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MAIN FINDINGS
•

Studies on marine plastics and microplastics in the WIO: Few studies have been carried out on
marine plastics and microplastics in the Western Indian Ocean (WIO) region. Majority of the studies
have been carried out in South Africa (57%), Kenya (8%) and Mozambique (5%), with very few in
Madagascar, Seychelles, Comoros, Tanzania, Mauritius and La Réunion. Only 20% of the studies are
regional with data collected from several countries, international waters, or covered seabirds that
forage widely across the Indian Ocean. Most of the studies have focussed on macrolitter (>25 mm).
The best-studied coastal habitat is seashore particularly sandy beaches located near urban areas,
followed by the sea surface. The occurrence of plastic litter in other coastal-marine habitats has
been poorly studied in the WIO.

•

Non-standardised study methodologies and reporting approaches: Most of the studies on marine
debris and plastic litter in the WIO Region have applied different methodologies making it difficult
to compare litter densities between studies. The reporting approaches are also different with most
studies reporting data in terms of litter per linear metre of shoreline while others reported data
in terms of densities per unit area. As is the case with macrolitter studies, it is difficult to compare
meso- and microplastic densities among studies and sites due to the variety of different sampling
methods used (e.g. sieving transects, sediment cores, bulk sediment samples, etc), as well as
different sample size classes and reporting units.

•

Long term trends in mesoplastic densities: Lack of comprehensive studies and especially data on
plastic litter in most countries in the WIO make it difficult to establish the long-term trends in micro-and
meso plastic litter densities in the WIO Region. Few surveys carried out in South Africa have shown that
the average density of mesoplastics increased in the period between 1984 and 1989 and there was
little change in densities in 1990s and 2010s. However, in view of lack of effective mitigation measures
coupled with rapid increase in human population and consequent anthropogenic activities in most
of the WIO countries, it is expected that the magnitude and extent of marine plastic litter pollution
in the WIO will continue to increase. There is therefore a need for a long-term regional monitoring
programme on marine plastic litter in the WIO to generate data that can be used to establish the longterm trends and also determine the effectiveness of mitigation measures implemented in the region.

•

Spatial distribution of densities of micro-, meso-and macro-plastic litter the seashore: There is
scarcity of data and information on the spatial distribution of micro-, macro- and meso-plastic litter
in the WIO region. Only a few studies have been undertaken in Kenya, South Africa, Tanzania and
Comoros. These studies have shown that higher densities of meso-, macro- and micro- plastic litter
are found on beaches located within or closer to urban areas. Densities in beaches located in semipopulated and remote rural areas are usually low. The microplastics also tend to be concentrated
around large coastal cities in the WIO region. Most of the studies have shown that plastic packaging
dominates marine litter loads in most of the sandy beaches located within or close to urban areas.
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•

Distribution of floating macro-, meso- and microlitter in the WIO: There is paucity of data and
knowledge on the distribution of floating macro, meso and micro-litter in the WIO Region. Floating
macro-litter has only been studied off the coasts of Kenya and South Africa, where densities have
been found to be much higher than in the Southern Ocean off South Africa. Studies done on floating
meso- and micro-litter have also shown that plastics are the most common anthropogenic material
caught in the fishing nets. Also, micro-fibres are common in the bulk water samples, although most
fibres in surface waters are not necessarily synthetic.

•

Distribution of macro-, meso- and microlitter on seafloor: There is limited data and information of
the distribution of plastic litter on the seafloor in the WIO. Information and data is only available from
few surveys undertaken in Mayotte, South Africa and WIO International waters. These studies have
shown that the highest densities of seafloor macrolitter are found at the deep-sea sites along the
Southwest Indian Ocean Ridge about 1,300 km south of Madagascar. Most of this litter emanates
from abandoned or discarded fishing gear. Macrolitter densities on the continental shelf off the
south and west coasts of South Africa have been found to be relatively low with most the litter being
plastic packaging and disposable plastics. These materials originate from either land-based sources
or from sea-based sources especially from ships. In the coral reefs of the Comoros Archipelago, the
macrolitter consists of discarded fishing gear associated with fishing activities. Studies conducted
in South Africa and international waters of the WIO region on microplastics in bottom sediments
of the sea have shown that the highest densities are found close to point sources such as sewage
overflows, stormwater drains and river mouths.

•

Origin and dispersal of plastic litter: Few studies have been undertaken to determine the origin
and fate of marine plastic litter in the WIO Region. These studies have shown that most of the plastic
litter in the WIO Region originates from local land-based sources. The litter reaches the ocean via
rivers, direct runoff or through direct deposition by beachgoers. The shorelines of the WIO region
are considered important sinks for plastic litter as most of the litter deposited along the shoreline is
not dispersed far from source. Mangroves and rocky shores have been found to be important sinks
for larger and heavier litter items. Since the WIO region is downstream of south-east Asia, some of
the plastic litter reaches the WIO from South-East Asia via ocean currents. There is however lack
of data on the characteristics and densities of litter on the seafloor of the WIO region. Hence it is
difficult to ascertain to what degree the seafloor acts as the ultimate sink for marine debris and
plastic litter. Studies are therefore required to address these gap in information.

•

Interaction between organisms and marine plastic litter/microplastics: Few studies have been
carried out in the WIO region to determine the interaction between marine organisms and marine
plastic litter or microplastics. Some of the studies have reported plastic ingestion in some species of
seabirds, bony fishes and sharks. Also, some studies have shown that all four species of sea turtles
in the WIO have plastic debris in their stomach contents. Four species of marine mammals that had
been investigated in the WIO Region did not have evidence of ingestion of macrolitter. However,
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invertebrates such as mussels, oysters, crabs, sea anemones and some zooplankton in the WIO
have been found with microplastics in their guts. Entanglement has been reported for seabirds,
marine mammals, sea turtles, bony fishes and sharks. Fisheries litter (nets and lines) have also been
found to entangle coral reefs, macro-algae and horny corals in the WIO. Some invertebrates such
as echinoderms, sea anemones have been found with plastics attached to their body. Some studies
in the WIO have also reported floating plastic litter been colonized by various species of bryozoans,
spirorbid worms and goose barnacles.
•

Potential impact of marine litter and microplastics on human health: The potential impact of
marine litter and microplastics on human health remains severely understudied and unknown in
the WIO Region. However, one study from Tanzania confirmed presence of high concentrations of
human pathogens and multi-drug resistant bacteria on waste plastics. Some studies conducted in
South Africa and Mozambique have indicated that the ingestion of microplastics can potentially be
harmful to humans because of the toxicity of plastic additives and sorption of persistent organic
pollutants (POPs) on the surfaces of polyethylene pellets. There is however a need for more
comprehensive studies to determine the extent to which human health can be impacted by marine
plastic litter.

•

Effectiveness of mitigation measures: Various measures have been applied in the WIO region
countries to address the problem of marine debris and plastic litter. There is however limited data
and information on the effectiveness of these measures. Since targeted studies have not been
undertaken in specific countries, there is no baseline data or regular collection of data to permit
an objective assessment on the effect of specific marine plastic litter management measures
implemented in the WIO region. However, field observations in some countries such as South Africa
indicate that even where coastal clean-up campaigns have been undertaken, the amount of plastic
litter on the shoreline does not decrease with time. There are instead significant changes in the
amount of litter along the shoreline and these changes that cannot be attributed to a specific
mitigation measure.
To reduce current levels of marine plastic litter in the WIO region, littering at the sources need to
be stopped. Substantial improvement of waste collection and management is also required. There
is also a need for modification of local production system and conversion of the current production
of single-use plastics to reusable materials. International efforts are also required to reduce the
input of litter from fisheries and from other countries such as those in South-east Asia. Regular
coastal clean-up programmes need to be undertaken as part of mitigation strategies until effective
prevention and management measures are put in place to stop the release of plastic litter from
land-based and sea-based sources.
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•

Opportunities for managing marine plastic litter: WIO countries are signatories to various
international and regional conventions and agreements related to marine litter. Participation
in the various programmes and Action Plans is also high throughout the WIO region. However,
participation in these international and regional programmes and conventions has not necessarily
translated into action at national or local level. While technical support and funding from multilateral and bilateral donors for improvement of waste management infrastructure projects is
available, most of the WIO region countries have not been able to take full advantage of this support
to address the problem of marine plastic litter. WIO countries therefore need to take advantage of
their participation in these programmes and agreements to build capacity for addressing marine
plastic litter in the region. More donor finding in waste management is also required.
Also, despite the fact that there has been widespread adoption of legislation to combat macroplastics in the WIO region, national regulatory measures are rarely in place to address microplastics.
Most countries have developed or are in the process of developing policies or strategic plans for
addressing land-based sources and to some extent the sea-based sources of marine plastic litter.
There are also large differences between countries in the WIO region in terms of the development
and implementation of national measures to combat marine plastic litter. Countries such as France/
Reunion, Kenya, Mauritius and South Africa are more advanced in their use of regulation, policy and
financial incentives to restrict and/or manage a range of plastic waste materials from both landand marine-based sources. Other WIO counties are still lagging behind in this respect. Extended
Producer Responsibility (EPR) mechanism for plastic waste management has been adopted in France/
Reunion, Seychelles, South Africa and Kenya for plastic items such as PET bottles, packaging, singleuse plastics, bags, buckets and hangars with mixed results. The effectiveness of implementation of
EPR schemes at national level in these countries is however yet to be determined.

•

Economic consequences of unmanaged plastics and the economic opportunities for WIO
countries: Determination of the economic consequences of unmanaged plastic litter in the WIO
Region countries is difficult due to lack of relevant data and information. However, analysis of
different plastic litter management hypothetical scenarios in a study commissioned by WIOMSA
shows that significant positive impacts can be derived from an end-market for plastic waste through
establishment of EPR schemes and recycling enterprises. These benefits include increased job
opportunities, promotion of tourism, improved human health and well-being and reduced costs
to the environment, agriculture and fishing sectors. The opportunity costs of inaction include
negative impacts on the environment, tourism, health, agriculture, maritime transport and fisheries
sectors of WIO countries. There is therefore a need for a regional marine plastic litter monitoring
programme under the Nairobi Convention. This programme should build further on the ongoing
WIOMSA/Sustainable Seas Trust marine litter monitoring initiative.
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Removing discarded fishing nets from Watamu Marine Park, Kenya (© Steve Trott)
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1. INTRODUCTION
The Western Indian Ocean (WIO) is a region of high biodiversity and is home to many coastal and
marine floral and faunal species some of which appear in IUCN red-list of endangered species. The
region is also well known for its beautiful beaches that are crucial for supporting recreation, tourism
and fishing activities including other important sectors of economy. In the recent past, sandy beaches
and other categories of shoreline in the region have been progressively degraded due to deposition of
marine debris and plastic litter. The continued degradation of the WIO due to marine plastic litter has
a potential of reversing socio-economic gains made in the region in the recent past. This is due to the
negative impacts of marine debris and plastic litter on the environment and other key sectors of the
economy. Marine debris and plastic litter are currently viewed as one of the rapidly increasing pressures
threatening the long-term sustainability of marine ecosystems in the region (cf. Ryan et al. 2016a; Abreo
et al. 2019; Cartraud et al. 2019; Ballance et al. 2000; Dunlop et al. 2020). The growing impacts on marine
ecosystems have a potential of also affecting sustainability of livelihood systems of coastal communities
with a further ultimate potential of increasing poverty levels in the region. Countries in the WIO Region
have attempted to address this problem through implementation of various mitigation measures with
few success stories. The effectiveness of most of mitigation measures has not been determined and
therefore it is not known which measures are best suited for the region taking into account the socioeconomic and cultural status of WIO countries. The most common mitigation measure has been regular
coastal beach clean-up campaigns that have largely focussed on few hotspot beaches located near
urban areas. However, the high cost of cleaning entire lengths of beaches and shorelines contaminated
with plastic litter and marine debris has limited the extent to which most of the countries in the WIO
region can comprehensively address the problem (cf. Burt et al. 2020; Rodríguez et al. 2020). This
therefore emphasizes the need for countries in the WIO Region to focus on measures that are aimed at
stopping plastic litter from reaching the coastal and marine environment in the first place.
Despite recognition of the magnitude of the problem of marine plastic litter in the WIO, little effort
has been directed towards generation of data and information through monitoring and research. The
last review of the problem in the region was published in 2008 by the United Nations Environment
Programme (UNEP) and the Western Indian Ocean Marine Science Association (WIOMSA). Entitled
Marine Litter in the Eastern Africa Region: An Overview Assessment, the report focused on assessments
done in eight countries in the WIO region namely, South Africa, Mozambique, Madagascar, Tanzania,
Kenya, Mauritius, Comoros and Seychelles. Most of these countries have a large coastal population
generating large amounts of marine plastic litter and other wastes that eventually enter the sea. That
report indicated that most of the marine litter found in the region likely originates from land-based
sources, although some also originates from sea-based activities such as illegal dumping from ships
and fishing activities.
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Mismanaged plastic waste has been identified as a main issue in the continental countries of the
WIO region (IUCN-EA-QUANTIS 2020a,b,c,d). The amount of mismanaged plastic waste is predicted to
increase significantly in the WIO countries which could result in even more litter entering the WIO in
the near future (Jambeck et al., 2015, 2018). Furthermore, the fact that the WIO region is a western
boundary current system that lies downstream from South-East Asia means it may also receive marine
plastic litter from one of the world’s largest sources of land-based plastics located in South-East Asia
(Jambeck et al. 2015). Model results indicates that marine litter may be transported across the Indian
Ocean to the WIO region via the South Equatorial Current and from there throughout the WIO region
via the Somali current, East African Coastal current, Mozambique current and Agulhas current ((Ryan
2020a; Van der Mheen et al. 2020). This means that individual national efforts cannot comprehensively
lead to significant results in terms of reducing amount of plastic litter stranding the shorelines without
complimentary region-wide solutions. The national hotspot assessments on plastic waste undertaken in
four WIO continental countries have also recommended interventions to curb generation and release
of plastic waste to the environment (IUCN-EA-QUANTIS 2020a,b,c,d). However, no region-wide review
of the densities, distribution, sources, fate and threats of plastic litter has been conducted in the WIO
region. There is therefore a major gap in knowledge on densities, distribution, sources, fate and threats
of plastic litter and the actions that need to be undertaken to address the problem at the regional level.
Marine plastic litter contributes to environmental, economic, health and aesthetic challenges stemming
largely from poor solid waste management practices, lack of infrastructure, and indiscriminate human
activities. These impacts vary across countries, populations and ecosystems in the region further
emphasizing the need for region-wide effort. Although many national initiatives dealing with marine litterrelated aspects are being implemented in the region, there has been limited coordination, communication
and mutual learning among WIO countries, experts and partners. Recognizing the need for a coordinated
approach in addressing these challenges, the Ninth Conference of Parties to the Convention for the
Protection, Management and Development of the Marine and Coastal Environment for the WIO region
(Nairobi Convention) held in Mombasa, Kenya in August 2018 issued Decision CP.9/3: Management of
marine litter and municipal wastewater in the Western Indian Ocean, which states as follows:
1.

To request the secretariat, in collaboration and cooperation with partners, to develop a
regional strategy or action plan or both on the management of marine litter and microplastics
and the establishment of a marine litter regional technical working group in the Western
Indian Ocean region;

2.

To request the secretariat, in collaboration with partners, to develop capacity-building programmes
on marine litter and microplastics, including microbeads, for a harmonized approach to data
generation, monitoring and reporting;

3.

To encourage the Contracting Parties to implement action programmes on municipal wastewater
and to conduct outreach and public awareness activities on the impact of municipal waste and
marine litter on marine species and their habitats;
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4.

To encourage the Contracting Parties to affirm their will to discourage plastic microbeads, take
measures within their national capacities to consider phasing out their use in the region and
promote the exchange of expertise, best practice and lessons learned.

In response to ‘Decision CP.9/3, WIOMSA and the Nairobi Convention in collaboration with other partners
established a Group of Experts on Marine Litter and Microplastics. One of the priority actions for the
Working Group was to undertake a regional assessment on the status of marine litter and microplastics;
the resultant ecological, human health and economic impacts; and measures undertaken by different
institutions to address the challenges and highlight opportunities which can be harnessed for greater
impact. This regional synthesis report contributes to the work of Group of Experts on Marine Litter and
Microplastics and is one of the responses to the Nairobi Convention Decision CP.9/3 made during the
ninth Conference of Parties (COP).
It is important to note that the current level of knowledge on marine plastic litter in the WIO region is
still insufficient to make region-wide recommendations to solve the problem of marine plastic litter. To
address this constraint, the WIO Group of Experts on Marine Litter and Microplastics has also been
tasked with the responsibility of undertaking a regional assessment on the status of marine litter and
microplastics and their ecological, human health and economic impacts, including assessment of
measures undertaken by different institutions to address the challenges and opportunities that can be
harnessed in order to be significantly reduce impact of marine plastic litter in the WIO Region. In this
regard, the Working Group commissioned three inter-related studies whose objectives were to: (i) assess
the status of marine litter and microplastics knowledge in the WIO region; (ii) assess the ecological, human
health and economic impacts due to marine plastic litter, and (iii) assess the effectiveness of measures
undertaken to address the challenge including opportunities that could be harnessed for enhanced
interventions. The three reports which have since been submitted to WIOMSA/Nairobi Convention,
have identified a number of evidence gaps and made specific recommendations on management and
policy actions that are required at national and regional levels. This regional synthesis report integrates
the findings of the three reports to provide a more comprehensive region-wide overview covering all
aspects dealt with in each of the three thematic reports.
There have been other regional efforts to address the problem of plastic litter in the WIO region. For
instance, WIOMSA in collaboration with the Sustainable Seas Trust through the African Marine Waste
Network and country partners is implementing a region-wide marine litter monitoring program in the
region. Multiple study sites have been established in seven countries in the region to generate baseline
data for verifying specific targets recommended in the SDG 14.1. The main partners in this project
are KMFRI (Kenya), Cetamada (Madagascar), University of Mauritius (Mauritius), Universidade Lurio
(Mozambique), The Ocean Project Seychelles (Seychelles), Nipe Fagio (Tanzania) and African Marine
Waste Network (South Africa). This region-wide effort need to be expanded, strengthened and capacity
be build to enable effective participation of all countries in the WIO region.
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Meso/microplastic options from Woody Cape, South Africa - legacy pollution that has been there for >30 years
(© Peter Ryan)
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2. OBJECTIVES OF THE REGIONAL
SYNTHESIS
The objective of this regional synthesis report is to present a synthesis highlighting the main
results and evidence gaps from the previous reports and make recommendations on management
and policy actions to be taken at national and regional levels. The three reports that forms the
basis of this synthesis report are: (i) Current status of marine litter and microplastics knowledge in
the WIO region; (ii) Economic consequences of unmanaged plastics and the economic opportunities
for WIO countries and (iii) A review of marine plastic litter in the WIO region: Effectiveness of measures
undertaken and opportunities. The three reports were commissioned by the Working Group
on Marine Litter and Microplastic under the auspices of WIOMSA and Nairobi Convention.
It is expected that this synthesis report on WIO region marine plastic litter will contribute to
the implementation of the Decision CP.9/3 made during the 2018 Ninth Conference of Parties
(COP 9) of the Nairobi Convention. The report would also be important to WIOMSA and Nairobi
Convention partners especially governments of WIO region countries that are instrumental in the
implementation of the COP decisions at national level. The report would also be invaluable to
policy- and decision-makers at national and regional levels, including coastal and marine scientists
and non-governmental organisation (NGO) actors working in this field in the region.
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A practical session for assessment of meso-litter in sandy beaches during a regional training course on strengthening
capacity for marine litter monitoring in the WIO region. Mombasa, Kenya. (© KMFRI)
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3. STATUS OF MARINE PLASTIC LITTER
IN THE WIO REGION
3.1 Amounts, mass and distribution
There is lack of sufficient data and information on marine plastic litter in the WIO region. This is attributed
to the fact that only a few national studies have been undertaken in the region. Region-wide studies on
marine plastic litter are yet to be undertaken in the region. However, few studies conducted in South
Africa, Madagascar, Mayotte, Mozambique, Seychelles and Kenya provide some important indication
on the amounts, mass and distribution of marine plastic litter in some parts of the WIO region. Studies
undertaken in South Africa on macrolitter on sandy beaches have shown that litter densities increased
significantly between 1984 and 1989. This increase was attributed to increased use of locally produced
plastic packaging (Ryan 1987a; Ryan 1990; Ryan & Moloney 1990). However, in more recent surveys,
the increase in macrolitter densities was not detected and macrolitter was found to be concentrated
around coastal urban centres despite greater cleaning effort on the urban beaches (Ryan 2020b). These
studies established that most of the plastic litter comes from local land-based sources and litter does
not disperse far from source.
In Madagascar, litter densities have been found to be relatively higher on a popular tourist beaches
than on rural beaches (Gjerdseth 2017). However, litter items on tourist beaches are often smaller
and have a faster turnover rate due to increased cleaning efforts. Consequently, the number of items
on tourist beaches may be higher but the mass of litter is normally concentrated on rural beaches
(Ryan et al. 2020a).
Macrolitter standing stock surveys conducted on sandy beaches in Kenya, Mozambique the Seychelles,
Mayotte (Comoros Archipelago) and on St. Brandon’s atoll located 430km northeast of Mauritius,
have shown that most marine litter originates from land-based sources, particularly in the continental
countries and Mayotte (Pereira et al. 2001; Jost 2019; Okuku et al. 2021a,b; Bouwman et al. 2016;
Duhec et al. 2015; Burt et al. 2020). In island states, an important fraction of marine macroplastic litter
originates from sea-based sources and also from long-distance drift (Duhec et al. 2015; Bouwman et
al. 2016; Burt et al. 2020).
Marine macroplastic litter accumulation rates tend to be higher on popular recreational beaches and
on urban beaches located closer to source areas (Table 1). For example, studies conducted in South
Africa since 1995 have shown that litter accumulation rates are an order of magnitude higher close to
central Cape Town than 30 km away (Swanepoel 1995; Lamprecht 2013; Ryan et al. 2014a; Opie 2020).
Higher accumulation rates are found on popular urban beaches in Cape Town than on beaches located
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at a more remote nature reserve (Chitaka & von Blottnitz (2019). In Kenya, accumulation rates have
been found to be higher on popular, easily accessible tourist beaches, while the highest accumulation
rate by mass was found on a less crowded but still popular beach which was attributed to wash up of a
few heavy items not found on other beaches (Okuku et al. 2020b). Wind was found to be important in
determining the distribution and stranding of marine macroplastic litter as demonstrated in two remote
islands in the Seychelles where litter accumulation rates were much lower at a sheltered beach on
Cousine Island than on the windward side of Alphonse Island (Duhec et al. 2015; Dunlop et al. 2020).
This shows that for small island states in the WIO region that litter originates from offshore sea-based
sources (Duhec et al. 2015; Dunlop et al. 2020).
Table 1: Summary of litter accumulation rates on sandy beaches in the WIO region.
Country

Beach

Type of beach

South Africa

Milnerton

Urban, close to Cape Town

Koeberg

Remote, 30km from Cape
Town

Milnerton

Density (n m-1 day-1)

Mass (g m-1 day-1)

1995

1.57 ± 0.70

Not given

1995

0.35 ± 0.03

Not given

Urban, close to Cape Town

2013

14.58 ± 2.73

Not given

Koeberg

Remote, 30km from Cape
Town

2013

1.02 ± 0.43

Not given

Hout Bay

Harbour, popular
recreational beach

2017

5.94 ± 4.94 [SE]

12.94 ± 7.32 [SE]

Milnerton

Popular recreational beach

2017

5.21 ± 3.64 [SE]

8.27 ± 8.71 [SE]

Muizenberg

Popular recreational beach

2017

0.36 ± 0.28 [SE]

1.34 ± 1.34 [SE]

Paarden Eiland

Light industrial zone

2017

29.61 ± 23.86 [SE]

44.21 ± 33.29 [SE]

Wolfgat

Coastal nature reserve

2017

21.97 ± 8.25 [SE]

23.40 ± 11.81 [SE]

Milnerton

Urban, close to Cape Town

2019

3.29 ± 4.10

12.15 ± 15.21

Koeberg

Remote, 30km from Cape
Town

2019

1.00 ± 0.85

1.70 ± 0.93

Baobab

Semi-populated, used by
fishermen and beachgoers

2019

12.7 ± 12.5

0.04 ± 0.02

Kenyatta

Popular tourist beach, easily
accessible

2019

18.2 ± 13.6

0.12 ± 0.08

Mkomani

Popular tourist beach, easily
accessible

2019

16.5 ± 12.5

0.31 ± 0.20

Pirates

Popular tourist beach, easily
accessible

2019

24.9 ± 19.1

0.16 ± 0.06

Tradewinds 1

Popular tourist beach

2019

3.8 ± 3.1

0.04 ± 0.02

Tradewinds 2

Popular tourist beach

2019

9.0 ± 7.8

0.08 ± 0.05

Seychelles

Cousine Island

Remote island

20032019

0.008 ± 0.008

Not given

Seychelles

Alphonse
Island

Remote island

2013

0.78 items·m-1·week-1

23.7 kg·km-1·week-1

Kenya

8

Year of
study
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There is limited information on the vertical distribution of macroplastic litter on beaches in the WIO
region. However studies undertaken in a remote, uncleaned sandy beach in South Africa, found that
over 80% of macrolitter items were buried below the surface. The buried items contributed only 6 - 34%
of the total mass of plastic debris (Ryan 2020b; Ryan et al. 2020a). The proportion of buried litter was
found to be relatively higher on regularly cleaned beaches (Ryan 2020b). As sea levels rises, there is a
high possibility of an increase in the amounts of buried litter being released from eroding beaches and
coastal landfills located close to sea (e.g. in Cape Town and Mombasa).
There is very limited information on the densities, distribution, and characteristics of litter in estuaries and
other types of shorelines in the WIO region. The only available study was conducted in South Africa on a
rocky shoreline. This study showed that higher litter loads occurred at the beginning of the rainy season
when litter from streets and stormwater drainage systems were washed into False Bay (Weideman et
al. 2020b). Also, the only two studies that have been conducted on macrolitter in mangrove wetlands in
Mauritius and in Madagascar have shown that plastic litter was significantly more abundant closer to the
settlement area than farther away (Stokes & Manning, 2019; Seeruttun et al. 2021). In estuaries, plastic
litter densities were much more varied during the rainy season with litter densities peaking throughout
the season especially shortly after rainfall events, suggesting that most of the plastic litter of beaches is
washed out of the estuaries (Ryan & Perold (2021).

3.2 Characteristics and composition
Plastics are the most common marine litter material found stranded on sandy beaches in the WIO region.
Plastics generally make up at least >50% of all the litter items found on beaches. Studies done in Kenya
found that daily accumulation rate of plastic litter on sandy beaches in Kenya are one to three orders
of magnitude higher than that of other types of litter (Okuku et al. 2020b). However, plastics can also
contribute an even higher proportion of litter especially in remote beaches located far from settlement
areas (Madzena & Lasiak 1997; Pereira et al. 2001; Duhec et al. 2015; Bouwman et al. 2016; Gjerdseth
2017; Jost 2019; Stokes & Manning 2019; Dunlop et al. 2020). Plastic packaging (food wrappers, packing
strips, bottles, take away cups, etc.) dominates litter loads on urban sandy beaches in the WIO region
(Ryan & Moloney 1990; Chitaka & von Blottnitz 2017; Okuku et al. 2020b; Opie 2020; Ryan 2020b).
This type of litter is either left by beachgoers or tourists or is washed onto the local beaches as part of
river and urban run-off. The packaging sector has been identified as a main source for litter in Kenya,
Mozambique, South Africa and Tanzania, contributing between 50% and 70% of the total plastic litter
found in the oceans and waterways (IUCN-EA-QUANTIS 2020a,b,c,d). Fish aggregating devices (FADs) are
also items of concern, given that significant number of them are predicted to get stranded along the
coast of east Africa, especially in Somalia and the Seychelles (Maufroy et al. 2015). FADs play a significant
role in ghost fishing in the WIO region and are regularly found with dead sea turtles and corals entangled
in their nets (Balderson & Martin 2015).
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Little is known about the types of litter found on other types of shorelines in the WIO region. Surveys in
False Bay, South Africa showed that dense items such as glass and rubber make up a larger proportion
of litter in a rocky shore than on sandy beaches. However, less dense items such as plastic bags can be
trapped on the rocky shore if they become filled with sand (Weideman et al. 2020b). In Mauritius, plastics
were the most common type of litter material in mangroves (Seeruttun et al. (2021). In some cases, a
few large items dominated the mass of litter at certain sites and these came from offshore sources (e.g.
fishing gear, dunnage, and other shipping waste) (Ryan et al. 2020a,c). Plastics are dominant in terms of
litter mass as you move from land-based litter to continental beaches to oceanic islands (Ryan 2020b).

3.3 Meso- and microplastics on the
seashore
3.3.1 Amounts, mass and distribution of meso- and
microplastics
Data and information on the density and distribution of meso- and microplastics on the seashore
are only available for South Africa and Kenya for sandy beaches and estuaries. No studies have been
undertaken in the other WIO countries. The surveys done on mesolitter on sandy beaches of South
Africa in the 1980s reported an increase in the average densities from 1984 to 1989 (Ryan & Moloney
1990). However, subsequent surveys carried out in the 1990s to the 2010s detected little change in
the density of mesolitter, with an overall density of 708 items m-1, ranging from 8 to >10,000 items m-1
(Ryan et al. 2018). Mesolitter was concentrated around coastal urban centres, although also around
the smaller industrial port of Mossel Bay and at the mouth of the Breede River, which drains small
inland industrial areas at Worcester and Robertson (Ryan et al. 2018). A study done in Kenya reported
higher densities of mesolitter on beaches located closer to populated areas than in semi-populated and
remote beaches (Okuku et al. 2020a).
There has been great improvement in knowledge on the density and distribution of microplastics
on the seashore of the WIO region. Nel & Froneman (2015) collected sediment cores from 21 South
African beaches and found almost all particles to be microfibres. However, there was little difference in
microfibre densities between beaches. A more recent study by De Villiers (2018) showed that microfibres
on 175 sandy beaches in South Africa were concentrated around coastal urban centres. The study
also showed that microfibres were distributed across the entire beach profile, unlike more buoyant
meso- and macrolitter which tend to accumulate on the high shore. The average density was 188,000
microfibres m-1, equivalent to <0.01% of the total mass of litter (i.e <0.1 g of 1.45 kg·m-1) (Ryan et al.
(2020a). This shows that larger items dominate the mass of litter on beaches.
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Within urban centres, harbours may act as significant sources of microplastic litter as they often
receive high levels of urban runoff via stormwater drainage systems. As study done in three harbours
and 13 sandy beaches spanning the entire coastline of South Africa found the highest densities of
microplastics at sites near harbours (Nel et al. 2017). Similarly, surveys done in Tanzania showed that
the highest densities of microplastics are found on sandy beaches located near the port city of Dar
es Salaam. The microplastic densities in 17 other sites located far from Dar es Salaam were relatively
low (Mayoma et al. 2020).
Few studies have been undertaken in the WIO Region to determine the densities of microplastics in
estuaries of the WIO region. The only two studies that have sampled microplastics in estuaries were
undertaken in KwaZulu-Natal, South Africa (Naidoo et al. 2015; Gerber 2017). These studies found no
significant change in the densities of microplastic litter stranding beaches located adjacent to estuaries
(Naidoo et al., 2015). This contrasts other studies that have shown that the densities of microplastic
litter decreased with distance from the estuary mouths suggesting that estuaries may act as sources of
microplastics into the sea and onto adjacent beaches (Gerber 2017). A survey done on micro-, meso- and
macrolitter in the Orange-Vaal River system in South Africa showed that larger meso- and macrolitter
were retained upstream near point sources, while microfibres were more evenly distributed along the
length of the river/estuary with particularly high concentrations of microfibres near the river mouth in
the dry season before seasonal rains flushed the system (Weideman et al. 2020c).

3.3.2 Characteristics and composition of meso- and
microplastics
Studies on the composition of meso- and microplastic litter have only been undertaken in few WIO
countries. Surveys done on mesolitter on sandy beaches in South Africa indicated that plastics were the
most frequent material as they made up to >99% of items by number (Lamprecht 2013; Ryan et al. 2018;
Ryan et al. 2020a). Surveys done in Kenya reported that 90% of items found on Kenyan beaches were
plastics (Okuku et al. 2020a). However, the composition of mesolitter tends to vary according to proximity
to urban areas. More diverse array of litter were found on beaches located close to urban areas than
on remote beaches where only plastics were found (Okuku et al. 2020a; Ryan 2020b). In South Africa,
most plastics were industrial pellets most of which were either polyethylene or polypropylene (Ryan &
Moloney 1990; Ryan et al. 2012; Lamprecht 2013). However, it should be noted that the proportion of
industrial pellets has decreased over time from 80% in 1984 to 68% in 1989 (Ryan & Moloney 1990;
Gregory & Ryan 1997). On most beaches in South Africa, pellets are now scarce and there has also been
a significant decrease in the proportion of pellets ingested by seabirds in the region (Ryan 2008). Studies
done in WIO region have also shown that microfibres are by far the most common item found on sandy
beaches and estuaries in South Africa (Naidoo et al. 2015; Nel & Froneman 2015; Gerber 2017; Nel et al.

11

Marine plastic litter in the WIO region: Status, implications on the environment, human populations and effectiveness of measures and opportunities

2017; Ryan et al. 2020a) and in Mayotte (Jost 2019). While the composition of microlitter varied among
18 beaches found along the Tanzanian coastline, fibres and fragments were found at all sites (Mayoma
et al. 2020). One study that identified polymer types among microplastics on the seashore, also showed
that most microfibres are either polyethylene or polypropylene (Mayoma et al. 2020).

3.4 Sea surface
3.4.1 Macrolitter
Studies on floating macrolitter have been conducted off the coasts of Kenya and South Africa as well
as along a transect stretching southeast from South Africa to Marion Island and also along another
transect running southeast from South Africa to Crozet and Kerguelen islands (Ryan 1988; Ryan 1990;
Ryan et al. 2014b; Okuku et al. 2021a; Suaria et al. 2020a;Connan et al. 2021). These studies showed
that macrolitter is orders of magnitude more abundant in coastal waters closer to land-based sources
than those farther away. However, there is some evidence that litter accumulates in the southern Indian
Ocean gyre (Connan et al. 2021). For example, although litter densities were particularly high in coastal
waters of Kenya (Okuku et al. 2021a), in South Africa, litter densities were significantly higher 10km
offshore compared to 50km offshore (Ryan 1988). In contrast, litter was scarce in the Agulhas Current
and its retroflection in temperate waters southwest of Cape Town as well as in international temperate
waters southeast of South Africa (Ryan 1990; Ryan et al. 2014b; Suaria et al. 2020a). While the types of
macrolitter floating off the coast of Kenya were not specified, >90% of macrolitter off South Africa was
plastic, with the most common types being plastic packaging with larger items being more abundant at
sites further offshore than those close to the coast (Ryan 1988; Ryan et al. 2014b).

3.4.2 Meso- and microplastics
There have been significant improvements in the understanding of the densities, distribution, and
characteristics of floating meso- and microplastics since the 2008 UNEP/WIOMSA review. The 12 studies
undertaken in Kenya, South Africa, Mayotte and international waters of the WIO region sampled floating
micro- and mesoplastics with nets of various mesh sizes ranging from 0.2 to 0.5 mm. These studies
showed that the highest densities of floating meso- and microplastics were found in coastal waters
in Kenya and South Africa (Nel & Froneman 2015; Kosore 2020; Okuku et al.2021; Suaria et al. 2020a).
These studies also reported that plastics were the most common anthropogenic material caught in
the fishing nets. It was suggested that microplastic abundance is more likely governed by surface
water currents than proximity to land-based sources (Nel & Froneman 2015). However, another study
established that urban run-off is a major source of plastic litter found in the sea (Naidoo & Glassom
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2019). In Kenya, seasonal variations due to the southeast and northeast monsoons were found to
influence microplastics abundance in surface waters, with the highest densities reported during the
southeast monsoon season (Kosore 2020).
Five studies sampled for microplastics and microfibres by collecting bulk surface water samples in various
coastal sites in South Africa, Mozambique, Tanzania and Kenya (Nel et al. 2017; Preston-Whyte et al.
2021). These studies showed that Durban Harbour was the most polluted site suggesting that harbours
are important sources of microplastics and microfibres discharged into the sea because they often
receive stormwater and other runoff from adjacent urban areas. Studies undertaken in Mozambique,
Tanzania and Kenya showed that most particles were microfibres and that >90% were of natural origin
rather than synthetic (Kosore et al. 2018; Suaria et al. 2020b; Kerubo et al. 2020). In Kenya, Kosore et
al. (2018) using a 0.25 mm mesh size net found an overall density of 110 items m-3 with most of the
particles being fibres most of them consisting of synthetic polymers of which polypropylene (PP) was the
most common. A study done on surface waters within three creeks found along the Kenyan coast found
a considerably higher overall mean microplastics density of 2,898 items m-3 of which 93% were fibres
(Kerubo et al. 2020). It should however be noted that comparability of these studies is difficult due to the
fact that these studies have used different sampling approaches.

3.5 Water column
Macrolitter observations off the coast of South Africa have detected some sub-surface plastic litter (Ryan
1988; Ryan 1990; Ryan et al. 2014b). The studies have shown that litter in the water column is either
made of materials with a higher density than seawater that will automatically sink, or litter that has
become colonised by epibionts, which reduces its buoyancy (Fazey & Ryan 2016a,b). Only one study
sampled for microlitter in the water column in the WIO region by collecting bulk water samples from the
ship’s underway system (5m depth) along a transect stretching from Cape Town to the Prince Edward
Islands (Ryan et al. 2020d). The study showed that microfibres are significantly less abundant in the
water column than at the sea surface and that most microfibres are of natural origin rather than made
of plastic polymers (Ryan et al. 2020d; Suaria et al. 2020b).
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3.6 Seafloor
3.6.1 Macrolitter
Five studies have conducted macrolitter surveys on the seafloor of the WIO region. The highest densities
of litter were found using Remotely Operated Vehicles (ROVs) at deep-sea sites (100-1,500 m deep) along
the Southwest Indian Ocean Ridge approximately 1300 km south of Madagascar (Woodall et al. 2015).
Most of this litter was fishing gear, suggesting that the deep seafloor off the coast of southern Africa
might be a long-term sink for plastic litter originating from fisheries activities. In contrast, trawl surveys
conducted on the continental shelf (30-850 m deep) off the south and west coasts of South Africa found
significantly lower densities of litter (Ryan et al. 2020c). Most (48%) of this litter was plastic packaging
and 17% were discarded fishing gear, suggesting that items littering the seafloor originate from both
land-based and sea-based sources (Ryan et al. 2020c). These low litter densities were confirmed by ROV
footage taken in several habitat types on the South African continental shelf and slope (Ryan 2020b). In
False Bay, South Africa, underwater transects conducted at 18 sites found 557 litter items, mostly flexible
packaging and bottles trapped in coral reef areas (Rundgren 1992). However, a recent study using 421
images taken on the seabed of False Bay found no macrolitter litter items on the seafloor (Ryan (2020b).
Mulochau et al. (2020) conducted dive transects on reefs fringing the island of Mayotte in the Comoros
Archipelago and found similar litter densities in both winter and summer. More than 90% of litter was
plastic and more than 60% of litter in both seasons was discarded fishing gear. This suggested that most of
the litter found on the reefs in the Comoros Archipelago comes from fisheries activities. However, bags and
bottles made up a significant proportion of litter, which were washed into the local marine environment
through urban drainage and river run-off (Mulochau et al. 2020). More than half of the corals surveyed
showed signs of damage (abrasion and breakage) associated with marine litter. Similar effects have been
observed on coral reefs of Sodwana Bay in South Africa (Schleyer & Tomalin 2000; Mulochau et al. (2020).

3.6.2 Meso- and microplastics
Few studies on microplastic densities in bottom sediments in the WIO region have been undertaken in
South Africa (Woodall et al. 2014; Matsuguma et al. 2017; Preston-Whyte et al. 2021). In Durban harbour,
microplastic density was 1.3 ± 0.79 microplastics g-1dry sediment with most microplastics being either
polyethylene (38%), polyethylene-polypropylene copolymer (26%) or polyethyleneterphthalates (10%)
(Matsuguma et al. 2017). In a more comprehensive study, higher microplastics densities were found
in Durban harbour with the highest densities found close to point sources such as sewage overflows,
stormwater drains and river mouths. Most of the items were PE (47%) while 21% of microfibres were of
natural origin (Preston-Whyte et al. 2021), supporting the findings of Suaria et al. (2020b). At deep-sea
sites off the east coast of South Africa, microfiber densities ranged 1.4-4 fibres 50mL-1 sediment, all of
which were polyester (Woodall et al. 2014).
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3.7 Sources, transport, and fate of marine
litter and microplastics in the WIO
3.7.1 Land-based sources
The land-based sources account for most of the litter entering the WIO marine environment. Studies
undertaken in South Africa, Kenya and Tanzania show that both micro- and macrolitter on shorelines are
concentrated around large coastal urban centres or river mouths. This suggests that most litter enters
the sea as part of urban drainage or river run-off (Gerber 2017; DeVilliers 2018; Ryan et al. 2018; Ryan
2020b; Ryan & Perold 2021; Okuku et al. 2020b; Ryan 2020a; Mayoma et al. 2020). National hotspotting
assessments carried out in the region indicated that most countries are characterised by low solid waste
collection rates coupled with high rates of improperly disposed solid waste which are major drivers of
the plastic waste leakage into rivers and consequently to the ocean (IUCN-EA-QUANTIS 2020a,b,c,d).
Most beach litter is locally manufactured (Madzena & Lasiak 1997; Ryan & Perold 2021; Ryan et al.
2021; Okuku et al. 2020b, 2021b; Ryan 2020a). However, a higher proportion of foreign brands found
among litter stranding a Kenyan beach during the southeast monsoon, suggested that some litter also
originates from the ocean and the proportion changes seasonally (Okuku et al. 2021b). On remote
beaches, the proportion of foreign bottles in the litter increased to more than 50% due to inputs from
shipping and long-distance drift (Ryan 2020a; Ryan et al. 2021). The most important land-based sources
are described in the following sections.

3.7.1.1 Illegal dumping, tourism and beachgoers
Tourists and beachgoers negatively affect local marine environments by littering. This is supported by
several studies that show higher densities of beach litter on popular tourist beaches (e.g., Gjerdseth
2017; Okuku et al. 2020b). Most of the litter left by beachgoers is packaging, particularly single-use foodpackaging items (e.g., Okuku et al. 2020b). Local residents also contribute significant amounts of litter,
especially in areas with poor waste management and service delivery. For example, a common practice
in northern Madagascar is for residents to leave their rubbish on the edge of their property where it
can easily be blown onto the beach, resulting in high litter densities on the backshore (Gjerdseth (2017).

3.7.1.2 Industries, sewage, and wastewater effluent
Industries in the WIO region may also act as significant sources of litter discharged into the marine
environment. Beach surveys conducted around the coast of South Africa showed that industrial pellets
were concentrated around urban centres in areas where industries tended to be concentrated. This
suggests that many pellets were released into the environment from manufacturing plants that did not
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dispose of their waste properly (Ryan et al. 2018). A study in Cape Town, South Africa found industrial
pellets are released into the Diep River via urban runoff from storm drains (Weideman et al. 2020d).
However, the density of industrial pellets on many South African beaches and the proportion ingested
by seabirds has significantly reduced since the implementation of Operation Clean Sweep (https://
www.opcleansweep.org/; Ryan 2008; Ryan et al. 2018). Given the high proportions and high densities
of microfibres on sandy beaches and estuaries, some studies have suggested that wastewater is likely
an important source of microfibres and other microplastics (Gerber 2017; De Villiers 2018; Jost 2019).

3.7.1.3 Rivers and urban run-off
Urban run-off is one of the main land-based sources of litter as suggested by studies done in South
Africa, Kenya and Mayotee (Ryan et al. 2018; Ryan 2020b; Okuku et al. 2020b; Ryan 2020a; Mayoma et al.
2020; Jost (2019). This is supported by the high proportion of litter derived from locally manufactured
goods found on urban beaches (Ryan 2020a; Ryan et al.2021). Several studies in South Africa have
shown that significant amounts of street litter are washed into the sea via storm drains, with the highest
litter loads being found in industrial and low-income residential areas where waste collection service is
poor (Armitage & Rooseboom 2000; Marais et al. 2004; Weideman et al. 2020d).
Although WIO region is characterised by large river systems that drains to the sea, very few studies have
been undertaken to determine the extent to which these rivers discharges litter into the WIO. The only
exception is a study that quantified the amount of litter washing into the sea from some rivers in South
Africa (Weideman et al. 2020c; Moss et al. 2021). The South African studies showed that litter loads
tend to be highest in rivers whose catchments are highly urbanised or industrialised (Swanepoel 1995;
Moss et al. 2021). Significantly lower amounts of litter are found in rivers draining sparsely populated
rural areas. A good example is Orange river in South Africa whose mouth is characterised by low litter
densities (Weideman et al. 2020c). For river systems located further inland, the highest densities of
meso- and macro-litter are found in the Vaal River downstream of the Johannesburg-Pretoria urban
conurbation, but this litter was not transported far downstream, suggesting that river sediments and
riparian vegetation may be significant sinks for litter derived from sources located far inland (Verster
& Bouwman 2020; Weideman et al. 2020c). The litter that eventually reaches the coast is washed into
mangroves, the sea and onto beaches by seasonal runoff, as was validated by the higher litter loads
on South African urban beaches at the beginning of the rainy season (Chitaka & von Blottnitz 2019;
Weideman et al. 2020a,b). The movement of litter between estuaries, the sea and beaches can be
complex with runoff and tides playing a significant role in determining how litter is transported and
where it is retained (Ryan & Perold (2021).
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3.7.2 Sea-based sources
A common generalization is that 80% of plastics enter the sea from land-based sources while the
remaining 20% originate from sea-based sources. The accuracy of this generalization has not been
tested in WIO countries. It is already apparent that, while these approximations may be roughly accurate
for the five continental states, the five island states receive more than 20% from sea-based sources. This
is especially true for Seychelles islands, which are in the direct path of the South Equatorial Current that
carries plastic debris from South East Asia. Seychelles also receives plastics from fishing fleets (discarded
or lost fishing gear) and passing ships (waste dumped illegally overboard). Indeed, several islands (e.g.
Aldabra and Alphonse Islands) receive 100% of their plastic pollution from sea-based sources. Seabased sources of plastics wash onto the shores of all WIO countries from various sources that include
(i) waste from other countries transported by ocean currents, (ii) abandoned or lost fishing gear and
(iii) plastic waste dumped overboard by-passing sea-going vessels (see Ribbink et al., 2021). These seabased sources of plastic litter are presented in the following sections.

3.7.3 Fishing and shipping
Discarded fishing gear is commonly found across the WIO region although the proportion of fishing gear
versus other types of litter varies regionally and temporally (e.g., Burt et al. 2020; Okuku et al. 2020b). For
example, fishing gear and other shipping-related gear tend to make up a larger proportion of litter mass
on remote beaches and islands (Ryan 2020b; Burt et al. 2020). Similarly, fishing gear was by far the most
common type of litter at deep-sea sites south of Madagascar suggesting the deep-sea is a sink for debris
from pelagic fisheries (Woodall et al. 2015). In contrast, trawl surveys along the continental shelf of South
Africa found a mix of fishing gear and other types of litter, suggesting litter originates from both at-sea
and land-based sources (Ryan et al. 2020c). The abundance of fishing gear can also vary temporally.
Litter can also be dumped or lost from shipping activities (Ryan et al. 2019, Ryan et al. 2021). There have
also been several accidental industrial pellet spills when containers full of pellets were lost from ships off
the coast of South Africa, releasing tens of tonnes of pellets into the sea (Schumann et al. 2019).

3.7.4 Long-distance drift
East Africa is downstream of Southeast Asia, which is believed to be the world’s largest contributor
of land-based plastic waste into the sea (Jambeck et al. 2015; Lebreton et al. 2017). Lagrangian drift
simulations predict that ~1-5% of litter discharged from Southeast Asia may be transported by surface
ocean currents to the southern Indian Ocean, where much of it is stranded on WIO island states and
along the coast of east Africa (Van der Mheen et al. 2020). This is evidenced by the fact that heavily
fouled Asian branded plastic litter items have been found on shorelines in South Africa, Kenya and in

17

Marine plastic litter in the WIO region: Status, implications on the environment, human populations and effectiveness of measures and opportunities

the Seychelles (Duhec et al. 2015; Ryan 2020a; Ryan & Perold 2021; Ryan et al. 2021). However, given
that >80% of plastic litter in Kenya and South Africa is locally manufactured, the contribution of plastic
litter via long-distance drift is relatively lower compared to local sources, particularly for the continental
states. In contrast, a high proportion of plastic litter stranded on the shorelines of remote islands of
the WIO clearly originates from offshore sources most of which likely comes from Southeast Asia (e.g.,
Duhec et al. 2015; Burt et al. 2020).

3.8 Transport and fate of marine litter
3.8.1 Beaches as major sinks for marine litter
In the WIO region, models predict that most buoyant litter entering the sea strands on local
shorelines close to source (Collins & Hermes 2019; Van der Mheen et al. 2020; Chenillat et al. 2021).
The concentration of macro-, meso- and microlitter is highest around coastal urban centres in
South Africa, Kenya and Tanzania and close to estuaries and river mouths in South Africa. Studies
carried out in these countries have suggested that shorelines in the WIO region are major sinks for
litter (Gerber 2017; DeVilliers 2018; Ryan et al. 2018; Okuku et al. 2020b; Ryan 2020a; Mayoma et al.
2020; Ryan & Perold 2021).
The stranding rate and turnover of marine litter on shorelines depends on several factors. For example,
items made from polymers that are denser than seawater are more likely to be transported offshore
in undertow currents, while less dense polymers with high windage such as expanded polystyrene or
sealed empty bottles that float well above the water surface, are more easily blown onto the shore
(Maclean 2020; Ryan 2020b). However, it is difficult to predict the fate of windblown marine litter since
it can be blown inland and become trapped in coastal vegetation during periods of strong onshore
winds but might also be blown back into the surf zone by offshore winds (Brennan et al. 2018). This is
particularly true for light-weight items such as expanded polystyrene, which have high turnover rates on
beaches (Ryan et al. 2014a). Once litter re-enters the surf zone, high density items are again more likely
to be carried offshore, although these can be washed back onto shorelines during upwelling events
(Spencer 2020; Weideman et al. 2020a,b). Low density items may once again be blown onto the shore
where they can be buried, trapped in coastal vegetation, or return into the surf zone (Ryan 2020b).
Stranded litter can also be picked up by beachgoers/cleaners (Ryan 2020b). Beach cleaners often target
larger items and therefore cleaning efforts have a greater impact on the mass of litter on beaches rather
than the number of items (Ryan et al. 2009; Ryan 2020b).
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The type of habitat and its physical characteristics also influence the turnover rate of stranded litter.
Rocky shores may act as sinks for high-density items (Weideman et al. 2020b). The turnover rate of
litter is higher on coarse or pebble beaches with steep slopes than on gently sloping sandy beaches or
beaches with back-vegetation that trap litter items (Ryan et al. 2014a; (Ryan 2020b; Okuku et al. 2020a).
On sandy beaches, litter can become buried under the sand (Ryan et al. 2020a). However, beach erosion
can expose litter that had been buried in a sandy beach for a long period of timer.

3.8.2 Dispersal of floating litter
There is lack of information on the dispersal of floating litter in the WIO. The only available information
is based on simulation studies done in South Africa. These studies shows that a small proportion of
land-based litter may be transported offshore (Duhec et al. 2015; Collins & Hermes 2019; Chenillat et al.
2021). Lagrangian drift simulations showed that ~5-10% of litter released from East African rivers will be
transported to the open ocean where it accumulates either along salinity fronts in zones where rivers
enter the sea or are retained within the Indian Ocean gyre (Acha et al. 2003; Cózar et al. 2014; Eriksen
et al. 2014; Van der Mheen et al. 2019; Ryan 2020b; Van der Mheen et al. 2020; Chenillat et al. 2021;
Pattiaratchi et al. 2021). Ocean circulation models predict that >90% of litter released off the east coast
of South Africa strands on local beaches (Collins & Hermes 2019).
Lagrangian drift simulations also showed that litter entering the northern Indian Ocean during the
northeast and southwest monsoons will be transported by ocean currents back and forth between
the Bay of Bengal and the Arabian Sea (Figure 1;Van der Mheen et al. 2020; Pattiaratchi et al. 2021).
Almost all of this litter will tend to beach along the north Indian Ocean coastline within a few years of
being washed into the sea. A small proportion may be transported south by the Somali Current where
it is predicted to beach in Somalia (Van der Mheen et al. 2020; Pattiaratchi et al. 2021). However, during
the southwest monsoon (September to November), up to 5% of litter released into the northern Indian
Ocean is predicted to be transported eastwards along the equator by semi-annual Wyrtki Jets where it
is picked up by the South Java Current and transported southeast across the equator (Van der Mheen
et al. 2020). The South Java Current then feeds into the South Equatorial Current, which transports the
litter southwest into the southern Indian Ocean. This litter can then be transported south along the
east coast of Madagascar by the Southeast Madagascar Current and northward along the coasts of
Tanzania, Kenya, and Somalia by the Northeast Madagascar, East African Coastal and Somali Currents,
or litter may be transported southward along the coast of South Africa by the Agulhas Current (Van
der Mheen et al. 2020). Much of this litter is expected to beach on WIO island states and along the East
African coast. Field surveys in Seychelles, Mauritius, South Africa and Kenya have found Asian branded
packaging covered in epibionts or with fish bite marks indicating long periods spent by floating litter
at sea (Duhec et al. 2015; Bouwman et al. 2016; Ryan & Perold 2021; Ryan et al. 2021; Okuku et al.
2020b; Ryan 2020a).
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Litter entering the Southern Indian Ocean from the west coast of Australia can also cross the Indian
Ocean and eventually beach in East African coastline (Trinanes et al. 2016; Pearce et al. 2019). Several
modelling studies also predict that litter released off the Australian west coast is transported in three
phases: litter first becomes entrained in the Leeuwin Current eddy system where it can be retained for
up to a year; it then enters the westward flowing South Equatorial Current, which transports it across
the southern Indian Ocean. The litter is then picked up by the western boundary current system off
southern Africa where it can be transported along the East African coast and eventually strands on
shorelines in the WIO region (Trinanes et al. 2016; Van der Mheen et al. 2019, 2020; Pearce et al. 2019).
These model results need to confirmed by comprehensive field based research.

Figure 1: The major ocean currents of the Indian Ocean. Currents are: AC = Agulhas Current, SEMC = Southeast Madagascar
Current, NEMC = Northeast Madagascar Current, EACC = East African Coastal Current, SC = Somali Current, WICC = West
Indian Coastal Current, SMC = Southwest Monsoon Current, NMC = Northeast Monsoon Current, EICC = East Indian Coastal
Current, SJC = South Java Current, SEC = South Equatorial Current, SECC = South Equatorial Counter Current, WAC = West
Australian Current, and LC = Leeuwin Current.
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3.8.3 Transport by marine animals
Animals can act as transport vectors of marine plastic litter onto land. For example, birds often
incorporate marine litter into their nests (Nel & Nel 1999; Witteveen et al. 2017; Perold et al. 2020; Ryan
2020c; Tavares et al. 2020). Marine predators such as seabirds and seals may transport litter onto land
when they haul out to moult, either by regurgitating or excreting ingested litter (Ryan 2020b; Perold et al.
2020). Any ingested litter is retained on land when an individual dies (Nel & Nel 1999). However, despite
the large populations of many of these marine predators, this behaviour probably only accounts for a
small amount of marine plastic litter in the WIO region due to the low ingestion rates for seals and low
plastic loads found in most species of seabirds (Ryan et al. 2016b; Ryan 2020b).

3.8.4 The seabed as a long-term sink for marine plastic litter
Several studies have suggested that the seabed is a long-term sink for marine plastic litter (e.g. Woodall
et al. 2014). This is especially true for materials that have a higher density than seawater or items that
have become less buoyant due to fouling by marine organisms. Surveys on South African beaches
showed that buoyant plastic items dominate stranded litter on beaches farther from source areas
(Fazey & Ryan 2016b). Floating marine plastic litter sinks to the seafloor when it becomes colonised by
epibionts. In shallow waters, litter probably sinks to the seafloor where it can quickly become fouled
by benthic organisms and be retained in sediment. In contrast, litter that sinks in deeper waters may
move up and down the water column because epibionts will die and fall off as the item sinks below the
photic zone but recolonise the litter litter as it moves back up to shallower waters (Ye & Andrady 1991;
Kooi et al. 2017). However, if the item reaches the seafloor before surface epibionts fall off, it will likely
be further fouled by benthic organisms or become weighed down by sediment and thus be retained on
the seafloor.
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Using artists from a group, Baba Watoto Center to raise awareness on impacts of marine plastics, Selander Bridge, Dar es
Salaam, Tanzania (©Vicensia Shule)
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4. IMPLICATIONS ON THE
ENVIRONMENT AND HUMAN
POPULATIONS
4.1 The ecological impacts of marine
plastic litters
Few studies have been undertaken to establish the ecological impact of marine debris and plastic litter
in the WIO Region. However, few studies that have been undertaken in the region, have to some extent
reported interactions between organisms and marine litter or microplastics. The following sections
provide details on the findings of these studies.

4.1.1 Ingestion of plastic litter
The ingestion of marine plastic litter by seabird species has been most well studied in the WIO (Table
2). Some studies have reported that 36 out of 60 seabird species found in the WIO ingests plastic litter
materials (Ryan 1987b). Albatrosses and giant petrels breeding on Marion Island have been found to
regurgitate fishing gear and other plastic items at their nests, although the plastic litter loads tend to
be low (Nel & Nel 1999; Perold et al. 2020). On La Réunion and Juan de Nova islands, the most common
types of litter ingested by seabirds were fibres and fragments. These have been found in the stomach
contents of nine species of seabirds, of which tropical shearwaters (Puffinus bailloni) and Barau’s petrels
(Pterodroma baraui) were the most affected (Cartraud et al. 2019).
Plastic ingestion has been studied in four species of sea turtle in South Africa, Comoros, La Réunion
and Madagascar. All four species of turtles were found to have ingested plastic litter (Hughes 1973;
Claro & Hubert 2011; Hoarau et al. 2014; Ryan et al. 2016a; Barret et al. 2018; Chebani 2020). The first
records of sea turtle ingestion of plastics in the region dates back 50 years ago when pieces of plastic
bags, strips, sheets, and beads were found in the stomach contents of loggerhead turtles (Caretta
caretta) in South Africa (Hughes 1973). Loggerheads are the most affected turtle species in the WIO
(Claro & Hubert 2011).
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Table 2: Number of species which have been sampled for ingested marine litter or microplastics. The percentage of species
found to have ingested marine debris or microplastics is shown in brackets. No studies on debris ingestion were available
for Mauritius, Seychelles, Mozambique and Somalia.
Forage widely
across southwest Indian,
Atlantic and
Southern
Oceans

Deep-sea sites
in international
waters

Kenya

Madagascar,
La Réunion,
Mayotte
(Comoros
Archipelago)

South Africa

Tanzania

All countries/
regions
combined

Bony fish

0

0

0

1 (100%)

20 (100%)

0

21 (100%)

Invertebrates

0

4 (75%)

4 (100%)

2 (100%)

5 (100%)

1 (100%)

16 (94%)

Pinnipeds

0

0

0

0

2 (0%)

0

2 (0%)

Cetaceans

0

0

0

2 (100%)

0

0

2 (100%)

Seabirds

42 (93%)

0

0

10 (100%)

0

0

52 (94%)

Charadriiformes

5 (100%)

0

0

4 (100%)

0

0

9 (100%)

0

0

0

1 (100%)

0

0

1 (100%)

Phaethontiformes
Procellariiformes

35 (91%)

0

0

4 (100%)

0

0

39 (92%)

Sphenisciformes

1 (100%)

0

0

0

0

0

1 (100%)

Suliformes

1 (100%)

0

0

1 (100%)

0

0

2 (100%)

Sharks

0

0

0

0

14 (71%)

0

14 (71%)

Sea turtles

0

0

0

4 (100%)

1 (100%)

0

4 (100%)

All species combined

42

4

4

19

42

1

111

Studies carried out in South Africa have also reported microlitter in the stomachs of 21 species of
bony fishes. The most common types of microlitter were microfibres and fragments (Naidoo et al. 2016;
Naidoo et al. 2017; Ross 2017; Bakir et al. 2020; Chebani 2020; McGregor & Strydom 2020; Naidoo et al.
2020a; Sparks & Immelman 2020). However, plastic ingestion was found to be much less prevalent in
shark species (Cliff et al. 2002).
There is limited data and information on plastic ingestion by marine mammals in the WIO region. Studies
carried out in the WIO region have shown that plastic ingestion is not common in seals, whales and
dolphins (Ryan et al. 2016b; Chebani 2020b). Ingestion of marine litter and microplastics has however
been recorded in several species of invertebrates and zooplankton in the region. Most species of
invertebrates and zooplankton ingest microplastics and microfibres given the high densities of litter
at the sea surface and on the seafloor. Across all the species, 60-100% of ingested microplastics were
microfibers. These microfibers were also ingested by other deep seas benthic organisms off the coast
of Madagascar (i.e., by one hermit crab, one seapen and one zoanthid (Taylor et al. 2016; Gerber 2017;
Awuor 2020; Awuor et al. 2020; Chebani 2020; Mayoma et al. 2020; Sparks 2020). Studies conducted
in Kenya have shown that fibres/filaments dominated the microplastics ingested by zooplankton in
the central part of Kenya’s EEZ (Kosore et al. 2018). Among macro invertebrates, filter feeders such as
oysters were found to have ingested more microfibres than deposit feeders especially the three species
of brachyuran crabs found in the region (Awuor et al. 2020). Ingestion of macrolitter has also been
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documented in one invertebrate species-the sandy sea anemone (Bunodactis reynaudi) in False Bay,
South Africa. More than 99% of the ingested litter in this species was plastic derived from plastic bags
and food packaging (Weideman et al. 2020a).

4.1.2 Entanglement in plastic litter
There is limited data and information on entanglement of marine organisms in marine plastic litter in the
WIO. Few studies have been undertaken in South Africa and the Seychelles. One of the studies reported
that 28 species of seabirds and 15 species of freshwater and coastal birds in South Africa are entangled in
marine plastic litter debris (Ryan 2018). Two species of marine turtles -hawksbill (Eretmochelys imbricata)
and olive ridley (Lepidochelys olivacea) have also been found entangled in fish aggregating devices (FADs)
in the outer islands of Seychelles (Balderson & Martin 2015).
Few studies have been done on sharks entanglement in marine plastic debris in the WIO with the
exception of South Africa. The incidence of sharks entanglement in marine plastic debris is low and
this possess little threat to sharks at the population level (Cliff et al. 2002). Entanglement has however
been reported to have affected four species of seal in South Africa although the number of individuals
entangled was low (Hofmeyr et al. 2002; Hofmeyr & Bester 2002). In the period between 2007 and 2019,
there were 13 cases of cetaceans (long-beaked dolphin, humpback whales, and bottlenose dolphins)
entanglement in fishing lines in La Réunion (GLOBICE, unpubl. data).
There are also few records of invertebrates entanglement in marine plastic debris in the WIO region.
A study carried out in False Bay, South Africa reported sea fan (Lophogorgia flamea) entanglement in
fishing line (Rundgren 1992). Fishing lines have also been found to entangle corals and tunicates in
Sodwana Bay, South Africa (Schleyer & Tomalin 2000). At the deep sea sites of Madagascar, fibres have
been found to entangle octocorals, sponges, fish and crustaceans (Woodall et al. (2014, 2015). Although
individuals of most WIO species are likely to be entangled in marine plastic debris, the numbers that are
involved are usually low and it is unlikely that this would affect species at population level.

4.1.3 Epibionts on plastic litter
There is limited information on the association between epibionts and marine plastic litter in the WIO.
Most of the studies have been carried out in South Africa, while a few others have been undertaken in
Kenya, Tanzania, Mozambique, Mauritius and Madagascar. Studies conducted in South Africa found
encrusting coralline alga, barnacles (Balanus sp.), a mussel (Choromytilus meridionalis) and an anemone
(Bunodosoma capensis) growing on marine plastic litter on the seafloor of False Bay, South Africa
(Rundgren1992). Corals and hydroids have also been found encrusted on marine plastic litter at deep-
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sea sites in the south of Madagascar (Woodall et al. 2015). Some studies have shown that 77% of benthic
plastic litter trawled up from the continental shelf of South Africa is colonised by epibionts (Ryan et al.
(2020c). Also, six species of barnacles have been found growing on plastic litter along the east, south,
and south-west coasts of South Africa (Whitehead et al. 2011). Studies done in Kenyan and South African
beaches have shown that foreign plastic bottles found in marine litter tend to be colonised by epibionts
(Ryan 2020a; Ryan et al. 2021). This indicates that the plastic bottles remain in the sea for a long period
of time before they are stranded on the beaches.

4.1.4 Marine debris in seabird nests
Plastic and other marine debris have been found in the nests of 14 seabird species in the WIO region.
The litter is either regurgitated by birds while sitting on the nest or is incorporated into the nest as
building material (Witteveen et al. 2017; Perold et al. 2020). On Marion Island, fishing-related plastic debris
have been found in the nests of albatrosses and giant petrels. In coastal dunes of the Western Cape,
South Africa, plastic packaging and ropes/strapping have been found in kelp gull (Larus dominicanus)
nests. Plastic litter is more common in nests located in open areas as opposed to vegetated areas,
suggesting that kelp gulls tend to use more plastic items for nest construction where natural nest
construction material is scarce (Witteveen et al. 2017). Marine debris use tends to be much less common
in other species of seabirds. However, rope and other litter items are often used to build nests of Cape
cormorants (Phalacrocorax capensis) that nest in harbours, where other nesting material are scarce.

4.1.5 Other interactions between marine debris and
organisms
Five studies carried out in the region have reported interactions between organisms and marine plastic
litter. In False Bay, South Africa, 43 sea urchins (Parechinus angulosus) have been found with plastic
fragments attached to their spines, suggesting that the species uses plastic fragments as sunshades and
camouflage (Rundgren 1992). Sandy anemones (Bunodactis reynaudi) and cask sea cucumbers (Pentacta
doliolum) have also been found with plastic fragments adhered to their sides (Spencer 2020; Weideman
et al. 2020b). At deep sea sites in south of Madagascar several species of benthic invertebrates (including
crinoids, anemones, sea urchins and brittle stars) and fish have been found to use marine macrolitter
as a habitat (Woodall et al. 2015). Microplastics have also been found in the tube structures of the Cape
reef worm (Gunnarea gaimardi) along the west and south-east coasts of South Africa (Nel & Froneman
2018). The ecological impact of the interaction between these organisms and marine plastic litter is
however not well studied in the WIO.
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4.2 Potential impacts of marine debris/
plastic litter on human health
The potential impact of marine plastic litter on human health has not been determined in the WIO Region.
However, a study carried out in Zanzibar, Tanzania found high concentrations of human pathogens and
multi-drug resistant bacteria growing on plastic litter (Rasool et al. 2021). This included cholera causing
bacteria. However, it is important to note that although humans can ingest microplastics, it is not known
how this might affect human health (Barboza et al. 2018; Naidoo et al. 2020b; Vethaak & Legler 2021).
Also, although microplastics have been found in table salt in South Africa, the ingestion of the same via
table salt is thought to have negligible impacts on human health due to low concentration of microplastic
particles in salt (Karami et al. 2017). Microplastics have also been found in edible marine organisms
along the South African, Kenyan and Tanzanian coastlines, including estuarine fish mussels, oysters and
cockles (Naidoo et al. 2020a; Gerber 2017; Sparks 2020; Awuor et al. 2020;Mayoma et al. 2020). However,
the proportion of microplastics that are ingested by humans is not known. The ingestion of microplastics
is however potentially harmful to humans because of the toxicity of plastic additives and also due to the
sorption of other pollutants present in the environment such as persistent organic pollutants (POPs)
(Vethaak & Leslie 2016; Vethaak & Legler 2021). In the WIO region, POPs have been detected on the
surfaces of polyethylene pellets beached in Mozambique and South Africa (Ogata et al. 2009; Ryan et al.
2012). Contrasting results have been reported regarding the level of transference of POPs and other
chemicals from microplastics to tissues of marine biota upon ingestion (Teuten et al. 2009; Herzke et al.
2016). Transfer of POPs and other chemicals to human tissue has also not been determined (Vethaak &
Legler 2021). This is an area that requires more research investments.
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Group of citizens from (Lurio University, Provincial Department of Fisheries, Community Council of Fisheries) after one clean
up activity at Wimbe Beach in Pemba, Cabo Delgado, Mozambique (© Lúrio University)
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5. EFFECTIVENESS OF MEASURES TAKEN
AND OPPORTUNITIES
5.1 Institutional and regulatory measures to
tackle marine litter and microplastics
5.1.1 International regulatory framework
Participation in international and regional conventions and agreements: Participation by WIO countries in
international and regional conventions and agreements is generally widespread. Four countries (France/
Reunion, Kenya, Madagascar and South Africa) are involved in all relevant conventions and agreements.
Some five countries in the WIO region are however not signatories to the London agreements. Seychelles
is the only country in the WIO region that is not a signatory to MARPOL.
Participation in international and regional programmes and action plans: At an international and
regional level, there are also numerous programmes and Action Plans which relate to marine plastic
litter. Participation in the various programmes and Action Plans is high throughout the WIO region.
Since 2014, all WIO countries have participated in 13 institutional and regulatory frameworks. However,
participation in these international and regional programmes and conventions has not necessarily
translated into action at national level.

5.1.2 National and local regulatory framework
Overview of legislation and regulatory frameworks: Despite the fact that there is widespread adoption of
legislation to combat macro-plastics in the WIO region, national regulatory measures are rarely in place
to address microplastics. Most countries have developed, or are in the process of developing policy or
strategic plans on the management of land-based sources and to a lesser extent marine-based sources
of marine plastic litter. Financial incentives have also not been widely adopted in the region, with only
three schemes been in place in the region.
Development and implementation of national measures to combat marine plastic litter: There are large
differences between countries in the WIO region in terms of the development and implementation of
national measures to combat marine plastic litter (Figure 2). Countries such as France/Reunion, Kenya,
Mauritius and South Africa are more advanced in the use of regulations, policy and financial incentives to
restrict and/or manage a range of plastic materials from both land- and marine-based sources. Although
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countries such as Comoros, Madagascar, Mozambique, Somalia and Tanzania have finalised regulations
on plastic bags, there are still at the early stages of the development and implementation of national
measures to address marine plastic litter.
Regulation to combat plastic bags through bans: Regulation to combat plastic bags through introduction
of bans on their use and or manufacture is a widely adopted measure throughout the WIO region. Somalia
is the only country lacking such a legislation. The majority (7 out of 9) of the regulatory measures in place
in the WIO region also ban the manufacture and/or import of plastic bags. Many of the countries in the
WIO region do not have a significant internal plastic manufacturing industry and therefore the majority
of plastic products are imported. The regulations banning importation of plastics therefore presents
an opportunity for WIO countries to restrict the importation of unnecessary plastics in order to reduce
the quantity of plastic and encourage the use of alternatives. However, enforcement of the regulations
has been a major challenge for most countries. In supporting the use of alternatives to plastic products,
consideration should be given to both their availability and public understanding of correct use and endof-life recycling/disposal options. The availability of alternatives to plastic bags is an important success
factor for bans and public understanding of these alternatives is critical (UNEP, 2018a).

Figure 2. The distribution of waste management organisations, projects and programmes in the WIO Region (Source:
African Waste Network 2021)
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•

Imposition of a levies and taxes: Most other countries in the WIO region are yet to come up with
taxes and levies for controlling use of plastics. South Africa is the only country in the WIO region to
have imposed a levy on the use of plastic bags. Although this initiative has been successfully, this
approach introduces an unequal impact on individuals depending on their income level and potential
for retailers to profit from the sale of plastic bags (IUCN, 2020). If not targeted at the correct level and
point of application within the value chain, taxes and levies can be ineffective (UNEP, 2018a).

•

National regulatory measures to combat single-use plastics: The formulation of national
regulatory measures to combat single-use plastics (SUPs) is a recent development in the WIO
region. Seychelles was the first country in the WIO region to target multiple types of SUPs with
successive bans coming into force in 2017 and 2019. According to a litter survey undertaken in
2019, this ban has been effective in reducing the quantity of polystyrene food containers found
as marine litter in Seychelles (University of Georgia, 2019). More recently, bans on SUPs have
been implemented in France/Reunion, Kenya, and Mauritius with positive results. However, no
legislation on SUPs exists in the other six countries of the WIO region.

•

National measures targeting PET bottles: Within the WIO region, Mauritius has adopted the
greatest number of measures relating to Poly-Ethylene Terephthalate (PET) bottles. Initially, these
measures were aimed solely at regulating and managing importation and to provide incentives
for collection and recycling of PET bottles. These measures have however not been particularly
effective at increasing the collection rate of discarded PET bottles which remains at around 40%. In
South Africa and Kenya, Producer Responsibility Organisations (PROs) are actively involved in the
collection and recycling of PET bottles. This is done in partnership with non-profit organizations
(NPOs), small business and recyclers. However, in other WIO region countries, measures for
collection and recycling of PET bottles are yet to be put in place.

•

National measures targeting microplastics: National measures relating to microplastics are
currently limited in most of the WIO region countries. France/Reunion is the only county in the
WIO region with regulations which address oxo-fragmentable plastics and microbeads. These
measures have been adopted from national (French) policy and/or European Union (EU) directives
and are in line with the G7 Global Plastic Charter. Microplastics are also a focus of the 2020 Zero
Plastic Waste in the Ocean Action Plan. Most of the national strategies in other WIO countries lack
specific objectives to combat microplastics. In Kenya, the Kenya Association of Manufacturers
Plastic Action Plan has recommended discontinuation of use or banning of oxo-fragmentable
plastics but does not mention microbeads. In South Africa, the industry body Plastics SA which
is a signatory to the Operation Clean Sweep programme aims at minimising plastic pellet loss.
However, microplastics have not been addressed in the recent revision of South Africa’s National
Waste Management Strategy.
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•

Adoption of national EPR scheme for plastic management: Successful implementation of
Extended Producer Responsibility (EPR) schemes in WIO countries is limited. France/Reunion is
the first country in the WIO region to adopt EPR as a mechanism for plastic management through
a national scheme. Seychelles has also established a container deposit system for PET bottles
through a Memorandum of Understanding with beverage producers. This system has been hailed
as successful since there has been a significant reduction of discarded PET bottles in Seychelles
(University of Georgia, 2019). However, a 2016 study found that the informal sector was largely
responsible for collecting bottles from bins, litter and at the landfill and therefore the impact of
the system remains unquantified (Lai et al., 2016).
Both South Africa and Kenya have mandatory EPR systems in place. South Africa passed a legislation
to introduce a government led EPR scheme for packaging in 2008. However, this system was not
implemented following concerns from industry. New EPR regulations covering plastic packaging
and SUPs are expected to be successfully implemented since it has the support of the government
and the industry. In Kenya, the Kenya Association of Manufacturers (KAM) 2019 Plastic Action Plan
supports establishment of an EPR scheme for plastic items such as packaging, single-use plastics,
bags, buckets and hangars. However the Kenya is yet to develop relevant EPR legislation.

•

Minimisation of land-based sources of marine plastic litter: Across the WIO region, land-based
sources of marine plastic litter are addressed mainly through policy, Management Plans, Strategies
and Action Plans on waste, the environment and blue economy. These documents in the recent
past have tended to focus more towards waste, plastics or marine litter rather than these waste
categories been included in the general environmental strategy. This indicates a growing recognition
of the marine plastic litter problem in the WIO region. However, quantifiable targets for driving and
monitoring progress have not been provided in many Management Plans, Strategies and Action
Plans developed in the WIO region.

•

Improvements of infrastructure and collection systems: In most of the WIO countries, infrastructure
for collection, delivery and recycling are not well developed. Inefficient waste collection services and
illegal dumping of solid waste are challenges in most of the countries. While technical support or
funding from donors for improvement of infrastructure projects is available, most of the WIO region
countries have not been able to take full advantage of this support. Barriers that make it difficult for
WIO countries to access this support need to be determined.

•

Financial incentives to encourage the collection and recycling of plastics: Most of the WIO
countries have not established mechanisms for providing financial incentives for collection and
recycling of PET bottles. Mauritius, Kenya and Seychelles are the only countries in the WIO region
that have attempted to introduce such incentives. In Mauritius, recyclers receive 20 rupees for each
kilogram of PET bottles recycled in excess of an initial threshold of 1000 tonnes. Unfortunately, this
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scheme has not resulted in an increase in the rate of collection of PET bottles in Mauritius. In Kenya,
introduction of a tax-reduction scheme in November 2019 offered a reduced corporate tax rate of
15% for the first 5 years for any company operating a plastics recycling plant. However, this tax was
repealed in April 2020 (Deloitte, 2020). In Seychelles, the application of a levy on PET bottles has
been effective due to involvement of the informal sector (University of Georgia, 2019).
•

Addressing marine–sources of litter through national strategies and action plans: Most of the
countries in the WIO region are yet to address marine-based sources of plastic litter. Only South
Africa, Kenya, Seychelles and Mauritius have finalized strategies to address this issue. Kenya and
Mauritius have formulated national strategic measures to address pollution from marine sources.
In South Africa, the Integrated Coastal Management Act which was passed in 2008 is consistent
with the London Protocol as it makes no allowance for the dumping of plastic waste in the sea.
The South Africa’s national Zero Plastic Waste in the Ocean Action Plan lists nine actions that target
plastic waste on the coastline and in the sea including the implementation of the 2018 EU Directive
on improvements to port waste management facilities. This is also consistent with actions stipulated
in the WIO Regional Action Plan to “improve port reception facilities to effectively manage shipgenerated waste”. In Seychelles, the Blue Economy Roadmap includes actions for addressing ocean
risks such as marine pollution as part of a strategy of securing a healthy and productive ocean.
However this roadmap has not been accompanied by corresponding actions.

While recognising that land-based sources should remain a priority due to the relatively high quantities
of plastic litter generated, and that the implementation of Action Plans and other measures to combat
plastic waste from fishing activities will not reduce the risk of unintentional losses to zero, further action
should be taken across the WIO region to address marine-based sources of plastic litter at a national
level. Action Plans and other measures are still required to reduce dumping and losses in the sea.
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A beach near Coega in Nelson Mandela Bay, South Africa was found littered with plastic after being cleaned just the previous
day (©SST)
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6. ANALYSIS OF THE ACTIONS
COMBATING MARINE PLASTIC
LITTER IN THE WIO
Most of the initiatives for addressing marine plastic litter have been implemented in South Africa (29%
of the actions), but also in Kenya (16%), France/Reunion (15%) and Madagascar (13%). Very few actions
have been identified in Somalia (2% - 2 actions) and Mozambique and Seychelles (each 4% - 4 actions).
This distribution of the initiatives reflects both the degree of engagement of the countries through
their governments, population and non-state stakeholders. South Africa, Kenya and France/Reunion
have more mature waste management systems and a generally good awareness on plastic waste and
the marine litter issues. Mozambique and Somalia on the other hand have limited waste management
systems and few initiatives take place in these countries. Seychelles has implemented few initiatives even
though the waste management system is quite mature. On the other hand, Comoros and Madagascar
have implemented several initiatives even though their waste management systems still need to be
developed further. The majority of the initiatives are implemented at a local level (76%) - in a specific city
or in few specific towns or on a specific landfill. 17% of the actions are implemented at a national scale.
The majority (48%) of the initiatives concern recycling, whereby plastic waste is transformed into other
useful products. These initiatives are undertaken mainly by the private sector (51%) and NPOs (32%), in
South Africa (32%) and Kenya (22%). The initiatives also includes very small-scale local initiatives to largescale industries. Some of these initiatives also incorporate awareness-raising, education, clean-ups and
research aspects in their activities.
The importance of collection and recycling initiatives indicates the growing awareness of stakeholders
on the opportunities that exist for building profitable and sustainable businesses. Although at very
different scales, these types of initiatives exist in all WIO countries. There are however few initiatives on
more upstream activities which limit the production of plastic waste at the source. These include plastic
waste avoidance by discouraging use of plastic or encouraging the use of alternatives, and eco-design
to develop alternatives to plastics or to facilitate recycling.
Only one initiative in the WIO region focuses on microplastics- Operation Clean Sweep. All the other
initiatives identified in the region deal with macroplastics. This is due to the relative ease of capturing and
processing macroplastics compared to microplastics. Focusing on macroplastics also simultaneously
addresses secondary microplastics. Primary microplastics, however require specific measures and more
focused on consumer education and legislative approaches to their management (UNEP, 2018b).
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Most of the initiatives target plastic waste coming from litter and street picking (23%) and household or
commercial waste (50%). This distribution of the initiatives reflects partly the existing collection system.
Where the waste collection system is non-existent or limited, the plastic waste source is litter and
as source separation is rarely in place, landfills and dumps are also a source of plastic waste for the
initiatives.
Most of the identified initiatives in the WIO region are focussed on recycling of plastic waste in cities and
towns (57%). This is due to the fact that urban centres in the region are the main waste and plastic waste
sources. 17% of the actions concern all environments, and are mostly actions to avoid plastic waste or
are comprehensive waste collection actions for all households (e.g. in France/Reunion). A further 13% of
the actions concern specifically the coastline, and fewer still target landfill waste or plastic waste in rivers
or national parks. (Thiel et al., 2021).
Most of the actions (60%) in the WIO region started in the period between 2010 and 2019. There are few
very early actions (in late 1980s) and some recent actions (2020). Most actions are ongoing projects. This
reflects an increasing awareness on plastic waste issue in the WIO region since 2010. These dates also
correspond to the development of relevant regulations in most of the WIO countries.
Most of the actions to address the marine plastic litter in the WIO region countries are implemented
by the private sector (51%) and by non-profit organisations (NPO including NGOs) (32%). The increased
engagement of the private sector indicates that plastic waste management can be a profitable activity,
where stakeholders see opportunities and have enough confidence to invest. This is well illustrated by
the EcoAct Project in Tanzania. However, it is important to note that incomes can be very low particularly
for informal waste collectors (Durand et al., 2021).
Most of the initiatives in the WIO region have multiple partnerships, either financial, technical or both.
Partnerships are also very diverse: sometimes there is partnership with international funding bodies
(e.g. Bank of Africa, EU), local public funding (e.g. Moroni Council, Municipal Council of Maputo, etc.),
with international NGOs (e.g WWF), with international plastic users’ groups (e.g. Coca-Cola), or the local
private sector (e.g. PETCO), among others.
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7. ASSESSMENT OF THE IMPACTS OF
MEASURES
The assessment of the overall impacts of the different measures on marine plastic litter, both regulations
and initiatives, has not been undertaken for the WIO region. There is therefore paucity of data and
information on the effectiveness of the mitigation measures that have been applied to address the
problem in the region. Since targeted studies have not been undertaken in specific countries, there is no
baseline data or regular collection of data to which an objective assessment can be made on the effect
of particular initiatives on marine plastic litter. However, field observations in some countries such as
South Africa indicate that even where coastal clean-up campaigns have been undertaken, the amount
of plastic litter on the shoreline does not decrease with time and that the current initiatives are not
effective in addressing the marine plastic litter problem.
Variations in the amount of plastic litter deposited on the shoreline of the region cannot be attributed
to a specific mitigation measure due to lack of relevant studies. For instance, studies in South Africa
have shown that the number of plastic particles along the shorelines of South Africa has not changed
significantly in the period between the 1980s and 1999-2006 despite the implementation of various
initiatives. The only decrease was in the case of the proportion of virgin pellets that have decreased by
44–79% (Ryan 2008). Other studies observed a significant increase in the quantity of industrial pellets
in the period between 1996 and 2018-2019 (Weideman et al. 2020). This increase was attributed to lack
of initiatives by plastic manufacturers to contain spillages and leakages of pellets. In the early 1990s
plastics industry established education programmes (e.g. Operation Clean Sweep) to prevent the loss
of pellets which resulted initially in a reduction in pellet loss. Some studies carried out in South Africa
have also found no clear temporal trend in the amounts of plastic litter deposited on South African
beaches in the period between 1994 and 2015 (Ryan et al. 2018). (Weideman et al., 2020). This could be
attributed to measurement biases or sampling protocol that did not allow for the detection of long-term
accumulation on beaches. It may also be an indication of the fact that beaches are not long-term sinks
for meso-debris (Ryan et al. 2018).
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Beach clean-up by women at Watamu, Kenya (© Duncan Moore & EcoWorld Watamu)
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8. ECONOMIC CONSEQUENCES OF
UNMANAGED PLASTICS AND THE
ECONOMIC OPPORTUNITIES FOR
WIO COUNTRIES
8.1 Estimation of the costs of unmanaged
plastics in the WIO
Estimating the costs of unmanaged plastics in the WIO countries is a largely academic exercise due
to lack of data. The assessment of the costs of inaction in the WIO has therefore been undertaken
based on a hypothetical baseline demonstrating how taking action increases financial, human and
environmental benefits. Four scenarios have been analysed in detail in the WIOMSA report entitled
‘Economic consequences of unmanaged plastics and economic opportunities in the WIO: Steps towards an
action plan’ (Ribbink et al., 2021).The theoretical scenarios were set within an average WIO coastal
continental city with a large, growing population spread centrally in urban circumstances and more
peripherally in peri-urban localities. The specific scenarios are presented in the following sections.

Scenario 1: Costs of Inaction
In this scenario, it is assumed that countries in the WIO Region do not take any action to address the
problem of plastic litter. The plastics are discarded after their use and they become a waste problem.
As there is no market for the discarded plastics, there is no realization of the inherent value of the
polymers that form the plastics. With time, plastic waste accumulates in the environment resulting
in costly impacts. Without action of some form to realize the value of plastics, inaction results in the
following opportunity costs:
•

Lost opportunities to transform the plastic waste into valuable products: Plastics lost to the
environment are worth many millions of dollars (World Economic Forum 2016; Ellen MacArthur
Foundation 2020). The discarded plastics lost to the environment would have been used to make
other products, providing positive economic benefits for the country, including the benefits of
employment and a cleaner, healthier environment. In a situation of inaction, all opportunities for
benefiting financially and in other ways from the discarded plastic polymers are lost.
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•

Lost tourism opportunities: Preventing waste from entering the environment, and cleaning
waste in the coastal environment, increases the competitive income-generating and employment
opportunities of preferred tourism destinations. In a scenario of inaction, tourism-related
employment and economic growth opportunities approach zero.

•

Human health costs and loss of well-being: Macroplastic pollution might increase diseases. These
include the potential of plastics to increase the rate of transmission of diseases by insects and other
vectors and the risks from bacterial or viral contaminated plastics (UNEP 2018, The Pew Charitable
Trusts and SYSTEMIQ 2020; UNEP 2021). Microplastics also have capacity to concentrate adsorbed and
absorbed toxins, pathogens and endocrine inhibitors (UNEP 2021). The contaminated microplastics
can bio-accumulate in marine animals and then be biomagnified up the food chain, before they enter
the human body (UNEP 2021). These risks increases in a scenario of inaction, and a likely outcome
would be an increasingly unhealthy human population with all the associated costs. Living in polluted
conditions, and being subject to increased risk of disease, is unpleasant and must lead to depression
and a decline in the feeling of wellbeing. This is a probable negative, costly consequence of inaction.

•

Environmental costs: The negative impacts of plastics on the terrestrial and aquatic environments
are well-documented. A particular focus has been on the devastation that plastics cause to
marine ecosystems and biodiversity (UNEP 2021). From an economic perspective, the loss of
ecological goods and services is valued at many trillions of dollars per annum globally, and it is
growing (Beaumont et al., 2019). Plastics in the environment when exposed to sunlight, release
GHGs contributing to climate change (Royer et al., 2018; Beaumont et al., 2019). The contribution
to GHGs in a scenario of inaction may however be less than the contributions to GHG emissions
during scenarios of action due to emissions from transport, pyrolysis, energy use in mechanical and
chemical recycling, incineration and illegal burning. In general, the environmental and human health
costs of inaction far outweigh the costs of action and are devoid of any benefits.

•

Agricultural costs: Ingestion of plastics by livestock can affect their growth, reproduction, and
survival imposing a costs to agriculture. There are also increased veterinary costs as the frequency
of operations to remove plastics from cattle, goats, and other livestock is increasing in Africa. In a
state of inaction, the increasing numbers of plastics covering grazing lands and other food sources
for domestic animals will have negative costs.

•

Fishing industry costs: Plastic accumulation in fishing waters from land-based and sea-based
sources, reduce the capacity to catch fish and also reduces habitat suitability for target species. In
the Scenario of Inaction, plastic waste accumulates in the environment. Unless actions are taken
to combat waste accumulation, the negative costs will increase each year, leading to an unhealthy,
impoverished population.

However, it is important to note that none of the WIO countries is in the scenario of inaction since most
of the countries have initiatives of addressing plastic litter problem.
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Scenario 2: Costs and Benefits of Formal Waste Collection
In this scenario, it is assumed that countries moves from the scenario of inaction and introduces formal
waste management in cities. This includes the collection of waste from source, transporting waste
to landfill structures, and management of landfill sites. The costs of municipal solid waste collection
and management services are typically borne by government, whether local and/ or national (Prevent
Waste Alliance, 2021). The immediate benefits of this scenario include cleaner cities/towns, provision
of employment opportunities, promotion of tourism, improvement in people’s health and feelings
of wellbeing, retention of ecological goods and services, decreased potential to lose biodiversity and
reduced costs of GHG emissions (Beaumont et al., 2019; Hamilton et al., 2019). Agriculture and fishing
costs are also reduced, and the overall economy improves.
It is however important to note that although all WIO countries have invested in formal waste management,
with varying degrees of success, formal waste management is still ineffective in most countries. Most city
authorities in the WIO region do not have the human, financial, and infrastructural capacity to effectively
manage existing waste loads (UNEP, 2018; Jambeck et al., 2018). Most city authorities in the region are
ill-prepared to manage the anticipated burgeoning volumes of waste that will accompany the predicted
high population growth and urban and economic development over the next two decades (UNEP,
2018; Jambeck et al., 2018; The Pew Charitable Trusts and SYSTEMIQ, 2020). In view of the fact that
sustainable plastic waste management cannot be undertaken by one entity (e.g. by local government
and contractors), success is only possible through collaboration with the private sector, civil society and
academia. Also, given the pivotal responsibility and key role played by managers of municipalities or city
councils, every effort should be made to build their capacity to meet present and growing challenges of
managing solid waste in their areas of jurisdiction.
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Scenario 3: Costs and Benefits of an End-Market for Plastic
Waste through at Least One Recycling Enterprise
In this scenario, it is assumed that countries have promoted recycling enterprises to complement
the formal waste management sector described in scenario 2. In this scenario, the manufacturing
is geared towards meeting the demands of the consumer market. A sustainable end-markets for
products made from plastic waste also exists, and the volumes of discarded plastics are great enough
to support a sustainable recycling enterprise developed to supply the market. Plastic waste is therefore
a valuable resource required by the recycling enterprises. This scenario has positive opportunity costs
as outlined below.
•

Increased employment opportunities: The plastic waste adds jobs in the informal sector, which,
when added to those employed by the formal sector, is a step further toward poverty alleviation.

•

Promotion of tourism: Tourism opportunities are promoted as the combined collection of waste by
both the formal and informal sectors is likely to be more effective keeping tourist destinations clean
and appealing to tourists.

•

Human health and well-being costs: The reduction of waste is likely to lead to a healthier, more
contented human population in areas affected by the positive developments. Increased employment
rates also promote feelings of well-being and pride. Health costs also reduces considerably.

•

Environmental costs: Removing plastic waste from the environment in greater quantities and
preventing it from entering the marine environment will reduce negative pressures on every aspect
of the environment. This improves environmental health and reduces the rate of loss of ecological
goods and services.

•

Economic costs and benefits: Plastic waste collected by the informal sector reduces the burden and
costs that city managers would otherwise have to bear. The additional economic activities stimulate
local economies. If the plastic waste recycling system is scaled up, significant contributions to
national GDP becomes possible.

•

Agricultural costs: The number of domestic livestock which perish or have their growth inhibited
because of eating plastic decreases, leading to better economic returns to livestock farmers.
Increased returns will contribute to the local and national GDP.

•

Fishing industry costs: Impacts of plastics on the fishing industry decline if less plastic enters the
waters. This results in reduced costs of fishing leading to increased income to fisherfolks. Overall,
the increased income among fisherfolks could contribute significantly to the national GDP.
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Scenario 4: Costs and Benefits of Additional End-Market
Opportunities
In this scenario, countries expand the process outlined in scenario 3 so that other forms of plastics are
removed from the environment. There is increased demand for additional plastic polymers creating
more job opportunities. The removal of the plastics from the environment leads to consequent positive
returns to the economy, as well as to human and environmental health.
The four theoretical scenarios described above are guided by key principles indicating that:
•

The consequences of inaction are untenable, carrying the burden of a wide variety of costs.

•

Formal waste collection has numerous benefits but is overwhelmed by the growing challenges.
Municipalities/ city councils will only be able to cope if they have capacity (human, financial, and
infrastructural) and receive greater assistance from business and civil society.

•

Sustainable end-markets for recycled or re-purposed plastics are key for success in establishing
local recycling economies.

•

Once enterprises establish a demand for plastic waste to satisfy the requirements of the endmarkets, many economic opportunities become available. These in turn provide economic incentives
and benefits to local communities. This in turn contributes to poverty alleviation.

•

Provided the volumes of waste plastics generated by each country are adequate and local or export
end-markets can be secured, continental countries of the WIO can develop robust plastic recycling
economies.

•

Collectively, these activities will reduce the amount of unmanaged plastics already in the environment
and reduce the flow of “new” plastic waste entering the environment each day. It follows that leakage
into the seas will decline too leading to many benefits.

The principles outlined above apply better to countries that have a significant number of informal waste
collectors. This is however not the case in the WIO island states which lack enough volumes of plastic
waste and local markets to sustain large scale recycling initiatives.
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8.2 Economic Impacts of Sea-based Sources
of Plastic Waste
There is lack of data to carry out meaningful analysis of the economic costs of plastic pollution, including the
plastic carbon footprint and loss of ecosystem services in the WIO region. Lack of data in most of the WIO
countries also makes estimation of the revenue loss to fisheries and the aquaculture sectors difficult. However,
in the following sections, an attempt is made to elucidate on the possible economic costs in the WIO region.

8.2.1 Economic Costs to the Fishing Sector
While the global losses to the fishing sector due to plastic waste have been estimated to be US$2.2
billion per year (Lord and Tricots, 2016), lack of data makes it difficult to estimate the same for WIO
region. However, it is certain that the fisheries sector in the WIO Region is to some extent impacted by
plastic litter. There could also be significant indirect losses due to increased fish mortality as a result of
Abandoned, Lost or Discarded Fishing Gear.

8.2.2 Economic cost to the Maritime Sector
Lack of data and information make it difficult to estimate the economic costs of marine plastic litter on
the maritime sector in the WIO region. It is however certain that there are possible impacts in the WIO
region although these have not been documented.

8.2.3 The Cost of Cleaning Beaches
The global cost for cleaning up marine debris from beaches is estimated to be US$7.8 million (Lord and
Tricots, 2016). In Africa, the effect of polluted beaches on the tourism sector has been estimated to range
US$90–98 million each year. However, lack of data and information makes it difficult to determine the
costs to local authorities, industry, and coastal communities in the WIO region. However, the cost of plastic
debris clean-up operations on remote islands of the Seychelles (Aldabra Island) has been estimated to be
US$224,600 per 25 tonnes which is equivalent to US$10,000 per day of clean-up operations or US$8,900
per tonne of litter (Burt et al., 2020). Data for other WIO Countries is not available.

8.2.4 Cost to the Ecosystem Services
Globally, it is estimated that there is a 1-5% decline in global ecosystem services as a result of marine plastic
litter (Beaumont et al., 2019). Given that the annual value of marine ecosystem services has been estimated
to be U$49.7 trillion, the annual losses of the value derived from marine ecosystem services are estimated
to range US$0.5–2.5 trillion (Arabia and Neman, 2020). However, lack of data for the WIO region countries,
makes it difficult to estimate the costs of plastic litter to ecosystem services in the WIO region.
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9. KNOWLEDGE GAPS AND RESEARCH PRIORITIES
Knowledge on marine debris and plastic litter in the WIO region has increased since 2008 when the first assessment report was released by WIOMSA (WIOMSA
2008). Despite significant improvement in knowledge on marine litter, most countries in the WIO region are still lagging behind in the implementation of
comprehensive research and monitoring programmes focussed on marine debris and plastic litter. Most of the studies have been conducted in South Africa
with a few studies in Kenya, Tanzania, Mozambique, Seychelles, Mauritius and Comoros. There are still a number of gaps in knowledge as detailed in the
following section and also in Table 3.
Table 3: Level of knowledge in the WIO region for different sizes of marine litter on ecological and social impacts using colour codes.
Level of knowledge or evidence

Major knowledge or evidence gap

Weak knowledge

Fair knowledge

Good knowledge

Characteristics and density of marine litter
Micro <5 mm

Meso 5-25 mm

Macro >25 mm

Seashore

Substantial amount of data available for South African sandy
beaches, but very little data available for other WIO countries.

Substantial amount of data available on spatial and
temporal variation for South Africa, one study available for
Kenya. Stakeholders are conducting sieve transects in some
WIO countries.

Substantial amount of data available for South African sandy beaches and some data for
rocky shores. Surveys have been conducted on sandy beaches in Kenya, Mayotte (Comoros
Archipelago), Madagascar, Mauritius, Mozambique and Seychelles. Stakeholders are
undertaking beach macrolitter surveys in all WIO countries except Comoros and Somalia.

Sea surface

Moderate amount of data available for South Africa, but almost
no data available for the rest of the WIO region.

Moderate amount of data available for South Africa, but
almost no data available for the rest of the WIO region.

Three studies have been conducted around South Africa but should be updated, one study
available for Kenya.

Water column

One study collected bulk water samples from 5m below the
surface on a transect from Cape Town to the Prince Edward
Islands, but no other information available.

No data available for the WIO region.

No data available for the WIO region.

Seafloor

Data available for only one site in South Africa (Durban harbour)
and at three deep-sea sites in international waters. Data not
available for rest of WIO region.

No data available for the WIO region.

Some data available for sites along the continental slope and shelf of South Africa, from coral
reefs around Mayotte (Comoros Archipelago), and from deep-sea sites in international waters,
but data not comprehensive and covers small spatial scales. No data available for rest of WIO
region.

Rivers and estuaries

Some data available for South African rivers but no information
available for other WIO countries.

Some data available for South African rivers but not spatially
comprehensive. Some sampling being conducted in other
WIO countries.

Some data available for South African rivers but not spatially comprehensive. Some sampling
being conducted in other WIO countries.
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Mangroves

Micro <5 mm

Meso 5-25 mm

Macro >25 mm

No data available for the WIO region.

No data available for the WIO region.

Only one study available for Mauritius, but several stakeholders are conducting surveys in
mangroves.

Sources, transport, and fate of marine litter

Sources

Some research available for South Africa, Kenya, Mozambique
and Tanzania, but more research urgently required for other
WIO countries.

Some research available for South Africa, Kenya,
Mozambique and Tanzania, but more research urgently
required for other WIO countries.

Substantial amount of research published for South Africa; some research available for Kenya,
Mozambique and Tanzania, but more research for other WIO countries still urgently needed.

Transport

Modelling studies available for South Africa, but not for other
WIO countries.

Modelling studies available for South Africa, but not for
other WIO countries.

Several modelling studies have been published but field studies needed across the WIO region.

Fate

A few modelling studies available but more research needed
across the WIO region.

A few modelling/field studies available but more research
needed across the WIO region.

Good evidence that most litter from land-based sources strands close to source, but more
research needed on fate of litter that is released at-sea or transported off-shore.

Seabirds

Some information available for birds that breed on subAntarctic islands and which forage across the Atlantic, southwestern Indian and Southern Oceans. No data available for
other regions.

Substantial amount of information available for birds that
breed on sub-Antarctic islands and which forage across the
Atlantic, south-western Indian and Southern Oceans. Some
data available for birds from La Réunion and Juan de Nova
islands, but no data available for other regions.

Well known that birds can become entangled in macrolitter, but frequency of occurrence and
effect at a species-level not well established. Some data available on birds incorporating litter
into their nests in South Africa but has not been studied in other WIO countries.

Bony fish

Ingestion recorded in several species of bony fish in South
Africa, but consequences of ingestion poorly understood and
has not been studied in other WIO countries.

No data available for the WIO region.

No data available for the WIO region.

Sharks

No information available for WIO region.

No data available for the WIO region.

Ingestion and entanglement recorded in several shark species in South Africa, but little is known
about the rest of the WIO region.

Sea turtles

No data available for the WIO region.

Some data on ingested plastics available for La Réunion,
Madagascar, Mayotte (Comoros Archipelago) and South
Africa, but more research needed on types, amounts and
effects of ingested litter.

Well known that sea turtles become entangled in macrolitter and that they struggle to lay eggs
when stranded litter densities are high, but little data published.

Marine mammals
(seals, dolphins,
whales)

No data available for the WIO region.

No data available for the WIO region.

Entanglement has been recorded in three species of fur seals and in elephant seals in South
Africa, but research is needed on other species and other WIO countries.

Marine invertebrates

Some data available for zooplankton in Kenya and for mussels in
South Africa, but no research available for other WIO countries.

No data available for the WIO region.

Ingestion only recorded in sandy anemone in South Africa. Data on entanglement of macrolitter
around corals has been published in South Africa and Mayotte (Comoros Archipelago), but
more research needed to determine the extent and severity of entanglement.

Human health

No data available for the WIO region.

No data available for the WIO region.

Only one study conducted in Zanzibar, Tanzania.

Ecological and human interactions with marine litter
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The following are the main gaps in knowledge that have been synthesized from the review of the three
thematic regional reports:
Lack of harmonized research/survey methodology on marine litter and microplastics: Surveys on marine
litter and microplastics in the WIO Region have been conducted using different methodologies. It is
therefore difficult to compare micro-, meso and macrolitter densities between studies given that different
sampling methods have been applied. Most studies report litter per linear metre of shoreline but some
report densities per unit area. It is also difficult to compare litter densities on shorelines determined
using standing stock versus accumulation surveys. There is therefore a need for WIOMSA marine litter
monitoring programme to adopt regionally harmonised methodologies, size classes and reporting units
to allow for comparability among studies and for determining spatial and temporal trends in the WIO.
Further, the publication of data on marine plastic litter and sharing of the African Litter Monitoring Manual
present a strong opportunity for addressing harmonization issues in the WIO region.
Limited knowledge on the discharge of debris/plastic litter by rivers and urban drainage: More
research is needed to quantify the amounts of litter being released from specific land-based sources.
No data is available in the WIO region on the amount of litter discharged by rivers and stormwater
drainage systems. This has made it difficult to quantify the volume of litter that is released into the sea
via rivers and what proportion of litter is trapped in estuaries, riverine sediments or riparian vegetation.
With the exception of South Africa, the influence of river runoff and tides on marine plastic litter has
also not been studied in other regions of the WIO. There is a need for at-sea surveys to determine the
extent of accumulation of debris and plastic litter brought by rivers in the region. Also, no research
has been conducted on the level of microplastics and microfibres in treated wastewater and sewage
sludge discharged in the region. More research is also needed in WIO Countries to determine whether
harbours are important sources of microplastics and microfibres because they often receive stormwater
and runoff from rivers and adjacent urban areas.
Limited knowledge on the proportion of litter originating from land versus that originating from
offshore/seabased sources: It is not clear how the proportion of litter originating from land-based
sources differs spatially and temporarily from that released from sea-based sources. There are some
indications that sea-based sources are more important for island states and that land-based sources are
more critical for continental states in the region. Studies therefore need to be undertaken to determine
whether this is true.
Limited knowledge on the regional differences in marine debris/plastic litter: Most of the comprehensive
research on marine debris and plastic litter in the WIO Region has been undertaken in South Africa.
There is paucity of data and information from other WIO countries. Research should be carried out in
other WIO countries to determine how the types of litter differ between different countries in the region
and how this relates to different litter sources and mitigation measures.
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Limited knowledge on the effectiveness of mitigation measures: There is very limited information on
the effectiveness of mitigation measures that have been applied to address marine debris and plastic
litter in the WIO Region. Before mitigation measures are implemented across large spatial scales, it is
important to first assess their effectiveness and practicality and establish a baseline dataset. Research
is therefore needed to determine the retention rate of litter by river booms and stormwater traps, the
effectiveness of beach, river, and street cleanup programs and how these can be improved. There is also
a need to determine where waste management is lacking and what resources are required to improve
this limitation in the WIO countries.
Limited knowledge on the fate of litter: There is lack of knowledge on the fate of marine debris and
plastic litter in the WIO region. The lack of data on the types of litter stranding on rocky shores and
in mangroves in the region also makes it difficult to determine to what extent these habitats act as
sinks for plastic litter generated from land-based or sea-based sources.There is also limited data on the
characteristics and densities of plastic litter found on the seafloor of the WIO region making it difficult to
ascertain to what degree the seafloor acts as the ultimate sink for marine litter.
Limited knowledge on marine debris and plastic litter in other habitats: Most of the surveys on marine
debris and plastic litter have been undertaken in sandy beaches located in or near urban areas in the
WIO Region. There is lack of data and information on the densities, distribution and characteristics of
plastic litter on other types of shorelines such as rocky shores, coral reefs, the sea surface and the water
column. Research is needed to determine the sources, fates, sinks and impacts of microplastics in all
habitats in the WIO region. Given that plastics have been associated with diseases in coral reefs, more
research is needed to determine the density, types, possible sources and impacts of marine litter on
coral reef systems in the region.
Limited knowledge on microplastic polymers and fragmentation of microlitter: Studies are required
to identify microplastic polymers using Raman or FTIR spectroscopy. This information can be used to
improve understanding of microplastic sources and transport mechanisms. There is also a need to
determine the conversion rate of macrolitter to microplastics in the WIO region.
Limited knowledge on ingestion of marine litter by seabirds and other marine organisms: Research
on ingestion of marine litter by seabirds has only been conducted in South Africa. There is very limited
information for other WIO countries. There exists limited knowledge on the impacts of marine plastic litter
ingestion on marine species such as bony fish, sharks, sea turtles, marine mammals, and invertebrates
in the WIO region. More research is also needed to determine how often and to what extent sharks
and marine mammals become entangled in marine litter in the WIO region. There are also very limited
studies on ways in which organisms interact with marine plastic debris. The ecological costs of these
interactions need to be quantified in the region.
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Limited knowledge on the effects of marine litter on human health: The impact of marine litter on
human health remains severely understudied in the WIO region. There is lack of comprehensive studies
on the effect of marine litter on human health in all WIO countries. There is therefore a need to determine
what role plastic litter plays in aiding the spread of diseases such as cholera and malaria as well as the
health implications of burning litter in open-air areas. There is also a need for research to determine
how much microplastic is ingested by humans and its effects on human health.
Limited knowledge on the socio-economic consequences of marine debris and plastic litter: The
effect of marine plastic litter such as discarded fishing nets on ships has not been studied in the
WIO region. Marine litter pose a significant threat and economic cost to navies, fishing fleets and
shipping companies. It also poses a danger to people on board the vessels, if for example discarded
nets are entangled around propellers and ships are grounded. The presence of hazardous litter
items on the seashore, such as broken glass, hygiene products (e.g., condoms, disposable nappies,
face masks, etc) and wood with nails, can constitute a direct risk to people, the degree of which need
to be determined in the region.
Limited evaluation of the impact of policy, legislative and regulatory actions/measures: Although
most of the WIO countries are members of various international conventions and regional
action programmes related to marine plastic litter, there is limited knowledge on the impacts of
participation in these intergovernmental instruments. There is also very limited evaluation of the
effectiveness of policies, legislative and regulatory frameworks formulated to address marine litter
problem in the WIO countries.
Lack of data for evaluation of economic consequences of unmanaged plastics and the economic
opportunities for WIO countries: There is lack of data and information on the extent to which economies
of countries in the WIO region have been affected by marine debris and plastic litter. Although, health,
fisheries, tourism, agriculture and maritime transport sectors are affected by marine plastic litter, the
extent of the economic costs has not been determined in the WIO region. There is a need for studies to
determine the extent to which local and national GDPs are affected by marine plastic litter.
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A sign notifying stakeholders of an ongoing beach litter survey at Bluewater Bay beach in Gqeberha, South Africa (© SST).
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10. RECOMMENDATIONS FOR ACTION
The information gathered in the present synthesis report on marine plastic litter in the WIO region,
coupled with the results and recommendations of the hotspot assessments carried out in four
continental WIO countries (Kenya, Mozambique, South Africa and Tanzania), emphasises the need
for addressing marine litter problem by means of locally-driven measures and a life cycle intervention
approach. The following are the main recommendations.
•

Implement regional marine litter monitoring programme: The regional project on marine litter
implemented under the auspices of WIOMSA in collaboration with Africa Marine Waste Network
should be transformed into a long-term monitoring programme focussed on sea-based and landbased sources of marine plastic litter in the WIO. This is important for identifying major sources of
litter and also for providing information to evaluate the effectiveness of mitigation measures and
policies aimed at reducing marine plastic litter. Policy-making and litter monitoring need to go hand
in hand. Data generated under the regional monitoring programme should be readily available to
scientists and decision-makers so it can serve as input in the formulation of appropriate policies
and also for determination of the effectiveness of mitigation measures and policies implemented at
regional, national and local levels.

•

Develop and implement a regional programme on marine plastic litter under the Nairobi
Convention: There is a need for a comprehensive regional programme on marine plastic litter
in the WIO Region. Such a programme should integrate research and monitoring activities with
activities focussed on building the capacities for policy, institutional, legal and regulatory reforms
in participating countries including building the capacity for education, training and awareness
creation on matters related to marine plastic litter in the WIO. Such a project can be financed by
UNEP, Global Environment Facility (GEF) among other donors.

•

Implement national marine litter monitoring programme: Marine debris and plastic litter
monitoring activities should be cascaded at national level. This will allow for representative extent
of coastline and litter sources to be covered in the WIO region. There is a need for all countries
in the region to develop and implement comprehensive national marine litter monitoring
programmes. Such national monitoring programmes should be implemented within a framework
of a National Action Plan on marine litter. The implementation of national monitoring programmes
should be done according to regionally and nationally agreed survey and reporting protocols. In
addition to monitoring, there is also a need for specific research on the sources, distribution and
impacts electronic and hazardous waste in the WIO countries.

•

Develop regionally harmonised research/survey methodologies for marine litter: There is a
need for regional and national marine litter monitoring activities to be carried out using regionally
harmonised methodologies in terms of survey protocols and reporting units. This should be done
in collaboration with other global and regional programmes such as GESAMP. This will allow for data
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collected in all participating countries in the WIO region to be comparable.
It is also strongly recommended that countries of the WIO convene a regional workshop under
the joint leadership of the Nairobi Convention and WIOMSA to develop consensus on how best to
collect and manage data following consistent, agreed-upon methods within and across countries
so that national and regional data can be comparable.
•

Implement action plans to reduce the amounts of waste plastic entering the sea: The most effective
way to reduce current levels of plastic pollution is to stop littering at the sources. There is a need
for modification of local production systems and conversion of the current production of singleuse plastics to reusable materials. Countries in the WIO region should also come up with policies
and strategies of promoting alternative materials or processes that favour reuse. Governments in
the region should also approve, implement and enforce Extended Producer Responsibility (EPR)
including take back schemes, with funds being redirected to support waste management initiatives.

•

Improve waste management at the municipal level: Municipalities/city councils play a pivotal role
in the management of marine litter. It is therefore recommended that greater recognition of their
essential services should be given a priority and that increased financial support should be found
to improve the capacities of waste collection and disposal infrastructure. Emphasis should be
placed on improving waste management at the municipal level in coastal areas. Dumpsites and
unsanitary landfills should be reduced in the WIO region. There is also a need for more frequent
waste collection in areas prone to plastic litter leakage especially before the onset of rainy season.
Increasing the number of solid waste bins in areas prone to plastic leakage is also important. These
are only possible if municipal or city councils in the WIO region are adequately capacitated.

•

Implement anti-littering campaigns: There is a need for implementation of comprehensive public
awareness and educational campaigns in all countries in the WIO region. These efforts should be
directed towards the general public to create awareness and teach them about the negative effects of
plastic litter and the importance of choosing reusable or returnable products over single-use plastics.
There is also a need to build capacity for implementation of such awareness creation and educational
programmes. The implementation of anti-littering campaigns should aim at reducing the incidence of
littering behaviour by the public and to reinforce the use of waste bins and solid waste pickup services.

•

Implement EPR and recycling schemes for plastic management at national level in collaboration
with industry: There is a need for implementation of Extended Producer Responsibility (EPR) and
plastic recycling schemes for various plastic items in all WIO countries. In the implementation of EPR
Schemes, governments of WIO countries should collaborate with the industry to ensure support for
implementation of the system.
Also, funds collected through financial incentives such as taxes or levies should be ring-fenced
and redirected back to support waste management initiatives rather than being incorporated
into general government revenue. Producer Responsibility Organisations (PROs) that have proved
successful management bodies in Kenya and South Africa should be considered by other WIO
countries to support the collection and recycling of plastics.
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•

Implement regular coastal clean-up programmes: There is a need for building capacity for regular
national coastal clean-up programmes in the WIO region. These programmes are important
mitigation strategies until effective prevention and management measures are put in place to
stop the release of plastic litter from land-based sources. Given that most litter strands on local
beaches, coastal clean-up campaigns should be undertaken regularly in all WIO countries based
on set targets. The volume of litter removed during clean-up campaigns should be documented to
determine the effectiveness of regular clean-up campaigns.

•

Enforce stricter international regulations to reduce the litter released in other continents: There
is a need for implementation of stricter international regulations aimed at reducing the amounts
of litter released from land-based activities in other continents especially South-East Asia. Shipping
and fishing companies should also be made to adhere to MARPOL convention requirements and
improve waste management on board ships.

•

Consider the local context in development of new policy, legislative and regulatory actions/
measures: Development of new policies, legislative measures and action plans to address marine
plastic litter problem in the WIO countries should consider the existing situation and the local
context and, where possible, build on existing successful initiatives. It is important to recognise
the important role played by the informal sector in collection and recycling activities and ensure
it is integrated into future measures. The implementation process should include extensive public
education campaigns to maximise understanding and support from all stakeholders, as well as a
strategy for ongoing enforcement.

•

Build capacity, skills and share knowledge with people, policy-makers and decision-makers: Given
that managing plastics is a new field that has not yet been fully integrated into education and training
systems, relatively few people in WIO countries are trained in the broad spectrum of plastic-related
disciplines. There is therefore a need for capacity building, education, skills development among
the local communities including policy makers and decision-makers in governments to develop
and implement appropriate intervention measures targeting marine plastic litter in all countries
in the WIO Region. In addition, the number of plastic waste experts in the WIO countries should
be increased. It would also be important to include plastic waste management in the curricula of
schools and universities in the WIO region.

Further educational priorities are to build capacity in municipalities/city councils and strongly promote
understanding among members of the public. Governments should also regularly share knowledge about
the state of plastics in their countries and what should be done by all communities to enable the achievement
of set goals. It is recommended that the Nairobi Convention and WIOMSA should consider to bring together
experts from within the WIO region to formulate a regional strategy for education and capacity building.
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The members of the Group of Experts for Marine Litter and Microplastics, University of Cape Town (@WIOMSA)
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11. CONCLUSIONS
•

Status of marine plastic litter in the WIO Region: Preliminary information shows that most marine
plastic litter in the WIO may be originating from land-based sources in the continental countries.
A significant proportion may also be originating from offshore sources, either from fisheries or
shipping/boating activity, or via long-distance drift from foreign nations particularly in South East
Asia. It is however difficult to determine the magnitudes of land-based and sea-based sources of
the marine plastic litter in the WIO in view of limited number of regional studies that have been
undertaken. There is also limited data and information on the distribution and fate of marine
plastic litter in the WIO region since most of the studies have been concentrated in a few countries.
Comparison of data on marine plastic litter from various countries in the WIO is also problematic
due to different survey methodologies and reporting approaches that are used in the region.

•

Implication on environmental health and human populations: Data and information on the
environmental and human health impacts of marine debris and plastic litter in the region are
inadequate to make valid conclusions. While some information exists on the ingestion of plastic
litter by various marine organisms/animals, there is limited information on the effects of plastic litter
on the population dynamics. Information on the effects of human ingestion of plastic litter is also
not available in the WIO region. Therefore, the extent to which plastic litter is impacting on human
health is not known in the region.

•

Effectiveness of measures/actions to combat marine litter in the WIO Region: Measures and or
actions implemented in the WIO region to curb the release of plastic litter into the sea have not been
sufficiently effective to prevent the generation of marine litter. While governments in the WIO region
have implemented some measures to address marine litter problem, lack of adequate capacity
(human, technical, financial and infrastructural) has limited the effectiveness of the measures that
have been applied in participating countries.

•

Evidence gaps on the extent and impacts of marine litter in the WIO Region: While knowledge
on marine debris and plastic litter has greatly improved in the WIO since the last review for the
region was published in 2008, there are still large knowledge gaps on sources, distribution, fate
and impacts of marine debris and plastic litter. There is therefore a need for implementation of
comprehensive regional and national marine debris and plastic litter monitoring programmes.
Such programmes should be implemented using regionally harmonised survey methodologies
and reporting approaches. This programme should build further on the WIOMSA/Sustainable Seas
Trust marine litter monitoring project.
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•

Regulatory frameworks for combating marine litter: The review of the regulatory framework
reveals that international conventions and agreements mainly focus on marine-based sources of
litter as opposed to land-based sources. The conventions and agreements have not necessarily
corresponded to national level action. Also, not all countries in the WIO Region have participated to
the same degree in regional Action Plans and programmes. With regard to national level regulatory
framework, bans on items such as plastic bags and single use plastics (SUPs) have been tried
in most countries within the WIO region but with mixed outcomes. However, not all bans have
been followed up with enforcement to ensure that the regulated measures are widely adopted.
Regulatory measures to restrict the distribution and/or use of other materials such as PET bottles
and microplastics have been used almost exclusively by island nations (Mauritius, Seychelles and
France/Reunion) with mixed successes. The development of strategies and Action Plans targeting
land-based sources is encouraging. However, strategies and Action Plans addressing insufficient
waste management systems and infrastructure need to be recognised as a key factor in the
prevention of marine plastic litter.

•

Initiatives addressing the challenge of marine plastic litter: Initiatives addressing the problem of
marine plastic litter through plastic management have been identified in the WIO region. Most of
the initiatives have been implemented in South Africa, Kenya, France/Reunion and few actions have
been implemented in Somalia, Seychelles and Mozambique. This reflects level of engagement of the
countries through their governments, population, and non-state stakeholders, against marine plastic
pollution through plastic waste management and the maturity of their waste management system.
The initiatives in the WIO region are mainly implemented by the private sector and non-profit
organizations (NPOs) and most started mainly in the period between 2010 and 2019. Most of
initiatives concern plastic waste collection and recycling and rarely consider more upstream stages
which limit the production of plastic waste itself (plastic avoidance, eco-design, etc.). Also, most
initiatives focus on waste from cities and towns. Very few initiatives target plastic litter in rivers, and
none addresses plastics in wastewater, sewage and storm-drains. Only one initiative in the WIO has
focused on microplastics. An overall assessment of the impact of these initiatives currently does not
exist due to a lack of baseline data and regular surveys.

•

Economic consequences of unmanaged plastics and the economic opportunities for WIO countries:
Determination of the economic consequences of unmanaged plastic litter in the WIO region
countries is difficult due to lack of data and relevant information. However, analysis of different
plastic litter management hypothetical scenarios shows that significant positive impacts can be
derived from an end-market for plastic waste through establishment of recycling enterprises. These
benefits include increased job opportunities, promotion of tourism, improved human health and
well-being and reduced costs to the environment, agriculture and fishing sectors. The opportunity
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costs of inaction include lost opportunities to transform plastic into valuable products, lost tourism
opportunities, increased human health costs and well-being, increased environmental costs,
increased agricultural costs and increased fishing industry costs.
•

Opportunities for controlling/managing marine litter in the WIO region: The significant number
of initiatives, the dynamism of private and NPO stakeholders and the growing examples of
sustainable initiatives are an opportunity which governments in the WIO region can rely on to build
their capacity for implementation of plastic waste management strategies and action plans. The
governments need to ensure that plastic waste management measures are comprehensive, that
they cover all stages of plastic waste management and first focus on plastic waste hotspots and
where necessary, take charge of the aspects that are not yet covered. Various existing international
programmes, in which some WIO countries are already engaged, can provide assistance on these
aspects through technical and funding support. The WIO countries need to take advantage of
the opportunities implemented under the auspices of various regional and international bodies
including governmental and non-governmental organisations to implement their strategies and
action plans on plastic litter.

Given that waste generation in all WIO countries is expected to increase in the future, especially in
the continental countries, implementation of National Action Plans on marine plastic litter should be
made a priority by the governments and municipalities in the region. Monitoring programmes at both
regional and national levels should be enhanced. Other actions that are required in the WIO region
include promotion of the use of reusable items such as reusable plastics, improvement of solid waste
management at the municipal level and education of general public on the negative impacts of litter on
the marine environment and human health. While further research is needed to determine the sources,
composition, fate and impacts of marine debris and plastic litter in the WIO, there is already adequate
information to implement national strategies and action plans on marine plastic litter.
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