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REPORT OVERVIEW 

The Mpumalanga Biodiversity Sector Plan (hereafter abbreviated to MBSP) updates, revises and replaces the 
older Mpumalanga Biodiversity Conservation Plan and all of its products (Lötter & Ferrar, 2006; Ferrar & 
Lötter, 2007).  The MBSP comprises two spatial components: maps of terrestrial and freshwater critical 
biodiversity areas (CBAs); and, a set of land-use guidelines that are important for maintaining and supporting 
the inherent biodiversity values of these critical biodiversity areas. Terrestrial biodiversity priority areas were 
identified using a Systematic Biodiversity Planning approach (also called Systematic Conservation Planning in 
international literature; Margules & Pressey, 2000), whilst identification of freshwater biodiversity priority 
areas relied heavily on the recent National Freshwater Ecosystem Priority Areas assessment (NFEPA; Driver et 
al., 2011). Figure 1 is a schematic representation of the various components making up the MBSP. 

 

Figure 1: Flow-chart summarising the main types of data input that informed the terrestrial and freshwater 
biodiversity assessments of the Mpumalanga Biodiversity Sector Plan. 

The terrestrial CBA map, which is based on a Marxan analysis (Game & Grantham, 2008), capitalises on 
Marxan’s ability to incorporate multiple biodiversity features, a cost surface, and boundary length values to 
identify the most efficient landscape design that must to be maintained in a natural state in order to conserve 
a representative sample of biodiversity and ecosystem processes over the longer term. This approach required 
the development of suitable general input shapefiles, cost surface rasters, boundary length values, and a total 
of 546 biodiversity features (incorporating both biodiversity pattern and ecological process features) for which 
quantitative biodiversity targets were set. A summary of these features is provided in Figure 2. For a detailed 
breakdown of species and biodiversity targets used, see Appendix A. 

Terrestrial Assessment Freshwater Assessment

Systematic Biodiversity 
Planning

Critically Endangered 
Threatened Ecosystems

Corridor Analysis

Critical Biodiversity Areas

Protected Area buffers

Species specific areas

Ecological Support Areas

FEPA rivers & wetlands

Dragonflies & damselflies 

Critical Biodiversity Areas

Non-FEPA wetlands

Fish support areas -NFEPA

Strategic Water Source Areas

Ecological Support Areas

Critical linkages

Wetland clusters -NFEPA

Land-use Guidelines

Spatial Assessment
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Figure 2: Summary of the systematic spatial analysis approach using Marxan that informed the terrestrial 
biodiversity assessment. Biodiversity features were included in the Marxan analysis together with a 
biodiversity target for each biodiversity feature. 
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Recognising that the anticipated impacts of climate change on biodiversity, and the broader environment, in 
Mpumalanga will be potentially significant, we adopted multiple, targeted planning approaches that actively 
assessed and considered climate change in our spatial analysis approach to ensure the ability of species and 
ecosystems to adapt to climate change. 

STAKEHOLDER ENGAGEMENT PROCESS 

The development of the MBSP (like the MBCP before it) involved an extensive stakeholder consultation 
process, details of which are contained in a separate Consultation and Process Report.  Key elements of the 
stakeholder engagement process are summarised briefly below. 

1. Building on the successes of the MBCP: The MBSP is a revision of the MBCP, the development of 
which involved extensive consultation, which led, ultimately, to the product being widely accepted by 
stakeholders and officially endorsed by the provincial Cabinet. Stakeholders across various sectors 
were, therefore, aware of the MTPA's ‘biodiversity plan’ and that it should be adequately considered 
in land-use planning and decision-making in the province. This provided a strong platform from which 
to start engaging with stakeholders regarding the development of a revised MBSP. 

2. Building political support: Government support for a revised MBSP was obtained by: (1) Presenting 
the intention to update the MBCP to the Technical Committee of the Mpumalanga Social Cluster on 
3rd July 2010; (2) Including representatives from various strategic provincial government departments 
on the MBSP Steering Committee (see point 4, below), and engaging them throughout the 
development of the revised plan and its associated products; and (3) the MTPA presented on the 
revised MBSP to the Provincial and District Spatial Working Groups, as well as all municipal managers 
and officials during the MTPA's Board's road show to all three of Mpumalanga’s District Municipalities 
in May and June of 2013. These meetings were also used to declare the MTPA's intent of publishing 
bioregional plans for each of these districts. 

3. Ensuring an improved product: A critical assessment of the MBCP was undertaken to ensure that the 
revised product would specifically target weaknesses of the MBCP and make changes that led to an 
improved product. This critical assessment was informed by two formal technical reviews that 
assessed the strengths and weaknesses of MBCP. The first review, entitled “Biodiversity planning & 
implementation in Mpumalanga: reviewing the MTPA Mpumalanga Biodiversity Conservation Plan” 
(Payet, 2011), included a diverse group of stakeholders in the assessment and how these stakeholders 
used and perceived the MBCP and its products. The second review was a technical review by one of 
South Africa's leading biodiversity planners, Dr Stephen Holness. His assessment was entitled 
"Comments and suggestions on MBCP update”, Holness 2010. Both assessments are available upon 
request. 
 

4. Ensuring a technically sound but practically implementable product: The MBSP assessment was 
overseen by a Technical Task Team (comprising MTPA staff and scientists from NGOs) as well as a 
higher-level Steering Committee. The MBSP Steering Committee and Technical Task Teams were 
constituted to provide input into the development of the MBSP and also to focus on product 
development, implementation, and securing political support. This approach ensured a technically 
sound and yet practically implementable product. The MBSP Steering Committee was established on 
19 May 2010 to guide and steer the development of the MBSP. This committee met 13 times over the 
following 5 years. Participation on the Steering Committee is representative of a diverse group of 
strategic partners, including: DARDLEA-Agric, , DARDLEA-EIM, COGTA-Land Admin , COGTA-Spatial 
Planning (Chief Town Planners), Premiers Office-Macro Policy and Planning, Ehlanzeni District, and 
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WWF-SA. The Steering Committee is still active in providing leadership and guidance for the 
implementation of the MBSP and its associated bioregional plans and, in particular, will play an 
important role in facilitating discussion relating to any potential conflicts in land-use that may arise in 
future.  

5. Participatory development of land-use guidelines: The development of the land-use guidelines, a 
strategic part of any biodiversity sector plan or bioregional plan, also involved a consultative process, 
which included three key steps: (i) A workshop was held on 24 July with various MTPA scientists, 
consultants (freshwater and terrestrial specialists), town planners, and town planning consultants, to 
select the best approaches to follow in developing the land-use guidelines. (The participants were 
later also afforded an opportunity to comment on the draft land-use guidelines);(2) the MTPA 
presented the proposed land-use guidelines to the IAIA at their AGM. The draft land-use guidelines 
were discussed and then circulated to all for comment; (3) the proposed land-use guidelines were 
included in the draft MBSP handbook that was circulated to several people and organisations 
(including all on the Steering Committee) for input. 

6. Peer review by the national biodiversity planning community: The MBSP was presented to 
participants at the annual Biodiversity Planning Forum that was held at Golden Gate Highlands 
National Park on 9 May 2013. A detailed presentation was given relating to the technical analyses and 
how the MBSP was developed. This workshop received the support of the biodiversity planning sector 
and was an important part of the peer review process of the MBSP.  

7. Involving the public: An open public workshop was held in Nelspruit to introduce the MBSP terrestrial 
and freshwater assessments, and land-use guidelines, on the 26 July 2013. An article was placed in 
The Lowvelder to advertise the workshop. The MBSP has also been presented at many different 
platforms and fora and feedback has always been positive. 

CLIMATE CHANGE AND CONNECTIVITY 

It is now widely recognised that climate change has, and will increasingly have, a significant negative impact on 
biodiversity and the overall environment in which we live. As the climate changes, it is predicted that the 
distribution of ecosystems and species may shift in space in order to survive. Unless this requirement for such 
shifts in response to climate change is planned for, it is probable that the rate of habitat loss and risk of species 
extinctions will accelerate. Climate change also introduces additional dynamics, such as forced migration of 
species (Parmesan, 2006), that are likely to change optimal spatial priorities and increase uncertainty about 
future species distributions and the effectiveness of conservation actions. Ignoring uncertainty and treating 
conservation investments as static will lead to poor management decisions (Strange et al., 2011). The 
prioritization of future conservation efforts should, instead, attempt to account for these dynamic and 
uncertain impacts of climate change. Accordingly, the MBSP has considered the need to predict and plan for 
climate change in several innovative ways. 

Maintaining or enhancing habitat connectivity so that plant and animal communities can move in response to 
changing climate is very important (Singleton & McRae, 2013). Substantial shifts in the ranges of species have 
occurred over the past century (Le Galliard et al., 2012) and continuing and accelerating shifts are expected to 
be one of the consequences of climate change. Providing an opportunity for organisms to shift in response to 
changing climatic and ecological conditions will be an important strategy for adapting to climate change 
(Singleton & McRae 2013).  

Habitat fragmentation has been identified as one of greatest threats to biodiversity, and improving 
connectivity is believed to reduce the effects of fragmentation. Furthermore, landscape connectivity should be 
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enhanced by the identification of linkages between areas of high conservation value. Although the process of 
identifying and securing habitat linkages is not trivial (Alagador et al., 2012), it is the most recommended 
response for climate change adaptation strategies (Heller & Zavaleta 2009). 

Both planning for climate change adaptation and landscape connectivity were incorporated into the MBSP as 
cost surfaces and biodiversity feature layers. This will be discussed in more detail below, under the relevant 
sections of the Report.  

Climate change adaptation corridors 

The development of a comprehensive network of ecological corridors for Mpumalanga, at both local and 
landscape scales, informed the climate change adaptation corridor network that would be used as an input 
layer into several of the MBSP analyses. The corridor network allows for movement between most Nature 
Reserves and across the greater part of the Mpumalanga landscape.  This same corridor network was also used 
to inform the identification of Ecological Support Areas (ESAs), in areas that were not already identified as 
Critical Biodiversity Areas. 

Landscape connectivity can be used as a determinant of ecological integrity as various ecological processes 
break down in fragmented landscapes. Most grassland habitats in Mpumalanga are heavily fragmented and 
have been heavily or irreversibly modified, thus compromising connectivity. The corridor network was, 
therefore, designed to identify areas that should be maintained in a natural state so that species are able to 
move in response to a changing environment. Because of the high degree of fragmentation, few options still 
remain where naturally wide corridors link up a network of other large natural areas. There was thus a need to 
identify a conceptual landscape-scale corridor network across the province, identifying a single ‘best bet’ or 
‘least-cost’ corridor path option to link up all biodiversity priority areas (termed ‘focal areas’ in this Report). 

Considering there is no guarantee that any one corridor will be secured in the long-term, an alternative 
network of finer-scale corridors (termed local-scale corridors) was identified. There is always a risk that the 
best-bet corridor may become disrupted somewhere along its length. In such instances, the local corridors 
would add resilience to the corridor network and still support connectivity across the landscape. 

The development of the corridor network (at both scales) shared much of the same input data and differed 
only in the analysis approach (see Table 1, and below). 

Table 1: Steps followed to develop the landscape-scale and local-scale corridor network to support climate 
change adaptation. Steps 1 and 2 are common to both approaches. 

  

 Landscape-scale Corridor Network Local-scale Corridor Network 

Step 1 Identify important focal areas to link up within a corridor network. 

Step 2 Create a raster surface which represents a resistance or friction surface across which organisms need to move. 

Step 3 Identify proposed least-cost path (LCP) corridors linking up 
all focal areas. Assess proposed paths visually against local-
scale corridor network (to identify unfeasible corridors as 
LCP corridors do not consider corridor width). 

Use a graph-theory approach (such as 
Circuitscape) to indentify a variety of alternative 
fine-scale corridors, linking up focal areas and 
building resilience to network. 

Step 4 Create a cost-distance surface (based on Step 2) for each 
of the corridor paths; the result identifies required corridor 
width and converts to a shapefile. 

Categorise output into three classes: (1) Critical 
linkage, (2) Core corridor, and (3) supporting 
corridor. 
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Stepwise Development of Landscape- and Local-scale Corridors 

1: Identify focal areas to link up in the corridor network 

The term ‘focal area’ is used to represent the area (point or polygon) that we would like to connect to other 
areas to support climate change adaptation. We identified 20 priority focal areas, and used the centroid of 
each polygon in the corridor analysis. The 20 focal areas comprised: 

(A) 12 climate change refugia for plant species (see Hopkins, 2011, report for MTPA entitled "Modelling 
the impacts of climate change on threatened plant species in Mpumalanga, South Africa"). 

(B) Four strategic protected areas that were not identified as refugia but support climate change 
adaptation through east-west linkages of areas across a range of altitude and latitude. Nooitgedacht 
Dam Nature Reserve was included as it is centrally placed in the province, facilitating species 
movement between most climate change refugia. 

(C) Four areas that link-up to adjacent climate change corridors identified in biodiversity plans of the 
neighbouring provinces of Gauteng and KwaZulu-Natal. The Gauteng and KwaZulu-Natal biodiversity 
plans each identified four climate change adaptation corridors that abut Mpumalanga. From each 
biodiversity plan, we selected two corridors that were in the most natural condition on the 
Mpumalanga side of the corridor. The Free State and Limpopo biodiversity plans were being 
developed in parallel with the MBSP, and there were opportunities to provide these provinces with 
the MBSP corridors, to ensure a cross-boundary (provincial) corridor network.   

In terms of point (A) above, we used the layer depicting species refugia areas for the year 2080 if ‘business 
continues as usual’ (i.e. with no reduction in carbon emissions). The approach followed was to: 

• Re-sample the refugia layer to a 90m resolution & clip to province. 
• Use’ classify by Standard Deviation’ and then selected top two categories as cut-off values for 

refugia, thereby representing refugia for 70% of the species modelled. 
• Reclassify rasters and convert to polygons. These were manually digitised in a few focal areas 

from southern and western parts of province to try and capture refugia priorities across the 
province. 

2: Create a raster surface which represents a resistance or friction surface across 
which organisms need to move. 

Most corridor analysis approaches require the input of a resistance surface (also termed a friction or cost 
surface), which is a map (raster GIS file) that quantifies the degree to which the habitat characteristics 
facilitate or impede the movement of an organism or ecological process (Singleton & McRae 2013).  It is 
essentially the inverse of a habitat suitability map that shows how ‘good’ an area is for providing the habitat 
requirements for a species. Once a resistance surface is generated, its permeability can be investigated using a 
variety of approaches. Specifically our approach was to avoid developed and transformed areas while 
favouring areas most suitable for movement or climate change adaptation. 

The resistance surface for the MBSP was developed as described below (and summarised in Table 2), using a 
modified land cover raster with 50 m resolution: 

• All irreversibly modified areas (afforested, cultivated, mining and urban areas) were removed from 
this layer by reclassifying these cells as “no data”. 

• Old mines, old lands, and erosion dongas were added. 
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• Remaining natural areas were weighted according to areas of climate change resilience, climate 
change land facets (see Appendix B for more details), mainstem and free flowing rivers, intact 
grassland patches, spatial areas identified within the Mpumalanga Protected Area Expansion Strategy 
(MPAES), and areas anticipating urban and ribbon development along roads.  
 

Table 2: Summary of approach and weightings used to develop the resistance surface for the MBSP. 
Irreversibly modified areas were removed after which (B) were subtracted from baseline values (A) and (C) was 
added to baseline values. CC = climate change. 
 

(A) Old mines Old lands Erosion/dongas Natural 
Baseline resistance values 40000 20000 15000 1000 
(B) 
 

Subtract from baseline resistance values 

CC Resilience 1-200 1-200 1-200 1-200 
CC land facets 1-200 1-200 1-200 1-200 
Mainstem rivers (cost distance 
- 7.5 km buffer) 

1-10 1-10 1-10 1-10 

Free flowing rivers 1-10 1-10 1-10 1-10 
Intact grasslands 1-100 1-100 1-100 1-100 
MPAES priorities 1-200 1-200 1-200 1-200 
(C) 
 

Add to baseline resistance values 

Urban sprawl 100-500 100-500 100-500 100-500 
 

Developing landscape-scale corridors 

3: Identify and assess least-cost path corridors linking up all focal areas 

An ArcGIS toolbox called LinkageMapper (Version 0.7.8; McRae & Kavanagh, 2011) was used to identify 
multiple, least-cost path corridors linking up the identified focal areas. LinkageMapper is suitably designed to 
support connectivity analyses and mapping of habitat corridors. It uses vector maps of focal areas (core habitat 
areas) and raster maps of resistance to movement to identify and map least-cost linkages between focal areas. 
The biggest drawback of LinkageMapper is that it can identify very narrow and thus vulnerable corridors that 
will not really support or facilitate any animal movements (i.e. it may find a corridor through an area that is 
only 1 pixel wide).  It was thus important to assess each landscape-scale corridor visually using a satellite image 
and the outputs from the Circuitscape analysis that was used to identify local-scaled corridors. Two landscape-
scale corridors had occasionally to be manually edited or re-routed.  

4: Create a cost-distance surface for each of the corridor paths 

The effective width of a corridor is very much related to the permeability of the landscape around that corridor 
path. Through irreversibly or heavily modified areas the corridor will be narrow (experiencing some edge-
effects), but in more natural landscapes the corridor may be a bit wider.  We used our resistance surface and a 
cost-distance analysis from the centre of each path to establish a variable corridor width based on a cost 
distance. We chose a cut-off value (>700,000) that allows for a variable width of between 1 and 3 km, 
depending on the landscape. After applying the cut-off value, the raster was reclassified into a 0/1 value and 
all cells with a value of 1 were converted into a polygon shapefile. 
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Developing local-scale corridors 

Step 3 (Table 2): Use graph-theory approach to identify a variety of alternative fine-
scale corridors, linking up focal areas 

The use of electrical circuit theory as a model for ecological connectivity is based on the simple idea that 
multiple pathways in electrical networks increase connectivity and build resilience. Because connectivity 
increases with multiple pathways in circuit networks, distance metrics based on electrical connectivity are 
applicable to processes that respond positively to increasing connections and redundancy. Additionally, 
previous work has shown that current, voltage, and resistance in electrical circuits all have precise 
relationships with random walks. These relationships mean that circuit theory can be related to movement 
ecology via random-walk theory, providing concrete ecological interpretations of circuit-theoretic parameters 
and predictions (McRae et al., 2008). 

Analyses based on either cost-distance or circuit theory may be unable to predict real-world movement 
behaviour, but both these methods provide complementary perspectives on potential movement patterns. 
Corridors mapped using cost-distance analysis emphasise the “best” possible route through a landscape (the 
least-cost path), which would correspond to the route taken by animals with perfect or near-perfect 
knowledge of a landscape. In contrast, with circuit models, all possible paths contribute at least in part to 
connectivity, and they reflect movement routes taken by random walkers. Circuit theory has the advantage 
of identifying and quantifying “pinch points” or “critical linkages” (constrictions in linkage areas that, if lost, 
could sever connectivity entirely).  These areas can be prioritised for conservation (Singleton & McRae, 2013), 
and in the MBSP these were added to the critical biodiversity areas.  Circuit models can also highlight 
alternative pathways for movement, which can lessen the effect of critical linkages and provide corridor 
networks that are more robust to disturbance. 

We used the raster surface discussed in Step 2 within Circuitscape 3.5.8 (McRae & Shah, 2009; 
http://www.circuitscape.org) to run the circuit model using the same focal areas as in Step 1 to identify 
corridor networks using the maximum of current maps.  

Specific settings included: 
Source/ground modelling mode: Pairwise, iterate across all pairs in focal node file. 
Pairwise mode option: Focal points, each focal node containing one cell. 
Cell connection scheme: Connect eight neighbours. 
Cell connection calculation: Average resistance. 
An example of a Circuitscape and Linkage-Mapper-derived corridor network is illustrated in Figure 3.  

Step 4: Categorise output into three classes. 

The Circuitscape raster output was classified into seven classes using ½ standard deviation intervals in the 
ArcMap Symbology tool. These categories were clustered to provide three meaningful categories depicting an 
area’s contribution towards maintaining connectivity. Classes 1-5 were selected as local-scale corridor 
categories and were grouped into three classes (values 1-2, 3, 4-5). After converting the rasters to polygons, 
the Eliminate tool was used to delete or dissolve into adjacent neighbours any polygons with an area less than 
a threshold (0.25 ha for critical linkages and 1.0 ha for others). The following local-scale corridors were 
identified: 

1 = Critical linkage  
2 = Core corridor 
3 = Supporting Corridor 
 

http://www.circuitscape.org/�
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Figure 3: An example of the Circuitscape and LinkageMapper derived corridor networks for the Nooitgedacht 
focal area. White areas on map indicate irreversibly or heavily modified areas, highlighting the fragmented 
nature of the surrounding matrix. 

 

THE MPUMALANGA BIODIVERSITY SECTOR PLAN TERRESTRIAL ASSESSMENT 

The terrestrial assessment that underpins the MBSP followed a modification of the Systematic Biodiversity 
Planning approach proposed by Margules & Pressey (2000) and Ardron et al., (2010). The methodology can be 
distilled into seven distinct steps, which are listed and then described in further detail below:  

1. Identify the goals and purpose of the systematic biodiversity plan. 

2. Compile and collate data on the biodiversity features within the defined planning region.  

3. Set quantitative targets for the biodiversity features and specify the design principles.  

4. Review biodiversity targets against existing conservation areas and identify gaps. 

5. Analyse and identify the most efficient configuration of additional areas required to meet the 
biodiversity targets for all features.  

6. Implement appropriate conservation actions to secure these areas in a way that ensures the 
persistence of their underlying biodiversity features (e.g. develop user-friendly products, sustainable 
development, extension services, PA Expansion).  

7. Monitor priority biodiversity areas to ensure the biodiversity features are not deteriorating, and 
periodically update the systematic biodiversity plan when new data are available. 



18 
 

STEP 1: STATED GOALS OF THE MBSP 

The vision statement for the MBSP is that: 

Healthy and sustainably managed biodiversity is assured so that the ecological infrastructure continues to 

underpin widespread shared human benefits through the ongoing delivery of a range of ecosystem goods and 

services. 

The Mission statement for the MBSP is that:  

An adequate representation of the natural environment and biodiversity within Mpumalanga is being 

adaptively conserved, sustainably managed and restored wherever appropriate, ensuring that no species or 

ecosystem is lost. The MBSP is contributing towards minimising the impact of climate change and landscape 

fragmentation on biodiversity. The MBSP facilitates the ongoing delivery of a range of ecosystem goods and 

services from intact ecological infrastructure. The MBSP is endorsed by government at all levels and widely 

supported by stakeholders generally, resulting in increased synergy between development and conservation. 

STEP 2: DATA COLLATION 

Many data layers were sourced or created for the MBSP analysis. These are discussed under a number of 
headings below. The analysis and generation of this data required an accurate assessment of spatial extent (in 
ha). This necessitated accuracy in calculating size (for biodiversity features, planning units, etc.) and therefore 
all files were projected into the following coordinate system:  

Projection:  Transverse Mercator 
False_Easting:  0.0 
False_Northing:  0.0 
Central_Meridian: 31.0 
Scale_Factor:  1.0 
Latitude_Of_Origin: 0.0 
Linear Unit:   Meter 
Datum:    WGS 1984 

Planning Domain 

The planning domain for this analysis was set to the boundary of Mpumalanga province, as determined by the 
Demarcation Board (http://www.demarcation.org.za/#) in 2006. This layer was downloaded in June 2010 and 
the current extent of the province was used as the planning domain, comprising 7,652,080 ha. 

Planning Units (PU) 

In the MBCP, planning units were defined as 118 ha hexagons, which had the following three limitations: (i) At 
a fine-scale, the shape of these units became very obvious and detracted from the spatial accuracy of the plan 
or data used;(ii) Many of these planning units were comprised of areas that had undergone various degrees of 
habitat modification; and (iii) the planning units had no ecological basis whatsoever.  

http://www.demarcation.org.za/�
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For the MBSP, the SEGMENTATION tool within the GIS software ‘IDRISI Taiga 16’ (Eastman, 2009) was used to 
delineate spectrally similar (homogenous) segments of a 2010 SPOT 5 satellite image of the province d. The 
segmentation process facilitates interpretation and has an ecological basis as spectrally similar sites may well 
be communities or ecosystems that share similar properties (from environmental variables, through to 
disturbance or management-related effects). Several data layers and weightings were used in the 
Segmentation tool in IDRISI (Table 3). 

 

Table 3: Raster weightings applied in SEGMENTATION tool 

Raster Weighting 

  

Protected areas 10 

Transformed (2010 landcover) 30 

SPOT 5 Band 3 15 

SPOT 5 Band 2 15 

SPOT 5 Band 1 15 

Farm boundaries 10 

Sub-catchment boundaries 5 

Total 100 

 

Due to software limitations, the combined SPOT5 images needed to be split into 3 large regions and then the 
results (of segmentation process) merged afterwards. The pixel sizes for the rasters were 10x10 m. For the 
SEGMENTATION process, various combinations of settings and weightings were applied and the results were 
assessed visually, until the outcome appeared to be optimal for the purpose and scale of our analysis.  Besides 
the weights applied in Table 3, the following settings were used: 

Window width: 5 
Weight mean factor: 0.5 
Similarity tolerance: 46 
Weight variance factor: 0.5 

 
Planning units smaller than 10 ha were dissolved into the planning unit with which they shared the greatest 
common boundary.  In this way, 90 866 planning units were developed, with an area range of 10 – 495 ha, and 
a mean area of 84.2 ha. 

The resulting planning units were, thus, primarily delineated by land cover classes and yet were nested within 
protected areas, farm cadastres and sub-catchments. This combination gives the planning units an ecological 
as well as a ‘real-world’ reality. Importantly, very few planning units had mixtures of modified and natural or 
near-natural (unmodified) land classes in them (Figure 4). Incorporating the transformation coverage ensured 
that old lands were generally not included with natural grassland areas. An important benefit of this approach 
is that when an end-user examines the detail of a map showing the planning units in the field or over an aerial 
or satellite image, the planning unit boundaries would intuitively make sense (e.g. Figure 5). 
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Figure 4: Histogram showing the degree to which planning units were either natural or transformed 
(modified). 

 

 

Figure 5: A 2010 SPOT5 satellite image with the segmented planning units overlaid. 

Land cover 

 Considering that loss of natural habitat is the biggest single cause of biodiversity loss in terrestrial ecosystems 
(Rouget et al., 2004), the identification of suitable areas where biodiversity is still likely to be in its natural 
state is absolutely fundamental to successful conservation/biodiversity planning. It is a waste of resources to 
try and secure biodiversity priority areas that are in fact heavily compromised. The limitation of the land cover 
data used in the MBCP was probably the main reason for the criticism levelled against it. Thus the 
development of a recent and accurate land cover layer for Mpumalanga was a crucial investment in time and 
resources. The process followed to update the land cover consisted of the following steps: 
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1. A Landsat 5 satellite image (2009, 30 x 30 m resolution) was classified into four classes: Afforested, 
Cultivated, Mining, Urban. This was done by the company GeoTerra Image.  

2. The latest coverage of dams (from the Department of Water Affairs) was merged into this layer. 
3. Existing plantation boundaries for three of the bigger forestry companies (Sappi, Mondi and 

Komatiland) were sourced, included and checked. 
4. The land cover was then overlaid on a SPOT 5 satellite image (2010, 2.5 m x 2.5 m resolution) and all 

land cover class boundaries, including dams and plantations, were refined at a scale of 1:10 000 or 
finer. 

5. Additional land cover classes were digitized at a scale of 1:10 000 or finer for: 
a. Homesteads. 
b. Areas of severe degradation or erosion. 
c. Mines. 

6. Agricultural fields no longer being cultivated (old lands) were digitised from the earliest Landsat 5 
images (1984-1987) by GeoTerra Image and off earliest and more recent 1:50 000 topo-cadastral 
maps (1939-1984) by Louise Fourie.  

7. The resulting landcover product underwent a thorough and detailed onscreen verification and editing 
process using a combination of SPOT 5 satellite and high-resolution aerial images. 

The summary statistics of the land cover show that almost 60%of the landscape remains natural, while 
cultivation and plantation forestry dominate the modified landscape, with old lands being the third most 
significant land cover class (Table 4).  

Table 4: Area (ha) and proportion (percentage) of different land cover classes used in MBSP. 

Land cover class Hectares Percent 

   

Natural vegetation 4 587 191 59.95% 

Afforested 708 418 9.26% 

Cultivated 1 477 934 19.31% 

Dam 49 900 0.65% 

Erosion/Donga 2 174 0.03% 

Mining 78 513 1.03% 

Old lands 523 737 6.84% 

Old mining 10 780 0.14% 

Urban 213 429 2.79% 

 

Protected area coverage 

At the heart of systematic biodiversity planning is an assessment of: (1) what proportion of the various 
biodiversity targets are currently protected; (2) what is the shortfall; and (3) where in the landscape are the 
best opportunities to meet this shortfall? Only protected areas that are declared in terms of the National 
Environmental Management: Protected Areas Act, or deemed to be protected in terms of this Act, were 
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included in the analysis (Figure 6). This included state-owned protected areas, privately owned protected 
areas, privately-proclaimed nature reserves where ownership or management intent is not known (declared in 
terms of Transvaal Game Ordinance 23 of 1949, or the Native Flora Protection Ordinance 9 of 1940); and 
Protected Environments. 

 

 

Figure 6: Distribution of Protected Areas used in the MBSP. 

Developing a cost surface 

The cost surface used in the Marxan analysis was developed by integrating three spatially-explicit layers, some 
of which were developed by integrating several data layers, as explained below: 

(1) Favouring areas important for freshwater biodiversity,  

(2) Favouring areas important for supporting species or ecosystems adaptation to climate change. 

(3) Avoiding areas where there is likely to be conflict with other competing land-uses.  

Developing a freshwater biodiversity cost surface 
Freshwater Ecosystem Priority Areas (FEPAs) were developing during a national assessment of freshwater 
biodiversity (the National Freshwater Ecosystem Priority Area project -NFEPA; Driver et al., 2011). The purpose 
of including FEPAs in this analysis as a cost surface was to bias the selection of planning units towards sub-
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catchments and freshwater ecosystems that have already been identified as important for freshwater 
biodiversity in Mpumalanga. This is considered an effective way of integrating freshwater priorities into 
terrestrial planning (Amis et al., 2009). After consideration of the NFEPA data layers, the following FEPAs were 
selected and weighted accordingly to create a freshwater biodiversity cost surface (Table 5). 

 

Table 5: Relative weighting of the FEPAs used to develop the freshwater biodiversity cost layer. Priority areas 
are discounted and thus more attractive for meeting biodiversity. 

NFEPA Data Layer Percentage of Freshwater Biodiversity   Cost 
Surface 

  
River FEPAs sub-catchments 50% 
Wetland FEPAs 10% 
Wetland Clusters 10% 
Fish sanctuaries 10% 
Water yield areas 10% 
Ground water recharge areas 10% 

 

Each NFEPA data layer was converted to raster using the following numerical codes: 

• Wetland clusters and wetland FEPAs were coded as 10. 
• River FEPA sub-catchments were coded as: FEPA = 50, PHASE2 FEPA = 40, Fish FSA, fish corridor = 30, 

Upstream = 20, None = 10. 
• Fish sanctuaries were coded according to the number of threatened fish species, using the following 

categories: 0 = 1, 1 = 2, 2 = 4, 3 = 6, 4 = 8, 5 = 10 (fish species). 
• Water Yield values (0-1574 mm) were coded into 10 classes (using natural breaks) based on mean 

annual runoff.  
• High Groundwater Recharge Areas were similarly categorised into 10 classes. 

Finally all these layers were integrated into a single raster using a raster calculator. The highest possible value 
(= greatest biodiversity value) was 100. Considering the highest biodiversity areas should have the lowest cost, 
the summed value for each cell of the raster was subtracted from 100, according to the following equation: 

 

Cost surface value for each cell = 100-("GroundWat" + "WaterYld" + "RivFEPA" + "Fishsanct" + "WetFEPA" + "Wetclust") 

 

Developing the Climate Change Adaptation Cost Surface 
To create a cost surface that could represent areas of resilience or suitability for species and ecosystems to 
adapt to climate change (Figure 7), the following layers were merged: areas of climate change resilience (A);  
areas facilitating the movement of species to respond to a changing environment (B), and a network of large 
intact grassland habitat (C).  These 3 climate change adaptation layers were integrated into (D) a final cost 
surface where the higher values were discounted. Each will be discussed in more detail below. 

 



24 
 

 

Figure 7: Development of a climate change resilience and adaptation cost surface layer (D) was based on the 
merging of layers A-C. (A) Areas of climate change resilience; (B) Corridors facilitating the movement of species 
to respond to a changing environment; and (C) Areas of large intact habitat. 

  

(A) Areas important for supporting climate change resilience 

This analysis identified areas which are likely to play an important role in supporting the ability of species and 
ecosystems to adapt to a changing climate, including: 

• Local refugia (e.g. kloofs and south facing slopes); 
• Areas important for landscape connectivity (e.g. riparian corridors); 
• Areas with steep temperature, precipitation and altitude gradients; 
• Areas of high biotic diversity where many different habitat and biome types are found in close 

proximity; and, 
• Areas of high plant endemism.  

Multiple rasters were integrated to identify areas important for supporting climate change resilience. The 
product used within the cost surface is a slight refinement of what was developed for the National Biodiversity 
Assessment 2011 (Driver et al., 2012), but incorporating local data. The technical analysis is discussed in more 
detail in Appendix B of this document. 

 

(A) (B) (C) 

(D) 
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(B)  Climate change adaptation corridors 

The development of the climate change corridor network has been discussed in depth under the CLIMATE 
CHANGE AND CONNECTIVITY section, page 13 of this Report.  Both the landscape- and local-scale corridor 
networks were incorporated into a single layer for input into the cost surface.  To do so, the Circuitscape 
maximum output values were considered where  the three categories used in the local-scale corridor network 
were reclassified into values ranging between 0 and 4 (reclassified classes: critical linkage = 4, core corridor = 
3, supporting corridor = 2, not required = 0). This raster (with values ranging between 0-4), needed to be 
merged with the landscape-scale corridor network. A raster surface was created where a value of 4 was 
assigned for this corridor, otherwise all other values equalled 0. Finally the two rasters were merged using the 
Protected Area Tools (PAT) for ArcGIS Version 3.2, using the maximum overlay function, and afterwards the 
values were reclassified to range between 1 and 50 (1, 30, 40, 50). This layer could then be merged with other 
climate change adaptation rasters. 

(C) Connected intact (un-fragmented) grassland habitats 

Given that grasslands within Mpumalanga are very fragmented (with only 50.7% of grassland areas still in a 
natural state), quantifying and prioritising the connectivity importance of remaining intact grassland patches 
was thought to be important in supporting species and ecosystems to adapt to climate change. These intact 
grassland patches are envisaged to provide habitat for species to thrive (access to resources, ability to 
reproduce, and protection from edge effects), and allow for the dispersal of smaller mobile mammal, avifaunal 
and plant species.  

The purpose of this analysis was to identify a network of intact (core or un-fragmented) grassland patches that 
are well connected to other grassland patches, where the loss or deterioration of any one of these patches 
may impact negatively on connectivity between other grassland patches. Small or narrow grassland fragments 
were ignored (these would have high edge effects). Lacking empirical data to support our choice of 
connectivity distance (or minimum distance that considers two patches to be connected), a sensitivity analysis 
established that 10km was the minimum dispersal distance that connects two grassland patches, using a 
probability value of 0.5 (50%) to allow some flexibility. Our choice of 10km requires further study and 
refinement. 

The development of connected grassland patches required firstly the delineation of intact grassland patches 
(or polygons in GIS terms), and then the use of a graph theory approach that uses a minimum distance that 
considers two patches as connected. This is explained further below. 

Identifying intact grassland habitats 

The identification of ‘core’ or ‘intact’ grassland areas for conservation prioritisation is not new. The definition 
of the term “core” varies but some define it as the vegetation area free of edge effects, where edge effect is a 
function of the surrounding habitat, or it can be defined by absence of roads. Although ’core’ is often used to 
reflect a sense of intact habitat that is unaffected by human disturbance or neighbouring habitat 
(Church,2013), the term ‘intact’ grassland patches was used in this Report. 

The 2010 land cover map, which included old lands and mines, and the grassland biome map (Mucina & 
Rutherford, 2006), were used to create a map of unmodified grassland habitat. Grassland areas were first 
buffered by 5km, and then all modified areas were erased from the map. The remaining grassland polygons 
were then converted to a raster format with a resolution of 90 m. For the remaining grassland areas, we have 
no information on ecological condition or habitat quality, so we could not assign a condition value to each 
fragment (an optional requirement for some analyses). 
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The PatchMorph patch delineation algorithm (Girvetz & Greco 2007) was used in ArcGIS 10.0 to identify a 
subset of intact grassland patches that were larger, had smoother edges, and had fewer gaps within them.  

PatchMorph is based on two threshold values: (1) habitat gap maximum thickness (gap threshold), and (2) 
habitat patch minimum thickness (spur threshold). The gap threshold is based on gaps that are too large to be 
crossed and threshold values need to be small enough to not hinder movement of species. Spurs are narrow 
portions of habitat that have a lot of edge and are unsuitable to be identified as core or intact habitat. 
PatchMorph can consider a hierarchy of multiple gap and spur thresholds given the uncertainty of the 
environment we work in and the lack of empirical supporting data. The gap threshold value was set at 
approximately 100 meters and the spur threshold at approximately 500 meters. A total of 1139 grassland 
patches were generated of at least 100 ha in size, with a mean patch size of 1300 ha (Figure 8). Considering 
that roads are believed to represent barriers to many species and ecological processes, all tar roads were 
buffered by 40 m erased from the intact grassland patches. Thereafter, all patches smaller than 100 ha were 
deleted.  

 

Figure 8: A sample of intact grasslands identified using PatchMorph for south-western part of Mpumalanga. 
White areas indicate modified areas whilst green colour indicates natural grasslands that were not identified 
as intact grassland areas. 

 

Identifying intact grassland habitats contributing towards connectivity with other intact 
grasslands 

A probability of connectivity index (dPC) (Saura & Rubio, 2010), comprising three fractions (dPCintra, dPCflux, 
dPCconnect) was used to quantify different ways in which a habitat patch can contribute to habitat 
connectivity and availability in the landscape. The dPC metric is calculated from the attributes of the patches 
and the weighted distances between them. It takes into account the connected area existing within the 
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patches, the estimated dispersal flux between different patches, and their contribution as stepping stones or 
connecting elements that uphold the connectivity between other patches. The dPCconnect fraction assesses 
the impact (or reduction in connectivity) between all patches if a particular patch is lost. This fraction 
measures the contribution of a particular patch to maintaining or supporting connectivity between other 
patches, as a connecting element or stepping stone between them (Saura & Rubio 2010). These analyses were 
done with the software package Conefor Sensinode 2.6 (Saura & Torné, 2009; www.conefor.org, accessed 5 
June 2012) using a patch distance of 10km with a 0.5 probability value, to identify connected intact grassland 
patches.  

The output from this connectivity analysis was used in two ways: (1) to inform the identification of connected 
intact grasslands supporting climate change adaption (as described under this broad heading), and (2) as a 
biodiversity process feature (described further on in this document) where grassland patches were 
incorporated as process features with a 60% target.  In terms of the climate change analysis, we used a 
threshold of >0.13 to select patches from the dPC index with high connectivity values.  A total of 207 patches 
were identified as important. Patches were categorised into four classes using Natural Breaks (Jenk’s) and 
converted to Raster format (1 = 10, 2 = 20, 3 = 30, 4 = 40) to be merged with other climate change cost 
surfaces. 

In terms of developing features to be used with biodiversity targets (see further on in this report), threshold 
values of just greater than the mean value were used to identify prioritised grassland patches for the 
dPCconnect (with a value above 0.090276), while for the dPC metric the value was above 1.327.  A total of 122 
intact grassland patches were identified as important for connectivity (including stepping stones). 

 

Figure 9: Intact grassland patches important for maintaining connectivity between other grassland patches, in 
support of climate change adaptation and ecological processes. 
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(D) Integration of CC cost surfaces 

Finally, the three climate change adaptation layers were merged into one layer as a cost surface that 
represents areas important for supporting climate change adaptation (merging maps A-C into D, as illustrated 
in Figure 7). Specifically, the layers [with file names]that we merged were: Areas important for climate change 
resilience [cc_mpumsumrec] + Local-and landscape-scale corridors [ers-micrmacr2] + Intact grasslands 
[grasslandpcst]. The layers were weighted according to their expected contribution to climate change 
adaptation (following expert opinion, as follows: 

• [cc_mpumsumrec] 35% 
• [ers-micrmacr2] 45% 
• [grasslandpcst] 20% 

All three layers were merged into one cost surface by overlaying them together using their relative weighting. 
As areas of climate change resilience are more favourable, we needed to invert the score so that the cost 
values in CC priorities were lower than elsewhere. Hence we standardised the values so that they did not 
exceed 100, then subtracted a 100 from each pixel using Raster Calculator. 

 

Competing land-uses 
The successful implementation of a biodiversity plan depends on avoiding areas that may be more at risk of 
transformation or that may be identified as a priority for other land-use sectors (such as agriculture). Including 
priorities from other sectors as a cost surface, and engaging with these sectors during the development of the 
biodiversity plan, reduces the likelihood of conflict and increases the level of adoption of the plan by these 
sectors. Developing a cost surface of competing land-uses (or ‘threats’), greatly adds to the effective 
implementation of the plan and the conservation of the biodiversity priority areas, particularly during the 
consultation processes. The competing land-use layers that we identified included: (1) overlapping land-use 
developing applications; (2) urban sprawl; (3) mining potential; (4) agricultural potential; and (5) steep slopes 
that are less at risk and can be discounted as a competing land-use layer. 

Land-use development applications 

The MTPA have mapped, at the finest spatial extent possible (usually cadastral farm portions), all the land-use 
change (‘development’) applications that were received for comment from 2000 to 2011. Over the years many 
farm portions have been subject to various prospecting and mining applications, sometimes for different 
minerals, and often also for residential or infrastructural proposals that are received separately. Areas in the 
landscape with overlapping applications are likely to reflect accurately the risk of the land portion being 
modified from the natural state.  

The land-use applications layer was converted into a 90m pixel raster, using the number of land-use 
development applications received (values varied from 0-22). We then used Natural breaks to categorise the 
raster into 4 categories: 0 =  none, 1 – 4 = low, 4 – 9 = medium, 9 – 22 = high (Figure 10). 

Urban Sprawl 

Building on from the MBCP, land-use change (and the resulting habitat modification) was predicted to expand 
outwards from key built infrastructure, including roads (Main Road, National Freeway, National Road), urban 
areas, and clusters of buildings indicating dwellings, villages, etc. Ribbon development along roads was 
identified using the Euclidean Distance function (ArcGIS, Spatial Analyst) to calculate the distance from the 
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middle of the roads, with the following classes: Main roads and freeways (with a Euclidean cost distance of 
1500m) and secondary and side roads (with a Euclidean cost distance of 250m).  

 

Figure 10: Overlapping land-use development applications that MTPA received between 2000 and 2011. 

 

Figure 11: Urban sprawl modelled using roads, towns and SPOT5 ESKOM building count. 
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Potential for urban expansion, or land-use development around existing built infrastructure, was estimated 
through two separate Kernel Density analyses, each with a different search radius (500m and 1500m) based on 
the 2006 SPOT 5 Eskom building count dataset. The analysis results were added together using the Weighted 
Sum overlay (500m with a weight of 0.4 and 1500m with a weight of 0.6) and then manually classified into four 
categories (a slight modification of the Geometrical Interval classification method).  The roads and building 
layers (Figure 11), were combined using Weighted overlay, with 65% weight to buildings/urban and 35% 
weight to ribbon development.  

Mining and Land capability 

The mining potential layer and land capability layer from the National Spatial Biodiversity Assessment of 2004 
(Rouget el at., 2004), were clipped to the Mpumalanga boundary and reclassified into four categories based on 
values: 1 = very low, 2 = low, 3 = medium, 4 =high (Figure 12 and Figure 13). 

 

Figure 12: Map showing mining potential based on 2004 National Spatial Biodiversity assessment. 

 

Topography(steep slopes) 

Slopes steeper than 8 degrees are deemed to be sensitive topographic areas (Figure 14), and now trigger basic 
assessments in terms of Listing Notice 3 in the revised EIA process.  Slope angles (degrees) were calculated 
using a 90m SRTM DEM with the Slope tool (ArcGIS, Spatial Analyst), and the results were manually classified 
into three classes: 0 – 8 degree = 1, 8 - 16 degree = 2, and > 16 degree = 3.  
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Figure 13: Map showing agricultural land capability from the National Spatial Biodiversity assessment (2004). 

 

Figure 14: Map showing steep slopes determined using Slope tool as part of Spatial Analyst. 
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Integration into final competing land-use layer 
The four competing land-use layers above were added using Raster Calculator, and the topographic sensitive 
areas (steep slopes) were subtracted to give a final competing land-uses cost layer (Figure 15). We used the 
following formulae in Raster Calculator (which is part of Spatial Analyst). 

("rec_mining" + "Rec_landcap" + "Reclas_DevAp" + "UrbSpawl12") - "rec_slopeclip"  

 

Figure 15: Map showing the merged competing land-use and topographic sensitivity layers that informed the 
integrated cost surface. 

 

Integration of three strategic cost rasters 
The values of the three cost layers (freshwater biodiversity + climate change adaptation + competing land 
uses) were standardized to a scale of 0-100, and then added together using Raster Calculator to give a final 
cost layer (Figure 16) that was used in the Marxan analysis.  
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Figure 16: The integrated cost surface used in the Marxan objective function to find the most suitable areas to 
meet biodiversity targets. 

 

Boundary length modifier values (as another cost that Marxan considers) 

The boundary costs (the summed length of the boundaries of all selected planning units) for each planning unit 
are considered during the Marxan analysis, which tries to minimise the total cost of the final selection of 
planning units required to meet biodiversity targets (also known as a ‘minset’ analysis). The boundary costs for 
some units can be lowered manually and Marxan then tries to preferentially meet biodiversity targets in these 
areas. Many biodiversity planners only lower the cost values of protected areas, so Marxan will try and meet 
biodiversity targets on the boundaries of protected areas. 

Although this approach is not wrong, there are more innovative ways to use the boundary cost feature of 
Marxan.  A fixed boundary cost of 1000 was set for each planning unit (PU), regardless of planning unit length, 
or length of boundary shared with adjacent PUs. Thereafter, PUs with their centres within an intact grassland 
patch (as determined above under climate change analysis section) were set to 100 and those within a 
protected area were set to 0 (Figure 17). 
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Figure 17: Map showing the value of the planning unit boundary costs used in the Marxan. Values were 
weighted according to Protected Areas (value of 0) or whether they occurred within intact grasslands patches 
(value of 100), otherwise they received a default value of 1000. 

 

STEP 3: DETERMINING COVERAGE AND BIODIVERSITY TARGETS FOR ALL 
FEATURES INCLUDED WITHIN MARXAN ANALYSIS 

Using the objective function in Marxan ensures that the biodiversity targets for all biodiversity features are 
met within a selection of planning units. Considerable effort was invested in developing spatially explicit 
biodiversity layers that were incorporated into Marxan as features, including vegetation and wetland types, 
species (points, buffers, farms or models), ecological processes, climate change refugia, and water source 
areas. A summary of all the biodiversity features included within the MBSP terrestrial assessment and the 
approach taken to setting biodiversity targets, is presented in Table 6.. 

A total of 546 biodiversity features were included in this analysis (depicted graphically in Figure 2 and 
summarized in Table, 6 below). These fell into five main categories, as follows: 

• biodiversity pattern features 
• ecological process features 
• ecological infrastructure features 
• climate change features 
• ecological corridor features. 
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Table 6: Summary of biodiversity features used in the terrestrial assessment and a brief description of 
biodiversity targets set 

Biodiversity features Description of data and target setting 
Biodiversity pattern features 

Vegetation Types 

67 vegetation types with targets set by the NSBA 2004 (Rouget et al., 2004) 
(excluding forests), which range from 19-28%; vegetation types with higher 
inherent species diversity had a higher target. 

Indigenous Forests 
14 forest subtypes, with targets that varied from 25 - 43% based on plant 
diversity and the degree of inter-patch connectivity 

Wetlands 

54 wetland types derived from NFEPA level II, Wetland Vegetation Group and 
the hydro-geomorphic classifications. Target of 20% set for all wetland types 
— as in NFEPA. 

Reptiles and 
amphibians 

28 species locality datasets and 3 modelled species distributions (including 
both frogs and reptiles of conservation concern). Localities were buffered and 
targets varied based on species and status. 

Birds 

49 species locality datasets and 6 modelled species 
distributions, including known localities, buffered nest sites, and foraging 
areas. Ecosystem threat status and provincial distribution determined the 
targets. Distributions and targets were aligned with neighbouring provinces, 
especially KZN. 

Butterflies 

15 species locality datasets with a 500m buffer. Targets were based on the 
original extent of vegetation in buffers. Targets: 100% for Critically 
Endangered or Endangered taxa; 75% for Vulnerable taxa; 50% for Near 
Threatened or Rare taxa. 

Mammals 
26 species locality datasets and 3 modelled species distributions. Various 
combinations of targets based on faunal requirements and threat status. 

Plants 

221 species locality datasets and 30 modelled species 
distributions of plants of conservation concern for which point 
locality records were available. Targets were based on the quantitative 
thresholds developed for the Vulnerable category of the IUCN Red List system 
(Pfab et al., 2011). Target: 30% of remaining extent for species models. 

Fish 

15 species locality datasets included as the length of river reaches of known 
distributions of species of conservation concern. Targets based on proportion 
of river length and status. Critically Endangered = 90% of river length;  
Endangered = 75% of river length; Vulnerable = 50% of river length; Near 
Threatened = 25% of river length. 

Ecological process features: Key landscape features that maintain ecological and evolutionary 
processes centred on biological movement and connectivity 

Caves 

Caves that protect a unique faunal component and deliver important 
ecosystem services (such as controlling insect populations) were identified and 
their entrances buffered by 150 m. Target: 100% of remaining extent. 

Evolutionary Refugia 
These are areas with high levels of speciation, such as centres of endemism. 
Target: 50% of remaining extent. 

Escarpment Ridges 
Ridges are important for migration and aesthetic reasons. Target: 30% of 
remaining extent. 

Wetland Clusters 

Wetland clusters are groups of wetlands (within a 1 km buffer) that are 
considered to function as a unit in the landscape, allowing for important 
ecological processes such as migration of frogs and insects between wetlands 
to take place. They were derived from the NFEPA analysis. Target: 30% of 
original extent. 
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Forest Patches and 
Surrounding Matrix 

Forest patches that are strategically located in the landscape and that support 
connectivity and dispersal of forest plants and animals were identified. Target: 
100% for strategic patches and 60% for surrounding matrix around priority 
patches. 

Connected Intact 
Grasslands 

Connected intact grasslands support species (i.e. that may need to move in 
response to climate change) and allow for normal functioning of natural 
ecological processes such as fire regimes, pollination, etc. Target: 60% of intact 
grasslands. 

Ecological infrastructure and climate change features 

Strategic Water Source 
Areas 

These are areas that supply a disproportionate amount of mean annual runoff 
and can be regarded as our natural ‘water factories’. They were selected from 
the NFEPA analysis and given a target proportionate to the water they 
produce. 

Climate Change 
Refugia 

These are areas that are likely to support plant and animal species if carbon 
emissions are not reduced and the impacts of climate change continue to 
escalate. Target: 60% of remaining extent. 

Landscape Facets 

Identifying landscape facets is an alternative approach to addressing the 
impacts of climate 
change. They provide for the opportunity to identify priority areas for 
representing the range of biophysical variables found in the Province, based 
on the 
premise that conserving the full range of potential abiotic facets in a 
landscape, will increase the likelihood of conserving parts of the landscape 
that will turn out to be most important for supporting species and ecosystems 
whatever the future climate scenario. Target of 60% of remaining extent.  

Landscape-scale 
Corridors 

These are best choice corridors that link climate change priority areas and 
allow for migration of fauna and flora in response to climate change. Target: 
60% of remaining extent. 

Local scale corridors 

These allow for fine-scale corridors that build resilience into corridor network. 
They allow for adaptation of fauna and flora to a changing climate through 
migration. Target: 80% for critical linkages, 60% for core corridors, 40% for 
supporting corridors. 

 

Biodiversity Pattern features 

Vegetation types 
The MBSP included 67 vegetation types, based on the map and classification in Vegetation Types of Southern 
Africa (Mucina & Rutherford 2006) with some modifications (which were endorsed by the National Vegetation 
Map Committee), as follows: 

• The Lydenburg Montane Grassland was split into two units (Long Tom Pass Montane Grassland and 
the Steenkampsberg Montane Grassland). 

• The Malelane Mountain Bushveld was split into two units, introducing a new unit called the Croc 
Gorge Mountain Bushveld.  

• The three broad forest types occurring in Mpumalanga (Northern Highveld Forest, Mpumalanga 
Mistbelt Forest and Eastern Scarp Forest) were re-classified into 14 forest sub-types (see Table 7), 
each with its own biodiversity target (Lötter,2014).  

• A small (188 ha) patch of the unique community called “Zululand Acacia Thicket”, which extends into 
Mpumalanga from Swaziland, was included.  
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Table 7:Revised classification of Mpumalanga forests into sub-types, nested within the National Forest 
Classification 

 

II Northern Afrotemperate Group 

II2 TYPE: Northern Highveld Forest  

SUBTYPE GROUP A SUBTYPE: Eastern Dry Afrotemperate Forest 

 SUBTYPE: Wakkerstroom Midlands Forest 

 SUBTYPE: Lydenburg Kloof Forest 

 SUBTYPE: Northern Highveld Kloof Forest 

IV Northern Mistbelt Group 

IV2 TYPE: Mpumalanga Mistbelt Forest  

SUBTYPE GROUP B SUBTYPE: Mariepskop Mistbelt Forest 

 SUBTYPE: Long Tom Mistbelt Forest 

 SUBTYPE: Barberton Mistbelt Forest 

SUBTYPE GROUP C SUBTYPE: Blyde Canyon Dry Afromontane Forest 

 SUBTYPE: Foothills Mistbelt Forest 

V Scarp Forest Group 

V1TYPE: Eastern Scarp Forest  

SUBTYPE GROUP D SUBTYPE: Mpulaneng Scarp Forest 

 SUBTYPE: Barberton Scarp Forest 

SUBTYPE GROUP E SUBTYPE: Blyde Scarp Forest 

 SUBTYPE: Escarpment Riverine Forest 

 SUBTYPE: Legogote Scarp 

*Note: The ‘sub-types 'referred to in this table are a finer level of classification, nested within the National 
Forest Classification of von Maltitz et al., 2003. 

 

The extent to which the biomes have been heavily or irreversibly modified is presented in Table 8. The 
importance of including old lands to provide a more realistic assessment of the extent of modification of these 
biomes is also highlighted. The grassland biome is 9% more modified than was previously realized. 
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Table 8: Summary of biomes represented in Mpumalanga. 

Biome/Azonal % Natural % Natural (excluding old 
lands) 

Count of 
vegetation types 

Grasslands 50.7% 59.5% 23 
Savanna 76.6% 80.3% 29 
Forest 95.9% 96% 14 

Wetlands 86.1% 90.1% 3 

 
 

The summary statistics, biodiversity targets and protection levels of the vegetation types included in the MBSP 
are presented in Table 9 and the map of vegetation types of Mpumalanga is presented in Figure 18. 

 

Table 9: List of vegetation types, their biodiversity targets, % modified, and protection levels. 

Vegmap Name Original 
extent (ha) 

% Natural 
(including 
old lands) 

% Natural 
(excluding 
old lands) 

% Target 

Proportion 
of Target 
Protected 

(%) 

Protection 
Status 

Amersfoort Highveld Clay Grassland 281 382.59 53.85 65.17 24 2.89 hardly 
protected 

Andesite Mountain Bushveld 34 182.94 73.87 80.32 24 2.51 hardly 
protected 

Barberton Montane Grassland 108 737.91 65.15 65.53 27 134.88 well 
protected 

Eastern Highveld Grassland 1 232 256.67 35.12 47.98 24 12.99 poorly 
protected 

Frankfort Highveld Grassland 50 582.53 51.82 60.58 24 0.45 hardly 
protected 

Ithala Quartzite Sourveld 23 676.16 67.59 74.41 27 13.83 poorly 
protected 

KaNgwane Montane Grassland 604 165.28 50.18 54.40 24 4.95 hardly 
protected 

KwaZulu-Natal Highland Thornveld 101.35 92.15 92.15 23 0 zero 
protected 

Lebombo Summit Sourveld 942.55 66.76 71.23 24 0 zero 
protected 

Long Tom Pass Montane Grassland 103 633.23 60.11 60.55 27 118.47 well 
protected 

Low Escarpment Moist Grassland 16 988.99 95.03 97.11 23 0.00 zero 
protected 

Lydenburg Thornveld 106 198.47 73.67 82.44 24 43.41 poorly 
protected 

Northern Escarpment Afromontane 
Fynbos 800.95 97.52 97.52 27 348.24 well 

protected 
Northern Escarpment Dolomite 
Grassland 91 531.81 45.86 48.50 27 7.86 poorly 

protected 
Northern Escarpment Quartzite 
Sourveld 92 873.25 52.75 53.41 27 71.72 moderately 

protected 

Northern Free State Shrubland 643.75 98.47 99.62 28 0.00 zero 
protected 

Paulpietersburg Moist Grassland 129 071.65 58.33 65.97 24 27.56 poorly 
protected 

Rand Highveld Grassland 374 317.94 46.61 57.84 24 3.70 hardly 
protected 

Sekhukhune Montane Grassland 82 949.95 59.98 74.96 24 3.26 hardly 
protected 

Soweto Highveld Grassland 975 775.12 45.90 55.95 24 0.69 hardly 
protected 

Steenkampsberg Montane Grassland 385 894.94 74.71 80.40 27 12.38 poorly 
protected 
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Tsakane Clay Grassland 21 026.48 54.99 64.98 24 0 zero 
protected 

Wakkerstroom Montane Grassland 234 085.73 79.76 85.93 26 43.52 poorly 
protected 

Barberton Serpentine Sourveld 10 949.25 72.32 74.47 24 98.04 moderately 
protected 

Central Sandy Bushveld 185 002.88 52.36 64.33 19 28.05 poorly 
protected 

Croc Gorge Mountain Bushveld 53 989.09 82.08 86.30 24 61.96 moderately 
protected 

Delagoa Lowveld 69 854.25 84.83 86.73 19 366.12 well 
protected 

Gabbro Grassy Bushveld 76 032.64 99.85 99.88 19 523.95 well 
protected 

Gold Reef Mountain Bushveld 3 844.57 74.76 84.15 24 0 zero 
protected 

Granite Lowveld 803 526.04 85.31 86.93 19 338.42 well 
protected 

Kaalrug Mountain Bushveld 46 427.77 82.03 84.72 24 89.27 moderately 
protected 

Legogote Sour Bushveld 353 607.71 44.53 50.72 19 16.95 poorly 
protected 

Loskop Mountain Bushveld 126 633.68 92.83 95.83 24 106.36 well 
protected 

Loskop Thornveld 11 060.76 63.24 75.03 19 240.41 well 
protected 

Lowveld Rugged Mopaneveld 28 706.23 99.92 99.92 19 499.44 well 
protected 

Makuleke Sandy Bushveld 3 503.23 100 100 19 526.32 well 
protected 

Malelane Mountain Bushveld 63 062.48 96.03 96.33 24 326.21 well 
protected 

Mopane Basalt Shrubland 10 960.84 99.98 99.98 19 526.23 well 
protected 

Mopane Gabbro Shrubland 3 800.83 99.98 99.98 19 526.21 well 
protected 

Northern Lebombo Bushveld 89 403.24 99.95 99.95 24 416.17 well 
protected 

Nwambyia-Pumbe Sandy Bushveld 2 495.02 99.96 99.96 69 144.87 well 
protected 

Ohrigstad Mountain Bushveld 18 026.77 91.85 93.85 24 170.76 well 
protected 

Phalaborwa-Timbavati Mopaneveld 82 913.55 99.52 99.63 19 523.80 well 
protected 

Poung Dolomite Mountain Bushveld 294.40 98.42 100 24 144.52 well 
protected 

Pretoriuskop Sour Bushveld 94 280.59 69.96 76.51 19 209.53 well 
protected 

Sekhukhune Mountain Bushveld 5 098.28 98.51 100 24 0.00 zero 
protected 

Southern Lebombo Bushveld 13 679.63 73.63 74.13 24 0.00 zero 
protected 

Springbokvlakte Thornveld 78 086.84 33.56 50.89 19 32.38 poorly 
protected 

Swaziland Sour Bushveld 87 575.63 75.69 81.36 19 164.85 well 
protected 

Tshokwane-Hlane Basalt Lowveld 281 929.03 87.88 88.43 19 414.31 well 
protected 

Tzaneen Sour Lowveld 79.42 100.00 100 19 526.32 well 
protected 

Zululand Lowveld 38 555.30 32.84 39.55 19 9.78 poorly 
protected 

Barberton Mistbelt Forest 2 400.63 97.99 98.10 33 94.71 moderately 
protected 

Barberton Scarp Forest 4 514.69 95.32 95.46 39 75.07 moderately 
protected 

Blyde Canyon Dry Afromontane 
Forest 4 87.27 99.91 99.91 25 399.62 well 

protected 

Blyde Scarp Forest 131.51 96.90 96.90 50 116.95 well 
protected 

Eastern Dry Afrotemperate Forest 8 396.82 94.91 95.08 37 43.72 poorly 
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protected 

Escarpment Riverine Forest 392.65 95.53 98.00 43 84.85 moderately 
protected 

Foothills Mistbelt Forest 7 667.21 94.91 94.91 27 218.73 well 
protected 

Legogote Scarp Forest 737.56 100 100 33 8.93 poorly 
protected 

Long Tom Mistbelt Forest 7 084.27 94.90 94.91 35 50.74 moderately 
protected 

Lydenburg Kloof Forest 272.14 100 100 37 145.27 well 
protected 

Mapulaneng Scarp Forest 984.31 92.76 92.76 26 327.58 well 
protected 

Mariepskop Mistbelt Forest 4 187.43 98.33 98.33 26 355.85 well 
protected 

Northern Highveld Kloof Forest 46.62 99.59 99.59 42 2.23 hardly 
protected 

Wakkerstroom Midlands Forest 3 050.28 98.81 98.93 35 125.32 well 
protected 

Eastern Temperate Freshwater 
Wetlands 15 749.63 89.22 92.21 24 105.67 well 

protected 

Subtropical Freshwater Wetlands 667.22 10.44 37.53 24 0 zero 
protected 

Subtropical Salt Pans 111.01 99.93 100 24 0 zero 
protected 

 
 
The NSBA (2004)biodiversity targets for vegetation types (excluding forests), were used in this analysis. These 
biodiversity targets, which range from 19-28% of the pre-modification (original) area, were based on the plant 
species diversity inherent within each vegetation type. This means that those vegetation types with higher 
species diversity, had a correspondingly higher biodiversity target. The biodiversity targets for the revised 
indigenous forest types were calculated as part of a separate study (Lötter, 2014) and varied from 25 - 43%. 
These were also based on plant diversity, but also included an additional baseline target based on the degree 
to which forest patches are connected to other forest patches, with higher baseline targets for less connected 
forest types. 
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Figure 18: Map of the revised vegetation for Mpumalanga or “Vegmap” (modified slightly from Mucina & 
Rutherford, 2006) 
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Wetlands 
As wetlands have both a terrestrial and freshwater characteristics, and they are included in the NFEPA 
assessment primarily as a process-supporting feature, we felt the need to also include wetlands in the 
terrestrial assessment in terms of their biodiversity pattern (but not their ecological processes value). The 
same approach has been followed by Ezemvelo KZN Wildlife (Boyd pers com.). We think that the additional 
inclusion of wetland pattern (species diversity) is not a duplication in this analysis. 

Wetlands were classified using a combination of the NFEPA and Mpumalanga “biobase project” (Emery et al., 
2002) classifications. The NFEPA vegmap groupings for wetlands (SANBI Level 2 classification), representing 
floristic diversity, was used and not the detailed hydro-geomorphorphic types. Slope and soil depth were used 
in a simplified hydro-geomorphic classification to identify wetlands as either seepage (slope angle > 6.5° and 
shallow soils) or floodplain (slope angle < 6.5° and deep soils) (Table 10). 

 

Table 10: Wetland hydro-geomorphic classification according to slope and soil depth data. 

 

 
 
The wetland coverage was developed by combining the wetlands from the Mucina & Rutherford (2006) and 
those from the NFEPA map, using the following GIS routine: 

• Artificial wetlands were removed from the shapefiles before unioning and dissolving the data, which 
resulted in 16,553 wetlands. 

• This layer was intersected with the NFEPA WetVeg coverage and the wetlands attributed with the 
WetVeg attributes. 

• Wetlands of less than 0.01 ha were merged into larger adjacent wetlands using the Eliminate tool. 
• Then wetlands smaller than 0.01 ha were deleted, leaving 13,292 wetlands. 
• This layer was unioned with the pans layer from the MBCP, which was digitized from the 1:50 000 

topo-cadastral maps. 
• Fragments smaller than 0.05 ha were deleted. 
• Soil depth and slope class rasters were re-classified using the criteria described above (Table 9) and 

added together, then converted to a shapefile.  
• The wetland and hydro-geomorphic layers were unioned to give a final wetland coverage and 

classification, with 54 wetland types. The final wetland coverage was unioned with the vegetation 
map so that the wetlands replaced the terrestrial vegetation types, ensuring there were no 
overlapping polygons (Table 11). 

 

 Slope (focal statistics of 4 cells) 
Soil Depth Low (<6.5°) Steep (>6.5°) 
Very Deep Floodplain Seepage 
Deep Floodplain Seepage 
Medium Deep Floodplain Seepage 
Medium Shallow  Seepage Seepage 
Shallow Seepage Seepage 
Very Shallow Seepage Seepage 
Steep Seepage Seepage 
Very Steep Seepage Seepage 
On Water Floodplain Seepage 
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Table 11: Summary of the 54 wetland types that were incorporated into terrestrial MBSP. 

Wetland name Target 
(%) 

Target  
(ha) 

Currently 
conserved 

(ha) 

Total size 
(extant) 

Proportion 
of target 

conserved 
(%) 

Central Bushveld Group 1 :Floodplain 20 285.844 142.940 1239.630 50.01 

Central Bushveld Group 1 :NP Pan 20 11.520 0 55.790 0 

Central Bushveld Group 1 :Seepage 20 91.051 44.060 375.380 48.39 

Central Bushveld Group 2 :Floodplain 20 181.733 214.920 256.400 118.26 

Central Bushveld Group 2 :NP Pan 20 7.156 0 24.820 0 

Central Bushveld Group 2 :Seepage 20 5.000 6.170 14.580 123.40 

Central Bushveld Group 3 :Floodplain 20 145.500 2.100 192.390 1.44 

Central Bushveld Group 3 :NP Pan 20 32.254 1.050 131.980 3.26 

Central Bushveld Group 3 :Seepage 20 276.622 68.650 830.430 24.82 

Lowveld Group 7 :Floodplain 20 227.455 10.750 612.890 4.73 

Lowveld Group 7 :Seepage 20 353.313 104.790 1161.230 29.66 

Lowveld Group 8 :Floodplain 20 1.310 5.260 6.020 401.53 

Lowveld Group 8 :Seepage 20 73.968 192.790 317.530 260.64 

Lowveld Group A :Floodplain 20 72.565 170.590 246.940 235.09 

Lowveld Group A :Non Perennial Pan 20 11.617 37.650 52.920 324.09 

Lowveld Group A :Perennial Pans 20 0.996 0 2.700 0 

Lowveld Group A :Seepage 20 1458.936 2274.100 5586.650 155.87 

Lowveld Group B Floodplain 20 115.294 433.670 515.450 376.14 

Lowveld Group B Non Perennial Pan 20 3.856 12.690 16.930 329.10 

Lowveld Group B Seepage 20 703.449 1970.490 2824.260 280.12 

Mesic Highveld Grassland Group 2 :Floodplain 20 713.288 0 2556.290 0 

Mesic Highveld Grassland Group 2 :NP Pan 20 28.629 0 121.680 0 

Mesic Highveld Grassland Group 2 :P Pan 20 3.394 0 15.360 0 

Mesic Highveld Grassland Group 2 :Seepage 20 419.015 0 1547.250 0 

Mesic Highveld Grassland Group 3 :Floodplain 20 3484.240 66.160 13508.230 1.90 

Mesic Highveld Grassland Group 3 :NP Pan 20 287.625 6.940 1193.380 2.41 

Mesic Highveld Grassland Group 3 :P Pan 20 220.548 0 518.250 0 

Mesic Highveld Grassland Group 3 :Seepage 20 2412.127 103.930 9263.440 4.31 

Mesic Highveld Grassland Group 4 :Floodplain 20 13055.336 68.880 44621.940 0.53 

Mesic Highveld Grassland Group 4 :NP Pan 20 1514.105 45.170 5652.690 2.98 

Mesic Highveld Grassland Group 4 :P Pan 20 2226.036 53.980 10311.060 2.42 

Mesic Highveld Grassland Group 4 :Seepage 20 4086.644 78.240 14079.660 1.91 

Mesic Highveld Grassland Group 5 :Floodplain 20 1363.740 8.040 4493.260 0.59 

Mesic Highveld Grassland Group 5 :NP Pan 20 13.600 0 46.170 0 

Mesic Highveld Grassland Group 5 :P Pan 20 2.257 0.090 4.050 3.99 

Mesic Highveld Grassland Group 5 :Seepage 20 2001.339 2.830 6409.540 0.14 

Mesic Highveld Grassland Group 6 :Floodplain 20 1538.337 677.860 5879.030 44.06 

Mesic Highveld Grassland Group 6 :NP Pan 20 20.109 0 81.710 0 

Mesic Highveld Grassland Group 6 :Seepage 20 1453.831 741.370 5530.850 50.99 

Mesic Highveld Grassland Group 7 :Floodplain 20 682.882 29.390 1428.380 4.30 

Mesic Highveld Grassland Group 7 :NP Pan 20 11.199 0 47.060 0 

Mesic Highveld Grassland Group 7 :Seepage 20 317.241 44.080 1015.020 13.89 



44 
 

Mesic Highveld Grassland Group 8 :Floodplain 20 1112.267 617.600 4159.590 55.53 

Mesic Highveld Grassland Group 8 :NP Pan 20 234.048 313.300 1089.020 133.86 

Mesic Highveld Grassland Group 8 :P Pan 20 57.268 0.730 254.260 1.27 

Mesic Highveld Grassland Group 8 :Seepage 20 1824.451 153.160 7067.690 8.39 

Mesic Highveld Grassland Group 9 :Floodplain 20 66.101 142.350 234.070 215.35 

Mesic Highveld Grassland Group 9 :Seepage 20 169.752 544.580 771.720 320.81 

Mopane Group :Floodplain 20 22.165 106.790 106.790 481.80 

Mopane Group :Seepage 20 212.595 939.820 1051.600 442.07 

Sub-Escarpment Grassland Group 2 :Floodplain 20 6.504 0 30.600 0 

Sub-Escarpment Grassland Group 2 :Seepage 20 37.312 0 136.710 0 

Sub-Escarpment Grassland Group 3 :P Pan 20 0.258 0 1.290 0 

Sub-Escarpment Grassland Group 3 :Seepage 20 24.074 0 112.360 0 

 

Species distributions 
Point locality data for species are a critical informant in biodiversity planning, especially since biodiversity 
plans have become integral to the decision-making process in nearly all spheres of governance. However, it is 
important to be selective in terms of which species are used and the quality of the data. Considering the 
spatial accuracy of the MBSP (1:10 000), only records with a spatial resolution of less than 250m were used, 
and only species of conservation concern were included. Considerable effort has been made since the 
publication of MBCP to update the species database with new information with the result that the number of 
taxa included has increased from 233 in the MBCP to 354 in the MBSP. These 354 species were finally 
represented by 401 features in the Marxan analysis, as the point locality data for some species was ‘split’ into 
‘foraging’ and ‘nesting’ locations, or into ‘known’ and ‘modelled’ distributions (see Table 12).  

For a full list of species, their current extent (extant populations – occasionally incorporating historical point 
localities), and the biodiversity targets used, see Appendix A. 

 

Table 12: Summary and comparison of the total number of species , and the number of modelled distributions, 
included in the MBCP in 2006 and the MBSP in 2014. Only species of conservation concern were included. 

 MBCP 2006 MBSP 2014   

 Species Models Species Models Change 
Birds 16 8 49 6 33 
Butterflies 9 0 15 0 6 
Fish 0 0 15 0 15 
Frogs 3 0 10 2 7 
Mammals 13 0 26 3 13 
Plants 182 8 221 30 39 
Reptiles 10 5 18 1 8 
Total 
 

233 21 354 42 121 
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Modelled distributions 
Although generally  much less emphasis and weight was placed on modelled data within the MBSP, twice as 
many species models were used in this analysis when compared to the MBCP (See Table 11). Species 
distribution models were only developed for threatened taxa of high conservation importance as assessed 
through red-listing, (i.e. Critically Endangered = CR, Endangered =  EN, Vulnerable = VU), and with at least five 
point locality records. Species Distribution Modelling (SDM) software called Maxent (Phillips et al., 2006) was 
used as it effective in modelling species distributions with limited occurrence records (Pearson et al., 2007).   

 

Figure 19: Example of raw output from Maxent model for the African Grass-owl. 

 

A range of environmental variables was used in the modelling, including: altitude (90m), isothermality, 
maximum average temperature, mean annual evaporation, mean annual precipitation, water stress days,  
slope, soil clay, soil depth, topographical position index (landscape position as continuous variable), Enhanced 
Vegetation Index (MODIS), and frost occurrence. 

 

Animal species 
A summary of the 133 faunal species treated in the MBSP terrestrial assessment is provided in Table 6. 

Plant species 
Only plant species of conservation concern, for which point locality records were available, were included. 
These point locality records were then added to each planning unit as either present or not. The setting of 
biodiversity targets for plant species was guided by the quantitative thresholds developed for the Vulnerable 
category of the IUCN Red List system (Pfab et al., 2011), thereby avoiding their future listings in one of the 
IUCN Red List threat categories. The biodiversity targets needed to be higher than the thresholds against which 
taxa would be assessed as qualifying to be added to the IUCN threatened species list. This approach can be 
used on threatened taxa listed under the IUCN Red List criteria of A to D, a species listed as Near Threatened, 
or a species of conservation concern due to its rarity.  
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A total of 30 species models were created for threatened plant species having at least five point locality 
records. As the models were not validated in the field, and their accuracy is generally not well known, they are 
used to trigger the potential occurrence of a species in areas that have not yet been surveyed. They also help 
to guide the selection of planning units in areas with little data. But because of the inherent uncertainty in the 
dataset, a low biodiversity target of 30% of remaining area was used for species with modelled distributions. 

 

Ecological Process features 

Besides protecting a representative sample of all species (biodiversity pattern), there is also a need to 
conserve ecological processes that allow these biodiversity patterns to persist over time. Ecological processes 
are difficult to map as they occur at a variety of spatial and temporal scales.  

These ecological processes were either mapped spatially, or were catered for in the Marxan settings, with 
varying biodiversity targets, depending the type and scale of the ecological process, for example: 

• Important forest patches supporting dispersal could be added as features with a 100% target; 
• Climate change was incorporated in three ways: (1) within the cost surface; (2) within the ecological 

corridors;  and (3) as ecological process features;  
• Pollinators and habitats large enough to support them (and fire) were incorporated within the 

‘boundary length modifier value’ (of 0.24), which is unique to Marxan, when Marxan was run.  
• Summit and aesthetic mountainous areas were included with actual biodiversity targets (of 30%). 

The ecological processes associated with connectivity were considered in Marxan by setting a high boundary 
length modifier value to ensure the selection of connected planning units. This forced Marxan to select larger 
and more viable clusters of planning units in which ecological processes such as fire and pollination could still 
occur. 

 Evolutionary refugia, caves, and ridges for migration and aesthetic importance, which were used in the MBCP, 
were also included in this analysis, without alteration. 

Priority intact grassland patches and important forest patches (supporting dispersal) were included as 
ecological process features in the MBCP, but have been extensively revised in the MBSP, as follows: 

• Priority intact grassland patches were identified based on being well-connected to many other 
grassland patches, or because they acted as important “stepping-stone” grassland patches (the loss of 
which would disrupt movement). A total of 122 out of 1252 patches were identified for inclusion in 
the MBSP, as under the heading "Identifying intact grassland habitats contributing towards 
connectivity with other intact grasslands" on Page 27. 

• Important forest patches supporting dispersal between other forest patches (based on both dPC and 
dPCconnect indices), as well as a buffer around each important forest patch (buffer equal to the 
dispersal distance that would allow 75% of species to disperse) with a pre-modification target of 60%. 

Several new data layers were also developed using new approaches for the MBSP. Although the ability of a 
species to respond to climate change is considered here as a ‘process’ feature (with a biodiversity target), 
spatial climate change considerations have also been incorporated, as explained under the heading of climate 
change adaptation in the cost surface section above.  

The ecological process features included in the MBSP are described below in terms of the rationale for their 
inclusion, the ecological processes captured and the biodiversity targets used: 
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Caves 

Rationale:  Caves protect a unique faunal component that delivers important ecosystem services 
(such as controlling insect populations). 

Ecological process:  Cave-specific ecological processes and insect predation by bats. 

Method:  Buffered cave entrance with 250m. Removed areas with heavily modified habitat and 
deleted fragments < 2ha. 

Biodiversity Target:  100% of remaining natural areas. 

Evolutionary refugia 

Rationale:  To conserve areas with high levels of speciation. 

Ecological process:  Speciation. 

Methods:  Expert identification of centres of endemism using geology and distribution of endemic 
plant species (a refinement of Smith & van Wyk, 2000). Removed areas with heavily 
modified habitat and deleted fragments less than 10 ha. 

Biodiversity Target:  50% of remaining extent. 

Escarpment/migration/aesthetic 

Rationale:  To capture escarpment migration routes, climate change regulation and aesthetic 
values. 

Ecological processes:  Migration, adaptation to climate change, tourism value. 

Methods:  Used the 90m DEM to map the escarpment. Split the escarpment into four zones (to 
avoid all biodiversity targets being met in one region). Removed areas with heavily 
modified habitat, intersected with PUs, then deleted PUs with less than 10 ha of 
feature. 

Biodiversity target:  30% of remaining extent. 

Wetland clusters 

Rationale:  Wetland clusters are groups of wetlands embedded in a relatively natural landscape. 
This allows for important ecological processes such as migration of frogs and insects 
between wetlands. In many areas of the country, wetland clusters no longer exist 
because the surrounding land has become too fragmented by human impacts. 

  
Ecological process:  Migration and meta-population support for obligate wetland species.  
 
Methods:  Incorporated NFEPA wetland clusters (see Nel et al., 2011) 

Biodiversity target:  30% of original extent. 

 

Forest patches supporting connectivity and dispersal 

Rationale:  Some forests are strategically located in the landscape and have a critically important 
role to play in terms of ensuring dispersal of plant species between patches. 
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Ecological process:  Dispersal between forest patches that will still allow 75% of forest plant species to 
disperse between patches. 

Methods:   Quantified the dispersal range for all forest species in forest samples (619 taxa). 
Calculated minimum distance that ensures 75% of forest species can disperse to nearest 
forest patch. Used value to inform dPC metric which assesses the importance of a patch 
as a stepping stone between other forest patches, or the importance of a patch in 
providing and receiving dispersed species from other patches. Used Conefor Sensinode 
2.6 to run analysis (Saura & Rubio, 2010). Surrounding forest matrix also incorporated 
as it supports dispersal. Buffered important connected patches by dispersal distance 
that allows 75% of forest species to disperse (see Figure 20). 

Biodiversity target:  100% of important connected forest patches are required (about 15% of forest patches 
identified as important). For buffered forest matrix, a 60%biodiversity target of original 
extent set. 

 

 

Figure 20: Conservation priority values for individual forest patches based on the three fractions of dPC and 
the combined result. A subset of patches is presented for the Wakkerstroom area, based on an expected 
dispersal distance of 2 km. White on the map represents areas where the natural habitat has been heavily 
modified. 

Connected intact grasslands 

Rationale:  Maintain functional intact grassland patches which support species (in response to 
climate change) and allow for natural ecological processes such as fire regimes, 
pollination, etc. to persist. 
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Ecological process:  Reduced edge effects, population viability, core area, fire regime, pollination, predator-
prey interactions. 

Methods:  Identified intact grasslands by removing patches with large gaps and filtering out spurs 
(see climate change adaption for more details). Deleted patches smaller than 100 ha (n= 
1252). Used connectivity index (Probability of Connectivity index in Conefor Sensinode 
2.6) to identify grasslands important for connectivity (dPC) and importing stepping 
stones for mobile grassland biodiversity (dPCconnect). Patch distance set to 10 km, 
P=0.5. To identify patches important for connectivity (dPCconnect), selected all patches 
above the mean value (0.0902). To identify important patches for flux (dPC), selected all 
patches above the mean value of 1.327. A total of 122grassland patches identified as 
important for connectivity (including stepping stones). 

Biodiversity target:   60% of connected intact grasslands. A biodiversity target of 60 % is a threshold value 
below which larger habitat fragments generally breakup (Baguette et al., 2012). 

 

Ecological infrastructure features 

Ecological infrastructure (EI) refers to natural biodiversity, ecosystems and resources that generate and/or 
deliver valuable ecosystem services (such as freshwater security, flood attenuation, climate regulation, soil 
formation and disaster risk reduction)to people and that supports livelihoods and economic activities. If 
ecological infrastructure is degraded or lost, the flow of ecosystem services will be diminished. Ecological 
Infrastructure is the natural equivalent of built or hard infrastructure, and it is important for providing 
ecosystem services that underpin socio-economic development. Ecological infrastructure includes, for 
instance, healthy mountain catchments, rivers, wetlands, coastal dunes, and nodes and corridors of natural 
habitat, which together form a network of interconnected elements in the landscape (SANBI, 2013). 

Although ES is conceptually very important, it is still in its infancy in terms of mapping and its use in systematic 
biodiversity plans. Hence, only one clearly mappable and defendable EI feature – Strategic Water Source Areas 
– was included in the MBSP assessment. We hope to include more EI layers in the next revision of the MBSP. 

Strategic Water Source Areas  

Rationale:  Strategic Water Source Areas (previously known as areas of high water yield) are those 
areas that supply a significantly higher proportion of mean annual runoff to the region 
of interest than do other catchment areas. Strategic Water Source Areas can be 
regarded as our natural ‘water factories’, supporting socio-economic growth and 
development needs that are often located  a far distance away from the water source. 
Deterioration of water quality and quantity in these areas can have a disproportionately 
high adverse effect on the functioning of downstream ecosystems and the overall 
sustainability socio-economic development in the regions they support. Appropriate 
management of terrestrial and freshwater ecosystems in these areas, which often 
occupy only a small fraction of the land surface area, can greatly enhance provisioning 
and regulating ecosystem services that support downstream sustainability of water 
quality and quantity.  

Methods:  The map of Strategic Water Source Areas was developed by the CSIR using mean annual 
precipitation data at a 1x1-minute resolution for the entire country. This was converted 
into mean annual runoff using a set of generalised rainfall-runoff relationships (see 
ProEcoServe 2013 for details relating to the generation of this dataset). 
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The disaggregated data were summarized to a quaternary catchment scale so that it 
could be compared to the quaternary catchment mean annual runoff, and the results 
were favourable. These were the data that underpinned the identification of “high 
water yield areas” in the NFEPA project. There were a few faults in this dataset which 
resulted in the need to apply an adjustment factor to the 1x1-minute data so that the 
mean annual runoff matched the WR2005 data at each quaternary outlet. This 
essentially means that the rainfall-runoff curves were used to disaggregate to WR2005 
mean annual runoff to a 1x1-minute resolution.  

The dataset for Mpumalanga was re-sampled using a 90m grid (for display purposes 
only – resolution remains accurate at the 1 x 1 minute resolution). The proportion of 
land that produces the most runoff with the least area was calculated using cut-off 
categories including those top water-producing areas that provide: (1) 10% of our run-
off in only 1.48% of surface areas; (2) 30% of our run-off in only 5.95% of surface area; 
and, (3) 50% of our run-off in only 10.22% of area (see Figure 21). 

Biodiversity targets:  35% for 10% category, 30% for 30% category, and 25% for 50% category based on 
original extent of the ecosystem type.  These biodiversity targets for SWSAs recognise 
that land-use needs to be compatible with ensuring good quality and quantity of water 
runoff from the landscape, rather than focussing on maintenance of biodiversity. 

 

Figure 21: Strategic water source areas of Mpumalanga, based on mean annual runoff. 
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Climate Change Adaptation Features 

Three data sets were developed for use as climate change adaptation features within the MBSP. These were: 
areas important for landscape facet representation, climate change refugia, and climate change adaptation 
corridors. Although the climate change adaptation corridors were included as features with biodiversity 
targets, if they were not identified to meet biodiversity targets in the Marxan analysis as CBAs, they were later 
hard-wired in as Ecological Support Areas. 

1. Areas important for landscape facet representation 
The identification of areas important for representing many landscape facets was proposed by Beier & Brost 
(2010) as an alternative approach to addressing the impacts of climate change. This analysis aims to identify 
priority areas for representing the range of biophysical variables found in the province, based on the premise 
that conserving the full range of potential (abiotic) facets in a landscape, will increase the likelihood of 
conserving areas that may be important for supporting species and ecosystems, regardless of the future 
climate scenario. Further, these areas also represent highly diverse landscapes which are likely to be important 
for improving representation of both known and unknown biodiversity (i.e. not contained in our existing 
biodiversity proxies such as species distributions or vegetation maps). Unique landscape facets were defined 
using a combination of landtypes, landforms, altitude, aspect and slope. A separate MARXAN analysis was used 
to identify the areas of the landscape which, if conserved, would contribute most to improving the 
representation of unique land facets.  

An iterative MARXAN process was used, and the stages or runs are illustrated in Table 13. For more 
information see Appendix 2. 

• The initial run included all PUs that have more than 50% of their area within formal protected areas. 
This accounts for approximately 18% of the planning domain and equates to an area of intact habitat 
of 1 393 410 ha. Just under half (46%) of the biodiversity targets for facets and landforms were met, 
while almost a third (29%) of the possible facets were not represented at all. All planning units which 
were identified in more than 100 out of 500 runs were added to the initial selection. Stage One 
identified an additional 1968 PUs (approximately 5% of units), and resulted in a significant increase in 
the number of features for which biodiversity targets were met to 504 (93%), and a reduction in 
features which were completely unrepresented to under 1%. 

• A second run was undertaken using the same parameters as the first run, except that all features 
selected in over 50 out of 500 runs were added to the design. Stage Two identified an additional 617 
planning units (approximately 1.5%), and resulted in a slight increase in the number of features for 
which biodiversity targets were met to 528 (97%). 

• A third and final run was undertaken without using the Boundary Length Modifier, in order to ensure 
that a few isolated features were accounted for. All PUs selected in over 10 out of 500 runs were 
added to the design. Stage Three identified an additional 228 planning units (approximately 0.5%), 
and resulted in biodiversity targets being met for an additional 5 facet types.  

• The final design fully met the biodiversity targets for 533 facet types (98%). Three facet types remain 
unrepresented in the final design (these three all occupy very small areas and are found in highly 
fragmented planning units). Of the 10 features for which the biodiversity targets were not fully met, 
the areas selected represent more than 80% of their available area, i.e. the biodiversity targets which 
can realistically be met have been met in the selected area.  

Overall, the additional selected areas significantly improve the representation of unique land facets and 
increase the efficiency of the network. The initial network covered 18% of the province and met biodiversity 
targets for 46.9% of features, while 29% were unrepresented. The analysis identified an additional 6% of the 
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province which, if conserved, would meet biodiversity targets for 98.2% of land facets with only 0.5% of land 
facets completely unrepresented. 

Table 13: Summary of MARXAN process illustrating the increased efficiency in meeting biodiversity targets 
for land facets. 

   Feature targets met 

Stage No. of units 
added 

% of total 
units 

(42,183) 

Feature 
completely 

unrepresented 

>0 - <10% of 
target met 
for feature 

10 - <100% 
of target 
met for 
feature 

Target met 

Initial 7631 18.09 159 25 104 255 

Stage 1 1968 4.67 4 2 37 504 

Stage 2 617 1.46 3 2 10 528 

Stage 3 228 0.54 3 2 7 533 

Final design 10,174 24.12 3 2 7 533 

 

Landscape facets were included in the Marxan analysis as features with a biodiversity target of 60% of original 
extent. Although this approach did already partly avoid areas of heavily modified habitat, we still found only 
89% of the landscape facets to be in a natural state. 

2. Climate Change Refugia 
These are important areas likely to support plant and animal species if carbon emissions are not reduced and 
the effects of climate change continue to be felt.   (See Hopkins , 2011, on "Modelling the impacts of climate 
change on threatened plant species in Mpumalanga, South Africa" for more information). 

Rationale:  Need to protect refugia areas for plants of conservation concern as they support 
species persistence under a changing climatic environment. 

Ecosystem process: Natural areas that can sustain and support species under conditions of  climate 
change  

Methods:  Climate change refugia for a 130 plant species were identified through a Maxent 
modelling approach using current climates as well as that predicted for 2080 if we 
continue with “business as usual” in terms of carbon emissions. Areas of overlap 
between current and future distributions are identified as refugia where there are 
several overlapping areas. This approach identified 12 areas that will be refugia for 
plant species.  

Biodiversity target:  60% of original extent (currently only 66% is natural). 

3. Climate Change Adaptation Features 
The development of the corridors is discussed in more detail under Climate change adaption section earlier in 
this document. The revised corridor network is displayed in Figure 22. 
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Landscape-scale corridors 

Rationale:  To develop a set of limited “best option” corridors that link up climate change 
priority areas across Mpumalanga to conceptually highlight the need and design for 
incorporating a provincial-wide corridor network. 

Ecological Processes:  Strategically ensuring the migration of fauna and flora in response to climate 
change. 

Methods:  A multiple least-cost path analysis to connect up focal areas using a single best 
corridor route. Do see Section on "Stepwise Development of Landscape- and Local-
scale Corridors" for more details. 

Biodiversity Target:  60% of corridor. 

 

 

Figure 22: A map showing the revised corridor network for Mpumalanga province. In Mpumalanga, the 
landscape-scale corridors are represented by pale blue areas. The fine-scale, or local-scale, corridors are 
presented by areas varying from yellow to red. Free State corridor priorities are indicated by red circles while 
the climate adaptation corridors from KZN and Gauteng are indicated by darker blue areas in the adjacent 
provinces. 

Local-scale corridors 

Rationale: Connectivity between climate change focal areas will increase their viability and 
effectiveness. We used circuit theory to identify all possible paths that contribute 
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to connectivity, and they reflect movement routes taken by random walkers. 
Circuit theory has the advantage of identifying and quantifying “pinch points” or 
“critical linkages” (constrictions in linkage areas that, if lost, could sever 
connectivity entirely).  These areas can be prioritised for conservation (Singleton & 
McRae, 2013), and in the MBSP these were used to identify CBAs.  Circuit models 
can also identify alternative pathways for movement, which can lessen the effect 
of critical linkages and provide networks that are more robust to disturbance. 

Ecological process:  Fine-scale adaptation of fauna and flora to a changing climate, and migration as an 
ecological process. 

Methods:  Used graph theory approach, specifically Circuitscape to identify (1) Critical 
linkages, (2) core corridors, and (3) supporting corridors. See Section on "Stepwise 
Development of Landscape- and Local-scale Corridors" for more details. 

Biodiversity Targets: 80% for Critical linkages, 60% for core corridors, 40 % for supporting corridors. 

STEP 4: ASSESSMENT OF TERRESTRIAL BIODIVERSITY PRIORITY USING 
MARXAN 

Marxan is software generally used to support the design of reserve (protected area) systems. The basic idea 
behind a ‘reserve design’ problem is that a biodiversity planner has a large number of potential sites (or 
planning units) from which to select new conservation areas - in the case of this Biodiversity Sector Plan, the 
areas prioritized by Marxan are  those designated as CBAs or ESAs, which fall outside of protected areas but 
are prioritized for conservation action. Marxan is designed to solve a particular type of problem known as the 
‘minimum set problem’, where the goal is to achieve some minimum representation of biodiversity features 
for the smallest possible cost (Game & Grantham, 2008). Marxan uses an objective function with which to: (1) 
incorporate planning unit cost, (2) cluster planning units together, and (3) ensure that all species are 
adequately represented within the spatially identified reserve network (or portfolio of planning units), thereby 
solving the ‘minimum set problem’. 

The use of a mathematical objective function gives a value for the  selection of planning units based on the 
various costs and the penalties for not meeting biodiversity targets. In its simplest form, the Marxan objective 
function is a combination of the total cost of the reserve system and a penalty for any of the biodiversity 
pattern or ecological process targets that are not met. The objective function is designed so that the lower the 
value the better. Marxan also allows a measure of reserve system fragmentation (or clustering of planning 
units) to be taken into account, by means of a boundary cost. 

The objective function takes the form of: 

 

 

1. The total cost of the network/portfolio of planning units required to meet biodiversity targets (compulsory). 

2. The total boundary length (of the portfolio of planning units), multiplied by a modifier (optional). The idea 
here is to try and minimise boundary costs to the algorithm clusters units together to lower the boundary cost. 

1 2 3 
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3. The penalty for not adequately representing biodiversity features in the portfolio of planning units 
(compulsory). The idea here is of ensuring all biodiversity targets are met relative to the other costs (1 & 2). A 
high species penalty factor would ensure all targets are met. 

The various input layers required to populate each of these three components have been described above. 

Calibration of Marxan settings 

MARXAN was used to analyse the biodiversity data and cost surfaces to identify the most efficient pattern of 
planning units required to meet biodiversity targets, and meet minimum set problem criteria. This analysis 
identified the most spatially efficient pattern of planning units to meet all biodiversity targets. This process of 
analysing the data and identifying the required planning units was run 1000 times.  

If many planning units were available to meet biodiversity targets (i.e. there were many options), then these 
units generally had a low ‘frequency of selection’ or ‘irreplaceability’ value, meaning they were simply seldom 
selected in the thousand runs. However, if a particular planning unit was always required to meet biodiversity 
targets, then it would have an ‘irreplaceability value’ out of 1000. Thus, the irreplaceability value is an 
indication of the flexibility available in the landscape to meet biodiversity targets for biodiversity pattern and 
ecological processes. In other words, where there are many options to secure a biodiversity target, there is a 
low irreplaceability, whereas high irreplaceability is associated with having fewer options. 

Species Penalty Factors 
Marxan’s objective function penalises a particular selection of planning units (so it gets a higher cost score, and 
the scenario with the lowest cost score is usually selected) if it fails to meet the biodiversity target for a 
specific feature.  Besides a desired quantitative target, each mapped feature also has a Species Penalty Factor 
(SPF) which the user can adjust to ensure that particular features are included (such as when other values are 
high, such as the PU’s cost value).  

Only a single value of 100 000 was used for all features to ensure that all biodiversity targets were met. 

Cost surface values 
Proper use of the cost function can be complicated. In its simplest form, the cost of all planning units can be 
set to a specific value, like 50. Marxan will then try and minimise the total number of planning units included in 
the reserve system but will judge the selection of planning units based solely on the features present (and 
possibly boundary costs if selected) and not on cost (Game et al., 2008). But the cost can be very useful, 
biasing the selection of planning units towards areas where one can avoid competing land-uses, or favour 
areas of climate change resilience. A general recommendation is to set the upper limit of the cost surface value 
to equal five times the PU area.  

Summary of final Cost surface values used in MBSP: 
Mean:    186.3 
Min:    41.6 
Max:    272.5 
Standard Deviation:  36.7 

Selecting a Boundary Length Modifier (BLM) Value 
Although it is possible to manipulate the BLM in Marxan, it is important to ensure that the final selection is not 
too ‘land hungry’ as this diminishes the prioritization value of the analysis. We used Zonae Cogito (Watt et 
al.,2009) and ArcGIS 10.1 to assist in refining the BLM values that resulted in an efficient area to meet 
biodiversity targets (not too land hungry) yet where PUs could be clustered together in more viable land units. 
See Figures 23 and 24 below. 
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The analysis presented in Figure 24 was very useful in selecting the final BLM values. As the BLM value was 
increased, planning units were clustered more strongly together. This resulted in increased patch size. But at 
some point clustering was too strong and the resulting clusters started to include modified areas. The ideal 
BLM value was selected before the selection of planning units started including heavily modified areas. 

 

Figure 23: The effect of increasing the combined cost of the selection of planning units (based on the 
combined cost from the objective function), with increasing BLM values. The area where the curve starts to 
flatten is an area that suggests BLM values that are more appropriate. These are explored further in Figure 24. 

 

Figure 24: The effect of clustering planning units together using increasing BLM values based on the natural 
extent of these ‘clusters’. With increasing BLM values, at some point PUs including modified areas are being 
included in the clustering, which should be avoided. 
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Final Marxan settings 
The final settings used to run Marxan in the development of the MBSP were: 

No. of features:   546 
Iterations:  6 500 000 
Runs:   1 000 
Iterative Improvement:   yes 
Starting prop:   0.4 
BLM:     0.24 
 
We used the following software packages to run Marxan (and create the necessary input files and tables): 

• Marxan Version 2.43 (64 bit); 
• ArcGIS 10.1 for general geoprocessing, corridor design, data cleaning and manipulation; 
• CLUZ  - in Virtual Windows XP mode to add point features, recalculate biodiversity target tables, etc; 
• Quantum GIS 1.8 with Qmarxan plug-in to create Marxan input files (very robust); and, 
• Zonae Cogito 174 - Marxan parameter settings. 

 

STEP 5: TRANSLATING THE MARXAN OUTPUT INTO MAP CATEGORIES 

Marxan provides two important outputs to use in the identification of spatial biodiversity priority areas (or 
map ‘categories’) to be depicted on the CBA maps:  

1. The selection frequency or irreplaceability value for each planning unit, based on the number of times 
a particular planning unit was identified within a selection of planning units to meet all the 
biodiversity  targets (subject to design criteria). We used selection frequency based on a 1000 runs. 

2.  The single best or optimal solution of planning units (after 1000 runs) that meets all the biodiversity 
targets (at the lowest cost, based on objective function). 

In addition to the Marxan analysis, there are other important data such as the corridor network shapefiles that 
need to be included when identifying map categories. In the terrestrial analysis the additional data sources we 
used were limited to: the corridor network (local- and landscape-scale corridors), and the over-wintering site 
for Blue Cranes(the latter was identified as an ESA: Species Specific area).  To merge these datasets, the CBA 
categories were erased from these layers and then they were merged together. 

Terminology 
Terminology used in the MBSP generally follows that which is recommended for use in Biodiversity Sector 
Plans and Bioregional Plans (Government Gazette No. 32006, 16 March 2009). The colour scheme used to 
depict the map categories is similar to that used in the MBCP. The classification of map categories used in the 
MBSP is based on the categories and definitions proposed during the 2013 Provincial and Metro biodiversity 
planning work session (convened by the South African National Biodiversity Institute) and is in accordance with 
the developing "Technical guidelines for developing a map of Critical Biodiversity Areas & Ecological Support 
Areas based on a systematic biodiversity plan".  

Bioregional Plans require the identification of both Critical Biodiversity Areas and Ecological Support Areas, as 
well as the inclusion of Critically Endangered Ecosystems as gazetted in terms of the National Environmental 
Management: Biodiversity Act,  No. 10 of 2004 (hereafter shortened to ‘the Biodiversity Act’).  
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The hierarchy of map categories used in the MBSP includes: 

Level 1: ‘Category’: Critical Biodiversity Areas and Ecological Support Areas (and a few others, as shown in 
Table 14).  

Level 2: ‘Sub-category’: A sub-division of the main map category, that allows greater flexibility in the 
classification of the landscape and facilitates development of specific land-use guidelines that will be 
included in Bioregional Plans.  

Level 3: ‘Type/Content’: Some of the various input layers that were used to identify the CBAs and ESAs. The 
land-use guidelines for these are expected to be similar to those that apply at higher levels of the map 
category hierarchy and hence these layers are not included in the maps that are distributed as part of 
Biodiversity Sector Plan Handbook, or any bioregional plans. ONLY the ‘CATEGORIES’ AND 
’SUBCATEGORIES’ APPEAR ON THE CBA MAPS FOR GENERAL CIRCULATION. 

 The classification of map categories used in the Mpumalanga Biodiversity Sector Plan is summarised in Table 
14, and described in greater detail below. The map categories are depicted spatially in Figure 25, the 
Mpumalanga Terrestrial CBA Map. 

 

Table 14: MBSP terrestrial map categories. 

Map Category Sub-category  Type / Content 
Protected areas 
 
 

PA: National Parks & Nature 
Reserves 

PA: National Parks & Nature 
Reserves 
 

 

PA: Protected Environment: 
Natural 

PA: Protected Environment: 
Natural 
 

 

PA: Protected Environment: 
Modified 

PA: Protected Environment: 
Modified 
 

Critical Biodiversity Areas 
(CBA) CBA: Irreplaceable CBA: Irreplaceable (100%) 

  CBA: Irreplaceable (80-99%) 

  CBA: Irreplaceable link 

  CR threatened ecosystems 

  CBA: Optimal CBA: Optimal 

Ecological Support Areas (ESA) ESA: Landscape corridor ESA: Landscape corridor 

 ESA: Local corridor ESA: Local corridor 

 ESA: Species Specific ESA: Species Specific 

  ESA: Protected Area buffers ESA: Protected Area buffers 

Other Natural Areas (ONA) Other Natural Areas ONA 

Modified  Heavily Modified Heavily Modified 

  
Moderately Modified: Old 
lands 

Moderately Modified: Old 
lands 

Protected Areas (PAs) 
These are protected areas, recognised in terms of the National Environmental Management Protected Areas 
Act, No 57 of 2003 (hereafter shortened to ‘the Protected Areas Act’),that are currently considered  to meet 
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biodiversity targets in the MBSP.(See the section above on General Input Files and Projection for more details 
relating to the protected areas that were used.) 

Critical Biodiversity Areas (CBAs) 
Critical Biodiversity Areas are those areas (outside of Protected Areas) that are required to meet biodiversity 
targets for biodiversity pattern (species and ecosystems) and ecological processes. They should remain in a 
natural state that is maintained in good ecological condition. CBAs are areas of high biodiversity value, but are 
often also at risk of being lost through biodiversity-incompatible land-use practices. CBAs include, inter alia, 
Critically Endangered Ecosystems and critical linkages (corridor pinch-points) to maintain connectivity. 
Terrestrial CBAs can be classified into two sub-categories:   

• CBA Irreplaceable; and, 
• CBA Optimal.  

Critical Biodiversity Area: Irreplaceable 

Irreplaceable CBAs are the most important biodiversity areas in the Province, outside of the protected area 
network. This sub-category comprises those CBAs considered essential for meeting biodiversity targets to 
ensure the persistence of species and the functioning of ecosystems. Such areas are often at risk of being lost 
due to their remaining extent already being near to or lower than the required biodiversity target. For 
example, the only known nesting sites for certain highly threatened bird species, or areas of high connectivity 
value which are at high risk of being disrupted (i.e. critical corridor linkages in the landscape). If Irreplaceable 
CBAs suffer any further loss of habitat or ecological function, it is likely that the biodiversity targets will not be 
met and species losses and breakdown of ecological functioning will take place.  

In the MBSP, the CBA: Irreplaceable category has 4informants, which are listed in the Type/Content column in 
Table 14 and are described further below. (Details of these 4 layers will not form part of bioregional plans, but 
will be incorporated in other products such as Mpumalanga Protected Area Expansion Strategy).  

• CBA: Irreplaceable (100% irreplaceable):Identified in Marxan, with a common value cost surface and a 
BLM of zero. 

• CBA: High Irreplaceability (80-100% irreplaceable). 
• CBA: Critical linkages: These are areas of the natural landscape that represent the only remaining and 

highly constrained linkages which, if lost, would result in the disruption of the corridor network as a 
whole (i.e. they are ‘pinch points’ in the corridor). These areas are vital for maintaining the linkage 
and ecological integrity of the corridor and its associated biodiversity-related processes.  Critical 
Linkages were identified using Circuitscape. 

• Critically Endangered Threatened Ecosystems (gazetted threatened ecosystems). 
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Figure 25: Mpumalanga Biodiversity Sector Plan terrestrial CBA map. 

Critical Biodiversity Area: Optimal 

The CBA Optimal areas (previously referred to as Important & Necessary in the  MBCP), are those which 
represent the best localities (out of a potentially larger selection of available planning units) that are most 
optimally located to meet biodiversity targets and satisfy other criteria defined by either the Marxan design or 
cost layers. These areas have an irreplaceability (or frequency selection score) of less than 80%. In Marxan, this 
is categorised as the “Best” solution, meaning that it is the most spatially efficient and, therefore, the optimal 
solution for meeting biodiversity targets whilst avoiding high cost areas. 

Even though these areas have a lower Irreplaceability value (or selection frequency score) than the CBA 
Irreplaceable category, they collectively reflect the smallest area required to meet the biodiversity targets. 
There may be options to meet the biodiversity targets elsewhere, but these will require more land or may lead 
to increasing conflict between competing land uses.  

Ecological Support Areas (ESAs) 
Ecological support areas are not essential for meeting biodiversity targets but play an important role in 
supporting the ecological functioning of critical biodiversity areas or for generating or delivering important 
ecosystem services. They support landscape connectivity and resilience to climate change adaptation.  ESAs 
need to be maintained in at least an ecologically functional state.  

Four sub-categories of ESA are recognised in the MBSP, as described below: 
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• ESA: Landscape-scale Corridors 
• ESA: Local-scale corridors 
• ESA: Species Specific 
• ESA: Protected Area Buffers 

Ecological Support Area: Landscape-scale corridors 

These corridors represent the ideal or best route option for supporting the ecological functioning of critical 
biodiversity areas and for enabling species to adapt to the impacts of climate change. The ecological 
functioning and connectivity of these corridors needs to be maintained, even if some loss of biodiversity 
pattern takes place.  

Ecological Support Area: Local-scale corridors 

These are the fine-scale connectivity pathways identified using Circuitscape. They incorporate all possible 
routes that contribute to connectivity between climate change focal areas, and they reflect movement routes 
taken by ‘random walkers’.  Circuit models can also highlight alternative pathways for movement, which can 
lessen the effect of critical linkages and provide networks that are more robust to disturbance. The 
functionality of these corridors to support biodiversity connectivity needs to be maintained. 

Ecological Support Area: Species Specific 

These are areas required for the persistence of specific species. Although these areas are frequently modified 
from the natural state, a change in current land-use to anything other than rehabilitated land would most 
likely result in a loss of the species from the area. Only one area, an important over-wintering site for Blue 
Cranes was identified as an ESA: Species Specific (by Gauteng’s ornithologist, Craig Whitting-Jones).This ESA, 
which is shared with Gauteng, comprises a matrix of natural and cultivated lands. 

Ecological Support Area: Protected Area buffers 

These are areas around Protected Areas where changes in land use may affect the ecological functioning or 
tourism potential of the Protected Areas. The purpose of these buffer zones is to mitigate the impacts of 
biodiversity-incompatible land uses that may have a negative effect on the environment. Changes in land use 
usually have either direct impacts (such as habitat loss due to cultivating virgin land), or both direct and 
indirect impacts(such as light and noise pollution), in addition to a changes in land cover. Biodiversity-
compatible land uses (such as well-managed eco-tourism) within the ESA: Protected Area buffers should be 
considered, depending on the nature of the land-use and its associated impacts. The buffer distances applied 
in the MBSP, include: 

• National Parks: A 10 km buffer applied as indicated in Listing Notice 3. National parks are our 
nationally important biodiversity and tourism assets and biodiversity-incompatible (i.e. undesirable) 
land-uses within the ESA protected area buffer must be avoided. 

• Protected Areas (Nature Reserves): A 5 km buffer distance has been applied around nature reserves 
as indicated in Listing Notice 3.Nature reserves have both biodiversity and tourism value, and any 
undesirable changes in land-use within the buffer zone should be avoided.  

• Protected Environments: A 1 km buffer is applied around Protected Environments. Protected 
Environments are often situated in production landscapes in which biodiversity-compatible 
production and management practices are taking place, according to an agreed management plan.  
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Other Natural Areas (ONA) 
These are natural areas that have not been selected to meet biodiversity pattern or ecosystem process targets, 
or to support the functioning of Critical Biodiversity Areas. Despite this, they are not without ‘value’. ONAs 
often retain much of their natural character and may contribute significantly to maintenance of viable species 
populations and natural ecosystem functioning, and may provide important ecological infrastructure and 
ecosystem services. They are not, however, prioritized for immediate conservation action in the MBSP, unless 
CBAs or ESAs are lost, or impacting activities within the ONAs impact negatively on other areas. 

Modified (‘Transformed’) 
Modified areas (often called ‘transformed’ areas in other literature, including the MBCP)are those which have 
lost a significant proportion (or all) of their natural biodiversity and in which ecological processes have broken 
down (in some cases irretrievably), as a result of biodiversity-incompatible land-use practices such as 
ploughing, hardening of surfaces, mining, cultivation and the construction of houses or other built 
infrastructure. Even so, these areas may include small fragments of natural habitat such as the patches or 
strips of natural vegetation that survive between planted fields or the small, natural open spaces in towns. 
These disconnected fragments are often biologically impoverished, highly vulnerable to damage and have 
limited likelihood of being able to persist, though they may retain some residual biodiversity value and 
ecological function. They are not generally considered a priority for conservation action unless they contain 
unique features that demand it. 

Two sub-categories of Modified are recognised: 

Heavily Modified: includes areas that are significantly modified from the natural state, and in which 
biodiversity pattern and ecological function has been lost to the point that it is not worth considering these 
areas for any kind of conservation action due to their poor ecological state. It is often recommended that 
biodiversity-incompatible land uses be located within these areas to avoid negative impacts in other areas that 
are of greater biodiversity value. 

Moderately Modified – Old Lands: includes areas which were modified from the natural state within the 
last 80 years but where the impacting land uses have been abandoned at some point and the land has been 
left to re-vegetate. These areas include old mines and old cultivated lands, collectively termed “Old Lands” in 
the MBSP. These are areas where biodiversity pattern and ecological function have been seriously 
compromised, but they may still play an important role in the provisioning of ecosystem services, or may 
provide important habitats for certain animal species. For example, old cultivated lands can provide important 
feeding grounds for birds such as blue cranes and disused mine shafts can provide suitable habitats for certain 
species of bats.  

THE MPUMALANGA BIODIVERSITY SECTOR PLAN FRESHWATER ASSESSMENT 

Planning approach 

The MBSP freshwater assessment relied heavily on the recently completed NFEPA project (Driver et al., 2011; 
Nel et al., 2011). Selected data products were ‘cleaned’ and incorporated into the MBSP freshwater 
assessment. These data layers were cleaned using an updated and fine-scale land cover product based on 2010 
Spot5 imagery (see section on Land Cover, page 21), or high resolution digital aerial imagery. In addition, the 
fish support areas were updated with data collated by the MTPA collated on the distribution of fish species of 
conservation concern following a workshop in February 2011. 

 



63 
 

 

Using the National Freshwater Biodiversity Assessment data (NFEPA) 

Freshwater Ecosystem Priority Areas (FEPAs) are strategic spatial priorities for meeting biodiversity targets for 
freshwater ecosystems and supporting sustainable use of water resources. The National Freshwater Ecosystem 
Priority Areas (NFEPA) Project (Driver et al., 2011, and Nel et al., 2011) identified FEPAs through a process that 
takes into account systematic biodiversity planning and expert inputs, using a range of criteria dealing with the 
maintenance of key ecological processes and the conservation of ecosystem types and species associated with 
rivers, wetlands and estuaries. 

Considering that the NFEPA Project was both recent and very well received in the scientific community, it 
seemed expedient to include the products into this MBSP with minor refinement. Although the FEPAs were 
considered as a cost surface in Marxan's terrestrial analysis (see section on "Developing a freshwater 
biodiversity cost layer"), the spatial products from NFEPA were also incorporated into the freshwater 
assessment of the MBSP. For details of the technical process followed to identify FEPAs, see the NFEPA 
technical manual (Nel et al., 2011).  

To summarise, the following Input data layers were used for identifying Freshwater Ecosystem Priority Areas 
(FEPAs): 

• River ecosystem types, comprising unique combinations of landscape features, flow variability and 
channel slope. River ecosystem types were used to represent natural examples of the diversity of 
river ecosystems across the country. 

• River condition, combining data on the present ecological state of rivers (1999, and available updates 
but excluding 2013 analysis), river health data, reserve determination data, expert knowledge and 
natural land cover data. Rivers had to be in a good condition (A or B ecological category) to be chosen 
as FEPAs. 

• Wetland ecosystem types, consisting of unique combinations of landforms (benches, slopes, valley-
bottoms and plains) and vegetation types. These were used to represent the diversity of wetland 
ecosystems across the country. 

• Wetland condition, modelled using the proportion of natural vegetation in and around the wetland as 
an indicator of ecological condition. Wetland condition was used to favour the selection of wetlands 
in good ecological condition as FEPAs, although wetlands did not have to be in a good ecological 
condition to be chosen as a FEPA. 

• Landforms, that categorise the country’s landscape into hill tops, slopes, valley-bottoms and plains. 
Landforms were used in identifying wetland ecosystem types. 

• Wetland vegetation groups, that are based on groupings of national vegetation types expected to 
share similar types of wetlands. They were used in combination with the landform map to identify 
wetland ecosystem types. 

From the various FEPA data sets, we selected a sub-set of features for incorporation into the MBSP. These are 
described below, with a brief explanation of the changes or refinements we made for inclusion of the MBSP:  

River FEPAs and associated sub-quaternary catchments 
River FEPAs achieve biodiversity targets for river ecosystems and threatened/near-threatened fish species, and 
were identified in rivers that are currently in a good ecological condition (A or B ecological category). Because 
they have been identified as FEPAs, these rivers should be maintained in good ecological condition in order to 
contribute to national biodiversity targets and support sustainable use of water resources. For river FEPAs 
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either the whole sub-quaternary catchment is identified as a FEPA, or only the river reaches within the sub-
catchments. Phase 2 FEPAs are FEPAs which are not in an A or B ecological condition. 

Modifications made for the MBSP: FEPAs and Phase 2 FEPAs were merged. Data sets were separated into FEPA 
sub-catchments and FEPA rivers (mapped off 1: 250 000 scale – NFEPA product). In addition to the FEPA rivers 
dataset, additional perennial rivers that occurred within FEPA sub-catchments were identified and included 
from the 1: 50 000 river dataset. 

MBSP products:  CBA: Rivers were (in part) derived from FEPA and Phase 2 FEPA rivers, and ESA: Important 
Sub-catchments were (in part) derived from FEPA sub-catchments. 

Wetland FEPAs 
For wetland FEPAs, only the actual wetland is mapped. Wetland FEPAs were identified using ranks that were 
based on a combination of special features and modelled wetland condition. Special features included expert 
knowledge on features of conservation importance (e.g. extensive intact peat wetlands, presence of rare 
plants and animals) as well as available spatial data on the occurrence of threatened frogs and wetland-
dependent birds. Wetland condition was modelled using the presence of artificial water bodies as well as by 
quantifying the amount of natural vegetation in and around the wetland (within 50m, 100m and 500m of the 
wetland boundary). Based on these factors, wetlands were ranked in terms of their biodiversity importance. 
Biodiversity targets for wetland ecosystems were met first in high-ranked wetlands, proceeding to lower- 
ranked wetlands only if necessary. Although wetland condition was a factor in selection of wetland FEPAs, 
wetlands did not have to be in a good ecological condition to be chosen as a FEPA.  

Modifications made to the data sets: The land-cover used to assess FEPA wetlands was based on an old (year 
2000)product that was derived from a coarse-scale satellite image (Landsat 7). We chose to update and assess 
the extent of modification of each FEPA wetland, as well as non-FEPA wetlands as we chose to use both within 
the MBSP. To assess habitat modification, we buffered each wetland by 10 m, then calculated the degree of 
modification using the 2010 Spot5 derived land-cover map. We retained current wetlands that may have been 
previously ploughed but are currently associated with one of the three species of Cranes. As a backdrop image 
to the cleaning/validation process, we used the high-resolution aerial imagery available from the Surveyor 
General that has a resolution of 50 cm for the years 2008 to 2010. This high-resolution imagery even resulted 
in the identification of wetland drains and was a useful tool for assessing each wetland. Every wetland that had 
been modified from the natural state was visually assessed before removal from the dataset. Three wetlands 
that had been mapped as ‘artificial’ wetlands (in the NFEPA Atlas) turned out to be natural wetlands where 
Grey Crowned Crane had been recorded – we thus included these as FEPA wetlands.  

The primary purpose of cleaning up the wetlands data set was to remove wetlands that had obviously been 
incorrectly mapped, such as dams or ponds or plantations. If the spatial accuracy (boundary) of the wetland 
had been incorrectly mapped, then these wetlands were still included as FEPA wetlands. To summarise the 
outcomes of the cleaning process for FEPA wetlands: 

• 10 wetlands were changed from being classed as natural to artificial. 
• 42 non-FEPA wetlands were changed to FEPA wetlands (where single pans had only parts of these 

pans identified as FEPA wetlands, the others parts as non-FEPA wetlands). 
• 419 wetland parts (a wetland can be classified into different wetland types) were changed from FEPA 

wetlands to non-FEPA wetlands or removed, based on being heavily modified. This represents 7% of 
all of the FEPA wetlands, or in terms of actual extent in hectares, a loss of 2.5% in coverage of FEPA 
wetlands. 
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Figure 26: High-resolution aerial images from 2010 that were used to assess and clean up wetland data. Drains 
and hay cut in wetland pan clearly visible. 

 

The data for Non-FEPA wetlands were also “cleaned”. The process applied was to: 

• Remove modified areas. 
• Deleted fragments smaller than 0.015 ha. 
• Systematically work through wetland coverage starting off with checking the accuracy and status of 

the smallest wetlands/fragments (non-wetlands were deleted).The final count of non-FEPA wetlands 
was 6996. 

MBSP products:  CBA: Wetlands were derived from FEPA wetlands, and ESA: Wetlands were derived from 
non-FEPA wetlands. 

 

Wetland Clusters 
Wetland clusters are groups of wetlands embedded in a relatively natural landscape that are thought to 
function as a unit. Recognising wetland clusters in biodiversity plans allows for important ecological processes 
such as migration of frogs and insects between wetlands. In many areas of the country, wetland clusters no 
longer exist because the surrounding land has become too fragmented by human impacts. Wetlands do not 
have to be designated as FEPAs to belong to a wetland cluster (although clusters with a high proportion of 
wetland FEPAs were favoured in identifying wetland clusters). 

Modifications: None, data incorporated as is (as an Ecological Support Area). 

MBSP products: ESA: Wetland Clusters were derived from NFEPA Wetland Clusters. 

 

Fish support areas associated sub-quaternary catchments 
Fish support areas are rivers that are essential for protecting threatened and near-threatened freshwater fish. 
The associated sub-quaternary catchment for each fish support area is included in the MBSP although these 
were not limited to FEPAs (fish support areas in an A or B ecological condition were identified as FEPAs). 
Therefore sub-catchments may be prioritised either because they are FEPAs or fish support areas. The use of a 
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fish symbol on the freshwater CBA maps highlights the occurrence of a fish species of conservation concern 
within the relevant sub-catchment. 

One of the NFEPA goals was to keep freshwater species from becoming threatened and to prevent those fish 
species that are already threatened from going extinct. In order to achieve this, there should be no further 
deterioration in river condition in fish sanctuaries and no new permits should be issued for stocking invasive 
alien fish in farm dams in the associated sub-quaternary catchment.  

Modifications: The FEPA status of 11 sub-catchments was changed to fish-support areas following the inclusion 
of an assessment of threatened fish species and their relevant river reaches, conducted by the MTPA in 
February 2011. This dataset was checked against that of the NFEPA fish support areas and missing sub-
catchments were incorporated. Only the Vulnerable fish species, Chiloglanis emarginatus, was missing from 
the FEPA dataset. Minor changes to species abundance data for sub-catchments were also made. Table 15 lists 
the fish species of conservation concern that were included in the MBSP fish support areas. Figure 27 provides 
an overview of the number of species per sub-catchment, although only the presence of species of 
conservation concern used in the freshwater CBA map. 

MBSP products: ESA: Fish Support Areas were derived in part from NFEPA Fish Support Areas, and ESA: 
Important Sub-catchments were identified in fish support areas. 

 

Table 15: List of fish of conservation concern incorporated into MBSP as fish support areas. 

Species NFEPA Code MBSP Code 
Threat 
Status 

Amphilius natalensis SP0268 Amph_nata DD 
Amphilius sp. 'natalensis cf. Kneria' SP1030 Amph_na_k DD 
Amphilius sp. 'natalensis cf. Treur' SP1029 Amph_na_t DD 
Barbus anoplus SP0074 Barb_anop CR/EN 
Barbus brevipinnis SP0089 Barb_brev EN 
Barbus lineomaculatus SP0116 Barb_line VU 
Barbus pallidus 'north' SP1031 Barb_pall VU 
Barbus sp. 'Ohrigstad' SP2003 Barb_ohri DD 
Barbus treurensis SP0152 Barb_treu EN 
Chetia brevis SP0360 Chet_brev EN 
Chiloglanis bifurcus SP0311 Chil_befu EN 
Chiloglanis emarginatus  Chil_emar VU 
Hydrocynus vittatus SP0248 Hydr_vitt LC 
Kneria 'kwena' SP2051 Kner_kwen CR  
Opsaridium peringueyi SO0195 Opsa_peri VU 
Serranochromis meridianus SP0393 Serr_meri EN 
Varicorhinus nelspruitensis SP0213 Vari_nels NT 
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Figure 27: Fish support areas used in the MBSP (slightly modified from NFEPA, 2012). Only point symbols 
within sub-catchments maintained through to the freshwater CBA map.  

 

Free-flowing rivers 
Free-flowing rivers are rivers without dams. These rivers flow undisturbed from their source to the confluence 
with a larger river or to the sea. Dams prevent water from flowing unimpeded down a river and disrupt 
ecological functioning, with serious knock-on effects for downstream river reaches and users. Free-flowing 
rivers are a rare feature in the South African landscape and are part of our natural heritage.  

Modifications: None. All free-flowing rivers included. 

MBSP products: CBA: Rivers were derived in part from free-flowing rivers. 

Strategic Water Source Areas (SWSAs) 
Strategic Water Source Areas (see discussion earlier in this report) were used to determine the province’s key 
water source areas, using data obtained from the ProEcoServe Project (2013). For the MBSP freshwater 
assessment, those areas producing 50% of all the run-off and accounting for10% of the provinces' surface area 
were included. 

Modifications: Data set resampled to 90 m for improving mapping resolution.  

MBSP products: ESA: Strategic Water Source Areas were derived from the strategic water source areas layer 
obtained from ProEcoServ. 
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Figure 28: Strategic Water Source Areas (ProEcoServe 2013) for Mpumalanga,  producing 50% of all  run-off in 
only 10% of the surface area of the province. 

 

Threatened freshwater-dependent invertebrates 

In addition to the NFEPA data sets, we included point locality records for Odonata (damselflies and dragonflies) 
and Crustaceans of conservation concern (listed in Table 16). Point records were sourced from John Simaika, 
Michael Samways, Warwick Tarboton, and Gerhardt Diedericks. A total of 26 point locality  records were 
included for Odonata and a few records of an undescribed crab species occurring in the Mpumalanga highland 
peat wetlands (data source: MTPA). Point locality records were given a 300 m buffer and areas of modified 
heavily habitat were removed. 

Table 16: List of Odonata and Crustaceans of conservation concern included within MBSP. 

Species Common Name 
Threat 
Status Group 

Potamonautes flavusjo        Johan's Colourful Crab         EN          Crab 
Proischnura rotundipennis Round-winged Bluet (Damselfly) VU Damselfly 
Pseudagrion inopinatum Badplaas Sprite (Damselfly) EN Damselfly 
Pseudagrion newtonii Harlequin Sprite (Damselfly) VU Damselfly 
Pseudagrion sjoestedti pseudosjoestedti Damselfly CR Damselfly 
Diplacodes pumila Dwarf Percher (Dragonfly) EN Dragonfly 
Gomphidia quarrei Dragonfly VU Dragonfly 
Lestinogomphus angustus Spined Fairytail (Dragonfly) NT Dragonfly 
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Neurogomphus zambeziensis Dragonfly VU Dragonfly 
Olpogastra lugubris Slender Bottletail (Dragonfly) VU Dragonfly 
Phyllomacromia monoceros Unicorn Cruiser (Dragonfly) DD Dragonfly 
Trithemis werneri Dragonfly NT Dragonfly 
Zosteraeschna usumbarica Elliot's Hawker (Dragonfly) VU Dragonfly 

 

MBSP products: CBA: Aquatic Species were derived from threatened freshwater invertebrate species. 

MBSP Freshwater Map Categories 

The terminology used in the MBSP freshwater assessment follows the recommendations in the Guidelines for 
Biodiversity Sector Plans and Bioregional Plans (Government Gazette No. 32006, 16 March 2009). The 
hierarchy of map categories includes three levels, as was the case in the terrestrial assessment. The hierarchy 
is as follows: 

Level 1 - Category: Critical Biodiversity Areas and Ecological Support Areas (and a few other categories, as in 
Table 17).  

Level 2 - Subcategory: A lower hierarchical level, and sub-division of a category that allows flexibility in the 
classification of the landscape and the resulting land-use guidelines that will be included in the Bioregional 
plans.  

Level 3 - Type/Content: The various input files that went into the CBA map categories but their land-use 
guidelines are expected to be similar and hence will not be distributed as part of biodiversity sector plan 
Handbook or bioregional plan. 

The three tiers of the Mpumalanga Biodiversity Sector Plan’s freshwater CBA map categories are provided in 
Table 18 below. Although the table presents all three levels of the hierarchy, only the first two levels will be 
included in the publically released spatial products. 

Table 17: Mpumalanga Biodiversity Sector Plan freshwater map categories.  

Map Category Subcategory Type/Content 

Protected areas Protected Areas Protected Areas 
Critical Biodiversity Areas 
(CBA) CBA: Aquatic species  CBA: Aquatic species (freshwater invertebrates) 

 CBA: Rivers CBA: FEPA rivers 

  CBA: Free-flowing rivers 

 CBA: Wetlands CBA: FEPA wetland 

Ecological Support Areas (ESA) ESA: Wetland clusters ESA: Wetland clusters 

 ESA: Wetlands ESA: Wetlands 

 ESA: Important sub-catchments ESA: Important sub-catchments 

 ESA: Fish support areas ESA: Fish support areas 

  ESA: Strategic water source areas ESA: Strategic water source areas 

Other Natural Areas (ONA) ONA ONA 

Heavily Modified  Heavily Modified Heavily Modified 

  Modified: Dams Modified: Dams 
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Protected Areas (PAs) 
The Protected Areas layer underpinning the freshwater CBA map is the same as that used for the terrestrial 
CBA map, however, in the freshwater map Protected Areas are shown at ‘hashed 'or ‘hollowed’ areas(i.e. 
rather than in solid colour) so that the underlying freshwater map categories and sub-categories are visible. In 
terms of the freshwater assessment, targets are being "met" if they are in an A or P PES class. 

Critical Biodiversity Areas (CBAs) 
Freshwater Critical Biodiversity Areas are all freshwater ecosystems that are required to meet biodiversity 
targets for freshwater ecosystems and some species. They should be kept in a natural or near-natural state 
and maintained in a good ecological condition. Freshwater CBAs may be impacted upon by land-based 
activities that occur within the broader sub-catchment or elsewhere in the freshwater ecosystem (upstream or 
downstream). Therefore, land-use activities that occur within the broader sub-catchment also need to be 
considered when assessing the possible impact of a change in land-use on a freshwater CBA.  

Freshwater CBAs are areas of high biodiversity value that are essential for meeting freshwater biodiversity 
targets and which are often also at risk of being lost. They include free-flowing rivers, FEPA rivers and 
wetlands, and threatened freshwater invertebrates (species not included in the NFEPA project). Freshwater 
CBAs are divided into three sub-categories:   

• CBA: Aquatic species 
• CBA: Rivers 
• CBA: Wetlands  

Critical Biodiversity Area: Aquatic species 

This map category comprises areas considered critical for meeting the habitat requirements of selected 
aquatic invertebrate species (listed in Table 17). These species are all known from only one or two localities 
and are at risk of extinction if their habitat is lost. 

Critical Biodiversity Area: Rivers  

These are special rivers that need to be kept in a good ecological state in order to meet biodiversity targets for 
freshwater ecosystems. Any activities that may impact on them, whether from upstream, downstream or 
elsewhere in the catchment, need to be carefully considered and avoided (or impacts should be minimised if 
they cannot be avoided). A buffer of 100 m was used to buffer CBA rivers, and damaging activities within these 
buffers must also be avoided, unless the Department of Water Affairs river/wetland buffer tool has been 
applied. For mining activities, a 1 km buffer is required. 

CBA Rivers include:  

• All FEPA rivers. 
• All free-flowing rivers (of which only a few remain in Mpumalanga). 

Critical Biodiversity Area: Wetlands  

These are important wetlands that have been identified as freshwater ecosystem priority areas (wetland 
FEPAs) that are important for meeting biodiversity targets. They need to be kept in a good ecological condition 
(or, if they are degraded, their ecological condition needs to be improved).   Healthy examples of CBA wetlands 
are scarce and their loss must be avoided. Wetlands have not been buffered in the MBSP, and the Department 
of Water Affairs wetland buffer tool must be applied around CBA wetlands. In the absence of this, a 100 m 
buffer must be applied around all CBA wetlands. Mining should not be allowed within 1 km of a CBA wetland. 
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This map category includes:  

• Wetlands FEPAs. 

 

Figure 29: Mpumalanga Biodiversity Sector Plan freshwater CBA map, showing sub-categories. 

 

Ecological Support Areas (ESAs) 
Ecological support areas are not essential for meeting freshwater biodiversity targets but play an important 
role in supporting the ecological functioning of freshwater CBAs. Freshwater ESAs need to be maintained in at 
least a functional state, supporting the purpose of the ESA. Impacts in the upstream catchment should be 
mitigated or minimised through application of the land-use guidelines that accompany the CBA map.  

Freshwater ESA’s include the following sub-categories: 

• ESA: Wetlands 
• ESA: Wetland Clusters 
• ESA: Important sub-catchments 
• ESA: Fish support areas 
• ESA: Strategic Water Source Areas 
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ESA: Wetlands 

All non-FEPA wetlands were identified as ESA: Wetlands. These wetlands support the hydrological functioning 
of rivers and water tables and provide important habitat for freshwater biodiversity.  They represent high 
value ecological infrastructure for delivering, managing and storing good quality water for human use, and 
they are vulnerable to harmful impacts. They must be maintained in a healthy ecological condition.  

ESA: Wetland clusters 

These are clusters of wetlands embedded within a largely natural landscape that functions as a unit. A wetland 
cluster and its natural buffer facilitate movement of species between wetlands and support other ecological 
processes that operate at a broader landscape scale. Any loss of habitat or impacts that compromise the 
healthy functioning of these wetland clusters must be avoided. 

ESA: Important sub-catchments 

This map category includes the sub-catchments of river FEPAs. A river FEPA is the river reach that is required 
for meeting biodiversity targets for river ecosystems and fish species of conservation concern. In managing the 
condition of a river FEPA, it is important to manage not only the river reach itself, but also the network of 
streams and wetlands as well as land-based activities in the sub-catchment that supports the river FEPA – this 
is where the ESA: Important Sub-catchments come in. The presence of an ESA: Important Sub-catchment may 
trigger the need for additional studies (such as wetland and river buffer assessments or threatened fish 
surveys). Disturbances within these sub-catchments may lead to biodiversity losses (e.g. declining fish 
populations) and a breakdown in the functioning of the wetlands, and tributaries that feed the associated river 
FEPA. The potential impacts of modifying activities or changes in land-use within these sub-catchments must 
be carefully assessed and avoided wherever possible 

ESA: Fish support areas 

Fish support areas are sub-quaternary catchments that are important for supporting populations of indigenous 
fish species of conservation concern (threatened and near-threatened species), even if they are not in top 
ecological condition. The location of the fish populations is denoted by the use of a fish symbol on the 
freshwater CBA map.  Any impacting activities within the sub-catchment (and not just in the position of the 
fish symbol itself on the map) needs to be carefully considered and negative impacts (either on-site, upstream 
or downstream) must be avoided at all costs.  The presence of fish support areas should also trigger 
appropriate studies to assess potential impacts. 

ESA: Strategic water source areas 

These areas, which account for 10% of the land surface of Mpumalanga, receive the highest rainfall and 
provide 50% of all the water runoff in the province. A change in the functioning of the supporting ecological 
infrastructure needs to be considered and assessed if there are any proposed changes in land-uses, particularly 
activities which may result in a change in water quality or quality. The ecological condition and functioning of 
these areas must be restored wherever possible as they provide an invaluable ecosystem service. 

Other Natural Areas (ONA) 
These are natural areas which are not needed to meet biodiversity pattern or process targets provided that 
CBAs or ESAs are not lost. They are potentially available for changes inland use, subject to the usual 
environmental authorisations. Although they are not identified as necessary for supporting the functioning of 
freshwater CBAs or ESA,  they still provide a range of ecosystem services and may be particularly important in 
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buffers around rivers and wetlands, to reduce siltation and maintain water quality. Freshwater ONAs include 
"old lands" as these provide a valuable ecosystem service and are important for maintaining freshwater CBAs. 

Modified 

Modified areas (often called ‘transformed’ areas in other literature, including the MBCP) are those which have 
lost a significant proportion (or all) of their natural biodiversity and in which ecological processes have broken 
down (in some cases irretrievably), as a result of biodiversity-incompatible land-use practices such as 
ploughing, draining of wetlands, pollution, hardening of surfaces, mining, cultivation and the construction of 
houses or other built infrastructure. Even so, these areas may include small fragments of natural habitat that 
retain some residual biodiversity value and ecological function. They are not generally considered a priority for 
conservation action unless they contain unique features that demand it. 

Heavily Modified: These are all freshwater ecosystems that are currently modified to such an extent that any 
valuable biodiversity and ecological functioning has been lost (e.g. in wetlands that have been drained). 
Indirect polluting effects from hardened surfaces or inappropriate land-uses still need to be carefully assessed, 
though, where modified habitats occur within freshwater CBAs and ESA sub-catchments.  

Modified – dams: includes artificial water bodies which are may have impacted on wetlands or river systems. 
These areas may, however, still have a recharge effect on wetlands, groundwater, and river systems. They may 
also support wetland or river-dependent fauna, such as water birds. The edges of dams may also support 
natural wetland vegetation, and their constituent fauna and flora. It is important to manage dams carefully to 
avoid negative impacts on water quality and quantity in particular.  

 

STEP 6: IMPLEMENTATION OF THE CBA MAPS AND ASSOCIATED PRODUCTS 

This step involved the translation of the outputs of the spatial analysis into meaningful spatial categories that 
can be incorporated into other planning tools and legislated products. Many of these are discussed within the 
MBSP Handbook (MTPA 2014)which focuses on interpreting the spatial assessment for implementation. It 
targets a wide range of users and introduces applicable land-use guidelines for maintaining the desired 
management objectives for each of the MBSP map categories.  The MBSP Handbook is a companion document 
to this Technical Report. The MBSP Handbook is available for download as PDF at: 
https://dl.dropboxusercontent.com/u/3593954/MBSP/MBSP%20Handbook.pdf 

or http://bgis.sanbi.org/mbsp/project.asp 

A webmap application has also been created to view the MBSP freshwater and terrestrial CBA maps, and the 
data can be downloaded. To view the webmap click here: http://conservation3.arcgisonline.com/Apps/MBSP/ 

The dataset and products will also be available to download on the SANBI BGIS website: 
http://bgis.sanbi.org/mbsp/project.asp 

Implementation through legislated products 
The MBSP can be implemented by means of: 

• Bioregional plans (in terms of the Biodiversity Act). 
• NEMA and Listing Notice 3 (Listing Notice 3 of the Environmental Impact Assessment Regulations, 

2014, and National Environmental Management Act 107 of 1998).  

https://dl.dropboxusercontent.com/u/3593954/MBSP/MBSP%20Handbook.pdf�
http://bgis.sanbi.org/mbsp/project.asp�
http://conservation3.arcgisonline.com/Apps/MBSP/�
http://bgis.sanbi.org/mbsp/project.asp�
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• Threatened Ecosystems (gazetted in National Gazette No 34809 of 9 December2011, Volume 558). 
• Environmental Management Frameworks (Sections 24 and 44 of National Environmental 

Management Act 107 of 1998). 
• Municipal planning instruments such as SDFs and LUS (gazetted in Local Government: Municipal 

Systems Act No. 32 of 2000 and Regulation 2(4) of the Local Government: Municipal Planning and 
Performance Management Regulations, 2001. In addition the Spatial Planning and Land Use 
Management Act No. 16 of 2013 (SPLUMA) also provides for the content of SDFs and LUS. 

 

Informing biodiversity assessments 
The sensitivity and underlying CBA or ESA categories should trigger appropriate specialist studies to assess the 
effect of changes in land-uses. This is addressed in more detail under chapter 6 of the MBSP Handbook entitled 
"Using CBA maps in Land-Use Planning and Decision-making".   

Inform priorities in other planning instruments 
Besides the products listed above, the MBSP will, also be used internally within the MTPA to inform spatial 
priorities for the Mpumalanga Protected Area Expansion Strategy (MPAES) and it will feed into the MTPA 
climate change adaptation strategy. 

Monitoring and revision 
The MBSP will be subject to a five year revision cycle, but pending updated landcover and improved 
biodiversity information. This is in line with the requirements for review of bioregional plans. 

DISPLAY OF MBSP MAP CATEGORIES 

The GIS files are available in electronic format on SANBI’s BGIS website which can be accessed at 
http://bgis.sanbi.org. A custom list of colours (according to their RGB values) is provided in Table 18. 

Some of the available products for use include: 

• The MBSP Handbook (available from MTPA or http://bgis.sanbi.org) 
• MBSP GIS Viewer, a standalone free GIS viewer application for desktop computers (available from 

MTPA or http://bgis.sanbi.org) 
• Online MBSP web map (http://conservation3.arcgisonline.com/Apps/MBSP/) 
• Mpumalanga Biodiversity Plan mobile application for Android phones and tablets. Available on 

Google Play store (https://play.google.com/store/apps/details?id=com.fieldnotes.mbcp&hl=en). 

 

 

 

 

 

 

 

http://bgis.sanbi.org/�
http://bgis.sanbi.org/�
http://bgis.sanbi.org/�
https://play.google.com/store/apps/details?id=com.fieldnotes.mbcp&hl=en�
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Table 18: Recommended RGB colour symbology for the various MBSP map categories 

 

Freshwater CBA Map 

Category/Subcategory R G B 

Protected Areas 38 115 0 

CBA: Aquatic species  255 0 197 

CBA: Rivers 0 38 115 
CBA: Wetlands 132 0 168 
ESA: Wetland clusters 223 107 255 
ESA: Wetlands 232 181 255 
ESA: Important subcatchments& FSA 0 197 255 

ESA: Strategic water source areas 230 230 0 

Other Natural Areas 215 239 255 

Heavily Modified 250 255 255 

Modified: Dams 225 225 225 

Terrestrial CBA Map 

Category/Subcategory R G B 

PA: National Parks & Nature Reserves 38 115 0 

PA: Protected Environment: Natural 89 115 0 

PA: Protected Environment: Modified 138 168 28 

CBA: Irreplaceable 255 0 0 

CBA: Optimal 230 230 0 

ESA: Landscape corridor 255 150 0 

ESA: Local corridor 235 173 69 
ESA: Species Specific 245 162 122 

ESA: Protected Area buffers 56 168 0 

Other Natural Areas 199 215 158 

Modified 255 255 255 

Modified: Old lands 255 255 188 

 

A note on the Revision of Ecosystem Threat Status 

As mentioned above, the National Environmental Management: Biodiversity Act (Act 1 0 of 2004) provides for 
the establishment of a National List of Threatened Ecosystems. This List was gazetted in 2011 (No 34809 of 9 
December2011 - Volume 558), together with a set of criteria used to inform the development of this list. 
Although a larger list of criteria to use were developed and agreed upon, there was not always sufficient data 
available to assess this.  Currently, for terrestrial ecosystems, only Criteria A1, A2, C, D1 and F have been used 
to identify threatened ecosystems in Mpumalanga. Criteria A2 and C have, thus far, only been applied to forest 
ecosystem types (nationally). For the MBSP we have included all threatened ecosystems as gazetted in 2011, 
but we reviewed how they should change when applying Criterion A1 on the updated landcover information 
used in the MBSP.  
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The Biodiversity Act provides for listing of threatened or protected ecosystems under the following categories:  

• critically endangered (CR) ecosystems, being ecosystems that have undergone severe degradation of 
ecological structure, function or composition as a result of human intervention and that are subject to 
a high risk of irreversible modification;  

• endangered (EN) ecosystems, being ecosystems that have undergone degradation of ecological 
structure, function or composition as a result of human intervention, although they are not critically 
endangered ecosystems;  

• vulnerable (VU) ecosystems, being ecosystems that have a high risk of undergoing significant 
degradation of ecological structure, function or composition as a result of human intervention, 
although they are not critically endangered ecosystems or endangered ecosystems;  

• protected ecosystems, being ecosystems that are of high conservation value or of high national or 
provincial importance, although they are not listed as critically endangered, endangered or 
vulnerable. 

All listed ecosystems (as of 2011) have been identified based on carefully developed and consistently applied 
national criteria (see Table 19, below).  The Biodiversity Act allows the Minister or an MEC to gazette 
threatened ecosystems. The National Spatial Biodiversity Assessment (2004) and Vegetation of South Africa 
(Mucina & Rutherford, 2006) included early attempts to identify threatened ecosystems. However, the current 
identification of threatened terrestrial ecosystems (as gazetted) is much more detailed and comprehensive, 
using additional criteria and data. This means that only this list of gazetted threatened ecosystems has legal 
standing and must be used in conjunction with the MBSP. 

 

Table 19: Criteria used to identify threatened terrestrial ecosystems, with thresholds for critically endangered 
(CR), endangered (EN), and vulnerable (VU) ecosystems. Text in green has been applied to forests and text in 
grey is currently dormant. 

Criterion Critically Endangered (CR) Endangered (EN) Vulnerable (VU) 

A1: Irreversible loss of natural 
habitat 

Remaining natural habitat ≤ 
biodiversity target 

Remaining natural habitat 
≤ (biodiversity target + 
15%) 

Remaining natural habitat 
≤ 60% of original area of 
ecosystem 

 
A2: Ecosystem degradation and 
loss of integrity 

≥ 60% of ecosystem significantly 
degraded 

≥ 40% of ecosystem 
significantly degraded 

≥ 20% of ecosystem 
significantly degraded 

B: Rate of loss of natural habitat    
 
C: Limited extent and imminent 
threat  

Ecosystem extent ≤ 3,000 
ha, and imminent threat 

Ecosystem extent ≤ 6,000 
ha, and imminent threat 

 
D1: Threatened plant species 
associations 

≥ 80 threatened Red Data List 
plant species 

≥ 60 threatened Red Data 
List plant species 

≥ 40 threatened Red Data 
List plant species 

 
D2: Threatened animal species 
associations    

E: Fragmentation    
 
F: Priority areas for meeting 
explicit biodiversity targets as 
defined in a systematic 
biodiversity plan 

Very high irreplaceability and 
high threat 

Very high irreplaceability 
and medium threat 

Very high irreplaceability 
and low threat 
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What are the Implications of listing an ecosystem?  

There are four main implications of listing an ecosystem as threatened:  

• Planning-related implications, linked to the requirement in the Biodiversity Act for listed ecosystems to be 
taken into account in municipal lDPs and SDFs;  

• Environmental authorisation implications, in terms of NEMA and EIA regulations;  

• Proactive management implications, in terms of the Biodiversity Act;  

• Monitoring and reporting implications, in terms of the Biodiversity Act.  

The environmental authorisation Implications are summarised below. The Environmental Impact Assessment 
(EIA) Regulations include three lists of activities that require environmental authorisation:  

• Listing Notice 1: activities that require a basic assessment (R983 of 2014),  

• Listing Notice 2: activities that require scoping and environmental impact report  (R984 of 2014),  

• Listing Notice 3: activities that require a basic assessment in specific identified geographical areas only 
(R985 of 2014).  

Activity 12 in Listing Notice 3 relates to the clearance of 300 m2 or more of vegetation, which will trigger a 
basic assessment within any critically endangered or endangered ecosystem listed in terms of S52 of the 
Biodiversity Act. This means any land-use activity that involves loss of natural habitat in a listed critically 
endangered or endangered ecosystem is likely to require at least a basic assessment in terms of the EIA 
regulations. It is important to note that while the original extent of each listed ecosystem has been mapped, a 
basic assessment report in terms of the EIA regulations is triggered only in remaining natural habitat within 
each ecosystem, and not in portions of the ecosystem where natural habitat has already been irreversibly lost. 

Updating Ecosystem Threat Status 

Only Criterion A1 was used to update the ecosystem threat status of vegetation units, in line with the same 
methodology employed in the Gazette Notice (2011), but using updated landcover data. The approach 
followed was to calculate the extent of modification for all vegetation types occurring in Mpumalanga by 
considering their original entire extent in South Africa (not only in Mpumalanga, but excluding Swaziland and 
Mozambique). An updated landcover map was created to cover the extent of all vegetation types recorded 
within Mpumalanga by combining the Mpumalanga 2010 SPOT derived landcover, together with the: National 
Landcover 2009 for Gauteng and North West Province (http://bgis.sanbi.org/landcover/project.asp), Limpopo 
landcover 2009 (based on 2009 SPOT 5 imagery ; GTI 2012); Free State 2012 (GTI, 2011); and KwaZulu-Natal 
(Ezemvelo KZN Wildlife 2011 using 2008 imagery). The extent of modification of natural habitat was 
determined for all vegetation types and the ecosystem threat status of each vegetation type was assessed and 
updated. The results are shown in Figure 30. 

It is proposed that the ecosystem threat  status category should change for Eastern Highveld Grassland (from 
Vulnerable to Endangered) and Frankfort Highveld Grassland (from least concern to Vulnerable). 

http://bgis.sanbi.org/landcover/project.asp�
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Figure 30: Map showing the current legislated threatened ecosystems for Mpumalanga (A) and the proposed 
status based on best available information (B). 
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EXPLANATION OF KEY TECHNICAL TERMS 

It is anticipated that the primary users of this Technical Report will be people with technical expertise in 
systematic biodiversity planning, and who are likely to have a thorough knowledge and understanding of all 
relevant technical terms. For this reason, a comprehensive glossary of terms has not been included. We have 
endeavoured to use terminology consistently with the current practice within the South African biodiversity 
planning community, and in accordance with the guidelines that are being developed and refined at the 
annual Provincial and Metro Planning work sessions convened by the South African National Biodiversity 
Institute. However, there are some terms that currently are not always used in exactly the same way within 
the biodiversity planning community and, in order to avoid any potential confusion, we have provided a short 
explanation of the sense in which we have used these terms in this Technical Report (although explanations 
are also given in the text).  

Biodiversity feature(s): An element or component of biodiversity for which it is possible to set a quantitative 
target, for example a vegetation type, species or spatial component of an ecological process (such as bird 
nesting sites, strategic water source areas, and so on). 

Biodiversity priority areas: We have used this term to apply to any areas or features in the landscape that are 
important for conserving a representative sample of ecosystems and species, for maintaining ecological 
processes, or for the provision of ecosystem services. We have sometimes referred to these areas as ‘focal 
areas’.   

Conservation concern (‘species of conservation concern’): This is a ‘basket’ term applied to all species that 
require special conservation attention, as per the recommendations in the Red List. Species of conservation 
concern may be threatened species (CR, EN, VU), near-threatened, rare, declining, data deficient etc. (See 
http://redlist.sanbi.org/recat.php/ for more detail). 

Conservation status: This is an indicator of the risk a species faces of becoming extinct, as determined though 
a conservation assessment in a red-listing process. The conservation status of a species is indicated by the Red 
List category to which it belongs. We regard ‘conservation status’ as being essentially different from 
‘protection level’. (For example, a well-protected species may yet be at risk of extinction - take the rhino, for 
example - and a poorly protected species may not necessarily be at risk, depending on the circumstances – or 
vice versa). 

Ecosystem threat status: Our usage of this term is consistent with the definition provided in the National 
Biodiversity Assessment, 2011 (Driver et al., 2012). It is a measure of how threatened an ecosystem is, based 
on how much of the ecosystem’s original area remains intact relative to three thresholds or ‘tipping points’. 
The thresholds indicate the points at which it is estimated (based on the best available science) that the 
ecosystem would undergo fundamental change, or even be lost altogether.  

Map categories: We have used this term to apply to the spatial depiction of certain biodiversity priority areas 
on maps – such as Critical Biodiversity Areas, Ecological Support Areas, and so on. 

Modified habitat/ecosystems: In keeping with nationally-developing practice, we use the term ‘heavily’ or 
‘irreversibly modified’ habitat to replace the term ‘transformed’, that was used in earlier literature (including 
the MBCP). Modified areas (or areas that have undergone modification) are those which have lost a significant 
proportion (or all) of their natural biodiversity and in which ecological processes have broken down (in some 
cases irretrievably), as a result of biodiversity-incompatible land-use practices such as ploughing, hardening of 
surfaces, mining, cultivation and the construction of houses or other built infrastructure. Even so, these areas 
may include small fragments of natural habitat such as the patches or strips of natural vegetation that survive 
between planted fields or the small, natural open spaces in towns. These disconnected fragments are often 
biologically impoverished, highly vulnerable to damage and have limited likelihood of being able to persist, 
though they may retain some residual biodiversity value and ecological function. They are not generally 
considered a priority for conservation action unless they contain unique features that demand it. 

 

http://redlist.sanbi.org/recat.php/�
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Two sub-categories of Modified are recognised: 

• Heavily Modified: includes areas that are significantly modified from the natural state, and in which 
biodiversity pattern and ecological function has been lost to the point that it is not worth considering 
these areas for any kind of conservation action due to their poor ecological state.  It is often 
recommended that biodiversity-incompatible land uses be located within these areas to avoid 
negative impacts in other areas that are of greater biodiversity value. (Areas that have lost off of their 
biodiversity value and ecological function may be called irreversibly modified.’) 

• Moderately Modified - Old Lands: this includes areas which were modified from the natural state 
within the last 80 years but where the impacting land uses have been abandoned at some point and 
the land has been rehabilitated or left to re-vegetate naturally. These areas include old mines and old 
cultivated lands, collectively termed “Old Lands” in the MBSP. These are areas where biodiversity 
pattern and ecological function have been seriously compromised, but they may still play an 
important role in the provisioning of ecosystem services, or may provide important habitats for 
certain animal species. For example, old cultivated lands can provide important feeding grounds for 
birds such as blue cranes and disused mine shafts can provide suitable habitats for certain species of 
bats 

Protection level: We use this to mean the extent to which ecosystems are well or poorly-protected within 
protected areas as defined in the Protected Areas Act – it indicates what proportion of the biodiversity target 
for a particular ecosystem is included within legally-declared protected areas, ranging from zero protected 
(0%), through hardly protected (0 – 5%), poorly protected (5 – 50%), and moderately protected (5 0 – 100%), 
to well-protected (more than 100% of the biodiversity target met within protected areas).  

Threatened ecosystems and species: Threatened ecosystems are those that have been classified as critically 
endangered, endangered or vulnerable based on an analysis of ecosystem threat status. Threatened species 
are those that have been classified as critically endangered, endangered or vulnerable based on a conservation 
assessment (Red List). 
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APPENDIX A: LIST OF 354 SPECIES (TAXA) INCORPORATED INTO MBSP, 
SHOWING BIODIVERSITY TARGETS AND APPROACH USED. 

Biodiversity feature name 

Mpum. 
Conserv. 

Status 

(Red List) 

Type 

Biodiversity 
Target 

 (ha or 
points) 

Currently 
Conserv. 

% 

Total 
Avail. 

Proportion 
of 

biodiversity 
target 

currently 
conserved 

(%) 

Biodiversity Target 
approach 

Cloeotis percivali australia buffer CR Bat 196.0 0 197.0 0% 250m buffer, 100% target 

Hipposideros caffer 250m buffer DD Bat 361.4 57.7 515.9 16.0% 250m buffer, 50% pre-
modification 

Hypsugo  anchietaipoint NT Bat 1 0 1 0% PU intersect, 50% target 

Kerivoula lanosapoint NT Bat 1 1 1 100% PU intersect, 50% target 

Miniopterus fraterculuspoint NT Bat 1 0 2 0% PU intersect, 50% target 

Miniopterus natalensispoint NT Bat 5 1 12 20% PU intersect, 50% target 

Myotis tricolorpoint NT Bat 3 0 6 0% PU intersect, 50% target 

Myotis welwitschiipoint NT Bat 3 4 5 133.3% PU intersect, 50% target 

Rhinolophus blasii buf VU Bat 41.0 0 41.1 0% 250m buffer, 75% pre-
modificaiton 

Rhinolophus clivosuspoint NT Bat 5 6 36 120% 5 localities 

Rhinolophus darlingipoint NT Bat 1 0 2 0% 1 locality 

Rhinolophus hildebrandtiipoint NT Bat 5 2 25 40% 5 localities 

Rhinolophus sp. nov. buf NE Bat 29.4 19.6 58.9 66.7% 250m buffer, 50% 

Rhinolophus swinny buf EN Bat 104.0 0 104.6 0% 250m buffer, 75% pre-
modification 

African Crowned Eagle - nest NT Bird 230 43.4 460.8 18.9% Buffer nest 250m, 50% of 
original extent 

African Finfoot – points VU Bird 4 2 7 50% 50% target 

African Grass-Owl - model VU Bird 108752.0 7755.2 362509
.0 7.1% Model, 30% target 

African Grass-Owl - points VU Bird 32 1 43 3.1% 75% of known sites 

African Marsh-Harrier points VU Bird 10 4 20 40% Mobile, 50% target 

African Openbill - points NT Bird 2 0 3 0% 50% target 

African Pygmy-Goose - points NT Bird 1 0 1 0% 1 locality, 50% target 

Bald Ibis - nest 1km buffer VU Bird 6790.9 451.2 8488.6 6.6% 80% of remaining buffer 

Barrows Korhaan (White-bellied) 
- model VU Bird 242076.3 69170.3 806921

.1 28.6% Model, 30% target 

Barrows Korhaan (White-bellied) 
- points VU Bird 7 3 14 42.9% Range, 50% target 
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Black Coucal - points NT Bird 1 0 2 0% 50% target 

Black harrier NT Bird 3 0 5 0% Mobile, 40% target, minimum 
3 localities 

Black Stork NT Bird 1 0 1 0% Mobile, 40% target 

Black-bellied Korhaan - points NT Bird 3 0 5 0% Mobile, 40% target, minimum 
3 localities 

Black-rumped Buttonquail - point EN Bird 1 1 1 100% 100% target 

Black-winged Lapwing - points NT Bird 3 1 5 33.3% 50% target, minimum 3 
localities 

Black-winged Pratincole - points NT Bird 6 0 13 0% 50% target 

Blue Crane - current nesting VU Bird 19000 2399.7 19219.
6 12.6% Buffer nest by 1km, 100% 

target 

Blue Crane - foraging point VU Bird 200 43 400 21.5% Foraging area, 50% of known 
sighting 

Blue Crane - historic nesting 
(<2000) VU Bird 9720 1162.0 12960 12.0% Buffer nest by 1km, 75% 

target 

Blue Korhaan - points VU Bird 69 0 139 0% 50% target 

Blue Swallow - 2km buffer CR Bird 12093.2 5252.5 13436.
9 43.4% 2 km buffer, 90% target 

Blue Swallow - model CR Bird 52589.4 32699.3 87649.
0 62.2% Model, 60% target for CR 

species 

Blue Swallow - Points CR Bird 33 15 33 45.5% 100% target for CR 

Bothas Lark - known farms EN Bird 33137.7 0 47339.
6 0% 70% of suitable habitat on 

farm 

Bothas Lark - model EN Bird 18720.2 850.5 62400.
6 4.5% Model, 30% target 

Bothas Lark - point EN Bird 9 0 9 0% 100% of known localities 

Broad-tailed Warbler - points NT Bird 7 0 13 0% 50% target 

Bush Blackcap - points NT Bird 1 0 2 0% 50% target 

Cape Vulture - nest 2km buffer VU Bird 2279.3 0 2399.3 0% 2km buffer, 100% target 

Chestnut-banded Plover - points NT Bird 2 0 3 0% 50% target 

Collared Pratincole - points NT Bird 1 0 2 0% 50% target 

Common Redshank NT Bird 1 0 1 0% 50% target 

Corn Crake - point VU Bird 1 0 1 0% 50% target 

Grey Crowned Crane - nest 1km 
buffer EN Bird 5695.2 618.7 7119.0 10.9% 1km buffer, 80% target 

Denhams Bustard - points VU Bird 21 3 41 14.3% Mobile, 50% target 

Greater Flamingo - points NT Bird 29 0 59 0% 50% target 

Half-collared Kingfisher - point NT Bird 5 0 9 0% 50% target 

Hooded Vulture - nest 1.5km VU Bird 10774.6 11322.1 11341. 105.1% Buffer, 100% target 
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buffer 7 

Lanner Falcon - nest 250m buffer NT Bird 192.5 385.1 385.1 200% Nest, 250m buffer, 50% target 

Lappet-faced Vulture - nest 1km 
buffer VU Bird 121133.5 127037.4 127508

.9 104.9% Buffer, 100% target 

Lesser Flamingo - points NT Bird 6 0 12 0% 50% target 

Martial Eagle - nest 250m buffer VU Bird 415.0 830 830 200% Nest, 250m buffer, 50% target 

Melodious Lark - point NT Bird 3 1 3 33.3% 50% target, minimum 3 
localities 

Orange Ground-Thrush - point NT Bird 6 5 7 83.3% 80% target, habitat specialist 

Peregrine Falcon - nest 250m 
buffer NT Bird 20 39.3 39.3 196.3% Nest, 250m buffer, 50% target 

Pink-throated Twinspot - point NT Bird 3 0 3 0% 50% target, minimum 3 
localities 

Rudds Lark - known farms CR Bird 35005.2 952.4 46673.
6 2.7% 75% of suitable habitat on 

farm 

Rudds Lark - model CR Bird 15931.8 3519.9 53105.
9 22.1% Model, 30% target 

Rudds Lark - point CR Bird 18 0 18 0% 100% of known localities 

Secretarybird -  nest 500m buffer NT Bird 1015.0 1880.6 2030.8 185.3% Nest, 500m buffer, 50% target 

Secretarybird points NT Bird 49 42 122 85.7% Mobile, 40% target 

Short-tailed  Pipit - nest buf VU Bird 15 0 20 0% 75% target 

Striped Flufftail - model VU Bird 5314.1 11542.5 17713.
8 217.2% Model, 30% target 

Striped Flufftail - points VU Bird 2 1 3 50% 75% target 

Taita Falcon - nest 250m buffer NT Bird 20 39.3 39.3 196.3% Nest, 250m buffer, 50% target 

Wattle Crane -  1.5km buffer - 
historic CR Bird 11232.8 4175.6 14977.

1 37.2% 1.5km buffer, 75% target 

Wattle Crane - 2km nest buffer CR Bird 8118.0 3391.3 8119.7 41.8% 2km buffer, 100% target 

Wattle Crane - known points CR Bird 61 26 101 42.6% 60% of known sightings, 
foraging 

White-backed Night-Heron - 
point VU Bird 2 0 2 0% 50% target, minimum 3 

localities 

White-headed Vulture - nest 2km 
buffer VU Bird 161167.0 169435.0 169649

.5 105.1% 2km buffer, 100% target 

White-winged Flufftain - 500m 
buffer CR Bird 314.0 155.5 315.8 49.5% 500m buffer, 100% target 

Yellow-Breast Pipit - known farm VU Bird 17777.0 6289.3 35554.
5 35.4% 50% of suitable habitat on 

farm 

Yellow-Breast Pipit - point VU Bird 38 13 42 34.2% 90% of known localities, many 
protected 

Aloeides barbarae - 500m buffer EN Butterfly 311.8 328.2 328.2 105.3% 500m buffer, 100% target 
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Aloeides dentatis maseruna - 
point Rare Butterfly 1 0 2 0% PU intersect, 50% target 

Aloeides merces - point Rare Butterfly 2 1 4 50% PU intersect, 50% target 

Aloeides nubilus - 500m buffer EN Butterfly 252.7 43.9 266.0 17.4% 500m buffer, 100% target 

Aloeides rossouwi - 500m buffer EN Butterfly 217.1 78.5 228.5 36.2% 500m buffer, 100% target 

Chrysoritis aureus - 500m buffer VU Butterfly 114.9 0 153.2 0% 500m buffer, 75% target 

Chrysoritis aureus - model VU Butterfly 1501.7 0 5005.7 0% Model, 30% target 

Dingana alaedeus - point Rare Butterfly 4 0 6 0% PU intersect, 50% target 

Dingana fraterna - 500m buffer EN Butterfly 80 0 84.2 0% 500m buffer, 100% target 

Lepidochrysops irvingi - 500m 
buffer VU Butterfly 270.8 167.6 361.0 61.9% 500m buffer, 75% target 

Lepidochrysops jefferyi - 500m 
buffer EN Butterfly 223.8 235.6 235.6 105.3% 500m buffer, 100% target 

Lepidochrysops rossouwi - 500m 
buffer VU Butterfly 115.4 0 153.9 0% 500m buffer, 75% target 

Lepidochrysops swanepoeli - 
500m buffer VU Butterfly 119.2 158.9 158.9 133.3% 500m buffer, 75% target 

Metisella meninx - point NT Butterfly 10 1 20 10% PU intersect, 50% target 

Platylesches dolomitica - 500m 
buffer VU Butterfly 30 0 37.7 0% 500m buffer, 75% target 

Amphilius natalensis - Crocodile 
form CR Fish 15.4 0 17.2 0% 90% of river length 

Amphilius natalensis - 
Mpumalanga form VU Fish 0.8 1.4 1.5 182.9% 50% of river length 

Amphilius natalensis - Treur form CR Fish 10.3 0 11.4 0% 90% of river length 

Barbus argenteus - Belvedere 
Creek VU Fish 0.3 0.5 0.5 200% 50% of river length 

Barbus brevipinnis – type form NT Fish 18.2 1.0 72.7 5.5% 25% of river length 

Barbus brevipinnus - Usutu form NT Fish 3.7 0 14.7 0% 25% of river length 

Barbus sp Ohrigstad - aff. 
Motobensis VU Fish 17.6 15.1 35.3 85.4% 50% of river length 

Barbus treurensis CR Fish 22.7 0.3 25.2 1.3% 90% of river length 

Chetia brevis EN Fish 94.5 0.1 126.1 0.1% 75% of river length 

Chiloglanis bifurcus CR Fish 80.3 16.6 89.2 20.6% 90% of river length 

Chiloglanis emarginatus VU Fish 70.9 65.4 141.8 92.2% 50% of river length 

Kneria kwena EN Fish 46.5 0.4 62.0 0.9% 75% of river length 

Opsaridium peringueyi VU Fish 49.3 23.1 98.6 46.8% 50% of river length 

Petrocephalus wesselsi NT Fish 14.8 23.1 59.3 155.5% 25% of river length 

Serranochromis meridianus EN Fish 138.5 162.6 184.6 117.4% 75% of river length 
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Afrixalus fornasinii VU Frog 1 0 2 0% PU intersect, 50% target 

Breviceps sopranus VU Frog 2 0 3 0% PU intersect, 50% target 

Heleophryne natalensis VU Frog 6 7 9 116.7% PU intersect, 50% target 

Hemisus guttatus VU Frog 1 0 2 0% PU intersect, 50% target 

Hyperolius semidiscus VU Frog 1 0 2 0% PU intersect, 50% target 

Pyxicephalus adspersus VU Frog 9 0 12 0% PU intersect, 75% target 

Pyxicephalus adspersus - model VU Frog 145765.1 30148.8 485883
.8 20.7% Model, 30% target 

Strongylopus wageri VU Frog 2 0 3 0% PU intersect, 50% target 

Vandijkophrynus gariepensis VU Frog 4 3 6 75.0% PU intersect, 50% target 

Vandijkophrynus gariepensis -
model VU Frog 55223.9 39092.9 184079

.6 70.8% Model, 30% target 

Amblysomus robustus buffer EN Golden 
Mole 500 77.8 508.3 15.6% 500m buffer, 75% pre-

modification 

Amblysomus robustus model EN Golden 
Mole 27484.1 11073.2 91613.

6 40.3% Model, 30% target 

Amblysomus septentronalis point NT Golden 
Mole 3 0 6 0% PU intersect, 50% target 

Chrysospalax villosus buffer VU Golden 
Mole 600 146.1 603.1 24.4% 500m buffer, 75% pre-

modification 

Georychus sp. nov 500m buffer EN Golden 
Mole 160 0 168.5 0% 500m buffer, 75% pre-

modification 

Neamblysomus gunningi 500m 
buffer EN Golden 

Mole 350 0 353.1 0% 500m buffer, 75% pre-
modification 

Neamblysomus gunningi model EN Golden 
Mole 22189.6 21536.9 73965.

3 97.1% Model, 30% target 

Neamblysomus julianae 500m 
buffer VU Golden 

Mole 117.0 157.0 157.0 134.2% 500m buffer, 75% pre-
modification 

Acacia ebutsiniorum EN Plant 2 0 2 0% 2 localities, Pfab et al 2011 

Acampe praemorsa Rare Plant 1 0 1 0% 1 locality, Pfab et al 2011 

Acridocarpus natalitius natalitius Declining Plant 3 5 8 166.7% 3 localities, Pfab et al 2011 

Adenia wilmsii EN Plant 5 0 5 0% 5 localities, Pfab et al 2011 

Adenia wilmsii - model EN Plant 30716.0 16189.1 102386
.8 52.7% Model, 30% target 

Adenium swazicum CR Plant 19 14 19 73.7% CR, 100% of localities 

Adenium swazicum - model CR Plant 80440.8 190937.8 268135
.8 237.4% Model, 30% target 

Adiantum philippensis Rare Plant 1 1 1 100% 1 locality, Pfab et al 2011 

Alepidea amatymbica VU Plant 11 11 17 100% 11 localities, Pfab et al 2011 

Alepidea amatymbica - model VU Plant 50890.8 55240.8 169636
.0 108.6% Model, 30% target 
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Alepidea basinuda subnuda EN Plant 1 1 1 100% 1 locality, Pfab et al 2011 

Alepidea basinuda subnuda - 
model EN Plant 166.7 395.2 555.7 237.1% Model, 30% target 

Alepidea longeciliata EN Plant 3 0 3 0% 3 localities, Pfab et al 2011 

Alepidea longeciliata - model EN Plant 792.6 0 2641.9 0% Model, 30% target 

Aloe albida NT Plant 11 21 40 190.9% 11 localities, Pfab et al 2011 

Aloe challisii VU Plant 2 0 2 0% 2 localities, Pfab et al 2011 

Aloe chortolirioides var. 
chortolirioides VU Plant 11 3 13 27.3% 11 localities, Pfab et al 2011 

Aloe chortolirioides var. 
chortolirioides - model VU Plant 3565.5 7738.2 11885.

0 217.0% Model, 30% target 

Aloe cooperi Declining Plant 1 0 2 0% 1 locality, marginal, Pfab et al 
2011 

Aloe craibii CR Plant 16 5 16 31.3% 100% of localities 

Aloe craibii - model CR Plant 1471.4 2941.5 4904.6 199.9% Model, 30% target 

Aloe dewetii Rare Plant 1 0 1 0% CR, 100% of localities 

Aloe fouriei NT Plant 2 0 2 0% 2 localities, Pfab et al 2011 

Aloe hlangapies NT Plant 11 13 16 118.2% 11 localities, Pfab et al 2011 

Aloe integra VU Plant 7 1 7 14.3% 7 localities,  

Aloe kniphofioides VU Plant 11 16 25 145.5% 11 localities, Pfab et al 2011 

Aloe modesta VU Plant 25 19 25 76.0% 100% target 

Aloe modesta - model VU Plant 18730.3 29384.4 62434.
4 156.9% Model, 30% target 

Aloe reitzii v reitzii NT Plant 11 0 30 0% 11 localities, Pfab et al 2011 

Aloe reitzii v vernalis CR Plant 1 0 1 0% 1 locality, Pfab et al 2011 

Aloe simii CR Plant 6 0 6 0% 6 localities, Pfab et al 2011 

Aloe simii - model CR Plant 1711.3 69.6 5704.5 4.1% Model, 30% target 

Aloe thorncroftii NT Plant 11 3 14 27.3% 11 localities, Pfab et al 2011 

Aloe vryheidensis VU Plant 2 0 2 0% 2 localities, Pfab et al 2011 

Anacampseros subnuda lubbersii VU Plant 5 0 5 0% 5 localities, Pfab et al 2011 

Anacampseros subnuda s lubbers VU Plant 378.0 6.6 1260 1.8% Model, 30% target 

Asclepias sp nov aff schlechteri CR Plant 1 0 1 0% CR, 100% of localities 

Asparagus fractiflexus EN Plant 1 0 1 0% 1 locality, Pfab et al 2011 

Aspidoglossum demissum DD Plant 2 0 2 0% 2 localities, Pfab et al 2011 

Aspidoglossum sp. nov Barberton CR Plant 1 0 1 0% 1 locality, only known record 

Aspidoglossum xanthosphaerum VU Plant 4 0 4 0% 4 localities, Pfab et al 2011 

Aspidoglossum xanthosphaerum - VU Plant 44526.2 3504.0 148420 7.9% Model, 30% target 
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model .8 

Aspidonepsis shebae VU Plant 1 0 1 0% 1 locality, Pfab et al 2011 

Asplenium stoloniferum Rare Plant 1 1 1 100% 1 locality, Pfab et al 2011 

Barleria oxyphylla Rare Plant 1 0 1 0% 1 locality, Pfab et al 2011 

Boophone disticha Declining Plant 5 4 33 80% 5 localities, proportional, Pfab 
et al 2011 

Bowiea volubilis VU Plant 1 1 1 100% 1 locality, Pfab et al 2011 

Brachycorythis conica ssp. 
transvaalense model VU Plant 31565.3 4637.8 105217

.6 14.7% Model, 30% target 

Brachycorythis conica ssp. 
transvaalensis EN Plant 2 0 2 0% 2 localities, Pfab et al 2011 

Brachystelma chlorozonum NT Plant 4 3 4 75.0% 4 localities, Pfab et al 2011 

Brachystelma dyeri VU Plant 3 3 3 100% 3 localities, Pfab et al 2011 

Brachystelma longifolium VU Plant 1 0 1 0% 1 locality, Pfab et al 2011 

Brachystelma minor VU Plant 1 0 1 0% 1 locality, Pfab et al 2011 

Brachystelma stellatum Rare Plant 2 2 2 100% 2 localities, Pfab et al 2011 

Brownleea graminicola VU Plant 2 1 2 50% 2 localities, Pfab et al 2011 

Caesalpinia rostrata VU Plant 4 0 4 0% 4 localities, Pfab et al 2011 

Calanthe sylvatica Rare Plant 2 0 2 0% 2 localities, marginal, Pfab et 
al 2011 

Callilepis leptophylla Declining Plant 2 0 3 0% 2 localities, marginal, Pfab et 
al 2011 

Centrostigma occultans Rare Plant 2 0 2 0% 2 localities,, Pfab et al 2011 

Ceropegia distincta verruculosa DD Plant 1 0 1 0% 1 locality, marginal, Pfab et al 
2011 

Clivia caulescens NT Plant 11 24 52 218.2% 11 localities, Pfab et al 2011 

Clivia miniata VU Plant 5 3 6 60% 5 localities, proportional, Pfab 
et al 2011 

Crassula setulosa var. deminuta VU Plant 2 0 2 0% 2 localities, , Pfab et al 2011 

Crinum bulbispermum Declining Plant 3 1 12 33.3% 3 localities, proportional, Pfab 
et al 2011 

Crinum stuhlmannii Declining Plant 1 0 1 0% 1 locality, proportional, Pfab 
et al 2011 

Crocosmia mathewsiana VU Plant 6 4 6 66.7% 6 localities, Pfab et al 2011 

Crotalaria monophylla VU Plant 4 0 4 0% 4 localities, Pfab et al 2011 

Crotalaria monophylla - model VU Plant 7535.7 1678.6 25119.
1 22.3% Model, 30% target 

Cryptocarya transvaalensis Declining Plant 8 27 75 337.5% 8 localities, proportional, Pfab 
et al 2011 

Curtisia dentata NT Plant 8 16 48 200% 8 localities, proportional, Pfab 
et al 2011 
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Cyathea capensis Declining Plant 3 4 6 133.3% 3 localities, proportional, Pfab 
et al 2011 

Cyrtanthus eucallus VU Plant 1 0 1 0% 1 locality, Pfab et al 2011 

Cyrtanthus huttonii Rare Plant 1 1 1 100% 1 locality, Pfab et al 2011 

Cyrtanthus thorncroftii Rare Plant 2 2 2 100% 2 localities, Pfab et al 2011 

Cytinus sp. nov. VU Plant 2 1 2 50% 2 localities, Pfab et al 2011 

Delosperma deilanthoides VU Plant 2 0 2 0% 2 localities, Pfab et al 2011 

Delosperma macellum EN Plant 2 0 2 0% 2 localities, Pfab et al 2011 

Delosperma zeederbergii DD Plant 1 1 1 100% 1 locality, Pfab et al 2011 

Dierama cf elatum CR Plant 1 0 1 0% CR, 100% of localities 

Dioscorea strydomiana CR Plant 2 0 2 0% CR, 100% of localities 

Dioscorea sylvatica VU Plant 5 3 11 60% 5 localities, proportional, Pfab 
et al 2011 

Disa  rungweensis Rare Plant 3 1 5 33.3% 3 localities, proportional, Pfab 
et al 2011 

Disa alticola VU Plant 5 4 5 80% 5 localities, Pfab et al 2011 

Disa alticola - model VU Plant 3445.8 7391.0 11486.
1 214.5% Model, 30% target 

Disa amoena VU Plant 11 6 13 54.6% 11 localities, Pfab et al 2011 

Disa clavicornis EN Plant 3 2 3 66.7% 3 localities, Pfab et al 2011 

Disa clavicornis - model EN Plant 34.7 76.9 115.8 221.5% Model, 30% target 

Disa extinctoria NT Plant 3 1 3 33.3% 3 localities, proportional, Pfab 
et al 2011 

Disa hircicornis Rare Plant 1 1 1 100% 1 locality, marginal, Pfab et al 
2011 

Disa kluegi VU Plant 3 1 3 33.3% 3 localities, Pfab et al 2011 

Disa maculomarronina NT Plant 4 4 4 100% 4 localities, Pfab et al 2011 

Disa vigilans EN Plant 1 0 1 0% 1 locality, Pfab et al 2011 

Disa zuluensis EN Plant 1 0 1 0% 1 locality, Pfab et al 2011 

Disperis thorncroftii Rare Plant 1 0 1 0% 1 locality, Pfab et al 2011 

Dracosciadium italae VU Plant 4 3 4 75.0% 4 localities, Pfab et al 2011 

Drimia altissima Declining Plant 4 6 11 150% 4 localities, proportional, Pfab 
et al 2011 

Drimiopsis davidsonae VU Plant 2 1 2 50% 2 localities, Pfab et al 2011 

Elaeodendron transvaalense VU Plant 2 0 4 0% 2 localities, proportional, Pfab 
et al 2011 

Encephalartos cupidus CR Plant 15 15 15 100% CR, 100% of localities 

Encephalartos heenanii CR Plant 47 42 47 89.4% CR, 100% of localities 

Encephalartos humilis VU Plant 49 2 65 4.1% VU cycad, 75% target 
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Encephalartos laevifolius CR Plant 46 7 46 15.2% CR, 100% of localities 

Encephalartos lanatus VU Plant 42 0 56 0% VU cycad, 75% target 

Encephalartos lebomboensis EN Plant 15 0 15 0% 100% of localities 

Encephalartos middelburgensis CR Plant 48 8 48 16.7% CR, 100% of localities 

Encephalartos paucidentatus VU Plant 56 50 75 88.9% VU cycad, 75% target 

Encephalartos sp nov. CR Plant 6 6 6 100% CR, 100% of localities 

Erica atherstonei NT Plant 5 4 5 80% 5 localities, Pfab et al 2011 

Erica rivularis EN Plant 16 11 16 68.8% 100% of localities, Pfab et al 
2011 

Erica rivularis - model EN Plant 646.3 1131.9 2154.5 175.1% Model, 30% target 

Erica subverticillaris VU Plant 5 4 5 80% 5 localities, Pfab et al 2011 

Eriosema naviculare EN Plant 3 2 3 66.7% 3 localities, Pfab et al 2011 

Euclea dewinteri Rare Plant 1 1 1 100% 1 locality, Pfab et al 2011 

Eucomis autumnalis Declining Plant 11 12 46 109.1% 11 localities, Pfab et al 2011 

Eucomis montana Declining Plant 11 29 96 263.6% 11 localities, Pfab et al 2011 

Eucomis pallidiflora NT Plant 11 7 15 63.6% 11 localities, Pfab et al 2011 

Eucomis sp nov. NA Plant 2 2 2 100% 2 localities, Pfab et al 2011 

Eucomis vandermerwei VU Plant 14 6 14 42.9% 14 localities, narrow endemic 

Eucomis vandermerwei - model VU Plant 1578.9 3009.1 5262.9 190.6% Model, 30% target 

Eulophia callichroma Rare Plant 1 0 1 0% 1 locality, Pfab et al 2011 

Eulophia chlorantha DD D Plant 9 9 12 100% 9 localities, Pfab et al 2011 

Eulophia cooperi Rare Plant 3 0 4 0% 3 localities, Pfab et al 2011 

Eulophia meleagris Rare Plant 1 0 1 0% 1 locality, Pfab et al 2011 

Eulophia parvilabris Rare Plant 3 0 3 0% 3 localities, Pfab et al 2011 

Eulophia zeyheriana Rare Plant 2 1 2 50% 2 localities, Pfab et al 2011 

Faurea macnaughtonii Rare Plant 5 4 10 80% 5 localities, Pfab et al 2011 

Frithia humilis EN Plant 15 0 15 0% 100% of localities, narrow 
endemic 

Frithia humilis - model EN Plant 18379.7 2916.1 61265.
6 15.9% Model, 30% target 

Gerbera aurantiaca EN Plant 4 0 4 0% 4 localities,, Pfab et al 2011 

Gerbera aurantiaca - model EN Plant 4003.2 89.2 13343.
9 2.2% Model, 30% target 

Gerbera aurantiaca new yellow 
form VU Plant 4 0 4 0% 4 localities, Pfab et al 2011 

Gladiolus appendiculatus 
Barberton form VU Plant 2 1 2 50% 2 localities, proportional, Pfab 

et al 2011 
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Gladiolus appendiculatus 
Mariepskop form NT Plant 3 1 3 33.3% 3 localities, proportional, Pfab 

et al 2011 

Gladiolus appendiculatus 
Wakkerstroom form VU Plant 7 2 7 28.6% 7 localities, proportional, Pfab 

et al 2011 

Gladiolus calcaratus VU Plant 7 6 7 85.7% 7 localities, Pfab et al 2011 

Gladiolus calcaratus - model VU Plant 4540.9 12001.0 15136.
4 264.3% Model, 30% target 

Gladiolus cataractarum EN Plant 17 0 17 0% 100% of localities, narrow 
endemic 

Gladiolus cataractarum - model EN Plant 3401.6 175.6 11338.
6 5.2% Model, 30% target 

Gladiolus malvinus VU Plant 7 0 7 0% 7 localities, Pfab et al 2011 

Gladiolus robertsoniae NT Plant 6 0 8 0% 6 localities, proportional, Pfab 
et al 2011 

Gladiolus rufomarginatus Rare Plant 11 4 25 36.4% 11 localities, Pfab et al 2011 

Gladiolus saxatilis Rare Plant 2 1 2 50% 2 localities, Pfab et al 2011 

Gladiolus serpenticola Rare Plant 1 1 1 100% 1 locality, Pfab et al 2011 

Gunnera perpensa Declining Plant 3 6 17 200% 3 localities, proportional, Pfab 
et al 2011 

Habenaria barbertoni NT Plant 2 0 2 0% 2 localities, Pfab et al 2011 

Habenaria culveri Rare Plant 1 0 1 0% 1 locality, Pfab et al 2011 

Habenaria humilior Rare Plant 2 0 2 0% 2 localities, Pfab et al 2011 

Habenaria schimperiana Rare Plant 1 0 1 0% 1 locality, Pfab et al 2011 

Habenaria sp. aff mossii (new) EN Plant 3 2 3 66.7% Protect all 3 known sites 

Haworthia koelmaniorum  var. 
macmurtryi model EN Plant 3445.8 2156.2 11486.

0 62.6% Model, 30% target 

Haworthia koelmaniorum 
koelmaniorum VU Plant 1 1 1 100% 1 locality, Pfab et al 2011 

Haworthia koelmaniorum var. 
macmurtryi EN Plant 5 3 5 60% 5 localities, Pfab et al 2011 

Haworthia limifolia arcana CR Plant 5 1 5 20% 5 localities, Pfab et al 2011 

Haworthia limifolia glaucophylla CR Plant 2 0 2 0% 2 localities, Pfab et al 2011 

Haworthia limifolia limifolia VU Plant 6 2 6 33.3% 6 localities, Pfab et al 2011 

Helichrysum calocephalum Rare Plant 3 4 5 133.3% 3 localities, Pfab et al 2011 

Helichrysum ephelos Rare Plant 3 2 3 66.7% 3 localities, proportional, Pfab 
et al 2011 

Helichrysum lesliei VU Plant 2 0 2 0% 2 localities, Pfab et al 2011 

Helichrysum summo-montanum EN Plant 2 2 2 100% 2 localities, Pfab et al 2011 

Hesperantha rupestris DD Plant 1 1 1 100% 1 locality, Pfab et al 2011 

Hesperantha saxicola VU Plant 2 0 2 0% 2 localities, Pfab et al 2011 
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Holothrix thodei Rare Plant 1 0 1 0% 1 locality, Pfab et al 2011 

Huperzia ophioglossoides Rare Plant 1 1 1 100% 1 locality, Pfab et al 2011 

Huperzia saururus Rare Plant 1 1 1 100% 1 locality, Pfab et al 2011 

Hypoxis hemerocallidea Declining Plant 7 0 24 0% 7 localities, proportional, Pfab 
et al 2011 

Jamesbrittenia macrantha NT Plant 2 0 2 0% 2 localities, proportional, Pfab 
et al 2011 

Khadia alticola Rare Plant 2 0 2 0% 2 localities, Pfab et al 2011 

Khadia beswickii VU Plant 1 0 1 0% 1 locality, Pfab et al 2011 

Khadia carolinensis VU Plant 11 1 15 9.1% 11 localities, Pfab et al 2011 

Khadia carolinensis - model VU Plant 76798.8 3510 255995
.9 4.6% Model, 30% target 

Kniphofia rigidifolia Rare Plant 1 1 1 100% 1 locality, Pfab et al 2011 

Kniphofia triangularis obtusifolia Rare Plant 5 6 12 120% 5 localities, proportional, Pfab 
et al 2011 

Kniphofia typhoides NT Plant 6 0 7 0% 6 localities, proportional, Pfab 
et al 2011 

Ledebouria galpinii EN Plant 5 0 5 0% 5 localities, Pfab et al 2011 

Ledebouria galpinii - model EN Plant 170.7 190.9 568.9 111.8% Model, 30% target 

Ledebouria leptophylla EN Plant 1 0 1 0% 1 locality, Pfab et al 2011 

Ledebouria mokobulaanensis VU Plant 3 2 3 66.7% 3 localities, Pfab et al 2011 

Ledebouria parvifolia DD Plant 1 0 1 0% 1 locality, Pfab et al 2011 

Ledebouria petiolata VU Plant 3 2 3 66.7% 3 localities, Pfab et al 2011 

Ledebouria purpurea VU Plant 3 0 3 0% 3 localities, Pfab et al 2011 

Ledebouria rupestris EN Plant 1 0 1 0% 1 locality, Pfab et al 2011 

Leucospermum gerrardii NT Plant 11 11 17 100% 11 localities, Pfab et al 2011 

Leucospermum saxosum EN Plant 7 2 7 28.6% 7 localities, Pfab et al 2011 

Leucospermum saxosum - model EN Plant 1478.2 3797.5 4927.3 256.9% Model, 30% target 

Lithops lesliei lesliei NT Plant 3 0 3 0% 3 localities, proportional, Pfab 
et al 2011 

Lydenburgia cassinoides NT Plant 2 0 3 0% 2 localities, proportional, Pfab 
et al 2011 

Merwilla plumbea NT Plant 5 18 44 360% 5 localities, proportional, Pfab 
et al 2011 

Miraglossum davyi VU Plant 5 0 5 0% 5 localities, Pfab et al 2011 

Miraglossum davyi - model VU Plant 9512.9 13673.5 31709.
6 143.7% Model, 30% target 

Moraea robusta Rare Plant 2 2 2 100% 2 localities, Pfab et al 2011 

Morella microbracteata EN Plant 2 1 2 50% 2 localities, proportional, Pfab 
et al 2011 
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Nerine gracilis NT Plant 3 0 4 0% 3 localities, proportional, Pfab 
et al 2011 

Nerine platypetala VU Plant 3 0 3 0% 3 localities, proportional, Pfab 
et al 2011 

Nervilia kotschyi purpurata Rare Plant 1 1 2 100% 1 locality, marginal, Pfab et al 
2011 

Ocotea bullata EN Plant 8 4 8 50% 8 localities, Pfab et al 2011 

Ocotea kenyensis VU Plant 21 8 21 38.1% Target 100%, muthi 

Olinia radiata Rare Plant 6 19 25 316.7% 6 localities, proportional, Pfab 
et al 2011 

Orbea hardyi Rare Plant 4 4 4 100% 4 localities, Pfab et al 2011 

Orbea paradoxa VU Plant 1 0 1 0% 1 locality, Pfab et al 2011 

Ozoroa barbertonensis VU Plant 5 1 5 20% 5 localities, Pfab et al 2011 

Platycoryne mediocris EN Plant 1 0 1 0% 1 locality, Pfab et al 2011 

Polygala nodiflora DD Plant 1 0 1 0% 1 locality, Pfab et al 2011 

Protea comptonii NT Plant 11 44 84 400% 11 localities, Pfab et al 2011 

Protea curvata VU Plant 23 15 23 65.2% All localities (only 3 locations). 

Protea laetans VU Plant 24 21 24 87.5% All localities (only 9 locations). 

Protea parvula NT Plant 11 12 30 109.1% 11 localities, Pfab et al 2011 

Protea roupelliae hamiltonii - 
model CR Plant 366.2 129.3 1220.7 35.3% Model, 30% target 

Protea roupelliae hamiltonii CR Plant 3 1 3 33.3% 3 localities, Pfab et al 2011 

Protea subvestita VU Plant 3 10 10 333.3% 3 localities, Pfab et al 2011 

Prunus africana VU Plant 20 6 21 30% 100% of localities 

Pterocelastrus rostratus Declining Plant 6 34 86 566.7% 6 localities, proportional, Pfab 
et al 2011 

Pterygodium hastatum Rare Plant 1 0 1 0% 1 locality, marginal, Pfab et al 
2011 

Rhoicissus laetans Rare Plant 3 3 3 100% 3 localities, Pfab et al 2011 

Satyrium microrrhynchum Rare Plant 3 1 3 33.3% 3 localities, Pfab et al 2011 

Schizochilus cecilii culveri Rare Plant 4 2 6 50% 4 localities, Pfab et al 2011 

Schizochilus crenulatus VU Plant 9 8 9 88.9% 9 localities, Pfab et al 2011 

Schizochilus lilacinus Rare Plant 4 2 6 50% 4 localities, Pfab et al 2011 

Searsia pygmaea VU Plant 2 0 2 0% 2 localities, Pfab et al 2011 

Senecio hederiforme Rare Plant 2 1 2 50% 2 localities, Pfab et al 2011 

Senecio triodontiphyllus VU Plant 1 0 1 0% 1 locality, Pfab et al 2011 

Siphonochilus aethiopicus CR Plant 11 10 11 90.9% CR, 100% of localities 

Siphonochilus aethiopicus - CR Plant 3855.2 9377.2 12850. 243.2% Model, 30% target 
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model 5 

Streptocarpus actinoflora EN Plant 3 1 3 33.3% 3 localities, Pfab et al 2011 

Streptocarpus cyaneus long-tom VU Plant 5 3 5 60% 5 localities, Pfab et al 2011 

Streptocarpus decipiens Rare Plant 11 10 13 90.9% 11 localities, Pfab et al 2011 

Streptocarpus denticulatus VU Plant 5 0 5 0% 5 localities, Pfab et al 2011 

Streptocarpus fasciatus VU Plant 5 1 5 20% 5 localities, Pfab et al 2011 

Streptocarpus fenestra-dei VU Plant 4 4 4 100% 4 localities, Pfab et al 2011 

Streptocarpus hilburtianus VU Plant 6 3 6 50% 6 localities, Pfab et al 2011 

Streptocarpus hilburtianus - 
model VU Plant 20340.8 31254.0 67802.

6 153.7% Model, 30% target 

Streptocarpus latens Rare Plant 5 3 8 60% 5 localities, Pfab et al 2011 

Streptocarpus occultus VU Plant 2 0 2 0% 2 localities, Pfab et al 2011 

Streptocarpus parviflorus 
parviflorus Rare Plant 2 0 2 0% 2 localities, Pfab et al 2011 

Streptocarpus pogonites Rare Plant 8 6 8 75.0% 8 localities, Pfab et al 2011 

Syncolostemon incanus EN Plant 6 0 6 0% 6 localities, Pfab et al 2011 

Syzygium Sp A Rare Plant 6 6 6 100% 6 localities, Pfab et al 2011 

Thorncroftia lotteri VU Plant 1 1 1 100% 1 locality, Pfab et al 2011 

Thorncroftia longiflora Rare Plant 1 1 1 100% 1 locality, Pfab et al 2011 

Thorncroftia thorncroftii VU Plant 6 1 6 16.7% 6 localities, Pfab et al 2011 

Trachyandra erythrorrhiza NT Plant 2 0 2 0% 2 localities, Pfab et al 2011 

Tulbaghia coddii Rare Plant 3 2 4 66.7% 3 localities, Pfab et al 2011 

Urginea epigea Declining Plant 1 1 1 100% 1 locality, Pfab et al 2011 

Urginea lydenburgensis NT Plant 1 0 2 0% 1 locality, Pfab et al 2011 

Warburgia salutaris EN Plant 21 17 21 81.0% Target 100%, muthi 

Watsonia latifolia Rare Plant 11 12 36 109.1% 11 localities, Pfab et al 2011 

Watsonia occulta Rare Plant 11 6 12 54.6% 11 localities, Pfab et al 2011 

Woodsia angolensis Rare Plant 2 1 2 50% 2 localities, proportional, Pfab 
et al 2011 

Zantedeschia pentlandii VU Plant 20 0 30 0% 20 localities, proportional & 
modified 

Zantedeschia pentlandii - model VU Plant 6773.5 123.3 22578.
5 1.8% Model, 30% target 

Acontias plumbeus NT Reptile 6 6 11 120% PU intersect, 50% target 

Afroedura multiporis haackei - 
500m buffer EN Reptile 117.8 78.5 139.8 66.7% 500m buffer, 75% pre-

modification 

Afroedura nov. sp. rhondavel  
500m buffer EN Reptile 117.8 146.9 147.2 124.8% 500m buffer, 75% pre-

modification 
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Amblyodipsas concolor VU Reptile 2 1 2 50% PU intersect, 50% target, min 
2 # 

Aspidelaps scutatus intermedius VU Reptile 4 7 7 175.0% PU intersect, 50% target 

Bradypodion transvaalense VU Reptile 9 5 18 55.6% PU intersect, 50% target 

Chamaesaura aenea NT Reptile 2 2 3 100% PU intersect, 50% target 

Chamaesaura anguina NT Reptile 2 3 4 150% PU intersect, 50% target 

Chamaesaura macrolepis NT Reptile 1 1 1 100% PU intersect, 50% target 

Cordylus giganteus  breeding VU Reptile 9 0 9 0% 100% of breeding sites, PU 
intersect 

Cordylus giganteus farm VU Reptile 29432.7 308.6 58865.
4 1.1% 50% of suitable habitat on 

farm 

Cordylus warreni barbertonensis NT Reptile 3 2 5 66.7% PU intersect, 50% target 

Cordylus warreni warreni NT Reptile 1 2 2 200% PU intersect, 50% target 

Crocodylus niloticus VU Reptile 8 8 11 100% PU intersect, 75% target 

Dasypeltis inornata NT Reptile 2 1 2 50% PU intersect, 50% target, min 
2 # 

Homoroselaps dorsalis NT Reptile 1 0 1 0% PU intersect, 75% target 

Platysaurus intermedius wilhelmi NT Reptile 10 4 22 40% PU intersect, 50% target 

Platysaurus orientalis orienta NT Reptile 4 3 7 75.0% PU intersect, 50% target 

Tetradactylus breyeri VU Reptile 3 1 3 33.3% PU intersect, 75% target 

Atelerix frontalispoint NT Small 
Mammal 2 0 3 0% PU intersect, 50% target 

Cercopithecus mitis labiatus 
buffer EN Small 

Mammal 274.4 291.8 365.9 106.3% 500m buffer, 75% target 
(forest) 

Crocidura maquassiensis 500m 
buffer VU Small 

Mammal 117.8 75.7 136.9 64.3% 500m buffer, 75% pre-
modification 

Felis nigripes NT Small 
Mammal 39.3 0 78.5 0% 500m buffer, 50% pre-

modification 

Oribi - 750m buffered points EN Small 
Mammal 8358.0 2517.1 9700.3 30.1% 60% pre-modification target 

Oribi - farm habitat EN Small 
Mammal 64173.4 19172.9 128346

.8 29.9% 50% of suitable habitat on 
farm 

Rhynchogale melleri - buf DD Small 
Mammal 469.5 222.9 939.0 47.5% 500m buffer, 50% target 
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APPENDIX B: MPUMALANGA CLIMATE CHANGE FEATURES FOR INCLUSION 
INTO PROVINCIAL BIODIVERSITY PLANNING PROCESS. 

Prepared by Drs Stephen Holness and Mervyn Lötter 

INTRODUCTION: 
This project aimed to identify the portions of the Mpumalanga landscape which are potentially 
important for supporting climate change adaptation for inclusion into spatial planning products. The 
analysis comprises two components: 

• Areas important for supporting climate change resilience: Areas which are likely to play an 
important role in supporting the ability of biodiversity to adapt to climate change impacts 
include: local refugia such as kloofs and south facing slopes; areas important for landscape 
connectivity such as riparian corridors and connected/unfragmented landscapes; areas with 
steep temperature, precipitation and altitude gradients; areas of high biotic diversity where 
many different habitat and biome types are found in close proximity; and areas of high plant 
endemism.   

• Areas important for landscape facet representation: This analysis aimed to identify priority 
areas for representing the range of biophysical variables found in the province was 
undertaken in a MARXAN conservation planning environment. Unique landscape facets were 
defined using a combination of landtypes, landforms, altitude, aspect and slope. MARXAN 
was used to identify the areas of the landscape which if conserved would contribute most to 
improving the representation of unique land facets. Precautionary principles suggest that 
conserving the full range of potential facets in a landscape, will increase the likelihood of 
conserving the types which turn out to be most important for supporting species and 
ecosystems whatever the future climate scenario. Further, these areas also represent highly 
diverse landscapes which are likely to be important for improving representation of both 
known and unknown (i.e. not contained in our existing biodiversity proxies such as species 
distribution or vegetation maps) biodiversity. 
 

AREAS IMPORTANT FOR SUPPORTING CLIMATE CHANGE RESILIENCE: 
Within any region there are some areas and features in the landscape that are more likely to support 
resilience to climate change than others. Keeping these areas in a natural or near-natural state will 
allow ecosystems and species to adapt naturally to climate change, thus supporting ecologically 
healthy landscapes and the ability of ecosystems to continue to provide a range of ecosystem 
services. Areas which are likely to play an important role in supporting the ability of biodiversity to 
adapt to climate change impacts include: local refugia such as kloofs and south facing slopes; areas 
important for landscape connectivity such as riparian corridors and connected/unfragmented 
landscapes; areas with steep temperature, precipitation and altitude gradients; areas of high biotic 
diversity where many different habitat and biome types are found in close proximity; and areas of 
high plant endemism.   

Identifying areas important for supporting climate change resilience: 

The data layers are detailed in Table 1. The logic for, and derivation of, the input layers are 
summarised in the following paragraphs. 
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Corridors: Corridors provide critical ecological linkages between large core patches of intact habitat 
through hostile matrix areas of transformed habitat. Corridors are seen to be critical for the 
movement of a variety of animal species in the short term (pollinators, predators) from source to 
sink areas, to provide for genetic interchange between spatially separate populations of animals in 
the medium term, and in the long term are hoped to be important for the migration of plant and 
other species under conditions of global climate change. A connectivity analysis undertaken by 
Mervyn Lotter using Circuitscape was used as the input layer.  The classified layer (corridorrecls) was 
used as the basis. Scoring details are given in Table 1.  

 

Areas with important temperature, rainfall and altitudinal gradients: Maintaining these areas is 
important in order to allow species and ecosystems to rapidly adapt to changing climate, as they 
represent the shortest routes for the species which make up ecosystems to move along upland-
lowland and climatic gradients in order to remain within acceptable climate envelopes. These areas 
are particularly important for species which are not able to move rapidly in response to climate 
change. These areas also have high levels of climate and landscape heterogeneity, and hence are 
likely to contain a range of important micro-climates which may act as local refugia for those species 
that otherwise may not be able to adapt to rapid environmental change. A series of topographic and 
climatic indices were combined in the preparation of this layer:  

Altitudinal heterogeneity: An altitudinal heterogeneity (landscape bumpiness) was prepared by 
Mervyn Lotter using a 30m global DEM (SRTM) and the Focal Statistics tool in ArcGIS 10. Variety of 
cells in a neighbourhood was calculated for a 300m radius (10 x 10 pixels), and then a 900m radius 
(30 x 30 pixels). The values from the two analyses were added together (in order to ensure that the 
layers each counted for half of values, the values for the 300m analysis were multiplied by 3). The 
output was resampled to a 90m DEM for each of three large bioregions (highveld, escarpment, 
bushveld/lowveld). For each of the bioregions, the values were classified into 8 quantiles, the 
highest quantile was selected, and a final output (bumpfoc90v) was produced by mosaicing the 
highest quantile areas for each of the three bioregions. For this analysis high bumpiness areas were 
given a score of 10, and other areas a score of 0 (See Table 1).  

Precipitation gradients: Precipitation data from the Agricultural Research Council was examined at a 
0.01 degree or just over 1 km squared resolution. Precipitation gradients were calculated based on 
the maximum and minimum values found within a roving 7x7 grid (i.e. approximately 49km2 area). 
The output was divided into 8 quantiles with the top category considered to be the areas best 
representing high precipitation gradient areas. This quantile corresponded to areas with greater 
than 235mm of precipitation variation within the 49km2 area.     

Temperature gradients: Temperature data from Agricultural Research Council was examined at a 
0.01 degree or just over 1 km squared resolution. Temperature gradients were calculated based on 
the maximum and minimum values found within a roving 7x7 grid (i.e. approximately 49km2 area). 
Areas with over 4°C difference in average temperature within a 49km2 area, were classified as areas 
with high temperature gradients.   

 

These three layers were combined to provide a summary layer of all areas with high climate and 
landscape heterogeneity and gradients. 

Areas with high biotic diversity: 

These are areas where relatively high numbers of biomes, vegetation groups or vegetation types 
occur in close proximity. They contain an extremely diverse set of habitats, landscapes and 
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microclimates, and represent areas that are likely to be very important for supporting biodiversity 
adaptation capacity. These areas have high levels of floristic diversity and are likely to represent 
areas of high levels of speciation. Areas with high levels of biodiversity heterogeneity were identified 
using the South African Vegetation Map1

Southern Africa has extremely high levels of floristic diversity and endemism, with more than 10% of 
vascular plant species (over 30 000 species) found in 2.5% of the world’s surface area. 60% of these 
species are endemic to the region

 at three scales: biome, vegetation group and vegetation 
type. The number of biomes, groups or types was calculated for each 49km2 area. Areas were 
considered to have high habitat heterogeneity if they contained: 

• three or more biomes. 

• three or more vegetation groups, or 

• four or more vegetation types. 

Biome heterogeneity: The South African Vegetation Map was converted to a 0.01 degree or just over 
1 km2 resolution raster layer in Idrisi. The number of biomes found within a roving 7x7 grid (i.e. 
approximately 49km2 area) was calculated. Various other methods (such as other relative richness 
indices, and varying in pixel size and search radius) were also explored, but this simple method gave 
a robust clearly understandable answer. Areas were considered to have high diversity at the biome 
level if 3 or more biomes were found within the 49km2 area .     

Vegetation group heterogeneity: Similar to the biome heterogeneity calculation, the vegetation map 
was converted to a 0.01 degree raster layer, and the number of vegetation groups found within a 
roving 7x7 grid (i.e. approximately 49km2 area) was calculated. Areas were considered to have high 
diversity at the bioregion level if 3 or more bioregions were found within the 49km2 area.   Note that 
this will inevitably include the areas identified in the biome heterogeneity assessment, in addition to 
extra areas.  

Vegetation type heterogeneity: As for the above calculations, the vegetation map was converted to a 
raster,  and the number of vegetation types found within a roving 7x7 grid (i.e. approximately 49km2 
area) was calculated. Areas were considered to have high diversity at the bioregion level if 4 or more 
vegetation types were found within the 49km2 area.    

These three layers were combined to provide a summary layer of all areas with high habitat 
heterogeneity. 

 

Centres of floral endemism: 

2

ii) areas with a particular combination of  ecological processes that have resulted in high levels of 
biodiversity and endemism developing. 

. Most of these endemic species are concentrated in a few 
relatively small and clearly defined centres of endemism.  

At a national scale, these centres represent: 

i) an area of concentrated unique biodiversity pattern (i.e. there are concentrations of endemic plant 
species here which are not found elsewhere). 

                                                            
1Mucina, L. & Rutherford, M.C., 2006:The vegetation of South Africa, Lesotho and Swaziland. 
2 Van Wyk, A. & Smith, G., 2001: Regions of floristic endemism in Southern Africa, Umdaus Press, 
Hatfield, 199pp. 
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iii) the characteristics which allow these high levels of diversity to persist, as these are areas where 
species have survived previous eras of climate change, and hence are likely to be very important for 
supporting biodiversity adaptation capacity. A revised centres of endemism layer3

Kloofs: The identification of kloofs/gorges at a landscape scale requires some assumptions to be 
made about what a kloof is. For the purposes of this analysis, kloofs are seen as areas with steep 
slopes in close proximity to rivers. The90m digital elevation model used in previous analyses was 
again used as the basis for identifying steep slopes, which for this analysis were defined as being 
steeper than 15° (this value is deliberately higher than that used for the south facing slope 
calculation), using standard modules of Idrisi. River lines

 
(centres_revised05.shp) was used as the basis for this work. All areas included as centres of 
endemism in this layer were given a score of 10.   

Local refugia- south-facing slopes and kloofs: 

Refuge sites include south-facing slopes and kloofs. These sites tend to be wetter and cooler that the 
surrounding landscape, and represent key shorter term refugia which allow species to persist in 
landscapes. 

South facing slopes: A 90m digital elevation model was used as the basis for identifying south facing 
slopes. Standard Idrisi modules were used to identify all areas with a southerly aspect, which was 
defined as having  an aspect of between 135° and 235°. Slope angles were then calculated to identify 
all steeper slopes (i.e. those area where aspect is likely to play an important role in solar inputs), 
which were defined as all slopes steeper than 10°. These layers were combined to get a subset of 
steep south facing slopes; this layer was converted to a vector layer and all areas under 25ha were 
removed; and the layer was reconverted to a raster layer.   

4

These include existing protected areas as well as large areas identified in the National Protected 
Area Expansion Strategy

  were converted to a raster layer with the 
same resolution as the 90m DEM, on the basis that any pixel that overlapped with a river line was 
classified as river and given a numerical value. A maximum filter was then run in Idrisi using a 7x7 
roving window to identify all pixels which were within a maximum of 7 pixels (x or y distance) away 
from a river pixel. These areas were defined as being river proximity pixels, and were intersected 
with the steep slopes raster layer to give the subset of areas with steep slopes in close proximity to 
rivers. This was converted to a vector layer and all areas under 25ha were removed; and the layer 
was reconverted to a raster layer.   

The local refugia layer was derived by spatially combining the south-facing slopes and kloofs layers. 

 

Priority large unfragmented landscapes: 

5

                                                            
3 Mervyn Lotter, John Burrows and Anthony Emery, 2002,  Phytochoria: Centres and Regions of 
Endemism in Mpumalanga Biobase Report. 
4Department of Water Affairs 1 in 500 000 river layer developed by the Resource Quality Services. 
This layer is of the larger rivers which one would expect on a 1 in 500 000 map, but with the actual 
river alignments being as accurate as those found on 1:50 000 maps.  For this analysis rivers of all 
orders were used. 
5Jackelman, J., Holness, S. & Lechmere-Oertel, R. 2008:The national protected area expansion strategy 2008-
2012. A framework for implementation.  Report for the South African National Biodiversity Institute and 
National department of Environment Affairs and Tourism. 

 as priorities for protected area expansion to meet biodiversity targets for 
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terrestrial and freshwater ecosystems. The ecological processes which support climate change 
adaptation are more likely to remain functional in unfragmented landscapes than in fragmented 
ones.  

Protected areas: Formal protected areas which include National Parks, provincial Nature Reserves, 
proclaimed Mountain Catchment Areas, proclaimed private Nature Reserves and local authority 
Nature Reserves were included. Representation of species, ecosystems and ecological processes in 
an ecologically robust protected area network is widely recognized as one of the most effective 
adaptation strategies for responding to climate change. Intact natural habitats found in protected 
areas are likely to play an important role in supporting landscape scale resilience to climate change 
through acting as refuge areas for ecosystems and species which are likely to be under more 
pressure in production landscapes, in supporting the ecological processes required for long term 
adaptation to climate change, and in the provision of key ecosystem services. Although not all 
protected areas will have the same importance, even small reserves will be important for supporting 
local scale adaptation. A revised protected area layer supplied by Mervyn 
Lotter(ProtectedAreas_2012.shp) was used as the basis for this analysis, with all protected areas 
being given a score of 10. 

Priority large unfragmented landscapes: The spatial assessment of the National Protected Area 
Expansion Strategy used a systematic conservation planning process to identify focus areas for land-
based protected area expansion which are large, intact and unfragmented areas of high importance 
for biodiversity representation and ecological persistence, suitable for the creation or expansion of 
large protected areas. They present the best opportunities for meeting the ecosystem-specific 
protected area targets set in the NPAES, and were designed with strong emphasis on climate change 
resilience, supporting ecological processes and the requirements for freshwater ecosystems. 
Although these areas were identified from a large formal protected areas expansion perspective, 
and therefore do not sufficiently address all conservation priorities (e.g. threatened species and 
habitats in highly fragmented landscapes such as the Chrissiesmeer area are poorly incorporated), 
they nevertheless represent the best examples of intact landscapes with functioning ecological 
processes which are likely to play a significant role in long term climate change adaptation.  

The priority unfragmented areas layer was derived by spatially combining the existing protected 
areas with the priority large unfragmented landscapes layer. 

Combination and refinement process: 

Figure 1 and Table 1 summarize the combination and refinement process for the climate change 
resilience layer.   
 
A base raster file was constructed with a resolution of 0.00083333333DD (i.e 3 arc seconds or 90m). 
Where necessary (and this was avoided for many layers by utilizing an identical base raster layer in 
the underlying analyses) input layers were reclassified and resampled to the extent of the base layer, 
so that the extent and resolution of all input layers were identical. A cumulative total area approach 
was used to summarize each resilience theme (e.g. areas with important temperature, rainfall and 
altitudinal gradients were summarized by combining all the areas identified as important in the 
underlying analyses, and all areas identified would have the same value whether they include only a 
steep temperature gradient or whether they had steep gradients for more than one variable). Areas 
important for each resilience theme were then given an equal numerical value. An unmodified value 
representing the value of a particular area for supporting climate change resilience was then 
calculated by adding the individual resilience theme scores. Crucially, these areas can support 
resilience to climate change only if they remain in a natural or near-natural state. For this reason 
areas where natural habitat has already been irreversibly lost (as identified in the 2012 revised 
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Mpumalanga landcover) were removed from the analysis6

 

. The result was the final "Areas important 
for supporting climate change resilience layer".  
 
 
 

 

 

 

 

 

 

                                                            
6  Transformation from revised Mpumalanga landcover (Landcover_all_1kmbufferDD.shp)  provided 
by M. Lotter. 
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Figure 1: Flow chart of input layers and summary process for developing the value for supporting climate change resilience layer.  
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Figure 2: Areas most important for supporting climate change resilience. This is the final layer which has been modified for transformation degradation and fragmentation. 
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Table 1: Descriptions and locations of the climate change resilience layers (inputs and outputs).  

No. Full Name Derivation File Field name Values 

1c Corridors Corridorrecls (No data =0; 1=1; 
2=5; 3=10), from revised 
circuitscape analysis M. Lotter 

*\mpu_basic_m 

*\mpu_res_sum_m 

Corridors_m 0, 1, 5, 10 

2 High 
Temperature 
Variation 

 *\mpu_basic_m temp_var 0, 10 

3c High Altitude 
Variation 

bumpfoc90v (1=0; 2=10), 

from revised altitude variation 
analysis M. Lotter 

*\mpu_basic_m alt_var_m 0, 10 

4 High 
Precipitation 
Variation 

 *\mpu_basic_m precip_var 0, 10 

5c High Climate 
and Landscape 
Heterogeneity 

Spatial extent of 2+3+4 *\mpu_basic_m 

*\mpu_res_sum_m 

cl_la_het_m 0, 10 

6 Biome 
Heterogeneity 

 *\mpu_basic_m biome_ndc77 0, 10 

7 Bioregion 
Heterogeneity 

 *\mpu_basic_m bioreg_ndc77 0, 10 

8 Vegetation 
Heterogeneity 

 *\mpu_basic_m veg_ndc77 0, 10 

9 Final Habitat 
Heterogeneity 

Spatial extent of 6+7+7 *\mpu_basic_m 

*\mpu_res_sum_m 

final_hab_het 0, 10 

10c Centres of 
Endemism 

centres_revised05.shp 
(polygon=10), from revised data 
from  M. Lotter et al. 

 

*\mpu_basic_m 

*\mpu_res_sum_m 

coe_m 0, 10 

11 Gorges  *\mpu_basic_m gorges 0, 10 

12 Southern 
Slopes 

 *\mpu_basic_m s_slopes 0, 10 

13 Gorges and 
South Facing 
Slopes 

Spatial extent  of 11+12 *\mpu_basic_m 

*\mpu_res_sum_m 

s_slope_gorge 0, 10 

14 Priority intact 
landscapes 

 *\mpu_basic_m p_intact_land 0, 10 
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15c Protected 
Areas 

ProtectedAreas_2012.shp 
(polygon=10), from revised data 
provided by  M. Lotter 

*\mpu_basic_m Npas_m 0, 10 

16c Priority Intact 
landscapes and 
Protected 
Areas 

Spatial extent  of 14+15 *\mpu_basic_m 

*\mpu_res_sum_m 

npas_intact_m 0, 10 

17 Unmodified 
climate change 
resilience layer 

Sum of 1+5+9+10+13+16 *\mpu_res_sum_m 

*\mpum_resilience.shp 

Res_m 

 

 

18c Transformation 
Layer 

Landcover_all_1kmbufferDD.shp 
(polygon=10); from revised layer 
provided by M. Lotter 

*\mpu_res_sum_m transdegfrag 0=Natural;  
2=Transformed;  

19c Transformation 
Modifier 

 *\mpu_res_sum_m transdegrfragm 100%=Natural;  

0% = 
transformed 
areas. 

20c Areas 
important for 
climate change 
resilience 

17 with transformed areas from 
19 removed 

 

*\mpu_res_sum_m 

*\mpum_resilience.shp 

Res_mod_m 

 

 

 *D:\Mpumalanga climate\resilience 

 

AREAS IMPORTANT FOR LANDSCAPE FACET REPRESENTATION 
The analysis aimed at identifying priority areas for representing the range of biophysical variables 
found in the province was undertaken in a MARXAN conservation planning environment. There are 
two underlying assumptions: firstly, that if one identifies and protects all of the different landscape 
facets7

                                                            
7Beier, P. & Brost, B., 2010: Use of land facets to plan for climate change: conserving the arenas, not 
the actors. Conservation Biology 24, 701–710. 

 in a region one will have increased the both the chances of representing all of the 
biodiversity in an area as one will retain the full range of microclimates and specific combinations of 
abiotic factors which allow species and ecosystems to persist, as well as ensuring that one maintains 
all the areas which may potentially be important refuge areas for species under various climate 
change scenarios as it is often not possible to accurately predict future local climate or where refuge 
areas will be under this future climate; secondly, it is assumed that there are particular portions of 
the landscape where there are higher concentrations of different landscape facets and hence which 
are more likely than the broader landscape to retain the specific landscape facets which  allow 
species to persist through climate change episodes. Importantly, even if these assumptions are 
wrong, these areas have unique and diverse combinations of  abiotic characteristics which are not 
currently represented within the protected area network, and which may contain species and 
ecosystems which are not effectively captured by other biodiversity proxies such as the vegetation 
map or by existing distribution data on species. 
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Identifying areas important for landscape facet representation: 

The logic for, and derivation of, the input layers are summarised in the following paragraphs. 

 
Identification of landscape facets: 

A blank base raster layer was created in ArcGIS with a resolution of 0.00083333333DD (i.e. 3 arc 
seconds or 90m). This layer was populated with fields for each of the following components:  

Landtypes: The Agricultural Research Council's Land Type Survey divides South Africa into a number 
of unique mapping units, or Land Types, each with a unique combination of soil pattern, 
macroclimate and terrain form8

Landforms: An ArcGIS analysis of terrain units

. 23 unique types were present in the planning domain.  

9

Planning unit cost: The cost of including a planning unit in the analysis was based on the level of 
transformation of that unit. The transformation layer used was the new Mpumalanga 
transformation layer

 was used as an input. The original ten landform types 
were reduced to 9 by combining open slopes and plains. This was done as interrogation of the 
landform analysis indicated little  consistent and practical differentiation between these two units 
when they were examined at a detailed scale. 

Altitude: The 90m DEM for the study area was divided into 5 altitude classes (0-493m, 493-1045m, 
1045-1395m, 1395-1602m, 1602-2316m) based on a quantile analysis landscape.  

Slope: The 90m DEM for the study area was used as the basis for identifying differing slope 
steepnesses using standard Idrisi algorithms. Three categories were used (flat areas where there is 
no aspect component are 0°-<5°, medium areas from 5°-<15°, and steep areas from 15°- 90°). 

Aspect: The 90m DEM for the study area was used as the basis for identifying differing slope aspects 
using standard Idrisi algorithms. Four aspects were recognized (North were slopes from 315°-45°, 
east slopes were 45°-135°, south slopes were 135°-225°, and west slopes were 225°-315°). Areas 
with a slope steepness of under 5° were not subdivided by aspect. 

These layers were combined in a raster environment to give 4790 unique landscape facets. However, 
this proved too onerous for subsequent processing. Therefore a simplified facets layer was created 
which excluded landforms. This layer had 735 unique types. The landform layer was included in the 
MARXAN analysis as a separate feature set. 

 

MARXAN analysis of areas important for representing landscape facets: 

Planning units: 200ha hexagonal planning units were created using Jenesse Repeating shapes in an 
Arcview 3.2 environment. 42 183 units were used in the analysis. 

10 supplemented in certain northern areas where the layer did not cover the full 
planning domain11

                                                            
8Land Type Survey of South Africa 1970 - 2001. 
9 Mervyn Lotter 2011. 
10 Supplied by Mervyn Lotter. 
11 Layer developed by Stephen Holness for the National Protected Areas Expansion Strategy 
conservation assessment. 

. The analysis treated transformed and degraded areas similarly as it was felt that 
it would be inappropriate to prioritize a degraded area or secondary grassland based on a landscape 
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facets analysis (i.e. the analysis was strongly focussed on identifying appropriate intact natural 
areas).  Planning unit cost was derived based on the following method:  

• A base cost of 200 hectare equivalents was allocated to each planning unit. 
• Planning unit hexagons were then clipped by the Mpumalanga Province boundaries and the 

area within the province was calculated. 
• These hexagons were clipped by the remaining area of intact habitat and the areas were 

calculated. 
• An additional cost per unit was calculated using the formula 1000* [original area (ha) -

remaining intact area (ha)]/[area of planning unit in domain (ha)]. This gives a value between 
0 for completely intact units and 1000 for completely transformed units. 

• The additional cost was added to the 200 hectare equivalent based cost for each unit. 
 

Planning unit status: Planning units which had over 50% of their area included in formal protected 
areas12

• BLM: 0.05 This value was derived via an iterative process. The objective was to slightly clump 
selection of areas to represent landscape facets into contiguous units, without ever selecting 
planning units which were not contributing to meeting insufficiently met landscape facet 
targets.  

 were classified as "conserved" in the MARXAN analysis. Planning units that were not 
classified as "conserved" and that were less than 75% intact were classified as "excluded" and were 
not available for selection. Although some of these excluded areas may in fact be critical for 
representing all landscape facets in the province, these were nevertheless excluded as it was felt 
that it would be inappropriate to prioritize fragmented areas based on a landscape facets analysis. 
Planning units falling entirely outside the province were also excluded. 

Targets: Targets were set at the hectare equivalents of 5% of the original extent of each of the land 
facets and 2.5% of the original extent of the landforms. These targets were deliberately set fairly low 
as the objective is to identify  a limited additional area into which one would nudge selection for 
habitat, species or process features (which would all undoubtedly have higher targets) to improve 
the representation of different landscape facets in Mpumalanga. The intention was not to produce 
feature which would be hardwired into a conservation plan. 

Boundary lengths: Boundary lengths between units were calculated in metres.  

MARXAN run parameters: Unless specified below, the following parameters were used for the 
MARXAN runs: 

• 500 runs of 1 000 000 iterations were used. 
• SPF value: A high SPF value of 1 000 000 was used to force selection of areas to meet targets 

for all features. 
 

MARXAN analysis process: An iterative MARXAN process was used. The stages are illustrated in 
Figure 3 and Table 2.  

• The initial design included all units more than 50% within formal protected areas. This is 
approximately 18% of the domain and equates to an area of intact habitat of 1 393 410 ha. 
Just under half (46%) of the facet and landform targets were met, while almost a third (29%) 
of the possible facets were not represented at all. 

                                                            
12 Available from http://planet.uwc.ac.za/BGISdownloads/protectedareasNPAES_Formal.zip 
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• At the end of the first MARXAN run, all planning units which were identified in more than 
100 out of 500 runs were added to the initial selection. Stage One identified an additional 
1968 planning units (approximately 5% of units), and resulted in a major increase in the 
number of features where targets were met to 504 (93%) and a reduction in features which 
were completely unrepresented to under 1%. 

• A second MARXAN run was undertaken using the same parameters as the first run, except 
that all features selected in over 50 out of 500 runs were added to the design. Stage Two 
identified an additional 617 planning units (approximately 1.5%), and resulted in a slight 
increase in the number of features where targets were met to 528 (97%). 

• A third MARXAN run was undertaken without using the BLM, in order to mop up a few more 
isolated features. All planning units selected in over 10 out of 500 runs were added to the 
design. This final design (Stage Three) identified an additional 228 planning units 
(approximately 0.5%), and resulted in targets being met for an additional 5 facet types.  

• The final design fully met targets for 533 facet types (98%). Three facet types remain 
unrepresented in the final design (all have very small areas and are found in highly 
fragmented units). Of the 10 features where the targets have not been fully met, the areas 
selected represent more than 80% of their available area, i.e.the targets which can 
realistically be met have been met in the selected area. Overall, the additional selected areas 
significantly improve the representation of unique land facets and increase the efficiency of 
the network. The initial network covered 18% of the province and met targets for 46.9% of 
features, while 29% of types were unrepresented. The analysis identified an additional 6% of 
the province which if conserved would meet targets for 98.2% of land facets and where only 
0.5% of land facets are completely unrepresented. 

 

Recommendation: Inclusion of the identified areas would significantly improve the representation of 
unique land facets. The protection of these areas is likely to improve the resilience of the landscape 
to climate change, as one would be representing the greatest possible range of habitat 
characteristics. Current knowledge does not allow us to definitively identify which facets or areas 
will in fact result in species and ecosystem persistence under a diverse range of future climate 
scenarios. Protection of the full range of  habitat characteristics should provide our best chance of 
including those areas which do in fact turn out to be important. Even if climate change predictions 
turn out to be incorrect, protection of the identified areas will nevertheless significantly improve the 
representativeness of the existing reserve network, and may help conserve features which are 
currently poorly known (i.e. these are the areas which best complement the existing land facets, and 
hence are likely to contain features both known and unknown that are not in the current network). 
Nevertheless, although one could fix these areas into a conservation plan, at this stage it is our 
opinion that the features do not have sufficient basis to be hardwired into a plan. Therefore, it is 
suggested that the intact sections of the identified planning units are either included as a feature 
with a target into the main MARXAN analysis and/or that these areas are included as at a 
significantly reduced cost in order to favour selection of these areas when meeting targets for other 
features. We would be hesitant to select these areas solely on the basis of their land facet.  
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Table 1: Summary of MARXAN process illustration the increased efficiency in meeting land 
facet targets. 

 

 

 

 

 

 

Figure 3: Results of the land facet MARXAN analysis. Identified areas would approximately 
double the number of unique land facets with their targets met by the network to 98%, and 
reduce the unrepresented facets from around 30% to less than 1%. 

Stage Number of 
units added 

in stage

Percentage of 
total units 

(42183)

Feature 
completely 

unrepresented

>0- <10% of 
target met for 

feature

10- <100% of 
target met for 

feature

Target 
met

Initial 7631 18.09 159 25 104 255
Stage One 1968 4.67 4 2 37 504
Stage Two 617 1.46 3 2 10 528
Stage Three 228 0.54 3 2 7 533
Final design 10174 24.12 3 2 7 533

Feature targets met
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Table 4: Descriptions and locations of the landscape facets representation layers.  

No. Full Name Derivation File Field name Values 

1 Slope   Idrisi standard 
modules based on 
90m DEM 

*\slopeas.rrd 

 

Slope1= 
Description 

 

 

Slope = Codes 

Flat 0-<5° 

Medium Slope 5- 
<15° 

Steep Slope 15 - 90° 

 

1, 2, 3  

2 Aspect Idrisi standard 
modules based on 
90m DEM 

*\slopeas.rrd 

 

Acpect2 (sic) 

 

 

 

 

Aspect = 
Codes 

North 315-45°  

East 45-135°,  

South 135-225°,  

West 225-315° 

 

1, 2, 3, 4 

3 Slope aspect 
combinations 

1 & 2 *\slopeas.rrd 

 

Combo Flat 0-<5° 

East Medium 5 -< 
15° 

North Medium5-< 
15° 

West Medium 5-< 
15° 

South Medium5-< 
15° 

East Steep 15- 90° 

West Steep 15-90° 

North Steep 15- 90° 

South Steep 15- 90° 

4 Land facets13 Combined 
landtype, landform, 
altitude slope, and 
aspect to give 4790 
unique landscape 

*\combineall_dd.rrd VALUE  

 

DEMCAT  

Unique facet 
number 

 

Altitude category 

                                                            
13 Note that this layer is included for its potential future use. It was not used in the MARXAN analysis 
due to the excessive number of unique feature types. 
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facets in planning 
domain  

 

 

 

 

 

LANDT  

 

 

SA_CATFIN  

 

 

 

SMALLLANDF  

 

 

(1=0-<493m, 2=493-
<1045m, 3=1045-
<1395m, 4=1395-
<1602m, 5=1602-
2316m) 

 

Unique landtype 
code number (23 
types) 

 

Unique slope & 
aspect combination 
code (9 types - see 
no. 3) 

 

Unique landform 
code number (9 
types as open slopes 
and plains were 
combined) 

 

5 Land facets 
used in 
MARXAN 
analysis 

Combined 
landtype, altitude 
slope, and aspect to 
give 735 unique 
landscape facets in 
planning domain 

*\combine_wg584.rrd VALUE  

 

DEMCAT  

 

 

 

 

 

LANDT  

 

 

SA_CATFIN  

 

 

Unique facet 
number 

 

Altitude category 
(1=0-<493m, 2=493-
<1045m, 3=1045-
<1395m, 4=1395-
<1602m, 5=1602-
2316m) 

 

Unique landtype 
code number (23 
types) 

 

Unique slope & 
aspect combination 
code (9 types - see 
no. 3) 

 

6 Landforms 
(remaining 

Unique landforms 
clipped to 

*\Landform_remaining_wgs84.shp ID Unique feature ID 
code used in 
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intact area) remaining intact 
area 

 

 

 

Orig 

 

 

MARXAN (698-706) 

 

Original area in 
Mpumalanga (ha) 

 

7 Land facets 
(remaining 
intact area) 

Unique land facets 
(from 5) clipped to 
remaining intact 
area 

*\facets_remaining_wgs84.shp ID 

 

 

Orig 

 

 

Unique feature ID 
code used in 
MARXAN (1-697) 

 

Original area in 
Mpumalanga (ha) 

 

8 Planning 
units selected 
by MARXAN 
analysis 

Summary layer of 
planning units 
utilized in MARXAN 
analysis including 
pa status, cost, and 
stage when 
selected in analysis. 

*\MARXAN_selections_ wgs84.shp Orig 

 

 

Rem 

 

 

 

Addcost 

 

 

 

 

 

PA 

 

 

 

 

Original area of 
planning unit in 
Mpumalanga (ha) 

 

Remaining intact 
area of planning unit 
in Mpumalanga (ha) 

 

Additional cost in 
hectare equivalents 
added due to 
transformation of 
planning unit (see 
text). 

 

Starting status in 
MARXAN analysis 
(Conserved, 
Available or 
Excluded - see text) 

 

Unique planning 
unit ID used in 
MARXAN 
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Unit_ID 

 

 

Area 

 

 

Cost 

 

 

 

 

 

Stage 

Area of planning 
unit in ha 

 

Cost of planning unit 
in hectare 
equivalents used in 
MARXAN analysis 
(see text for 
derivation) 

 

Stage when selected 
in MARXAN analysis. 

9 Simplified 
outputs of 
landscape 
facet analysis 

Planning units 
identified in the 
MARXAN analysis 
(including initial 
units and stage of 
selection) 

*\MARXAN_selections_ 
simplified_wgs84.shp 

Stage Stage when selected 
in MARXAN analysis. 

*D:\Mpumalanga climate\facets 
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