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IMPACT OF TRADITIONAL GOLD MINING ACTIVITY ON COMPOSITION AND 

DIVERSITY OF THE VEGETATION AND PERCEPTION OF THE 

COMMUNITY IN KAFTA-SHERARO NATIONAL PARK, NORTH WESTERN 

TIGRAY, ETHIOPIA 

ABSTRACT 

Gold mining brings several benefits to developing countries like Ethiopia, which could be 

manifested mainly as employment opportunity and income generation but simultaneously there 

has been high negative impact on the environment especially on the biodiversity. This study was 

conducted to investigate the impacts of the ongoing traditional gold mining (TGM) on the 

natural vegetation in the Kafta-Shiraro National Park (KSNP). A comparative vegetation 

analysis was conducted between the unmined (UM) and mined (M) sites of the Park to see the 

impact of TGM. Data were collected from 30quadrats in the unmined and mined areas of the 

Park, each with 20 m x 20 m for trees and 5mx 5m for shrubs. In addition, 1 m x 1m sub-

quadrats were laid within the 5mx 5m quadrat to sample herbaceous species. To assess the 

perception of the community towards the impact of TGM on plant specieswas carried out using a 

group discussion and on-site interview with the miners. A total of40 plant species were identified 

belonging to 31 genera and 20 Families from the unmined (UM) and mined (M) sites of the Park. 

Trees accounted 47.5% (19 species), shrubs 15% (6 species) and herbs 37.5% (15 species).The 

value of Shannon diversity index (H') and evenness (E) in the UMsites of Kafta-Sheraro National 

Park were 1.73 and 0.67, respectively. Whereas, H' and E values in Marea were 1.37 and 0.48, 

respectively.The species richness of UM area was 34 and in M area were 21. As the result 

obtained from the formula of Coefficient of similarity in unmined and mined area was 0.43 for 

tree species, 0.68 and 0.47 for shrub and herbaceous species respectively there for there was 

dissimilar distribution of   tree, shrub and herbaceous species at all. In general, the TGM 

activities were created significance difference in the vegetation composition between UM and M 

sites, indicating that M significantly affected the vegetation composition of Kafta-Shiraro 

National Park. Therefore, it was recommended that, vegetation recovery be implemented in the 

National Park through proper planning and management of protection and prevention of the 

area from M activities. Different management strategies could be implemented like, creating 

alternative job opportunity to the miners and reforestation of degraded lands (M areas) should 

be carried out to help reclaim the vegetation cover and raise the densities of lost species of the 

natural vegetation.  

Key words: Gold mining, National Park, vegetation analysis, vegetation degradation



 
 

 
 

1. INTRODUCTION 

1.1. Background 

Mining is the extraction of valuable minerals or other geological materials from the earth of its 

ore, lode, vein, seam, reef or placer deposits, which forms the mineralized package of economic 

interest to the miner (Balog et al., 2006). Mining activity is a major economic activity in many 

developing countries particularly in rural sub-Saharan Africa (Andriamasinoro and Angel, 2012). 

For many centuries, the small-scale mining of precious minerals has made a significant impact 

on the socio-economic livelihood of communities involved directly or indirectly in the sector. 

Small-scale mining is defined as any single unit mining operation having an annual  production 

of unprocessed material of 50,000 tons or less as measured at the entrance of the mine whereas, 

artisanal  mining is defined as an informal and unregulated system of small-scale mining which 

is mostly illegal (Prasetyo et al., 2010). Artisanal small-scale mining usually involves the 

extraction of secondary gold from alluvial, colluvial or elluvial material, i.e., free gold that is 

easily concentrated by gravity processes. 

Mining activities, by their nature, are one of the main sources of environmental contaminants 

which are perceived as one of the 20
th

 century problem of the world. Mining cause’s massive 

damage to the landscapes and biological communities and impact of severity depends on whether 

the mine is working or abandoned, mining methods, and the geological conditions (Bell et al., 

2001). In addition to this, mining poses major threats and hazards that can jeopardize ecosystems 

of nations. Other impacts of  mining  include  alteration of the soil structure, loss and  

overturning of the fertile top soil,  air,  soil  and  water pollution, instability of soil, rock masses, 

destruction of flora and fauna, noise pollution and causing mass exodus of species of animals and 

plants(Ojo and Adeyemi, 2003; Aigbedion and Iyayi,  2007; Adegboye,  2012). 

A wide variety of mineral resources are available in Ethiopia and in particular gold production is 

considered to have huge potential. But illegal mining activities were found to have serious 

negative impacts on the vegetation composition and soil properties of mining areas in different 

parts of Ethiopia as well as in Tigray. Nevertheless, none of such studies emphasized about 

comparative study on the impact of traditional gold mining activity on the natural vegetation 

composition in Ethiopia in general and in Tigray (Kafta-Sheraro National Park) in particular. 
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Inside KSNP illegal traditional gold mining activity is taking place currently (Dawit Mamo et al., 

2012) but there is no any research conducted in this area regarding the impact of this wide scale 

traditional gold mining on the natural vegetation as well the entire ecology of the Kafta-Sheraro 

National Park. Therefore, this research project is initiated to fulfill this gap by assessing and 

investigating the potential and actual impacts of traditional gold mining on the natural vegetation 

in KSNP. 

Kafta-Sheraro National Park was established in1960s by RasMengsha Siyoum with an area of 

5000 km
2 

but currently because of different factors the area coverage of the Park was reduced to 

2176.34 km
2
.Among the current factors that affect the biodiversity of the National Park are 

agricultural expansion, irrigation activity, charcoal making, traditional mining extraction, fire, 

deforestation, illegal hunting and poaching. The presence of gold deposits discovered in KSNP 

has attracted a lot of unemployed youth and small-scale mining ventures to the area. The 

activities of gold mining in the Park were causing serious environmental degradation. In Kafta-

Sheraro National Park high activity of traditional gold mining activity was taking place but until 

now, there is no any scientific research study conducted in the area related with the impact of 

traditional gold mining activity on the natural vegetation. Some of the reason could be due to the 

harsh environmental condition and locates near to the border of Eritrea that imposes security 

issues. However, with these major challenges, the researcher of this study was initiated to 

conduct this research project in Kafta-Sheraro National Park to facilitate informed decision 

making process, since the illegal traditional miners claim that their small-scale gold mining 

activities did not have any impact on the natural vegetation.  

Currently Kafta-Sheraro National Park is highly affected by multiples of different human related 

factors including traditional gold mining. Therefore, this study leads researchers to initiate in the 

diversified field of studies to work on the various problems observed in KSNP, which was 

considered a very harsh environment from different perspectives. In addition, after compilation 

of this research project it will be used as baseline information for other researcher to conduct 

further related studies. Moreover, the research contributes scientific information to be used for 

informed decision and create awareness to the local community and the youths participating in 

the traditional gold mining activity.  
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1.2. Statement of the Problem 

Kafta-Sheraro NP was recognized as Park in 2007 by the regional Government of Tigray with an 

area of 5000 km
2
 but currently because of different factors the area coverage of the bark was 

reduced in to 2176.34 km
2. 

Among the current factors that affect the biodiversity of the NP are 

agricultural encroachment, irrigation activity, charcoal production, traditional gold mining 

extraction, fire, deforestation and illegal hunting. The presences of gold deposits discovered in 

Kafta-Sheraro NP have attracted a lot of unemployed youth and small-scale mining ventures to 

the area. Gold mining activities of the Park is causing serious environmental destruction. In 

Kafta-Sheraro NP high activity of traditional gold mining activity is takes place but until now 

there is no any scientific research study conducted in the area related with the impact of 

traditional gold mining activity on vegetation biodiversity. Some of the reason is because the 

area is harsh environmental condition and it is border of Eritrea that means a problem of security. 

So the researcher is initiated to conduct the current research project in Kafta-Sheraro NP.  

1.3. Research Questions 

The impact of traditional gold mining activity in Kafta-Shiraro National Park guided by the 

following research questions   

 How was the impact of the traditional gold mining activity on the natural vegetation in 

Kafta-Shiraro National Park? 

 What are the specific woody plant species affected by the on-going traditional Gold 

mining in Kafta-Shiraro National Park?  

 What are the perceptions of local communities towards traditional Gold mining activity 

and its impact on vegetation diversity in Kafta-Shiraro National Park? 

1.4. Hypotheses (Null Hypotheses, H0) 

1.  Participants have no awareness on the impact of traditional gold mining on natural vegetation.  

2. Traditional gold mining activity has no significant impacts on natural vegetation in kafta-

shraro National Park. 

3. Traditional gold mining activities have similar impacts between woody species and 

herbaceous species 
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1.5. General objectives 

The main objective of this research was to assess the impact of traditional gold mining activity 

on the natural vegetation in Kafta-Sheraro National Park as well as the local community’s 

perception and awareness level on the on-going traditional gold mining and its impacts. 

Specific objectives 

 To measure the total areas affected due to traditional gold mining in the Kafta-Sheraro 

National Park. 

 To identify and determine the species composition and diversity of the mined and 

unmined sites in the Kafta-Sheraro National Park. 

 To assess the perception of the community towards the impact of traditional gold mining 

on plant species loss in Kafta-Sheraro National Park. 
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2. LITERATURE REVIEW 

2.1. Mining and Types of Mining 

From primitive times to the present, mining has played an important part in human existence 

(Miller et al., 1992). Here the term mining is used in its broadest context as encompassing the 

extraction of any naturally occurring mineral substances solid, liquid, and gas from the earth or 

other heavenly bodies for utilitarian purposes.  

Mining is a major economic activity in many developing countries particularly in rural sub-

Saharan Africa (Andriamasinoro and Angel, 2012). For many centuries the small-scale mining of 

precious minerals has made a significant impact on the socio-economics of communities 

involved directly or indirectly in the sector. Small-scale mining is defined as any single unit 

mining operation having an annual  production of unprocessed material of 50,000 tons or less as 

measured at the entrance of the mine whereas, artisanal  mining is defined as an informal and 

unregulated system of small-scale mining which is mostly illegal (Prasetyo et al.,2010). 

Artisanal small-scale mining usually involves the extraction of secondary gold from alluvial, 

colluvial or alluvial material, i.e. free gold that is easily concentrated by gravity processes. 

Artisanal mining usually employs very simple technologies, and there is no planning for 

rehabilitation after the closure of the mining operation. Furthermore, small-scale mining is 

largely a poverty driven activity, typically practiced in the poorest and most remote rural areas of 

mostly developing countries by a largely poorly educated populace with few employment 

alternatives (Aryee et al., 2003). 

2.2. Types of Mining 

The  choice  of extraction  method  is  based  on  the  characteristics  of  the  mineral,  safety  

environmental concerns, technology and economics. The most traditional methods are surface 

mining and underground mining. Surface mining can be further divided in  to  mechanical  

excavation  methods  such  as open-pit  and  open-cast  mining  and  aqueous  methods, of which 

leaching is the most common. Underground mining methods are usually divided into three 

classes: unsupported, supported and caving (Hartman and Mutmansky, 2002). 
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2.2.1. Surface Mining 

Surface mining is, as the name implies, mining methods of ore, coal, or stone that are carried out 

at the surface with basically no underground exposure of miners. This group of mining methods 

is the dominating category worldwide of the  global  mineral  production,  80%  is  performed  

by  surface  mining  methods  (Younger et al., 2002). Surface mining can be divided into 

mechanical excavation and aqueous excavation. The mechanical excavation class consists of 

open pit mining, quarrying and open-cast mining.  Aqueous  extraction  consists  of  all  methods  

using  water  or  a  liquid  solvent  to recover minerals and can be further divided in to the 

subclasses placer mining and solution mining methods. In placer mining methods, water is used 

to excavate, transport and/or concentrate heavy minerals from alluvial or placer deposits. In 

solution  mining,  minerals  that  are  soluble,  fusible  or  easily  recovered  in  slurry  form  are  

extracted, normally by using water or liquid solvents (Hartman and Mutmansky, 2002). 

2.2.2. Underground mining 

When ore veins are steep or deposits bedded, the costs of removing waste rock makes it 

impossible to use surface mining methods. Instead underground mining can be used. Commonly, 

surface mining methods  are  used  to  a  certain  depth  until  it  is  only  economically  feasible  

to  continue  excavations with  underground  mining  (Carr  and  Herz,  1989).  Underground  

methods  differ  by  the  wall  and  roof support,  the  opening  configuration  and  the  direction  

of  the  extraction  process.  The alternative methods of underground mining are unsupported, 

supported and caving operations. The ore can be accessed by either a horizontal tunnel, a vertical 

shaft sunk in the ore body or in solid rock near the ore body. It can also be accessed by a decline, 

by an inclined shaft or a gently Environmental Impacts and Health Aspects in the Mining 

Industry inclined access spiral. Rubber-tired trucks can then be used to haul material to the 

surface. Underground  mining  operations  generally  follow  a  procedure  of  drilling,  blasting,  

mucking  (i.e. removal of broken rock) and the installations of ground support (timber or roof 

bolts). Waste rock and broken ore is collected and transferred to different haulage units by air or 

electric operated mechanical loaders, cable guided scraper systems or by mobile conveyors. 

Electric-, diesel- or compressed-air-powered locomotives with trains of ore cars are normally 

used for haulage to transfer points and the mine portal (Carr and Herz, 1989). 
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2.3. Gold Mining 

Gold has, since being used as currency from around 1000 BC, played an important role as a 

valuable standard used to compare various currencies.  Furthermore,  apart  from  its  attractive  

appearance making  it  suitable  for  decorative  purposes  and  jeweler,  it  has  found  an  

increasing  use  in technological applications due to its high malleability, conductivity and 

resistance to corrosion (Carr and Herz,1989). 

Gold mining is seriously jeopardizes the ecological environment of the mining area, with the 

potential to cause a variety of impacts including surface subsidence, land desertification, soil 

degradation, surface and ground water pollution, vegetation destruction, ecosystem degradation, 

undermined biodiversity, landscape damage and crop failures (Fan et al., 2003). 

These impacts may directly or indirectly affect and harm growth of the vegetation. This can lead 

to damaged vegetation releasing substantial carbon to the atmosphere, which further weakens the 

overall carbon sink effect of the vegetation and increases the environmental impact of gold 

mining. Many quantitative studies on carbon emissions, the global carbon cycle or the low-

carbon economy focus on the carbon release mechanism during the use of carbon resources. 

However, there have been fewer studies focused on the environmental damage from the process 

of gold mining which also releases considerable carbon to the atmosphere and is a key 

component of anthropogenic greenhouse gases. A large amount of carbon is fixed in the 

vegetation in the mined area. Vegetation is therefore not only one of the key factors to consider 

during the analysis and evaluation of the ecological environment in the mining area, but also 

crucial to maintaining the environmental stability and carbon sequestration ability of the mining 

area. The Normalized Difference Vegetation Index and unary linear regression were applied to 

analyze the dynamic variation of vegetation cover and land desertification (Wu et al., 2009).The 

cumulative effect on the ecological environment in mining areas was analyzed by clarifying 

interactions between mining area development and ecosystems, such as vegetation (Wang et al., 

2010). 

2.3.1. Environmental degradation 

Landless and Small land holder farmers exert a very high pressure on the environment under the 

existing high population density.  The  situation  is  aggravated  when  gravel  mining activities  
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increase  due  to  increase  in  demand  for  gravel  for  housing  and  road construction  activities.  

This  often  puts  severe  burden  on  the  natural  resources  and  has often resulted in serious 

environmental degradation (EPA, 1996). The destruction of the vegetation  through  felling  of  

trees  and  removal  of  top  soil  is  the  starting  point  of degradation. It  is  generally  held  by  

people  in  most  districts  of  Northern  Region  that  productive agricultural lands are lost to 

gravel mining due to increase in demand for housing and roads resulting  from rapid growing 

population. This results in shortage of land and as such, there is pressure on few lands for 

cultivation, thereby exacerbating the problems of soil degradation. 

Forest  ecosystem  plays  very  important  role  in  the  global  carbon  cycle.  It stores about 80% 

of all above-ground and 40% of all below-ground terrestrial organic carbon (IPCC, 2001). 

During productive seasons, carbon dioxide (CO2) from the atmosphere is taken up by vegetation 

and stored as plant biomass (Losi et al., 2003). For this reason, the UNCCC and its Kyoto 

Protocol recognized the role of forests in carbon sequestration (IPCC, 2001). When the 

vegetation decomposes, they release carbon back to the atmosphere. Disturbances in the forest 

due to natural and human influences lead to more  carbon  being  released  into  the  atmosphere  

than  the  amount  used  by  vegetation during photosynthesis. Sustainable management strategies 

are, therefore, necessary to make the forest a carbon sink rather than source.  

According  to  FAO (2004), biomass  is  defined  as  “organic  material  both  above  and below-

ground, and both living and dead, e.g., trees, crops, grasses, tree litter, roots etc.” Above-ground  

biomass  consists  of  all  living  biomass  above  the  soil  including  stem, stump, branches, 

bark, seeds, and foliage. Below-ground biomass consists of all living roots excluding fine roots 

(less than 2mm in diameter).  In forest biomass studies, two biomass units are used, fresh weight 

(Araujo et al., 1999) and dry weight (Aboal et al., 2005; Montagu et al.,  2005).In respect of 

carbon sequestration determination, the dry weight is more relevant because 50% of it is carbon 

(Losi et al., 2003; Montagu et al., 2005). Many biomass assessment studies conducted are 

focused on above-ground forest biomass (Aboal et al., 2005; Laclau, 2003; and Losi et al., 2003) 

because it accounts for the majority  of  the  total  accumulated  biomass  in  the  forest  

ecosystem. 
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2.4. Impact of Traditional Gold Mining Activity 

2.4.1. Effect of traditional gold mining a biotic 

Mining operations completely alter a site’s ecosystems by disrupting the ecological balance, 

natural landscapes, agricultural lands, forests, plantations and vegetation as well as the economic 

food and tree crops. Other impacts of  mining  include  alteration  of  the  soil  structure, loss and 

overturning  of  the  fertile  top  soil,  air,  soil  and  water pollution, instability of soil and rock 

masses, destruction of flora and fauna and noise pollution, causing mass exodus of species of 

animals (Ojo and Adeyemi, 2003; Aigbedion and Iyayi, 2007; Adegboye,  2012). 

The destruction of the natural vegetation in a given area resulting from mining activities may 

increase flood peaks and sediment load on a given stream flow. Vegetation decreases soil, and 

wind erosion by decreased run-off flood, increased infiltration and again, stream side vegetation 

slows down flood water passage and retard stream-bank erosion due to root binding. The 

consequences of deforestation due to mining activity are diverse with various environmental and 

economic implications. It has led to the loss of forest products, flooding and erosion, aggravation 

of desertification and pollution, high rate of siltation of streams, decline of biological diversity 

and acceleration of extinction of flora and Fauna on the mining area. The increase in carbon 

dioxide and temperature of the atmosphere, regulation of nutrient cycles of carbon dioxides and 

Photosynthesis, shifting in population provision of income through the sale of fuel wood or 

firewood, increased rate of evaporation and alteration of fluvial competence and capacity. 

(Mustafa, 2010).The poverty of the planet inhabitants and excessive consumption by the majority 

is the two major causes of environmental degradation such as deforestation and mining activities.  

The extraction process entails the removal of large amounts of material, which becomes waste 

products. These materials are both the overburden that covers the deposits and wastes from the 

ore that are produced in the processing and concentration of the ore. When the mine is to be 

decommissioned, rehabilitation of the mine site involves the removal of mine infrastructure and 

the return of native vegetation and contours to rock dumps and capping and revegetation of 

tailings dams (Goretti, 1998). 

Extraction and processing of minerals is associated with a number of sustainable development 

challenges, including various economic, environmental and social issues (Azapagic, 2004). For 



10 
 

  

example, environmental impacts, such as heavy metal contamination of streams and soils, acid 

drainage, and tailing impoundment-associated risks have long been a topic of concern, especially 

for natural science-oriented studies (Dogaru et al., 2009). Artisanal gold mining is a cause for 

concern when it encroaches to areas designated for biodiversity conservation and tourism. 

Three  main  types  of  changes  are  distinguished  as  a  result  of  mining:  change  in  the  

natural  topography  which  results  in  restrictions  in  the  possibilities  of  using  the  land  for  

other  purposes, changes  in  the  hydro geological  conditions  with  consequences  for  both  

groundwater  and  surface water  and  finally  changes  in  the  geotechnical  conditions  of  the  

rock. The impact varies with local conditions of the specific site of mining. These changes 

caused by mining can give rise to various impacts on the geo environment, described by impact 

of traditional gold mining activity on vegetation diversity.  

Land degradation means a reduction or loss, in arid and dry sub humid areas of biological or 

economic productivity, complexity of rain fed crop land, irrigated crop land, or range, pasture, 

forest and wood lands resulting from land used or combination of processes. These processes 

include those which arising from human activities and habitation patterns such as soil erosion 

caused by wind or water, deterioration of the physical, chemical, and biological properties of 

soils as los of natural vegetation and biodiversity (Turner and meyer,1994). 

Depending on the type of mining conducted and the site of mining there are several types of 

impacts on the lithosphere. The results range from formation of ridges, depressions, pits and 

subsidence on the surface as well as underground cavities affecting the stability of the ground. 

Furthermore, both the area for mining and the area used for waste dumps, occupy and degrade 

land that could be used for farming and agriculture. 

 Traditional Gold Mining involves both open-cut and underground operations. The ore is then 

crushed and panned. Waste rock is dumped into heaps as tailings. Mining in the area has left 

behind flow and contaminated streams, disturbed vegetation and littered landscapes, open 

trenches and gaping pits filled with water. The mine site is heaped with featureless flat end, 

which is partly washed on to adjacent land, pulled down buildings.  

Reworking the tailings within the mine dump and the traditional gold mining processing has 

improved land degradation. Plant growth on the wasteland is inhibited, and this seems to be due 



11 
 

  

to acid mine drainage. Toxic compounds and heavy metals previously locked in the undisturbed 

strata and minerals are leached to the environment. During gold rushes to the area, the large 

number of miners put much pressure on the environment in terms of energy resources; thus large 

quantities of trees are cut down either as firewood or as timber for support of weak mine 

workings. This causes deforestation and soil erosion lack of sound mining techniques and 

procedures often result in the collapse of the wall rock and eventual subsidence of mined areas. 

This often results in loss of life. The options for restoration of landscape in the mining areas are 

not easy. One such option is to refill the mine, using the waste rock once mining is over. 

However, this option is difficult to implement because most of the miners are not landowners, 

thus they quickly abandon the exhausted site and move to new productive one (Aswathanaryana, 

2003). 

Impacts on the hydrosphere resulting from mining include lowering of the groundwater table, 

mine water discharge into rivers, seas and lakes, leakage from settling tanks and evaporators that 

have a negative effect on the groundwater quality and pumping of water into the ground for the 

extraction of a mineral. Significantly  lowered  groundwater  levels  can  result  in  huge  surface  

depressions  and  drained  rivers and lakes with serious impacts on surrounding agriculture. 

Also impact mining is to bring to the surface large quantities of minerals that are unstable in the 

weathering environment. In particular, sulphide minerals in waste rock and tailings react to form 

sulphuric acid (H2SO4). The sulphuric acid attacks other sulphide minerals and thus breaks them 

down to release metals such as Pb, As, Cd, Cu, Zn, Ni.(Susan et al.,2013) The stronger the acid 

solution, the more the metals become soluble in water and this lowers the pH. During the rainy 

seasons, much sulphuric acid is discharged in to water body, Consequently, drainage of 

contaminated, low pH water into waterways, results in the death of fish, and other elements of 

aquatic ecosystems, as well as soil and groundwater contamination.   

The resulting acidic runoff can be devastating to the surrounding ecosystem (Kiranmay, 2005). 

Runoff from mines may also have enhanced levels of metals such as arsenic, copper, lead, iron, 

cadmium and nickel. In the case of uranium mining, radioactive materials may be exposed at the 

surface. Treatment processes also introduce liquid wastes, such as cyanide, kerosene, mercury, 

organic flotation agents, activated carbon, and sulphuric acid. Mining operations are designed so 
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that liquid wastes are part of a closed system. Wastes are stored and treated on-site until they are 

clean enough to be released. All effluents leaving mine sites need to be closely monitored 

(Hutham, 2000). 

Waste water streams from the pumping of working pits, process water, and water associated with 

the discharge contain a number of different metals, acid or alkaline-generating materials and 

bacteria, which together or on their own can cause severe pollution to farm land, rivers and 

drinking water if they are discharged without prior treatment. Solid waste by its nature produces 

large volumes of waste rock in the stripping and Processing of metal ores. In open pits, the 

generation of waste through stripping can significantly exceed the production of ore. 

Atmospheric  emissions  during  mining  occur  not  only  from  internal  combustion  engines  in  

mining machinery but dust and gases are also released from blasts and rocks and mineral masses. 

One ton of explosives produces about 40-50 m nitrogen oxides and huge amounts of dust meters  

are  commonly  used  for  mineral  purification  and  emissions  from  these  processes  include 

particulate matter and gases such as sulfur dioxide, carbon monoxide and carbon dioxide. 

Although some installations use different kinds of flue gas purifications, these are never 

completely effective (Carr and Herz, 1989). 

Mining is one of the most hazardous industrial occupations and during the period 1980-89, 

mining was the industry with the highest annual number of traumatic fatalities. Health impacts 

from mining can  be  divided  into  two  categories:  immediate  impacts  such  as  accidents;  and  

accumulative  and progressive  impacts  such  as  stress,  radiation  and  pulmonary  diseases. In 

terms of health hazards, four different types can be distinguished: physical, chemical, biological 

and mental hazards. 

Physical hazards include noise, heat, vibrations and explosions, flooding and various forms of 

dust, aerosols and fine particles with resulting fibro genetic and carcinogenic effects. Ionizing 

radiation is included in the category of physical hazards. Chemical  hazards  arise  from  

chemical  pollutants  in  water,  solid  wastes  and  air  with  the  most common  substances  

being  carbon  monoxide  and  dioxide,  oxides  of  sulfur,  nitrogen  oxides and fluorine 

compounds .  
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Biological  hazards  caused  by  living  organisms  such  as  fungus,  bacteria  and  parasites  are  

more common  among  mine  workers  in  developing  countries  with  poor  standards  of  

hygiene  and sanitation. Mental hazards involved with mining include claustrophobia, anxiety, 

tension or irritability involved with the awareness of the dangerous working site. Fatigue and 

other disorders linked to shift work are other potential problems among mine workers 

(Aswathanaryana, 2003). 

2.4.2. Effect of traditional gold mining on plant biodiversity 

2.4.2.1. Biodiversity  

Biodiversity refers to the comprehensive umbrella term for the degree of nature’s variety or 

variation within the natural system, both in number and frequency. In general, it refers to the 

variety of all forms of life on earth. The different plants, animals, micro-organisms, the genes 

they contain and the ecosystem they form (Shackelton, 2000). 

According DeLong, (1996) biodiversity is an attribute of an area and specifically refers to the 

variety within and among living organisms, assemblages of living organisms, biotic 

communities, and biotic processes, whether naturally occurring or modified by humans. 

Biodiversity can be measured in terms of genetic diversity and the identity and number of 

different types of species, assemblages of species, biotic communities, and biotic processes, and 

the amount (e.g. abundance, biomass, cover, and rate) and structure of each. It can be observed 

and measured at any spatial scale ranging from micro sites and habitat patches to the entire 

biosphere. 

Gaston and Spicer, (1998) proposed a three-fold definition of ‘‘biodiversity’’ ecological 

diversity, genetic diversity, and organism diversity while others conjoined the genetic and 

organism components, leaving genetic diversity and ecological diversity as the principal 

components. These latter two elements can be linked to the two major ‘‘practical’’ value systems 

of direct use/genetics and indirect use/ecological described by (Gaston and Spicer, 1998). Other 

workers have emphasized a hierarchical approach or hierarchies of life systems. In contrast, 

some argue that biodiversity, according to the definition of biological, does not include the 

diversity of a biotic components and processes, and that it is inaccurate to identify ecological 

processes, ecosystems, ecological complexes, and landscapes as components of biodiversity. The 
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term ecological, as used in the sense of ecosystem include both biotic and a biotic components 

and processes. Therefore, ecological diversity is a more appropriate term for definitions that 

include the diversity of ecological processes and ecosystems. However, ecological processes, it 

has been argued, should be included in the definition of biodiversity, the reasoning being that 

‘‘although ecological processes are as much a biotic as biotic, they are crucial to maintaining 

biodiversity.  

Biodiversity is therefore considered at three major levels: Genetic diversity, Species diversity 

and Ecosystem diversity. Genetic diversity is the variety of genetic information contained in all 

of the individual plants, animals and microorganisms occurring within populations of species. 

Simply it is the variation of genes within species and populations. Species diversity is the variety 

of species or the living organisms. Species Richness this refers to the total account/number of 

species in a defined area. Various indices are used including the Mangalet index and Menhink 

index. Species Abundance this refers to the relative numbers among species. If all the species 

have the same equal abundance, this means that the variation is high hence high diversity, 

however if the one species is represented by 96 individuals, whilst the rest are represented by one 

species each, this is low diversity. Ecosystem diversity is relates to the variety of habitats, biotic 

communities and ecological processes in the biosphere. 

According  to  Krebs,  (1999)  and  Shackelton, (2000),  biodiversity  is  the  number,  variety  

and variability of living organisms The size of Ethiopian flora is estimated to be about 6,000 

species of higher plants (flowering plants, conifers and ferns) 10%  is considered endemic. 

Tewoldeberhan, (1991), has  reported  that  Ethiopia  is  a  country  of  rich  flora  with  about  

7,000 species of higher plants and endowed with diver sifted agro ecological zones with a long 

history of agriculture. Historical sources also indicate that, on the basis of potential climatic 

climax, high forests might once have covered some 35% of Ethiopia’s land area. If the savanna 

woodland is included, two-thirds of the country was probably forest or woodland (Million and 

Leykun, 2001).   

2.4.3. Threats of biodiversity in Ethiopia 

Ethiopia is one of the countries in the world that possesses  a unique characteristic  fauna and 

flora with  high  level  of  endemism  and  wide  range  of  ecological  variation  (Tewoldeberhan, 

1991).  This wide range of ecological variation made the country to be one of the diversity rich 
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areas in the world. Large species of  trees, shrubs, herbs cultivated plants and their wild  relatives  

are  found  in  the  different  agro-ecological  zones  of  the  country  (Tadesse, 2003). 

Although biodiversity has valuable importance in terms of scientific, economic, ecological, 

aesthetic and other benefits, humans have a bad record of misuse of these resources (IBC, 

2009).Ethiopia is severely threatened by deforestation, over grazing and degradation. This 

suggests that past  and  present  management  efforts  are  far  from  being  adequate  to  attain  

sustainable conservation and use of the  country’s  biodiversity.  A  loss  in  biodiversity due to 

degradation of environment  and  other  threats  to  the  components  of  ecological  systems  is  

the  most  serious challenge affecting  biodiversity resources along  with their  habitats (Demel, 

1992). This loss in biological diversity ultimately result s in economic losses of the country and 

the world as a whole (EFAP, 1994).  If present trends in population growth continue, 

deterioration of natural resources will be even more rapid in the future. In Ethiopia rapid 

depletion of natural vegetation associated with  other  pressing  environmental  problems  such  

as  land  degradation  and  soil  erosion  (EFAP, 1994). In addition to the increased demand for 

construction inputs, over grazing, fuel  wood ,mining activity and clearing  for  agricultural  

expansions  aggregates  to  the  depletion  of  biodiversity  (Million  and Leykun, 2001). 

2.5. Plant Communities with Species Diversity, Richness and Evenness 

Plant  community  can  be  defined  as  the  plant  species  growing  together  in  a  particular  

location. The  two  main  factors  taken  into  account  when  measuring  diversity  are  species  

richness  and evenness.   Species  richness  refers  to  the  total  number  of  species  in  a  

community  whereas evenness  is  the  relative  abundance  of  species  within  the  sample  or  

community  making  up  the richness  of  an  area  (Kent  and  Cooker,  1992).  Species  richness  

index  is  of  great  importance  in assessing  taxonomic  and  ecological  values  of  habitats.  

Species diversity could be viewed from different approaches in terms of alpha, beta and gamma 

diversity (Rosenzweig, 1995) 

 Alpha diversity (α) refers to the diversity of species within a particular habitat or 

community. 



16 
 

  

 Beta diversity (β) is a measure of the rate and extent of change in species along a 

gradient from one habitat to another. It is between habitat diversity that   measures 

turnover rates. On the other hand; 

 Gamma  diversity  (γ)  is  the  diversity  of  species  in  comparable  habitats  along  

geographical gradients and is independent of the two (Kent and Cooker, 1992). 

The  species  diversity  from  different  those  three  approaches  in  this study  were  terms  of  

Beta  diversity. Similarity  index  also  measures  degree  to  which  the  species  compositions  

of  the quadrats/  samples  are  alike,  whereas  dissimilarity  coefficient  assesses  which  two  

samples/ quadrats differ in composition. It can be used to assess the similarity between different 

habitats with reference to the composition of species (Kent and Cooker, 1992). 

2.6. The Importance and Values of Plant Vegetation 

The  use  of  plant  resources  by  human  kind  has  been  going  on  for  many  centuries.  In  

addition, plants  provide  food  and  shelter  and  source  for  raw  materials.  Since prehistoric 

times human beings have used plants for various purposes and this will continue as long as life 

continues on this planet. It is true that the living world depends on plant life because:  plants 

purify the air we breathe; they are source of food for human, feed and shelter for animals, 

sources of energy for cooking, lighting, heating, and provide materials for building and 

construction. The entire dependence of human on plants and plant products, direct for their basic 

needs as food, clothing, and shelter and indirect  for  their  beneficial  influence  on  the  climate  

and  maintenance  of  their  immediate  and remote environment makes plants vital to their 

survival and the basis of their continued existence. Besides, plants are the most important 

organisms on earth, because they are the form of life on which  all  other  living  things  depend  

and  the  earth’s  basic  food  stuff  (Laetsch,  1979;  Cotton,1996) also, noted that plants are 

fundamental to almost all life on earth by providing protection and provisions for organisms 

ranging from bacteria to large animals. 

Plant vegetation supports critical functions in the biosphere, at all possible spatial scales. It 

regulates the flow of numerous biogeochemical cycles, most critically those of water, carbon, 

and nitrogen; it is also of great importance in local and global energy balances. Such cycles are 

important not only for global patterns of vegetation but also for those of climate. Vegetation also 
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strongly affects soil characteristics, including soil volume, chemistry and texture, which 

feedback to affect various vegetation characteristics, including productivity and structure. Even 

though vegetation has a high biological importance, it is often under intense human pressure in 

mining areas especially where surface mining and illegal small scale mining (activities are 

prevalent. Mining activities impact negatively on the environment and the severity of the impact 

depends on methods used and whether the mine is large or small (Bell et al., 2001). 

Mining causes massive damage to landscapes, flora and the fauna through the clearing of the top 

soil to make room for surface mining (Fyles et al., 1985). The indiscriminate and unscientific 

mining methods by the illegal operators, absence of position mining treatment and management 

of mined areas are making the fragile ecosystems more vulnerable to environmental degradation. 

Therefore, urgent and effective action for revegetation and conservation is required to monitor 

and sustain vegetation condition. 

2.6.1. Conservation and management of plants vegetation 

Conservation  is  defined  within  the  World  Conservation  Strategy  as:  “the  management  of  

the human  use  of  the  biosphere  so  that  it  may  give up  the  greatest  sustainable  benefit  to  

present generations  while  maintaining  its  potential  to  meet  the  needs  and  aspirations  of  

future generations” (IUCN, 1980). At the heart of conservation is sustainable use of resources 

(including biodiversity).  It  is  using  resources  in  ways  that  enable  the  resources  to  meet  

the  needs  and aspirations  of  the  current  user  without  jeopardizing  the  resources  ability  to  

meet the  needs  and aspirations  of  future  users(Quansah,1995). The  objective  of  

conservation  is  to conserve  maximum  diversity  to  ensure  that  its  genetic  potential  will  be  

available  in  the  future. Ideally,  all  plants vegetation should  be  conserved  as  evolving  

populations  in  their  natural  ecosystem. However, this is not practically feasible for all species. 

Plant genetic resources can be conserved in-situ  or  ex-situ;  the  two  systems  are  

complementary  and  are  being  adapted  as  a  strategy  in Ethiopia (Abebe, 2001) 

2.7. Impact of Traditional Gold Mining on Environmental Degradation 

Traditional gold mining and its environmental impact are often not easily definable. Attempts 

have been made to quantify the extent and severity of environmental degradation and express it 
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in terms of the amount of resources depleted and population affected or predicted to be affected. 

Environmental degradation has already resulted in noticeable and wide-ranging effects on the 

Ethiopian community both rural and urban (Aklilu, 2001). 

Traditional gold mining tends to make a notable impact on the environment, varying in severity 

depending on whether the mine is active or discarded, the mining methods used, and the 

geological conditions. It causes massive damage to landscapes and biological communities of the 

Earth. Natural plant communities get disturbed and the habitats become impoverished due to the 

mining, which results in a very rigorous condition for plant growth because the fertile top soil 

can be degraded by heavy metals (minerals) excavated from the ground during the mining 

activities. The mine mineral deposit poses a serious threat to the environment, resulting in the 

reduction of forest cover, erosion of soil in a greater scale, pollution of air, water, land and 

reduction in biodiversity. The problems of waste rock damps become overwhelming to the 

landscape around traditional gold mining areas. 

These processes include those which arise from human activities and habitation patterns such as 

soil erosion caused by wind or water, deterioration of the physical, chemical, and biological 

properties of soils led to the loss of natural vegetation and biodiversity. The human activities like 

traditional gold mining in National Park of Kafta-Shiraro are part of these activities. 

Deforestation also leads to increase over land flow since it removes the vegetation, which 

probably affects rates of run-off more than any other single factor. The disturbance of ecosystem 

in the National Park was not only affecting the natural vegetation but it leads to magnate the 

animal species also. For example the elephants of the National Park cross the border of Ethiopia 

to Eretria because they used to the vegetation in both areas as a source of food and shelter. 

Preservation of plant species is also preservation of animal species. Therefore, the researcher is 

initiate to fulfill this research gap by assess the potential and actual impacts of traditional gold 

mining on the natural vegetation in Kafta-Sheraro NP.  
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3. MATERIALS AND METHODS 

3.1. Study Area Description 

3.1.1. Location and topography 

The study was conducted in Kafta-Sheraro National Park, northwest Ethiopia. Kafta-Sheraro 

National Park, which was recognized as Park in 2007 by the Regional Government of Tigray, is 

situated in the northwest of Ethiopia between 13
o
 50’ and 14

o
 23’ N and 36

o
 31’ and 37

o
 29’ E 

(Figure 1).  It is bordered by Tkeze River in the North, Ruwassa River in the south, Humera in 

the west, and Wekayt Wereda in the east. The Park was presumed to have an estimated total area 

of 5000 km
2
 in its establishment, which seems highly declining from time to time and currently 

because of different factors the area coverage of the bark was reduced in to 2176.43 km
2
(EWCA, 

2016).  

 

Figure 1: Map of the study area 
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The elevation ranges from 550 meters a.s.l. on the edge of Tekeze River and 1800 m.a.s.l. on the 

highlands of Kafta. The agro-climatic zone is identified as kola (arid) with an inclination to semi-

arid. Average rainfall ranging from 400 to 650mm the maximum annual temperature also varies 

from a maximum of 41.7
O
c to a minimum of 33

O
c with a mean of 36.52

O
c. (Figure 2).Indicates 

that the rainfall reaches its peak on July and August the common crops grown in the area are 

Sesame, Sorghum and Maize but the most dominant one is Sesame. 

 

Figure 2.The average rainfall and temperature for Humera site 

3.1.2 Vegetation 

The vegetation unit can be classified as savanna wood land; acacia bush land and river forest. 

The interior section including rugged landscape and flat surface is dominated by wood land. In 

most places, it is scattered and open. Vegetation communities within the Park area include 

Acacia-Commiphora,Combretum -Terminalia, dry evergreen montane woodlands and riparian 

types vegetation (Mekbeb et al., 2002). 

3.1.3. Fauna of KSNP 

The Park is important for the conservation of African elephants. It is one of nine sites in Ethiopia 

inhabited by African Elephants. The Elephant population in KSNP migrates seasonally between 

Ethiopia and Eritrea. At present the site is known to hold an estimated 100-150 individual 

Elephants. Besides Elephants, it conserves 42 mammals, 167 birds and 9 reptile species. The site 

is extremely important and could well be the only site in the country for wintering Demoiselle 

Crane. A recent discovery shows that the northwestern border of the Park holds more than 
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20,000 Demoiselle Cranes (EWCA, 2016), with mosaic woodlands of Combretum-Terminalia, 

Acacia-Commiphora, Dry-evergreen montane, scrubland and riparian vegetation (Mekbeb et al., 

2016).The major wildlife conserved in KSNP were includes Ostrich, Aardvark, African 

Elephant, Greater kudu, Roan Antelope, Red-fronted Gazelle, Caracal, Leopard, and Lion 

(EWCA, 2016). 

3.2. Sampling Techniques and Data Collection 

Before the actual data collection, a reconnaissance survey was conducted in the month of 

September 2016, to collect base line information, identify the unmined and mined sites, 

determine number of transects and plots to be established. To conducted data collection on the 

extent of mining activities and vegetation composition, the selected study areas were stratified 

into two land use types (mined and unmined) and , then, representative populations in each land 

use was selected. The inventory was conducted by systematic transect sampling. In each study 

area, two parallel transect lines of 500m apart were laid out, and the length of 

transectswas0.46km-0.68km with quadrats at an interval of 200m. Vegetation data collection was 

conducted in the study area and evaluated the total plant species frequency, abundance, density, 

evenness, and richness in a quadrat method established along the transect line. Each quadrat has 

20m×20 m for trees, shrubs5m×5 m and for herbaceous species, 1 m x 1 m representative. 

(Abebe, 2007) (Figure 3). 

 

Figure.3: Systematic layout of quadrats used for vegetation data collection 
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For identification of species collected from the field, vernacular names from informants were 

used and the specimens were collected for herbarium identification in Haramaya University 

supported with voucher specimens and volumes of 1-8, (Hedberg and Edwards, 1989); (Edwards 

et al.,1995); (Hedberg  and  Edwards,1995);(Edwards et al.,1997);(Edwards et al., 2000) and 

(Hedberg et al.,2006). 

To evaluate the extent of the mining area, direct measurement using meter-tape was used in the 

mined area. There was an also direct observation guided by the local community and scouts to 

collect data on the types of mining method used by the traditional gold miners. Data collection 

on the mining methods was further supported with respondents' interview beyond physical 

observation of the mining activities.  

Two Keble were selected purposively to these who live in surrounding or near to Kafta-Sheraro 

National Park. From each kebele 20 people were selected purposively for those who participate 

in the mining activity. Formal group discussion and interview were conducted to evaluate the 

perception of the community towards the impact of traditional gold mining on natural 

vegetation’s in the Park. Group discussion and Interview with the available local respondents and 

Park scouts were conducted to assess the peak time and season where the miners are involved in 

the mining activity. The total number of informants of the two kebele were 40 the reason way 

most of the participant are not permanent settle in the study site so the interview and group 

discussion were takes place with the participant and permanent live in the surrounding of the NP. 

3.3. Data Analysis 

In the analysis of species a total of 30 quadrat (15 quadrat mined) and (15 quadrat unmined) area 

was laid and used simple computing. Species richness, diversity, evenness, frequency, and 

density were computed.  

3.3.1. Plant species Diversity 

All plant species above 20cm height were considered for diversity analysis. Plant species 

diversity was measured for individual land use (mined and unmined) of each quadrat and 

calculating an index based on the number of species. 
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3.3.1.1. Shannon –Weaver index 

The plant species diversity was analyzed by using the Shannon-Wiener Diversity Index 

(Shannon-Wiener 1949; Krebs, 1989; Magurran, 2004) by using the following formula: 

Shannon –Weaver index of general diversity was calculated using the formula  

H′ = − ∑ (piInpi)𝑠
𝑖=1 ------------------------------------------------------ (eq.1) 

Where: 

 H’=Shannon –Weaver index 

 S= the number of species 

 Pi= proportion of individuals of a given species to the total number of individuals in the 

community 

 lnpi = log proportion of individual species 

The value of Shannon diversity index is usually found to fall between 1.0(1.5) and 3.5 and only 

rarely surpasses 4.5 (Kent and Coker, 1992).  

3.3.1.2. Species equitability or evenness 

Equitability or evenness was calculate by 

E =
H’

H’max
   H’max = (lnS)--------------------------- (eq.2) 

Where E   = Evenness, H’ = Shannon-Wiener Diversity Index 

H Max= the maximum level of diversity possible within a given Population, which equals ln 

(number of species). 

 S   = total number of species in the sample 

“E” is normal between 0 and 1, and with 1 representing a situation in which all species are 

equally abundant. 

Species richness: Species richness was analyzed by adding the number of all species encounter in 

the plots each land uses (Adefris, 2006).  

3.3.2. Coefficient of similarity of the different land use types (mined and unmined) 

The species of the two different land use types was compared according to Sörensen (1948). The 

formula used to calculate the similarity indices is as follows: 
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𝐾𝑠 =
2𝑐

𝑎+𝑏
× 100---------------------------------------------------------- ---------- (eq.3) 

Where: Ks= Sörensen’s similarity coefficient 

                    c = number of species common to both mined and unmined 

                    a = number of species found in mined 

                    b = number of species found in unmined 

3.3.3. Density and Frequency 

Density of the species was calculated by converting the total number of individuals of each 

species encountered in all the quadrats and all transects used in the site. 

Density =  
total number of individual of species

total number of quadrat the study
  x 100------------------------------------- (eq.4) 

The frequency was calculated as the proportion (%) of the number of quadrats in which each 

species were recorded from the total number of quadrats in the sites.  

Frequency(%) =  
Numberofquadransofoccuranceofspecies

totalnumberofquadratsthestudy
x 100------------------------------ (eq.5) 

In addition to the difference indices use one-way ANOVA was employed to compare Shannon-

Wiener Diversity Index, Species richness, diversity, evenness, frequency, and density between 

the mining and unmining area of the National Park. The level of significance difference was 

determined at 0.05 of significance level. SPSS Version 20 software also used to analyze the data 

generated from the interviewer. 
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4. RESULT AND DISCUSSION 

4.1. Participation on Traditional Gold mining 

The result showed that people involved in traditional gold mining in the Kafta-Sheraro National 

Park were found increasing  from time to time as the information gathered from the respondent, 

(i.e. miners, scout and office workers)and most of the miners were in the age of 25-33, 

unemployed and they have an ability to write and read. The same result also found by (Hagos et 

al., 2016) who reported that, the majority  of  the  traditional  gold  miners  were  youths  (below  

35  years  old),  unemployed, less land, their educational level ranged from elementary school up 

to grade ten. Most of them was not permanent settlers to the mining areas since the Park 

wardens/scout were periodically inspecting the sites for illegal mining activities.  

Table 1: Total estimated study area and mined (affected) area in KSNP 

Sites Total area covered in Km
2
 Mined inkm

2
 

A- M/andemariam 6 0.783 

B - Barito 4 0.561 

C - Modagbri 2 0.219 

Total 12 1.563 

 

Estimated total area covered in this study in relation to direct measurement of the mining area 

were about 12km
2
, in three sites (M/andem/riam, Barito, and Modagbri). Out of estimated 12km

2
 

area coverage which 1.563km
2
 of the mined area, the natural vegetation were completely 

exploited. (Table1).  

The factors that have been reported to affect the biodiversity of the National Park were 

agricultural activity with irrigation, charcoal making, deliberate fire, deforestation, illegal 

hunting, and traditional mining extraction. Currently the traditional gold mining activity became 

the dominant practice which seemed to be out of control in the KSNP (Teshale, 2007; Dawit, 

2015).Respondent also agreeing that mining activity has increased from time to time in the Park.  

The traditional gold mining was uncontrolled activity and that leads deforestation of the Park. It 

is common to observe the dried and up rooted big trees in the mining sites due to excavation of 

the ground for mining activity (Figure 4).  In addition, the use of woody species for cooking and 
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night light by the temporarily settled traditional miners has also led to the considerable loss of 

the natural vegetation. 

 

Figure 4.The level of vegetation destruction due to traditional gold miners. 

The mining activity led to increase deforestation and which is caused loosens up of the soil and 

allows free movement of water hence high velocity, which may further damage the landscape. 

This in turn can lead to the overall reduction of plant biodiversity. All these driving factors for 

the loss of biodiversity were prevalent in the study area. If the traditional gold mining is allowed 

to persist with its cascading effect coupled with lack of mitigation measures, the KSNP faces a 

high risk of losing the woody species, which are selectively exploited in relation to the TGM. 

The activities of traditional gold miners in the National Park have resulted in land degradation 

through loss of vegetation and soil erosion. This idea was also in line with previous research 

findings elsewhere in the world (Barry, 1996; United Nations, 1996; Heemskerk, 2002) suggest 

small-scale gold mining as gaining global importance both as a source of subsistence for the poor 

and as a cause of environmental degradation. Akabza (2005) however, suggested that the 

concentration of mining activities in an area results in the environment undergoing rapid degrada

tion and its immense economic value diminishing from time to time.  
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The mining types observed were surface mining and ground mining (Figure 5.A and B). Surface 

mining is, as the name implies, mining methods of ore, coal, or gold that are carried out at the 

surface level. Ground mining is dipper than the surface mining that carried out its wall and roof 

were support by woody plant species. 

  

Figure 5.A. Surface mined type (photo by 

Gebru T.) 

B. Ground gold mined type 

During the traditional gold mining activity the participants use sensor machine, which is used to 

detect the area were the gold is found (Figure 6). It gives unique sound if there is gold. 

 

Figure 6. The image of sensor machine use in the mining sites (photo by Gebru T.) 

When ore veins are steep or deposits bedded, the costs of removing waste rock makes it 

impossible to use surface mining methods. Instead underground mining can be used. Commonly, 

surface mining methods were used to a certain depth until it was only economically feasible to 

continue excavations with underground mining methods supported the wall and roof with large 

trees. Similar ground mining method supported with woods for the side walls from collapse and 
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configuration of opening the extraction was reported by(Hartman and Mutmansky, 

2002).Therefore, the use of mature trees for the wall and roof support of the mining holes 

resulted in devastated destruction of the natural vegetation of the Park.  

4.2. The Vegetation of Unmined and Mined Sites 

4.2.1. Frequency of occurrence 

A total of 40 plant species that belong to 31 Genera and 25Families were recorded from mined 

and unmined sites from the KSNP (Appendix 1). Fabaceae was found the largest Family consists 

of 8 species followed by Combretaceae with five species and Poaceae with four plant species. 

The dominance of Fabaceae and Combretaceae species was in line with the vegetation 

description of the Tekeze valley, which includes the KSNP, as Acacia-Commiphora and 

Combretum-Terminalia woodland (White, 1983).  

The frequency of tree species in the two land use types (mined and unmined) showed that there 

was more frequency of occurrence of tree species from the sampled quadrats in the unmined area 

than the mined area (Figure 7).Out of the total tree species recorded from the study area, five tree 

species (Dombeyatorrid, Ximeniaamericana, Flueggeavirosa, Comretumcollium, and 

Strychnosspinosa) were not recorded at all from all quadrats sampled in the mined areas. This 

was indicated that the frequency of tree species decreased considerably in the mined areas. 
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Figure 7.Frequency of occurrence for the tree species at the mined and unmined areas 

The tree species showed a drastic reduction in their frequency of occurrence and least density 

where recorded in all quadrats sampled from the mining sites. Tree species of higher frequency 

(above 60% of frequency of occurrence) in the unmined area were like, Anogeissusleioocarpus 

(84%), Combretummolle (73.7%), Gardenia volkensii (68.4%), Acacia seyal (52.6%), 

Balanitesaegyptica (47.3%) and Bosciaangustifolia (42.1%) (Table 7). Traditional gold mining 

uncovers the desired minerals by removing the underlying vegetative cover (Greenwood and 

Edwards, 1979). A total of 19 tree species were recorded in this study, which compares well with 

the 12 recorded in Bolgatanga mining site (Atugbire, 2010). 

The frequency of shrub species in the two land use types (mined and unmined) show that there 

was no significance difference infrequency of occurrence of shrub species from the sampled 

quadrats in the unmined and mined area (Figure 8).Only one shrub species Grewia bicolor was 

not recorded from the unmined sites. In the traditional mining sited reported by (Lyngdoh, 1995; 

Das Gupta, 1999; in JaintiaHills, and Sarma, 2002) in Garo Hills district had similar 

observations. This could be due to the least exploitation of shrub species in relation to the 

traditional gold mining activities. 
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Figure 8. Individual of shrub species at the mined and unmined areas 

Like shrub and tree species frequency of occurrence, the herb species were also analyzed for the 

difference in frequency of occurrence between the mined and unmined site. As indicated from 

the (Figure 9) a total number of 15 herb species were obtained in both areas. There was a 

variations of species frequency between mined and unmined sites and higher frequent of herbs 

were found  in the mind sites like, Hyparrheniahirta (53.3%), Hyparrheniarufa (46.7%), 

Commicarpusverticillotus (40%) and Cenchrusciliaris (33.3.%) whereas, the higher frequent 

herbsintheunminedsiteswerelike, Hyparrheniahirta(53.3),Commicarpusverticillotus(40),Kohauti

acoccinea(20), Panicumatrosanguineum(13.3) and Echinochloahaploclada (13.3) (Figure 9). 

The number of herbaceous species colonizing the mined areas was found to be higher than the 

unmined areas. 

This could be due to the better ability of herbs to adapt to the disturbed sites immediately after 

traditional gold mining sites were abandoned. Some herbaceous species invaded the 

disturbedhabitatsimmediately after disturbance. In the unmined area also a dominant herb species

 like Commicarpusverticillotus, and Abutilon mauritianum species. Similar observations were 

made by several researchers in the mining areas in different parts of the world (Conwell, 1971; 

Game et al., 1982; Fyles et al., 1985; Singh and Jha, 1987; Jha and Singh, 1990). 
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Figure 9. Individual of herb species at the mined and unmined areas 

4.2.2. Density of species 

A comparative analysis on the density of plant species per life form between the two land uses 

(unmined and mined) showed that the density of tree species in the mined sites was much less 

than the unmined sites. Shrub species density did not show much difference but the herbaceous 

species were higher in density in the mined sites than the unmined sites (Figure10 and 11). 
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Figure 10.The densities of the three life forms per plot in the unmined sites of KSNP. 
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Figure 11.The densities of the three life forms per plot in the mined sites of KSNP. 

As indicated on the above graph the tree species are highly affected in the mined sites. For 

example in quadrat 6 and 8 there was no tree species recorded at all, in quadrat 3 and 7 also 

almost none or few individuals of tree species were observed.  The calculated density of trees in 

the mined site was 0.8/quadrat while unmined site record was 6/quadrat. Similar study in the 

Bolgatanga Municipality recorded a total of 14 woody species (Atugbire, 2010), in which the 

plant species richness and density were affected by the traditional mining activity. In this study, 

the unmined area was found to have better species density and richness as compared to the mined 

sites in KSNP. Similar studies in the savannah zones of Ghana recorded higher species density 

and diversities unmined (Asase and Oteng-Yeboah, 2007; Asase et al., 2009), but the Nagodi 

area partly falls within the Sudan savanna (Dickson and Benneh, 1988) which is a poorer version 

of savannah due to anthropogenic interference in the mined. 

The calculated Jaccards similarity index of the two land uses (unmined and mined) for tree 

species was found 0.43. This could indicate the least similarity of the two sites in terms of tree 

composition. Appiah-Brenyah and Antwi (2003), asserted that surface mining in particular 

involves the clearing of large tracts of vegetation, resulting in serious land and forest degradation 

and deforestation (Peterson and Heemskert, 2001; Hilson, 2002; Rodrigues et al., 2004). 
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As indicated on the above graphs the shrub species in both land uses (unmined and mined) were 

more or less similar in their densities. The calculated density of shrubs in the unmined sites was 

0.05 per quadrat while mined sites were 0.04/quadrat .The calculated Jaccards similarity index of 

the two land uses (unmined and mined) for shrub species was found 0.68. This could indicate 

similarity level between the two sites interims of shrub composition.  

As indicated on the above graphs the herbaceous layer species herbaceous in both land uses 

(unmined and mined) were found that higher densities in the mined sites than unmined. The 

calculated Jaccards similarity index of the two land uses (unmined and mined) for herbaceous 

species were found 0.47. This could indicate the least similarity level between the two sites 

interims of herbaceous composition. The result of this finding was in line with the reports of 

Kumi-Boateng, et al. (2012) who recorded higher densities of herbs species in mined areas, 

where as the nearby-unmined areas had relatively lower species of herbs indicating their 

immediate establishment and colonized in the disturbed or mined areas. 

4.3. Species Richness, Diversity and Evenness 

Table.1: Species richness, diversity, and evenness values of unmined and mined sites 

Land use system N Species richness Shannon 

diversity index 

(H’) 

Evenness 

(H’/Hmax) 

Unmined  15 34 1.73 0.67 

Mined  15 21 1.37  0.48  

N= Number of quadrats 

The value of Shannon diversity index (H') and evenness (E) in the unmined sites of Kafta-

Sheraro National Park were 1.73 and 0.67, respectively (Table 2). However, the Shannon 

diversity index and evenness indices in mined area were 1.37 and 0.48, respectively. Shannon 

diversity index considered as high when the calculated value is above 3.0, medium when it is 

between 2.0 and 3.0, low between 1.0 and 2.0, and very low when it is smaller than 1.0 

(Cavalcanti and Larrazabal, 2004). Thus, in accordance with Cavalcanti and Larrazabal (2004), 

though, both land use types (unmined and mined) were in the range of low Shannon diversity 

index. There were a numerical difference in Shannon diversity index (H') and evenness (E) 



35 
 

  

values between the unmined and mined areas. This could reveal the negative impact of the 

ongoing traditional gold mining activity on the natural vegetation in the KSNP. There is no much 

difference between the mined and unmined area because the herbaceous species were high in the 

mined area than unmined area due the ability of adaptation (colonized) new habitat. 

The traditional gold miners were highly exploited the mature tree species for construction of 

their temporary houses in the mining sites and use larger woods for the protection of side walls 

from fall down while moving into the deep ground(Figure 12). 

 

Figure 12.Mature trees for protective side wall in the mining holes (photo of Gebru T.) 

4.4. Tradeoffs between Traditional Gold Mining and Natural Vegetation 

Intensive traditional gold mining activities has been ongoing in Tigray region of northern 

Ethiopia, Such mining works are generating a better income for jobless poor and who were able 

to read and write in which most of them are young age25-30. This finding is similar with the 

reports of (Hagos et al., 2016), who recorded <35years old. In this study, the traditional gold 

mining in the KSNP in relation to its effects on the natural vegetation was analyzed for informed 

decision on the management of the KSNP. On-site respondents who were engaged in the 

traditional mining activity were responded to agree (>50%) that the existing operations of 

traditional gold mining leads to considerable land disturbance and loss of the natural vegetation 

(Figure 13). 



36 
 

  

 

Figure 13: perception of respondent on impact of mining on plant vegetation 

In the study area, it was observed that extensive land units in the Park boundary were converted 

to desert area (Figure 14). Because it is the mere fact that the traditional Gold Mining activity 

was done by removing the entire vegetation stand around the mining area. It was done by 

excavating soil from the deep hole and was damped to the surrounding area that led further 

distraction of the natural vegetation and emigration (relocation) of animal from the National 

Park.  

 

Figure 14. Images showing the destructive nature of the traditional mining in the KSNP 
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The distraction of the National Park could be aggravated due to different activity of the miners in 

addition to mining activity they construct temporary house, bed, fire wood for cooking, etc. using 

mature tree species. Since the potable water is not easily available in mining area (NP) they tend 

to transport water with a barrel using donkey cars from the nearby town and in the return they 

also tends to carry the ore on the cars to the Addebay town for processing (grain and 

wash)(Figure 15). 

 

 

Figure 15. Transport of water and ore to the mining sites and back to nearby town 

The effect of traditional gold mining activity is not only on the natural vegetation but also on the 

wild animals since there are records of hunting for bush meat in their stay for mining activities. 

Sound disturbance in the Park could be a challenge for the wild animals like African elephants. 

Because the traditional gold miners use motor bicycle, donkey cart, and participation large group 

while digging the ground (up to 11 meters depth) in search of better ore.  

Table. 2: Intensity of Participation on Gold Mining in Seasons 

No No. respondent season No. respondent  Percentage of 

respondent 

1 40 Belg 7 17.5 

2 40 Bega 3 7.5 

3 40 Tsedey 9 22.5 

4 40 Kremt 21 52.5 

From the above information (Table 3), (52.5%) of the respondent agree that most of the mining 

activity is takes place in summer season. This might be during the summer season water was 
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highly available so they used for washing the gold from the soil. In addition to this the process of 

gold mining activity is easily performed during the summer season due to the highly percolation 

water so they were involved in traditional gold mining activity. Previous finding by (Hagos et 

al., 2016) in Asgede Tsimbla, Tigray, and Northern Ethiopia indicated that intensity of 

participation in gold mining was highly involved in the summer season with frequency (158) and 

percentage 87.78 so this is in line with the present finding. An increased disturbance of the Park 

area in summer season could have been impacted on the natural vegetation. 

The major woody species affected due to these multi-dimensional activities of the miners in 

relation to traditional gold mining were like, Anogeissusleioocarpus, Combretummolle, Gardenia 

volkensii,Bosciaangustifolia,Terminaliasp.,Combretumsp.,Dombeyatorrid,Ximeniaamericana,Fl

ueggeavirosa,Comretumcollium, and Strychnosspinosa. 

Table 3.Main problem of prevent individuals participating in traditional gold mining 

Challenges   

Respondent  

  Percentage              

Poor patrolling 8 20 

Poor community awareness 1 2.5 

Weak law enforcement 6 15 

High population 3 7.5 

Lack of job opportunity  17 42.5 

Shortage of grazing area 3 7.5 

Lack of agricultural land  2 5 

 

The above tables (Table 4) indicate that (42.5 %) of respondent say that the main challenge to 

prevent the National Park from traditional gold mining activity was lack of job opportunity; 

whereas about (20 %)of the respondents agree that the problem was due to poor patrolling 

and(15%) of them agree with weak law enforcement. Therefore, from the above information the 

most dominant challenge to prevent the National Park from traditional gold mining activity was 

lack of job opportunity followed by poor patrolling.  
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Figure 16: Individuals participated in traditional gold mining activity 

As indicated in the above figure (Figure 16)the major factor contributed to increase the number 

of miners from time to time was lack job opportunity, weak law enforcement, un proportional 

distribution number of scout and lack of infrastructure (loge and road) inside the Park to stay the 

scouts there and keep properly might be inspire to the illegal miners. 
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Figure 17: Awareness of the local community towards the impact of traditional gold mining. 

As Figure 17 indicate that, about 60% of the respondents were disagree with  lack of awareness 

of the local community who were involved on the TGM towards the impact of traditional gold 

mining on natural vegetation. Rather they claim for an alternative livelihood opportunity to stop 

the existing traditional gold mining. This indicates that there is no need of awareness creation for 

the local community regarding the impact of traditional gold mining on plant vegetation rather it 

needs create new job opportunity for the youths who are involved on traditional gold mining 

activity in the Kafta-Shiraro National Park. 

 

 

 
 

 



41 
 

  

5. SUMMARY AND CONCLUSIONS 

Traditional gold mining activities in Kafta-Sheraro National Park is having a significant effect on 

tree, shrubs and slightly affects herbaceous species. This has resulted in environmental 

degradation and loss of biodiversity. Due to the extensive mining activities, large areas of the 

National Park have been turned into degraded land, creating unfavorable habitat conditions for 

plants and animals. Mining activities cause massive damage to the landscape and vegetation 

communities. It was found that the number of tree and shrub species decreased due to multiple 

activities related to the traditional mining. Initially the size of the Park was 5000m
2
 but currently 

the area is 2176.43km
2
in which various factors were contributed for the shrinkage of the Park. 

This study covered about12m
2 

in three sites and found that around 1.563km
2
area was completely 

damaged and lost its natural vegetation due to TGM activity. This could be an indicator for 

increased habitat loss of the KSNP from time to time. A number of activities were involved 

associated with the traditional mining, which has been contributed for significant degradation of 

the mining sites in KSNP. The number of people who are involved in the TGM has been 

increasing from time to time, who were migrated continuously from different parts of Tigray 

region as well as from different regions of the country. The nearest Woreda known as Humera is 

well known for sesame production, which was attracted high number of youth population for job 

opportunity. However, due to increasing the number of people during the summer season some 

of the youths moved to the KSNP to be involved in the TGM. There is also an increased number 

of jobless youth in the locality so they consider this illegal traditional mining as an alternative 

way of livelihood. 

In a total of 30 quadrats, 40 plant species representing 31 Genera and 25plant Families were 

recorded in both the mined and unmined areas. The number of herbaceous species colonizing in 

the mined areas was found to be higher than in the unmined areas. The diversity index for 

herbaceous species increased with mining proximities suggested that mining operation favored 

colonizing of certain species in newly created habitats. It is evident from the results of the study 

that the mining activities affect to the plant diversity.therefore the value of H’ and evenness (E) 

in the unmined sites of KSNP were1.73 and 0.67, respectively. Whereas, H' and E values in 

mined area were 1.37 and 0.48, respectively. The extent of vegetation affected by the activities 

of traditional gold miners was assessed and the similarity index of unmined and mined area in 
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tree species is 0.43, which is dissimilar, for shrub and herbaceous species is 0.68 and 0.47, 

respectively. The tree species showed a drastic reduction in all the mining sites than unmined 

sites, five tree species were not recorded at the mined areas at all. And observing dried root 

indigenous  big  trees  were  very  common  in  the  mining  sites. There for deforestation was 

driven by mining, excavating and loaded over the adjacent plant species. And this is indicating 

that most tree species highly damage. 

Deforestation loosens up the soil and allows free movement of water hence high velocity, which 

may further damage the landscape. This in turn can lead to the overall reduction of plant 

biodiversity losses. All  these  hazardous  conditions  are  present  in  the study  area and if 

traditional gold mining is allowed to persist with its cascading effect coupled with lack of 

mitigation measures the NP faces a high risk of being hit by  numerous  natural  degradations  in  

the  future  of  which  some  of  them  are  already influence. Therefore, the activities of 

Traditional gold miners in the study area have resulted in land degradation through loss of 

vegetation. 

It is therefore recommended that vegetation recovery be implemented in the National Park, 

preventing the area from mining activity by creating job opportunity to the miners and Reforestat

ion of degraded lands (mined areas) should be carried out to help improve the vegetation cover 

and raise the densities of the vegetation. The federal and regional government 

should pay attention to the  Park in the enhancement of  local  prosperity,  to generates  

supplementary income and expands job opportunities  as  well  as  acting  as a tool for the 

conservation of the natural environment. Lack of job opportunity is the main problem to prevent 

individual’s participation in tradition gold mining activity in Kafta-Sheraro National Park. So 

facilitation of alternative job opportunity creation should be considered by the regional and local 

administration. The poor patrolling were the other factors contributed for increased number of 

individuals involved in traditional gold mining activity. This is because, the number of scouts 

were not proportional with the area coverage of the Park. Therefore, the responsible authority 

should give attention to improve the human resource potential to minimize an increased illegal 

TGM in the KSNP. 



43 
 

  

The absence of infrastructure like roads and stations (loge) makes the patrolling activities more 

difficult. Therefore, the responsible authority should start resolving these problems in every year 

planning for the development of this National Park. 
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Appendix Table.1. List of species encountered in the mined and unmined sites of the KSNP 

No. 

Local 

name(Tigrigna)  Scientific name Family Name Habit 

1 Hareg Abutilon mauritianum(Jacp) Medic Malvaceae Climber Herbs 

2 Ktrit Acacia mellifera(Vahl) Benth. Fabaceae Shrub 

3 Endadie Acacia  senegal(L.) Willd. Fabaceae Shrub 

4 keyhChae Acacia seyalDel. Acacia Tree 

5 MelhasLahmi AchyranthesasperaL. Amaranthaceae Herbs 

6 Wetatira Aeschynomeneobyssinica Fabaceae Herbs 

7 Hanse  Anogeissusleioocarpus  Cannabaceae Tree 

8 Mekie Balanitesaegyptica(L.) Del. Balanitaceae Tree 

9 Kermed Bosciaangustifolia Capparidaceae Tree 

10 SaeriAmbelay CenchrusciliarisL Poaceae Herbs 

11 Kentelba Combretum f molle R. Br. ex G. Don Combretaceae Tree 

12 TetemAgazen Combretum sp. Combretaceae Tree 

13 Zengafiya Combretum sp. Combretaceae Tree 

14 HamliGuila Commicarpusverticillotus Nyctaginaceae Herbs 

15 Unknown 7 Commiphoraerythraea(Ehrenb.) Engl. Burseraceae Shrub 

16 Unknown 5 Comretumcollium Combretaceae Tree 

17 Zibe Dalbergiamelanoxylon Fabaceae Tree 

18 Gonek Dichrostachyscinerea(L.) Wight &Arn. Fabaceae Tree 

19 Darle Dombeyatorrida Sterculiaceae Tree 

20 SaeriChichwit Echinochloahaploclada(Stopf)  Poaceae Herbs 

21 Harmazo Flueggeavirosa(Willd.) Voight Euphorbiaceae Tree 

22 Unknown 3 Galinierasaxifrogo Saxifragaceae Shrub 

23 Unknown 4 Gardenia ternifolia Rubiaceae Tree 

24 Digudigugi Gardenia volkensii Rubiaceae Tree 

25 Mosoqa GrewiabicolorJuss. Malvaceae Shrub 

26 Abila  GrewiavillosaWilld. Tiliaceae 

Woody 

climber 

27 SaeriTimrara HyparrheniarufaNees. Stopf Poaceae Herbs 

28 SaeriGaja Hyparrheniahirta c stopf Poaceae Herbs 

29 Mochelo KohautiacoccineaRoyle Rubiaceae Herbs 

30 TsaedaSaeri PanicumatrosanguineumTocht. ex Rich. Poaceae Herbs 

31 Hambohambo.Z Senna obtusifoliaL. Fabaceae Herbs 

32 Metselem StriahermonticaCoel  poaceae Herbs 

33 Tenkoko Strychnosspinosa Strychnaceae Tree 

34 Unknown 1 Tephrosiaelata Fabaceae Herbs 

35 Unknown 2 Tephrosiagrecilipes Fabaceae Herbs 

36 Unknown 6 Terminalia sp. Combretaceae Tree 

37 SaeriAshak ThemedatriondratorSkel Surnames Herbs 

38 Milo  Ximeniaamericana Olacaceae Tree 
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39 Geba Ziziphusmauritiana Rhamnaceae Tree 

40 GabaAdigi Ziziphus spina-christi(L.) Desf. Rhamnaceae Tree 
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Images showing data collection trip and observations on illegal activities in KSNP 

 

 

Appendix figure 1. When the field team traveling to data collection sites. 
 

 

Appendix figure2. The temporary house of miners. 
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Appendix figure3. During interview with the miners. 

 

Appendix figure .4. The extending activities of mining. 
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Appendix figure.5. Vegetation cover unmined vs mined site. 


