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Constraints and assumptions 

Field visits for the current study and previous ones made during the SEA have all been 

relatively short, some even based on desktop studies, and thus preventing proper temporally-

sound quantitative surveys. The key limitations of a limited fieldwork period are some 

uncommon or rare species of conservation relevance that actually occur there may have been 

overlooked; some features of the landscape that could be important for biodiversity may be 

missed; and some of the functional interconnections that should be assessed may not have 

been recognised. Furthermore, comparison between different studies becomes difficult 

because results are necessarily biased towards each particular specialist's areas of expertise. 

Consequently, based on professional opinion and long experience, representative risks to the 

environment were defined for this report. This is therefore an important assumption: the sites 

that were visited during fieldwork adequately represent the different biodiversity features and 

habitats along the actual SKA Phase 1 infrastructure footprint. Importantly, for the Brandvlei 

spiral the last four dish placements could not be comprehensively assessed due to land-

owners denying access. These areas were subsequently rated via biotope classification 

models only. Please note that this document is best read in electronic format due to colour 

maps and in-text cross referencing. 

Disclaimer 

The limitations of the rehabilitation report as described above dictates the extent that 

conclusions can be based on quantitative data. Although we therefore provide some guiding 

management opinions where applicable, this report is not intended as an impact assessment. 

Confidence 

Although quantitative impact data on all aspects would have increased confidence in 

conclusions and recommendations to a large extent, we are still confident that our findings 

and conclusions in the current report, which are based on a mixture of previous studies by us 

and others, field observations, experience and expert knowledge, will stand up to scrutiny. 
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1. Introduction 

 

1.1. Background 

 

Globally there is heightened awareness of the essential functions of intact biodiversity in 

commodity production landscapes. For example, there is now a much better understanding of 

the fundamental role of natural ecosystems in providing much needed services such as 

pollination by local insects to maintain fruit production, or water purification by native plants 

(Power 2010). Loss of plant diversity, for example, has also been coupled to fundamental 

changes in functions such as soil nutrient cycling (Tilman et al. 1996), and can make a site 

more prone to invasion by exotic species (Fargione & Tilman 2005). Essentially, biodiversity 

loss can limit ecosystem buffering against temporal variation in environmental conditions 

(Yachi & Loreau 1999). Biodiversity conservation is thus required to maintain stable and 

effective functioning ecosystems (Naeem et al. 1994; Chapin et al. 2000; Tilman et al. 2006). 

However, we are experiencing rapid and on-going fragmentation of our natural environment 

owing to increased demographic pressure on natural resources (Sala et al. 2000). 

The continuing loss of biodiversity worldwide is disheartening. In fact, some 

scientists believe humans have triggered the sixth mass extinction event (Ceballos et al. 

2017). It is therefore no surprise that stakeholders in biodiversity conservation are stressing 

the need for more ecologically-friendly production of goods and services to maintain human 

well-being (Schläpfer et al. 1999; Sayer & Cassman 2013). In this light, perceptions in large 

production landscapes, which often results in environmental fragmentation, are changing 

considerably. This time with an emphasis on a sustainable supply from producer through to 

consumer. Furthermore, environmentally sustainable development is increasingly enforced in 

many countries, South Africa being especially heedful. 

In South Africa, national legislature such as the National Environmental 

Management: Biodiversity Act (Act No 10 of 1983, as amended 2014), helps prevent gross 

environmental negligence during landscape development planning. Thus, major organizations 

whose operations affect natural resources are becoming more aware of biodiversity 

conservation as part of their development and operational processes. Indeed, there is great 

reward or positive implications for contributing to biodiversity conservation within landscape 

development schemes, ultimately achieving the sustainability triple bottom line (social, 

economic, and natural wellbeing). 
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1.2. Problem statement 

 

On 20 June 2016, the SAEON and the South African Radio Astronomy Observatory 

(SARAO) entered into an Internal Memorandum of Agreement concerning their close 

cooperation. Following that, on 1 November 2017, these two institutions signed a three-year 

internal arrangement relating to the implementation of the integrated environmental 

management plan (IEMP) for the Square Kilometre Array (SKA) project in South Africa. The 

SKA site of c.140 000 ha falls within the Nama-Karoo biome in the Northern Cape Province. 

This remote region has remained largely unstudied and, as a result, little is known about how 

ecosystems here would respond to future changes in land-use and environmental conditions. 

SARAO has made a commitment to construct all infrastructure and routing in an 

environmentally sensitive way. An environmental assessment will thus influence the final 

positioning of the SKA dishes and related roads and power or optic fibre lines. The 

overarching aim is thus to ensure an ecologically-friendly infrastructure configuration, in line 

with modern, conservation-driven development notions. SARAO furthermore envisage their 

properties in the Nama-Karoo to be managed as a nature reserve, in this case functioning as a 

techno-ecosystem. A techno-ecosystem, a landscape configuration derived from agro-

ecosystem theory, would produce high-end data for advanced science whilst also conserving 

Nama-Karoo biodiversity, collectively filling the needs of the wider society. 

To achieve an ecologically-friendly infrastructure configuration for SKA, SAEON 

was tasked to identify key biotopes in the area to aid conservation planning, and to also 

undertake a physical walkthrough of all planned infrastructure associated with SKA Phase 1 

development – terrestrial and aquatic, as outlined in the SKA IEMP. Having both a biotope 

classification and doing a physical walk-through will ensure comprehensive compliance with 

the national environmental management targets set out in the integrated environmental 

management plan for the SKA project. 

 

1.3. Key report objectives 

 To identify key biotopes of the SKA radio astronomy observatory in the Nama-Karoo 

by using satellite imagery, specialist knowledge, and academic literature. 

 To record ecologically sensitive plant species and biotopes in situ by walking along 

planned locations for SKA Phase 1 infrastructure. 
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 To classify areas Unsuitable for Development by consolidating surveyed plant species 

with biotope classes 

 To advice on the optimal infrastructure configuration for Phase 1 by moving or 

rerouting infrastructure passing through areas Unsuitable for Development. 

 To classify Phase1 infrastructure into areas of Very High Sensitivity, High Sensitivity, 

or Least Concern, by consolidating surveyed plant species with biotope classes. 

 To advise on mitigation strategies for each area classified as of Very High Sensitivity 

and High Sensitivity. 

 To provide a finer-scale sensitivity map to update areas previously classified as areas 

Unsuitable for Development in the SKA ecology and aquatic SEA reports, where 

studies which were largely desktop-based, as remaining Unsuitable for Development, 

or declassified as suitable for development with the appropriate mitigation methods in 

place. 
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2. Biotope Classification and Walk-through Methods 

 

2.1. Rationale for a biotope classification 

 

Landscape planners and managers require optimized decision-making tools that relate to 

protected area, conservancy, or land-sparing design and management (Sarkar et al. 2006). A 

good way to start conservation planning is to draw-up the major vegetation units within an 

affected area. However, preliminary evidence and biodiversity assessments made of the SKA 

area suggested fine-scale habitat mapping would be more accurate than broad-scale 

classifications (Todd & Henschel 2016). Consulting the latest vegetation map of South 

Africa, SKA Phase 1 infrastructure will traverse seven major vegetation units (Fig. 1), with 

none considered threatened, but none also currently protected. An abiotic approach to 

mapping high conservation value, following niche heterogeneity theory, might indeed be 

more valuable since little is known about the biodiversity and ecology of the aforementioned 

vegetation types. 
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Figure 1. Major vegetation units impacted by SKA Phase 1 infrastructure as per the 2012 

Vegetation Map of South Africa, Lesotho and Swaziland (SANBI 2012). 

A biotope is defined as an area or region with similar abiotic characteristics and 

associated with a particular biotic community. It is thus a community ecology concept, unlike 

habitat that is a species-specific construct, the latter more often used to model population 

distributions. In fact, a biotope is a collection of habitats. A biotope classification system has 

great value in zoning areas of conservation interest (van Swaay et al. 2006). This value is 

because all species require certain ecological attributes to persist in the landscape, and many 

may share some of these aspects (Shreeve et al. 2001). Thus, many species are filtered by the 

same environmental variables, such as rockiness or water, which means that when we find 

these feature they are more likely to co-occur (Shreeve et al. 2001). Biotopes are therefore 

ideal indicators of environmental heterogeneity, a landscape attribute we know creates and 

maintains higher biodiversity in the landscape (Margules & Pressey 2000; Crous et al. 2013). 

From a conservation perspective we can conserve a diversity of biota with less 

complexity than purely focusing on single species. Indeed, Usher (1986) noted how 

landscapes meeting many environmental criteria, opposed to a single criterion, are more often 

perceived of higher value to conservation. Acknowledging that different features within 

landscapes contribute differently to species diversity in that area, is seen as an important 

contemporary principle for managing commodity production landscapes globally 

(Lindenmayer & Cunningham 2013). For the SKA assessment area, which includes the 

servitude farms of the spiral arms, key terrestrial and aquatic biotopes were identified using 

expert veld reconnaissance missions, satellite imagery, academic literature, and then, finally, 

complemented by observations made during the terrestrial and aquatic walkthrough. 

 

2.2. The walk-through 

 

Between 12 March and 27 April 2018, a physical walk-through was executed through areas 

zoned for SKA Phase 1 infrastructure and routing construction. At least one expert ecologist 

and one expert botanist were present at all time, with the ecologist present for the whole 

duration of the walk through. Ethnobotanical help was further supplied by two members of 

the San Council, Jan Pietersen and Collin Louw, who advised on species of cultural heritage 

to the San people. Drs Francois Roets and Kenneth Oberlander from Stellenbosch University 

helped identify and review Oxalis species found in the SKA area. Finally, two SARAO 
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environmental officers, Gabriella Duncan and Nomcebo Buthelezi, also walked along at 

critical stages to inform SAEON on construction detail, helping to better assess the potential 

ecological footprint. 

For this walk-through exercise, all infrastructure, which includes the radio telescopes, 

the photovoltaic stations, power and fibre optic cable lines, and newly planned access roads 

(including new quarries and borrow pits), were assessed for potentially threatening the 

ecology in its immediate and larger environment. To standardize assessments throughout the 

observation period, and to better structure priorities and recommendations for configuring 

SKA Phase 1 infrastructure, a categorised ecological sensitivity index was used. This index 

classes each area affected by SKA infrastructure as Unsuitable for Development, areas of 

Very High Sensitivity, areas of High Sensitivity, or areas of Least Concern. Box 1 explains the 

criteria underlying each category. Criteria also followed recommendations made by 

specialists during the Strategic Environmental Assessment reports at an earlier stage of the 

SKA core development (Milton 2017a; Snaddon et al. 2017). 

 

Box 1. Definitions of Ecological Sensitivity Indicators 

 

 

 

 

 

 

 

 

 

 

 

  

Unsuitable for Development are areas with high risk of species declines or extinctions. This category would 

include instances where infrastructure directly threatens nationally or locally protected plant species; directly 

changing the hydrological regime in this Karoo landscape where water is often the most limiting resource to 

most species, such as infrastructure going through pristine ephemeral pans; significantly damages red dune 

ecosystems that are scarce in the landscape; and where rocky biotope integrity (including dolerite, mudstone 

and shale slopes) would be threatened, meaning large proportions of unique biotic communities could be 

displaced. It is thus within these areas where infrastructure placement will have to be moved or rerouted. 

Very High Sensitivity areas are where there is a very high risk of species declines due to collateral damage of 

construction of nearby infrastructure. This category would include instances where infrastructure will be 

erected nearby nationally or locally protected plant species; where it will directly change the hydrological 

regime in this Karoo landscape, including close to pristine pans; and where rocky biotope integrity would be 

threatened meaning large proportions of unique biotic communities could be displaced. Here, environmental 

micro-management of construction would always be needed, as collateral damage is highly likely. These areas 

must be prioritised for rehabilitation. Possible mitigation strategies given. 

High Sensitivity zones comprise areas where there is high risk of species declines and alteration of the 

hydrological regime in the landscape, e.g. building across small tributaries. Collateral damage during 

construction of nearby infrastructure is less likely than Very High Sensitivity areas, due to smaller potential 

impact (e.g. areas with lower observed plant diversity), but must still be monitored by an appropriately 

qualified environmental control officer. Possible mitigation strategies given. 

Least Concern is considered for areas of low risk to biodiversity. For example, areas where species diversity 

is low, dominant species are widespread and abundant, extensive overgrazing had occurred, or where non-

native plants invaded. Areas of least concern will not be presented with specific mitigation strategies. 
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3. Biotope Classification Results 

 

3.1. Key terrestrial biotopes in the SKA radio astronomy observatory to guide sensitivity 

mapping 

3.1.1. Northern and Southern Slopes of dolerite, shale and mudstone mesas and buttes 

In the southern hemisphere, the sun heats up the northern slopes of mesas and buttes for 

longer periods daily. Southern slopes are thus more shaded and moister. Hill shading in the 

SKA area, where tall and steep-sloped mesas and buttes are indeed charismatic landscape 

features, would thus structure biota accordingly. Plate 1 depicts two hills (koppies) of 

opposite aspect on the SKA radio astronomy observatory, where panel a) shows a northern 

slope with a large populations of the threatened Aloidendron dichotomum (Quiver trees), but 

the southern face barely having any. This is, in fact, a quite common scenario in the SKA 

radio astronomy observatory and elsewhere where these species occur. Plate 1(b), in turn, 

shows the shading out of the southern slopes. These southern slopes are special biotopes for 

especially Oxalis plants. During the walk-through, six species of the geophyte Oxalis were 

found on these rocky southern slopes (Table 1). Of these, one could be new to science (t.b.c. 

with DNA analysis), and two represent range extensions for South Africa. In Plate 2 it is 

possible to see the difference in vegetation cover between a northern and a southern hill face. 

Typically, then, north-facing hillsides may host large Quiver tree populations, and the 

southern rocky slopes have high beta-diversity of small Oxalis bulbs. 

 

Table 1. List of bulbous Oxalis recorded on southerly rocky slopes. Some known species 

were recorded in the SKA region for the first time, indicating a range extension. Oxalis cf. 

depressa is potentially a new species to science (cf. means appearing like O. depressa, but 

isn’t). 

Species Name Range Extension? Remarks 

Oxalis smithiana Yes  

Oxalis annae No  

Oxalis grammopetala No Not well-known to botanists in general 

Oxalis primmuloides Yes  

Oxalis cf. depressa Probably Could be a new species to science 
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Oxalis hirsuta No Very few specimens ever collected globally 

*Plants identified by Drs Francois Roets and Kenneth Oberlander at Stellenbosch University. 
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Plate 1. Examples of shading-out southern slopes by tall mesas or buttes found in the SKA 

area. Panel a) shows a northern slope with Aloidendron dichotomum populations where the 

southern slope has barely any. Panel b) shows the actual shading-out of a south-facing slope. 
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Plate 2. Differences in plant cover on a) northern and b) southern slopes. 
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3.1.2. Rocky or stony dolerite, shale and mudstone slopes 

The rocky-sloped mesas and buttes (koppies) in the Nama-Karoo are known to be particularly 

plant species rich compared to the surrounding plains (Mucina et al. 2006). Rocky areas in 

the SKA core area have already been flagged as maintaining beta diversity in the landscape 

(Todd & Henschel 2016). Indeed, in the Ecology SEA of SKA Phase 1, the presence of 

particularly rocky or stony slopes, including mudstone, shale and dolerite, were highlighted 

as representing quite a unique but contrasting niche when compared to flat and sandy 

matrices. These rugged, rocky terrains were also shown to significantly maintain beta 

diversity in the landscape elsewhere in South Africa, and by implication would also maintain 

alpha diversity over a large region like SKA, not just for plants but insects too (Crous et al. 

2013). These rocky slopes in particular should be conserved as best possible, also since these 

slopes contain vulnerable and protected tree species (see following sections). Plate 3 

illustrates a few examples of the high diversity of species associated with rocky and stony 

slopes. 

 

3.2. Key transient aquatic biotopes in the SKA radio astronomy observatory 

3.2.1. Micro streams and channels 

Transient aquatic biotopes are all interlinked as each component forms part of the area’s 

stream and drainage system. However, each component differs in its anatomy and function, 

hosting plant communities more suitable to each (Milton 1990). Micro tributaries in the SKA 

radio astronomy observatory, that is, small streams <1m in diameter (Plate 4), had 

disproportionately higher ecological value than the larger and comparatively drier matrix, the 

former hosting considerably more species and biomass, especially water-loving grasses such 

as Fingerhuthia africana, Eragrostis capensis and Cenchrus ciliaris. These micro channels 

were also clear movement corridors for smaller antelopes and hares given the fresh tracks 

frequently observed, particularly Steenbok (Plate 4a, b). Micro channels in the Karoo 

landscape thus count as Small-Nature-Features, and is complementary to larger-scale 

conservation planning given their great ecological role in comparison to their often small 

coverage in the landscape (Hunter et al. 2017). Indeed, there are indications that where shrub 

die-back occurs, it is less so in these smaller drainage lines (Sue Milton, pers. comm.). These 

are thus important propagation sources for adjacent and previously distressed areas. For these 

reasons micro streams and channels should be considered key biotopes, especially since they 



12 
 

offer unique aquatic environments not always clearly visible or perceived in the landscape (or 

via satellite imaging), especially when very shallow and plant-covered compared to the 

matrix (Plate 4c). 
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Plate 3. Examples of bulbs and succulents found in rocky and stony patches in the SKA area. 
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Plate 4. Samples of ephemeral micro streams and channels found in the SKA area. Black 

arrows indicate flow direction and stream width. Panels a) and b) represent different soils, 

and panel c) indicates plant-covered channels, with different plant species than the channel 

matrix.  
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3.2.1. Large to very large streams and channels 

Large to very large streams and channels are more prominently noticeable in the Karoo 

landscape. An important riparian biotope for trees and other water-demanding species, e.g. 

reeds, these conduits are also critical in distributing water throughout the wider landscape, 

finally reaching individual base levels (e.g. pans). Although these biotopes are clear they do 

vary in anatomy. Some flow for 100’s of kilometres, such as the prominent Sak River 

meandering through the Williston spiral arm (Plate 5a). Others are more subtle, yet in the 

process of carving valleys (Plate 5b). Some resemble canyons, likely carved by past floods 

(Plate 5d). Then there are shorter rivers, but which still have massive drainage capacity being 

>50 m wide at some positions along the channel (Plate 5e). Plate 5f shows a rugged, rocky 

river along shale cliffs. Disrupting this riverine biotope would significantly affect 

biodiversity. 
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Plate 5. Samples of large to very large ephemeral rivers found in the SKA area.  
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3.2.3. Ephemeral Pans 

Ephemeral pans are essentially temporary (or local) stream erosion bases; that is, they 

represent the lowest terrestrial elevation in the landscape. The sea is the ultimate stream 

erosion base, hence pans being of temporary and local nature. Ephemeral pans thus signify 

low-level areas in the landscape below which the stream can no longer erode its channel, until 

major geological shifts changes the landscape topology. Therefore, apart from being really 

important to maintain hydrological regimes, these pans are also important biotopes. Water 

accumulates here for extensive periods, offering living spaces for biota varying from birds to 

isopods (pill bugs), and numerous phyllopods, e.g. fairy shrimps (Hamer & Rayner 1996). 

But also many other small arthropods are to be found in these pans, some that have up to now 

hardly ever been studied (Dr Betsie Milne, pers. comm.). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 6. Samples of pristine ephemeral pans found in the SKA area.  
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Plate 7. Examples of how mesas and buttes, which are characteristic features in the SKA 

area, direct water into the lower-lying areas, subsequently affecting plant diversity and cover 

over small spatial scales 
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4. Results and Recommendations for Infrastructure Planning 

 

4.1. Summary of terrestrial and aquatic walkthrough results 

 

In general, areas classified as Unsuitable for Development, of which there were 15 cases 

found during this walkthrough, were triggered mainly by infrastructure passing through 

populations of Boscia albitrunca (Witgatboom or Sheperd’s tree), triggering the National 

Forest Act (Act no. 84 of 1998) (see also Alias et al. 2003); or where populations or single 

individuals of Aloidendron dichotomum (quiver trees) were directly threatened. Red data list 

for South African plants put A. dichotomum as Vulnerable (Foden 2005). A classification as 

vulnerable means quiver trees meet at least one of the five IUCN criteria for Vulnerable, 

indicating populations are facing a high risk of extinction. Indeed, considerable population 

dieback are predicted for some regions due to drought (Foden et al. 2007), particularly seen 

in juveniles, thus threatening site recruitment dynamics (Jack et al. 2016). Even though the 

populations of quiver trees at SKA appear to be in a healthy condition, this location is at the 

boundary of the species’ range (van der Merwe & Geldenhuys 2017). Because of its high 

cultural value to the San people (Wynberg & Chennels 2009) and status as specially protected 

by the Northern Cape Nature Conservation Act (Act No. 9 of 2009), areas Unsuitable for 

Development were also given in instances where large populations of Hoodia gordonii were 

threatened, but fortunately these populations often co-occurred with the above-mentioned 

trees, also on rocky slopes, and are thus protected by proxy. Significantly altering red dune 

ecosystems, which host the endemic Karoo Red Lark, and many unique plant species, were 

also red flags for construction (Milton 2017a). Finally, because of the importance of the 

stream and drainage systems in the Karoo, any placement directly in aquatic features also 

triggered Unsuitable for Development, in particular previously undisturbed ephemeral 

wetlands or pans (i.e., where land owners have not already tilled or constructed roads). 

Areas of Very High Sensitivity were mostly triggered due to infrastructure coming 

very close to sensitive biotopes such as rocky slopes or rocky outcrops that harbour a wide 

variety of bulbs and succulents. This class was also given where infrastructure is to pass 

nearby populations of specially protected B. albitrunca and A. dichotomum individuals of 

populations, i.e. where collateral damage during construction, as accidents do happen, is 

likely to damage some individuals. Finally, Very High Sensitivity was also given where 

infrastructure is to significantly impact the hydrology of the site. For example, where 
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infrastructure cross ephemeral rivers, which will destroy riparian vegetation, and could thus 

obstruct the natural water flow in the landscape, potentially affecting pans. In these cases, 

however, significant damage can be avoided or mitigated by ecologically sensitive 

engineering practices. 

Areas of High Sensitivity were classified mostly when there are some chance that 

accidental damage during construction would impact hydrological regime in the landscape, 

although damage would probably be limited to the patch scale. Nonetheless, many small 

impacts may equate to significant damage when summarised at a larger spatial scale. High 

Sensitivity areas should thus not be brushed aside even though the impacts appear relatively 

minor. Although not priority to rehabilitate, unlike areas of Very High Sensitivity, an 

environmental compliance officer should be aware of these cases and assess and implement 

mitigation as deemed necessary. 

 Areas of Least Concern were typically listed when an area was already highly 

disturbed. Such disturbance included already being highly invaded by non-native plants such 

as Prosopis, but also where historically the rangeland seemed to have been overgrazed to the 

extent where there are 1, 2 or 3 highly abundant species covering most of the potentially 

affected site, and where there is little understory. Nonetheless, standard operating practices 

must still be employed. 

 

4.2. Summary tables of ecological sensitivity assessments 

 

Results of ecological sensitivity assessments for SKA Phase 1 infrastructure and routing, by 

means of physically walking and inspecting zoned areas between 15 March and 27 April 

2018, are tabulated below. Reporting follows the previously stipulated categories of 

Unsuitable for Development, Very High Sensitivity, High Sensitivity, or Least Concern (Box 

1). Ensuring a comprehensive ecological sensitivity assessment of these zones planned to 

host infrastructure, both the walkthrough and biotope assessments were used together to infer 

ecological sensitivity. However, for areas where access was denied, and where scouting of 

adjacent, similar areas were not possible, only biotope-based assessments were used, 

including the use of high resolution satellite imagery (50-cm resolution, DigitalGlobe 2018). 

To ease the search for justification and mitigation of the higher sensitivity ranked 

assessments, a link is given to the explanatory page (Least Concern excluded). A summary of 

the likelihood of environmental impact before and after ecologically sensitive re-design of 

infrastructure and routing, as instructed in the following tables, is given in Addendum D. 



21 
 

 

4.2.1. Radio telescopes 

Table 2. Summary of ecological sensitivity analyses for SKA Phase 1 radio telescope 

infrastructure, with link to justification and mitigation page. 

SKA MID1 

DISH 

NAME 
LOCATION 

ECOLOGICAL SENSITIVITY ANALYSIS 
PAGE 

Hyperlink Unsuitable for 

Development 

Very High 

Sensitivity 

High 

Sensitivity 

Least 

Concern 

SKA001 Meysdam/Losberg 
   

x  

SKA002 Meysdam/Losberg 
   

x  

SKA003 Meysdam/Losberg 
   

x  

SKA004 Thomaspan 
   

x  

SKA005 Zoutpoort 
   

x  

SKA006 Kameelboomputs 
 

x 
  

34 

SKA007 Rietkopskolk 
  

x 
 

56 

SKA008 Rietkolk 
   

x  

SKA009 Moffysdam 
   

x  

SKA010 Grootkolk 
   

x  

SKA011 Bottelput 
   

x  

SKA012 Dubbelde Vlei Noord 
   

x  

SKA013 Dubbelde Vlei 
   

x  

SKA014 Visserskloof x 
   

29 

SKA015 Brakputs 
   

x  

SKA016 Rooisand 
   

x  

SKA017 Brakputs 
  

x 
 

56 

SKA018 Brakputs x 
   

29 

SKA019 Varsrivier 
   

x  

SKA020 Brakputs 
   

x  

SKA021 Garstkolk 
  

x 
 

56 

SKA022 Swartfontein 
   

x  

SKA023 Meysdam/Losberg 
   

x  

SKA024 Meysdam/Losberg 
   

x  

SKA025 Zoutrivier 
   

x  

SKA026 Meysdam/Losberg 
   

x  

SKA027 Swartfontein 
 

x 
  

35 

SKA028 Meysdam/Losberg 
   

x  

SKA029 Meysdam/Losberg 
   

x  

SKA030 Meysdam/Losberg 
   

x  

SKA031 Meysdam/Losberg 
 

x 
  

35 

SKA032 Meysdam/Losberg 
   

x  

SKA033 Meysdam/Losberg 
   

x  

SKA034 Meysdam/Losberg 
 

x 
  

36 

SKA035 Meysdam/Losberg 
   

x  

SKA036 Meysdam/Losberg 
   

x  
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SKA037 Meysdam/Losberg 
   

x  

SKA038 Meysdam/Losberg 
   

x  

SKA039 Meysdam/Losberg 
   

x  

SKA040 Meysdam/Losberg 
 

x 
  

36 

SKA041 Meysdam/Losberg 
   

x  

SKA042 Meysdam/Losberg 
   

x  

SKA043 Meysdam/Losberg 
   

x  

SKA044 Meysdam/Losberg 
   

x  

SKA045 Meysdam/Losberg 
   

x  

SKA046 Meysdam/Losberg 
   

x  

SKA047 Meysdam/Losberg 
   

x  

SKA048 Meysdam/Losberg 
   

x  

SKA049 Meysdam/Losberg 
   

x  

SKA050 Meysdam/Losberg 
   

x  

SKA051 Meysdam/Losberg 
   

x  

SKA052 Meysdam/Losberg 
   

x  

SKA053 Meysdam/Losberg 
   

x  

SKA054 Meysdam/Losberg 
   

x  

SKA055 Meysdam/Losberg 
   

x  

SKA056 Meysdam/Losberg 
   

x  

SKA057 Meysdam/Losberg 
   

x  

SKA058 Meysdam/Losberg 
   

x  

SKA059 Meysdam/Losberg 
   

x  

SKA060 Meysdam/Losberg 
   

x  

SKA061 Meysdam/Losberg 
   

x  

SKA062 Meysdam/Losberg 
   

x  

SKA063 Meysdam/Losberg 
   

x  

SKA064 Meysdam/Losberg 
   

x  

SKA065 Meysdam/Losberg 
   

x  

SKA066 Meysdam/Losberg 
   

x  

SKA067 Meysdam/Losberg 
   

x  

SKA068 Meysdam/Losberg 
   

x  

SKA069 Meysdam/Losberg 
   

x  

SKA070 Meysdam/Losberg 
   

x  

SKA071 Meysdam/Losberg 
   

x  

SKA072 Meysdam/Losberg 
   

x  

SKA073 Meysdam/Losberg 
   

x  

SKA074 Meysdam/Losberg 
   

x  

SKA075 Meysdam/Losberg 
   

x  

SKA076 Meysdam/Losberg 
   

x  

SKA077 Meysdam/Losberg 
   

x  

SKA078 Meysdam/Losberg 
   

x  

SKA079 Meysdam/Losberg 
   

x  

SKA080 Meysdam/Losberg 
   

x  

SKA081 Meysdam/Losberg 
   

x  
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SKA082 Meysdam/Losberg 
   

x  

SKA083 Meysdam/Losberg 
   

x  

SKA084 Meysdam/Losberg 
   

x  

SKA085 Meysdam/Losberg 
   

x  

SKA086 Meysdam/Losberg 
   

x  

SKA087 Meysdam/Losberg 
   

x  

SKA088 Meysdam/Losberg 
   

x  

SKA089 Meysdam/Losberg 
   

x  

SKA090 Meysdam/Losberg 
   

x  

SKA091 Meysdam/Losberg 
   

x  

SKA092 Meysdam/Losberg 
   

x  

SKA093 Meysdam/Losberg 
   

x  

SKA094 Meysdam/Losberg 
   

x  

SKA095 Meysdam/Losberg 
   

x  

SKA096 Meysdam/Losberg 
   

x  

SKA097 Meysdam/Losberg 
   

x  

SKA098 Meysdam/Losberg 
   

x  

SKA099 Meysdam/Losberg 
   

x  

SKA100 Meysdam/Losberg 
  

x 
 

56 

SKA101 Meysdam/Losberg 
   

x  

SKA102 Meysdam/Losberg 
   

x  

SKA103 Meysdam/Losberg 
   

x  

SKA104 Meysdam/Losberg 
   

x  

SKA105 Swartfontein 
   

x  

SKA106 Meysdam/Losberg 
   

x  

SKA107 Meysdam/Losberg 
   

x  

SKA108 Meysdam/Losberg 
 

x 
  

36 

SKA109 Meysdam/Losberg 
   

x  

SKA110 Swartfontein 
   

x  

SKA111 Meysdam/Losberg 
   

x  

SKA112 Waterkloof 
   

x  

SKA113 Meysdam/Losberg 
  

x 
 

57 

SKA114 Meysdam/Losberg 
   

x  

SKA115 Swartfontein 
  

x 
 

57 

SKA116 Meysdam/Losberg 
   

x  

SKA117 Meysdam/Losberg 
  

x 
 

57 

SKA118 Meysdam/Losberg 
  

x 
 

58 

SKA119 Groot Paarde Kloof 
  

x 
 

58 

SKA120 Kareekloof 
   

x  

SKA121 Groot Paarde Kloof 
  

x 
 

58 

SKA122 Zandputs 
   

x  

SKA123 Blaauwheuvel 
   

x  

SKA124 Vlakleegte 
   

x  

SKA125 Blaauwheuvel 
  

x 
 

58 

SKA126 Waterval 
   

x  
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SKA127 Uitspankolk 
   

x  

SKA128 Stuurmansfontein 
   

x  

SKA129 Dassieskloof 
  

x 
 

59 

SKA130 Koega 
  

x 
 

59 

SKA131 Leeuwkrantz 
  

x 
 

59 

SKA132 Langbaken 
  

x 
 

60 

SKA133 Weltevrede 
  

x 
 

60 

 

 

4.2.2. Photovoltaic stations 

Table 3. Summary of ecological sensitivity analyses for SKA Phase 1 power generation 

infrastructure, with link to justification and mitigation page. 

SKA MID1 

PV 

STATION 
LOCATION 

ECOLOGICAL SENSITIVITY ANALYSIS 

PAGE 

Hyperlink 
Unsuitable 

for 

Development 

Very High 

Sensitivity 

High 

Sensitivity 

Least 

Concern 

SKA004 Thomaspan    x  

SKA005 Zoutpoort 
   

x  

SKA006 Kameelboomputs 
  

x 
 

60 

SKA007 Rietkopskolk 
   

x  

SKA008 Rietkolk   x  61 

SKA009 Moffysdam    x  

SKA010 Grootkolk    x  

SKA011 Bottelput    x  

SKA012 Dubbeldevlei Noord    x  

SKA013 Visserskloof    x  

SKA021 Garstkolk    x  

SKA025 De Hoek    x  

SKA112 De Hoek    x  

SKA120 Kareekolk 
  

x 
 

61 

SKA122 Zandputs    x  

SKA124 Witgras 
   

x  

SKA126 Nieuwe Uitzicht   x  61 

SKA127 Uitspankolk  x   37 

SKA128 Hondeblaf    x  

SKA129 Bissies en Aanteelkolk   x  62 

SKA130 Koega   x  62 

SKA131 Leeuwkrantz   x  62 

SKA132 Langbaken   x  63 

SKA133 Weltevrede  x   37 
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4.2.3. Planned new roads 

Table 4. Summary of ecological sensitivity analyses for SKA Phase 1 transport infrastructure, with link to justification and mitigation page. 

SKA MID1 

PLANNED NEW ROADS LOCATION 

ECOLOGICAL SENSITIVITY ANALYSIS 

PAGE 

Hyperlink 
Unsuitable 

for 

Development 

Very High 

Sensitivity 

High 

Sensitivity 

Least 

Concern 

Between M051 and SKA109 Meysdam/Losberg 
 

x 
  

38 

Between SKA113 and Existing Road Meysdam/Losberg 
 

x 
  

38 

Between SKA107 and SKA113 Meysdam/Losberg 
 

x 
  

38 

Between SKA018 and SKA017 Brakputs x 
   

29 

New Road to SKA121 Groot Paarde Kloof x 
   

30 

Between SKA116 and SKA117 Meysdam/Losberg 
 

x 
  

39 

Between SKA117 and SKA115 Meysdam/Losberg + Swartfontein 
 

x 
  

39 

New Road to SKA027 Swartfontein 
 

x 
  

40 

New Road to SKA015 Brakputs x 
   

30 

New Road to SKA014 Visserskloof 
 

x 
  

41 

Between SKA105 and SKA110 Swartfontein x 
   

31 

Between SKA110 and SKA115 Swartfontein 
 

x 
  

40 

New road to SKA119 Groot Paarde Kloof 
  

x 
 

63 

New road to SKA127 Uitspankolk 
  

x 
 

63 

New road to SKA007 Rietkopskolk 
 

x 
  

41 

New road to SKA006 and PV station 006 Kameelboomputs 
 

x 
  

41 

New road to SKA005 Zoutpoort x 
   

32 

New road from SKA125 to connect to Snelskloof road Blaauwheuvel + Waterval 
 

x 
  

42 

Knee-bend section of new road to SKA021 Garstkolk x 
   

31 

New road connecting De Hoek with Waterkloof (Williston 

road) 
De Hoek and Waterkloof x 

   
31 

New road to SKA004 Thomaspan 
 

x 
  

43 

ALL OTHER PLANNED NEW ROADS ALL LOCATIONS 
   

x  
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4.2.4. Fibre optics and power provisioning 

Table 5. Summary of ecological sensitivity analyses for SKA Phase 1 data transfer and electricity infrastructure, with link to justification and 

mitigation page. 

SKA MID1 

FIBRE OPTICS AND POWER CABLES LOCATION 

ECOLOGICAL SENSITIVITY ANALYSIS 

PAGE 

Hyperlink 

Unsuitable 

for 

Development 

Very High 

Sensitivity 

High 

Sensitivity 

Least 

Concern 

Between SKA113 and SKA118 Meysdam/Losberg 
 

x 
  

43 

Between Losberg homestead access road and Losberg Site Complex Meysdam/Losberg 
 

x 
  

44 

Running from SKA123 upward to connection from SKA121 Blaauwheuvel 
 

x 
  

44 

Running from SKA014 toward SKA013 Visserskloof 
 

x 
  

45 

Knee-bend section connecting to optics from SKA014 Visserskloof 
 

x 
  

45 

From SKA010 toward SKA009 Grootkolk + Moffysdam 
 

x 
  

46 

From SKA009 toward SKA007 Rietkopskolk 
 

x 
  

47 

Running from PV station at SKA007 to SKA007 Rietkopskolk 
 

x 
  

46 

Running next to fence on Blinkklip, halfway between SKA006 and SKA007 Blinkklip 
 

x 
  

47 

Running between PV station SKA005 and SKA005 Zoutpoort 
  

x 
 

64 

Running along Jan Louwsleegte and Jan Louwskolk border fence, between 

SKA005 and SKA006 
Jan Louwskolk  x   48 

Top section running along Jan Louwskolk and Rooileegte border Jan Louwskolk x    34 

Between SKA005 and SKA008 Sunnyside x    33 

Final 2km of straight stretch running from Losberg Site Complex into 

Pofadderfontein 

Meysdam/Losberg + 

Pofadderfontein 
x 

   
32 

Running from SKA121 to SKA123, and between SKA125 and SKA126 
Groot Paarde Kloof + 

Blaauwheuvel + Waterval  
x 

  
48 

Last section intersecting steep slope between SKA123 and SKA125 Blaauwheuvel x    34 

Southern Jagersberg, stretch running around koppie near SKA120 Jagersberg x 
   

33 

Between SKA129 and PV Station SKA129 
Dassieskloof + Bissies en 

Aanteel Kolk  
x 

  
49 

Section crossing steep mesa slope, south of SKA129 Dassieskloof x    33 

Between SKA131 and PV station SKA131 Leeuwkrantz 
 

x 
  

49 

Between SKA133 and PV station SKA133 Weltevrede 
 

x 
  

51 

Running along northern border of Ongeluksfontein Ongeluksfontein 
 

x 
  

51 
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Last stretch on southern border of Leeuwkrantz and onto Zakfontein Leeuwkrantz/Zakfontein 
 

x 
  

50 

Stretch along the southern border Bitterpoort farm Bitterpoort 
 

x 
  

52 

From Williston road (R63) up to SKA132 Langbaken 
 

x 
  

52 

ALL OTHER PLANNED NEW ROADS ALL LOCATIONS 
   

x  
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4.2.5. Stone quarries and borrow pits 

Table 6. Summary of ecological sensitivity analyses for SKA Phase 1 stone quarries and 

borrow pits, with link to justification and mitigation page. 

SKA MID1 

NEW 

QUARRY 

OR PIT 

LOCATION 

ECOLOGICAL SENSITIVITY ANALYSIS 

PAGE 

Hyperlink 
Unsuitable 

for 

Development 

Very High 

Sensitivity 

High 

Sensitivity 

Least 

Concern 

SKA Q4.1-RC Swartfontein 
 

x   53 

SKA Q1.1-RC Waterval 
 

x   53 

SKA Q2.1-RC Dubbelde Vlei 
 

x   54 

SKA BP 1 Meysdam 
  

 x  

SKA BP2 Meysdam 
  

 x  

SKA BP3 Meysdam 
  

 x  

SKA BP 4 Meysdam 
 

x   54 

SKA BP 5 Dubbelde Vlei Noord 
  

x  64 

SKA BP 6 De Hoek 
  

 x  

SKA BP 7 Swartfontein 
 

x   55 

SKA BP 8 Blaauwheuvel 
  

 x  

SKA BP 9 Garstkolk 
  

 x  

SKA BP 10 Leeuwkrantz 
  

 x  

SKA BP 11 Kameelboomputs 
 

x 
 

 55 

SKA BP 12 Bottelput 
   

x  

SKA BP 13 Bottelput    x  

SKA BP 14 Uitspankolk    x  

SKA BP 15 Koega    x  

 

 

4.3. Justification and mitigation for individual infrastructure assessments 

 

To accompany each particular SKA Phase 1 infrastructure classification as areas Unsuitable 

for Development, Very High Sensitivity, or High Sensitivity, a justification and potential 

mitigation strategy is given below. Note there are no mitigation advice for areas of Least 

Concern. Areas of least concern are judged as areas of low species diversity due to plant 

invasion, where overgrazing was clear (areas typically dominated by Rhigozum 

trichotomum), or areas where infrastructure would not significantly threaten key biotopes that 

maintain beta diversity in the landscape. It is also worth noting that the use of many existing 

stone quarries and borrow pits, in the core area and also along the spirals, meant that the 

impact of this activity is lessened across the entire environmental assessment area – and this 

configuration should be maintained at all cost. Nonetheless, management of especially 

Prosopis invasion remains key during and after construction (to be dealt with in Section 5). 
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4.3.1. Justification and Mitigation for areas Unsuitable for Development 

 

RADIO TELESCOPE DISHES 

 Dish SKA014 

Justification 

Will be built over a prominent drainage line in the area. This ephemeral river, albeit relatively 

small, contributes greatly to diversity in the area owing to higher plant diversity, animal 

tracks within the channel bed, and the highest number of Rhigozum obovatum (granaatbome) 

observed than at any other site. This stream is therefore a keystone source of diversity relative 

to the surrounding matrix. 

Mitigation advice 

Move so that construction footprint edge is at least 32m away from river channel, and avoid 

damaging this space during construction activities. 

 

 Dish SKA018 

Justification 

Telescope base to be constructed over small canyon, likely to directly and negatively 

influence site hydrology further downstream, as well as affect erosion. 

Mitigation advice 

Move so that construction footprint edge is at least 32m away from canyon channel. 

 

PLANNED NEW ROADS 

 Planned new road between SKA018 and SKA017 

Justification 
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Road moves through rare red-sand dunes that are rich in bulb diversity; the only population 

of Brunsvigia namaquana found during this walk-through of the SKA infrastructure and 

routing was also found here (S30° 39.132' E21° 25.337'). The red dune endemic Red Lark 

was also recorded, and there are furthermore ephemeral pans in the vicinity. 

Mitigation advice 

Lay road in from existing road to the north. Road placement should be discussed by SAEON 

and SARAO. 

 

 Planned new road to SKA121 

Justification 

Road will move very close by sensitive rocky hills, and where there are many single 

Aloidendron dichotomum (Quiver trees), the most abundant population of Hoodia gordonii 

found, as well as many nationally protected Boscia albitrunca trees present. Most of the road 

will also pass through significant drainage, being so close to the steep-sloped hills increasing 

run-off. 

Mitigation advice 

Use existing road adjacent to planned new road as far as possible. Further road placement 

should be discussed by SAEON and SARAO. 

 

 Planned new road to SKA015 

Justification 

Will cross an ephemeral salt pan (S30° 38.039' E21° 20.966'), and an area rich in Iridaceae 

bulbs and soil crusts. 

Mitigation advice 

Use the existing Brakputs farm road close by to the north. This road will make sure the pan is 

bypassed. From there connect to remaining portion of the newly planned road up to SKA015. 
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 Planned new road between SKA105 and SKA110 

Justification 

This new road will cross a major drainage zone, with a floodplain of hundreds of meters in 

diameter, and no less than three river crossings, one of which is c.100-m in diameter. This 

floodplain has Searsia lancea populations (Karee tree), many bird species, and good grass 

cover. The smaller stream to the southwest has high plant diversity relative to the drier matrix 

(S30° 43.990' E21° 30.872'). 

Mitigation advice 

New road from Losberg could stop at SKA 110. SKA105 can be connected from optic fibre 

road running along mountain and that can be reached from the existing farm road. Road 

placement should be discussed by SAEON and SARAO. 

 

 Knee-bend section of new road to SKA021 

Justification 

Road will pass through rocky koppie with protected Boscia albitrunca directly in its way. 

These trees cannot be removed safely. Furthermore, there are both Hoodia flava and H. 

gordonii in the area, as well as single Aloidendron dichotomum trees (Quiver: S30° 39.675' 

E22° 02.682'). 

Mitigation advice 

Move road to at least 50 m away from the affected hill. Environmental compliance officer to 

help screen new road plan for juvenile quiver trees that may be present and was missed 

during this walkthrough. Alternatively, follow existing road at the northern border of the 

farm. 

 

 New road connecting De Hoek with Waterkloof (Williston road) 

Justification 
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According to GPS coordinates given, this road goes straight over a rocky koppie. This might 

only be a mistake, but nonetheless should be checked as it should rather go around the 

koppie, or the existing farm road could be used. 

Mitigation advice 

Reroute road around the koppie, not through the slopes. 

 

 New road to SKA005 

Justification 

Will cross a major drainage basin, at no less than three places, and any obstruction to flow 

regimes will have negative effects on biota in the landscape. 

Mitigation advice 

Reroute around wetland floodplain perimeter to the west. 

 

FIBRE AND POWER CABLES 

 Final 2km of straight stretch running from Losberg Site Complex into 

Pofadderfontein 

Justification 

Close to rocky hill hosting many single Quiver trees and Boscia albitrunca, where this 

infrastructure will directly threaten these nationally protected species (S30° 46.746' E21° 

27.214'). These trees cannot be transplanted risk-free, in particular not strong-rooted Boscia. 

There are also a healthy variety of bulbs, such as 4 species of Oxalis, and a large population 

of Aloe claviflora (kraalaalwyn). 

Mitigation advice 

Move cable infrastructure to rather follow along new road planned to SKA121. Alternatively, 

there are existing roads although these have many bends perhaps unviable for cable laying 

purposes. Cable placement should be discussed by SAEON and SARAO. 
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 Southern Jagersberg, the cables running around the koppie near SKA120 

Justification 

Crosses straight over a significant rocky (and highly sloped) mesa in the landscape. 

Mitigation advice 

Since a two-track road (twee spoor pad) may be formed as the construction vehicle drives 

through the area to plant (insert) poles every 100 m, affecting both the northern and southern 

slopes of the mesa, this section should rather be moved to an appropriate area in the flatlands 

around the hill. 

 

 Between SKA005 and SKA008 

Justification 

Will cross a small but pristine ephemeral pan. 

Mitigation advice 

This section should be moved to an appropriate area in the flatlands surrounding the pan, e.g. 

to the east, where low environmental impact is expected. 

 

 Section crossing steep slope, south of SKA129 

Justification 

Crosses straight over a steep-sloped shale hill in the landscape. 

Mitigation advice 

Since a two-track road (twee spoor pad) may be formed as the construction vehicle drives 

through the area to plant (insert) poles every 100 m, affecting the northern slope of the mesa, 

this section should be moved to an appropriate area in the flatlands around the hill. 
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 Last section intersecting steep slope between SKA123 and SKA125 

Justification 

This final section up to SKA125 will intersect a steep-sloped dolerite hill in the landscape 

with high conservation value due to vulnerable species in the area. 

Mitigation advice 

Since cables will be laid via underground trenching, affecting a northern and southern slope 

of the mesa, this section should be moved to an appropriate area in the flatlands around the 

hill. 

 

 Top section running along Jan Louwskolk and Rooileegte border 

Justification 

Will cross a salt pan/floodplain complex. 

Mitigation advice 

Since poles will be planted (inserted) every 100 m, and in addition a two-track road (twee 

spoor pad) may be formed by the construction vehicle – all degrading this intact pan, this 

section could rather be moved to cross over the pan at a narrower section (<100-m in 

diameter), e.g. to the north, so the poles will miss this area. 

 

 

4.3.2. Justification and Mitigation for areas of Very High Sensitivity  

 

RADIO TELESCOPE DISHES 

 Dish SKA006 

Justification 
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Placed in a large drainage basin. Close to rocky outcrops that maintain beta-diversity in the 

landscape. 

Mitigation advice 

Take care in construction to not obstruct flow patterns, i.e., through current engineering best 

practice such as allowing berms with pebble beds around the base to steer low-velocity water 

flow to the drainage. Minimize collateral damage during construction, and no rock blasting. 

Compliance Officer to supervise. 

 

 Dish SKA027 

Justification 

Placed near rocky biotopes that are hotspots for multiple taxa. 

Mitigation advice 

Minimize collateral damage during construction, and no rock blasting. Compliance Officer to 

supervise. 

 

 Dish SKA031 

Justification 

Although not a clear ephemeral pan, this area is a wetland that at some stages collect and 

subsequently keep water for longer periods than surrounding areas, helping to refill 

groundwater. Furthermore, there are red sand dunes some 100 m away which should be 

avoided. 

Mitigation advice 

Allow pebble beds around the base to steer low-velocity water flow into the drainage. 
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 Dish SKA034 

Justification 

Although not a clear ephemeral pan, this area is a wetland that at some stages collect and 

subsequently keeps water for longer periods than surrounding areas, helping to refill 

groundwater. Furthermore, there are red sand dunes >100 away in the vicinity which should 

be avoided during construction. 

Mitigation advice 

Allow pebble beds around the base to steer low-velocity water flow into the drainage. 

Minimize collateral damage during construction. Compliance Officer to supervise. 

 

 Dish SKA040 

Justification 

Dish base will be built in a key drainage area, high in biodiversity compared to adjacent 

vegetation, and thus an important source of seed in the area. 

Mitigation advice 

Allow pebble beds around the base to steer low-velocity water flow into the drainage. 

Minimize collateral damage during construction. Compliance Officer to supervise. 

 

 Dish SKA108 

Justification 

Dish base will be built near a drainage area, high in biodiversity compared to adjacent 

vegetation, and thus an important source of seed in the area. 

Mitigation advice 

Allow pebble beds around the base to steer low-velocity water flow more evenly into the 

landscape. Stay at least 30 m outside riparian edge. Compliance Officer to supervise. 
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PHOTOVOLTAIC POWER STATIONS 

 Station SKA127 

Justification 

Placed near a fairly large and long-flowing ephemeral river. 

Mitigation advice 

No PV panel to be placed inside stream channel or on river banks. Fencing must be spanned 

over the stream and not through it – this will prohibit damming of water due to twigs, leaves 

and sediment clogging the fence. Allow berms around the PV plant to steer low-velocity 

water flow into the drainage, taking care that erosion does not form along the berms. Pebbles 

along the berms could help slow the water and prevent erosion around berms. Minimize 

collateral damage during construction. Compliance Officer to supervise. 

 

 Station SKA133 

Justification 

Placed near rocky veld on hillside close to mesas with a high diversity of succulents and 

bulbs that maintains beta diversity in this landscape. Diversity supporting drainage lines due 

to proximity to rocky slopes. 

Mitigation advice 

Allow berms around the base to steer low-velocity water flow into the drainage, taking care 

that erosion does not form along the berms. Pebbles along the berms could help slow the 

water and prevent erosion around berms. Minimize collateral damage during construction. 

Compliance Officer to supervise. 

 

PLANNED NEW ROADS 
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 Between M051 and SKA109 

Justification 

Will move through large drainage area high in biodiversity compared to less water-rich 

patches in its matrix. 

Mitigation advice 

Allow berms on the road to prevent erosion of road and to direct water laterally into the field 

to help more evenly spread water in the landscape. Pebbles along the berms could help slow 

the water and prevent erosion around the berms. Destroy as little vegetation as possible 

around the road, to prohibit plant invasion. 

 

 Between SKA113 and Existing Road 

Justification 

Will moves through large drainage area high in biodiversity compared to less water-rich 

patches in its matrix. 

Mitigation advice 

Allow berms on the road to prevent erosion of road and to direct water laterally into the field 

to help more evenly spread water in the landscape. Pebbles along the berms could help slow 

the water and prevent erosion around the berms. Destroy as little vegetation as possible 

around the road, to prohibit plant invasion. 

 

 Between SKA107 and SKA113 

Justification 

Moves through large drainage area, high in biodiversity. Also red sand dunes in vicinity that 

must be protected against collateral damage during construction. 

Mitigation advice 
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Allow berms on the road to prevent erosion of road and to direct water laterally into the field 

to help more evenly spread water in the landscape. Pebbles along the berms could help slow 

the water and prevent erosion around the berms. Destroy as little vegetation as possible 

around the road, to prohibit plant invasion. Stay within footprint to minimize collateral 

damage to dunes during construction. Compliance Officer to supervise. 

 

 Between SKA116 and SKA117 

Justification 

Will cross a large ephemeral drainage system. Close to biodiversity rich rocky hills with 

single Quiver trees present in the vicinity, although not directly in line. Small ones missed 

during the walk-through could be well be present. 

Mitigation advice 

Allow berms on the road to prevent erosion of road and to direct water laterally into the field 

to help more evenly spread water in the landscape. Pebbles along the berms could help slow 

the water and prevent erosion around the berms. Destroy as little vegetation as possible 

around the road, to prohibit plant invasion. Minimize collateral damage during construction. 

Compliance Officer to supervise and see if juvenile quiver trees were missed (see the separate 

Plant Rescue and Protection Plan) 

 

 Between SKA117 and SKA115 

Justification 

Will move close to biodiversity rich hills that host a significant Quiver tree population, with 

many drainage lines, and where single quiver trees are dispersed within the plains although 

not directly in line but some are 10m away (S30° 44.217' E21° 29.464'). Lastly, there are 

ephemeral plains to the north, although, if careful, out of harm’s way. 

Mitigation advice 
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Allow berms on the road to prevent erosion of road and to direct water laterally into the field 

to help more evenly spread water in the landscape. Pebbles along the berms could help slow 

the water and prevent erosion around the berms. Destroy as little vegetation as possible 

around the road, to prohibit plant invasion. Minimize collateral damage during construction, 

and Compliance Officer to supervise that construction edge is at least 10 m from any quiver 

tree. 

 

 Between SKA110 and SKA115 

Justification 

Single quiver trees in the vicinity, including juveniles vulnerable to decline. 

Mitigation advice 

Destroy as little vegetation as possible around the road, to prohibit plant invasion. Minimize 

collateral damage during construction, and Compliance Officer to supervise that construction 

edge is at least 10 m from any quiver tree. 

 

 New Road to SKA027 

Justification 

Will move through a large ephemeral river. There is a large Quiver tree in the vicinity (within 

100-m perimeter). 

Mitigation advice 

Take care during construction to not obstruct water flow patterns, by constructing drifts with 

bases that are preferably not hardened (using rocks rather than cemented slabs), or by 

constructing small bridges with culverts to maintain flow quantity and direction. Riparian 

banks, where vegetation has been significantly removed, must be stabilised to prohibit 

erosion lateral of construction. If streams are at steep valley bottoms, berms must be put. 

Berms will prevent sedimentation of sand directly into the stream channel due to the lateral 
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water flow from surrounding slopes. Revegetating with key species should be initiated where 

damage lateral to the drift or bridge was high.  

 

 New Road to SKA014 

Justification 

Nationally protected Boscia albitrunca growing in vicinity. 

Mitigation advice 

Destroy as little vegetation as possible around the road, to prohibit plant invasion. Minimize 

collateral damage during construction, and Compliance Officer to supervise that construction 

edge do not damage these trees. 

 

 New road to SKA007 

Justification 

Will move across a large drainage line and into a rocky hill. 

Mitigation advice 

Take care during construction to not obstruct water flow patterns, by constructing drifts with 

bases that are preferably not hardened (using rocks and sand rather than cemented slabs), or 

by constructing small bridges with culverts to maintain flow quantity and direction. Riparian 

banks, where vegetation has been significantly removed, must be stabilised to prohibit 

erosion lateral of construction. If streams are at steep valley bottoms, berms must be put. 

Berms will prevent sedimentation of sand directly into the stream channel due to the lateral 

water flow from surrounding slopes. Revegetating with key species should be initiated where 

damage lateral to the drift or bridge was high. No rock blasting in the hills. 

 

 New road to SKA006 and PV station 006 

Justification 
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Will move across many large drainage lines, part of a greater drainage basin, and will also 

move close to rocky koppies. 

Mitigation advice 

Take care during construction to not obstruct water flow patterns, by constructing drifts with 

bases that are preferably not hardened (using rocks and sand rather than cemented slabs), or 

by constructing small bridges with culverts to maintain flow quantity and direction. Riparian 

banks, where vegetation has been significantly removed, must be stabilised to prohibit 

erosion lateral of construction. If streams are at steep valley bottoms, berms must be put. 

Berms will prevent sedimentation of sand directly into the stream channel due to the lateral 

water flow from surrounding slopes. Revegetating with key species should be initiated where 

damage lateral to the drift or bridge was high. Allow berms also on the road to prevent 

erosion of road and to direct water laterally into the field to help more evenly spread water in 

the landscape. No rock blasting in the hills. 

 

 New road from SKA125 to connect the existing Snelskloof road 

Justification 

Road will pass by heavy dolerite boulder slopes, home to many bulbs such as Oxalis and 

Ornithoglossum, as well as crevices for bats and other bird or mammal species. There are 

also many Boscia albitrunca trees growing in adjacent rocky ridges. Moreover, a large 

riparian zone also run adjacent to the new road. 

Mitigation advice 

No blasting may occur to build this road, as these specific large dolerite outcrops running 

adjacent to the road are irreplaceable once destroyed. Care must be taken to not obstruct the 

flow patterns of the river, and specifically avoid piling sediment into the stream channel. 

Riparian has healthy tree populations which should be replaced once construction has 

finished. Minimize collateral damage during construction, i.e. keep at least 10m clear of 

Boscia trees. Compliance Officer to supervise. 
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 New road to SKA004 

Justification 

New road that will pass through Bushmanland Sandy Grassland, a vegetation type in which 

red sand dunes are often found, and with these dunes also the endemic Red Lark. This whole 

vegetation type was previously indicated areas Unsuitable for Development in the SKA SEA. 

However, in this vegetation type, only around 400 m will be new road, with not many distinct 

red dunes in this strip, and where the rest of the 11.5km road actually following existing road 

and fence infrastructure. 

Mitigation advice 

Existing roads along border fence must be strictly followed. Minimize collateral damage such 

as turning with heavy vehicles during construction so as to not damage nearby pristine dunes. 

Compliance Officer to supervise. Where vegetation is removed due to accidental destruction 

or negligence, reseeding must take place (see SKA Phase 1 Rehabilitation Plan), especially 

since this vegetation type may be prone to Prosopis invasion; a prominent environmental 

issue in this region of the SKA. 

 

FIBRE AND POWER CABLES 

 Between SKA113 and SKA118 

Justification 

Will move through large drainage area high in biodiversity. 

Mitigation advice 

Riparian banks, where vegetation has been significantly removed, must be stabilised to 

prohibit erosion lateral of construction. If streams are at steep valley bottoms, berms must be 

put. Berms will prevent sedimentation of sand directly into the stream channel due to the 

lateral water flow from surrounding slopes. Revegetating with key species should be initiated 

where damage lateral to the drift or bridge was high. Do not plant poles into the stream 

channel. 
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 Between the Losberg homestead access road and the Losberg Site Complex 

Justification 

Will move through small yet biodiverse drainage lines. Single, mature quiver tree within 20 

m of proposed optic fibre infrastructure (S30° 45.433' E21° 25.540'). 

Mitigation advice 

Riparian banks, where vegetation has been significantly removed, must be stabilised to 

prohibit erosion lateral of construction. If streams are at steep valley bottoms, berms must be 

put. Berms will prevent sedimentation of sand directly into the stream channel due to the 

lateral water flow from surrounding slopes. Revegetating with key species should be initiated 

where damage lateral to the drift or bridge was high. Do not plant poles into the stream 

channel. Minimize collateral damage during construction, particularly to safeguard the 

mature quiver tree in the area. Compliance Officer to supervise. 

 

 Running from SKA123 upward to connection from SKA121 

Justification 

Will move through a large ephemeral river, with Searsia lancea (Karee tree) that are 

relatively scarce in the landscape being riparian-bound, yet provides habitat to many bird and 

other shade-seeking species. 

Mitigation advice 

Take care during construction to not obstruct water flow patterns, by constructing drifts with 

bases that are preferably not hardened (using rocks rather than cemented slabs), or by 

constructing small bridges with culverts to maintain flow quantity and direction. Riparian 

banks, where vegetation has been significantly removed, must be stabilised to prohibit 

erosion lateral of construction. If streams are at steep valley bottoms, berms must be put. 

Berms will prevent sedimentation of sand directly into the stream channel due to the lateral 

water flow from surrounding slopes. Revegetating with key species should be initiated where 

damage lateral to the drift or bridge was high. However, minimizing collateral damage during 
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construction to prohibit destruction of indigenous Karee populations must be prioritised, as 

this would limit costly repair action afterwards. Do not plant poles into the stream channel. 

Compliance Officer to supervise. 

 

 Running from SKA014 toward SKA013 

Justification 

Placed close to rocky hills that generate many life-supporting drainage lines. 

Mitigation advice 

Riparian banks, where vegetation has been significantly removed, must be stabilised to 

prohibit erosion lateral of construction. If streams are at steep valley bottoms, berms must be 

put. Berms will prevent sedimentation of sand directly into the stream channel due to the 

lateral water flow from surrounding slopes. Revegetating with key species should be initiated 

where damage lateral to the drift or bridge was high. Do not plant poles into the stream 

channel. Compliance Officer to supervise. 

 

 Knee-bend section connecting with fibre optics from SKA014 

Justification 

Will cross large ephemeral river rich in tree cover. Significant deviations from the actual 

footprint must be avoided to conserve river integrity. 

Mitigation advice 

Take care during construction to not obstruct water flow patterns, by constructing drifts with 

bases that are preferably not hardened (using rocks rather than cemented slabs), or by 

constructing small bridges with culverts to maintain flow quantity and direction. Riparian 

banks, where vegetation has been significantly removed, must be stabilised to prohibit 

erosion lateral of construction. If streams are at steep valley bottoms, berms must be put. 

Berms will prevent sedimentation of sand directly into the stream channel due to the lateral 

water flow from surrounding slopes. Revegetating with key species should be initiated where 
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damage lateral to the drift or bridge was high. Do not plant poles into the stream channel. 

Compliance Officer to supervise. 

 

 From SKA010 toward SKA009 

Justification 

Will move across a large wetland area, previously listed as Unsuitable for Development 

during the SEA report. However, this pan is not pristine, as there are existing roads already 

going through a narrow section between the two large pan sections. Pan is filled from 

drainage from surrounding hills, and as far as this lateral flow of water is maintained, which 

would be the case as poles would not inhibit water flow, no further damage to this pan is 

foreseen. 

Mitigation advice 

Existing two-track roads (twee spoor paaie) in pans must be strictly followed. No new roads 

must be created in pans. Existing two-tracks must also not be raised, in order to not obstruct 

flow patterns downstream. Stay outside the pan perimeters, i.e., minimize collateral damage 

such as turning with heavy vehicles during construction so as to not damage nearby pristine 

pans. Compliance Officer to supervise. Where vegetation in pan is removed due to accidental 

destruction or negligence, reseeding must take place (see SKA Phase 1 Rehabilitation Plan). 

 

 Running from PV station at SKA007 to SKA007 

Justification 

Will move across a large drainage line and moves into rocky hills. 

Mitigation advice 

Take care during construction to not obstruct water flow patterns, by constructing drifts with 

bases that are preferably not hardened (using rocks rather than cemented slabs), or by 

constructing small bridges with culverts to maintain flow quantity and direction. Riparian 

banks, where vegetation has been significantly removed, must be stabilised to prohibit 
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erosion lateral of construction. If streams are at steep valley bottoms, berms must be put. 

Berms will prevent sedimentation of sand directly into the stream channel due to the lateral 

water flow from surrounding slopes. Revegetating with key species should be initiated where 

damage lateral to the drift or bridge was high. Do not plant poles into the stream channel. 

Compliance Officer to supervise. 

 

 From SKA009 toward SKA007 

Justification 

Will move through two fairly large drainage areas, with some smaller adjacent floodplains. 

These drainage lines maintain diversity in the landscape. 

Mitigation advice 

Take care during construction to not obstruct water flow patterns, by constructing drifts with 

bases that are preferably not hardened (using rocks rather than cemented slabs), or by 

constructing small bridges with culverts to maintain flow quantity and direction. Riparian 

banks, where vegetation has been significantly removed, must be stabilised to prohibit 

erosion lateral of construction. If streams are at steep valley bottoms, berms must be put. 

Berms will prevent sedimentation of sand directly into the stream channel due to the lateral 

water flow from surrounding slopes. Revegetating with key species should be initiated where 

damage lateral to the drift or bridge was high. Do not plant poles into the stream channel. 

Compliance Officer to supervise. 

 

 Running next to fence on Blinkklip, halfway between SKA 006 and SKA007 

Justification 

Will move across a large drainage line and floodplain complex, supporting high plant 

biomass compared to the adjacent matrix. 

Mitigation advice 
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Take care during construction to not obstruct water flow patterns, by constructing drifts with 

bases that are preferably not hardened (using rocks rather than cemented slabs), or by 

constructing small bridges with culverts to maintain flow quantity and direction. Riparian 

banks, where vegetation has been significantly removed, must be stabilised to prohibit 

erosion lateral of construction. If streams are at steep valley bottoms, berms must be put. 

Berms will prevent sedimentation of sand directly into the stream channel due to the lateral 

water flow from surrounding slopes. Revegetating with key species should be initiated where 

damage lateral to the drift or bridge was high. Do not plant poles into the stream channel. 

Compliance Officer to supervise. 

 

 Running along Jan Louwsleegte and Jan Louwskolk border fence, between 

SKA005 and SKA006 

Justification 

Will move across a large drainage line and floodplain complex, which was indicated as 

Unsuitable for Development during the SEA. However, this is a modified floodplain area (old 

weirs), and there is an existing farm track along the fence.  

Mitigation advice 

Existing two-track road (twee spoor pad) along fence must be strictly followed. No new roads 

must be created, particularly not in the section crossing the actual floodplain. Existing two-

tracks must also not be raised, in order to not obstruct flow patterns downstream. Minimize 

collateral damage such as turning with heavy vehicles during construction to limit damage to 

riparian zones. Crossings across the streams should be drifts with soft bases, i.e. rock- or 

sand-laden crossings where possible. Where vegetation was significantly removed lateral to 

the drift, also due to accidental destruction or negligence, revegetation must take place (see 

SKA Phase 1 Rehabilitation Plan). Compliance Officer to supervise. 

 

 Running from SKA121 to SKA123, and between SKA125 and SKA126 

Justification 
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Will cross many ephemeral streams or drainage lines, as well is meandering close to hills 

with Boscia populations and Quiver tree singletons. 

Mitigation advice 

Take care during construction to not obstruct water flow patterns, by constructing drifts if 

necessary with bases that are preferably not hardened (using rocks rather than cemented 

slabs). Riparian banks, where vegetation has been significantly removed, must be stabilised 

to prohibit erosion lateral of construction. If streams are at steep valley bottoms, berms must 

be put. Berms will prevent sedimentation of sand directly into the stream channel due to the 

lateral water flow from surrounding slopes. Revegetating with key species should be initiated 

where damage lateral to the drift or bridge was high. Do not plant poles into the stream 

channel. Minimize collateral damage during construction so as to avoid damaging protected 

trees. Stay outside of 10 meters of Quiver trees when encountered. Compliance Officer to 

supervise. 

 

 Between SKA129 and PV Station SKA129 

Justification 

Rocky veld with many succulents and small bulbs, including Hoodia. Rocky landscapes here 

maintain beta diversity in this landscape and gamma diversity for the region. 

Mitigation advice 

Minimize collateral damage during construction so as to avoid damaging vegetation adjacent 

to authorized footprint. Compliance Officer to supervise. 

 

 Between SKA131 and PV station SKA131 

Justification 

Rocky veld close to tall mesas with many succulents and small bulbs. Maintains beta 

diversity in this landscape and gamma diversity for the region. Crosses ephemeral streams. 
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Mitigation advice 

Take care during construction to not obstruct water flow patterns, by constructing drifts if 

necessary with bases that are preferably not hardened (using rocks rather than cemented 

slabs). Riparian banks, where vegetation has been significantly removed, must be stabilised 

to prohibit erosion lateral of construction. If streams are at steep valley bottoms, berms must 

be put. Berms will prevent sedimentation of sand directly into the stream channel due to the 

lateral water flow from surrounding slopes. Revegetating with key species should be initiated 

where damage lateral to the drift or bridge was high. Do not plant poles into the stream 

channel. Minimize collateral damage during construction so as to avoid damaging vegetation 

outside authorized footprint. Compliance Officer to supervise. 

 

 Cables on southern border of Leeuwkrantz and onto Zakfontein 

Justification 

Passes through a narrow stretch of a larger ephemeral river, indicated as Unsuitable for 

Development are during the SEA. However, this section can be declassified as a Go area 

given mitigation strategies are in place. 

Mitigation advice 

Take care during construction to not obstruct water flow patterns, by constructing drifts with 

bases that are preferably not hardened (using rocks rather than cemented slabs), or by 

constructing small bridges with culverts to maintain flow quantity and direction. Riparian 

banks, where vegetation has been significantly removed, must be stabilised to prohibit 

erosion lateral of construction. If streams are in steep valley bottoms, berms must be put. 

Berms will prevent sedimentation of sand directly into the stream channel due to the lateral 

water flow from surrounding slopes. Revegetating with key species should be initiated where 

damage lateral to the drift or bridge was high. However, minimizing collateral damage during 

construction to prohibit destruction of indigenous plant populations must be prioritised, as 

this would limit costly repair action afterwards. Stay within 50m of the small tributary 

running north and parallel to the planned infrastructure. Compliance Officer to supervise. 

 



51 
 

 Between SKA133 and PV station SKA133 

Justification 

Rocky veld with various sized koppies with high plant diversity, especially succulents and 

bulbs. Many drainage lines due to proximity to rocky slopes, and these drainages supports 

biota during droughts. 

Mitigation advice 

Take care during construction to not obstruct water flow patterns, by constructing drifts if 

necessary with bases that are preferably not hardened (using rocks rather than cemented 

slabs). Riparian banks, where vegetation has been significantly removed, must be stabilised 

to prohibit erosion lateral of construction. If streams are at steep valley bottoms, berms must 

be put. Berms will prevent sedimentation of sand directly into the stream channel due to the 

lateral water flow from surrounding slopes. Revegetating with key species should be initiated 

where damage lateral to the drift or bridge was high. Do not plant poles into the stream 

channel. Minimize collateral damage during construction so as to avoid damaging vegetation 

outside authorized footprint. Compliance Officer to supervise. 

 

 Running along northern border of Ongeluksfontein 

Justification 

Will pass through a large ephemeral drainage line and close by a rocky cliff of a large mesa 

known to be diversity hotspots. 

Mitigation advice 

Take care during construction to not obstruct water flow patterns, by constructing drifts with 

bases that are preferably not hardened (using rocks rather than cemented slabs), or by 

constructing small bridges with culverts to maintain flow quantity and direction. Riparian 

banks, where vegetation has been significantly removed, must be stabilised to prohibit 

erosion lateral of construction. If streams are in steep valley bottoms, berms must be put. 

Berms will prevent sedimentation of sand directly into the stream channel due to the lateral 

water flow from surrounding slopes. Revegetating with key species should be initiated where 
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damage lateral to the drift or bridge was high. Poles should not be planted inside stream 

channel. 

 

 Stretch along the southern border Bitterpoort farm 

Justification 

Will pass through large ephemeral drainage systems. 

Mitigation advice 

Take care during construction to not obstruct water flow patterns, by constructing drifts with 

bases that are preferably not hardened (using rocks rather than cemented slabs), or by 

constructing small bridges with culverts to maintain flow quantity and direction. Riparian 

banks, where vegetation has been significantly removed, must be stabilised to prohibit 

erosion lateral of construction. If streams are in steep valley bottoms, berms must be put. 

Berms will prevent sedimentation of sand directly into the stream channel due to the lateral 

water flow from surrounding slopes. Revegetating with key species should be initiated where 

damage lateral to the drift or bridge was high. Poles should not be planted inside stream 

channel. 

 

 From Williston road (R63) up to SKA132 

Justification 

Will cross a very large and significant river system in the area, the Sak River, which is why it 

was classified as an area Unsuitable for Development during the SEA. However, there are 

verified crossings over the river, as roads often used by land owners in the area. Nevertheless, 

Prosopis is rife in the area, and mitigation strategies must be in place during and after 

construction to protect against damage to this important water course, as well as help control 

further plant invasion into the riparian zone. 

Mitigation advice 
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Existing road over crossings must be strictly followed. No new roads must be created, 

particularly not in the section crossing the actual riparian. No poles must be placed inside the 

actual stream channel. Existing roads must also not be raised, in order to not obstruct flow 

patterns downstream. Minimize collateral damage such as turning with heavy vehicles during 

construction to limit damage to riparian zones. Crossings across the streams should be drifts 

with soft bases, i.e. rock- or sand-laden crossings, where possible. Otherwise solid cement 

bases that are moulded to the stream channel width and slopes are recommended. Where 

vegetation was significantly removed lateral to the bridge or drift, also due to accidental 

destruction or negligence, revegetation must take place (see SKA Phase 1 Rehabilitation 

Plan). Compliance Officer to supervise. Indeed, to manage Prosopis in the area, minimize 

creation of open spaces that can be exploited by these invaders. 

 

STONE QUARRIES AND BORROW PITS 

 SKA Q4.1-RC 

Justification 

The nature of stone quarries to be situated in rocky areas relatively high in biodiversity, as 

does this one, and given that there would be blasting activities, makes this stone quarries 

highly likely to impact local biodiversity. 

Mitigation advice 

Minimize collateral damage during construction. Maintain transport roads to and from 

quarries to a minimum width and consistently use the same roads (do not turn or venture into 

virgin fields). Quarry boundaries should be strictly adhered to. Compliance Officer to 

supervise. Rehabilitate afterwards (see separate Rehabilitation Plan). 

 

 SKA Q1.1-RC 

Justification 
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The nature of stone quarries to be situated in rocky areas relatively high in biodiversity, as 

does this one, and given that there would be blasting activities, makes this stone quarries 

highly likely to impact local biodiversity. 

Mitigation advice 

Minimize collateral damage during construction. Maintain transport roads to and from 

quarries to a minimum width and consistently use the same roads (do not turn or venture into 

virgin fields). Quarry boundaries should be strictly adhered to. Compliance Officer to 

supervise. Rehabilitate afterwards (see separate Rehabilitation Plan). 

 

 SKA Q2.1-RC 

Justification 

The nature of stone quarries to be situated in rocky areas relatively high in biodiversity, as 

does this one, and given that there would be blasting activities, makes this stone quarries 

highly likely to impact local biodiversity. 

Mitigation advice 

Minimize collateral damage during construction. Maintain transport roads to and from 

quarries to a minimum width and consistently use the same roads (do not turn or venture into 

virgin fields). Quarry boundaries should be strictly adhered to. Compliance Officer to 

supervise. Rehabilitate afterwards (see separate Rehabilitation Plan). 

 

 BP4 

Justification 

Will be dug ±50 m to the right of a major drainage area. 

Mitigation advice 

Take care during soil excavation to remain 50m clear of riparian edge. Minimize collateral 

damage during excavation and operation to lessen bare soil creation to limit invasive plants 
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encroaching the riparian. Compliance Officer to supervise. Rehabilitate afterwards (see 

separate Rehabilitation Plan). 

 

 BP7 

Justification 

Will be dug within 100 m of a large drainage basin. Close to rocky outcrops that maintain 

beta-diversity in the landscape. 

Mitigation advice 

Take care during soil excavation to remain 50m clear of riparian edge. Minimize collateral 

damage during excavation and operation to lessen bare soil creation to limit invasive plants 

encroaching the riparian. Compliance Officer to supervise. Rehabilitate afterwards (see 

separate Rehabilitation Plan). 

 

 BP11 

Justification 

Will be dug ±160 left of a large ephemeral river system, and could significantly change flow 

patterns due to the water-accumulating nature of a burrow pit. Damaged riparian systems are 

prone to Prosopis invasion. Rehabilitate afterwards (see separate Rehabilitation Plan). 

Mitigation advice 

Take care during soil excavation to remain 50m clear of riparian edge. Minimize collateral 

damage during excavation and operation to lessen bare soil creation where non-native plants 

may enter into. Compliance Officer to supervise. 

 

4.3.3. Justification and Mitigation for areas of High Sensitivity  
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RADIO TELESCOPE DISHES 

 Dish SKA007 

Justification 

Placed in a rugged terrain that maintains beta diversity in the landscape. 

Mitigation advice 

Minimize collateral damage during construction, e.g. no blasting. Compliance Officer to 

supervise. 

 

 Dish SKA017 

Justification 

Placed about 45m from a small water collection line. 

Mitigation advice 

Try to keep edge of dish base 20m outside this drainage, and allow berms with pebble beds 

around the base to steer low-velocity water flow to the drainage. 

 

 Dish SKA021 

Justification 

Telescope base to be constructed near small canyon channel. 

Mitigation advice 

Allow pebble beds around the base to steer low-velocity water flow to the drainage. 

 

 Dish SKA100 

Justification 
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Quiver trees >100 m away. 

Mitigation advice 

Minimize collateral damage during construction. Compliance Officer to supervise. 

 

 Dish SKA113 

Justification 

Placed within a drainage basin that is relatively biodiverse. 

Mitigation advice 

Allow pebble beds around the base to steer low-velocity water flow to the drainage. 

 

 Dish SKA115 

Justification 

Placed in the vicinity of hills and in an area rich in drainage lines. 

Mitigation advice 

Allow pebble beds around the base to steer low-velocity water flow to the drainage. 

 

 Dish SKA117 

Justification 

Placed close to hills and micro streams and channels. 

Mitigation advice 

Allow pebble beds around the base to steer low-velocity water flow to the drainage. 
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 Dish SKA118 

Justification 

Placed within a large drainage basin that is relatively biodiverse. 

Mitigation advice 

Allow pebble beds around the base to steer low-velocity water flow to the drainage. 

 

 Dish SKA119 

Justification 

Drainage lines and high biodiversity owing to heuweltjies (insect-derived mounds) and vygie 

veld. 

Mitigation advice 

Allow pebble beds around the base to steer low-velocity water flow to the drainage. 

 

 Dish SKA121 

Justification 

>200m away from rocky hills hosting Boscia albitrunca. 

Mitigation advice 

Stay within footprint and minimize collateral damage during construction. Compliance 

Officer to supervise. 

 

 Dish SKA125 

Justification 

Though out of harm’s way, there are sand dunes and a river >100m to the north of dish site. 
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Mitigation advice 

Stay within footprint and minimize collateral damage during construction. Compliance 

Officer to supervise. 

 

 Dish SKA129 

Justification 

Rocky veld with many succulents and small bulbs. Potential to maintain beta diversity in this 

landscape. 

Mitigation advice 

Stay within footprint and minimize collateral damage during construction. Compliance 

Officer to supervise. 

 

 Dish SKA130 

Justification 

Rocky veld with succulents and small bulbs. Potential to maintain beta diversity in this 

landscape. 

Mitigation advice 

Stay within footprint and minimize collateral damage during construction. Compliance 

Officer to supervise. 

 

 Dish SKA131 

Justification 

Rocky veld close to tall mesas with many succulents and small bulbs. Potential to maintain 

beta diversity in this landscape. 
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Mitigation advice 

Stay within footprint and minimize collateral damage during construction. Compliance 

Officer to supervise. 

 

 Dish SKA132 

Justification 

Rocky hillside, rich in bulbs and small herbs. Potential to maintain beta diversity in this 

landscape. 

Mitigation advice 

Stay within footprint and minimize collateral damage during construction. Compliance 

Officer to supervise. 

 

 Dish SKA133 

Justification 

Rocky veld on hillside close to mesas with a high diversity of succulents and bulbs. Potential 

to maintain beta diversity in this landscape. 

Mitigation advice 

Stay within footprint and minimize collateral damage during construction. Compliance 

Officer to supervise. 

 

PHOTOVOLTAIC POWER STATIONS 

 Station SKA006 

Justification 

To be situated in a fairly large drainage system. 
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Mitigation advice 

Allow berms to direct flow toward main drainage lines. 

 

 Station SKA008 

Justification 

Placed roughly 200m to drainage line that feeds into the Sak River. 

Mitigation advice 

Allow berms to direct flow toward river, taking care to not cause erosion along these berms. 

 

 Station SKA120 

Justification 

Placed within a fairly large drainage system due to surrounding koppies. 

Mitigation advice 

Allow berms to direct flow toward main drainage lines, making sure there are water velocity 

breakers to limit erosion around the PV plant. 

 

 Station SKA126 

Justification 

Placed close to a fairly large drainage system to the south (>140 m away), and around 30 m 

away from a small drainage line originating from the nearby hill. 

Mitigation advice 
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Maintain the current 30-m distance from the small streamside. Allow berms to direct flow 

toward main drainage lines, making sure there are water velocity breakers to limit erosion 

around the PV plant.  

 

 Station SKA129 

Justification 

Rocky veld with many succulents and small bulbs. Potential to maintain beta diversity in this 

landscape. 

Mitigation advice 

Stay within footprint and minimize collateral damage during construction. Compliance 

Officer to supervise. 

 

 Station SKA130 

Justification 

Rocky veld with many succulents and small bulbs. Potential to maintain beta diversity in this 

landscape. 

Mitigation advice 

Stay within footprint and minimize collateral damage during construction. Compliance 

Officer to supervise. 

 

 Station SKA131 

Justification 

Rocky veld close to tall mesas with many succulents and small bulbs. Potential to maintain 

beta diversity in this landscape. 
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Mitigation advice 

Stay within footprint and minimize collateral damage during construction. Compliance 

Officer to supervise. 

 

 Station SKA132 

Justification 

Rocky hillside, rich in bulbs and small herbs. Potential to maintain beta diversity in this 

landscape. 

Mitigation advice 

Stay within footprint and minimize collateral damage during construction. Compliance 

Officer to supervise. 

 

PLANNED NEW ROADS 

 New road to SKA119 

Justification 

Drainage lines and unique biodiversity owing to heuweltjies (insect-derived mounds) and 

vygieveld. 

Mitigation advice 

Put berms across road to prevent erosion of road and to channel water back into the adjacent 

field. 

 

 New road to SKA127 

Justification 
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Will move through a small ephemeral drainage line. The veld is also in good condition with a 

diversity of species. 

Mitigation advice 

Minimize collateral damage during construction, and use a drift with preferably sandy and 

stony base to cross stream. Rehabilitate riparian. 

 

FIBRE AND POWER CABLES 

 Running between PV station SKA005 and SKA005 

Justification 

Will pass through a drainage line and situated nearby a wetland floodplain. 

Mitigation advice 

Trenching has to be done in such a way that the mounding due to residual sand is minimal, 

but preferably completely flattened. Otherwise, flow patterns in the landscape may be altered. 

Nearby wetland to the left should be kept clear of. 

 

STONE QUARRIES AND BORROW PITS 

 BP5 

Justification 

Will be dug close to drainage basin where Prosopis is likely to spread into if disturbed. 

Mitigation advice 

Take care in construction to not damage vegetation cover outside of the borrow pit to limit 

obstructing flow patterns and spreading of non-native plants. Rehabilitate afterwards (see 

separate Rehabilitation Plan). 
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4.4. Updated, finer scale ecological sensitivity map for SKA Phase 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Areas Unsuitable for Development (in black) for SKA Phase 1 infrastructure, based 

on the earlier aquatic and ecology strategic environmental assessments (the SKA SEA in 

2017). 

 

Ecologically sensitive areas were previously delineated via desktop-based studies during the 

SKA SEA process. From these aquatic and biodiversity and ecology assessments, areas 

Unsuitable for Development were broadly mapped (Fig. 2). Using the data gathered during 

this 7-week walkthrough, which was based on the SKA IEMP sensitivity criteria but also on 

potential declines of key species or biodiversity, areas Unsuitable for Development were 

revised. The SEA map could thus be refined by these in-field walkthrough data (see Fig. 3) 

by 1) adding new areas to the Unsuitable category and 2) declassifying some desktop-based 

Unsuitable for Development areas as suitable or go-zones. 

As described above, all slopes, including mudstone, shale and dolerite, were 

considered important features to conserve in the landscape. Indeed, the majority of threatened 
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tree species, and a higher species diversity overall, were found on the steep, rocky slopes. But 

the SEA map only shows broad depictions of the presence of these rocky substrates. An 

SRTM (Shuttle radar topography mission) digital elevation model (DEM) was therefore used 

to calculate the Terrain Ruggedness Index (TRI), which analyses the absolute differences in 

elevation between the focal cell and eight surrounding cells (Riley et al. 1999). For the SKA 

radio astronomy observatory, but possibly for the larger Nama-Karoo region where 

topographical heterogeneity is high, even on a slope, using slope alone would thus be less 

informative. Here the presence of many small rocky koppies, rocky outcrops and dolerite 

boulders would all influence slope means (Mukherjee et al 2013). Hence, slope and 

curvature, the micro-structural deviations within the larger slope, would fundamentally be 

more appropriate to apply to the SKA area which, in turn, would highlight structural niche 

heterogeneity (Riley et al. 1999). Terrain ruggedness therefore integrates structural aspects as 

such micro-topography and macro-topography to better indicate areas where floral and faunal 

beta diversity will be created and maintained (Amatulli et al. 2018). Indeed, some researchers 

have suggested terrain ruggedness to be particularly useful to pinpoint large-scale 

conservation priorities for bird species (Wiens et al. 2018). Specifically, we then selected the 

highest terrain ruggedness range (22-29% slopes; highly irregular slopes) to represent 

mudstone, shale and dolerite conservation across the entire area, which fit field observations 

best. Both northern and southern slopes are covered. 

Where red dunes, sensitive wetlands or pristine pans were encountered, these 

shapefiles were also added where they were not yet listed. The large red dune systems at the 

tip of the Van Wyksvlei spiral, indicated in the SEA as a large area Unsuitable for 

Development, were verified as suitable to pass for that particular structure (details in section 

4.3). For many of the broad geological delineations made during the SEA, walking through 

revealed little diversity or sensitivity, and in all cases with enough vegetation in all directions 

from the proposed infrastructure. In fact, upon inspection, earlier studies often missed the 

presence of existing farm roads and other fencing infrastructure maintained by land-owners. 

A key aspect of the final infrastructure layout was to follow existing farm roads, typically 

two-tracks (twee spoor paaie), as far as possible. This lead to declassifying certain sites from 

Unsuitable for Development. This farm-road approach would lead to an overall lower 

environmental impact than moving through pristine areas. Furthermore, this in-field 

verification process allowed for more fine-scale mitigation strategies in these areas (details in 

section 4.3), focussing on key threatened taxa and landscape features that also function as 
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umbrella species for biotope and biodiversity conservation. Metadata of the shapefiles 

associated with this revised sensitivity map are attached in Addendum F. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. A revised, finer-scale and in-field verified ecological sensitivity map of the SKA 

Phase 1 footprint. In black are areas Unsuitable for Development, based on both 

environmental sensitivity categories given by the freshwater aquatic and biodiversity and 

ecology assessments during the SKA SEA, as well as current walkthrough data, essentially 

verifying areas of high risk of species or biodiversity decline. 
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5. Conclusions 

 

5.1. General recommendation for pre-, during-, and post-construction planning 

 

At the scale of the entire SKA Phase 1 affected region, the ecological impacts appear 

relatively minor. However, at the local (patch) scale, there were vulnerable species or 

especially sensitive biotopes. Local population disturbances and declines may thus very well 

occur if not well-managed. For example, although the majority of SKA infrastructure avoids 

directly traversing significant hills or pans, some sections do get close to ecologically 

sensitive areas, and this is where the areas Unsuitable for Development and other Very High 

Sensitivity areas were mostly flagged. For areas Unsuitable for Development, pre-

construction infrastructure and routing adjustments are therefore needed. Because only 

Aloidendron dichotomum and Boscia albitrunca species were considered highly protected 

trees species, with Hoodia species also protected under their umbrella due to their co-

occurrence in many places, areas cited as Unsuitable for Development will already relieve 

pressure on these species. Thus, since infrastructure was already moved away from these tree 

populations, no plant rescue planning is foreseen pre-construction. This is also in line with 

recommendation by Milton (2017a) in that woody trees in the SKA landscape are most likely 

to die if transplanted. 

 

The following recommendation is made to ensure pre-construction environmental objectives 

are locked in: 

 The SAEON ecologist should workshop with SARAO construction planners to 

discuss and devise alternative pathways and buffer zonation for some areas 

Unsuitable for Development. The reasoning behind this is that SAEON cannot always 

place infrastructure when not knowing what technical aspects affect alternative 

placement options. This collective process would expedite the process of finding the 

most ecologically-friendly configuration. 

UPDATE: In a meeting held the 25
th

 of July 2018, the SAEON ecologist and SARAO 

managers and engineers reconfigured SKA Phase 1 infrastructure and routing to be 

more ecologically sensitive. All infrastructure and routing that were classified as 
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areas Unsuitable for Development were moved. No areas Unsuitable for Development 

are left, and each infrastructure or routing moved given a new ecological assessment 

(Addendum E). 

 

The following recommendation is made to ensure during-construction environmental 

objectives are locked in: 

 For especially areas of Very High Sensitivity, but also those of High Sensitivity, an 

environmental compliance officer should be appointed to micro-manage these areas 

during the construction phase in case of bad practices or where threatened species are 

found that were missed during the walkthrough. Where further moving of 

infrastructure is not possible, SARAO should apply for permits from the regulating 

authorities where necessary to remove these species (see separate Plant Protection 

Plan). Importantly, construction should not take place at night when most Karoo 

animals are active. Also, although not explicitly indicated for all dishes individually, 

SARAO should consider having all dish platforms packed and maintained with 

pebble beds around the outside periphery to help slow and more evenly distribute 

water flowing around them, which in turn would feed the landscape downstream more 

naturally and lessen erosion (sensu Snaddon et al. 2017). 

 

The following recommendations are made to ensure post-construction environmental 

objectives are locked in: 

 SARAO must facilitate a rehabilitation program to execute after construction, or after 

certain sections of construction as outlined below. Essentially, for the majority of 

SKA infrastructure and routing, the rehabilitation plan would entail a solid invasive 

plant management plan (see separate Rehabilitation Plan). 

 

5.2. Advice on bird management 

 

Since large scale developments often bring about significant routing infrastructure, especially 

true for SKA where large distances need to be covered to service equipment, bird flight paths 
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might be interrupted. Power lines, here then including aboveground fibre optic lines, might 

provide barriers to birds when being flushed by human activity (Dean 2017). Indeed, during 

the walkthrough, bird species such as Kori Bustard and Black Korhaan were almost always 

flushed upon disturbance. Presumably other bustards and korhaans, e.g. Ludwig’s Bustard, 

which was not observed as they are likely still in migration, should similarly be flushed. 

However, all of the birds observed flew in the opposite direction of the disturbance, i.e., away 

from the road or power lines. No dead birds were also observed near existing MeerKAT pole 

infrastructure, although this study was not primarily set up to directly study such patterns. 

Nonetheless, because roads and powerlines are typically placed adjacent to each other, 

disturbing especially heavy walking birds here do not appear threatening to their flight 

patterns, especially not where such flight would then lead to their electrocution and death. 

The integrated environmental management plan for SKA already highlighted the pole design 

to be installed on site was of such a nature to reduce electrocution. Furthermore, an area 

Unsuitable for Development was classified and infrastructure subsequently moved where a 

new road was planned to be built across a rare red sand dune ecosystem in the core, where the 

endemic Red Lark was spotted. In agreement with Dean (2017), the likely impact of SKA 

Phase 1 on birds should be low, in particular due to the large extent of intact land adjacent to 

planned infrastructure and routing. 

That said, the existing MeerKAT poles were highly attractive to Pied Crows, in line 

with predictions (Dean & Milton 2003; Dean et al. 2006). Observation during this walk saw 

them especially capitalizing on road kill from the newly built tar road, a road that has seen 

increasing traffic due to growing construction at MeerKAT the last few years. Joseph et al 

(2017) warned that telephone poles next to high-speed roads may favour generalist predator 

birds such Pied Crows, mainly due to roadkill artificially improving their fitness. With the 

substantial increase in powerlines and optic fibre lines to be constructed, these crows are 

likely to steadily invade a larger area. One focus for SKA management should thus be on 

reducing road kill. 

Lastly, large-winged Black Eagles were mainly observed in the higher elevation 

mesas where poles will not be prevalent. On two occasions, however, an immature Black 

Eagle and a Marshall Eagle utilized the perching step on top of a MeerKAT power line. But 

in total Pale Chanting Goshawks were most regularly seen perched on these poles, adding to 

previous observations by Dean (2017). The usage and mortality of pole infrastructure in the 

Karoo flats deserve more attention in the future. Since SKA will be active across a wide area 

and where few people have ventured in, the potential for recording Secretary bird nesting 
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sites in trees off the beaten track is highlighted. SARAO should set up an avifauna 

monitoring program after construction to quantify any impacts for designing future phases. 

 

5.3. Advice on non-native plant populations or communities 

 

Box 2. Summary of the descriptions of alien plant categories as set out in section 70 (1) (A) 

of the National Environmental Management: Biodiversity Act (Act No 10 of 1983, as 

amended in 2014). (Summary source: http://www.sanbi.org/information/infobases/invasive-alien-plant-

alert). 

 

 

 

 

 

 

 

 

 

 

 

The largest threat to biodiversity in the SKA area is invasion by non-native Prosopis hybrids. 

The Prosopis invasion issue will be dealt with in a separate environmental management plan 

for SKA-owned land, which will be run by an appointed land management authority. Only 

the most relevant management recommendation will thus be dealt with in this report. 

Briefly, it is highly likely that after Phase 1 construction Prosopis would have started 

to spread along disturbance lines such as road verges or places where vegetation was cleared, 

especially in the centre and northern tracts. Recommendations by Milton (2017b) regarding 

the identification and management of key areas often invaded by non-native plants, remains a 

key document for SARAO environmental officers and the Land Management Authority. At 

SKA012, for example, Prosopis seedlings are already establishing where the SKA boreholes 

were made. These seedlings might not all survive, but Prosopis is clearly successful in many 

Category 1a: 

Invasive species requiring compulsory control. Remove and destroy. Any specimens of Category 

1a listed species need, by law, to be eradicated from the environment. No permits will be issued. 

Category 1b: 

Invasive species requiring compulsory control as part of an invasive species control programme. 

Remove and destroy. These plants are deemed to have such a high invasive potential that 

infestations can qualify to be placed under a government sponsored invasive species management 

programme. No permits will be issued. 

Category 2: 

Invasive species regulated by area. A demarcation permit is required to import, possess, grow, 

breed, move, sell, buy or accept as a gift any plants listed as Category 2 plants. No permits will be 

issued for Cat 2 plants to exist in riparian zones. 

Category 3: 

Invasive species regulated by activity. An individual plant permit is required to undertake any of 

the following restricted activities (import, possess, grow, breed, move, sell, buy or accept as a gift) 

involving a Category 3 species. No permits will be issued for Cat 3 plants to exist in riparian zones. 

http://www.sanbi.org/information/infobases/invasive-alien-plant-alert
http://www.sanbi.org/information/infobases/invasive-alien-plant-alert
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parts of the Bushmanland landscape, and care must be taken to reduce their numbers at all 

cost. Riparian areas are particularly vulnerable, in which Prosopis is considered a Category 

1b alien species (see Box 2). 

Careful construction across large drainage channels would thus minimize further and 

excessive invasion. Indeed, many sites near the Van Wyksvlei spiral are highly threatened by 

Prosopis, so priority plant control measures are needed after construction in the northern 

parts of the SKA footprint. The presence of large Prosopis forests at Meysdam between 

SKA24 and SKA23 (S30° 40.869' E21° 27.694'), as well as on large tracts of land along the 

farm Varsrivier, are good examples of landscapes highly transformed by these invaders. 

 

5.4. Advice on mammal management, with particular reference to bats 

 

A total of 29 mammal species have been recorded at the SKA core radio astronomy 

observatory (Blanckenberg 2018, unpublished data). This includes mainly meso-predators 

such as Jackal and Caracal, smaller antelope such as Steenbok and Springbok, Aardwolf, 

Aardvark (plenty of burrows in the landscape), Porcupine, Rock Hyrax, and three bat species. 

None of the recorded mammals are considered threatened or vulnerable, except for the Natal 

Long-fingered Bat (Miniopterus natalensis), which is considered Near-Threatened in South 

Africa (Monadjem et al. 2010). These migrating animals were recorded near rocky crevices 

of dolerite mesas and buttes in the SKA landscape, and are likely hibernating in these areas 

during winter (Monadjem et al. 2010). Since rocky hills and slopes are explicitly conserved in 

the SKA Phase 1 layout, potential rocky caves, rocky crevices, and A. dichotomum 

populations will be protected. Thus, no imminent threat is posed to the threatened bat species. 

Furthermore, Groot Paardekloof, the farm in which the two bat detectors were placed, has 

been cordoned off as a National Heritage Site (as per recommendation made in the Digby 

Wells report), meaning there will be no construction activities there nor close by for some 

kilometres. However, for all other areas, rock blasting must be prohibited where adjacent 

dolerite slopes could also be damaged in the process. 
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8. Supplementary Material 

 

Addendum A General Hillshading (a) and Terrain Ruggedness (b) Indices across the larger 

area in which SKA Phase 1 infrastructure will be placed. 
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Addendum B Individual Hillshading indices for each section of SKA Phase 1 infrastructure. 

Core (a), Van Wyksvlei Spiral (b), Brandvlei Spiral (c) and Williston Spiral (d). 
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Addendum C Individual Terrain Ruggedness indices for each section of SKA Phase 1 

infrastructure. Core (a), Van Wyksvlei Spiral (b), Williston Spiral (c), and Brandvlei Spiral 

(d). 
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Addendum D The likely risk of impacting biodiversity in the SKA radio astronomy observatory before and after ecologically-sensitive redesign 

(ESR) as per Section 4.2. Impacts listed incorporate those that would most likely cause significant environmental degradation, derived during 

this walkthrough and from Milton (2017a) as part of the Strategic Environmental Assessment. An ESR of SKA Phase 1 infrastructure and 

routing thus significantly improve conservation of biotopes and threatened species, moving potential impact from High-Moderate to Low-

Moderate. 

KEY IMPACT   Without ESR After ESR 

Infrastructure and routing causing significant declines in local populations of the nationally 
protected Boscia albitrunca 

Probability 
High High 

 
Moderate Moderate 

 
Low Low 

    Infrastructure and routing causing significant declines in local populations of regionally 
threatened Aloidendron dichotomum 

Probability 
High High 

 
Moderate Moderate 

 
Low Low 

    Infrastructure and routing causing significant declines in local populations of the culturally 
important Hoodia species 

Probability 
High High 

 
Moderate Moderate 

 
Low Low 

    Infrastructure and routing reducing local vegetation types to the point of being threatened 

Probability 

High High 

 
Moderate Moderate 

 
Low Low 

    Infrastructure and routing causing significant damage to ephemeral pan systems found in 
the area 

Probability 
High High 

 
Moderate Moderate 

 
Low Low 
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    Infrastructure and routing changing landscape hydrology by significantly obstructing or 
deviating water flow regime 

Probability 
High High 

 
Moderate Moderate 

 
Low Low 

    Infrastructure and routing causing significant damage to rare red dune systems found in the 
area 

Probability 
High High 

 
Moderate Moderate 

 
Low Low 

    Infrastructure and routing creates open spaces (bare soil) in which invasive plants may 
flourish 

Probability 
High High 

 
Moderate Moderate 

 
Low Low 
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Addendum E Reanalysed ecological sensitivity assessments for SKA Phase 1 infrastructure and routing that were moved after recommendation 

as areas Unsuitable for Development (Section 4.2). After the ecologically-sensitive reconfiguration, there were no more areas Unsuitable for 

Development identified. However, mitigation advice for these new placements are also included, as some infrastructure and routing still traverse 

highly sensitive areas. 

SKA MID1 

PREVIOUSLY 

areas Unsuitable for 

Development 
LOCATION 

NEW ECOLOGICAL SENSITIVITY ANALYSIS 

NEW MITIGATION MEASURE 

 

Very High 

Sensitivity 

High 

Sensitivity 
Least Concern 

Dish SKA018 Brakputs 
 

 
 

x Although of least concern, engineering best practices remain key. 

Dish SKA014 Visserskloof 
 

 x 
 

Close to rocky hills where there are drainage lines. Minimize 

collateral damage. 

Between SKA018 and 

SKA017 
Brakputs 

 
 

 
x 

Road no longer to be built here. Existing roads to be renovated. 

Engineering best practices remain key 

New Road to SKA121 
Groot Paarde 

Kloof  
x 

  

Even though existing roads, and a new, less environmentally-

sensitive road replaced the a previous design, the area remains 

very sensitive due to single A. dichotomum trees directly adjacent 

to road verges. This new road will also pass through a river with 

bird-rich Karee trees. Minimize collateral damage and 

environmental compliance officer to supervise. 
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New Road to SKA015 Brakputs 
 

 
 

x 
Pan circumvented and road now follows existing farm roads. 

Engineering best practices remain key 

Between SKA105 and 

SKA110 
Swartfontein 

 
 

 
x 

Road no longer needed. New road and existing roads of low 

conservation concern. Engineering best practices remain key. 

Knee-bend section of new 

road to SKA021 
Garstkolk 

 
x 

  

Even though existing roads, and a new, less environmentally-

sensitive road replaced the previous design, the area remains very 

sensitive due to single A. dichotomum and B. albitrunca trees in 

the vicinity. Minimize collateral damage and environmental 

compliance officer to supervise. 

New road connecting De 

Hoek with Waterkloof 

(Williston road) 

De Hoek and 

Waterkloof 

 
 

 
  

Road no longer necessary as existing road will be used; thus 

scrapped from planning. 

Final 2km of straight stretch 

running from Losberg Site 

Complex into 

Pofadderfontein 

Losberg + 

Pofadderfontein  
 

 
x 

Fibre and power lines diverted along infrastructure to SKA121. 

Thus no longer to be built here. The diverted section, because it 

follows already ecologically cleared infrastructure, is of least 

concern. 

Last section intersecting 

steep slope between 

SKA123 and SKA125 

Blaauwheuvel    x 

Infrastructure toward SKA125 will no longer cross the steep 

slope, and has been moved to the flat shrubland below that is of 

least concern. 
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New road to SKA005 Zoutpoort   x  
Take care after construction to not obstruct water flow patterns, 

by constructing culverts to maintain water flow in the landscape 

since these roads will be raised, potentially blocking such flow. 

Southern Jagersberg, stretch 

running around koppie near 

SKA120 

Jagersberg    x 

Since fibre and power was rerouted from crossing the sloped and 

rocky mesa to the surrounding flatland matrix, the risk of 

significant ecological damage would be low. 

Between SKA005 and 

SKA008 
Sunnyside    x 

Since fibre and power was rerouted from crossing the ephemeral 

pan to the surrounding flatland matrix, the risk of significant 

ecological damage would be low. 

Section crossing steep mesa 

slope, south of SKA129 
Dassieskloof  x   

New route will still be running through a valley, close to steep 

slopes and where there are drainage lines. Minimize collateral 

damage, and when crossing riverine areas construct ‘’soft’’ drifts 

with sand or rocks to maintain water flow in the landscape. 

Rehabilitate vegetation where necessary. Do not plants poles into 

the stream channel. 

Top section running along 

Jan Louwskolk and 

Rooileegte border 

Jan Louwskolk    x 
Since fibre and power was rerouted from crossing the ephemeral 

pan, the risk of significant ecological damage would be low. 
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Addendum F Metadata for the shapefiles delineating areas Unsuitable for Development 

during SKA Phase 1 of construction in the Nama-Karoo (Fig. 3 in the main document). 

 

METADATA TITLE: Red_Sand_Dunes_Unsuitable_for_Development 

Author Casper Crous 

Type SANS1878 

Metadata File Red_Sand_Dunes_Unsuitable_for_Development.shp 

Date 2018 

Organisation South African Environmental Observation Network 

Abstract Red dune ecosystems, which host the endemic Karoo Red Lark and many 

unique plant species, were flagged as areas Unsuitable for Development 

during the SKA SEA. The red dune ecosystem indicated during this SEA was 

at the top of the Van Wyksvlei spiral, which essentially refers to the 

Bushmanland Sandy Grassland as classified in SANBI National Vegetation 

Map of Southern Africa. Dunes are not necessarily uniformly spread across a 

vegetation type, meaning a subsequent reassessment of sensitivity had to be 

verified in-field and by using high resolution satellite imagery (50-cm 

DigitalGlobe imagery; 2018). This activity sought to fine-tune SKA Phase 1 

routing and infrastructure planning to be environmentally sensitive, as well 

as to aid mitigation strategies during and after construction. Furthermore, two 

red dune ecosystems were recorded that had not been listed during the SEA 

and subsequently also listed as Unsuitable for Development. 

Keywords Bushmanland Sandy Grassland, Land-use impact, Nama-Karoo, Red Sandy 

Dunes, Shapefile, SKA Phase 1, Unsuitable for Development 

Bounds xMin, yMin 535758.09, 6598342.19 : xMax, yMax 619481.55, 6643243.29 

Datum and 

Projection 

EPSG:32734 – WGS84 

UTM zone 34S 

Language and 

Character  

Set 

English, UTF-8 

Online Source 

or Repository 
N/A 

Contact 

Person 

Casper Crous 

Tel: 0538313751 

Email: casper@saeon.ac.za 

Usage / 

Licencing 
Copyright SAEON 2018 

mailto:casper@saeon.ac.za
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Specific 

Comments 

The broad Red Sand Dune areas indicated as Unsuitable for Development 

during the SEA was reassessed using both physical walkthrough data 

(executed between 15 March and 27 April 2018) and high resolution satellite 

imagery (50-cm DigitalGlobe imagery; 2018). Subsequently, the original 

SEA Red Sand Dune extent was shrunk to areas where dunes were clearly 

visible, representing the actual areas where infrastructure should not be 

deployed. The presence of existing farm roads, which SKA will follow, and 

other fencing infrastructure maintained by land-owners were also taken into 

account when declassifying areas previously delineated as Unsuitable for 

Development, as these existing infrastructure constitute already disturbed 

(non-pristine) areas. Apart from the Red Sand Dunes indicated in the Van 

Wyksvlei spiral, two more remnant red dunes were also observed >70 km 

away in the SKA core. In at least one, Red Lark was observed and the only 

population of Brunsvigia namaquana (Amaryllidaceae) was found. The 

proximity of these sensitive red sandy ecosystems in the core warranted both 

being included as Unsuitable for Development, particularly as collateral 

damage may occur during construction. All dunes were digitized also using 

50-cm DigitalGlobe imagery (2018), and collectively form the refined list of 

Red Sand Dunes Unsuitable for Development. 

 

Table 1. Attribute descriptions. 

FIELD NAME DESCRIPTION 

id Number code for each polygon. 

Name Polygon name. 

Farm_name Name of the farm where 

infrastructure will be deployed. 

Farm_no_ Name of the exact portion of the 

farm where infrastructure will be 

deployed. 

Size Size of the polygon in hectares. 
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METADATA TITLE: Steep_Slopes_Unsuitable_for_Development 

Author Casper Crous 

Type SANS1878 

Metadata File Steep_Slopes_Unsuitable_for_Development.shp 

Date 2018 

Organisation South African Environmental Observation Network 

Abstract During the Biodiversity and Ecology SEA for SKA Phase 1, the presence of 

particularly rocky or stony slopes, including mudstone, shale and dolerite, 

were highlighted as representing unique and contrasting niches when 

compared to flat and sandy matrices. During the physical walkthrough of the 

SKA footprint (15 March to 27 April 2018), these rugged, rocky terrains were 

observed to be highly diverse in plant species richness. These rocky slopes 

should thus be conserved as best possible, especially given that these slopes 

contained the most vulnerable and protected tree species found during the 

walkthrough (see Specific Comments below). This shapefile therefore maps 

the range of rugged slopes across the SKA SEA footprint that are Unsuitable 

for Development. 

Keywords Biodiversity conservation, Dolerite, Mudstone, Nama-Karoo, Rocky-sloped 

buttes and mesas, Rockiness, Shapefile, SKA Phase 1, Terrain Ruggedness 

Index, Unsuitable for Development 

Bounds xMin, yMin 494752.71, 6510198.45 : xMax, yMax 628325.93, 6661561.85 

Datum and 

Projection 

EPSG:32734 – WGS84 

UTM zone 34S 

Language and 

Character 

Set 

English, UTF-8 

Online Source 

of Repository 
N/A 

Contact Person Casper Crous 

Tel: 0538313751 

Email: casper@saeon.ac.za 

Usage / 

Licencing 
Copyright SAEON 2018 

Specific 

Comments 

The rocky-sloped mesas and buttes in the Nama-Karoo are known to be 

particularly plant species rich compared to the surrounding plains. In the 

southern hemisphere, the sun heats up the northern slopes of mesas and buttes 

for longer periods daily. Southern slopes are thus more shaded and moister. 

Hill shading in the SKA area, where tall and steep-sloped mesas and buttes are 

mailto:casper@saeon.ac.za
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indeed charismatic landscape features, would thus structure biota accordingly. 

Furthermore, the northern slopes, often littered with dolerite, have large 

populations of the threatened Aloidendron dichotomum (Quiver trees). During 

the 7-week walkthrough in the autumn of 2018, areas classified as Unsuitable 

for Development were delineated where infrastructure would pass through 

populations of Boscia albitrunca (Witgatboom or Shepherd’s tree), triggering 

the National Forest Act (Act no. 84 of 1998); or where populations or single 

individuals of Aloidendron dichotomum (quiver trees) were directly 

threatened. Red data list for South African plants put A. dichotomum as 

Vulnerable. A classification as vulnerable means quiver trees meet at least one 

of the five IUCN criteria for Vulnerable, indicating populations are facing a 

high risk of extinction. Considerable population dieback are predicted for 

some regions due to drought, particularly seen in juveniles, thus threatening 

site recruitment dynamics. The SKA location is also at the boundary of the 

species’ range. Then, because of its high cultural value to the San people and 

status as specially protected by the Northern Cape Nature Conservation Act 

(Act No. 9 of 2009), areas Unsuitable for Development were also considered 

where large populations of Hoodia gordonii were threatened. But such Hoodia 

populations often co-occurred with the above-mentioned trees, and could 

therefore be seen as being protected by proxy. The current mapping activity, 

then, was to create a shapefile that refines the ecologically sensitive areas 

delineated via the desktop-based studies during the SKA Biodiversity and 

Ecology SEA, to contribute fine-scale data for planning SKA Phase 1 routing 

and infrastructure placement. These fine-scale data would also inform 

mitigation strategies during and after construction.  

 

Using the data gathered during this 7-week walkthrough, which was based on 

the SKA IEMP sensitivity criteria (mudstone, shale, and dolerite slopes) but 

also on potential declines of key species or biodiversity, areas Unsuitable for 

Development were thus revised. Specifically, newly delineated areas were 

added to the Unsuitable for Development category and some earlier, desktop-

based Unsuitable for Development areas (from the SEA) were declassified 

where sensitivity for potential impact was deemed to be low. In general, 

threatened tree species and a higher species diversity overall were indeed 

found on steep, rocky slopes. 

 

The method to compile this refined rocky-slope sensitivity shapefile was 

therefore as follows. An SRTM (Shuttle radar topography mission) digital 

elevation model (DEM) was used to calculate the Terrain Ruggedness Index 

(TRI), which analyses the absolute differences in elevation between the focal 

cell and eight surrounding cells. For the SKA radio astronomy observatory, 

but possibly for the larger Nama-Karoo region where topographical 

heterogeneity is high, even on a slope, using slope alone would thus be less 
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informative. Here the presence of many small rocky koppies, rocky outcrops 

and dolerite boulders would all influence slope means. Hence, slope and 

curvature, the micro-structural deviations within the larger slope, would 

fundamentally be more appropriate to apply to the SKA area which, in turn, 

would highlight structural niche heterogeneity. Terrain ruggedness therefore 

integrates structural aspects as such micro-topography and macro-topography 

to better indicate areas where floral and faunal beta diversity will be created 

and maintained. Specifically, we then used the highest terrain ruggedness 

range to represent mudstone, shale and dolerite conservation across the entire 

area, which fit in-field observations of flora best. In other words, the highest 

TRI category (22-29% slopes; highly irregular slopes), showed the fewest 

false positives (false areas deemed Unsuitable for Development). False 

positives were walked and found suitable for the 32-m construction corridor 

where mitigation strategies are in place. But when including the two highest 

TRI categories (15-29% slopes), more false positives were identified as per the 

walkthrough (in-field) data. Thus, the highest TRI category served as the best-

fitting proxy for conserving the majority of rocky slopes that were found to 

host the sensitive species. Both northern and southern slopes are also covered. 

 

Table 2: Attribute descriptions 

FIELD NAME DESCRIPTION 

Id Number code for each polygon. 

Name Polygon name. 

Size Size of the polygon in hectares. 

Descript Description of polygon 

characteristics where applicable. 
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METADATA TITLE: Wetland_and_Pans_Unsuitable_for_Development 

Author Casper Crous 

Type SANS1878 

Metadata File Wetland_and_Pans_Unsuitable_for_Development.shp 

Date 2018 

Organisation South African Environmental Observation Network 

Abstract During the Aquatic SEA for SKA Phase 1, areas Unsuitable for Development 

were identified but based mainly on desktop studies. The Nama-Karoo has 

not been well studied with regards to wetlands and particularly pans, and in-

field verification was therefore needed to fine-tune or keep the original SEA 

study. This shapefile includes: 1) a pristine ephemeral pan not recorded 

during the SEA study; 2) one wetland floodplain considered unique and rare 

in the landscape that would warrant being Unsuitable for Development; and 

3) declassifying some pan areas previously delineated as Unsuitable for 

Development where historical and current disturbance through agricultural 

activities changed the structure of these areas, suggesting they are no longer 

intact. 

Keywords Biodiversity conservation, Ephemeral pans, Ephemeral wetlands, Nama-

Karoo, Shapefile, Unsuitable for Development  

Bounds xMin, yMin 533133.44, 6597986.27 : xMax, yMax 551983.88, 6639807.17 

Datum and 

Projection 

EPSG:32734 – WGS84 

UTM zone 34S 

Language and 

Character  

Set 

English, UTF-8 

Online Source 

or Repository 
N/A 

Contact 

Person 

Casper Crous 

Tel: 0538313751 

Email: casper@saeon.ac.za 

Usage / 

Licencing 
Copyright SAEON 2018 

Specific 

Comments 

The importance of the stream and drainage systems in drylands, like the 

Nama-Karoo, warranted that any placement of infrastructure in previously 

undisturbed ephemeral wetlands and pans (i.e., where land owners have not 

already tilled or constructed roads) be avoided; these intact areas were thus 

classified as Unsuitable for Development. An important assumption in this 

mailto:casper@saeon.ac.za
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shapefile, then, was a focus on pristine freshwater areas. This distinction is 

because many flat drainage areas surrounding and feeding the actual pan area 

(i.e. the actual area where water accumulates for extended periods) were 

often ploughed and had weirs put in place to increase vegetation cover for 

livestock fodder. Many also contain existing roads made by farmers to 

navigate their land. These scars and infrastructure makes delineating the 

wider pan area difficult, and one could not say the whole area is sensitive due 

to clear previous landscape disturbances. The revisions in this file thus 

highlight the more pristine parts of the pan, or the areas easily recognized as 

a true pan, where there was comparatively negligible damage observed. For 

example, the Revised Pan 1 shows the actual water collection area (when the 

pan was wet during the wet season, as seen on historical 15-m resolution 

Landsat/Copernicus satellite imagery from 4/8/2013), with a clear pan edge 

also visible. Given the historical and on-going disturbance in the matrix of 

these pristine sections, they were clear areas Unsuitable for Development. 

 

The unique ephemeral floodplain wetland identified as Unsuitable for 

Development during the walkthrough was due to it being a broad riverine 

area, with cross sections >50 m wide at some positions along the channel, 

banks of several meters high, and thus representing a considerable drainage 

system in the area. But more importantly, between the large river channels, 

large tracks of floodplain wetland were observed, with many bird species 

also present even when there was little water. The fact that a road had been 

planned to pass through this steep riparian-floodplain complex meant 

irreparable damage would be most likely.  

 

All wetlands and pans were digitized using 50-cm DigitalGlobe imagery 

(2018). 

 

Table 3: Attribute descriptions 

FIELD NAME DESCRIPTION 

OID_ Number code for each polygon. 

Name Polygon name. 

Description Description of polygon 

characteristics where applicable. 

Farm_Name Name of the farm where 

infrastructure will be deployed. 

Farm_No_ Name of the exact portion of the 

farm where infrastructure will be 

deployed. 

Size Size of the polygon in hectares. 

 

 



94 
 

METADATA TITLE: Alteration of existing SKA1_Wetlands_SENSITIVITY shapefile  

Author Casper Crous 

Type N/A 

Metadata File SKA1_Wetlands_SENSITIVITY.shp 

Date 2018 

Organisation South African Environmental Observation Network 

Abstract During the Freshwater Aquatic SEA for SKA Phase 1, prepared by Kate 

Snaddon and colleagues from Freshwater Consulting cc, areas Unsuitable for 

Development were identified based mainly on desktop studies. The Nama-

Karoo has not been well studied with regards to wetlands, particularly 

ephemeral pans, and verification was therefore needed to refine aquatic 

sensitivity mapping for the SKA Phase 1 construction footprint. To 

accommodate these verifications into the existing 

SKA1_Wetlands_SENSITIVITY shapefile, features within that file were 

removed where applicable. The original metadata associated with this 

shapefile, however, remains the same and should be referred to. 

Keywords N/A 

Bounds N/A 

Datum and 

Projection 
N/A 

Language and 

Character 

Set 

N/A 

Online Source 

of Repository 
N/A 

Contact Person ORIGINAL SHAPEFILE: Kate Snaddon; Email: katesnaddon@telkomsa.net 

ALTERED SHAPEFILE: Casper Crous; Email: casper@saeon.ac.za 

Usage / 

Licencing 
None 

Specific 

Comments 

Features were altered from the original shapefile on 26 November 2018. Areas 

suggested to be declassified from being Unsuitable for Development were due 

to: 1) cases where infrastructure will be deployed along already existing farm 

road infrastructure, would not deviate the water course, thus suggesting 

negligible ecological impact; 2) areas not clearly an ephemeral pan, seep or 

depression, but for example a mineral leach-out area with patches of 

vegetation interspersed, calcrete outcrops, or drainage lines along a slope; and 

3) highly disturbed (e.g. ploughed) land, where considerable weir structures 

mailto:katesnaddon@telkomsa.net
mailto:casper@saeon.ac.za
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were placed by land owners that altered the integrity of the wetland, and where 

power or fibre poles will not further impact or alter water flow. It is important 

to note that in-field verifications exclude infrastructure along the last four 

radio telescope placements due to access limitations, thus these landscape 

were scrutinised using 50-cm DigitalGlobe imagery (2018) and expert opinion. 

 

B.2  Plant rescue and protection plan 

 

PLANT RESCUE AND PROTECTION PLAN: 

CONSTRUCTION OF SKA PHASE 1 

IN THE NAMA-KAROO 

 

 

Produced by Dr Casparus J Crous 

casper@saeon.ac.za 

Reviewed by Dr Joh R Henschel 

henschel@saeon.ac.za 

 

 

OCTOBER 2018 

 

 

 

 

 

 

 

 

mailto:casper@saeon.ac.za
mailto:henschel@saeon.ac.za
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 DISCLAIMER 

Constraints and assumptions 

Field visits for the current report and previous ones made during the SKA SEA have all been 

relatively short, some even based on desktop studies, thereby preventing proper temporally-

sound quantitative surveys. The key limitations of a limited fieldwork period are some 

uncommon or rare species of conservation relevance that actually occur there may have been 

overlooked; some features of the landscape that could be important for biodiversity may be 

missed; and some of the functional interconnections that should be assessed may not have 

been recognised. Furthermore, comparison between different reports becomes difficult 

because results are necessarily biased towards each particular specialist's areas of expertise. 

Consequently, based on professional opinion and long experience, key target species were 

defined for this plant rescue and protection plan, including species recommended in the 

biodiversity SEA for SKA Phase 1. 

Disclaimer 

The limitations of the plant rescue and protection report as described above dictates the extent 

that conclusions can be based on quantitative data. Although we therefore provide some 

guiding management opinions where applicable, this report is not intended as an impact 

assessment. 

Confidence 

Although quantitative impact data on all aspects would have increased confidence in 

conclusions and recommendations to a large extent, we are still confident that our findings 

and conclusions in the current report, which are based on a mixture of previous studies by us 

and others, field observations, experience and expert knowledge, will stand up to scrutiny. 
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 EVALUATION OF THE SITUATION 

Why a plant rescue and protection plan? 

Managed by the South African Radio Astronomy Observatory (SARAO), Phase 1 of the 

Square Kilometre Array (SKA) project in the Nama-Karoo biome of South Africa will entail 

construction of 133 large radio telescopes, all with associated routing, power, and fibre optic 

cable infrastructure. SARAO has made a commitment to construct all infrastructure and 

routing in an environmentally sensitive way. The Integrated Environmental Management 

Plan for SKA Phase 1 specifically called for on-site monitoring of plants of conservation 

concern to be identified pre-construction and subsequently moved (rescued) to suitable areas 

where appropriate. It further called for a plant protection plan during construction for when 

chance encounters of vulnerable or threatened species occur. Subsequently, an ecological 

walkthrough of SKA Phase 1 planned locations of infrastructure, including the SKA dishes, 

photovoltaic (solar) plants, related roads, power and optic fibre lines, was executed between 

15 March and 27 April 2018. Based on this walkthrough report, reported here are findings 

toward a plant rescue and protection plan pre-construction, and also guidelines given toward 

plant rescue and protection during construction as some species or individuals could have 

been missed during the limited fieldwork period. 

 

Key report objective 

SARAO had been previously instructed to employ an environmental compliance officer for 

the duration of SKA Phase 1 construction. This report will provide SARAO and the future 

employed environmental compliance officer the necessary background on selected target 

species to focus on for protection during construction, either for removal, translocation or 

destruction, but for which specific destruction permits are to be obtained beforehand in any 

case. 

 

 

 FRAMEWORK FOR PLANNING THE PLANT RESCUE AND PROTECTION 

PLAN 

 

Confirmed target species for plant rescue and protection pre- and during construction 
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To obtain an ecologically-friendly infrastructure configuration for SKA Phase 1, an 

ecological assessment done by walking along infrastructure in-situ was executed. Table 1 

lists the species observed during this walkthrough, between 15 March and 27 April 2018. A 

total of 148 species were confirmed present along the infrastructure footprint. This low plant 

diversity is not uncommon in these drylands. Indeed, the Nama-Karoo has low species 

diversity and endemicity. On a 0.1 ha scale, one would expect an average of 47 species 

(Mucina et al. 2006). Moreover, of these, only 5 were considered trees. Where frost occurs, 

as in this region, trees usually are less than 3% represented (Palmer and Hoffman 1997). 

However, of the few tree species present, most are typically vulnerable to environmental 

degradation and many under formal national protection. For example, there were many 

populations of Boscia albitrunca (Witgatboom or Shepherd’s tree) found along the walk, a 

tree protected by the National Forest Act (Act no. 84 of 1998) (see also Alias et al. 2003). 

Another charismatic species often found along proposed infrastructure tracks was 

Aloidendron dichotomum (quiver trees). Red data list for South African plants put A. 

dichotomum as Vulnerable (Foden 2005). A classification as vulnerable means quiver trees 

meet at least one of the five IUCN criteria for Vulnerable, indicating populations are facing a 

high risk of extinction. Indeed, considerable population dieback are predicted for some 

regions due to drought (Foden et al. 2007), particularly seen in juveniles, thus threatening site 

recruitment dynamics (Jack et al. 2016). Even though the populations of quiver trees at SKA 

appear to be in a healthy condition, this location is at the boundary of the species’ range (van 

der Merwe and Geldenhuys 2017). 

 

Table 1. Confirmed plant species found during an on-site walkthrough of areas where SKA 

phase 1 infrastructure will be placed. Walkthrough was undertaken between 15 March and 27 

April 2018. 

Family Genus and species 

Acanthaceae Barleria stimulans 

 

Blepharis cf. mitrata 

 

Monechma spartoides 

Aizoaceae Aridaria noctiflora 

 

Brownanthus cilliatus 

 

Drosanthemum hispidum 

 

Galenia sarcophylla 

 

Pleiospilos compactus 

 

Plinthus karooicus 

 

Psilocaulon juncii 

 

Ruschia intricata 
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Sceletium emarcidum 

Amaranthaceae Atriplex vestita 

 

Salsola aphylla 

 

Salsola calluna 

 

Salsola cf. dealata 

 

Salsola smithii 

 

Salsola tuberculata 

Amaryllidaceae Boophone distica 

 

Brunsvigia namaquana 

 

Gethyllis transkarooica 

 

Gethyllis villosa 

Anacampserotaceae Talinum caffrum 

Anacardiaceae Searsia burchellii 

 

Searsia lancea 

Apiaceae Deverra denudata 

Apocynaceae Hoodia flava 

 

Hoodia gordonii 

 

Microloma armatum 

 

Stapelia olivaceae 

Asparagaceae Asparagus capensis 

 

Asparagus retrofactus 

 

Asparagus striatus 

Asphodelaceae Aloe claviflora 

 

Bulbine fructescens 

 

Gonialoe variegata 

 

Haworthia tesselata 

 

Trachyandra saltii 

Aspleniaceae Asplenium cordatum 

Asteraceae Arctotheca calendula 

 

Arctotis adpressa 

 

Berkheya heterophylla 

 

Dicoma capensis 

 

Eriocephalus decussatus 

 

Eriocephalus ericoides 

 

Eriocephalus spinescens 

 

Felicia muricata 

 

Felicia namaquana 

 

Gazania krebsiana 

 

Gazania lichtensteinii 

 

Geigeria ornativa 

 

Helichrysum zeyheri 

 

Kleinia longiflora 

 

Osteospermum 

scariosum 

 

Pegolettia retrofacta 

 

Pentzia globosa 

 

Pentzia incana 

 

Pentzia sphaerocephala 
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Pteronia glauca 

 

Rosenia humilus 

Bignoniaceae Rhigozum obovatum 

 

Rhigozum trichotomum 

Boraginaceae Ehretia rigida 

Capparaceae Boscia albitrunca 

Carophyllaceae Dianthus micropetulis 

Caryophyllaceae Pollichia campestris 

Colchicaceae 

Ornithoglossum 

undulatum 

Crassulaceae Crassula muscosa 

 

Tylecodon wallichii 

Cucurbitaceae Citrullus lanatus 

 

Cucumis myriocarpus 

 

Cucumis zeyheri 

 

Kedrostis africana 

Cyperaceae Cyperus marginatus 

Ebenaceae 

Diospyros austra-

africana 

Euphorbiaceae Euphorbia stellispina 

Fabaceae Indigofera alternans 

 

Lebeckia spinescens 

 

Lessertia fructescens 

 

Lotononis laxa 

 

Melolobium candicans 

 

Prosopis species 

complex 

Geraniaceae 

Sarcocaulon 

salmoniflora 

Hyacinthaceae Albuca cooperi 

 

Albuca spiralis 

 

Albuca virens 

 

Lachenalia maughanii 

 

Ledebouria graminifolia 

 

Ledebouria marginata 

 

Massonia depressa 

Iridaceae Babiana bainesii 

Juncaceae Juncus dregeanus 

 

Juncus exsertus 

Lamiaceae Salvia disermis 

 

Stachys cuneata 

Limeaceae Limeum aethiopicum 

Malvaceae Hermannia coccocarpa 

 

Hermannia grandiflora 

 

Hermannia spinosa 

 

Radyera urens 

Melianthaceae Melianthus comosus 

Menispermaceae Cissampelos capensis 
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Molluginaceae Hypertelis salsoloides 

Oxalidaceae Oxalis annae 

 

Oxalis cf. depressa 

 

Oxalis grammopetala 

 

Oxalis hirsuta 

 

Oxalis primuloides 

 

Oxalis smithiana 

Papaveraceae Argemone ochroleuca 

Pedaliaceae Sesamum capense 

Poaceae Cenchrus cilliaris 

 

Chloris virgata 

 

Cynodon dactylon 

 

Eragrostis curvula 

 

Eragrostis lehmanniana 

 

Eragrostis obtusa 

 

Fingerhuthia africana 

 

Panicum maximum 

 

Phragmites australis 

 

Schmidtia 

pappophoroides 

 

Stipagrostis brevifolia 

 

Stipagrostis cilliata 

 

Stipagrostis 

namaquensis 

 

Stipagrostis obtusa 

 

Stipagrostis uniplumis 

Polygalaceae Polygala leptophylla 

Santalaceae Thesium lineatum 

 

Viscum capense 

Scrophulariaceae Aptosimum indivisum 

 

Aptosimum spinescens 

 

Jamesbrittenia 

atropurpurea 

 

Limosella grandiflora 

 

Peliostomum 

leucorrhizum 

Solanaceae Lycium cinereum 

 

Lycium horridum 

 

Lycium oxycarpum 

 

Lycium pumilum 

 

Solanum tomentosum 

Thymelaceae Gnidia polycephala 

Zygophyllaceae Augea capensis 

 

Tetraena retrofracta 

 

Tribulus cristatus 

 

Tribulus terrestris 

 

Tribulus zeyheri 

 

Zygophyllum gilfillani 
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Zygophyllum 

retrofractum 

 

Zygophyllum simplex 

 

Unconfirmed but still a target species for plant rescue and protection during construction 

As stated in the SKA IEMP, Milton (2017) recorded that the nationally protected tree, 

Vachellia erioloba, does occur in the SKA SEA footprint (National Forest Act (Act no. 84 of 

1998)). However, walking along areas where SKA Phase 1 infrastructure is to be placed, this 

tree was not observed. Another possibility is that small individuals could have been missed 

during the limited fieldwork session, especially juveniles. In terms of distribution, this 

species is most likely to be present in the northern parts of the SKA footprint, which is closer 

to the Kalahari dry savannas where it is prominent. Nonetheless, because this plant rescue 

and protection plan must aim to ensure minimum damage to highly vulnerable and protected 

species, pre- and during construction, this species is thus kept as a target species to include in 

the protection or destruction planning. 

 

Descriptions of target species for plant rescue and protection during construction 

 Aloidendron dichotomum (description adapted from PlantzAfrica) 

This charismatic tree aloe (Fig. 1), with vast populations on especially northern slopes in the 

SKA landscape, has smooth branch covered with a thin layer of whitish powder that helps to 

reflect away sun rays. Bark forms beautiful golden brown scales, but which can be razor 

sharp. The crown is often densely rounded due to repeatedly forking branches – from here the 

name species name dichotomum, meaning forked. The blue-green leaves are borne on 

terminal rosettes, but in juvenile plants the leaves are ranked in vertical rows. The flowering 

period is from June to July, and flowers are bright yellow. A. dichotomum may reach an age 

of over 80 years and a height of approximately 7 metres. 

 Boscia albitrunca (description adapted from PlantzAfrica) 

Small to medium-sized trees reaching heights of 7 m when grown outside very rocky areas 

where rooting is limited (Fig. 2). In rocky areas, and where they bonsai due to heavy grazing, 

they grow close to the ground, almost appearing creeping. The trunk is distinctly smooth and 

white or whitish grey with bare stems – hence the albi (white) trunca (trunk) species name. 
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The leathery, grey-green leaves are arranged in clusters, are oblanceolate, 20-50 x 6-25 mm, 

entire and have a round apex. The flowers are yellowish green and heavily scented (July-

November). Flowers are borne in clusters on short lateral shoots and are without petals. The 

flowers have 6-15 stamens; the filaments are glabrous. The gynophore (stalk of the 

gynoecium which consists of the ovary, style and stigma) is 3 mm long; the ovary is an ovoid 

and glabrous filament, with 10 ovules on 2 placentas. The style is 0.5 mm long and glabrous, 

with a subcapitate stigma. The fruit is 10 mm in diameter, globose, yellowish, and smooth. 

The seed is usually single. 

 Vachellia erioloba (description adapted from PlantzAfrica) 

Camel thorns ranges from a 2 m spiny shrub to a 16 m tree. Stems are shiny reddish brown 

when young. The bark of mature trees are grey to blackish brown and deeply furrowed.  

almost straight, whitish or brown spines. Spines are paired, straight, whitish, and often have 

swollen bases (Fig. 3). Fully developed spines may reach 60 mm. The leaves are twice 

divided. There are normally 2 to 5 pairs of pinnae per leaf and 8 to 18 pairs of leaflets 

(pinnules) per pinna. They are hairless with a prominent underside vein on the under-surface. 

The tree bears bright yellow ball-like flowers that are sweetly scented (late winter-summer). 

Fruit ranges from small and almost cylindrical to typically large, flat, thick, lobed or half-

moon-shaped pods (Fig. 3). They are up to 130 mm long, 50 mm wide, and covered by 

velvety grey hairs. They are semi-woody, but spongy inside; pods do not open, even when 

ripe, but fall to the ground in winter.  
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Figure 1. An example of an Aloidendron dichotomum (kokerboom or quiver tree) adult, in 

this case higher than 1.7m. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. An example of a remarkable Boscia albitrunca (Witgatboom or Shepherd’s Tree) 

adult, in this case >3m in height. These trees are typically also shrubby trees in and amongst 

dolerite rocky slopes, where growth is stunted by the physical environment, but also being 

pruned back by herbivores. The bright white trunk is unmistakeable, but should not be 

confused with Ehretia species. 
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Figure 3. A branch of Vachellia erioloba (kameeldoring or camel thorn tree). Note the 

distinctly lobed or moon-shaped seed pods (Source: Harald Süpfle; on Google Images). 

 IMPLEMENTING THE PLANT RESCUE AND PROTECTION PLAN 

Pre-construction 

Because both B. albitrunca and A. dichotomum were found in direct crossing of SKA Phase 1 

infrastructure, the Phase 1 setup was considerably rerouted to avoid these species that are 

vulnerable to decline in the landscape. As a result, no plant rescue planning is necessary pre-

construction. Moving infrastructure away from key prominent populations of these trees, 

rather than rescue, is in line with the recommendation by Milton (2017) during the strategic 

environmental assessment of SKA that woody adult trees in the SKA landscape are most 

likely to die if transplanted. 

 

Chance finds during construction 

But what happens if B. albitrunca and A. dichotomum, as well as V. erioloba, are found 

during construction? There might indeed be cases where species or individuals were missed 

by field observers during the time-limited walkthrough assessment. Juveniles or seedlings are 

often difficult to spot, so too fresh seedlings may have sprouted after the walkthrough in 

March. For especially areas of Very High Sensitivity, as listed in the walkthrough report, the 

appointed environmental compliance officer should micro-manage these areas during the 

construction phase to scope for such cases where the target threatened species were missed 

during the walkthrough. Where further moving of infrastructure is not possible, SARAO 

should apply for permits from Department of Agriculture, Fisheries and Forestry (DAFF) for 

destroying adults or relocation of seedlings of B. albitrunca and V. erioloba, and from the 

Northern Cape Department of Environment and Nature Conservation (DENC) to destroy 

adults or relocate seedlings of A. dichotomum. However, the survival of replanted juveniles is 

not guaranteed. 
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 CONCLUSION 

A plant rescue and protection plan pre- and during construction would ensure compliance to 

environmental best-practices and aiding a sustainable environmental development plan for 

the SKA Phase 1. Moreover, this plan could also inform future SKA Phases as it will occur in 

the same landscape as Phase 1. From all the plant species found during a preceding ecological 

walkthrough, it was only the rescue or protection of especially vulnerable slow-growing trees, 

which are relatively rare and threatened in this dry and frost-prone landscape, which would 

warrant immediate priority. This does not mean other species found or not found are not 

important in themselves, merely that there is more direct evidence to suggest that these 

species are vulnerable to declining in the wild. These trees were also suggested in the SKA 

IEMP. Since infrastructure rerouting already took place, taking into account B. albitrunca 

and A. dichotomum populations, emphasis in this plan is therefore on the unforeseen need to 

move or destroy the three target species during the years of construction. This, of course, only 

where there is formal permission from either DAFF (National) or DENC (Northern Cape). 

Since SKA Phase 1 infrastructure would unlikely be rerouted again, a way forward is to pre-

empt the loss of individuals, where permits may thus already be approved in case removal or 

destruction is necessary. 
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 DISCLAIMER 

Constraints and assumptions 

Field visits for the current report and previous ones made during the SKA SEA have all been 

relatively short, some even based on desktop studies, and thus preventing proper temporally-

sound quantitative surveys. The key limitations of a short fieldwork period are some 

uncommon or rare species of conservation relevance that actually occur there may have been 

overlooked; some features of the landscape that could be important for biodiversity may be 

missed; and some of the functional interconnections that should be assessed may not have 

been recognised. Furthermore, comparison between different studies becomes difficult 

because results are necessarily biased towards each particular specialist's areas of expertise. 

Consequently, based on professional opinion and long experience, representative risks to the 

environment were defined for this rehabilitation report, including recommendations made in 

the biodiversity and aquatic SEA for SKA Phase 1. This is therefore an important 

assumption: the risks identified and rehabilitation notes given do represent different 

landscape and biodiversity features. 

Disclaimer 

The limitations of the rehabilitation report as described above dictates the extent that 

conclusions can be based on quantitative data. Although we therefore provide some guiding 

management opinions where applicable, this report is not intended as an impact assessment. 

Confidence 

Although quantitative impact data on all aspects would have increased confidence in 

conclusions and recommendations to a large extent, we are still confident that our findings 

and conclusions in the current report, which are based on a mixture of previous studies by us 

and others, field observations, experience and expert knowledge, will stand up to scrutiny. 
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 INTRODUCTION 

Managed by the South African Radio Astronomy Observatory (SARAO), Phase 1 of the 

Square Kilometre Array (SKA) project in the Nama-Karoo biome of South Africa will entail 

construction of 133 large radio telescopes, all with associated routing, power, and fibre optic 

cable infrastructure. SARAO has made a commitment to construct all infrastructure and 

routing in an environmentally sensitive way. Subsequently, an environmental assessment 

influenced the final positioning of the SKA dishes and related roads, power, and optic fibre 

lines. However, to complement this ecologically-friendly infrastructure configuration, the 

Integrated Environmental Management Plan for SKA Phase 1 also called for an ecological 

rehabilitation plan to be compiled. This report provides the necessary guidelines for a 

rehabilitation expert to assess the risks associate with SKA Phase 1 of construction and to 

assess the scope of rehabilitation activities needed to implement this plan. 

 

Key report objectives: 

 To provide potential rehabilitation experts the necessary background on the climate 

and main vegetation types found in the SKA landscape. 

 To provide the necessary guidelines for potential rehabilitation experts to assess the 

type of risks associated with SKA Phase 1 of construction. 

 To provide the necessary guidelines for potential rehabilitation experts to assess the 

scope of rehabilitation or mitigation activities needed to implement this plan. 

 To provide the necessary guidelines for potential rehabilitation experts regarding an 

anticipated timeline to execute this rehabilitation plan. 

 

 CLIMATE IN THE SKA LANDSCAPE 

Overview 

The Nama-Karoo can be described as a semi-arid to arid environment. The climate of the 

Nama-Karoo is determined by 1) the degree of latitude, in this case falling within the sub-

tropical high pressure belt that brings with it dry air and open skies; 2) the distance from the 

sea, meaning a moderate maritime climate is lacking (it thus has a continental-type climate); 

and 3) elevation and topography as it influences both rainfall and temperature (Venter et al. 

1986; Desmet and Cowling 1999). 
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Precipitation 

The SKA footprint traverses the Carnarvon-Van Wyksvlei-Williston-Brandvlei region that 

falls predominantly in a summer-autumn rainfall area (Esler et al. 2006). Indeed, 

summarizing 53-year rainfall data (1953-2006) obtained from a private farmer east of the 

SKA core radio astronomy observatory (Uitspan Kolk; J. Jacobs), confirms predominantly 

summer and autumn rains, and where these two seasons contribute almost equally. The mean 

annual precipitation recorded on this private farm was 224 mm per year, with a standard 

deviation of +/-110 mm. Mean annual precipitation measured closer to the town of Carnarvon 

between 1932 and 2013, <50 km away from Uitspan Kolk, was 215 mm (Du Toit et al. 

2015), but with a lower standard deviation of +/-85 mm. At the Carnarvon station, 1972 was 

a particularly wet year, but at Uitspan Kolk this wet spell came later. There is thus high 

variability in precipitation within years and across a small spatial scale. This phenomenon 

could well be attributed to ‘Jealousy Rain’; that is, small spatial scale variability in rainfall, 

and in some cases where one farm receives rain and a neighbour does not. Drought 

predictions may therefore be particularly difficult for future planning purposes (Mucina et al. 

2006). 

Venter et al. (1986) calculated the geographic distribution of the reliability of annual rainfall 

in the Karoo, and for the Carnarvon district, a rainfall reliability index of between 60-65% of 

the mean was proposed. Venter et al. (1986) further documented 10-15 year oscillations from 

one wet spell to another, but more recently Du Toit et al. (2015) calculated 22-year cycles for 

Carnarvon. As rainfall events drive primary and secondary production in the Karoo system, 

both temporal and spatial variability of rainfall would thus cause large fluctuations in floral 

population sizes and dispersion across the area. 

Temperature 

The Nama-Karoo is known to be an area of great temperature extremes (Mucina et al. 2006). 

A temperature difference of 25°C between day and night is not extraordinary (Venter et al, 

1986). A climatogram of the Carnarvon district (Fig. 1) depicts large differences between 

monthly high and monthly low temperatures, of roughly 15°C. Maximum mean temperatures 

range from 33°C in summer to 16°C in winter, and minimum mean temperatures from 16°C 

in summer to 1°C in winter. In extreme years, Venter et al. (1986) found that the region 
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surrounding Carnarvon can have between 120-150 days a year where temperatures are above 

30°C. Temperatures may also reach below freezing (Palmer and Hoffman 1997). 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Carnarvon district climatogram. Temperature data was obtained from the 

Carnarvon station from 1972 till 1994. The temperature data from 1995 till 2006 was 

obtained from the De Aar station (±200 km away), as the Carnarvon station then only 

measured precipitation. Data from the South African Weather Service. 

 

Evaporation 

Ellis (1988) predicted the Carnarvon district would lose about 3201 mm of water through 

evaporation. This greatly exceeds the average annual rainfall of around 200 mm. Moreover, 

this area was measured having the second highest evaporation rate, with only Pofadder to the 

west having higher evaporation of 3536 mm (Ellis 1988). 

Frost 

Frost frequently occurs in these parts of the Nama-Karoo area (Mucina et al. 2006), but no 

data is currently available to show any exact trends. However, Ellis (1988) suggested frost 



115 
 

could occur for as many as 183 days in the higher altitudinal areas like Sutherland, but only 

53 days in the lower altitudinal areas like Kenhardt. For the SKA radio astronomy 

observatory, frost would most likely form a significant part of the regional climate. 

Wind 

Average annual wind speeds measured for the Carnarvon district between 1978 and 1994 

were mostly between 5.6 and 8.7 m/s, but can reach up to 15 m/s. West and Northwest winds 

are the most common directions. Winds are thus moderately strong to strong in nature, and 

although good for wind pumps and favouring seed distribution, could in turn aggravate 

evaporation and dust generation and transport. Wind-driven dust devils are also common 

(Desmet and Cowling 1999). In particular, strong and persisting winds in the summer rainfall 

season may negatively affect plant water uptake by drying out the air and thus increasing 

evapotranspiration. Year average wind still days are 27.4%. Average monthly wind roses of 

Carnarvon (1978-1994) shows March to August being the less windy months, where wind-

still days ranged between 30.9% and 40.4%. The windiest months are especially from 

October to January, with wind still days dropping to 14.7% in November. 

 

 VEGETATATION TYPES IN THE SKA LANDSCAPE 

Overview 

The main drivers of current plant structure and function in the Nama Karoo are considered to 

be aridity and grazing. The main growth forms of the Nama-Karoo are classified as large and 

dwarf shrubs, leaf succulents, bulbous monocotyledons, bulbous dicotyledons, grasses, and 

annuals (opslag). From these growth forms, annuals are most prominent, followed by shrubs 

<1m high (Palmer and Hoffman 1997). Infrastructure associated with SKA Phase 1 of 

construction will traverse seven vegetation types as per the national vegetation maps of 

Mucina and Rutherford (2006) (Fig. 2). These vegetation types are detailed below. 

 

 Bushmanland Basin Shrubland 

With a total extent of 34 690 km
2
, Bushmanland Basin Shrubland is one of the most extensive 

vegetation types in South Africa.  Bushmanland Basin Shrubland occurs on the extensive 
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basin centred on Brandvlei and Van Wyksvlei, spanning Granaatboskolk in the west to 

Copperton in the east, and Kenhardt in the north to around Williston in the south. Areas 

consisting of this vegetation type are characterized by slightly irregular plains dominated by 

a dwarf shrubland, with succulent shrubs or perennial grasses in places. There are few 

endemic species present, which is very few considering the extent of this vegetation type. 

Typical and dominant genera include shrubs such as Lycium, Rhigozum, Pentzia, 

Eriocephalus, Osteospermum, Ruschia, Pteronia, Zygophyllum, Salsola and grasses 

including Stipagrostis, Aristida, Enneapogon and Tragus. Within the SKA large parts of this 

vegetation type are degraded as a result of historical overgrazing and dominated by 

extensive stands of Rhigozum trichotomum. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Major vegetation units impacted by SKA Phase 1 infrastructure as per the 2012 

Vegetation Map of South Africa, Lesotho and Swaziland (SANBI 2012). 

 

 Bushmanland Sandy Grassland 

Some eastern sections of the Carnarvon/Van Wyksvlei spiral arm also traverse a small patch 

of Bushmanland Sandy Grassland, which is one of the least extensive vegetation type 
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nationally found in the Nama-Karoo, occupying only 2 283 km
2
. This vegetation type lies on 

the edge of the Bushmanland Basin, featuring unique and dense, sandy grassland plains with 

dominating white grasses such as Stipagrostis and Schmidtia (e.g. Schmidtia kalahariensis, 

Stipagrostis brevifolia). In fact, deep sands, with red sand dunes intermixed, as well as the 

presence of Vachellia erioloba suggests similarity to southern Kalahari duneveld flora. 

Following rainy winters, rich displays of ephemeral spring flora (Grielum humifusum, 

Gazania lichtensteinii) can occur. Species in the Prosopis complex threatens this vegetation 

type. 

 

 Bushmanland Arid Grassland 

Some eastern sections of the Carnarvon/Van Wyksvlei spiral arm consist of Bushmanland 

Arid Grassland, which is one of the most extensive vegetation type in the Nama-Karoo, 

occupying 45 479 km
2
 in total. The southern border of the Bushmanland Arid Grassland 

edges the Bushmanland Basin while in the northwest this vegetation unit borders on desert 

vegetation. The northern and the eastern borders are formed with often intermingling units of 

Lower Gariep Broken Veld, Kalahari Karroid Shrubland, and Gordonia Duneveld. Most of 

the western border is formed by the edge of the Namaqualand hills. This vegetation type is 

also characterized by irregular plains and only slightly sloping plateaus sparsely vegetated by 

grassland. Grasses include Aristida adscensionis, A. congesta, Enneapogon desvauxii, 

Eragrostis nindensis, Schmidtia kalahariensis, Stipagrostis ciliata, S. obtusa, Cenchrus 

ciliaris, Enneapogon scaber, Eragrostis annulata, E. porosa, E. procumbens, Panicum 

lanipes, Setaria verticillata, Sporobolus nervosus, Stipagrostis brevifolia, S. uniplumis, Tragus 

berteronianus, T. racemosus. There are furthermore charismatic trees such as Boscia foetida 

subsp. foetida present. tipagrostis species) giving this vegetation type the character of 

semidesert ‘steppe’. Salsola change the vegetation structure where they occur in patches, and 

following abundant rainfall rich displays of annual herbs can be expected. Key endemics are 

the succulent shrubs Dinteranthus pole-evansii, Larryleachia dinteri, L. marlothii, and 

Ruschia kenhardtensis; endemic herbs are Lotononis oligocephala and Nemesia maxii. 

 

 Bushmanland Vloere 
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The pans within the SKA fall within the Bushmanland Vloere vegetation type, which occurs in 

the central Bushmanland Basin as well as the broad riverbeds of the Sak River. This 

vegetation type is associated with the flat and very even surfaces of pans and broad bottoms 

of intermittent rivers. Although the centre of the pans is often devoid of vegetation, the 

margins are usually vegetated with species such as Rhigozum, Lycium and Salsola. This 

vegetation type is classified as Least Threatened and about 2% has been transformed largely 

for crop production. Non-native and invasive Prosopis may be a problem in some areas, 

while some pans are used for salt production. According to Mucina and Rutherford (2006), a 

reliable floristic characterisation of this unit is not feasible at this stage as it has been poorly 

studied and the genus Salsola, which dominates many of these areas, is under revision. 

Within the SKA core radio astronomy observatory, there are extensive pan systems along the 

north-eastern boundary and this is an important landscape features of the area that is 

captured within the SKA. 

 

 Upper Karoo Hardeveld 

The Upper Karoo Hardeveld vegetation type is associated with 11 734 km
2
 of steep sloped 

buttes and mesas in the SKA core radio astronomy observatory, and parts of the Great 

Escarpment covered with large boulders and stones. The vegetation type occurs as discrete 

areas associated with slopes and ridges from Middelpos in the west and Strydenburg, 

Richmond and Nieu-Bethesda in the east, as well as most south-facing slopes and crests of 

the Great Escarpment between Teekloofpas and eastwards to Graaff-Reinett. Mucina and 

Rutherford (2006) list 17 species known to be endemic to the vegetation type. This is a high 

number given the wide distribution of most Nama Karoo species and illustrates the relative 

diversity of this vegetation type compared to the surrounding vegetation types. Preliminary 

analysis of this vegetation type indicates that it is not homogenous across its distribution and, 

therefore, it is important that different areas of this unit are captured within the conservation 

network. Typical and dominant species characteristic of these areas includes grasses such as 

Themeda triandra, Heteropogon contortus, Enneapogon scaber, Digitaria eriantha, 

Erogrostis lehmanniana and Aristida diffusa subsp. burkei; shrubs such as Felicia filifolia, 

Pentzia globosa, Hermannia filifolia, H.munitiflora, Melolobium candicans, Nenax 

microphylla, Eriocephalus ericoides, Asparagus suaveolens and Chrysocoma ciliata and low 

trees and large shrubs such as Searsia burchellii, Ehretia rigida and Lycium oxycarpum, 
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Cadaba aphylla, Melianthus comosus and Buddleja glomerata. Within the SKA core radio 

astronomy observatory, this is an important vegetation type that significantly contributes to 

the diversity of the area, and many of the fauna and flora here are associated with the rocky 

hills characteristic of this vegetation unit. 

 

 

 

 Western Upper Karoo 

The low-lying southern-most corner of the SKA consists of Western Upper Karoo, which is a 

relatively extensive vegetation type which occupies 17 149 km
2
 of the central western Karoo. 

This vegetation unit is sandwiched between the Bushmanland Basin in the north and the 

Roggeveld Karoo and edges of the Great Escarpment in the south. It is an often rocky 

landscape, with dolerite intrusions in places, and with many tributaries from surrounding 

larger catchments (e.g. Renoster River, Riet River, and Klein Sak River). Vegetation consists 

of mainly small-leaved shrubs and shrubby succulents (Brownanthus, Drosanthemum, 

Ruschia), but with fair cover of drought-resistant grasses. The grassy component include 

Aristida congesta, Enneapogon desvauxii, Stipagrostis ciliata, S. obtusa, Aristida 

adscensionis, A. diffusa, Eragrostis bicolor, E. obtusa, Fingerhuthia africana, Tragus 

berteronianus, T. koelerioides. It is also worth noting that Eragrostis lehmanniana reaches its 

western limits in this vegetation type. The endemic succulent shrub Stomatium villetii, and 

herb Zaluzianskya bella are of particular importance. Typically, this vegetation consists of a 

mix of grasses and shrubs and has a higher proportion of grasses than Bushmanland Basin 

Shrubland. 

 

 Northern Upper Karoo 

Some eastern sections of the Carnarvon/Van Wyksvlei spiral arm traverse the Northern 

Upper Karoo vegetation type. This is an extensive vegetation type in the Upper Karoo, 

occupying 41 829 km
2
 in total, and straddling both the Northern and Free State Provinces. 

Depending where you are, the Northern Upper Karoo vegetation may form ecotones among 

Nama-Karoo, Kalahari savanna, and Highveld grassland. Important small trees are Acacia 
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mellifera subsp. detinens and Boscia albitrunca. Tall Shrubs include many Lycium species, 

with the dwarf shrubs represented by especially Pentzia and Eriocephalus. Grasses are 

typically A. congesta, A. diffusa, Enneapogon desvauxii, Eragrostis lehmanniana, E. obtusa, 

E. truncata, Sporobolus fimbriatus, Stipagrostis obtusa, Eragrostis bicolor, E. porosa, 

Fingerhuthia africana, Heteropogon contortus, Stipagrostis ciliata, Themeda triandra, 

Tragus berteronianus, T. koelerioides, and T. racemosus. The herb Convolvulus 

boedeckerianus here reaches its western distribution limit, while the shrub Gymnosporia 

szyszylowiczii subsp. namibiensis reaches here its southern limit of distribution. 

 

 POTENTIAL ECOLOGICAL RISKS ASSOCIATED WITH SKA PHASE 1 OF 

CONSTRUCTION 

Potential risks and rehabilitation actions 

The key risks from construction activities associated with SKA Phase 1 are listed in Table 1. 

Since the Nama-Karoo is ultimately water-limited, and where the landscape is sparsely 

vegetated, any significant deviation of water flow or catchment characteristics may severely 

damage the environment in the long run. The Karoo is also notoriously slow to recover from 

such degradation, with the increasing presence of non-native and invasive plant species, like 

Prosopis, exacerbating this situation. Indeed, one of the largest threats to biodiversity in the 

SKA area is invasion by non-native Prosopis species and their hybrids. It is highly likely that 

after Phase 1 construction Prosopis would have started to spread along disturbance lines such 

as road verges or places where vegetation was cleared, especially in the centre and northern 

tracts. 

Table 1. Summary of the anticipated risk, rehabilitation action required, and key mitigation 

methods to consider after SKA Phase 1 of construction in the Nama-Karoo biome. 

ANTICIPATED 

RISKS OF 

CONSTRUCTION 

REHABILITATION 

ACTION 
KEY MITIGATION METHODS 

Diverting water 

from rivers and 

wetlands 

Engineering Gabions, stonewall barriers, pebble beds 

Soil erosion Engineering Gabions, stonewall barriers 

Sedimentation of 

streams 

Engineering and 

Planting or Seeding 

Berms catching sediment; planting back seedlings or 

sowing seed of damaged/killed riparian flora 

Top soil loss Replacement Add fertilizer if deemed necessary 

Native and non- Eradication or Physical and/or chemical control (as per SKA IEMP). 



121 
 

native plant 

invasion 

Control Key areas to scope are road verges and trench tops. 

Biodiversity loss Planting or Seeding 
Planting back seedlings or seeding of damaged/killed key 

species 

Plant cover loss Planting or Seeding 
Planting back seedlings or seeding of damaged/killed key 

species 

 

An example of gully formation where water flow was obstructed and improperly redirected 

below the obstruction point, can be seen in Figure 3. Besides the deep scarring of the soil, it 

is clear that the adjacent parts, lateral to the gully, will receive little to no run off as water 

drains along the gully. The area thus loses some of its water and that will alter the vegetation 

recovery and succession drastically. Often, it is the water flowing over the edge of the 

obstruction that has no velocity breakage. This means that it hits the soil directly and starts to 

carve gullies into the soil. An example of erosion and its effect on plants can be seen in Fig. 

4. Here, plants undergo pedestalling – exposing their roots, which is a strong indicator that 

vegetation loss was preceded by erosion (Coetzee 2005). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Gully formed downstream of a badly planned weir near the SKA site. 
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Figure 4. An example of plant pedestalling near the SKA site. 

General mitigation methods 

Depending on the type of environmental damage a different method to rehabilitate or 

revegetate will be required, and notwithstanding that in some cases a combination of 

engineering and sowing or planting will be needed (Table 1). Diverting water from rivers and 

wetlands as well as soil erosion would require engineering of gabions, stone walls, and also 

pebble beds to mitigate. However, after construction of these features, the retardation of 

water flowing over them is especially critical to properly rehabilitate gullies. The usage of 

rocks packed tightly together at the overflow zone (and even strengthened by wire 

sometimes) is seen as common and effective practice (see Figures 5 and 6) to promote the 

slowing and even-flowing of water. This should be standard practice for rehabilitating gullies. 

Gully management using gabions or stone wall barriers is also a cheap and effective way of 

repairing the damage to a gully as well as preventing the further onset of erosion in that area 

(Coetzee, 2005). Then, the rehabilitation of dongas and gullies must start at the top (Esler et 

al., 2006). Coetzee (2005) nicely summarizes what must be taken into account when planning 

gully rehabilitation: 

 

 Priority should be given to erosion in the initial stages rather than gullies in the 

advanced stage of erosion. 

 Run off into gullies should be minimized by rangeland conservation and soil 

erosion control measures in the catchment area of the gully, especially those 

measures that retard runoff and promote rainwater infiltration. 
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 The stabilization of gullies (preventing further degradation) must be given 

priority over attempts to reclaim gullies completely. 

 Control should be concentrated where gullies have only advanced for short 

distances into the catchment, rather than where gullies have advanced far into 

the catchment and can go no further. 

 Treatments should be concentrated in areas of clearly active soil erosion, 

rather than relatively stable (vegetated) gullies. 

 

Coetzee (2005) further encourages sowing of seeds after constructing gabions etc. as 

improving water uptake only makes sense if in conjunction there are viable propagules 

available that can initiate vegetation succession processes. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. An example of a well-constructed weir where tightly packed pebble beds reduce 

the velocity of water flowing from the structure, which help spread water more evenly in the 

landscape, and thus mitigates against erosion and gully formation (Source: Coetzee (2005)). 
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Figure 6. Example of a stone gabion. 

 

Methods to revegetate to prevent biodiversity loss and plant cover loss, and also to stabilise 

river banks prevent sedimentation of streams (apart from constructing berms for the latter), 

would rely on the promotion of the infiltration of water in the area (Aronson et al., 2007). A 

method to improve the uptake of water in a patch where seeds are sown or seedlings are 

planted, is to construct small hollows or depressions in the soil (Aronson et al., 2007). These 

hollows may between 200-800 mm in depth (Coetzee, 2005). These artificial soil diggings 

imitate what mammals like Aardvark and even scorpions are doing by creating small 

reservoirs where water can collect, infiltrate, and feed the soil (Coetzee, 2005). Another 

management option that showed significant results in stimulating the return of natural growth 

is contour tilling/ripping of the soil (Esler et al., 2006). Areas are ripped up to a depth of 25 

cm. These ripped channels are good for absorbing organic materials from the surroundings 

(thus improving nutrient uptake), as well as seeds and water. Indeed, sowing the seeds of 

indigenous species that occurs in the affected landscape into ripped areas speeds up the 

process of plant recovery (a list of suggested species to be sown follows in the next section). 

Still, the success of the sowing, which can be quite expensive and is highly dependent on 

rainfall, is uncertain. For this reason being aware of the climate patterns described above is 

important to help decide when the best revegetation period would be. 

Because the larger Nama-Karoo is currently experiencing high non-native plant invasion, 

rehabilitation would also entail physically or chemically controlling invasion in affected 

areas. Here, combinations of chemical and physical control may be implemented, depending 

of course on chemical usage practices being certified environmentally-friendly. A solid 

revegetation plan also help stifle plant invasion (Aronson et al., 2007). A focus should be on 

all disturbance lines such as road verges or places where vegetation was cleared, especially in 

the centre and northern tracts. Recommendations by Milton (2017a) regarding the 
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identification and management of key areas often invaded by non-native plants, remains a 

key document for SARAO environmental officers and the rehabilitation expert to consult. 

Prosopis is clearly successful in many parts of the Bushmanland landscape, especially toward 

the Van Wyksvlei spiral area, and care must be taken to reduce their numbers at all cost. 

Riparian areas are particularly vulnerable, in which Prosopis is considered a Category 1b 

alien species and must be removed (see Box 1). 

 

Box 1. Summary of the descriptions of alien plant categories as set out in section 70 (1) (A) 

of the National Environmental Management: Biodiversity Act (Act No 10 of 1983, as 

amended in 2014). (Summary source: http://www.sanbi.org/information/infobases/invasive-alien-plant-

alert). 

 

 

 

 

 

 

 

 

 

 

 

 SCOPE OF CONSTRUCTION ACTIVITIES RELATED TO SKA PHASE 1 

Construction activities and specific rehabilitation actions 

 New roads and existing road reintegration 

The large driver of environmental degradation at SKA will clearly be the new road network, 

which has been significantly reduced due to the re-use of existing farm roads. Roads have 

large impacts as 4-m wide strips of topsoil and vegetation will be removed and indefinitely 

kept clear of vegetation. Although the road surface itself would need no rehabilitation, it is 

Category 1a: 

Invasive species requiring compulsory control. Remove and destroy. Any specimens of Category 

1a listed species need, by law, to be eradicated from the environment. No permits will be issued. 

Category 1b: 

Invasive species requiring compulsory control as part of an invasive species control programme. 

Remove and destroy. These plants are deemed to have such a high invasive potential that 

infestations can qualify to be placed under a government sponsored invasive species management 

programme. No permits will be issued. 

Category 2: 

Invasive species regulated by area. A demarcation permit is required to import, possess, grow, 

breed, move, sell, buy or accept as a gift any plants listed as Category 2 plants. No permits will be 

issued for Cat 2 plants to exist in riparian zones. 

Category 3: 

Invasive species regulated by activity. An individual plant permit is required to undertake any of 

the following restricted activities (import, possess, grow, breed, move, sell, buy or accept as a gift) 

involving a Category 3 species. No permits will be issued for Cat 3 plants to exist in riparian zones. 

http://www.sanbi.org/information/infobases/invasive-alien-plant-alert
http://www.sanbi.org/information/infobases/invasive-alien-plant-alert
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well-known that road verges provide habitat for non-native species to establish, and is already 

evident for MeerKAT (Milton 2017a). This is especially relevant since sand, which often 

contain plant seeds, might be brought in to build these roads. As sand cannot be reliably 

screened for small seeds, early detection and rapid response would be the only feasible and 

cost-effective way to manage plant invasion along these verges. One way to also ensure these 

verges are clear of non-native plants in the future is to maintain as much vegetation as 

possible adjacent to these, i.e., reduce bare soil as much as possible. Reseeding should not be 

necessary where adjacent land and thus plant diversity is intact, as there should be enough 

buffering potential if normal climate patterns persist (this is why non-native plant clearing is 

critical). 

 Trenching for fibre optic and power cables 

Trenching for fibre optic and power cables represent another large-scale driver of bare soil. 

Similar to roads, although narrower, trenching will consist of topsoil clearing. However, 

topsoil will be filled back in again after laying, and will not be kept clear of vegetation. 

Because of the corridor structure within a vast natural, and largely intact, matrix, reseeding 

should also not be necessary, except in extremely dry periods where seed production would 

be low. That said, three major issues with trenching exists: first, sand for the sand bed upon 

which the cables lie will be brought in from outside. The same issue road construction faces, 

plant invasion, is thus likely to occur; Second, trenching corridors are not exactly flat due to 

sand being brought in. The problem with trench mounding is some native plants may not be 

able to establish on steep slopes. It is therefore important that SARAO engineers and 

contractors ensure these trenches are as flat as possible, to reduce growth inhibiting slopes. 

Brush packing of vegetation removed to construct trenches would support native plant 

succession on these mounds. A third problem could be that the corridor of bare soil going 

downslope can lead to erosion due to runoff down this bare passage. This could be mitigated 

by implanting mini-gabions at interval. The guidelines given by Milton (2017b) describes in 

detail how trench mounds can be rehabilitated.  

 Aboveground poles carrying fibre and power cables 

Aboveground poles carrying fibre and power cables are less destructive than trenching, but 

still require a road for machines to operate. Fortunately, these roads are two-track roads with 

natural vegetation still intact on the islands between the tracks. Plant invasion would still be 

likely and need to be managed. 
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 Stone quarries and borrow pits 

Stone quarries and borrow pits degrade a large vegetation surface area at one time, and when 

retired, leaves large tracks of bare soil exposed that in turn provide an entry point for invasive 

plants to establish in large numbers. Invasive plants are a likely to dominate these open 

spaces if present, and be a source to other disturbed sinks in the vicinity. After usage, 

SARAO should re-landscape by replacing topsoil (with fertilizer if needed) and then reseed 

with common species (see section below covering which species to plant where). 

 Dish platforms and photovoltaic (PV) plants 

Dish platforms and photovoltaic plants require the clearing of vegetation to place 

infrastructure. Although some dish platforms and PV plants had been moved to accommodate 

ecologically sensitive areas, especially aquatic features, the remaining ones in highly 

sensitive areas would need rehabilitation if and when degradation of site hydrology, and/or 

the presence of non-native plants, are deemed an issue by rehabilitation assessors. 

Specifically regarding hydrology, where berms would be used to deviate water flow around 

the infrastructure, recommendations are to have tightly packed pebbles or stones around the 

perimeter that would break water velocity and allow for a more natural flow of water around 

berms, eventually joining up with drainage lines in the vicinity (see Snaddon et al. 2017). The 

seeding of grasses around the perimeter would also help to prevent gully formation from 

berms, and help to reduce chance invasion by non-native plants. In any case, pebble beds 

should always be kept clear of non-native plants to, in time, allow for the natural succession 

from adjacent vegetation. 

 Construction camps and unforeseen or accidental activities 

Construction camps are to be rehabilitated by the clearance of plastics and other refuse, the 

control of non-native plants that are often found within these open spaces, and the seeding or 

planting of key flora. The rehabilitation expert should also be made aware of any destruction 

activities that happened by accident or where contractor disobeyed the actual SKA Phase 1 

construction footprint. The appointed environmental compliance officer should provide this 

information. These activities include instances where large trucks made damaging turns 

inside ephemeral streams and wetlands, destroying vegetation cover of riparian zones. These 

activities can also be assessed according to Table 1. In especially riparian zones, the planting 

back of seedlings and seeding of grasses is crucial to prevent plant invasion. In turn, the 
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construction of berms as a way to prevent sediment flowing in to channel while the damaged 

vegetation recover, would also be needed. 

Suggested plant species to reseed or plant 

The SKA landscape covers a large area with many vegetation types. Although species 

richness and endemism is low across the area, there is no ‘golden species-set’ to be used as a 

blanket suggestion across the area. Instead, suggestions on which plants to sow or plant are 

based on the major soil- and slope-based units (Table 2). It is very important, however, that 

before undertaking any seeding to make sure that there is physical preparation of the site. 

This physical preparation will facilitate infiltration and protect germinating seeds from being 

blown or washed away or being exposed to wind, sun and herbivory. Such physical 

preparation include ripping, hand digging hollows, and properly brush-packing all sites 

before sowing (Dr Sue Milton, Karoo rehabilitation expert, pers. comm.). As an addendum, a 

list of seed suppliers are provided to aid the rehabilitation expert during their procurement, if 

necessary. 

Table 2. Specific flora for rehabilitation based on the major soil- and slope-based units in the 

SKA landscape. 

Soil- and slope-based unit Suggested species to rehabilitate site Seeding or 

planting? 

Sand plains 

 

Stipagrostis obtusa and S. ciliata, then also 

Eriocephalus spinescens and Eragrostis 

lehmanniana 

 

Seeding 

Silt plains and pans 

including depressed borrow 

pits 

 

Cenchrus ciliaris, Fingerhuthia africana, 

Salsola aphylla, Malephora sp. 

 

Seeding 

Drainage lines (riparian 

zones) 

 

Stipagrostis namaquensis, Rhus lancea, 

Lycium oxycarpum, Cenchrus ciliaris. Also 

try to propagate Rhus lancea and Lycium 

oxycarpum and plant out in the riparian 

zone. 

 

Seeding and 

planting 

Dolerite hills 

 

Eriocephalus ericoides, Pentzia incana, 

Chrysocoma ciliata, Fingerhuthia africana, 

Eragrostis lehmanniana 

 

Seeding and 

planting 
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Shale/gravel plains, plateaus 

and slopes 

 

Pentzia incana, Eriocephalus ericoides, 

Rhigozum obovatum, Chrysocoma ciliata, 

Osteospermum sinuatum, Ruschia spinose 

 

Planting only 

 

 

 CONCLUSION 

The Nama-Karoo is difficult to fix. Veld degradation here may last for many decades, if not 

centuries in severe cases. The SARAO have to implement a rehabilitation program to execute 

after construction, to help mitigate veld degradation in the SKA footprint. SARAO should 

therefore establish a rehabilitation team ready to operate after construction. Given the nature 

of the majority of SKA infrastructure and routing design, this rehabilitation plan would have 

a strong focus on invasive plant management. Secondly, where construction activities create 

large open spaces by removing vegetation and top soil, e.g. borrow pits and quarries, and 

where riparian zones had been damaged due to infrastructure crossings, active reseeding and 

planting, in combination with engineering techniques such as berms or gabions, are to be 

employed. Given the slow nature of recovery in the Karoo, and where rainfall may be absent 

for years, the timeframe of this rehabilitation plan must go beyond an implementation period. 

Thus, the rehabilitation expert should clearly state how long implementation should take, but 

then also add on another 3-4 years of continuous monitoring to make sure affected areas were 

adequately treated and thus on the way to being rehabilitated. Invasive species control 

thereafter should be maintained at all cost by the appointed Land Management Authority. 
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 ADDENDUM A 

List of seed and plant suppliers, specializing also in Karoo flora 

 

Worcester Veld Reserve: 

Hannes Botha or Rudi Swart (021) 808 7809 

E-mail: rudis@elsenburg.com 

 

RENU-KAROO Veld Restoration: 

Sue Dean 082 770 0206 

E-mail: renukaroo@gmail.com 

 

Diverse Ecological Services:  

Waltman Botha 082 654 4967 

E-mail: waltman@hydroseeding.co.za 

 

Deon van Eeden: 

(082)564 5748 

E-mail: dve@iafrica.com; deon@vula.biz 

 

Shalok Hydroseeding: 

Fanie Smit 021 987 1247; 083 261 6008 

E-mail: salok@iburst.co.za 
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 ADDENDUM B 

Example of seed availability of multiple Karoo flora for rehabilitation purposes, as supplied 

by RENU-KAROO Veld Restoration (see Addendum A). 
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