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ABSTRACT 

There is increasing concern over the current rapid loss of biodiversity as a result of human 

pressure on species and environment being driven by various development activities including 

mining. Undertaking restoration following unavoidable land degradation has been a legal 

requirement for many countries in the world including Tanzania. Twiga Cement is amongst 

the companies that have been undertaking restoration activities in particular top soil refilling 

and tree planting at Wazo Hill Quarry sites (WHQS) that were formally degraded by 

quarrying activities. Since this ongoing rehabilitation has been taking place for several years 

and no study that has been undertaking to gauge how ground dwelling invertebrates are 

responding as indicators of ecosystem health. This study was conducted to assess the response 

of ground beetle species to the quarry restoration efforts at Wazo Hill Quarry (WHQ) as novel 

species for indicating environmental quality. Ground beetles apart from the key role they play 

in the ecosystem including nutrient recycling through feeding in vegetation litter and animal 

dungs they are also commonly used for measuring the ecosystem health due to their high 

sensitivity to environmental changes. The experimental design involved establishing three 

sites which are undisturbed, rehabilitated and abandoned sites to allow comparison. 

Moreover, a questionnaire survey was undertaken to assess awareness level of local people 

and their concerns over quarrying and biodiversity conservation measures at WHQS. 

Systematic random sampling techniques involved use of line transects and pitfall traps were 

employed. One way ANOVA under SPSS IBM 20 computer program was used to compare 

various biodiversity parameters along the varied habitat regimes. A total of 474, 32 and 11 

individual ground beetles were collected in undisturbed, rehabilitate and abandoned sites 

respectively. Furthermore, there was strong significant difference in ground beetle species 

diversity across the three different habitats (P = 0.0024). Copris minutus was found to be very 

sensitive to disturbance since it was not found at the degraded and un-rehabilitated sites in 

both wet and dry seasons. Owing to the fact that the undisturbed site had both higher species 

abundance and diversity followed by rehabilitated and the abandoned site the least, it was 

hence concluded that the on-going restoration activities at WHQS are facilitating the 

recovering of ground beetles biodiversity. Thus, it is recommended that restoration activities 

taking place at WHQS should continue as it is an important aid in boosting the WHQS 

biodiversity. Nevertheless, further studies to assess the reaction of other species of flora and 

fauna toward restoration activities should be undertaken so as to obtain more detailed and 

reliable information to guide the rehabilitation activities for creating conducive environment 

for promoting sustainable flourishing of various native plant and animal species. 
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1.0 INTRODUCTION 

Mining, especially large -scale mining is one of the main growing industries in Tanzania 

(Mwalyosi, 2004). This led to environmental degradation which attributed to increase loss of 

biodiversity due to habitat loss. However the government put in place policies and legislations 

which require the investors to restore degraded areas as a means of improving environmental 

quality for the benefit of local communities and wildlife but still little effort is taken by the 

investors and the government to ensure that degraded environment are restored to their natural 

condition. Twiga Cement Company has paved the way for others to lean; it has been in a front 

line to restore its mined sites as a means of boosting areas biodiversity. It’s the company 

policy to undertake restoration activities after mining activities and encourage scientific 

studies so as to obtain valuable information that can assist the company to accomplish 

successfully its aim of biodiversity conservation. 

 

Nevertheless, with greater attention taken by the company to reduce the loss of biodiversity in 

the area before mining by storing the topsoil which is reach in nutrient together with micro-

organism and rehabilitation effort after excavation still the area has suffered greater loss of 

biodiversity. Since the beginning of rehabilitation effort, the studies on recovering rate of 

species have not properly been documented particularly on invertebrate which mostly are 

used as indicator species. Due to this, ground beetle are chosen to be the focal study of this 

research because of their greater abundance, diversity and functional importance, their 

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

.1986; Brown 1997; McGeoch 1998). 

 

Ground beetles play important roles in an ecosystem owing to their wide range of feeding 

mechanisms and being very numerous. They feed on wide range of organic materials 

including plant debris and animal dung’s, thus playing a key role of nutrient recycling within 

an ecosystem. Moreover, due to their higher sensitivity to environmental changes (physical, 

climatic, chemical changes) ground beetles can be used as indicators for changes in 

environmental conditions (Larsen et al., 2003; Villa-costillo and Wagner, 2002). They are 

very mobile and fast in occupying good quality habitats and in avoiding degraded habitats. 

Thus, it is imperative to assess the response of ground beetle species to the quarry restoration 

efforts at Wazo Hill Quarry Site (WHQS) as novel species for indicating environmental 

quality.  

1.1 OBJECTIVES 

1.2 General Objectives 

To assess the response of ground beetle species to the quarry restoration efforts at Wazo Hill 

Quarry (WHQ) as novel species for indicating environmental quality. 

1.2.1 Specific Objectives 

1. To determine the species abundance, diversity and assemblage of ground beetles in     

various habitat types (rehabilitated, natural (intact) and abandoned sites) at WHQ 

2. To create a record (database) of the various ground beetle species available at WHQ 

3. To train and involve secondary school students in invertebrate species identification and 

biodiversity surveys at WHQ 
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2.0 BACKGROUND INFORMATION 

Since the ascent of modern man during the Holocene, the causes of biodiversity loss have 

been dominated by the activities of humans. Today high biodiversity loss and environmental 

degradation raised much concern on individuals, private sectors, Non-Governmental 

Organisation, International Organisation and local countries. These concern stimulated 

formulation, strengthening and enforcement of policies and regulation together with investing 

time and resources both financial and human resources in effort of restocking lost biodiversity 

and restoring the degraded environment to its original status. Following the potential effort 

invested in restoration activities at WHQS the assessment on the biodiversity recovering rate 

and population trend pay crucial. Insect particularly ground beetles are well suited for use in 

as indicators species of habitat quality. They have been used as biological indicators in studies 

on the effects of habitat fragmentation, urbanization, forest and land management (Larsen et 

al., 2003; Villa-costillo and Wagner, 2002), climate change, and biodiversity (Ranio and 

Niemela, 2003). 

 

Apart from their ability to inhabit various habitat types, high abundance and easily sampled, 

they are important in ecological functioning of the natural ecosystem through diverse 

activities ranging from decomposition of organic matter to provision of food for animals. In 

fact ground beetles play roles as pollinators, predators, parasites, herbivores and saprophages 

among others which indicate pervasive ecological and economic important of this group of 

insect in both aquatic and terrestrial ecosystem (Rosenberg et al., 1986). There diversity and 

abundance indicates habitat quality and biodiversity richness in Wazo Hill Quarry Site. 

Andersen et al., (2004) put forward that given the overwhelmingly dominant contribution of 

invertebrates to biodiversity, no biodiversity monitoring programme can be considered 

credible if invertebrates are not addressed effectively. 

 

Therefore, due to the above concern it has made this study credible as it aims to use ground 

beetles species as the bio-indicator of habitat quality at Wazo Hill Quarry Site (WHQS). It 

intends to know whether the restoration effort invested by the company through different 

projects is promoting the biodiversity recovery at mined sites of WHQS. The study will also 

give highlight on recovering rates of biodiversity in the area. The higher the abundance and 

diversity of ground beetles at the site especially rehabilitated give indication of positive 

contribution of restoration projects and thus high biodiversity at the sites.  

3.0 METHODOLOGY 

3.1 Description of the study Site 

Wazo Hill is located near Dar es Salaam city, about 25km from the city Centre between 

latitude 6° 34' south and longitudes 39° 24' east, and an altitude between 100 and 200 above 

mean sea level (Kebede & Nicholls, 2011). The climate of Dar es Salaam is very much 

influenced by its closeness to the equator and the adjacent Indian Ocean. Thus, it has tropical 

climatic conditions with hot and humid weather throughout the year. It receives the rainfall of 

around 1000mm per annum and the average temperature is 26 degree centigrade. 
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3.2 Stakeholders Involvement and public consultancy 

Structured questionnaire was used to obtain specific information from the local communities 

living adjacent to WHQS mining site. The information obtained was about their awareness, 

perception toward the industry and soliciting ways on how the environment and its associated 

biodiversity can be protected. It has also involved obtaining the information on threats to 

biodiversity and environment in general in local communities’ surroundings and benefits that 

the adjacent communities experience due to presences of the industry.  

3.3 Pitfall traps 

Pitfall traps are one of the most common methods used for sampling ground beetle 

communities (Lovei and Sunderland, 1996). The factors that influence trap yields for pitfalls 

include the size of the organism, activity level and agility. Large bodied organisms tend to be 

over represented in pitfall samples compared to smaller individuals largely due to their greater 

mobility (Thiele, 1977). Another issue is the patchy, stochastic nature of species distribution 

in the landscape. Although other sampling methods exist for determining absolute abundance, 

they tend to be much more labor and time intensive. Spence and Niemela (1994) stated that 

pitfall traps is an efficient way to collect ground-dwelling fauna. 

3.4 Experimental Layout and Sampling Techniques 

The quarry site was classified into three habitat categories including intact (undisturbed sites), 

rehabilitated and abandoned sites. In each habitat category three line transects were 

established with pitfall traps being allocated within the transect lines by systematic random 

sampling technique. Spector and Forsyth, (1998); stated that pitfall traps provide a fast, 

inexpensive and relatively unbiased method for obtaining data on insect species diversity and 

abundance. The line transects were 300m long and inter-transects distance was 50m in all 

sampled site. Area of about 8 - 9 Ha was covered in each of the sampled site. Ten (10) pitfall 

traps were established in each transect whereby the first point was randomly picked and the 

rest were systematically placed after each 30m. These make a total of thirty (30) pitfall traps 

in each habitat (intact/undisturbed, rehabilitated and abandoned) and a total of 90 pitfall traps 

in all 3 habitats (Figure 1 and 2). This number of traps was used in order to ensure an 

adequate pool of data (representative sample) for effective statistical analysis and hence 

rigorous findings that can be generalized (Avila et al., 2000).  

 

One litter plastic cups non-baited were used as pitfall traps single per pit, which were buried 

in the ground so that the top rim flush with the soil surface. The traps were half-filled with 

mixture of soap and water to reduce surface tension and make it slippery, thus the captured 

species fail to come out. Traps stayed in the sites for seven (7) days (day and night) and 

collected in the eighth day. The technique involved death of the captured insects. However, 

Favila and Halffter (1997) describe some other types of pitfall traps that can be used to 

capture beetles without killing them, it’s clear that it is difficult or impossible to accurately 

count and identify live beetles captured at sites with extremely high beetle diversity and 

abundance, especially when sympatric sister species appear almost identical externally.  
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The trapped insects were transferred to zipped paper bags that contained methylated spirit as a 

preservative and transported to the Zoological Laboratory of Sokoine University of 

Agriculture at the Department of Wildlife Management. The species were sort, identified and 

classified to family level and where possible down to species level. Insect sampling was 

conducted during May, 2014 (wet season) and repeated in July 2014 (dry season). The 

experimental layout in all three habitats of the WHQS sampled. The measures are the same in 

all three habitats. 

3.5 Statistics  

Shannon and Simpson biodiversity indices was used to assess the habitat preference of the 

ground beetles across the three habitat types. One way ANOVA under SPSS IBM 20 

computer program was used to test whether there is a significant difference in beetle 

communities across the different habitats.  

 

 
 

Figure 1: Showing the three habitat types (undisturbed, rehabilitated and abandoned) at Wazo 

Hill Quarry (Source: Google Earth, 2013). 

 
Figure 2. Showing the experimental layout including number of transects (3), transect length 

(300m), inter transect distances (50m) and pitfall distance (30m) in the three habitats. 



8 
 

4.0 RESULTS 

4.1 Ground beetle abundance 

A total number of 474 individual were collected in undisturbed site and identified into 6 

species in 5 genera which are Onthophagus, Kheper, Gymnopleurus, Atractonotus and 

Copris. In the rehabilitated site, 32 individuals were collected and identified into 6 species in 

5 genera while in abandoned site 11 individuals were collected and identified into 5 species in 

4 genera named, Onthophagus, Kheper, Gymnopleurus and Atractonotus. All species were 

identified full to species level. Undisturbed site showed to be more abundance in ground 

beetles (474 individuals) compared to rehabilitated and abandoned site which had 32 and 11 

individuals respectively (figure 4). The individual abundance in three micro habitat sampled is 

well presented in figure 3. 

 
Figure 3. Showing the individual abundance of ground beetles at different micro habitats of 

Wazo Hill, Tegeta Dar es salaam. 
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Figure 4. Showing the ground beetles abundance per micro habitats of Wazo Hill, Tegeta Dar 

es Salaam. 

4.2 Ground beetle diversity 

In line with our prior prediction, the mining activities at quarry site had little impact on 

biodiversity at the Wazo hill site, Tegeta Dar es Salaam. Using Shannon winner diversity 

index (H’), undisturbed, rehabilitated and abandoned site had a diversity of 1.7, 1.6 and 1.4 

respectively figure 5). However, undisturbed site is more diverse while the abandoned site is 

the most less diverse items of ground beetle diversity. Nevertheless, the statistical test (one 

way ANOVA) shows that disturbance (mining activities) had strong significance effect on 

ground beetle diversity (p = 0.0024). 

Figure 5.Showing ground beetle diversities at different micro habitats of the Wazo Hill site, 

Tegeta, Dar es Salaam. 
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 4.3 Non-target species of invertebrates and other small animals observed 

Different species of invertebrate and small animals were trapped accidentally during the data 

collection at WHQS. Invertebrates includes; Spiders, ants, earthworms, caterpillars and insect 

larva, snails and bees. Small animals that were incidentally observed in the traps include toads 

and mice (Refer annex 4). Also, it was observed that the undisturbed site has a lot of 

earthworms followed by the rehabilitated and none was observed in abandoned sites. 

4.4 Household survey and conservation education  

A total of 30 household were interviewed during the questionnaire survey at the communities 

around the industry. 73% of the interviewed communities showed positive perception to the 

industry at their surround with the reason that it has uplifted their economic status, though 

direct employment and indirect like selling food and other commodities around the industry.  

27% showed negative perception toward the industry and its employees. 40 secondary school 

students (31 boys and 9 girls) of Tegeta Secondary school were given the lecture on 

environmental conservation with the aim of sensitizing and educating the communities, 

especially the youth, about the benefits of the restoring degraded sites and also to solicit their 

views and interests on how the Wazo quarry site should be reclaimed after the mining 

activities. The students and their teacher’s showed to have interest in conservation activities 

and promised to contribute in environment protection including participating in tree planting 

activities at WHQS. Photos taken from different sites of WHQS including those of the nursery 

ground of WHQS for restoration and the lecture on how to restore the degraded areas are 

among the thing which impressed the students. 

5.0 DISCUSSION 

5.1 Ground Beetle Abundance at WHQS 

The findings demonstrated that an undisturbed site of Wazo Hill, Tegeta Dar es Salaam has 

higher ground beetle abundance compared to rehabilitated and abandoned sites (Refer result 

figure 1&2). These might be due to the reason that the undisturbed site has a lot of deposited 

material like dead logs, leaves, shrubs and trees canopies for shed and other organic matters 

important for the survival and reproduction of ground beetles. The disturbance might be 

another major factor that lowered the abundance of ground beetles at the rehabilitated and 

abandoned sites of Wazo Hill Quarry Site. This prediction aligned with that of Ranio and 

Niemela, (2003) who found that ground beetles tend to change in distribution across habitat 

types or disturbance gradients. Nevertheless, Coleoptera are known to respond to factors such 

as vegetation complexity, microclimate and to conditions in the soil and litter layers (Niemela 

et al., 1993; Baker 2006, Abensperg - Traun et al., 1996; Suominen et al., 1999). The 

decrease in abundance of ground beetles with increase of disturbance shows that, all observed 

species are specialist and therefore prove ground beetles to be good indicators of habitat 

quality. The finding concurred with those of Ranio and Niemela (2003) who concluded that, 

changes in species abundance patterns such as a decrease abundance of specialist species and 

an increase in generalists is often observed in response to environmental disturbance.  
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Undisturbed site is dominated by thick bushes, shrubs and few scattered long trees. The soil of 

the areas was deeper with fewer herbaceous and grass on the ground surface especially under 

the thick interlinked canopies perhaps due to low sunlight penetration. The rehabilitated site 

was dominated by tall grasses and scattered planted trees of Senna species. The soil was 

shallow compared to that of undisturbed site. Abandoned site was dominated by few scattered 

bushes and its soil was very shallow or it’s only bed rock (refer annex plates). This difference 

in vegetation could be another strong reason that led to the differences in ground beetles 

abundance across the habitats of WHQS. The result harmonized with those of Sasal et al., 

(2010) who found that successional beetle pattern occurred concurrently with the vegetation 

successional pattern. This argument verifies that ground beetles are good indicators of habitat 

quality.  

5.2 Ground Beetle Diversity at WHQS 

The three micro habitat sampled have high diversity of ground beetles regardless of the 

mining activities taking place in the site. However, result also revealed a strong significances 

different between the diversities in the three habitat types (undisturbed, rehabilitate and 

abandoned site) (refer figure 3). Similarities in diversity might be attributed by the feeding 

behavior of beetles. Beetles can easily fly over the area and across habitats, thus the few 

observed at the abandoned site were crossing over the area. However, Copris minutus seem to 

be very sensitive to disturbance hence they were not found in abandoned site. They are 

primarily dung beetle species thus prefer areas with animals and shallow soil for easy 

burrowing. Therefore because the abandoned site was totally rocky with no animals could be 

the reason why the species is not found in the area. The restoration effort done at the quarry 

site could be another major reason attributed to similarity in diversity across the sites.  Ranio 

and Niemela (2003) found that ground beetles species richness may not change in response to 

disturbance. The prediction concurred with that of Lock et al., (2001) which found no effects 

of metals at a mining site on ground beetle diversity. 

 

The presence of other invertebrates and small mammals’ species at the site of WHQS indicate 

diversity richness of the quarry. They also indicate habitat quality and facilitate pollination 

and soil aeration in the area due to the fact most of observed species like bees are known to be 

forest keystone species as they play great role of seed dispersal. Birds and most of the 

primates like monkeys and also small mammals like Dikdik were not direct trapped but 

sighted direct in the sites which also shows that the WHQS is reach items of bio-diversity. 

6.0 CONCLUSIONS 

The study revealed that mining activities have effect on ground beetle abundance at Wazo 

Hill Quarry Site, Tegeta Dar es Salaam. It has also realized that the restoration effort taking 

place at the site restored back the ground beetles population at the disturbed sites 

(rehabilitated and abandoned), thus made the sites more diverse in ground beetles which is an 

indication that the site has high biodiversity of both flora and fauna. Nevertheless, for any 

biodiversity protection and conservation program to be successful and sustainable stakeholder 

involvement in particular the most affected either negatively or positively is of particular 

importance. Generally ground beetles proved to be good indicator of habitat quality. 
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To these regard, the study therefore propose the following recommendations. 

1. Restoration activities taking plays at the WHQS should always be encouraged hence it’s 

an important aid in boosting the site biodiversity. The native plant species should be used 

to avoid the introduction of exotic species which might be very dangerous to native 

species and indirectly affect the fauna diversity of the area.  

2. Local communities around the factory particularly students from primary schools to 

universities should be allowed to visit the site for recreation, education and research so as 

to build sense of conservation. Also they should be encouraged and motivated to 

participate in tree planting activities as it build sense of ownership and teach them a 

lesson that enable them to restore degraded areas at their home stage. 

3. The observed good relationship between the company and the adjacent communities 

should be enhance due to the fact that misunderstanding of these two key stakeholder 

will negatively affect the either side and environment in general and its associated bio-

diversity. The noticed boundary conflict with Chasimba village can easily be solved 

through consultation and supporting community’s livelihood strategies. 

4. Company should continue to support more research at the WHQS in order to generate 

more information on resources both flora and fauna available in the area. Sustainable 

conservation of biodiversity requires reliable information to guide and facilitate in make 

potential decision on how to protect and conserve the valuable and potential resource in 

the area. It will also guide on how the scarce and limited financial resources could be 

used to serve biodiversity for the benefit of the nation and its people both present and 

future generation. 

5. Publicity is another important way of disseminating conservation education to the general 

public locally and globally. It can easily raise conservation awareness and change people 

perception towards environment protection.  
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7.2 Annex. Environmental and Socio-Economic Survey Tools  

7.2.1 Annex. Household Questionnaire 

I. Respondent’s Particulars 

Name of Respondent: .........................................., Sex: M/F   Age:............ Date....................... 

Occupation: .......................................  Education level: ..................................................  

Questions 

1.  How long have you been in this area? ............ (Years, Months or Days) 

2. Do you know Twiga Cement Company? Yes/No 

3. If yes how do you know it? 

4. Have you ever being at the Wazo Hill Quarry site (Yes/No). Circle one 

5. If yes how did find it (Nice/Bad, Attractive/Not attractive) 

6. Are there any benefits that you get due to Twiga cement undertakings at Wazo Hill 

Quarry site? 

7. How have you-or other people close to you been affected by the quarrying activity in 

this site? (a) Highly affected (b) Moderately affected (c) Less affected (d) Not affected 

8. How can you talk about this company in terms of environmental, healthy and socio-

economic issues? 

Any impacts, mention them............................................................................................ 

......................................................................................................................................... 

9. In your own opinion what should be done to the graded quarry sites? 

(i) Abandon them (ii) re-fill them with soil (iii) change them to damping sites (iv) 

plant trees and grasses on them (v) Allow local people to use them for 

agriculture (viii) Conserve them and use them for recreation/tourism (ix) 

Other................................................................... 

7.2.2 Annex. Checklists to Twiga Cement Company staff. 

1. How long have been working with Twiga Cement Company? 

2. Do you know strategies that the company is employing to protect the 

environment? 

3. Have you ever been at the quarrying site? 

4. If you will be given a chance to visit the quarry site would you accept the offer? 

5. Do you think the company’s quarrying activities have any effects to the 

environment? Mention them. 

6. From your own opinion should be done to the degraded quarry sites? 



15 
 

7.3 ANNEX. List of Ground Beetle Species Identified at Wazo Hill Quarry Site. 

ANNEX 3.1: Table showing families, species and individuals ground beetles per habitats of 

WHQS. 

Family Common Name Species Name No of Individuals per habitat 

Undisturbed Rehabilitated Abandoned 

Scarabaeidae  Onthophagus 

hecate 

9 3 2 

Scarabaeidae Large Copper 

Dung Beetle 

Kheper 

nigroaeneus 

112 6 3 

Scarabaeidae Small Green Dung 

Beetle 

Gymnopleurus 

humanus 

98 3 2 

Carabidae Ant-mimicking 

Ground Beetle 

Atractonotus 

mulsanti 

98 10 1 

Scrabaeidae  Copris minutus 77 8 0 

Scarabaeidae  Onthophagus 

aff.andersoni 

80 2 3 

Total  474 32 11 

 

7.4 Annex. Non Targeted Species of Invertebrates and Small Mammals Observed at 

WHQS. 

ANNEX 7.4.1 Table showing species of invertebrates and small mammals accidentally 

trapped during data collection at three habitat of WHQS. 

S/N Common Names No of Individuals per habitat 

Undisturbed Rehabilitated Abandoned 

1 Spider 6 0 1 

2 Ants 301 162 43 

3 Caterpillars 2 1 0 

4 Dragonflies 9 2 3 

5 Snails  17 6 0 

6 Bees 13 5 0 

7 Butterflies 2 2 1 

8 Earthworm 187 71 0 

9 Toads 4 2 0 

10 Mice 2 0 0 
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7.5 Annex. Photos of Different Activities Conducted During Data Collection at WHQS 

ANNEX 7.5.1 Photos of vegetation at different habitat of WHQS. 

 

 

 

 

 

 

 

Plate1. Showing 

undisturbed 

habitat of WHQS. 

Birds nest can 

also be observed 

as seen from the 

photo. 

 

 

 

 

Plate2. Showing 

vegetation of the 

rehabilitated 

habitat of WHQS. 

Dominated by tall 

grasses scattered 

planted trees. 
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Annex 7.5.2. Experimental Layout And Data Collection 

 

 

 

Plate3. Showing 

the abandoned 

habitat of WHQS. 

Dominated by 

patches of grass 

with large bear 

area. 

 

 

 

 

 

Plate 4. The 

researcher setting 

the pitfall traps in 

the undisturbed 

habitat of WHQS.  
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Plate 5. The 

assistant 

researcher digging 

pit for pitfall 

traps. 

 

 

 

 

 

 

Plate 6. Pitfall 

traps with ground 

beetles at the 

undisturbed site of 

WHQS. 

 

 

 

 

 

Plate 7. BSc. 

wildlife 

Management 

students assisting 

laboratory work, 

SUA. 
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Annex 7.5.3. Stakeholder Surveys and Awareness 

 

 

 

 

 

 

Plate 8: 

Administering 

questionnaire at 

small business 

man surrounding 

the factory.   

 

 

 

 

 

 

Plate 9. 

Administering 

questionnaire to 

the company 

employee. 

 

 

 

 

 

 

Plate 10. Giving 

Seminar 

presentation on 

conservation 

education to 

Tegeta secondary 

school students. 

 

 

 

 

 


