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Abstract

:

Intensive land use activities worldwide have caused considerable loss to many ecosystem services. The dynamics of these threats must be quickly investigated to ensure timely update of management strategies and policies. Compared with complex models, mapping approaches that use scoring matrices to link land use/land cover and landscape properties with ecosystem services are relatively efficient and easier to apply. In this study, scoring matrices are developed and spatially explicit assessments of five ecosystem services, such as erosion control, water flow regulation, water quality maintenance, soil quality maintenance, and biodiversity maintenance, are conducted for a region under intense land use along the southern coast of South Africa. The complex interaction of land use/land cover and ecosystem services within a particular landscape is further elucidated by performing a spatial overview of the high-risk areas that contribute to the loss of ecosystem services. Results indicate that both agricultural activities and urban development contribute to the loss of ecosystem services. This study reveals that with sufficient knowledge from previous literature and inputs from experts, the use of scoring matrices can be adapted to different regional characteristics. This approach can be improved by adding additional landscape properties and/or adapting the matrix values as new data become available.
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1. Introduction


The Millennium Ecosystem Assessment defines ecosystem services as “the benefits that humans derive from ecosystems to sustain human well-being” [1]. Some well-known classification systems have categorized ecosystem services into provisioning services (provisioning of freshwater for human use); regulation and maintenance services (water flow regulation, erosion control, and soil fertility maintenance); and cultural services (recreation) [2]. Another ecosystem service category, known as ecological integrity, describes the ability of ecosystems to provide various ecosystem services, including supporting services, such as biodiversity [3].



The contribution of the natural environment to human well-being can be better understood by mapping ecosystem services [4], which facilitate the quantification and visualization of spatial information related to the capacity of ecosystems to provide or maintain ecosystem services derived from complex systems [4,5]. Mapping approaches are therefore useful to recognize and implement ecosystem services in decision making and land management strategies [4,5,6,7]. These approaches incorporate land use/land cover (LULC) to assess the effects of land use activities on ecosystem services. Many mapping approaches use complex models and extensive geodatabases [8,9,10,11], which make their application challenging and time-consuming. However, mapping approaches that rely on available data, literature, and the knowledge of experts are useful to ensure timely decision making [3,12,13,14,15,16,17]. Simple and robust mapping approaches that relate LULC classes to ecosystem services using a scoring matrix [3,14,17] are useful, particularly in data-scarce regions wherein expert knowledge may be used [3]. For the matrix approach, the values to link LULC with ecosystem services are given by the authors on the basis of an evaluation of available case studies and literature on ecosystem service criteria, as well as inputs from consulting experts in the field [3,14,17]. To ensure a spatially explicit assessment of the effects of LULC on ecosystem services, the capacity of the natural ecosystem to provide certain ecosystem services are considered [12,15,16] and the landscape potentials developed for each studied ecosystem service are parameterized [15,16]. The landscape potentials are based on existing methods that require lengthy calculations; however, Lima et al. [12] simply scored landscape properties relevant to each ecosystem service as an additional scoring matrix based on knowledge gained from the available literature and inputs from experts.



Mapping approaches employed in South Africa have primarily focused on identifying ecosystem service priority areas and determining the correspondence of ecosystem services with natural vegetation and biodiversity hotspots [18,19,20,21]. These approaches require the integration of proxy datasets, which are occasionally available. Furthermore, only two studies have evaluated the effects of LULC on various ecosystem services using mapping approaches [22,23]. Reyers et al. [22] indicated the loss of ecosystem services, due to the degradation and transformation of land cover, whereas O’Farrell et al. [23] assessed the effects of more refined LULC classes on ecosystem services. Applying matrix approaches to assess the effects of LULC on ecosystem services in South Africa is needed, especially since such approaches are less data-intensive, and the evaluation of expert knowledge may be incorporated. After the South African political change in 1994, the southern coastal region of the Western Cape Province (WCP) began experiencing a considerable population influx, thereby increasing urban development and agricultural activities [24] and causing a potential loss of certain ecosystem services. A simplified scoring approach can be applied to effectively identify high-risk areas that are contributing the most to the loss of ecosystem services from land use activities in the region. The regional characteristics make this region suitable for testing the effectiveness of using a landscape property scoring matrix to provide supplementary input data.



This study aims to use a simple and robust mapping approach to identify the high-risk areas that show a loss of ecosystem services, due to land use activities in a specific study region located along the southern coast of the WCP in South Africa. Available literature and knowledge from experts were evaluated to develop the scoring matrices by linking LULC and landscape properties with ecosystem services. The values from the scoring matrices were used to map the ecosystem service values for the most recent LULC situation (including land use activities) and a natural land cover reference situation (excluding land use activities). To identify the high-risk areas, risk maps were created using the ecosystem service difference values derived from the reference and LULC situations.




2. Methods


2.1. Study Region


The mapping approach was applied to a particular study region (Figure 1a) along the southern coast of the WCP, South Africa. The study region extends along the coastline from Cape Point (34°21′ S; 18°28′ E) to 22 km east of Struis Bay (34°48′ S; 20°03′ E). It extends approximately 50 km inland and includes regions of the Cape Flats, the Cape Winelands District, and the Overberg District, covering a land surface area of 643,542 ha. The study region is characterized by a Mediterranean climate with hot and dry summer seasons, rainy winter seasons, and mild to warm autumn and spring seasons. A mean annual precipitation gradient exists along the southern coastal region extending eastward. The highest mean annual precipitation in the coastal and mountainous regions is 1000–1200 mm, whereas the lowest mean annual precipitation is measured eastward along coastal areas and the inland region at 200–400 mm [25].



The 2000 National Land Cover data [26], incorporating the 2013 map of Agricultural Commodities in the WCP [27], were used to represent the LULC and the percentage coverage of each class (Figure 1b). Various land use types, including urban areas, agricultural land, forest plantations, and natural vegetation, are present in the study region. The natural vegetation “Fynbos” is one of the biodiversity hotspots of the world [28]. Fynbos covers much of the land surface along the coast and in the mountainous regions. Three major clusters of land use activities are evident (Figure 1b). (i) The first cluster is in the Cape Flats/Winelands area in the western part of the study region. The Cape Flats portion primarily includes informal urban development and irrigated crop cultivation, and the Cape Winelands portion primarily includes formal urban development, irrigated production of wine grapes, and less extensively irrigated crop cultivation. (ii) The second cluster is in the Grabouw area and includes irrigated orchards and less extensively irrigated crop cultivation, whereas forest plantations border the irrigated orchards. (iii) The third cluster includes dryland crop cultivation covering much of the land surface from Botrivier extending eastward to Struis Bay. Other types of LULC include natural grassland, wetlands, and waterbodies.




2.2. Generating Ecosystem Service and Risk Maps


The study region supports nationally important water- and soil-related ecosystem services, including water flow regulation and soil retention [20,21]. The WCP indicates a particularly high potential risk of soil erosion [29] and soil erosion occurs in areas of this region [30]. Water sources in the region are also documented to be in a poor state [31]. The region is a biodiversity hotspot that underpins the provisioning of most ecosystem services [3,19]. Furthermore, the loss of habitat threatens the biodiversity in the region [32]. The selected ecosystem services therefore include (1) erosion control, (2) water flow regulation, (3) water quality maintenance, (4) soil quality maintenance, and (5) biodiversity maintenance.



To generate risk maps that show the loss of ecosystem services from land use activities, an ecosystem service assessment based on the most recent LULC map (henceforth referred to as the LULC map) (Figure 1b) and the natural land cover reference map (henceforth referred to as the reference map) was conducted. The 2006 map of the potential natural vegetation [33] was used as the reference map for the study region, which includes different Fynbos biomes, wetlands, and waterbodies (Figure 2).



Figure 3 shows the general workflow used to generate the ecosystem service and risk maps. Three principal steps were employed:



(i) First, two scoring matrices were developed and used as input data. Using the values from the scoring matrices, less-intensive data input is required, and maps can be obtained in a timelier manner; this process is beneficial because it allows evaluating and using the knowledge gained from literature and experts in the field [3,12,14,17]. For the first scoring matrix, the LULC was related to each ecosystem service based on certain criteria. For a spatially explicit assessment, a second scoring matrix was developed that relates landscape properties (soil texture, slope, and distance to the river network) to each ecosystem service. The study region is suitable for using a landscape property scoring matrix given by flat plains and mountainous terrains with variable soil textures. Further details for developing the scoring matrices are discussed in Section 2.3.



(ii) Second, the ecosystem service maps for both the LULC and reference maps were generated. This was accomplished by multiplying the values given for the LULC scoring matrix with the values given for the landscape property scoring matrix.



(iii) Finally, risk maps were created by subtracting the LULC ecosystem service values from the reference ecosystem service values. The differences in the ecosystem service values were classified in risk classes as low, medium, and high in percentile intervals, including low (0–50th percentile), medium (50–80th percentile), and high (80–100th percentile).



From the risk maps, the high-risk areas of land use activity clusters that contribute the most to decreases in ecosystem service values were identified. Data were processed using ArcGIS version 10.1 software [34].




2.3. Relating LULC and Landscape Properties to Ecosystem Services


To relate the LULC and landscape properties to each ecosystem service, values were assigned by the authors on the basis of an evaluation of the available literature and knowledge obtained from expert consultations. Lima et al. [12] and Burkhard et al. [14] provided a comprehensive list of ecosystem service criteria that served as a basis to search for relevant literature. This section overviews the literature; an interpretation of the relevant literature is provided in Section 3.1, along with detailed explanations for assigning the values and developing the scoring matrices.



To relate the LULC to each ecosystem service for the LULC and reference maps, values were assigned according to the capacity of the landscape to provide or maintain the ecosystem services. For this study, the LULC were related to each ecosystem service on a scale from 0 to 5, with 5 being the highest capacity to provide or maintain the ecosystem service and 0 indicating no capacity. From reviewing the selected literature, LULC classes that have little or no impacts on a certain ecosystem service or its related criteria support the capacity of the landscape to provide or maintain the ecosystem service; these classes were given high scores. The LULC classes that were identified to impact a certain ecosystem service or its related criteria cause a loss in the capacity of the landscape to provide or maintain the specific ecosystem service; these classes were given low scores.



The literature on ecosystem services and related criteria specific to the study region and similar regions of South Africa is somewhat limited, but received the most consideration in value assignment [28,30,35,36,37,38]. For example, Gebel et al. [30] identified the land use activities that mostly contribute to sediment and nutrients reaching river networks in the same study region. For the same study region, Malherbe et al. [35] assigned the LULC classes with impact scores to indicate the nutrient, sediment, and chemical inputs from LULC. Such impact scores were also developed by O’Farrell et al. [36] for a similar study region situated further east along the southern coast of the WCP. These references were helpful in the development of values that link LULC with erosion control and water quality maintenance. A review published by Mills and Fey [37] regarding the effects of agricultural activities on soil properties in South Africa was also utilized to develop these values for soil quality maintenance. Scholes and Biggs [38] presented a biodiversity intactness index under different land conditions, specifically for southern Africa. Although they did not differentiate between cultivated lands and types of urban development, their research was useful in the development of the biodiversity maintenance scores. Other literature also highlights that natural vegetation of South Africa plays an important role to provide and maintain water- and soil-related ecosystem services [18,20]. Information gained from Egoh et al. [18,20] was useful in the linking of natural vegetation with erosion control, water flow regulation, and soil quality maintenance.



Due to a limited amount of information about the study region, the knowledge gained from the available literature, which includes global information regarding the consequences of land use activities on ecosystem services, and related criteria were also evaluated [39,40]. Moreover, values given to scoring matrices for other regions of the globe [3,12,14] were adjusted using local knowledge gained from literature and by consulting experts. Local knowledge from literature includes information about the use of fertilizer [41] and wastewater disposal [42] and that gained by consulting experts includes information about the infrastructure.



Table 1 lists the references used to link the LULC with each ecosystem service. Different Fynbos biomes (Figure 2) represent the natural vegetation of the study region and are not considered to affect the selected ecosystem services. The Fynbos biomes were therefore given the highest capacity to provide or maintain the ecosystem services. The same values given for Fynbos and wetlands and waterbodies (natural) from the LULC map were used for the reference map.



The landscape properties were related to each ecosystem service on a scale from 0 to 1, where 1 does not impede and 0 fully impedes the ecosystem’s capacity to provide or maintain the ecosystem service. The landscape properties included soil texture, slope, and distance from the river network. Values that relate landscape properties to erosion control and water flow regulation were adapted according to our study region based on a study reported by Marks et al. [43]. The humus content of the study region was <2%. Such low percentages have little to no effect on erosion resistance [43] and were not considered in this study. The gravel content of the study region affects the erosion resistance. The gravel content was therefore included when relating the soil texture to erosion control [43]. The root zone available water capacity (RZAWC) affects water flow regulation, and Marks et al. [43] provided RZAWC values based on soil texture. Values for relating landscape properties to water quality maintenance, soil quality maintenance, and biodiversity maintenance were adapted according to our study region based on the findings of Lima et al. [12].



The soil texture and topsoil gravel content were obtained from the Harmonized World Soil Database at a resolution of 30 arc seconds of longitude and latitude (~1 km) [44]. The slope was calculated using the Stellenbosch University Digital Elevation Model for South Africa at a resolution of 5 m [45]. Distances to river network (buffer strips), with the same distances as those used by Malherbe et al. [35] for the same study region, were created on both sides of each river reach at 0–25, 25–50, 50–125, 125–500, and 500–1000 m.




2.4. Reference Threshold


For this study, LULC is related to ecosystem services based on ecosystem service criteria. Methodological errors are observed when measuring ecosystem service criteria [46]; therefore, reference thresholds exist because of the methods used to measure ecosystem service criteria. A reference threshold showing lower and upper threshold values for the ecosystem services can be used in order to establish if the differences between the ecosystem service values calculated for the reference and LULC maps can be assigned to particular land use activities. A range of reference thresholds with lower and upper threshold values was determined for each ecosystem service. Changes from the reference to the LULC ecosystem service values that fall outside the range of thresholds were most likely associated with land use activities. Range factors were combined with each reference ecosystem service value to determine the lower and upper threshold values for each ecosystem service.



Range factors are defined on the basis of methodological errors, which exist when measuring ecosystem service criteria [12]. The range factors were determined using expert knowledge regarding the complexity of generating reliable ecosystem service criteria data. The knowledge regarding the processes that support biodiversity is somewhat limited, and transferring soil quality point data to spatial data leads to very high uncertainties. Measuring criteria for biodiversity maintenance and soil quality maintenance is therefore quite complex and were given a high range factor of 0.4 [12]. Generating sediment flow data and other water quality measurements are also rather complex. Erosion control and water quality maintenance were given a range factor of 0.3 [12]. Water flow regulation was given the lowest range factor of 0.1 as baseflow can be measured with a higher degree of accuracy [12].





3. Results


3.1. Development of Scoring Matrices Including LULC and Landscape Properties


This section provides more detailed examples of the relation between ecosystem services and (i) LULC and (ii) landscape properties. The values linking LULC classes to each ecosystem service are presented in Table 2. Findings for South Africa indicated that natural vegetation, including Fynbos and grassland, plays an important role in erosion control, water flow regulation, and water quality maintenance [18,20,35,36] (value = 5), which is also the case for wetlands and waterbodies in their natural state [35,36] (value = 5 for erosion control and water quality maintenance, but 3 for water flow regulation). Degraded wetlands and waterbodies lose their ability to support erosion control, water flow regulation, and water quality maintenance to their full potential (value = 3, but 2 for water flow regulation). Biological, physical, and chemical properties of soil are good indications of soil quality and are maintained by landscapes in their natural state [37] (value = 5). Natural vegetation, wetlands, and waterbodies in their natural state are important for biodiversity maintenance [3,28,38] (value = 5).



Agricultural activities considerably impact the selected ecosystem services and related ecosystem service criteria. For example, simulation results for the same study region indicate that the critical source areas for sedimentation and nutrient inputs are from irrigated crop cultivation of vegetables, irrigated orchards, irrigated wine grapes, and dryland crop cultivation [30]. In addition, for the same study region, impact scores given for sediment input are the highest for irrigated crop cultivation and dryland crop cultivation, followed by irrigated orchards, irrigated wine grapes, and forest plantations [35]. The impact scores given for nutrient input are highest for all the previously mentioned irrigated agricultural activities [35]. Low sediment retention is also determined for irrigated crop cultivation, irrigated orchards, and forest plantations for a similar region situated further east along the coast [36]. Based on the previously mentioned literature, irrigated crop cultivation of vegetables do not support erosion control and water quality maintenance (value = 0); however, irrigated wine grapes and irrigated orchards support these ecosystem services to a very small extent (value = 1). Dryland crop cultivation also does not support erosion control (value = 0). Considering the low amount of fertilizer used for dryland crop cultivation [41], landscapes subject to this activity have a slightly higher capacity to maintain water quality compared with that of the other agricultural activities (value = 2). Erosion control is limited for forest plantations (value = 1); however, compared with other agricultural activities, the water quality maintenance for forest plantations is higher (value = 3). Agricultural activities are widely known to have significant impacts on soil properties [37,40] and biodiversity [3,38,40]. Landscapes subject to agricultural activities therefore have a low capacity to maintain soil quality (value = 1, but 2 for forest plantations) and biodiversity (value = 1, but 2 for forest plantations and irrigated orchards).



Wastewater disposal in the informal settlements of South Africa is relatively poor [42]. Based on local knowledge, the region’s informal settlements also have a limited number of paved roads and provide no green space. This supports the high impact scores for nutrient and sediment inputs attributed to informal settlements [35]. This suggests that informal settlements impede the capacity of the landscape to provide or maintain the selected ecosystem services (value = 0). The sediment retention is determined to be high [36] and the wastewater disposal is more efficient [42] for formal urban development in the region. The impact scores given for nutrient and sediment inputs are therefore low for formal urban development [30]. For this study, formal urban development was found to have a greater capacity to support erosion control and water quality maintenance (value = 4). Green space in formal urban areas supports biodiversity maintenance to some extent [3] (value = 2).



The values linking landscape properties to each ecosystem service are listed in Table 3. Under natural conditions, soil texture does not impede soil quality maintenance and biodiversity maintenance [12] (value = 1) and slope does not impede biodiversity maintenance [12] (value = 1). As the slope increases, the capacity of the landscape to support erosion control, water flow regulation, water quality maintenance, and soil quality maintenance decreases [12,43] (decreasing values are represented by an increasing slope). The distance to the river network was only considered for water quality maintenance [12]. Riparian zonation minimizes pollutants entering rivers and streams [47]. The closer land use activities are to river networks, the higher is the potential impact (increasing values are given with increasing distance).




3.2. Ecosystem Service and Risk Maps


Figure 4 shows the total ecosystem service values for the reference and LULC maps. Comparing the reference and LULC ecosystem service values, an overall loss for each ecosystem service is evident. The highest losses were found to be associated with soil quality maintenance and biodiversity maintenance, followed by erosion control, water quality maintenance, and water flow regulation.



To understand the extent that land use activities contribute to ecosystem service loss, risk maps of each ecosystem service are presented in Figure 5. Three high-risk areas of land use activity clusters that contribute the most to the loss of each ecosystem service are evident. These include the Cape Flats/Winelands cluster, Grabouw cluster, and Botrivier to Struis Bay cluster.



There was a high loss of erosion control from the reference to the LULC situation, resulting in a decrease of the ecosystem service value from 3.06 to 1.82 (Figure 4). High-risk areas displaying a loss of erosion control included all three clusters (Figure 5). The irrigated crop cultivation of vegetables in the Cape Flats/Winelands and Grabouw clusters and the dryland crop cultivation in the Botrivier to Struis Bay cluster were largely responsible for the loss of erosion control (value = 0) (Table 2). This was followed by the irrigated production of wine grapes in the Cape Winelands and the irrigated orchards and forest plantations in the Grabouw cluster (value = 1) (Table 2). Vineyards in the Cape Winelands, the irrigated agricultural activities in the Grabouw cluster, and the dryland crop cultivation in the Botrivier to Struis Bay cluster are located in hilly areas, which reduce the capacity of the landscape to control erosion (Table 3). Informal settlements in the Cape Flats also contributed to substantial losses of erosion control (value = 0) (Table 2). These settlements cover vast sandy areas that also decrease erosion control (Table 3).



Although not as influential as erosion control, there is a loss of water quality maintenance from the reference to the LULC situation (i.e., from 2.95 to 2.15) (Figure 4). The high-risk areas also included all three clusters (Figure 5). As per erosion control, irrigated agricultural activities and informal settlements substantially contributed to the loss of water quality maintenance (value = 0) (Table 2). However, the loss of water quality maintenance was lower for dryland crop cultivation in the Botrivier to Struis Bay cluster (value = 2) and forest plantations in the Grabouw cluster (value = 3) (Table 2), which explains the reason for the lower overall loss of water quality maintenance than erosion control. Water quality maintenance for the reference situation had a lower value closer to river networks (Figure 4) because buffers limit the potential of pollutants to reach waterways (Table 3).



Water flow regulation shows the lowest ecosystem service value loss from the reference to the LULC situation, decreasing from 1.72 to 1.15 (Figure 4). The soil texture (clay loam and sandy clay loam) that underpins much of the natural vegetation contributes to the low water flow regulation values in such areas (Table 3). The two primary high-risk areas include the Cape Flats/Winelands and Grabouw clusters. The area surrounding Botrivier was also a high-risk area, whereas the area extending further east from Botrivier provided a medium contribution to the loss of water flow regulation (Figure 5). The contribution of agricultural activities to the loss of water flow regulation is similar to erosion control and water quality maintenance (Table 2). However, for urban development, particularly in the Cape Flats/Winelands cluster, the loss of water flow regulation was substantial (value = 1 for formal and 0 for informal urban development) (Table 2).



The loss of ecosystem service values from the reference to the LULC situation was the highest for soil quality maintenance (4.59–2.86) and biodiversity maintenance (5–3.30) (Figure 4). The high-risk areas for soil quality maintenance included all three clusters (Figure 5). Irrigated agricultural activities and dryland crop cultivation were found to substantially contribute to the loss of soil quality (value = 1), followed by forest plantations (value = 2) (Table 2) whereas urban development (informal and formal) destroys soils, which is largely responsible for the loss of soil quality (value = 0) (Table 2). The reference situation fully supports biodiversity maintenance (Figure 4) because natural vegetation provides habitat. The high-risk areas include the Cape Flats/Winelands and the Botrivier to Struis Bay clusters, whereas the Grabouw cluster provided a medium contribution to the loss of biodiversity maintenance (Figure 5). Agricultural activities in high-risk areas substantially contribute to the loss of biodiversity (value = 1) (Table 2). However, irrigated orchards and forest plantations in the Grabouw cluster support biodiversity slightly more (value = 2) (Table 2). Informal urban development in the Cape Flats cluster is the largest contributor to the loss of biodiversity maintenance, whereas the formal urban development displayed a medium contribution to such losses (value = 0 for informal and 2 for formal urban development) (Table 2).



The total ecosystem service values of the reference and LULC maps, including the lower and upper threshold values, are presented in Table 4 and Figure 6. A wide range of threshold values was evident for soil quality maintenance and biodiversity maintenance. The range of threshold values was not much lower for erosion control and water quality maintenance. Water flow regulation displayed the lowest range of threshold values (Table 4 and Figure 6).



The net loss of erosion control and water flow regulation falls outside the range of the threshold values (Figure 6). It can be assumed that land use activities do have an impact on erosion control and water flow regulation. In contrast, the loss of water quality maintenance, soil quality maintenance, and biodiversity maintenance fall inside the range of threshold values (Figure 6), and the effects of land use change from the reference to the LULC situation on these particular ecosystem services are not completely known.





4. Discussion


The inclusion of environmental data provides meaningful refinements to ensure spatially explicit assessments of the effects of LULC on ecosystem services [15]; however, existing approaches that exclude complex modeling still rely on lengthy calculations [15,16]. Findings of this study strengthen the credibility of the approach developed by Lima et al. [12], which includes a landscape property scoring matrix by simply scoring relevant landscape properties with each ecosystem service. Results reveal that landscape properties have the potential to affect the capacity of landscapes to provide or maintain ecosystem services. For example, the reference situations, particularly erosion control, water flow regulation, and water quality maintenance, clearly indicate that the capacity of the landscape to support a specific ecosystem service is not the same for all areas. This is consistent with the reference situation maps for erosion control and water quality maintenance reported by Lima et al. [12]. Lima et al. [12] did not assess water flow regulation; however, water flow regulation is successfully assessed in this study. This highlights the simplicity of the approach to expand its use in the evaluation of other ecosystem services. To do so, only the basic input layers, including LULC, soil texture and digital elevation models, and the evaluation of sufficient knowledge obtained from literature and/or the consultation of experts are necessary. This approach is further developed herein by considering the gravel content of soils to assess for erosion control. Another advantage is that the hypothesized values in such studies can be adjusted as more accurate and comprehensive data become available in the future.



Based on the range of threshold values, the land use activities appear to contribute to the loss of erosion control and water flow regulation. The loss of the other studied ecosystem services, due to land use activities is not completely clear, but must not be disregarded. Although the actual effect of land use changes from the reference situation cannot be determined, the findings of this study fill critical gaps in our knowledge regarding the complex interaction of LULC and ecosystem services within a particular landscape by performing a spatial overview of high-risk areas contributing to the loss of ecosystem services that can be used for making decisions regarding the implementation of more effective management strategies. The high-risk areas identified in this study show that both agricultural activities and urban development contribute to the loss of ecosystem services.



As mentioned previously, the WCP indicates a particularly high potential risk of soil erosion [29]. The findings show that the irrigated and dryland agricultural activities and forest plantations in the Cape Winelands, Grabouw cluster, and Botrivier to Struis Bay cluster are mainly located in elevated areas that contribute to an increase in erosion. Lorz et al. [16] reported an increase in sediment input in agricultural areas for the Cerrado biome in Brazil that was also increased by elevated slopes. The irrigated crop cultivation of vegetables in the Cape Flats is located on erodible sandy soils, which increase the risk of soil erosion. Another substantial loss of erosion control is associated with the cultivation of irrigated vegetable crops and informal settlements in the Cape Flats. The informal settlements cover vast sandy areas that presumably contribute to the loss of erosion control.



Widespread impacts of land use activities on water quality primarily include increased sediment, nutrient, and chemical inputs [39,48,49], and the agricultural activities and urban development along the southern coast of the WCP greatly contribute to such impacts [35,36,50]. The findings show that irrigated and dryland agricultural activities in the Cape Flats/Winelands, Grabouw, and Botrivier to Struis Bay clusters contribute to the loss of water quality maintenance. One reason is presumably associated with the previously mentioned increase in erosion and the use of fertilizer. Informal settlements also contribute to a loss of water quality maintenance, which is most likely a result of poor wastewater disposal practices [42]. Similar to the finding from Lima et al. [12], a decreasing contribution to water quality maintenance for areas closer to river networks was evident.



In the tropical regions of Southeast Asia, the decline of natural forest has drastically decreased water flow regulation [51]. A loss of water flow regulation was also evident in regions of South Africa, where a decline in the amount of natural vegetation in favor of crop cultivation is prevalent [20]. For example, land degradation in the Little Karoo is indicative of a decrease in water flow regulation [22]. Our findings also revealed a loss of water flow regulation in cultivated regions, especially for irrigated agricultural activities. The soil texture supporting the dryland crop cultivation between Botrivier and Struis Bay most likely supports water flow regulation more than sandier soils. Water flow regulation displayed a profound loss in both formal and informal urban developed areas of the Cape Flats, which was presumably intensified by the sandy soils in the area.



Under natural conditions, soil properties mostly remain undisturbed, which maintains soil quality and is evident for the reference situation of this study. Natural conditions provide the maximum potential for biodiversity maintenance [12], which is also evident for the reference situation for biodiversity maintenance. Human interference has a significant impact on soil quality and biodiversity [37,40]. The agricultural activities and urban development in the Cape Flats/Winelands, Grabouw, and Botrivier to Struis Bay clusters substantially contribute to the loss of soil quality maintenance, biodiversity maintenance, or both of these ecosystem services. For soil quality maintenance, the loss can be attributed to the use of fertilizer or the total destruction of soils from urban development, regardless of it being formal or informal development. The impacts on biodiversity in cultivated areas is slightly more than for forest plantations in southern Africa [38], which is also evident based on the results for this study. Although urbanization usually causes the total destruction of habitats, the formal urban development in the Cape Flats/Winelands cluster has green urban spaces and explains the medium contribution of formal urban development to the loss of biodiversity maintenance.




5. Conclusions


Findings of this study indicate that landscape properties have the potential to affect the capacity of the landscape to provide and maintain ecosystem services. Applying a matrix approach to assess the effects of LULC on ecosystem services must therefore not neglect the addition of landscape properties. Results further reveal that, with sufficient knowledge from previous literature and the inputs from experts, the approach can be adapted to the characteristics of other regions, particularly regions with limited data and resources. The approach can be further improved by adding additional landscape properties. Herein, the approach is improved by adding the gravel content to the soil texture for the assessment of erosion control. The values given for the matrices can also be changed and improved as new data become available. For future reference, testing different versions of the approach is recommended based on further improvements.



Compared to complex modeling, the application of the approach is also relatively fast because it involves inputs from experts. However, limited knowledge regarding the complex interactions, including the landscape, land use activities, and ecosystem services, presents a certain limitation in its application. The actual effects of the land use activities on the ecosystem services are therefore not certain, and it is difficult to provide recommendations. Regardless, the approach does deliver a good spatial overview to understand the extent and magnitude of impact that land use activities have on the loss of ecosystem services by highlighting high-risk areas. Obtaining knowledge about the areas and associated land use activities that contribute to increasing risks of the loss of ecosystem services is important to make decisions regarding further in-depth research that may require costly resources.



Global policies and strategies focus on the conservation of biodiversity because conserving biodiversity targets the protection of ecosystem services [52]. However, since the establishment of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services [53], there is a trend of focusing on the conservation and sustainable use of both biodiversity and ecosystem services [52,53]. To ensure the continuity of the delivery of ecosystem services, it is important to enhance the global knowledge of the threats to ecosystem services. It is therefore important to direct research toward simple and relatively fast assessment approaches, such as this study, to understand and tackle the negative effects of land use activities on ecosystem services. This will facilitate the improvement of management strategies and policies that focus on biodiversity conservation and ensure the continuous delivery of ecosystem services threatened by human interference and the restoration of lost ecosystem services.
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Figure 1. (a) Location of the study regions along the southern coast, Western Cape Province, South Africa. (b) Land use/land cover of the study region, including the percentage coverage of each class [26,27]. 
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Figure 2. The 2006 natural vegetation map for the study region [33]. 






Figure 2. The 2006 natural vegetation map for the study region [33].



[image: Land 08 00051 g002]







[image: Land 08 00051 g003 550]





Figure 3. The three principal steps of the general workflow required to generate the ecosystem service and risk maps. (*ES: Ecosystem service). Figure created by authors. 
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Figure 4. The values for different ecosystem services, reference (left) and LULC (right) maps. 
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Figure 5. Risk maps showing the ecosystem service difference values from the reference to the LULC situation. 






Figure 5. Risk maps showing the ecosystem service difference values from the reference to the LULC situation.



[image: Land 08 00051 g005]







[image: Land 08 00051 g006 550]





Figure 6. Visualization of the total ecosystem service values for the LULC and reference situations and the range of threshold values for the reference situation with lower and upper threshold values for each ecosystem service. 






Figure 6. Visualization of the total ecosystem service values for the LULC and reference situations and the range of threshold values for the reference situation with lower and upper threshold values for each ecosystem service.



[image: Land 08 00051 g006]







[image: Table]





Table 1. References used to assign the values of land use/land cover (LULC) and ecosystem services.
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	LULC
	Erosion Control
	Water Flow Regulation
	Water Quality Maintenance
	Soil Quality Maintenance
	Biodiversity Maintenance





	Natural grassland
	Egoh et al. [18]

Egoh et al. [20]

Malherbe et al. [35]
	Egoh et al. [18]

Egoh et al. [20]
	Malherbe et al. [35]
	Egoh et al. [18]

Egoh et al. [20]
	Scholes and Biggs [38]



	Natural vegetation–Fynbos
	Egoh et al. [20]

Malherbe et al. [35]

O’Farrell et al. [36]
	Egoh et al. [20]
	Malherbe et al. [35]

O’Farrell et al. [36]
	Egoh et al. [20]

Mills and Fey [37]
	Manning [28]

Scholes and Biggs [38]



	Irrigated crop cultivation
	Gebel et al. [30]

Malherbe et al. [35]

O’Farrell et al. [36]

Foley et al. [39]
	Foley et al. [39]
	Gebel et al. [30]

Malherbe et al. [35]

O’Farrell et al. [36]

Foley et al. [39]

Matson et al. [40]

FAO et al. [41]
	Mills and Fey [37]

Matson et al. [40]
	Burkhard et al. [3]

Scholes and Biggs [38]

Matson et al. [40]



	Dryland crop cultivation
	Gebel et al. [30]

Malherbe et al. [35]

Foley et al. [39]
	Burkhard et al. [14]

Foley et al. [39]
	Gebel et al. [30]

Malherbe et al. [35]

Foley et al. [39]

Matson et al. [40]

FAO et al. [41]
	Mills and Fey [37]

Matson et al. [40]
	Burkhard et al. [3]

Scholes and Biggs [38]

Matson et al. [40]



	Irrigated orchards
	Gebel et al. [30]

Malherbe et al. [35]

O’Farrell et al. [36]
	Burkhard et al. [14]
	Gebel et al. [30]

Malherbe et al. [35]

O’Farrell et al. [36]

FAO et al. [41]
	Mills and Fey [37]
	Burkhard et al. [3]

Scholes and Biggs [38]



	Irrigated wine grapes
	Gebel et al. [30]

Malherbe et al. [35]
	Burkhard et al. [14]
	Gebel et al. [30]

Malherbe et al. [35]

O’Farrell et al. [36]

FAO et al. [41]
	Mills and Fey [37]
	Burkhard et al. [3]

Scholes and Biggs [38]



	Forest plantations
	Malherbe et al. [35]

O’Farrell et al. [36]
	
	Malherbe et al. [35]

O’Farrell et al. [36]
	Mills and Fey [37]
	Scholes and Biggs [38]



	Urban formal
	Malherbe et al. [35]

O’Farrell et al. [36]
	Burkhard et al. [14]
	Malherbe et al. [35]

O’Farrell et al. [36]
	Lima et al. [12]
	Burkhard et al. [3]

Scholes and Biggs [38]



	Informal settlements
	Malherbe et al. [35]
	
	Malherbe et al. [35]

Mels et al. [42]
	
	



	Wetlands/Waterbodies

(natural)
	Malherbe et al. [35]

O’Farrell et al. [36]
	Burkhard et al. [14]
	Malherbe et al. [35]

O’Farrell et al. [36]
	
	Burkhard et al. [3]



	Wetlands/Waterbodies

(degraded)
	O’Farrell et al. [36]
	
	O’Farrell et al. [36]
	
	










[image: Table]





Table 2. Assigned values of LULC classes and ecosystem service (5 = the highest capacity and 0 = no capacity).
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	LULC
	Erosion Control
	Water Flow Regulation
	Water Quality Maintenance
	Soil Quality Maintenance
	Biodiversity Maintenance





	Natural grassland
	5
	5
	5
	5
	5



	Natural vegetation–Fynbos
	5
	5
	5
	5
	5



	Irrigated crop cultivation
	0
	1
	0
	1
	1



	Dryland crop cultivation
	0
	2
	2
	1
	1



	Irrigated orchards
	1
	2
	1
	1
	2



	Irrigated wine grapes
	1
	1
	1
	1
	1



	Forest plantations
	1
	2
	3
	2
	2



	Urban formal
	4
	1
	4
	0
	2



	Informal settlements
	0
	0
	0
	0
	0



	Wetlands/Waterbodies (natural)
	5
	3
	5
	5
	5



	Wetlands/Waterbodies (degraded)
	3
	2
	3
	3
	3
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Table 3. Assigned values of landscape properties and ecosystem services.
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	Soil Texture
	Erosion Control
	Water Flow Regulation
	Water Quality Maintenance
	Soil Quality Maintenance
	Biodiversity Maintenance





	Loamy sand
	
	0.9
	0.6
	1
	1



	Sandy loam
	
	0.7
	0.7
	1
	1



	Sandy clay loam/Loam
	
	0.5
	0.8
	1
	1



	Clay loam
	
	0.5
	0.9
	1
	1



	Loamy sand, Clay loam, Sandy clay loam—Topsoil gravel 11–30%
	0.8
	
	
	
	



	Loamy sand, Clay loam, Sandy clay loam—Topsoil gravel <10% & Sandy loam—Topsoil gravel 11–30%
	0.7
	
	
	
	



	Sandy loam—Topsoil gravel <10%
	0.5
	
	
	
	



	Soil (Available water capacity in root zone nFk in l/m3)
	
	
	
	
	



	Sandy loam (140–200)
	
	0.9
	
	
	



	Sandy clay loam/loam (90–140)
	
	0.7
	
	
	



	Loamy sand (50–90)
	
	0.5
	
	
	



	Slope (%)
	
	
	
	
	



	<3
	1
	1
	1
	1
	1



	36
	0.9
	0.9
	0.9
	1
	1



	6–12
	0.8
	0.9
	0.8
	0.9
	1



	12–26
	0.7
	0.7
	0.7
	0.8
	1



	26–60
	0.5
	0.5
	0.5
	0.7
	1



	>60
	0.4
	0.3
	0.4
	0.6
	1



	Distance (m)
	
	
	
	
	



	<25
	
	
	0.4
	
	



	25–50
	
	
	0.6
	
	



	50–125
	
	
	0.7
	
	



	125–500
	
	
	0.8
	
	



	>500
	
	
	1
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Table 4. Total ecosystem service values for the LULC and reference situations, range factors, and the calculated lower and upper threshold values for each ecosystem service. The lower and upper threshold values indicate the range of threshold values for the reference situation.
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Ecosystem Service

	
Total Ecosystem Service Values

	
Range Factors

	
Thresholds of Ecosystem Service Values




	

	
LULC

	
Reference

	

	
Lower

	
Upper






	
Erosion control

	
1.82

	
3.06

	
0.3

	
2.14

	
3.98




	
Water flow regulation

	
1.15

	
1.72

	
0.1

	
1.55

	
1.89




	
Water quality maintenance

	
2.15

	
2.98

	
0.3

	
2.09

	
3.87




	
Soil quality maintenance

	
2.86

	
4.59

	
0.4

	
2.75

	
5




	
Biodiversity maintenance

	
3.30

	
5

	
0.4

	
3

	
5












© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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