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ABSTRACT 

The impact of heavy metal pollution on vegetation and communities of ground-

dwelling invertebrates was investigated at Kombat Mine tailings dump in Namibia. 

Sixteen transect lines were marked around the dump. Plots, 15m x 15m, were marked 

at 50m intervals along each transect. Top soils in the demarcated plots were sampled 

and analysed for concentrations of heavy metals and total sulphur. Woody plant 

species were identified, counted and heights measured. Herbaceous plants were 

identified and the cover was visually estimated. Pitfall traps were used to sample 

invertebrates. Soil analysis results indicated that concentrations of copper, lead and 

total sulphur around the dump exceeded CCME guidelines. There were significant 

differences in plant species richness (F = 6.1, df = 4,  p < 0.01), diversity (F = 5.87,  

df = 4, p < 0.001), tree density (F = 11.31, df = 4,  p = 0.02) and herbacous cover (H 

= 18.18, df = 4, p < 0.001) along the distance gradient from the dump to the control 

sites. Shrub density was not significantly different (H = 4.39, df = 4, p = 0.355) along 

the distance gradient.  The abundance of ground-dwelling invertebrates was higher in 

wet than dry season. Abundance (H = 2.32,  df = 4,  p = 0.68), richness (H = 8.5, df = 

4, p = 0.11)  for wet  and Abundance (H = 1.41,  df = 4,  p = 0.24)  richness (H = 6.7 

df = 4, p = 0.15) dry season of ground-dwelling invertebrate Orders did not 

significantly differ along the distance gradient. Hierarchical Cluster Analysis on 

binary plant species data separated vegetation into 4 clusters indicating significant 

changes in species composition. Indirect gradient analysis showed clear separation of 

control plots from polluted sites. Direct gradient analysis showed that pollution from 
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heavy metals and total sulphur negatively influenced plant species and ground-

dwelling invertebrate Orders (wet season) composition accounting for 29.2% and  

30.14% of the observed variation in plant species and ground-dwelling Order data 

respectively. It was concluded that heavy metal pollution had significant impact on 

the structure and composition of vegetation around the Kombat Mine tailings dump. 

The impact of heavy metals on ground-dwelling invertebrate communities was 

inconclusive. 

Key words: diversity, heavy metals, invertebrates, Kombat Mine, Namibia, 

pollution, structure, tailings dump, vegetation. 
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CHAPTER 1 

1 INTRODUCTION  

1.1 General introduction  

Mining and mineral processing industries currently form the cornerstone of most 

economies in Southern Africa (Tarr, 1996). In Namibia, a total of 30 minerals are 

mined mostly in the metamorphic complexes and Damara Supergroup in the western 

part of the country. A report by the Stanford Law School (2009) stated that Namibia 

is the fifth largest producer of uranium in the world with production set to rise due 

the uranium rush. These minerals are processed to yield valuable metals and precious 

stones.  

Nonetheless, mineral extraction activities such as milling, processing, 

pyrometallurgy and hydrometallurgy often damage and pollute the environment 

(Booth, Mccullum, Mpinga & Mukute, 1994). In addition, when mining and 

processing operations are stopped or abandoned, the tailings dumps can have 

negative impacts on the environment. According to Sernageomin (2010), there are 

numerous abandoned mines in Namibia. To date, there are 157 known and 250 

estimated abandoned mines. Shikongo (1998) noted that the effects of most of the 

historic mine dumps on the environment are poorly documented and not well 

understood in Namibia. Land use activities around most mines include farming, 

ecotourism and residential areas. These can potentially be impacted directly and 

indirectly by heavy metals pollution.  
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Pollution can be described as the disturbance of the ecological balance by the 

accidental or deliberate introduction of a foreign substance, animal or plant species 

into an environment, thereby, creating health hazards to human beings and animals in 

addition to damaging the ecosystem. Foreign substance may be gases (causing air 

pollution), solids / liquids (causing water, food and land pollution) or sound (causing 

sound pollution) (www.tutorvista.com/content/biology/biology-iv/environmental-

pollution; www.eionet.europa.eu/gemet/concept). 

Meck, Love and Mapani (2006) stated that exploitation of mineral ores with varying 

chemical compositions can potentially cause habitat fragmentation, modification and 

degradation of immediate and adjacent ecosystems. The extent and intensity of 

pollution often vary with the mineral types and type of waste generated. Further 

more the type of mining method used as well as the type of the environment, in terms 

of land cover, determine the extent of pollution. Lepp, Hartley, Toti and Dickson 

(1996) also noted that metal processing or smelting activities often emit varying 

quantities of trace elements and sulphur oxides into the surrounding habitats. These 

mining waste products cause pollution to the environment through modification of 

the chemical and mineralogical composition of soils and its physical properties and 

physical habitat destruction (Lepp et al., 1996).  

Suciu, Cosma, Todică, Bolboacă and Jäntschi (2008) classified metals as ―heavy 

metals‖ if in their standard state, they have a specific gravity of more than 5 g/cm
3
. 

There are sixty known heavy metals and the most common pollutants are  lead, zinc, 

copper, cadmium, arsenic, mercury and molybdenum. Heavy metals often form part 

of the mineral assemblages contained in mining waste. Heavy metals are known to 

http://www.tutorvista.com/content/biology/biology-iv/environmental-pollution
http://www.tutorvista.com/content/biology/biology-iv/environmental-pollution
http://www.eionet.europa.eu/gemet/concept
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have far-reaching impacts in the ecosystem as they have the potential to change the 

diversity, composition and structure of the flora and fauna (Garnett & Rea, 1985). 

Consequently, the quality of ecosystems and human health is negatively affected. 

Heavy metals can be mobilized by water and wind over considerable distances 

(World Health Organization, 2007). 

One of the most serious problems for the mining industry is the production of mine 

tailings waste. Aswathanaryana (2003) argued that the mining industry produced an 

estimated 18 billion cubic metres of waste, worldwide. This figure was said to double 

in the next 20-30 years, from 2003, as ores with lower grades will be mined and 

processed. Mine tailings are frequently dumped on sites near mining communities or 

along streams, despite containing high levels of heavy metals. The chemical 

interactions between heavy metals and circulating water, air and rainfall often result 

in chemical reactions which cause harm to the environment. Go´mez-Alvarez et al. 

(2009) stated that vicinities of many mining sites are likely to show high levels of 

toxic heavy metals, derived from the discharge of poorly treated liquid effluents into 

land and streams. In some cases metallurgical tailing dumps have been noted to 

extend over several hectares. According to Remon et al. (2005) the mine tailings 

dumps are usually abandoned with neither safety measures taken nor studies of 

environmental impact and long term maintainance plans. This is mostly due to the 

high cost of tailings dump management after mining operations are stopped.  

In Namibia, several studies have been conducted to investigate the impact of mine 

pollution on the environment, by conducting geochemical soil sampling, analysis of 

water and uptake of heavy metals by crops and grasses. The outcome of these studies 
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showed that, in some cases, the levels of zinc, lead and cadmium, in soils, water and 

plants, were higher than accepted levels. Zinc metal concentration in sampled grass 

species (Chloris virgata, Aristida cf. stipitata, Cenchurus ciliaris, Eragrotis cf. 

porosa and Enneapogon cenchroides) at Berg Aukus were above normal (Mapani et 

al., 2010). Cases of harmful heavy metals accumulation in crops (sweet potatoes, 

cabbage and Irish potatoes) were also recorded at Berg Aukus. Prolonged exposure 

to arsenic and heavy metals in concentrations as found in the soils and crops can 

cause severe health problems like diabetes, skin lesions, bladder problems, 

neurological effects as well as skin, kidney or lung cancer. Exposure to lead affects 

mental development of children and can lead to brain retardation (Mapani et al., 

2010).  

Mining projects, in general, are known to have negative impacts on the environment 

by releasing toxic material and minerals into the environment. Environmental impact 

assessment studies on the impact of uranium rush in Namibia showed that there will 

be cumulative negative impacts on the environment as a result of uranium mining. 

The following cumulative negative impacts of the uranium rush on biodiversity were 

cited (SAIEA, 2010): 

 Deterioration of water quantity and quality for biodiversity and ecosystem 

functioning.  

 The emission of radioactive substances (uranium and other radio-nuclides), 

hazardous chemicals (acids, alkalines, sulphate, sodium, chloride, nitrate) and 

fuels, oils and greases into the local habitats and ecosystems.   
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 Habitat loss, degradation and fragmentation caused by mines and infrastructure 

through land clearing, earth-moving and excavations; construction of mine 

plants, waste rock and tailings dumps; clearing for roads, pipelines, powerlines 

and railways; and the degradation of vegetation in cones of depression around 

water abstraction points. 

 Threats to endemic and threatened plants and animals in the Central Namib.  

The impacts of mine waste pollution continue to affect many nations in the world, 

especially in Africa (Pulles, Banister & Van Biljon, 2005). Several attempts are 

being made at international, national and local scale to protect the environment and 

biodiversity in particular from hazardous waste pollution (Barnand, 1998). Mining 

and other industries today operate under environment protection laws, environmental 

management plans to mitigate and protect the environment from pollution (BRGM, 

2001). The international community under United Nations Environmental 

Programme (UNEP) signed RIO Declaration 1992 on biodiversity and protection of 

the ecosystems where governments agreed to general principles and an action plan 

on  ecosystem and biodiversity protection and sustainable use of natural resounces 

for current and future generations (Ruppel, 2010; Ruppel & Ruppel-Schlichting, 

2011). In Namibia, Article 91, 95 and 100 of the Constitution of The Republic of 

Namibia of 1990 makes provision for the environmental management and 

sustainable use of natural resources, so as to safe guard the ecosystems and its 

biodiversity. The Enviromnetal Management Act No 7 of 2007 futher stipulates 

provisions for environmental management and protection by establishing principles 
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for environment and natural resources management (Stanford International Law 

School, 2009; Ruppel & Ruppel-Schlichting, 2011). 

Mapaure, Chimwamurombe, Mapani and Kamona (2011) reported that pollutants 

from the Kombat Mine tailings dump led to changes in plant attributes and structure 

in the polluted areas resulting in decrease in woody plant richenss, diversity and 

density in the polluted areas. Ellmies and Mapani (2006) also stated that only few 

grass species such as Chloris virgata and Cenchrus sp were able to grow in the 

polluted areas. However, information regarding the impact of heavy metal pollution 

on local flora and fauna communities where mining has been and is still being 

conducted is still insufficient. The potential hazards of these highly polluted sites are 

still largely unknown, thereby making it difficult to propose remediation techniques 

or new occupation plans (Remon et al., 2005). The impact of heavy metals pollution 

along a distance gradient was yet to be established at Kombat Tailings dump. 

1.2 Problem statement 

The Kombat Mine, in central Namibia, was one of the leading producers of copper, 

lead and to a lesser extent, silver from 1962 to 2008 (Schneider & Petzel, 2004; 

Knésl et al., 2006). An estimated 18.5 million tonnes of ore from mainly sulphide 

deposits at average grades of 2.79% copper and 3.1% lead were processed over the 

life of the mine (Changara, 2009) and tonnes of mine waste were generated during 

this period as rock and tailings material. The waste material was stored as rock or 

tailings dumps at sites in and around the mining complex. 
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Knésl et al. (2006) conducted regional studies that showed that there is heavy metal 

pollution at the Kombat mining complex. In the study, the areas adjacent to the 

Kombat Mine tailings dump were identified as polluted areas. The Kombat Mine 

main tailings dump in particular, is estimated to contain 4.4 million cubic metres of 

fine tailings from the flotation of oxides, carbonates and sulphides (Knésl et al., 

2006). Samples collected from the tailings dump contained high concentrations of 

heavy metals such as copper, lead and sulphur compounds (Knésl et al., 2006). These 

heavy metals when mobilised by agents of erosion such as wind and water are often 

deposited in the surrounding environment where they pollute the air, soils and/or 

groundwater. In the Kombat area, it has been noted that wind erosion has resulted in 

deposition of tailings dust particles on vegetation. Tests showed that the composition 

of dust collected from plant leaves close to the dump had similar composition to that 

of the tailings material (Knésl et al., 2006). The slopes of the tailings dump were also 

eroded by water as evidenced by furrows on the slopes.  

Most of the pollutants have harmful impacts on the receiving environment (Lepp et 

al., 1996). High concentrations of heavy metals in soils cause stunted growth in 

plants and reduced productivity (Suciu et al., 2008). Exposure to high levels of heavy 

metals in animals and human beings experienced in lungs, liver, kidneys and bones, 

cause behavioral changes, speech disturbance, coma and/ or death. Pollution casued 

by heavy metals often result in population depletion of range-restricted ground-

dwelling invertebrate species (SAIEA, 2010). This can lead to extinction of many 

invertebrates which are endemic to very small areas (SAIEA, 2010). 
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 The Kombat Mine tailings dump contains sulphide minerals (pyrite, chalcopyrite, 

etc) which have the potential to generate Acid Mine Drainage (Hahn, 2007). Acid 

Mine Drainage can have adverse effects to the local drainage system and soil quality. 

Young, Mulligan and Fukue (2007) stated that Acid Mine Drainage (AMD) has 

potential to cause among others, severe health threats to native habitat and plant life, 

groundwater and drinking water quality, decline in soil quality and release of heavy 

metals that are otherwise contained by soil. Young et al. (2007) further argued that 

sulphide minerals can cause environmental degradation lasting for decades or even 

centuries after mine closure. Other impacts include habitat fragmentation, 

modification, and degradation on immediate and adjacent areas. Plant and animal 

communities living in the immediate vicinity of the tailings damps are the most 

affected.  

According to Kŕibek et al. (2005) Kombat Mine tailings material with high heavy 

metal concerntrations were disposed in open environments without pretreatment. 

Furthermore, the mine stopped operations in 2008 (J. Lusse, personal 

communication, 20 March 2012), thereby stopping maintenance of the tailings dump. 

The Kombat Mine tailings waste to date is continuing to pollute the environment 

around the area, including the commercial and subsistence farms, grazing lands and 

residential areas (Knésl et al., 2006; Mapaure et al., 2011).  

However, there is insufficient information and scientific research regarding the 

impact of mine pollution on the local flora and fauna communities around Kombat 

Mine and around the tailings dump, in particular (Sernageomin, 2010). In Namibia, 

there is an urgent need to conduct studies on the impacts of heavy metals on 
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biodiversity on a local scale. This study, therefore sought to determine the pollution 

gradient of heavy metals from the Kombat Mine tailings dump and its impact on the 

vegetation and ground-dwelling invertebrate communities in the area. The main 

objective of this study was to assess the impact of the heavy metal pollution on the 

diversity, composition and structure of plant and ground-dwelling invertebrate 

communities around Kombat Mine tailings dump, with the view to use some of the 

insights to develop restoration strategies for abandoned sites and management tools 

for ongoing operations. 

1.3 Significance of the study 

Heavy metals occur naturally in the ecosystem with large variations in 

concentrations. Anthropogenic sources of heavy metals have introduced some of 

these heavy metals into the ecosystem. The presence of heavy metals in the 

environment is of great ecological significance due to their toxicity at certain 

concentrations, translocation through food chains and non-biodegradability which is 

responsible for their accumulation in the biosphere (Opaluwa et al., 2012). Opaluwa 

et al. (2012) further noted that heavy metals that are indirectly distributed as a result 

of human activities could be very toxic even at low concentrations because they are 

non-biodegradable and can undergo global ecological circles. 

The study on the impact of heavy metal pollution is vital to fill the information gap 

regarding impact of mine pollution on composition, diversity and structure of plant 

and ground-dwelling invertebrate communities, as well as provide insights and 

strategies on management and restoration of affected areas. The outcome of the study 

can also be used by the mining industry to develop policies aimed at minimizing 
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environmental degradation in areas affected by heavy metal pollution during and 

after mining activities. Similar studies have been conducted at Berg Aukus (Mapani 

et al., 2009) and Oamites mines (Ministry of Mines and Energy of Namibia, 2008) 

and resulted in recommendations to minimise and mitigate the negative impacts of 

the tailings dumps to the environment. 

1.4 Limitations of the study 

Kombat Mine is owned by a private mining company. Hence, access to records on 

environmental management plans and environmnetal consultancy reports was not 

granted as there was no authority to do so. Some of the information was obtained 

through personnal communication with the care-taker manager, Mr J. Lusse. 

The mine has been operated by different companies such as Tsumeb Corporation 

Limited (TCL), (1962 to 1988), Gold Fields (1988 to 1998), Ongopolo (2000 to 

2005), Weatherly International PLC (2005 to 2008) and Grove Mining 2012 (Knésl 

et al., 2006; J. Lusse, personal communication, 20 March 2012), over the period it 

has been in operation. This resulted in missing, loss or withholding of information on 

operational standards and environmental policies applied during the disposal of the 

waste material over the years, during transfer of ownership. Waste management data 

from 1998, when Goldfields stopped operating Kombat Mine, was incomplete due to 

inadequate monitoring and environmental inspections. Therefore, records were 

considered to be incomplete for use as historical data. Historical data on the 

management of the dump therefore could not be reviewed during the study. 
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The proximity of other land use activities, such as commercial and subsistence 

farming as well as residential areas interfered with research design. As a result, 

adjustments were made to the research design to accommodate these activities, 

without affecting the outcome of the study. 

The data on ground-dwelling invertebrates were identified only to Order and Family 

level due to lack of expertise at the National Museum of Namibia. Ground-dwelling 

invertebrate data was collected over two seasons only, due to time limitation. 

1.5 Objectives 

The aim of this study was to determine the impact of mine waste pollution on the 

structure, diversity and composition of vegetation and ground-dwelling invertebrate 

communities around Kombat Mine tailings dump. 

The specific objectives were to:   

(a) determine, quantify and compare concentrations of heavy metals between 

areas close to the Kombat Mine tailings dump and control sites. 

(b) determine the impact of heavy metal pollution on plant species richness, 

diversity and composition around Kombat Mine tailings dump. 

(c) determine the impact of heavy metal pollution on vegetation structure 

around Kombat Mine tailings dump. 

(d) determine the impact of heavy metal pollution on the richness, diversity and 

composition of ground-dwelling invertebrates around Kombat Mine tailings 

dump. 
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(e) compare seasonal variations in the richness, diversity and composition of 

ground-dwelling invertebrates around Kombat Mine tailings dump. 

1.6  Research hypotheses 

a) The concentrations of heavy metals in the soil will be significantly higher 

closer to the dump than the control sites, due to oxidation and leaching of 

sulphide minerals in the tailings dumps.  

b) Plant species richness and diversity will be significantly higher in the control 

sites compared to sites closer to the dump due to the disappearance of 

pollution-sensitive species along the distance gradient. 

c) The vegetation structure (trees and shrub height, density and grass cover) in 

polluted sites will be significantly different from that of control sites due to 

varying impacts of heavy metal pollution on plant establishment and 

recruitment along the distance gradient. 

d) The richness and diversity of ground-dwelling invertebrates will be 

significantly higher in the control sites, compared to sites closer to the dump 

due to the disappearance of pollution-sensitive species. As a result, species 

composition will also differ along the distance gradient. 

e) The richness, diversity and composition of ground-dwelling invertebrates will 

significantly differ between seasons due to different influence of wind and 

water erosion in transportation of heavy metal pollutants during the dry and 

wet season.  
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CHAPTER 2 

2 LITERATURE REVIEW 

2.1 Mining and environmental pollution 

Cook and Johnson (2001) stated that many national economies depend on products 

of mining industries such as metals and minerals. The mining activities conducted 

include primary extraction, milling, processing, refining and waste disposal in the 

form of rock and tailings dumps (Cook & Johnson, 2001). Waste production and 

disposal is the cause of most of the extensive destruction and pollution on land. The 

history of modern copper production shows that the average ore grade has decreased 

from 4% in 1900 to 0.5% in 1975, with a considerable increase in the tailings 

produced, going from approximately 17 to 290 Mt per year worldwide over the same 

period (Williamson, Johnson & Bradshaw, 1982; Walker & Willig, 1999) noted that 

the scale of mining is increasing and the impacts are more severe than other kinds of 

environmental disturbance and pollution.  

According to Mansfeld (2006), Namibia‘s mining sector is the fifth largest in Africa 

after South Africa, Ghana, Tanzania, Zimbabwe and Zambia. The mining sector 

contributes almost fifty percent of Namibia‘s annual earnings from mining and 

processing of mineral resources range from base and precious metals to rare metals, 

uranium, coal and industrial minerals (Barnard, 1998; Mansfeld, 2006). Nonetheless, 

mining industry has been identified as one of the leading polluters in Namibia 

(Barnard, 1998; Knésl et al., 2006; Hahn, 2007; Mapani et al., 2009; Ruppel-

Schlichting, 2011). Mine waste generated during mining, processing and refining of 



14 

 

base metals often contain heavy metals (European Commission, 2002) that have 

potential to cause air, water and land pollution when disposed off in the open 

enviroment. Gold production also generates some pollutants through use of mercury, 

cyanide and sulphuric acid during processing and refining (Ackley, 2008). According 

to Aucamp and van Schalkwyk (2003), mining can have severe negative effects on 

the environment. The direct impacts of mining disturbance to the land surfaces 

include the destruction of the natural ecosystems, either through the removal of all 

previous soils, plants and animals or by burial under the waste dumps (Aucamp & 

van Schalkwyk, 2003).  

Namibia is among some of the countries that are rich both in minerals and 

biodiversity (Barnard, 1998). The Kombat Mine is located in the Otavi Mountain 

Range and Karstveld Region. The region is rich in endemic biodiversity and minerals 

(Strohbach, 2006). The Otavi Mountain Range region was highlighted as part of the 

biogeographical link to the diverse Kaokoland and its centres of diversity (Geiss, 

1998). Mining in the Otavi Mountainland has been ongoing since prehistoric times 

and like all habitats, the surrounding plains and other ecosystems present throughout 

the region are increasingly becoming threatened by human activities and 

development, particularly mining and commercial farming industries. Mining 

activities have been cited as one of the anthropogenic drivers of biodiversity loss and 

ecosystem destruction (Hogan & Gowaty, 2010). After agriculture, mining activities 

have contributed immensely to habitat loss, alteration and fragmentation. Several 

studies have indicated that mining and processing wastes have polluted, water, land 

and wetlands causing the disappearance of some fauna and flora species. 

http://www.eoearth.org/profile/Michael.hogan
http://www.eoearth.org/profile/Patricia.gowaty
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2.2 Impacts of mining pollution on soils and water 

Some cases of heavy metal pollution have been cited by Ellmies et al. (2006) from 

the soil, water and vegetation analysis conducted at Berg Aukas Mine. The studies 

showed that the levels of zinc, lead and copper were above the accepted limits set by, 

for example, World Health Organisation (WHO), the Czech Limits and Canadian 

Council of Ministers of the Environment guidelines of 2007. High concentrations of 

heavy metals in soils are mostly a result of anthropogenic activities such as mining, 

and processing activities of metals such as copper, zinc lead and radioactive metals. 

When heavy metals occur in high concentrations, the air, land or water is prone to 

pollution. The health and well being of ecosystems and humans will be endangered. 

Heavy metals are often deposited in soils around mineral processing plants such as 

smelters. Processes such as combustion, smelting and calcining of minerals often 

result in production of poisonous gases, toxic effluents as well as fine dust, 

containing heavy metals. These are released into biosphere or atmosphere where they 

pollute the environment. Lepp et al. (1996) analysed the patterns of copper-in-soil 

contamination in the vicinity of a copper rod rolling plant established in 1975, in 

Prescot Merseyside, United Kingdom. The results indicated that high concentrations 

of copper had accumulated in the upper soil horizons of the factory grounds adjacent 

to the location. 

The failure of a tailings dam, at OK Tedi Gold and Copper Mine, in Papua New 

Guinea in 1984, caused the discharge of 60Mt of tailings annually into the Fly River 

and the Gulf of Paupa, (Allen & Coates, 1990; Hettler & Lehmann, 1995). The 

tailings discharge caused widespread and diverse harm, both environmentally and 
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socially, to the 30,000 people who live in the 100 villages downstream of the mine. 

Chemicals from the tailings killed or contaminated fish, decreasing the fish counts 

closer to the mine (Hettler & Lehmann, 1995). Fish declines were said to be the 

result of direct or indirect exposure to increased copper concentrations, physical loss 

of spawning habitats by sedimentation, loss of food due to loss of plant habitat as a 

result of sedimentation and total suspended solids (Mining Minerals and Sustainable 

Development, 2002) 

The massive amount of mine-derived waste dumped into the Fly River exceeded the 

river‘s carrying capacity, causing a relatively deep and slow river to become 

shallower and develop rapids (Hettler & Lehmann, 1995). The resultant flooding left 

a thick layer of contaminated mud on the flood plain among plantations of taro, 

bananas and sago palm that are the staples of the local diet. About 1300 square 

kilometers were damaged in this way (Mining Minerals and Sustainable 

Development, 2002). 

In 1992, polluted mine water with a pH of 2.8 and total dissolved metals of 

approximately 5000 mg per litre from the Whe al Jane Mine, in the United Kingdom, 

flowed into the Carnon and Restronguet Creek river systems at a rate of 5000 cubic 

metres per day million litres a day (Bowen, Dussek & Hamilton, 1998). The toxic 

waters entered the surrounding coastal areas threatening the fishing industries and the 

local well water supplies. Most species of marine life present in the Restronguet 

Creek are metal tolerant to a certain extent due to constant exposure to metalliferous 

contamination. The Creek is inhabited sparsely by tolerant species such as a 

polychaete Nereis diversicolor and a bivalve Scrobicularia plana (Bryan & Gibbs, 
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1983). According to Whitehead and Jeffrey (1995), local fishermen were concerned 

about the impact on shellfish, especially as these species bioaccumulate trace metals 

and significant effects immediately after the discharge were not apparent. 

The Klipspruit stream, that flows through Soweto (South Africa), is a major source 

of water for residents of the Chicken Farm and Klipspruit informal settlements. 

Coetzee (1991) noted that the water supply to informal settlements was highly 

polluted by acid and toxic metals from old mine dumps and tailings dams. The 

results from water analysis indicated that cadmium and lead concentrations were two 

times higher than the standard, while nickel levels were four times higher. 

Aluminium concentrations were twenty times and mercury levels were sixty times 

above the standards. Recorded values of uranium, cyanide and arsenic were well 

above WHO standards. Coetzee (1991) concluded that the use of water from the 

stream for bathing on a regular basis would result in skin lesions or even cancer to 

the residents. 

The Nchanga division of Zambia Consolidated Copper Mines (ZCCM) in Chingola 

has been cited as one of the major polluters of Chingola stream which feeds into 

Kafue River. Studies commissioned by SADC indicated that Nchanga tailings 

contain high concentrations of copper. The effluent from the tailings were spilled 

into Chingola stream at 18 months intervals as a disposal method. As a result the 

stream does not have fish at all (Booth et al., 1994). 

While Namibia is generally a dry country with no major river systems, pollution is 

generally driven by wind and water action is restricted to local streams. Tailings 
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dumps are generally prone to wind erosion, due to the fine nature of the tailings 

particles (Hahn, 2007). 

2.3 Impacts of mining pollution on vegetation 

Heavy metal pollution can cause changes in vegetation structure in affected 

ecosystems. The pollution can cause death of pollution sensitive species thereby 

opening up space and new niches for pollution tolerant species. Pugnaire and 

Valladares (1999) stated that plant physiology is impacted when pollution intake 

exceeds detoxification process. This results in the death of plant tissue and arrest of 

other important physiological processes of plants, such as photosynthesis, respiration 

and nutrient absorption. Suciu et al. (2008) noted that the pollutants may cause 

reduced growth and reproductive potential of pollution sensitive species. 

Consequently, the structure and diversity of plant communities near mine dumps can 

be impacted upon through death of heavy metal pollution sensitive species and 

proliferation of pollution insensitive plants. The health of these plant communities 

can be assessed using heavy metal intolerant species as indicators. Some of these 

indicator plants restrict their uptake of heavy metals whereas others accumulate them 

(Mganga, Manoko & Rulangaranga, 2011). These indicator species constitute the 

most suitable species for reclamation of polluted areas. 

Industrial pollution also results in major changes in plant assemblages, with an 

associated decrease in species diversity (Salemaa, Vanha-Majamaa & Derome, 

2001). Frequently, at least in the case of pollutants, the shift from diverse to species-

poor plant assemblage results in the dominance of few, well-adapted plant species 

(Schmeisky & Podlacha, 2000). Such changes are likely to affect the diversity of 
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both herbivore and higher consumer levels (Petermann et al., 2010). A study by 

Garnett and Rea (1985), at Otjihase Mine (Namibia), noted that after conducting leaf 

and twig analysis of some shrub species such as Tarchonanthus camphoratus, 

Kyllinga alba and Helichrysum leptolepis, there were high levels of copper, lead and 

zinc in the surrounding vegetation. This was evidence enough to show that chemical 

dispersion was occurring, around Otjihase Mine, and has potential to impact the 

biodiversity around the mine. 

Studies on the impact of heavy metal pollution on the environment have been 

conducted at Kombat Mine in the past. Mapaure et al. (2011) stated that the pollution 

from mine tailings dump has significantly reduced woody plant densities, species 

richness and diversity in the affected areas around the mine tailings dam. According 

to Ellmies and Mapani (2006) analytical results from soils, grasses and stream 

sediments samples contain high concentrations of heavy metals (asernic, copper and 

lead). They argued that heavy metals not only affected the soils and vegetation at 

Kombat Mine, but also pose high health threats (skin damage, cancer, neurological 

problems, diarrhoea, coma and death) to communities living in the area. 

In Zambia, the natural vegetation downwind of Kabwe Copper Smelter, owned by 

Zambian Copper Smelters, was severely damaged by air pollution (Booth et al., 

1994). Zambian Copper Smelters were reported to emit more than 200 000 tonnes of 

sulphur dioxide, in addition to tonnes of dust containing heavy metals such lead, zinc 

and copper. Besides the environmental damage, the emissions were cited as major 

causes of respiratory diseases in children from communities around the smelter.   
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2.4 Impacts of mining pollution on invertebrates 

Invertebrates form an integral part of ecosystems and occur at all levels of the food 

web (Seymour & Dean, 1999). They play important roles in ecosystems as 

pollinators of flowering plants, recycling of soil nutrients by decomposing organic 

matter and hence the alteration of structure and fertility of soil (Blondel & Aronson, 

1995; Rivers-Moore & Samways, 1994). In agriculture, invertebrates, especially 

insects, perform important roles as pests, controllers of pests, prey and predators, and 

are major contributors to biodiversity and general indicators of ecosystem health 

(Holland, Thomas, Birkett, Southway & Oaten, 2005).  

Mining and mineral processing activities are among the anthropogenic activities 

impacting on the invertebrate communities (Netshilaphala, Milton & Robertson, 

2005). Tews, Blaum and Jettsch (2004) noted that these anthropogenic activities 

affect species diversity either directly or indirectly via changes in structural diversity 

of vegetation and habitat structures at relevant spatial scales. More so, pollution of 

environments may cause population depletion of range-restricted invertebrate 

species, thereby causing extinction of many which are endemic to very small areas 

(SAIEA, 2010). 

 Environmental pollutants such as heavy metals have the ability to alter soil and 

invertebrate community structures (Zaitsev & Van Stralen, 2001). Although studies 

have been conducted in Southern Africa to determine the impact of mine waste 

pollution on invertebrates communities, there is very little information and 

knowledge on the impact of anthropogenic activities on the invertebrates 

communities globally (Paoletti & Bressan, 1996; Nchai, 2008).  
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Invertebrates are generally considered as good indicators of landscape change as they 

are abundant, widespread and species rich (Samways, 1993). Gongalsky (2003) 

stated that the most sensitive aspects of ground-dwelling invertebrates are diversity 

and abundance. Changes in these aspects can be used as indicators of the impact of 

heavy metal pollutants on the health of the ecosystem. Ground-dwelling invertebrates 

are good indicators because they are highly sensitive to perturbation and to 

environmental fluctuations and are also widely distributed (Hutcheson, Walsh & 

Given, 1999). 

Taylor and Doran (2001) stated that invertebrates are a dominant component of most 

ecosystems such that no biodiversity monitoring programme can be considered 

credible without invertebrates being addressed effectively. They argued that besides 

having fine distribution patterns in most terrestrial ecosystems, invertebrates are also 

considered to be a powerful monitoring tool in environmental management. This is 

because of diversity great abundance, diversity and functional importance, their 

sensitivity to perturbation, and the ease with which they can be sampled (Rosenberg, 

Hanks & Lehmkuhl, 1986; McGeoch, 1998; Andersen et al., 2004).  

In Australia, the response of ant communities to mining disturbance in particular has 

been used as bio-indicators (Hoffmann & Andersen, 2003). It was noted that the 

responses of individual ant species varied with disturbance type and intensity, and 

with habitat (Andersen et al., 2004). Hoffmann and Andersen (2003) further argued 

that the knowledge of ground-dwelling ant diversity can be used to indicate the 

overall health of an ecosystem as well as monitoring of environmental changes.  
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The impact of sulphur dioxide emissions on savanna biodiversity at Mt. Isa Smelter, 

Queensland, Australia, was investigated by Griffiths (1998). According to Griffiths 

(1998) sulphur dioxide, a common component of air pollution, had negative effects 

on flora and fauna in natural environments. The total species richness of ants was 

50% lower in the high sulphur zone compared to the low and background zones. The 

overall findings from the study showed that several individual ant species showed 

clear patterns in relation to sulphur dioxide concentration. 

Nchai (2008) noted that, in the succulent Karoo of South Africa, reduction of 

herbage, loss of palatable vegetation species and invasion by alien unpalatable 

species in heavy metal polluted areas impacted on ground-dwelling invertebrates. 

According to Nchai (2008), this is because the ground-dwelling invertebrate 

assemblages and composition are influenced by plant diversity and structure. If these 

components are altered due to pollution, the assemblages and composition of the 

ground-dwelling invertebrates are ultimately affected as well. 

Most studies on impact of heavy metal pollution have shown a decrease in species 

diversity, richness and abundance in the polluted areas. A study by Andersen (1997) 

showed that plant diversity and cover as well as litter layer and dead wood are among 

the some of the factors which influence food availability and the microclimate for 

ground-dwelling invertebrates. Consequently, this influences the structure and 

functional relationships of ground-dwelling invertebrate communities. The high 

abundances of ground-dwelling invertebrates in the study area may be due to 

relatively low grass and forbs cover layer and tall vertical structure. The low 

herbaceous layer could be suitable for those orders which actively search for the food 
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as predators or detrivores. Members of the Carabidiae Family which prey upon their 

food by way of ambush or active chasing (Scholtz & Holm, 1986) will find the 

habitat favourable. The Tenebrionidae which are adapted to arid sandy environments 

have been found to be abundant where the substrate consists of sandy or silty 

particles and detrious is abundant on the surface of sands where vegetation is low. 

Changes of ground-dwelling invertebrates have been attributed to several other 

factors such as seasonal changes, substrate physical and chemical characteristics as 

well as ecological functional relationships. Changes in ants‘ assemblages in the 

succulent Karoo area were due to a combination of mining disturbance and 

seasonality (Netshilaphala et al., 2005). 

2.5 Management of mine dumps 

Studies conducted by Geo-Consult (1996) indicated that the Tsumeb Smelter had 

negative impact on the environment covering an area more than 1000km². In 

particular the mine tailings dump fines blown by wind polluted the environment 

through the tailings dam - air – soil – biosphere path. The intensity of the impact 

decreased with distance away from the smelter complex (Geo-Consult, 1996). In dry 

periods, fine grained materials (with high concentrations of heavy metals) were 

blown by wind from the tailings dump into the soil and biosphere (Geo-Consult, 

1996).  

Environmental monitoring campaigns by the Ministry of Mines and Energy of 

Namibia (2007 / 08) showed that fine grained particles, from the more than five 

million tonnes of mine tailings material dumped in the Oamites Valley, are 
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permanently blown by wind across the Namibian Defence Forces base camp, near 

Oamites Mine. About 2,000 members of the defence forces reside at the camp. 

Investigations on the mine tailings material showed no harmful concentrations of 

heavy metals like copper, cadmium, lead or uranium. The study concluded that the 

extreme angularity of the mine tailings particles (quartz grains) caused physical 

irritations and swelling of the mucous tissue of the upper and middle respiratory 

system followed by infections in humans. Proposed remedial strategies included 

covering the tailings material with a thick layer of waste rock, profitable reprocessing 

of the tailings and / or closure of the army base. 

 



25 

 

CHAPTER 3 

3 MATERIALS AND METHODS 

3.1 Study area 

3.1.1 Location and extent 

The study was carried out at Kombat Mine which is located at 19º43‘S; 17º42‘E, 

400km northeast of Windhoek in the Grootfotein District of the Otjozondjupa Region 

in Namibia (Figure 1). The extent of the study area, including control sites, is about 7 

square kilometres. 

 

Figure 1: Location map of the study area, (Modified from www.diva-gis.org/data). 
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3.1.2 Soils, geology and physical features 

According to FAO-UNESCO (1997), the soils in the Kombat area are classified as 

calcic regosols, calcic cambisols and pelitic vertsols. Different topographic features 

have different soil types. The steep slopes and carbonate platforms, foothills and 

moderately inclined carbonate plains and flatlands are covered by calcic regosols, 

calcic cambisols and peltic vertisols respectively. 

The geology of the Kombat area is part of the regional Hüttenberg Formation which 

constitutes the upper unit of the Tsumeb Subgroup and the younger Kombat 

Formation of the Mulden Group of the Damara Sequence (Changara, 2009). The 

main geological rocks are neoproterozoic limestones and dolomites, which often 

yields karsts in some places. The tectonic processes in the region resulted in tightly 

folded dark grey pyllites and sandy pyllites on the slopes of anticlines (Miller, 2008). 

The sulphide mineralisation includes chalcocite, bornite, chalcopyrite, galena, 

tennantite, sphalerite, pyrhotite and pyrite. Oxide mineralisation is dominated by 

cuprite, lampadite and malachite. Mineralisation at Kombat Mine is associated with 

tectonic and sedimentary breccias and calcitized dolomites (Deane, 1993). 

The Kombat Mine is located on the southern end of the Otavi Mountains and valleys, 

forming part of the Otavi Mountains and Karstveld. The landscape is characterized 

by geomorphologic features such as the dolomite hills, Otavi Range Mountains and 

intermediate plains (Schneider & Petzel, 2004). This yields varied topographical 

landscapes of tightly folded formations and basins. There are no major water courses 

in the Kombat area. The local drainage channels are mostly dry for the greater part of 
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the year. The few existing drainage channels available drain eastwards and south-

eastwards to the Omuramba-Omatako river channel (Mapaure et al., 2011). 

3.1.3 Climate 

The Kombat area has a subtropic and semi arid climate. The area has distinct hot-wet 

summer and mild to cold, dry winter seasons. The mean annual rainfall is 610mm 

occurring mostly in the summer months of December to May. The Grootfontein area 

has a mean summer temperature of 24ºC and mean winter temperatures of 6ºC 

(Mendelsohn, Jarvis, Roberts & Robertson, 2009). The mean relative humidity of the 

Grootfotein District at 1400hrs is recorded as 27% for the period 1991 to 1998.  This 

signifies a region of high saturation deficit. The general wind direction is NE-SW.   

3.1.4 Flora and fauna 

The Kombat Mine area falls in the highland savannah and Karstveld ecological 

region (Mendelsohn et al., 2009). The dominant vegetation consists of mixed 

woodlands of various Acacia species and Tarchonanthus camphoratus shrubs 

(Barnard, 1998). The Karstveld has a diverse assemblage of plants, due to the 

availability of many micro-habitats, created by a variety of topography and soils in 

the landscape (Mendelsohn et al., 2009). As a result different plants exploit different 

environmental variables resulting in clustering in some places. 

The dolomite mountain ranges are covered by the mountain savanna vegetation. The 

vegetation consists mainly of Kirkia acuminata, Sclerocarya birrea, Moringa 

ovalifolia, Gyrocarpus americanus, Fickea multiflora and Berchemia discolor. The 

dominant shrubs are Commiphora sp, Croton sp, and Steganotenia araliacea. 
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Mendelsohn et al. (2009) noted the hills have high diversity of vegetation types 

consisting of unique trees, shrubs and a diverse herbaceous layer. Giess (1998) 

commented that the Otavi Mountain Range is an important biogeographical link to 

the highly diverse Kaokoveld and its centres of diversity (Strohbach, 2006). 

The vegetation on the plains is predominantly mixed woodlands dominated by 

Acacia species and Tarchonanthus camphoratus. In some places, vegetation forms 

thickets dominated by Terminalia prunioides, Acacia mellifera and Dichrostachys 

cinerea trees or shrubs. These species have been cited as some of the main 

encroachers in the area (Giess, 1998). 

The study was conducted around the main tailings dump and surrounding areas. The 

area is relatively flat. The vegetation is mainly mixed savanna. The dominant woody 

plants were Acacia species mainly Acacia mellifera and Tarchonanthus camphoratus 

bushes.  Some sections were heavily encroached by Dichrostachys cinerea. The area 

is surrounded by privately owned fenced farm land on the eastern, northern and 

southern ends where cattle, crop and to a lesser extent game farming is practiced.  

The area on the western side is state land were some locals conduct subsistence 

farming. 

3.1.5 Mining activities and land use 

Commercial mining started in 1911 at Kombat Mine. The mine hosts seven known 

ore bodies, namely, Asis Ost, E900, Kombat East, Kombat Central, Kombat West, 

Asis West and Asis Far West. The ores exploited during the mine life were copper 

(Cu), lead (Pb), silver (Ag) and minor zinc (Zn) mineralization (Changara, 2009). 
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The mining operations were by underground shaft method. Production was stopped 

in 2008 due to flooding of underground operations. 

Since the 1900s, copper, lead and silver have been produced economically at Kombat 

Mine using the process of flotation to produce Cu-Pb-Ag concentrate, 

(www.mindat.org). The ore was crushed to a size such that an acceptably high degree 

of liberation occurred between the metal sulfide ore minerals and the waste minerals. 

The ore was then wet mixed with reagents, which render the sulfide particles 

hydrophobic. The waste material from the flotation process was disposed at the mine 

tailings dump to the south of the mine area. The wet tailings were pumped to the 

tailings dump. 

The study area was around the main tailings dump about 2 km south of Kombat 

Mining complex as shown in Figure 2, below. The tailings dumps were used from 

the around 1967 to 2008. The tailings dump is almost 20 metres high and covers a 

total area of 316 000 m² and are estimated to contain about 4.466 million cubic 

metres of mine tailings from the flotation of sulphide, oxide and carbonates ores 

(Knesl et al., 2006).  

Mapaure et al. (2011) noted that the tailings dump had significant influence on 

vegetation around the dump compared with control sites.  Smaller tailings and rock 

waste dumps were also cited as other sources of mine waste pollution in the area. 

Walmsely Environmental Consultants (1998) argued that as a result of build up, the 

soils around and beneath the tailings dump contain heavy metals. They also stated 

that inhalable dust from the dump is human health hazard particularly to those in the 

immediate area as well as the prevailing wind direction. 
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The dump has undergone water and wind erosion over the years, resulting in the 

dispersion of tailings material into the local water courses. The dump itself has huge 

gulleys and crevices as a result of the water and wind erosion. Mine authorities 

attempted to keep the dump stable by growing Prosopis tree species (mainly P. 

glandulosa) on the slopes in metal drums. They further attempted to minimise the 

effect of erosion of the slime material into the surrounding areas by erecting 

embankments around the dump. The main land use around the mine is commercial 

agriculture, cattle ranching and residential (Figure 2).  

 

Figure 2: Location of Kombat Mine tailings dump and land use (modified from 

Google Earth Image 2008). 
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3.2 Selection of sites and demarcation of plots 

The Kombat Mine tailings dump and adjacent areas were selected as study sites. The 

areas were identified in previous studies as polluted environments (Kne'sl et al., 

2006). Three control sites (CL) were chosen within a three kilometre radius from the 

dump along the distance gradient. It was assumed that the control sites are 

geologically and topographically similar to the study site, while being far enough 

from the potential pollution influence of the dump. 

The Kombat Mine tailings dump was assumed to be the main source of heavy metal 

pollutants. Study locations (transect lines) were selected and demarcated in such as 

way that they cover a presumed gradient from the pollution source site to areas with 

decreasing or no pollution (Figure 3). After selection of locations, systematic 

sampling design was used to demarcate the study plots (Kent, 2012). Transect lines, 

150m long, were demarcated at each study site, such that they transcended the 

presumed environmental gradient of heavy metal pollution. Sampling plots were 

demarcated at 50m intervals along the transect line. Labels were assigned to each 

plot using transect line number and plot number along the gradient (T14P3 – 

Transect 14, plot 3 (100m from the tailings dump along distance gradient) (Figure 3). 
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Figure 3: Transect lines (white) demarcated radially around Kombat Mine tailings 

dump. 15m X 15m plots were marked at 50m intervals along a distance gradient. 

Plots were named using transect number (T), Plot number (P) and Plot ID (T14P3) 

(not drawn to scale, base image is from Google Earth, 2011). 

A random walk procedure was used to locate the first sampling point. The procedure 

involved pacing for a number of times and selecting a point and direction (Kent, 

2012). Starting from the base of the dump (0m), 15m x 15m plots were physically 

marked on the ground using a 50m measuring tape. Iron rods were used to physically 

demarcate the corners of the plots. The spatial position of the plots and corner points 
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were marked using a hand held Garmin GPS and coordinates recorded on the field 

data collection sheet. The GPS coordinates (Appendix 1) were down loaded from the 

GPS using the MapSource software and processed in Arcview GIS software. 

Subsequent plots were marked by measuring 50m away from the last plot, along the 

distance gradient, using a measuring tape. A total of 16 transect lines were 

demarcated in the study area thereby forming a radial pattern from the dump. Plots, 

15m x 15m, were used to sample vegetation. Sub-plots of 5m x 5m and 1m x 1m 

nested within the 15m x 15m were used to sample shrubs and herbaceous plants 

respectively (Figure 4). Ultimately 15, 15, 14, 4, 3 replicate plots were marked at 0m, 

50m, 100m, 150m and control sites respectively.  

 

Figure 4: A schematic diagram of a sampling plot 15m x 15m with subplots 5m x 5m 

and 1m x 1m nested in one corner. 5m x 5m subplots for inventorying shrubs and 

saplings (woody plants). 1m x 1m subplots for estimating percentage cover for 

grasses and forbs (herbaceous plants). 1 = Reference corner for all the quadrats 

(Bonham, 1989). (Not drawn to scale). 
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Three control sites were identified within a three kilometre radius of the dump. The 

areas identified were assumed to be geologically and topographically similar to the 

dump site and were far enough from the potential pollution influence of the dump. 

Similar sampling procedures were used to sample soils, vegetation and ground-

dwelling invertebrates in the control sites as in the study sites.  

3.3 Soil sampling procedure 

Top soil samples were collected from the corner points and centres of 15m x 15m 

plots. The top soil sampling plots were the same plots used for vegetation sampling 

and invertebrate trapping. The sampling point was cleared of debris and litter layer 

prior to sample collection. The top 10cm of soil were collected at each point, using 

clean stainless steel shovel, and stored in a plastic sample bag, with a tag showing 

the plot name. The physical characteristics of the sampled top soil (colour, type and 

grain size) were noted, described and recorded in a field notebook. Soil types were 

identified using the FAO-UNESCO (1997) soil classification system. Slimes where 

recorded as present where the top 10cm of the soil sampling pit were composed of 

tailings (material left after processing of ore) eroded from the tailings dump. This 

assessment was done visually (Arbestain, Rodríguez-Lado, Bao & Macías, 2008; 

Wuana, Okieimen & Imborvungu, 2010).  

The five top soil samples collected from each quadrat were thoroughly mixed to 

obtain a representative sample. A representative sample weighing approximately 2kg 

was packaged into a polythene sample bag, labeled (date, plot ID and locality) and 

later send for analysis for heavy metal concentrations in the laboratory (Kriebek et 

al., 2005). A total of 48 locations were sampled and analysed for arsenic, cadmium 

http://www.hindawi.com/79494126/
http://www.hindawi.com/13050643/
http://www.hindawi.com/16908420/
http://www.hindawi.com/62876012/
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copper, lead, nickel, zinc and total sulphur concentrations. The heavy metal 

concentrations were analysed using the Aqua Regia Digest method. Two grammes 

(2.0 g) of crushed and sieved soil sample was digested with 15.0 ml nitric acid 

(HNO₃), 20.0 ml perchloric acid (HClO₄) and 15.0 ml hydrofluoric acid (HF) and 

placed on a hot plate for 3 hours. On cooling, the digest was filtered into a 100.0 ml 

volumetric flask and made up to the mark with distilled water. The samples were 

digested with 60% HClO₄, concentrated HNO₃ and sulphuric acid (H₂SO₄) (Opaluwa 

et al., 2012). The digested samples were analysed for heavy metal concentrations 

(arsenic, cadmium, cobalt, copper, nickel, lead and zinc) using Inductively Coupled 

Plasma-Optical Emission Spectrometer (ICP – OES) (Hussain & Islam, 2010). Total 

sulphur concentration in the soils was analysed using the Mixed Acid Digestion 

method (Tabatabai, 1992). 

3.4 Vegetation sampling procedure 

Trees and shrubs were classified as woody plant species with 15cm or more and less 

than 15cm stem basal circumference, respectively (Mapaure, Chimwamurombe, 

Mapani & Kamona, 2008). All trees in the demarcated study plots were identified to 

species level using field guides (Mannheimer & Curtis, 2009) and counted. Any 

plant specimens that could not be identified in the field were collected, pressed using 

the plant presser and kept for later identification and verification at the National 

Herbarium in Windhoek. The height of each tree was measured and recorded. Height 

was measured using a ranging pole (Hines, 2001; Kent & Coker, 1994). The pole 

was placed against the tree and the height read off. Each measured height was 

recorded in the pre-determined height class: < 2m, 2.1 - 3m, 3.1 - 4m and > 4m. 
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All shrubs and saplings within the 5m x 5m subplot were identified and counted. 

Their heights were measured using a tape measure or a ranging pole. Each measured 

height was recorded in the pre-determined height class: < 0.5m, 0.51 - 1m, 1.1 - 

1.5m, 1.51 - 2 and > 2m (Mapaure et al., 2011). 

Grasses and forbs were identified to species level in each 1m x 1m plot using field 

guides (Müller, 2007; van Oudtshoorn, 2012; Roodt, 2011). Individual species cover 

and total cover were visually estimated as a percentage of ground cover. Total cover 

and species dominance (rank) were visually determined according to a modified 

Braun Blanquet Scale (Sutherland, 2006). Modified Braun Blanquet cover classes of 

0 - 25%, 26 - 50%, 51- 75%, and 76 - 100% were used to categorise percentage 

cover. Species were ranked from the most to the least dominant using codes 1, 2, 3, 

and 4, respectively. 

Vegetation in plots was assessed for fire damage. Fire damage was recorded as 

present in a plot if there were black burn marks evident on the stems and trunks. The 

damage was classified as significant if there were several burn marks on the stems or 

if the stem was completely burnt and not significant if there were few burn marks 

(Gandiwa, 2011). 

3.5 Ground-dwelling invertebrates sampling procedures 

The sampling of ground-dwelling invertebrates for the wet season was conducted in 

March 2012 and in July 2012 for the dry season. Ground-dwelling invertebrates were 

sampled using un-baited wet pitfall traps. White polythene tubs measuring 8cm in 

diameter and 10cm deep were used as pitfalls. These were laid at each corner and 
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centre of each 15m x 15m plots. Each pitfall trap was considered a sampling point 

resulting in 5 invertebrate sampling points per plot (Harris, York & Beattie, 2003). 

Traps were placed in the ground with the lip of the trap flush with the ground surface 

(Sunderland, 2006). Each tub was partially filled with water as a trapping and killing 

agent and a few drops of liquid detergent were added to the water in each pitfall as a 

surfactant to break the surface tension (Grootaert, Pollet, Dekoninck & Achterberg, 

2010). Three plots were sampled at 50m intervals along each transect line. Five 

pitfall traps were laid per plot. The procedure was repeated at other transect lines at 

each study location as replicates. The contents of the traps were collected after 72 

hours by removing traps from the ground (Sunderland, 2006).   

All specimens were collected from the pitfall traps using narrow tipped forceps. All 

pitfall data collected from the traps at each sampling point were pooled into a single 

sample, giving 48 samples for the experimental sites and 3 for control sites (Read, 

Martin & Rayner, 1996; Nchai, 2008). The specimens were stored in labelled 

specimen bottles (date and place), containing 70% ethyl alcohol as the preservative 

(Krogmann & Holstein, 2010). Specimens were sorted under a light microscope into 

recognisable taxonomic units (RTUs) (Krell, 2003) based on similarities of 

morphological characteristics. The sorting of invertebrate specimens was conducted 

at the biological laboratory at the University of Namibia. Specimens of taxa were 

counted. Specimen identification and verification of taxonomic groups was done at 

the Natural History Museum with the assistance of experts. Only Taxa considered 

ground-dwelling (Uys & Urban, 1998) were used in the study. Some of the ground-

dwelling invertebrates of the Orders Araneae (Spiders), Coleoptera (Beetles), 
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Hymenoptera (Ants) and Orthoptera (Crickets) were identified to family level using 

field guides (Kaapehi, Bird & Irish, 2008;  Picker, Griffiths & Weaving, 2004). The 

Families that could not be identified were assigned morpho-family names. Voucher 

specimens of identified RTUs are kept in the biological Laboratory at the University 

of Namibia.  

3.6 Data manipulation and analysis 

The Kolmogorov-Smirnov test was used to test the data for normality of heavy metal 

concentrations and total sulphur. The Kruskal-Wallis test was used to test for 

significant differences in concentrations of heavy metal where data were not 

normally distributed. Where data were normally distributed, one-way ANOVA 

(Analysis of variance) test was used to test for significant differences among three or 

more population means of variable (heavy metals concentration) along the distance 

gradient. Tukey‘s Honestly Significant test (Tukey‘s HSD) was used, post hoc, to 

assess significance of differences between means along the distance gradient. 

Concentrations of copper, lead zinc and total sulphur in the top soils were used to 

generate distribution maps using MICROMINE Software, version 12.5 (Micromine 

Pty Ltd, Western Australia, 2011).    

The plant species diversity and richness was determined per plot. Diversity was 

calculated using Shannon-Wiener diversity index (H) (Haarmeyer et al., 2010). Plant 

richness was calculated using SPSS version 19 (SPSS, Chicago, 2010). Rank 

abundance analysis was used to calculate patterns of diversity. Rank abundance was 

calculated by finding the sum of individuals for each species and then ranked from 

the most abundant to the least abundant (Kindt & Coe, 2005). Density for sampled 
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trees and shrubs per plot along the distance gradient and control sites were calculated 

based on the formula:  

D = N/A;  

where D = density,  

N = number of sampled trees /shrubs  

A = size of the plot from which the plants were sampled (Pielou, 1975).   

The density calculated for all trees and shrubs was expressed per hectare (D = 

N/A*10000 m). Statistical differences in density were determined using Kruskal-

Wallis test (where data were not normally distributed) or one-way ANOVA test 

(where data were normally distributed). Difference in height frequency distribution 

of trees, shrubs and grass cover was tested using chi-squared test.  

The total abundance, diversity and richness of ground-dwelling invertebrates were 

determined within and between seasons using SPSS version 19 (SPSS, Chicago, 

2010). Rank abundance of ground-dwelling invertebrates was calculated by finding 

the sum of individuals for each species and then ranked from the most abundant to 

the least abundant (Kindt & Coe, 2005). Statistical differences were determined 

using Kruskal-Wallis test (where data were not normally distributed) or one-way 

ANOVA test (where data were normally distributed). 

Factorial ANOVA on ground-dwelling Order counts with distance and season as 

main effects was conducted to test for possible interaction of factors within and 

between seasons along the distanced gradient. Unpaired t-test parametric was be used 
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where data were normally distributed and Mann Whitney U test was used where data 

was not normally distributed. 

A Hierarchical Cluster Analysis (HCA) was used to test whether plant and ground-

dwelling invertebrate composition differed along the distance gradient. Binary data 

and the Average Linkage Cluster Statistic were used for both plant and ground-

dwelling invertebrate analysis. A Hierarchical Cluster Analysis was performed on a 

matrix of 108 plant species (Appendix 2) using the present-absent data. The same 

procedure was conducted on ground-dwelling invertebrate matrix of Orders from the 

wet and dry seasons (Appendix 3). HCA was performed to group plots according to 

the plant species composition and ground-dwelling invertebrate assemblage using 

Bray-Curtis similarity matrices (Clarke & Gorley, 2001). The analysis was 

conducted using Primer 5 Version 5.2.0 statistical package (PRIMER-E Ltd, 

Plymouth, UK, 2001). 

Detrended Correspondence Analysis (DCA) was performed on the vegetation and 

ground-dwelling invertebrate binary data from all sites to examine relationships 

between species distributions and any underlying environmental gradients in the 

data. DCA determines the gradient length (Lepš & Šmilauer, 2003; Kent, 2012). The 

DCA gave a two dimensional spatial plot of samples presence and its spatial 

proximity to other plots.  

Canonical Correspondence Analysis (CCA) was used to determine the influence of 

explanatory variables such as heavy metal concentrations (arsenic, cadmium, cobalt, 

copper, lead, nickel and zinc), total sulphur, slimes, clay and fire on the composition 

of vegetation and invertebrate communities. This was achieved by showing the 
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correlation and regression relationships between species composition and 

explanatory variables within the analysis (ter Braak & Prentice, 1988). Monte Carlo 

Permutation tests were used to test for the significance of explanatory variables 

influence on the vegetation and ground-dwelling invertebrates along the distance 

gradient. Both the DCA and CCA tests were conducted using CANOCO 4.5 for 

Windows package (Microcomputer Power, Ithaca, New York, 2002). 

3.7 Determination of extent / level of pollution 

To determine levels of pollution the results from the study area were compared to the 

results from the three control sites for both vegetation and invertebrates. The top 

soils chemical analysis results were compared to the Canadian Council of Ministers 

of the Environment‘s (CCME) (2007) soil quality guidelines for the protection of 

environmental and human health, for agricultural and residential areas. The CCME 

guidelines for soils have different levels for agricultural, commercial and industrial 

land use. Comparisons were also done with other known case studies of related 

mining pollution and its effects on the environment. Namibia Environmental 

Management Act 7 of 2007 and Minerals Prospecting and Mining Act 33 of 1992 

were also used to determine polluted areas or areas that contravened the Acts (Koep 

& van den Berg, 2011). 
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CHAPTER 4 

4 RESULTS 

4.1 Differences in concentrations of heavy metals 

4.1.1 Arsenic (As) 

The one-way ANOVA test showed that there was a significant difference in mean 

concentration of arsenic along the distance gradient (F = 7.22, df = 5, p < 0.001). The 

highest mean arsenic concentration of 84.07 ppm was recorded at a distance of 50m 

from the tailings dump. The lowest mean arsenic concentration of 66.24 ppm was 

recorded at a distance of 100m. The control mean concentration of arsenic was 67.20 

ppm. The tailings dump recorded a mean concentration value of 29.68 ppm. The 

Tukey‘s Honestly Significant test (Tukey‘s HSD) indicated that the arsenic 

concentration at the tailings dump was significantly lower than at distances 0m (p < 

0.001), 50m (p < 0.001), 100m (p < 0.01) (Table 1, Figure 5). 

4.1.2 Copper (Cu) 

The Kruskal-Wallis test indicated that there was a significant difference in the copper 

concentration along the distance gradient (H = 25.71, df = 5, p < 0.001). The highest 

mean concentration of copper was 1493.56 ppm, recorded at the tailings dump. The 

lowest mean concentration of 344.50 ppm was recorded at 150m along the distance 

gradient. The mean copper concentration for the control sites was 66.20 ppm. The 

mean copper concentration for the tailings dump was 1493.56 ppm. The Tukey‘s 

Honestly Significant test (Tukey‘s HSD) indicated that the copper concentration at 

the tailings dump was not significantly different from that at 0m (p = 0.5). The 
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copper concentration at the tailings dump was significantly higher than at 50m (p = 

0.07), 100m (p < 0.01) and 150m (p = 0.04) along the distance gradient. The copper 

concentration at the tailings dump was significantly higher than at the control sites (p 

< 0.01) (Table 1, Figure 5).  

4.1.3 Lead (Pb) 

The Kruskal-Wallis test indicated that there was a significant difference in lead 

concentration along the distance gradient (H = 27.22, df = 5, p < 0.001). The highest 

mean lead concentration of 2432.92 ppm was recorded at the tailings dump and the 

lowest mean lead concentration of 157.20 ppm was recorded at 150m from the 

tailings dump. The mean concentration in the control sites was 45.20 ppm. The mean 

lead concentration on the tailings dump was 2432.92 ppm (Table 1). The Tukey‘s 

Honestly Significant Test (Tukey‘s HSD) indicated that lead concentration was 

significantly higher at the tailings dump than at 0m (p < 0.003). The lead 

concentration at the tailings dump was significantly higher that at 50m (p = 0.02), 

100m (p = 0.04) and 150m (p = 0.06). The lead concentration at the tailings dump 

was significantly higher than at the control sites (p < 0.01) (Figure 5).  

4.1.4 Total sulphur (St) 

The Kruskal-Wallis test indicated that there was significant difference in total 

sulphur concentration along the distance gradient (H = 17.96, df = 5, p = 0.03). The 

highest mean total sulphur concentration of 552.94 ppm was recorded at 0m and the 

lowest mean total sulphur concentration of 225 ppm was recorded at 150m from the 

tailings dump. The mean concentration in the control sites was 140 ppm. The mean 

total sulphur concentration on the tailings dump was 384 ppm (Table 1). The 
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Tukey‘s Honestly Significant Test (Tukey‘s HSD) indicated that the concentration of 

total sulphur was significantly higher at the tailings dump than at 150m and control 

sites (p < 0.001). The total sulphur concentration at the tailings dump was 

significantly lower than at 0m (p < 0.05) and 50m (p < 0.05). The difference in the 

total sulphur concentration at the dump and 150m was not significant (p = 0.06). 

Total sulphur concentration at distance 0m was significantly higher than at control 

sites (p < 0.05) (Figure 5). 

4.1.5 Cobalt (Co) and Nickel (Ni) 

There was significant difference in nickel (H = 33.50, df = 5, p < 0.001) and cobalt 

(H = 35.10, df = 5, p < 0.001) concentrations along the distance gradient. Nickel 

concentration at dump was significantly lower than at 50m, 150m and control sites (p 

= 0.001), increasing away from the dump along the distance gradient. The highest 

mean nickel concentration of 20.80 ppm was recorded at control sites and the lowest 

mean nickel concentration of 0.36 ppm was recorded at the tailings dump. Cobalt 

concentration on the dump was significantly lower than at 50m (p < 0.001), 100m (p 

< 0.001), 150m (p < 0.001) and control sites (p < 0.001) (Table 1). 

4.1.6 Cadmium (Cd) and Zinc (Zn) 

There were no significant differences in concentrations of cadmium (H = 5.65, df = 

5, p = 0.34) and zinc (H = 5.86, df = 5, p = 0.32) along the distance gradient. The 

mean zinc concentration in both the experimental sites and control sites were 

relatively similar with mean values of 133.80 ± 6.39 ppm and 120.66 ± 9.25 ppm 

respectively (Table 1). 
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Table 1: Summary of mean concentrations (ppm ± SE) of heavy metals and total sulphur in top soils from experimental plots along 

distance gradient and control sites at Kombat Mine area. 

 Dump 0m 50m 100m 150m Control P CCME 

As 29.68 ± 5.98ª 74.54 ± 7.09ª 84.07 ± 5.27ª 66.24 ± 4.34ª 69.00 ± 8.96ª 67.20 ± 2.28ª 0.0001 12 

Ca 3.84 ± 0.44 4.63 ± 0.26 5.15 ± 0.35 4.64 ± 0.57 5.70 ± 1.20 5.73 ± 1.57 0.34 10 

Co 0.88 ± 0.35 3.11 ± 0.26 5.93 ± 0.83 5.44 ± 0.67 6.90 ± 0.79 8.13 ± 1.35 0.0001  

Cu 1493.56 ± 348.73ª 1046.90 ± 111.38ª 561.20 ± 136.6ª 512.72 ± 171.1ª 344.50 ± 184.2ª 62.27 ± 17.73 0.0001 63 

Ni 0.36 ± 0.46 4.99 ± 1.88 13.11 ± 2.08 11.20 ± 1.72 18.10 ± 3.08 20.80 ± 6.47 0.0001 50 

Pb 2432.92 ± 561.63ª 1497.30 ± 189.15ª 750.58 ± 223.8ª 658.36 ± 275.3ª 157.20 ± 27.37ª 45.20 ± 6.25 0.0001 140 

St 384.00 ± 95.95 552.94 ± 42.55ª 450.00 ± 34.64 365.00 ± 39.48 225.00 ± 62.92 140.00 ± 34.64 0.03 500 

Zn 106.84 ± 11.23 129.69 ± 9.78 148.72 ± 11.16 128.96 ± 15.46 177.20 ± 55.30 120.66 ± 9.25 0.32 200 

p > 0.05 not significant, p < 0.05 significant; ppm = parts per million 

ª Indicates concentrations above CCME guidelines for agricultural and residential landuse. 
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Figure 5 shows the spatial distribution of heavy metal concentrations for total 

sulphur, zinc, copper and lead (Table 1).  

 

Figure 5: Contour plots of total sulphur, zinc, lead and copper concentration (ppm) in 

the top soils around Kombat Mine tailings dump (clockwise direction) relative to the 

Kombat Mine tailings dump. Contour plots were generated using Micromine 

Software. 
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4.1.7 Comparison with the Canadian Council of Ministers of the Environment 

(CCME) (2007) Guidelines  

Concentrations of heavy metals in sampled top soils were compared with the 

guidelines outlined by Canadian Council of Ministers of the Environment (CCME) in 

2007 for agriculture and residential landuse. Table 1 shows the summary of results of 

the comparison between the analysis at Kombat Mine tailings dump and the CCME 

guidelines for agriculture and residential landuse.  

4.2 Vegetation 

4.2.1 Plant species diversity and richness 

The mean plant species richness in the experimental area ranged from 9.00 ± 0.93 at 

0m to 13.01 ± 0.02 at 50m, compared to 17.67 ± 0.80 in the control sites. The one-

way ANOVA test showed that the plant species richness significantly differed along 

the distance gradient and control site (F = 6.1, df = 4, p < 0.01) (Table 2). The 

Tukey‘s Honestly Significant Test indicated that the plant species richness was 

significantly higher at distance 50m than at distance 150m (p < 0.001). The plant 

species richness at the control sites was significantly higher than at distances 0m (p < 

0.001), 50m (p < 0.001), 100m (p < 0.001) and 150m (p < 0.001). 

There were no significant differences in woody plant species richness along the 

distance gradient (F = 0.58, df = 4, p = 0.63). Tree species showed no significant 

difference in species richness (F = 2.46, df = 4, p < 0.058) (Table 2).  

The mean herbaceous species richness ranged from 2.44 at distance 0m to 8.33 at 

distance 50m. The mean herbaceous species richness was 8.00 ± 0.19 in the control 
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site. The Kruskal-Wallis test showed that there were significant differences in the 

mean herbaceous species richness along the distance gradient (H = 7.76, p < 0.001). 

The Tukey‘s Honestly Significant Test indicated that herbaceous plants species 

richness  at 0m was significantly lower than at 50m, 100m and control sites (p < 

0.001) (Table 2). 

Table 2: Summary of mean (± SE) species richness of all plant species sampled 

along the distance gradient at Kombat Mine tailing dump and control sites.  

Dist. 

(m) 

Woody  

Plants 

Trees Shrubs Grasses 

/Forbs 

All Plant  

species 

0 7.06 ± 0.07 5.87 ± 0.13 3.80 ± 0.09 2.44 ± 0.16 10.91 ± 0.15 

50 7.24 ± 0.14 4.07 ± 0.09 5.07 ± 0.20 8.33 ± 0.40 13.01 ± 0.02 

100 7.57 ± 0.18 4.57 ± 0.17 5.29 ± 0.13 7.88 ± 0.24 12.20 ± 0.14 

150 6.00 ± 0.52 5.25 ± 0.42 4.50 ± 0.59 3.25 ± 0.38 9.00 ± 0.93 

CL 12.33 ± 1.76 6.66 ± 0.38 9.00 ± 0.67 8.00 ± 0.19 17.67 ± 0.80 

The mean plant species diversity in the experimental area ranged from 2.10 ± 0.10 to 

2.50 ± 0.01, compared to 2.80 ± 0.40 at control sites (Table 3). The one-way 

ANOVA test showed that there was significant difference in plant species richness 

along the distance gradient (F = 5.87, df = 4, p < 0.001). The Tukey‘s Honestly 

Significant test indicated that the species diversity at the control sites was 

significantly higher than at distance distances 0m (p < 0.001), 100m (p < 0.01) and 

150m (p < 0,001). The mean species diversity at distance 150m was significantly 

lower than at distance 50m (p < 0.05).  
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The one-way ANOVA test showed that the mean herbaceous diversity at 50m was 

significantly higher than at 0m, along the distance gradient site (F = 11.19, df = 4, p 

< 0.001). Mean herbaceous diversity along the distance gradient ranged from 0.73 ± 

0.068 at distance 0m to 2.03 ± 0.12 at distance 150m (Table 3). The control sites had 

a mean herbaceous diversity of 2.04 ± 0.023. The Tukey‘s Honestly Significant Test 

indicated that herbaceous species diversity at 0m was significantly lower than at 50m 

(p = 0.01), 100m (p < 0.001), 150m (p < 0.01) and control sites (p < 0.001). 

Table 3: Summary of mean (± SE) Shannon-Weiner Diversity index of all plant 

species sampled along the distance gradient at Kombat Mine tailing dump and 

control sites. 

Distance 

(m) 

Woody plants 

Trees/Shrubs 

Trees Shrubs Grasses 

/Forbs 

All Plant  

Species 

0 1.55 ± 0.02 1.41 ± 0.02 1.04 ± 0.03 0.73 ± 0.07 2.30 ± 0.01 

50 1.41 ± 0.03 0.99 ± 0.02 1.23 ± 0.04 1.94 ± 0.07 2.50 ± 0.01 

100 1.65 ± 0.02 1.05 ± 0.04 1.39 ± 0.02 2.02 ± 0.03 2.40 ± 0.01 

150 1.35 ± 0.11 1.37 ± 0.11 0.94 ± 0.19 2.03 ± 0.12 2.10 ± 0.10 

CL 2.36 ± 0.15 1.75 ± 0.06 2.11 ± 0.07 2.04 ± 0.02 2.80 ± 0.40 

 

4.2.2 Vegetation structure  

Plant densities  

The mean tree density decreased along the distance gradient from 836 per hectare at 

distance 0m to 594 per hectare at distance 100m. The mean tree density in the control 

sites was 444 trees per hectare. The Kruskal-Wallis test showed that there were 



50 

 

significance differences in mean tree density among various distances along the 

gradient (H = 11.31, df = 4, P = 0.02) (Figure 6). 

 

Figure 6: Mean tree density along a distance gradient at Kombat Mine tailings dump 

and control sites (CL), bars indicate SE. 

The Tukey‘s Honestly Significant Test indicated that mean tree density was 

significantly higher at 0m than 100m (p < 0.01). 

The mean shrub density ranged from 3920 per hectare at distance 0m to 5400 at 

distance 100m along the distance gradient. The mean shrub density in the control 

sites was 4533 trees per hectare. The Kruskal-Wallis test showed that there were no 
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significance differences in mean shrub density along the distance gradient (H = 4.39, 

df = 4, p = 0.355) (Figure 7). 

 

Figure 7: Mean shrub density along a distance gradient at Kombat Mine tailings 

dump and control sites (CL), bars indicate SE. 

4.2.3 Height structure 

Trees 

There were significant differences in height distribution patterns of trees along the 

distance gradient ( ² = 24.726, df = 9, p < 0.01). There were lower expected 

frequencies than were observed in class <2m and >4m at all distances along the 

gradient. Few trees with height more than 4m were observed at distance 150m. 
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Figure 8 shows the comparison of tree height distribution along distance gradient of 

0m, 50m, 100m and 150m at Kombat Mine tailings dump. 

 

Figure 8: Comparison of tree height distribution patterns along a distance gradient at 

Kombat Mine tailings dump and control sites (CL).  

Short trees less than 2m were more abundant at distance 0m and 100m compared to 

the control sites. Medium sized trees in the 2.1 - 3m and 3.1 - 4m classes were more 

abundant at distance 50m and 100m. The abundance of tall trees more than 4m 

decreased with increasing distance along the distance gradient. In general there were 

few short trees at all positions sampled along the distance gradient. 

Shrubs  

There were significance differences in height distribution patterns of shrubs along the 

distance gradient ( ² = 38.935, df = 12, p < 0.001) as shown in Figure 9. 
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Figure 9: Comparison of shrub height distribution patterns along a distance gradient 

(0m, 50m, 100m, 150m) at Kombat Mine tailings dump and control sites (CL). 

High proportions of shrubs were in the 0.51 - 1m category and least in the 1.1 -1.5m 

category. Shrubs 0.51 - 1m tall were most abundant at 50m and 100m and least at 

150m along the distance gradient (Figure 9). Shrubs in the 1.1 - 1.5m height category 

were the least abundant among sites along the distance gradient with exception of 

sites at 100m. 

Shrubs in height categories < 0.5m and >2m were the most abundant at 0m, 50m and 

100m and least abundant at 150m. At 50m the proportion of shrubs in the height 

category 0.51 - 1m was high and low in the 1.1 - 1.5m height category.  
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4.2.4 Herbaceous cover and dominance  

The Kruskal-Wallis test showed that there were significant differences in herbaceous 

cover along the distance gradient (H = 18.18, df = 4, p < 0.001). There was a general 

increase in herbaceous cover along the distance gradient from 0m to 150m. The 

Tukey‘s Honestly Significant Test indicated that herbaceous cover at 0m was 

significantly lower than at 50m (p = 0.02), 100m (p < 0.001), 150m (p < 0.001) and 

control sites (p < 0.01) (Figure 10).  

 

Figure 10: Variation in mean grass cover along distance gradient at Kombat Mine 

tailings dump and control sites, bars indicate SE. 

The mean herbacous cover ranged from 22.33% to 75 %. The lowest mean herbacous 
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cover of 75% ± 2.89% was recorded at 150m. The control site‘s mean herbaceous 

cover was 71.66% ± 6.01%. 

The most dominant herbaceous plant species at 0m, with respect to cover, were 

Commicarpus pentandrus, Chloris virgata, Setaria verticillata, Bidens pilosa and 

Tagetes minuta. At 50m the most frequently occuring species, with respect to cover, 

were Bidens pilosa, Nidorella resedifolia, Laggera decurrens, Panicum maximum 

and Cenchrus ciliaris. At distance 100m the most frequently occuring species 

included Heteropogon contortus, Bidens pilosa, Cenchrus ciliaris, Nidorella 

resedifolia and Panicum maximum. At 150m dominant cover species included 

Pavonia burchelli, Urochloa oligotricha, Cenchrus ciliaris, Digitaria eriantha and 

Heteropogon contortus. In the control plots the most encountered undergrowth 

species included Cymbopogon sp, Sporobolus fimbriatus, Heteropogon contortus, 

Hyparrhenia sp and Panicum maximum. 

4.3 Determinants of vegetation structure and composition 

4.3.1 Species composition 

Results from Hierarchical Cluster Analysis separated vegetation into four main 

clusters, based on distance from the dump and plant species composition. Control 

plots were separated from the rest of the plots at 4% similarity. Sub–clusters where 

identified within the main clusters in the experimental plots as shown in Figure 11, 

below.  
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Figure 11: Hierarchical Cluster Analysis (HCA) as shown by dendrogram based on 

Bray-Curtis silmilarity matrix on binary plant species data clustered into 4 main 

clusters and 5 sub-clusters of experimental and control plots based on plant species 

composition along a distance gradient at Kombat Mine tailings dump and control 

sites (CL).  

CL1

CL2

CL3T2P2

T7P4

T2P3

T3P3

T5P3

T7P3

T7P1

T8P4

T8P2

T7P2

T8P3

T5P2

T1P2

T1P3

T3P2T11P2

T17P4

T11P4

T12P2

T13P3

T13P2

T15P2

T12P1

T17P3

T14P2

T17P2

T14P3

T17P1

T16P3

T13P1

T16P2

T9P1T15P3

T9P2T10P1

T9P3T10P2

T10P3

T11P3

T14P1

T8P1

T2P1T11P1

T1P1T15P1

T16P1

T3P1

T5P1

1
0
0

8
0

6
0

4
0

2
0 0

Similarity
1

C
lu

ster 1
C

lu
ster 2

C
lu

ster 3
C

lu
ster 4

Similarity (%)

S
u

b
-C

lu
ster 1

S
u

b
-C

lu
ster 3

S
u

b
-C

lu
ster 2

S
u

b
-C

lu
ster 4

S
u

b
-C

lu
ster 5



57 

 

The most dominant tree species in the experimental sites were Dichrostachys 

cinerea, Acacia karroo, Acacia mellifera and Tarchonanthus camphoratus. The 

dominant shrubs were Lantana camara, Dichrostachys cinerea and Grewia 

flavescens. Control sites were dominated by diverse tree species of Combretum, and 

Acacia reficiens, Acacia erubescens, and Acacia hereroensis. 

Cluster 1  

All plots in Cluster 1, except T11P3, were located at distance 0m around the edge of 

the old dump. The dominant tree species in Cluster 1 were Dichrostachys cinerea, 

Acacia karroo and Acacia mellifera. The dominant shrubs were Dichrostachys 

cinerea, Acacia karroo, Acacia mellifera and Grewia flavescens. Herbacous plant 

species consisted of Commicarpus pentandrus, Chloris virgata, Setaria verticillata, 

Bidens pilosa and Tagetes minuta. In most of the plots in Cluster 1 there was little 

undergrowth of herbaceous plants, and plant species richness and diversity was low. 

Plot T11P3, located at distance 150m, consisted of dense thickets of Acacia 

mellifera. The species richness was low. There was little undercover of mostly 

Setaria verticillata grass and Justicia betonica and Lantana angolensis herbs 

estimated to cover 25% of the plot.   

Cluster 2 

The dominant woody species in Cluster 2 were similar, the difference was mainly in 

the herbaceous layer and were divided into 3 sub – clusters.  
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Sub-Cluster 1  

All the plots in Sub-Cluster 1 were on the south west side of the new dump at 

distance 50 and 100m, except for T10P1, which is at distance 0m. Sub cluster 1 plots 

are dominated by Dichrostachys cinerea and clusters of Tarchonanthus 

camphoratus, mostly at 100m. Acacia mellifera thickets were more dominant at 

150m. Searsia lancea was growing in spaces between Acacia thickets and 

Tarchonanthus camphoratus trees. Lantana camara and Dichrostachys cinerea were 

the most abundant shrubs. The most commom herbaceous species were Cenchrus 

ciliaris, Bidens pilosa and Zinnia peruviana. T10P1 had similar vegetation 

composition as plots at 100m but the tree and shrub densities were low due to 

selective clearing during construction of the new tailings dump. T10P1 was included 

Sub-Cluster 1 because of undercover species such as Zinnia peruviana, Nidorella 

resedifolia, Melinis repens and Heteropogon contortus, covering 75% of the plot. 

Woody plants in T10P1 consisted of Tarchonanthus camphoratus, Searsia lancea 

and Ziziphus mucronata which were common at 100m and 150m.  

Sub-Cluster 2 

The common woody plant species in Sub-Cluster 2 were Acacia mellifera and 

Tarchonanthus camphoratus trees and Grewia flavescens and Dichrostachys cinerea 

shrubs. There was little cover (approximately 25%) in plots in this cluster. In plot 

T13P1, Acacia mellifera was the most abundant shrub. Plots T15P3, T16P2 and 

T16P3 occurred 100m and 100m east of the big dump while T17P1 and T13P1 were 

south east of new dump inside the main embankment.  
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Sub-Cluster 3 

The woody plants species in this cluster were Acacia mellifera, Acacia ataxacantha 

and Tarchonanthus camphoratus as trees and shrubs. In addition Searsia lancea 

occurred as common shrubs in the plots T13P3 and T14P2. Tarchonanthus 

camphoratus was the most abundant shrub in plot T11P4. The most abundant species 

in T12P1 was Acacia mellifera. Plots T12P2, T13P2, T14P2, T15P2 and T17P2 were 

at 50m, while plots T13P3, T14P3 and T17P3 were 100m. All plots were located 

south and south eastern direction. 

Cluster 3 

Cluster 3 was dominated by plots located at 100m and 150m from the dump, along 

the distance gradient. Cluster 3 plots mostly occur on the northern and northwestern 

side of the tailings dump. Two sub-clusters were identified. 

Sub-Cluster 4 

The most abundant woody plant species in this cluster were Acacia erubescens and 

Dichrostachys cinerea as trees and Dichrostachys cinerea as shrubs. The dominant 

herbaceous plants were Nidorella resedifolia, Bidens pilosa and Urochloa 

brachyura. The plots (T5P2, T1P2, T1P3, T3P2 and T11P2) in this cluster were 

located at 100 to 150m north and North West of the old dump. 

Sub-Cluster 5 

The most common plant species in Sub-Cluster 5 were Dichrostachys cinerea, and 

Grewia flavescens shrubs and Heteropogon contortus and Cenchrus ciliaris grasses. 
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Dichrostachys cinerea was dominant as trees and shrubs in T7P2, T8P2 and T7P1. 

The sites were highly encroached by these species forming dense thickets on the 

western side of the dump. In T3P3, T2P3, T7P3 and T8P3 plots the common trees 

were Acacia ataxacantha and Philenoptera nelsii while the most abundant shrubs 

were Dichrostachys cinerea and Grewia flavescens. Heteropogon contortus and 

Cenchrus ciliaris were the dominant grasses. All plots, except T7P1, were at 100m to 

150m north and west of the old dump.  

Cluster 4 

 Acacia reficiens and Combretum species were the common trees, while Grewia 

flavescens was the most abundant in the control sites. The dominant grasses were 

Sporobolus fimbriatus and Urochloa.   

4.3.2 Vegetation-environmental relationships 

Detrended Correspondence Analysis (DCA) separated the rest of the experimental 

plots (Groups 1, 2 and 3) from control sites (Group 4) along DCA Axis 1. Figure 12, 

below, shows the Detrended Correspondence Analysis ordination diagram of 

vegetation plots along a distance gradient and control sites. Of the observed variation 

in species data, 56.5% was accounted for along Axis 1 and 32.6% along Axis 2. 
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Figure 12: DCA ordination diagram showing separation of vegetation plots into 

experimental plots (Groups 1, 2 and 3) and control sites (Group 4) at Kombat Mine 

tailings dump and control sites (Group 4); 0m ( ), 50m ( ), 100m ( ), 150m ( )  and 

control sites (+). 

Group 1  

Group 1 was associated with plots mostly at the edge of the dump, at distance 0m.  

Six (6) plots at distance 50m on the western side of the dump and 5 plots at distance 

150m on the western side of the dump were associated with Group 1. Plots 

associated with Group 1 were mostly affected by mine waste pollution from the 

tailings dump. 
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Group 2 

The plots in Group 2 are a mixture of plots immediately surrounding the dump and 

up to 150m away from the tailings dump. These plots were moderately to heavily 

polluted by mine waste pollution from the tailings dump.  

Group 3 

The plots in Group 3 were closer to the control sites in richness, diversity and 

composition.  The plots were less affected by pollution and most of these plots were 

at 100m and 150m 

Group 4  

Group 4 is composed of control sites which were furthest from the tailings dump.  

These sites had the highest species richness, diversity and similar composition. The 

top soil analysis showed low concentrations of heavy metals except arsenic and 

cobalt. 

There was no clear separation of groups 1, 2 and 3 in the experimental area along the 

distance gradient but such a pattern is apparent. There were overlaps in groups 1, 2 

and 3 along the distance gradient, especially the middle distances. Plots at 0m and 

50m tended to be on the left-most side of the ordination diagram while those at 100m 

and 150m tended to be closer to the control sites. Hence DCA Axis 1 is associated 

with the distance gradient (translating into a pollution gradient from left to right). 

There is a 100% species turn-over (4 DCA units) between the extreme ends of the 

gradient (from T3P1 to CL2). 
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The Canonical Correspondent Analysis, Monte Carlo Permutation Test, showed 

significant influence of measured environmental variables on vegetation along the 

first canonical axis (F = 2.443 and p < 0.05) and for all canonical axes (F = 1.46 and   

p < 0.001). The environmental variables, total sulphur and arsenic (p = 0.001), zinc 

(p = 0.013) and clay (p = 0.004) showed significant influence on plant species data 

(Table 4).   

Table 4: Monte Carlo Permutation tests showing significance of influence of 

individual environmental variables on vegetation species data along the distance 

gradient at Kombat Mine tailings dump and controls sites 

Variable LambdaA F P 

Total sulphur 0.33 2.42 0.001 

Arsenic 0.3 2.31 0.001 

Zinc 0.22 1.7 0.013 

Clay 0.19 1.5 0.004 

Cadmium 0.15 1.16 0.176 

Copper 0.14 1.13 0.212 

Lead 0.16 1.29 0.117 

Cobalt 0.16 1.23 0.132 

Nickel 0.14 1.17 0.186 

Slimes 0.14 1.07 0.281 

Fire 0.09 0.75 0.837 

p > 0.05 not significant, p < 0.05 significant; 

Variation in species environment correlations was accounted for by 40.80% and 

40.50% along Axis 1 and Axis 2, respectively. The measured environmental 

variables accounted for 29.2% of the observed variation in plant species data.   

Figure 13 shows the CCA Ordination analysis of the influence of environmental 

variables (heavy metals, slimes, clay and fire) on plant species along a distance 
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gradient at Kombat Mine tailings dump and surrounding areas. The CCA ordination 

plot shows a clear separation of the control sites plots (Group 4) from the rest of the 

experimental plots (Groups 1, 2 and 3) 

 

Figure 13: CCA ordination diagram showing the influence of heavy metals, slimes 

clay and fire on vegetation species at each distance at Kombat Mine tailings dump 

and control sites; 0m ( ), 50m ( ), 100m ( ), 150m ( )  and control sites (+). 

The positioning of the environmental variables in Figure 13 shows that the 

explainable variation in species composition along Axis 1 was positively correlated 

to copper, lead and total sulphur concentrations and amount of slimes and clay in the 
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soils. Species composition along Axis 1 was negatively correlated to arsenic, cobalt, 

cadmium, nickel concentrations and there was neutral correlation with fire 

occurrence. 

The second axis was positively correlated to arsenic, cadmium, cobalt, copper, lead, 

nickel and total sulphur concentrations, presence of slimes and clay soils and 

negatively associated with fire occurrence. 

Group 1  

The species composition of plots in Group 1 (Figure 13) were positively correlated to 

copper, lead and total sulphur concentration and slimes along both axes and 

negatively correlated to arsenic, cadmium, cobalt and nickel concentration. The plots 

were positively correlated to zinc and negatively correlated to fire on Axis 2. The 

plots were polluted by mine waste (slime) from the tailings dump. Group 1 plots 

were at distance 0m from the tailings dump along the distance gradient, except T5P2, 

T8P2 and T15P2 (100m along distance gradient) and T11P4 at 150m along the 

distance gradient. 

Group 2  

The plots in Group 2 were positively correlated to lead concentration and clay along 

Axis 1 and negatively correlated to arsenic, cadmium, cobalt and nickel 

concentration. There was positive correlation with zinc and negative correlation with 

fire along Axis 2. These plots occur at 100m and 150m along the distance gradient, 

except for T9P1, T10P1 and T17P1 which occur at 50m from the tailings dump. 
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Group 3  

The plots in Group 3 were positively correlated with clay and negatively correlated 

with arsenic, cadmium, cobalt, and nickel along axis. There was positive correlation 

between the plots and zinc concentration and negative correlation between plots and 

fire along Axis 2. These plots occur at 150m from the tailings dump, except T3P2, 

T7P2 and T12P2 (100m along the distance gradient). 

Group 4 

The control sites showed no correlation with copper, lead and total sulphur 

concentrations as well as clay and slimes and negative correlation with arsenic, 

cadmium, cobalt and nickel concentrations along Axis 1. There was negative 

correlation between control sites and fire along Axis 2. 

4.4 Ground-dwelling invertebrates  

4.4.1 Abundance, richness and diversity between seasons 

Pitfall data were pooled into a single sample per plot, resulting in a total of 51 plots 

in the experimental sites and three in control sites for both wet and dry seasons. Ten 

ground-dwelling invertebrate Orders were identified from all the taxa captured 

during the wet sampling (March 2012) and seven Orders from the dry sampling (July 

2012) (Appendix 3) (Picker, Griffiths & Weaving, 2004). The most abundant Orders 

Araneae, Coleoptera, Hymenoptera and Orthoptera were further analysed to family 

level for the wet and dry sampling (Appendix 4). 
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The mean total abundance of ground-dwelling invertebrates captured during the wet 

and dry sampling was 124.71 ± 15.61 and 61.04 ± 8.60 respectively. More individual 

specimens were captured in the wet sampling (6360) than in the dry sampling (3113). 

Order richness for the wet sampling was highest at distance 0m (5.01 ± 0.08) and 

least at the control site (3.3 ± 0.19) (Table 5). Order richness for the dry sampling 

was highest at the control site (4.6 ± 0.19) and least at distance 100m (0.53 ± 0.17) 

(Table 5). Kruskal-Wallis test showed there were no significant differences within 

seasons of Order richness along the distance gradient, wet season (H = 7.9, df = 4, p 

= 0.09) and dry season (H = 6.7, df = 4, p = 0.15)). Shannon-Weiner Diversity of 

ground-dwelling Orders was highest at distance 0m (0.87 ± 0.22) and (0.88 ± 0.17) 

for wet and dry seasons respectively. The least diversity for the ground-dwelling 

invertebrates in the wet and dry seasons was at the control site (0.48 ± 0.03) and 

100m (0.53 ± 0.17) respectively. There were no significant differences in ground-

dwelling invertebrates Orders diversity along the distance gradient during the wet 

sampling (F = 2.11, df = 4, p = 0.09). During dry sampling the diversity of ground-

dwelling Orders along the distance gradient was significant (F = 3.13, df = 4, p = 

0.02). The Tukey‘s Honestly Significant test indicated that ground-dwelling 

invertebrates diversity was significantly higher at 0m than at 100m (p = 0.02).  
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Table 5: Mean species richness (S), mean Shannon diversity index (H), and mean total abundance (N) of all 

ground-dwelling invertebrate Orders for the two seasons (wet (a) and dry (b)) along distance gradient and 

control sites at Kombat Mine tailings dump. 

Distance (a) Wet sampling Season (b) Dry Sampling Season 

(m) S ± SE H' ± SE N ± SE S ± SE H' ± SE N ± SE 

0 5.01 ± 0.08 0.87 ± 0.22 142.33 ± 31.65 3.7 ± 0.53 0.88 ± 0.17 32.80 ± 3.20 

50 4.9 ± 0. 11 0.83 ± 0.22 143.93 ± 31.18 3.9 ± 0.08 0.77 ± 0.23 74.60 ± 23.20 

100 4.28 ± 0.09 0.73 ± 0.22 90.50 ± 22.86 3.2 ± 0.1 0.53 ± 0.17 80.71 ± 16.81 

150 4.25 ± 0.31 0.47 ± 0.21 149.50 ± 76.93 3.25 ± 0.23 0.61 ± 0.94 55.00 ± 7.45 

CL 3.3 ± 0.19 0.48 ± 0.03 67.00 ± 14.18 4.6 ± 0.19 0.86 ± 0.77 50.67 ± 10.48 

F / ² 7.9 2.11 7.0 6.7 3.13 1.41 

df 4 4 4 4 4 4 

p 0.09 0.09 0.55 0.15 0.02 0.24 
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Diversity and richness of ground-dwelling Orders was compared between the two 

seasons using Wilcoxon test. Results show that there was significant difference in 

Order richness between seasons at 0m (W = 44, p = 0.004), 100m (W = 61.5, p = 

0.04) and control sites (F = 2.8, df = 2, p = 0.04). There was no significant difference 

in Order diversity between seasons along the distance gradient. 

4.4.2 Relative abundance of ground-dwelling invertebrate Orders, within and 

between seasons 

The one-way ANOVA test showed that there were significant differences in Order 

abundance during the wet season (F = 56.76, df = 8, p = 0.0001). Tukey LSD test 

showed that the mean abundance of Order Hymenoptera was significantly higher 

than that of all other Orders (Aranaea (p < 0.001), Blattedoa (p = 0.02), Collembola 

(p < 0.01), Myriopoda (p < 0.001) and Solifugae (p = 0.09)). Tukey LSD test also 

showed that the mean abundance of Order Coleoptera was higher than that of Orders 

(Aranaea (p = 0.005), Blattedoa (p = 0.02), Collembola (p = 0.01) and Myriopoda (p 

< 0.001)) along the diastance gradient. 

The one-way ANOVA test showed that there were significant difference in 

abundance of Orders specimens captured in the pitfall traps (F = 56.76, df = 8, p = 

0.0001). Tukey LSD test showed that the mean abundance of Order Hymenoptera 

was significantly higher than all other Orders (Aranaea (p < 0.001), Blattedoa (p < 

0.001), Collembola (p < 0.001) and Myriopoda (p < 0.001)) along the distance 

gradient. 
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Order Hymenoptera (ants) had significantly higher abundances in both wet and dry 

seasons along the distance gradient. The mean abundance of Order Hymenoptera was 

lower in the dry season compared to the wet season (Figure 14).  

 

Figure 14: Mean relative abundance of Order Hymenoptera (ants) obtained from 

pitfall data during dry (July 2012) and wet (March 2012) sampling seasons along 

distance gradient around Kombat Mine tailings dump and control sites. Bars indicate 

SE. 

The second most abundant was Order Coleoptera. The abundance was higher in wet 

season than dry season at 0m and 50m. The Families Carabidea (149) and 

Tenebrionidea (122), compared to Family 1 specimens (170) and Carabidea (47) in 

the dry season contributed to the high abundance of Coleoptera specimens captured 

in the wet season and dry season respectively (Appendix 4). More Order Araneae 
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specimens captured in wet sampling season than the dry sampling season by two 

times. The abundance of Order Blattedoa, Collembola, Orthoptera and Solifugae 

were higher in the wet than in the dry sampling season. No Solifugae specimens were 

captured during the dry sampling season. Figure 15, below, summarises the mean 

abundance of ground-dwelling invertebrate Orders captured during the dry and wet 

sampling. 

 

Figure 15: Percentage relative abundance of ground-dwelling invertebrate Orders, 

excluding Hymenoptera (ants) obtained from pitfall data during dry (July 2012) and 

wet (March 2012) sampling seasons along distance gradient at Kombat Mine tailings 

dump and control sites. Bars indicate SE. *dry sampling (July 2012). 
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4.4.3 Interactions between seasons 

Diversity and richness of ground-dwelling Orders was compared between the two 

seasons using Wilcoxon test. Results show that there was significant difference in 

Order richness between seasons at 0m (W = 44, p = 0.004), 100m (W = 61.5, p = 

0.04) and control sites (F = 2.8, df = 2, p = 0.04). There was no significant difference 

in Order diversity between seasons along the distance gradient. 

The two-way ANOVA test was conducted on ground-dwelling invertebrate 

abundance with factors (distance and season) and variable (Order) between seasons 

to determine possible interactions. Distance was not significant (F = 0.36, df = 4, p = 

0.83). Season was significant (F = 17.25, df = 1, p < 0.005). More Orders speciemens 

were captured in pitfall traps during the wet season than dry season (p = 0.02) along 

the distance gradient.  

4.5 Determinants of ground-dwelling invertebrates Order composition 

The Hierarchical Cluster Analysis cluster analysis on Order binary data separated 

plots into three main clusters (Figure 16), based on Order composition, seasonality 

and to a lesser extent distance from the tailings dump. 
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Figure 16: Hierarchical Cluster Analysis (HCA) as shown by dendrogram based on 

Bray-Curtis silmilarity matrix on ground-dwelling invertebrate Orders data clustered 

into 3 main clusters and 5 sub-clusters (S – C) of experimental and control plots 

based on Order composition along a distance gradient at Kombat Mine tailings dump 

and control sites (CL). 

CL2w

CL1w

CL3wT8P4w

T8P3wT15P2w
T17 P3D

T17P1w
T16 P1D

T16P1w

T5 P1DT13 P1D

T8 P3D

T8 P4D

T9 P1D

T9 P2D

T9 P3DT10 P1 D

T14 P3D

T7 P1D

T8 P1D
T11P3w

T2P1w

T7P1w

T2P2w

CL3DT3P1wT13P2w
T15 P1D

T16 P2D

T12P2w

T17P2w

T17P3w

T17P4w

T1 P1D

T2 P2D

T3 P2D

T7 P2DT12 P1D

T13 P2D

T13 P3D

T17 P1D

T17 P2D

T16 P3D

T3P2w

T7P3w

T7P4wT12P1w

T8P1w

T8P2w
T2 P1DT17 P4D

T14 P1D

T9P3w

T9P2wT10P1w

T10P2w

T10P3w

T11P1w

T11P4w

T5P1w

T5P2w

T7P2w

T9P1wT13P3w

CL2D
T11P2w

T10 P3D

T14 P2D

T2P3w

T3P3w

T1P3w
T3 P1D

T8 P2DT11 P2D

T11 P3D

T12 P2D

CL1DT1P1w

T1P2wT10 P2D

T14P1w
T15 P2D

T1 P2DT11 P4D

T15P1w

T14P3w

T1 P3D

T2 P3D

T3 P3D

T5 P2D

T5 P3D

T7 P3D

T7 P4D
T14P2w

T16P3w

T15P3w

T5P3wT13P1w

T16P2w
T11 P1D

T15 P3D

1
0
0

8
0

6
0

4
0

2
0 0

Similarity
1

C
lu

ster 1
C

lu
ster

2
C

lu
ster

3

S
 -

C
 1

S
 -

C
 3

S
 -

C
 2

S
 -

C
 4

S
 -

C
 5

Similarity (%)



74 

 

Cluster 1 

Cluster 1 consists of two sub-clusters. Cluster 1 plots separated at 65% similarity in 

Order composition.  

Sub-Cluster 1 

Sub-Cluster 1 consists of plots mainly from the wet season and only two from the dry 

season. Most of the plots were located east of the tailings dump, with the exception 

of T5P3W and T11P1D which were west and south west respectively. Plots were at 

distance 0m, 50m and 100m. Sub-Cluster 1 plots separated at 70% similarity. 

Sub-Cluster 2 

Plots in Sub-Cluster 2 clustered consisted mainly of plots from dry sampling season 

and two from the wet season. Plots were located mainly at 100m along the distance 

gradient, with four from the west and two from the east. Sub-Cluster 2 plots 

separated at 78% similarity in Order composition. 

Cluster 2 

Three Sub-Clusters were identified in Cluster 2. Cluster 2 plots separated at 70% 

similarity in Order composition.  

Sub-Cluster 3 

Sub-Cluster 3 consists of 15 plots from the dry season and 21 from the wet season. 

Twenty-two of the 36 plots were located at 0m and 50m along the distance gradient. 

Most of the plots were at 100% similarity in Order composition. 
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Sub-Cluster 4 

Twenty four of the 39 plots were from the dry season with most of them clustering 

almost at 100% similarity in Order composition. Fifteen of the 36 plots were from 

the wet season and were located at varying distances along the distance gradient.  

 Cluster 3 

Comprises all control plots from the wet season sampling. The plots separated at 

83% similarity in Order composition. There was an outlier, plot T17P3D.  

4.5.1 Ground-dwelling invertebrates-environmental relationships 

The Detrended Correspondence Analysis (DCA) did not show clear groupings 

between seasons and across seasons. (Figure 17) Axis 1 explained 22.6% of the 

variation while 5.4% was explained along Axis 2.  
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Figure 17: DCA ordination diagram based on binary ground-dwelling invertebrates 

Orders matrix (wet and dry seasons) at each distance at Kombat Mine tailings dump 

site and control sites; 0m ( ), 50m ( ), 100m ( ), 150m ( ) and control sites (+). 
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The plot of environmental variables indicated that the composition of ground-

dwelling invertebrates Orders for the wet season in plots at 0m were positively 

influenced by copper, lead, total suphur and presence of slimes. The composition of 

ground-dwelling invertebrates Orders for wet sampling season in the control sites 

were negatively influenced by copper, lead and total sulphur. Variation in ground-

dwelling invertebrates Orders environment correlations were accounted for 11.90% 

along Axis 1 and 7 % along Axis 2. 

Three (3) groups were identified from the CCA plot (Figure 18). 

Figure 18 is a CCA Ordination Diagram plot showing the influence of heavy metals, 

slimes, clay and fire on ground-dwelling orders (wet season collection) along a 

distance gradient at Kombat Mine tailings dump and surrounding areas. 
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Figure 18: CCA ordination diagram showing the influence of heavy metals, slimes 

clay and fire on ground-dwelling invertebrate composition data for the wet season 

(March 2012) at each distance site and in control sites at Kombat Mine tailings 

dump; 0m ( ), 50m ( ), 100m ( ), 150m ( ) and control sites (+). 

Group 1 consisted of the plots which were positively influenced by copper, lead and 

total sulphur. These included mostly plots from distance 0m. Some plots T5P2, 
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the tailings dump where concentration of heavy metals was high and heavy presence 

of slimes. 

Group 2 plots consisted of plots mainly at distance 150m. These plots were not 

directly influenced by the explanatory variables under investigation. Fire had a minor 

influence on the plots. Group 3 consisted of control sites. The control sites were not 

affected by the explanatory variables (Figure 18). 

For the dry season, there was no correlation of the arsenic, copper, lead, total 

sulphur, clays and slimes substrates and ground-dwelling invertebrate Orders 

composition along Axis 1. Cadmium, cobalt and zinc were negatively correlated to 

ground-dwelling invertebrate Orders compostion along Axis 2. There were no clear 

groupings except 9 plots at 0m which showed correlation with sulphur along Axis 2 

(Figure 19). 
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Figure 19: CCA ordination diagram showing the influence of heavy metals, slimes 

clay and fire on ground-dwelling invertebrate composition data for the dry season 

(July 2012) at each distance site and in control sites at Kombat Mine tailings dump; 

0m ( ), 50m ( ), 100m ( ), 150m ( ) and control sites (+). 

For the wet season the Monte Carlo Test showed significant differences along the 

first canonical axis (F = 6.074 and p < 0.005) and all canonical axis (F = 1.534, p < 

0.02). The measured environmental variables accounted for 30.14% of the observed 
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total sulphur (F = 6.05, p < 0.001), cobalt (F = 3.46, p < 0.002) and cadmium (p = 

0.03) significantly influenced ground-dwelling inveretebrate Order composition for 

the wet and dry season respectively. The influence of all other environmental 

variables not significant for both the dry and wet season (Table 6).    

Table 6: Significance of the influence of individual environmental variables on 

ground-dwelling invertebrate Orders from pitfall data obtained during dry (July 

2012) and wet (March 2012) sampling season around Kombat Mine tailings dump 

and control sites. 

 Wet Dry 

Variable LambdaA F P LambdaA F P 

Total sulphur 0.1 6.05 0.0001 0.02 1.94 0.085 

Arsenic 0.02 1.26 0.276 0.01 0.72 0.587 

Zinc 0.01 0.58 0.74 0.01 1.04 0.37 

Clay 0.01 0.97 0.425 0.02 1.44 0.212 

Cadmium 0.01 0.76 0.593 0.04 2.69 0.032 

Copper 0.01 0.52 0.793 0.01 0.76 0.565 

Lead 0.01 0.29 0.96 0.01 0.54 0.741 

Cobalt 0.05 3.46 0.002 0.02 1.30 0.265 

Nickel 0.02 1.00 0.408 0.02 1.71 0.131 

Slimes 0.02 1.49 0.71 0.01 0.8 0.535 

Fire 0.01 0.81 0.535 0.03 1.75 0.118 

p > 0.05 not significant, p < 0.05 significant 
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CHAPTER 5 

5 DISCUSSION 

5.1 Variations of heavy metals and total sulphur concentrations in the soil 

Mining and mineral processing activities at Kombat Mine resulted in production of 

large amounts of tailings over a period of nearly 100 years which were deposited in 

open air impoundments south of the mining complex (Mapaure et al., 2011). Tailings 

(milled, fine grained rock material) often contain elevated concentrations of heavy 

metals (Hahn, 2007). The tailings material is characterized by the deficiency of 

major nutrients, poor physical structure and extreme acidity and/or salinity (Li & 

Yang, 2008). Research by Li and Yang (2008) showed that the five Pb-Zn mines in 

south China recorded very high lead, zinc, copper and cadmium concentrations in the 

substrates with plant communities. Further investigations on six tailings dams 

(mainly tin and antimony mines) in northwest Guangxi, China, showed very high 

levels of lead, zinc, arsenic, cadmium, copper, antimony and tin in tailings substrate 

(Li & Yang, 2008). Carter and Ungar (2001) stated that these heavy metals 

accumulate and persist in the environment and therefore bring about chemical 

compositions in the ecosystems which include disruptions of ecological processes 

and functions of flora and fauna communities. Most soils in the vicinity of mines and 

mine tailings dumps indicate high levels of heavy metal concentrations (Jung, 2001; 

Jung, 2008; Antwi-Agyei, 2009).  

Analytical results from top soil samples collected along a distance gradient from 

Kombat Mine tailings dump show similar trends to those reported by Li and Yang 
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(2008) in south China and Carter and Ungar (2001) in northwest Guangxi. Similar 

studies in Namibia, Berg Aukus (Ellmies et al., 2006), have shown the same trend of 

heavy metal pollution in soils around tailings dumps. In the absence of Namibian 

guidelines to limits of acceptable heavy metal concentrations in soils, for various 

landuses, the heavy metals concentrations from Kombat Mine tailings dump were 

compared to Canadian Council of Ministers of |Environment (CCME) guidelines 

(2007) for agriculture and residential landuse. The comparison showed that arsenic, 

cobalt copper, lead, nickel and total sulphur were significantly higher at distance 0m 

and 50m from the tailings dump than the CCME guidelines for agriculture and 

residential landuse. The mean concentrations of copper at distance 0m exceeded the 

CCME guidelines by 17 times, at distance 50m by 9 times and at distance 100m by 8 

times. The mean copper concentration at control site, 3 km from the tailings dump, 

was equal to the CCME guidelines, showing a copper pollution gradient with lower 

concentrations away from the tailings dump. Similar trends were shown by lead that 

had a mean concentration at distance 0m 11 times higher than the CCME guidelines 

and 5 times higher at distance 50m and 100m. The mean concentration of lead at 

control sites was 3 times the CCME guidelines. Total sulphur exceeded the CCME 

guidelines only at distance 0m from the tailings dump. Mean arsenic concentrations 

exceeded the CCME guidelines along the distance gradient, including the control 

sites. Zinc, cobalt, nickel and cadmium mean concentrations were below the CCME 

guidelines along the distance gradient. Zinc, cobalt, nickel and cadmium mean 

concentrations were within the range of comparative background values reported in 

previous geochemical studies by Mapani et al., 2007. According to Knésl et al. 

(2006), concentrations of arsenic, copper and total sulphur were significantly higher 
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in the sampled top soil horizons than the lower soil horizons (57 ppm copper, 37 ppm 

lead, < 0.019 wt% total sulphur). This indicates that the increase of these elements in 

the top soil is due to anthropogenic activities (Kříbek, Majer, Veselovský & Nyambe, 

2009a). 

The high concentration in the top soils around Kombat Mine tailings dump was 

attributed to contamination by fine dust particles from tailings dump and processing 

operations. Most of high concentrations values of copper, lead and total sulphur were 

recorded in plots immediately around the dump to the northwestern and western 

directions. The distribution halos for copper, lead and total suphur in this study 

indicated contamination anomalies around the dump and along the distance gradient 

to the west and northwest directions from the dump. Elevated copper, lead and total 

sulphur concentrations in these areas were attributed to a larger extent to 

contamination from dust fallout from the tailings dump and water erosion of tailings 

dump slopes and to a lesser extent primary source in the lower soil horizons. The 

exceptionally high concentration of copper and lead (up to distance 150m) is because 

these heavy metals are chemically stable and occur in high concentrations in the 

Kombat Mine ore. The low concentrations of total sulphur in the tailings dump, 

especially the older tailings dump, was due to decomposition of sulphur into various 

chemical states such as sulphur dioxide or trioxide which escape in gaseous form into 

the adjacent environment or is oxidized to form acid (www.science.jrank.org). The 

presence of dolomitic rocks in the Kombat area has also a neutralising effect on the 

sulphur in the tailings dump (B. Mapani, personal communication, 20 October 2012). 

The highest zinc concentration of 277 ppm was recorded in the south-eastern side of 
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the dump and the explanation for the anomaly is unknown. The zinc concentration 

from this study shows similar trend to that reported by Mapani et al. (2007) around 

Kombat Mine and by Zornoza et al. (2011) at Spanish mine sites.  

The concentrations of heavy metals in control sites indicated there was no pollution 

in these sites from the tailings dump. These findings compare well with findings by 

Mapani et al. (2007). The low concentrations of heavy metals in the control sites 

were because the sites were further away from the source of pollution that is the 

tailings dump (Appelo & Postma, 1993). Heavy metals by nature are less mobile. 

Jung (2001) in Nunes (2007) argued that the concentration of heavy metals decreases 

exponentially with increasing distance from the mine. This is shown at Kombat Mine 

tailings dump where the concentration of copper, lead and total sulphur decreased 

exponentially from distance 0m to control sites.  

In most ecosystems soils are normally known to contain low background levels of 

heavy metals such as arsenic, cadmium, copper lead, nickel and zinc (Wuana & 

Okieimen, 2011). The heavy metals form part of essential trace elements for different 

functions in organisms. High heavy metals concentrations can be hazardous to man, 

animals and plants when they occur in excessive levels in the environment. This is 

because they pollute soils, air, and surface and ground water bodies on which all 

living organisms depend. This often leads to deterioration of ecosystems health and 

ultimately loss of biodiversity (Mapani et al., 2011). A number of studies have 

affirmed that excessive loading of heavy metals into the natural environment has 

negative influence on organisms. Schippers, Jozsa, Sand, Kovacs and Jelea (2000) 

concluded that the death of the vegetation mainly Robinia pseudoacacia species on 
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the eastern slope of the Bozinta tailings heap, in Romania, was due to lowered pH, 

increased amount of toxic elements or a combination of these factors. Pyrite 

oxidation was detected as deep as 1m below surface, in areas where the vegetation 

had died. The presence of flourishing vegetation on the western side where there was 

no pollution confirmed that heavy metals negatively impacted on the area.  

Zornoza et al. (2011) argued that the environmental hazardousness of heavy metals 

does not only depend on their concentration in the environment but also on their 

availability to be mobilized and uptaken by biota. Salemaa et al. (2001) stated that 

many of the heavy metals are bound on plant surfaces and tissues where they form 

stable complexes with organic matter in the soils. Hence they are bound to occur in 

these areas for long periods and have long lasting effects on the ecosystems even 

after the life of the mine. 

Arsenic was very low in the tailings at Kombat Mine. Accumulation of arsenic and 

lead in soils is of great concern due to its toxicity and potential to contaminate 

groundwater. Also, because arsines are the most toxic forms of arsenic, their 

assessment in contaminated environment is important (Turpeinen, 2002). Turpeinen 

(2002) further argued that the accumulation of arsenic in soil is influenced by its 

ability to transform from organic arsenic compounds to inorganic arsenic due to 

bacterial activity. Arsenic, at Kombat Mine, occurs in arsenopyrite and is easily 

mobilized either in aqueous form and tends to settle into the lower horizons of the 

soil profile or as dust particulate where it disperses over large areas (Mapani, 

personal communication, 20 October 2012). This may explain the low concentration 

values of arsenic recorded on the tailings dump.    
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The distribution maps from the concentration values obtained in this study showed 

that copper and lead, which are heavier less mobile elements, tend to diffuse around 

the dump into the environment. Zinc, nickel and cadmium are highly mobile 

elements (Kashem, Singh, Huq & Kawai, 2011) and have the tendency to move 

down the soil profile. This might explain their low concentrations in the top soils at 

Kombat Mine.   

5.2 Influence of heavy metals on plant species richness, diversity and 

composition.  

The plant species richness, diversity and composition were significantly different 

among sites along the distance gradient at Kombat Mine tailings dump. Overall, 

plant species richness and diversity was lowest at distance 0m and highest in the 

control sites. Plots that were similar in composition were clustered together by the 

HCA and CCA analysis. Similarity, overall plant species richness and diversity were 

highest in control sites.  

In between plots at 0m and control sites the DCA did not show clear dominant 

influence along both axes. This was probably due to complex interactions of several 

factors. Groups 3 and 4 showed that distance and direction away from the tailings 

dump determined the extent and impact of pollution on plant species composition in 

the groups. The CCA analysis showed that the positive correlation between plant 

species composition and heavy metals concentration had decreased significantly in 

the control sites. The clay dominated substrate had a more positive correlation with 

plant species composition. This explains why some plots at distance 50m (T12P2) 

dominated by clay soils grouped together with those at distance 100m. 
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According to Simon (1978) the development of vegetation in heavy metal 

contaminated areas is dependent on metal availability for plants as well as the ability 

of plant species to evolve metal tolerance mechanisms. These factors are the primary 

determinants of the vegetation structure, density and development in heavy metal 

contaminated areas. Mapaure et al. (2008) argued that observed differences in 

vegetation richness, diversity, composition and structure at Kombat Mine could be 

attributed to influence of heavy metal pollution as a result of differential responses of 

the various species to pollution.  

It can be argued that the plants along the distance gradient responded differently to 

heavy metal pollution stress. In areas immediately around the dump and within its 

vicinity where copper, lead and total sulphur were very high, some plant species 

were able to grow and survive for long durations. It was, therefore, inferred that 

Commicarpus pentandrus (herbs) plant species growing in only polluted areas 

around the Kombat Mine tailings dump could be used as possible candidates for 

indicator species for heavy metal pollution. Woody plants Acacia erubescens, Acacia 

karroo and Dichrostachys cinerea and some grasses Chloris virgata, Setaria 

verticillata that were abundant in polluted areas and also occurring in unpolluted 

areas were identified as possible candidates for rehabilitation of severely polluted 

areas. These plant species may have developed several tolerance and avoidance 

mechanisms. Heavy metal avoidance according to Mapaure et al. (2008) may include 

restricting metal uptake while tolerance may involve binding heavy metals in cellular 

compartments such that sensitive metabolic processes are not affected.  Those plants 

species which failed to develop tolerance mechanisms died off. At Kombat Mine 
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tailings dump, the plant species richness and diversity increased with increasing 

distance from the dump.  This trend showed that a few plant species were able to 

develop tolerance to heavy metal pollution and survived under high heavy metal 

stress conditions. Studies by Lepp et al. (1996) showed similar patterns with only one 

dominant grass species Agrotis capillaris being able to establish greater proportion of 

growth in copper contaminated areas at a Copper Rod Rolling Factory in Prescot, 

Merseyside, UK. Similarly, Nunes (2007) noted that lower species richness was 

recorded in areas close to the Tsumeb Copper Smelter than other sites which were 

further away. Cuny et al. (2004) argued that the presence of specific flora and 

vegetation may be key to recognizing substrates contaminated by heavy metals.   

Copper can accummulate in soils and negatively influence the activity of 

microorganisms and earthworms by seriously slowing down the decomposition of 

organic matter (Merrington, Rogers & Van Zwieten, 2002). When the soils are 

polluted with copper, animals will absorb concentrations that are damaging to their 

health. Mainly sheep suffer a great deal from copper poisoning, because the effects 

of copper are manifesting at fairly low concentrations. The area to the south of the 

Kombat Mine tailings dump is used as grazing lands by the local farming 

communities, hence the cattle are exposed to the high concentrations of copper. 

Copper does not break down in the environment and can accumulate in plants and 

animals when it is found in soils (Raymond & Okieimen, 2011). Thus, only a limited 

number of plants have a chance of survival in copper-rich soils, resulting in lower 

plant diversity near copper-disposing factories (Opaluwa et al., 2012). Copper can 

seriously influence the production of certain farmlands, depending upon the acidity 
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of the soil and the presence of organic matter. Despite of this, copper-containing 

manures are still applied. 

Other factors which could have contributed to low diversity in sites further from the 

tailings include fire occurrence. At Kombat Mine fire damage is not wide spread 

around the tailings dump. Affected areas are only located north and northwest of the 

dump were commercial and subsistence farming is practiced. In areas where fire 

frequently occur the plant species composition and vegetation structure of vegetation 

communities are affected (Frost, 1996). At Kombat Mine, the effect of fire on the 

composition and structure of vegetation communities was not significant.     

5.3 Influence of heavy metals on vegetation structure 

The vegetation structure was significantly different along the distance gradient and 

control sites. Tree density was significantly higher in areas immediately around the 

tailings dump than further away and in control sites. This result was unexpected 

when compared to other studies that indicated that tree densities are significantly 

lower in heavy metal polluted areas than in unpolluted areas (Pulford & Watson, 

2003). A characteristic feature of metalliferous soils in Europe is the absence of 

woody and tree species (Turner, 1994; Pulford & Watson, 2003). The plots at 0m and 

50m were dominated by Dichrostachys cinerea and Acacia erubescens plant species 

on the western side of the Kombat Mine tailing dump. These formed thickets and 

entirely encroached on the areas within the dump‘s vicinity. The prevailing 

conditions may have favored the recruitment and development of some plant species 

such as Dichrostachys cinerea and Acacia erubescens, while negatively influencing 

the recruitment and development of other pollution intolerant species. A study by 
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Bako, Funtua and Ijachi (2004) around the Kaduna Refinery and Petrochemical 

Complex (KRPC), in Nigeria, investigated the heavy metal content in the leaves of 

Dichrostachys cinerea, Ficus platyphylla, Isoberlinia doka and Flueggea virosa with 

a view to possibly use them as bio-indicators of heavy metal pollution and bio-

remediator species. The results of the study showed that all four species of plants 

around Kaduna Refinery and Petrochemical Complex accumulated copper, lead, 

chromium, nickel and arsenic compared to same species growing in a relatively 

―clean‖ environment. Bako, Funtua and Ijachi (2004) concluded that all four species 

were generally tolerant to copper, lead, chromium and nickel pollution but not to 

arsenic, which was the least accumulated metal and that the species may be used for 

bio-monitoring heavy metal pollution. The dominance of the Dichrostachys cinerea 

around the Kombat Mine tailings dump may be due to their tolerance of the heavy 

metal pollutants in the area, mainly copper and lead which occurred in very high 

concentrations in plots around the tailings dump.  

Some plant species can survive and thrive in metalliferous soils, presumably by 

adapting mechanisms that may also be involved in the general homeostasis of, and 

constitutive tolerance to, essential metal ions as found in all plants (Hall, 2001). The 

genetic basis for metal tolerance of plants has been well documented (Peterson, 

1993: in Bako, Funtua & Ijachi 2004). 

Dichrostachys cinerea is an encroacher species (de Klerk, 2004) and its dense 

thickets also contributed to high tree density noted around the dump. de Klerk (2004) 

described Dichrostachys cinerea, Acacia mellifera and Acacia erubescens as 

problem bushes that encroach on areas with serious substrate disturbance and form 
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thickets (Mannheimer & Curtis, 2009). de Klerk (2004) also noted that where the 

Dichrostachys cinerea encroaches, the bush density can be up to 10,000 per hectare. 

The densities measurements recorded during this study compare to the values cited 

by de Klerk (2004) for the Otavi–Grootfontein area. The geology (dolomitic 

karstveld) and climate (annual rainfall of 350 – 500mm) of the Kombat area is 

similar to the conditions under which the Dichrostachys cinerea is reported to thrive 

as an encroacher (de Klerk, 2004). 

Tree density was low at distance 100m and 150m due to the landuse and tree 

composition. Parts of the woody plant species on the northern and western parts of 

the tailings dump were cleared for farming and fire wood purposes. Also the trees 

occurring at these sites were more diverse and did not form dense stands except for 

the Acacia mellifera growing on the clay soils south west of tailings dump.  

The shrub density was not significant along the distance gradient and control areas. 

Shrub densities were low around the dump where heavy metal concentration was 

highest, showing low recruitment of woody plants. The plants contributing mostly to 

shrub density were Dichrostachys cinerea and Acaci mellifera. This further confirms 

that they will grow to form thickets around the dump. 

There were significant differences in herbaceous cover along the distance gradient. 

Annuals were totally absent from some sampled plots at 0m from the tailings dump. 

Griffiths (1998) argued that the absence of annuals in disturbed sites was related to 

their reliance on seeds for reproduction. Heavy metal pollution may interrupt the 

reproductive cycle of obligate seeders and cause reduction or lack of seed 

production, resulting in possible local extinction of species. Hence, differences in 
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cover were attributed to effects of heavy metal pollution. On the contrary, Salemaa et 

al. (2001) argued that viable seeds of many species may occur in seed banks in 

polluted sites, but seedling establishment may be hindered by the level of toxicity as 

a result of heavy metal pollution. Abler (2004) investigated the effect of copper, zinc 

and disturbances on ectomycorrhizal fungi (essential for seedling establishment in 

disturbed sites) on a mine reclamation project in Wise County, Virginia. The results 

of the study showed that the number of mycorrhizal species was low in polluted sites. 

Therefore, the presence of heavy metals around the tailings dump at Kombat Mine, 

may indirectly affect the seedling establishment and hence the herbaceous cover. 

Some plant species may fail to develop after germination. Ernst, Nelissen, & Ten 

Brookum (2000) cited that Silene vulgaris seedlings wilted after germination due to 

the impact of high metal exposure. 

The above plant responses may therefore explain the low herbaceous cover at 0m.  It 

can be argued that most of the pollution intolerant species died off leaving few 

tolerant species such as Commicarpus pentandrus, Chloris virgata, and Setaria 

verticillata to occupy the vacant niches around the Kombat Mine tailings dump. 

Knels et al., (2006) noted Cenchrus species were very resistant to high 

concentrations of arsenic, copper and lead and these were some of the few grass 

species growing on the Kombat Mine tailings dump. 

Further studies of Commicarpus pentandrus, Chloris virgata, and Setaria verticillata 

may be key to restoration design of the tailings dump at Kombat Mine and other base 

metal provinces where similar mineral assemblages occur in tailings material. In 

China plants growing in moderate to heavily polluted mine areas where investigated 
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and gave insights to the type local resistant species which were able to grow in areas 

with high heavy metal concentrations in the soils (Li, Luo & Su, 2007; Yan, Xiang & 

Tian, 2006; Li & Yang, 2008).  

Herbaceous cover was significantly higher further away from the tailings dump and 

in control sites. This could be due to decreasing heavy metal pollution along distance 

gradient in the top soils. Therefore other factors which may have contributed to the 

increase in herbaceous cover include the influence of low tree density in the control 

sites, fire and wood clearing by humans for farming and firewood. In places where 

tree density is low, grasses tend to occupy the spaces in between, especially in 

savanna ecosystems. Sankaran, Ratnam and Hanan (2004) noted that the relationship 

between trees and grasses in savannas is explained either on competition-based or 

demographic mechanisms. In competition based mechanisms trees and grasses 

coexist with respect to limiting resources such as water lead to tree-grass 

coexistence. With respect to dermographic mechanisms factors such as fire, 

herbivory and rainfall variability promote tree-grass persistence through their 

dissimilar effects on different life history stages of trees.  

The suppressive effect of an increase in tree density on the production of the grass 

layer is considered as a serious problem by landowners. In an attempt to restore the 

productivity of grasses, tree clearing/thinning is commonly employed, often at high 

cost. However, the economical and ecological viability of these practices has not 

been established (Smit, 2001). Smit (2001) investigated the effect of tree thinning on 

the productivity of the grass layer and to establish the relationship between tree 

density and grass production in the Mopani savanna of the Northen Province of 
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South Africa by thinning seven plots to differing tree densities. The above-ground 

dry matter yield of grasses within the 7 tree density plots was determined at the end 

of each growing season. The results of the study showed that the highest grass yield 

was obtained where all the trees were removed and between canopies.  

There were significant differences in height frequency distribution among sites along 

the distance gradient with higher proportions of trees > 4m and < 2m around the 

tailings dump (0m to 50m) than further away along the distance gradient and control 

sites. This is consistent with the habit of the most abundant woody plant species 

(Dichrostachys cinerea, Acacia karroo, and Prosopis sp). The Prosopis sp was 

introduced at Kombat Mine tailings dump to stabilise the tailings dump and hence 

contributing to the vertical structure. According to Mannheimer et al. (2009) 

Dichrostachys cinerea occurs in a wide spread of habitats in central and northern 

Namibia, as shrub or tree. The higher proportions of medium sized trees were more 

abundant at 50m to 100m distance sites. The dominant trees species in these plots 

was Acacia mellifera. 

 However, the use of the Prosopis sp to stabilize the dump poses a threat to local 

vegetation community due to its evasiveness (Mannheimer et al., 2009). Prosopis sp 

is among some of the alien invasive woody plants that are threatening the natural 

vegetation in Namibia (Mannheimer et al., 2009). It has potential to spread rapidly, 

there by outcompeting local trees through producing high quantities of seeds as well 

an efficient dispersion mechanism (Getachew, Demissew & Woldemariam, 2012). 

Its demand for water is high. This is a major threat to local vegetation and ground 

water reservoirs which are widespread in the Kombat area.The use of Prosopis plant 
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species to stabilize the dump therefore pose a big threat to the local vegetation 

communities in Kombat area which are already showing low diversity and richness 

in polluted areas around the tailings dump. Alternatively, local grasses such as 

Chloris virgata and Cenchrus species which are very resistant to high concentrations 

of arsenic, copper and lead (Knésl at al., 2006) may be used as pioneer species to 

rehabilitate the dump as well as initiate the process of natural colonisation by the 

local vegetation communities. 

The shrub height distributions patterns were also significantly different among sites. 

Proportions of   shrubs in height categories (< 0.5m) were more abundant at distance 

50m and 100m than other plots along the distance gradient and control sites. This 

was due to natural replacement and recruitment process in the plant community 

which consisted of diverse species. Shrubs in height categories < 0.5m were 

abundant at 0m plots adjacent to the new tailings dump embankment. The area was 

highly disturbed during dump construction resulting in removal of big woody plants 

and creating niches for colonization by such species as Acacia mellifera and 

Dichrostachys cinerea. Proportions of shrubs in of all height categories‘ were less 

abundant at distance 150m due to frequent wood clearing for farming and firewood. 

5.4 Determinants of vegetation structure and composition 

The DCA results show that there is no single dominant influence of specific DCA 

gradient along both axes. The relative importance of each gradient seems to vary 

along the axes. The control plots were clearly separated from the experimental plots. 

The experimental plots showed no clear grouping indicating that there is no single 

dominant influence of specific DCA gradient along both axes on the patterns of 
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species composition. The underlying environmental gradient was unclear. The 

indirect gradient analysis indicated a complex interaction of gradients which have 

influenced the pattern in species composition. The effects of pollution are gradational 

and heterogonous as evidenced by the overlap of plots along distance gradient. The 

extent of pollution on the plots along the distance gradient was affected by their 

proximity to the dump, their location relative to wind direction or the location of 

natural drainage channels.  

The CCA diagram separated plots into 4 groups based on the influence of 

environmental variables on the species composition. The CCA diagram clearly 

separated the plots in the control sites from the plots in the experimental area. There 

was a clear separation of plots in the experimental area showing the influence of the 

environmental variables along the distance gradient. Copper, lead, total sulphur and 

slimes showed a strong positive influence on the species composition and structure 

of plots close to the tailings dump (0m and 50m) and to the windward direction 

compared to those further away along the distance gradient and control sites. The 

CCA diagram showed that arsenic, cadmium, nickel and zinc do not influence the 

vegetation composition around Kombat Mine tailings dump. The concentrations of 

cadmium, zinc, nickel and arsenic were low on the tailings dump. This may be due to 

their high mobility (Kashem et al., 2011) and tendency to move down the soil profile. 

While this study showed that cadmium, nickel and zinc concentrations were below 

the CCME guideline values, these elements are known to affect vegetation 

composition and structure around mineral processing and mining areas (Turpeinen, 

2002). In the control sites, plant species was negatively influenced by copper, lead, 
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total sulphur and slimes, hence the clear separation of control plots from the 

experimental plots.   

The absence of distinct separation of groups of species data in the experimental plots 

indicated that the species data was from the same micro ecosystem whose species 

have been subjected to varying influence of environmental variables. Hence there 

was a gradual change of species composition along the distance gradient resulting in 

diffused transition areas (de Wolf, 2004). This also indicated the gradual decreasing 

influence of heavy metal pollution along the distance gradient. The overlapping of 

plots along the distance gradient indicates that influence of heavy metals in not 

homogenous. Therefore, the boundaries demarcated around the groups are artificially 

sharp (de Wolf, 2004). The response of species to environmental variables was 

gradational along the distance gradient.   

5.5 Influence of heavy metals on ground-dwelling invertebrates abundance 

There were no significant differences in abundance of individual specimens‘ counts 

of ground-dwelling Orders within seasons along the distance gradient. The 

abundance of Hymenoptera (ants) was significantly higher than other Orders 

captured in pitfalls along the distance gradient. 

5.6 Influence of heavy metals on ground-dwelling invertebrates diversity, 

richness and composition 

Results of the study conducted showed that there were no significant differences in 

ground-dwelling invertebrate Orders diversity within and between the dry and wet 

season along the distance gradient. The hypothesis for this study (hypothesis d) was 
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that the richness and diversity of ground-dwelling invertebrates will be lower in plots 

closer to the dump compered to plots further away from the dump and  control sites. 

Many ground-dwelling taxa have shown that high concentration of heavy metals are 

lethal and often cause death and migration from polluted habitat. Fewer ground-

dwelling invertebrate taxa are well adapted to high metal pollution in soils and 

therefore result in low richness and diversity in heavy metal polluted areas. High 

concentrations of heavy metals in the contaminated top soils may suppress the 

successful establishment of new species of new Orders (Perner et al., 2003). Some of 

the dominant ground-dwelling Orders (Hymenoptera (ants), Coleoptera (beetles) and 

Araneae (spiders)) found at 0m and 50m at Kombat Mine tailings dump have been 

shown to exhibit tolerance and adaption characteristics to heavy metal polluted areas 

(Andersen, 1997). 

The analysis for heavy metal concentrations in sampled top soils showed that the 

areas around the dump and its vicinity as well as the western side receive heavy 

fallout from the tailings. These areas, as a result, were highly polluted by toxic 

metals, yet no significant change was observed in Orders richness and diversity. 

Most of the ground-dwelling invertebrate Orders were captured in pitfall traps 

sampled throughout the contaminated areas. Heavy metal pollution alone cannot be 

attributed to the composition and structure distribution of the ground-dwelling 

invertebrate Orders around Kombat Mine tailings dump. 

 Findings from the environmental impact assessment on invertebrates at NAMDEB‘s 

ORM LOM project in Southern Namibia, conducted in 2010, showed that there were 

no significant differences in species diversity and composition of invertebrates 
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among the different habitats and between gravel and sandy plains (Greyling & Irish, 

2010). Rainfall, instead of mining waste, was cited, by Greyling and Irish (2010), as 

significant in influencing the diversity and abundance of invertebrates, showing that 

seasons have a significant influence on diversity and abundance of invertebrates.  

The lack of significance in invertebrate attributes such as richness, diversity and 

abundance are not uncommon (Nahmani & Lavelle, 2002; Jung et al., 2008) 

According to Fergnani, Sackmann and Cuezzo (2008) such an outcome could be a 

result of complex interaction of factors such as microclimate, environmental factors, 

functional relationships and vegetation which affect invertebrate richness, diversity 

and abundance. A study conducted by Jung et al. (2008) indicated that the species 

diversity of ground-dwelling spiders between unpolluted and moderately polluted 

sites was not significantly different despite the higher species diversity value in the 

polluted sites. In fact cadmium concentrations in the soil and spiders‘ species 

diversity did not show a trend despite cadmium and lead concentrations being more 

toxic to arthropods than other heavy metals (Hopkin & Hames, 1994).  Jung et al. 

(2008) further argued that the concentration of cadmium and lead may have been in 

moderation not enough to have an effect on the diversity of ground-dwelling 

invertebrates.  

Uetz (1997) obtained no statistical differences in species diversity and structure of 

ground-dwelling spider communities between polluted and moderately polluted sites. 

The lack of significant difference in spider species diversity and structure could have 

been either due to adaption by the ground-dwelling spiders to heavy metal 

concentrations or their ability to accumulate and respond to heavy metal 
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concentration differently, depending on species and metal type (Maelfait, 1996; Marc 

et al., 1999). Apart from soils conditions and heavy metal contamination, the habitat, 

vegetation type, its microclimate and availability of prey have also been cited as 

some of the factors that affected diversity and structure of Araneae communities 

(Uetz, 1991; Marc et al., 1999; Fountain et al., 2007; Jung et al., 2008).  

The results of this study, therefore, showed that there were no significant trends 

between the ground-dwelling invertebrate Orders and concentration of heavy metals 

and total sulphur.  

Findings of a study conducted by Åström (2003) in south-western Kalahari around 

the Matsheng villages, Botswana, showed that there was no effect of environmental 

variables gradients on insect occurrence in the Kalahari, Bostwana. In fact, the 

results showed no variation in catches between traps at different distances to the pan 

and between traps within the same distance. Similar trends were cited in studies by 

Waide et al. (1999) and Abrams (1995). 

The Hierarchical Cluster Analysis‘ (HCA) dendogram plot showed that ground-

dwelling invertebrate taxa captured around Kombat Mine tailings dump and control 

sites during dry and wet pitfall sampling was influenced  by seasonality and aspect 

and not distance. The location along the distance gradient was not significant. 

Exceptions were the most abundant Orders Hymenoptera, Coleoptera, Orthoptera 

and Araneae which recorded highest counts at 0m and 50m from the tailings dump 

where heavy metal concentration was highest in the top soils.  
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The results of this study showed that in addition to differences in seasonality, aspect 

and to some extent distance were vital in determining ground-dwelling invertebrates‘ 

assemblages (Seymour & Dean, 1999). This trend confirmed that an array of factors 

influence the structure and composition of ground-dwelling invertebrate 

communities. Samways (1983) found spatial distributions of Coleoptera (Carabidae 

and Staphylinidae) and Arachnida (Araneae) to be influenced by variability in 

vegetation composition and overwintering sites, showing specific habitat needs that 

differ for species. This spatial variation has also been observed in lotic systems 

(Céréghino, Giraudel & Compin, 2001) where geographical longitude was one major 

driving factor, while in the Cape Floristic Region, altitude and soil type also played a 

major role in determining Formicidae assemblages (Botes, McGeoch & van 

Rensburg, 2006). Spatial differences in assemblages have been attributed to factors 

such as competition (Lindsley & Skinner, 2001) and association patterns of species 

feeding guilds (Donovan, Eggleton & Bignell, 2007). 

Detrended Correspondence Analysis from both seasons showed no clear groupings, 

thus indicating that there is no clear gradient controlling the composition of ground-

dwelling Orders for both seasons at Kombat Mine tailings dump and the surrounding 

areas. There was no clear turnover of Order composition along Axis 1 for both 

seasons. 

Samways (1983) found spatial distributions of Coleoptera (Carabidae and 

Staphylinidae) and Arachnida (Araneae) to be influenced by variability in vegetation 

composition and overwintering sites, showing specific habitat needs are  different for 

species. Spatial differences in assemblages have also been attributed to factors such 
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as competition (Lindsley & Skinner, 2001) and association patterns of species 

feeding guilds (Donovan et al., 2007).  

The CCA plot did not indicate clear relationships showing interaction of the ground-

dwelling Orders composition data and the environmental variables tested for the dry 

season. Plots at 0m correlated with the high concentrations of copper, lead and total 

sulphur for the wet season. Slimes also showed strong positive correlation with plots 

at 0m. The composition and structure of ground-dwelling invertebrates Orders 

occurring around the dump were strongly influenced by the pollution and slime 

substrate which is dominant at this distance. Therefore, Orders Hymenoptera, 

Coleoptera, and Araneae, which were abundant at 0m and 50m are better adapted to 

heavy metal pollution or other conditions neutralize the effect during wet season. A 

study by Read at al. (1996) showed that the Orders Hymenoptera (bees and wasps) 

and Coleoptera showed positive correlation with effects of heavy metal pollution. It 

was postulated that these groups either prefer sites high in metal concentrations or 

are not affected to the same extent as the other groups which were being investigated.  

Read et al. (1996) further stated that alternatively lack of competition from less 

tolerant groups could have encouraged their proliferation in the polluted sites. 

Findings from the study were inconclusive to determine the lack of significance of 

ground-dwelling invertebrate Orders abundance, richness and diversity within 

seasons. 
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5.7 Influence of seasons on ground-dwelling invertebrates 

The seasonal sampling at Kombat Mine tailings dump showed significant differences 

in the abundance of ground-dwelling invertebrate Orders between the wet and dry 

seasons. Prevailing conditions in the wet season include abundant rainfall (600mm) 

and warm temperature (24ºC) (Mendelson, 2009). These summer conditions are ideal 

for invertebrate communities to thrive as food is abundant when most plants are 

flowering and fruits ripening. 

Hence, the number of individual specimens of ground-dwelling invertebrates orders 

captured during the wet season was significantly higher than those captured during 

the dry season. In particular, the abundance of the Orders Araneae (spiders), 

Coleoptera (beetles), Hymenoptera (ants) and Orthoptera (crickets) were highest 

during the wet season and low during the dry season along the distance gradient. The 

Order Hymenoptera (ants) was the most abundant among sites in the two seasons. 

Order Coleoptera was the second most abundant among sites along the distance 

gradient for the two seasons (Appendix 4).  

The Order Coleoptera abundance was higher in wet season than dry season at 

distance 0m and 50m. This showed that the Coleoptera Families with the highest 

abundance were Carabids and Tenebrionids during the wet sampling compared to 

Family 1 morpho families and Carabids in the dry season. Read et al. (1987) noted 

that the abundance of Carabids is affected by the time of breeding. In addition, Read 

et al. (1987) stated that the breeding of Carabid genera of the Order Coleoptrea is 

highest in spring, summer or autumn and invertebrate sampling during this period 

will result in elevated abundance relative to sampling during winter (dry) season. 
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Other abiotic factors which influence abundances of ground-dwelling invertebrate 

taxa include soil moisture and humidity, especially for the abundances and 

distribution of Collembola taxa (Verhoef & van Selm, 1983). Findings from studies 

by Nchai (2008) in the succulent Karoo have also indicated that Collembola 

abundance is high during wet conditions and moderate temperatures. This has been 

attributed to increase in food supply in form of other invertebrates (Irish & Scholtz, 

2011). Collembola are also known to form an important prey for most species of 

Araneae (Lawrence & Wise, 2004; Moulder & Reichle, 1972) hence peaks in 

Araneae abundances in winter for the succulent  Karoo area could have been a result 

of the associated increase in Collembola numbers in that season. Geissen and 

Kampichler (2004) found that the population dynamics of prey and predators for soil 

surface species influence each other, with predators increasing with increases in prey 

numbers. In this study, Collembola had high abundances during the wet season than 

the dry season, with half of the specimens captured at 0m where heavy metal 

pollution was highest. 

The absence of Solifugae in the wet season was also consistent with its habit which 

describes them as radiant and thus they were captured during the wet season where 

temperatures were moderate. Solifugae have been also described as range restricted 

and endemic in some parts of Namibia (Irish & Scholtz, 2011). 
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CHAPTER 6 

6 CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions 

1. The results from top soils analysis show that there are varying concentrations 

of heavy metal pollution along a distance gradient at Kombat Mine tailings 

dump and surrounding areas. Top soils from study areas around the tailings 

dump and its vicinity were highly polluted by copper, lead, and total sulphur. 

The concentrations were above the limits of CCME guidelines for residential 

and agriculture landuse and regional background values from previous 

studies. The tailings dump was identified as the origin of heavy metals. The 

concentrations of heavy metals and total sulphur from the tailings material 

were significantly higher than background values from other studies.  

Distribution of heavy metal pollution was uneven with the pollution halo 

extending over a longer gradient on the northwest and western direction from 

the dump and little contamination on the eastern side. The heavy metals are 

mainly mobilized by wind and water erosion. High heavy metals 

concentration at 0m and 50m around the dump were due to close proximity to 

the dump source. Pollution on the northwest and western parts were attributed 

to wind and water erosion.  

2. There were differences in plant species richness and diversity among sites 

along the distance gradient. The area around the dump had low woody and 

herbaceous plants richness and diversity due to dominance by few plant 

species such as Dichrostachys cinerea, Prosopis sp, Acacia karoo and Acacia 



107 

 

erubescens trees and Crassocephalum coeruleum herb which occurred in very 

high abundance around the dump at 0m and 50m. The Dichrostachys cinerea, 

Prosopis, Acacia karroo and Acacia erubescens are encroaching the area 

especially at the edge of the dump. Plant species richness and diversity was 

low around the dump due to the impact of high heavy metal concentrations at 

0m and 50m on the western side of the dump. Plant species richness and 

diversity was highest in the control sites where heavy metal concentration 

was lowest and slimes contamination was absent. 

The plant species composition varied significantly along the distance 

gradient. Variation was greatest between plots at 0m and those in the control 

sites with ordination plots showing complete species turnover between 0m 

and control sites. Differences in composition were due to a complex 

interaction of factors which included heavy metal pollution, variation in 

substrate physical and chemical properties and to a lesser extent human 

disturbance. High concentrations of heavy metals and total sulphur deposition 

within the vicinity of the tailings dump and some other affected areas may 

have caused death and disappearance of pollution sensitive species from 

affected areas due to poor germination, growth, establishment and 

recruitment mechanisms. The pollution tolerant species (Dichrostachys 

cinerea, Prosopis, Acacia karroo and Acacia erubescens) occupied vacant 

niches in the polluted habitats and became the dominant species around the 

tailings dump. As a result there is low species richness and diversity at 

distance 0m due to heavy metal pollution‘s negative influence on pollution 

intolerant species.  
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3. The vegetation structure differed significantly along the distance gradient. 

Tree density and height decreased, while grass and forbs cover increased with 

increasing distance away from the dump. The high tree density around the 

dump mostly at 0m and 50m was attributed to proliferation of Dichrostachys 

cinerea and Acacia erubescens tree species in the polluted plots. Tree density 

decreased further away from the dump as the vegetation assumed a more 

normal savanna ecosystem and wood clearing. The density of shrubs was not 

significant. The height distribution was skewed in favour of taller trees in 

polluted areas around the dump than further away. This was due the presence 

of uniform thickets of only few trees species of uniform habit mainly 

Dichrostachys cinerea, Acacia karroo and the introduced Prosopis sp.  

There was significant increase of herbaceous cover with increasing distance 

away from the dump. This was due to low growth and recruitment of 

herbaceous plants around the dump due to toxicity from heavy metal 

pollution and shade suppression from tree thickets canopies. The grass and 

forbs cover was high away from the dump due to less pollution in the top 

soils and availability of more open spaces for growth in the natural savanna 

matrix as well as space created due to wood clearing for farming and fire 

wood purposes.  

4. There were no significant differences in ground-dwelling invertebrate Orders 

richness and abundance within seasons. The significance difference in 

diversity of ground-dwelling invertebrate Orders at 0m and 100m in the dry 

season was due to absence of the Order Collembola and the presence of 

Myripoda (Centipides) at 100m relative to other Orders captured at 0m.   
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The hypothesis that the richness, diversity and composition of ground-

dwelling invertebrate communities in the study area will increase along the 

distance gradient was therefore not accepted.  

5. There were significant differences in abundance and richness between the dry 

and wet season. More invertebrate specimens were collected in pitfalls during 

the wet season than the dry season. Abundance was higher in the wet season 

than dry season due to ideal conditions of moisture, warmth and food 

availability, while in the dry season abundance was low due to lack of food 

and overwintering.   

The diversity of ground-dwelling invertebrate Orders along the distance 

gradient was not significant. 
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6.2 Recommendations 

1. The tailings dump was identified as the point source of heavy metal pollution 

around Kombat Mine tailings dump area. The erosion of tailings material by 

wind and water were the dominant mechanism of heavy metal dispersion. 

Therefore, it is recommended that the tailings dump be urgently stabilised 

and repaired by filling up gulleys with clean top soils which can support life 

to stop further erosion and collapse of the walls. There is need to build a 

protective earth wall around the tailings dump, especially on the western side 

were erosion is high, to curb water erosion and run off. The water spray 

system needs to be resuscitated to minimise wind erosion (dust emission). 

 

2. The scope of this study was to investigate the impact of heavy metal pollution 

on diversity and composition of vegetation. It is recommended that further 

studies be conducted to ascertain the individual response of plants to heavy 

metal pollution so as to identify pollution tolerant and intolerant species. 

Such information is vital for rehabilitation, restoration and as bio-indicators 

of environmental pollution. 

 

3. Rehabilitation of the area may incorporate seed harvesting and banking of the 

common local undergrowth seeds from Kombat Mine tailings dump less 

polluted areas for future use during revegetation. This will also include 

culturing and maintaining ex situ plants such as Justicia betanica herbs, 

Urochloa and Panicum grass species in green houses at the National 

Botanical Research Institute of Namibia. Research work on ideal undercover 
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plants can be conducted in partnership with organizations like the Millennium 

Seed Bank Project. The cultured seed will be used for rehabilitation at 

Kombat Mine and other mining sites with similar weather conditions to 

Kombat area as well as similiar heavy metal assemblages in the tailings 

material. 

 

4. The information on impact of heavy metals on ground-dwelling invertebrates‘ 

abundance and composition was not conclusive. It is therefore recommended 

that invertebrates sampling be an ongoing exercise so that all seasonal 

variability are captured and used as comparative data during environmental 

assessment programs. The studies should include identification of 

invertebrate indicators for heavy metal pollution. Further investigations are 

vital and may include use of other sampling methods such as coloured pan 

traps and light traps to complement pitfall trap methods. 

 

5. There is need of integrated approach by all stakeholders in the management 

of mine waste at Kombat Mine and throughout the country. The government 

through the Ministry of Mines and Energy and the Chamber of Mines should 

implement and monitor mine closure plans to ensure that pollution mitigation 

measures are implemented in cases of mine closure or abandonment, as 

provided for by the Constitution of the Republic of Namibia of 1990, Article 

95(1), Minerals (Prospecting and Mining) Act of 1992 of Namibia, sections 

54 and 128, and the Environmental Management Act No. 7 of 2007 of 

Namibia.  
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Appendix 1 – GPS readings of centre points in study area 

Plot_ID Longitude Latitude Elevation 

Control 1 17.719956 -19.736020 1587 

Control 2 17.721388 -19.701270 1610 

Control 3 17.691792 -19.714354 1612 

SL1 1 17.717505 -19.727216 1625 

SL1 2 17.716851 -19.729247 1624 

SL1 3 17.715528 -19.728100 1623 

SL1 4 17.713302 -19.729219 1624 

SL1 5 17.713607 -19.727237 1625 

SL2 1 17.712806 -19.730314 1596 

SL2 2 17.712800 -19.733033 1596 

SL2 3 17.713942 -19.730923 1595 

SL2 4 17.714579 -19.732068 1594 

SL2 5 17.715735 -19.730626 1595 

T1 P1 17.718330 -19.726324 1600 

T1 P2 17.718455 -19.726028 1600 

T1 P3 17.718601 -19.724892 1562 

T2 P1 17.716967 -19.726317 1606 

T2 P2 17.716937 -19.725912 1590 

T2 P3 17.716964 -19.724939 1590 

T3 P1 17.715327 -19.726258 1588 

T3 P2 17.715281 -19.725965 1598 

T3 P3 17.715211 -19.724641 1597 

T4 P1 17.712826 -19.726554 1606 

T4 P2 17.712432 -19.726449 1602 

T5 P1 17.712812 -19.727174 1610 

T5 P2 17.712176 -19.727265 1592 

T5 P3 17.711008 -19.727150 1586 

T6 P1 17.712661 -19.728219 1587 

T6 P2 17.712036 -19.728128 1594 

T7 P1 17.712648 -19.729023 1590 

T7 P2 17.712000 -19.728801 1594 

T7 P3 17.710901 -19.728793 1587 

T7 P4 17.709359 -19.728647 1591 

T8 P1 17.712536 -19.729668 1599 

T8 P2 17.712010 -19.730246 1596 

T8 P3 17.710852 -19.730445 1596 
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T8 P4 17.709457 -19.731028 1591 

T9 P1 17.712427 -19.730596 1589 

T9 P2 17.712063 -19.731146 1596 

T9 P3 17.711829 -19.731806 1586 

T10 P1 17.712440 -19.732009 1582 

T10 P2 17.712040 -19.732618 1599 

T10 P3 17.711611 -19.733078 1585 

T11 P1 17.712325 -19.733224 1582 

T11 P2 17.712221 -19.733802 1587 

T11 P3 17.712474 -19.734710 1585 

T11 P4 17.711947 -19.735326 1587 

T12 P1 17.712989 -19.733342 1516 

T12 P2 17.713108 -19.733945 1587 

T13 P1 17.713862 -19.732575 1588 

T13 P2 17.714161 -19.733478 1559 

T13 P3 17.714103 -19.734448 1595 

T14 P1 17.717426 -19.729936 1596 

T14 P2 17.717776 -19.730472 1593 

T14 P3 17.718496 -19.731207 1589 

T15 P1 17.718005 -19.728762 1565 

T15 P2 17.718546 -19.728841 1599 

T15 P3 17.719366 -19.729132 1589 

T16 P1 17.718578 -19.727082 1595 

T16 P2 17.719100 -19.727169 1602 

T16 P3 17.719945 -19.726992 1594 

T17 P1 17.715235 -19.732167 1594 

T17 P2 17.715679 -19.732733 1590 

T17 P3 17.716891 -19.733496 1588 

T17 P4 17.717786 -19.733395 1590 
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Appendix 2 –List of all plant species recorded in the study area  

Acacia ataxacantha DC. 

Acacia erubescens Welw. ex Oliv. 

Acacia hebeclada DC. 

Acacia hereroensis Engl. 

Acacia karroo Hayne . 

Acacia c.f luederitzii Engl.var.luederitzii. 

Acacia mellifera (Vahl.) Benth. 

Acacia reficiens Wawra subsp. reficiens . 

Achyranthus aspera var. sicula L. 

Acrotome fleckii (Gurke) Launert. 

Aerva leucura Moq. 

Asparagus sp. 

Asparagus cooperi Baker. 

Asparagus nelsii Schinz 

Bidens pilosa L. 

Cenchrus ciliaris L. 

Chloris virgata Swartz. 

Clematis brachiata Thunb. 

Combretum hereroense Schinz. 

Combretum imberbe Wawra. 

Combretum psidioides Welw. subsp. psidioides  

Combretum sp. 

Commicarpus  plumbagineus (Cav.) Standl. 

Commicarpus pentandrus (Burch.)Heimerl.  

Commiphora glaucescens Engl. 

Commiphora sp. 

Corchorus tridens L. 

Crassocephalum coeruleum (O.Hoffm.)R.E.Fr. 

Croton gratissimus Burch. var. gratissimus . 

Cymbopogon sp. 

Dichrostachys cinerea (L.) Wight & Arn. 

Digitaria eriantha Steud.  

Digitaria velutina (Forssk.) P.Beauv. 

Diospyros lycioides Desf.ssp.sericea.  

Dipcadi glaucum (Burch.ex Ker Gawl) Baker. 

Enneapogon cenchroides (Licht.ex Roem. & Schult.) C.E.Hubb. 

Eragrostis aspera (Jacq.) Nees. 

Eragrostis glandulosipedata De Winter.  
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Euclea divinorum Hiem. 

Euclea undulata Thunb 

Grewia bicolor Juss. 

Grewia flavescens Juss. 

Gymnosporia buxifolia (L.)Szyszyl. 

Helinus integrifolius (Lam.)Kuntze. 

Heliotropium ovalifolium Forssk. 

Hermannia sp. 

Heteromorpha stenophylla Welw.ex Engl. Var. Stenophylla. 

Heteropogon contortus (L.) Roem. & Schult. 

 Combretum apiculatum Sond.sp.apiculatum. 

Hibiscus cannabinus L. 

Hyparrhenia rufa (Nees) Stapf. 

Ipomoea obscura (L.) Ker Gawl. 

Ipomoea verbascoidea Choisy.  

Justicia betonica L. 

Justicia sp. 

Kirkia acuminata Oliv. 

Kyphocarpa angustifolia (Moq.) Lopr. 

Laggera decurrens (Vahl) Hepper & J.R.I.Wood. 

Lantana angolensis Moldenke . 

Lantana camara.L 

Melinis repens (Wild.) Zizka ssp.repens. 

Monechma spartioides (T. Anderson) C.B Clarke. 

Mundulea sericea (Willd.)A.Chev. 

Nicotiana glauca Graham 

Nidorella resedifolia DC sp. Residifolia. 

Ocimum americanum L. var.americanum. 

Oxalis purpurascens Salter. 

Ozoroa paniculosa (Sond.) R.Fern. & A.Fern. var. paniculosa . 

Panicum maximum Jacq. 

Pavonia burchelli (DC.) R.A.Dyer. 

Peltophorum africanum Sond. 

Philenoptera nelsii (Schinz) Schrine. 

Physalis angulata L. 

Prosopis sp. 

Rhynchosia holosericea Schinz. 

Ruellia sp. 

Sansevieria aethiopica Thumb. 

Sansevieria pearsonii N.E.Br. 



142 

 

  Searsia c.f ciliata (licht.ex Schult.) A.J.Mill. 

Searsia lancea (L.f.) F.A. Barkley. 

Searsia marlothii (Engl.) Moffett. 

Setaria pumila (Poir.) Roem. & Schult. 

Setaria verticillata L. 

Solanum delagoense Dunal. 

Solanum nigrum L. 

Solanum panduriforme Dˆrege ex Dun. 

Sporobolus fimbriatus (Trin.) Nees. 

Tagetes minuta L. 

Tarchonanthus camphoratus L. 

Triumfetta anua L. 

Triumfetta rhomboidea Jacq. var. rhomboidea. 

Urochloa Brachyura (Hack.) Stapf. 

Urochloa oligotricha (Fig. & De Not.) Henrard. 

Urochloa sp. 

Vernonia oligocephala (DC.) Sch.Bip.ex Walp. 

Wild Mint. 

Withania somnifera (L.) Dunal. 

Zinnia peruviana (L.) L. 

Ziziphus mucronata Willd. 
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Appendix 3a – Total abundance of invertebrates captured in pitfall 

traps in the study area, during wet season sampling. 

Order Common 

name 

Experimental 

Plots 

 Control 

Sites 

Acari ticks / mites 25 
 

Araneaeª spiders 201 4 

Blattodeaª cockroaches 62 
 

Coleopteraª beetles 654 8 

Dermapteraª earwigs 2 
 

Diptera flies 5481 43 

Diptera mosquitoes 6 
 

Hymenopteraª ants 4780 173 

Hymenoptera wasps 272 4 

Isopteraª termites 2 
 

Larvae worms 117 1 

Lepidoptera 
butterflies / 

moths 
119 

 

Mantodea mantids 2 
 

Myriapodaª centipedes 2 
 

Myriapodaª milipedes 2 
 

Odonata dragon flies 2 1 

Orthopteraª corn crickets 26 5 

Orthopteraª crickets 434 3 

Orthoptera grasshoppers 192 11 

Orthoptera katydids 24 3 

Solifugae sunspiders 7 
 

 
indents 195 

 

    

ª ground-dwelling invertebrates. 
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Appendix 3b – Total abundance of invertebrates captured in pitfall 

traps in the study area, during dry season sampling. 

Order 
Common 

name 

Experimental 

Plots 

Control 

Sites 

Acari ticks 13 2 

Araneaeª spiders 89 5 

Blattodeaª cockroaches 30 6 

Coleopteraª beetles 204 42 

Collembolaª spring tails 5 1 

Diptera flies 658 8 

Hemiptera bugs 287 13 

Hymenoptera wasps 117 3 

Hymenopteraª ants 1931 83 

Larvae worms 30 
 

Lepidoptera moths 36 
 

Mantodea matidids 
  

Myriapodaª centipide 1 
 

Myriapodaª millipide 1 
 

Odonata dragon fly 14 
 

Orthoptera grasshoppers 18 1 

Orthopteraª crickets 36 7 

 ª ground-dwelling invertebrates. 
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Appendix 4a – Total abundance of ground-dwelling invertebrates 

Families captured in pitfall traps in the study area, for wet season. 

Order Family  0m 50m 100m 150m CL 

Coleoptera Carabidae 74 44 23 4 4 

Coleoptera Tenebrionidae 103 14 2 2 1 

Coleoptera Buprestidae 15 25 8 2 
 

Coleoptera Staphylinidae 21 21 4 3 
 

Coleoptera Chrysomelidae 8 10 3 2 1 

Coleoptera Curculionidae 13 5 4 
  

Coleoptera Scarabaeidae 7 3 4 
 

3 

Coleoptera Coccinellidae 5 3 4 
  

Coleoptera Meloidae 1 5 2 
  

Coleoptera Cleridae 3 2 1 2 
 

Coleoptera Languriidae 2 1 
   

Coleoptera Lycidae 
 

1 
   

Araneae Gnaphosidae 7 13 3 
 

1 

Araneae Lycosidae 3 5 2 1 1 

Araneae Salticidae 3 6 5 
 

3 

Araneae Oxyopidae 3 1 
   

Araneae Oonopidae 6 
    

Araneae Zodariidae 1 
 

1 
  

Araneae Philodromidae 7 4 1 
  

Araneae Araneidae 1 2 
   

Araneae Theridiidae 1 1 
   

Araneae Thomisidae 
 

1 
   

Araneae Scytodidae 1 
    

Araneae Ammoxenidae 1 
    

Araneae Hersiliidae 
 

1 1 
  

Araneae Family 1 Grey 15 28 1 
 

1 

Araneae Family 2 1 
    

Araneae Family 3 1 
    

Araneae Family 4 
  

1 
  

Araneae Family 5 2 1 1 
  

Araneae Family 6 4 
    

Araneae Family 7 2 1 
   

Araneae Family 8 2 
    

Araneae Family 9 1 
    

Araneae Family 10 
  

1 
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Araneae Family 11 
 

1 
   

Araneae Juveniles 2 
 

13 
 

1 

Hymenoptera Formicidae 1556 1660 1038 526 173 

Orthoptera  Bradyporidae 
 

2 23 8 4 

Orthoptera  Gryllidae 95 238 88 39 8 

Solifugae Family 1  1  3       

Solifugae Family 2 3         
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Appendix 4b – Total abundance of ground-dwelling invertebrates 

Families captured in pitfall traps in the study area, for dry season. 

Order Family 0 50 100 150 CL 

Areneae Gnaphosidae 15 11 7 3 1 

Areneae Lycosidae 3 1 3 
  

Areneae Salticidae 2 1 
 

3 
 

Areneae Philodromidae 1 
 

1 
  

Areneae Araneidae 1 
  

1 
 

Areneae Scytodidae 
 

3 
   

Areneae Family.1.Grey 
 

8 6 
  

Areneae Family.3 1 
    

Areneae Juveniles 
  

1 
  

Areneae Palpimanidae 1 1 
   

Areneae Family.4 1 5 
  

1 

Areneae Family.5 2 1 1 
  

Areneae Sicariidae 2 
    

Areneae Prodidomide 
 

1 
   

Coleoptera Carabidae 19 5 1 13 
 

Coleoptera Scarabaeidae 2 2 4 
  

Coleoptera Staphylinidae 4 1 
   

Coleoptera Tenebrionidae 8 2 
  

2 

Coleoptera Family.1 3 16 66 16 42 

Coleoptera Coccinellidae 4 1 
   

Coleoptera Curculionidae 
  

1 
 

1 

Coleoptera Chrysomelidae 3 1 1 
  

Coleoptera Cleridae 3 
 

2 3 1 

Hymenoptera Formicidae 3 772 859 117 83 

Orthoptera Gryllidae 9 19 8 
 

7 

Indents Juviniles 
  

1 
  

 


