic inputs);

Within close distance to major riverine inputs.

Each survey location will require a location manager who is responsible for liaison with
the regional coordinator as well as for recruiting survey volunteers, organising field
operations, data collation and quality assurance sampling for each survey.

At each location data need to be collected relating to the depositional environment and
proximity to litter sources including:

Aspect.

Prevailing wind (from meteorological data).

Beach curvature.

Total beach length.

Nearest river — name, distance, direction and whether or not it inputs directly to the

beach.

Nearest town — name, distance and direction.

Estimated number of person visits per year (based on a 10" scale i.e. <10, <100,
< 1,000 etc).

Main beach usage (i.e. recreational — swimming and sunbathing, fishing, surfing,
boat access or remote).

Access (vehicular, pedestrian and/or boat only).

Beach slope should be measured at the start and end point of each transect.

The shape of the beach profile should be described at transect start and end points. A
beach can be linear, concave, convex or sinusoidal/tiered in shape.
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Figure 5. Long Beach near Robe in South Australia provides a good example of the
type of beach that should be employed in a litter survey. Photograph G.
Westphalen September 2007.

Offshore reefs and seagrass beds should be apparent while setting up each transect.
However, this information should be checked against other sources because the
difference between reef and seagrass beds may not be obvious.

Tidal distance should be measured as the linear distance from the highest strandline to
low water level at the start and end of the sampling unit. Tidal range provides a basis for
measuring slope, although very wide or flat beaches might prove difficult (hence the need
for modest beach slope).

Tidal range should be obtained from published tidal data.

The back of the beach should be described in terms of the dominant features, be it
dunes, vegetation or built structures (rock walls, road, path, fence, etc).

e Any other noteworthy information (e.g. an otherwise remote and unvisited
location may be subject to an annual surfing competition that results in a “pulse”
of litter).

This information only needs to be collated once for each site. Once recorded in the
database the information will be used for all future surveys.

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

Sampling units

Within regions the basic sampling unit for beach litter surveys is a fixed section (length) of
beach from which measurements of litter load are made periodically. It is expected that
survey teams will go back and re-survey the same sampling units over an extended
period of time (e.g. every 3 months for a period of 5 or more years).

Data on litter from beach surveys will be analysed as the amount of litter (e.g. number of
items, weight or volume) per unit length of beach per unit of time (generally the period
since the last clean-up operation or survey).
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Sampling units of 100-1000 m will achieve the most pragmatic balance between areal
coverage and the amount of effort required to complete the survey within an acceptable
time allocation (i.e. preferably less than three hours). There are good arguments for using
both shorter and longer transects; in the OSPAR region for example, litter volumes on
many beaches are such that it is not practical to sample more than 100 m of beach
(although for larger litter items they use 1,000 m sampling units). In Australia it is common
to use replicate 1,000 m sampling units because litter loads are generally much lower and
therefore a single 1,000 m sample is unlikely to provide a good estimate for many
beaches particularly those in remote areas (See Appendix B — Question 6: Sampling
Units and Replication for more information as well as methods for determining the optimal
length of sampling units).

Sample length is measured along the curve of the beach at the mid-point between the
low tide mark and the back of the beach. Each sampling unit represents the entire area
along each transect from the water’s edge (preferably surveyed at low tide) to the back of
the beach (Figure 6).

Back of
beach defined
I by vegetation

,-" r T L T S ) e S E T
- Surve from watel edge to back of beach

Figure 6. Relationship between a typical sampling unit and the beach on which it is
positioned. All litter from the water’s edge to the back of the beach is collected
along the length of the sample unit (e.g. 100m).

The back of the beach needs to be explicitly identified using coastal features such as the
presence of vegetation, dunes, cliff base, road, fence or other anthropogenic structures
such as seawalls (either piled boulders or concrete structures).

Smaller sampling sub-units may also be employed for ubiquitous items such as cigarette
butts but these do not form part of the standard methodology. Typically these sub-units
should be 10 m wide strips from the water line to the back of the beach, preferably
positioned at the start and end point for each larger transect where they are easily GPS
referenced.

Additional requirements for a sampling unit include:

The start and end points of each sampling unit should be GPS referenced® and fixed for
subsequent surveys. These points will also mark the location of any sub-units. Whereas

® Note that whenever GPS data are collected, the coordinate system and datum must also be explicitly stated.
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the start and end points of the main transect can be marked with wooden stakes care
should be taken to ensure that this does not contribute to litter in its own right. Ideally no
equipment should be left on the beach.

1. If more than one sampling unit occurs on a beach the minimum separation
distance shall be at least 50 m (although note the discussion about pseudo-
replication and nested designs; see Appendix B — Question 6: Sampling Units
and Replication).

Sampling frequency

An important distinction exists between survey protocols that estimate the flux rates of
litter when compared with those that measure the standing crop of litter. Comprehensive
surveys need to quantify not just standing crop but rather the flux rate (accumulation rate)
of litter coming onto the beach. Flux rates are the preferred measurement® because they
can be used as a proxy for estimating oceanic litter levels (Ribic et al. 1992, see also
Appendix B).

In order to measure flux rates one must calculate the rate at which litter accumulates (i.e.
the amount of litter arriving on a given length of beach over a given period of time
expressed as [unit quantity of litter] per [unit length of beach] per [unit time]) as opposed
to standing crop which measures the amount of material on the beach (i.e. [unit quantity
of litter] per [unit length of beach]). This distinction between the assessment of flux rate
rather than standing crop is one of the fundamental differences between the
comprehensive and rapid assessment protocols.

The need to estimate flux rate has a direct influence on definition of the sampling
frequency which, unless there are other cleaning programmes on beaches, will define the
period over which the flux rate is calculated.

The minimum sampling frequency for any site should be annually. Ideally it is
recommended that locations be surveyed every three months (allowing an interpretation
of results in terms of seasonal changes). Quarterly sampling is consistent with the AMDS
and OSPAR protocols (OSPAR 2006, Cheshire and Westphalen 2007). The NMDMP
uses a monthly sampling regime (Sheavly 2007). Some consideration should be given to
tropical regions where there are essentially only two seasons as well as high latitudes
where access is likely to be restricted due to extreme remoteness and/or through being
iced-in.

In order to obtain data on litter flux rates there is a need to undertake an initial beach
clearance in order to remove all accumulated litter. This initial clearance will provide a
clean slate against which future samples can be assessed. Data on litter may be
collected from this clearance operation (which may serve as a training exercise), but this
data cannot form a component of general analyses'’.

For beaches that have periodic maintenance cleaning, the timing of the survey should
aim to maximize the subsequent interval. It is critical that the period of accumulation
between clearances (be they for survey or maintenance cleaning) is known such that flux
rates can be standardized (i.e. amount of litter per unit of beach per unit of time). It should
be apparent that an advantage of using litter loads relative to beach length and
accumulation time allows some flexibility in timing of surveys. However, given that
beaches are in constant but often highly variable flux (either accumulating or degrading

° Standing crop (total amount of litter on a beach) relates to ocean litter load and time between clearances
(either natural storm deposition and removal or human clean up operations). Conversely, flux rates (amount of
litter arriving on a beach per unit time) are comparable to estimates of catch per unit effort in a fishery system
and thereby provide a direct estimate of ocean litter load. It is important to recognize however that flux rates are
difficult to calibrate because individual beaches may have very different depositional or remobilization
characteristics and strictly speaking these factors need to be understood (or estimated) before comparisons
between beaches can be made.

'% The first clearance of a sampling unit can only provide data about standing crop. Flux rates can only be
determined by measuring the amount of litter that arrives on a beach over a fixed period of time. By making an
initial clearance the litter load is set to zero. A future survey can then estimate the litter load (e.g. kg/km) and,
because the time interval since the beach was cleared is known, then this value can be transformed to a flux
rate (e.g. kg/lkm/month).
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and often both process occur simultaneously), care should be taken with respect to the
sizes of the intervals being compared (i.e. the annual litter accumulation rate at a site will
most likely not be the same as 12 times the monthly rate).

It is recognized that some litter survey methods rely on counting items but not removing
them from the beach. In practice such an approach does not readily lend itself to
estimates of flux rate but technically flux rates may still be calculated: the standing crop at
the initial count would be recorded as the number of litter items per unit length of beach
this number would be subtracted from the count per unit length at the next survey and the
flux rate recorded as the change in number of litter items, per unit length of beach, per
unit time.

Laying out a typical survey

Depending on the number of survey team members, the survey process can be
undertaken in either of two ways (consistent with the NMDMP protocol; Sheavly 2007).
Surveyors form skirmish lines either parallel to the coast (typically >5 persons) or at right
angles to the coast (2-5 persons; Figure 7 a and b respectively). In both cases there
should be around 2 m between persons forming the line.

All litter, within the sampling unit, that is larger than 2.5 cm in the longest linear dimension
should be collected into carry bags. Smaller litter items that may be very common, such
as cigarette butts, can be considered in 10 m wide sub-units at the start and end of each
transect (if required; see sampling units above). Upon completion of the collection, the
litter must be sorted into classes (see Appendix C) and quantitatively measured. On
completion of the survey all should be disposed of appropriately, ideally by transport to a
properly managed waste reception facility. Where possible, facilities that undertake to
recycle wastes should be selected preferentially.

a) b)
Back of Beach (Base of Dune, Cliff or Vegetation Line) Back of Beach (Base of Dune, Cliff or Vegetation Line)
»> &
| el
> meters
< 500 meters > < 500 meters >
Oceanside Oceanside

Figure 7. Beach litter surveys can be undertaken in either of two ways; a) surveyors form
skirmish lines parallel to the coast (> 5 persons) or b) surveyors form skirmish lines at right
angles to the coast (2-5 persons). In both cases there should be around 2 m between
persons forming the line with each person responsible for noting or collecting all litter in the
area between themselves and the person on the adjacent line.

In addition to characterization of the litter, additional data that must be recorded at the
time of the survey, include:

e Survey date.

® Survey start and end times.
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e Date on which the transect was last cleaned either as a survey or as part of
broader beach maintenance programme (this is critical to calculation of flux rates
— see above).

e Distance along beach covered by the survey — this should be fixed for each
location (see Appendix B on sampling unit sizes) but may vary if local conditions
prevent survey of the entire sampling unit.

e Width of the beach at the time of the survey (which should be as close to low tide
as is practicable) from the current water level to the back of the beach — this may
be used to standardize litter per unit of beach area rather than per unit length of
beach (and thereby provides a basis for converting data to the NOWPAP
reporting format).

® Number of persons on the survey team — this should include the survey leader
and the number of collectors and provides a measure of survey effort. People not
engaged in directly assessing the beach should not be counted (i.e. support
people engaged in litter sorting and those assigned the task of collecting heavy
items should not be included in the count).

e Any large litter items that cannot be safely moved by the survey group (these
should be separately marked — see below).

® Any other details deemed relevant to the survey. This might include:

o Information on any entangled fauna encountered during the survey (details of
the organism, nature of entrapment, live or dead).

o Data on events that may not directly relate to the survey site (i.e. offshore
storms, shipwrecks, shipping container losses) or alternatively land based
activities that may result in litter such as festivals, car races, fishing
competitions etc.

o Conditions at the time of the survey that might affect the litter collection (e.g.
cold, hot, rain, snow, high winds) through impacting on staff performance.

Large immoveable objects (abandoned cars, very large fishing nets, baulks of timber, etc)
that cannot be moved by the surveyors should be recorded on an additional datasheet,
with information collected on the nature and location (preferably GPS fixed) for each large
item. This information will be submitted along with other datasheets to ensure that any
large item is included only once in subsequent analyses. In addition, the item may be
marked (preferably with paint), to indicate the item has been included (Wennecker pers.
comm.).

Organization of the survey, collation and transfer of the datasheets, quality control
sampling and liaison with regional coordinators should be conducted through the location
manager.

Data sheets
Three data sheets have been developed for comprehensive beach litter assessments
including:

1. Site characterization data sheet (BCO1 — double sided) is used to record
information on the depositional nature of the environment and proximity to local
litter sources. This sheet only needs to be filled out once for each beach location.

2. Litter characterization data sheet (BC02 — double sided) is used to record survey
specific data including categorization and measurement of litter. This is the basic
datasheet to be filled in for every survey at each site.
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3. Large items data sheet" (MLO1 — single sided) is used to record data on litter
items that cannot be removed. This sheet needs to be used for all such items to
ensure that they are only counted once (i.e. for the survey during which they are
first encountered even if this is the initial clearance survey). Subsequent surveys
should be conducted with reference to previously collected data and ideally a
summary of this information should be taken into the field to ensure that these
items are not recounted.

Quality assurance

Quality assurance and quality control should be primarily targeted at education of the field
teams to ensure that litter collection and characterization is consistent across surveys.
Investment in communication and the training of the country/regional and local survey
coordinators and managers is thus critical to survey integrity.

The use of a laminated pictorial field guide with examples of each litter type will assist
survey team members (particularly volunteers) to be consistent in litter characterization.
Such pictorial guides may also be published as field guides and made available over the
web to increase consistency between survey teams working at more distant (remote)
locations

Beach selection and sampling unit layout should be undertaken or ratified by the regional
and/or country coordinator who will recruit (and work with) a series of local managers.
The local manager must ensure that data are appropriately collected and make
corrections/address issues without damaging the enthusiasm of volunteers.

The NMDMP quality assurance protocol required a percentage of all locations to be
independently re-surveyed immediately following the scheduled clearance (Sheavly
2007). The collected litter from the follow-up survey could then be added to that of the
main collection and may also be used to provide an estimate of the error level associated
with the survey. This approach may be similarly employed as a component of these
guidelines (and may use the same datasheets), wherein (where resources are available)
the local manager undertakes the follow-up survey.

Data management platform

Data collation should be undertaken through an online, relational database management
system™ under the control and direction of the local managers. Responsibility for review
and approval of uploaded data should be undertaken by the regional/country coordinator
who will clarify any issues with local managers. This would ensure a high level of
consistency within each region as well as create a hierarchy of quality assurance on data
acquisition.

The use of such a system will also support comprehensive analysis of the data providing
the opportunity to undertake statistically robust comparisons through time and between
survey locations.

Equipment needs

Safety is a priority and all field teams need to be equipped with a comprehensive first-aid
kit. Field team members need appropriate clothing and footwear, protective gloves, hats,
sunscreen, wet weather gear, water and food. Major risks to personnel include exposure
to heat or cold, stick injuries (e.g. hypodermic syringes) and muscle/joint injuries
associated with bending and lifting. Remote operations must follow appropriate safety
protocols to ensure personal safety for team members.

" The Large items data sheet (MLO1) is used for all types of marine litter survey including surveys of floating or
benthic debris. This data sheet may also be used for ad-hoc observations (e.g. aireal observations or ships of
opportuinity) to record items of interest such as shipping containers or derelict fishing gear.

"2 The detailed design of an appropriately configured RDBMS is beyond the scope of this project but it should be
noted that the NMDMP, OSPAR and AMDS programmes all have databases that have been designed or
developed and any of which should be suitable with a modest level of customization. The key thing would be to
ensure that litter classification (see below) and beach characterization data structures were appropriately
modified to address the flexibility issues required of this system.
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Survey coordinators should also take responsibility for securing beach access permits
and other approvals that may be required from local management authorities.

Global Positioning Systems (GPS) are highly desirable, particularly in relocating and
determining the length of sampling units. The systems available are increasingly
affordable and accurate. In addition to a GPS (or as an alternative if a GPS is not
available) a digital camera (e.g. mobile phone camera) can be used to provide images to
support relocation of sampling units. In some cases it may be practical to physically mark
sites using wooden stakes or marker poles although care must be taken to avoid damage
to sensitive habitats. In addition to the above a detailed written description of the location
of the site and key landmarks will facilitate future surveys.

Where litter weights are required, battery powered electronic balances with an operating
range of 0-10 kg are now routinely available and ideal for weighing smaller collections of
items. Spring balances are available with a range of weight ratings up to 50 kg (and
possibly higher). These balances can be used in conjunction with a standard 11 L bucket
(or similar) to hold material during measurements. Spring balances have the advantage
that they do not require electrical power and they are generally accurate enough (to
within 10%) for the purposes of litter characterization but they must be replaced
frequently as the spring becomes rusted and worn.

Digital cameras may also be useful to photograph unknown items (if they are not
collected) and to record extraordinary events (e.g. ship wrecks). General equipment
requirements include collection bags, clip-boards, tape measures, stakes and flagging
tape all of which are routinely available from most hardware stores.

A pocket calculator may be useful to sum weights that are collected in batches.

A sharp knife or shears is useful for cutting away entangled litter (rope, cable, fishing line
and nets).

Access to remote areas cannot be achieved without appropriate (generally 4WD)
vehicles. They have the added advantage that heavy items can often be loaded into the
tray (particularly if they come equipped with lifting gear) or alternatively dragged to a
collection point.
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Organization

Name of the organization responsible for
collecting the data

BEACH LITTER
Beach Data Sheet

Surveyor Name

Name of the surveyor (person responsible
for filling in this sheet

BCO1

Phone number

Phone contact for surveyor

Completed ONCE for each site Date Date of this update to the data
SAMPLING AREA
Unique identity code for the beach (office
BeachID "t
Beach name Name by which the beach is commonly

known (include country)

Region name

Name for the region (office use only)

LME

Name for the LME in which the Beach is
located (office use only)

Co-ordinate system

Datum and coordinate system used to
record latitude and longitude

BEACH CHARACERISTICS - consi

dered from the start point of the transect

Slope

Slope of the beach — distance for 1 m of fall
from mid point of beach

Aspect

Compass direction perpendicular to the
beach facing the sea (nnn degrees)

Prevailing wind

Direction of prevailing wind for the beach
system (nnn degrees)

Beach curvature

Concave, convex, sinusoidal, straight

Horizontal profile

Horizontal shape of the beach (Linear,
Concave, Convex, Mixed)

Total beach length

Length measured along the mid point of the
beach (kilometres)

Substratum type

Defines whether predominantly a sandy or
gravel beach (pebble, rock etc)

Substrate Uniformity

An indication of the coverage by the
predominant substrate type (Percent)

Offshore reefs

Presence of offshore reefs (yes/no)

Offshore seagrass

Presence of offshore seagrass beds
(yes/no)

Tidal range

Max — min vertical tidal range (metres)

Tidal distance

Horizontal distance (metres) from the lowest
tide to back of the beach

Back of beach

Describe the landward limit (Rock wall, Cliff,
Dune, Anthropogenic)

Terrestrial vegetation (describe if any)
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SOURCE CHARACTERISTICS - considered from the start point of the transect

URBAN
Select one & indicate the major usage type
Location & major beach usage PERI-URBAN (swimming and sunbathing, fishing, surfing,
boat access or remote).
RURAL
. . Estimate of number of persons who visit the
Estimated visitors per year beach annually on logarithmic scale (10n)
Vehicular (can drive on beach), pedestrian
Access (must walk), isolated (i.e. need a vessel)
Nearest town Name of nearest town
Nearest town distance Distance to the nearest town (kilometres)
Nearest town direction Direction to the nearest town (degrees)
Name of nearest river (if relevant) — a null
Nearest river name value is assumed to mean no inputs to this
location
. . Distance to the nearest river (or stream)
Nearest river distance Tilermies)
. . . Direction to the nearest river or stream
Nearest river direction (degrees)
. . Whether the nearest river or stream has an
River/creek input to beach YES NO outlet directly to this beach (yes/no)
Pipes or drains input YES NO Distance and direction (yes/no)

Notes
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BEACH LITTER

Sample and Beach litter data

BCO02

Completed ONCE for each survey

Organization

Organization responsible for the survey

Surveyor Name

Name of the surveyor (person responsible for
filling in this sheet)

Phone contact for surveyor

Contact
Region Name for the region
BeachID Unique identity code for the beach

(office use only)

Sample unit information

Beach Name

Unique Name by which the beach is known

Latitude/longitude start

Recorded as nnn.nnnnn degrees at the
start of the sample — indicate NSEW

Latitude/longitude end

Recorded as nnn.nnnnn degrees at the
end of the sample — indicate NSEW

Coordinate system

Datum and coordinate system for latitude and
longitude

Survey date

Date survey was started for the sample
(generally today’s date)

Time start/end

Time taken to complete the survey (h)

Season

Spring, Summer, Autumn, Winter, NE
Monsoon etc

Date of last survey or cleaning

Date on which the beach was last cleaned
either by survey or maintenance clean up

Storm activity

Has there been any significant storm activity
since the last survey

Number of persons

Number of persons collecting litter

Sample unit length

Length of sample unit along the beach (m)

Width of beach

Width of beach at the time of survey (m)

Sub-units (if used)

Number and distance along beach

Quality assurance

Is the sample for quality assurance purposes
(either YES or leave blank)

Large items

Collate data on large items using the MLO1 datasheet

LITTER DATA (continue over page if more space required)

Item code

(standard list) DR

Count Weight
(# items) (kg)

Iltem code
(standard list)

Description

Count Weight
(# items) (kg)

Notes (e.g. entangled fauna, important events — storms, shipwrecks etc, conditions that may affect survey)
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LITTER DATA continued ...

ltem code
(standard list)

Count Weight Iltem code
(# items) (kg) (standard list)

Count Weight

Description (# items) (kg)

Description

Notes (e.g. entangled fauna, important events — storms, shipwrecks etc, conditions that may affect survey)
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Marine LITTER
Large Items Data Sheet
MLO1

Organization

Name of the organization responsible for
collecting the data

Surveyor Name

Name of the surveyor (person responsible for
filling in this sheet

Contact

Phone contact for surveyor

Use only for items that were not
collected.
Complete survey data at top of form
and then ONE row for EACH ITEM.

Use additional forms if required.

Date

Collection date for this data

Region name

Name for the region

LocationID

Unique code for the location

Coordinate system

Used for all GPS data on this page — provide
datum and format

LARGE ITEM DESCRIPTION

ltem type (If Status (floating, sunken,
possible use stranded, buried)
standard codes)

Latitude
(nnn.nnnnn NS)

Longitude
(nnn.nnnnn EW)

Description
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Operational Guidelines for Benthic Litter Assessment

Objectives for benthic litter assessments

A significant proportion of litter that enters the sea remains in the marine environment and much of this
litter eventually sinks and accumulates on the seabed (termed as benthic litter; UNEP 2005). Benthic
litter is rarely seen by the general public and therefore draws little attention or public reaction (Galgani
et al. 2000). Nevertheless, this litter continues to pose numerous problems. It is as a potential
navigation hazard, an impediment to trawl fishers (OSPAR 2006) and can lead to entrapment or
smothering of sensitive marine biota (NOWPAP 2007a).

In this chapter guidelines are presented for comprehensive assessments of benthic litter which have
the following primary objectives:

1. Quantification and characterization of marine litter for the purposes of developing and
evaluating the effectiveness of management, control, enforcement and/or mitigation strategies
in particular integration with solid waste management.

Understanding the level of threat posed by marine litter to biota and ecosystems.

Providing comparable datasets to support national, regional and global assessments of
marine litter.

As with all marine litter, effective management of benthic litter requires good data on the sources of
litter entering the marine environment, where it occurs and in what quantities. The following guidelines
have been developed to provide a basis for such investigations.

Benthic litter trawl or towed survey operational guidelines

The methodology for benthic litter assessment has been developed with reference to the well
established NOWPAP framework (NOWPAP 2007a) and also using information from the Hawaiian
Ghost Nets Program (Donohue et al. 2001, Timmers et al. 2005). Two alternative assessment formats
have been developed including methodologies for:

1. Benthic surveys using trawls or towed equipment including benthic trawls, camera tows,
submersible surveys or side scan sonar; and

2. Diver visual assessment surveys in shallow water, near shore areas.

The NOWPAP programme provides advice about conduct of benthic trawl surveys while the US
Hawaiian Ghost Nets Program has been considered in developing shallow water visual surveys.
Substantive changes have been made to these methodologies to ensure that litter classification
strategies are consistent with those being used for the other survey methodologies (see chapters on
Beach and Floating litter assessments).

These methodologies were used as a basis for the operational guidelines because they represent:
1. Proven frameworks for benthic assessment; and

2. Methodologies that are rigorously defined but offer sufficient flexibility to encompass a range
of different litter management objectives.

In the following sections the two alternative approaches to benthic survey have been outlined.

Benthic litter assessments need to be planned to ensure that they sit within the context of regional
management frameworks (Chapter Il) and are delivered consistent with the defined protocols. In turn,
these protocols need to include the definition and specification of the survey location, choice of
sampling units, methodology for collection, classification and quantification of litter and a process for
data integration, analysis and reporting of results.

Benthic surveys that require towed equipment need to make explicit consideration of the potential
environmental impact of the operation particularly as these relate to physical damage to benthic
environments and the potential for by-catch. Although there is debate as to the nature and extent of
environmental damage incurred by trawling operations (Collie et al. 2000), alternative approaches to
gathering sunken debris should be considered. In particular, this should include engagements with the
fishing industry along the lines of the “Fishing for Litter” programme employed in the North Sea
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(OSPAR 2006). Indeed, given the expense and logistical issues associated with trawling operations,
as well as legislative restrictions and/or licensing cost of benthic trawl operations in many countries,
“Fishing for litter” programmes may be the only viable means of obtaining data on benthic debris in
many systems.

Not withstanding, if benthic litter surveys, using trawls or towed equipment, are to be undertaken, a
modified form of the NOWPAP (2007a) approach is recommended using the standardized litter
classification system for material that has been either remotely observed (i.e. using cameras or side
scan sonar) or material collected in trawl operations.

In many cases it may be possible to develop collaborative projects with researchers who undertake
trawl operations for other purposes (e.g. fishery researchers). In such circumstances the survey
supervisor will need to balance the logistic requirements of litter surveys against the cost of operating
independently.

Given the nature of the equipment and technical expertise involved, it is understood that trawl surveys
will not make extensive use of volunteers due to the liability and safety issues.

Regional considerations

Whereas the NOWPAP approach considers provinces within member states this should be aligned
with the regional framework developed above (Chapter Il). At least 20 sampling units will be selected
within each region although a higher level of redundancy (i.e. replication) in sampling units within each
region is highly recommended.

Data from replicates should be aggregated at the site level, and standardized by area surveyed,
before any analysis that attempts to elucidate regional patterns.

Trawl site selection and characterization

Sites should be selected to ensure that they:

e Comprise areas with uniform substrate (ideally sand/silt bottom);

e Are of uniform depth;

® Focus on areas that are known to generate/accumulate marine litter;

® Avoid areas where there is a risk of unexploded munitions

e Avoid sensitive and/or pristine habitats that might be damaged by trawling operations;

® Are areas that would not impact on any endangered or protected species such as sea turtles,
sea/shore birds or marine mammals.

Within the above constraints on site selection, sampling units should be stratified relative to sources
within a region such that there are samples obtained from:

e Urban coasts (i.e. mostly terrestrial inputs);
® Rural coasts (i.e. mostly oceanic inputs);
e  Within close distance to major riverine inputs;

e Offshore areas (major currents, shipping lanes, fisheries areas, etc.).
Sampling units

A sampling unit will comprise a fixed 5 km x 5 km survey area. The benthos in this area should be pre-
surveyed using either side scan sonar or direct camera observations. This pre-survey will help
determine the nature of the trawl gear to be deployed (e.g. nets or grapples) and should also be used
to identify areas that need to be avoided (e.g. where benthic obstructions could impact on trawl
operations). In setting up the pre-survey the area should be sub-divided into twenty five 1 km x 1 km
sub-blocks which will be individually assessed for trawl suitability.
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800 m long trawl shot

Figure 8. Layout of benthic trawl samples comprising 3 randomly chosen 1 km x 1km sub-
blocks from a 5 km x 5 km sampling unit; a) the pre-survey identifies 20 sub-blocks that are
suitable for trawling operations from which 3 random sub-blocks are selected for trawling; b) 1
km x 1 km sub-block showing location of 5 trawl shots.

Having identified which of the sub-blocks is suitable for trawling (candidate sub-blocks; i.e. those with
no benthic structures or areas of conservation significance) a group of 3 sub-blocks should be
selected for trawling. These 3 areas should be randomly selected from the candidate areas to ensure
un-biased sampling of the 5 km x 5 km sample unit.

Trawl sub-samples

Once the three sub-blocks have been selected each can then be trawled using either nets or grapples
(as appropriate given the nature of the litter). Trawl operations should be conducted such that:

e Ship speed should be restricted to 3-4 knots.
e Each sub-block should be trawled using five parallel trawl shots up to 800 m long.

e The ship should proceed in a straight line against the current, so that grapnel (hook) or trawl
nets are spread out in a line astern.

e Trawl shots should be separated by a minimum of 200 m.

Data on all litter collected should be aggregated (summed) across all trawl shots and across all 3 sub-
blocks. Data should be reported per unit length trawled (e.g. assuming shots of 800 m length and a
total of five shots in each of the three sub-blocks this will equate to a total trawl length of 15 x 800 m or
12 km). Litter will then be reported as kg / km.

Note any unidentified or suspicious looking items should be treated with care as they may be
unexploded munitions. Survey supervisors should consider this risk in survey planning.
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Sampling frequency

NOWPAP (2007a) recommend that benthic surveys should be conducted annually. Given that the
opportunity exists for some benthic litter surveys to be conducted in close geographical proximity (e.g.
offshore) to beach survey sites, then the survey may be conducted at the same time as one of the
beach surveys. This will then provide an opportunity for an analysis of the relationship between
benthic litter loads and the flux of litter onto beaches.

Litter categories and measurement

Trawled litter should be classified using the standard categories (see data sheets below) and
quantified using weights or number of items as appropriate.

Benthic litter classification can also occur in the pre-survey using observations from either camera or
side scan sonar. However, it needs to be recognized that there will be a lack of precision in litter
characterization where material is not collected (particularly for side scan sonar observations). In such
cases litter will need to be classified using a subset of the standard classifications based on litter form
(e.g. all bottles, cans, etc. lumped together regardless of composition — see Chapter Il).

All litter that is collected should be disposed of appropriately ideally by transport to a properly
managed waste reception facility. Where possible, facilities that undertake to recycle wastes should be
selected preferentially.

Data sheets
Three data sheets have been developed in line with the above:

1. Site characterization data sheet (BLO1 — single sided) is used to record information about
the general area of the 5 km by 5 km survey location. This sheet records information on the
nature of the benthic habitat and the proximity to likely litter sources. The sheet should be
filled out only once for each location.

2. Trawl litter data sheet (BLO2 — single sided) is used to record survey specific data including
categorization and measurement of litter. This is the basic datasheet to be filled in for every
trawl shot at each site. If multiple trawl shots are run at any given site then a new sheet
should be used for each shot.

3. Large items data sheet (MLO1 — single sided) is used to record data on litter items that
cannot be removed. This sheet needs to be used for all items to ensure that such items are
only counted once (i.e. for the survey during which they are first encountered). Before
undertaking a re —survey of any site this information should be reviewed to ensure that the
location of such items is known.

Data management platform

Data collation should be undertaken through an online, relational database system® under the control
and direction of the local managers. Responsibility for review and approval of uploaded data should be
undertaken by the regional/country coordinator who will clarify any issues with local managers. This
would ensure a high level of consistency within each region as well as create a hierarchy of quality
assurance on data acquisition.

Equipment needs

Equipment needs and operational logistics for trawl surveys are extensive and highly specialised (see
NOWPAP 2007a and related references). The following are general requirements:

o Configuration of trawl equipment will be dependant on the type of seabed litter and
geographical conditions; e.g. trawl nets can be of 2 cm mesh size, 2-4 m width, 1 m height
and 20 m length; alternatively grapples or hooks may be used;

" The detailed design of an appropriately configured RDBS is beyond the scope of this project but it should be noted that the
NMDMP, OSPAR and AMDS programmes all have databases that have been designed or developed and any of which should
be suitable with a modest level of customization. The key thing would be to ensure that litter classification (see below) and
beach characterization data structures were appropriately modified to address the flexibility issues required of this system.
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® Rope length has to be determined depending on the water depth, specialist advice on setting
a trawl should be obtained;

® Seabed litter should be taken on board with proper equipment such as side rollers;

e Litter can be sorted directly on board provided deck space is available, care should be taken
to ensure safety of personnel through use of protective clothing including gloves;

e After collection and sorting, facilities are required to safely count and weigh litter; specialist
lifting and weighing equipment may be required.

Benthic litter visual survey operational guidelines

Visual surveys of benthic litter provide a useful tool for quantification of litter particularly in near shore
shallow water areas where litter may regularly become entangled with benthic structures such as
rocky or coral reefs. Such assessments can be used to direct clean-up operations and may be an
important tool in the management and protection of sensitive habitats (e.g. marine parks or reserves,
spawning grounds, etc).

The key element, in developing shallow water visual surveys, is in the definition of underwater belt
transects as the core sample unit. A belt transect is an area of the seabed delineated by a long central
line (of fixed length e.g. 100 m) which is used as a guide for divers who then survey all litter within a
certain distance (typically 2 m on either side) of the central line.

Regional considerations

At least 20 sampling units (i.e. 100 m belt transects; see below) will be selected within each region
although replicate transects may be used to increase areal coverage and to provide a higher level of
redundancy in sampling units.

Data from replicates should be aggregated at the site level, and standardized by area surveyed,
before any analysis that attempts to elucidate regional patterns.

Visual survey site selection and characterization
Sites where belt transects are established should be selected to ensure that they:

1. Are at depths of less than 20 m deep for diver safety and bottom time considerations (based
on a maximum non-decompression bottom time of ~ 50 minutes at 18 m depth according to
DCIEM tables'). Beyond this depth remote methods (i.e. camera tows) should be used;

Focus on areas that are known to generate/accumulate marine litter;

Avoid areas of potential hazard to divers (e.g. shipping channels, areas with high currents, or
seal breeding areas with associated shark attack risks);

Have ready access, from support vessel or from shore;

Are accessible all year round; if a site is not accessible due to weather or other circumstances
then data can be adjusted during analysis.

6. Will not impact on any endangered or protected species such as sea turtles, sea/shore birds,
marine mammals or sensitive beach vegetation.

Have known depositional characteristics and anthropogenic influences.

Within the above constraints on site selection, sampling units should be stratified relative to
sources within a region such that samples are obtained from:

Urban coasts (i.e. mostly terrestrial inputs).
Rural coasts (i.e. mostly oceanic inputs).

Within close distance to major riverine inputs.

'* Note divers should make their own assessment of bottom times after due consideration of their personal circumstances
including experience level and previous diving history, consideration of repetitive dive profiles and personal susceptibility.
DCIEM tables are commonly used for recreational/sport divers but individual needs should be assessed for any diving
programme.
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Sampling units

While the NOWPAP (2007a) method provides a good basis for diver surveys, the 10 x 10 m sampling
units recommended in these are probably too small to achieve representative coverage. Conversely,
the manta tow approaches used in the Hawaiian ghost net survey (Donohue et al. 2001, Timmers et
al. 2005) are more representative spatially, but lack the capacity to deal with small litter items.

As a consequence, the method for laying out the benthic surveys using divers has been modelled on
the standardized fish visual census methodology developed through the ASEAN-Australia Living
Marine Resources Program (English et al. 1997). This method has proven very reliable for fish surveys
and is considered to have direct utility for litter. This methodology is operationally very similar to that
described for beach surveys.

The major challenge for a diver survey is locating and swimming the correct transect line and distance.
A sampling unit (Figure 9) will comprise:

A 100 m (or longer) belt transect that is run at a fixed depth parallel to shore.

Distances should be determined either by laying out a 100 m tape measure or alternatively by laying a
100 m length of weighted rope across the bottom. The latter can be deployed and retrieved from a
boat. String lines like those used by cave divers may also be employed.

The start and end point of the transect should be identified with marker buoys and recorded using a
GPS.

Pairs of divers swim in parallel along either side of the tape/rope/string noting all litter items found
within 2 m either side of the transect line. If visibility is less than 2 m then surveys should not be
attempted.

«— Surface marker buoys —

100 m transect

Divers swim in pairs

Anchor or grapple to secure ends of transect line

Figure 9. Layout for benthic visual litter survey; divers swim down the transect line and collect
or record all litter items found within 2 m on both sides of the line. Litter is then recorded in
terms of either the count of items or the weight per unit of length (e.g. kg / km).

Small litter items should be collected but anything larger should be marked (lead-weighted surface
marker buoys can be carried by the divers and released to mark the location of larger items) for
possible later removal.

If more than one sampling unit is located within an area then the minimum separation distance should
be at least 50 m.

20 sampling units should be allocated within each region (note that a level of redundancy in sampling
units within each region is highly recommended).
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Sampling frequency

The minimum sampling frequency for any site should be annually. Ideally it is recommended that
locations be surveyed every three months (allowing an interpretation of results in terms of seasonal
changes). Quarterly sampling is consistent with the recommendations for comprehensive beach litter
assessments. Some consideration should be given to tropical regions where there are essentially only
two seasons as well as high latitudes where access is likely to be restricted due to extreme
remoteness and/or through being iced-in.

Note that previous work under NOWPAP and the Hawaiian surveys was done using annual surveys
(Donohue et al. 2001, Timmers et al. 2005, NOWPAP 2007a).

Litter categories and measurement

All litter should be classified using the standard list (Data sheet BLO3). Litter items should be counted
unless the material is being collected in which case counts and weights may be obtained.

Data sheets
Three data sheets have been developed:

1. Site characterization data sheet (BLO1 — single sided) is used to record information about
the site at which the visual transect has been run. This sheet records information on the
nature of the benthic habitat and the proximity to likely litter sources. The sheet should be
filled out only once for each location.

2. Litter characterization data sheet (BLO3 — double sided) is used to record survey specific
data including categorization and measurement of litter. This is the basic datasheet to be
filled in for every survey at each site. If multiple transects are run at any given site then a
new sheet should be used for each transect.

3. Large items data sheet (MLO1 — single sided) is used to record data on litter items that
cannot be removed. This sheet needs to be used for all items to ensure that such items are
only counted once (i.e. for the survey during which they are first encountered). Before
undertaking a re —survey of any site divers should familiarise themselves with items on this
list and ideally note them before commencing the dive.

Data management platform

Data collation should be undertaken through an online, relational database system under the control
and direction of the local managers. Responsibility for review and approval of uploaded data should be
undertaken by the regional/country coordinator who will clarify any issues with local managers. This
would ensure a high level of consistency within each region as well as create a hierarchy of quality
assurance on data acquisition.

Equipment needs

Safety is a priority and therefore the use of licensed dive operators to undertake surveys, or
alternatively to provide logistic support to field teams, is highly recommended.

All field teams need to be equipped with a comprehensive first-aid kit. For diving operations this
should include oxygen resuscitation equipment and access to decompression facilities.

Field team members need appropriate clothing and footwear, protective gloves, hats, sunscreen, wet
weather gear, water and food. Major risks to personnel include exposure to heat or cold, stick injuries
(e.g. hypodermic syringes) and muscle/joint injuries associated with bending and lifting. Remote
operations must follow appropriate safety protocols to ensure personal safety for team members.

For all dive operations, equipment should be well maintained and supported by vessels of an
appropriate size and capacity. Good quality communications equipment should always be taken on
the boat including mobile phones and HF, VHF or UHF marine radio equipment as required.

For laying out transect lines equipment needs include anchored ropes, marker buoys, and tape
measures.

Global Positioning Systems (GPS) are highly desirable, particularly in relocating and determining the
location of sampling units. The systems available are increasingly affordable and accurate. In the
absence of a GPS a digital camera (e.g. mobile phone camera) can be used to provide images to
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support relocation of sampling units although only if operations are conducted sufficiently close to
shore to identify reference features.

Where litter weights are required spring balances are available with a range of weight ratings up to 50
kg (and possibly higher). These balances can be used in conjunction with a standard 11 L bucket (or
similar) to hold material during measurements. Spring balances have the advantage that they do not
require electrical power and they are generally accurate enough (to within 10%) for the purposes of
litter characterization but they must be frequently replaced as the spring becomes rusted and worn.

General equipment requirements include collection bags, clip-boards, tape measures, stakes and
flagging tape all of which are routinely available from most hardware stores.

A pocket calculator may be useful to sum weights that are collected in batches.

A sharp knife or shears is useful for cutting away entangled litter (rope, cable fishing line and nets).
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BENTHIC LITTER
Site Data Sheet

Organization

Name of the organization
responsible for collecting the data

Surveyor Name

Name of the surveyor (person

BLO1 responsible for filling in this sheet
Contact Phone contact for surveyor
Complete ONCE at each site Date Collection date for this data

SAMPLING AREA

LocationID

Unique code for the location (office
use only)

Site name

Name by which the site is commonly
known

Region name

Name for the region (office use only)

LME

Name for the LME in which the Site
is located (office use only)

Latitude/Longitude corner 1

As nnn.nnnnn degrees NSEW at
one corner of the site

Latitude/Longitude corner opp.

As nnn.nnnnn degrees NSEW at the
diagonally opposite corner of site

Co-ordinate system

Datum and coordinate system used
to record latitude and longitude

SITE CHARACERISTICS

Slope

Slope of the seabed (degrees)

Aspect

Compass direction perpendicular to
the slope (degrees)

Prevailing wind

Direction of prevailing wind
(degrees)

Depth

Average depth of the site (metres)

Substratum type

Sand, silt, gravel, rock

Substrate uniformity

An indication of the coverage by the
predominant substrate type
(Percent)

Presence of reefs

Any rock outcrops in sandy bottom

Presence of seagrass

Presence of seagrass beds

SOURCE CHARACTERISTICS - POTENIAL DEBRIS INPUTS

Nearest river name

Name of nearest river (if relevant) —
null value means no inputs

Nearest river distance

Distance to the nearest natural input
(river or stream) (kilometres)

Nearest river direction

Direction to the nearest river or
stream (degrees)

Nearest major fishery

Name of the nearest major fishery
(named by type)

Nearest major fishery distance

Distance to the nearest major
fishery (kilometres)

Nearest major fishery direction

Direction to the nearest major
fishery (degrees)

Nearest town

Name of nearest town

Nearest town distance

Distance to the nearest town
(kilometres)

Nearest town direction

Direction to the nearest town
(degrees)

Distance to nearest coast

Distance to the closest coastline
(kilometres)

Direction to nearest coast

Direction to the closest coastline
(degrees)

Notes
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BENTHIC LITTER
Trawl Litter Data Sheet

Organization

Name of the organization responsible for
collecting the data

Surveyor Name

BL02
Contact Phone contact for surveyor
To be completed once Date
for EACH trawl LocationID Unique code for the location (office use only)

VESSEL AND GEAR CHARACTERISTICS

Vessel name

Name of the vessel

Vessel Length and tonnage

Length of the vessel (metres)
Gross tonnage of the vessel (tonnes)

Trawl gear/net details

Grapple, net mesh, net dimensions, etc

Gear anchoring point

Stern or beam/height above water

Distance behind vessel

Distance behind vessel the trawl operates (m)

Depth

Maximum depth at the site (m)

TRAWL SHOT DETAILS

Site sub-block (numbered 1-25)

Sub-blocks are numbered from 1-25 starting at
the NE corner and running E-W and
progressing N-S

Latitude/Longitude start

Recorded as nnn.nnnnn degrees at the start of
the sample unit

Latitude/Longitude end

Recorded as nnn.nnnnn degrees at the end of
the sample unit

Co-ordinate system

Datum and coordinate system employed

Distance covered

Total distance covered by the trawl shot (m)

OBSERVATION DETAILS

Time start/end

Time over which the survey was undertaken

Current seas

Wave and swell height (metres)

Current wind

Estimate wind speed & direction at sample
start (km/hr & degrees)

LITTER DATA

Item code

(standard list) Do

Count Weight
(# items) (kg)

Item code
(standard list)

Description

Count Weight
(# items) (kg)

Notes
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BENTHIC LITTER
Visual Survey - Litter data sheet

BLO3

Organization

Name of the organization responsible for
collecting the data

Surveyor Name

Name of the surveyor (person responsible
for filling in this sheet

Contact

Phone contact for the surveyor

To be completed for EACH remote
observation transect

Region name

Name for the region

LocationID

Unique code for the location

Sample unit information

Latitude/Longitude start

Recorded as nnn.nnnnn degrees at the
start of the sample unit

Latitude/Longitude end

Recorded as nnn.nnnnn degrees at the
end of the sample unit

Co-ordinate system

Datum and coordinate system used to
record latitude and longitude

OBSERVATION DETAILS

Sample date

Date sampling was started for the sample

Time start/end

Time over which the survey was
undertaken (hh:mm am/pm)

Length of transect

Total distance covered by the transect (m)

Season

Spring, Summer, Autumn, Winter

Sea condition

Wave and swell height (m)

Wind speed and direction

Estimate wind speed & direction at sample
start (km/hr & degrees)

Tidal state

Spring, Middle, Neap

Period since last storm

Number of days

LITTER DATA

Iltem code
(standard list)

Description

Count Weight
(# items) (kg)

Iltem code
(standard list)

Description

Count Weight
(# items) (kg)

Notes
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MARINE LITTER
Large Items Data Sheet
MLO1

Organization

Name of the organization responsible for
collecting the data

Surveyor Name

Name of the surveyor (person responsible for
filling in this sheet

Contact

Phone contact for surveyor

Use only for items that were not
collected.
Complete survey data at top of form
and then ONE row for EACH ITEM.

Use additional forms if required.

Date

Collection date for this data

Region name

Name for the region

LocationID

Unique code for the location

Coordinate system

Used for all GPS data on this page — provide
datum and format

LARGE ITEM DESCRIPTION

ltem type (If Status (floating, sunken,
possible use stranded, buried)
standard codes)

Latitude
(nnn.nnnnn NS)

Longitude
(nnn.nnnnn EW)

Description
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Chapter IV. Operational Guidelines for Floating Litter
Assessment

Objectives for floating litter assessments

Floating litter can be found in all oceans of the world where it threatens marine life and marine
ecosystems as well as presenting risks to fishing and maritime transport industries. Floating litter can
comprise anything from cigarette butts and plastic bags (that present ingestion risks to marine
animals) to discarded or lost fishing nets (that may continue to entangle and kill animals for a
prolonged period of time) through to large objects like shipping containers that may present navigation
hazards to vessels. Floating litter has also been implicated in providing a vector for the translocation of
alien (invasive) species".

In this chapter guidelines are presented for comprehensive assessments of floating litter which have
the following primary objectives.

1. Quantification and characterization of marine litter for the purposes of developing and
evaluating the effectiveness of management, control, enforcement and/or mitigation strategies
in particular integration with solid waste management.

Understanding the level of threat posed by marine litter to biota and ecosystems.

Providing comparable datasets to support national, regional and global assessments of
marine litter.

Almost all litter that moves around the oceans floats'* and therefore a significant proportion of the litter
on almost any beach is likely to have spent some of its time floating in adjacent seas and oceans. An
understanding of the dynamics of floating litter is therefore fundamental to developing appropriate
strategies to manage marine litter in both a global and local context.

The following guidelines have been developed to provide a basis for such investigations.

Floating litter trawl survey operational guidelines

The methodology for floating litter assessments presented in these guidelines has been developed
with reference to the seminal work by Ribic et al. (1992) and the more recent work by Shiomoto and
Kameda (2005). We also make direct reference to our recommendations for benthic trawl litter surveys
(see Chapter IV, which were derived from NOWPAP 2007a).

Two fundamentally different approaches to floating litter sampling have been developed comprising:

1. Trawl surveys where litter floating at the surface (and in the top couple of metres) is collected;
and

2. Remote observation surveys where floating litter is assessed but where no litter is actually
collected.

Floating litter assessments need to be planned to ensure that they sit within the context of regional
management frameworks (Chapter Il) and are delivered consistent with the defined protocols. In turn,
these protocols need to include the definition and specification of the survey location, choice of
sampling units, methodology for collection, classification and quantification of litter and a process for
data integration, analysis and reporting of results.

Floating litter surveys that utilise trawl equipment need to make explicit consideration of the potential
environmental impact of the operation particularly as these relate to by-catch. Although there is debate
as to the nature and extent of environmental damage caused by trawling operations (Collie et al.
2000), alternative approaches to gathering floating debris should always be considered.

'* Floating litter provides a surface for the growth of plants and animals which are then distributed by wind and currents around
the world’s oceans; this presents a real risk to many coastal environments that alien species will be transported from distant
locations. The presence of fouling biota on litter can also be used to infer the length of time that a litter item has been in the
water (although some materials are less likely to support growth by colonising organisms).

' Whereas some litter is transported across the seabed this is unlikely to be mode for long distance transport as most seabed
litter is ultimately buried or entangled in seabed structures such as reefs.
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Litter collected during trawl operations should be categorised using the standardized litter
classification system (Chapter Il); for remote visual assessments a simplified list is recommended
(Chapter II).

Given the nature of the equipment and technical expertise involved, it may be assumed that trawl
surveys will not make extensive use of volunteers.

Regional considerations

The sampling design for floating litter should be aligned with the regional framework developed above
(Chapter Il). At least 20 sampling units will be selected within each region although a higher level of
redundancy (i.e. replication) in sampling units within each region is highly recommended.

Data from replicates should be aggregated at the site level, and standardized by area surveyed,
before any analysis that attempts to elucidate regional patterns.

Trawl site selection and characterization

Sites should be selected to ensure that:

® There is a focus on areas that are known to generate/accumulate marine litter;

® There is no incidental impact on any endangered or protected species such as sea turtles,
sea/shore birds or marine mammals.

Within the above constraints on site selection, sampling units should be stratified relative to sources
within a region such that samples are obtained from:

e Urban coasts (i.e. mostly terrestrial inputs).

® Rural coasts (i.e. mostly oceanic inputs).

e  Within close distance to major riverine inputs.

e Offshore areas (major currents, shipping lanes, fisheries areas, etc.).

Sampling units

A sampling unit will comprise a fixed 5 km x 5 km survey area (Figure 10). This area should be divided
into twenty five sub-blocks of 1 km x 1 km. To ensure an unbiased sample a group of 3 sub-blocks
should be randomly selected for trawling.

50



OPERATIONAL GUIDELINES FOR FLOATING LITTER ASSESSMENT

1 km? sub-block

Randomly selected sub-block

800 m long trawl shot

Figure 10. a) Layout of floating trawl samples comprising 3 randomly chosen 1 km x 1km sub-blocks from
a 5 km x 5 km sampling unit; b) 1 km x 1 km sub-block showing location of 5 trawl shots.

Trawl sub-samples

Once the three sub-blocks have been selected each can then be trawled. Trawl operations should be
conducted such that:

e  Ship speed should be restricted to 3-4 knots;
e Each sub-block should be trawled using five parallel trawl shots up to 800 m long;
® Trawl shots should be separated by a minimum of 200 m.

® The ship should proceed in a straight line against the current, so that trawl net is positioned in
a line astern.

Data on all litter collected should be aggregated (summed) across all trawl shots and across all 3 sub-
blocks. Data should be reported per unit length trawled (e.g. assuming shots of 800 m length and a
total of five shots in each of the three sub-blocks this will equate to a total trawl length of 15 x 800 m or
12 km). The width of the trawl net (when set) needs to be incorporated to provide a measurement of
area of sea surface trawled (distance in metres multiplied by width of trawl net) and the data will then
be reported as kg of litter per square metre of sea surface.

Sampling frequency

Floating litter surveys should be conducted at least annually. Given that the opportunity exists for
floating litter surveys to be conducted in close geographical proximity (e.g. offshore) to beach survey
sites, then the survey may be conducted at the same time as one or more of the beach surveys. This
will then provide an opportunity for an analysis of the relationship between floating litter loads and the
flux of litter onto beaches.

Litter categories and measurement

Trawled litter should be classified using the standard categories (see data sheets below) and
quantified using weights or number of items as appropriate.

All litter that is collected should be disposed of appropriately.
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Data sheets
Three data sheets have been developed in line with the above:

1. Site characterization data sheet (FLO1 — single sided) is used to record information about
the general area of the 5 km x 5 km survey location. This sheet records information on the
nature of the benthic habitat and the proximity to likely litter sources. The sheet should be
filled out only once for each location.

2. Trawl litter data sheet (FLO2 — single sided) is used to record survey specific data including
categorization and measurement of litter collected in the trawl. This is the basic datasheet to
be filled in for every trawl shot at each site. If multiple trawl shots are run at any given site
then a new sheet should be used for each shot.

3. Large items data sheet (MLO1 — single sided) is used to record data on litter items that
cannot be removed. This sheet needs to be used for all items. In general for floating litter
surveys, this would include items such as shipping containers that are too large to bring on-
board. Unlike for beach or benthic litter surveys where large items are likely to be fixed in
position, it is unlikely that the same item will be encountered on a repeat survey because
floating items are highly mobile.

Data management platform

Data collation should be undertaken through an online, relational database system'” under the control
and direction of the local managers. Responsibility for review and approval of uploaded data should be
undertaken by the regional/country coordinator who will clarify any issues with local managers. This
would ensure a high level of consistency within each region as well as create a hierarchy of quality
assurance on data acquisition.

Equipment needs

Equipment needs and operational logistics for trawl surveys are extensive and highly specialised (see
e.g. NOWPAP 2007a and related references). For surface trawls these are the general requirements:

o Configuration of trawl equipment will be dependant on the type of floating litter and
geographical conditions; typically nets may be 2-4 cm mesh size and up to 6 m wide;

e Rope length has to be determined depending on the size of the trawl net and net spread,
specialist advice on setting a trawl should be obtained;

® Floating litter should be taken on board with proper equipment such as side rollers;

e Litter can be sorted directly on board provided deck space is available, care should be taken
to ensure safety of personnel through use of protective clothing including gloves;

e After collection and sorting, facilities are required to safely count and weigh litter; specialist
lifting and weighing equipment may be required.

Floating litter visual survey operational guidelines

Floating litter can be observed either from vessels or aircraft (Ribic et al. 1992). Regardless of the
platform being used, regional considerations, sampling units and litter characterization should be the
same. However, unlike other surveys, floating litter observations do not necessarily need to occur as a
stand alone activity and can be incorporated as a component of other sea-going operations (using
“Ships of Opportunity”) such as those related to fisheries, transport, defence or other research. While
this may limit observations in some respects, there are also advantages in terms of costs relative to a
dedicated survey as well as the opportunity to target litter loads along major shipping lanes and fishery
zones.

'” The detailed design of an appropriately configured RDBS is beyond the scope of this project but it should be noted that the
NMDMP, OSPAR and AMDS programmes all have databases that have been designed or developed and any of which should
be suitable with a modest level of customization. The key thing would be to ensure that litter classification (see below) and
beach characterization data structures were appropriately modified to address the flexibility issues required of this system.

52



OPERATIONAL GUIDELINES FOR FLOATING LITTER ASSESSMENT

Regional considerations

A geographical hierarchy for sampling may be aligned with that used for beach surveys although the
opportunity presented in the ad-hoc use of ocean going vessels should not be ignored.

Visual survey site selection and characterization

Visual survey sites are best chosen in areas that:

® Focus on areas that are known to generate or accumulate (convergence zones) marine litter
such as major shipping lanes, or areas with concentrated fisheries or similar commercial
activities.

e Will not impact on endangered or protected species such as sea turtles, sea/shore birds or
marine mammals; although given that visual surveys are generally low impact, relative to
benthic or surface trawls, there is generally less scope for impacts.

Within the above constraints on site selection, sampling units should be stratified relative to sources
within a region such that there are samples obtained from:

o Urban coasts (i.e. mostly terrestrial inputs);
® Rural coasts (i.e. mostly oceanic inputs);
e Within close distance to major riverine inputs;

e Offshore areas (major currents, shipping lanes, fisheries areas, etc.).
Sampling units

The basic sampling unit for a visual survey will comprise a transect represented by an imaginary line
over the surface of the ocean which is either travelled by a vessel or aircraft. The line does not need to
be straight although it is easier if it is. The observer will record all litter within a fixed distance on one or
both sides of the line (see below). The width of the field of view should be recorded along with data
about the distance travelled and the litter observed.

Visual Transects should be established by monitoring the time employed by observers rather than
attempting to identify fixed length units. Ideally location should be mapped using route plotters
connected to on-board GPS systems that can record changes in vessel direction and therefore can be
used to quantify the size and geographical location of the area surveyed. This approach assumes
there will be differences in vessel speed and changes in direction that are beyond the control of the
litter observers.

Limiting observations to a fixed time period (typically two hours) will help avoid apathy and fatigue
while at the same time allow large areas to be surveyed (even at slow speed).

Transects of varying length are consistent with the methods employed by Shiomoto and Kameda
(2005) in their floating litter survey around Japan.

Litter should be measured as per the methods outlined in Ribic et al. (1992) and employed in
Shiomoto and Kameda (2005) for strip transects, wherein all litter are recorded within a fixed distance
of the direction of travel by the vessel (typically a distance of 50 or 100 m either or both sides of the
vessel). The decision about whether to survey both sides of the vessel depends on sea-state, and the
field of view of the observer which may differ between vessels.

A minimum distance between transects of 1 km should prevent overlap.

At least 20 sampling units should be randomly allocated within each region (note the stratification
recommended above and that a level of redundancy in sampling units within each region is highly
recommended).

Sampling frequency

The minimum sampling frequency for any site should be annually. Ideally it is recommended that
locations be surveyed every three months (allowing an interpretation of results in terms of seasonal
changes). Quarterly sampling is consistent with the recommendations for comprehensive beach litter
assessments. Some consideration should be given to tropical regions where there are essentially only
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two seasons as well as high latitudes where access is likely to be restricted due to extreme
remoteness and/or through being iced-in.

Ribic et al. (1992) do not specify a recommended survey frequency and the Shiomoto and Kameda
(2005) survey was a one-time operation.

Floating litter surveys may be more opportunistic in terms of sampling interval, although the
development of engagements with shipping organizations may support more regular observations,
particularly along major shipping routes.

Litter categories and measurement

Litter categorization is generally much more difficult for remote observations. Observers are not able to
“interact” with individual litter items so a simplified list of items has been developed (Chapter II).

Data sheets
Two data sheets have been developed in line with the above:

1. Site characterization data sheet (FLO1 — single sided) is used to record information about
the survey location. This sheet records information about the proximity of the site to likely
litter sources. The sheet should be filled out only once for each survey.

2. Visual observation data sheet (FLO3 — single sided) is used to record survey specific data
including categorization and measurement of litter observed. This is the basic datasheet to
be filled in for every transect at each site. If multiple transects are run at any given site then
a new sheet should be used for each shot. If multiple observers are recording data with
different fields of view (e.g. one person observing to the starboard side and the other person
observing to port) then each person should fill out a separate copy of this sheet. Data
should be aggregated for analysis and reporting.

Data management platform

Data collation should be undertaken through an online, relational database system' under the control
and direction of the local managers. Responsibility for review and approval of uploaded data should be
undertaken by the regional/country coordinator who will clarify any issues with local managers. This
would ensure a high level of consistency within each region as well as create a hierarchy of quality
assurance on data acquisition.

Equipment needs

Equipment needs for the remote observation of floating litter need not be onerous if regular access
can be obtained to appropriate vessels travelling regular routes. GPS units that are used to record the
survey path (transect) will need to have a tracking function and binoculars will improve the capacity to
identify litter items.

'® The detailed design of an appropriately configured RDBS is beyond the scope of this project but it should be noted that the
NMDMP, OSPAR and AMDS programmes all have databases that have been designed or developed and any of which should
be suitable with a modest level of customization. The key thing would be to ensure that litter classification (see below) and
beach characterization data structures were appropriately modified to address the flexibility issues required of this system.
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FLOATING LITTER
Site Data Sheet
FLO1

Organization

Name of the organization
responsible for collecting the data

Surveyor Name

Name of the surveyor (person
responsible for filling in this sheet

Contact

Phone contact for surveyor

Complete ONCE at each site

Date

Collection date for this data

SAMPLING AREA

LocationID

Unique code for the location (office
use only)

Site name

Name by which the site is commonly
known

Region name

Name for the region (office use only)

LME

Name for the LME in which the Site
is located (office use only)

Latitude/Longitude corner 1

As nnn.nnnnn degrees NSEW at
one corner of the site

Latitude/Longitude corner opp.

As nnn.nnnnn degrees NSEW at the
diagonally opposite corner of site

Co-ordinate system

Datum and coordinate system used
to record latitude and longitude

SITE CHARACERISTICS

Prevailing wind

Direction of prevailing wind
(degrees)

Depth

Average depth of the site (metres)

SOURCE CHARACTERISTICS — POTENIAL DEBRIS INPUTS

Nearest river name

Name of nearest river (if relevant) —
null value means no inputs

Nearest river distance

Distance to the nearest natural input
(river or stream) (kilometres)

Nearest river direction

Direction to the nearest river or
stream (degrees)

Nearest major fishery

Name of the nearest major fishery
(named by type)

Nearest major fishery distance

Distance to the nearest major
fishery (kilometres)

Nearest major fishery direction

Direction to the nearest major
fishery (degrees)

Nearest town

Name of nearest town

Nearest town distance

Distance to the nearest town
(kilometres)

Nearest town direction

Direction to the nearest town
(degrees)

Distance to nearest coast

Distance to the closest coastline
(kilometres)

Direction to nearest coast

Direction to the closest coastline
(degrees)

Notes
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FLOATING LITTER
Trawl Litter Data Sheet

Organization

Name of the organization responsible for
collecting the data

Surveyor Name

FLO2
Contact Phone contact for surveyor
To be completed once Date
for EACH trawl LocationID Unique code for the location (office use only)

VESSEL AND GEAR CHARACTERISTICS

Vessel name

Name of the vessel

Vessel Length and tonnage

Length of the vessel (metres)
Gross tonnage of the vessel (tonnes)

Trawl gear/net details

Grapple, net mesh, net dimensions, etc

Gear anchoring point

Stern or beam/height above water

Distance behind vessel

Distance behind vessel the trawl operates

(m)

Depth

Maximum depth at the site (m)

TRAWL SHOT DETAILS

Site sub-block (numbered 1-25)

Sub-blocks are numbered from 1-25 starting
at the NE corner and running E-W and
progressing N-S

Latitude/Longitude start

Recorded as nnn.nnnnn degrees at the start
of the sample unit

Latitude/Longitude end

Recorded as nnn.nnnnn degrees at the end
of the sample unit

Co-ordinate system

Datum and coordinate system employed

Distance covered

Total distance covered by the trawl shot (m)

OBSERVATION DETAILS

Time start/end

Time over which the survey was undertaken

Current seas

Wave and swell height (metres)

Current wind

Estimate wind speed & direction at sample

start (km/hr & degrees)
LITTER DATA (continues over page)
Item code Describtion Count Weight | Item code Description Count Weight
(standard P (# items) (kg) (standard list) P (# items) (kg)

56




FLOATING LITTER ASSESSMENT — TRAWL LITTER DATA SHEET

LITTER DATA continued ...

Item code Descriotion Count Weight Item code Descriotion Count Weight
(standard p (# items) (kg) (standard list) P (# items) (kg)
Notes
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FLOATING LITTER
Visual Observation Data Sheet
FLO3

Organization

Name of the organization responsible for
collecting the data

Surveyor Name

Name of the surveyor (person responsible
for filling in this sheet

Contact Phone contact for surveyor
To be completed once Date Collection date for this data
for EACH trawl LocationID Unique code for the location (office use only)

VESSEL AND GEAR CHARACTERISTICS

Vessel name

Name of the vessel (or plane registration)

Vessel length and tonnage

Length of the vessel (metres)
Gross tonnage of the vessel (tonnes)

Depth

Maximum depth at the site (m)

VISUAL SURVEY TRANSECT DETAILS

Latitude/Longitude start

Recorded as nnn.nnnnn degrees at the start
of the sample unit

Latitude/Longitude end

Recorded as nnn.nnnnn degrees at the end
of the sample unit

Width of assessment

Total width of transect (including both sides
of transect line) (m)

Co-ordinate system

Datum and coordinate system employed

Distance covered

Total distance covered by the trawl shot (m)

OBSERVATION DETAILS

Time start/end

Time over which the survey was undertaken

Current seas

Wave and swell height (metres)

Current wind

Estimate wind speed & direction at sample
start (km/hr & degrees)

LITTER DATA (continues over page)

Item code

(standard listy | Description

Count Item code
(# items) [ (standard list)

Count

Description (# items)
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LITTER DATA continued ...

Item code Descriotion Count Iltem code Description Count
(standard list) P @#items) | (standard list) P (# items)

Notes
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MARINE LITTER
Large Items Data Sheet
MLO1

Organization

Name of the organization responsible for
collecting the data

Surveyor Name

Name of the surveyor (person responsible for
filling in this sheet

Contact

Phone contact for surveyor

Use only for items that were not
collected.
Complete survey data at top of form
and then ONE row for EACH ITEM.

Use additional forms if required.

Date

Collection date for this data

Region name

Name for the region

LocationID

Unique code for the location

Coordinate system

Used for all GPS data on this page — provide
datum and format

LARGE ITEM DESCRIPTION

ltem type (If Status (floating, sunken,
possible use stranded, buried)
standard codes)

Latitude
(nnn.nnnnn NS)

Longitude
(nnn.nnnnn EW)

Description
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Chapter V. Operational Guidelines for Rapid Beach Litter
Assessment

Objectives for rapid beach litter assessments

Beach surveys have long been the primary tool for measuring the load of marine litter in coastal and
marine systems and they also provide an invaluable mechanism for education and building community
understanding.

Historically surveys of marine litter accumulation on beaches have been the most commonly used
method for estimating loads in the sea (e.g. Ribic et al. 1992, ANZECC 1996a, b, Rees and Pond
1998, Kiessling 2003, Stuart 2003), however, there has been a marked lack of consistency in
sampling protocols and litter characterization (classification).

In this chapter guidelines are presented for rapid assessments of beach cast litter which have the
following primary objectives.

1. Quantification, characterization and identification of sources of marine litter for the purposes of
developing and evaluating the effectiveness of management, control, enforcement and/or
mitigation strategies in particular integration with solid waste management.

Understanding the level of threat posed by marine litter to biota and ecosystems.

Providing comparable datasets for national and regional assessments of marine litter.

Creation and strengthening of public awareness of marine litter issues through community
engagement.

In developing these objectives it needs to be recognized that such guidelines should be able to
address a number of basic questions about marine litter relating to the management, mitigation,
sources and risks associated with litter in the environment (Table 5). In turn, such questions allow
evaluation of the information collected from monitoring programmes and thereby assess its utility in
supporting management responses.

Table 5 . Key questions to be addressed through rapid assessment of beach litter.

Monitoring Questions Monitoring Parameters
Are management/mitigation strategies Litter Quantity (counts/weight) — changes
effective? through time.

What are the sources and activities leading to | Litter categories (indicator items)
production of marine litter?

Is there a threat to marine biota and Litter categories (indicator items)
ecosystems?

Rapid beach litter assessments provide a tool that can be applied by a wide variety of groups including
community organizations, schools, indigenous communities and commercial enterprises. The
protocols have been designed as stand-alone assessments and therefore they do not make
prescriptions about how individual surveys should fit in relation to broader regional frameworks, the
size and spatial configuration of sampling units, the sampling frequency or quality control procedures.

Rapid assessments can contribute to a number of objectives in marine litter management including:

e Quantification, characterization and identification of sources of marine litter for the purposes of
developing and evaluating the effectiveness of management, control, enforcement and/or
mitigation strategies in particular integration with solid waste management.

e Understanding the level of threat posed by marine litter to biota and ecosystems.

e Providing comparable datasets for national assessments of marine litter.
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e Creation and strengthening of public awareness of marine litter issues through community
engagement.

e Building capacity in marine litter assessment that underpins the transition to a comprehensive
assessment framework.

Beach litter rapid survey operational guidelines

The rapid assessment guidelines have been developed from the comprehensive guidelines in Chapter
Ill. Fewer prescriptions are made about sampling frameworks and the concomitant linkages to national
or regional programmes. Similarly, the assessment is not intended for application where detailed
information about litter fluxes is required.

Rapid litter assessments should focus at the local scale although data may be aggregated or
contributed into state, province or country scale assessments. The key element in developing rapid
beach litter assessments is in selecting beaches which are accessible to survey teams.

Beach selection and characterization

When undertaking rapid beach litter assessments there is a need to identify and select suitable
beaches to allow the establishment of appropriate sampling units.

Beach selection criteria should include:

e A minimum length of 100 m (i.e. sufficient to fit the smallest sampling unit) although beaches
with small amounts of litter may need to be longer (e.g. 1 km);

® | ow to moderate slope (15 — 45°), which precludes very shallow tidal mudflat areas that may
be many kilometres wide at low tide;

o Clear access to the sea (not blocked by breakwaters or jetties) such that marine litter is not
screened by anthropogenic structures;

® Accessible to survey team members all year round, although some consideration needs to be
given to sites that are iced-in over winter and the difficulty in accessing very remote areas;

e Survey activities should not be undertaken where there is risk of impact on any endangered or
protected species such as sea turtles, sea birds or shore birds, marine mammals or sensitive
beach vegetation; in many cases this would exclude national parks but this may vary
depending on local management arrangements.

Each survey location will require a team leader who is able to liaise with relevant local area managers
(e.g. local government representatives, park rangers, etc). The team leader will also be responsible for
recruiting survey volunteers and organising field operations for each survey.

At each location data need to be collected relating to the nature of the beach environment including:
Total beach length.

Total beach width at low tide (provides an estimate of beach slope)

Nearest river — name, distance, direction and whether or not it inputs directly to the beach.

Nearest town — name, distance and direction.

e Main beach usage (i.e. recreational — swimming and sunbathing, fishing, surfing, boat access
or remote).

® Access (vehicular, pedestrian and/or boat only).

Tidal range should be obtained from published tidal data.

The back of the beach should be described in terms of the dominant features, be it dunes, vegetation
or built structures (rock walls, road, path, fence, etc).

e Any other noteworthy information (e.g. an otherwise remote and unvisited location may be
subject to an annual surfing competition that results in a “pulse” of litter).
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This information only needs to be collated once for each site and it may then be used for all future
surveys. Much of this information can be obtained from maps and similar sources (e.g. Google Earth™
images), although such information should always be checked by direct observation at the site.

Additional information (see Comprehensive Beach Litter Assessments — Chapter Ill) may be collected
particularly if the intention is to use the rapid assessment as a springboard for developing survey
teams who may later participate within a comprehensive research programme.

Sampling units

Rapid litter assessments can be conducted over any length of beach although a minimum survey
length of 100 m is recommended. Sampling may thus vary substantially between surveys in terms of
the area considered and sampling effort applied.

The length of beach surveyed and the width of the beach should be recorded such that litter quantities
can be standardized to kilograms or counts of items per unit length of beach.

Sampling frequency

The minimum sampling frequency for any one site should be at least annually. Ideally sampling should
be conducted once every three months to obtain a good comparison of seasonal changes.

One off surveys may be undertaken, and the data will be useful in developing training and awareness
programmes.

Laying out a typical survey

Depending on the number of survey team members, the survey process can be undertaken in either of
two ways (consistent with the NMDMP protocol; Sheavly 2007). Surveyors form skirmish lines either at
right angles to the coast (2-5 persons) or parallel to the coast (>5 persons). In both cases there should
be around 2 m between persons forming the line.

All litter within the sampling unit larger than 2.5 cm in longest linear dimension should be collected.
Upon completion of collection, the litter must be sorted and measured according to the categories in
Appendix C.

Assessment of small items, such as cigarette butts should be considered at the discretion of the
survey organisers, although sampling within 10 m wide sub-units as per the comprehensive survey
may also be considered.

Large immoveable objects (abandoned cars, very large nets, baulks of timber, etc) that cannot be
moved by the team members should be recorded on an additional datasheet, with information
collected on the nature and location (preferably GPS fixed) for each large item. This information will be
submitted along with the other datasheets to ensure that any large item is included only once in
analysis. In addition, the item may be marked (preferably with paint), to indicate the item has been
included (Wennecker pers. comm.).

Data sheets
Three data sheets have been developed for rapid beach litter assessments including:

1. Site characterization data sheet (BR01 — double sided) is used to record information on the
characteristics of the beach and proximity to local litter sources. This sheet only needs to be
filled out once for each beach.

2. Litter characterization data sheet (BR02 — double sided) is used to record survey specific data
including categorization and measurement of litter. This is the basic datasheet to be filled in
for every survey at each site.

3. Large items data sheet (MLO1 — single sided) is used to record data on litter items that cannot
be removed. This sheet needs to be used for all such items to ensure that they are only
counted once (i.e. for the survey during which they are first encountered even if this is the
initial clearance survey). Subsequent surveys should be based on a review of previously
collected data and ideally a summary of this information should be taken into the field to
ensure that these items are not recounted.
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Litter characterization
Litter characterization should use the same approach as the comprehensive surveys.

All collected litter should be disposed of appropriately.

Data management platform

Data may be contributed to regional coordinators where a team is working to develop capacity for the
delivery of comprehensive beach surveys. Otherwise, the data should be summarised by litter type
and reported in terms of the amount of litter per unit length of beach.

Equipment needs

Safety is a priority and all field teams need to be equipped with a comprehensive first-aid kit. Field
team members need appropriate clothing and footwear, protective gloves, hats, sunscreen, wet
weather gear, water and food. Major risks to personnel include exposure to heat or cold, stick injuries
(e.g. hypodermic syringes) and muscle/joint injuries associated with bending and lifting. Remote
operations must follow appropriate safety protocols to ensure personal safety for team members.

Global Positioning Systems (GPS) are highly desirable, particularly in relocating and determining the
length of sampling units. The systems available are increasingly affordable and accurate. In the
absence of a GPS a digital camera (e.g. mobile phone camera) can be used to provide photographs of
key reference features on the beach to support relocation of sampling units.

Where litter weights are recorded, battery powered electronic balances with an operating range of 0-
10 kg are now routinely available and ideal for weighing smaller collections of items. Spring balances
are available with a range of weight ratings up to 50 kg (and possibly higher). These balances can be
used in conjunction with a standard 11 L bucket (or similar) to hold material during measurements.
Spring balances have the advantage that they do not require electrical power and they are generally
accurate enough (to within 10%) for the purposes of litter characterization but they must be frequently
replaced as the spring becomes rusted and worn.

General equipment requirements include collection bags, clip-boards, tape measures, stakes and
flagging tape all of which are routinely available from most hardware stores.

A pocket calculator may be useful to sum weights that are collected in batches.
A sharp knife or shears is useful for cutting away entangled litter (rope, cable fishing line and nets).

Access to remote areas cannot be achieved without appropriate (generally 4WD) vehicles. They have
the added advantage that heavy items can often be loaded into the tray (particularly if they come
equipped with lifting gear) or alternatively dragged to a collection point.
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BEACH LITTER
Beach Data Sheet
BRO1

Organization

Name of the organization responsible for
collecting the data

Surveyor Name

Name of the surveyor (person responsible
for filling in this sheet

Phone number

Phone contact for surveyor

Completed ONCE for each site Date Date of this update to the data
SAMPLING AREA
Unique identity code for the beach (office
BeachID "t
Beach name Name by which the beach is commonly

known

Region name

Name for the region (office use only)

LME

Name for the LME in which the Beach is
located (office use only)

Co-ordinate system

Datum and coordinate system used to
record latitude and longitude

BEACH CHARACTERISTICS - considered from the start point of the transect

Total beach length

Length measured along the mid point of the
beach (kilometres)

Substratum type

Defines whether predominantly a sandy or
gravel beach (pebble, rock etc)

Substrate Uniformity

An indication of the coverage by the
predominant substrate type (Percent)

Tidal range

Max — min vertical tidal range (metres)

Tidal distance

Horizontal distance (metres) from the lowest
tide to back of the beach

Back of beach

Describe the landward limit (Rock wall, Cliff,
Dune, Anthropogenic)

SOURCE CHARACTERISTICS - co

nsidered from the start point of the transect

URBAN
Select one & indicate the major usage type
Location & major beach usage PERI-URBAN (swimming and sunbathing, fishing, surfing,
boat access or remote).
RURAL
Vehicular (can drive on beach), pedestrian
Access (must walk), isolated (i.e. need a vessel)
Nearest town Name of nearest town
Nearest town distance Distance to the nearest town (kilometres)
Nearest town direction Direction to the nearest town (degrees)
Name of nearest river (if relevant) — a null
Nearest river name value is assumed to mean no inputs to this
location
. . Distance to the nearest river (or stream)
Nearest river distance (Kilometres)
. . . Direction to the nearest river or stream
Nearest river direction (degrees)
. . Whether the nearest river or stream has an
River/creek input to beach YES NO outlet directly to this beach (yes/no)
Pipes or drains input YES NO Distance and direction probably (yes/no)
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Other notes
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BEACH LITTER
Sample AND Beach litter data
BRO02

Completed ONCE for each beach
and for each survey

Organization

Organization responsible for the survey

Surveyor Name

Name of the surveyor (person responsible for
filling in this sheet)

Contact Phone contact for surveyor
Region Name for the region
BeachID Unique identity code for the beach

(office use only)

Sample unit information

Beach Name

Unique Name by which the beach is known

Latitude/longitude start

Recorded as nnn.nnnnn degrees at the
start of the sample — indicate NSEW

Latitude/longitude end

Recorded as nnn.nnnnn degrees at the
end of the sample — indicate NSEW

Coordinate system

Datum and coordinate system for latitude and
longitude

Sample date

Date sampling was started for the sample
(generally today’s date)

Time start/end

Time taken to complete the survey (h)

Season

Spring, Summer, Autumn, Winter, NE
Monsoon etc

Date of last survey

Date on which the beach was last cleaned
either by survey or maintenance clean up

Storm activity

Has there been any significant storm activity
since the last survey

Number of persons

Number of persons collecting litter

Length of beach being surveyed

Length of sample unit along the beach (m)

Width of beach

Width of beach at the time of survey (m)

Large items

Add each new item on the sheet provided

LITTER DATA (continue over page if more space required)

Item code Descriotion Count Weight Item code Descriotion Count Weight
(standard P (# items) (kg) (standard list) P (# items) (kg)
Notes
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LITTER DATA continued ...

ltem code Descriotion Count Weight Iltem code Descriotion Count Weight
(standard list) P (# items) (kg) (standard list) P (# items) (kg)

Notes
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Marine LITTER
Large Items Data Sheet
MLO1

Organization

Name of the organization responsible for
collecting the data

Surveyor Name

Name of the surveyor (person responsible for
filling in this sheet

Contact

Phone contact for surveyor

Use only for items that were not
collected.
Complete survey data at top of form
and then ONE row for EACH ITEM.

Use additional forms if required.

Date

Collection date for this data

Region name

Name for the region

LocationID

Unique code for the location

Coordinate system

Used for all GPS data on this page — provide
datum and format

LARGE ITEM DESCRIPTION

Item type (If Status (floating, sunken,
possible use stranded, buried)
standard codes)

Latitude
(nnn.nnnnn NS)

Longitude
(nnn.nnnnn EW)

Description
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Appendix A. UNEP/IOC Technical Working Group

members

The following persons participated as members of the Technical Working Group and contributed to the
development of this document.

Table 6. TWG members

Region/Nominating
Organization

Name

Affiliation

Australia (Government
of Australia)

Prof. Anthony Cheshire

TWG Team Leader / Science to Manage
Uncertainty

USA (Ocean
Conservancy)

Dr. Seba Sheavly

Ocean Conservancy / SHEAVLY Consultants

North-East Atlantic
(OSPAR)

Dr. Barbara Wenneker
(The Netherlands)

North Sea Directorate, Ministry of Transport,
Public Works and Water Management

Dr. Lex Oosterbaan (The
Netherlands)

North Sea Directorate, Ministry of Transport,
Public Works and Water Management

Dr. Susan Kinsey (United
Kingdom)

Marine Conservation Society, closely
affiliated to Seas at Risk (an official Observer
Organization of OSPAR)

Baltic Sea (HELCOM)

Dr. Sverker Evans
(Sweden)

Swedish Environmental Protection Agency,
Environmental Assessment Department

Northwest Pacific
(NOWPAP)

Dr. Alexander Tkalin

Northwest Pacific Action Plan, Regional
Coordinating Unit

Dr. Jung Rho-Taek
(Korea)

Dept. of Ocean System Technology, Korea
Ocean Research and Development Institute
(KORDI/MOERI)

Dr. Eng Takashi Kusui
(Japan)

Department of Environmental Systems
Engineering, College of Technology, Toyama
Prefectural University

Eastern Africa
(Nairobi Convention /
WIO-LAB)

Mr. Marcos A. Pereira
(Mozambique)

Association for the Study of Coast and
Marine (AICM), Mozambique

Caribbean/Latin
America (CAR/RCU)

Ms. Ingrid Lavine
(Barbados)

Environmental Protection Department,
Barbados

Mediterranean (MAP)

Prof. Yuval Cohen (Israel)

University of Haifa & Environmental
Consulting

East Asian Seas

Dr. Srisuda Jarayabhand

East Asian Seas, Regional Coordinating Unit

(COBSEA) (Thailand)
South Asian Seas Dr. Sampath Varadarajan | SACEP/SAS Regional consultant / Ex-
(SACEP/SAS) (India) Advisor, Ministry of Earth Sciences,

Government of India (Retired)

10C of UNESCO

Mr. Julian Barbiére

Intergovernmental Oceanographic
Commission of UNESCO, Ocean Sciences
Section

UNEP

Dr. Ellik Adler

Regional Seas Programme Coordinator

Dr. Ljubomir Jeftic

Regional Seas Marine Litter Consultant

Mr. Peter Manyara

Regional Seas Programme
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Appendix B. Comparison of existing marine litter survey
and monitoring protocols

Thirteen different marine litter survey protocols were considered (Table 7), with each survey reviewed
against a set of 46 evaluation criteria (Table 9), which provided the basis for comparing the various
survey protocols. The criteria employed were abstracted from the literature and selected to target a set
of best practice approaches for marine litter surveys (see Ribic et al. 1992 for a seminal discussion on
developing protocols). These criteria were critiqued by the UNEP/IOC Marine Litter Technical Working
Group (TWG) and through a consideration of relevant marine litter reviews (Rees and Pond 1995,
ANZECC 19964, Kiessling 2003, Stuart 2003, Sheavly 2007, Cheshire and Westphalen 2007). The
criteria were mostly configured to enable simple yes/no questions and covered a range of issues that
were broadly grouped firstly into a set of general questions that were relevant to all surveys regardless
of type (beach, benthic or floating), including details of:

e Sampling units and sampling frequency

e Litter characterization

e Logistics and facilitation

Table 7. Marine litter survey protocols that were compared in this study.

s Short name

urvey name (acronym) Source reference

Beach surveys

Australian Marine Debris Survey AMDS Cheshire and Westphalen 2007
National Marine Debris Monitoring NMDMP US Environment Protection Agency

Program

2002, Sheavly 2007

Northwest Pacific Action Plan

(NOWPAP) — beach litter survey NOWPAP —beach | NOWPAP 2007b

Korean Ministry of Maritime Affairs

and Fisheries KMMAF MOMAF 2002

International Coastal Cleanup (ICC). ICC The Ocean Conservancy 2002

Commission for the Protection of the

Marine Environment of the North-East OSPAR - beach OSPAR 2007
Atlantic (OSPAR Commission).

Commissio.n for the ngsewation of CCALR — beach CCAMLR 2008
the Antarctic Marine Living Resource

World Wide Fund for Nature. WWF White 2005

Clean Coast Index. CCl Alkalay et al. 2007

Floating litter surveys

Japan

Japan — floating

Shiomoto and Kameda 2005

Floatables Action Plan

FAP

US Environment Protection Agency
2002, 2007

Benthic litter surveys

Northwest Pacific Action Plan
(NOWPAP) — seabed litter survey

NOWPAP — benthic

NOWPAP 2007a

Marine debris in the Northwest
Hawaiian Island

NDNHI

Donohue et al. 2001, Timmers et
al. 2005
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These questions were augmented with a series of additional queries that were developed to elucidate
characteristics specific to the different types of surveys and were therefore particular to each of the
beach, benthic and floating litter survey protocols (Table 9).

The response to each question is detailed in Table 9 with a summary of each issue provided in the
following.

General criteria relevant to all survey types — Survey framework

1 Research, operational or community awareness programmes

Survey design is largely predicated on the objectives and in particular whether the survey is conducted
for research purposes, as part of an operational management or cleanup programme or to improve
community awareness of marine litter issues.

Nine of the thirteen surveys considered had a significant research focus (includes the AMDS,
NOWPAP — Benthic, NOWPAP — Beach, KMMAF, ICC, WWF, CCl and NDNH), of which over half
(AMDS, NOWPAP - Benthic, KMMAF, WWF and NDNHI) also encompassed some degree of
community awareness as an objective. This focus on the general community recognizes the critical
reliance on volunteer support for many beach surveys. Only three of the beach survey protocols
(NOWPAP — Beach, ICC and CCI) had no research element.

Similarly, even those surveys that have little capacity to use volunteers (such as benthic, floating and
clearance operations such as the NOWPAP — Benthic and FAP) frequently maintain community
awareness amongst their objectives. The latter may relate to a need to engage industry partners (e.g.
fisheries and/or transport industries) who have a need to generate or maintain a positive public profile.

2 Standing crop or flux rate

There are two basic forms of beach litter assessment:

e Standing crop, which is a “snapshot” of litter at a point in time, this generally entails litter
observation but not necessarily litter removal.

e Flux (or accumulation) rate of marine litter over a specific period of time, this requires litter
clearance.

Nearly all beach surveys (10 out of 13) consider flux rates rather than standing crop. Exceptions
include The Clean Coast Index (CCI) from Israel and the annual ICC events both of which are targeted
at standing crop observations and the Shiomoto and Kameda (2005) survey from Japan which
assessed floating litter and is also a standing crop assessment.

3 Regionalization/sample representation

Survey protocols varied substantially in terms of the extent to which they provide information about
litter deposition at larger spatial scales. Only three surveys, OSPAR, NMDMP and AMDS, consider
sites within predefined regions that could be correlated with major currents, coastal features and/or
proximity to sources. The NOWPAP Beach and Benthic surveys considered provinces within the
member states, but the relationship between these anthropogenic boundaries and the physical
environment is unclear. Many surveys appear to consider each site as a stand alone unit with no
capacity to aggregate or compare data at higher spatial scales.

Floating litter surveys may be less constrained, operating over 100s — 1000s of kilometres, although
floating litter clearance operations such as the FAP are limited to ports, harbours and embayments.

There is a spatial hierarchy of sampling within the NMDMP which divides the US coast into nine
regional areas based on oceanographic, meteorological and logistical criteria (Sheavly 2007). Similar
designations have been used in the OSPAR surveys (five regions; OSPAR 2007) and have been
recommended for litter sampling in Australia (five to ten regions; ANZECC 1996a, Cheshire and
Westphalen 2007).

4 Sea conditions during survey

Only the CCAMLR survey collects data on wave height and frequency, while there are only four other
surveys (AMDS, NMDMP, KMMAF and CCAMLR) that collect data on wind strength and direction.
There is a divergence of opinion with respect to the need for information on conditions at the time of
the survey (e.g. Ribic et al. 1992, OSPAR 2006, Cheshire and Westphalen 2007, Sheavly 2007).
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Surprisingly, surveys that rely on vessels (NOWPAP-Benthic, FAP, Japan Floating Debris and the
NDNHI) do not collect data on sea conditions (although the Japanese survey did collect data on
visibility).

It therefore seems arguable that there is a need for substantial data on conditions at the time of

survey, particularly with respect to beach surveys, although factors that affect the collectors (extreme
heat, cold, snow and/or rain, etc) should be noted.

5 Specialized equipment

For a beach survey, basic equipment might be considered to comprise the datasheets, collection bags
and tape measures. While five of the beach surveys can be undertaken without the need for more
sophisticated equipment (KMMAF, ICC, CCAMLR, WWF and CCI), most protocols require access to a
GPS, and others require weighing scales and, in some instances (WWF in northern Australia), 4WD
vehicles and/or heavy lifting equipment.

Specialised equipment needs are substantial for benthic/floating litter surveys (e.g. boats/ships or
aerial platforms, diving equipment, dredging equipment, etc).

Ideally, all litter survey protocols should employ sampling units that are GPS referenced. For vessel-
based operations this should present little difficulty, aIthough portable GPS units that would be used
for beach surveys are increasingly accurate and affordable’ (Cheshire and Westphalen 2007).

General criteria relevant to all survey types — Sampling units and
sampling frequency

6 Sampling units and replication

In marine litter surveys a sampling unit can be defined as a length or area of beach, ocean or seabed.
Data about litter loads (types and amounts) are collected from the sampling unit and these data are
then used to provide a basis for reporting or comparison (quantitative or statistical analysis).

Beach litter surveys

Most beach litter operations (excluding the NOWPAP — Beach and the ICC) involve the identification
of discrete sampling units that vary from 10-1500 m in length. The use of a known length sampling unit
allows litter load to be reported (in terms of either weight or count) per unit length of beach (e.g. kg /
km of beach as per the AMDS surveys or number of items per 500 m sampling unit as per the
NMDMP, Sheavly 2007).

Typically beach surveys vary widely in the length of beach surveyed; this relates both to the area to be
covered (related to the width of the beach) but more often relates to the quantity of litter that may
accumulate on the beach. Some beaches acquire relatively little litter in which case a larger length or
area is required in order to generate a sufficient sample. Other locations may accumulate large
amounts of litter such that the sheer volume makes removal and characterization logistically
prohibitive except for relatively short lengths of the beach.

A simple approach to estimating the appropriate length of beach to survey is to examine the
relationship between the numbers of new types of litter observed for progressively larger sections of
beach. This approach is based on the commonly used species x area curves used by ecologists to
determine the size of a sampling unit required for vegetation analysis.

The method requires the researcher to successively sample areas of beach starting with (for example)
a 10 m length of beach and then increasing the length of the survey transect in 10 m increments.
Typically, in the first section sampled all types of litter are new and so the survey team will record a
large number of new items. As the survey is extended it will become less and less likely that the
survey team will find new classes of litter (i.e. types of litter that have not been recorded in previous
sections that have been surveyed). Data from this sort of survey can be recorded as shown in Table 8
and graphed as illustrated in Figure 11.

Using these data as an example it can be seen that in the first 10 m section of beach, 25 individual
pieces of litter were collected comprising 10 different types of litter. In the next 10 m section a further
26 litter items were found but this was less diverse comprising only 5 different types (of which four

¥ For example, many modern mobile phones now incorporate GPS technology particularly in the high-end brands but it is likely
that this trend will extend to standard models over the next few years.
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were new types and 1 type had already been recorded from the previous section). After surveying the
third section a total of 30 m of beach had been surveyed; 32 litter items were collected again
comprising 5 different types of litter but in this case only 1 type was new the remaining four having
already been recorded from one of the preceding sections. This process is continued and it can be
seen that by the time 80 m of beach has been surveyed then very few new items are being recorded
for each section. In this case it would be reasonable to restrict the litter assessment to a 100 m section
of beach.

Table 8. lllustrative data showing the variety of litter versus length of beach sampled.

Cumulative length of | Number of litter items |Number of different types| Total number of
beach sampled (m) in each section of litter in each section litter types found
10 25 10 10
20 26 5 14
30 32 5 15
40 20 6 20
50 20 8 22
60 29 4 23
70 32 8 26
80 30 4 26
90 19 8 28
100 30 4 28
110 24 6 28
120 21 9 28
130 25 8 29
140 17 3 29
150 20 5 29
160 31 12 30
170 23 9 30
180 17 5 30
190 26 11 30
200 20 4 30
210 18 4 30
220 22 9 30
230 29 7 30
240 21 3 30
250 25 8 30
260 26 11 30
270 31 8 30
280 26 5 30
290 16 7 30
300 29 4 30
310 28 1 30
320 17 8 30
330 30 5 30
340 16 5 30
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Where the amount of litter is relatively sparse, a larger sampling unit (i.e. 500 — 1,000 m or more)
should be employed. The principal factor determining transect length for beach surveys is the signal to
noise ratio. A sufficient length of beach is required to obtain enough data about litter items to provide a
reliable estimate of loads. If sampling units are too short then the estimate is likely to be inaccurate, if
they are too long then the sampling programme becomes intractable.

# Litter
Type

/

100m
L Length along beach

Figure 11. Litter type versus length of beach curves

Replication of sampling units varies substantially. For beach surveys it is typical to have between one
and several samples per beach. The decision of whether or not to replicate sampling units at the level
of the beach (i.e. whether to have one sampling unit or many) is largely determined by the desire to
obtain spatially averaged samples. From a statistical stand-point multiple sampling units per beach
may not be true replicates.

The NMDMP beach survey uses only one sampling unit per beach (i.e. beaches are considered to be
replicates for a broader region).

Benthic litter surveys

The NOWPAP benthic survey considered areas of different sizes depending on whether the survey is
a diver survey (10 m x 10 m) or trawl survey (1000 m x 1000 m). Conversely, the Hawaiian survey
protocol employs manta tows that may vary substantially in length and therefore area covered, thereby
focussing on the need to cover large areas.

The challenge for benthic surveys is to encompass the different needs for surveys in shallow
nearshore areas against those in deeper water. The 10 m x 10 m units employed in the NOWPAP
Benthic survey may be too small to be representative (particularly given the 1-3 sampling units
recommended for each monitoring site2°). Conversely, the manta tows used in Hawaii cover more area
but are observers are likely to be moving too fast to obtain data any meaningful data on small litter
items.

Floating litter surveys

There are no indications of sampling unit size in either of the floating survey protocols (FAP and
Japan), although density calculation results for each observer period are presented for the Japanese
operation (Shiomoto and Kameda 2005). Given the paucity of established models for floating litter
surveys, our recommended approach follows that of Shiomoto and Kameda (2005). This is augmented
with information from Ribic et al. (1992) wherein survey transects may vary in length and litter density
is calculated based on estimating the number of litter items observed within a fixed horizontal distance
from the vessel across the length of each survey line.

In a summary of eighteen floating litter trawl surveys, Ribic et al. (1992) found trawl distances ranging
from 0.33 — 3 nautical miles and that mesh sizes were small (0.27 mm — 14 mm) and therefore

% NOWPAP do not provide a detailed specification of what a “monitoring site” comprises. On this basis it is problematical to
evaluate the suitability of the proposed sampling strategy.
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targeted small items. Consideration should be given to transfer of the NOWPAP Benthic approach to a
floating litter survey with reference to the guidelines recommended by Ribic et al. (1992).

Although not included in the survey comparison, the “Fishing for Litter” initiative undertaken by
OSPAR is worthy of note (OSPAR 2006).

7 Frequency

Across all survey types, sampling frequencies ranged from 0.5 — 12 months, although half the surveys
undertook sampling on an annual basis (NOWPAP — Benthic, NOWPAP — Beach, ICC, WWF, FAP
and the NDNHI). To some degree sampling may be constrained to a particular period, particularly at
higher latitudes where the sea might be iced in over winter. Otherwise it might be argued that annual
surveys lack the power to resolve marine litter questions at the level required for
management/verification. Sheavly (2007) suggested that future beach litter sampling should
investigate seasonal factors but also that sampling could occur less frequently in tropical areas.
Quarterly surveys have been recommended for Australia (ANZECC 1996a; Cheshire and Westphalen
2007).

Pragmatically the organization required to support monthly surveys is unlikely to be universally
available and on this basis quarterly surveys are the recommended sampling frequency for all survey
types, although there are site specific issues that may require a longer interval (i.e. presence of ice) or
result in a shorter sampling interval (regular maintenance clearances). As a minimum, each site should
be sampled annually.

8 Sampling in line with specific events

Few survey protocols attempt to align sampling with specific natural events although in Korea, there is
a litter capture programme (without formal data collection) that deploys fences across some river
mouths prior to the onset of winter rains (Cho 2005).

While responses to specific events may be useful, the NMDMP stipulated a need for monthly litter
samples to be collected within a short period of each other in order to support data analysis (Sheavly
2007). This requirement largely negates any opportunity to link sampling to specific events.

9 Ad-hoc reporting

With the exception of the AMDS protocol, other surveys do not provide a mechanism for ad-hoc
reporting of litter items. In particular, floating litter (e.g. lost shipping containers or fishing nets) that
may comprise a shipping hazard are frequently reported to local maritime authorities but currently
there is no formal mechanism to capture these data. Other large scale litter events that come to the
attention of the media might also be recorded.

Consideration could be given to developing an online system for ad-hoc reporting of litter items. Such
a system may use a data recording sheet similar to that provided in the AMDS.

General criteria relevant to all survey types — Litter characterization

10 Size limits

Many litter surveys consider all litter items larger than 2.5 cm x 2.5 cm as this is the minimum disposal
size permitted under MARPOL for ground shipping waste (Ribic et al. 1992). While the NMDMP
includes this criterion, larger size limits are designated for some items (i.e. rope must be >1 m long to
be included; Sheavly 2007). Conversely, OSPAR makes no distinction based on size, arguing that
even small items (e.g. cotton buds or matches) provide useful information about littering that may be
used to change behaviours and thereby better manage litter problems (it is worth noting that in some
countries smoking has been banned from many suburban beaches).

Small, very common, litter items such as cigarette butts may present a logistic problem in terms of
collection over the entire area of large (at least 100 m long) sampling unit, although smaller sub-units
might be considered (i.e. 10 m wide strips of beach).

11 Litter categorization

The number of categories varies substantially across surveys, although there are arguably three quite
distinct groups; Low resolution surveys that distinguish (1-6 categories) as seen in the two operational
and floating litter surveys (CCI, FAP and Japan Floating); Medium resolution (30-60 categories) which
includes most other surveys (NMDMP, NOWPAP - Benthic, KMMAF, CCAMLR and WWF) and High
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resolution (90+ categories) which includes three surveys the AMDS, OSPAR and NOWPAP — Beach
survey protocols (the latter using the NPEC data sheets).

The Hawaiian benthic survey (NDNHI) uses 250 categories, but these relate to the diversity of derelict
fishing nets that were the specific target of that survey. Similarly, the Net Kit employed in Northern
Australia as part of the WWF survey protocol (now operated by NRETA) contains more than 180
different net types that may be identified within litter collections (White et al. 2004).

In most cases classification of litter is based on a hierarchy that identifies items firstly by what they are
made from (e.g. plastic vs. glass vs. rubber, etc) then by their form (e.g. bottles vs. sheets vs. fishing
nets, etc) and sometimes also by size (e.g. long lengths of rope vs. short lengths). However, Sheavly
(pers. comm.) has encouraged a different approach to litter classification wherein litter is grouped
according to sources (i.e. a focus on managing littering behaviour rather than litter types)21.

From a research perspective, the larger the number of categories that are considered the greater the
capacity to summarise, analyse and interpret the data. In turn, this influences the range and
complexity of questions that can be posed. Similarly, it might be argued that the use of only a few
relatively broad categories makes targeting management to specific issues/industries/sources more
difficult. However, the number of categories needs to be balanced against pragmatic/operational
needs (e.g. experience and training of the survey team). There are therefore solid arguments for using
a smaller number of categories as this simplifies training of the volunteers required to support surveys
and time required in sorting time required at the end of each collection.

12 Litter summaries

Most surveys (10 of 13 — not FAP, CCI and Japan floating) aim to summarise data to report on litter
composition. Form, size and indicator groups are sporadically employed (5, 4 and 5 surveys
respectively) but the capacity to develop summaries is intimately related to the system by which litter
items are classified (see 11 above).

A litter classification system for the operational guidelines outlined in this report was developed based
on the alignment (wherever possible) of the litter categorization tables from eight different survey
protocols (see Appendix C). The resulting matrix comprised more than 220 litter types and this was
then refined to amalgamate similar categories, spread across up 10 broader classes primarily based
on material composition of the litter, including:

e Cloth

e Glass, ceramics and pottery

e Foam (including sponge and packaging/insulation foam)

e Hard plastics (anything that has been moulded)

e Soft plastics

e Metals

e Rubber

e Paper and cardboard

e Wood

e  Other (this group is not necessarily based on composition)

These broader classes each comprise from 5-14 specific types such that the 220 different groups
identified across the various surveys is aligned with one of 77 litter types (see Appendix C for a
summary) which form the basis for litter characterization in the recommended sampling guidelines for
beach surveys. However, note that a further subset of these litter types was created (35 categories) to
be used in surveys where the litter were remotely observed (and therefore the composition cannot be
determined — see Appendix C).

A properly configured relational database would provide lookup tables that could be used to re-aggregate litter types to
support different analyses. Using this approach tools could be developed to aggregate data on the basis of sources, risks to
wildlife, form, etc. depending on the purpose of the analysis being undertaken.
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13 Quantifying litter

Irrespective of how litter is classified, there is a need to develop some system for quantification in
order to provide a basis for comparison either between beaches/regions or within regions through
time. Four approaches to quantification present as being practical for use in routine surveys although
not all can approaches can be used for all types of litter. These four approaches comprise:

e Presence/absence of items within each litter type;
e Counts of items in each litter type;
e Weights of items within each litter type;

e Volumes of items within each litter type.

Most survey protocols recommend one or other of these with “counts” being the predominant
approach. Irrespective of current usage, there are strengths and weaknesses associated with all of
these approaches to measurement relative to different litter types.

Presence / absence

For some purposes it may be possible to simply record the presence of different classes of litter. In
most cases this would not provide sufficient resolution to provide a meaningful interpretation and
would not be recommended.

Counts of items within categories

Counts are relatively easy to make and they do not require any specialised equipment. In relation to
litter items such as plastic drink bottles or plastic bags counts are arguably a very good indicator of
importance. For remotely observed litter, counts within types are the only available approach.

Problems arise however when there are litter items within the same class that may differ substantially
in terms of size. Counts of derelict fishing nets will grossly underestimate the significance of larger
nets (Kiessling 2003) which may vary in size from less than 1 m? to 100s or even 1000s of m?. In such
cases counts are much less useful than a measurement of weight. Similarly counts are less useful for
heavily fragmented litter items. How, for example, do you count a hundred pieces of plastic bottle — is
it equivalent to one bottle or many? In such cases alternative measurements may be more
appropriate.

Weights of categories

Superficially, measurements of weight may appear to provide an alternative to counts but similar
problems apply. A simple statement that there is 100 kg of polyethylene sheet in a litter collection
provides data on how much material there is but it is very difficult to relate this to management or the
assessment of downstream risks unless you know what that 100 kg comprises in terms of individual
items. If for example the 100 kg comprises 10,000 plastic bags each of which has the capacity to be
ingested and kill wildlife then this represents a different scale of problem than if the litter comprises a
single roll of material.

Similarly not all types of litter can be weighed, heavily fouled fishing nets or baulks of timber may
weigh many tonnes. Practically these cannot be weighed unless the survey team has access to
specialist equipment (that would not be routinely available). Furthermore, weights will vary (often
substantially) depending on whether the material is wet or dry (particularly for cloth or ropes and
netting).

Volume of categories

For some litter items (e.g. baulks of processed timber) estimates of volume are probably easier than
any other approach. The dimensions of such items can be measured or estimated and this can then
be quickly converted to volume. Similarly for tangled masses of discarded fishing net (which cannot be
weighed), estimates of volume may be the best approach to quantification.

Is it necessary to use only one system for measurement?

The most obvious conclusion from the above is that different systems of measurement could be used
for different classes of litter. While this approach to measurement is more work for surveyors in the
field, the benefits from a litter management perspective may be substantial, particularly if litter
characterization is subject to a regular process of review such that survey effort refines the focus to
those litter items of particular management concern.
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For comprehensive research surveys, where the survey is carried out by a trained team, this is not an
unreasonable proposition but for most surveys there is no certainty that people involved will be able to
quickly adapt from one form of measurement to another.

An alternative approach adopted in some surveys (notably the WWF in northern Australia and the
AMDS) is to make multiple measurements (e.g. weights and counts) and to use these measurements
to calculate other factors such as volume.

Counts of items within categories occur in virtually all litter surveys (not the FAP which does not
investigate the collected litter). Litter weight was considered in five surveys (AMDS, NOWPAP -
Benthic, CCAMLR, WWF and FAP), the ICC survey also recorded total weights of litter, while three
surveys (OSPAR, CCAMLR and NDNHI) considered counts within size classes (a hybrid of counts
and volumes).

For trawl surveys catch per unit area would be the most robust approach to quantification (Ribic et al.
1992), but this parameter does not appear to have been employed in the only current trawl survey
protocol (NOWPAP — Benthic).

Recognition that neither counts nor weights alone are necessarily sufficient has also resulted in
changes to classification of litter. Data on the size frequency distribution of derelict fishing nets may be
obtained across a number of bins (e.g. counts of nets with sizes in the range such as < 5 m?, < 20 m?,
<100 m? > 100 mz). Such data may be much more amenable to interpretation and provide a more
coherent basis for management interventions as large numbers of small nets may suggest they are
being fragmented by a highly energetic local environment or that they have been in the system for a
longer period of time and may have come a substantial distance from their source. Conversely larger,
and probably more environmentally damaging nets, are more likely to have a local source which may
lead to a more direct management intervention.

14 Litter sources

The term “litter source” has been used variously in the literature to mean either the user-groups that
are littering or alternatively the point of manufacture or origin of a litter item.

“Litter Source” in the ICC and NMDMP surveys was determined by categories of user-groups (boaters,
fishers, beach goers, etc.). Identifying such sources of land-based and ocean-based provides a useful
and functional approach to assessing how an item becomes marine litter and its associated source.
Indicator items are used in both the ICC and NMDMP to relate litter to user-groups. Identifying sources
in this manner leads to the development of practical management tools to target the behaviours of
groups that are littering and change this behaviour accordingly.

The classification of litter based on the point of manufacture or country of origin is arguably of less
value. It has been suggested that within a global marketplace, tagging items with a country of
production is not likely to provide a practical or functional approach to management of litter. This
argument is reflected in the decision by OSPAR to abandon source identification owing to the time and
resources required.

Conversely, the AMDS provides for the collection of information on the point of manufacture or origin
of litter items based on barcodes, address labels and other identifiers (Cheshire and Westphalen
2007). The AMDS also makes provision for the use of the net-kit identifiers developed under the WWF
protocols and used to classify fishing nets and thereby to identify sources (industry sector that uses
that particular type of net). In countries like Australia, where relationships with industry are well
established, it is possible to differentiate litter items used by domestic operators from those that have
come from foreign operators. This is particularly true of discarded or derelict fishing nets which
comprise a major environmental hazard particularly, for example, in northern Australia.

From a logistics and data management perspective, the value in identifying sources is likely to vary
from region to region. In areas such as Australia where a substantial component of the litter is not of
local origin, country of origin identification provides the basis for international discussion and
negotiation. In areas such as Europe, where much of the litter is of local origin and source information
(country of origin) is of little practical use when compared to other approaches such as understanding
discard behaviours. Furthermore, given the increasing globalization of trade, speed of transport and
increasing diversity in ethnicity within population centres worldwide (and consequently the variability,
particularly amongst food related litter), source information of this kind is likely to become less valuable
over time.
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Conversely for litter items that are widely accepted as being both seriously widespread and
ecologically damaging, such as fishing nets, identification of the source (in this case the fishery)
responsible may be a key element to the development of management strategies. Consequently, the
investigations into net types and origins as explored in northern Australia and Hawaii may be worth
further consideration and expansion (see White et al. 2004, Timmers et al. 2005).

At the other end of the scale, plastic shopping bags are widely seen as ubiquitous and environmentally
damaging but there is no mechanism for identification of sources. It is likely that alternative
approaches to management are needed (e.g. to focus on legislative arrangements such as the recent
proposal to ban plastic shopping bags throughout the whole of Australia by the end of 2008, see
http://en.wikipedia.org/wiki/Plastic_shopping_bag# note-6, Accessed February 2008).

15 Identification tools

Three surveys have guides to assist litter classification (note this should not be confused with field
guides that assist in conducting a survey — see below). As discussed above the WWF surveys in
northern Australia developed “the Net Kit” an identification guide for derelict fishing nets (White et al.
2004), to be used in conjunction with beach litter surveys. This guide helps quantify the profusion of
nets into manageable categories and may ultimately assist in targeting management at the sources.
This guide models similar approaches used for fishing nets clearances in the northwest Hawaiian
Islands (Timmers et al. 2005).

OSPAR used an online Marine Litter Guide; www.marine-litter.net/quide/quide.htm but this is no
longer operational (as of July 2008).

On a less formal front, datasheets often include images of each litter item (see the WWF protocol —
White 2005).

16 Entrapped fauna

Many surveys (7 in total; AMDS, NMDMP, NOWPAP — Beach, KMMAF, ICC, WWF and NDNHI)
require data on any entrapped fauna to be included as part of the survey although there is often a lack
of clarity as to what animal groups are to be included. In northern Australia, the focus is largely on
marine reptiles (White 2005), although other organism may be included. Otherwise, although the
threat posed to wildlife is readily acknowledged, most reporting would appear to relate more to marine
mammals, reptiles, birds and possibly sharks and rays (see Timmers et al. 2005) rather than bony fish
and large mobile invertebrates (large crustaceans, molluscs, etc), although the physical damage to
corals has been noted in Hawaii (Donohue et al. 2001).

Entanglements need to be identified and should be included as part of the “Additional notes” section of
a survey, with the associated guidebook outlining reporting requirements with respect to animal type,
tangle type and status (alive or dead).

17 Large litter items

Five surveys (AMDS, NOWPAP — Beach, ICC, OSPAR and WWF) make allowances for large items of
litters (e.g. car bodies, very large fishing nets, baulks of timber etc). Large items, floating, sunken or
beached are unlikely to be removed even assuming equipment and funds are available. In those
surveys that address this issue it is generally recommended that the character and position (preferably
GPS fixed) of large objects should be noted in as much detail as possible, such that the item can be
mapped and excluded from future surveys (and also be reported as a potential hazard in the case of
floating litter).

The key issue from a litter sampling perspective is that such items are included only once, when they
are first observed.

Municipal agencies might be engaged to remove these items at a later date.

18 Large natural litter items

Only one survey (Japan floating debris survey) made allowance for trees and foliage that were
encountered. Otherwise, naturally occurring woody litter is rarely reported as part of the litter data.
Given that the source of natural woody litter is unlikely to be established, and that the process by
which it arrived may be natural, there would seem to be little need to gather such data.
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19 Sampling effort

Almost all surveys (excluding the NOWPAP — Benthic or FAP surveys) recorded the number of
persons engaged in litter collection and many also collected data on the time taken to complete each
sampling unit.

For the NMDMP, the time taken to complete the survey is recorded but the number of people involved
is not (Sheavly 2007). However, this protocol used two different methods for completing a 500 m
sampling unit depending on the number of persons involved. Survey team members form skirmish
lines either at right angles to the coast (2-5 persons) or parallel to the coast (>5 persons), which
presumably helped to keep the effort roughly the same.

General criteria relevant to all survey types — Logistics and
capability

20 Field staff

Most surveys (AMDS, NMDMP, NOWPAP — Beach, OSPAR, CCAMLR, OSPAR, CCI and NDNHI) try
to use the same personnel in subsequent surveys (note the Japan Floating Litter survey was a one-
off). Sheavly (2007) noted however, that the staggered initiation of the NMDMP meant that some
locations were surveyed for more than ten years, making the maintenance of volunteer enthusiasm
and continuity quite difficult, with a concomitant need to find and train replacement field teams.

In this respect the NMDMP probably offers the best example of a large scale litter survey that was
reliant on voluntary input. In a summary report, Sheavly (2007) concluded that volunteers were
effective, but that efficiencies could be greatly enhanced through integration of the sampling within
local resource management programs, which would include support from national parks, resource
managers, fisheries and tourism managers as well as non-government organizations.

It needs to be recognized that volunteers typically come from a wide variety of backgrounds; by way of
example the NMDMP volunteers included retired corporate executives, technicians, educators, local
conservation organizers, middle and high school science classes, college students, U.S. Naval and
Coast Guard offices and other members from the private sector (Sheavly 2007).

This diversity will bring with it differences in knowledge and experience and these need to be
addressed when developing a volunteer programme. In summary there are a number of key issues
that need to be considered when engaging volunteers in marine litter assessments and these include
(adapted from Sheavly 2007):

a. Volunteers need to be properly trained with hands-on training exercises and supportive
training materials and programme manuals that detail responsibilities and procedures.

b. Local coordination and management is needed to ensure that volunteers are available
when needed and monitoring schedules are followed.
C. Effective and frequent communication is a key element in keeping volunteers engaged

and up-to-date with the programme activities, including how their monitoring activities are
supporting resource and conservation management efforts.

d. Succession plans are needed to ensure that as some volunteers retire or leave the
programme, new volunteers are trained to provide replacements.

e. Regular recognition efforts (media coverage, presentations by monitoring group members
and/or management groups at local civic meetings, thank you notes, various memorabilia
including t-shirts, hats, etc.) of the volunteers and their efforts can be effective in
maintaining their involvement in the monitoring programme.

f. The monitoring programme needs to be realistic as to expectations of labour and the
length of time needed to conduct this type of study.
g. Programme managers need to make regular visits to sites to ensure that training is

relevant and appropriate to the needs of the survey. Ideally follow-up visits should be
scheduled to coincide with re-training efforts and other activities.

h. Volunteer managers, who may often be volunteers themselves, need appropriate training
to ensure that they have the skills to manage a volunteer workforce.

i. Ideally local partnerships may be developed with state or municipal agency staff to
facilitate the monitoring and integration of volunteer management, training and
programme delivery.
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j. Where appropriate, typically for remote surveys or where local people are limited by
financial or other resources, monetary support may be required to cover transportation
expenses related to their efforts.

k. While the very nature of a volunteer is not to expect anything in return for his/her efforts,
people do like to know that their efforts are meaningful and appreciated.

In more general terms the following issues are also relevant when managing volunteer programmes
(adapted from the “Model Code of Practice for Organisations Involving Volunteer Staff’; Volunteering
Australia 2007):

a. Interview and employ volunteer staff in accordance with anti discrimination and equal
opportunity legislation;

Provide volunteer staff with orientation and training;

Provide volunteer staff with a healthy and safe workplace;

Provide appropriate and adequate insurance coverage for volunteer staff;

Define volunteer roles and develop clear job descriptions;

Differentiate between paid and unpaid roles;

Provide appropriate levels of support and management for volunteer staff;

Provide volunteers with a copy of policies pertaining to volunteer staff;

Provide all staff with information on grievance and disciplinary policies and procedures;
Acknowledge the rights of volunteer staff;

Offer volunteer staff the opportunity for professional development;

reimburse volunteer staff for out of pocket expenses incurred on behalf of the
organization;

Treat volunteer staff as valuable team members, and advise them of the opportunities to
participate in agency decisions; and

n. Acknowledge the contributions of volunteer staff.

AT T T@m0a00T

3

21 Staff training

Only the NMDMP protocol specifies a field training regime for its volunteers, which required a
substantial effort on the part of the lead agency (Ocean Conservancy) in terms of identifying and
recruiting volunteers and then training them in situ (Sheavly 2007).

While CCAMLR indicate that staff undertaking the survey are “appropriately trained”, there are no
details as to what this comprises, but it may well refer to safety issues (given that the survey occurs in
remote Antarctic locations) rather than to the litter survey protocol.

Consistent, high quality training at the management and field level is essential to quality assurance
and control over the data. Education of staff should include information on the results of surveys such
that staff can understand the context of the field programme.

22 Manuals and training tools

All large scale marine litter surveys have manuals and/or field guides to assist volunteers, most
notable are those developed for the ICC and NMDMP (The Ocean Conservancy 2002, US
Environment Protection Agency 2002, Sheavly 2007).

Field guides and litter identification tools are an important element in the maintenance of sampling
consistency. Importantly, care should be taken to ensure that the development of guides is sensitive to
language and cultural issues. For example, guides for surveys involving indigenous Australians should
not contain images or names of deceased persons. Issues of this nature highlight the need to obtain
the support of locally based managers as the point of liaison between volunteers and higher level
survey management.

23 Quality assurance / quality control of the data

Few marine litter surveys (only 2 of the surveys considered) have mechanisms for assuring data
quality, which is of concern given the high level of voluntary help that is engaged (Ribic et al. 1992).
The OSPAR survey has a quality assurance programme based around a “Checklist” approach to
surveys assisted by multilingual, illustrated online support (OSPAR 2007). The NMDMP has a built in
quality assurance protocol conducted by survey managers (who take responsibility for each site) such
that a proportion of all location/month combinations are checked, and data errors identified (US
Environmental Protection Agency 2002, Sheavly 2007).
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Development of a quality assurance programme within a large scale litter survey is essential,
particularly given that language and cultural differences will present challenges for data integration
and exchange.

24 Logistic and technical support

Eleven of the survey protocols incorporated engagements with external partners. The exceptions were
either contained within the respective organization (CCAMLR, which operates in a very remote
locations) or comprised a one-off survey (Japan floating litter). Most litter surveys, particularly beach
clearances, engage with a range of stakeholders that may include individuals, community groups,
industries and government organizations (Cheshire and Westphalen 2007). In most instances, the on
ground component of a survey is relatively straight forward in terms of being completed by non-
technical persons. However, responsibility for data collation, quality control, analysis and development
of reports and provision of expert technical advice is often more problematic.

External support in terms of data collation, management, analysis, interpretation and reporting is
essential for a large scale litter programme. These services may be offered by a dedicated marine
litter framework such as that offered by the ICC or include engagements with universities, government
science agencies and/or international organizations (such as UNEP).

25 Centralised data storage

In line with the above, all surveys except the AMDS and NDNHI (although note that these surveys
were excluded as they don’t explicitly state this) maintain a centralised data collation, management,
quality assurance and storage platform. Capacity for online access to the data by stakeholders was
not explored, although the ability to see the results of surveys may be an important element in
maintaining volunteer enthusiasm.

A centralised database should have capacity to interface with data from existing marine litter survey
programmes. While the systems used to characterise litter vary between surveys, these differences
can be circumvented through a translation table (see Appendix C). Although the design of a
centralised database is beyond the scope of the current reporting, the basic structures can be readily
identified, including:

Organizations — who is engaged in surveys?

Locations — where surveys are undertaken, include specific details of the site that are independent
of litter surveys.

Surveys — when surveys were undertaken, including data relative to the specific survey (number of
persons involved, etc).

Survey data — what the surveys found in terms of marine litter.

Information/translation tables — such as relating litter types to those employed other surveys.

26 Online support, data entry strateqy and reporting interface

Five of the surveys maintained an online presence that can assist in advertising awareness of marine
litter issues (NOWPAP- Benthic, NOWPAP — Beach, NMDMP, ICC and OSPAR), report results of
surveys and serve to advertise future activities. Online support often includes guides for field
operations including detailed survey protocols as well as the capacity to both upload and review data
in some instances.

Notably, Ocean Conservancy has a substantial online presence for their ICC Program
(http://www.oceanconservancy.org/site/PageServer?pagename=press_icc), which includes summary
reports for each country. The NMDMP has an extensive online presence
(http://www.oceanconservancy.org/nmdmp) with data listings and summaries covering the life of the
study (Sheavly 2007).

27 Data collection during or post beach collection

Many surveys (9 of those considered — not OSPAR, CCAMLR, Japan floating, FAP and the CCI)
collect litter from across a sampling unit and then collate and characterise the gathered litter (either
using weights or counts or both). Alternatively data can be recorded without collecting items (counts
only) or while the litter is being collected. In some cases this is faster but it depends on whether the
material is heavily fragmented and whether or not support vehicles or similar are available to carry
litter back to a sorting location.
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Data on entanglements and large immovable items is generally best collected as they are
encountered.

28 Datasheets

The AMDS maintained the largest number of datasheets (up to 10), but this reflects the
comprehensive nature of the database being designed to support both research and community
oriented surveys from either discrete sampling units or whole beaches and included a capacity for ad-
hoc reporting, source reporting and information about entanglements. It should be noted that once a
research site had been set up, a survey within the AMDS required (at most) four datasheets (Cheshire
and Westphalen 2007) for the comprehensive research survey and only 1 datasheet for community
based surveys.

Four surveys kept their data sheets to one double-sided page (NMDMP, NOWPAP — Benthic, KMMAF
and the CCI), although this almost certainly poses limits on the amount of incidental information that
can be gathered.

It also needs to be noted that the establishment of new sites for both the OSPAR and NMDMP
required a range of data that are not included on the standard survey sheets.

Ideally, a survey should be undertaken with as few a number of datasheets as possible.

Beach surveys

29 Beach selection criteria

Six of the nine beach survey protocols (AMDS, NMDMP, NOWPAP — Beach, KMMAF, OSPAR and
CCAMLR) use criteria for the selection of beaches. At a basic level these relate to the need for modest
slope such that the width of the beach at low tide is not extreme (i.e. not a tidal sandflat where
surveyors could become stranded or worse still overtaken by the tide as it comes in), the beach has to
be long enough length to include the sampling unit(s) and the beach should not be subject to other
clean up activities, although this is difficult to achieve in many areas. The NMDMP goes further to
include a number of facets related to exposure to open sea, substrate types (generally sand only),
accessibility for survey team members (generally volunteers) and limiting risks to endangered flora
and fauna (Sheavly 2007).

Some consideration needs to be given to beach selection criteria, although the degree to which these
constraints might affect litter accumulation must be included. This relates in particular to restrictions on
beach slope as this factor will have a direct relationship to the wave energy and the depositional
nature of the site.

30 General depositional nature of the beach

There are a large number of factors that indicate or are related to the depositional environment of a
given beach, including; local and offshore currents, slope, aspect, length, tidal range, prevailing wind,
etc. OSPAR (2007) indicate that a generalised questionnaire was used to determine the nature of
each beach, although the actual data collected are not explicitly specified. Cheshire and Westphalen
(2007) developed a comprehensive list of parameters, although it may be argued that not all of these
factors are necessarily important with respect to litter deposition. The NMDMP obtains some
information on the depositional nature of each beach (in particular the conditions at the time of and
immediately preceding each survey) but the specific descriptors are not clearly documented. The
summary report (Sheavly 2007) does not make any inferences related to the depositional/energy
environment in terms of litter fluxes.

Three beach surveys (NOWPAP — Beach, ICC, WWF and the ICC survey) collect no data on the
depositional environment, which restricts the capacity to develop meaningful comparisons between
locations (although note that these data do not apply to the CCI survey). Care should be given to
employ descriptions of differences between survey sites in lieu of depositional data. Like litter
characterization (see above), there is a need to develop standardized minimum criteria for describing
the nature of each beach environment as even when data are collected, surveys vary substantially.

31 Conditions at the time of the survey

The prevailing conditions at the time of the litter survey are considered to be important by some
(Cheshire and Westphalen 2007, Sheavly 2007), although relatively few surveys appear to collect any
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data (and only the AMDS is comprehensive). The NOWPAP — Beach, OSPAR, ICC, WWF and CCI
protocols do not collect any data on this aspect.

32 Anthropogenic influences

Anthropogenic factors include access (pedestrian, vehicular or boat), location (urban, peri-urban or
rural) and proximity to sources (rivers, streams and towns) amongst others. These factors are yet
another example of variables that may be included when comparing between locations, but again
there are relatively few beach survey protocols that invest resources in obtaining these data (note the
AMDS and OSPAR protocols are exceptions in this respect).

33 Defining the landward edge of the survey

Beach surveys tend to collect litter from between the water level (preferably at low tide®) to what is
frequently called the “back” of the beach. The latter appears to infer a limit defined by the presence of
dunes, vegetation or a cliff base (see Sheavly 2007) but in some instances the landward limit of a
beach may be anthropogenic (i.e. a road, seawall or fence). Many surveys consider one or more of a
number of factors, but few consider more than natural limits, and none are comprehensive. In some
beach surveys (OSPAR and the ICC) this limit does not appear to have been adequately defined.

Whatever the limit may comprise, it is important that this information is noted for each sampling unit.
Firstly as this is yet another factor that may account for variation between beaches but also so that
consistency in data collection is maintained.

Given that the width of each sampling unit will vary according to the landward constraint, litter
characterization should favour reporting litter per unit of beach length rather than an areal basis.

34 Defining the seaward edge of the survey

Like the landward limit, beach surveys are often vague as to what defines the seaward limit of the
sampling unit. It is a reasonable assumption that the water edge at the time of the observations forms
a natural constraint and this has been used by most surveys (5 in all; AMDS, NMDMP, CCAMLR and
CCl), although the tidal differences at the time of the survey will alter the width of the sampling unit
between surveys. Otherwise, litter collections at low tide are certainly recommended (Sheavly 2007,
CCAMLR 2008).

Given that the tide will continuously alter the width of the beach, sampling units should be kept to a
length such that the difference in tidal height over the sampling period is limited. Changes in beach
width during the survey add further weight to the need to report litter on per unit of beach length rather
than area.

Benthic and floating litter surveys

There are too few benthic (NOWPAP — Benthic, NDNHI) and floating litter surveys (FAP and Japan)
available for development of meaningful comparisons. For this reason, the analysis of these sampling
strategies includes reference to the broader literature and particularly to the descriptions and
recommendations provided by Ribic et al. (1992).

Benthic surveys

35 Observation/data collection platform

Benthic surveys may occur as either trawls or non-collecting remote observations, with the latter
including divers/snorkelers, camera tows or submersible platforms. Side scan sonar has also been
employed in benthic litter assessments, notably in relation to the fallout from Hurricane Katrina (NOAA
2008).

In Korea, a deepwater camera sled operation has been used to assist targeting of trawl operations
(Cho 2005). Similarly the NOWPAP Benthic survey recommends a “pre-survey” of a broader area (~
5000 x 5000 m) within which 1-3 trawls are targeted (~ 1000 x 1000 m areas each; NOWPAP 2007a).

22 Caution needs to be taken with beaches that have a shallow slope as the low tide mark may be quite distant from land and
surveyors may become stranded by the incoming tide. Ideally however, such beaches should not be selected for survey.
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36 _Litter collections

Other than benthic trawls, divers and snorkelers may also undertake clearance operations either from
within discrete sampling units (NOWPAP 2007a) or on a less structured basis as in the surveys
undertaken for the removal of fishing nets from Hawaiian reef systems (Donohue et al. 2001, Timmers
et al. 2005). The ICC also collects underwater surveys conducted by divers/PADI Project AWARE
(Sheavly pers. comm.).

Litter collection by divers/snorkelers entails a number of additional safety aspects over and above
those related to recreational diving/snorkelling.

37 Targeted to specific locations (substrates, currents, etc)

The Northwest Hawaiian Island survey (NDNHI) targeted shallow, coral reef systems, while NOWPAP
— Benthic considered both nearshore diver and deep water trawls within provinces of each of the
member states.

Like beach surveys, broader scale benthic surveys should be targeted at specific locations that are
themselves embedded within broader regional units, with a view to obtaining repeated observations
related to currents, land forms and proximity to sources.

38 Nature of the seabed

The nature of the seabed is an important factor in defining the nature of the benthic survey with
respect to the litter that might accumulate as well as the approach to sampling (Ribic et al. 1992). It
needs to be recognized that benthic trawl operations are not without the risk of environmental damage
to sessile communities but may also present risks to trawl operators with benthic snagging and
associated equipment loss.

39 Nature of trawl gear

Trawl gear may comprise nets, grapples, rakes and similar (NOWPAP 2007a), with each targeting
different broader types of litter (Ribic et al. 1992). The relative differences in sampling effort between
different gear types needs to be established if comparisons are to be achieved. Importantly, the nature
of the vessel, trawl gear and transect characteristics (speed, length of tow, etc.) are important factors
in determining the Catch Per Unit Effort (CPUE) for each haul (Ribic et al. 1992). This is an important
standardising factor when comparing between litter samples.

40 Field of view angle

The field of view relates to the width, measured as an angle from the point of view of the observer,
through cameras or windows and thus relates to camera tows, submersibles and to a lesser degree,
observations by divers. When considered in conjunction with the viewing distance (as determined by
visibility) the area covered by the observations can be calculated (e.g. a 500 m towed camera with a 4
m wide field of view represents a survey area of 2,000 m?). Although camera tows are relatively
popular for benthic litter surveys there is no published information on key parameters such as the
nature of the camera, the field of view, angle relative to the seabed, etc.

The Hawaiian observations of ghosts nets, made extensive use of snorkelers on manta tows
(Donohue et al. 2001), in these cases the horizontal width of transects (and thus the area covered) is
variable and ultimately determined by the observers capacity to swerve from side to side.

41 Limits on visibility

Visibility limits on diver, submersible and camera observations are critical to determining the area of
coverage accomplished within a survey (Ribic et al. 1992). Manta tow surveys in Hawaii report visibility
limits at the start and end of each transect (Donohue et al. 2001).

Floating litter

Floating litter surveys may comprise observations of litter from surface vessels or aircraft, but in either
case none of the litter is collected (e.g. Shiomoto and Kameda 2005). Alternatively floating litter
surveys may comprise surface trawls. No examples of the latter were available for comparison.

42 Observation/collection platform

Floating litter observations or trawls may be undertaken from vessels, although aircraft (planes or
helicopters) may also be employed. It should be noted that the use of aircraft in litter assessments is
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not necessarily limited to floating litter. The Carpentaria Ghost Nets Program has used helicopters to
assess the distribution of derelict fishing nets on beaches in remote locations (Anon 2006).

43 Repeated target survey (same route)

The survey of floating litter around Japan (Shiomoto and Kameda 2005) appears to be a one-off
survey and as such one cannot make inferences about variation through time. While the Floatables
Action Plan (US Environment Protection Agency 2007) uses spotter aircraft to direct skimmer vessels,
there appears to be limited data capture within this survey (note that litter characterization is not an
objective of this survey).

Clearly repeated observations of the same areas, in particular specific currents and proximity to
sources would be required to obtain an understanding of floating litter dynamics.

44 Nature of the observation platform and samples

Information on the nature of the observation platform is critical to comparing litter assessments
between different vessels or aircraft (Ribic et al. 1992). This includes the position, field of view, height
above water and other factors that affect the sample (such as speed, direction, time period and
maximum viewing distance). The Japanese study employed the same vessel throughout and therefore
had no need to collect vessel specific data (Shiomoto and Kameda 2005). However, unlike other sea
based surveys, floating litter observations could be collected from different vessels that might travel
the same route, in which case ship-related differences would be important.

45 Conducted in association with other observations

For some surveys other observations (e.g. marine mammal counts or seabird activity) might be
incorporated along with litter assessments.

46 Vessel, gear and sample characteristics for trawl operations

Comparisons of results from trawl based surveys need to consider differences in the characteristics of
the vessel used to undertake the survey as well as differences in trawl gear specifically including mesh
size, net size and depth of tow (Ribic et al. 1992). Each of these factors has the capacity to change
both the sample size and the sampling effort. Similarly, vessel speed, direction and position are critical
factors with respect to sampling units (Ribic et al. 1992). Importantly, the nature of the vessel, trawl
gear and transect characteristics (speed, length of tow, etc.) are important factors in determining the
Catch Per Unit Effort (CPUE) for each haul (Ribic et al. 1992), which is an important standardising
factor when comparing between floating litter sampling results.

Analysis and interpretation

The preceding demonstrates that, while there are many differences between the various survey
protocols, there were also a number of unifying features.

In terms of the beach litter surveys, four sets of protocols stand out as being quite detailed (high
degree of specification) these being AMDS (the most highly prescribed system), NMDMP, OSPAR and
CCAMLR. A second group, with a much lower level of prescription in survey specifications comprise
WWF, KMMAF, ICC and NOWPAP — Benthic. The final group comprises the CCI protocol which is
very different from most others having a focus on operational clean up of beaches as opposed to litter
surveys.
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Figure 12. Cluster analysis illustrating the relationship among survey protocols. Protocols
are linked together according to their relative similarity using the data obtained from a
comparative analysis of all beach surveys. The CCI protocol is an outlier (dissimilar to other
protocols) which reflects its principal focus on operational clean up. AMDS, NMDMP, OSPAR
and CCALMR are protocols with detailed specifications whereas the NOWPAP, ICC, KMMAF
and WWEF protocols are less prescriptive.

In order to provide a simplified summary of the similarities and differences between the various
surveys a multivariate analysis of survey protocols was undertaken. Data relating to the key
comparative criteria were assembled into a set of numerical indices (for criteria with a yes/no answer
these were simple binary indices) and this data set was then analysed using a classification analysis
(McQuitty’s algorithm on a relative Euclidean distance matrix).

The resultant plot (Figure 12) illustrates the relationships between the protocols as discussed above.
In general terms the objective in developing a unified set of guidelines can only be achieved by
identifying a good compromise between prescription and pragmatism and learning from programmes
that have a proven record of successful application.

Principal issues to be resolved in developing standardized
operational guidelines

Findings from review of existing guidelines

It is evident from that there has been a much greater effort put into developing specifications for beach
litter surveys (see for example Ribic et al. 1992, Rees and Pond 1995, ANZECC 1996a, Kiessling
2003, Stuart 2003, Cheshire and Westphalen 2007, Sheavly 2007, NOWPAP 2007b) than has been
invested into developing guidelines for the assessment of either floating litter or benthic litter.

A number of the surveys have been designed to support large scale, longer term surveys, including
the AMDS, OSPAR and NMDMP protocols (Cheshire and Westphalen 2007, OSPAR 2007, Sheavly
2007). The higher level of complexity in the design and implementation frameworks for these surveys
reflect an increasing need to better manage marine litter problems as well as to better quantify
ecological and ecosystem threats.

The development of a standardized set of operational guidelines for marine litter assessment required
the resolution of a number of principal issues as summarised below.

1. Development of a standardized scheme for classification of marine litter which needs to
consider how items are best categorised with reference to either:

a. A hierarchy of material composition and form and/or

b. Litter sources.
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There is a need to define how litter will be quantified and whether or not there is a need to
apply the same principles to all classes of litter. Candidate quantification schemes include:

a. Presence/absence of litter items within a class.
b. Weights of items within a class.

c. Counts of items within a class.
d

Combination of weights, counts and potentially volumes of litter items within each
class.

Survey effort should be standardized or quantified in order to adequately define the basic
sampling unit. Options include:

a. Area of beach — not preferred as the amount of litter is more related to linear distance
of beach surveyed rather than the width of the beach.

b. Distance along a beach — generally a preferred method but cannot be prescribed due
to substantial differences in litter load between regions.

Use of a hierarchy of scales based on item size as per the OSPAR system.

d. Standardize sampling effort by using a fixed number of person hours per sample. This
could account for differences in litter loading and may be the best compromise.

e. Defining sampling units on the accumulation rate of litter types versus the length (or
area) of beach considered.

The length of time between sampling events at any given location needs to be defined. The
major challenge will be to balance survey effort with timing to obtain reasonable and
comparable estimates of flux rates (the rate at which new litter items accumulate on a beach).
Likely alternatives are either monthly or seasonally (e.g. quarterly). It may be possible to
define the minimum frequency but to allow for more frequent surveys in some areas. Given
that beach surveys in many areas must work around municipal cleaning, sampling frequency
needs to be flexible.

Regionalization systems for surveys need to be developed consistent with information on
major currents, coastal features and proximity to litter sources, although the latter issue could
form a component of stratified sampling within regions (Sheavly 2007). It is also important to
consider a broader suite of issues that need to be encompassed when extending the regional
context of surveys including the need to address logistic and cost constraints for developing
countries.

Having identified a need for larger scale, longer term litter studies, there will be a need to
develop a management framework through the designation of a lead agencies with
responsibility for:

a. lIdentifying sampling locations;
b. Identifying and engaging with stakeholders at the national/regional levels;

c. Establishing a litter sampling management framework (i.e. the hierarchy of
responsibilities within a region). This will include defining sampling locations, the
recruitment and training of volunteers and establishment of lines of communication;

d. Development and implementation of a data management and reporting platform.

Whereas the Ocean Conservancy’s International Coastal Cleanup may provide a good
framework through which some of the above can be achieved, there are some critical issues
that will need resolution.

It is apparent that the published descriptions of many marine litter survey protocols do not
provide comprehensive specifications for many of the background or framework issues
associated with the national or regional scale integration of survey results. This issue is seen
most clearly when comparing the OSPAR (OSPAR 2007) or NMDMP (Sheavly 2007) survey
protocols with the AMDS (Cheshire and Westphalen 2007) protocols. In developing the
specifications for the AMDS a great deal of work was put into providing specific details of the
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design and operation of a suitable relational database system and the associated data
recording frameworks.

It is almost certain that some of the other protocols, particularly those that operate at national
or regional scales, have considered these issues but the documentation is not readily
available. Indeed, in developing the AMDS protocols, Cheshire and Westphalen (2007) had to
undertake a separate analysis of the NRETA® and CCAMLR database and data
specifications. It was found that they similarly had a complex set of specifications but that
these were implicit and had never been extensively documented. Such issues will present
significant challenges for the future development and maintenance of marine litter database
systems.

In moving to develop a set of unified operational guidelines for marine litter surveys such
issues will need to be made explicit and work will be needed to develop specifications relating
to database structures, storage and management.

7. Standardized litter categorization and measurement

Probably the most critical factor limiting comparisons between current surveys are the
profound differences in litter characterization. The development of a standardized set of litter
categories and measurement criteria will enable data integration and analysis across regions,
allow backtracking of litter to sources, the determination of ecological threats and the
development of management strategies.

It may be that existing surveys should be encouraged to continue in a more or less unaltered
format, but with the provision that litter data is collected with reference to the standardized
categories that can be readily translated to the survey-specific forms.

8. Greater understanding of the depositional nature of survey sites

For most litter surveys, irrespective of the type, there is a lack of emphasis on measurements
related to the depositional nature of the sample locations. There is thus a considerable
difficulty in making comparisons between locations as potential sources of variability are not
included.

% NRETA is a government department in the Northern Territory of Australia (Natural Resources, Environment and the Arts)
which manages the NT database on marine debris.

96



16

u A u u A u A A A A A A A u/k paxiH ¢pafojdwa syun buydwes aja.iosip a1y p 9
(sasjowi-
u u u u u u u u u u 002 0S 00S 1eA ouapuadapul [eljeds e'1) sjun ¢paAojdwe syun buydwes 8)a.10sIp a1y ) 9
bujdwes usemjaq uoieiedas
) (yoeaq/Aonins ]
u G u u @ [ u u u u el S0z [ 1en Jod) uoeoyda: o e ¢paAojdwe syun buydwes 8}a.10sIp aiy q 9
w
00Sk | oool 000}
u ol u u 000} = 9 u 00S u X000} 00S | 000l [eA (saow) yibusj/azis jeym ¢pafojdwe syun bujjdwes sjiosip a1y | e 9
000} /0LX0L
00}
Aouanbauy pue sjiun Buidweg
u A u u u A A A u A u u u u/k e o]
pasijeroads jnoyim parsiyoe aq Aenins ayj ued
u u u A u u u u u u u u u u/k AUNqIsIn AU B0 Sk L) @) ¥
Je suoIpuod B8S UO BJep J08jj0d Aarins 8y} s8oq
¢Aanns ayj jo awiy oy}
u u u u u 4 u u 4 u u A 4 Ltk BEEIE YD U2 YAV (2 Je suolIpuod Bas Uo ejep 108jj0d Aarins 8y} saoq q 4
; Aoins ayj Jo awi} ayj
é !
u u u u u A u u u u u u u u/A Aousnbauy pue jybray anepm 1 SUOIPUOD B8S UO BIEp 109]j00 ASAINS BY) S80] e b
‘suoibai
u u u A u u A A A A A u u u/A (s4epioq) ojusbodoiyjuy poyrosds um suoeoo] 10618} femns o s60q p e
‘suoibai
u u u A u u A u A u u u A u/k $824Nn0S 0} Aywixoid . 9] @
payoads uiyum suoneoo| jebiey Aenins ayj seoq
u u u A u A A u u u u A A u/k | seunjesj |ejseod ‘sjualino Joleyy i q [
: payoads uiyum suoneoo| jobiey Aenins ay) seoq
‘suolbai
u u u A u u A u u u u u A u/k suoibaiolg e [
payoads uiyum suoneoo| jobiey Aenins ay) seoqg
A u A u A A A A A A A A A u/A sajel xnjH “8pisuoa j090jo.d 8yj seoqg q z
u A u A u u u u u u u u u u/A do.o buipuels 19pIsuoa j020j0.d 8y} se0q e z
u A A u u u u u u u u u u u/A Juswssasse jeuonesodp ‘03 oje/0. j000)0.Id AONINS BY) SBOT ) 1
A u u A A A A u A u A A A u/k weibo.d yosessay ‘o) ejey04 j020j0Id ABNINS BY) SEOT q 1
awiwesboid )
A A u u A u u A A A A u A u/k SSOUBIEME AIUNUILLIOD o} ajeja. |09030.4d Aonins 8y} seoqg e 1
so|seg Aaning
. -
P8 |32 |5 |5 |8|¢|8|2|8|¢83|2|¢%2 % 3| g
2 = o S 3 > Ry 3 = 2= =] o > 2 3
2 @ E} g > L 3 e = 2] o =3
3 = 2 > P 3 > g
o A n__u ._a ._a lleye@ onss| Aoy
(]
3 3
= e
=2

*sAaAins 19}l sullew wid)-Buoj ‘ajeas abie| Jo UOI}09|9S B 10j sasuodsal pue eLId)ID aYj JO ISIT "6 dlgel

9 XIAN3ddV




86

A u u u A u u A A A u A A u/k snjejs yjjeaH ceuney paddesjus uo pajos)joo ejep aly k) 9l
(uonsabur i
A u u u A u u A u A u u A u/k sepnjoul) odA) Juewdenus ceuney paddesjus uo pajosjjoo ejep aly q 9l
A u u u A u u A A A u A A u/A sa1ads ¢eungy padde.jus uo pajosjjod ejep aly e 9l
£9lqe|jieAe eLiajLIo/S[00}
S u u u S S S u u u u u u iz uoneayyissejo/uonedyuspl  Aue ole aisy) aly sl
¢Sjuauodwod s 4of
u u u u S S S S u u u u S iz $82.N0S JO UOKEBIYUSPI J0) WSIUBYIBW B 8ldy) S| vl
u u u u u u u u u u u u u Wk (sAenuns ¢ (s1seq ease jjun e uo Ajjesousab) 5
/ IMeJ) Joj) poye jun aad yojen | Jeyy Apuenb o) pesn eie sainsesw jeym el
X u u u u A A u u u u u u Wk REERER) ¢ (siseq ease jjun e uo Ajjesousab)
/ azIs ulyym spybrom Jo sjunoy | ey fyuenb o) pesn aie sainsesw ey P ek
u u X u A A u u u u A u A ik fiobajeo ¢ (siseq ease jjun e uo Ajjesousab) o el
J9)31] yoes ulypm awinjorsybrapy | 4ol Aypuenb o3 pesn ese  sainseaw  jeym
Aiobajeo ¢(siseq eae jjun e uo Ajjesousab)
48 48 48 48 4 4 4 4 4 A A A 4 Ltk Jo3l| yoea ulyyum spunod | Jeyy Ajpuenb o) pesn aie sainsesw Jeym q el
¢(siseq eaue jun e uo Ajjeisusb)
A u u A A A A A A A A A A u/A 80U8sqe/80UsSa.d som Amuenb o} pasn aie samnsesw  jeum e el
¢ S81I0ba)ed 4a)jl| SS0I0E
S u u S u u S S S g u g u iz SIS 2 seuewWNS [9A8] JyblYy 10j mojje Aanins ay} seoqg P (42
A u u u K K K u u u u u u ujk 8zIS ¢seuobeea ey ssoioe | zl
sauewwNS [9A8] Jaybily 4oj mojje Aanins ay} seoqg
A u u u A A u u A u u u A u/k wo SR S e q ZL
sauewwIns [aA8] Jaybiy 4oy mojie Aanins ayy seoq
A u u u A A A A A A A A A u/k uonisodwon ¢seuobajed Japy ssooe | ZL
sauewwInS [aA8] Jaybiy 4oy mojie Aanins ayy seoq
n B guoneayisselo soxi|
0se 5 9 Ly 9S 101 14 0¢€ 96 4% L€ 26 1eA 10} SaL0Baed JO JaquINU WNWIXeW au) S Jeum L
¢P8leapIsuo Jsyl| 8y}
u u u u u u u u u u u u u Lt zIS WNWIXEW | -, (3ybrem Jo swinjon ‘eale) Sywi 8ziS 8idy} aly q ol
¢P8leapIsuo Jsyl| 8y}
u 4 u 4 i 48 u u 48 u u 4 48 Lt IS WNWIUIN | 6 (3ybrem Jo swinjon ‘eale) Sywi 8zIS 8idy} aly e ol
uojjeziiajoeieys P
u u u u u u u u u u u u A u/k ¢buipodau sy ooy-pe 1o Ayoedeod aisy) sy 6
u u u u u u u u u A A u u u/k ¢SIUBNS
/ oyroads yyum ubie Aousnbaiy bujdwes sy} seoq 8
wns
A
zl S0 zl 0 zl En_uc 4 4" b 4" 4" b € [BA ¢é(stpuow uy) Aousnbaly buydwes ayy s/ jeym L
cl
T (2] ] < 2] o) z W= z < ] z
o o > s M o 2 g ) o ®0 = z 9 9 £
z = o o £ > kY ® s 2s =] o 5 + 3
2 @ 3 g 4 8 3 Z3 = Iz = g
h > o> o ® =
o A _w._ ._a ._a liejag anssi Aay
[}
g &
= ]
=

9 XIAN3ddV




66

‘yoeaq yoea Jo ainjeu
u u u u u 2 u g 2 iz pum Bujeaid |euoljisodap 8y} uo ejep 309jj0d AeAins 8y} seoq 4 0¢
u u u u u u u u A u/k abuel [eply YPEEN] U0 [0 UL E) 0¢
Jeuojisodap ayj uo ejep 308jj0d AaAins 8y} seoq
‘yyoeaq yoea Jo ainjeu
u u A u u u u u A Lt B G Jeuoisodap 8y} uo ejep 308jj0d AaAins 8y} seoq P 0¢
u u u A u u u A A u/k joadse yoeag -40E8] LOES JO BimjeU k) 0¢
euolisodep 8y} uo ejep 398jj0d AaAins 8y} seoq
‘yoeaq yoea Jo ainjeu
u u 4 4 u u u i 4 Ligt B B |euolisodap ay} uo ejep 309jj0d AeAins 8y} seoq a 0¢
u u u A u A u u A u/A Sju8.LINI 8I0YSHO pue [ o0] P CRED [0 UL e 0€
|euolisodap ay} uo ejep 329jj0d AeAins 8y} seoq
£BLBJLIO U0N29[8s Jo abuel e 0} bujpiodoe yoeaq
u u 48 48 u 48 4 4 48 Lt Jo sadA} oyroads jabie} j000j0id Aorins 8y} seoq 6c
sAkanins yoeag
u L u L ¥ z z 1 1 © L ol en ¢adinbau Aonuins ey} saop sjeaysejep Auew moH 8z
é(un
u A u A u A u u u u u u u u/A buiidwes ay} Jo pus ayj je uey) Jayjel) Uoiod|j0d 12
J83j1] Jo ssev0.d ey buunp euop buipiodal ejep s|
d b b
¢ooepajul fewwns
u u u u u u S S u g g u u iz pue Ajue ejep Jo/pue aouejSISSe auljuo aiayj S| 9
u A A A A i i i i A A A u usk ) AIORIDUIN I pE oz
uojjeindiuew ‘ebelojs ejep pesiesnusd e aiay} s|
X X X . A T A A A A A A A ik ¢SJouped [eulaixe wouy 8viApe Jo/pue poddns vz
|eajuyos) pue opisibo; uo Ajas Aeains ey seoq
u u u u u u A u u u u A u u/k ¢cerep [ord
8y} Uo DO/NVD 8Insus 0} WSIuBYdaW e 8idy} S|
u u u u A u A A A A A A A u/A éAanins ayj 1oy [enuewipjooqapinb e aisyj S| 22
u u u u u A u u u u u A u u/A é4ess pjayy Joj weuboud buiures; e aisyj sy 12
; Aonuins
é
S S u S S S S u u u g g S iz yoea ul yejs pjaly swes ayj asn Aarns ayj seoq 0c
uonej|ioey pue sansiboT]
u 4 u 4 A £ £ £ £ A u A £ L Aanuns mﬁ\mztoSm!uww&mm%&»ﬂ:bﬂw:\Mﬁﬁs WM%M 64
u u u A u u u u u u u u u u/k £P2aIapIsSu09 swajl o [einjeu abiel oy 8l
ZpaAowal 8q jouued
u u u u u 4 u 4 4 u A u 4 Ltk Jey} s3oalqo yum [eap 0} wsiueyosw e aisy) S| L
T (2] ] < 2] o) z W= z < ] z
] e Z | 3 3 0 2 8 2 o ] = z ) | Z
s = o 8 > Ry 3 s 2= =} o = 2 3
o, 7 E] m = > o 3 53 = 7] > T
= 2 =3 3
3 = Pl > o> v ® =
o A _w._ ._a ._..._ lleye@ onss| Aoy
[}
g &
= ]
=

9 XIAN3ddV




0ol

épaulyep
u u u u u 8 48 u u L SOUEISID POXIH | forins yoeaq oy} jo abpa piemess oy} S| MOH ° ve
A A A épauysp
u u u u 48 u L [BASI JGIEM JUBLIND | 5 1ns yoesq oy} jo abpa piemess oy} S| MOH q ve
u £ épaulyep
u u u u u u 4 Lt SHEWOPLL | forins yoesq oy} jo abps piemess oy} SI MOH e ve
£ épaulep
u u u u 4 u u u Lt By Aanins yoesq ayj Jo abpe piempue| ay} SI MOH ® €e
épaulep
u u u u u u u u 4 Lt opl YbIH Aanins yoesq ayj Jo abpe piempue| ay} SI MOH P €e
A épaulep
u u u u u u g 2 iz HIO | fomns yoeaq oy jo abpa piempue| 8y} SI MOH ° €e
R épaulyep
u u u u u u 48 8 L eyl Aanins yoesq oy) jo abpa piempue| oy} SI MOH a €€
A A épauyep
u u u u u 48 8 L $oUnd | fonins yoeaq oy} jo abpa piempue| oy} SI MOH e €€
u u u A u u u u u u/k Sonoe) DY J z€
|esodsip pue uoi329jj0o oy | olusbodoiyiue uo ejep 199jj00 Aenains ay) seoq
u u u A u u u u A ik $82.In0s [enuajod Jay3o RIREN 3
/ 40 siaAl Jofew 0} Apuwixold | olusbodoiyjue uo ejep 309jj0d Aanins oy} seoq ce
(Aneay si0joe)
u u u 4 u u u u 4 Lt ‘ajesopow ‘ybi) asn jo jora] | dlusbodoiyjue uo ejep josjjod Aeans ay) seoq P ce
(pajejosi ‘s10308)
u u u 48 u u u u 48 Lt ‘buiysyy ‘buiyjeq) ebesn yoeag | olusbodoiyue uo ejep }o9jj0d Aeains 8y} seoq ° ce
(ajowias 4o jeins ‘ueqin suojoey
u u 8 8 u u u u 8 L -uad ‘uepjodosjawi) uoneso] | ouebodoiyjue uo ejep 309jjod Aeans 8y} seoq q ce
(1e0q sJojoe)
u u u i u u u A i U/ “ejnolyen ‘ueljsepad) Sseddy | olusbodoiyue uo ejep jo9jj0o Aeains 8y} seod e ce
u u u u u u u u A Wk (posmess o pue sseibess ‘Aenuns ayj Jo awiy
/ [einjeu) ¥oeim yoeaq JO S[oAST | 8] Je yoraq yoes uo ejep }99jj0d Aorins ay) seoq P L€
0 - T T T T . A X ik povuad buipasaid ‘Aenuns ayj Jo awiny o
Ul SUORIPUOD Jayjesp) | ay; Je yoeaq yoee uo ejep 399jj0d Aarins ayj saoq L€
‘Aenuns ayj Jo awiny
u u u u u 4 u u 4 Ligt oph juaLng 8y} je yoreaq yoea Uo ejep J99jj0d Aanns 8y} seoq a L€
u u u u u A u A A u/A SpuIm Jualiny A Sl 2l e 1€
’ 8y} je yoeaq yoea Uo ejep }99jj0d Aarins ey} seoq
£ ‘Yyoeaq Yyoeas Jo ainjeu
u u u u u u u u Lt ojensans |euoljisodap ayj uo ejep 309jj0d Aenins 8y} seoq ! 0¢
‘Yyoeaq Yyoeas Jo ainjeu
u u u u u u u A u Lt AR e |euoljisodap ayj uo ejep 309jj0d Aenins 8y} seoq 4 0¢
(2 ‘yoeaq yoea Jo ainjeu
u u u u u u u u A u/k Jinq Jo pjo ‘uonejeben ‘saunp) : 6 0¢
YoBSq 6} 40 YOBY OU} O BINIEN |euolisodap ay} uo ejep 309jj0d AaAins 8y} seoq
o -
F| 8|2 |5 |5/8|¢|/3|%7|3|¢;5|2|2|s 7|
s = e B 3 > T 3 = 32 5 5 2 ] =
£ 2 £ c > o 3 e = 7 o T
3 = 2 > &> T & g
H a | R o |1eyag anssi A9 B
= w 1 1 : 1Ay
[}
8 £
= o
=

9 XIAN3ddV




L0L

A u u/A JeJode wouj suoneAlasqO se u1no2o Jayy Buneoy jo Aorins ey) seoqg q tA4
A A u/k |8SS8/ B WOJj SUOeAIaSqO se uno2o Jayy Buneoy jo Aenins eyj seoqg e tA4
1oy Buneold
u u wk aouejsip uo pa}oejj0d ejep sI SUOEAISSqO
/ bBuimain wnwixew e aiay} s| | 9[qISiouiqns/moy BJoWEI ‘vanos 10 a 24
X u ik Aanuns U0 pa}osjj0o ejep SI SUOBAISSGO -
4 oup jo wi ayy je AgisiA | sigisiowgns/moy  eiswes  ‘ygnos  dod o
¢pod uoneniasqo/sus| ay)
u é u/A ybno.y) maia Jo pjay 8yj Jo sjbue oy} uo pse}dsjjod oy
BJep SI SUOHBAISSQO 9|qISIaWIQNS/MO] BIoWERD 10
SUO/JBAIBSqO UBdaM}aq pasn .
u A u/k ose sojddeib/sou JuaIop fuo pajosjjoa ejep sI sAanins me.y 10 0 6E
SoljsuajorIRYD .
u A u/A ysew jou Jo ajddess) ‘Uo pajos|joo ejep si sAenins imelj 1o q 6E
u A u/k SoljSLB)oRIBYD [9SSOA fuo pajosjjoa ejep sI sAanins me.y 10 e 6E
‘paqees
u u L AR 8y} Jo ainjeu 8y} uo ejep 08jjod AaAins 8y} seoqg ° 8¢
u u u/k SjuL.LINd Woyog ‘paqess p 8¢
8y} JO ainjeu 8y} uo ejep 08jjod AaAins 8y} seoqg
‘paqess
u u Lt A, 8y} Jo ainjeu ayj uo ejep 398jjod AaAins 8y} seoqg ° 8¢
paqess
S u iz deq 8y} Jo ainjeu ayj uo ejep 398jjod Aaains 8y} seoqg q 8¢
‘paqess
S u iz ojesqns ayj Jo ainjeu ayj uo ejep }98jjod AoAins 8y} Seoqg e 8¢
¢Sjua.ung Jo syjdap ‘sejesisqns Jejnaiped
A A u/k /€
Jo/pue seaie oyloeds joebie) Aemns ayj seoq
A A uk é(shanins imely pue YgNOS) po1osjj0d 4ol S| 9¢
u A u/A |meu) alypueg fosudwoo Aenins oy} seoqg @) Ge
u u u/k SUOIJEAISSGO ‘asudwoa Aanins ayj seoqg q Ge
MO} BIBWIBD/DIQISIWIGNS et
ERlIY]=ET ) .
A A u/A 10 UOREAISSGO YENDS fasudwoa Aanins ayj seoqg e Ge
sfkanins olyjuag
T (2] ] < [2] o o X z W= z > < ] z
] 5] > s M o @ 8 ) o 20 = = g g | £
H = o = > 3 o s E o =] 5 3
= 7 =S c > o T G = (2] T g
3 s o > &> T ) g
o A _w._ ._a ._..._ lleye@ onss| Aoy
[}
3 g
= o
=

9 XIAN3ddV




c0l

u u u/k med ou ‘Uo pe}o8|j09 ejep sI sAenins jmeJ; 1o ] (V4
Jo (soeLins mojeq yoeau) yidag . :
u u u/k SUOHEAISSGO LSoMIEq ‘uo pajosjjod ejep sI sAanins meJy 104 p o
/ pasn a.e sjou Jualayip J . -
u u u/k SOUISUBIOBIEYD ‘uo pajosjjod ejep sI sAanins jmeJy 104 o) o
zIS pue ysaw joN : :
u u u/A el U el ‘Uo pa}o8|j09 Bjep SI SAenIns |me.} Jo.
/ pue uopisod ‘uoaalp ‘paads -U0 pa)o8jj0d ejep S imeJ 1o q yA4
u u u/k SOIjSLIB)ORIBYD [9SSONA ‘Uo pe}osjjoo ejep sI sAenns jmel; 1o e ot
X u usk £SUOIBAIBSqO 18Y)0 o
ypm uonounfuod ul parsiyoe eq Asmns oy ued
u X Wk a/dwes yoes Joj poriad awi 10§ eLIB}LID paly1oads 10 pajosjjod 6
/ pue uopisod ‘uonoailp ‘peedsS | ejep 8oy} SI ‘SUOHEAISSQO [elide puB [9SSOA 0 44
10J eLIB}LID paly1oads 10 pajosjj0d
u A u/k 2ouejsip Buimain wnwixew . J a4
ejep 8oy} SI ‘SUOIBAISSQO [elIde puUB [9SSOA 1O
10J eLIB}LID palj1oads J0 Pajoajj0d
u & Lt D S B ejep 8oy} SI ‘SUOIBAIBSQO [elide pue [9SSOA 1O ® 44
u R Wk Aonins 104 elIB}1I2 Paly1oads 10 Pajod||0d
/ 8y} Jo awiy 8y} Je AIqisip | ejep aisy} SI ‘SUOIBAIBSQO [elLioe pue [8SSOA 10 P 44
104 elIB}1I2 Paly1oads 10 Pajod||0d
u u Lt (e1bUB) A piSl ejep aJoy) SI ‘SUOHEAIBSQO [elide pue [9SSOA O ° 44
u A u/k ©J211B/|9SSOA 8} UO UOI}ISO, S YIS FETEERIT [BEFETE
/ yesolie/| ul Hisod ejep 8oy} S| ‘sUOeAISSqO [elide pue [9SSOA 1O a 44
u X usk |00/ JJEM OAOGE JyBISH N 10J BLIB}LID palj1oads 10 pajoslj0d e .
ejep 8oy} SI ‘sUOeAISSqO [elide pue [9SSOA 1O
£SUO0IJBI0| JO SJUB.INd 214108ds je pajebue} sAorins
A u u/k (%74
pajeada. ul paiepisuod 8js Aanins awes ay} S|
A u u/A uonesado imel) v fse unooo syl buneoy jo Aenins ayj seoqg @) tA 4
T (2] ] < (2} o) X z Wz z > < ) z
2 o 5 3 M 0 @ 8 Q) o 20 = = o S z
H = o o S > R @ s E =] o & + 3
B, 7 H [ > o 3 E] = 7] o T
= ° = A > o> = 3 ]
™ bl @ =
o _w._ ._a ._a |reja@g anssi| Aoyl
[}
2 &
= ]
=

9 XIAN3ddV




APPENDIX C

Appendix C. Marine litter characterization

Litter characterizations are presented in three different formats:

o Alist of the litter types required for beach surveys (both rapid and comprehensive) — Table 10.

e A subset of the litter types to be used in surveys where litter are not collected (floating and
benthic remote observations) — Table 11.

e A comparison table relating the beach survey list to other marine litter characterizations,
including those employed in the OSPAR, AMDS, WWF, NMDMP, ICC, CCAMLR, NOWPAP —
Benthic and NOWPAP — Beach surveys — Table 12.

Table 10. List of litter types for comprehensive and rapid beach surveys. In all cases
quantification can be made using either counts, weights and volumes.

Number | Material Code Litter type
1 Plastic PLO1 Bottle caps & lids
2 Plastic PLO2 | Bottles<2L
3 Plastic PLO3 | Bottles, drums, jerrycans & buckets > 2 L
4 Plastic PL0O4 | Knives, forks, spoons, straws, stirrers, (cutlery)
5 Plastic PLO5 | Drink package rings, six-pack rings, ring carriers
6 Plastic PLO6 | Food containers (fast food, cups, lunch boxes & similar)
7 Plastic PLO7 | Plastic bags (opaque & clear)
8 Plastic PLO8 | Toys & party poppers
9 Plastic PLO9 | Gloves
10 Plastic PL10 | Cigarette lighters
11 Plastic PL11 | Cigarettes, butts & filters
12 Plastic PL12 | Syringes
13 Plastic PL13 | Baskets, crates & trays
14 Plastic PL14 | Plastic buoys
15 Plastic PL15 | Mesh bags (vegetable, oyster nets & mussel bags)
16 Plastic PL16 \?vr:ae;)ting (tarpaulin or other woven plastic bags, palette
17 Plastic PL17 | Fishing gear (lures, traps & pots)
18 Plastic PL18 | Monofilament line
19 Plastic PL19 | Rope
20 Plastic PL20 | Fishing net
21 Plastic PL21 | Strapping
22 Plastic PL22 | Fibreglass fragments
23 Plastic PL23 | Resin pellets
24 Plastic PL24 | Other (specify)
25 Foamed Plastic FPO1 | Foam sponge
26 Foamed Plastic FP02 | Cups & food packs
27 Foamed Plastic FP0O3 | Foam buoys
28 Foamed Plastic FP04 | Foam (insulation & packaging)
29 Foamed Plastic FPO5 | Other (specify)
30 Cloth CLO1 | Clothing, shoes, hats & towels
31 Cloth CL02 | Backpacks & bags
32 Cloth CLO3 | Canvas, sailcloth & sacking (hessian)
33 Cloth CL0O4 | Rope & string
34 Cloth CLO5 | Carpet & furnishing
35 Cloth CLO6 | Other cloth (including rags)
36 Glass & ceramic GCO01 | Construction material (brick, cement, pipes)
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Number | Material Code Litter type
37 Glass & ceramic GCO02 | Bottles & jars
38 Glass & ceramic GCO03 | Tableware (plates & cups)
39 Glass & ceramic GCO04 | Light globes/bulbs
40 Glass & ceramic GCO05 | Fluorescent light tubes
41 Glass & ceramic GCO06 | Glass buoys
42 Glass & ceramic GCO07 | Glass or ceramic fragments
43 Glass & ceramic GCO08 | Other (specify)
44 Metal MEO1 | Tableware (plates, cups & cutlery)
45 Metal MEO2 | Bottle caps, lids & pull tabs
46 Metal MEOQO3 | Aluminium drink cans
47 Metal MEOQO4 | Othercans (<4L)
48 Metal MEO5 | Gas bottles, drums & buckets (>4 L)
49 Metal MEOQO6 | Foil wrappers
50 Metal MEQ7 | Fishing related (sinkers, lures, hooks, traps & pots)
51 Metal MEO8 | Fragments
52 Metal MEQ9 | Wire, wire mesh & barbed wire
53 Metal ME10 | Other (specify), including appliances
54 Paper & cardboard | PCO01 | Paper (including newspapers & magazines)
55 Paper & cardboard | PC02 | Cardboard boxes & fragments
56 Paper & cardboard | PCO3 Cups,. food trays, food wrappers, cigarette packs, drink
containers
57 Paper & cardboard | PCO04 | Tubes for fireworks
58 Paper & cardboard | PCO05 | Other (specify)
59 Rubber RBO0O1 | Balloons, balls & toys
60 Rubber RB02 | Footwear (flip-flops)
61 Rubber RB0O3 | Gloves
62 Rubber RB04 | Tyres
63 Rubber RBO5 | Inner-tubes and rubber sheet
64 Rubber RB06 | Rubber bands
65 Rubber RB0O7 | Condoms
66 Rubber RB08 | Other (specify)
67 Wood WDO01 | Corks
68 Wood WDO02 | Fishing traps and pots
69 Wood WDO03 | Ice-cream sticks, chip forks, chopsticks & toothpicks
70 Wood WDO04 | Processed timber and pallet crates
71 Wood WDO05 | Matches & fireworks
72 Wood WDO06 | Other (specify)
73 Other OT01 | Paraffin or wax
74 Other OT02 i?)?;]tgrrzsr](:sa)ppies, cotton buds, tampon applicators,
75 Other OTO03 | Appliances & Electronics
76 Other OT04 | Batteries (torch type)
77 Other OT05 | Other (specify)
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Table 11. List of litter types for remote observations (benthic and floating).

General litter

class Code Litter description with examples
Containers RLO1 Bottle caps, lids & pull tabs
RL02 Bottles <2 L
RLO3 Bottles, drums & buckets > 2 L
Fishing &
Boating RL04 Buoys
RLO5 Fishing net
RL0O6 Fishing related (sinkers, lures, hooks, traps, pots & baskets/trays)
RLO7 Monofilament line
RLO8 Rope
Food &
Beverage RLO9 Cups, food trays, fast food wrappers & cardboard drink containers
RL10 Drink cans
RL11 Drink package rings
Ice-cream sticks, chip forks, chopsticks, toothpicks, matches &
RL12 fireworks
Packaging RL13 Foam (insulation & packaging)
RL14 Paper & cardboard
RL15 Plastic bags (opaque & clear)
RL16 Plastic sheet or plastic tarpaulin
RL17 Strapping
Sanitary RL18 Sanitary (nappies, tampon applicators, cotton buds, condoms, etc)
Smoking RL19 Cigarette butts
RL20 Cigarette lighters
Other RL21 Fluorescent light tubes
RL22 Light globes
RL23 Other (specify)
RL24 Processed timber
RL25 Rags, clothing, shoes, hats & towels
RL26 Tableware
RL27 Toys
RL28 Tyres & Inner-tubes
RL29 Wire, wire mesh & barbed wire
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United Nations Environment Programme (UNEP)
Regional Seas Programme

P.O. Box 30552

Nairobi, Kenya

Tel: [+254] 20 762 4033

Fax: [+254] 20762 4618

http://www.unep.org/regionalseas/

Intergovernmental Oceanographic Commission (I0C)

Integrated Coastal Area Management and Regional Programmes
UNESCO 1, rue Miollis

75732 Paris Cedex 15

France

Tel: [+33 1] 45 68 40 45

Fax: [+33 1] 4568 58 12 ISBN 978-92-807-3027-2
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