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Good afternoon Mr Caplan
 
Kindly find attached the baseline flora, fauna and aquatic ecosystem reports as requested. 
Kindly find the current reports here:  NOTIFICATION | Black Mountain Mining - Gamsberg Zinc
Mine: Application for Environmental Authorisation for additional infrastructure, Namakwa
District, NC | Draft BAR and EMPr | Golder or  https://vedanta-
zincinternational.com/sustainability/reports/  The terrestrial biodiversity specialist assessment is
32 MB and therefore too big to email.  You can download it from either of the links provided
above.  I have attached a copy of the Aquatic Compliance Statement that was compiled for the
current project. 
Herewith the suggested agenda for the discussion on Thursday.  Please add any additional topics
that you would like to cover during the meeting.
 
Agenda for online project discussion
 

1. Welcome – Marie Schlechter (Golder)
2. Proposed Additional Infrastructure Project overview – Pieter Venter (Gamsberg Zinc Mine)
3. Basic Assessment process and draft reports available for review – Marie Schlechter

(Golder)
4. Discussion:

a. Opportunity for Mr Caplan to raise any comments / issues regarding the proposed
project – Mr Caplan

b.  
 
Regards
 
Marié Schlechter
Snr Environmental Scientist, BSc (Hons) Geography and Environmental Management, Registered EAP
(2020/1430)

T: +27 11 254 4800
D: +27 11 254 4824
C: +27 82 320 8150

Building 1, Maxwell Office Park, Magwa Crescent West, Waterfall City, Midrand, 1685 P.O. Box 6001, Halfway
House, 1685    
wsp.com | golder.com

WSP and Golder have joined together to form the premier environmental consultancy in the industry. Together
we are 14,000 strong, Future Ready©, and delivering innovative solutions to our clients around the globe.      
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Morning fog in the Koa River valley shrouds the southern aspects of the Gamsberg (photograph: Philip Desmet) 
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EXECUTIVE SUMMARY 
This report describes the vegetation and provides a baseline vegetation assessment of the proposed Gamsberg 


mine-site located near the town of Aggeneys in the Northern Cape Province. Considerable botanical information 


for the area is available from previous studies and the findings of this study build on and support those made 


previously.  


Six South African vegetation types are encountered in the study area: Aggeneys Gravel Vygieveld, Bushmanland 


Inselberg Shrubland, Bushmanland Inselberg Succulent Shrubland, Bushmanland Arid Grassland, Bushmanland 


Dune Grassland, and Azonal vegetation. The Bushmanland Inselberg Succulent Shrubland is a new vegetation type 


described here to accommodate the Succulent Karoo vegetation found on south-facing slopes above 950m 


elevation. The Azonal vegetation type includes Kloof, Temporary Rock Pools and Wash habitats. 


A total of 397 plant species are recorded from the study area up from 337 in 2000, an increase of 18%. Of these 


species 16 are recognised as being species of conservation concern meeting criteria for threat or rarity. Based on 


the occurrence of these species and other criteria relating to habitat rarity or habitat ecological function, 11 


habitats are recognised as being of conservation concern and their distribution in the study area has been 


mapped: 


 


Given the availability of a regional-scale fine-scale vegetation map it is possible to quantify the regional context of 


the habitat occurring in the study area based on the percentage of the regional extent of a habitat that occurs in 


the study area. Of the 12 habitats that are mapped regionally, 4 have more than 5% of their known global 
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distribution in the study area and 3 have more than 20% of their global distribution in the study area. The 


occurrence of these habitat features in the study area is highly significant. Any development that will impact on 


these features will have significant regional-scale biodiversity impacts. 


Four recommendations for further work are made: 


 Refine the vegetation map based on higher-resolution aerial imagery as this will need to be done to 


better inform mine-site planning and impact mitigation (avoidance of sensitive habitats). 


 Collect a specimen of the Hydrodictyon sp. nov. for identification primarily because it is easy to find (in 


summer) and there is an expert in the U.S.A. that is willing to identify the species. 


 Ongoing survey of gravel-patch specialist species populations. The work conducted in this study did not 


manage to sample all gravel patches, but the results indicate that populations are highly variable and 


where trade-offs are to be made in terms of choosing which gravel patches to destroy a more complete 


picture of populations would be advantageous. 


 Site-level assessment of conservation significance using existing data and that recommended above. The 


purpose of this exercise would be to better differentiate between all the areas identified in the study 


area as being of conservation significance. Any development in the study area will involve trade-offs 


where some sites are lost and some retained. By better differentiating between areas at the site rather 


than whole habitat level will help in minimising impacts by avoiding the most important areas. The 


population-level study has demonstrated that not all sites are equal even though they are all mapped as 


the same habitat. Therefore the EIA process would benefit for conducting such an analysis 
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1 INTRODUCTION AND PROJECT BACKGROUND 
The principal objective of this study is to establish a detailed baseline flora description of the project’s local area 


of influence or study site. Specific objectives are to: 


 Review previous work undertaken to identify potential shortcomings; 


 Undertake the necessary desktop and field studies required to describe, in detail, the baseline 


biodiversity, including spatial and seasonal variations thereof of the entire study area; and, 


 Identify what further studies might be necessary. 


The study area is in a unique position as a considerable amount of botanical work has previously been done in the 


study area and regionally. The previous EIA and the Bushmanland Conservation Initiative (BCI) generated amongst 


other products that are available to this project: 


 A baseline vegetation report for the western part of the Gamsberg (Anderson, 2000); 


 A regional context study quantifying the floristic relationship between the Gamsberg and other 


inselbergs in the region (Desmet, 2000); and, 


 A fine-scale vegetation map of the whole Bushmanland Inselberg Region (BIR) mapping habitat features 


found on the Gamsberg at a regional scale (Desmet et al., 2005). 


Within this context this report does not aim to duplicate these efforts, rather the focus of this study has been to: 


 Gather floristic data for those parts of the study area not covered by previous studies. 


 Re-interpret all existing floristic information and update the vegetation description to bring them in line 


with current vegetation concepts thereby allowing regional and national level comparisons to be made. 


 Gather site-level information on the distribution of species of conservation concern and quantify the 


distribution and size of populations of some of these species. 


 Assess species and habitats to identify features of conservation concern and to indicate these spatially. 


2 STUDY AREA 
The study area is located in the Northern Cape Province of South Africa between the towns of Aggeneys and 


Pofadder. It includes three properties: Aroams (farm 57, 3860ha), Gams (farm 60/1, 3858ha) and Bloemhoek 


(farm 61/1, 1825ha) totalling 9543ha. 


3 METHODOLOGY 
The methodology for this project comprised the following these basic steps: 


1. Prepare a preliminary baseline report comprising the following: 


a. A review of existing relevant information sources and identification of gap areas. 


b. Present a proposal for further field work and analyses to address gap areas and build upon the 


knowledge-base for the study site. 


c. Make preliminary recommendations for the definition of local and regional areas of influence. 


2. Conduct site visits, one in March and one in April 2009; identify collected plant specimens; and, capture 


field data. 


3. Compile a species distribution database using: 


a. Data from current fieldwork (phytosociological relevés, point species observations and 


population surveys) 


b. Previous vegetation studies (Anderson 2000 and Desmet et al. 2005) and site visits (Desmet 


2006) 
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4. Describe the vegetation of the study area based on a re-interpretation of previous studies into a 


hierarchical vegetation classification that aligns with the national vegetation map of Mucina and 


Rutherford (2006). 


5. Compile, review and amend where possible the current mapped extent of vegetation and 


habitats/vegetation sub-types described within the study area. 


6. Identify plant species and habitats of conservation concern based on a defined set of criteria. 


7. Use the species database and vegetation map to map locations of features of conservation concern 


within the study area. 


8. Based on the current knowledge of the local and regional extent of features of conservation concern re-


define local and regional areas of influence. 


9. Assess limitations of the study and make proposals for further work to address gap areas. 


Based on the assessment of the existing information (see Section 5) fieldwork conducted for this study comprised 


four primary activities: 


 Sample additional phytosociological relevés in the east of the study area and north of the N14 that were 


not covered by Anderson 2000 to aid with the description and contextualisation of the vegetation. 


 Survey gravel-patch specialist plant populations to gain a better understanding of the size and 


distribution of these species within the study area. 


 Gather point locality species observation records for known species of conservation concern of species 


believed to be new to the site and habitats of conservation concern overlooked in previous studies. 


 Assess the accuracy of current vegetation map (BCI fine-scale vegetation map, Desmet et al 2005) with a 


particular focus on the habitats of special concern that have only been mapped from imagery and that 


have not physically been visited. 


 A plant collecting permit was obtained from Northern Cape Department Tourism, Environment and 


Conservation (Permit number: FLORA 055/2009). Plant specimens were identified by the author or staff 


at the Compton and Pretoria Herbaria. Collected specimens were lodged with the Compton or Pretoria 


Herbaria. 


Desk-top data collection and analyses included: 


 Review and refine where appropriate the current vegetation classification and descriptions based on the 


existing data as well as the additional data collected in the field in order to align with currently accepted 


vegetation classification concepts in South Africa. The vegetation description presented here is a 


hierarchical classification that aligns with currently accepted South African vegetation types. 


 Collation of all available plant distribution and map data into a single species database and vegetation 


map for the study area. For species data this included capturing of all available information (relevé, point 


observation, lists) from previous studies (Anderson 2000, Desmet 2000, Desmet et al. 2005 and Desmet 


2006) into a single Excel database (Gamsberg Database). For the vegetation map this included the 


sourcing: 


o The original Anderson (2000) vegetation map from the first EIA (Note: This map covers only part 


of the study area and exists only in hard copy. This map was sourced from the author as it was 


not archived in the EIA document archive that was made available to this project) 


o The BCI fine-scale vegetation map for the entire BIR 


o The South African vegetation type map (Mucina and Rutherford, 2006). 


 An original study objective was to refine the spatial resolution of the current vegetation/habitat map in 


the GIS using higher resolution aerial imagery to provide a more accurate biodiversity context layer with 


which to conduct mine planning. This was not conducted as no high resolution aerial imagery was made 


available to the project. A new vegetation type is described for the area requiring that it be added to the 


BCI vegetation map. This vegetation type, Bushmanland Inselberg Succulent Shrubland, was mapped 


using an environmental envelope model rather than heads-up digitizing from aerial imagery. This 
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vegetation model used the free-to-download
1
 30m ASTER GDEM 


(http://www.ersdac.or.jp/GDEM/E/1.html) as input. The advantage of the modeling approach is that it 


was conducted at the Bushmanland Inselberg Region (BIR) scale thereby allowing quantification of the 


global extent of this vegetation unit. 


4 LIMITATIONS AND ASSUMPTIONS 
The following limitations and assumptions are recognised: 


 No high resolution aerial imagery (<1m pixel size) for the study area was provided. In the absence of this 


imagery no complete re-mapping of vegetation especially the features of conservation concern was 


attempted. The current vegetation map is based on 15m pixel resolution satellite imagery and this has its 


limitations. The boundary accuracy of the current vegetation map presented here is estimated between 


50-100m. However, for the present purpose of assessing local and regional context of the vegetation re-


mapping of vegetation is not a prerequisite. For mine planning, however, more accurate mapping of 


features of conservation concern will be necessary. SPOT5 2.5m pixel imagery used for the gravel-patch 


population survey was loaned from Northern Cape DETEC. 


 Work conducted in this arid environment over the last decade indicates that the vegetation can be highly 


ephemeral , its appearance is highly dependent on rainfall and it is not easy to predict when best to 


conduct field surveys. The species data gathered in this and previous studies are representative of the 


study area but it is not a complete inventory of the study area’s flora. These limitations do not, however, 


detract in any way from the ultimate findings of this or previous studies. 


 Time available for field work in this study was limited. This study spent 10 days in the field compared to 


35 for the original EIA. Given the wealth of existing data for the study area this is not seen as a limitation 


for the species or habitat level assessments. However, there was insufficient time to sample all gravel 


patches for the specialist species population census therefore this is a limitation for site level 


assessments should these need to be conducted in the future. 


 It is assumed that readers of this report are also familiar with Anderson (2000) and Desmet (2000). Whilst 


attempts are made to distil the key points from these studies in this document  they none-the-less 


provide useful context and background information. Note that all relevant information from the 


preliminary baseline vegetation report (Desmet 2009) has been integrated into this report. 


5 REVIEW OF PREVIOUS BOTANICAL WORK 
There are several studies and reports that have direct relevance to the current project: 


 Anderson (2000) is the original specialist botanical study done for the first EIA. This was a thourgh study 


involving 32 days of fieldwork. The results of this study still hold but can be updated to include more 


recent information as well as update species names and vegetation concepts that have changed since 


this study was conducted. This document provides an excellent introduction to the national context for 


the Gamsberg and its importance in the Succulent Karoo as well as globally as a unique site for 


biodiversity. This study only covered the western half of the Gamsberg and the plains south of the N14 


and not the entire study area as it is currently defined. 


 During the first EIA process additional work was conducted by Anderson in the area north of the N14 


when the proposed site for the tailings dam was moved to this area. A site visit was made to this area 


however this information is not contained in the Anderson (2000) report. Apparently this information is 


contained in Appendix D! to the Tailins Dam relocation amendment report. 


 The regional and local context of the Gamsberg is quantified by Desmet (2000b). This was a specific 


regional context study that came about as a result of the preliminary findings of Anderson (2000) was 


                                                                 
1
 Technically the use of the ASTER GDEM for this project is illegal as it is not free-to-use for commercial 


applications. 
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well as requests from I&APs involved in the first EIA. The method focused primarily on comparing the 


occurrence of succulent plants between inselbergs in the Bushmanland Inselberg Region using these as 


indicator group of the broader trends in biodiversity in the region. Complete plant species information 


was only collected for a subset of the total number of inselbergs sampled. Limitations of the study 


include that it did not consider fauna nor did it sample over multiple time periods. 


 The initial EIA research was followed by the Bushmanland Conservation Initiative (BCI). This conservation 


program funded by the Critical Ecosystem Partnership Fund through the Botanical Society of South Africa 


worked with Black Mountain mine to secure a biodiversity stewardship agreement with the mine to 


safeguard the biodiversity and proactively manage the Anglo American land holdings both at Black 


Mountain and the Gamsberg. Much of the spatial and other biodiversity information gathered, generated 


and collated as part of the BCI is summarized in Desmet et al. (2005). This work compliments and 


expands upon that of Anderson (2000) and Desmet (2000b). There is a large amount of useful spatial 


information in the dataset that accompanies this document. Of key importance to land use planning is 


the vegetation map and the associated sensitive area or land use zone classification. This map was the 


foundation on which the land use management zones were developed for the Black Mountain 


Biodiversity Action Plan. 


 Black Mountain Biodiversity Action Plan (BAP) is a useful introduction document to the biodiversity of the 


Anglo land holdings at Aggeneys and Gamsberg. This document also contains a useful land use zoning 


plan and guidelines for the area based on the work done by the Bushmanland Conservation Initiative. 


The 2008 revision of the BAP that is available to this project does not appear to include a lot of the detail 


that could potentially be contained in the first version of the BAP prepared in 2005. The two documents 


need to be read in conjunction with one another. This document does contain useful land use planning 


zones and management guidelines that should be incorporated into the current EIA and mine planning 


process. The land use zones are based on the vegetation map for the area made by myself as part of the 


BCI project (see Desmet et al. 2005) 


 The report by Desmet (2006) discusses the results of a field mapping exercise on the eastern plateau of 


the Gamsberg aimed at better mapping the extent of the fine-grained quartz patches that occur there. 


Regionally, these are the rarest plant habitat and are also home to many of the range restricted plants 


that the Gamsberg is renowned for. The existing vegetation map has not been updated with the spatial 


information gathered during this mapping exercise. 


 SANBI’s SIBIS web site (http://sibis.sanbi.org) whilst not directly related to the Gamsberg or 


Bushmanland provides an online portal to SANBI’s PRECIS quarter-degree square herbarium specimen 


database. This information is invaluable in being able to assess the conservation importance of species 


recorded from the site through information such as number of existing collections (rarity), range size and 


threatened species status. 


There are several other reports that are not relevant to this vegetation report but do place the site in a regional 


context from a land use planning perspective and could provide useful context information for mine-site 


planning. These documents include: 


 Desmet (2000a) that presents a proposal for the development of a new national park centered on the 


Bushmanland inselbergs. This idea is still finding traction and has been incorporated into the vision for 


the tourism development of the lower Orange River valley (Cronwright and Desmet 2008). 


 Marsh et al (2009) is the draft biodiversity sector plan document for the Namakwa District Municipality 


that provides guidance on appropriate land use based on the known distribution of biodiversity. 


 Yates and Botha (2006) presents the BCI conservation vision for the BIR. This report contains sensitive 


information and permission will be required from BOTSOC to access this report. 


The existing botanical information available for the Gamsberg provides a good basis for describing the vegetation, 


and assessing the local, regional and national context of the site. It also allows us to make an informed assessment 


of the significance of the proposed impacts. The most important existing information layers that have been added 


to in this project are: 
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1. The BCI fine-scale vegetation map (Desmet et al. 2005) mapped the vegetation for the entire BIR at a 


relatively fine-scale therefore it is possible to quantify at the level of the habitats discussed here the 


percentage of the global extent of a feature that falls within the study area. The fine-scale vegetation 


map is complimented by SANBI’s national vegetation map that gives an indication of the global extent of 


vegetation types that are not endemic to the BIR. 


2. The species distribution database (Gamsberg Database, Desmet unpublished data) contains all species 


occurrence records (relevé and point observations) for the BIR from all previous botanical studies relating 


to the Gamsberg EIA1 and BCI projects. This allows one to quantify at the species level the global extent 


of species of conservation concern that occur in the study area. The species distribution database is 


complimented by the SIBIS website. 


The limitations of the existing information base with particular reference to the study site include: 


 The eastern Gamsberg and areas north of the N14 were not or partly considered in the original EIA. 


 Information is located in several documents and needs to be integrated into a single document and 


updated to be in line with current vegetation concepts. 


6 BIOGEOGRAPHICAL CONTEXT 
Anderson (2000) and Desmet (2000) provide a detailed introduction to biogeographical context of the study area. 


Only a brief summary is provided here for the benefit of readers not familiar with these reports. 


The Gamsberg lies at the heart of what is termed the “Bushmanland Inselberg Region” (BIR). This region includes 


all the large, quartzite-capped inselbergs located in the northern Bushmanland plains in South Africa covering an 


area of about 6300km
2
 (Figure 1). These inselbergs are distributed in an east-west line marking approximately the 


southern edge of the Orange River valley. The major inselbergs include (from west to east) Naip, Aggeneys se 


Berg, Haramoep, Witberg, Gamsberg, Achab and Namies. A feature of all these inselbergs is their relatively flat, 


quartzite-capped plateaus. 


The BIR is located on the boundary between winter and summer rainfall systems of southern Africa. The 


vegetation of the plains and warmer north-facing aspects is characteristic of the Nama Karoo Biome whereas that 


of cooler higher-elevation plains and south-facing aspects is characteristic of the Succulent Karoo Biome. The 


overlap of two biomes is a unique feature of the BIR flora and sets these inselbergs apart from other inselbergs 


elsewhere in the Nama Karoo. 


Most rainfall arrives in the form of thunderstorms in late-summer/autumn and averages 70mm/year. The 


moisture regime of the inselbergs is augmented by fog during winter months coming from valley fog associated 


with the Koa River valley (see title page picture) or low cloud from passing winter cold fronts. Therefore, the 


vegetation of the inselbergs is adjusted to a narrow growth period from about February to May accommodating 


the grown requirements of both summer and winter rainfall species. The low annual rainfall; erratic timing of 


rainfall events; occurrence of fog; and, the availability of moisture in the late summer through autumn period are 


important determinants of the flora allowing both summer and winter rainfall floras to co-exist which in part 


contribute to the uniqueness of the BIR. 


The flora of these inselbergs forms a distinct centre of plant endemism located within the larger Eastern Gariep 


Centre of Endemism. The Eastern Gariep Centre of endemism encompasses the arid Orange River valley between 


Vioolsdrif and Pofadder/Onseepkans. Although geographically close (<50km), the large mountains of the Orange 


River valley such as Pella Berg and Dabenoris are floristically distinct housing many Eastern Gariep endemics that 


do not occur outside the valley on the comparatively cooler Bushmanland inselbergs. There are many species 


endemic to the Bushmanland Inselbergs and the BIR in itself defines a distinct centre of endemism termed the 


“Bushmanland Inselberg Centre of Endemism” or sometimes the “Gamsberg Centre of Endemism” as this 


inselberg lays at the floristic centre of this region and also drawing attention to the fact that the endemism is 


associated with the inselbergs and not the sandy Bushmanland plains that comprise 90% of the region. 
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The Bushmanland inselbergs effectively comprise an archipelago of rocky “islands” within a “sea” of sand. These 


“islands” share common floristic affinities but show distinct east-west and north south gradients in species 


turnover and population-level variation. The surrounding sandy plains form a continuous vegetation fabric that is 


widespread beyond this region. The inselbergs have almost no floristic affinities with the vegetation on the 


surrounding sandy plains – chalk and cheese! 


 


FIGURE 1: THE EXTENT OF THE BUSHMANLAND INSELBERG REGION. 


 


 


7 VEGETATION DESCRIPTION 
This section provides an overview of the vegetation of the study area based on the current and previous 


vegetation studies. A challenge presented here is the re-interpretation and integration of the previous work into a 


harmonious hierarchical vegetation framework that nests within the current national vegetation type 


classification. This is important as criteria for assessing conservation importance of vegetation features such as 


Ecosystem Status (SANBI, 2008), relate to national vegetation units. 


The Anderson (2000) vegetation descriptions used broad habitats as the basis for describing the vegetation. 


Desmet (2005) used a combination of broad habitats and what could be considered vegetation sub-types. Both of 


these approaches have been integrated here into a single framework using national vegetation types subdivided 


into broad habitats. Interpretation and description of vegetation concepts (e.g. communities, habitats, 


vegetations types or sub-types) change in time as the vegetation knowledge-base (e.g. new point species 


observations and relevé sample plots, better habitat mapping, new literature published, etc.) grows. Therefore 


the description of vegetation types or habitats presented here does differ from that presented by Anderson 


(2000) or Desmet et al (2005), however, the underlying species-level data remains valid. Interpretation of feature 


conservation significance may change though in the light of new data, for example, a species threatened status is 
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upgraded to a threatened status; a species is split into two new species changing the rarity status of one or both 


of the new species; or, better mapping allows for an improved assessment of a habitats global distribution. 


A total of 397 plants species are recorded from the study area. This is an increase of 18% on the 337 recorded in 


the 2000 EIA (Anderson 2000). These species are found in six South African vegetations types that are recorded in 


the study area. Four of these are established vegetation types described in Mucina and Rutherford (2006). The 


fifth vegetation type, Bushmanland Inselberg Succulent Shrubland is new and is described here for the first time. 


This has been done to better accommodate the vegetation on the upper (>950m) south-facing slopes of the 


Gamsberg. The format for the descriptions of vegetation units follows that of Mucina and Rutherford (2006). 


Where endemic species are listed these are species endemic to the vegetation type but which are recorded from 


the study area. 


The vegetation map presented here is based on that produced for the BCI project by Desmet (2005) (Figure 2). 


This map has been updated to include the new vegetation type described but no other editing has been 


attempted due to lack of higher resolution aerial imagery. For the present this is not necessary, but for mine 


planning more accurate mapping of important biodiversity features will be necessary. 


 


 


TABLE 1: A SUMMARY OF THE EXTENT OF VEGETATION TYPES AND HABITAT UNITS WITHIN THE STUDY AREA AND REGIONALLY. REGION IS 


DEFINED HERE AS THE BUSHMANLAND INSELBERG REGION. GIVEN THAT ALL OF THESE VEGETATION TYPES EXCEPT THE BUSHMANLAND 


ARID GRASSLAND AND AZONAL WASH TYPES ARE RESTRICTED TO THIS REGION REGIONAL EXTENT ALSO IMPLIES GLOBAL EXTENT. 


CONFIDENCE LEVELS ARE HIGH (>90% ACCURATE) AS AREA ESTIMATES ARE BASED ON THE BCI FINE-SCALE VEGETATION MAP AND THE 


SOUTH AFRICAN VEGETATION MAP. 


SA Vegetation Type Habitat Unit 
Area 
(ha) 


% of 
Region 


Regional 
Extent 


(ha) 


Aggeneys Gravel Vygieveld Mountains Plateau 583.7 32.6 1,790 


 Plains Gravel quartz 600.4 7.7 7,800 


 Plains Gravel quartz intermediate 163.3 12.2 1,340 


 Plains Gravel quartz plateau 208.8 41.2 507 


 TOTAL 1,556.2 9.3 16,234 


Bushmanland Inselberg Shrubland Mountains 2,545.5 3.2 78,400 


 Plains Rocky 626 3.8 83,000 


Bushmanland Arid Grassland Plains Sandy flat 2,517.6 
0.07 4,470,270 


 Plains Sandy hummocky 238.9 


 Plains Gravel calcrete 211.5 23.7 892 


Bushmanland Sandy Grassland Plains Sandy mobile dunes 18.5 0.007 258,311 


Azonal Kloof 176.6   


 Wash 1,173.0   


 Temporary rock pools No data 


Bushmanland Inselberg Succulent Shrubland Study Area 480.0 10.4 4,600 


Bushmanland Inselberg Succulent Shrubland Gamsberg only 400.0 8.7 4,600 


 


 


 


 


FIGURE 2 (FOLLOWING PAGE): THE VEGETATION OF THE GAMSBERG BASED ON THE BCI VEGETATION MAP AND ADAPTED BY THIS PROJECT. 


ALSO INDICATED IS THE LOCATION OF OBSERVED ROCK (VERNAL) POOLS AND PERMANENT FOUNTAINS. 
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7.1 
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AGGENEYS GRAVEL VYGIEVELD 


Synonyms: VT 33 Namaqualand Broken Veld (92%) (Acocks 1953); LR 51 Orange River Nama Karoo (83%) (Low & 


Rebelo 1996) 


Regional Distribution: Northern Cape Province: plains above 950m and plateau summits of inselbergs and koppies 


centred on Aggeneys including the major BIR inselbergs (Namies, Achab, Gamsberg, Aggeneysseberg, Witberg, 


Haramoep and Naip) and the rocky plains on Rosynebos. The regional extent of the vegetation types is 


approximately 16 200ha with 1556ha (9.6% of region) occurring in the study area. This vegetation units is 


subdivided into six habitat types, four of which occur in the study area: mountain plateaus (1790ha regionally, 


583ha (32.6%) in the study area); quartz gravel plains (7800ha regionally, 600ha (7.7%) in the study area), plateau 


quartz gravel plains (507ha regionally, 208ha (41.2%) in the study area); and, intermediate quartz gravel plains 


(1340ha regionally, 163ha (12.2%) in the study area. 


Study Area Distribution: Primarily on the plateau of the Gamsberg and the peneplain surrounding it (Figure 2). 


Mapped Habitat Units: Six habitat units are mapped: four that occur in the study are mountain plateau and 


quartz, quartz plateau and quartz intermediate gravel patches. Two that occur to the east of the study area 


include feldspar gravel patches and rocky plains. 


Vegetation: Sparse, low-growing vegetation with the perennial component dominated by small to very small 


succulent plants. Trees and grasses are generally absent or have low abundance and are confined to drainage 


lines. Large succulent species (e.g. Aloe garipensis or Euphorbia avasmontana) are generally absent. Vegetation 


composition is variable depending on habitat type but there is a strong Succulent Karoo affinity to this vegetation 


and the diversity of small/dwarf succulent plant species is distinctive. Two major habitat types are encountered in 


this vegetation unit : (1) Rocky plains is the basic habitat that characterises this vegetation type comprising a 


dense covering of pebbles and small to large mostly rocks on gentle slopes at elevations greater than 


approximately 950m on peneplains associated with the larger inselbergs or on the plateaus of inselbergs. The 


plateau rock plain occurs in the study area. The plains form does not occur in the study area only on plains to the 


east of the study area (see the notes section for discussion on the vegetation classification of rocky plains in the 


study area). The rocky plains of the mountain plateau is structurally very similar to the rocky plains except it is 


confined to the flat summits of the major inselbergs and floristically there are a number of elements confined to 


this habitat. (2) Gravel patches constitute the other major habitat type making-up this vegetation type. Four 


gravel plains types have been mapped: plains, plateau and intermediate quartz gravel patches, and feldspar gravel 


patches. Previously calcrete gravel patches were included here but reassessment of the floristic data suggests that 


they are better included in the Bushmanland Arid Grassland vegetation type. The surface of quartz gravel patches 


are characterised by a fairly uniform and dense layer (lag) of small quartz pebbles with rock and boulders absent 


or in low density. Quartz patches can be divided into plateau patches or fine-grained quartz patches with a dense 


pebble covering of often very small (<5mm diameter) and brilliant white pebbles. Plains quartz patches occur 


mainly on the lower foot slopes of larger inselbergs; and, intermediate patches appear physically similar to the 


other quarts patches but are devoid of any of the characteristic plant species. Quartz gravel patches are always 


found in association with quartz or quartzite rocks. In contrast feldspar gravel patches are associated with the 


pink gneiss of the Hoogoor geological group and feldspar pebbles are the dominant lag pebble on the surface. This 


habitat occurs on the plains just east of the study area in the Rosynebos area and is not encountered in the study 


area. 


Common Taxa: Acanthopsis hoffmannseggiana, Aizoon asbestinum, Albuca spiralis, Aloe dichotoma, 


Anacampseros baeseckei, Anacampseros karasmontana, Aptosimum spinescens, Aristida adscensionis, Avonia 


papyracea subsp. papyracea, Avonia quinaria subsp. alstonii, Barleria rigida, Berkheya spinosissima subsp. 


spinosissima, Boscia foetida subsp. foetida, Brownanthus ciliatus, Brunsvigia comptonii, Ceraria fruticulosa, 


Chlorophytum sp., Conophytum maughanii subsp. maughanii, Cotyledon orbiculata var. orbiculata, Crassula 


alstonii, Crassula columnaris subsp. prolifera, Crassula corallina subsp. macrorrhiza, Crassula deltoidea, Crassula 


muscosa var. muscosa, Crassula sericea var. sericea, Dicoma capensis, Digitaria eriantha, Dinteranthus 
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microspermus subsp. puberulus, Drosanthemum cf. breve, Drosanthemum hispidum, Drosanthemum karooense, 


Enneapogon scaber, Eragrostis annulata, Eriocephalus ambiguus, Euphorbia gariepina, Euphorbia gregaria, Felicia 


muricata, Galenia fruticosa, Gazania lichtensteinii, Helichrysum pumilio subsp. pumilio, Hereroa bergeriana, 


Hereroa puttkameriana, Hermannia dismerifolia, Hermannia stricta, Hermbstaedtia glauca, Hirpicium echinus, 


Hypertelis salsoloides, Kleinia longiflora, Lapeirousia plicata, Lavrania marlothii, Limeum aethiopicum subsp. 


namaense var. lanceolatum, Lithops olivacea var. olivacea, Microloma incanum, Monechma spartioides, 


Ornithogalum pruinosum, Osteospermum armatum, Osteospermum scariosum, Othonna protecta, Othonna 


sedifolia, Oxalis eckloniana var. eckloniana, Pegolettia retrofracta, Pelargonium spinosum, Pentzia argentea, 


Phyllobolus latipetalus, Piaranthus decorus subsp. cornutus, Psilocaulon coriarium, Psilocaulon subnodosum, 


Pteronia cf. unguiculata, Pteronia mucronata, Quaqua mammillaris, Rhus undulata, Ruschia divaricata, Ruschia 


griquensis, Ruschia muricata, Salsola aphylla, Sarcocaulon crassicaule, Sarcostemma viminale, Senecio radicans, 


Sericocoma avolans, Stipagrostis obtusa, Tetragonia reduplicata, Trachyandra cf. jacquiniana, Tripteris microcarpa 


subsp. microcarpa, Tylecodon reticulatus subsp. phyllopodium 


Important Taxa: See habitat descriptions below. 


Endemic Taxa: Adromischus nanus, Conophytum angelicae subsp. angelicae (plateau form), Conophytum calculus 


subsp vanzylii, Conophytum praesectum, Conophytum ratum (both forms), Dinteranthus microspermus subsp. 


puberulus, Mesembryanthemum inachabense, Trachyandra sp. nov. Other endemics not recorded from this site 


include: Conophytum achabense, Conophytum burgeri, Conophytum friedrichiae, Conophytum lydiae, 


Dinteranthus vanzylii var. lineata, Dinteranthus vanzylii var. vanzylii, Lapidaria margaretae, Lithops olivacea var. 


nebrownii. 


Notes: The rocky plains around the base of the Gamsberg have been classified here as Bushmanland Inselberg 


Shrubland as they lie below 950m. Floristically there is a continuum between what can be called Aggeneys Gravel 


Vygieveld and what can be called Bushmanland Inselberg Shrubland because they occur on the same substrate 


but at different elevations. Vegetation with Succulent Karoo affinities favour the cooler higher elevation and 


Nama Karoo vegetation the warmer lower elevation plains. For the purposes of mapping a line has to be drawn 


somewhere, and the 950m contour in the Aggeneys area is a reasonable approximation of the ecotone. 


Floristically and structurally this vegetation type can be considered a true Succulent Karoo vegetation type and 


thus, in conjunction with that found on the steep southern slopes of the larger inselbergs (Bushmanland Inselberg 


Succulent Shrubland), forms the eastern most extent of the Succulent Karoo biome in Bushmanland. Therefore 


this is a very interesting vegetation unit from a biogeographic perspective being the most easterly outpost of true 


Succulent Karoo vegetation in Bushmanland. Continuous Succulent Karoo vegetation effectively ends around 


Smorenskadu about 30km east of Springbok, after which one enters the Bushmanland sandy habitats. At Naip, on 


the flats around the southern base of the mountain, there is a small patch of this vegetation and then the jump to 


the Aggeneys area. Here this vegetation is confined to the crest of the Orange-Koa catchment divide at altitudes 


above about 950m. This is the highest area of plains habitat in the area. Most importantly this habitat is free of 


sand otherwise it would be replaced by Bushmanland grassy vegetation units. Thus the habitats in this vegetation 


unit are characterized by rocky plain substrates, except along or near washes, and consequently there is generally 


an absence of Bushman grasses (Stipagrostis species). The resurrection grass, Eragrostis nindensis, is however very 


characteristic of these rocky plains and gravel patches. The defining feature of this vegetation unit is the 


dominance of vygie shrubs and dwarf shrubs. In an area such as Rosynebos as soon as one moves north off the 


crest of the fluvial divide between the Koa and Orange systems toward Pella this dominance is lost despite the 


habitat being practically the same and one enters what is termed Eastern Gariep Plains Desert. 


7.1.1 MOUNTAINS PLATEAU 
In terms of physical habitat, and floristic composition and structure the mountain plateau and rocky plains are 


similar. There are, however, several species that are restricted to the cooler plateau habitat in the BIR and that 


are not encountered elsewhere in the landscape. These species point to the important “climate refuge” role that 


the plateau plays locally by providing an edaphically similar habitat to the rocky plains but with a moderated 


climate allowing species to persist locally where they could not do so on the plains below the plateau. 
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Plateau “climate refuge” species include: Conophytum fulleri, Sarcostemma pearsonii, Stapelia similis, Chrysocoma 


microphylla, Helichrysum zeyheri, Lopholaena cneorifolia, Othonna quercifolia (caudiform), Othonna sp. nov. (PGD 


2342), Crassula sericea var. velutina, Euphorbia spinea, Sarcocaulon salmoniflorum, Avonia recurvata subsp. 


minuta, Avonia recurvata subsp. recurvata, Cheilanthes namaquensis, Trachyandra sp. nov., Lachenalia giessii, 


Tritonia karooica. 


7.1.2 PLAINS GRAVEL QUARTZ 
These occur in flat or gently sloping areas where the surface is covered with a near continuous cover of small 


quartz rocks and pebbles. They are always associated with quartzite or quartz rocks as this provides the parent 


material for the patch formation. The formation of lag gravel surfaces is a fluvial process that effectively sorts 


pebbles into finer and finer grades depending on parent quartz rocks, slope angle and length, and time. Thus, one 


observes a progression in the quality of this habitat from recently formed patches containing less dense lag and 


mixed pebble sizes through to old patches that are covered with dense layers of well sorted and packed quartz 


pebbles. This rudimentary description does not do the quartz patches justice. Suffice to say, all quartz patches are 


not the same although they may appear so at a distance. 


Quartz gravel patches on the plains in the BIR, and the study area, are mostly associated with the toe-end of the 


inselberg scree slopes where these meet washes or the sandy plains. The species composition is similar to that of 


plateau gravel patches, however, plains populations tend to be much smaller and lower density than on the 


plateau. There are some notable species absent from plains gravel patches such as Conophytum angelicae (dwarf 


form), Conophytum ratum (dwarf form) and Adromischus nanus. The only species restricted to plains gravel 


patches and which do not occur on the plateau are the diminutive annual succulent, Mesembryanthemum 


inachabense, and the multi-bodied polyploid form of Conophytum angelicae. 


Characteristic species of plains quartz gravel patches include: Aizoon asbestinum, Albuca spiralis, Amellus 


tridactylus subsp. tridactylus, Amphiglossa triflora, Anacampseros baeseckei, Anacampseros karasmontana, 


Aridaria noctiflora subsp. straminea, Asparagus capensis, Avonia quinaria subsp. alstonii, Barleria rigida, Berkheya 


spinosissima subsp. spinosissima, Blepharis mitrata, Brunsvigia comptonii, Brunsvigia sp. nov.2, Conophytum 


maughanii subsp. maughanii, Conophytum ratum (plains from), Crassula alstonii, Crassula columnaris subsp. 


prolifera, Crassula deltoidea, Crassula subaphylla subsp. subaphylla, Dianthus namaensis, Digitaria eriantha, 


Drosanthemum cf. breve, Drosanthemum godmaniae, Enneapogon cenchroides, Eragrostis nindensis, Gorteria 


corymbosa, Hebenstretia namaquensis, Heliophila arenaria var. arenaria, Hereroa bergeriana, Hereroa 


puttkameriana, Hermannia disermifolia, Hermbstaedtia glauca, Ihlenfeldtia vanzylii, Jamesbrittenia aridicola, 


Lapeirousia plicata, Lavrania cactiformis, Leysera tenella, Lithops olivacea var. olivacea, Lotononis falcata, 


Mesembryanthemum inachabense, Ornithoglossum viride, Othonna protecta, Othonna sedifolia, Pegolettia 


retrofracta, Pelargonium spinosum, Pentzia argentea, Pentzia lanata, Phyllobolus latipetalus, Piaranthus decorus 


subsp. cornutus, Piaranthus geminatus, Portulaca collina, Pteronia glauca, Pteronia mucronata, Ruschia 


griquensis, Sarcocaulon crassicaule, Senecio radicans, Septulina glauca, Tetragonia reduplicata, Tripteris 


pinnatilobata. 


7.1.3 PLAINS GRAVEL QUARTZ PLATEAU 
Associated with plateaus are quartz gravel patches. There is a continuum in the sorting and size of surface rock 


and pebble lag from rocky plains through to gravel patches. This continuum in its most “developed form” 


comprise a loose lag of very small, brilliant white to clear-quartz pebbles overlying a thin veneer of soil on the 


underlying bedrock. These have been term “fine-grained quartz gravel patches” (Desmet 2000), occur on 


inselberg plateaus and at a distance usually appear devoid of plant life. On the contrary these quartz patches 


support a diverse array of dwarf succulents very similar to quartz patches on the plains, but also a suite of species 


that hide away under the quartz lag and which are particular to the plateau. Notable species include the dwarf 


form of Conophytum angelicae which is restricted to this habitat being a specialist of this “subterranean” 


existence and is colloquially termed the “Gamsberg Angel”. This taxon has been recognised as a distinct species 


separate to the much larger, multi-bodied “Pofadder” form of C. angelicae that has been found to occur at the 


Gamsberg in quartz gravel patches at the base of the inselberg. Other specialist plateau quartz patch inhabitants 
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include Adromischus nanus and the “Gamsberg onion”, the dwarf form of Conophytum ratum. Like the angels, 


these are very rare species as their habitat is very restricted in the BIR. This habitat is by far the rarest non-aquatic 


plant habitat in Bushmanland and most important for conservation due to its diversity of range-and habitat-


restricted species. 


Species characteristic of the plateau gravel patches include: Cephalophyllum fulleri, Cephalophyllum sp. nov. 


(2014), Conophytum angelicae subsp. angelicae (Plateau form), Conophytum calculus subsp. vanzylii “dwarf form”, 


Conophytum ratum “dwarf form”, Ihlenfeldtia excavata, Ruschia inclusa, Fockea comaru, Hoodia alstonii, 


Adromischus nanus, Crassula deceptor, Avonia ruschii, Bulbine striata, Crassula namaquensis subsp. namaquensis, 


Eriocephalus microphyllus var. pubescens, Conophytum maughanii subsp. maughanii, Hereroa puttkameriana, 


Piaranthus decorus subsp. cornutus, Crassula alstonii, Crassula columnaris subsp. prolifera, Anacampseros 


karasmontana, Avonia quinaria subsp. alstonii, Hirpicium alienatum, Lavrania marlothii, Eriocephalus ambiguus, 


Avonia papyracea subsp. papyracea, Aristida adscensionis, Psilocaulon coriarium, Othonna quercifolia (shrub), 


Eragrostis nindensis, Dicoma capensis, Anacampseros baeseckei, Sarcostemma pearsonii, Chrysocoma 


microphylla, Lachenalia giessii, Tritonia karooica, Bulbine aff. namaensis 


7.1.4 PLAINS GRAVEL QUARTZ INTERMEDIATE 
The intermediate quartz patch habitats mapped appears as quartz patches in the satellite imagery. On the ground 


observation indicates that these areas are indeed quartz patches, but they are almost devoid of plants except for 


perhaps a generalist gravel patch species such as Avonia albissima. This might relate to the age of the patch with 


these only having “recently” developed or there might be soil properties inhibiting plant colonisation (e.g. salinity 


– there are not saline quartz patch specialists in BIR unlike elsewhere in the Succulent Karoo). With time these 


areas may well be colonized by other quartz patch specialists and as such are important from a conservation 


perspective not from the species present, but for the potential they hold for housing species in the future. 


7.2 BUSHMANLAND INSELBERG SHRUBLAND 


Synonyms: VT 29 Arid Karoo and Desert False Grassveld (49%), VT 33 Namaqualand Broken Veld (33%) (Acocks 


1953); LR 49 Bushmanland Nama Karoo (70%) (Low & Rebelo 1996) 


Regional Distribution: Northern Cape Province: system of prominent "inselbergs" (solitary mountains) and smaller 


koppies exposed over surrounding flat plains between 850 and 1150 m alt. centred on the town of Aggeneys. 


Most important inselbergs include (from east to west) Namies, Achab, Gamsberg, Aggeneysseberg, Witberg, 


Haramoep, and Naip. Total area covered by the vegetation type is approximately 78 000ha of which 2545ha 


occurs in the study area or 3.2% of the regional extent. 


Study Area Distribution: This vegetation unit occurs on the slopes of the inselbergs and koppies within the study 


area. The vegetation of the Gamsberg plateau is considered as Aggeneys Gravel Vygieveld. The upper south-facing 


slope of the Gamsberg on quartzite scree (above approximately 900m) is considered here as Namaqualand 


Klipkoppe Shrubland. This unit is mapped in the Anderson (2000) but not the Desmet et al. (2005) map. 


 


 


 


 


FIGURE 3 (FOLLOWING PAGE): AGGENEYS GRAVEL VYGIEVELD. (TOP) PLATEAU ROCKY PLAIN (RIGHT) AND QUARTZ GRAVEL PATCH (LEFT). 


(MIDDLE) PLATEAU QUARTZ GRAVEL PATCH ON THE NORTH-EASTERN PLATEAU. (BOTTOM) PLAINS QUARTZ GRAVEL PATCH AT THE NORTH-


EASTERN BASE OF THE GAMSBERG. 
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Mapped Habitat Units: Anderson (2000): V1.2 Plateau darker quartzite sub-community, V2 Basin community on 


quartz-muscovite-schists, V3 Basin community, V4 Ecotone community on lower slopes (part), V5 Slope 


community on scree; and, Desmet et al. (2005): Mountains & Rocky Plains. 


Habitats: Two main habitats can be distinguished: Mountains slopes and Rocky Plains. 


Vegetation: Sparse to dense vegetation of variable composition; mixture of low-growing grasses (Eragrostis, 


Aristida, Digitaria, Enneapogon and Panicum); leaf-succulent karoo shrubs (Ruschia, Antimima, Drosanthemum, 


Psilocaulon), microphyllous and spinescent karoo shrubs (Acanthaceae, Asteraceae), succulent trees (Aloe, 


Ceraria, Euphorbia).  


Common Taxa: Eragrostis nindensis, Enneapogon desvauxii, Aristida congesta subsp. congesta, Oropetium 


capense, Digitaria eriantha, Aristida adscensionis, Chascanum garipense, Hermannia stricta, Aptosimum 


spinescens, Pappea capensis, Ceraria namaquensis, Ceraria fruticulosa, Dyerophytum africanum, Rogeria 


longiflora, Ficus ilicina, Ruschia robusta, Hereroa puttkameriana, Drosanthemum godmaniae, Nymania capensis, 


Hibiscus elliottiae, Pelargonium xerophyton, Pelargonium spinosum, Euphorbia spinea, Euphorbia gregaria, 


Euphorbia gariepina, Euphorbia avasmontana, Cucumis rigidus, Tylecodon rubrovenosus, Crassula sericea var. 


sericea, Crassula namaquensis var. namaquensis, Crassula garibina, Cotyledon orbiculata var. orbiculata, 


Adromischus trigynus, Salsola aphylla, Boscia foetida subsp. foetida, Boscia albitrunca var. albitrunca, 


Commiphora gracilifrondosa, Ehretia rigida, Rhigozum trichotomum, Helichrysum tomentosum subsp. 


aromaticum, Osteospermum armatum, Lopholaena cneorifolia, Kleinia longiflora, Hirpicium alienatum, 


Helichrysum herniarioides, Geigeria vigintisquamea, Eriocephalus scariosus, Eriocephalus pauperrimus, 


Eriocephalus microphyllus var. pubescens, Eriocephalus ambiguus, Dicoma capensis, Aloe gariepensis, Aloe 


dichotoma, Hoodia gordonii, Rhus undulata, Ozoroa dispar, Hermbstaedtia glauca, Tetragonia reduplicata, 


Galenia fruticosa, Galenia cf. meziana, Aizoon asbestinum, Monechma spartioides, Blepharis pruinosa, Blepharis 


mitrata, Blepharis micra, Acanthopsis hoffmannseggiana. 


Important Taxa: Brunsvigia comptonii, Pachypodium namaquanum (not present in the study area), Euphorbia 


virosa (not preset in the study area). 


Endemic Taxa: Avonia recurvata subsp. minuta, Conophytum friedrichiae (not present in the study area), 


Conophytum fulleri, Conophytum marginatum var. karamoepense, Conophytum praesectum, Dinteranthus vanzylii 


var. vanzylii (not present in study area), Schwantesia pillansii.  


Notes: This unit shows intermediate floristic similarities between the Succulent and Nama Karoo biomes and the 


Gariep Stony Desert. With the removal the upper south-facing slopes and plateau communities from this 


vegetation unit many important and endemic taxa have been removed from this vegetation unit. Generally, all the 


species of conservation concern that occur on the Gamsberg are associated with the Aggeneys Gravel Vygieveld, 


Namaqualand Klipkoppe Shrubland and Azonal (Kloof) vegetation units. 


7.2.1 MOUNTAIN SLOPES 
These are hot dry habitats dominated by typically summer rainfall shrub and succulent species. Charismatic 


species include the distinctive tree-like succulent Ceraria namaquensis; the single-stemmed Aloe gariepensis; and, 


the large cactus-like Euphoria avis-montana. The species encountered in this habitat are generally widespread in 


the eastern Gariep valley region from as far east as Prieska to the Richtersveld in the west. Another large 


milkweed, Euphorbia virosa, is restricted to this habitat; however, it does not occur in the study area. The crest of 


the mountain slope is marked by the presence of small vertical cliffs. On north slopes this habitat is the sole home 


for one of the few species endemic to this vegetation unit, Avonia recurvata subsp. minuta. The other subspecies 


(A recurvata subsp. recurvata) is larger and occurs generally on plateaus, but for some reason the smaller of the 


two species prefers only these sun baked north facing cliffs. 
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7.2.2 PLAINS ROCKY 
This is really an extension of the mountain scree slope where large rocks and boulders extend onto the plains 


surrounding the Gamsberg or in the basin of the inselberg. Anderson (2000) identified an important community 


occurring in the basin (V2 Basin community on quartz-muscovite-schists) based on the presence of numerous 


small succulent species. None of these taxa meet the criteria set for identifying features of conservation concern 


(see Section 9.1). 


 


 


FIGURE 4: BUSHMANLAND INSELBERG SHRUBLAND: ROCKY PLAIN AND NORTH-FACING MOUNT SLOPE. 


 


7.3 BUSHMANLAND INSELBERG SUCCULENT SHRUBLAND 


Synonyms: Bushmanland Inselberg Shrubland (part) (Mucina and Rutherford, 2006), VT33 Namaqualand Broken 


Veld (part) (Acocks 1953), LR 56 Upland Succulent Karoo (part) (Low and Rebelo, 1996). 


Regional Distribution: On upper south-facing slopes of larger inselbergs and koppies on quartzite rock and scree 


above approximately 950m within the Bushmanland Inselberg Region of the Northern Cape Province. The 


occurrence of this vegetation type on the Gamsberg and on other large inselbergs in the BIR represents a 


significant outlier of Succulent Karoo vegetation type that is closely related to Namaqualand Klipkoppe Shrubland 


that occurs in Namaqualand proper. The total extent of the vegetation type is approximately 4600ha in the BIR 


and the study area contains approximately 480ha (10.4% of region). The Gamsberg itself contains 400ha or 8,7% 


of the regional extent. The south-slopes of the Gamsberg contain the largest patch of this vegetation type 


(265ha). 


Study Area Distribution: Restricted to the upper south-facing slopes (above approximately 950m) of the 


Gamsberg and adjoining inselbergs in the south of the study area where there is dense quartzite rock and boulder 


scree or cliff face. 


Mapped Habitat Units: Anderson (2000): V6 – Southern Slope Community; Desmet et al. (2005): Bushmanland 


Inselberg Shrubland – Mountain Slopes (part). 


Habitats: Two habitats can be distinguished here: South-facing Scree Slopes and South-facing Cliffs. 
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Vegetation: Dense coverage of leaf-succulent shrubs (Aizoaceae and Asteraceae), leaf-deciduous shrubs 


(Asteraceae), trailing stem succulents (Sarcostemma), and tree succulents (Aloe dichotoma). Conspicuous by their 


absence or lack of dominance are perennial and annual grasses. 


Common Taxa: Acanthopsis hoffmannseggiana, Blepharis mitrata, Tetragonia spicata, Drosanthemum 


godmaniae, Drosanthemum karooense, Phyllobolus latipetalus, Ruschia divaricata, Trichodiadema obliquum, 


Sericocoma avolans, Rhus undulata, Microloma incanum, Sarcostemma viminale, Aloe dichotoma, Berkheya 


canescens, Eriocephalus microphyllus var. pubescens, Eriocephalus scariosus, Euryops subcarnosus subsp. vulgaris, 


Felicia muricata, Osteospermum armatum, Pegolettia retrofracta, Pentzia lanata, Pteronia leucoclada, Senecio 


longiflora, Hirpicium alienatum, Boscia foetida subsp. foetida, Cadaba aphylla, Cotyledon orbiculata var. 


orbiculata, Crassula garibina, Crassula sericea var. sericea, Tylecodon rubrovenosus, Diospyros ramulosa, 


Euphorbia gariepina, Euphorbia rectirama, Pelargonium spinosum, Pelargonium xerophyton, Limeum aethiopicum 


subsp. namaense var. lanceolatum, Montinia caryophyllacea, Dyerophytum africanum, Digitaria eriantha, 


Panicum arbusculum, Ceraria fruticulosa, Hermannia spinosa, Chascanum garipense. 


Other species: Monechma spartioides, Crassula exilis subsp. sedifolia, Crassula muscosa var. muscosa, Crassula 


subaphylla subsp. subaphylla, Euphorbia mauritanica, Sarcocaulon crassicaule, Ornithogalum glandulosum, 


Ornithogalum pruinosum, Schizobasis sp., Stachys rugosa, Phyllobolus lignescens, Psilocaulon subnodosum, 


Ruschia robusta, Schwantesia pillansii, Hermbstaedtia glauca, Ozoroa dispar, Rhus incisa, Huernia campanulata 


subsp. ingeae, Lavrania cactiformis, Quaqua mammillaris, Aloe microstigma, Haworthia venosa subsp. tessellata, 


Berkheya spinosissima subsp. spinosissima, Chrysocoma ciliata, Cineraria alchemilloides, Didelta carnosa var. 


carnosa, Osteospermum scariosum, Othonna abrotanifolia, Othonna protecta, Othonna quercifolia shrub 2333, 


Senecio bulbinifolius, Senecio cephalophorum, Senecio radicans, Senecio sisymbriifolius, Adromischus alstonii, 


Cissampelos capensis, Antherothamnus pearsonii. 


Important Taxa: These are typical Succulent Karoo species and their occurrence here represent significant outlier 


populations well away from their core range: Nymania capensis, Crassula brevifolia subsp. brevifolia, Dianthus 


namaensis, Othonna sedifolia, Crassula tomentosa var. glabrifolia, Tylecodon paniculatus, Tylecodon wallichii, 


Pelargonium crithmifolium, Whiteheadia bifolia, Anthospermum spathulatum subsp. spathulatum, Senecio 


sarcoides, Sceletium tortuosum. 


Endemic Taxa: Lithops olivacea var. olivacea, Hesperantha rupicola, Othonna sp. nov. (PGD 3728), Brunsvigia sp. 


nov.1, Conophytum limpidum (diploid form), Adromischus diabolicus. 


Notes: There are close floristic similarities between this vegetation type and the Kloof vegetation type as both 


include significant areas of south-facing slopes. 


This vegetation type and the large extent of it on the Gamsberg (the largest patch within the Bushmanland 


Inselberg Region group) is a remarkable outlier of Succulent Karoo vegetation. The combination of cool shaded 


slopes and availability of moisture in winter (late summer rains with soil moisture carrying over into autumn and 


the frequent occurrence of winter fog associated with the Kao river valley and westerly frontal systems) allow a 


vegetation type with a winter-peak phenology to existing within an otherwise typical summer rainfall 


environment. Therefore, numerous species occur on the Gamsberg far outside of their normal distribution range. 


This habitat is an example of what is termed a climate change refuge where the environmental parameters 


significantly moderate the ambient climate to allow a distinctly different suite of species to persist locally where 


they would not otherwise be able to. From an ecological process perspective this is an important habitat. 


This unit is recognised as a distinct South African Vegetation type and not lumped with Bushmanland Inselberg 


Shrubland as before or Namaqualand Klipkoppe Shrubland to which it is floristically most similar for three 


reasons: (1) The geographic disjunction between the BIR sites and the core distribution of Namaqualand 


Klipkoppe Shrubland in Namaqualand; (2) The occurrence of many Nama Karoo taxa within this unit (i.e. north-


facing slope species that co-occur but not dominate on the south slope); (3) The occurrence of many endemic 


species restricted to the Bushmanland Inselberg Region and not the whole extent of the Klipkoppe region. 
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FIGURE 5: BUSHMANLAND INSELBERG SUCCULENT SHRUBLAND ON THE SOUTH-FACING SLOPES OF THE GAMSBERG. 


 


7.4 BUSHMANLAND ARID GRASSLAND 


Synonyms: VT 29 Arid Karoo and Desert False Grassveld (36%), VT 32 Orange River Broken Veld (36%) (Acocks 


1953); LR 51 Orange River Nama Karoo (51%) (Low & Rebelo 1996) 


Regional Distribution: Northern Cape Province: spanning about one degree of latitude from Namaqualand in the 


west to Prieska in the east; the southern border of the unit is formed by edges of Bushmanland Basin while in the 


northwest this vegetation unit borders on desert vegetation in the Orange River valley (northwest of Aggeneys 


and Pofadder); the northern border (in the vicinity of Upington) and the eastern border (between Upington and 


Prieska) 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 (approximately 


30km east of Springbok); altitude varies mostly from 600 to 1 200 m. 


The global extent of the vegetation type is approximately 4 470 270ha of with 2968ha or 0.06% of the regional 


extent occurring in the study area. One of the habitats making up this vegetation unit, Bushmanland Inselberg 


Region calcrete gravel patches, has a regional extent of 892ha of which 211ha or 24% of regional extent occurs in 


the study area. 


Study Area Distribution: The dominant vegetation on the sandy plains around the base of the Gamsberg as well 


the plains north of the N14. The calcrete gravel patches are scattered throughout this unit in slightly raised or 


eroding areas where the sandy surface has been stripped leaving a calcrete pebble lag and hardpan exposed. 


Mapped Habitat Units: Anderson (2000): V7- Plains community; Desmet et al. (2005): Plains Sandy Flat, Plains 


Sandy Hummocky, Plains Gravel Calcrete. 


Habitats: Three habitat types can be defined within the study area: Plains sand flat (Bushmanland Flat Arid 


Grassland), Plains hummocky (Bushmanland Hummock Arid Grassland) and plains gravel calcrete. 


Vegetation: Extensive grass covered sandy plains on a gently sloping plateau dominated by five species – the 


Bushman Grasses Stipagrostis ciliata, S. obtusa and shrub-like S. brevifolia and the shrubs Rhigozum trichotomum 
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(driedoring) or Salsola aphylla (gannabos). After good rains impressive “golden fields of wheat” stretch to the 


horizon in every direction, and when dry the standing grass biomass turn the plains an ash-grey colour, a state 


called “grysdak” by the local farmers. Trees such as Parkinsonia africana are generally absent and confined to 


deeper sand in washes. Succulent species are noticeable by their absence and only occur in numbers on the 


calcrete gravel patches. 


Common Taxa: Salsola aphylla, Stipagrostis obtusa, Stipagrostis ciliata, Stipagrostis brevifolia, Aridaria cf. 


serotina, Gazania lichtensteinii, Heliophila cf. acuminata, Hypertelis salsoloides, Eragrostis annulata, Schmidtia 


kalahariensis, Rhigozum trichotomum, Galenia sarcophylla, Oxalis obtusa, Sesamum capense, Enneapogon 


desvauxii. 


Other Taxa: Avonia albissima, Monsonia parviflora, Ebracteola fulleri, Cotula microglossa, Indigofera cf. auricoma, 


Eragrostis nindensis, Oropetium capense, Schmidtia kalahariensis, Augea capensis, Tribulus cf. zeyheri, Psilocaulon 


coriarium, Acanthopsis hoffmannseggiana, Galenia africana, Mesembryanthemum guerichianum, Arctotis cf. 


leiocarpa, Berkheya canescens, Dicoma capensis, Foveolina albida, Parkinsonia africana, Tephrosia dregeana, 


Aristida congesta subsp. congesta, Sporobolus nervosus, Peliostomum leucorrhizum, Lycium cinereum, Lycium 


prunus-spinosa, Hoodia gordonii. Taxa recorded only on calcrete patches: Brownanthus ciliatus, Drosanthemum 


hispidum, Kleinia longiflora, Pteronia ciliata, Cucumis rigidus, Euphorbia gariepina, Euphorbia mauritanica, 


Euphorbia spinea, Sarcocaulon crassicaule, Avonia albissima, Ceraria fruticulosa, Zygophyllum cf. decumbens. 


Endemic Taxa Recorded on Site: Restricted to calcrete gravel patches -Titanopsis hugo-schlechteri, Crassula 


mesembrianthemopsis, Anacampseros bayeriana, Lithops julii subsp. fulleri var. fulleri, Ruschia aff. divaricata (PGD 


3764). 


Notes: This unit covers a very large area regionally; however, the calcrete patches have a much narrower 


distribution restricted to scattered patches within the BIR. Research has not been conducted to determine the 


composition of other calcrete patches within this vegetation unit. Based on what can be gained from the 


herbarium records all the endemic species listed here are endemic to the BIR. 


Previously the calcrete patches were grouped with the Aggeneys Gravel Vygieveld vegetation type, however, 


based on the analysis of the relevé data these patches have most in common with the grassland within which it 


occurs. 


Apart from the very unique calcrete patches this vegetation type is low in species diversity and relatively uniform 


over large areas. 


7.4.1 PLAINS SANDY FLAT 
Grassy plains are a distinctive feature of the region and the plains in the west and north of the study area. The 


Bushmanland Arid Grassland vegetation type can be divided into two distinct grassland habitat types. Together 


with the Bushmanland Sandy Grassland vegetation type these form a group of three distinct grassland habitats 


that can be defined primarily by their catenal position (i.e. position on a slope). 


Top slopes or valley interfluves are most exposed to wind and the sand here tends to be reduced to a fairly 


uniform and continuous covering of shallow sand with the underlying calcrete hardpan exposed sporadically. This 


is the “Plains Sandy Flat” or Bushmanland Flat Arid Grassland habitat characterised by a fairly uniform and 


continuous dominance of three species: the grasses Stipagrostis brevifolia and S. ciliata and the shrub Rhigozum 


tricostatum. Patchiness does arise where the plain is interrupted by washes or any drainage line or where calcrete 


begins to appear on the surface. Where this occurs Rhigozum is replaced by Salsola aphylla as the dominant 


shrub. The succulent species that occur in this habitat (e.g. Ebracteola fulleri and Euphorbia Braunsii) are 


widespread but generally restricted to sandy habitats. 


7.4.2 PLAINS SANDY HUMMOCKY 
In mid to bottom slope areas the sand becomes deeper and takes on a distinctive undulating appearance with 


sandy hummocks (mini-dunes) and eroded slacks having an amplitude of less than 1m. The hummocks are 
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dominated by Stipagrostis brevifolia and the slacks by S. obtusa. S. ciliata fills in the gaps and occurs in both 


habitats. Again the only shrub of any particular prominence is Rhigozum tricostatum which is restricted to the 


hummocks. The boundary between this vegetation unit and the previous one is quite diffuse and difficult to 


define precisely on the ground. 


Both of these sandy habitats are widespread beyond the study area and do not have any unique, rare or endemic 


species. 


7.4.3 PLAINS GRAVEL CALCRETE 
Much of the Bushmanland sand sea is underlain by a calcium-rich hard-pan layer of calcrete. Where ever this sand 


is eroded away exposes the white calcrete horizon creating a habitat comprising a lag of calcrete pebbles and 


exposed solid calcrete hardpan within a matrix of red sand. Calcrete lags on the surface are a common and 


widespread phenomenon across Bushmanland and arid areas in southern Africa, but the few calcrete gravel 


patches that occur in the BIR are floristically rich compared to those elsewhere and are how to at least four 


endemics species. 


Floristically calcrete patches are somewhat different to the other gravel patch types being intermediate between 


the Succulent Karoo and the arid grassland vegetation sub-categories. Having a high proportion of sand on the 


surface favours bushman grasses with Stipagrostis obtusa being dominant and sometimes S. ciliata. A distinctive 


feature of the calcrete patch habitat is the dominance of the low shrub Zygophyllum decumbens (Zygophyllaceae). 


This distinctive yellowish woody-shrub can form near mono-specific stands on the calcrete patches. 


The calcrete patches are interesting botanically not because of what you see standing in the veld, but from what 


you see on your knees growing between the pebbles and under the sand. The tortoise foot vygie Titanopsis hugo-


schlechteri and beeskloutjie Lithops julii subsp. fulleri var. fulleri are two easily observed species. Both are 


restricted to calcrete; however, the Lithops is a good indicator of calcrete generally all will occur anywhere locally 


where calcrete appears on the surface. 


Under the sand on calcrete patches reveals some of the more unusual species occurring in the study area. 


Anacampseros bayeri is probably the smallest known perennial succulent in the world having a rosette of leaves 


no more than a few millimetres in diameter attached to a small fleshy tap-root. It rarely if ever shows its head 


above the sand and grows quite happily protected from the harsh elements within its sand “greenhouse”. Similar 


in habit, although somewhat larger is Crassula mesembrianthemopsis. This species only ever appears above the 


sand after good rains. 


 


 


 


 


FIGURE 6 (FOLLOWING PAGE) EXAMPLES OF HABITATS MAKING-UP THE BUSHMANLAND ARID GRASSLAND VEGETATION TYPE. (TOP) FLAT 


SANDY PLAINS HABITAT DOMINATED BY THE GRASSES STIPAGROSTIS CILIATA AND S. OBTUSA, AND THE SHRUB RHIGOZUM 


TRICHOSTATUM. (MIDDLE) HUMMOCKY SANDY PLAINS WITH STIPAGROSTIS BREVIFOLIA DOMINATING ON A LOW HUMMOCK. (BOTTOM 


AND FOLLOWING PAGE TOP) EXAMPLES OF CALCRETE GRAVEL PATCHES WITH CHARACTERISTIC CALCRETE ROCKS AND PEBBLE ON THE 


SURFACE. THE LOW SHRUB ZYGOPHYLLUM DECUMBENS IS DIAGNOSTIC OF THIS HABITAT. (PAGE AFTER NEXT MIDDLE) THREE OF THE FOUR 


CALCRETE GRAVEL SPECIALIST GROWING TOGETHER UNDER A GRASS TUSSOCK (FROM LEFT TO RIGHT): CRASSULA 


MESEMBRYANTHEMOPSIS, TITANOPSIS HUGO-SCHECHTERII AND LITHOPS JULII SUBSP. FULLERI VAR. FULLERI. 
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7.5 BUSHMANLAND SANDY GRASSLAND 


Synonyms: VT 29 Arid Karoo and Desert False Grassveld (80%) (Acocks 1953); LR 49 Bushmanland Nama Karoo 


(71%) (Low & Rebelo 1996) 


Regional Distribution: Northern Cape Province: The largest continuous tracts of this vegetation are found in the 


Koa River valley south of Aggeneys and Kaboep River valley north of Pofadder (northern Bushmanland). This 


vegetation unit can occur on any large sand dune within this area. Dune features are usually associated with wide 


valley bottoms (e.g. Koa River). The total extent of this vegetation unit is approximately 253 000ha of which 18ha 


occurs in the study area or <0.01% of the regional extent. 
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Study Area Distribution: Two small patches occur in the study area – one on the eastern boundary and one on the 


south western boundary. Note that the patch on the SW boundary is mapped by Anderson (2000) but is not 


mapped by Desmet et al. (2005). 


Mapped Habitat Units: Anderson (2000): V10- Dune community; Desmet et al. (2005): Plains Sandy Mobile 


Dunes. 


Habitats: Two habitats can be distinguished: Dune crests and dune slacks. 


Vegetation: Sparse to dense, loose sandy grassland on dune ridges and slacks dominated by Bushman grasses 


(Stipagrostis species) and abundant drought-resistant shrubs (Rhigozum, Lycium, Justicia, Hermannia) and trees 


(Acacia, Boscia, Parkinsonia); after rainy winter rich displays of ephemeral spring flora (Grielum humifusum, 


Gazania lichtensteinii, Arctotis) can occur. 


Common Taxa: Schmidtia kalahariensis, Stipagrostis brevifolia, S. obtusa, S. ciliata, S. namaquensis, Cladoraphis 


spinosa 


Other Taxa: Microloma incanum, Asparagus cf. laricinus, Felicia namaquana, Gazania lichtensteinii, Hirpicium 


echinus, Wahlenbergia prostrata, Indigofera daleoides, Oxalis eckloniana var. eckloniana, Sesamum capense, 


Aristida congesta subsp. congesta, , Ophioglossum polyphyllum, Thesium lineatum, Manulea nervosa, 


Peliostomum leucorrhizum, Lycium cinereum, Hermannia cf. coccocarpa, Tribulus cf. zeyheri. Trees: Acacia 


erioloba, Boscia albitrunca subsp. albitrunca, Parkinsonia africana 


Endemic Taxa Recorded on Site: None know for the vegetation type. 


Notes: This is the grassland of the valley bottoms occurring on mobile or semi-mobile transverse dune systems or 


lone dune ridges elsewhere. It is best exemplified by the Koa River valley. The amplitude between the dune crests 


and slacks can be as much as 20m. The distinguishing grass species of this vegetation type are Stipagrostis 


namaquensis and Cladoraphis spinosa (spiny love grass) on the dune crests with the other dominant Stipagrostis 


species of the area (S. ciliata, S. obtusa, S. uniplumis and S. brevifolia) occupying the dune slacks. Unlike the arid 


grassland types this vegetation has a high diversity of large woody shrubs which are not encountered elsewhere in 


the landscape. Being deep sandy soils located in valley bottoms this habitat also acts as an aquifer, thus the trees 


associated with the Bushmanland sandy plains, such as Acacia erioloba (Camel thorn), Parkinsonia africana 


(Lemoendoring) and Boscia albitrunca (Shepard tree), are most often encountered here and in some area can 


form vast “forests”. 


In the study area this vegetation type is restricted to two small patches and these are not particularly 


representative of the full diversity of this vegetation type. 


This vegetation is poorly known generally and it is likely that many new and interesting discoveries wait to be 


made. The endemic Red Lark is unique to this vegetation unit but is in unlikely that the extent in the study area 


may be large enough to support this species. 


7.6 AZONAL 


Azonal habitats include kloofs, washes (dry river beds and drainage lines) and temporary rock pools. The 


vegetation of these habitats are grouped into an azonal vegetation type as it is typically composed of species or 


communities from surrounding vegetation types as well as species or habitat features (e.g. springs) that are 


restricted to the habitat. In the case of washes and kloofs the vegetation tends to be very heterogeneous due to 


topographically complex terrain, as in the case of a kloof, or a diversity of levels of disturbance or time since 


disturbance, as in the case of a wash, resulting in complex vegetation patterns. 


Although saline pans are a feature of the Bushmanland landscape none occur in the study area. 


7.6.1 KLOOF 
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Kloofs are one of the more serene habitats in the BIR characterized by deep, shaded ravines surrounded by high 


cliffs very often with long-standing pools of water after rain. The kloof on the northern portion of the Gamsberg 


inselberg is the largest in the BIR, approximately 177ha, comprising three separate but interlinked kloofs: a main 


south-north kloof draining the basin in the interior of the inselberg; an eastern kloof draining the north-eastern 


plateau; and, a western kloof, the smallest of the three, draining the north-western plateau. In terms of 


vegetation the kloof contains Bushmanland Inselberg Shrubland on north-facing slopes, Bushmanland Inselberg 


Succulent Shrubland on south-facing slopes and Wash vegetation in the floor of the kloof. In addition to these 


three major vegetation elements the kloof contains the following habitats that are restricted to or associated with 


kloofs in the BIR: 


 The thick rock and boulder scree on the sidewalls of the kloof and verges of the river channel support a 


diversity of tree species that utilise the sub-surface aquifer associated with the kloof. Some tree species 


such as Ficus cordata, Azima tetracantha and Buddleja saligna are only found in association with the 


kloof or springs in the kloof and no where else in the BIR landscape. 


 The river channel is a very heterogeneous habitat comprising many distinct physical features (e.g. deep 


sandy pools, rock pools, smooth bedrock, rock/boulder vegetated channels, sandy beds and seeps) Each 


is associated with different plant communities. Generally the vegetation of the channel is a combination 


of that which occurs on the surrounding slopes, typical wash species and then a group of species typical 


of aquatic habitats including: A diversity sedges ( 7 Cyperaceae and 1 Juncaceae species); at least 2 


species of submerged aquatic plants (these were collected but not identified); Phragmites australis 


associated with a seep in the main channel between the confluence of the eastern and western side 


kloofs; and, at least 1 new species of “macro” algae (Hydrodictyon sp.) which could be endemic to the 


kloof. 


 Two permanent fresh-water springs are also associated with the kloofs - one near the exit of the western 


side kloof and the other, the largest on the inselberg, near the exit of the eastern side kloof into the main 


kloof. These are represented by permanent natural rock pools. There is a third spring on the Gamsberg at 


the north-eastern base of the inselberg below a small ravine but this has been significantly altered by 


humans. It is uncertain if this was ever represented by a permanent pool of water or if this was created 


by pastoralists to provide water for their stock. No plant species were found that are exclusively 


associated with these springs. Their presence in the landscape does however represent one of the most 


important abiotic features in the BIR considering the almost total absence of permanent surface water. 


The springs can be regarded as keystone ecological resources because of the water they provide. 


 The many rock pools associated with the wash channel of the kloofs can contain water for considerable 


periods of time after rain, up to 4 months. These pools are filled primarilty by stream flow associated 


with rainfall events and not ground-water discharge as in the case of the rock pools associated with the 


permanent springs. These rock pools are an important habitat for the aquatic plant and animal species 


associated with the kloofs.  


 At the headwaters of both of the side kloofs there are small “headwater seeps”. These seeps have 


shallow (<30cm), slightly humic loamy soils over an underlying layer of quartzite rock and gravel. After 


significant rainfall events these seeps appear to be water logged for several weeks and damp for several 


months. In both situations the seep is located at the base of a local valley and upstream of an exposed 


bedrock sill or nick-point below which the gradient of the stream increases and the character changes to 


a vegetated rock and boulder channel. The western seep is the largest being about 100m long and 5-10m 


wide. The western seep is significantly smaller been 20m long and 5m wide. The vegetation of both seeps 


is dominated by the geophyte Eriospermum bakerianum subsp. bakerianum, a species of cotton seed. 


This is a summer rainfall species found throughout Namibia and Botswana. It’s occurrence on the 


Gamsberg represents the most southern known locality for this making it very important at a regional 


level. Also, the density of the populations, particularly in the western seep which conservatively numbers 


in the hundreds of thousands, is also remarkable for a geophyte in the BIR which usually to have low 


population densities. The seep is shared with other geophytes (possibly a species of Cyanella) and 


sedges. In the dry season these seeps are literally “mined” by porcupines feeding on the dense mass of   
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FIGURE 7: THE SEEP AT THE HEAD OF THE WESTERN KLOOF. (TOP) A VEW OF THE SEEP FROM THE HEADWATER LOOKING IN AN EASTERLY 


DIRECTION. (BOTTOM RIGHT) A CLOSER VIEW OF THE FLOWER OF ERIOSPERMUM BAKERIANUM SUBSP. BAKERIANUM. (BOTTOM LEFT) E. 


BAKERIAUM SUBSP. BAKERIANUM JUST PAST PEAK FLOWERING IN MARCH. 
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FIGURE 8: VIEWS OF THE MAIN KLOOF. (TOP LEFT) A LARGE POOL IN THE MAIN CHANNEL 2 MONTHS AFTER MAJOR RAINS. (TOP RIGHT) THE 


MAIN KLOOF VIEWED FROM ABOVE. (BOTTOM) HYDRODICTYON SP. NOV. - A SUMMER GROWING ANNUAL "MACRO" ALGAE FOUND IN 


THE LARGER POOLS IN THE MAIN KLOOF. 
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FIGURE 9: FRESH WATER SPRINGS.(TOP LEFT) THE LARGEST SPRING ON THE GAMSBERG LOCATED IN A NARROW CAVEROUS KLOOF NEAR 


THE MOUTH OF THE EASTERN SIDE KLOOF. THIS POOL OF WATER NEVER DRIES-UP. (TOP RIGHT) THE PARADISE TOAD (BUFO GARIEPENSIS) 


IHABITS THE KLOOF IN LARGE NUMBERS. (BOTTOM LEFT AND RIGHT) THE SPRING AT THE BASE OF THE NORTH-EASTERN PLATEAU. THIS 


POOL HAS BEEN EXCAVATED BY HUMAN IN HISTORIC TIMES. 
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cotton seed corms. No doubt these seeps comprise a keystone foraging resource for porcupines and 


perhaps baboons. 


 Of particular importance the kloofs contain permanently shaded south-facing slopes that support species 


that would otherwise not be able to exist in this arid landscape. These habitats, together with the shaded 


south-facing slopes of the inselberg act as a refuge for species accounting for some of the disjunct 


distributions seen in some of the plants. Moss and insect species recorded during the first EIA process 


demonstrated similar disjunct distribution patterns. Such habitats are termed climate change refugia. In 


the future these habitats will become even more important as local refugia for species in the face of 


climate change, offering more mesic environments relative to the surrounding landscape. 


 


7.6.2 WASHES 
Washes as they are defined and mapped here contain all drainage-lines in the study area. Drainage-lines on the 


Gamsberg, as with all inselbergs in the BIR, tend to be well defined, narrow with rock and boulder beds. On the 


plains washes tends to be wide, sandy and often very difficult to detect were it not for the presence of key 


indicator species (e.g. Sisyndite spartea). The vegetation of washes tends to be fairly heterogeneous due to a 


spatially and temporally dynamic and heterogenous environment. For the most part the vegetation of washes is 


most similar to that of the surrounding vegetation. Many species found growing on the surrounding plains or 


mountain slopes can be found growing in the washes, usually larger specimens. Added to this “back-ground” 


species mix are the wash specialist species, those adapted to high disturbance regimes and those dependent on 


the water associated with washes. Being exposed to periodic flooding, washes are naturally high disturbance 


habitats. Understandably the vegetation is characterized by weedy species adapted to a high disturbance regime. 


Also the greater amount of ground water associated with these features also promotes phreatophytic species 


(deep-rooted plants that obtain water from a permanent ground supply or from the water table), mainly trees 


and large shrubs. Alien plants most often make their appearance in the landscape in these habitats due to the 


high disturbance regime and availability of water. 


The characteristic species of the plains drainage lines are Sisyndite spartea, Indigofera heterotricha, Salsola 


aphylla, Aptosimum indivisum, Aptosimum spinescens, Sesamum capense, Tribulus cf. zeyheri, Zygophyllum 


retrofractum and Zygophyllum simplex. Common species include Boscia foetida subsp. foetida, Euclea undulata, 


Lycium cinereum and L. prunus-spinosa, Zygophyllum retrofractum, Rhigozum trichotomum, Monechma incanum, 


Aptosimum spinescens, Geigeria plumosa, Gazania lichtensteinii, Hermbstaedtia glauca and Didelta carnosa. 


Characteristic species of the inselberg drainage lines include Sericocoma pungens, Rosenia humilis, Zygophyllum 


retrofractum and Drosanthemum godmaniae. Other common species include larger trees and shrubs such as 


Boscia foetida subsp. foetida, Pappea capensis, Euclea undulata, Rhus burchellii, Ehretia rigida, Diospyros 


ramulosa, Montinia caryophyllacea and Nymania capensis, as well as other large woody shrubs namely 


Hermannia stricta, Lycium prunus-spinosa, Rhigozum trichotomum, Hermbstaedtia glauca, and smaller shrubs and 


herb Monechma spartioides, Geigeria plumosa, Gazania lichtensteinii, and Didelta carnosa. 


Although washes contain no species of conservation concern (see Section 9.1) they are important from an 


ecosystem process perspective. Washes are the major conduits of water in the landscape and should be 


considered and avoided when developing a landscape so as to maintain this natural process. Apriorii identification 


and mapping these features can save considerable cost later. The town of Aggeneys was built in the middle of a 


wash (sheet-wash plain). Berms had to be constructed around the town sudsequent to its construction when the 


town was flooded. If mine planners had been aware that were building their town in the middle of a river they 


may have sited the town in a more environmentally sensitive location. 


7.6.3 TEMPORARY ROCK POOLS 
Temporary rock pools or vernal pools are shallow pan-line structures less than two meters in diameter that have 


standing water in them for long enough after rain for a distinct ephemeral pan ecosystem to develop. They are 


restricted to the flattest parts of the Gamsberg plateau. During the site visits in 2009 49 temporary rock pools 
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were mapped, mostly on the eastern plateau of the Gamsberg (Figure 2). These pools are generally devoid of 


perennial plants except occasionally the succulent Crassula deltoidea is found growing in them. They have not 


been studied whilst inundated to determine the presence of plants during their wet phase. 


Only in recent years has the existence of these features become apparent as they are mostly dry (at least 95% of 


the time) and easily overlooked. In April 2006 free swimming crustaceans were observed swimming in these pools 


but no samples were taken for identification. A significant distinction between these pools or pans and pan on the 


Bushmanland plains, besides their diminutive size, is that the plateau pans are non-saline whereas the plains are 


hyper-saline suggesting that the crustacean community on the plateau are likely to be unique to the plateau and 


other similar fresh-water temporary pools elsewhere in the BIR. 


There has been some research on similar mountain-plateau temporary rock pools elsewhere in South Africa 


(Vanschoenwinkel et al. 2008a, Vanschoenwinkel et al. 2008b, Vanschoenwinkel et al. 2009). They have been 


recognised as highly unique and complex ecosystems due to the unique faunal communities and extreme spatial 


and temporal heterogeneity and dynamics. 


 


FIGURE 10: AN EXAMPLE OF A TEMPORARY ROCK POOL OR SMALL PAN (DASHED CIRCLE) ON THE EASTERN PLATEAU OF THE GAMSBERG. 


 


 


8 GRAVEL PATCH SPECIALIST POPULATIONS SURVEY 
A brief census was conducted to assess the relative population size of gravel-patch specialist plant species. A 


better understanding of between site variations in biodiversity attributes will benefit the EIA process as one will 


be able to rank sites based on these attributes thereby better quantifying relative impacts of alternative 


development scenarios. 


In total 13 line-transects were walked in 11 patches totalling 14.5km in length (Figure 11). Based on the number of 


individuals of each species counted in each transect a population density was calculated for each patch and a 


population size was estimated based on the size of each patch sampled (Table 1Table 2). The existing vegetation 
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map over estimates the size of gravel patches dues to coarse resolution of imagery used so there is room to refine 


this and improve the population estimates. Also, due to time constrains not all patches were visited. The species 


being sampled are all cryptic species that are not always easy to spot in the field. The timing of the survey did 


coincide with a period of good rains and this helped significantly to improve the visibility of species. The survey 


concentrated on patches around the northern and eastern base of the Gamsberg. 


Population density of gravel-patch specialist plant species and population sizes are very variable between gravel 


patches (Table 2). Size of suitable habitat is a good predictor of population size with bigger patches having denser 


and bigger populations of specialist species. It is, however, very much a case of not all that glitters is gold – not all 


apparently suitable habitat is occupied equally by species. Calcrete gravel patch number 5 (Table 2) is clearly one 


of the more important gravel patches locally due to the significantly denser and larger populations of species. This 


is not the most densely populated gravel patch in the study area. The quartz gravel patch on the north-eastern 


plateau, although not surveyed here, is known to have comparatively much denser populations of specialist 


species numbering in the hundred of thousands. 


 


FIGURE 11: THE RESULTS OF THE GRAVEL PATCH SPECIALIST PLANT SPECIES POPULATION SURVEY OF SELECTED GRAVEL PATCHES AROUND 


THE BASE OF THE GAMSBERG. NUMBERS IN ITALICS REFER TO PATCH NUMBER IN TABLE 2 AND NUMBERS IN BOLD THE TOTAL ESTIMATED 


NUMBER OF INDIVIDUALS OF ALL FOCAL SPECIES IN EACH PATCH. 
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FIGURE 12: AN EXAMPLE OF USING HIGHER RESOLUTION IMAGERY TO BETTER MAP THE EXTENT OF GRAVEL PATCHES. IN THIS EXAMPLE 


SPOT5 RGB HAS BEEN ADJUSTED TO ACCENTUATE DENSE QUARTZ (BLUE) AND CALCRETE (WHITE-ORANGE) LAG SURFACES. THERE IS 


CONSIDERABLE VARIATION WITHIN THE MAPPED POLYGONS AND THERE IS OVER-MAPPING OF GRAVEL PATCHES. (IMAGERY COURTESY OF 


NORTHERN CAPE DETEC) 


 


 


There is room to improve this census of gravel patches by: 


1. Surveying all gravel patches in the study area 


2. Improving the mapping accuracy of gravel patches. Figure 12 presents an example of how higher 


resolution imagery can be used to better map the extent of gravel patches. The current vegetation map 


over-maps the extent of gravel patches. 
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TABLE 2: A SUMMARY OF THE RESULTS OF THE GRAVEL-PATCH SPECIALIST PLANT SPECIES POPULATION SURVEY. COLUMN 1 IS PLANT 


DENSITY BASED ON THE NUMBER OF INDIVIDUALS OBSERVED PER SURVEY TRANSECT (NUMBER OF INDIVIDUALS/HA); AND COLUMN 2 IS 


TOTAL ESTIMATED NUMBER OF INDIVIDUALS BASED ON OBSERVED DENSITY AND CURRENTLY MAPPED EXTENT OF EACH PATCH. 


Species 


A
n


ac
am


p
se


ro
s 


b
ay


er
ia


n
a 


C
ra


ss
u


la
 


m
e


se
m


b
ri


an
th


em
o


p
si


s 


Li
th


o
p


s 
ju


lii
 s


u
b


sp
. 


fu
lle


ri
 v


ar
. f


u
lle


ri
 


Ti
ta


n
o


p
si


s 
h


u
go


-


sc
h


le
ch


te
ri


 


C
o


n
o


p
h


yt
u


m
 r


at
u


m
 


"l
ar


ge
" 


C
o


n
o


p
h


yt
u


m
 r


at
u


m
 


"d
w


ar
f"


 


To
ta


l N
u


m
b


er
 o


f 
P


la
n


ts
 


Patch 
No. 


1
2
 2


3
 1 2 1 2 1 2 1 2 1 2  


1   23 536   160 3,728     4,264 


3 8 224 16 447 77 2,149 199 5,553     8,373 


5 low
1
  low


1
  86 7,766 262 23,659     31,425 


6 2 79   61 2,392 low
1
      2,471 


7         64 1652   1,652 


8           13 1319 1,319 


9         31 2449   2,449 


10
2
     10 20       20 


11
3
     17 1,967   low


1
    1,967 


12     48 888 8 148     1,036 


13 11 281   53 1,352 11 281     1,914 


1: “Low” signifies that the species is present in the patch but was not sampled in the survey transect. 


2: This was not a proper quartz patch but rather brilliant white quartz rock scree with a small calcrete-patch at the 


base, hence the occurrence of Lithops julii. 


3: Patch 11 is a very variable gravel patch with rock scree, some fine-grained quartz patches (home to C. ratum), 


calcrete patches (home to Lithops julii) and intermediate quartz patch without any specialist. 


 


9 FEATURES OF CONSERVATION CONCERN 
To better assist with the identification of sensitive areas for development the available biodiversity information is 


interpreted to identify features (species and/or habitats) of conservation concern based on a defined set of 


biodiversity criteria. The criteria are aimed at identifying those features that are threatened, rare, unique 


(endemic), play a keystone ecological role, or sensitive to perturbation. In this assessment only species and 


habitats of conservation concern are identified. A further step of identifying sites of conservation importance to 


better differentiate between features of conservation concern based on their relative biodiversity importance is 


not undertaken. The criteria used and the features identified is based primarily on the findings of Anderson 


(2000), Desmet (2000) and Desmet et al. (2005). 


9.1 SPECIES 


Species of conservation concern are defined here as rare, endemic or threatened plant species that meet the 


criteria listed in Table 3. In total 16 species are identified as meeting these criteria (Table 4). These species are 


used in this analysis to assess the relative biodiversity importance/sensitivity of habitats based on the occurrence 


of these species. To a large the degree the classification of species of conservation concern has already been done 


by the BCI project using the same criteria (see Desmet 2005). The list of species occurring in the study area was 


verified and updated by this project. 
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TABLE 3 CRITERIA FOR DETERMINING SPECIES OF CONSERVATION CONCERN. 


1. Gamsberg Center of Endemism endemic (Namies to Haramoep) 


2. IUCN Threatened status (Red Data Listed species) 


3. Rare species (restricted to 3 or less inselbergs)  


4. Relic species (common in their core range but rare in the BIR and considered relics of past wetter or 
drier climates) 


 


TABLE 4 THE LIST OF SPECIES OF CONSERVATION CONCERN KNOWN TO OCCUR IN THE STUDY AREA AND THE HABITATS THEY ARE 


ASSOCIATED WITH. 


Species Name Category Habitat 


Anacampseros bayeriana Rare Calcrete gravel patches 


Crassula mesembrianthemopsis Rare Calcrete gravel patches 


Titanopsis hugo-schlechteri var. hugo-schlechteri Rare Calcrete gravel patches 


Conophytum ratum (plains form) Endemic & Vulnerable Plains quartz gravel patch 


Mesembryanthemum inachabense Endemic Plains quartz gravel patch 


Trachyandra sp. nov. Endemic Plateau 


Tylecodon sulphureus Endemic Plateau 


Adromischus nanus Endemic Plateau quartz gravel patch 


Conophytum angelicae subsp. angelicae (dwarf form) Rare Plateau quartz gravel patch 


Conophytum ratum (dwarf/plateau form) Endemic & Vulnerable Plateau quartz gravel patch 


Aloe microstigma Relic South slopes 


Conophytum limpidum (dwarf form) Endemic South slopes 


Othonna sp. nov. Endemic South slopes 


Sceletium tortuosum Relic South slopes 


Azima tetracantha Relic Springs 


Hydrodictyon sp. nov. Endemic Kloof 


 


The criteria used to identify species of conservation concern are interpreted very narrowly here. BIR endemics are 


not included nor are Succulent Karoo relic species listed in the vegetation descriptions. The relic species list here 


are characteristic of Succulent thicket vegetation in the Eastern Cape and not Succulent Karoo. If these species 


were included they would all fall within the habitats already identified. 


The occurrence of a single threatened species is not unusual as levels of transformation and other anthropogenic 


threats are very low in this landscape. Rare species, data deficient and currently not threatened species that may 


appear in the threatened species database have not been included. 


9.2 HABITATS 


Habitats are a higher or coarser-level for assessing biodiversity importance of areas. There are several approaches 


to identifying habitats of conservation concern. By relating species occurrence data (i.e. occurrence of species of 


conservation concern) to the habitats in which they occur, it is possible to “up-scale” from an incomplete point 


observation dataset to extrapolate the findings to a whole area or habitat. Other non-species based criteria can 


also be invoked such as such as habitat rarity; ecological considerations (ecological process associated with 


habitats or using habitats as a spatial surrogate for processes); and, degree of transformation can also be invoked 


to assess habitats of conservation concern (Table 5). All these criteria rely to some degree on a good vegetation 


map and that is why it is important to accurately map vegetation or habitats in impact assessment studies and at a 


regional scale not just the study site. 
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TABLE 5 POTENTIAL CRITERIA FOR DETERMINING HABITATS CONSERVATION CONCERN. 


1 Habitat associated with occurrence of species of conservation concern 


2 Habitat rarity (covers <10% of extent of vegetation type or <1% of region) 


3 Ecosystem functioning considerations (location, presence of, size or other factor related to a habitat 
importance to ecological function of ecosystem as a whole, e.g. flow of water, climate refuge, water 
source, etc.) 


4 Ecosystem status, i.e. habitat >40% transformed to other land-uses (not applied here). 


5 Likelihood that a habitat will be required to meet conservation a target for vegetation type (not applied 
here). 


 


TABLE 6: A LIST OF HABITATS OF CONSERVATION CONCERN THAT OCCUR IN THE STUDY AREA. CRITERIA RELATE TO CRITERIA 1-3 IN TABLE 


5. 


Habitat Name 
Criteria 


Criteria Notes 
1 2 3 


Kloofs    Rare habitat, climate refuge, keystone resource (water) 


Springs    Very rare habitat, climate refuge, keystone resource (water) 


Headwater Seeps    Very rare habitat, keystone resource (forage) 


Headwater catchments    Ecological support area 


Temporary Rock Pools    Very rare habitat 


Plateau Quartz Gravel Patches    Endemic species and rare habitat 


Plains Quartz Gravel Patches    Endemic species 


Plateau    Climate refuge and rare habitat 


Calcrete Gravel Patches     


South Slopes    Climate refuge 


Washes    Conduits for water movement in the landscape 


 


Nine habitats of conservation concern are identified (Table 6) using criteria 1-3 in Table 5 and their distribution in 


the study area is mapped (Figure 13). For this assessment no differentiation is made between habitats of 


conservation concern to identify more or less important sites of conservation concern based on the sum of 


multiple importance ranking criteria, such as number of species of conservation concern, size of populations, size 


of habitat, relative rarity of habitat, etc. Performing a more detailed and quantitative assessment of sites of 


conservation concern is possible with the current datasets although there are some gaps in the population level 


analysis (see Section 8) and the vegetation mapping (see Section 4) that would need to be addressed first. 


Performing a more detailed quantitative analysis to better identify the most important sites of conservation 


concern in the study area would be advisable should the project proceed to an EIA phase and also for more 


informed mine-site planning. 


 


10 REGIONAL SIGNIFICANCE 
The regional significant of the Gamsberg inselberg has been well assessed by Desmet (2000) and there is no need 


to repeat the findings in detail here. Based on multiple criteria with which to compare and rank sites (other 


inselbergs in the BIR) the study concluded that the Gamsberg is by far the most important inselberg in the BIR in 


terms of its biodiversity (Table 7). Any new biodiversity information that has been gathered since this original 


study serves only to support this conclusion. 
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FIGURE 13 MAP INDICATING LOCATION OF HABITATS OF CONSERVATION CONCERN. 


 


 


Desmet (2000) makes the following conclusion regarding the regional significance of the Gamsberg inselberg: 


 The Gamsberg has the highest number of species of all sites surveyed. These plants are representative of 


the entire regional flora. No other site surveyed has comparable patterns of diversity of plant species. 


 Although the Gamsberg inselberg is effectively an island for the majority of plant species that occur 


there, the plant diversity is exceptional by local, regional and global standards. Given the diversity of 


species, habitats, number of regionally rare species and size of specific plant populations, the Gamsberg 


is regarded as a “mainland” area of plant biodiversity in the region. 


 The Gamsberg has the largest number of range restricted plants represented (six species) with two 


additional species presently known only to occur on this inselberg. 


 The Gamsberg has 68% of the regional extent of fine-grain quartz patches. This habitat is regionally 


unique and supports a number of range restricted (unique) species. Note the BCI fine-scale vegetation 


map does not map the extent of these features regionally so this claim cannot be refuted given the 


currently available data. 


 The kloof at the Gamsberg is one of only three in the region and is considered of international 


importance as a refuge for all organisms in the face of global change. 
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 The Gamsberg plays a key role in buffering the regional flora against the negative impacts of global 


climate change. 


THE BCI FINE-SCALE VEGETATION MAP ENABLES US TO BETTER QUANTIFY THE REGIONAL SIGNIFICANCE OF THE STUDY AREA AS IT 


PROVIDES A CLEAR PICTURE OF THE REGIONAL EXTENT OF THE HABITATS REPRESENTED AT THE SITE. THE STUDY AREA CAN BE CONSIDERED 


CONSIDERED AS BEING REGIONALLY SIGNIFICANT IF MORE THAN 5% OF THE GLOBAL EXTENT OF THAT HABITAT OCCURS IN THE STUDY 


AREA. WHERE THE OCCURRENCE OF A HABITAT IN THE STUDY AREA IS GREATER THAN 20% OF THE REGIONAL EXTENT THEN THE STUDY 


STUDY AREA CAN BE CONSIDERED AS BEING VERY SIGNIFICANT IN A REGIONAL CONTEXT. THERE ARE A NUMBER OF HABITAT FEATURES IN 


FEATURES IN THE STUDY AREA WHOSE OCCURRENCE IS SIGNIFICANT AT THE REGIONAL SCALE ( 


Table 8). Any developments that transform these habitats will have an impact on these habitats at the regional 


scale. 


TABLE 7 THE REGIONAL IMPORTANCE OF INSELBERGS AND MOUNTAINS IN THE BIR BASED ON EACH SITE’S BIOLOGICAL ATTRIBUTES. 


DESCRIPTIONS OF THE EIGHT RANKING CRITERIA FOLLOW THE TABLE BELOW (FROM DESMET 2000). 


Rank Site 1 2 3 4 5 6 7 8 Summed score 


1 Gamsberg 3 3 4 6 2 5 3 3 29 


2 Achab 2 3 2 5 1 5 2 2 22 


3 Pella se Berg East 3 3 2 4 2 5 3 0 22 


4 Aggeneys 3 3 2 5 2 4 1 1 21 


5 Middle Berg 3 3 4 2 0 4 2 2 20 


6 Namies 3 3 2 4 0 4 3 0 19 


7 Naip 3 3 0 2 0 5 3 2 18 


8 Witberg 3 3 0 3 1 4 3 1 18 


9 Soutkhoesberg 2 2 0 1 0 4 1 0 10 


10 Houmoed 1 2 0 1 0 4 1 0 9 


11 Noubestaan 1 2 0 1 0 4 1 0 9 


12 Spitzkop 1 2 2 0 0 3 0 0 8 


13 Witberg II 1 2 0 0 1 3 0 0 7 


14 Amam se Kop 1 1 0 0 0 3 1 0 6 


15 Oonab Noord 1 1 0 0 0 3 0 0 5 


Criteria used to rank sites: 


1. Size of inselberg or mountain (qualitative, 1= small, 3=large). 


2. Number of succulent species (qualitative, 1=few, 3=many). 


3. Number of species unique to the site (i.e. not known to occur at any other site) multiplied by 2 (quantitative). 


4. Number of range-restricted plants (excluding category 3). These can be either Gamsberg Centre or Eastern 


Gariep fine-grain quartz patch specialists or otherwise. Sites on the edge of the study area can contain species 


unique to the northern Namaqualand or Gariep River mountains. These are included for comparative 


purposes. 


5. Known number of palaeo-relics plant species (quantitative). 


6. Habitat complexity or number of broad habitat types represented (north slope, south slope, plateau, kloof, 


rocky plains) represented (quantitative, maximum score 5 = all habitats represented).  


7. Size of plateau (qualitative, 1=small 3=large). 


8. Size of fine-grain quartz patches (qualitative, 1=small 3=large). 
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TABLE 8: REGIONAL SIGNIFANCE OF THE STUDY AREA BASED ON THE PERCENTAGE OF THE ENTIRE EXTENT OF EACH HABITAT THAT OCCURS 


IN THE STUDY AREA. ORANGE CELLS INDICATE HIGHLY SIGNIFICANT (>20%) AND YELLOW SIGNIFICANT (>5%). 


SA Vegetation Type Habitat Unit % of Region 


Aggeneys Gravel Vygieveld Mountains Plateau 32.6 


 Plains Gravel quartz 7.7 


 Plains Gravel quartz intermediate 12.2 


 Plains Gravel quartz plateau 41.2 


Bushmanland Inselberg Shrubland Mountains 3.2 


 Plains Rocky 3.8 


Bushmanland Arid Grassland Plains Sandy flat 
0.07 


 Plains Sandy hummocky 


 Plains Gravel calcrete 23.7 


Bushmanland Sandy Grassland Plains Sandy mobile dunes 0.007 


Azonal Kloof  


 Wash  


 Temporary rock pools No Data 


Bushmanland Inselberg Succulent Shrubland South Slopes (Study area) 10.4 


 South Slopes (Gamsberg) 8.7 


 


11 DEFINITION OF LOCAL AND REGIONAL AREAS OF INFLUENCE 
For the purposes of assessing potential impacts related to the proposed mining activities in the study area three 


zones of influence (ZOI) are defined for the terrestrial and aquatic environments: 


1. Local Scale: The area experiencing direct impacts on biodiversity pattern associated with mine footprint, 


dust fallout and water runoff. For the present this area is broadly delimited by the three properties that 


make up the study site (Figure 14). This ZOI could be better delimited based on the inputs from the dust 


and hydrological specialists. 


2. Regional Scale: Indirect impacts primarily on ecological processes as a result of the local-scale impacts. 


These can be divided into an aquatic and terrestrial component: 


a. Regional aquatic: Entire watersheds covered by the local ZOI to their drain-points in the Koa or 


Orange Rivers (Figure 14). These are areas where downstream impacts on hydrological 


processes can be expected. The study is unique in being located on the interfluves dividing the 


Orange and Koa drainage systems. There is the potential in mine-site planning to limit any 


aquatic impacts to a single drainage system (namely the Kao). 
REGIONAL TERRESTRIAL: INDIRECT IMPACTS ON ECOLOGICAL PROCESSES SUCH AS META-POPULATION DYNAMICS OR SPECIES PERSISTENCE 


OR SPECIES PERSISTENCE DUE TO THE SIGNIFICANT LOSS OF A HABITAT OR NATURAL RESOURCES (E.G. KLOOF OR SPRING). ALL THE 


SPRING). ALL THE HABITATS IDENTIFIED AS BEING OF REGIONAL SIGNIFICANCE ( 


b. Table 8) are endemic to the BIR therefore the BIR essentially defines the regional ZOI (Figure 1). 


The regional terrestrial zone of influence is the same as that defined for the previous EIA being: 


“…the inselberg region of northern Bushmanland is that part of the eastern Gariep Centre of 


Endemism that is influenced by winter rainfall and forms a distinct and unique biogeographical 


unit terms the Bushmanland Inselberg Region”. 
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FIGURE 14 THE LOCAL ZOI DEFINED PRESENTLY AS THE THREE ANGLO PROPERTIES COMPRISING THE STUDY SITE, AND THE REGIONAL 


AQUATIC ZOI BASED ON THE WATER CATCHMENTS THAT INTERSECT WITH THE LOCAL ZOI. 


 


12 RISKS AND OPPORTUNITIES 
In the short term the following risk to biodiversity in the study area are recognised: 


 There is a very real possibility that fountain grass (Pennisetum setaceum) could spread from Aggeneys to 


Gamsberg. This is an aggressive alien grass species that specialises in invading wet spots in the landscape, 


such as road verges and seeps. If it arrives on the Gamsberg it will invade the aquatic habitats with 


catastrophic consequences for the local biodiversity as it will be swamped and excluded by this alien 


species. Controlling the spread of this species in the town of Aggeneys and on the road between 


Aggeneys and the Gamsberg to prevent its spread should be seen as an environmental management 


priority. 


 To a large degree access to much of the Gamsberg, especially the eastern portions, is uncontrolled. This 


could pose a threat to the areas biodiversity from unscrupulous plant collectors or wayward off-road 


enthusiasts (e.g. quad bikes). In the past off-road vehicles caused significant damage to sensitive habitats 


around Aggeneys. Improved access control and education eliminated this problem. 


Opportunities: 


 Given the history of of biodiversity/environmental information gathering locally and in the region and the 


commitment demonstrated by the site owners to biodiversity management there exists a real 


opportunity to plan a green-field development fully aware of the environmental opportunities and 


constrains presented by this unique site. With the environmental information in hand there is an 


opportunity to mimimise overall mine impact up front in the mine planning process as the environmental 


constraints and sensitivities are already well quantified and mapped. 


 The national and international conservation significance of the BIR and particularly the Gamsberg and 


surrounding inselbergs is well known. There are good opportunities to offset any anticipated negative 


environmnental mine impacts by contributing to the development of the local biodiversity ecomony (e.g. 
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contribution to the creation of a protected area in the region, tourism infrastructure development, 


hospitality and biodiversity management skills training, etc.). 


 


13 RECOMMENDATIONS FOR FURTHER STUDY 
This study has demonstrated that ongoing botanical investigation will reveal new and interesting insights into the 


biodiversity and ecology of the study area. Whist on-going survey and inventory will add to our overall 


understanding of the site this will not significantly change any findings relating to the biodiversity importance of 


the site made in this report or its predecessors. From an EIA perspective the following ongoing activities are 


recommended: 


 Refine the vegetation map based on higher-resolution aerial imagery as this will need to be done to 


better inform mine-site planning and impact mitigation (avoidance of sensitive habitats). 


 Collect a specimen of the Hydrodictyon sp. nov. for identification primarily because it is easy to find (in 


summer) and there is an expert in the U.S.A. that is willing to identify the species for us. 


 Ongoing survey of gravel-patch specialist species populations. The work conducted in this study did not 


manage to sample all gravel patches, but the results indicate that populations are highly variable and 


where trade-offs are to be made in terms of choosing which gravel patches to destroy a more complete 


picture of populations would be advantageous. 


 Site-level assessment of conservation significance using existing data and that recommended above. The 


purpose of this exercise would be to better differentiate between all the areas identified in the study 


area as being of conservation significance. Any development in the study area will involve trade-offs 


where some sites are lost and some retained. By better differentiating between areas at the site rather 


than whole habitat level will help in minimising impacts by avoiding the most important areas. The 


population-level study has demonstrated that not all sites are equal even though they are all mapped as 


the same habitat. Therefore the EIA process would benefit for conducting such an analysis. 


Note that activities relating to ongoing mine management by Black Mountain and Anglo Exploration are not 


considered here. 
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APPENDIX 1 SPECIES LIST 
A global species for the study area based on relevés, habitat lists and point observations. Vegetation types: 1 – Bushmanland Inselberg Succulent Shrubland, 2 – Aggeneys 


Gravel Vygieveld, 3 – Bushmanland Inselberg Shrubland, 4 - Bushmanland Arid Grassland, 5 – Azonal. 
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Species Name 


DICOTYLEDONS                


ACANTHACEAE Acanthopsis annual         1      


 Acanthopsis hoffmannseggiana  1 1 1  1 1  1  1    


 Barleria rigida  1 1   1         


 Blepharis micra  1 1    1     1   


 Blepharis mitrata  1    1     1 1   


 Justicia thymifolia  1 1        1    


 Monechma spartioides  1 1   1 1    1 1   


AIZOACEAE Aizoon asbestinum   1   1         


 Galenia africana  1         1    


 Galenia africana  1    1 1  1      


 Galenia cf. meziana  1    1 1  1      


 Galenia fruticosa  1 1   1 1  1  1 1   


 Galenia sarcophylla         1      


 Pharnaceum sp.           1    


 Tetragonia reduplicata  1 1 1  1      1   


 Tetragonia spicata  1    1 1     1   


 Trianthema parvifolium         1  1    


AIZOACEAE 
(MESEMBRYANTHEMACEAE) 


Aridaria cf. serotina  1    1   1  1    


 Aridaria noctiflora subsp. noctiflora  1             


 Aridaria noctiflora subsp. straminea      1         


 Brownanthus ciliatus  1 1 1  1 1        


 Cephalophyllum fulleri   1 1           


 Cephalophyllum sp. nov. (2014)   1 1           


 Conophytum angelicae (Pofadder form)     1          


 Conophytum angelicae subsp. angelicae 
(Plateau form) 


  1 1           


 Conophytum calculus subsp. vanzylii “dwarf 
form” 


  1 1           
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 Conophytum fulleri   1            


 Conophytum limpidum (diploid form)  1 1    1     1   


 Conophytum marginatum var. karamoepense 1  1         1   


 Conophytum maughanii subsp. maughanii   1 1  1         


 Conophytum praesectum      1 1        


 Conophytum ratum (dwarf or plateau form)    1           


 Conophytum ratum (plains form)     1          


 Dinteranthus microspermus subsp. puberulus   1   1 1        


 Drosanthemum cf. breve  1 1 1  1         


 Drosanthemum godmaniae  1    1     1    


 Drosanthemum hispidum  1 1   1 1    1    


 Drosanthemum karooense 1 1 1 1  1 1        


 Ebracteola fulleri      1   1      


 Hereroa bergeriana   1   1         


 Hereroa puttkameriana   1 1  1         


 Ihlenfeldtia excavata   1 1           


 Ihlenfeldtia vanzylii      1         


 Lithops julii subsp. fulleri var. fulleri      1  1 1      


 Lithops olivacea var. olivacea  1 1 1  1         


 Mesembryanthemum guerichianum  1    1 1  1   1   


 Mesembryanthemum inachabense      1         


 Mesembryanthemum longistylum       1    1    


 Phyllobolus latipetalus  1 1 1  1     1    


 Phyllobolus lignescens  1         1    


 Psilocaulon articulatum         1      


 Psilocaulon coriarium   1 1  1   1  1 1   


 Psilocaulon subnodosum  1 1 1  1 1    1 1   


 Ruschia aff. divaricata (PGD 3764)        1   1    


 Ruschia barnardii           1    


 Ruschia divaricata  1 1 1  1 1  1  1 1   


 Ruschia griquensis   1   1         


 Ruschia inclusa   1 1           


 Ruschia muricata   1   1   1      


 Ruschia robusta  1             


 Schwantesia pillansii 1           1   


 Schwantesia ruedebuschii   1    1     1   


 Titanopsis hugo-schlechteri var. hugo-        1 1      
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Species Name 


schlechteri 


 Trichodiadema obliquum 1 1 1            


AMARANTHACEAE Hermbstaedtia glauca  1 1   1     1 1   


 Sericocoma avolans  1 1 1  1 1     1   


 Sericocoma pungens           1 1   


ANACARDIACEAE Ozoroa dispar 1  1         1   


 Rhus incisa  1    1         


 Rhus undulata  1 1   1 1    1 1   


APOCYNACEAE Fockea comaru   1 1           


 Hoodia alstonii   1 1           


 Hoodia gordonii  1    1 1  1  1    


 Huernia campanulata subsp. ingeae  1 1 1           


 Lavrania cactiformis  1    1         


 Lavrania marlothii   1 1  1 1        


 Microloma incanum  1 1 1  1 1  1 1 1 1   


 Piaranthus decorus subsp. cornutus   1 1  1         


 Piaranthus geminatus      1         


 Quaqua mammillaris  1 1   1 1        


 Sarcostemma pearsonii    1           


 Sarcostemma viminale  1 1 1  1 1     1   


 Stapelia similis   1            


ASTERACEAE Amellus tridactylus subsp. tridactylus      1         


 Amphiglossa thuja  1 1         1   


 Amphiglossa triflora  1    1         


 Arctotis cf. leiocarpa         1      


 Arctotis sp1         1  1    


 Berkheya canescens  1    1 1  1   1   


 Berkheya spinosissima subsp. spinosissima  1 1   1     1 1   


 Chrysocoma ciliata  1 1    1        


 Chrysocoma microphylla    1           


 Chrysocoma sparsifolia 1              


 Cineraria alchemilloides 1              


 Cotula microglossa         1      


 Dicoma capensis   1 1  1 1  1  1    


 Didelta carnosa var. carnosa  1    1 1  1   1   


 Eriocephalus ambiguus   1 1  1 1        


 Eriocephalus microphyllus var. pubescens  1  1        1   
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 Eriocephalus pauperrimus  1 1    1        


 Eriocephalus scariosus  1    1 1     1   


 Eriocephalus sp.           1    


 Euryops subcarnosus subsp. vulgaris  1 1 1        1   


 Felicia cf. clavipilosa           1    


 Felicia muricata  1 1 1  1 1    1 1   


 Felicia namaquana          1     


 Felicia sp.            1   


 Foveolina albida         1      


 Gazania lichtensteinii  1 1   1 1  1 1 1 1   


 Geigeria vigintisquamea      1 1  1  1 1   


 Gorteria corymbosa      1     1 1   


 Helichrysum herniarioides         1      


 Helichrysum pentzioides            1   


 Helichrysum pumilio subsp. pumilio  1 1 1  1 1     1   


 Helichrysum zeyheri   1            


 Hirpicium alienatum  1  1   1        


 Hirpicium cf. gazanioides         1  1    


 Hirpicium echinus  1 1   1    1 1 1   


 Kleinia cephalophora 1           1   


 Kleinia longiflora  1 1 1  1 1    1 1   


 Leysera tenella      1         


 Lopholaena cneorifolia   1         1   


 Osteospermum armatum  1 1 1  1 1    1 1   


 Osteospermum pinnatum var. breve      1 1    1 1   


 Osteospermum scariosum  1 1   1 1    1    


 Othonna abrotanifolia 1              


 Othonna cf. cuneata            1   


 Othonna floribunda           1    


 Othonna protecta  1 1 1  1      1   


 Othonna quercifolia (caudiform)   1         1   


 Othonna quercifolia (shrub) 1   1  1 1        


 Othonna sedifolia  1 1   1      1   


 Othonna sp. nov. (PGD 2342)   1         1   


 Othonna sp. nov. (PGD 3728)  1             


 Pegolettia retrofracta  1 1 1  1         


 Pentatrichia petrosa 1           1   
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 Pentzia argentea   1   1         


 Pentzia lanata  1    1     1 1   


 Pteronia acuminata           1 1   


 Pteronia cf. unguiculata  1 1 1  1 1        


 Pteronia ciliata       1 1       


 Pteronia glauca      1     1 1   


 Pteronia leucoclada  1       1  1    


 Pteronia mucronata  1 1 1  1      1   


 Pteronia sp.        1       


 Rosenia humilis         1      


 Senecio bulbinifolius  1 1 1   1        


 Senecio radicans  1 1 1  1      1   


 Senecio sarcoides 1 1 1         1   


 Senecio sisymbriifolius  1          1  1 


 Tripteris microcarpa subsp. microcarpa  1 1   1 1  1  1    


 Tripteris pinnatilobata      1     1    


 Tripteris sinuata   1      1  1    


 Ursinia nana         1      


BIGNONIACEAE Rhigozum trichotomum  1    1 1 1 1  1    


BORAGINACEAE Ehretia rigida      1     1 1  1 


 Trichodesma africanum  1         1 1   


BRASSICACEAE Coronopus integrifolius            1   


 Heliophila arenaria var. arenaria      1      1   


 Heliophila cf. acuminata  1    1 1  1      


 Heliophila deserticola       1     1   


 Heliophila trifurca 1 1    1         


BURSERACEAE Commiphora gracilifrondosa       1        


CAMPANULACEAE Wahlenbergia cf. nodosa            1   


 Wahlenbergia oxyphylla            1   


 Wahlenbergia prostrata          1     


 Wahlenbergia sp.            1   


CAPPARACEAE Boscia albitrunca var. albitrunca  1    1 1  1  1 1  1 


 Boscia foetida subsp. foetida  1 1   1 1    1 1   


 Cadaba aphylla  1          1   


 Cleome cf. oxyphylla            1   


CARYOPHYLLACEAE Dianthus namaensis  1    1      1   


CHENOPODIACEAE Chenopod sp.            1   
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 Salsola aphylla   1   1 1 1 1  1    


 Salsola kali      1         


 Salsola sp.2       1        


CRASSULACEAE Adromischus alstonii 1              


 Adromischus diabolicus            1   


 Adromischus marianiae "hallii ovate"            1   


 Adromischus nanus   1 1           


 Cotyledon orbiculata var. orbiculata  1 1 1  1 1     1   


 Crassula alstonii   1 1  1         


 Crassula brevifolia subsp. brevifolia 1 1 1         1   


 Crassula columnaris subsp. prolifera   1 1  1         


 Crassula corallina subsp. macrorrhiza   1   1   1      


 Crassula deceptor   1 1           


 Crassula deltoidea  1 1 1  1      1   


 Crassula exilis subsp. sedifolia 1  1         1   


 Crassula garibina 1 1 1            


 Crassula mesembrianthemopsis        1 1      


 Crassula muscosa var. muscosa  1 1   1 1     1   


 Crassula namaquensis subsp. namaquensis   1 1        1   


 Crassula sericea var. sericea  1 1 1  1 1     1   


 Crassula sericea var. velutina   1         1   


 Crassula subaphylla subsp. subaphylla  1    1      1   


 Crassula tomentosa var. glabrifolia  1 1         1   


 Tylecodon paniculatus  1             


 Tylecodon reticulatus subsp. phyllopodium  1 1   1         


 Tylecodon rubrovenosus  1     1        


 Tylecodon sulphureus var. sulphureus  1 1 1           


 Tylecodon wallichii  1             


CUCURBITACEAE Corallocarpus dissectus       1        


 Cucumis rigidus      1  1 1  1 1   


EBENACEAE Diospyros lycioides              1 


 Diospyros ramulosa 1 1    1     1 1   


 Euclea undulata           1 1   


EUPHORBIACEAE Euphorbia avasmontana       1        


 Euphorbia braunsii         1  1    


 Euphorbia decussata       1        


 Euphorbia gariepina  1 1 1  1 1  1   1   
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 Euphorbia gregaria  1 1   1 1    1    


 Euphorbia guerichiana       1    1    


 Euphorbia mauritanica  1             


 Euphorbia rectirama 1 1    1 1    1 1   


 Euphorbia spinea   1            


FABACEAE Acacia erioloba          1     


 Acacia karoo           1   1 


 Indigastrum argyroides         1      


 Indigofera cf. auricoma         1  1 1   


 Indigofera daleoides          1     


 Indigofera heterotricha   1 1   1    1 1   


 Indigofera sp.       1        


 Lebeckia spinosa           1    


 Lessertia brachypus         1  1 1   


 Lotononis falcata  1    1         


 Lotononis furcata         1      


 Lotononis rabenaviana      1 1    1    


 Melolobium candicans      1   1  1 1   


 Parkinsonia africana         1  1    


 Prosopis glandulosa         1      


 Sutherlandia frutescens         1  1    


 Tephrosia dregeana         1  1 1   


GENTIANACEAE Chironia sp.         1   1   


GERANIACEAE Monsonia parviflora        1 1      


 Pelargonium cf. carnosum            1   


 Pelargonium crithmifolium  1 1         1   


 Pelargonium sp.        1       


 Pelargonium spinosum  1 1   1      1   


 Pelargonium xerophyton 1 1 1         1   


 Sarcocaulon crassicaule  1 1   1         


 Sarcocaulon salmoniflorum   1            


HYDNORACEAE Hydnora africana      1         


HYDROPHYLLACEAE Codon royenii      1 1    1 1   


LAMIACEAE Stachys rugosa 1  1         1   


LOGANIACEAE Buddleja saligna            1   


LORANTHACEAE Septulina glauca      1     1    


MALVACEAE Abutilon pycnodon            1   
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 Hibiscus engleri            1   


MELIACEAE Nymania capensis  1    1     1 1   


MENISPERMACEAE Cissampelos capensis  1         1 1   


MOLLUGINACEAE Adenogramma sp.         1      


 Hypertelis salsoloides  1 1 1  1 1  1  1 1   


 Limeum aethiopicum subsp. namaense var. 
lanceolatum 


 1 1 1  1 1    1 1   


MONTINIACEAE Montinia caryophyllacea 1 1    1     1 1  1 


MORACEAE Ficus cordata            1  1 


 Ficus ilicina   1         1  1 


NEURADACEAE Grielum humifusum         1  1    


OXALIDACEAE Oxalis annae 1  1         1   


 Oxalis eckloniana var. eckloniana  1 1 1  1   1 1     


 Oxalis obtusa      1   1  1 1   


 Oxalis pulchella  1             


PEDALIACEAE Rogeria longiflora   1      1   1   


 Sesamum capense  1    1   1 1 1 1   


PLUMBAGINACEAE Dyerophytum africanum  1    1 1    1 1   


POLYGALACEAE Polygala seminuda  1    1   1  1    


PORTULACACEAE Anacampseros baeseckei   1 1  1         


 Anacampseros filamentosa       1        


 Anacampseros karasmontana   1 1  1         


 Anacapseros bayeriana        1       


 Avonia albissima      1 1  1      


 Avonia papyracea subsp. papyracea   1 1  1 1        


 Avonia quinaria subsp. alstonii   1 1  1      1   


 Avonia recurvata subsp. minuta   1         1   


 Avonia recurvata subsp. recurvata   1         1   


 Avonia ruschii   1 1           


 Ceraria fruticulosa  1 1 1  1 1     1   


 Ceraria namaquensis  1 1   1 1     1   


 Portulaca collina      1         


RUBIACEAE Anthospermum spathulatum subsp. 
spathulatum 


1           1   


 Kohautia sp.         1      


SALVADORACEAE Azima tetracantha              1 


SANTALACEAE Thesium lineatum  1    1    1 1 1   
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SAPINDACEAE Pappea capensis 1          1 1  1 


SCROPHULARIACEAE Antherothamnus pearsonii            1   


 Aptosimum annual         1  1    


 Aptosimum indivisum         1  1    


 Aptosimum spinescens  1 1 1  1 1  1  1 1   


 Dischisma sp.           1    


 Hebenstretia namaquensis  1    1     1 1   


 Jamesbrittenia aridicola      1         


 Manulea nervosa          1 1    


 Manulea sp.            1   


 Nemesia sp.         1  1    


 Peliostomum leucorrhizum         1 1     


 Selago namaquensis 1           1   


 Sutera ramosissima      1 1     1   


 Sutera tomentosa  1    1 1     1   


 Walafrida cf. geniculata         1      


 Zaluzianskya cf. villosa         1      


SOLANACEAE Lycium cf. bosciifolium  1         1   1 


 Lycium cinereum  1    1 1  1 1 1 1   


 Lycium prunus-spinosa         1  1    


 Solanum burchellii 1     1      1   


 Solanum giftbergense      1         


 Solanum nigrum              1 


STERCULIACEAE Hermannia cf. coccocarpa         1 1     


 Hermannia disermifolia  1 1   1         


 Hermannia gariepina         1      


 Hermannia minutiflora  1 1         1   


 Hermannia spinosa  1    1 1  1  1 1   


 Hermannia stricta  1 1 1  1   1  1    


TAMARICACEAE Tamarix usneoides            1   


URTICACEAE Forsskaolea candida  1    1 1    1 1   


VERBENACEAE Chascanum garipensis  1    1   1  1    


VISCACEAE Viscum capense  1         1    


 Viscum rotundifolium  1         1    


ZYGOPHYLLACEAE Augea capensis      1   1      


 Fagonia capensis  1    1 1  1      


 Sisyndite spartea           1 1   
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 Tribulus cf. zeyheri  1    1 1  1 1 1    


 Zygophyllum cf. decumbens  1    1 1 1   1 1   


 Zygophyllum cf. meyeri           1    


 Zygophyllum cf. microphyllum            1   


 Zygophyllum retrofractum   1      1  1 1   


 Zygophyllum simplex         1      


MONOCOTYLEDONS                


AMARYLLIDACEAE Brunsvigia comptonii   1   1         


 Brunsvigia sp. nov.1 1              


 Brunsvigia sp. nov.2      1         


ANTHERICACEAE Chlorophytum sp.  1 1 1  1 1        


ASPARAGACEAE Asparagus capensis      1      1   


 Asparagus cf. laricinus          1     


 Asparagus retrofractus      1 1  1      


 Asparagus sp. 1              


ASPHODELACEAE  Aloe dichotoma  1 1 1  1 1    1    


 Aloe gariepensis  1             


 Aloe microstigma 1              


 Bulbine namaensis    1      1     


 Bulbine striata   1 1           


 Haworthia venosa subsp. tessellata  1 1            


 Trachyandra cf. jacquiniana  1 1 1  1 1        


 Trachyandra sp. nov.   1            


COLCHICACEAE Ornithoglossum viride      1         


CYPERACEAE Bulbostylis hispidula            1 1  


 Cyperus bellus            1 1  


 Cyperus marginatus            1  1 


 Cyperus squarrosus            1 1  


 Mariscus cf. aristatus            1   


 Schoenoplectus cf. erectus             1  


 Schoenoplectus muricinux             1 1 


DRACAENACEAE Sansevieria aethiopica           1 1   


ERIOSPERMACEAE Eriospermum bakerianum subsp. bakerianum            1 1  


 Eriospermum pusillum 1           1   


HYACINTHACEAE Albuca spiralis   1   1         


 Drimia sp.  1 1            


 Lachenalia giessii    1           
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 Ledebouria sp.         1      


 Ornithogalum glandulosum  1    1   1      


 Ornithogalum pruinosum  1 1 1  1   1      


 Ornithogalum sp.         1      


 Schizobasis sp.  1             


 Whiteheadia bifolia 1 1          1   


IRIDACEAE Gladiolus saccatus       1     1   


 Hesperantha rupicola  1 1 1           


 Lapeirousia plicata   1   1         


 Moraea fugax            1   


 Tritonia karooica    1           


JUNCACEAE Juncus krausii            1  1 


POACEAE Aristida adscensionis   1 1  1 1        


 Aristida congesta subsp. congesta  1    1 1  1 1     


 Aristida sp  1         1    


 Cenchrus ciliaris            1   


 Digitaria eriantha 1 1 1 1  1       1  


 Ehrharta calycina            1   


 Enneapogon cenchroides      1         


 Enneapogon desvauxii      1   1      


 Enneapogon scaber  1 1 1  1 1     1   


 Eragrostis annulata  1 1 1  1 1  1  1 1   


 Eragrostis curvula            1 1 1 


 Eragrostis nindensis  1  1   1  1  1  1  


 Oropetium capense      1   1      


 Panicum arbusculum  1    1 1    1 1   


 Phragmites australis            1   


 Schmidtia kalahariensis         1 1 1    


 Sporobolus nervosus      1   1      


 Stipagrostis aff. namaquensis            1   


 Stipagrostis anomala       1        


 Stipagrostis brevifolia  1      1 1 1 1    


 Stipagrostis cf. uniplumis    1           


 Stipagrostis ciliata  1    1 1 1 1  1 1   


 Stipagrostis namaquensis           1    


 Stipagrostis obtusa   1   1  1 1 1 1 1   


 Stipagrostis sp.           1    
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 Stipagrostis uniplumis var. uniplumis         1  1    


FERNS                


PTERIDOPHYTA   Ceterach cordatum            1   


 Cheilanthes deltoidea  1 1         1   


 Cheilanthes namaquensis   1         1   


 Ophioglossum polyphyllum          1     


 TOTAL 33 150 144 82 2 168 99 16 99 22 118 163 9 16 
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APPENDIX 2: SPATIAL DATA 
 


The following spatial data sets are available in GIS shapefile format (projection UTM34s): 


1. Study area vegetation (based on the BCI vegetation map) 


2. Bushmanland Inselberg Succulent Shrubland vegetation type (south slopes) 


3. Features of conservation concern: 


3.1. Kloof 


3.2. Springs (point) 


3.3. Headwater seeps (line) 


3.4. Headwater seep catchments (polygon) 


3.5. Temporary rock pools (point) 


3.6. Plateau quartz gravel patches 


3.7. Plateau rocky plains 


3.8. Plains quartz gravel patches 


3.9. Calcrete gravel patches 


3.10. Washes 


4. Bushmanland Inselberg Region outline 
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EXECUTIVE SUMMARY 


 


GroundTruth Water, Wetlands and Environmental Consultants (GroundTruth) were 


appointed by SRK Consulting (Pty) Ltd to undertake a biodiversity integration, fauna and 


aquatic biodiversity specialist study as part of Phase 1 of the Gamsberg Zinc Project for their 


client Black Mountain Mining (Pty) Ltd, a subsidiary of Anglo Operations Limited (Anglo).  


Restructuring of Anglo, which took place during the time of this study, resulted in the close of 


the Gamsberg Zinc Project due to Anglo’s decision to cease zinc mining operations in South 


Africa.  Thus the report presented herein, is based on the preliminary biodiversity studies 


and field work completed thus far, i.e. brief surveys during the “dry” season of 2009. 


 


During this study, various methods were employed to determine the baseline biodiversity at 


Gamsberg.  The study focused of specific biodiversity components, namely terrestrial 


invertebrates, herpetofauna (frogs and reptiles), mammals and aquatic biodiversity.  For 


each component, specific focus was made on the various aspects identified by a gap 


analysis, as being aspects not adequately cover in previous studies undertaken in this area.  


However, only certain aspects were completed during the course of the study.  In terms of 


terrestrial invertebrates, a brief field visit was carried out during September 2009 


specifically to determine whether Heelwalkers (Mantophasmatodea) are present at 


Gamsberg.  Here sweep net trapping was carried at sites situated mainly on the southern 


slopes of the inselberg, considered as suitable habitat for Mantophasmatodea.  Each site 


comprised a single transect with a number of sweeps along the transect length.  Additional 


searches of other invertebrate groups were also carried during the Mantophasmatodea 


survey.  Other terrestrial fauna were surveyed during a separate field visit which focused 


mainly on herpetofauna and mammals, although a record of bird species was kept to 


determine whether any important bird species occur at Gamsberg.  Herpetofauna were 


surveyed following diurnal and nocturnal searches carried out at various sites at Gamsberg.  


Frog searches were conducted mainly along aquatic systems.  The mammal survey was 


centred on sampling for bats.  Bat sampling included mist-net trapping as well as inspection 


of caves and mine adits.  Other mammals were recorded whilst performing surveys of other 


biodiversity components.  Aquatic biodiversity assessments were carried out at four key 


sites representing the aquatic ecosystems of Gamsberg.  Benthic diatoms were sampled at 


each of the sites; aquatic macroinvertebrates were only sampled at a single site on the main 


Gamsberg system due to the limited availability of sampling habitat in accordance with the 


SASS5 protocol. 


 


The results from the terrestrial invertebrate study found that no Mantophasmatodea 


occurred at any of the 12 sites surveyed in detail, nor in any of the other areas inspected 


less thoroughly.  However, at least 13 ant species were collected; one of which has been 


confirmed as an undescribed species of Messor, and another is an undescribed species of 


the Camponotus fulvopilosus-group.  Both potentially are likely to have limited distributions in 


the Northern Cape / Southern Namibia region.  At the time of writing this report the 


identification of the remaining ant species has not yet been carried out.  Specimens of a 


wide variety of other invertebrate taxa were also collected, but identification and analysis of 


the significance of these finds has not yet been carried out.   
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In terms of herpetofauna, of the 14 species of frogs and 53 species of reptiles that 


potentially occur within the Gamsberg area, only 2 and 10 species respectively were 


recorded from these groups.  None of the two potential threatened species, i.e. Namaqua 


Stream Frog Strongylopus springbokensis (Red Data Vulnerable) and Good’s Gecko 


Pachydactylus goodi, were recorded during the survey.  Two specimens of Desert Mountain 


Adder Bitis xeropaga (endemic to the north-western Cape Province) were found at 


Gamsberg.   


 


As part of the mammal survey, a single specimen of horseshoe bat was recorded.  The 


specimen was identified as Darling’s Horseshoe Bat Rhinolophus darlingi.  Despite not being 


classes as threatened, Darling’s Horseshoe Bat is considered notable in that it is likely to be 


split into two subspecies, R. d. darling and R. d. damaraensis, to which the Gamsberg 


specimen will be part of the arid population of the latter.   


 


The aquatic biodiversity survey was based on a single field visit at the end of May 2009, 


i.e. the dry season, hence the results are limited in terms of accounting for seasonal 


variations and the effects this may have on the prevailing aquatic systems.  This in mind, the 


sites sampled were found to be in a “poor” state, which is likely to be a consequence of the 


arid conditions rather than human-related impacts. 


 


The following tentative conclusions and recommendations were drawn from the study: 


 


Terrestrial invertebrates:  It appears that on the southern slopes climate and vegetation 


are insufficiently modified by orographic precipitation for any south-western Cape affiliated 


Mantophasmatodea species to be likely to occur at Gamsberg.  The possibility that summer-


active species of this group may be present must also be considered and this should be 


checked during the wet season.  


The status of the two undescribed ant species found at Gamsberg still requires further 


evaluation.  The distribution of both species on and around the Gamsberg should be 


investigated during future field surveys and if they still appear to have restricted distributions, 


surveys further afield will be required to allow evaluation of their habitat requirements and 


conservation status. 


If mining at Gamsberg is to proceed, thorough surveys of the invertebrate fauna, both to 


assess potential impacts and to provide detailed baseline information for monitoring of 


rehabilitation, will need to be carried out. 


 


Herpetofauna:  The Gamsberg is expected to be rich in terms of herpetofaunal diversity, 


particularly with reptiles.  However, only one species is currently listed as threatened, i.e. 


Namaqua Stream Frog (Vulnerable).  Should mining be reconsidered at Gamsberg in future, 


a detailed herpetofauna study will be required to take place during the wet season in order to 


properly determine the herpetofauna baseline and to assess the likely impacts. 


 


Mammals:  Although this study focused on bats, the actual sampling efficiency was 


restricted in terms of the use of preliminary survey techniques, thus the findings are limiting 


in that they only represent a small portion of the potential bat diversity at Gamsberg.  


However, the single specimen recorded during this study, i.e. Darling’s Horseshoe Bat 


Rhinolophus darlingi, suggests that other important bats species could be present, such as 
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the Cape Serotine Bat Eptesicus capensis.  Future bats surveys at Gamsberg should as a 


result include passive monitoring techniques, for example bat detectors. 


Additional sampling of other mammal groups should also be considered with future studies, 


particularly small mammals as these remain as a partial gap in the baseline mammal studies 


for Gamsberg. 


 


Aquatic biodiversity: According to aquatic biomonitoring principles, in order to obtain a 


thorough understanding of the condition of aquatic systems, it is important to have an 


account of both wet and dry seasons.  Based on this, it is likely that the “poor” health status 


defining the dry season will differ to that of the wet season.  Therefore it is important that a 


detailed wet season survey of the aquatic environment be carried out before assessing the 


final state of the available ecosystems.  It is also likely that the “island” nature of the 


Gamsberg system (within a relative desert sea) will produce new aquatic species.   
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1. INTRODUCTION 


GroundTruth Water, Wetlands and Environmental Consultants (GroundTruth) were 


appointed by SRK Consulting (Pty) Ltd to undertake a biodiversity integration, fauna 


and aquatic biodiversity specialist study as part of Phase 1 of the Gamsberg Zinc 


Project for their client Black Mountain Mining (Pty) Ltd, a subsidiary of Anglo 


Operations Limited (Anglo).  Restructuring and management decisions of Anglo, which 


took place during the time of this study, resulted in the close of the Gamsberg Zinc 


Project due to Anglo’s management decision (October 2009) to cease zinc mining 


operations in South Africa.  Thus the report presented herein, is based on studies, 


preliminary field work and interpretations as of the end of December 2009. 


 


In light of future mining taking place at Gamsberg it can be expected that such mining 


operations will be of similar scale and consist of similar developments to that of the 


latest Gamsberg Zinc Project.  As a result it is likely that there will be a need for the 


following infrastructure: 


 An open pit; 


 Hydrometallurgical processing facilities; 


 Tailings dam; 


 Waste rock dump; 


 Stockpiles; 


 Construction camps; and 


 Various other mining related infrastructure, such as roads, powerlines, offices, 


workshops, sewage treatment facilities, and a landfill site. 


 


The necessary modifications to the natural environment of Gamsberg as a result of 


developing a zinc mining operation may impact negatively on the terrestrial fauna and 


aquatic biodiversity of Gamsberg.  As such, the terrestrial fauna and aquatic 


biodiversity assets of the area need to be determined as part of establishing the 


baseline of Gamsberg.  Such information may be utilised as part of future 


Environmental Impact Assessments (EIAs). 


 


The primary aim of this study is to assess the terrestrial and aquatic biodiversity of the 


Gamsberg Project’s areas of influence so as to establish the baseline condition of this 


system.  In order to achieve this, the following objectives were considered in terms of 


project: 


 Undertake desktop and field studies to describe the baseline biodiversity; 


 Ensure that spatial and seasonal variations are adequately covered for each of 


the major biodiversity components; 


 Ensure that the social and environmental assessment will be in compliance with 


relevant standards, policies, laws and regulations; and 


 Identify what further studies might be necessary. 
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2. METHODOLOGY 


 


2.1 Study area 


The area defining the biodiversity study corresponds with that of the Gamsberg 


inselberg and the adjacent flat plains that surround the inselberg (Figure 1).  


Numerous sampling sites were distributed across the study area, each site being used 


to cover a range of biodiversity components to assess the terrestrial fauna and aquatic 


biodiversity.  These sites were generally positioned according to their accessibility as 


well as the availability of suitable sampling habitat. 


 


Table 1 provides a description of the sites associated with the terrestrial fauna and 


aquatic biodiversity surveys, whilst Figure 1 and Figure 2 shows how these sites are 


spatially distributed throughout the study area. 


 


Table 1: Summary of sites assessed during the aquatic biomonitoring and terrestrial 
biodiversity surveys during 2009 as part of the interim baseline biodiversity 
assessment (site co-ordinates in decimal degrees)  


Site 


number 


Description Biodiversity component Latitude Longitude 


Aquatic sites 


AS01 South-eastern spring Diatoms/WQ/Herps -29.25103 19.01094 


AS02 Southern spring Diatoms/WQ/Herps -29.26405 18.99593 


AS03 Gamsberg River SASS/Diatoms/WQ/Herps -29.23287 18.98084 


AS04 Gamsberg spring Diatoms/WQ -29.23847 18.97955 


Terrestrial sites 


TS01 Alluvial pan, northern 


plateau 


Herps/Inverts -29.22936 18.98129 


TS02 Southern escarpment Herps/Inverts -29.26303 18.97521 


TS03 Eastern escarpment Herps/Inverts -29.24722 19.00157 


TS04 North-eastern 


escarpment 


Herps/Inverts -29.24090 18.99202 


TS05 Southern plateau Herps/Inverts -29.27062 18.99679 


TS06 Western escarpment Herps/Inverts -29.24227 18.93918 


TS07 Northern escarpment Herps/Inverts -29.23287 18.97515 


TS08 Central basin, north Bats -29.24703 18.97717 


TS09 Adit, northern slopes Bats -29.22937 18.95944 


TS10 Gorge Bats -29.24282 18.97779 


TS11 Cave, southern slopes Bats -29.26294 18.99563 


TS12 Eastern plateau Herps/Inverts -29.25227 19.01404 


TS13 Central basin at 


Gamsberg camp 


Herps/Inverts -29.25422 18.98247 


V1.1-S2-t1 White quartzite 


subcommunity 


Inverts (sweep/beat/search) -29.24907 18.94729 


V3-t1 Basin Inverts (sweep/beat/search) -29.25479 18.97156 


V4-S5-t2 Ecotone community of 


lower slopes - Lower 


southern slopes 


Inverts (sweep/beat/search) -29.25464 18.94364 
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Site 


number 


Description Biodiversity component Latitude Longitude 


Terrestrial sites continued 


V4-S7-t1 Ecotone community of 


lower slopes - Low 


quartzite hill 


Inverts (search only) -29.22153 18.97957 


V5-t3 Slope community on 


scree 


Inverts (sweep/beat/search) -29.23729 18.95611 


V6-S4-t1 Southern slope 


community 


Inverts (sweep/beat/search) -29.25424 18.94815 


V6-S4-t3 Southern slope 


community 


Inverts (sweep/beat/search) -29.25121 18.94298 


V7-S8-t1 Plains community - 


calcrete outcrops 


Inverts (sweep/beat/search) -29.22526 18.93800 


V8-t1 Drainage lines 


community 


Inverts (sweep/beat/search) -29.24930 18.96946 


V9-S6-t1 Kloof community Inverts (search only) -29.23185 18.98033 


WP3 Proposed slimes dam - 


plains 


Inverts (search only) -29.18773 18.94243 


WP17 Darker quartzite sub-


community 


Inverts (search only) -29.23443 18.99109 


WQ = water quality; Herps = herpetofauna; SASS = South African Scoring System; Inverts = Terrestrial 


invertebrates 


  


 


Figure 1: Spatial layout of aquatic sampling sites within the study area for the Gamsberg 


Zinc Project 
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Figure 2:  Spatial layout of terrestrial sampling sites within the study area for the Gamsberg 
Zinc Project.  The green and yellow markers represent terrestrial fauna sites from 
the May and September field visits respectively. 


 


2.2 Terrestrial Fauna 


2.2.1 Invertebrates 


 


Main field survey 


The planned field survey was comprised of two approaches with differing aims, i.e. 


1) confirmation of presence/absence of species of conservation concern, and  


2) quantified biodiversity assessments of key indicator groups.  


 


Since limited planned sampling had been carried out when the project was closed in 


late 2009, much of the methodology outlined here has yet to be implemented at the 


Gamsberg site as the bulk of the field work was scheduled to coincide with the “peak” 


biodiversity sampling period around December 2009/January 2010.  Planned survey 


work that was not carried out is nevertheless described to illustrate what remains to be 


0 2.5 5 km 
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done in order to provide a thorough assessment of the potential environmental impacts 


of zinc mining at this site. 


 


Since for several groups the methods used to provide the data required for these 


overlap to a greater or lesser extent; methods used for each taxonomic group are 


described below with their input to both confirmation of presence/absence of species 


of concern and biodiversity assessment of indicator taxa indicated.   


 


The sampling protocol for terrestrial invertebrates is based on the Ants of the Leaf 


Litter (ALL) Protocol (Agosti et al., 2000), the core of which is the collection and 


analysis of twenty 2-litre leaf litter samples and twenty 48-hour pitfall trap samples 


collected at 10 metre intervals along a 190 metre transect in each habitat to be 


surveyed.  In order to further improve the sampling of ants (particularly for example in 


very rocky habitats where certain of the ALL protocol techniques are difficult to 


implement and do not perform well), as well as allowing similar data to be obtained for 


other indicator taxa, some additions and modifications to the protocol were undertaken 


with sampling applicable to each of the target taxa as described below: 


Trapdoor and baboon (Mygalomorph) spiders: structured active searching and 


collecting by hand (including digging, rock turning, etc.) along 20 standardised 


transects, also used for scorpions and ground beetles, at each site to confirm 


presence/absence of mygalomorph spider species of conservation concern, and also 


contribute quantified data for inclusion in the biodiversity assessment of this group.  20 


pitfall traps, the same as used for ant and beetle sampling, run if feasible for an 


additional 4-week sample period, provide further quantified data on diversity and 


abundance of mygalomorph spiders. 


Scorpions: the same set of transects (using pitfall trap locations as starting points), as 


used for Mygalomorph spiders and ground beetles, were surveyed to provide data on 


presence/absence of scorpion species of conservation concern and to contribute 


quantified data to the 


biodiversity assessment of 


this group.  Night searching 


with the aid of ultraviolet light 


(Photograph 1), which is 


considered to be the most 


effective and environmentally 


friendly means of surveying 


scorpion species was also 


conducted (Leeming, 2003; 


Lowe et al., 2003).  


Leafhoppers: abundance and diversity quantified using sweep net sampling wherever 


this is practical.  Each sample comprises 50-100 sweeps along a 50-100m transect 


(number of sweeps adjusted according to local conditions).  Use of a specially 


designed extraction system (Photograph 2) allows rapid removal of specimens from 


plant debris accumulated during sweeping and provides highly efficient sampling of 


cicadellid leafhoppers and other insects. 


 
 Photo 1: A scorpion specimen (Hadogenes gunningi) 


photographed under daylight (left) and ultraviolet 


light (right) illustrating the effectiveness of the 


technique. 
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Heelwalkers (Mantophasmatodea): sampled for by net sweeping as for leafhoppers (but 


extraction boxes inspected visually as heelwalkers are nocturnally active and unlikely 


to emerge of their own accord), by use of beating trays and by visual searches of likely 


habitat. 


Ground beetles: sampled 


along the same set of 


transects as used for 


mygalomorph spiders and 


scorpions by pitfall trapping 


(the same traps are used for 


ant sampling, which 


preferably should run for a 4-


week sample period) (Photo 


3).  Both active searching 


and pitfall trapping contribute 


to confirming presence/ 


absence of species of 


conservation concern as well 


as contributing quantified 


data for biodiversity 


assessment of this group. 


Butterflies: presence of Red 


Data species checked as 


appropriate by active 


searching and voucher 


specimens collected by 


 
Photo 2:   Equipment used for extracting invertebrates from plant 


debris during sweep netting 


 


Photograph 3:  Pitfall trap for collecting ants, beetles, spiders 


and scorpions.  This model comprises a buried tub containing a 


funnel to channel specimens into a sample bottle, covered by a 


Perspex top to protect from rain and falling debris.  The plastic 


vanes serve both to support the cover and channel insects into 


the trap, thus increasing its effective diameter.  Variants without 


the funnel are used where larger specimens are expected. 
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netting.  


Ants: sampling carried out by hand collecting along timed transects (20 samples, each 


comprising 20 minutes search time, at each site and by pitfall trapping (20 traps 


spaced at 10m intervals along a 190m transect).  Both methods contribute to 


quantification of biodiversity of ants. 


 


The above sampling should be carried out over two seasons (wet and dry), with pitfall 


trapping continuing for approximately 4 weeks after the 48-hour ant sampling period.  


Leaf litter extraction should not be used as it is unlikely to be effective in the Gamsberg 


environment, but this should be substituted by salt water extraction of soil samples.  


Hand collecting and pitfall trapping are likely to also yield material of other groups (e.g. 


Thysanura) which may prove important to the survey. 


 


September 2009 dry season survey 


A gap analysis of previous environmental impact assessments carried out for this 


project indicated, inter alia, that the discovery of a new insect order, the 


Mantophasmatodea (heelwalkers), subsequent to the earlier invertebrate surveys 


(Irish, 2000) raised the possibility that the presence of these insects could have been 


overlooked.  The presence of relatively moist vegetation on the southern slopes of the 


Gamsberg suggested that relict populations of heelwalker species similar to those 


occurring in the South-western and Western Cape might occur here (Picker et al., 


2002).  As the heelwalker species in these regions develop during the wet winter 


months, reaching maturity in late winter/spring, a survey to determine whether or not 


they were present at Gamsberg was carried out in early September 2009.   


 
Potential survey sites for September 2009 were pre-selected using available 


vegetation mapping as a guide, with the aim to primarily cover the most likely habitats 


for Mantophasmatodea, but also to cover as many other habitat types as possible.  


Waypoints were generated and preloaded onto a hand-held GPS to allow efficient 


target location in the field.  In order to allow for adjustments in case of difficulties in 


accessing some areas, several alternative sites were plotted for the more important 


vegetation communities.  The pre-selected target sites are shown in Figure 3, while the 


actual areas surveyed are indicated in Figure 4. 


 


A combination of sweep-netting, beating, and hand-collecting was carried out at each 


site surveyed, as appropriate to the local vegetation structure; in some areas the 


vegetation was too short and sparse for effective sweeping, so beating and hand-


collecting were the only methods that could be employed.  The main focus of the 


survey was the moister southern slopes vegetation type, but as many other vegetation 


communities, especially those previously identified as sensitive, as could be covered in 


the limited time available were also surveyed.  During hand-collecting and general 


inspection of habitats, rock-turning and other direct collecting methods were also 


employed to collect specimens of as many invertebrate taxa as possible. 
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Figure 3:  Target survey sites for Mantophasmatodea within the main vegetation types and 


sensitive areas on and around the Gamsberg (based on vegetation map from 
original EIA). 


 
 


Figure 4:  General areas assessed during the September 2009 survey.  Red lines show 
routes followed, blue dots indicate areas surveyed thoroughly for 
Mantophasmatodea by full sweep-net and hand-collecting/beating transects, green 
dots indicate areas searched only, yellow dots indicate alternate target sites not 
surveyed. 


0 1 3 km 2 


0 2.5 5 km 
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2.2.2 Herpetofauna 


The following sampling techniques were used for collecting frogs and reptiles 


(herpetofauna) during May 2009 as part of the baseline biodiversity study: 


Nocturnal searches (audio and visual):  aquatic habitats were surveyed at night for 


amphibians.  During these searches, amphibians were detected and identified by 


active searches of the sites; identification of species was also based on advertisement 


calls.  Whilst moving between aquatic habitats, attempts were also made to locate 


reptiles.   


Diurnal searches:  although this approach was adopted for all herpetofauna, it focused 


primarily on reptiles as opposed to frogs.  Diurnal searches comprised random 


searches throughout key habitat types occurring within the study area with the idea of 


locating basking or actively moving reptiles.  In addition to this, active turning of rocks 


was conducted to expose hidden reptiles.  By-catch samples from other taxonomical 


groups were recorded during these searches.  


Despite the sampling taking place during a period of known herpetofauna inactiveness, 


attempts were made to survey as many different habitat types as possible in order to 


gain a more complete representation of the frogs and reptiles present at Gamsberg. 


Ancillary data collected from various sources (e.g. mine personnel, other specialists, 


etc.) were also taken into consideration.  This was made possible mainly through the 


availability of photographs, which were used to identify species. 


2.2.3 Mammals 


Sampling efforts for the mammal 


survey focused mainly on 


determining the species 


composition of bats as sampling of 


this group of mammals appears to 


be limited from the previous 


mammal survey (as identified 


during the “gap analysis”), not to 


mention the recent records of 


speciation that is becoming evident 


amongst species of bats from arid 


environments.  Consequently, bat 


sampling was conducted by 


actively sampling using mist nets 


positioned in key areas (i.e. over 


water bodies and across roost 


sites, such as adits and caves).  The objective of using the mist nets was to intercept 


the flight-paths of feeding bats.  Given that the sampling occurred during the dry 


season, the potential success of capturing bats using mist nets was considered to be 


high due to the isolation of small pockets of surface water, which is where bats 


generally tend to focus their feeding.  Inspection of potential day-time roosts was 


conducted whilst travelling between survey sites for other biodiversity components.  


This process was restricted mainly by the time taken for locating sizeable caves/adits 


 


Photograph 4: Typical pool of water at Gamsberg that 
create active feeding zones for bats, particularly during 
the dry season. 
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as well as their accessibility; hence 


this form of active sampling was 


generally opportunistic.  Several 


sites were sampled using mist nets, 


namely two sites located within the 


central gorge that had pools of 


water and a single site at one of the 


adits located on the northern slopes.  


Only a single cave, found on the 


southern slopes, was inspected for 


the presence of bats.  Despite 


efforts to use various methods for 


sampling for bats, only a single 


specimen was caught.  A recording 


of its echolocation call was taken 


using a Pettersson bat detector 


linked to a PC running BatSound Pro.  The frequency-modulated call was then 


recorded using BatSound Pro, which will assist in determining the species 


identification.  The specimen was then anaesthetised and prepared according to 


standard museum protocol.  The bats specimen and its frequency-modulated call were 


then sent to a bat expert at the Natural Sciences Museum, Durban, for identification. 


 


Visual sightings of other mammals were recorded at all times whilst conducting 


surveys of other biological components, both day and night.  Indirect evidence of 


mammals were also recorded, e.g. through observations of spoor and scats. 


2.2.4 Birds 


All birds were identified visually or by their calls.  Giving that bird species composition 


for the Gamsberg is reasonably well accounted for based on previous surveys, 


addition records will be recorded to supplement past efforts.  Thus bird surveying done 


during this study was primarily incidental, i.e. performed whilst travelling between and 


around survey sites. 


2.3 Aquatic biodiversity 


The aquatic ecosystems of the Gamsberg were assessed using appropriate aquatic 


biomonitoring techniques, such as benthic diatoms and aquatic macroinvertebrates.  


The type of sampling technique used depended largely on the availability of aquatic 


habitats at each of the respective sampling sites.  Where appropriate water quality 


samples were taken to determine various chemical parameters that potentially may 


affect the aquatic biodiversity due to mining developments.  Such parameters include 


suspended solids, turbidity, and nutrients (e.g. total phosphate, total nitrogen, and 


soluble reactive phosphate).  The water quality samples were stored in a cool 


environment prior to being sent to an accredited laboratory at Umgeni Water, 


Pietermaritzburg, for analysis (Appendix 7). 


2.3.1 Benthic diatoms  


The protocol for diatom sampling is relatively straight-forward and in this study the 


collection, preparation and analysis methodologies of Taylor et al. (2007) were 


employed.  In summary, this involved taking a random collection of five sub-samples, 


 


Photograph 5: Using a bat detector to record the 
echolocation call from a bat specimen 
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consisting of mainly submerged aquatic medium (e.g. stones and vegetation).  The 


diatoms are then scrapped or brushed off these sub-samples and combined into one 


sample, to represent the sampled site.  Four sites were sampled for diatoms during the 


2009 baseline assessment.  These sites are detailed in Table 1 and displayed spatially 


in Figure 1. 


2.3.2 Aquatic Macroinvertebrates 


Aquatic macroinvertebrates were assessed according to the South African Scoring 


System, Version 5 (SASS5).  Only a single site (i.e. the Gamsberg River within the 


gorge) was sampled due to the limited availability of sampling habitat; this typical of 


the arid environment and the fact that sampling corresponded to the dry season.  At 


this sites best attempts were made to sampling the full spectrum of available biotopes 


(sampling habitats) as required by SASS5 methodology; namely stones (rocky riffle 


sections), marginal vegetation within the main stream, and sediments 


(gravel/sand/mud) (Dickens and Graham, 2002).  Representative samples of aquatic 


macroinvertebrate specimens were collected and sent to the Albany museum for 


identification to species level. 


2.4 Storage and delivery of samples 


Terrestrial invertebrates:  All invertebrate samples were collected and preserved in 


95% ethanol, 70% ethanol, propylene glycol or 50% ethanol/propylene glycol, as 


appropriate to the taxon and sampling method (propylene glycol is used in pitfall traps 


in preference to the more commonly used ethylene glycol, which is highly toxic to 


mammals and poses a health risk both to personnel and non-target organisms).  


Duplicate labels for each sample for all planned sampling were prepared in advance 


and laminated to ensure long-term legibility.  For samples transported in plastic 


specimen bags, a label was placed inside the bag and another stapled to the outside.  


Samples were transported in preservative in sealed (Lock’nLock) plastic containers. 


Herpetofauna:  Frog and reptile specimens collected for taxonomical purposes were 


anaesthetised using a suitable agent (ether or chloroform) then preserved in either 


70% ethanol or 20% formalin (ethanol is generally used for specimens that require 


genetic samples to be taken).  For large specimens, preservative was injected 


internally to facilitate preservation.  Each specimen was then properly labelled using 


suitable labels, placed in either containers or plastic sealable bags and stored in a cool 


place. 


Mammals:  The bat specimen was collected as a representative voucher specimen for 


the Durban Natural Science Museum to aid correct identification.  The specimen was 


properly prepared, labelled and preserved in 70% ethanol. 


Aquatic biota:  Representative samples of aquatic macroinvertebrates were collected 


from Gamsberg River sampling site where SASS5 sampling was conducted.  The 


sample was placed in a small bottle containing 95% ethanol and sent to the Albany 


Museum in Grahamstown for identification to species level.  The diatoms samples that 


were collected were stored in a bottle with 10% ethanol.  These samples were then 


sent to the University of the North West where they will undergo microscopic analysis 


to identify diatoms to species level. 
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2.5 Data assessment and management 


 


2.5.1 Terrestrial invertebrates 


Specimens collected for evaluation of presence/absence of species of conservation 


concern were identified by a reference to available literature and confirmed by relevant 


experts.  AfriBugs is fully equipped for processing, identification and curation of ant 


samples, with a state-of-the-art microscope imaging system to aid in identification and 


allow high-quality documentation of specimens collected.  AfriBugs has close links with 


experts in other taxonomic groups and obtain their assistance where needed in 


identifying specimens. 


 


The requirement for statistically testable data means that detailed analysis of the 


samples collected is required, but for invertebrate species (with at least 5000-10000 


specimens expected from each of the 5 habitat types) this is a time-consuming and 


costly process, especially if species-level identifications are needed.  However, while it 


is essential to obtain species identifications to enable detection of exotic or invasive 


species for proper evaluation of rehabilitation in a monitoring programme, it should be 


sufficient to use only morphospecies1 identifications to allow an initial evaluation of the 


overall diversity of the site and evaluate indicator groups for inclusion in future 


monitoring.  Thus specimens in several of the groups were initially assigned only to 


morphospecies for the purposes of this study, and should be identified further in future. 


 


Samples collected for evaluation of biodiversity of target groups (ants, spiders, 


scorpions, ground beetles and leafhoppers) should be sorted to morphospecies and 


the number of each morphospecies in each of the 20 samples in each sample series 


recorded.  This provides a measure of sample species richness and the information 


can also be used to generate a species x sample matrix for each taxonomic group for 


further analysis, including estimation of species richness using EstimateS (Colwell, 


2005), as well as calculation of diversity indices (e.g. α, Simpson’s and Berger-Parker).   


The total numbers of morphospecies encountered in each group, as well as the 


sample species richness and its variance, provides an indication of the effectiveness of 


the group as an indicator, and also enables accurate cost estimates of full 


identifications required for effective monitoring. 


 


The results of these analyses can be used to evaluate the contribution each group 


would make to an effective invertebrate biodiversity monitoring programme to enable 


recommendations to be made regarding the design of cost-effective monitoring.  The 


data also provide a baseline measure of invertebrate diversity, although further 


identification may be required for those groups selected for inclusion in the monitoring 


programme. 


 


Voucher specimens are either kept in AfriBugs collection (in the case of ants, except 


where new species are found, in which case type specimens are deposited at the 


South African Museum in Cape Town), or deposited with the National Collection of 


                                                
1
 A species distinguished from others only by its morphology 
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Insects, National Collection of Arachnids or Transvaal Museum, as appropriate to the 


taxon concerned. 


 


2.5.2 Vertebrates 


As with terrestrial invertebrates, vertebrates (i.e. herpetofauna, mammals, and birds) 


were assessed according to their conservation value/status.  The conservation status 


of all vertebrate species was determined using the most recent International Union for 


the Conservation of Nature (IUCN) categories (IUCN, 2008).  This system is designed 


to determine the relative risk of extinction, with the main purpose of the IUCN Red List 


to catalogue and highlight those taxa that are facing a higher risk of global extinction 


with those listed as Critically Endangered, Endangered and Vulnerable collectively 


considered as Threatened.  The IUCN Red List also includes information on taxa that 


cannot be evaluated because of insufficient information (i.e. Data Deficient) as well as 


on taxa that are close to meeting the threatened thresholds (i.e. Near Threatened). 


  


Any Red Data, and other notable species, that occur within the study area were 


assessed further to see whether they are listed according to the Convention for the 


International Trade of Endangered Species (CITES).  The main purpose of CITES is to 


subject the international trade in specimens of selected species to certain controls 


whereby all imports, exports, and re-exports covered by the Convention have to be 


authorized through a licensing system. 


2.5.3 Aquatic ecosystems 


Data obtained during the assessment of aquatic habitats were analysed using index 


scores specific to each aquatic biomonitoring technique. 


 


Species data information of benthic diatoms was interpreted according to the Specific 


Pollution sensitivity Index (SPI) (WRC, 2004).  Additionally, the percentage of Pollution 


Tolerant Valves (%PTV) was also determined as it is a useful parameter for indicating 


the presence of diatoms that are tolerant to reasonable amounts of pollution.  Using 


the SPI values obtained from the respective sampling sites, with some reference to the 


%PTV, the ecological status of each river system sampled was determined according 


to river health classification. 


 


An additional bio-indicator assessment was conducted based on the occurrence of 


aquatic macroinvertebrates and the specific pollution tolerance ratings associated with 


each of the macroinvertebrate taxa.  This assessment, similarly to the diatom bio-


indicator assessment, provides an indication of the present state of river health.  


However, the macroinvertebrate approach includes two different but complimentary 


measures (or indices) obtained from each aquatic macroinvertebrate sample, viz., the 


SASS score and the average score per taxon (ASPT) (Dickens and Graham, 2002).  


The SASS score is most useful in interpreting the health of a site in polluted rivers, 


whilst the ASPT is most useful in cleaner rivers (Chutter, 1998).  Generally the higher 


the index (e.g. SASS score, ASPT, or SPI) the better the health, or condition, of a 


river.   
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Reference Sites for the respective Ecoregion as well as data available from the 


University of the North West and the South African Diatom Collection, were used to 


establish the benchmark against which to measure the current “state” or “river health” 


of monitored sites.  Based on actual data collected during this work, and the available 


reference sites, respective indices were then be used to define the class boundaries 


for both diatom and macroinvertebrate approaches (de La Rey et al., 2004; Taylor 


pers. comm., 2009a). 
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Table 2: Aquatic macroinvertebrate SASS5 index and benthic diatom scores used to define 


river health class boundaries. 


River Health Class 
Macroinvertebrate SASS5 ASPT 


health condition class boundaries 


Benthic diatom Specific Pollution 
Sensitivity Index (SPI) health 
condition class boundaries 


Natural 
> 
or 
= 


6.0     > 17 


Good 
 


> 
 


5.5 13 – 17 


Fair 
 


> 
 


5.3  9 – 13 


Poor 
< 
or 
= 


5.3   < 9 


 
Table 3:  River Health Classes and their attendant Ecological and Management perspectives. 


River Health 


Classes 
Ecological perspective Management perspective 


Natural 


No or negligible modification of in-


stream and riparian habitats and 


biota. 


Protected rivers; relatively untouched 


by human hands; no discharges or 


impoundments allowed 


Good 
Ecosystems essentially in good 


state; biodiversity largely intact  


Some human-related disturbance but 


mostly of low impact potential 


Fair 


A few sensitive species may be lost; 


lower abundances of biological 


populations may occur. 


Zones of competing uses; 


developmental pressures are dominant 


feature. 


Poor 


Habitat diversity and availability 


have declined; mostly only tolerant 


species present; species present 


are often diseased; population 


dynamics have been disrupted (e.g. 


biota can no longer breed or alien 


species have invaded the 


ecosystem). 


Often characterised by high human 


densities or extensive resource 


exploitation. Management intervention 


is needed to improve river health – e.g. 


to restore flow patterns, river habitats or 


water quality. 
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3. RESULTS 


 


3.1 Terrestrial fauna 


 


3.1.1 Invertebrates 


 


Red Data species 


No Red Data (RD) invertebrate species were observed during the field visit carried out; 


this result is not unexpected and is unlikely to change with further studies since the 


majority of South African RD invertebrates are butterflies (the status of the vast 


majority of invertebrate species has yet to be assessed), and no RD butterflies were 


predicted for the Gamsberg area.  


 


Endemics 


The two ant species described below are probably regionally endemic to the Northern 


Cape / Southern Namibia area; no other endemic species have yet been confirmed in 


the material collected during the survey. 


 


Other notable species 


Heelwalkers (Mantophasmatodea): No Mantophasmatodea were found at any of the 


sites searched, and while the southern slopes vegetation did appear the most likely to 


be suitable for this group, it did not seem as though enough winter rainfall occurs here 


to make the habitat sufficiently like the winter rainfall regions of the Western Cape for 


the presence of heelwalker species linked to this biome to be likely.  There remains a 


small possibility that there might be summer-active species of this group at Gamsberg, 


and this should be checked during wet season surveys. 


 


Ants (Formicidae): Two undescribed ant species, belonging to the genera Camponotus 


and Messor, were found during the early September 2009 field visit. 


At least 13 ant species were collected, despite it being carried out during the cool dry 


season; it is likely that this number will rise substantially after the wet season survey, 


and we expect the final tally would significantly exceed the total of 12 obtained in the 


previous study (Irish, 2000). 


Two of the ant species collected stood out immediately as being of interest; these were 


1) a very pale Messor species, and 2) a Camponotus fulvopilosus-group species that 


is distinct from the karoo form of C. fulvopilosus commonly occurring in the region (see 


Figure 7 for localities at which they were collected).  Both are fairly large ant species 


and thus a restricted distribution would be the most likely explanation for their not 


having been discovered previously.  The Messor species (Figure 5) could not be 


identified using available keys (Bolton, 1982) and has now been confirmed as being 


undescribed.  Hamish Robertson (South African Museum) and Barry Bolton (the 


leading authority on African ant taxonomy) have confirmed that they have not seen 


anything like it from sub-Saharan Africa; Barry Bolton suggested that it may be 


nocturnal, as is the case with other pale Messor species in other parts of the world, 


and this should be investigated during future field surveys (Bolton, 2009; Robertson, 
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2009).  The Camponotus fulvopilosus-group species (Figure 6) required further 


investigation, including comparison with material at the South African Museum, to 


determine whether it was a new discovery, or a previously collected species that had 


been erroneously classified as a form of C. fulvopilosus (to which it keys using 


Robertson & Zacharides (1997).  Identification of the remaining ant species found was 


planned to be carried out after further material had been collected during the wet 


season survey. 


 


 


Figure 5:  Undescribed Messor species found in the Gamsberg basin. 


 


Figure 6:  Undescribed Camponotus fulvopilosus-group species (left) compared with the 
karoo form of C. fulvopilosus (right) commonly found at Gamsberg and in the 
surrounding regions. 
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Figure 7:  Distribution of the karoo form of Camponotus fulvopilosus (red dots) and the 
undescribed Camponotus fulvopilosus-group species (blue dots) at Gamsberg; 
the nest site of the undescribed Messor species is indicated by a green dot. 


Inspection of Camponotus fulvopilosus-group material at the South African Museum 


revealed that material matching the unusual specimens at Gamsberg was represented 


by four collections over the past 100 years from sites in the extreme Northern Cape.  


These specimens were previously classified with material of the savanna form of C. 


fulvopilosus by Robertson & Zacharides (1997).  The sites at which these specimens 


were recorded, which include Aggeneys, all lie within 50 km of the Orange River but 


extend about 200 km in an east-west direction (Figure 8).  Camponotus fulvopilosus-


group species are very large and conspicuous and have consequently been collected 


more frequently and their distributions are better-known than those of most other 


African ants (Robertson and Zacharides, 1997).  It is therefore probable that the 


apparently restricted distribution of the Gamsberg form is not an artefact of under-


collecting (as is often the case with invertebrates), but genuinely indicates that the 


species has very specific habitat requirements and a localised distribution. 


 


A preliminary analysis of the predicted distributions of the three distinct forms of 


Camponotus fulvopilosus (using all records for karoo, savanna and west coast forms, 


but excluding data from intermediate forms) and the undescribed C. fulvopilosus-group 


species from Gamsberg is illustrated in Figure 9.  Although the very limited predicted 


distribution of the latter species may in part be an artefact of the limited data available 


and the known tendency toward underestimation of distributions by the modelling 


package used (Bioclim modelling in DivaGis 5.0), the small number of records of the 


species tends to support these results. 
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Figure 8:  Known distribution of Camponotus fulvopilosus in Southern Africa (after 
Robertson and Zacharides, 1997). Red: West Coast form, pink: West Coast-Karoo 
intergrade, yellow: Karoo form, green: Karoo-Savanna intergrade, blue: Savanna 
form.  Black dots indicate undescribed Gamsberg C. fulvopilosus-group species. 


 
 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Figure 9:  Preliminary predictions of areas with suitable environmental conditions for A: 
Camponotus fulvopilosus karoo form, B: C. fulvopilosus savanna form, C:, C. 
fulvopilosus west coast form and D:, undescribed Camponotus fulvopilosus-group 
species from Gamsberg (analyses performed using Bioclim modelling in DivaGis 
V5.0).  The probability of occurrence ranges from excellent/very high (red/orange) 
to low (dark green). 
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Data so far suggests that the new Camponotus fulvopilosus-group species may prefer 


more sheltered areas (e.g. areas of south-facing slopes and the kloof) while 


Camponotus fulvopilosus appears to be distributed more widely in the more exposed 


flat open areas (Figure 7), but there is currently too little information to allow firm 


conclusions to be drawn. 


 


3.1.2 Herpetofauna 


Two species of frog were sampled from the aquatic systems during the survey, namely 


the Paradise Toad (Vandijkophrynus robonsoni) and Marble Rubber Frog 


(Phynomantis annectens).  These occurred predominantly in the pools of surface 


water found along the Gamsberg River.  Interestingly a Paradise Toad was found 


within the drillers’ camp some distance away from the available aquatic systems 


indicating the ability of these frogs to reside in areas away from aquatic habitat.   


 


Several reptiles were also collected 


during the May 2009 survey (Table 


4); these were located from a 


range of sites associated with the 


Gamsberg inselberg and the 


surrounding plains environment.  


The Variegated Skink (Trachylepis 


variegate) was noted as being the 


most abundant during the time of 


the survey and was found 


throughout the study area in a 


range of habitat types.   


 


 


Table 4:  List of herpetofauna recorded at Gamsberg during the dry season survey (May 
2009). 


Group Common name Scientific name 


Amphibians: Marbled Rubber Frog Phynomantis annectens 


 Paradise Toad Vandijkophrynus robonsoni 


Reptiles: Tent Tortoise Psammobates tentorius veroxii 


 Striped Legless Skink Microacontias lineatus 


 Western Rock Skink Trachylepis sulcata 


 Variegated Skink Trachylepis variegate 


 Southern Rock Agama Agama knobeli 


 Rough Thick-toed Gecko Pachydactylus rugosus 


 Bibron’s Tuberculate Gecko Chondrodactylyus bibronii 


 Montane Gecko Pachydactylus montanus 


 Karoo Girdled Lizard Cordylus polyzonus 


 Karoo Sand Snake Psammophis notostictus 


 Desert Mountain Adder Bitis xeropaga 


 


Appendix 1 and 2 provides an account of the expected species for Gamsberg, as well 


as actual recorded species from the 2009 dry season survey, for frog and reptiles 


respectively. 


 


Photograph 5: Karoo Girdled Lizard from the southern 
plateau at Gamsberg 
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Red Data species 


The Namaqua Stream Frog Strongylopus springbokensis is endemic to the 


Namaqualand region of the northern Cape and was recorded on Gamsberg during the 


South African Frog Atlas (Minter et al., 2004).  It breeds in streams and seepages in 


mountainous areas and utilises surrounding habitats to forage.  It is currently listed as 


Vulnerable as its breeding sites are often degraded through inappropriate farming 


practices. 


 


Good’s Gecko Pachydactylus goodi is a recently described endemic, which although 


not recorded during the survey, is likely to occur on the slopes of Gamsberg (Bauer et 


al., 2006).  It is restricted to a small area associated with the lower Gariep River and is 


threatened by mining in parts of its range.  As a result, it will probably be considered 


Threatened (i.e. either Critically, Endangered or Vulnerable) in the upcoming South 


African Reptile Red Data Book (In Prep.). 


 


Endemics 


A Desert Mountain Adder (Bitis 


xeropaga) was located on the 


northern plateau at Gamsberg 


(29.97300oS; 18.23400oE) and 


photographed by a mine staff 


shortly after the time when the dry 


season faunal survey was 


conducted (i.e. May 2009) (see 


Photo 6 and Figure 10).  Another 


specimen was found and 


photographed, on the southern 


slopes below the access road 


(29.25406oS; 18.94389oE), by the 


invertebrate study team in early 


September 2008 (Figure 10).  The 


Desert Mountain Adder has a limited range in South Africa and has specific habitat 


requirements.  Although it is not listed under CITES (www.cites.org), there is an 


unquantified demand for this species in the pet trade.  The global distribution of this 


adder is large, sparsely populated and difficult to access and thus the Desert Mountain 


Adder is considered Least Concern.  A regional assessment in South Africa would 


place the Desert Mountain Adder in the Near Threatened category.   


 


 


Photograph 6: Desert Mountain Adder located on the 
northern plateau at Gamsberg 



http://www.cites.org/
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Figure 10:  Two sites at Gamsberg where specimens of Desert Mountain Adder (Bitis 


xeropaga) were located. 


 
Other notable species 


The Paradise Toad, which 


was found predominantly 


along the Gamsberg River, is 


endemic to Namaqualand 


where it inhabits natural 


springs and waterholes (see 


Photo 7).  However, with its 


range it is fairly widespread 


and common and is not 


currently considered 


threatened (Minter et al. 


2004). 


 


 


3.1.3 Mammals 


 


Red Data species 


Only single specimen of bat was recorded during the dry season survey in 2009 (see 


Photo 8).  This specimen was positively identified as Darling’s Horseshoe Bat 


Rhinolophus darlingi following an elaborate species classification process which 


included genetic analysis (Taylor, 2009b).  R. darlingi is classed as Least Concern 


according to the IUCN Red Lists (IUCN, 2009).  However, the South African Red Data 


 


Photograph 7: Paradise Toad from the main gorge at 
Gamsberg 
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Book of Mammals (Friedman and 


Daly, 2004), which is a more 


regional account of its 


conservation status, has 


classified Darling’s Horseshoe 


Bat as being Near Threatened.  


In future, it is expected that the 


species of R. cf. darlingi will 


consist of two distinct 


subspecies, namely R. d. darlingi 


and R. d. damaraensis, due to 


clear differences in morphology, 


genetic divergence and 


variations in echolocation calls.  


The latter subspecies, R. d. 


damaraensis, has been found to make up a western population that occurs from the 


Northern Cape, westwards to Namibia and north to southwest Angola (Monadjem et 


al., In Press).  Figure 11 shows the clear distinction between the distributions of the 


western and eastern populations which has generated the interest regarding the 


subspecies.  It is likely that the Gamsberg specimen is from the damaraensis 


population should this arid population be considered distinct from the eastern 


population.  If this is true then R. d. damaraensis will be regarded as an endemic to the 


southern Africa arid region. 


 


 


Figure 11:  Distribution of Rhinolophus darlingi southern Africa (after Monadjem et al., In 
Press). 


Three other Red Data mammal species were confirmed at Gamsberg during the 


previous mammal survey (i.e. March 1999), namely Aardvark Orycteropus afer 


(Vulnerable), African Wild Cat Felis lybica (Vulnerable) and Pygmy Rock Mouse 


Petromyscus collinus (Data deficient) (Anderson et al., 2000). 


 


Photograph 8: Darling’s Horseshoe Bat recorded from 
the southern extent of the main gorge at Gamsberg 
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3.1.4 Birds 


Although bird species were noted during the 2009 dry season survey, this was not 


considered a vital component of the baseline biodiversity study as noted in the gap 


analysis for the study.  Instead efforts were continued merely to confirm sightings that 


may otherwise supplement the previous avifaunal survey (Harrison and Harebottle, 


2000).  Appendix 4 provides a list of species identified from visual sightings and calls 


during the 2009 dry season survey. 


 


Red Data species 


No Red Data bird species were observed during the 2009 dry season field visit.  


Although the Gamsberg is known to support several Red Data listed birds, two of 


which were confirmed during the previous avifauna study, namely Martial Eagle 


(Vulnerable) and Secretary Bird (Near-threatened) (Harrison and Harebottle, 2000).  


The Red Lark (Vulnerable) was also determined to occur in close proximity to 


Gamsberg.  The Red Lark is endemic to the Northern Cape with a localised distribution 


due to limited habitat availability (i.e. red sand-dunes).  Suitable Red Lark habitat is 


situated a few kilometres south-west of the Gamsberg inselberg.  Harrison and 


Harebottle (2000) also highlighted other Red Data species that potentially may occur 


at Gamsberg, particularly on the surrounding plains, these include Ludwig’s Bustard 


(Vulnerable), Kori Bustard (Vulnerable), Black Harrier (Near-threatened), Lanner 


Falcon (Near-threatened) and Sclater’s Lark (Near-threatened). 


 


Other notable species 


Verreaux's Eagle (formally Black Eagle) sightings were recorded from both the 2009 


study and the previous avifaunal study conducted in 1999.  Harrison and Harebottle 


(2000) noted that the Gamsberg inselberg was a suitable site for Verreaux's Eagles to 


nest.  During the 2009 survey two nests were identified on the southern slopes of 


Gamsberg that looked to have been used fairly recently.  


 


The uncommon Cape Eagle Owl was seen on the northern slopes at dusk during the 


2009 study. 


 


3.2 Aquatic biodiversity 


 


3.2.1 Benthic diatoms 


Diatoms were sampled at four sites on Gamsberg comprising rivers/springs (Table 1).  


The results obtained from the dry season have been summarised following 


microscopic examination and analysis; these summary results are presented in   
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Table 5.  Interpretation of the diatom data is made based on   
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Table 2.  A full list of all diatom species encountered at each site is presented in tables 


in Appendix 5.   
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Table 5: Summarised benthic diatom indices and river health classification (based on   
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Table 2) for sites monitored during the dry season survey (May 2009). 


Site 
No. of 


species 


Specific Pollution 
Sensitivity Index 


(SPI) 


% Pollution 
Tolerant Valves 


(% PTV) 


River Health 
Classification 


South eastern spring 13 7.4 48.5 Poor 
Eastern spring 19 5.5 46.3 Poor 
Gamsberg River 16 8.5 0.8 Poor 
Gamsberg spring 12 8.7 6.3 Poor 


 
The results from the benthic diatoms provide two important elements to the aquatic 


biomonitoring, namely, they form part of the baseline for the biodiversity assessment 


(i.e. Appendix 5 species list) but also they form an integrated indictor of overall water 


quality or river health (based on Table 3).  In terms of river health, the results in   
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Table 5 indicate that the aquatic ecosystems of Gamsberg, as represented by the 


sampling sites, are in a “poor” ecological state.  Given that there were no obvious 


signs of water quality/river heath degradation, it would seem that the “poor” status is 


rather a consequence of the sampled systems consisting of stagnant pools.  The likely 


effect of this would be that any nutrients (or other water quality parameters) will 


accumulate resulting in a more concentrated effect taking place.  Possible sources of 


nutrients could include any organic matter that enters into the pools.  This in turn would 


influence the composition of benthic diatoms as well as the indices (e.g. %PTV).  


Furthermore, given that the assessments are based solely on samples taken during 


the dry season, it is uncertain whether the same pattern of ecological health will be 


associated with the wet season. 


 


3.2.2 Macroinvertebrates 


Only a single site was deemed suitable for sampling according to SASS5 


methodology, i.e. the Gamsberg River draining through the main gorge.  This site was 


therefore sampled for aquatic macroinvertebrates.  Based on the physiographic layout 


of Gamsberg, this site receives majority of the water draining the central basin of 


Gamsberg.  Therefore information on the macroinvertebrates (as well as diatoms) from 


this site provides an indication of the overall condition of the central basin area.  


Identification of the macroinvertebrate taxa was done to family level, as per the SASS5 


method, and results of family composition are summarised below in Table 6. 


 


A list of the macroinvertebrate taxa collected during the SASS survey is shown in 


Appendix 6. 


 


Table 6: Summary of aquatic macroinvertebrate health metrics (scores) established for the 
Gamsberg River at site AS04, during May 2009.  River health classification is 
determined and interpreted based on Table 2 and Table 3 respectively. 


Health metrics (scores) Site AS04 


SASS5 Score 66 


Average Score per Taxon (ASPT) 4.7 


Number of Families 14 


SASS River Health Classification Poor 


 


Indications from the SASS assessment (comparing these results with   
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Table 2) shows that the ecological condition of the Gamsberg River is currently “poor” 


as reflected by the aquatic macroinvertebrates present, the families and their 


respective tolerances to water quality.  This result is congruent with the diatom results 


reported earlier for this same site (Table 5).  Possible reasons for this may be 


attributed to the limited availability of sampling habitat; only the stones and 


gravel/sand/mud biotopes were present at the time of the sampling.  These biotopes in 


turn were considered insufficient from a macroinvertebrate perspective.  Furthermore, 


as discussed for the diatoms, the river health situation may be significantly different 


during the wet season. 
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4. DISCUSSION 


 


4.1 Constraints and limitations of the study 


In absence of further surveys, which were scheduled for the upcoming wet season in 


2010, the baseline information is restricted in terms of representation of biodiversity 


components.  As a result, the surveys that have been completed were restricted to the 


drier periods and thus, to some extent, compromising the ability of properly defining 


the baseline of key biodiversity groups.   


 


The main limitations associated with each of the biodiversity components are 


discussed in more detail in the following sections: 


4.1.1 Terrestrial fauna 


Invertebrates: The terrestrial invertebrate survey was limited to a three day field visit 


during the dry season.  This survey focused mainly on searches for a single 


invertebrate taxon, namely Mantophasmatodea and their preferred habitat, i.e. the 


vegetation communities associated with the relatively moist southern slopes of the 


inselberg.  None of the planned wet season sampling was undertaken although some 


specimens of additional invertebrate taxa were collected as by-catch during the dry 


season field visit.   


Herpetofauna:  Herpetofauna are cryptic animals and strongly seasonal in their 


activity, particularly in arid regions.  As a result the number of species recorded during 


this survey was significantly less than can be expected during summer, when reptiles 


and some frogs will be most active. 


Mammals:  The dry season mammal survey focused mainly on sampling bats 


using active sampling methods.  Although these techniques are considered useful for 


sampling bats, they are generally less effective than passive sampling techniques, 


particularly in terms of determining species composition.  Passive sampling essentially 


involves using specific bat detectors to capture and record bat ultrasounds (i.e. 


echolocation), which are then transformed in to signals audible to humans (Taylor, 


2000).  In using bat detectors, it is possible to capture acoustic sound recordings from 


echolocating bats up to 50 meters away; calls are then analysed using bat sound 


recording software (e.g. BatSound Pro).  Using the recordings, it is then possible to 


indentify bats from a database of sonograms (graphical representation of bat sounds) 


due to the unique “signatures” that are specific to each species of bat. 


Sampling of other mammal groups was generally limited by the period in which the 


field visit took place and the general inactiveness associated with the dry season, 


however any mammal species observed whilst conducting other study components 


were noted.   


Data captured during this survey provide supplementary information to the previous 


mammal survey carried out for the Gamsberg.  
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4.1.2 Aquatic biodiversity 


Aquatic ecosystems generally respond strongly to seasonal differences.  In arid area, 


such as Gamsberg, the effect of seasonality is more pronounced whereby aquatic 


systems receive majority of the rainfall during a brief period in summer.  During the dry 


season, these aquatic systems are reduced to a patchy network of isolated pools 


driven solely by ground water supplies.  Therefore the results of the dry season survey 


of aquatic ecosystems at Gamsberg can only provide a representation of the dry 


season situation.  It is likely that results from wet season assessments would reflect 


significant differences in terms of aquatic biodiversity and thus river health.   


 


4.2 Assets, constraints and limitations 


Based on the current situation of Gamsberg, various biodiversity assets have been 


identified.  Consequently, the following biodiversity components are assessed 


according to their assets, constraints and opportunities; terrestrial fauna and aquatic 


ecosystems and biodiversity.  Table 7 provides a summary of these assessments.  


This information should be used during future detailed engineering design in order to 


assess alternatives, avoid negative impacts and enhance positive ones. 
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Table 7:  Assets, constraints and opportunities of Gamsberg 


Environmental assets / services Opportunities / advantages Constraints / threats 


Terrestrial fauna 


Invertebrates are vital to the functioning of the earth’s 


ecosystems in their present form and help to maintain 
the balance that allows the vast diversity of life to 
coexist. For example some assist plant species to 
reproduce and disperse, while others feed on the same 
plants and keep them in check, allowing room for other 
species. Other species turn the soil or feed on 
decomposing matter, thus playing important roles in 
nutrient cycling. Virtually every aspect of ecosystem 
functioning is dependant in some way on insects or other 
invertebrates, which are the main non-plant drivers of 
ecosystem dynamics. 


The small size and high abundance of invertebrates 
enables surveys to provide statistically valid sample 
sizes that aid in monitoring of project impacts as well as 
rehabilitation programmes; similarly detailed information 
on vertebrates is extremely time-consuming and costly to 
obtain. The use of invertebrates in evaluation and 
monitoring provides finer-resolution data and more cost-
effective monitoring programmes, focussing on 
organisms that are key to ecosystem functioning, than 
can generally be implemented with larger organisms. 
 
The discovery of two ant species with potentially limited 
distributions in the Northern Cape region may add value 
to conservation initiatives in the area. Detailed surveys of 
their distribution and studies to determine their precise 
habitat requirements should be considered to aid in their 
conservation; this would in turn help protect other 
(possibly unknown) species associated with similar 
habitats. 


Because of their small size and often cryptic habits, 
invertebrates are often under-surveyed and baseline 
information on their distribution and conservation status 
is extremely limited; detailed site-specific surveys may be 
required to rectify this shortcoming. 
 
Threats from proposed zinc mining at Gamsberg to 
invertebrate communities and species will mainly be via 
habitat destruction and direct impacts on populations 
within the development footprint. Specialised species 
with limited distributions associated with unique habitats 
in the arid Northern Cape will be most threatened by this 
project.  


Herpetofauna (frogs) represent a group of biota which 


are strongly tied to the few aquatic resources present 
within the study area. Most of those present are 
specialised for living in the extreme conditions present, 
and one species, the Namaqua Stream Frog 
Strongylopus springbokensis, is currently listed as 
Vulnerable. 


There is potential for mining developments to avoid 
severe impacts to frog habitats as majority of the foot 
print occurs on the western parts of the inselberg and 
thus away from the primary frog habitat associated with 
the main gorge.  


Ongoing habitat degradation, e.g. mining and 
infrastructure development, may impact negatively on 
frogs, particularly since these impacts are likely to be 
focused at the main gorge at Gamsberg, which is 
considered an epicentre for frog ecology at Gamsberg. In 
terms of the Gamsberg Zinc Mine, impacts will be mostly 
due to the foot print associated with the mine and 
significant areas of destruction. 


Herpetofauna (reptiles) are a key group of fauna 


associated with arid environments such as Gamsberg, 
which has the potential to support a wide variety of 
different species of reptiles, including a number of 
specialised endemics. The Desert Mountain Adder (Bitis 
xeropaga), which was recorded at Gamsberg is one such 
endemic that has a localised distribution. 


Consideration should be given to expanding formally 
protected areas along the lower Orange river not only to 
protect this species but a number of other reptiles and 
plants unique to this area. A more detailed 
understanding of the habitat requirements of this snake 
will be useful for assessing suitable habitat. 
Quantification of collection for the pet trade will allow for 
a sensible response to this threat. 


Ongoing habitat degradation, e.g. mining and 
infrastructure development, impact negatively on reptiles, 
most significant will be impacts to endemics and 
threatened species such as the Desert Mountain Adder. 
In terms of the Gamsberg Zinc Mine, impacts will be 
mostly due to the foot print associated with the mine and 
significant areas of destructions. 


Mammals that occur at Gamsberg are able to tolerate 


the arid conditions through complex physiological and 
behavioural adaptations. Consequently, a large  


Mining at Gamsberg has the potential to minimise 
negative impacts to mammals, for example, blasting at 
specific times that do not correspond with heightened  


Future mining at Gamsberg has the potential to 
adversely affect mammal diversity, particularly smaller 
mammals which are most likely to be affected by mining  
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Environmental assets / services Opportunities / advantages Constraints / threats 


Terrestrial fauna continued   


proportion of the mammal diversity consists of mammals 
capable of utilising burrows and rock crevices to escape 
the hostile conditions during the daytime, for example 
bats and rodents. Of the mammals known to occur at 
Gamsberg, several species are considered significant in 
terms of their conservation status. These include 
Aardvark, African Wild Cat, Pygmy Rock Mouse and 
Darling’s Horseshoe Bat. The Gamsberg inselberg is 
expected to support several more important species. 


mammal activity. However this would need to be more 
thoroughly investigated once further detailed studies 
have been completed. 
 
Mining development at Gamsberg could be beneficial in 
terms of conserving mammal diversity through creating a 
designated protected area outside of the mining footprint. 
Additionally, offsets may be considered whereby it may 
be suitable to locate a similar inselberg to be considered 
for conservation purposes. 


activities and related infrastructural developments, 
particularly the consequences of land transformation. 
Larger, more mobile, mammals are more likely to be 
affected by other disturbances such as blasting, pollution 
of water sources, restricted movement associated with 
fences, etc. 


Aquatic biodiversity 


Aquatic ecosystems at Gamsberg are typical of arid 
systems, supported by subsurface groundwater stores 
for most of the year. During rainfall events they respond 
as ephemeral rivers, but only for a short while, thereafter 
they cease to flow. Thus for most of the time, the aquatic 
ecosystems at Gamsberg comprise of scattered pools of 
water; some of which are able to persists throughout the 
year due to the presence of springs, although their 
positions in relation to the topographical environment 
also plays a part in retaining water. Essentially, these 
pools of water, not only support local aquatic biodiversity, 
they also are a vital source of water for terrestrial fauna, 
particularly during the dry season. The aquatic biota from 
these systems are able to survive the harsh conditions 
by unique adaptations, such as the ability to remain 
dormant until the rainfall period returns. 


There are no obvious advantages for the aquatic 
biodiversity in terms of mining at Gamsberg. 


Future mining activities at Gamsberg potentially may be 
a threat to the aquatic systems, especially those situated 
along the main gorge. Impacts that are worth mentioning, 
include contamination of groundwater resources, soil 
erosion and deposition, and dewatering of the mining pit.  
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5. CONCLUSION 


 


Invertebrates: It was evident that the southern slopes on Gamsberg could potentially 


support a population of Heelwalkers (Mantophasmatodea), a new order of insects 


discovered recently in southern Africa.  A brief survey was conducted during the period 


considered best for locating Heelwalkers (i.e. spring).  No Heelwalkers were recorded 


during this investigation thus fulfilling the requirement of the study as indentified in the 


gap analysis.   


The status of the two undescribed ant species found at Gamsberg still requires further 


evaluation; the large size of both species (especially the Camponotus fulvopilosus-


group species) and currently available data support the view that they have relatively 


limited distributions, as otherwise it is very probable that they would have been noticed 


previously.  The distribution of both species on and around the Gamsberg should be 


investigated during future field surveys and if they still appear to have restricted 


distributions, surveys further afield will be required to allow evaluation of their habitat 


requirements and conservation status. 


If mining at Gamsberg is to proceed, further detailed of the invertebrate fauna, both to 


assess potential impacts and to provide detailed baseline information for monitoring of 


rehabilitation, will need to be carried out. 


 


Herpetofauna: Gamsberg has a variety of habitat types that are suitable for 


herpetofauna (i.e. reptiles and to a lesser extent frogs).  The field survey highlighted 


the potential that Gamsberg has in terms of supporting a diverse array of reptiles, not 


to mention this potential was limited by the fact that the site investigation coincided 


with the period of general herpetofauna inactiveness.  A key finding from the study was 


that the Desert Mountain Adder occurs on the Gamsberg inselberg. 


 


It remains that the herpetofauna surveys are incomplete and thus should Gamsberg be 


reconsidered for mining in future; a more detail investigation will need to be carried out 


during the wet season in order to properly account for herpetofauna diversity. 


 


Mammals: Although this study focused on bats, the actual sampling efficiency 


was restricted in terms of the use of preliminary survey techniques, thus the findings 


are limiting in that they only represent a small portion of the actual potential of bat 


diversity at Gamsberg.  However, the single specimen recorded during this study, i.e. 


Darling’s Horseshoe Bat Rhinolophus darlingi, suggests that other important bats 


species could be present, such as the Cape Serotine Bat Eptesicus capensis.  Future 


bats surveys at Gamsberg should include passive monitoring techniques, for example 


using bat detectors.  


 


Additional sampling of other mammal groups should also be considered with future 


studies, particularly small mammals as these remain as a partial gap in the baseline 


mammal studies for Gamsberg as highlighted by the gaps analysis.  Additional small 


mammal sampling in future will be useful supplementation to the mammal survey 


conducted in 1999 thus providing a more complete understanding of the mammalian 


fauna at Gamsberg. 
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Birds: The avifaunal contributions from this study were fairly limited in the sense that 


the previous study by Harrison and Harebottle (2000) was considered sufficient for the 


purpose of the Gamsberg Zinc Project.  Although continued investigation of bird 


diversity at Gamsberg should be included in future studies in order to increase the 


confidence in terms of presence and absence of bird species, particularly those 


species that are expected for the site that are of conservation importance.  Outcomes 


from the dry season survey provided confirmation that Verreaux's Eagles appear to be 


nesting on the southern slopes of the Gamsberg inselberg. 


 


Aquatic biodiversity: In terms of river health classification the aquatic ecosystems 


sampled at Gamsberg were found to be in a “poor” state as indicated by the 


macroinvertebrate and benthic diatom indices.  This appears to be an artefact of the 


arid environment rather than impacts from anthropogenic activities, particularly since 


the water quality sample taken from the south-eastern spring did not show any signs of 


nutrients being an issue (Appendix 7).  However, the assessment of aquatic 


ecosystems was only done during the dry season, thus as a matter of completeness, 


and to cover the effects of seasonality, a wet season survey is still needed in order to 


determine the baseline aquatic biodiversity and overall health of the systems. 


 


5.1 Recommendations for further studies 


The following aspects of this study remain incomplete and should be recognised as a 


gap for future assessments at Gamsberg; aspects are discussed according to the 


relevant biodiversity components with reference made to the relevant gaps identified 


during the gap analysis: 


 


Invertebrates: Most of the identified deficiencies regarding information on 


invertebrates that were identified in the gap analysis remain; detailed surveys should 


therefore be carried out if mining at Gamsberg is to proceed.  In summary, the 


following should be considered with future investigations of invertebrates: 


 Surveys during both dry and wet seasons to allow for adequate sampling of taxa 


with differing seasonal activity, and should cover all habitat types within the project 


area, but be more strongly focussed on selected indicator taxa. This should 


include a reassessment of data collected during the previous study, in conjunction 


with new data, to properly evaluate the relative sensitivity and conservation 


importance of the invertebrate communities of the Gamsberg.  Additionally, a full 


nocturnal scorpion survey using UV light should be carried out, ideally under 


moonless conditions in late January. 


 Surveys of a similar range of habitats on nearby inselbergs should also be 


considered to determine whether taxa apparently unique to the Gamsberg exist 


elsewhere, as this will have a major bearing on the perceived conservation value 


of the site. 


It was evident from the Mantophasmatodea survey that the Gamsberg inselberg 


supports two undescribed species of ant.  This emphasises the potential for other 


unique terrestrial invertebrates to occur at Gamsberg, hence it is necessary to ensure 
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that future surveys are conducted in an attempt to uncover other possible species 


which may be of conservation importance. 


 


Herpetofauna: A comprehensive survey of frogs and reptiles will need to be 


conducted during a suitable wet season.  This will assist in assessing the presence of 


frog and reptile species that are expected to occur at Gamsberg.  A desktop study will 


need to be performed to ascertain the level of conservation importance based on the 


survey findings in light of new taxonomical changes and new conservation 


assessments (e.g. South African Reptile Red Data Book, In Prep.; Frost et al., 2006; 


Minter et al., 2004). 


 
Mammals: A comprehensive wet season mammal survey is required to assess 


the other, less sampled areas of the Gamsberg inselberg, particularly the eastern 


parts.  The survey should focus on presence of smaller mammal species that 


otherwise may not have been detected during the previous survey.  Sampling methods 


should include other methods not used in previous surveys capable of detecting small 


mammal species not suited to sherman and snap traps, e.g. pit-fall traps.  Further 


attempts of sampling for the presence of bats should also be carried out preferably 


through the use of passive monitoring techniques (e.g. bat detectors) whereby bat 


species are identifiable through their signature echolocation calls.  However it would 


also be useful to include methods of active sampling, e.g. mist-net trapping and 


inspection of caves and mine adits.  


Regional representation of mammals needs to be covered to some level of detail 


through investigation of surrounding inselbergs.  This would incorporate effects from 


island population dynamics as well as to ensure the presence of stable genetic 


populations on the regional scale, which would place less emphasis on the 


conservation value of species.   


The level of conservation importance of Gamsberg from a mammal perspective will 


need to be assessed according to updated atlases and red data books (e.g. Friedman 


and Daly, 2004). 


 


Aquatic biodiversity: Aquatic biomonitoring techniques will need to be conducted 


during the wet season of the aquatic sites sampled during this study.  These should 


include benthic diatoms, aquatic macroinvertebrates (SASS5), and various in-situ 


water quality parameters.  The findings from the assessments will need to be 


compared with the results obtained from this study (i.e. the dry season situation). 


Aquatic ecosystems associated with groundwater systems should be investigated 


given the importance of groundwater systems in arid environments 


 


For all biodiversity components, the various risk and impacts that may be encountered 


as a result of future mining development will need to be identified and assessed 


according to up-to-date layout plans.  Appropriate management measures will need to 


be provided based on the outcomes of the impact assessment. 


 


Studies in future will also need to ensure that the biodiversity assessment is done in 


accordance with appropriate legislation and standards. 
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Frog Data – Expected and actual diversity 
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Family Common Name Scientific Name Status 2009 


Bufonidae Guttural Toad Amietophrynus gutturalis   


 Raucous Toad Amietophrynus rangeri   


 Karoo Toad Vandijkophrynus gariepensis   


 Paradise Toad Vandjikophrynus robinsoni  X 


Micorhylidae Marbled Rubber Frog Phrynomantis annectens  X 


Pipidae Common Platanna Xenopus laevis   


Molossidae Boettger's Caco Cacosternum boettgeri   


 Namaqua Caco Cacosternum namaquense   


 Common River Frog Amietia angolensis   


 Cape River Frog Amietia fuscigula   


 Namaqua Stream Frog Strongylopus springbokensis Vulnerable  


 Tremelo Sand Frog Tomopterna cryptotis   


 Cape Sand Frog Tomopterna delalandii   


 Tandy's Sand Frog Tomopterna tandyi   
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Reptile Data – Expected and actual diversity 
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Family Common Name Scientific Name Status 2009 


Testudinidae Tent Tortoise Psammobates tentorius veroxii  X 


Scincidae Striped Legless Skink Microacontias lineatus  X 


 Western Three-striped Skink Trachylepis occidentalis   


 Kalahari Tree Skink Trachylepis spilogaster   


 Western Rock Skink Trachylepis sulcata  X 


 Variegated Skink Trachylepis variegata  X 


Agamidae Ground Agama Agama aculeata   


 Anvhieta's Agama Agama anchietae   


 Southern Rock Agama Agama atra  X 


 Knobel's Agama Agama knobeli   


Chameleonidae Namaqua Chameleon Chameleo namaquensis   


Gekkonidae Giant Ground Gecko Chondrodactylus angulifer   


 Bibron's Gecko Chondrodactylus bibronii  X 


 Turner's Gecko Chondrodactylus turneri   


 Striped Dwarf Leaf-toed Gecko Goggia lineata   


 Good's Gecko Pachydactylus goodi   


 Quartz Gecko Pachydactylus latirostris   


 Montane Gecko Pachydactylus montanus  X 


 Purcell's Gecko Pachydactylus purcelli   


 Rough-skinned Gecko Pachydactylus rugosus   


 Barking Gecko Ptenopus garrulus   


Cordlyidae Karoo Girdled Lizzard Cordylus polyzonus  X 


Gerrhosauridae Dwarf Plated Lizzard Cordylosaurus subtessellatus   


Lacertidae Meroles knoxii Meroles knoxii   


 Meroles suborbitalis Meroles suborbitalis   


 Nucras tesellata Nucras tesellata   
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Family Common Name Scientific Name Status 2009 


Lacertidae Pedioplanis inornata Pedioplanis inornata   


 Pedioplanis laticeps Pedioplanis laticeps   


 Pedioplanis lineoccellata Pedioplanis lineoccellata   


 Pedioplanis namaquensis Pedioplanis namaquensis   


 Pedioplanis pulchella Pedioplanis pulchella   


Typhlopidae Delalande's Beaked Blind Snake Rhinotyphlops lalandei   


 Schinz's Beaked Blind Snake Rhinotyphlops schinzi   


Leptotyphlopidae Western Thread Snake Leptotyphlops occidentalis   


Lamprophiidae Brown House Snake Lamprophis capensis   


 Western' Brown House Snake Lamprophis 'mentalis'   


 Spotted House Snake Lamprophis guttatus   


Prosymnidae Two-striped Shovel-snout Prosymna bivittata   


 South-western Shovel-snout Prosymna frontalis   


Psammophiidae Dwarf Beaked Snake Dipsina multimaculata   


 Namib Sand Snake Psammophis namibensis   


 Karoo Sand Snake Psammophis notostictus  X 


 Kalahari Sand Snake Psammophis trinasalis   


Pseudaspidae Mole Snake Pseudaspis cana   


Colubridae Rhombic' Egg-eater Dasypeltis cf scabra   


 Bett's Tiger Snake Telescopus beetzi   


Elapidae Coral Snake Aspidelaps lubricus   


 Black Spitting Cobra Naja nigricollis woodi   


 Cape Cobra Naja nivea   


Viperidae Puff Adder Bitis arietans   


 Horned Adder Bitis caudalis   


 Many-horned Adder Bitis cornuta   
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Family Common Name Scientific Name Status 2009 


Viperidae Desert Mountain Adder Bitis xeropaga Near Threatened X 
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Mammal Data – Expected and actual diversity (after Anderson et al., 2000) 
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Family Common Name Scientific Name Status 1999 2009 


Soricidae Reddish-grey Musk Shrew Crocidura cyanea    


Macroscelididae Cape Rock Elephant-shrew Elephantulus edwardii Endangered   


 Smith's Rock Elephant-shrew Elephantulus rupestris  X  


 Round-eared Elephant-shrew Macroscelides proboscideus  X  


Vespertilioidae Cape Serotine Bat Eptesicus capensis Endangered   


 Long-tailed Serotine Bat Eptesicus hottentotus    


 Schreibers' Long-fingered Bat Miniopterus schreibersii    


 Angola Hairy Bat Myotis seabrai Data Def.   


 Rüppel's Pipistrelle Pipistrellus rueppelli    


Nycteridae Common Slit-faced Bat Nycteris thebaica    


Rhinolophidae Cape Horseshoe Bat Rhinolophus capensis  X  


 Geoffroy's Horseshoe Bat Rhinolophus clivosus    


 Darling’s Horseshoe Bat Rhinolophus darlingi Near Thr.  X 


 Dent's Horseshoe Bat Rhinolophus denti Data Def.   


 Ruppell's Horseshoe Bat Rhinolophus fumigatus    


Molossidae Flat-headed Free-tailed Bat Sauromys petrophilus  X  


 Egyptian Free-tailed Bat Tadarida aegyptiaca    


 Little Free-tailed Bat Tadarida pumila    


Cercopithecidae Vervet Monkey Cercopithecus aethiops    


 Chacma Baboon Papio ursinus  X  


Leporidae Cape Hare Lepus capensis    


 Scrub Hare Lepus saxatilis  X X 


 Smith's Red Rock Rabbit Pronolagus rupestris  X  


Bathyergidae Damara Molerat Cryptomys damarensis    


Gliridae Rock Dormouse Graphiurus platyops    


Hystricidae Porcupine Hystrix africaeaustralis  X X 







BASELINE BIODIVERSITY STUDY 


GAMSBERG ZINC PROJECT 


 


48 


 


Family Common Name Scientific Name Status 1999 2009 


Pedetidae Springhare Pedetes capensis  X  


Petromuridae Dassie Rat Petromus typicus  X X 


Scuridae Cape Ground Squirrel Xerus inauris  X  


Muridae Namaqua Rock Mouse Aethomys namaquensis  X  


 Pygmy Mouse Mus minutoides    


 House Mouse Mus musculus    


 Striped Mouse Rhabdomys pumilio  X  


 Black- tailed Tree Rat Thallomys nigricauda    


 Tree Rat Thallomys paedulcus    


Cricetidae Short-tailed Gerbil Desmodillus auricularis  X  


 Hairy-footed Gerbil Gerbillurus paeba  X  


 Brush-tailed Hairy-footed Gerbil Gerbillurus vallinus    


 Large-eared Mouse Malacothrix typica    


 Karoo Bush Rat Otomys unisulcatus Endangered   


 Brant's Whistling Rat Parotomys brantsii    


 Littledale's Whistling Rat Parotomys littledalii  X  


 Pygmy Rock Mouse Petromyscus collinus Data Def. X  


 Pouched Mouse Saccostomus campestris    


 Highveld Gerbil Tatera brantsii    


 Bushveld Gerbil Tatera leucogaster    


Manidae Pangolin Manis temminckii Vulnerable   


Hyaenidae Brown Hyaena Hyaena brunnea Rare   


 Aardwolf Proteles cristatus Rare   


Felidae Caracal Felis caracal  X  


 African Wild Cat Felis lybica Vulnerable X  


 Small Spotted Cat Felis nigripes Rare   
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Family Common Name Scientific Name Status 1999 2009 


 Leopard Panthera pardus Rare   


Canidae Black-backed Jackal Canis mesomelas  X  


 Bat-eared Fox Otocyon megalotis  X  


 Cape Fox Vulpes chama  X  


Mustelidae Striped Polecat Ictonyx striatus    


 Honey Badger Melivora capensis Vulnerable   


Viverridae Yellow Mongoose Cynictis penicillata    


 Small Grey Mongoose Galerella pulverulenta    


 Slender Mongoose Galerella sanguinea  X  


 Small Spotted Genet Genetta genetta  X  


 Suricate Suricata suricatta    


 Water Mongoose Atilax paludinosus  X  


Orycteropodidae Aardvark Orycteropus afer Vulnerable X  


Procaviidae Rock Dassie Procavia capensis  X  


Bovidae Springbok Antidorcas marsupialis    


 Klipspringer Oreotragus oreotragus  X X 


 Gemsbok Oryx gazella    


 Steenbok Rhaphicerus campestris  X  


 Common Duiker Sylvicapra grimmia  X  


 Kudu Tragelaphus strepsiceros    
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Bird Data – Diversity and Abundance 
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Common name Scientific name 


Acacia Pied Barbet Tricholaema leucomelas 


White-backed Mousebird Colius colius 


Cape Eagle-Owl Bubo capensis 


Speckled Pigeon Columba guinea 


Cape Turtle-Dove Streptopelia capicola 


Namaqua Sandgrouse Pterocles namaqua 


Southern Pale Chanting Goshawk Melierax canorus 


Jackal Buzzard Buteo rufofuscus 


Verreaux's Eagle Aquila verreauxii 


Greater Kestrel Falco rupicoloides 


Pririt Batis Batis pririt 


Cape Crow Corvus capensis 


Pied Crow Corvus albus 


White-necked Raven Corvus albicollis 


Common Fiscal Lanius collaris 


Cape Penduline-Tit Anthoscopus minutus 


Grey Tit Parus afer 


African Red-eyed Bulbul Pycnonotus nigricans 


Long-billed Crombec Sylvietta rufescens 


Orange River White-eye Zosterops pallidus 


Cinnamon-breasted Warbler Euryptila subcinnamomea 


Short-toed Rock-Thrush Monticola brevipes 


Karoo Scrub-Robin Cercotrichas coryphaeus 


African Stonechat Saxicola torquatus 


Mountain Wheatear Oenanthe monticola 


Familiar Chat Cercomela familiaris 


Pale-winged Starling Onychognathus nabouroup 


Dusky Sunbird Cinnyris fuscus 


Sociable Weaver Philetairus socius 
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Diatom Data – Diversity and Abundance 
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Taxon 


Site 


Site 01 Site 02 Site 03 Site 04 


Achnanthidium exiguum (Grunow) Czarnecki                              0 2 10 0 


Achnanthidium minutissimum (Kützing) 
Czarnecki                          1 6 2 4 


Amphora veneta Kützing                                                1 0 29 0 


Craticula buderi (Hustedt) Lange-Bertalot                             2 0 0 0 


Craticula molestiformis (Hustedt) Lange-
Bertalot                      0 0 0 3 


Cyclotella meneghiniana Kützing                                       0 0 263 0 


Cymbella kolbei Hustedt                       0 0 1 0 


Eolimna minima (Grunow) Lange-Bertalot                                 0 171 12 170 


Eolimna subminuscula (Manguin) Moser, 
Lange-Bertalot & Metzeltin       0 0 1 1 


Fragilaria biceps (Kützing) Lange-Bertalot                            3 8 0 1 


Fragilaria sp. 5 0 0 0 


Gomphonema parvulum (Kützing) Kützing        86 49 2 0 


Gomphonema parvulum var.parvulum 
f.saprophilum Lange-Bert.&Reichardt  4 0 0 4 


Mayamaea atomus var. permitis (Hustedt) 
Lange-Bertalot                0 0 0 2 


Navicula cryptocephala Kützing                                        0 0 26 0 


Navicula lepidula Grunow                                              0 17 1 0 


Navicula riediana Lange-Bertalot & Rumrich                            0 0 2 0 


Navicula schroeteri Meister                   0 0 0 1 


Navicula sp. 0 1 0 1 


Navicula veneta Kützing                                               0 0 3 0 


Nitzschia acidoclinata Lange-Bertalot                                 1 1 0 0 


Nitzschia amphibia Grunow                                  0 0 3 0 


Nitzschia frustulum (Kützing) Grunow                       0 0 0 4 


Nitzschia sp. 10 1 11 0 


Pinnularia graciloides Hustedt                       0 7 0 0 


Pinnularia sp.? 11 0 0 0 


Pinnularia subbrevistriata Krammer                                    17 1 0 0 


Planothidium engelbrechtii (Cholnoky) Round 
& Bukhtiyarova              152 0 0 190 


Planothidium frequentissimum (Lange-
Bertalot) Lange-Bertalot            0 1 0 0 


Rhopalodia gibba (Ehrenberg) O.Müller                          0 0 33 0 


Sellaphora seminulum (Grunow) D.G. Mann                               107 134 1 19 


Tryblionella debilis Arnott                                 0 1 0 0 
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Macroinvertebrate Data – Taxonomic summary 
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Order Family Species 


EPHEMEROPTERA Baetidae  Cloeon sp. 


EPHEMEROPTERA Caenidae          Caenis sp. 


ODONATA Aeshnidae      Aeshna sp. 


ODONATA Aeshnidae      Anax sp. 


ODONATA Libellulidae Orthetrum sp. 


ODONATA Libellulidae Philomon luminans 


ODONATA Libellulidae Trithemis sp. 


HEMIPTERA Corixidae Sigara sp. 


HEMIPTERA Gerridae Gerris swakopensis 


HEMIPTERA Naucoridae Laccocoris sp. 


HEMIPTERA Notonectidae Anisops sp 


COLEOPTERA Dytiscidae  


COLEOPTERA Elmidae/Dryopidae  


DIPTERA Chironomidae Chirnomominae 


DIPTERA Chironomidae Orthocladiinae 


DIPTERA Culicidae Uranotaenia sp. 


DIPTERA Tabanidae  


GASTROPODA Planorbidae Bulinus tropicus 
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Water Quality – Umgeni Water Analysis Results done according to SANAS 


specifications 
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1.0 INTRODUCTION 
Black Mountain Mining (Pty) Ltd. (BMM), a subsidiary of Vedanta Zinc International (VZI), operates the Black 
Mountain Complex consisting of the underground Black Mountain Mine operations, Deeps and Swartberg, and 


the opencast Gamsberg Zinc Mine. Gamsberg Zinc Mine came into operation in June 2016 and mines 


approximately 4 million tonnes per annum (mtpa) and produces 250-300 tpa of zinc concentrate per annum. 


A number of existing environmental related authorisations are in place for the Gamsberg Zinc Mine, the 


conditions of which are set out in the 2013 EMPr (ERM, 2013), the 2016 EMPr update (SRK, 2016), and the 


offset agreement (2014). Furthermore, a permitting process was recently completed for the Gamsberg Smelter 
in 2020. The mine currently requires further environmental related applications to authorise additional activities 


that are required for ongoing operations and which were not included in the previous authorisations, and 
authorise changes required in infrastructure layout as a result of optimised planning. These activities require an 
Environmental Authorisation (EA) as contemplated under Section 24 of the National Environmental 


Management Act, 1998 (Act 107 of 1998) (NEMA) (as amended).   


Golder Associates Africa (Pty) (Ltd) (Golder) was appointed to undertake the necessary ecological baseline 


surveys and impact assessment reports, in support of the environmental regulatory process required to 


authorise development related activities.  


1.1 Purpose of the report 
This report describes the outcomes of the site sensitivity verification of the potential environmental sensitivity of 
the site under consideration for proposed development (as described in Section 2.0), and describes the baseline 
aquatic biodiversity of the study area in accordance with the gazetted requirements for an Aquatic Biodiversity 


Compliance statement.  This report will be submitted together as part of the application for Environmental 


Authorisation, in accordance with the requirements of the Environmental Impact Assessment Regulations. 


2.0 PROPOSED DEVELOPMENT 
The proposed infrastructure that are the subject of the current application process are illustrated in Figure 2, 


Figure 3 and Figure 4, and described in the following sections. 


2.1 New potable water pipeline 
A new above-ground potable water pipeline is proposed to run from the Horseshoe dam to the processing plant. 
This pipeline will be developed in an existing servitude already use for pipelines transporting water from 
Sedibeng Water to the mine. The location where the pipeline is proposed to be developed has already been 


cleared of vegetation as it is within a road reserve. The proposed pipeline will be installed above-ground and 
will have an inside diameter of 400 mm, an outside diameter of 460 mm, a throughput of 460 m3/hour and will 


be approximately 7 km in length. The entire pipeline will belong to Gamsberg Mine. 


2.2 Expansion of dangerous goods storage facilities 
To support the ongoing operations at Gamsberg Mine, an increase in storage capacity will be required for the 


following dangerous goods storage facilities:  


 Fuel storage capacity which is proposed to increase from 600 m3 to 1 200 m3. 


 Emulsion storage is proposed to be increased from 2 x 85t silos and 2 x 50t silos to 2 x 100t and 2 x 200t 


silos respectively. 
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2.3 River diversion 
To minimise pollution from the waste rock dump, ROM pad and crushers and conveyer infrastructure 
associated with the phase 1 and 2 plant infrastructure, it is proposed that the ephemeral riverbed that passes 


between the processing plant and the mining operations, be altered. 


The diversion will include the construction of an attenuation weir, diversion berms, two above-ground pipelines 
for conveying any upstream runoff past the impacted area (processing plant and the mining operations) and 


an energy dispersion outlet structure. The altered section will be approximately 1.5 km in length. 


The alteration will be in place for the duration of the operational phase of the mine and will be rehabilitated 


during the decommissioning and closure phase. 


2.4 Refined layout for the waste rock dump and quartzite rock 
dump/berm 


A waste rock dump facility, with a capacity to store 1.5 billion tons of waste rock on an area of 490 ha, is 


approved in the Environmental and Social Impact Assessment Report for the Gamsberg Zinc Mine and 


Associated Infrastructure in the Northern Cape (ERM, 2013). 


In addition to the main waste rock dump facility and in order to mitigate the impacts on biodiversity as a result 
of the basin/crater mining activities, it was recommended that a rock dump / berm, comprising only quartzite 


rock, be designed and constructed to shield the remainder of the basin / crater from mining activities. It is 


detailed in the Environmental Management Programme for the Gamsberg Zinc Mine and Associated 
Infrastructure in the Northern Cape (ERM 2013), that the berm should be constructed to the same elevation as 


the plateau comprising a non-acid leaching rock core and a quartzite rock outer layer. It is further stated that 
the placement of the barrier must be defined with input from a qualified botanist and the engineering team prior 


to the placement of the rock. 


The Gamsberg Mine engineering team has refined the layout of the current waste rock to optimise the placement 
of waste rock and to avoid current mine infrastructure and to ensure safe operation of the facility. The updated 


waste rock dump layout is based on the storage capacity and footprint as approved in the 2013 EIA and EMPr. 


2.5 Crusher and Coarse Ore Stockpile for Plant Phase 2 
The 2013 EIA states that the full production capacity of the mine will be 10 Mtpa ore. This capacity will be 


reached in a modular approach following the mine ramp up plan as described in the report. It is stated that the 
current concentrator plant will be ramped up in three modules to full capacity. It is indicated that the three phases 
of the concentrator plant will each consist of a concentrator stream with supporting utility and supporting 


infrastructure. 


An amended concentrator plant boundary and shortened conveyor route was approved in the Gamsberg Mine 


Environmental Management Programme Amendment (SRK, 2016). The information was presented at a high 


level and did not differentiate between the infrastructure components required for the three plant modules. 


The Gamsberg Mine engineering team has defined the phase 2 plant components in preparation for 


construction. The updated conveyor and phase 2 concentrator plant layout will be included in the Basic 


Assessment Report.
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Figure 1: Gamsberg Locality Map 
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Figure 2: Proposed infrastructure overview 
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Figure 3: Proposed infrastructure - crater area detail 
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Figure 4: Proposed infrastructure - plant and storage area detail
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3.0 METHODOLOGY 
The aquatic biodiversity compliance statement took cognisance of Government Notice No. 1150, published in 
Government Gazette 43110 (20 March 2020) under the National Environmental Management Act (1998) 


concerning the ‘Protocol for the specialist assessment and minimum report content requirements for 


environmental impacts on aquatic biodiversity’. 


In line with the assessment and reporting requirements set out in the protocol, and subsequent to the site 


sensitivity verification process, a terrestrial animal species compliance statement was compared according to 


the minimum reporting requirements set out in the protocol. 


3.1 Study Area 
The study area for the assessment was defined as the development footprint i.e. the area on which the proposed 
development will take place, which includes the area that will be disturbed or impacted – see Figure 2) plus any 
watercourses situated within 500 m of that development, i.e. the ‘regulated zone’ of a watercourse as defined 


by the National Water Act, and is depicted on Figure 5. 


 


Figure 5: Aquatic biodiversity study area 


3.2 Site Sensitivity Verification 
The proposed infrastructure footprint was assessed at desktop level using the National Web-based 
Environmental Screening Tool.    The Tool indicated that some sections of the MRA are rated as ‘very high’ 


sensitivity under the relative Aquatic Biodiversity Theme sensitivity, due to the potential presence of rivers or 
wetlands (Figure 6).  The proposed development footprint is largely situated in the areas identified as being of 
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low sensitivity for this theme, for the most part avoiding the areas that are mapped at a spatial planning level, 


as rivers/wetlands to the west of the Gamsberg inselberg. 


 


Figure 6: Map of relative aquatic biodiversity theme sensitivity for Gamsberg MRA 


A desktop analysis of existing aquatic biodiversity studies that have been conducted at the Gamsberg MRA in 


recent years was conducted to confirm the indicated sensitivity of the site under consideration (i.e. the proposed 
development footprint), to determine the need for a full Aquatic Biodiversity Specialist Assessment, or Aquatic 


Biodiversity Compliance Statement. 


The existing comprehensive specialist reports that were reviewed and consolidated to assess the aquatic 


biodiversity sensitivity of the study area include: 


 The existing mine EIA documents, and more recently EkoTrust (2022), provide detailed descriptions of the 


environment, vegetation and species of conservation concern at the site; 


 The Black Mountain Mine BMP Version V (EndemicVision Environmental Services, 2019); and 


 Terrestrial Fauna and Aquatic Biodiversity Report for proposed Zinc Mine on Gamsberg, Northern Cape 


(GroundTruth, 2013). 


Other nationally-available datasets which were consulted to inform the site sensitivity verification include the 
South African National Wetland Map version 5 (NWM5) (Van Deventer et al., 2019), and the National Freshwater 


Ecosystem Priority Area database. 


3.3 Study Assumptions and Limitations 
3.3.1 Data used for Specialist Assessments 


 The Aquatic Biodiversity Species Compliance statement was prepared on the basis of the site sensitivity 
verification process undertaken in response to the national web-based screening report.  The site sensitivity 
verification was completed via desktop analysis of the extensive existing baseline knowledge of fauna in 
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the Gamsberg MRA as documented in GroundTruth (2013), supplemented by cross-referencing to the most 


recent species conservation assessments.   


 Surveys conducted in support of the aquatic ecosystems assessments documented in GroundTruth (2013) 
were conducted in November 2012, and observations of aquatic ecosystem flows and existing 


pressures/drivers of change were made during January 2022 (Desmet, 2022).  These survey periods 
coincide with the wet season and as such maximise the opportunity for accurate description of the 


ephemeral aquatic ecosystem in this otherwise dry and arid region.  


 It is therefore considered that there are no sampling or information limitations pertaining to this Aquatic 


Biodiversity Species Compliance Statement and the recommendations contained in this report. 


3.3.2 Assumptions, uncertainties, or gaps in knowledge 


 The aquatic biodiversity baseline description is qualitative and based on the available desktop information 


and findings of the January 2022 site visit. The recommended mitigation/management measures focus on 
the mitigation of potential impacts on aquatic ecosystem/species receptors that occur within 500 m of the 
proposed project infrastructure i.e. the highly ephemeral watercourse to the north of the West dump, within 


the within the study area. 


4.0 AQUATIC BIODIVERSITY BASELINE DESCRIPTION 


4.1 Regional Context 
The study area falls within the quaternary catchment D82C of the Lower Orange Water Management Area 


(WMA). The South African National Wetland Map version 5 (NWM5) portrays the most up-to-date spatial data 
for the extent and types of estuarine and inland aquatic (freshwater) ecosystems of South Africa (Van 


Deventer et al., 2019). The NWM5 database indicated that the ephemeral drainage line to the north of the 


proposed West dump is a river, and that a potential area of ‘channelled valley bottom wetland’ habitat occurs 
outside of the 500 m buffer of the proposed infrastructure (Figure 7), and that the Present Ecological Status of 


that system is considered largely to severely/critically modified.  


 


Figure 7: Proposed development in relation to NWM5 dataset 
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No National Freshwater Ecosystem Priority Area (NFEPA) systems are present within the study area (Figure 8). 


 


Figure 8: Proposed development in relation to NFEPA dataset 


4.2 Field Survey Findings 
The aquatic biodiversity of the Gamsberg was comprehensively studied as part of a baseline assessment 
conducted by GroundTruth (2013) in support of the ESIA for the environmental authorisation of the Gamsberg 


Zinc Mine. In that study, the aquatic ecosystems of the central kloof and eastern regions of the Gamsberg 
inselberg were assessed using aquatic biomonitoring techniques including benthic diatoms and aquatic 


macroinvertebrates; depending on the availability of aquatic habitats at each of the respective sampling sites.  


Whilst fish surveys were attempted in the kloof inside the inselberg basin, no available habitat for fish was 


present, and it was assumed that no fish occur in this system. 


The highly ephemeral nature and typically dry condition of the watercourse to the west of the inselberg rendered 


it unlikely to support species adapted for aquatic life (e.g. hydrophytic plants, fish, aquatic macroinvertebrates, 
diatoms), and as such no aquatic biodiversity assessment was performed in this system.  No wetlands were 


identified in the area mapped as ‘channelled valley bottom wetland habitat’ by the NWM5 database (Figure 7). 


During the survey conducted in January 2022 (Desmet, 2022) which coincided with a period of exceptional 


rainfall (at approximately three times the seasonal average), some flow was observed in the watercourse to the 


north and west of the West dump (Figure 9).   
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Figure 9: Observed flow, January 2022 


5.0 MOTIVATION FOR SUBMISSION OF A COMPLIANCE STATEMENT 
Although the National Web-based Environmental Screening Tool indicated that some sections of the MRA are 
rated as ‘very high’ sensitivity under the relative Aquatic Biodiversity Theme sensitivity, due to the potential 


presence of rivers or wetlands, it is clear that the watercourse that is situated within the study area is highly 
ephemeral and does not support surface water flows or soil saturation hydroperiod that is long enough to sustain 
aquatic biodiversity, or wetland conditions.  As such, the system is not considered to support wetland or riparian 


habitat, and is best described as a typically dry, highly ephemeral drainage area. 


A ‘low sensitivity rating’ for aquatic biodiversity in the study area is therefore motivated, in line with the protocol. 


6.0 PROPOSED IMPACT MANAGEMENT ACTIONS  
Notwithstanding the fact that the study area is considered to be of low sensitivity for aquatic biodiversity, and 
no significant impacts on aquatic biodiversity as a result of the proposed development are predicted, the 


following impact mitigation and management measures are recommended to avoid/minimise potential impacts 


on the watercourse arising from the existing (and proposed) mining operation: 


 Stormwater runoff from the mining area was observed to be entering the conservation area in the crater 
via the management track during the January 2022 survey (Figure 10), which has the potential to alter the 


quality and quantity of water flow in the landscape. 


 Managing contaminated runoff from working areas and confining activities /infrastructure to defined water 
catchments can minimise potential impacts on the quality and quantity of water reporting to the receiving 


environment. Respecting natural flow of water in the landscape by maintaining functioning drainage lines 


will reduce the ecological impacts that this development will have on the landscape. 


 The northern side of the western waste rock dump should not extend beyond the 100 year floodline for the 


watercourse. 
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 Any management road track that is constructed on the northern based of the waste-rock dump berm must 
have water diversion humps constructed every 50 m to avoid stream capture of the track. This is currently 


a developing problem that will be exacerbated if the berm is moved closer to the stream channel. 


 The eastern waste rock dump eastern boundary setback (see Golder, 2022) has been moved further east 


to align with the catchment divide between the north-flowing kloof catchment and the west flowing mining 
area catchment. Applying a 50m buffer from this line will still respect the hydrological management goal of 
keeping all dump/mine runoff contained within defined water catchments. Additionally, pushing the dump 


up to the catchment divide will massively limit the amount of runoff from surrounding areas that will drain 


into/onto the dump thus avoiding an important water runoff management problem. 


 North of the drainage line / wash, an area is demarcated around the existing processing plant and mine 
entrance that avoids major drainage/flood areas as well as high biodiversity sensitivity areas. This area is 
indicated for clarity but there is no change to the developable extent from what has been identified 


previously and which is currently applied by the mine. 


 All runoff should be directed via managed retention ponds or structures to provide opportunity to contain 


and remove sediment and possible toxic chemical elements. 


 Inclusion of these measures together with a practical framework, schedule, details of key performance 


indicators, and recommended monitoring protocols for their delivery, in the next iteration of the Biodiversity 


Management Plan (BMP) is recommended. 


7.0 MONITORING REQUIREMENTS 
The following monitoring requirements are proposed: 


 The implementation of the recommended mitigation measures should be monitored on an at least annual 
basis, to audit their efficacy in addressing potential impacts, so that adaptive management actions can be 


timeously undertaken as necessary, to ensure that potential impacts on the receiving environment are 


avoided/minimised. 


 


Figure 10: Stormwater runoff from south pit mining area entering conservation area in the crater via 
management track 
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Kyle of Sutherland District Salmon Fishery Board  – Highland, Scotland 


Assistant Biologist (May 2005 to September 2005) 


Employed as a seasonal assistant for the summer. Involved in the capture of 


broodstock, hatchery management, planting out of salmon fry, telemetry 


tagging, anti-poaching work and electro-fishing. Data collection, analysis and 


reporting. 


 


 


PROJECT EXPERIENCE 


Countries of 
project work 
experience: 


 


Angola, Democratic Republic of Congo, 


Cameroon, Ethiopia, Gambia, Ghana, 


Guinea, Guinea Bissau, Kenya, 


Lesotho, Madagascar, Mozambique, 


Scotland, Seychelles, South Africa, 


Tanzania, and Zambia.  
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SELECTED PROJECT EXPERIENCE PER SECTOR:  


Mining 


ERG 
Katanga, DRC 


Lead on the aquatics team for the baseline and impact assessment study of the 


aquatic ecosystems associated with four mines within the Copperbelt. 


Kansanshi 
Solwezi, Zambia 


Lead on the aquatics team for the baseline and impact assessment study of the 


aquatic ecosystems associated with a proposed TSF. 


Palaborwa Mining 
Complex 


Mpumalanga, South 
Africa 


Golder Associates (Pty) Ltd. conducts biomonitoring on sections of the Olifants 


and Selati Rivers associated with Palabora Mining Company (Pty) Ltd., Foskor 


(Pty) Ltd and Bosveld Phosphate. Project manager and lead aquatic scientist 


worked on the project since 2008 – present (2021). 


Dynatec Ambatovy 
Biodiversity Project 


Atsinanana, Madagascar 


Golder Associates Africa (Pty) Ltd. was responsible for the Biodiversity 


Management for the Ambatovy Nickel and Cobalt mine in Madagascar. I worked 


on the aquatics salvaging fish from the rivers and housing them in systems we 


built on the mine site. Conditioning and husbandry of these salvaged fish was a 


part of the work. 


Riversdale Benga Coal 
Concession 


Tete, Mozambique 


Lead ecologist responsible for the aquatic sampling on the Zambezi and 


Revuboè River Systems. 


Lonmin Exploration 
Drilling 


Makamba, Tanzania 


Environmental assessment of aquatic ecosystems associated with exploration 


drilling activities, attending a site visit and collection of data. 


Vale 
Tete, Mozambique 


Lead ecologist conducting the ichthyofaunal assessment within the Moatize 


Industrial Complex. 


Oil and Gas 
CLN 


Nacala, Mozambique 
Reviewer and technical advisor on the biodiversity and fisheries monitoring of the 


oil and gas operations in Northern Mozambique. Onshore rail and offshore 


loading dock. 


Delonex 
Somali, Ethiopia 


Conducted a high-level biodiversity assessment for seismic exploration activities. 


Central Térmica de 
Temane 


Inhambane, 
Mozambique 


Specialist inputs into the Marine ecology baseline and impact assessment as 


well as inputs into the projects Biodiversity Action Plan and project sub-plans (i.e. 


Abnormal Loads). 


Sasol Gas to Power 
Inhambane, 


Mozambique 


Lead aquatic biologist for the collection of baseline data in the Govuro River, 


assessing river crossings. 


Sasol Petroleum 
Production and 


Exploration. 
Inhambane, 


Mozambique 


EIA application for transport operations from Inhambane to Beira of petroleum 


liquids products, through an integrated EIA and PP Process. Terrestrial, aquatics 


and wetland impact assessments, critical habitat screening, mapping and 


sensitivities analysis to IFC PS6 standards for License Areas in Mozambique 


conducted to form supportive documentation to the EIA. 
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Power and Renewables 


Zambia Hydropower 
Development 


Northern Province, 
Zambia 


Lead biodiversity specialist managing a core team of specialist for baseline data 


collection. Environmental Flow (EFlow) modelling for hydropower using 


SPATSIM V3 software. 


Kusile Power Station 
Ogies, South Africa 


Working as part of the team for the baseline study for the proposed Bravo 


(Eskom) power station, I participated in the aquatics screening assessment and 


survey. 


Kendal Power Station 
Ogies, South Africa 


Ecological assessments towards the baseline study for the proposed Ash dump. 


Camden Power Station 
Standerton, South Africa 


Aquatic assessment and inputs towards the Biodiversity Management Plan for 


Camden Power Station 


Water Sector 


Blesbokspruit 
Springs, South Africa 


Worked on the Ecology team providing specialist input for the Ecological 


Economic Study. The project is based around the Ecosystem Services, which the 


Blesbokspruit provides. 


Johannesburg Water 
Johannesburg, South 


Africa 


Project manager and coordinate the aquatic monitoring and Whole Effluent 


Toxicity (WET) testing, associated with four (4) of Johannesburg’s Waste Water 


Treatment Works (WWTW’s).  


 


Matla Colliery 
Kriel, South Africa 


Specialist lead and project manager for the biological monitoring program for the 


Matla River Diversion (Exxaro Resources), through baseline and impact 


assessment, with a focus on biannual aquatic monitoring. 


South African 
Department of Water 


and Sanitation. 
South Africa. 


Determination, review and implementation of the Reserve in the Olifants/Letaba 


Water Management Area. Catchment wide sampling of fish and aquatic 


macroinvertebrates.  


South African 
Department of Water 


and Sanitation. 
South Africa 


Determination of the management classes for significant water resources in the 


Crocodile (West)/Marico WMA and Mokolo and Matlabas catchments of the 


Limpopo WMA to ensure a level of protection is afforded. Implementation of the 


Water Resource Classification System. Aquatic assessments of Environmental 


Water Requirement (EWR) sites. 


Fisheries and Aquaculture 
Seychelles Fishing 


Authority 
Mahé, Seychelles 


Specialist lead for the ESIA and ESMP towards the proposed implementation of 


the Seychelles Mariculture Master Plan (MMP), addressing a framework to 


launch an aquaculture industry. 


Farm Africa 
Nyanza, Kenya 


Project lead to conduct a Strategic Environmental Assessment (SEA) for the 


Kenyan Market-Led Aquaculture Programme. 


SMFG, 
Mt. Nimba, Guinea 


Specialist inputs into the assessment of Environmental flows towards the 


protection of endemic species and Critical Habitats. 


Highlands Trout  
Katse, Lesotho 


Formed part of the team who conducted the Environmental Management Plan 


(EMP) audit for the Highland Trout aquaculture operations located in Katse Dam. 


Yalelo 
Siavonga, Zambia 


Technical review of the Yalelo Aquaculture Expansion Project – Environmental 


and Social Impact Assessment (ESIA). 
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TRAINING 


First Aid Level 1 


2018 


 


SUPPLEMENTAL SKILLS 


GIS Practitioner 


ArcMap 10.7 software. Skills include map production and analysis of ecological 


data. 


Ecotoxicology 


Whole Effluent Toxicity (WET) interpretation for aquatic ecosystems and 


reporting. Working in collaboration with the Golder Associates Research 


Laboratory (GARL). 


Environmental Flow Requirements 


SPATSIM (V3). 


Diatoms sampling 


Sample collection, interpretation of results and reporting. 


 


PROFESSIONAL AFFILIATIONS 


South African Society for Aquatic Scientists (SASAqS) 


Water Institute of Southern Africa (WISA) 


 


PUBLICATIONS AND CONTRIBUTION 


Conference 
Proceedings 


Aken, Warren and Roger Bills. 2014. An Inventory of Fish from Tete, the Lower 


Zambezi, Mozambique. South African Society of Aquatic Scientists (SASAqS), 


June. Bloemfontein, RSA. 
 


Other Taylor, J.C., Graham, M., Aken, W. and Van Rensburg, L. 2009. The Application 


of European Diatom Indices in Tropical and Sub-Tropical Rivers. International 


Symposium “Use of Algae for Monitoring Rivers”. (Poster) 
 


Steering committee 
member as part of 
Water Research 
Commission (WRC) 
Project 


2019-2020: “Mass development of aquatic macrophytes - causes and 


consequences of macrophyte removal for ecosystem structure, function, and 


services (MadMacs)”. 


 


2018-2020: “The Development of a Preliminary Approached to Sediment Site 


Evaluation and Associated Risk”. 


 


2012-2013: “Assessment of locally manufactured radio telemetry equipment for 


manual and remote behavioural monitoring of fish in lentic and lotic freshwater 


ecosystems in South Africa”. 
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