Conservation Planning Framework for the GAENP – Final Report


CONTENTS

203.
PROCESSES THAT MAINTAIN BIODIVERSITY


203.1
Introduction


203.2
Methods


203.2.1
Landscape-level processes


283.2.2
Species-level processes


313.2.3
Population-level processes


313.3
Results and discussion


313.3.1
Landscape-level processes


423.3.2
Species-level processes


433.3.3
Population-level processes




List of Tables

29Table 4. Key landscape-level processes to be captured in the GAENP planning domain.


44Table 5: Processes mediated by larger mammals




List of Figures

33Figure 2. Upland-lowland interfaces


34Figure 3. Biome interfaces


35Figure 4. Thicket interfaces


36Figure 5. Riverine corridors linking inland and coastal biota


37Figure 6. Riverine corridors through mountainous terrain


38Figure 7. Algoa Dunefield with 500 m buffered inland boundary


39Figure 8. Algoa Dunefield with 2000 m buffered inland boundary


40Figure 9. Rainfall gradients as drought refuges in drought-prone habitat


41Figure 10. All ecological and evolutionary processes combined




3. PROCESSES THAT MAINTAIN BIODIVERSITY

3.1 INTRODUCTION 

The long-term persistence of biodiversity must be ensured to achieve the conservation goal of the GAENP (Chapter 1, Box 2). In order for biodiversity to persist, the GAENP reserve system should not only represent biodiversity pattern, but also the ecological and evolutionary processes that maintain biodiversity (Noss, 1987; Cowling et al. 1999b).

This study identified spatial components that would act as surrogates for important ecological and evolutionary processes at three scales: landscape, species and population/genetic (Noss 1983). A specific study was undertaken to identify the mammal-mediated processes that would be “captured” by the maintenance of viable populations of larger mammals in the GAENP (umbrella species, sensu Wilcox 1982). The detailed methods and results of the mammal study can be found in Appendices 5 and 6.

3.2 Methods

3.2.1 Landscape-level processes 

Pressey et al. (in press) and Rouget et al. (in press) identified spatial components to serve as surrogates of ecological and evolutionary processes in a conservation planning exercise in the Cape Floristic Region (CAPE). Their work was used as the starting point for a workshop held with conservation planning consultants from the terrestrial and aquatic sectors and with SANParks, to identify key biological processes operating within the planning domain. The results of the workshop were subsequently refined and mapped. Table 4 shows the fifteen key biological processes identified for the GAENP planning domain. These processes operate within nine spatial components:

· Upland-lowland gradients;

· Macroclimatic gradients

· Upland-lowland interfaces;

· Biome interfaces;

· Thicket interfaces;

· Riverine corridors;

· Sand movement corridors;

· Natural fire regimes, and

· Rainfall gradients as drought refuges in drought-prone habitat.

The spatial components for most of these processes were mapped using a Geographic Information System (GIS; Arc/Info version 7, ESRI 1997), with the exception of the upland-lowland and macroclimatic gradients and the natural fire regime areas. Detailed metadata for each of the derived data layers can be found in Appendix 2.

Upland-lowland gradients

Gradients connecting the coastal lowlands, uplands and inland lowlands are required if the following processes are to persist in the landscape:

· Ecological diversification of plant and animal lineages along extended upland-lowland gradients.

· Local scale adjustment of species distributions to long-term climate change along extended upland-lowland gradients.

· Regional scale (in this case, represented by the whole planning domain) adjustment of species distributions to climate change.

These processes were incorporated into the conservation plan during the design phase (Chapter 7), to complement areas required to represent biodiversity pattern. The reason why these components were not identified a priori, is that there may be many options for each gradient and there is, at this stage, no tractable method for identifying the relative value of each option for achieving biodiversity targets.

The spatial components for the upland-lowland gradients are described in Table 4.

Macroclimatic gradients

For the diversification of plant and animal lineages in relation to macroclimatic gradients, it is necessary to capture large and steep macroclimatic gradients along the east-west axes. At least three types of east-west gradients are required: those running along the coastal lowland and inland lowland regions, as well as a gradient along the Zuurberg in the upland region.

As with the upland-lowland gradients, spatial components for macroclimatic gradients were not identified a priori. Thus, these gradients were incorporated into the conservation plan during the design phase (Chapter 7), to complement areas required to represent biodiversity pattern. 

The spatial components for the macroclimatic gradients are described in Table 4.

Upland-lowland interfaces

The transition zones between upland and lowland land classes have a high heterogeneity, and therefore act as surrogates for ecological diversification. These interfaces can also be considered as short gradients between upland and lowland land classes, which allow local scale adjustment of species distributions to short-term climatic variation. 

Three upland-lowland interfaces were identified within the planning domain: 

· Upland - grassland and fynbos land classes, and the Tootabie Forest;

· Coastal lowland - those land classes south of the Zuurberg; and 

· Inland lowland - those land classes north of the Zuurberg.

Land classes were classified according to these three categories, to define upland-lowland boundaries (see the UPLO metadata form in Appendix 2 for the upland-lowland classification of each land class). Interfaces were then derived by placing a 500 m buffer zone on either side of the upland-lowland boundary. This buffer zone, with a total width of 1 km, takes into account the width required to maintain this process as well as the mapping accuracy of the land class data layer (50-100 m).

The spatial components for the upland-lowland interfaces are described in Table 4, and illustrated in Figure 2.

Biome interfaces 

Five out of the seven terrestrial biomes in South Africa (Low and Rebelo 1996) are found within the GAENP planning domain. Biome ecotones generally have a high diversity, and are important ecological diversification zones. Boundaries between the forest, thicket, grassland, fynbos and Nama Karoo biomes were buffered by 500 m to derive a spatial component for this important biological process. Detailed metadata for the derived data layer can be found in the BIOME metadata form of Appendix 2.

The spatial components for the biome interfaces are described in Table 4, and illustrated in Figure 3.

Thicket interfaces

Plant species hybridisation, particularly within the genera Aloe and Euphorbia, is known to occur at the ecotones of certain thicket land classes. It is known from field surveys for the Subtropical Thicket Ecosystem Planning (STEP) project, that obvious hybridisation zones within the GAENP planning domain occur at the contact areas of Zuurberg Montane9, Sundays Basin and Sundays Inland land classes (J. Vlok, pers. comm.). Since hybridisation is an important factor in plant speciation, these are zones of significant evolutionary change. Contact areas between any pair of the following GAENP land class groups represent important hybridisation zones: 

	Zuurberg Montane
	Sundays Basin
	Sundays Inland

	11. Enon Thicket

16. Suurkop Bontveld

19. Kruisrivier Bontveld

21. Kabouga Thicket

28. Kleinpoort Bontveld
	17. Coega Bontveld

22. Coerney Spekboomveld

27. Addo Bontveld

30. Ongegund Bontveld
	24. Witrug Spekboomveld

25. Darlington Noorsveld


The spatial components for the thicket interfaces are described in Table 4, and illustrated in Figure 4.

These land classes were classified appropriately (according to Zuurberg Montane, Sundays Basin and Sundays Inland) to derive boundaries between these three groups. The boundaries were then buffered by 500 m on either side to derive thicket interfaces, which represent major zones of hybridisation, and hence evolutionary speciation. Detailed metadata for the derived data layer can be found in the THICKET metadata form of Appendix 2.

Riverine corridors

The Sundays and Kabouga River valleys represent important riparian corridors within the GAENP planning domain. These rivers breach the folded belt to link inland and coastal habitats, and are therefore crucial to the migration and diversification between inland and coastal biota. 

Shorter riverine corridors that allow for animal migration and movement through mountainous terrain, but which do not necessarily link inland and coastal biota were also identified using topographical terrain, and expert knowledge of the area. 

A buffer width of 500 m on either side of the rivers was applied to derive the spatial components for these biological processes. This buffer width ensures that the area encapsulates cliff and floodplain communities, and takes the mapping accuracy of the rivers and land classes into account. Detailed metadata for the derived data layers can be found in the NS_RIVER and EW_RIVER metadata forms of Appendix 2.

The spatial components for the north-south and east-west riverine corridors are described in Table 4, and illustrated in Figures 5 and 6 respectively.

Sand movement corridors

The planning domain includes one, large sand movement corridor, namely the Algoa Dunefield. This dune system is the largest and least degraded coastal dunefield in the world (Kerley and Boshoff 1997). It also acts as a surrogate for several key biological processes, and forms an important link between the terrestrial and marine environments. Key biological processes it supports include:

· Maintenance of dune systems (e.g. erosion, stabilisation, succession);

· Inland movement of marine sands producing gradients of soil development important for soil-specific plant assemblages and diversification of plant species;

· Maintenance of nutrient-rich groundwater discharge that supports adjacent surf zone diatoms, which in turn drive the nutrient chain in the marine environment (Campbell and Bate 1991); and

· Animal movement in and out of the dunefield supporting animals that rest in the dune system and move into thicket to feed nightly (e.g. bushpigs); connectivity must be maintained to ensure that this movement can continue.

The spatial component to represent the first three biological processes was defined as the entire Algoa Dunefield and adjacent Klipvlei Asteraceous Fynbos land classes, together with a 500 m buffer at the inland boundary, to accommodate the advance over 2000 years at current rates of deposition (Illenberger 1998 and 1992). A larger area at the inland sink is required for diurnal animal movement in and out of the dunefield, and consequently the entire Algoa Dunefield was buffered by a 2000 m inland buffer to represent this process. 

The spatial components for the Algoa Dunefield are described in Table 4, and illustrated in Figures 7 and 8 respectively.

Detailed metadata for the derived data layers can be found in the DUNE500 and DUNE2000 metadata forms of Appendix 2.

Natural fire regimes

The rationale for deriving the spatial component of this process is to secure “islands” of fire-prone vegetation where natural fire patterns could develop without spreading to adjacent non-flammable land classes. 

Certain land classes (fynbos and grassland) are subjected to periodic fires and require fire in order for their component, fire-adapted and fire-dependant species to persist. In the planning domain, these land classes are surrounded by non-flammable land classes (thicket, forest or Nama Karoo land classes), and they therefore exist as fire-prone “islands” in a sea on non-flammable vegetation. Fires are irregular occurrences, and over time a distinctive pattern of vegetation of different post-fire ages develops in each “island”, driven by lightning ignitions, and the spread and extinction of subsequent fires arising from a combination of fuel distributions and post-ignition weather patterns. The maintenance of biodiversity is dependant on the development of such patterns, which allow for variation and species co-existence. Natural (lightning-driven) fire patterns can develop provided that the fire-prone islands are not “sub-divided” by development or transformation. The maintenance of fire as a diverse process will depend on islands remaining as contiguous as possible to allow the natural spread of fires, and it will also depend on the areas being large enough to allow fire patterns to develop. Research has shown that isolated patches of fire-prone vegetation can lose up to 75 % of their component species when fires are prevented from spreading to them for long periods. In addition, certain species (such as sugarbirds and sunbirds) require sufficient area of older vegetation to feed and nest in, and certain plant species require longer periods between fires to mature and set seed. Reducing islands below a critical area will compromise their ability to support such species in the long term.

 For these reasons, we suggest that, for land classes that are dependant on fire, large enough contiguous patches should remain, to allow fire patterns to develop. Since there are many options for locating these large contiguous patches in the upland areas, this spatial component was taken into account in the design phase (Chapter 7), to complement other areas selected to satisfy pattern and process targets.

Rainfall gradients as drought refuges in drought-prone habitat

This spatial surrogate was derived to capture episodic rainfall events and a large area of habitat for the plains game within the drought-prone areas north of the Zuurberg. Rainfall events can either approach from the west as thunderstorms, or as frontal rain over the mountains, especially in the east. Two 20 000 ha areas were therefore selected along an appropriate east-west gradient north of the Zuurberg, one in the far west and one in the far east. These patches need to be connected, and initially in the planning process, they were joined by a means of a 1 km-wide corridor, chosen to minimise corridor length. However, in the design phase (Chapter 7), a riparian corridor required to satisfy freshwater conservation targets (north of the 1 km-wide corridor) was found to perform this function of providing connectivity. Thus, to enable a more efficient choice in corridor linkages, the original 1 km-wide corridor linking the two 20 000 ha blocks was removed. 

Additional considerations for locating the two 20 000 ha blocks were:

· Incorporating large portions of the xeric thicket and karroid land classes north of the Zuurberg (namely, the Darlington Noorsveld, Klipfontein Pentziaveld and Crown Hill Broken Veld land classes).

· Incorporating riparian habitat - some dry season refuge in the area will increase the overall productivity, provide some forage resources, and may also capture runoff from rainfall events outside the planning domain. 

· Locating the areas within the SANParks’ modified Kerley and Boshoff (1997) footprint in order to avoid roads that would cut across migration routes (see the metadata form SANP_BND in Appendix 2).

· Incorporating as many untransformed areas as possible.

The spatial components for rainfall gradients as drought refuges in drought-prone habitat are described in Table 4, and illustrated in Figure 9.

Detailed metadata for the derived data layer can be found in the NOORS metadata form of Appendix 2.

3.2.2 Species-level processes

Species-level processes focussed on larger mammals, the assumption being that these mammals qualify as “umbrella” species (Wilcox 1982) since their minimum area requirements are likely to be at least as comprehensive as those for the remainder of the community. The detailed approach and results of the mammal study can be found in Appendix 5. 

By maintaining a viable population of each mammal species that potentially occurs in the planning domain, species-driven processes will inherently be captured. A number of species-driven processes were identified by an expert approach, as were the mammal species that are considered to drive each of these processes (Section 3.3.2). SANParks scientists were also consulted as part of the expert approach. For each process identified, an assessment of the contribution the different mammal species make to that process was undertaken. The contribution of a species to a process was either present (1) or absent (0) (Table 5).

It is not practical and feasible to depict spatially the processes listed in Table 5. These potentially occur throughout all mammal habitat classes in the GAENP planning domain. 

Table 4. Key landscape-level processes to be captured in the GAENP planning domain.

	Process
	Qualitative: Spatial Description
	Quantitative: GIS specifications

	Upland-lowland gradients

	1. Ecological diversification of lineages along extended upland-lowland gradients
	Long, steep gradients between uplands and lowlands to encourage diversification. Ensure that all biomes and as many land classes as possible are represented.
	1 km notional width

	2. Local scale adjustment of species distributions to long-term climate change along extended upland-lowland gradients
	Gradients between uplands and lowlands along similar habitats to facilitate movement of species as climatic envelopes move.
	1 km notional width

	3. Regional scale (in this case, represented by the whole planning domain) adjustment of species distributions to climate change
	Macroclimatic gradients along east-west axes that encompass climatically similar juxtaposed habitat in both lowland and upland regions.
	1 km notional width

	Macroclimatic gradients

	4. Geographical diversification of lineages in relation to macroclimatic gradients
	Large and steep macroclimatic gradients along east-west axes in lowland and upland regions.
	1 km notional width

	Upland-lowland interfaces

	5. Ecological diversification of lineages across the lowland-upland interface
	Interfaces between upland land classes (all grassland and fynbos, as well as Tootabie Forest), coastal lowland land classes (those south of the Zuurberg), and inland lowland land classes (those north of the Zuurberg).
	500m on either side of the interface boundary.

	6. Local scale adjustment of species distributions to short term climate variation across the upland-lowland interface
	Sharp interfaces between upland and lowland land classes (addressed by 5 above). 

 
	

	Biome interfaces

	7. Ecological diversification of lineages across biome interfaces
	Interfaces between biomes.
	500m on either side of the interface boundary.

	Thicket interfaces

	8. Evolutionary processes (e.g. hybridisation) at ecotones particularly within thicket
	Select ecotones between thicket land classes.


	500m on either side of the boundary



	
Riverine corridors

	9. Migration and diversification between inland and coastal biota along riverine corridors that breach the folded belt
	Sundays and Kabouga river valleys link the inland and coastal habitats. 
	Buffer of 200-500m on either side of each river. Need to ensure that buffer encapsulates cliff and floodplain communities.

	10. Inland, E-W riverine corridors for animal migration and movement
	Inland riverine corridors running E-W such as Coerney act as important movement corridors.
	All are required; need a buffer of 200-500m on either side of each river in order to include cliff and floodplain communities.

	Sand movement corridors

	11. Maintenance of dune systems (erosion, stabilisation, succession etc)
	Entire Algoa Dunefield and adjacent land classes including source and inland sink.
	Entire dunefield/sand movement corridor and 500 m buffer at the inland sink. This will allow for advance over 2000 yrs at current rates of deposition.

	12. Inland movement of marine sands producing gradients of soil development important for soil-specific plant assemblages and diversification of plant species 
	Entire Algoa sand movement corridor and adjacent land classes (addressed by 11 above).
	Supplemented by a 500m buffer on untransformed adjacent land classes along entire dune corridor.

	13. Short-term local movement of mammals in and out of the dunefield
	Entire Algoa Dunefield including source and inland sink, broad enough to capture movement between the dunes and thicket.
	Entire dunefield and a 2000 m buffer at the inland sink.

	Natural fire regimes

	14. Natural fire regimes in fynbos and grassland
	Fire-prone land classes of the fynbos and grassland in the Zuurberg.
	Fire-prone land classes of the fynbos and grassland.

	Rainfall gradients as drought refuges in drought-prone habitat

	15. Local scale adjustment of species distributions to short term climate change (e.g. drought).
	Need to capture episodic rainfall events to ensure population stability. Assume that drought is only a severe influence in Xeric Thicket and Nama-Karoo.
	Two 20 000 ha areas along an appropriate east-west gradient north of the Zuurberg, one in the far west and one in the far east, joined by a 1 km-wide corridor. To capture Xeric Thicket, Nama-Karoo, and riparian habitat.


3.2.3 Population-level processes

Population-level processes include demographic, genetic and evolutionary processes, and each relies on minimum-sized populations of species to maintain them. As for species-level processes, processes at the population level focussed on viability of larger mammals (Section 3.2.2). Detailed approach and results of the mammal study can be found in Appendices 4 and 5.

It was agreed at the initial client-consultant workshop, held in January 2001, that a key assumption regarding the modelling of mammal population processes is that the mammals can move freely throughout the entire planning domain of the proposed park. In terms of population processes, realistic spatial requirements for each of the selected species were generated for the GAENP planning domain using intact land only. Restorable land was not included in these analyses, since restoration is a medium- to long-term venture, and during restoration, the land may be effectively unavailable to mammals; in fact, restoration may even be compromised by the presence of larger mammals.

These spatial requirements were translated into mammal population numbers that the GAENP planning domain could potentially support (Appendices 4 and 5), to establish which populations could be supported viably in the planning domain, and which populations would require metapopulation management.

3.3 Results and discussion

3.3.1 Landscape-level processes

The biological processes presented in Section 3.2.1 were described (and derived) independently, but there is considerable overlap between them (just over 50 % of the area required for the processes is common); maintaining all the identified processes was relatively “land hungry”. 

Figures 2 to 9 show the spatial components that represent the key landscape-level processes operating within the GAENP planning domain, and Figure 10 shows the combined processes. Figure 10 shows that the Zuurberg range, particularly the eastern portion, plays a key role in the persistence of many of these processes. This is driven largely by the areas of contact between the fynbos and grassland biomes. Almost the entire coastal portion of the GAENP planning domain is key to the persistence of important biological processes, this being driven by the presence of the Algoa Dunefield, as well as the biome interface between the Klipvlei Asteraceous Fynbos and Woody Cape Thicket land classes (See enclosed land class map at the back of this report for land class locality).

Metadata for each of these data layers can be found in Appendix 2.

The spatial components of these processes were used as planning units (units of selection) in the C-Plan analysis phase.

Figure 2. Upland-lowland interfaces.

Figure 3. Biome interfaces.

Figure 4. Thicket interfaces.

Figure 5. Riverine corridors linking inland and coastal biota.

Figure 6. Riverine corridors through mountainous terrain.

Figure 7. Algoa Dunefield with 500 m buffered inland boundary.

Figure 8. Algoa Dunefield with 2000 m buffered inland boundary.

Figure 9. Rainfall gradients as drought refuges in drought-prone habitat.

Figure 10. All ecological and evolutionary processes combined.

Species-level processes

Table 5 shows the processes mediated by the larger mammals in the GAENP planning domain. The detailed approach to and results of the mammal study can be found in Appendix 5. In general, the omnivores and herbivores mediate a larger number of processes than do the carnivores. In terms of individual species, the African elephant mediates the largest number of processes (11 out of a possible 19), followed by the bushpig, warthog and African buffalo (9 out of 19), and black rhinoceros, Cape mountain zebra, Burchell’s zebra and hippopotamus (8 out of 19). In this basic analysis, the prominent role of the megaherbivores is noteworthy, and this emphasises the need for populations of these species to be included in ecologically viable conservation areas.

Nutrient dispersal is the process that is mediated by the largest number of species (all species contribute), followed by seed dispersal and germination facilitation (31 and 32 out of 44 species, respectively). In each case, less than five species mediate the processes of bulk grazing, geophagy and river bed biopedturbation (Table 5). Predation and biopedturbation through hoof action, each with 20 out of 44 species, are also prominent species-driven processes. It is emphasised that predation can have a twofold effect on prey species, namely on their population dynamics and on their behaviour.

It is not practical nor feasible to depict spatially the processes listed in Table 5. These potentially occur throughout all MHCs in the GAENP planning domain. Some, e.g. herbivory, were catered for in the vegetation analysis, on the assumption that appropriate herbivores are maintained. Some processes, e.g. predation and scavenging, will occur across the GAENP landscapes as a function of the presence of the predators and scavengers. This will reflect both the habitat requirements of the predators and scavengers, as well as the distribution and abundance of prey species. Thus, in order for these processes to operate, the entire suite of predators and scavengers, and their prey, is required.

Biopedturbation of river beds by hippopotamus can be spatially depicted by capturing the sections of hippopotamus habitat that have been identified. Since these are focused on rivers this was captured during the freshwater processes analysis.

3.3.2 Population-Level Processes

The outputs of the mammal population processes study are expressed as targets, and were used in the C-Plan analysis to test the effect the different land parcels have in achieving mammal targets. Refer to Section 5.3.3 for an overview of these outputs.

Table 5: Processes mediated by larger mammals.

Note: 1 = process is present; blank cell = process absent or poorly developed

	Mammal species
	Trophic processes
	Transport processes
	Habitat architecture processes
	Biopedturbation processes
	Other processes
	Total

	
	
	Herbivory
	Predation
	Scavenging
	Seed dispersal
	Nutrient dispersal
	Plant form
	Grazing lawns
	Path opening
	Wallowing
	Dust bathing
	Digging
	Hoof action
	Geophagy
	River beds
	Litter production
	Germination facilitation
	

	
	
	Bulk grazing
	Conc. grazing
	Browsing
	Mixed feeding
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Chacma baboon
	
	
	1
	
	1
	1
	1
	1
	
	
	
	
	
	1
	
	
	
	1
	
	7

	Vervet monkey
	
	
	1
	
	1
	
	1
	1
	
	
	
	
	
	
	
	
	
	1
	1
	6

	Porcupine
	
	
	
	1
	
	1
	1
	1
	
	
	
	
	
	1
	
	
	
	1
	1
	7

	Aardwolf
	
	
	
	
	1
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	2

	Brown hyaena
	
	
	
	1
	1
	1
	1
	1
	
	
	
	
	
	1
	
	
	
	
	1
	7

	Spotted hyaena
	
	
	
	
	1
	1
	
	1
	
	
	
	
	
	1
	
	
	
	
	
	4

	Cheetah
	
	
	
	
	1
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	2

	Leopard
	
	
	
	
	1
	1
	
	1
	
	
	
	
	
	
	
	
	
	
	
	3

	Lion
	
	
	
	
	1
	1
	
	1
	
	
	
	
	
	
	
	
	
	
	
	3

	Caracal
	
	
	
	
	1
	1
	
	1
	
	
	
	
	
	
	
	
	
	
	
	3

	African wild cat
	
	
	
	
	1
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	2

	Small spotted cat
	
	
	
	
	1
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	2

	Serval
	
	
	
	
	1
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	2

	Bat-eared fox
	
	
	
	1
	1
	
	1
	1
	
	
	
	
	
	1
	
	
	
	
	1
	6

	Wild dog
	
	
	
	
	1
	1
	
	1
	
	
	
	
	
	1
	
	
	
	
	
	4

	Cape fox
	
	
	
	1
	1
	1
	1
	1
	
	
	
	
	
	
	
	
	
	
	1
	6

	Black-backed jackal
	
	
	
	1
	1
	1
	1
	1
	
	
	
	
	
	1
	
	
	
	
	1
	7

	Cape clawless otter
	
	
	
	
	1
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	2

	Spotted-necked otter
	
	
	
	
	1
	
	
	1
	
	
	
	
	
	
	
	
	
	
	
	2

	Honey badger
	
	
	
	1
	1
	1
	1
	1
	
	
	
	
	
	1
	
	
	
	
	1
	7

	Aardvark
	
	
	
	1
	1
	
	1
	1
	
	
	
	
	
	1
	
	
	
	
	1
	6

	African elephant
	
	
	
	1
	
	
	1
	1
	1
	
	1
	1
	1
	1
	
	1
	
	1
	1
	11

	Black rhinoceros
	
	
	1
	
	
	
	1
	1
	1
	
	1
	1
	1
	
	
	
	
	1
	1
	9

	Cape mountain zebra
	1
	
	
	
	
	
	1
	1
	1
	1
	
	
	1
	
	1
	
	
	
	1
	8

	Burchell’s zebra
	1
	
	
	
	
	
	1
	1
	1
	1
	
	
	1
	
	1
	
	
	
	1
	8

	Bushpig
	
	
	
	1
	
	1
	1
	1
	
	
	1
	1
	
	1
	1
	
	
	
	1
	9

	Warthog
	
	1
	
	
	
	
	1
	1
	
	
	1
	1
	1
	1
	1
	
	
	
	1
	9

	Hippopotamus
	1
	
	
	
	
	
	1
	1
	1
	1
	1
	
	
	
	
	
	1
	
	1
	8

	Black wildebeest
	
	1
	
	
	
	
	1
	1
	
	1
	
	
	1
	
	1
	
	
	
	1
	7

	Red hartebeest
	
	1
	
	
	
	
	1
	1
	
	1
	
	
	
	1
	1
	1
	
	
	1
	8

	Blue duiker
	
	
	1
	
	
	
	1
	1
	
	
	
	
	
	
	1
	
	
	
	1
	5

	Common duiker
	
	
	1
	
	
	
	1
	1
	
	
	
	
	
	
	1
	
	
	
	1
	5

	Springbok
	
	
	
	1
	
	
	1
	1
	
	
	
	
	
	
	1
	1
	
	
	1
	6

	Klipspringer
	
	
	1
	
	
	
	1
	1
	1
	
	
	
	
	
	1
	
	
	
	1
	6

	Oribi
	
	1
	
	
	
	
	1
	1
	
	
	
	
	
	
	1
	
	
	
	1
	5

	Steenbok
	
	
	1
	
	
	
	1
	1
	
	
	
	
	
	
	1
	
	
	
	1
	5

	Grysbok
	
	
	1
	
	
	
	1
	1
	
	
	
	
	
	
	1
	
	
	
	1
	5

	Grey rhebok
	
	1
	
	
	
	
	1
	1
	
	
	
	
	
	
	1
	
	
	
	1
	5

	African buffalo
	1
	
	
	
	
	
	1
	1
	1
	1
	1
	1
	1
	
	1
	
	
	
	1
	10

	Kudu
	
	
	1
	
	
	
	1
	1
	1
	
	1
	
	
	
	1
	
	
	
	1
	7

	Bushbuck
	
	
	1
	
	
	
	1
	1
	1
	
	1
	
	
	
	1
	
	
	
	1
	7

	Eland
	
	
	
	1
	
	
	1
	1
	1
	
	1
	
	
	
	1
	
	
	
	1
	7

	Reedbuck
	
	1
	
	
	
	
	1
	1
	
	
	
	
	
	
	1
	
	
	
	1
	5

	Mountain reedbuck
	
	1
	
	
	
	
	1
	1
	
	
	
	
	
	
	1
	
	
	
	1
	5

	TOTAL
	4
	7
	10
	11
	20
	12
	32
	44
	10
	6
	9
	5
	7
	13
	20
	3
	1
	5
	31
	























9 Land class nomenclature used in the STEP Project. Appendix 3 provides a cross-reference system for the land class nomenclature of this study and that of the STEP Project.






