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Impacts of marine plastic on ecosystem services
and economy: State of South African research

In addition to its direct impacts on marine ecology and biota, marine plastic debris can affect the delivery of
ecosystem services, with resulting impacts on human well-being, society and the economy. It is important
to quantify these impacts in economic terms, so as to be able to provide evidence-based support for an
appropriate policy response. We review the South African literature on the impacts of marine plastic debris
on ecosystem services and on the economy, in order to identify relevant knowledge gaps. The gaps are
found to be significant. Some research has been conducted in terms of impacts relating to recreation,
aesthetics and tourism and the costs of beach and harbour clean-ups. However, there is a significant
lack of research regarding impacts on ecosystem services relating to fisheries and aquaculture, heritage,
habitat provision, biodiversity, and nutrient cycles. There is also a significant lack of research regarding
direct economic impacts on the transport/shipping and fisheries industries, indirect economic impacts
(such as costs associated with health-related impacts), and non-market costs (e.g. impacts on scenic,
cultural and spiritual values). More research is needed in South Africa to address these gaps, in order to
inform policy aimed at addressing plastic waste and marine plastic debris.

Significance:

«  This review highlights the knowledge gaps in terms of the impacts of marine plastics on ecosystem
services and on the economy in South Africa, which are important to understand in order to be able to
direct funding for future research in this domain. Without better knowledge of the economic impacts of
marine plastic debris, it is difficult to assess the costs of inaction, and therefore to inform an appropriate
policy response for tackling the problem of marine plastic debris.

Introduction

Globally, the impacts of plastic debris on the marine environment have received increasing attention over the past
decade. Jambeck et al." estimated that between 4.8 and 12.7 million metric tons of plastic waste entered the ocean
from land-based sources in 2010, and that flows of plastic waste to the marine environment are likely to increase
significantly in the absence of improved management. In Africa, the estimated total mismanaged waste in 2010
was 4.4 million metric tons, which is projected to increase to 10.5 million metric tons by 2025 if no significant
changes are implemented.?

In South Africa, plastic recycling rates are relatively high (46.3% in 2018), exceeding the average for Europe,® with
70% of the recycled tonnages coming from landfill and other post-consumer sources. Plastics recycling provided
7892 formal jobs in 20183, as well as livelihoods for 58 470 informal waste pickers and smaller entrepreneurial
collectors®. The procurement of plastic recyclables in 2018 contributed ZAR2.3 billion to the South African economy
at primary sourcing level.®

However, generally speaking, the state of waste management in South Africa is poor, with significant leakage of
plastic debris to the environment, largely as a result of inadequate waste collection and disposal. Although Jambeck
et al.’s' oft-cited figures (suggesting that South Africa ranks 11th in the world in regard to the amount of plastic
waste leaking into the ocean) are subject to debate*, there is evidence of an upward trend in marine plastic debris
from land-based sources in South Africa®. For example, plastic items make up a higher proportion of macro-debris
found on South African beaches in more recent studies as compared to older studies.>

Naidoo et al.5 provide an overview of the impacts of plastic debris on marine ecology and biota. In addition,
however, to the extent that marine plastic debris can affect the structure and functioning of ecosystems more
broadly, the increasing volume of plastics in the ocean could potentially have negative impacts on the delivery of
marine ecosystem services, and in turn, on human well-being, society and the economy.

Ecosystem services refer to the valuable goods and services provided by ecosystems to human societies. While
classification systems vary, they are generally understood as including supporting services (such as habitat
provision and biodiversity), provisioning services (such as food, water and other resources), regulating services
(such as climate regulation and nutrient cycles), and cultural services (such as recreation and education).”
The provision of such services to humankind is vital to human livelihoods and to sustained economic activity, and
therefore has an intrinsic (although typically unaccounted for) economic value.”

However, the by-products of human activities, such as pollution and waste, can have a negative impact on ecosystem
structure and functioning, and therefore on the continued ability of ecosystems to provide these services.” In turn,
this can have a negative impact on the economic value derived from such services. For example, to the extent that
marine plastic debris has a negative impact on marine habitats and biodiversity, fishing stocks for commercial and
recreational fishers may be negatively affected, which in turn has a negative economic impact. These negative
impacts are referred to as externalities, that is, the side-effects of human activities which are not internalised in
market prices. To the extent that these impacts are not quantified in economic terms, the benefits of a policy response
(in terms of avoided damages) are difficult for policymakers to assess. It is therefore vital to be able to quantify the
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impacts of marine plastic debris on the economy, so as to be able to
provide evidence-based support for an appropriate policy response.

We review the South African literature on the impacts of marine plastic
debris on ecosystem services and on the economy, in order to be able to
identify gaps. Research on ecological impacts is specifically excluded;
for a review of this research, see Naidoo et al.® in this issue. The following
section provides a brief overview of the typical impacts of marine plastic
debris on ecosystem services and on the economy as identified in
international literature. The intention is to provide a framework against
which to assess the current state of South African literature on each of
these impacts, in order to identify gaps.

Ecosystem service and economic impacts
of marine plastic debris identified in
international literature

Impacts on ecosystem services

According to the Millennium Ecosystem Assessment (MA)” and
The Economics of Ecosystems and Biodiversity (TEEB)® frameworks,
ecosystem services can be classified into four categories: supporting
services, provisioning services, regulating services, and cultural
services. While some classification systems (such as the Common
International Classification of Ecosystem Services, CICES)® differ slightly,
for the purposes of this paper, the MA and TEEB systems provide a useful
framework for structuring the discussion.

The main impacts of marine plastics on ecosystem services relate
to provisioning services (fisheries and aquaculture), cultural services
(recreation, aesthetics and heritage), and supporting services (e.g.
impacts on habitat provision and biodiversity).”®'" There are also some
suggestions of potential impacts on regulating services (e.g. nutrient
cycles).' In this section, we briefly review the typical expected impacts of
marine plastic debris on each of these categories of ecosystem services.

Impacts on provisioning services: Fisheries and aquaculture

Seafood is an important food and protein source, making up 20% of the
food intake (by weight) of 1.4 billion people worldwide.!" Naidoo et al.®
provide an overview of the impacts of marine plastic debris on individual
organisms, through ingestion, entanglement, etc. Although there
is currently a lack of knowledge regarding the resulting impacts on
populations, to the extent that fish stocks could be impacted by marine
plastic debris, the efficiency of commercial fisheries and aquaculture
farms could potentially be negatively affected.

Ingestion can take place directly from the marine environment, or
through the food chain."'3 Studies have shown uptake of microplastics
by mussels, which are filter-feeding organisms. Mussels are not only
ecologically important, they are also important for subsistence and
commercial harvesting.' Impacts of exposure via the food chain can
be detrimental due to possible accumulation and bio-magnification of
microbial pathogens and toxic persistent organic pollutants in higher
predators, although there is a lack of conclusive evidence in current
research.' Theimpacts of marine plastic debris on ecosystems —together
with the cumulative impacts of climate change, ocean acidification and
over-exploitation of marine resources — could potentially put the fishing
and aquaculture industries at risk."

Finally, there is potential for marine plastics to affect human health when
entire contaminated organisms are ingested. This is further impacted by
the accumulation of synthetic microfibres, toxic chemicals and persistent
organic pollutants in shellfish and fish tissue, which have the potential
to cause birth defects, cancer, and compromised immune systems,
although there is currently a lack of scientific evidence regarding these
health-related impacts.™'> While some studies suggest that the risks
for human health due to ingestion of plastic in contaminated species
are minimal™'2, the high dependency on seafood by a large part of the
world’s population suggests that further research is required to clarify
the extent of these risks'".
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Impacts on cultural services: Recreation, aesthetics
and heritage

In many parts of the world, visitors to coastal areas are frequently
exposed to plastic debris." The presence of plastic debris has been
found to be a key reason for visitors to the coastline to shorten their
visits to a particular beach and sometimes even avoid a specific area.
Furthermore, the presence of debris can impact both physical and
mental health. Visitors and workers on the coastline can incur physical
injuries such as cuts due to sharp debris, entanglement in nets, as well
as exposure to unsanitary items."" Exposure to polluted coastlines has
also been shown to have a negative impact on individual’s mental well-
being and mood." Visiting beaches has important health benefits, such
as promoting physical activity and social interactions, thereby improving
physical and mental well-being."" As such, in attempting to avoid the
risks associated with polluted coastlines by not visiting beaches, health
and well-being is likely to be negatively impacted.' In addition, marine
debris can negatively affect peoples’ quality of life by reducing the
aesthetic appeal of the marine environment.™

The presence of marine plastics can also have negative impacts on the
heritage of communities and individuals. People tend to have an emotional
and/or cultural attachment to marine organisms such as turtles, seabirds
and cetaceans. According to Beaumont et al.", the expectation that these
marine organisms exist and will continue to exist in future has an impact
on the well-being of humans, irrespective of whether they ever get to see
or interact with these animals. The potential loss of these animals (e.g.
through ingestion, entanglement, or reduced reproductive success), which
has gained significant public attention in recent years, could therefore have
a negative impact on the well-being of humans."

Impacts on supporting services: Habitat provision, biodiversity
and invasive species transport

According to Mouat et al.™®, approximately 70% of marine debris
accumulates on the ocean floor, where it can significantly impact
benthic organisms and habitats. In particular, such debris can prevent
gas exchanges and reduce the amount of oxygen in sediments, which
impacts negatively on ecosystem functioning, benthic organisms and
the composition of biota on the ocean floor. It can also physically
damage benthic habitats through abrasion, scouring, and breaking; while
derelict fishing gear has the potential to translocate organisms and sea-
bed features.'

In addition, marine plastic debris has the potential to significantly impact
marine ecology and biodiversity, which could in turn severely impact the
resilience of such ecosystems in the face of global change." However,
there is currently a lack of understanding regarding the extent to which
impacts associated with ingestion, entanglement, damage to benthic
environments and loss of biodiversity will interact to cause deterioration
of marine ecosystems in the long term.

Finally, marine plastic provides a habitat on which invasive species can
become attached and be transported over long distances (see also
Naidoo et al.5). Floating plastics allow for the attachment and transport
of alien species and disease, thereby potentially modifying pelagic
ecosystems.'131617 Plastic, unlike natural flotsam, is able to withstand
UV exposure and wave action, and is able to remain buoyant for extended
periods, thereby travelling great distances with the colonised species
attached."" For example, a study along the Catalan coast showed primarily
benthic diatoms and small flagellates (<20 um) attached to plastic
debris. Potentially harmful dinoflagellates, resting cysts of unidentified
dinoflagellates and both temporary cysts and vegetative cells of the
harmful algal bloom species, Alexandrium taylori, were also found.®

Impacts on regulating services: Nutrient cycles

While there is less information regarding the impacts of marine plastic
debris on regulating services compared with the other categories of
ecosystem services, there are some suggestions of a potential impact on
nutrient cycles. For example, plastic could affect the buoyancy of faecal
matter discharged from marine outfalls, thereby affecting the movement
of nutrients and carbon into the deep ocean, potentially disrupting nutrient
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cycles, although the small volumes involved relative to global nutrient
and carbon cycles implies that this impact is likely to be negligible.

Economic impacts

In 2011, marine ecosystem services were estimated to contribute
USD49.7 trillion per year in terms of benefits to global society.” These
values were calculated based on actual or hypothetical maximum
sustainable use of natural or semi-natural systems with minimal
anthropogenic impacts. Although there are limitations to the accuracy
of the method, the figure above has been acknowledged for its use in
global analysis and to determine the decline in value of marine ecosystem
services due to the impacts of marine plastics. This figure can therefore
be used as a baseline to provide an order of magnitude estimate of the
costs of marine plastic debris, in terms of various levels of decline in
ecosystem service delivery.'" While it is difficult to accurately quantify the
loss of ecosystem services due to marine plastic debris, Beaumont et al.™
estimated a 1-5% decline in ecosystem services as a result of marine
plastics in 2011. Based on the value of marine services to society of
USD49.7 trillion per year, this equates to a loss of USD0.5-2.5 trillion in the
value of benefits derived from marine ecosystem services annually, as a
result of marine plastic debris. Based on a 2011 estimate of 75—150 million
tonnes of plastic in the marine environment, the annual cost in terms of
reduced marine natural capital is between USD3300 and USD33 000 per
tonne of plastic. It is important to note that this calculated cost covers only
the impact on marine natural capital, and is therefore lower than the full
economic cost of marine plastic debris.

Mouat et al." identified a number of specific economic impacts associated
with marine debris, including cleaning costs; losses to tourism; losses
to fisheries; losses to aquaculture; costs to shipping; costs of control
and eradication of invasive non-native species; costs to coastal
agriculture; costs to power stations; and costs of environmental damage
and ecosystem degradation. These impacts are also for the most part
discussed in Mcllgorm et al." who distinguish three broad categories of
costs resulting from marine debris:

1. direct economic costs, arising from damage to an industry or
economic activity, e.g. impacts on the fishing, transportation/shipping
and tourism industries (relatively straightforward to quantify);

2. indirect economic costs, e.g. the impacts on human health
resulting from marine life ingesting plastic and contaminating the
food chain (more difficult to quantify); and

3. ‘non-market’ costs, which impact the value that humans place on
the marine environment over and above the value associated with
the actual use of marine resources, such as scenic value, cultural
value, and spiritual value (most difficult to quantify).

These categories are briefly discussed in turn below.

Direct economic costs

Mcllgorm et al.' estimated the direct economic costs of marine debris
on the Asia-Pacific Economic Cooperation region. They found that the
main impacts were on the fishing industry (USD364 million in 2008),
transportation/shipping (USD279 million), and the tourism industry
(USD622 million), with a combined impact of USD1.265 billion in 2008.1°

These results suggest that the main economic impact of marine plastics
is on tourism revenue. This is particularly significant in areas that rely
heavily on tourism. For example, researchers in Florida (USA) have found
that debris is considered undesirable for a popular tourist destination,
and highlighted the importance to Florida’s economy of ensuring that
an attractive environment is maintained.?® A study of marine debris on
the US East Coast in 1987-1988 estimated a loss of between USD379
and USD1 598 million.?" In South Korea, a heavy rainfall event which
increased coastal waste resulted in a 63% drop in tourism, and an
associated loss in revenue of USD33 million.!

Leggett et al.? found that marine debris impacted on residents of Orange
County in California (USA) in terms of additional costs spent to avoid
degraded areas. Residents were willing to travel to clean beaches even
it if meant more time and money being spent, costing locals millions
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of dollars per year. It was found that a 50% reduction in marine debris
would save residents USD67 million in total over a period of 3 months.

In order to avoid losses in terms of tourism revenue, some municipalities
incur high costs for clean-up operations to remove debris from beaches
and public use areas.? For example, municipalities in Belgium, the
Netherlands and the UK spend between EUR10-20 million (USD10.7—
21.5 million) per year to clean up debris affecting coastal tourism.?"?3
Funding requirements for clean-ups and implementation of litter prevention
strategies increased in the archipelago of Svalbard from NOK20 million in
2016 to NOK280 million in 2018 (USD2.15-30.1 million).*

Marine plastic debris can negatively impact the shipping industry, e.g. due
to fouling of propellers, damage to drive shafts, fouled anchors, clogging
of intake pipes, and increasing maintenance and repair costs.!%%%%
Mcligorm et al.'® found that marine debris causes approximately
USD19 000 worth of damage per vessel per year to Hong Kong's
high-speed ferry network. Like the clean-up operations undertaken by
municipalities to reduce tourism-related impacts, some harbours incur
clean-up costs to reduce impacts on the shipping industry. For example,
harbours in the UK spend approximately EUR2.4 million (USD2.6 million)
annually on marine waste removal.®® Werner et al.?® reported that
the Spanish Port of Barcelona carries out daily clean-ups of floating
debris, collecting over 117 tonnes in 2012 at a cost of approximately
EUR300 000 (USD330 000).

In addition, marine plastic debris has negative impacts on the fishing
industry. For example, marine debris has been found to result in restricted
catch due to litter in nets for 86% of Scottish fishing vessels, costing these
fleets on average EUR11.7-13 million (USD12.8—14.2 million) per year.
This equates to approximately 5% of the total revenue of affected fisheries.?

Finally, both the shipping and fisheries industries can be affected by derelict
fishing gear through damage to vessels (e.g. fouled propellers), the costs
of replacing lost gear, as well as the potential loss of catch (reduced fishing
time and contaminated catch), resulting in reduced revenue.' In 2002,
losses of approximately USD21 000 in fishing gear and USD38 000 in
fishing time were experienced by a single trap fisher in the Scottish Clyde
fishery.” An estimated USD250 million worth of marketable lobster is
lost to ‘ghost’ fishing annually in the USA, and between 4—10 million blue
crabs are trapped in ghost fishing gear annually in Louisiana, USA."

Indirect and non-market economic costs

Indirect costs associated with marine plastic debris include human health
and safety costs (from consumption of contaminated species, navigational
hazards, injuries to recreational users, leaching of poisonous chemicals,
etc.).” Current literature does not provide clarity on the health risks
associated with marine plastic'"'2%’, although some research suggests
that it is minimal'. It is therefore difficult to quantify the associated
economic impacts.

Non-market costs associated with marine plastic debris, such as impacts
on scenic value, heritage value, and spiritual value, have not been assessed
in any great depth, based on our brief review of the international literature.

Status quo: South African research on
ecosystem service and economic impacts of

marine plastic debris

In this section, we review the South African research that has been
undertaken in assessing the impacts of marine plastic debris on
ecosystem services and on the economy, under each of the categories
identified above, in order to identify gaps. A comprehensive review was
undertaken using a wide range of databases (Scopus, ScienceDirect,
Taylor and Francis, SpringerLink, and Google Scholar) and various
combinations of all relevant keywords, as identified based on the
framework established from the international review. The keywords
were: economic, marine litter, South Africa, socio-economic, human
health, agriculture, fisheries, commercial fisheries, recreational fishing,
aquaculture, harbours, ports, shipping, marine plastic litter, marine plastic
debris, ecosystem service, ecosystem service impact, plastic, ecosystem
services, Africa, food contamination, pollutant accumulation, litter, nutrient
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cycles, marine debris, pollution, plastic pollution, marine plastic pollution,
economic cost, economic impact, coastal communities, livelihoods, food
security, microplastics, human health, human safety, recreation impacts,
cultural impacts, shipping hazards, ghost gear, subsistence fishing, beach
clean-ups, beach aesthetics, beach cleanliness, biodiversity, habitats
destruction, invasive species, species transport, tourism costs, and port
clean-up costs. We also consulted with a number of South African experts
to identify any other relevant literature that had been missed.

Impacts on ecosystem services

Very little research could be found that specifically assessed the
impacts of marine plastic debris on ecosystem services in South Africa.
The following sub-sections provide an overview of South African research
on each of the specific categories of ecosystem services identified in the
previous section.

Impacts on provisioning services: Fisheries and aquaculture

Over 12 million people engage in the fisheries sector in Africa. In addition,
subsistence fishing in Africa is practised by multiple communities, and
plastic pollution could potentially have a significant impact on their
livelihoods and food security.? However, no research could be found
specifically assessing the impacts of marine plastic debris on fisheries
and aquaculture in South Africa.

Impacts on cultural services: Recreation, aesthetics
and heritage

There has been some research in South Africa on the impacts of marine
debris on tourism, which includes aspects related to recreation and
aesthetics. All of this research is focused on identifying the economic
impacts on the tourism industry, or the costs of beach clean-ups to
mitigate such impacts. As such, this research is discussed in the section
below on economic impacts. No research could be found regarding
impacts on ecosystem services associated with heritage.

Impacts on supporting services: Habitat provision, biodiversity
and invasive species transport

While a fair amount of research has been conducted on the impacts
of plastic pollution on marine biota in South Africa (see Naidoo et al.?),
much less literature is available on supporting ecosystem services such
as habitat provision and biodiversity.

A number of studies have, however, examined the issue of marine
plastics acting as a substrate for the attachment and transport of species,
although not for invasive alien species specifically. Whitehead et al.?
sampled 22 beaches in South Africa for debris that had been colonised
by goose barnacles (Lepas spp). It was found that plastic was one of
the two most colonised substrate types, at 29% of all colonised items;
second only to kelp at 33% (although given that significantly more kelp
is stranded on beaches than plastic, plastic appears to have a higher
likelihood of being colonised). All species identified were found to colonise
plastic debris, thereby impacting the abundance and distribution of goose
barnacles, where large, natural substrata are not commonly available.?
Similarly, Fazey and Ryan'” found a range of epibionts on marine plastic
debris, including red and green algae, bryozoans, barnacles, polychaetes
and mussels.

Although the above studies found evidence of the attachment and transport
of species on plastic, there is little evidence of plastic serving as a substrate
for alien species entering South African waters. Robinson et al.® found
that the main vectors of transport for these species included attachment
to shipping vessels, via ballast water and through mariculture operations.
Marine plastic debris was not identified as a possible vector of invasive
species transport in their 2005 review, although it would be interesting to
see whether this may have changed more recently.

Impacts on regulating services: Nutrient cycles

No South African research was found relating to the impacts of marine
plastic debris on regulating services, such as nutrient cycles.
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Economic impacts

Direct economic costs

As a popular tourist destination, South Africa’s tourism industry
is a significant contributor to the economy, employing 1.5 million
workers (9.8% of total employment) and contributing ZAR125 billion
(USD8.2 billion) directly to GDP in 2016 (2.9% of GDP), or ZAR422.6 billion
(USD27.7 billion) including indirect and induced effects (9.2% of GDP).%
Marine ecotourism specifically contributed approximately ZAR400 million
(USD26 million) directly, and over ZAR2 billion (USD130 million) indirectly,
to the South African economy in 2014.3' In Cape Town, for example,
visiting the beach makes up 12% of foreign visitors’ activities in the city.>'

There has been some research in South Africa on the impacts of
marine debris on tourism. To the extent that marine debris impacts on
the aesthetic value of the coast, and decreases the number of visitors
to polluted beaches, increasing quantities of marine plastic debris can
be expected to negatively affect the tourism industry, and therefore the
economy.®>3 Ballance et al.*? found that cleanliness was the primary
factor influencing visitors to the Cape Peninsula when choosing a beach,
particularly for international tourists. Almost 50% of residents would be
prepared to spend more to visit clean beaches further away; while litter
densities of more than 10 large items per metre of beach would deter
40% of foreign tourists, and 60% of domestic tourists, from returning to
Cape Town, with a significant potential impact on the local economy.*
If beaches had more than 10 large debris items per metre, 97% of
visitors would not visit them, leading to a decline in total recreational
value of approximately ZAR300 000 (USD19 600) per year, and a loss of
ZARS8 million (USD520 000) for the regional economy (based on 1996
values; equivalent to approximately ZAR1 million and ZAR27 million,
respectively, in current values).*

A number of studies have also assessed the costs of beach clean-ups
aimed at mitigating negative impacts on the tourism industry, although
most were undertaken in the mid-1990s. According to Swanepoel®, the
Cape Town City Council spent ZAR2.7 million (USD176 000) on beach
clean-ups in 1992-1993; equivalent to approximately ZAR12 million
in current values. Compared to the domestic refuse removal cost
of approximately ZAR75 (USD4.9) per tonne, the cost for removal of
beach debris amounted to ZAR3000 (USD190) per tonne.* According
to Ballance et al.®?, given the large amount of expenditure on beach
cleaning in Cape Town (ZAR3 million / USD196 000 during 1994—1995),
alternative means of reducing debris at source are required.

Ryan and Swanepoel* carried out a study in 1994-1995 of 63 coastal
authorities in South Africa to assess the amount of effort spent on
cleaning beaches. A total of 34 authorities estimated their annual
costs for beach cleaning to be ZAR5.5 million (USD360 000), with the
Cape Town metropolitan region alone spending in excess of R3.5 million
(USD229 000) annually. Costs varied depending on the location of the
beaches, with west coast beaches (ZAR397/km) costing more than
those on the east coast (ZAR68/km) due to larger volumes of kelp.
When the data were extrapolated for areas that did not provide estimates,
the total cost for cleaning in 1994-1995 across the 63 authorities
exceeded ZAR8 million (USD520 0000) — equivalent to approximately
ZAR31 million in current terms.3*

Finally, one of the projects under the South African Department of
Environment, Forestry and Fisheries’ national Working for the Coast
programme involves beach clean-ups, although the costs of such clean-
ups could not be found in published sources.

In terms of damage to the shipping industry, debris (including plastic) in
and around the Port of Durban can become a shipping hazard, particularly
after periods of rainfall. However, there has been little assessment of the
associated economic impacts. The Port incurs costs in debris clearing
operations, while there are also public volunteer clean-ups of plastic
from the Port. There are also public clean-ups of estuaries and beaches
in eThekwini, although the costs of these operations have not been
quantified in published sources. Based on information received from
the Port through personal communication, clean up-costs due to storm
events in April/May 2019 ranged between ZAR52 800 (USD3400) and
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ZAR1 046 000 (USD68 400), and totalled ZAR4 350 000 (USD284 800)
in that period alone (Transnet 2019, written communication, August 22).

There is a lack of research regarding the impacts of marine plastics on
the fishing industry in South Africa. In 2012, the commercial fisheries
sector produced ZAR5.8 billion (USD370 million) in output, while the
estimated economic value of the recreational fishing sector in 2017 was
ZAR1.6 billion (USD104 million).®' The aquaculture sector contributed
approximately 0.8% to South Africa’s fish production in 2012.3' However,
there is a significant lack of information regarding the impacts of marine
plastics on these sectors.

Finally, no South African research could be found regarding the impacts
of ghost fishing gear on the shipping or fisheries industries.

Indirect and non-market economic costs

No South African research could be found on indirect costs associated
with marine plastic debris, e.g. costs associated with impacts on human
health and safety; or on non-market costs, such as impacts on scenic
value, cultural value, or spiritual value.

Current uncertainties

Globally, there is generally a lack of evidence regarding the overall effects
of marine plastics on populations of marine species, or on ecosystem
structure and functioning, and, therefore, on the provision of ecosystem
services, as well as on human health, society and the economy. There
are some studies that provide insight into the impacts of plastics on
ecosystem services and the economy at a local level, but it is difficult to
extrapolate these results more widely. In the South African context, for
example, most studies focus on the impacts on tourism and the costs
of beach clean-ups in the Cape Town area. There is a clear need to
quantify the impacts of marine plastics on ecosystem services and on
the South African economy more broadly.

Even in the international literature, there is a lack of evidence with regard
to the impacts of marine plastics on ecosystem services, human health
and on the economy, with much of the research seemingly focused
instead on impacts on marine biota. Globally, it remains challenging to
accurately quantify the loss of ecosystem services due to marine plastic
debris. In addition, there are uncertainties around the long-term impacts
of plastic pollution on marine ecosystems, that is, regarding how impacts
such as ingestion, entanglement, damage to benthic environments and
loss of biodiversity may interact and affect marine ecosystems over the
long term.™®

More research is also required to assess the risks of marine debris
for human health and safety, e.g. in terms of the impact of consuming

Table 1:

Category Sub-category

Provisioning services

Cultural services

Impacts
Impacts on fisheries and aquaculture -
Impacts on recreation and aesthetics
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contaminated seafood, navigational hazards, injuries to recreational users,
and the leaching of poisonous chemicals.' ¢ In particular, there is a need
for research into the effects of microplastic pollution on aguatic and marine
ecosystems, and on human health.'%3" For example, there is a need to
assess whether microplastic and microfibre pollution has ecosystem or
human health implications such as chemical toxicity or fibre-induced
mesothelioma, which would have negative impacts on both river biota and
downstream communities as well as marine ecosystems. 637

Finally, there is a need for more research to quantify the environmental
and social impacts of marine plastic debris in economic terms, in order to
provide an understanding of the costs of inaction."® In particular, Beaumont
et al."" suggest that there is a need to quantify and assess a broader range
of social and economic costs, e.g. direct and indirect impacts on the
tourism, transport and fisheries sectors, as well as on human health. It is
also important to take into account spatial and temporal heterogeneity and
non-linearity with respect to the impact of each additional tonne of marine
plastic debris entering the marine environment."!

Evidence gaps

From an economic and ecosystem services perspective, there is very
little research that has been done in South Africa regarding the impacts of
marine plastics, and therefore the gaps in local knowledge are significant.
Table 1 provides a summary of the key impacts that have been identified
in the international literature. The last column summarises the state of
current South African research on each impact. Some research has been
conducted regarding impacts on recreation, aesthetics and tourism, and
the costs of beach and harbour clean-ups. However, there is a significant
lack of research regarding impacts on ecosystem services relating to
fisheries and aquaculture, heritage, habitat provision, biodiversity, and
nutrient cycles. There is also a significant lack of research regarding direct
economic impacts on the transport/shipping and fisheries industries,
indirect economic impacts (such as costs associated with health-related
impacts), and non-market costs (e.g. impacts on scenic, cultural and
spiritual values). More research is required in South Africa to address
these gaps, in order to be able to inform policy decisions.

Implications

Without better knowledge of the economic impacts of marine plastic
debris, it is difficult to assess the costs of inaction, and therefore to
inform an appropriate policy response. While it is potentially possible
to apply the quantified estimates from other countries to South Africa
in order to estimate orders of magnitude, those numbers should first be
interrogated to ensure that this can be done with confidence, while the
South African context needs to be taken into account in adapting these

State of South African research on the impacts of marine plastic debris on ecosystem services and the economy

South African research

Some research on the impacts on tourism (see below)

Impacts on heritage -

Impacts on ecosystem

services ) .
Supporting services

Invasive species transport

Regulating services

Impacts on the tourism industry

Direct costs

Impacts on the transport/shipping
industry

Economic impacts

Impacts on habitat provision -
Impacts on biodiversity -

Some studies on plastic as a vector for transport
of species, 1426 but not for invasive alien
species specifically

Nutrient cycles -

Some research conducted on the impacts on tourism
and on beach clean-up costs, although fairly dated
and largely confined to Cape Town32343
Information on harbour clean-up costs in Durban
obtained through personal communication; no
published information could be found

Impacts on the fisheries industry -

Indirect and non-market costs

Health costs -

Non-market costs -

Note: — indicates that no relevant South African research was found in this review.
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figures. However, primary research conducted in South Africa should be
considered preferable.

Finally, a more holistic understanding of the impacts of marine plastics is
needed in order to change the way we make, use and reuse plastics, and
therefore to reduce its negative impacts. This will also inform changes in
behaviour by the public, legislative and governance changes, and changes
to the plastic industry, towards the sustainable use, management and
disposal of plastics', and the development of a circular plastics economy.
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