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ABSTRACT 

Ecosystem services, the benefits that humans obtain from nature, can be classified into four 

broad categories: 1) provisioning (e.g. fibre and food); 2) regulating (e.g. water and climate 

regulation); 3) supporting (e.g. crop pollination) and 4) cultural (e.g. aesthetic value) (MA 

2005). These services depend primarily on the condition of ecosystems, and most often 

ecosystems in good condition have a greater capacity to deliver services than transformed 

ecosystems. This study aimed at highlighting the effect that land cover changes in 

ecosystems’ have on their capacity to deliver ecosystem services. It also assessed the role 

played by different biodiversity planning tools in safeguarding ecosystem services. It selected 

Umgeni catchment as a study area because of multiple ecosystem services within this study 

area and it has undergone major land use changes in the two decades. 

 

This study assessed the integration of ecosystem services into conservation planning. To 

achieve this, I selected 100 peer reviewed publications and reviewed how ecosystem services 

are being included into conservation assessments around the world in the last decade (2006 to 

2015). The results showed an improvement in the inclusion of ecosystem services into 

conservation assessment in the past decade. Provisioning and regulating services have been 

frequently included in conservation assessments, whereas cultural services have not. 

 

The provision of ecosystem services is mostly affected by different anthropogenic pressures 

including land cover change due to land use such as cultivation, urban development and 

intense grazing. In this study I presented a concept for the assessment of multiple ecosystem 

services with land cover types, I linked each land cover type with five selected ecosystem 

services. I used these five ecosystem services: a) Food production, b) Grazing, c) Water 

quality regulation, d) Soil retention and e) Carbon storage.  The results revealed patterns of 

human activities over time and the capacities of different ecosystems in providing these five 

ecosystem services under changing land cover in the last 40 years. Natural areas have 

decreased by 50% in the last 40 years within the study area and this can be translated to the 

loss of important areas for ecosystem service provision. In 1970, 86% of the area was mapped 

as important for ecosystem service delivery, only 40% is remained in 2008.  

 

Lastly, I assessed the extent to which ecosystem services have been integrated into 

environmental policies I compared areas which have been selected as important for protection 
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using these environmental policy tools with important areas for ecosystem service provision. 

The results revealed strong relationship between biodiversity and important areas for 

ecosystem service delivery. The strong positive correlation between biodiversity and 

ecosystem services might be interpreted as offering opportunities to integrate these two 

concepts under one plan, and they offer win-win for policy.  
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CHAPTER 1: INTRODUCTION 

1.1 Background 

1.1.1 What are ecosystem services? 

Ecosystems services are the benefits humans derive from nature (Millennium Assessment, 

2005). According to the Millennium Ecosystem Assessment (MA 2005), ecosystem services 

can be categorised  into four categories: (1) provisioning services, such as food, water, timber;  

(2) regulating services that affect climate, floods, disease, water quality;  (3) cultural services 

that provide recreational, aesthetic and spiritual benefits; and (4) supporting services such as 

soil formation, photosynthesis, nutrient cycling (MA 2005).  

 
Research on ecosystem services has increased over the past decade. The MA 2005 was 

instrumental in highlighting the importance of nature in human well-being. However, before 

the MA, Costanza et al., (1997) placed a value to the world’s ecosystems to an average of US 

$ 33 trillion per year. This value caught the attention of policy makers to realise the 

importance of ecosystem services in economies which was instrumental in initiating the MA. 

The vision of the MA is a world in which people and institutions appreciate natural systems as 

vital assets, recognize the central roles these assets play in supporting human well-being, and 

routinely incorporate their material and intangible values into decision making (Daily et al., 

2009). This has led to economists and ecologists developing different approaches and tools in 

understanding the economic value of ecosystem services. An example is Artificial 

Intelligence for Ecosystem Services (ARIES) which provides an intelligent modelling 

platform capable of composing complex ecosystem services models from a collection of 

models specified by the user (Bagstad et al.,, 2011). 

 

Different approaches have been developed to study ecosystem services and how they can be 

incorporated into policy. For example Troy and Wilson (2006) presented a framework for 

spatially explicit value transfer to estimate ecosystem service flow values, Burkhard et al., 

(2011) looked at mapping ecosystem service supply and demand using ecosystem integrity; 

Egoh et al., (2008) used simple proxies for mapping ecosystem services for planning and 

management; Nemec and Raudsepp-Hearne (2013) looked at using GIS to map and assess 

ecosystem service while Reyers et al., (2009) focused on changes on ecosystem services 
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delivery due to land use change for semiarid biodiversity hotspot. In addition some tools have 

been specifically developed for accessing and mapping ecosystem services, such as Integrated 

Valuation of Ecosystem Services and Tradeoffs (InVEST) developed by the Natural Capital 

project or ARIES which provides an intelligent modelling platform capable of composing 

complex ecosystem services models from a collection of models and data layers specified by 

the user (Bagstad et al.,, 2011). 

 

Though there are different approaches and techniques, there is a mutual understanding that 

ecosystem services depend on the condition of an ecosystem. Most studies concur that the 

capacity of ecosystem to supply services is a function of their condition (Crossman et al., 

2013).  The integrity of ecosystem influences the capacity to provide services, and land cover 

change has been highlighted as one of the most important direct drivers of the capacity of 

ecosystem to provide services. For example natural areas have capacity to provide more 

ecosystem services (e.g. in the case of grazing) when compared to transformed areas (urban or 

cultivated areas). The loss of natural areas is therefore one of the many threats facing 

ecosystem services. 

1.1.2 What are the threats to ecosystem services? 

As mentioned above natural ecosystem has higher capacity to produce ecosystem services 

than the transformed ecosystems; but some of the services might actually be higher in 

transformed ecosystems (e.g. cultivated land in providing food). There are many threats to 

ecosystem services, but the main threat is land cover change. Land cover changes occur in 

many forms but the dominant ones in South Africa are conversion of natural areas into 

mining, cultivation or urban development (Schoeman et al. 2010). These land use activities 

have contributed to the loss of important areas for ecosystem services delivery, and with 

increasing population; the conversion of natural areas into different land use is likely to 

increase in near future. It is necessary to safeguard important areas for ecosystem service 

delivery and proper management plans should be developed for these areas. Presently such 

management plans are not readily available for ecosystem services. 

 

Addressing threats to ecosystem service provision is more important when service provision 

is not substitutable across space (Luck et al., 2012). This happens when there are no human 

alternatives to the services that were provided by natural ecosystems or alternatives have cost 
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implications which usually local communities cannot afford. For example the loss of wetland 

due to human activities, will lead to loss of services provided by them.  Threats to ecosystem 

services should be addressed and minimised at all costs for the continuation of services 

provision. Research on ecosystem services should aim at developing tools which will select 

important areas for ecosystem services delivery for good management. Such tools may be 

similar to biodiversity planning tools. 

1.1.3 What are Biodiversity planning tools? 

Biodiversity planning tools are approaches and methods which are used to select important 

areas for biodiversity conservation and to integrate biodiversity considerations or mainstream 

biodiversity into land-use planning and decision making. The challenge being faced by the 

biodiversity sector is not only to set up conservation areas and redirect development but rather 

to mainstream biodiversity into development (Baral et al., 2014). These tools help to provide 

guidelines as to where and how development should take place. The development of these 

tools largely focuses on ensuring sustainability of biodiversity. 

  

The tools range from national planning tools which focus on policy development to local 

planning tools which look into how national policies are being implemented locally. For 

example, National Environmental Management Biodiversity Act 2004 (NEMBA) is a national 

biodiversity planning tool while Critical Biodiversity Areas is a local tool which promotes 

and implements NEMBA locally. Until recently these tools focused in biodiversity 

conservation, but increases in the number of research on ecosystem services has shifted the 

attention and cause some tools to include ecosystem services.  

1.1.4 Relationship between biodiversity and ecosystem services 

 

Onaindia et al., (2013) argues that biodiversity and ecosystem services are intrinsically 

linked: the former supports most ecosystem services, and the maintenance of the latter is often 

used to justify biodiversity conservation actions. Recently, ecosystem services have been used 

as a strategy to conserve biodiversity (Reyers et al., 2012); this affirms that these two 

concepts need to be integrated in future planning. Some management plans to enhance 

ecosystem services fail to achieve biodiversity conservation goals. For example ploughing 

natural vegetation for food crops is detrimental to biodiversity; but there are synergies 
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between biodiversity and ecosystem services that are likely to increase overall biodiversity 

conservation with little trade-offs (Felipa-Lucia & Comín, 2015). 

 

Biodiversity conservation and ecosystem services are primarily aimed at promoting 

sustainable management of ecosystems, although currently little exists in the identification of 

priority areas for ecosystem services compared to biodiversity. They are both relatively 

simple to define in theory, but biodiversity and ecosystem services are both complex concepts 

with complex relationships (Reyers et al 2012, Balvanera et al., 2015). The narrow 

interpretation of these concepts and use of proxies can make them appear to be less connected 

or related. For example biodiversity is often explained by species richness while ecosystem 

services are about the benefits for people. However, the deeper explanation of these concepts 

shows positive connection and how they affect each other. 

 

Recent studies have attempted to understand the relationship between biodiversity 

conservation and ecosystem services. The underlying mechanisms of this relationship have 

been a topic of ongoing controversy, which has been complicated by the many different types 

and measures (Costanza et al., 2007). Though the nature of the relationship might not be 

simple to explain, these two concepts can be integrated in planning. Balvanera et al., (2015) 

argue that an understanding of how biodiversity is linked to ecosystem services is critical for 

designing more sustainable environmental policies and landscape planning. 

1.2 Rationale of the study 

 

Humans have altered ecosystems because of incentives to convert natural habitat to more 

profitable land uses. In South Africa, natural areas have been converted either into agricultural 

areas, mining or to urban infrastructure for the benefits of human well-being. The loss of 

natural areas into different land use impairs ecosystem services provided by natural 

ecosystems. This is likely to continue due to increase in population, so it is critical to develop 

management plans which seek to protect areas which are still in natural conditions and which 

are important for ecosystem services. The study selected uMngeni catchment as a study area 

because its mixture of major land use classes and also it support South Africa’s third 

economic hub i.e. the city of Durban and contains corridor in the form N3 toll road which 

connect KwaZulu Natal and Gauteng province. 
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The loss of natural ecosystems into different land use affect both biodiversity and ecosystem 

services. Though there have been considerable researches on ecosystem services, few studies 

have looked into the impacts of land use changes on ecosystem services. The objective of this 

study was therefore to look into how land use change affects the capacity of ecosystems to 

deliver ecosystem services. The study also seeks to understand the role played by different 

biodiversity tools in maintaining ecosystem services.  

1.3 Aims 

The project aims to quantify the consequences of land cover change for ecosystem services in 

uMngeni catchment. It assesses the historical land use within the catchment in the last 40 

years, how it has changed and what implications it might have on ecosystem services. 

Furthermore the study focuses on the role played by different biodiversity planning tools in 

maintaining different ecosystem services. 

1.4 Research questions 

• What is the potential of different land cover units in providing different ecosystem 

services? 

• How has land cover changed affected changes in ecosystem service delivery in the past 40 

years within the study area? 

• How can we combine expert’s judgments with quantitative data to assess landscapes’ 

capacities to provide ecosystem services? 

• How are ecosystems services aligned with biodiversity planning tools from national to 

local level? 

• What does this alignment meant for policy development and implementation in South 

Africa? 

• Are biodiversity conservation areas with the aim of preserving biodiversity important to 

maintain ecosystem services? 

• Do formal protected areas protect ecosystem services within the study area? 

 

JonasZ
Highlight

JonasZ
Highlight
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1.5 Study area 

 

The uMngeni catchment has a total area of 441800 ha. The main river is uMngeni, which is 

roughly 257 km long with different tributaries. The uMngeni River rises on the ancient 

wetland surrounded by a rim of hills, at the west end of the catchment 1 760m above sea level 

(State of Rivers Report, 2002). There are two major tributaries within the catchment; 

uMsunduzi River which passes through Pietermaritzburg town and a smaller tributary close to 

its mouth Palmiet River which runs through Palmiet Nature Reserve. This catchment has four 

major dams built on it to support ever increasing human demands for water. Most water is 

used for agriculture through crop irrigation systems.  

 

The region is a major economic centre with high cultural and ecological importance. Careful 

planning is necessary if all these activities are to be sustainable. The province of KwaZulu 

Natal is faced with poverty so economic activities are encouraged within the province to 

ensure that the livelihoods of local people are uplifted. However paying much attention on 

economic development and neglecting the ecological processes is not a sustainable way of 

alleviating poverty in the province. 

 

According to the last census report 2011 roughly 40 % of KwaZulu Natal population is found 

within this catchment (www.statssa.gov.za). Of these, more than 85% live in the Greater 

Durban urban complex as well as Pietermaritzburg, where they are attracted by the economic 

activity and employment opportunities (Basson and Rossouw, 2002). Durban Municipality 

has recently released a report showing that the city is operating at water deficit and this has 

caused water inter-basin transfer to keep up with the demand. The catchment has four major 

dams (Figure 1) which do not have capacity to meet the human demand which is likely to 

increase in the next 20 years.  
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Figure 1: uMngeni catchment with four major reservoirs 
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1.6 Outline of dissertation 

Chapter 2 sets out to review how ecosystem services have been included into conservation 

assessments. 

Chapter 3 introduces the first research paper that focuses on the potential of different land 

cover types to map ecosystem services.  

Chapter 4 focuses on the relationship between ecosystem services and different 

biodiversity planning tools, by assessing the extent to which different biodiversity planning 

tools incorporate ecosystem services 

Chapter 5 consolidates the findings in this study. In addition, this chapter discusses 

limitations and makes recommendations for future research. 
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CHAPTER 2: Integrating ecosystem services into conservation assessments: A 

review 

2.1 Abstract 

The last two decades have seen general increase in the number of conservation assessments as 

well as research on ecosystem services. The concept of ecosystem services have garnered 

considerable academic attention with the publication of more than 2400 papers focusing on 

the ways to map, value and estimate these services (Brown et al., 2013) and how ecosystem 

services relate to biodiversity. Although biodiversity underpins most ecosystem services, 

there is a call to include ecosystem services into conservation assessments. The main reason 

to integrate them is to shift from strictly biodiversity conservation plans towards plans that 

include human well-being. At the moment there is no widely accepted approach in prioritising 

areas important for ecosystem services. The aim of this study was to review the extent to 

which ecosystem services have been included in the conservation assessments and which 

ecosystem services are frequently included or mentioned in conservation assessments.  I 

identified 425 publications which focus on conservation assessments, and randomly selected 

100 publications for review. Only 24% of the conservation assessments have included 

ecosystem services as the reason for conservation while 37% referred to ecosystem services as 

one of the features used to identify priority areas, 26% used ecological process which can be 

translated into ecosystem functions and the remaining 13% of the conservation assessments 

did not include ecosystem services at all. From the review, it was clear that there is an 

increase in number of conservation assessments which have included ecosystem services, and 

this is likely to continue. The frequently-used ecosystem services in conservation assessment 

are provisioning and regulating services, while cultural services did not feature in many 

assessments. I concluded by looking at the constraints and opportunity for integrating 

ecosystem services into conservation assessments. 

 

Keywords: Biodiversity assessment, Ecosystem services, Conservation planning, integrated 

approach.  
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2.2 Introduction 

The past 30 years have witnessed an impressive development of the theoretical framework 

and analytical tools used for land use planning particularly in the identification of areas and 

actions aimed at biodiversity conservation (Nim et al., 2016). Systematic Conservation 

Planning (SCP) is a structured approach that provides the context needed to meet two basic 

objectives: representativeness, the need to protect the full variety of biodiversity at all its 

levels of organisation; and persistence, the long term survival of species and ecosystems 

(Margules & Pressey 2000, Bright et al 2008, Drielsma et al 2014, Larson et al 2016). In 

contrast to many conservation assessments, SCP not only identifies priority areas for 

conservation action but more importantly, it develops an implementing strategy. In literature 

these terms have been used interchangeably as if they are similar.  

 

Conservation planning has traditionally focused on identifying key areas for the conservation 

of biodiversity (Luck et al., 2012). Only recently have ecosystem services been included in 

conservation assessment. For example Egoh et al., (2011) identified priority areas for 

ecosystem services in the grassland biome in South Africa.  In the face of increasing land-use 

changes, a methodological approach that integrates ecosystem services and biodiversity is 

important (Nim et al., 2016). The inclusion of ecosystem services into conservation planning 

would allow for the development of an integrated approach to evaluate the merits and 

congruency of different conservation objectives (Egoh et al., 2007) but the links between 

biodiversity and ecosystem services are complex and there are no simple answers in 

integrating them (Costanza et al., 2007).  

 

The spatial overlap between habitats important for providing different ecosystem services and 

biodiversity benefits is of critical importance for land management strategies (Anderson et al., 

2009). These spatial overlaps will provide win-win situation for both biodiversity and 

ecosystem services or it can highlights the areas where there can be trade-offs between 

biodiversity and ecosystem services. An integrated approach is an ideal solution with 

pressures from land use changes. With an increase in the recognition of the importance of 

ecosystem services, it is time for conservation efforts to explicitly include ecosystem services 

priorities along biodiversity priorities (Egoh et al., 2012). 

 

Though ecosystem services have gained much attention in the last two decades, a widely 

endorsed methodology for planning for ecosystem services does not exist (Balvanera et al., 
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2001; Egoh et al 2007; Schneiders et al., 2012; Mascarenhas et al., 2015), but different 

approaches have been used in different studies in ecosystem services planning. In order to 

contribute towards the development of such a methodology, this study conducts a survey of 

the peer reviewed literature on conservation assessments.  This is a follow up study from 

Egoh et al., (2007), who did similar review 10 years ago; the current study seeks to assess any 

significant changes in the integration of ecosystem services into conservation assessments. 

The focus of this review will be on conservation assessments, and less on the implementation 

aspect because of the complexity of reviewing the inclusion of ecosystem services after plans 

have been implemented.  

 

This study assessed the ways and extent to which ecosystem services have been integrated 

into conservation assessments by evaluating three questions: 1) to what extent have ecosystem 

services been included as features in conservation assessments? ; 2) What types of ecosystem 

services have been included? ; and 3) how have these services been accounted for in 

conservation assessments? The study concludes by looking into opportunities and constraints 

for incorporating ecosystem services into conservation assessments. 
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2.3 Methods 

2.3.1 Scope of study 

The number of studies done in ecosystem services has contributed to numerous definitions for 

ecosystem services. Depending on the study aims and objectives, these definitions range from 

looking into direct human benefits towards economic incentives provided by ecosystem 

services to ecological functions and processes.  These definitions are often competing and do 

not standardise the meaning, constraints and measurement of ecosystem services (Egoh et al., 

2007). The terms ecosystem value, ecosystem function, ecological services, ecosystem 

economics and payments for ecosystems are sometimes used to represent ecosystem services. 

We define ecosystem services as the benefits humans derive from nature at no costs (MA, 

2005; Chan et al., 2016) and our focus is only services from natural functioning ecosystem. 

For an ecosystem service to be considered as a service there should be direct or indirect 

human benefits associated with it. 

 

The critical issue that needs attention in ecosystem services assessment is the knowledge on 

how ecosystem services are produced and maintained, how they are affected by system 

changes such as land use change, and how they depend on different levels of biodiversity 

(Balvanera et al., 2015). The study was limited to the terrestrial environment as there are not 

many studies that have been carried out in the marine environment (Liquete et al., 2013). 

Although recently there have been a number of marine studies which have looked into 

integrating ecosystem services in marine spatial plans. Further this allowed for the 

comparison of the study done by Egoh et al., (2007) which focused only on terrestrial 

environment. Though this enabled comparison, it potentially missed an important aspect in 

understanding the extent to which ecosystem services are integrated in marine assessments.  

2.3.2 The Review 

According to Egoh et al., (2007), ecosystem services were not explicitly included in 

conservation assessments despite the calls from research to be included in conservation 

assessments. Since their findings, there has been an increase in both ecosystem services 

mapping and modelling, and biodiversity assessments (Egoh et al., 2012) but it is not clear if 

the inclusion of ecosystem services into conservation assessments has resulted in an increase 

in their inclusion in conservation assessments.   This review seeks to assess the status quo on 

the inclusion of ecosystem in biodiversity assessments.  I first made use of the Web 
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(www.sciencedirect.com) to search and download peer-reviewed publications from 2007 to 

2015. I choose 2007 as a starting point since this is the follow up study from Egoh et al., 

2007.  

  

I used these phrases to search: “ecosystem services”, “ecosystem service evaluation”, 

“priority area identification”, “bioregional planning”, “ecoregion assessment”, “conservation 

planning”, “conservation assessment” and “conservation planning. The first search with 

multiple search terms produced a great number of studies on conservation planning. I 

therefore narrowed my search to fewer search terms as follows:   “conservation assessment”, 

“conservation planning”, and “conservation plan” to search for the publications. I felt that 

these phrases match with our aims and objectives of this review. 

 

I identified 425 publications from our search which have been published between 2007 and 

2015, I excluded 2016 publications for the review analysis but they were used only as 

supporting material in literature review. I used random stratified selection to selected 100 

publications and I tried to select at least 10 publications per year to ensure good representation 

of all the reporting years and to avoid bias towards certain years. The remaining 325 

publications were not used in the review analysis besides as supporting material for the study. 

I analysed these 100 publications to answer question which looks at the extent of how 

ecosystem services are included in conservation assessment.  

 

To answer the remaining two questions: 2) what types of ecosystem services have been 

included? and 3) how have these services been accounted for in conservation assessments? 

We did another search from the 100 selected publications, by using the phrase “ecosystem 

services”; and we got 21 publications which have included ecosystem services. These 

publications from our second search were used to address the last two questions; and they 

mainly focus on ecosystem services and biodiversity conservation. 

 

To identify which ecosystem services have been mentioned or included in conservation 

assessment, we divided ecosystem services using Millennium Ecosystem Assessment, 2005 

categories: regulatory, supporting, provisioning and cultural. Finally, we reviewed the 

conservation assessments in an attempt to classify the main ways in which ecosystem services 

have been included into conservation assessment. 
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2.4 Results and discussion 

2.4.1 The extent of ecosystem service inclusion 

Results show that there has been an increase in the number of conservation assessments that 

include ecosystem services in the last decades. Most recent conservation assessments seem to 

include ecosystem services as part of the rationale for conserving biodiversity (Figure 2). 

About 26% of the studies reviewed included processes which are equally important for 

ecosystem service delivery. Only 13 % of the conservation assessments reviewed did not 

include ecosystem services, these only focused on biodiversity conservation.  

 

 

 

 

 

 

 

 

 

 

 

Figure 2: The extent to which conservation assessments have included ecosystem 

services in the last ten years. 

The review also highlighted that species and land cover classes are frequently used in 

conservation assessments but ecological processes have gained much attention recently in 

most conservation assessments. A total of 75% of the 21 studies that explicitly included 

ecosystem services used these features (land cover and species) for conservation assessment. 

The remaining 25% of the reviewed conservation assessments directly included ecosystem 

services or into process linked services (Fig. 3). 
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Figure 3: Integration of ecosystem services into conservation assessment over time  

2.4.2 What types of services have been included? 

Of the 21 publications which directly included ecosystem services in conservation 

assessments, the majority included regulatory (7 (33%)); provisioning services (5 (24 %)); 

cultural services (5 (24%)) and the least included is supporting (4 (19%)) services (Table 1).  

We analysed individual ecosystem services, and we found that water production and climate 

regulation have received most attention. 

 

 

 

 

 



28 

Table 1 Ecosystem services captured in 21 conservation assessments 

Ecosystem service Method of Identification Source 

Regulatory services     

Carbon sequestration Land Cover Mapping Geneletti 2013 

Climate regulation Climatic scenarios Game et al., 2011 

Flood regulation Mapping ES supply & demand Morin et al., 2014 

Soil retention Expert based assessment Koschke et al., 2012 

Water filtration Ecosystem assessment Schindler & Lee 2010 

Nutrient Retention SWAT Model Fan et al., 2015 

Erosion RUSLE Frelichova et al., 2014 

      

Supportive services     

Water resources Ecosystem Assessment Chunget et al., 2015 

Forest resources Payment for ecosystem services Sierra and Ruddman 
2006 

Forest types Forest Resource Planning Kilgore et al., 2006 

Productive areas 
Wildlife conflicts 

MARXAN 
Systematic planning for 
conservation 

Klein et al., 2009 
Hermoso et al., 2015 

      

Provisioning 

services 

    

Water supply Expert mapping Egoh et al., 2010 

Fuelwood Expert based assessment Koschke et al., 2012 

Timber Land Cover Mapping Geneletti et al 2013 

Socio economic 
Natural Medicine 

Land Use evaluation in the 
Reserve 
Interviewed local community 

Lu et al., 2007 
Kari and Korhenen-
Kurki 2013 

Crop productivity Agricultural research technology Dollar & Rhodes 2007 

      

Cultural services     

Eco-tourism Expert Mapping O’Farrell et al., 2010 

Recreational services Expert Mapping Anderson et al., 2009 

 Recreational Interviews Brenner et al., 2013 

Research and 
education 

Assessment matrix Christie & Rayment 
2012 

Aesthetic value Mapping supply and demand Cimon Morin et al., 
2014 

   

 

2.4.3 How ecosystem services were accounted for in conservation assessments? 

Ecosystem services have been integrated into conservation assessments in different ways, 

depending on the nature of the study. Three main approaches have been identified: 1) 
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biodiversity pattern; 2) ecological processes; and 3) the mapping of services. Of the 21 studies 

assessed, 11 (52%) used biodiversity pattern (species and land cover); 7 (33%) through the 

mapping of ecosystem services; and only 3 (15%) through ecological processes. 

 

2.4.3.1 Biodiversity pattern 

Biodiversity and ecosystem services are intrinsically linked: the former supports most of the 

services (Onaindia et al., 2013) and elements of biodiversity patterns (species and habitats) 

are important to humans by providing vital services such as the provision of medicines, fuel 

wood or building materials (Egoh et al., 2007). In recent studies, ecosystem services have 

been included in biodiversity assessments as one of the justifications for biodiversity 

conservation since it provides economic incentives. Bai et al., (2011) argues that the 

maintenance of ecosystem services is often used to justify biodiversity conservation actions, 

because of importance of such services to human well-being.  

 

Biodiversity pattern and ecosystem services are interrelated, and they are all affected by 

ecosystem changes. Factors which affect biodiversity can also affect ecosystem service 

delivery, and vice versa but most ecologists argue that managing one component does not 

translate into managing the other, hence integrated management approach is important. The 

significance of declines in biodiversity and consequences for ecosystem services are 

increasingly recognised (Balvanera et al., 2015), for instance the over-exploitation of fish 

stocks has led to decline in marine biodiversity via by catch and fisheries collapse (Worm et 

al., 2006). 

 

The spatial overlap between habitats important for providing different ecosystem services and 

biodiversity hotspots is of critical importance when designing conservation and land 

management strategies (Anderson et al., 2009). Currently there are no standardised tools 

which can be used to safeguard biodiversity and ecosystem services at once. Conserving such 

areas provides a win-win situation for both biodiversity and ecosystem services.  Further, it is 

of critical importance considering the rate of land cover change.  However, successful 

management of ecosystem services and biodiversity demands a multidisciplinary approach 

(Egoh et al., 2009), though at present planning for both biodiversity and ecosystem is done 

separately.  
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2.4.3.2 Ecological processes 

Ecological processes support the persistence of biodiversity pattern and they can form links to 

ecosystem services (Egoh et al., 2007). Although they cannot be directly linked to human 

benefits, they are important for ecosystem service delivery. For example nutrient recycling is 

an ecological process, this cannot be translated to human benefits but its functions do provide 

services to human well-beings. Ecological processes focus on the structure of ecosystems 

(conditions of an ecosystem to deliver services) and ecosystem function.  

 

The review found that 15% of the conservation assessments have included ecological 

processes which have direct links to ecosystem services. These processes underpin delivery of 

ecosystem services and our understanding of their role in ecosystem service delivery is 

increasing (Harrison et al., 2014). Looking at the conservation assessments, ecological 

processes which are linked to climate change and water production processes have gained 

much attention in recent years. For example in South Africa, there have been a number of 

studies which have looked into ecosystem based adaptation for climate change. 

2.4.3.3 Mapping of ecosystem services 

Explicit mapping of ecosystem services is recognised as a key step for the implementation of 

ecosystem service framework in decision making (Hauck et al., 2013, Nahuelhual et al., 

2015). However mapping is not often carried out for the actual ecosystem service but the 

ecosystem service provider. For example water retention function not water supply as a 

service can be modelled as a function of vegetation, slope and soil. Mapping of ecosystem 

services can combine both biodiversity pattern and ecological processes for conservation 

assessments. There have been different approaches in mapping ecosystem services, and the 

method of mapping depends on the nature of the study or ecosystem services in question. In 

recent years, many new mapping approaches of ecosystem services have been developed (e.g. 

Tallis and Polansky 2009, Nelson et al., 2009, Schneiders et al., 2012, Frelichova et al., 

2014). The mapping of ecosystem services has been listed as one key element that is required 

to mainstream ecosystem services into decision making (Burkhard et al., 2009).  

 

The mapping of ecosystem services sometimes uses proxies or indicators to generate spatial 

information about ecosystem services, for example using land cover classes to represent 

different services. Much attention has focused so far on the regulating and provisioning 

ecosystem services (Karabulut et al., 2016). From our review, the most frequently mapped 
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services were climate regulation and services related to water provisioning or regulation. 

Fewer studies have mapped cultural and supporting services; Pert et al., (2015) argues that the 

mapping and assessment of cultural ecosystem services have been limited by number of 

conceptual barriers, this include definitions of cultural ecosystem services which are diverse 

and lack consistency particularly in the economic literature, and are difficult to quantify 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



32 

2.5 Discussion 

Over the last decade, there has been an increase in the inclusion of ecosystem services into 

conservation assessments compared to the study by Egoh et al., (2007). Our review found that 

most of the recent conservation assessments have included ecosystem services either directly 

or through ecological processes which are important for ecosystem service delivery. However 

to fully integrate ecosystem service with conservation assessments, it is helpful to develop 

frameworks for mapping ecosystem services which are compatible with the prevailing tools of 

conservation such as Marxan, Zonation, C-Plan, etc. (Chan et al., 2016). Although there is 

inclusion of ecosystem services within conservation assessments, there still remains 

constrains and also opportunities which needs to be explored. Below I discuss some of these 

constraints and opportunities for the inclusion of ecosystem services into conservation 

assessments. 

2.5.1 Constraints 

2.5.1.1 Methodology to map ecosystem services 

Most ecosystem service mapping approaches have used secondary data at broad spatial scale, 

and focused mainly on provisioning and regulating ecosystem services based upon 

biophysical assessment (Darvill and Lindo, 2014) while there has been minimal formal 

research and mapping of cultural ecosystem services (Crossman et al., 2013). Mapping 

ecosystem services should go beyond the identification of ecosystem service providers and 

should also identify the beneficiaries of that service. Hence there are few studies which have 

looked into mapping both the spatial location of services and the beneficiaries of those 

services by mapping demand and supply (Burkhard et al.,2011). 

 

It is important to standardize approaches to map ecosystem services, and clearly define what 

constitute an ecosystem service. At the moment there are contrasting definitions whether 

ecosystem services should only be limited to natural ecosystems or it should also include 

transformed ecosystems. Some of the studies have included both natural and transformed 

systems as source to ecosystem service but most studies within natural sciences concur that 

only natural systems should be regarded as source of ecosystem services (Baral et al., 2013; 

Clericci et al.,2014). It is therefore essential that we clarify these and other uncertainties 

around ecosystem services before we embark on efforts to map and integrate them into 

conservation assessments (Egoh et al., 2007).  
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2.5.1.2 Relationship between ecosystem services and biodiversity 

Despite extensive literature on the relationship between biodiversity and ecosystem services, 

few studies have attempted to document ways in which aspects of biodiversity relate to 

ecosystem services (Egoh et al., 2009, Pert et al., 2010, Bai et al., 2011). So is the extent to 

which conserving important areas for ecosystem service delivery will translate into 

biodiversity conservation. This translates to challenges in integrating these two concepts. 

While there is good understanding of biodiversity, much work needs to be done in 

understanding ecosystem services 

 

While in a broad sense biodiversity underpins most ecosystem services, it is very difficult to 

make a direct connection between biodiversity and other ecosystem services as their 

relationship varies depending on the types of ecosystem services (provision, regulation, 

supporting) (Ng et al., 2013) although they both depends on the condition of ecosystems. It is 

still unclear whether conserving biodiversity maintains ecosystem services and whether 

priority areas for ecosystem services delivery also support biodiversity conservation. Given 

the complex relationship between biodiversity and ecosystem services, a generic answer 

might never be found. 

2.5.2 Opportunities 

2.5.2.1 Integrated approach 

Though ecosystem services and biodiversity have complex relationships and sometimes it is 

difficult to quantify, opportunities exist to integrate these two concepts in one assessment. 

Chan et al., (2016) argues that integrating ecosystem services into conservation planning is 

helpful in developing frameworks for marginal valuation compatible with the prevailing tools 

of reserve design such as Marxan. These planning tools or software which are underpinned by 

explicit targets for biodiversity features and which generates maps of irreplaceability can lend 

themselves easily to assessment for ecosystem services (Egoh et al., 2007). The integrated 

approach will provide incentives for conservation and it will also show areas where there will 

be trade-offs between biodiversity and ecosystem services. Understanding trade-offs, 

synergies and interactions will help resource managers to make better decisions and create 

landscapes that balance conservation with services (Baral et al.,2013) 
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2.5.2.1 Implementation of conservation assessments 

The role of conservation planning is to develop conservation assessment which highlights 

priority areas for biodiversity conservation, but sometimes these plans are not implemented 

fully and not used at all. The inclusion of ecosystem services in these plans might contribute 

to the implementation of plans in different ways: 

a) Ecosystem services has human benefits associated with them, it is likely to get 

recognition from policy makers which in most cases are concern with the social 

impacts 

b) The implementation of integrated plans will have economic incentives which only 

biodiversity conservation plans do not provide 

c) Ecosystem services within the conservation assessments may achieve many 

biodiversity targets under an easy-to-sell umbrella of ecosystem services.  
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2.7 Conclusion 

The review has shown that there is progress towards inclusion of ecosystem services into 

conservation assessments although there are still some challenges to fully integrate the two. 

The challenge of modelling ecosystem services is immense, but so is the opportunity: 

conservation projects designed and implemented effectively can benefit people and nature; 

and rigorous analysis of ecosystem service benefits could be instrumental in inspiring the 

institutional changes needed to internalise these important values in decision making. 
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CHAPTER 3: MAPPING THE POTENTIAL OF DIFFERENT LAND COVER 

CLASSES TO PROVIDE ECOSYSTEM SERVICES 

3.1 Abstract  

Land use and land cover changes are amongst the main negative pressures on the 

environment. Land cover classes differ in their capacities to provide ecosystem service 

(benefits from nature to people), and changes in land cover impacts the capacity of 

ecosystems to support human well-being. Through anthropogenic activities, ecological 

processes needed to sustain the provision of services are altered, resulting in negative impacts 

on ecosystem services provision. In this study, we used land cover data to map the capacity of 

different ecosystems to provide ecosystem services, and we analysed how this capacity have 

changed over the last 40 years. Topographic maps for all the reporting years were used to 

extract major land use classes (urban, cultivation and mining) while a vegetation map was 

used as a base layer to represent all the natural areas. Land cover data was linked to 

ecosystem services provision, by scoring each land cover class from 0 (no capacity) to 5 (very 

high capacity). The study found that 50% of natural areas have been converted to different 

major land use within the catchment over last 40 years, which has translated in a decrease of 

important areas for ecosystem service provision.  In 2010, about 40% of the catchment was 

identified as having high capacity to deliver ecosystem services compared to 86% in 1970. 

This study shows that current trends in land use are not sustainable and could have serious 

implications on human well-being as ecosystem services are continuously being lost. 

Keywords: ecosystem services, ecosystem service mapping, land cover capacity, time-series 

analysis 
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3.2 Introduction 

Ecosystem services are the conditions and processes through which natural ecosystems, and 

the species that make them up, sustain and fulfil human life (Millennium Ecosystem 

Assessment, 2005). Although ecologists and economists have long realised that natural 

ecosystems play a major role in contributing to human well-being (Costanza et al., 1997), 

however there is minimal recognition of these ecosystem services  (Daily et al, 2009). The 

concentration of natural resources played a major historical role in the development of early 

civilisations, human settlements, and rural livelihoods (Wellemen et al., 2013), but there is a 

currently growing disconnect between people and the services that nature provide (Fisher et 

al., 2009)   

 

Ecosystem services are often overlooked by decision makers (Jantz and Manuel 2013). For 

example, removing a wetland in favour of urban development will result in the loss of 

ecosystem services provided by wetlands which cannot be replaced (Reyers et al., 2009). 

Land-use decisions need to involve wide audience or stakeholders to ensure the sustainability 

of ecosystem services. Maes et al., (2012) argue that mainstreaming of ecosystem services 

into policy and decision making is dependent on spatial information or mapping of ecosystem 

services though there is no standardised mapping approach of ecosystem services (see chapter 

2). 

 

Ecosystem services mapping is a useful tool to illustrate and quantify ecosystem services 

(Townsend et al., 2014). Several studies have mapped ecosystem services globally (Naidoo et 

al., 2008; de Groot et al., 2010) and nationally (Egoh et al., 2008; Estoque and Murayama 

2012; Maes et al., 2012) by using different approaches or methods. Local level assessments of 

ecosystem services remain under-explored and the urban context has received limited 

attention (O’Farrell et al., 2012). Mapping the spatial location of ecosystem services supply 

and demand is vital for better management of these diminishing natural resources. It allows 

conservationists to better understand ecosystem functioning, to manage ecosystems in a way 

that is sustainable (Crossman et al., 2013) and to integrate ecosystem services into land-use 

planning. 
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Changes in land use / land cover affect the capacity of ecosystems in providing ecosystem 

services: not only does it change the structure of ecosystem but some of the ecosystems 

services are completely lost (Li et al., 2014). These changes may dramatically alter terrestrial 

and aquatic ecosystems, having an impact on the benefits and costs of local human activities 

(Costanza et al., 1997). An understanding of land use/land cover changes over the last 

decades can provide vital information on ecosystem services provision. This has been made 

possible by progress made in using GIS for natural resource management applications 

(Nemec and Raudsepp-Hearne 2013). 

 

Research on mapping ecosystem services have grown substantially in the last decades, with 

different approaches on how best to map ecosystem services for policy makers gaining 

momentum. These approaches range from simple proxy maps of ecosystem services from 

land cover maps (Baral et al., 2013) to more complex models of mapping ecosystem services 

(Crossman et al., 2013). Outputs from these models facilitate the communication of 

ecosystem services work to decision makers (Lautenbach et al., 2011).  

 

 Ecosystem services mapping tools have been developed using different models and 

approaches which can assist decision makers. Such tools include Integrated Valuation of 

Ecosystem Services and Tradeoffs (InVEST) (Tallis and Ricketts, 2008) which is widely used 

in ecosystem service mapping. InVEST can be used to map different ecosystem services such 

as carbon storage and sequestration, nutrient retention and water regulation (Crossman et al., 

2012). Another widely used tool on mapping ecosystem services is Artificial Intelligence for 

Ecosystem Services (ARIES) which is a web based ecosystem services mapping and 

valuation tool that analyses ecosystem service flow (Villa et al., 2009).  

 

Furthermore most of the models for ecosystem service mapping require datasets on many 

ecosystem parameters to provide reliable results; this limits their usage in data-poor countries. 

For example, to model water supply using ARIES the following datasets are needed: 

precipitation, snowmelts, rainfall infiltration, vegetation cover, slope, and vegetation type. 

This information is not readily available in data poor countries, although ARIES will give 

results but such results will not be accurate since it will use global datasets as a substitute to 

local data. 
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Simple approaches to map ecosystem services therefore can provide solution in areas where 

there is limited data. Burkhard et al., (2011) have developed such an approach linking land 

cover data with ecosystem services. Land cover maps can be used as a proxy of mapping 

ecosystem services though there should be direct link between each land use/land cover to a 

particular service (Eigenbrod et al., 2010). The purpose of this study was to look at the 

approach used by Burkhard et al., (2011) in mapping the capacity of different ecosystems in 

providing ecosystem services.  The study aims to answer the following questions: 

1. What is the potential of different land cover types in providing different ecosystem 

services in the catchment? 

2. How can we combine experts’ judgements with quantitative data to assess landscapes’ 

capacities to provide ecosystem services 

3. How has land cover and ecosystem service supply changed in the last 40 years within 

the study area? 
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3.3 Material and methods 

3.3.1 Study Area 

The uMngeni catchment is the most important catchment for the province of KwaZulu Natal; 

it has two major urban centres Durban and Pietermaritzburg, it falls within the uMvoti to 

UMzimkhulu water management area. This catchment has experienced considerable land 

cover changes in the last 50 years with an increase in urban development, at the expense of 

natural areas (Phadima et al 2011). Present land use within the catchment area is characterised 

by sprawling urban and industrial development in the Durban and Pietermaritzburg area.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: uMngeni Land Use Map 



47 

3.3.2 Time series analysis of past and present land cover datasets 

 

Mapping historical land cover data is vital for monitoring how landscapes have changed and 

what impacts these changes might have on ecosystem services. However land cover change 

does not directly translate into loss of ecosystem services. To understand the potential of 

ecosystem in providing different ecosystem services, the KwaZulu Natal vegetation map was 

used to represent the pre-colonial or completely natural state of vegetation, representing the 

maximum potential of ecosystems in providing different ecosystem services. However current 

vegetation map might not represent the actual vegetation of the past since grasslands were 

probably more extensive and savannah less wooded 

 

Table 2: Data sets used in creating land use maps for different years 

Land Use Map Description 

Pre-colonial/pre-

settlement 

KwaZulu Natal Vegetation map 

1970 Land use KZN Vegetation map with major Land Use classes extracted from 

topographical maps of 1970’s 

1980 Land use KZN Vegetation map with major Land Use classes extracted from 

topographical maps of 1980’s 

2000 Land use KZN Vegetation map with major Land use classes extracted from 

National Land Cover map of 2000 

2008 Land use KZN Vegetation map with major Land use classes extracted from 

Provincial Land Cover map of 2008 

  

 

The KZN provincial vegetation map was preferred from South African National Biodiversity 

Institute (SANBI) national vegetation map because of its fine scale and accuracy. It has in 

some cases identified new vegetation types and or subtypes within the vegetation types 

identified at national level (Scott-Shaw and Escott, 2011). This map shows the historical 

extent of the current vegetation types in KZN, with a good representation where vegetation 

was intact and there was no human impacts such as planting millet and sorgum. Vegetation 

map can be used as a representation of land cover pre-colonial settlement, when ecological 
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states and associated services were assumed to be at their highest potential level (O’ Farrell et 

al., 2012). 

 

The vegetation map was used as the reference or as a base data. For other years of reporting, 

data from scanned and geo-referenced 1:50 000 topographical maps obtained from Chief 

Directorate: Surveys and Mapping were used to extract major land cover classes (cultivated 

areas, urban / built up areas, forestry plantations, and natural areas). These major land use 

classes were combined with the vegetation map to estimate the extent of habitat 

transformation for different periods based on the year of topographical maps used (Table 2).  

Topographical maps are good datasets to represent broad land cover classes. 

 

The study reports on the following years: pre-colonial, 1970, 1980, 2000 and 2008 due to the 

availability of data. The study used 1970 as the start of major development within the 

catchment or in the province of KwaZulu Natal. Due to data availability, we could not find 

accurate and complete dataset for our study area prior 1970. We used 10 to 20 year gap period 

to allow for major changes to take place. Land cover maps were created to see which major 

land use within the catchment have become dominant and how these changes affect the 

capacity to provide ecosystem services. 

3.3.3 Quantifying ecosystem services within the study area 

 

The major ecosystem services that the catchment provides to humans include food production 

water regulation, carbon storage, soil retention and grazing capacity. The selection of these 

ecosystem services was influenced by their close association with land cover class, any 

changes to land cover directly impacts these services unlike other ecosystem services. These 

ecosystems services can be directly linked with the dominant land use within the catchment. 

For example the ecosystem service of carbon sequestration can be linked to natural forests 

occurring within the catchment. 

 

In this study we did not map all the ecosystem services found within the catchment due to 

time constrains and data availability but it did modelled  the potential capacity for landscape 

in providing all five ecosystem services using Burkhard et al., (2011) approach. In this study, 

we only modelled two ecosystem services; water regulation and soil retention; and compared 
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the model results with the approach explained above. The focus on these two ecosystem 

services was based on the fact that uMngeni catchment’s ability to supply water has been 

outstripped by increasing demand of water from agriculture, industry and increasing 

population. These two ecosystem services affect water production or regulation within the 

catchment.  

 

To model water regulation, we focused on the riparian areas along streams within the 

catchment. Riparian areas are important buffers and they function better if they are in natural 

conditions. Riparian areas or buffers for this study area not only protect river streams from 

sedimentation but they prevent river bank erosion and surface runoff is intercepted slowed by 

them for infiltration. We mapped areas within 30 meters of the streams or rivers within the 

catchment and which are still under natural condition. These areas can prevent pollutants from 

flowing into the river network.  

 

Furthermore water regulation is commonly mapped using nutrient loading or by measuring 

nutrient retention. There are different approaches in mapping this service, with some 

approaches focusing on using buffer riparian strips along the streams as areas which are 

important for water regulation but water regulation happen across the landscape (Onaindia et 

al 2013). For the current study, the following three factors were considered to map important 

areas for water regulation: medium to high rainfall, riparian areas and natural land cover 

(Table 3). 

 

Water regulation consists of a set of processes: infiltration, in-stream purification and erosion 

control (Lautenbach et al., 2011). Riparian areas provide an important function by avoiding 

diffuse emissions into river networks (Dorioz et al., 2006; Bai et al., 2011), which are 

transported by surface runoff. It is important that the areas which are in close proximity to 

river networks should remain natural and not be transformed so as to continue with the 

services of sinking nutrients from agriculture or other land use within the catchment. Natural 

riparian areas are therefore important when mapping water regulation. 

 

Ezemvelo, the KwaZulu Natal provincial conservation body, conducted a study to value the 

contribution of natural ecosystems to the province’s economy. Part of the study was to rank 

different land cover classes according to the role they play in terms of providing different 
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ecosystem services (Phadima et al 2011). Table 2 shows the rank ranges from +3 (high 

capacities) to -3 (ecosystem dis-services value). They ranked each land cover class based on 

their capacity to provide different ecosystem services within the province. Although this 

might be a simple approach of linking land cover with ecosystem services, it is useful to 

detect any changes caused by land cover change. 

 

This study used the same ranks as well and focused on areas which contribute to water 

regulation (rank from 1 to 3) and excluded the dis-services rank (0 to -3) in mapping water 

regulation; however, these were included in the analysis to show how much area within the 

catchment is considered as not important for water regulation. The exclusion of areas which 

have rank between 0 to -3 was due to the negative effect they have on water regulation. For 

example cultivation have an ecosystem rank of -1 because of the negative effect they have on 

rivers; fertilizers and temporal loss in vegetation cover for cultivation affect water quality 

within adjacent rivers.  

Table 3: How different land uses were ranked according to the role they play in water 

quality regulation (Source: Phadima et al.,2011) 

 Land Use ES Rank Ecosystem Services 

Wetlands 

Grasslands 

Forests 

Cultivation 

Forest Plantations 

Urban 

Degraded 

Mining 

3 

3 

2 

-1 

-1 

-2 

-1 

-3 

 

 

 

 

 

 

 

 

     Dis-services 

 

UMngeni catchment has four major dams which supply clean water for human use. This 

exclude other small local scale dams which are usually found on farms for irrigation. It is 

important that the soils are retained within the catchment and not lost to dams. Areas where 

vegetation cover retains soils need to be managed carefully to allow for the continuous 

delivery of the services supporting land productivity and preventing damage from erosion 
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through sedimentation and eutrophication of nearby rivers or streams (Egoh et al., 2008). The 

loss of topsoil can lead to siltation of dams, thereby dams losing their maximum capacity of 

providing clean water to human well beings.  

 

Soil retention was modelled as functions of soil erodibility, mean annual precipitation, slope 

and vegetation cover. Using Schulze (2004) each land use was ranked based on their surface 

cover of the ground to account for the vegetation cover. Schulze (2004) assigned all Acock’s 

veld types percentages from 0% to 100%, and table 4 shows how different land cover types 

provide surface cover. Due to their nature, forests have highest surface cover when compared 

to other vegetation types because of their canopy and under-canopy vegetation. However, this 

applies only to natural forest and not planted forest. 

Table 4 Surface cover for different land use for soil retention (Source: Schulze 2004) 

Land Use     Surface Cover % 

Cultivation 30 

Grassland 65 

Forests 100 

Forest Plantations 50 

Urban 10 

Mining 0 

Degraded 20 

    

 

In this study, we created a constant map (i.e. independent of land use) of potential erosion 

based on rainfall, slope and soil erodibility. We mapped all areas which can be affected by 

erosion irrespective of land use. These are areas which require good surface cover to minimise 

impacts of soil erosion. The surface cover was ranked into 5 potential capacity of minimising 

soil erosion based on the surface cover: 1) Very Low Capacity = 0 -20% surface cover, 2) 

Low Capacity = 21 – 40% surface cover, 3) Medium Capacity = 41 – 60% surface cover, 4) 

High Capacity = 61 – 80% and 5) Very High Capacity = 81 -100% surface cover. 

 

Each land cover map for all the reporting years was overlaid with erosion risk map using 

ArcMap 10.1 software. This was done to illustrate how much of the areas prone to erosion are 

either protected by good surface cover or which ones are not protected and likely to be 
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affected by erosion. Land cover maps were used to show time series analysis of how areas 

which were ranked as having very high capacity for soil retention based on their surface cover 

have changed due to land use changes within the catchment in the past 40 years. Slope dataset 

was used as a cut-off. Areas less than 10º degrees considered as flat areas, the study made an 

assumption that there is minimal loss of soils within flat areas compared to steep areas.  

3.3.4 Assessment matrix: land cover vs ecosystem services 

 

We analysed changes in land cover and linked it with ecosystem services by assigning values 

to each land cover unit. The assigned values represented the capacity of that particular land 

cover class in providing specific ecosystem services. For example the value of 5 was assigned 

to indigenous forest for carbon storage. Though this might not be an accurate way to quantify 

ecosystem services, it does provide background information for decision making and better 

management of ecosystems. In some instances this can be too subjective as the scores are 

based on expert judgments. 

 

The approach is based on the concept that delivering of the ecosystem services by ecosystem 

is affected by the ecological condition of ecosystem. The assumption is that ecosystem in 

good ecological state (natural) have high capacity of providing ecosystem services than the 

ones which are in poor state (Burkhard et al., 2012). However, this might not be true for all 

ecosystem services as some land cover such as forest plantations may have high capacity of 

storing carbon than some natural vegetation types. This approach highlights the fact that some 

land use activities provide ecosystem services.  

 

The ecosystem services values were adjusted based on expert knowledge following similar 

approach used by Burkhard et al., (2011). This is a simplistic way of showing the relationship 

between ecosystem services and different land cover classes. Expert values which deliver 

good overview but imperfect measures of ecosystem services value, are better than simply 

ignoring ecosystem services altogether, as is generally done in decision making (Daily, 1997). 

Crossman et al., (2012) argues that mapping of ecosystem services is a useful tool for 

communication and to support decision-making.  
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Table 5 Matrix for the assessment of different land cover types’ capacities to provide 

selected ecosystem services (Adapted from Burkhard et al (2011)) 

The scale of assessment: 0 = no relevant capacity, 1 = low relevant capacity, 2 = relevant 

capacity, 3 = medium relevant capacity, 4 = high relevant capacity and 5 = very high relevant 

capacity 

 

Ecosystem Services                                                                         Food 

production 

Grazing 

Capacity 

Water 

regulation 

Soil 

Retention 

Carbon 

storage 

Alluvial Wetlands 3 3 5 3 5

Freshwater Wetlands 3 3 5 4 5

Marine Saline 

Wetlands 

0 0 5 3 5

Hinterland Grassland 5 5 3 3 3

Estuary 0 0 5 3 3

Moist Grassland 5 5 3 3 3

Sandstone Sourveld 5 4 3 3 3

Misbelt Grassland 5 5 3 3 3

Highland Grassland 5 5 3 3 3

Coastal Belt Grassland 5 5 3 3 3

Bushveld 2 4 3 3 4

Hinterland Thornveld 3 3 4 4 3

Coastal Belt Thornveld 3 3 4 4 3

Seashore Vegetation 1 1 4 3 2

Dune Forests                    2   2 5 5 5

Coastal Forests 2 2 5 5 5

Swamp Forests 2 2 5 5 5

Scarp Forests 2 2 5 5 5

Mangrove Forests 2 2 5 5 5

Misbelt Forests 2 2 5 5 5

Cultivation 5 3 1 1 1

Cultivation, rural 4 3 1 1 1

Forest Plantations 4 0 3 3 5

Urban Built-up 0 0 0 1 0

Urban Built-up, rural 0 0 0 1 1

Mines and Quarry 0 0 0 0 0

  

Furthermore in this study, we mapped important areas for ecosystem service provision. These 

are the areas which can provide more than two services on a given parcel of land. These areas 

were mapped by using an average value from the matrix assessment (the value of each of the 

five ecosystem services were averaged for each land cover class to get an average value for all 
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five ecosystem services). Only areas which have an average value above 2 (i.e. 3, 4 and 5) 

were considered to be important areas for ecosystem service provision. For example the 

average value for urban class for all 5 ecosystem services is less than 1 so it cannot be 

classified as important for ecosystem services contrary to grassland which have a score of 4.  
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3.4 Results 

3.4.1. Time series analysis of land covers changes 

 

UMngeni catchment has lost 50% of the natural areas due to the conversion into different land 

uses from 1970 to 2010.  The major land cover activities were agriculture through cultivation 

of crops and urban development. Cultivated areas have increased since 1970 to 2010 (Figure 

4). In 1970 only 5% of the catchment was under cultivation compared to 20% in 2010 and is 

likely to increase. Most of the land use within the catchment has increased in the last 40 years 

due to anthropogenic activities and this has caused decrease in natural areas.  

 

Figure 5: Loss of natural areas to different land cover, from pre-colonial period to 2010 

Urban Areas have tripled from a mere 2094 hectares in 1970 to 7594 hectares in 2010. 

Extensive urban development has occurred between Pietermaritzburg and Durban, and along 

various locations on the coast. However, there remains fragments of natural areas within the 

urban areas which are important for providing different services. All the major land use 

classes have increased in the last 40 years, and this is likely to continue in next decade (Figure 

5).   
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Figure 6: Changes in land use within uMngeni catchment from 1970 to 2010 

3.4.2. Ecosystem services time series analysis 

3.4.2.1 Water regulation 

 

The natural areas which are critical for surface water infiltration along the streams have 

decreased by more than 40% from pre-colonial period to 2010. This mean that they are either 

lost to agriculture or to other land uses, which will have negative impacts on water quality. 

Important areas for water regulation covered at least 64% of the total area in pre-colonial era 

and this has decreased to a mere 31% in 2010. Figure 6 highlight the loss of areas which were 

given high rank for water quality regulation 
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Figure 7: The loss of important areas for water quality regulation 

 

3.4.2.2 Soil retention 

Areas which have high to very high capacity in soil retention are associated with forest cover 

since on average forest have at least 85 to 100 % surface cover followed by grassland. Almost 

99% of the catchment pre-colonial era was mapped as having medium to high soil retention 

capacity, but in 2010 this percentage had decreased to a mere 63% with a third of the 

catchment now having either low or no soil retention capacity. Areas which were mapped as 

having very low capacity in 1970 have substantially increased, from 5% of the catchment to at 

least 22% in 2010. 
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Table 6: The loss of important areas for soil retention in the last 40 years 

 

Capacity for ES Surface 

Cover % 

Pre-

Colonial 

(%) 

1970 (%) 1980 (%) 2000 

(%) 

2010 (%) 

Very Low Capacity 0 to 20 0 5 17 19 22 

Low Capacity 21 to 40 0 9 7 14 14 

Medium Capacity 41 to 60 26 31 27 27 24 

High Capacity 61 to 80 68 50 44 35 35 

Very High Capacity 81 to 100 6 5 5 5 5 

TOTAL    100 100 100 100 100 

 

The capacity of ecosystems to provide ecosystem services has decreased in the last decades. 

About 40% of catchment’s capacity has been lost for both soil retention and carbon storage. 

The catchment has lost about 37% of its grazing capacity due to the changes in land cover 

within the catchment. For all mapped ecosystem services, there is loss of ecosystem’s 

capacity in providing different ecosystem services. The capacity of the catchment to retain 

soils and minimise soil erosion has decreased by at least 40% due to conversion of natural 

vegetation (especially grasslands) to different land uses. 

 

3.4.2.3 Food production 

Food production showed decrease from pre-colonial to 1970 during this period 18% of areas 

which were important for food production were lost; and this might be due to an increase in 

urban areas and forest plantations, but from 1970 onwards it has remain stable with slight 

increase in 2010 (Figure 7). This is due to cultivation being the dominant land use within the 

catchment. Though some of the areas which are important for food production might be lost, 

but on average the catchment has maintained its ability to produce food. Cultivation of crops 

play major role in human livelihoods and it is not surprising that this service has being 

maintained. 
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                                   (a)                                                        (b) 

 

      

    

                       (c)                                                                 (d) 
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                                                              (e)                                                                                

Figure 8:  Capacities of ecosystem in providing ecosystem services have changed 

between precolonial periods to 2010. (a) Food Production, (b) Grazing, (c) Water 

Quality Regulation, (d) Soil Retention and (e) Carbon Storage 

 

3.4.2.4 Carbon storage 

Furthermore, carbon storage capacity of ecosystems has recorded the greatest loss compared 

to other services. This study only considered above ground biomass storage capacity, it 

excluded soil stored carbon. By 2010, 40% of the capacity of the ecosystems to store carbon 

within the catchment has been lost. However, there still remain important areas for carbon 

storage with the potential to increase as a result of reforestation projects initiated by 

eThekwini Municipality. The loss of carbon storage capacity can be attributed to the loss of 

forest cover which is being replaced by cultivation, urban areas and forest plantations. Forest 

ecosystem plays a major role in carbon storage. The loss of indigenous forest within the 

catchment has contributed to the loss of areas important for carbon storage.  

 

The changes in ecosystem structure have led to the decrease in the areas which were mapped 

as having high capacity to provide ecosystem services. There is a trend which shows areas 

with high capacity to provide ecosystem services have decreased while areas with low to no 

relevant capacity have increased (Figure 8). During pre-colonial era, 24873.32 ha of area was 

mapped as having very high capacity but in 2010 this has decreased to 9877.78 ha; while 

areas which were mapped as very low capacity back in pre-colonial there were none but this 

has increased to 13466.66 ha. 
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Figure 9: Average ecosystem service value weighed area has changed in the last decades 

 

Though there is decrease in the capacity of ecosystem to provide ecosystem services, the 

study has highlighted some important areas which are still important for ecosystem services 

delivery. These areas are scattered across the catchment, though there is high level of 

fragmentation. Despite this, they still play major role in providing necessary services to 

human well beings. At least 40% of the total area within the catchment represents these areas. 

These areas are also found in urban areas especially within Durban Metro (Figure 9).  
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Figure 10: Important areas for ecosystem services within uMngeni catchment 
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Discussion 

We have used a simple method which is repeatable to map ecosystem services. In the absence 

of data such method could be useful; but it depends on the quality of land cover.  This study 

undertook a rapid assessment of selected ecosystem services found within uMngeni 

catchment, and quantified how they have been affected by land cover change over 40 years. 

The study presented a simple assessment which can be used as starting point in most 

ecosystem services mapping studies. There are many approaches which have being used in 

mapping ecosystem services (Sheate et al. 2012; Pan et al. 2013; Willemen et al. 2013), 

however these approaches are often complex and require good datasets. Our approach is a 

simple assessment which can be used as a starting point in ecosystem services mapping 

studies. 

 

The methodology offers results showing patterns of ecosystem services distribution, and 

comparable results can be achieved in other case studies applying similar methodology. The 

evaluation of the ecosystem services provision capacities or assessment matrix are most 

important aspects of this methodology. Unlike most of the approaches such as INVEST, 

ARIES, etc. which needs advanced users or high quality data, the approach uses land cover 

data to show areas which are important for ecosystem services by creating maps of ecosystem 

capacities. However, this approach relies on the accuracy of land cover and expert knowledge 

for assessment matrix.  

 

The results shows that land use changes has resulted in the reduction of areas with potential of 

providing all five ecosystem services mapped in this study. The worse affected services are 

provisioning services. This loss could be attributed to the fact there were few protected areas 

and most of these areas are easily accessible to humans. Furthermore, most of the areas were 

lost to cultivation and plantation was expected. As population grows, the need for food and 

raw material has grown. For example, Durban’s population in 2007 was 3.6 million and this is 

expected to increase to 4 million in 2020 (eThekwini Spatial Development Framework, 2013).  

 

The clearing of native ecosystems or natural areas such as forest and grassland for agriculture 

and urban development constitute major disturbance of existing ecosystems (Swinton et al. 

2007). UMngeni catchment has lost about 50% of its natural areas into different land cover 

types in past 40 years. It had lost its ability to deliver watershed services as a result of 

conversion of natural habitats to other land uses, and this outright loss of natural areas has 
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resulted in significantly reduced potential to deliver ecosystem services (South African 

National Biodiversity Institute, 2013a). Natural areas, including protected areas provide much 

of the ecological goods and services which are critical for the development and the well-being 

of people (Phadima et al. 2011). 

 

Although land cover change from natural areas to cultivated areas might provide food for a 

growing population, this has serious consequences for the delivery of other services such as 

water regulation and supply. For example, dams filling up through siltation from sediments 

which are transported into the streams and to dams. Both Durban and Pietermaritzburg has 

applied water restriction measures since they have reached critical levels of water shortages. 

This is supported by this study as we have seen more than 50% loss in areas providing these 

services. 

 

The loss of natural areas to different land cover classes affects the delivery of ecosystem 

services to human beings. Although some of the transformed areas can provide ecosystem 

services (Clerici et al., 2014), such transformed areas have opportunity costs unlike natural 

self-sustaining areas.  In some instances the ecosystem services are completely lost due to 

land cover change. These changes minimize ecosystem’s ability to continue providing 

ecosystem services (Wu et al., 2013). For example the loss of natural areas along streams 

within the catchment by 38% from pre-colonial period to 2010 is expected to have affected 

the water quality regulation service. O’Farrell et al., (2012) argue that these areas should 

remain on their natural conditions as they act as buffers for improving water qualify of run-off 

and minimize non-point source pollution.  

 

Furthermore our approach highlighted areas which are important for ecosystem services that 

needs to remain natural and be protected from different land use for the continuation of 

services. UMngeni catchment has contrasting land use, careful planning and management of 

this catchment is vital for both human and as well as industries within the catchment (Zunckel 

2013). For example if the soil retention services continue to be lost at the current rate not only 

it will affect water related issues but it had serious implication for agriculture sector within the 

catchment. The loss of fertile soil within the catchment can lead to alien infestation and 

degradation where natural vegetation will be under pressure from these threats. 
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3.5 Conclusion 

Assessment matrix is a simple methodology which evaluates ecosystem services within 

different land cover units. It should be noted that this assessment is based on expert opinions 

and as well as literature review on ecosystem services. For the assessment to give accuracy 

statistics, it is vital that land cover maps be accurate otherwise the assessment will not show 

what is actually happening on the ground. Despite being a relatively new approach, using the 

capacities of different land cover units to provide ecosystem services seems to be very 

promising. It does provide the element of simplicity and solution to data shortage in mapping 

the actual ecosystem services. 

 

Furthermore maps of landscapes’ capacities to provide ecosystem services give an idea about 

the potential, possible conflicts and limits in environmental management (Burkhard et al., 

2009). Unlike most other approaches such as InVEST and ARIES which needs advanced 

users or high quality data, this approach relies on good land cover data to show areas which 

are important for ecosystem services by creating maps which have different ecosystem 

capacities.  
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CHAPTER 4: THE EXTENT AT WHICH ECOSYSTEM SERVICES ALIGN 

WITH BIODIVERSITY PLANNING TOOLS: THE CASE OF UMGENI 

CATCHMENT 

4.1 Abstract  

Conservation planning is a rapidly evolving field whose goal is to minimise the loss of 

biodiversity through the selection of priority areas for conservation action. In South Africa 

conservation planning tools vary from national-scale applications (National Freshwater 

Ecosystem Priority Areas, National Protected Areas Expansion Strategy and Threatened 

Ecosystems) to local-scale applications (Spatial Development Frameworks). In the past 

decades the focus of conservation planning was mainly on biodiversity conservation with 

little consideration of other important factors such as ecosystem services. Ecosystem services 

are the conditions and processes through which natural ecosystems and the species that make 

them up sustain and fulfil human life. There have been different studies and tools which have 

been developed for biodiversity conservation but few such tools exist for ecosystem service 

maintenance. We assess the role that different conservation planning outputs and different 

policy instruments play in safeguarding ecosystem services. We calculated the proportional 

overlap between areas which have been identified important for biodiversity and areas which 

have been identified as important for ecosystem service delivery. The study assessed whether 

conserving biodiversity pattern at different scales would also maintain ecosystem services. 

Results from the study showed that areas important for ecosystem service delivery can co-

occur with areas important for biodiversity, this suggests that opportunities exist to use 

ecosystem services as an additional rationale for biodiversity conservation. The strong 

positive correlation between biodiversity and ecosystem services might be interpreted as 

offering greater prospects for policy win-wins 

 

Keywords: Conservation planning, Ecosystem Services, Planning tools Biodiversity 

Conservation, Biodiversity policy 
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4.2 Introduction 

 

Conservation planning, through the development of several biodiversity planning tools, aims 

at focusing biodiversity conservation actions in identified priority areas (Lehtomäki & 

Moilanen, 2013). Conservation planning is a rapidly evolving field whose goal is to maximise 

biodiversity gains through selection of areas and conservation actions which minimise 

biodiversity loss and cost (Margules and Pressey, 2000; Egoh et al.,, 2007). Outputs from 

conservation plans have been implemented at a global, regional, national or local scale 

(Reyers et al, 2007; Cowling et al.,, 2003; Mittimier et al., 2008). In South Africa 

conservation planning tools vary from national-scale applications (e.g. National Freshwater 

Ecosystems Priority Areas (Nel et al., 2011), National Protected Areas Expansion Strategy 

(NPAES, 2008) and Threatened Ecosystems (Government Gazette 9, 2011) to local-scale 

ones (e.g. Spatial Development Frameworks (SDF Guidelines, 2008)). National planning 

tools focus mainly on policy ensuring that biodiversity conservation is in line with 

international commitments, while local-level tools partly look at mainstreaming biodiversity 

into land use decision making (Pierce et al., 2005; Cowling et al., 2007) 

 

Conservation planning has focused mainly on biodiversity conservation with little 

consideration to ecosystem services (Carter et al., 2014) and most of the conservation 

initiatives have been geared towards biodiversity with ecosystem services seen as a secondary 

benefit (Egoh et al., 2012). However, the importance of ecosystem services is being 

recognised and several conservation plans are beginning to include ecosystem services (Chan 

et al.,, 2006; Egoh et al., 2010; Luck et al, 2012). Recent reviews have emphasised the pivotal 

role of biodiversity for ecosystem functions, but few studies have investigated the linkage 

between biodiversity, ecosystem function and a broader range of services (Bennet et al.,, 

2015). The inclusion of ecosystem services into conservation planning would allow for the 

development of an integrated approach to evaluating the merits and congruence of different 

conservation objectives – biodiversity and ecosystem services (Reyers et al.,, 2012). For 

example the Mpumalanga province of South Africa has recently published a conservation 

assessment which incorporated ecosystem services and biodiversity (MTPA, 2014).  

 

The integrated approach of including ecosystem services into conservation planning has 

become a key conceptual and empirical link to communicate the importance of nature 
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conservation to policy makers, decision-makers and the general public (Portman, 2013). 

Biodiversity and ecosystem services are intrinsically linked; biodiversity underpins most of 

the ecosystem services and the maintenance of ecosystem services is often used to justify 

biodiversity actions (Bai et al., 2011). Several studies have showed spatial congruence 

between biodiversity and ecosystem services; however the relationship between the two 

remains complex (Chan et al 2006; Egoh et al.,, 2009; Maes et al.,, 2012,). Nelson et al., 

(2009) argue that there are little trade-offs between biodiversity conservation and ecosystem 

services, stating that actions which enhance biodiversity conservation can also promote 

maintenance of ecosystem services, vice versa. Such conclusions and results still needs 

further research to incorporate ecosystem services in biodiversity planning. 

 

Recent studies have attempted to understand the relationship between biodiversity 

conservation and ecosystem services. The underlying mechanisms of this relationship have 

been a topic of ongoing controversy, which has been complicated by the many different types 

and measures of both biodiversity and ecosystem services (Costanza et al.,, 2007). Different 

studies have analysed the relationship using different approaches, but it is clear that 

biodiversity and ecosystem services are often positively correlated. Knowledge on the links 

between biodiversity and provision of ecosystem services is key for furthering arguments for 

ecological restoration (Bullock et al., 2011), and it needs to be clear so that it can be used for 

the development of policy instruments which promote maintenance of ecosystem services and 

conservation of biodiversity.  Egoh et al (2014) shows that different global and regional 

policy instruments and related targets could be combined to find a win-win situation for 

biodiversity and ecosystem services while minimizing cost. 

 

Various policy instruments can promote biodiversity conservation from local to national level. 

Linder and Peters (1990) defines policy instruments as the techniques or means through 

which to achieve certain goals or targets.  Different policy instruments have been introduced 

to focus on biodiversity conservation; such policy instruments include the Environmental 

Impact Assessment (EIA) which is the product of National Environmental Management 

Biodiversity Act 2004 (NEMBA). An EIA policy instrument has played a pivotal role to 

ensure that threats to biodiversity are minimised and in some instances it provided protection 

of threatened biodiversity. These policy instruments have paved way for the creation of 

different tools which focuses on the conservation of biodiversity in different spatial levels.  
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Margules and Pressey (2000) argue that the widely used strategy for biodiversity conservation 

is the identification of spatial priorities where conservation efforts should be focused through 

systematic conservation planning. These spatial priorities show areas which are important for 

biodiversity, and they are the results of planning or planning outputs. According to Statistics 

South Africa’s Strategic plan 2010/2011, it defines planning output as “what we aim to 

produce or deliver at the end” and for this study it includes all the planning or research results 

done for the maintenance of ecosystem services or biodiversity conservation. For example, 

biodiversity plans are the results of systematic conservation planning and it is one of the 

outputs which are clearly outlined within the Biodiversity Act. However most of these 

planning outputs represent biodiversity with minimal inclusion of ecosystem services 

maintenance. 

 

There have been different studies and tools which have been developed for the conservation 

of biodiversity, but few such tools exist which looks into maintaining ecosystem services. 

This might be due to the fact that conserving biodiversity contribute to the maintenance of 

ecosystem services (Singh 2000) or that biodiversity plays multiple roles in delivering 

ecosystem services (Mace et al., 2012), and conservation strategies aimed at biodiversity will 

safeguard ecosystem services (Egoh et al., 2009). It could also be because ecosystem services 

is a new concept that ecologists and policy makers are still researching before developing 

tools to promote the maintenance of ecosystem services. Though progress has been made in 

mapping ecosystem services (Costanza et al., 1997; Egoh et al., 2008), but there is no widely 

accepted methodology on how to map ecosystem services. 

 

The aim of this study was to assess the role that different conservation planning outputs and 

different policy instruments play in safeguarding ecosystem services. In particular, it assessed 

the spatial overlap between priority areas for ecosystem services and priority areas for 

biodiversity. This study assessed whether conserving biodiversity pattern at different scales 

would also conserve ecosystem services. To achieve the aims of the study, we  answer the 

following questions: a) To what extent do ecosystem services align  with the National 

Protected Areas Expansion Strategy, National Freshwater Ecosystem Priority Areas and 

Threatened Ecosystems, b) What is the proportional overlap between important areas for 

ecosystem service delivery and Critical Biodiversity Areas , c) What is the proportional 
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overlap between important areas for ecosystem service delivery and Spatial Development 

Framework, d) How well does current protected areas protect important areas for ecosystem 

service delivery, and e) What does this alignment mean for policy development and 

implementation in South Africa. 
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4.3 Materials and methods 

4.3.1 Study Area 
The study area is uMngeni catchment which is found within KwaZulu Natal province in 

South Africa. The study area contains two major urban centres, and it is the most important 

catchment in the province as it is an economic hub. This catchment is characterised by 

mixture of land uses, but agriculture through cultivation of crops (20%) and plantations (17%) 

are the dominant land uses followed by urban areas which are likely to increase (Zunckel, 

2013). This is one of the many catchments which are likely to experience an increase in 

anthropogenic pressures since there is positive increase in population numbers within it. 

Recent studies indicate that the catchment’s ability to supply water has been out-stripped by 

ever increasing demand and this is likely to continue (Holness and Skowno, 2013).         

 

 

Figure 11: uMngeni land use map; Source: South African Land Cover Database 2013 - 

2014 
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4.3.2. Study Approach 

We used different approaches: a) Assessment matrix b) Mapping important areas for 

ecosystem service delivery c) Spatial alignment of ecosystem services with biodiversity 

planning tools d) Time series analysis of ecosystem services within protected areas to analyse 

the relationship between ecosystem services and biodiversity. We looked at the role of 

different natural resource policies in maintaining ecosystem services. This was done by 

assessing the objectives of each policy on whether they include ecosystem services or not.  

 

We mapped all important areas for ecosystem service delivery by following Burkhard et al., 

(2011) approach, and quantified the spatial congruence between important areas for 

ecosystem service delivery and important areas for biodiversity conservation. This approach 

is based on the concept that delivering of the ecosystem services by ecosystem is affected by 

the ecological condition of an ecosystem; it makes an assumption that all natural ecosystems 

have high capacity to provide ecosystem services when compared to ecosystem which have 

been transformed into different land use. It assigns values to each land use class based on their 

capacity to provide different ecosystem services. The values range from 0 = no relevant 

capacity to 5 = very high capacity. For example the score of 5 was given to indigenous forest 

for their capacity of carbon storage (see Chapter 3 for more details on the approach). 

 

Furthermore the study looked into the role of protected areas in maintaining ecosystem 

services by doing time series analysis for the last 40 years and looked at the future role of 

protected areas in ecosystem service maintenance. South Africa has long history of 

proclaiming protected areas for nature conservation; the study wanted to highlight the role 

which has been played by protected areas in maintaining ecosystem services though such 

areas were not proclaimed for ecosystem services. It did time series analysis starting from 

1970 to check how important areas for ecosystem services delivery have been indirectly 

incorporated within protected areas and how this have changed in the last 40 years. 

4.3.2.1. Assessment matrix: National policies that focus on natural resources vs. ecosystem 

services 

The South African government has developed different policies or acts that focus on 

sustainable utilisation of natural resources. We did not include all key environmental policies 

but we only focused on the five policies which can contribute to biodiversity conservation, 

namely: National Environmental Management Biodiversity Act 2004, National 
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Environmental Management Protected Areas Act 2003, Conservation of Agricultural 

Resources Act 1983, National Water Act 1998 and National Forestry Act 1998. The study 

reviewed these policies on their potential role in protecting or promoting sustainable 

management of five ecosystem services: food production, grazing capacity, water quality 

regulation, soil retention and carbon storage. Though there are other important ecosystem 

services, the study only choose these five ecosystem services because any changes to them 

will affect human basic needs. For example changes in water regulation service will cause 

changes in our hydrological processes and management which affects water availability. We 

reviewed the degree to which each policy promotes management of the five ecosystem 

services mentioned above. We assessed the policy objectives and how these objectives relate 

to the maintenance of these five ecosystem services which were selected in the study. We 

ranked each policy on the scale of 1 = very low coverage (no mention of the ecosystem 

services or related indicators), 2 = low coverage, 3 = medium coverage, 4 = high coverage 

and 5 = very high coverage); these ranks are based on the role that each policy plays in 

maintaining each five ecosystem services within the study area (Table 7). 

 

Table 7: Criteria used in assessing the role of different policy instruments in promoting 

ecosystem services. 

 

Scores Criteria Examples 

1 If the policy does not directly or indirectly promote 

the maintenance of ecosystem services through its 

objectives and through policy implementation 

ecosystem services will still not be maintained 

The score of 1 was given to 

the Water Act for carbon 

storage because the Act does 

not mention or talk about 

climate change in its 

objectives or purposes. 

2 If the policy does not mention any ecosystem 

services but its objectives indirectly covers 

ecosystem services maintenance and through its full 

implementation ecosystem services will be 

The score of 2 was given to 

Grazing capacity when 

assessed by Agricultural Act, 

though the Act does not talk 

about grazing but through its 
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indirectly maintained full implementation it can 

maintain grazing areas for 

livestock 

3 If the policy indirectly mention ecosystem services 

and its objectives indirectly covers ecosystem 

services, and through policy implementation 

ecosystem services are directly maintained. 

The score of 3 was given to 

Soil retention when assessed 

by Forestry Act, though the 

Act focuses on conservation 

of Forestry resources but it 

does acknowledge negative 

impacts of soil erosion on 

forestry resources 

4 If the policy does mention ecosystem services and 

its objectives partially focus on cover maintaining 

ecosystem services, and through its implementation 

it will promote for the maintenance of ecosystem 

services 

The score of 4 was given to 

Water quality regulation 

when assessed by 

Agricultural Resources Act. 

The Act does specifically 

mention the protection of 

water resources on its 

objectives. 

5 If the policy directly include and focus its 

objectives in maintaining ecosystem services, and if 

the policy is implemented ecosystem services are 

completely maintained. 

The score of 5 was given to 

Water quality regulation 

when assessed by Water Act, 

the whole Act is specifically 

for the maintenance of water 

resources. 

4.3.2.2. Mapping important areas for ecosystem service delivery 

There are different approaches and concepts to map ecosystem services, this study linked land 

cover with ecosystem services by assigning value to each land cover type based on their 

capacity to deliver that particular service (Burkhard et al., 2011, O’Farrell et al., 2012). These 

values range from 0 = no relevant capacity, 1 = low relevant capacity, 2 = relevant capacity, 3 
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= medium relevant capacity, 4 = high relevant capacity and 5 = very high relevant capacity. 

The values are used to link land cover classes and ecosystem services, in a rapid assessment 

of ecosystem services and land cover. The values represented the potential capacity of that 

particular land cover class in providing specific ecosystem services. For example the value of 

5 was assigned to indigenous forest for carbon storage service and the value of 2 was assigned 

for forest’s grazing capacity service. Though this might not be an accurate way to quantify 

ecosystem services, it does provide information for decision making and better management 

of ecosystems in the absence of data and modelling expertise. In some instances this can be a 

rapid assessment since the scores are based on expert knowledge, but these values can be 

replaced by data from research or from modelling. The scores for the current study were 

based on literature review.  

 

In mapping important areas for ecosystem service delivery, all five ecosystem services (food 

production, grazing capacity, soil retention, water regulation and carbon storage) were 

combined and we selected areas which have an average score of 3, 4 and 5. These are the 

areas which have medium to very high capacity to delivery ecosystem services for more than 

two services. It did not map important area for each ecosystem services, but it looked at the 

average value for the five ecosystem services to select areas which have an ability to provide 

more than one service. In some studies these areas are called ecosystem services hotspots or 

bundles (Egoh et al., 2008), the term hotspot has often been used in the literature to refer to an 

area that provides maximum supply of a given service (Cimon-Morin et al.,, 2013).  

4.3.2.3. Spatial alignment of ecosystem services with biodiversity planning tools 

Important areas for ecosystem services delivery were compared with important areas for 

biodiversity as identified by biodiversity planning tools. These biodiversity planning tools 

vary from fine scale Spatial Development Frameworks (UMgungundlovu District 

Municipality – Spatial Development Framework, 2014) to national level tools such as the 

National Freshwater Ecosystem Priority Areas (Nel et al.,, 2011) (Figure 12). Though these 

tools might vary in scale or in level which they are developed for, they all promote the 

sustainable management of biodiversity and natural resources.  

 

National biodiversity planning tools have strong link with policy development. The positive 

correlation or spatial alignment between ecosystem services and national planning tools will 
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show whether ecosystem services are directly or indirectly included in policy development. 

The spatial alignment was done using ArcGIS software by overlaying priority areas identified 

by biodiversity planning tools with areas which have been mapped as important for ecosystem 

services delivery. This was done by looking at how much of areas which are mapped as 

important for ecosystem service delivery are within biodiversity priority areas as identified by 

different planning tools. 

Table 8: Spatial scales of biodiversity planning tools used in this study 

 

Spatial scale Biodiversity Planning Tools Project or Policy 

National National Freshwater Ecosystem  

Priority Areas 

Nel et al 2011. Atlas of Freshwater 

Ecosystem Priority Areas in SA 

 Threatened Ecosystems Government Gazette 9, 2011. 

Threatened Ecosystem in SA 

 National Protected Areas Expansion 

Strategy 

National Protected Areas Expansion 

Strategy: Resource Document 2009 

 National Protected Areas   National Environmental Management: 

Protected Areas Act 2003 

Provincial Critical Biodiversity Areas National Biodiversity Assessment 

2012 

Municipal Spatial Development Frameworks

(Areas which have zoned as 

important for environment) 

Guidelines for the Development of 

Municipal Spatial Development 

Frameworks 

  

We calculated the proportional overlap between areas important for ecosystem delivery and 

biodiversity important areas identified from biodiversity planning tools. Prendergast et al., 

(1993) defines proportional overlap as a measure of area shared between two entities 

expressed as a percentage. We looked at the proportional overlap between important areas of 

ecosystem service delivery and priority areas for biodiversity which have been identified by 
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different planning tools. The proportional overlap is a good measure of correlation between 

two objects, compared to using the extent covered by objects since it biased towards large 

areas.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12: Different planning tools levels  

4.3.2.4. Time series analysis of ecosystem services with protected area 

Land conversion and intensification are major drivers of ecosystem degradation, biodiversity 

loss and ecosystem services depletion (Petz et al 2014), hence protected areas play an 

important role in ecosystem services conservation. Though protected areas might have been 

established for other reasons (e.g. natural scenery or biodiversity), these areas can provide a  

range of ecosystem services to humans. The study analysed the role played by protected areas 

in conserving areas important for ecosystem services. From 1970 to 2020, we assessed 

protected areas increase and calculated for each time step, the proportion of areas important 

for ecosystem services included in protected areas. This was compared with the proportion of 

habitat loss over time.  

 

Using the registrar of protected areas (Department of Environmental Affairs, 2015), spatial 

layers of protected areas were compiled for 1970, 1980, 1990, 2000, 2010. We used 1970 as a 
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base year, and made the assumptions that prior to 1970 there were very few protected areas in 

KZN. Indeed, one parcel of land was proclaimed as protected area by 1970. For all other 

years, Ezemvelo KZN Wildlife data on protected areas (Ezemvelo KZN Wildlife 2010) was 

used as it is the most accurate data for the province. To project protected areas expansion in 

2020, we used the national protected area expansion strategy (NPAES, 2008) which looks at 

the potential areas which can be proclaimed as protected areas in the near future as part of the 

expansion strategy to meet CBD 2020 targets. This project looked at increasing areas which 

are proclaimed to meet protected areas targets though it did not include ecosystem services.  
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4.4 Results 

4.4.1. Assessment of policy and ecosystem services 

The policies which were developed for sustainable utilisation of natural resources do provide 

indirect protection for most ecosystem services (Table 9). These policies indirectly capture 

ecosystem services, though they might use different terms in describing them. For example 

the objective of Conservation of Agricultural Resources Act (1983) is to provide for the 

conservation of natural agricultural resources in South Africa by the maintenance of the 

production potential of land, by combating and prevention of erosion and weakening or 

destruction of the water sources, and by the protection of the vegetation and the combating of 

weeds and invader plants. This objective not only focuses on food production ecosystem 

services but it does include water regulation, grazing and soil retention since they can all 

affect the productivity of the land. This policy has the highest score of 19 compared to only 

11 for both Water and Forestry Act. Biodiversity focused policies (NEMBA & NEMPAA) 

have the score of 12 and seem to incorporate most of the ecosystem services besides food 

production and grazing capacity.  

 

Table 9: Assessment table between policy and ecosystem services 

 

Policy Food 
Production 

Grazing 
Capacity 

Water 
Quality 

Regulation 

Soil 
Retention 

Carbon 
Storage 

TOTAL 

NEMBA 2 1 3 3 3 12

Conservation of 
Agricultural 

Resources Act 

5 4 4 4 2 19

National Water 
Act 

1 1 5 3 1 11

National 
Forestry Act 

1 1 3 3 3 11

NEMPAA 2 1 3 3 3 12

TOTAL 11 8 18 16 12  

              

 

 

Water quality regulation and soil retention have the total scores of 18 and 16 respectively; 

these two ecosystem services seem to be incorporated in most of natural resource policies. 
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The least incorporated services are grazing capacity and food production; they both have low 

scores of 8 and 11 respectively. Carbon storage has the score of 12, and it has been 

incorporated in most policies except on National Water Act.   

4.4.2. Important areas for ecosystem service delivery and biodiversity planning tools 

The study area is characterised by two major urban centres (Durban and Pietermaritzburg), 

hence there is a pressure from urban development and cultivation The catchment have lost 

much of its natural habitat compared to other catchments within the province, but it still has 

natural areas which can provide different ecosystem services. About 40% of the catchment is 

still classified as important for ecosystem service delivery (Figure 10). These areas are 

scattered across the catchment. 

4.4.3. Biodiversity planning tools 

Biodiversity planning tools not only protect or select priority areas for conservation of 

biodiversity but they also incorporate ecosystem services. Ecosystem services are being 

incorporated in all spatial scales from national to local level scale. Threatened ecosystems 

included 201180 ha of important areas for ecosystem service delivery, critical biodiversity 

areas in KZN, 96757 ha and open spaces within local spatial development frameworks, 73576 

ha. Table 10 shows the extent of the overlap between biodiversity planning tools and 

important areas for ecosystem service delivery. 

 

Table 10: Spatial alignment between biodiversity tools and important areas for 

ecosystem service delivery 

Spatial scale Biodiversity Planning Tools Total area of Important 

Ecosystem services areas 

under different planning 

tools 

National National Freshwater 

Ecosystem  Priority Areas 

64925 ha

 Threatened Ecosystems 201180 ha

 National Protected Areas 26449ha
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Expansion Strategy 

 National Protected Areas   9346ha

      

Provincial Critical Biodiversity Areas 96757ha

      

Municipalities Spatial Development 

Frameworks 

73576ha

      

 

Results from proportional overlap shows that all these biodiversity planning tools play an 

important role in maintaining ecosystem services within the study area. Protected areas and 

threatened ecosystems have proportional overlap of 85% and 76% respectively. The lowest 

overlap is found with NFEPA, 41% of important areas for ecosystem services delivery are 

included in NFEPA The proportional overlap shows an average of 68% of overlap between 

biodiversity priority areas and important areas for ecosystem service delivery. Figure 14 

shows proportional overlap between important areas for ecosystem service delivery and 

different planning tools.   
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Figure 13: The percentage of proportional overlap between important areas for 

ecosystem service delivery and different biodiversity planning tools. 

4.4.4. Time series analysis of protected areas and important areas for ecosystem service 

delivery 

Protected areas have contributed to the protection of important areas for ecosystem service 

delivery, but this has not prevented the loss of ecosystem services. It should be noted that the 

study only used proclaimed protected areas and it did not include private reserve or other form 

of informal protection. As early as 1970 ecosystem service loss was higher than areas which 

were protected and this intensified in the following years. Figure 14 shows that from year 

2000 onwards there was an exponential increase in the loss of ecosystem services while areas 

which are protected have increased at a lower rate. 
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Figure 14: Time series analysis of protected areas with the loss of important areas for 

ecosystem services 
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4.5 Discussion 

Results from the study showed that areas important for ecosystem service delivery can co-

occur with areas important for biodiversity; this suggests that opportunities exist to use 

ecosystem services as an additional rationale for biodiversity conservation (Egoh et al., 2009). 

These results support findings by Balvanera et al., (2006); Chan et al., (2006); Bai et al., 

(2011); and Mace et al., (2012) who have found positive correlation between biodiversity and 

ecosystem services. The strong positive correlation between biodiversity and ecosystem 

services might be interpreted as offering greater prospects for policy win-wins (Anderson et 

al.,, 2009et al.,,). This correlation offers new opportunities for both ecosystem services and 

biodiversity in including these two concepts under one management plan.  

 

Ecosystem services are indirectly incorporated in most of the key environmental policies in 

South Africa. Different key environmental policies have been developed which focus on 

sustainable use of natural resources, with little mentioning of ecosystem services. Policies 

which were developed for conserving natural resources and biodiversity play some role in 

sustainable management of ecosystem services. Of interest is the fact that some of these 

policies acknowledge the link between biodiversity and ecosystem services. For example the 

National Water Act of 1998 clearly stipulates that ecosystems and biological diversity should 

be protected to ensure that quality and quantity of water is maintained for future generations. 

This can also be found in the National Forestry Act of 1998.  

 

The role played by these policies might not be clearly defined but looking at ecosystem 

processes and underlying factors suggest that these policies might play a role in the delivery 

ecosystem service. Andŕes et al. (2012) argues that biodiversity both responds to and 

influence ecosystem functioning. This suggests that policies which aim at conserving 

biodiversity like NEMBA 2004 could indirectly safeguard ecosystem services.  Some 

biodiversity planning tools explicitly include ecological processes such as climate regulation, 

nurseries, edaphic interfaces or other drivers of species distribution (Rouget et al., 2003); this 

could partly explain some of the congruence seen in this study.  

 

Though the key environmental policies seem to incorporate ecosystem services, there is still 

an urgent need for policies that largely focuses on ecosystem services. For example, policies 

should ensure that areas important for water regulation are being protected or they should be 



91 

mainstreamed into development to ensure that they are protected for the continuation of 

services they provide to human well-being. At a global scale such policies are being proposed, 

for example the proposed Millennium Development Goals under goal 7 sets the target that by 

2020, the protection of ecosystem and restoration of ecosystems and aquifers that provide 

water related services are managed sustainably (Millennium Development Goals draft report, 

2014). 

    

Furthermore the study reveals the role played by policy instruments to capture ecosystem 

services from national to local scale. The national biodiversity planning tools align positively 

with areas mapped as important for ecosystem service delivery. The spatial overlap between 

habitats important for ecosystem service delivery and biodiversity priority areas is of critical 

importance when designing conservation and land management strategies (Anderson et al, 

2009). Most of the conservation planning in South Africa happens at provincial level, through 

the identification of Critical Biodiversity Areas (CBAs). Areas which are mapped as critical 

to biodiversity have proportional overlap of 45% to areas mapped as important for ecosystem 

service delivery; this is important for land use decision.  

 

This overlap can be shown by comparing NFEPA map with areas important for ecosystem 

service delivery, 41% of important areas for ecosystem service delivery are found within 

NFEPA areas. NFEPA focus on priority areas for freshwater delivery in the country, so this 

positive overlaps clearly shows the importance of these national planning tools in ecosystem 

service management. At the moment, South Africa is experiencing water shortage in most 

areas including uMngeni catchment. It is important that areas which are important for water 

supply needs to be protected and managed sustainably. Through national planning tools and 

ecosystem service modelling such areas can be highlighted and included in land use decision 

making. 

 

The study further explored the role which has been played by protected areas in the last 40 

years within the catchment. Due to their vast terrestrial coverage and historical success in 

conserving natural ecosystems, protected area are increasingly considered to play a key role in 

the maintenance of the ecosystem processes that promotes ecosystem services provision.  The 

first protected area within uMngeni catchment was proclaimed in the nineteen century, during 

that time few of the areas were lost to different land use. Most of the protected areas 
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proclaimed in the past largely focused on biodiversity conservation with partial inclusion of 

ecosystem services.  

 

Although the study has revealed interesting results which shows positive correlation between 

areas important for ecosystem service provision and priority areas for biodiversity; 

methodology which has been used in this study still needs to be refined and more research is 

still needed. The study did not include all key environmental or natural resource policies but it 

only selected the few environmental policies, and this might be biased towards selected 

policies. The policies used in this study represent a fraction of other policies and if all policies 

were included, the study might have completely different results and conclusion.  
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4.6 Conclusion 

The study started by testing the hypothesis that conserving biodiversity will directly or 

indirectly conserve ecosystem services. It tested this hypothesis by using different approaches, 

first it analysed the role played by different biodiversity planning tools in ecosystem service 

management. It further explored the role played by different policies which promote 

biodiversity in safe guarding ecosystem services and lastly it looked at the role played by 

protected areas which were developed to conserve biodiversity and ecosystem services. In all 

these approaches there was positive correlation between biodiversity areas and important 

areas for ecosystem services.  

 

The study has demonstrated that there is a positive relationship between ecosystem services, 

biodiversity planning tools and key environmental policies. This presented new opportunities 

that ecosystem services can be mainstreamed into biodiversity planning in future plans such 

that areas important for both biodiversity and ecosystem services are selected. Results from 

this study indicate that certain biodiversity facets co-occur with ecosystem services in South 

Africa, suggesting that opportunities exist for using ecosystem services as an additional 

rationale for biodiversity conservation (Egoh et al 2009). This is an opportunity of using 

ecosystem services in supporting biodiversity conservation. Mace et al. 2012 argues that 

biodiversity has multiple roles to play in ecosystem service delivery whether as a regulator or 

as a service itself. 

 

These results have been found in other similar studies across the globe (Egoh et al 2009, 

Turner et al 2007, and Chan et al 2006). Most research on ecosystem services and 

biodiversity seem to pick this positive correlation between biodiversity and ecosystem 

services however such relationship is not clearly defined and not easily quantified. However 

they provide opportunities for future research. Ecosystem services have gained considerable 

recognition within conservation sector, the only missing component is to how they can be 

directly integrated or included in biodiversity conservation. 
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CHAPTER 5: CONCLUSION AND RECOMMENDATIONS FOR FURTHER 

RESEARCH 

5.1 Integrating ecosystem services into conservation assessments 

Conservation assessments involve identification of priority areas for conservation action with 

the main focus on biodiversity. There has been a general call for the inclusion of ecosystem 

services in conservation assessment, the inclusion of ecosystem services would allow for the 

development of an integrated approach. Chapter 2 of this study presented a review which 

looked into how conservation assessments have included ecosystem services. This chapter 

also highlighted opportunities and constraints for conservation assessments to include 

ecosystem services. 

 

In this review, I selected 100 peer reviewed publication which focuses on conservation 

assessments between 2006 and 2015. I found that most conservation assessments have 

included ecosystem services directly or through ecological processes, but they are not fully 

integrated. An integrated approach provides an opportunity to mainstream ecosystem services 

into biodiversity conservation. From our review, the most frequently mapped services were 

climate regulation and services related to water provisioning or regulation. More needs to be 

done to promote the inclusion of ecosystem services in conservation assessments. However, 

such ecosystem services should align with biodiversity conservation management objectives. 

For example, objectives to include food production through cultivation will result in loss of 

habitat and species as opposed to one that promotes water regulation which promotes intact 

habitats. 

5.2 Mapping ecosystems’ capacity to deliver ecosystem services 

 

Mapping of ecosystem services is an important contribution towards the applications of the 

ecosystem services approach into management planning. The inconsistency in methods to 

quantify and map ecosystem services challenges the development of robust values of 

ecosystem services in national accounts and broader policy and natural resource management 

decision-making. Chapter 3 of this study presented an approach of how to link land cover 

classes with ecosystem services provision. 
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This approach created as an assessment matrix which evaluated ecosystem service provision 

of different land cover and land use types in relation to their capacity of providing five 

selected ecosystem services within the study area. The assessment of the capacities of 

different land cover types seem to be a promising approach considering that at the moment 

there is no standardised approach of mapping ecosystem services. Maps of landscapes’ 

capacity to provide ecosystem services give an idea about potentials, possible conflicts and 

limits in environmental management. 

Furthermore in Chapter 3 I looked into the effects of land cover change on ecosystem service 

provision. I created pre-colonial land cover map (the time where the capacity of each land 

cover type was on their maximum capacity) and compare it with the current land cover to 

highlight how much areas important to ecosystem services provision have been lost due to 

land cover change. I created four reporting years (1970, 1980, 2000 & 2010) to report every 

10 year of how the capacity of land cover types were changing. The results showed continued 

loss of important areas for ecosystem service provision. 

5.3 The extent to which ecosystem services are included into conservation assessments 

Chapter 2 highlighted that most of the recent conservation assessments have included 

ecosystem services, though some of the assessment just refer to them without actually 

including them as part of the analysis to determine priority areas. Chapter 4 of the study 

highlighted an integrated approach where it focused on the extent at which ecosystem services 

are included into conservation assessments. However further research is still needed in the 

links between biodiversity and ecosystem services. 

 This integrated approach of incorporating ecosystem services within conservation planning 

focuses on the underpinning processes which are necessary to understand where there might 

be trade-offs or synergies. The study highlighted the benefits of integrating ecosystem 

services and conservations, with the major benefits being economic benefits which help the 

implementation of plans. The economic incentives provided by ecosystem services make it 

easy to implement most conservation assessment or conservation plans. 

Although consensus on a coherent and integrated approach to ecosystem services assessment 

is still lacking, there is growing research carried out to fill the gaps and develop an integrated 

approach for both biodiversity and ecosystem services. It is now widely recognised that 

biodiversity conservation and ecosystem service strategies do not necessarily pose trade-offs 
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between them but investing in both these concepts, especially under one plan, can generate 

substantial ecological and economic benefits. 

The study concludes that although ecosystem services and conservation planning for 

biodiversity are different and mapping them both might require different methodologies these 

concepts can be integrated under one plan and this has been shown by different studies. 

Systematic conservation planning principles need to be used to plan for both ecosystem 

services and biodiversity. Though such might require further research, such as developing 

standardised approach of mapping ecosystem services and a clear definition of the term 

ecosystem services (does it exclude the services provided by transformed ecosystems or not). 

Future research can be done to develop standard approach of mapping ecosystem services, 

and this will minimise the use of different approaches which have been frequently used. 

 

 

 

 

 

 


