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Ecosystems services in South Africa:
a research theme that can engage
environmental, economic and social
scientists in the development of
sustainability science?
‡

David C. Le Maitre* , Patrick J. O’Farrell* and
Belinda Reyers*
outh Africa is grappling with balancing
the demands placed on natural resources
by economic development, especially
for the poor, with the reality of severe natural
resource limitations. Sustainability science is
an emerging research field that seeks to find
ways of resolving these conflicts to make
progress towards sustainable development.
Research on ecosystem services focuses on
the links between ecosystems and society, and
how society benefits from them. This paper
introduces the concept of ecosystem services
for a broad scientific readership and argues
that its attendant research provides a theme
that is wide enough for the engagement of a
diverse range of scientific disciplines and
stakeholders in the development of sustainability science. We provide an overview of
published ecosystem service studies that have
explicitly dealt with South Africa and found
that there were large gaps in the information on these services. Only a few have been
assessed and most studies focused on particular services or specific biomes or areas, notably the Cape Floristic Region. Many studies
emphasized production processes (those
which yield harvestable products) but several
have addressed regulatory services (notably
water quantity and quality), and a few have
assessed cultural services. There are few estimates of monetary values and these found
that ecosystem services make substantial contributions to the economy. Research shows
that human activities are, directly and indirectly, contributing to a decline in the quantity
and quality of these services, with major implications for people’s livelihoods and wellbeing, particularly for the poor. More direct
interaction and development of an interdisciplinary understanding, common language and
shared values between the different domains
of science are required if the potential of
research on ecosystem services for the understanding of complex, socio-ecological systems
and to sustainable development are to be realized.
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Introduction
South Africa, like many other countries,
is grappling with the difficulties of finding an appropriate balance between the
*Natural Resources and Environment, CSIR, P.O. Box
320, Stellenbosch 7600, South Africa.
‡

Author for correspondence. E-mail: dlmaitre@csir.co.za

demands of economic development and
its finite supplies of natural resources.
This tension is acknowledged in South
Africa’s Constitution1 and is at the heart of
the much-debated concept of sustainable
development.2,3 The need to achieve this
balance is not just a concern for government, society and the private sector, it
poses a significant challenge to the fragmented, single-discipline-based model
for doing science.4,5 The heart of the scientific challenge lies in the fact that no single
scientific discipline has all the knowledge
and tools that are needed to address the
complex socio-ecological issues that sustainable development and intergenerational equity raise. The new field of
sustainability science has been proposed
as the inter- or trans-disciplinary (see
Box 1) meeting ground for addressing
these issues.6–8 Sustainability science is an
evolving field of research which recognizes that the different domains of science
have multiple, and often divergent,
epistemologies (theories of knowledge
and how it is assembled).5–8 Goals such as
sustainable development address issues
Box 1
There is confusion about the meaning of the
terms multi-, inter- and trans-disciplinary.
Science can be seen as having four levels:
the basic or purposive level (e.g. biology,
economics, sociology), the pragmatic or
technological level (e.g. engineering), the
normative level (e.g. planning, law) and the
value level (e.g. philosophy).4 In the context
of this paper, we use multidisciplinary to
describe situations where disciplines contribute towards a solution but operate independently with little integration or synthesis.
Inter-disciplinary requires knowledge interchange, integration and synthesis between
disciplines both within and across levels,
but interactions across levels are primarily
between adjacent levels (e.g. when ethical
values define the purpose of a medical
research project). Trans-disciplinary extends inter-disciplinary to include similar
and concurrent interactions within and
across all the levels.
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relating to both ‘What should be done?’ and
‘Why?’ The second question addresses the
diversity of norms and values held by society, and requires an understanding of
non-scientific views of the world—views
which may differ markedly from the
objective knowledge scientists believe
they offer. Sustainability science aims to
find ways of bridging these differences
because it recognizes that each has a role
to play in enabling society to find solutions to complex problems and progress
towards sustainable development. Burns
et al.5 describe the characteristics which
define sustainability science as: useinspired basic research, located at the
interface between society and its sustaining natural environment, focused on
the resilience of complex social ecological systems, having a transdisciplinary
approach to understanding system complexity and resilience, acknowledging the
validity of multiple epistemologies, and
emphasizing learning and adaptation.
We believe that the same features can be
found in ecosystem service research as we
define it later in this paper.
While we fully support the goals and
the approaches being developed for sustainability science (see ref. 5 for a review),
we believe scientists need more than a
meeting ground to overcome disciplinary
barriers. They also have to find a research
theme which simultaneously challenges
each discipline and compels them to
engage fully with each other, to develop a
shared language and a respect for the
value added by each discipline.9–11 The
creation of a shared language, understanding and mutual respect among
scientists can generate the kinds of scientific insights required to interact with
other role players (such as policy makers,
legislators, and politicians) to find ways to
redesign economic development, to align
it with environmental realities and to
work towards the goal of sustainable
development.12
This paper proposes that the research
theme of ecosystem services can help
bridge the divergent world views and
approaches that are entrenched in the
different sciences as it addresses ecosystems, ecosystem services and human
well-being, both individually and collectively. Our aim is to introduce the concept
of ecosystem services to a wide scientific
audience, and to sketch the South African
context by providing an overview of the
research that has been conducted in the
country. In doing so, we highlight the
importance of human well-being, call to
scientists from a range of disciplinary
backgrounds to engage in developing an
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inter- and (potentially) trans-disciplinary
theme of sustainability science using
ecosystem services as a common research
theme.
What are ecosystem services?
The term ‘ecosystem services’ is shorthand for the products or goods and services
that ecosystems provide to society. It
embraces both the ecosystems which
deliver the services and the people who
benefit from them. These services range
widely from products like food through
to stabilizing and regulatory services such
as disease control, and life-enhancing
functions such as environments for recreation and spiritual inspiration13–16 (see
Table 1). Ecosystem services are interlinked and often inter-dependent.17 For
example, regenerating services such as
soil formation and the maintenance of soil
fertility underpin the creation of goods
such as food and medicines.
The fact and delivery of ecosystem
services is the outcome of both the way in
which ecosystems function and the kinds
and combinations of the species they
contain. Changes in species composition
and ecosystem function due to conversion of natural grassland to cultivated
croplands, for example, can alter the scale
and delivery of services. Cultivated lands
may provide the additional service of
crop production and yield more water
than natural vegetation, but pesticides
used on the crops may pollute the water,
affecting river ecosystems and, possibly,
the health of downstream ecosystems
and human populations. Degradation of
ecosystem integrity (such as by reduced
water flow, soil erosion, and vegetation
loss) leads to a decline in service provision.18 The links between the state of an
ecosystem, its function, and service delivery are very complex and poorly understood.19–23
Human well-being, although buffered
against environmental vagaries by culture
and technology, is ultimately dependent
on the sustained supply of services derived
from healthy and functional ecosystems.24,18 Most people, including many
scientists, are unaware of the extent of
their dependence on these services. In
many cases, it seems that they are overlooked because they are not properly
valued, priced or paid for, and their contributions to the formal economy, although
vital, are not acknowledged. 12,25–29 In
economic terms there are no markets for
most of them. Over the last ten years,
however, scientific interest in ecosystem
services has increased both locally and
abroad. Evidence of this trend can be seen

in the adjustment and incorporation of
concepts of ecosystem services into university courses and shifts in the focus
areas of research organizations to incorporate this research direction. Publications naturally reflect this trend, including prominent works such as the Millennium Ecosystem Assessment (MA). 18
Ecosystem services have been assessed at
both international and national levels for
various regions in several countries.30 We
have seen the ecology of particular services demonstrated, monetary values
derived (at both national and global
scales) and, most recently, a greater focus
on their delivery as a means of moving
towards sustainable development.5,31,32,33
These benefits have not, however, been
matched in the private and public decision-making arenas, where performance
continues to be based primarily on shortterm socio-economic gains.
The South African context
The growing global recognition of the
value of ecosystem services and their
importance to human well-being is mirrored in South Africa, where there are
clear links between biodiversity and
human welfare in both commercial (such
as in ‘Big 5’ tourism) and subsistence (for
instance, food and water) sectors. This
country has a wealth of both biological
and cultural diversity. Although it comprises only 2% of the Earth’s surface, it
contains a wealth of biodiversity (10% of
global plant species and 7% of all vertebrates) within its borders, which is unequalled by other temperate regions, and
is home to three of the world’s 34 global
biodiversity hotspots.34 South Africa’s rich
cultural diversity is reflected by the mix of
peoples and cultures of African, European
and Asian origin, for example. Cultural
backgrounds influence how people view
their environment35,36,65 and, thus, how
they view and value ecosystem services.29
Apartheid has also left South African
society with deeply divided views on the
environment.37–40 Environmental issues
are seen by many as a preoccupation of
wealthy whites and anti-development
groups. In many cases, these views have
been profoundly shaped by the historical
lack of access to these services and their
benefits.41
We conducted a literature search to gain
an understanding of the current state of
research on ecosystem services in South
Africa, what has been researched and by
whom. We interrogated the ISI databases
for article titles and abstracts with the
following keywords: South or southern
Africa (or African), and ecosystem or
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environmental or ecological service. This
combination includes, for example, all
papers which included the words ‘environmental’ and ‘service’.
Overview of past studies of
ecosystem services in South Africa
The search identified 62 papers which
have been published in the peer-reviewed
literature. Their abstracts were read and
articles which did not examine ecosystem
services were removed from the list. We
also excluded all those that did not
provide information specific to South
Africa. The final selection of 18 papers is
very diverse, covering a wide range of
topics, disciplinary interests and points of
view (Table 2). We review the objectives
reported, areas studied, the services
covered and the estimated values where
applicable.
Some important studies on ecosystem
services were not identified by our literature search. They examined the impacts
and benefits of the harvesting of goods
from natural ecosystems, focusing mainly
on woodland and forest environments
(e.g. refs 59 and 60). These goods fall
mainly under production services (Table 1)
and include harvestable products such as
fuelwood, fibre, foodstuffs, medicinal
products and the regulatory service of
carbon sequestration. The objectives of
these studies generally are to show that
rural and urban communities, especially
the poorest households, derive substantial
benefits from these goods. These investigations did not show up in the literature
review because the authors did not use
the term ‘ecosystem services’ when referring to these goods, possibly because they
were not familiar with the terminology
and also because their studies were
couched in the language associated with
the concept of ‘natural capital’. We are
sure there are studies in fields such as
anthropology which address production
and cultural services that do not use
the terminology of ecosystem services.
Relevant examples of ecosystem service
research which have not used these keywords, or were not included in the ISI
databases, have been included in our
discussion.
Objectives of the research
The papers that were identified in our
literature search were written with various objectives in mind, and only a few focus specifically on ecosystem services
(Table 2). Most of the studies deal, at some
level, with the effects of different policies
and water management approaches on the
delivery of water-related services and the
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46

45

47

48

44

42

49

To review published information on the adverse ecological
effects of invasive alien plant species in South Africa

To develop an ecological economics framework for water
transfer schemes

To show how the System of Integrated Environmental and
Economic Accounts has been used to influence national
government policy on natural resource use, including
ecosystem services

To illustrate how Integrated Water Resource
Management policy and practice may be used to ensure the
sustained yield of the ecosystem services associated with
water resources

To report on the recovery of fynbos vegetation (especially
ecosystem function) after alien plant control operations

To identify the ecosystem services and quantify their benefits
& the impacts of different management scenarios on these
values, particularly the impacts of invasive species as loss of
value

Describe a strategic framework for the conservation of
terrestrial biodiversity which addresses biodiversity,
institutional and socio-economic aspects

To illustrate the value of scenarios in facilitating stakeholder
participation in comparisons of the impacts of alternative
socio-economic development options on selected ecosystem
services

To present a framework for evaluating the effectiveness of
management responses (behavioural, institutional, technical)
when dealing with complex, adaptive systems such as water
resources

Objective(s) of the paper

National

Southern Africa, Lesotho, Namibia –
Gariep River catchment as a case study

Not estimated

No values of ecosystem services per se,
although some costs of human impacts on
ecosystem function and services are cited

Value (base year unless otherwise specified)*

• All

• Regeneration – nutrient cycling
• Stabilization and regulation – water storage
and flows

• Stabilizing & regulatory – water flows
• Production – food and other products
harvested from fynbos plant species
• Production – genetic resources
• All

Loss of R8.99 million to households affected
by dams and changes in river flows (1 rand =
1 maloti, 2000)

Not estimated

Not estimated

South Africa: Forest goods and services
(including plantations) in 1998:
– market timber R1.8 billion
– non-market timber & goods R2.7 billion
– livestock grazing R1.2 billion
– Carbon storage R0.5 billion
3
– R19 GDP per m of water (1996)
3
– R65 GDP per m of water including
agriculture (1996)

Not estimated

Not estimated

• Stabilizing & regulatory – water flows,
Not estimated
sediment stabilization, flood regulation; sand
supply to beaches
• Life-fulfilling – recreational opportunities
Not estimated

• Stabilizing & regulatory – water flows,
groundwater recharge
• Regulatory – water purification through
waste assimilation
• Production – food, biomass for energy,
pharmaceuticals, durable products

• Stabilizing & regulatory – water flows

–1

–1

R3–3000 ha yr (1996)
Total Net Present Value (over 50 years)
–1
–1
equivalent to R39–416 ha yr

–1

–1

R35–75 ha yr (1996)
–1
–1
R1.3–29.1 ha yr (1996)

• Stabilizing & regulatory – impacts of invading Not estimated
species on water flows
• Life-fulfilling – nature-related tourism
1998 – tourism comprised 11% of the GNP of
the Western Cape – the fraction that was
nature-based is unknown

• Production services: food, minerals, energy

• Stabilizing & regulatory – water flows

Category of service & actual service

Southern Africa – South Africa, Botswana, • Production – particularly non-market goods
Namibia
• Regulatory – carbon storage

National – no specific catchment

Fynbos – no specific scale

Fynbos biome – hypothetical catchment
scale

Agulhas plain

Gariep River basin (including the Great
Fish River)

Gariep and Zambezi River basins at
multiple scales

Area studied (spatial unit)
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Richardson and
50
van Wilgen

Matete and Hassan

Lange et al. and
Hassan (2002 cited in
48
Lange et al. )

Jewitt

Holmes et al.

Higgins et al.

Heydenrych et al.

Bohensky et al.

43

Bohensky and Lynam

Source

Table 2. A summary of the studies of ecological services in South Africa.
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53

56

54

58

57

Incomati River basin (South Africa,
Swaziland, Mozambique) with emphasis
on the estuary

Present the Working for Water Programme as a model for
protecting ecosystem services and achieving social benefits

Quantify the impacts of invasive species on the reliability of
water supplies

National

Fynbos biome – hypothetical catchment

Regional

Present a summary of a workshop on establishing a long-term National
ecological research and monitoring platform aimed at more
effective ecosystem management and maintenance of
ecosystem service delivery

To assess trends in ecosystem state, service delivery and
human well-being at multiple scales and present an approach
to monitoring to detect trends

• Range of services, focusing on those
affected (positively or negatively) by
invasive alien plants

• Production – food, fuelwood and charcoal,
durable products
• Regulatory – water quality and flows
• Life-fulfilling – nature-related tourism

Not estimated

R475 billion (value of water loss due to
invasive species [2000]
R580 million (40% of deciduous fruit
industry turnover), loss due to invasions
R194 billion [2000]
–1
–1
R7–177 ha yr or R1.4 billion/yr; loss due
to invasions R19 billion [2000]
R1.3 billion or R1.12/km of coastline per year
[2000]
R7.4 billion/yr, 24% estimated to be active
nature-based tourism [2000]
R181 million/yr [2000]

†

R41 million/yr – on site [1999/2000]
R80 million/yr – economic impact [1999/2000]
R300 million/yr – consumers’ surplus
(1999/2000)

Not estimated

Direct value of shrimp catches ~R21 million/
yr; fish ~R5.6 million/yr; total ~R63 million/yr
and involving ~4 500 households; whole
catchment value ~R2.5 billion/yr [converted
at 1 US$ = R7, base year for US$ not given
in the paper]

Not estimated

Value (base year unless otherwise specified)

• Stabilizing & regulatory – water flows

• Stabilizing & regulatory – water flows

No service value estimated, focuses on
control costs

Sewage re-use would cost 1.8 and
desalination 6.7 times as much as a control
operation

• Production – food, fuelwood
No values estimated, only quantities and
• Stabilizing & regulatory – water flows
trends versus human needs
• Life-fulfilling – spiritual, aesthetic, recreational
• Biodiversity (species richness and type and
degree of threat)

• All

• Life-fulfilling – existence value

• Life-fulfilling – nature-related tourism

• Production – food, pharmaceuticals,
durable materials
• Production – fish and shellfish

• Stabilising & regulatory – water flows
• Regenerating – pollination

Savanna biome – southern Kruger National • Life-fulfilling – recreational opportunities
Park

Estimate of the economic value of the biodiversity of the Cape Fynbos biome – estuaries, coastline and
Floristic Region and how the main agents of biodiversity loss
near-shore environments
(mainly invading alien plants) affect these values

To develop a methodology for estimating the economic value
of rivers and the impacts of a change in river quality, using
the indirect measure of tourism value

To provide a critical overview of the role of resource economics Not spatially specific
in the establishment of the Working for Water Programme
and identify ones that have not been studied yet

To assess the implications of different water resource
planning scenarios for the balance between upstream
and downstream benefits, particularly those generated by
freshwater inflows into the estuary

Category of service & actual service

Tanzania and SouthAfrica as examples – • Stabilizing & regulatory – water flows for
IWRM at all scales: local field to the
human use, aquatic ecosystems and plant
watershed (approx. quaternary catchment) water use
and basin (approx. primary catchment)
• Production – food, biomass for energy,
pharmaceuticals, durable products

Area studied (spatial unit)
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*The cited values should be treated as indicative only because they were estimated using different approaches and have different base years, discount rates and other factors and often represent the total economic value generated as a result of the service, only part of which
may be due to inputs from the service itself.
#
These assessments did not explicitly include thicket vegetation but they may be representative of the moist and grassy forms of thicket vegetation.
†
Values shown are 30% of total values for the park based on river systems accounting for about 30% of the tourism value.54

Van Wilgen et al.

Van Wilgen et al.

Van Jaarsveld et al.

Van Jaarsveld and
55
Biggs

Turpie et al.

27

Turpie and Joubert

Turpie

52

To outline an approach to Integrated Water Resource
Management (IWRM), which includes balancing green
(evapotranspiration) and blue (liquid) water flows in
agriculture, sustain freshwater ecosystem functions
and downstream human use of water

Rockström et al.51

Sengo et al.

Objective(s) of the paper

Source
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benefits derived from them. Some propose that an ecosystem service-based
approach which balances benefits arising
from rain-fed (green water) and from irrigated agriculture and direct human use
(blue water) offers the best framework for
policy implementation, e.g. refs 47 and 51
(Table 2). The second main group of
papers deals with the value and benefits
of production services, primarily goods
harvested from natural ecosystems (e.g.
refs 27 and 45), and with the ways in
which decisions about resource allocation
affect benefit flows.52 The third group of
articles focus on quantifying the effects of
invading alien plant species on the regulatory and production service of water
flows (e.g. refs 27 and 57).
Scope of the research
The papers identified by the literature
search focus mainly on case studies of
specific areas, which are used to illustrate
general principles, although a few use
hypothetical examples (Table 2). Matete
and Hassan49 cover the Gariep (Orange)
River basin (which includes Lesotho and
part of Namibia) and Lange et al.48 present
comparisons between natural resource
management policies and approaches in
Botswana, Namibia and South Africa. The
analysis by Rockstrom et al.,51 which compared water resource management in
South Africa and Tanzania, was not conducted at a country scale. Sengo et al.52
analysed the role of flow patterns in the
Incomati River—which runs through
South Africa, Swaziland and Mozambique—in the production services delivered in its estuary and Maputo Bay.
Within South Africa, the main focus has
been on the fynbos biome, with a few papers on limited areas and restricted aspects of the savanna and thicket biomes;
also on estuarine and coastal fisheries and
the links between them (Table 2). Papers
on the harvesting of goods from natural
ecosystems have emphasized mainly
woodland and forest vegetation types
and particular areas or communities,
although the results have sometimes
been extrapolated to wider areas.
The Southern African Millennium Ecosystem Assessment (SAfMA)61,62 and the
Gariep Basin Assessment reports63 are in
the grey literature and were not identified
by our literature search. These are the only
studies that have attempted to provide
a consistent approach in describing
selected ecosystem services in the countries south of the equator and the Gariep
Basin, respectively. One paper summarized
the principal approaches and findings of
the SAfMA study56 (Table 2), whereas two

analysed and interpreted aspects of the
Gariep Basin study42,43 (Table 2).
Services addressed
Most of the studies focused on water as
an ecosystem service, mainly in terms of
water flows and flow regulation, but
also including water quality regulation
(Table 2). These range from studies of
scenarios for water management and
evaluation of management responses42 to
assessments of how water policy and
integrated water resource management
can contribute to sustained yields of the
benefits from ecosystem services (e.g.
refs 47, 51, 52). Some of these investigations estimated the reduced flow in rivers
due to the high consumption of water by
invasive alien plants compared with the
natural vegetation they have replaced.64,65
Almost half of the studies examined production services either on their own or in
conjunction with others. The products
involved include food (such as fruit and
fish) and other goods such as wild flowers
and medicinal plants and pharmaceuticals
(Table 2) (e.g. refs 27, 52).
A few studies examined regulatory
services such as carbon sequestration, soil
stability and nutrient cycling, and one
included the regeneration service of
pollination. Cultural services have been
addressed in a few studies, most of which
emphasized recreational opportunities
and the benefits of tourism. One included
an assessment of the existence value27 and
another touched on non-tourism-related
cultural values.56
Values estimated
Most of the studies listed in Table 2 did
not provide estimates of the economic
values of the services they addressed.
Some of them calculated monetary value
and the consequences of changes in
ecosystem state or impacts on ecosystem
services due to human activities. These
estimates were made in various ways and
presented in a range of units, so that
direct comparisons are not possible.
One economic approach to valuing
ecosystem services is to enhance existing
national accounting systems by creating
Natural Resource Accounts, which demonstrate how the macro-economic benefits
derived from natural resources, including
ecosystem services, are used in the economy to generate wealth.48 Thus, one cubic
metre of water is used in generating R19
of gross domestic product—when agricultural production (an ecosystem service) is
excluded—and R65 when agriculture is
included (Table 2). The high value realized
when agriculture is accounted for is
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heavily influenced by water being supplied
at a cost which does not reflect the full cost
of delivery or the value generated.48,66 One
study assessed the indirect value of the
service of water flows in rivers. About 30%
of the economic value of the southern part
of the Kruger National Park (savanna
biome) could be attributed to its healthy
river ecosystems and the habitats they
provide (Table 2).54 These economic benefits would be sacrificed if all the river
water was diverted, resulting in the loss of
recreational value totaling about R380
million a year. The value of estuary-based
fish catches would be significantly decreased if dry season flows in the associated river systems, which keep the mouths
of the valuable estuaries permanently
open, were substantially reduced.67 Alterations in flow regimes, particularly a
decrease in freshwater pulses, would
have a significant impact on the services
delivered by the mangroves and fisheries
in Maputo Bay.52
Woody plant invaders have a significant
influence on water flow stabilization and
regulation by increasing evaporation
(interception and transpiration) and reducing the volume of water entering
streams and rivers.68,69 The volume reduction at a national scale may be as much as
6.7% (3 300 million m3 yr–1), most of this
being in the Western Cape, Mpumalanga
and KwaZulu-Natal.68 Subsequent analyses of a sub-set of the high-rainfall catchments suggest that the earlier estimates
may be too high but the total reduction
remains significant, especially the impacts
on yields from storage dams.70 In the
Crocodile River catchment, the flow reductions due to invasive plant species
were estimated to be equivalent to a loss
of about R690 million a year,65 based on
the mean direct (farm gate) value of R11
per cubic metre for water used for irrigation in this catchment (in 1994 rands).71 A
further study indicated that the value of
the irrigation water would be multiplied
2–20 fold through the full value chain,72
emphasizing the opportunity costs of
water losses due to alien plant invasions.
The fynbos biome is the only one that
has been assessed as a complete geographical region for a number of services.
Higgins et al.45 estimated the value of
water delivered from a hypothetical
fynbos catchment to be about R35–75 ha–1
yr–1. Turpie et al.27 estimated the total
annual value of biodiversity within the
Cape Floristic Region and its adjoining
marine environment to be about R9.6
billion, most of which is from tourism or
consumptive use (Table 2), with the
balance coming from indirect use and
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existence values. Turpie et al.27 did not
include the contribution of the water
supplied by the mountain catchments
that sustains the economy of the Western
Cape—which generated an annual provincial GDP of the order of R119 billion in
2004.73 Nor did they include the contribution of the water used to irrigate deciduous
fruit, citrus and wine and table grapes,
which generated most of the gross farming income of about R6 billion for the
Western Cape in 2005.74 Invasions by alien
plant species accounted for a loss of water
valued at about R684 million a year for
the fynbos biome.27 The commercially
harvested marine resources such as fish,
crayfish and abalone, off the coastline of
the fynbos biome, generated about
R1.3 billion annually (or R1.12 km–1 yr–1;
Table 2).27
One study highlighted the value of
production services in the forest and
moist savanna biomes. Non-market
products from forests and woodlands
contribute about R2.7 billion annually,
considerably more than commercial
forestry plantations, which support a
timber market worth about R1.8 billion
(Table 2).48 There have been many assessments of the value of particular products
from natural ecosystems, which are used
by rural communities in the savanna,
thicket and forest biomes in the eastern
parts of the country,59,75 including cultural
values associated with natural products.76,77
These studies consistently show that production services in these environments
make a significant direct and indirect
contribution to the livelihoods and welfare of rural and urban communities, particularly the poorest households.
Although it was not initially seen as
being about ecosystem services, the
national Working for Water programme
combines the benefits of water resource
conservation for other uses whilst also
achieving a range of social goals by generating employment, training people in
basic skills and supporting the development of infrastructure.58,78 This project
resulted in renewed emphasis on the
value of protecting mountain catchments
for their water generating services57 and
has led to both the Working for Wetlands
and Working on Fire programmes.
Important issues identified in these
studies
The SAfMA62 and Gariep Basin studies,42
together with the global scale Millennium
Ecosystem Assessment,18 found that there
has been a marked decline in the state of
ecosystems and their biodiversity over
the last 50 years.43,56,62 These changes,

largely anthropogenic, have resulted in
significant improvements in human wellbeing, but also in the progressive degradation of ecosystem services. The result is
that most ecosystem services are in a poor
condition and their status is deteriorating.
The continuing decline, together with our
knowledge of the links between human
wellbeing and ecosystem services, gives
rise to concern about our ability to achieve
the goals that have been set for human
development both globally and nationally. The MA specifically noted that half of
the Millennium Development Goals will
not be met if these services continue to
deteriorate,18,56 clearly illustrating a situation where objectives for economic and
social development are failing to acknowledge that ecological realities may
prevent their being realized. This message is reinforced by many of the other
studies cited above, which also emphasize the declining benefits from ecosystem services as a result of the progressive
loss of ecosystem integrity.
The ecosystems perspective inherent in
the concept of ecosystem services acts as
an important integrator and identifies
connections that might otherwise be
overlooked. Good examples are how river
flows maintain estuary function and, thus,
the services they provide. Assessments of
water resources for allocation purposes
can overlook the effects of decisions—
about how much water should be allocated
and where—on downstream ecosystems
and the communities they support.27,52,67 A
whole-river ecosystem approach requires
an assessment of the requirements of all
the ecosystems involved and of their
linkages, through estuaries, to the ocean.
This, in turn, identifies all the associated
services and their beneficiaries.
A key driver for an ecosystem servicebased approach to water resources is the
National Water Act,79 with its emphasis on
equity, sustainability and maintaining the
integrity of the ecosystems that supply
South Africa’s water resources.42,80 The
principle of the Reserve, which requires
water to be set aside for both human and
ecological consumption, recognizes the
need to balance the maintenance of
ecosystem service delivery and human
welfare.80 The process of determining the
ecological reserve and setting the desired
ecological state has often degenerated
into a sterile people-versus-biodiversity
argument. We believe that an understanding of the interdependence of biodiversity, ecosystem services and human
well-being offers an alternative, and more
fruitful, approach which can get beyond
this stalemate, to ask what levels of eco-
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system functioning are needed for those
rivers to provide a full range of regulatory, production and life-enhancing
services. This is in line with the intent of
the Water Act and with the environmental clause of the Constitution.
Current research biases and gaps
Our initial search gave us an idea of
how few papers have been published on
South African ecosystem services. Our
analysis shows that the research that has
been done is very diverse and that a
common basis for, or approach to, studies
of ecosystem services is lacking. Although
many of the studies have provided estimates of values, these have been calculated
and presented in a variety of ways which
makes comparisons and syntheses difficult,
if not impossible. The overview has also
identified research gaps. The interrelationships between biodiversity, ecosystem services, social systems and human well-being
are poorly understood and quantified.
While economic assessments indicate
that ecosystem services are of considerable value, our understanding of these
values is incomplete. The impacts of
different kinds of land use, land degradation, and biodiversity losses on the generation and delivery of services, especially
on the most vulnerable members of society,
have hardly been examined. Although
there is some information on agricultural
and forestry productivity and the state
of the land (such as the production of
natural pastures), this information must
still be reviewed from the perspective of
ecosystems services in order to clarify the
linkages between biodiversity, ecosystem
status, service delivery and human welfare.
Geographical bias
There are marked geographical biases
in the research efforts across both the
subcontinent and within South Africa.
The only biogeographical unit whose ecosystem services have been assessed at a
reasonable level of detail is the fynbos
biome and, even in this case, key services
have been omitted and the estimated
values were based on some important assumptions and generalizations.27 Waterrich and productive regions and ecosystems have received the most attention,
and the semi-arid and arid regions the
least, although the latter represent more
than 50% of South Africa’s land area
and support some of the most vulnerable
human settlements.63
Categorical bias
The coverage of the different categories
of ecosystem services is clearly full of gaps
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and many services still need to be studied
(Table 2). Most of the studies have been
of production services; water flows or
supplies are the only regulatory and stabilizing services that have been investigated. Despite the emphasis on water
resources, only a couple of studies have
addressed water quality. None of the
South African studies has assessed the
value of the stabilizing service of nutrient
recycling, which was estimated to be the
single most valuable service globally,25 or
of soil generation and fertility. Two have
addressed non-consumptive uses including tourism and existence value (Table 2),
and others have touched on recreational
and other cultural values.
Emphasis on valuation rather than
ecology or people
The Millennium Ecosystem Assessment
dealt with the ecology of ecosystem services but only very superficially; most of
the other studies hardly touch on this issue. For example, although studies of the
impacts of invasive alien plant species on
water resources have some basis in catchment experiments, there are no studies
that have fully quantified the long-term
gains from clearing programmes.69 The
hydrological consequences of land degradation are well understood in general
terms, but there do not seem to have been
any detailed analyses of the relationships
between biodiversity, ecosystem function
and status, and the factors that determine
hydrological responses and, thus, river
flow and quality. There is research that
shows that livestock production potential
is related to vegetation production, but it
is also clear that, in some former homeland areas, many more livestock are being
maintained than should be able to survive. It is not clear how this is being done,
how resilient these socio-ecological systems
really are, or what the downstream consequences are. We also lack insight into the
linkages between service benefits and
human well-being, particularly the role,
benefits and value of the hard-to-quantify
cultural services.
Disciplinary bias
The authors of the 18 papers (Table 2)
did not specify their disciplines but, from
the objectives of their studies and the
authors’ institutional affiliations, it is clear
that there are biases. The strongest representation is of ecologists followed by
hydrologists and other natural scientists.
With the exception of the macro-economists, there are no scientists who deal
with social and institutional systems
(such as governance), human livelihoods,

health and well-being, or philosophy represented in any of these studies. This is a
significant shortcoming, given that ecosystem services are about people and how
they benefit or suffer losses. The contribution of economists is crucial, and can
provide critical information on monetary
values and value generation (which can
be used to influence human behaviour),
but economics provides only a limited
view of how human society benefits from
ecosystem services. We do not believe
that this is because scientists are not
studying and publishing their work on
the relationships between human welfare
and their interactions with their environment. Instead, we suggest that there
could be three related reasons for the
apparent absence of published, peerreviewed papers: (a) the studies appear in
journals to which we do not have access,
(b) they are not published in ISI-listed
journals, or (c) the studies do not use
terms like ‘ecosystem service’. An example of this is the literature on human livelihoods, particularly in rural settlements,
which uses terminology such as ‘natural
capital’, ‘natural resource use’, ‘food security’ and ‘non-timber forest products’ in
describing what we would term production services and their benefits. Examples
include studies published or reviewed in
Lawes et al.,36 the review by Shackleton
and Shackleton,59 and Cocks’s77 paper on
biocultural diversity.
Research on ecosystem services
Ecosystem service research was born
out of a need to highlight the interconnectivity between people and their
environment and is grounded in the
belief that urgent behavioural change is
required.17,18,23,81 It is a multi-faceted research
area, incorporating species-, ecosystem-,
service- and human-specific research and
embracing multiple viewpoints on the
valuation of services and changes in
service delivery. In many ways ecosystem
service research is not a ‘new’ science.
There is a substantial body of knowledge
and literature on various aspects of ecosystem processes, interrelations and
inter-dependencies between people and
their natural environments and the economics of natural services. We expect
there to be a large body of knowledge and
literature on the human dimensions of
ecosystem services, albeit under a variety
of synonyms. There is much that can be
learnt from simply reviewing this literature from an ecosystem service perspective. But we believe that even more can be
gained by establishing a forum or some
other means of initiating and sustaining a
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dialogue on this topic between scientists
and decision makers from a range of disciplinary backgrounds, along the lines of
the model put forward for sustainability
science by Burns et al.5 The recent suggestion that the debate should move from
sustainable development to sustainable
wellbeing82 is directly aligned with the
aims of ecosystem research as we see
them.
The key criterion for ecosystem service
research is that it provides a framework
for focusing on the interactions (ecosystems £ ecosystem services £ benefits £
people) rather than on specific disciplinary
domains. Ecosystem service research will
not contribute effectively to sustainable
development if it continues to be just a
subject for ecological research. It has to
expand to embrace at least the inputs and
views of economists and social scientists
(who study political and management
sciences), if it is to deal with this multifaceted theme. There are major challenges
in simply getting the different research
domains to acquire the necessary transdisciplinary understanding.4,5,83 To get
ecologists, economists and sociologists to
develop the joint insights and shared
understanding, for example, they need
to acknowledge the linkages between
ecology, society and the benefits of ecosystem services.84 A further challenge lies
in addressing the world views and other
factors that will promote dialogue between
decision makers in government and the
private sector, other stakeholders and
scientists.26,85,86
Sustainability science has similar goals
in seeking to bring the different domains
of science together and to build the
bridges necessary for effective dialogue
between science and society.5,7–10 To the
best of our knowledge, however, no one
has yet proposed a theme to use in developing sustainability science. The theme
would have to be sufficiently broad to
span all the levels of science (see Box 1 on
page 367), demanding enough to interest
scientists to move beyond their disciplinary comfort zones, and focused on solving the real problems that face society as it
addresses the fundamental changes required for sustainable development. We
believe that ecosystem services research
meets those requirements because there
are a number of ways in which the two research fields are closely aligned. All of the
characteristics of sustainability science
described by Burns et al.,5 and summarized earlier, match completely with the
aims and objectives of ecosystem service
research as described in this article. This
includes full engagement with stake-
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holders outside the scientific domain
(such as politicians and civil society) from
identifying and defining problems
through to implementing solutions.5
Conclusion
Ecosystem services are not acknowledged
by the majority of sectoral programmes,
with the exception of biodiversity- and
water-related policies, as encompassed in
the Biodiversity Act87 and the Water Act.79
South Africa’s current drive for increased
economic growth, and the government’s
newly launched AsgiSA (for Accelerated
and Shared Growth Initiative–South
Africa) programme,88 makes the recognition of the value of ecosystem services in
decision making essential if sustainable
development goals are to be achieved. We
believe that by broadening the dialogue
about ecosystem services to scientific disciplines outside of the natural sciences,
and to policy makers outside of the
biodiversity sector, the likelihood that
ecosystem services will be mainstreamed
into these strategies and policies will be
substantially increased, leading to a better
life for all.
This study was funded by the CSIR from the Strategic
Research Panel budget under the project ‘The flow of
benefits to people provided by ecosystems at multiple
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our colleagues for productive discussions and for
sharing their viewpoints and insights with us during
the course of this project.

12.
13.
14.

15.

16.

17.

18.

19.

20.

21.

22.
1. The Constitution of the Republic of South Africa. Act
108 of 1996. Government Printer, Cape Town.
2. UNCED (1987). Our Common Future. World
Commission on Environment and Development.
Oxford University Press, Oxford.
3. RSA (2006). People–Planet–Prosperity: A Strategic
Framework for Sustainable Development in
South Africa. Draft discussion document for
public comment. Online: http://www.deat.gov.
za/nssd_2005/nssd_11082005_new.htm
4. Max-Neef M.A. (2005). Foundations of transdisciplinarity. Ecol. Econ. 53, 5–16.
5. Burns M., Audouin M. and Weaver A. (2006).
Advancing sustainability science in South Africa.
S. Afr. J. Sci. 102, 379–384.
6. Kates R.W., Clark W.C., Corell R., Hall J.M., Jaeger
C.C. , Lowe I., McCarthy J.J., Schellnhuber H.J.,
Bolin B., Dickson N.M., Faucheux S., Gallopin
G.C., Grubler A., Huntley B., Jager J., Jodha N.S.,
Kasperson R.E., Mabogunje A., Matson P.,
Mooney H., Moore B., O’Riordan T. and Svedin U.
(2001). Environment and development – Sustainability science. Science 292, 641–642.
7. Clark W.C. and Dickson N.M. (2003). Sustainability science: the emerging research program.
Proc. Natl Acad. Sci. USA 100, 8059–8061.
8. Clark W.C. (2007). Sustainability science: a room of
its own. Proc. Natl Acad. Sci. USA 104, 1737–1738.
9. Kinzig A.P. (2001). Bridging disciplinary divides
to address environmental and intellectual challenges. Ecosystems 4, 709–715.
10. Reitan P. H. (2005). Sustainability science – and
what’s needed beyond science. Sustainability:
Science, Practice & Policy. Online: http://ejournal.
nbii.org/archives/vol1iss1/communityessay.
reitan.html
11. Fox H.E., Christian C., Nordby J.C., Pergams

23.

24.

25.

26.

27.

28.

29.

30.

O.R.W., Peterson G.D. and Pyke C.R. (2006).
Perceived barriers to integrating social science
and conservation. Conserv. Biol. 20, 1817–1820.
Dasgupta P. (2007). Nature and the economy?
J. Appl. Ecol. 44, 475–487.
Westman W.E. (1977). How much are nature’s
services worth? Science 197, 960–974.
Daily G.C. (1999). Developing a scientific basis for
managing Earth’s life support systems. Conserv.
Ecol.. Online: http://www.consecol.org/vol3/iss2/
art14/
Daily G.C., Soderqvist T., Aniyar S., Arrow K.,
Dasgupta P., Ehrlich P.R., Folke C., Jansson A.,
Jansson B. O., Kautsky N., Levin S., Lubchenco J.,
Maler K.G., Simpson D., Starrett D., Tilman D. and
Walker B. (2000). Ecology – The value of nature
and the nature of value. Science 289, 395–396.
de Groot R.S., Wilson M.A., and Boumans R.M.J.
(2002). A typology for the classification, description and valuation of ecosystem functions, goods
and services. Ecol. Econ. 41, 393–408.
Millennium Assessment (2003). Ecosystems and
Human Well-being: a framework for assessment.
Island Press, Washington, D.C.
Millennium Assessment (2005). Ecosystems and
Human Well-being: Synthesis. Island Press, Washington, D.C.
Loreau, M., Naeem S., Inchausti P., Bengtsson J.,
Grime J.P., Hector A., Hooper D.U., Huston M.A.,
Raffaelli D., Schmid B., Tilman D. and Wardle D.A.
(2001). Ecology – Biodiversity and ecosystem
functioning: current knowledge and future challenges. Science 294, 804-808.
Naeem S. and Wright J.P. (2003). Disentangling
biodiversity effects on ecosystem functioning:
deriving solutions to a seemingly insurmountable
problem. Ecol. Lett. 6, 567–579.
Hooper D.U., Chapin F.S., Ewel J.J., Hector A.,
Inchausti P., Lavorel S., Lawton J.H., Lodge D.M.,
Loreau M., Naeem S., Schmid B., Setala H.,
Symstad A.J., Vandermeer J. and Wardle D.A.
(2005). Effects of biodiversity on ecosystem
functioning: a consensus of current knowledge.
Ecol. Monogr. 75, 3–35.
Kremen C. (2005). Managing ecosystem services:
what do we need to know about their ecology?
Ecol. Lett. 8, 468–479.
Diaz S., Fargione J., Chapin F.S. and Tilman D.
(2006). Biodiversity loss threatens human wellbeing. PLoS. Biol. 4, 1300–1305.
White paper on the conservation and sustainable
use of South Africa’s biological diversity. Notice
1095 of 1997. Department of Environmental
Affairs and Tourism, Pretoria (1997).
Costanza R., d’Arge R., de Groot R., Farber S.,
Grasso M., Hannon B., Limburg K., Naeem S.,
O’Neill R.V., Paruelo J., Raskin R.G., Sutton P. and
van den Belt M. (1997). The value of the world’s
ecosystem services and natural capital. Nature
387, 253–260.
Scheffer M., Brock W. and Westley F. (2000).
Socioeconomic mechanisms preventing optimum use of ecosystem services: an interdisciplinary theoretical analysis. Ecosystems 3, 451–471.
Turpie J.K., Heydenrych B.J. and Lamberth S.J.
(2003). Economic value of terrestrial and marine
biodiversity in the Cape Floristic Region: implications for defining effective and socially optimal
conservation strategies. Biol. Conserv. 112, 233–
251.
De Fries R. and Pagiola S. (2005). Analytical
approaches for assessing ecosystem condition
and human well-being. In Ecosystems and Human
Well-being: Current and State and Trends, Vol. 1, eds
R. Hassan, R. J. Scholes and N. Ash, pp. 38–71.
Island Press, Chicago.
Straton A. (2006). A complex systems approach to
the value of ecological resources. Ecol. Econ. 56,
402–411.
Capistrano D., Cristian S.K., Lee M.J. and Randsepp-Hearne C. (eds) (2005). Ecosystems and Human Well-being: Multiscale assessments. Island
Press, Washington, D.C.

375

31. Anon. (2005). Are you being served? The
Economist, 21 April, pp. 76–78.
32. Kremen C. and Ostfeld R.S. (2005). A call to
ecologists: measuring, analyzing, and managing
ecosystem services. Front. Ecol. Environ. 3, 540–
548.
33. Chan K.M.A., Pringle R.M., Ranganatran J., Boggs
C.L., Chan Y.L., Ehrlich P.R., Haff P.K., Heller N.E.,
Al-Krafaji K. and Macmynowski D.P. (2007).
When agendas collide: human welfare and biological conservation. Conserv. Biol. 21, 59-68.
34. Mittermeier R.A., Gil P.R., Hoffman M., Pilgrim J.,
Brooks T., Mittermeier C.G., Lamoreux J. and da
Fonseca G.A.B. (2004). Hotspots Revisited: Earth’s
biologically richest and most endangered terrestrial
ecoregions. Cemex Books on Nature, Mexico City.
35. Infield M. (2001). Cultural values: a forgotten
strategy for building community support for
protected areas in Africa. Conserv. Biol. 15,
800–802.
36. Lawes M., Eeley H., Shackleton C.M. and Geach
B.G.S. (eds) (2004). Indigenous Forests and
Woodlands in South Africa: Policy, People and Practice.
University of KwaZulu-Natal Press, Pietermaritzburg.
37. DEAT (1996). Green Paper on an Environmental
Policy for South Africa. Online: http://www.info.
gov.za/greenpapers/1996/environmental.htm
38. Critchley W., Versfeld D. and Mollel N. (1998).
Sustainable Land Management: Some signposts for
South Africa. University of the North Press,
Sovenga, South Africa.
39. Wynberg R. (2002). A decade of biodiversity
conservation and use in South Africa: tracking
progress from the Rio Earth Summit to the Johannesburg World Summit on Sustainable Development. S. Afr. J. Sci. 98, 233–243.
40. Reed D. and de Wit M. (eds) (2003). Towards a just
South Africa. The political economy of natural resource
wealth. Macroeconomics Program Office, World
Wide Fund for Nature, Washington, D.C.
41. Funke N., Nortje K., Findlater K., Burns M.,
Turton A., Weaver A. and Hattingh H. (2007).
Redressing inequality: South Africa’s new water
policy. Environment 49, 10–23.
42. Bohensky E. and Lynam T. (2005). Evaluating
responses in complex adaptive systems: insights
on water management from the Southern African
Millennium Ecosystem Assessment (SAfMA).
Ecology and Society 10(1): 11. Online: http://www.
ecologyandsociety.org/vol10/iss1/art11
43. Bohensky E.L., Reyers B. and Van Jaarsveld A.S.
(2006). Future ecosystem services in a southern
African river basin: a scenario planning approach
to uncertainty. Conserv. Biol. 20, 1051–1061.
44. Heydenrych B.J., Cowling R.M. and Lombard A.T.
(1999). Strategic conservation interventions in a
region of high biodiversity and high vulnerability: a case study from the Agulhas Plain at the
southern tip of Africa. Oryx 33, 256–269.
45. Higgins S.I., Turpie J.K., Costanza R., Cowling
R.M., Le Maitre D.C., Marais C. and Midgley
G.F. (1997). An ecological economic simulation
model of mountain fynbos ecosystems – Dynamics, valuation and management. Ecol. Econ. 22,
155–169.
46. Holmes P.M., Richardson D.M., Van Wilgen B.W.
and Gelderblom C. (2000). Recovery of South
African fynbos vegetation following alien woody
plant clearing and fire: implications for restoration. Austral Ecol. 25, 631–639.
47. Jewitt G. (2002). Can integrated water resources
management sustain the provision of ecosystem
goods and services? Phys. Chem. Earth 27, 887–895.
48. Lange G.M., Hassan R. and Alfieri A. (2003). Using
environmental accounts to promote sustainable
development: experience in southern Africa. Nat.
Resour. Forum 27, 19–31.
49. Matete M. and Hassan R. (2005). An ecological
economics framework for assessing environmental flows: the case of inter-basin water transfers in
Lesotho. Glob. Planet. Change 47, 193–200.
50. Richardson D.M. and van Wilgen B.W. (2004).

376

51.

52

53.

54.

55.

56.

57.

58.

59.

60.

61.

South African Journal of Science 103, September/October 2007

Invasive alien plants in South Africa: how well do
we understand the ecological impacts? S. Afr. J.
Sci. 100, 45–52.
Rockström J., Folke C., Gordon L., Hatibu N.,
Jewitt G., de Vries F.P., Rwehumbiza F., Sally H.,
Savenije H. and Schulze R. (2004). A watershed
approach to upgrade rainfed agriculture in water
scarce regions through Water System Innovations: an integrated research initiative on water
for food and rural livelihoods in balance with
ecosystem functions. Phys. Chem. Earth 29,
1109–1118.
Sengo D.J., Kachapila A. van der Zaag P., Mul M.
and Nkomo S. (2005). Valuing environmental
water pulses into the Incomati estuary: key to
achieving equitable and sustainable utilisation of
transboundary waters. Phys. Chem. Earth 30,
648–657.
Turpie J.K. (2003). The existence value of biodiversity in South Africa: how interest, experience, knowledge, income and perceived level of
threat influence local willingness to pay. Ecol.
Econ. 46, 199–216.
Turpie J.K. and Joubert A.R. (2001). The tourism
value of rivers in Kruger National Park and
impacts of a change in river quality. Biol. Conserv.
27, 387–398.
Van Jaarsveld A.S. and Biggs H.J. (2000). Broad
participation enhances initial steps towards of
South African ecosystem observatory system
(LTER). S. Afr. J. Sci. 96, 63–66.
Van Jaarsveld A.S., Biggs R., Scholes R.J.,
Bohensky E., Reyers B., Lynam T., Musvoto C. and
Fabricius C. (2005). Measuring conditions and
trends in ecosystem services at multiple scales:
the Southern African Millennium Ecosystem
Assessment (SAfMA) experience. Phil. Trans. R.
Soc. B 360, 425–441.
Van Wilgen B.W., Cowling R.M. and Burgers C.J.
(1996). Valuation of ecosystem services. BioScience
46, 184–189.
Van Wilgen B.W., Le Maitre D.C. and Cowling
R.M. (1998). Ecosystem services, efficiency,
sustainability and equity: South Africa’s Working
for Water Programme. Trends Ecol. Evol. 13,
378–378.
Shackleton C. and Shackleton S. (2004). The
importance of non-timber forest products in rural
livelihood security and as safety nets: a review of
evidence from South Africa. S. Afr. J. Sci. 100,
658–664.
Shackleton C.M. and Shackleton S.E. (2006).
Household wealth status and natural resource
use in the Kat River valley, South Africa. Ecol. Econ.
57, 306–317.
Biggs R., Bohensky E., Fabricius C., Lynam T.,
Misselhorn A., Musvoto C., Mutale B., Reyers B.,
Scholes R. J., Shikongo S. and van Jaarsveld A.S.

62.

63.

64.

65.

66.

67.

68.

6.

70.

71.

72.

73.

(2004). Nature supporting people: the Southern
African Millennium Ecosystem Assessment. CSIR,
Pretoria.
Scholes R.J. and Biggs R. (2004). Ecosystem
Services in Southern Africa: A Regional Assessment. CSIR, Pretoria.
Bohensky E., Reyers B., Van Jaarsveld A.S. and
Fabricius C. (eds) (2004). Ecosystem Services in
the Gariep Basin. A basin-scale component of the
Southern African Millennium Ecosystem Assessment. SUN Press, Stellenbosch.
Le Maitre D.C., van Wilgen B.W., Chapman R.A.
and McKelly D.H. (1996). Invasive plants and
water resources in the Western Cape Province,
South Africa: modelling the consequences of a
lack of management. J. Appl. Ecol. 33, 161–172.
Le Maitre D.C., van Wilgen B.W., Gelderblom
C.M., Bailey C., Chapman R.A. and Nel, J.A.
(2002). Invasive alien trees and water resources in
South Africa: case studies of the costs and benefits
of management. For. Ecol. Manage. 160, 143–159.
Blignaut J.N., Marais C. and Turpie J.K. (2007).
Determining a charge for the clearing of invasive
alien plant species (IAPs) to augment water
supply in South Africa. Water SA 33, 27–34.
Lamberth S.J. and Turpie J.K. (2003). The role of
estuaries in South African fisheries: economic
importance and management implications. Afr. J.
Mar. Sci. 25, 131–157.
Le Maitre D.C., Versfeld D.B. and Chapman R.A.
(2000). The impact of invading alien plants on
surface water resources in South Africa: a preliminary assessment. Water SA 26, 397–408.
Görgens A.H.M. and van Wilgen B.W. (2004).
Invasive alien plants and water resources in
South Africa: current understanding, predictive
ability and research challenges. S. Afr. J. Sci. 100,
27–33.
Cullis J.D.S., Görgens A.H.M. and Marais C.
(2007). A strategic study of the impact of invasive
alien plants in the high rainfall catchments and
riparian zones of South Africa on total surface
water yield. Water SA 33, 35–42.
Olbrich B.W. and Hassan R. (1999). A comparison
of the economic efficiency of water use of plantations, irrigated sugarcane and sub-tropical fruits.
A case study of the Crocodile River catchment,
Mpumalanga Province. Water Research Commission, Pretoria.
Crafford J.G., Hassan R.M., King N.A., Damon
M.C., de Wit M. P., Bekker S., Rapholo B.M. and
Olbrich B.W. (2004). An analysis of the social,
economic and environmental direct and indirect
costs and benefits of water use in irrigated agriculture and forestry. A case study of the Crocodile
River catchment, Mpumalanga Province. Water
Research Commission, Pretoria.
Statistics SA (2005). Worksheet ‘Table 8’ in the

74.

75.

76.

77.

78.

79.
80.

81.
82.
83.

84.

85.

86.

87.

88.

Commentary

Excel spreadsheet ‘2005-11 Table 01-35.xls’ in the
zip file ‘P04413rdQuarter2005.zip’. Online:
http://www.statssa.gov.za/publications
Statistics SA (2006). Survey of Large Scale Agriculture 2005 (Preliminary) October 2006. Statistical
release P1101.1. Online: http://www.statssa.gov.
za/publications
Blignaut J.N. and Hassan R. (2004). Natural
resource accounts and their application in South
Africa. In Sustainable Options: Development Lessons
from Applied Environmental Economics, eds J.N.
Blignaut and M. De Wit, pp. 352–370. University
of Cape Town Press, Cape Town.
Cocks M.L. and Wiersum K.F. (2003). The significance of plant diversity to rural households in
Eastern Cape Province of South Africa. Forests,
Trees and Livelihoods 13, 39–58.
Cocks M.L. (2006). Biocultural diversity: moving
beyond the realm of ‘indigenous’ and ‘local’
people. Hum. Ecol. 34, 185–200.
Magadlela D. and Mdzeke N. (2004). Social
benefits in the Working for Water programme as a
public works initiative. S. Afr. J. Sci. 100, 94–96.
National Water Act. Act 36 of 1998. Government
Printer, Cape Town.
MacKay H.M., Rogers K.H. and Roux D.J. (2003).
Implementing the South African water policy:
holding the vision while exploring an uncharted
mountain. Water SA 29, 353–358.
Lawton J.H. (2007). Ecology, politics and policy.
J. Appl. Ecol. 44, 465–474.
Pachaury R.K. (2007). Sustainable well-being.
Science 315, 913.
Boulton A.J., Panizzon D. and Prior J. (2005). Explicit knowledge structures as a tool for overcoming obstacles to interdisciplinary research.
Conserv. Biol. 19, 2026–2029.
Costanza R. and Farber S. (2002). Introduction to
the special issue on the dynamics and value of
ecosystem services: integrating economic and
ecological perspectives. Ecol. Econ. 41, 367–373.
Lubchenko J. (1998). Entering the century of the
environment: a new social contract for science.
Science 279, 491–497.
Roux D.J., Rogers K.H., Biggs H.C., Ashton P.J. and
Sergeant A. (2006). Bridging the science–management divide: moving from unidirectional knowledge transfer to knowledge interfacing and
sharing. Ecology and Society 11(1), 4. Online:
http://www.ecologyandsociety.org/vol11/iss1/
art4/
National Environmental Management: Biodiversity Act. Act 10 of 2004. Government Printer,
Cape Town.
RSA (2006). Accelerated and shared growth
initiative–South Africa (AsgiSA). A summary. The
Presidency, Republic of South Africa. Online:
www.info.gov.za/asgisa

