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ABSTRACT 

Mining causes massive damage to landscape and biological communities. Plant communities get 

disturbed due to mining activities that are going on at Wazo Hill Quarry Site (WHQS), the 

habitats become poor presenting a very rigorous condition for its growth. Nutrient deficient and 

soil spoil that results from the mining are hostile for it and the rehabilitation strategies other than 

natural colonization are very tardy processes. The biodiversity are the greatest victims of these 

activities, which can be evaluated from the depletion of the biodiversity in all the mine belts. The 

main objective of this study is to assess the efforts being done to rehabilitate the mined area, if it 

promotes vegetation cover at Wazo Hill Quarry site; the specific objectives are(i) to assess at 

what extent the ongoing quarry rehabilitation efforts is offsetting the lost biodiversity following 

quarrying activities(ii) to impart knowledge to students and other stakeholders on the concept of 

biodiversity offsetting and its importance for biodiversity conservation in quarries(iii) to 

recommend appropriate measures towards effective biodiversity offsetting at WHQ (iv) to raise 

awareness on the quarry rehabilitation activities and values of biodiversity to surrounding local 

communities and understand the perceptions of the local communities towards the environmental 

conservation undertakings at Wazo Hill Quarry site. During data collection the area was 

categorized into three regimes which are rehabilitated, abandoned and undisturbed, in each five 

(5) line transects  of 300m long were systematically laid across the three quarrying regime. 

Within transects 0.5 x 0.5m
2
 quadrant samplers were placed at an interval of 50m. In each 

quadrant, sample for fresh grasses was clipped, soil and litter was collected for soil analysis and 

measurement of mass respectively. These three regimes were compared by one way ANOVA 

using IBM SPSS 19 computer software. It was found that there was significant difference in 

plant species diversity across undisturbed, rehabilitated and abandoned mined sites. More species 

were found in rehabilitated area due to; ( i )  reduction of large herbivore, these can be wild 

animals that can be present in undisturbed area and feed in grasses (ii) Presence of nutrients in 

the rehabilitated area, since the soil which is present is the only strip soil that is top soil. 

Normally, top soil contain high nutrient that is why support the growth of species. Benefits of 

rehabilitation are, recreation area, wildlife, promotes biodiversity and education, help in carbon 

sequestration, reducing deforestation and erosion control. Concluded that rehabilitation efforts 

offsetting the lost biodiversity at WHQS. 
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1.0. INTRODUCTION 

Nowadays, biodiversity or species richness is one of the key measures that can give us evidence 

about the value of landscape elements. Decrease of biodiversity (species extinction) is an 

irreversible change, consequences of which are very difficult to predict. Extinction of a species 

or its local absence can have a direct negative impact on the human society (for example 

extinction of pest’s key predator or extinction of crop’s pollinator may have severe impact on 

economy). Cumulative impacts occur where mining projects are developed in environments that 

are influenced by other projects, both mining and none mining (ICMM, 2006).Biodiversity 

offsets are conservation activities intended to compensate for the residual, unavoidable harm to 

biodiversity caused by mining activities, it can strengthen companies’ license to operate by 

encouraging regulators to grant permission for new operations and by securing the support of 

local communities and non-governmental organisations. For companies, investment in 

biodiversity offsets can provide a cost effective means to demonstrate that society should 

continue to trust them with access to the land in  which their operating. Thus, biodiversity 

includes all the entities of the living world at various levels of biological organisations, plus the 

various things that those entities do (Leslie et al., 1996).The assessment of biodiversity is 

therefore very important in order to upgrade the plan for rehabilitation at Wazo Hill Quarry. 

2.0. OBJECTIVES    

 2.1. Overall Objective: To assess the efforts being done by Twiga Cement Company to 

rehabilitate the mined area, if it promotes biodiversity at Wazo Hill Quarry site.  

2.3. Specific Objectives 

(a) To assess the extent  ongoing quarry rehabilitation efforts whether offsetting the lost 

biodiversity following quarrying activities (b) To impart knowledge to students and other 

stakeholders on the concept of biodiversity offsetting and its importance for biodiversity 

conservation in quarries (c) To recommend appropriate measures towards effective biodiversity 

offsetting at WHQ,(d) To raise awareness on the quarry rehabilitation activities and values of 

biodiversity to surrounding local communities and understand the perceptions of the local 

communities towards the environmental conservation undertakings at Wazo Hill Quarry site. 
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3.0. BACKGROUND INFORMATION 

3.1. Description of the study site and vegetation cover.  

Wazo Hill Quarry is located at Tegeta approximately 25 km from the Dar es Salaam city centre. 

The quarry is located between latitude 6° 34' south and longitudes 39° 24’ east, Wazo Hill area 

elevated too approximately between 100m and 200m above sea level (Kebede & Nicholls, 2011). 

It receives around 1000mm of precipitation per annum; the average temperature is 26 (ibid). The 

quarried landscape looks barren while heaps of topsoil is deposited on the edges of mined blocks 

as source of materials for planned rehabilitation. Mining activities include excavation of the 

overburden red soils and blasting of the underlying limestone rock, the red soil together with the 

topsoil which is rich in organic matter, grass and tree roots is removed and stockpiled as spoil 

material. The spoil material is kept along the edge of the quarried blocks for easy distribution 

during rehabilitation phase. Remnants of large boulders can be seen over the quarry site (TPCC, 

2011). Undisturbed quarry site in the northern part dominated by coastal bushes, in disturbed site 

dominated by calcareous rocks, gravel, stony and shallow soils near the active quarrying sites 

and the rehabilitated quarry site on the further south near the Twiga Cement industry dominated 

Leucaena leucacephala,Cenchrus ciliaris and Chloris rhoxybagiyana.  

3.2. Quarry Rehabilitation and Renaturation project at WHQ 

The Quarry Life Award Programme at TPCC was in line with the implementation of the Quarry 

Rehabilitation and Renaturation Project. The projected started in October, 2010, it intended to 

restore the disturbed ecosystems at TPCC quarry as a result of cement extraction, join local and 

global efforts in addressing environmental problems and promotes participatory approaches in 

addressing environmental problems. Specifically, the project embraced three main components: 

(1) Rehabilitation and restoration of TPCC cement quarry (2) Environmental awareness raising 

and capacity building and (3) Promotion of urban forestry concept. The TPCC established a large 

tree nursery, raise, distribute and plant about 100,000 trees of different species like Leucaena tree 

and Jatroha. The company is still maintaining the restored area by slashing unwanted grasses.  
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4.0. METHODS 

4.1. Establishment of line Transects and Quadrant samplers placing 

Three habitat regimes were considered within the quarry that includes rehabilitated, abandoned 

and undisturbed quarry sites. The vegetation survey employed  the systematic  sampling 

technique, in which five (5) line transects  of 300m long were systematically laid across the three 

quarrying regime. Within each transect 0.5 x 0.5m
2
 quadrant samplers were placed at an interval 

of 50m. Making a total of 6 quadrants per transect, five transect was established in one area of 

regime that make 30 quadrant per site and a grand total of 90 quadrants were laid at Wazo Hill 

Quarry site. In each quadrant all species were counted to get species number per quadrant, 

furthermore the plant species were identified to a species level with an aid of field guides and a 

botanist. Also, vegetation height was measured by means of tape measure; plant species and 

associated plant attribute were recorded in a field datasheet for statistical analysis. 

Sketch design for data collection. 

 

  

   

 

  

 

 

  

  

Key:      Quadrant   Transect     Continuation of Regime. 

              Quarry Regime: 300 X 400 m2 

4.2. Soil Sampling and GPS Location (utm) 

A permanent plot in the line of transect was established and the location in each quadrant was 

recorded by GPS (utm).  Three (3) Soils samples were collected at a depth of 0-25 cm from each 

one quadrant aiming at finding the average mass of the soil at particular quadrant, hence ninety 

(90) samples was taken; however thirty (30) averaged samples were considered in finding the 

mass, which was done in undisturbed, abandoned and rehabilitated areas of WHQS. Soil sample 

50m 

100m 

300m 

Transect Quadrants 
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was collected by means of soil auger, and thereafter taken to Sokoine University Soil Laboratory 

for analysis. That aimed at comparing the soil conditions between sites prior quarrying and after 

rehabilitation activities. Soil for chemical analysis was collected after skipping one quadrant 

0.5kg of soil was taken, mixed together summing up to 1.5kg of mixture soil in one transect, 

only 0.5kg mixed soil was taken to laboratory that was done to all transects. Parameters analysed 

included soil texture class, pH, bulk density, electric conductivity, phosphorus and nitrogen 

content.   

4.3. Fresh Grass clipping and Litter collection  

Within each quadrant grasses were clipped for measuring fresh weight, this was done to all 

regimes that are undisturbed, abandoned and rehabilitate. After clipped, litter was collected for 

weight measurement necessary in knowing the amount of nutrient contributing to an area. Then, 

fresh grasses was dried at a temperature of 70 degree of centigrade in 48hrs, its dry mass was 

recorded all this procedure was done at SUA Soil laboratory in Morogoro. 

4.4. Stakeholder Involvement and Students Awareness Raising     

A structured questionnaire was designed for household survey and it was administered to ten 

systematic selected respondents, who were interviewed at their homestead. Staff from Tanzania 

Rapidly Environment Services (TRES) consults and students from Bunju secondary school were 

imparted knowledge on the concept of biodiversity offsetting, (offsite education dissemination) 

the essence of this was to accrue the local people’s perceptions on the quarrying activities, and 

on the proposed and ongoing rehabilitation activities at WHQS.  

4.5. Data Analysis 

The data were analyzed by means of Excel Spreadsheets and SPSS IBM 19 computer programs. 

One way ANOVA was used to test the hypotheses at a 0.05 level of significance. . Descriptive 

statistics (means, standard deviation, standard error) were generated by means SPSS IBM 19. 

The following is a method used to calculate species diversity and abundance ;( 1) Simpson's 

Diversity Index is a measure of diversity which takes into account the number of species 

present, as well as the relative abundance of each species. As species richness and evenness 

increase, so diversity increases. 
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n = the total number of organisms of a particular species 

N = the total number of organisms of all species 

 The value of D ranges between 0 and 1. With this index, 1 represents infinite diversity while 0 

implies-no species diversity. (2) Shannon-Wiener Index is a mathematical formula shown 

below, 

   

H’ measures the information content of a sample unit that is plant species distribution. 

5.0. RESULTS  

5.1. Mean species richness against quarrying disturbance regime 

There was a significant difference in plant species richness across the undisturbed, rehabilitated 

and abandoned quarrying regimes (F=3.660 p=0.037) at 0.005 level of significant, the dominant 

species are Leucaena leucacephala,Cenchrus ciliaris and Chloris rhoxybagiyana. In the 

rehabilitated regime there is more species richness compared to undisturbed and abandoned. 

Hence, rehabilitation efforts have done by TPCC at Wazo Hill Quarry site offsetting the lost 

biodiversity. Consider Figure 1 bellow; Mean and standard error of species richness.  

5.2. Mean Shannon index against quarrying disturbance regime 

There was significant difference in plant species diversity across undisturbed, rehabilitated and 

abandoned mined sites (F=5,886p=5,886) at 0. 005 level of significant. The graph shows how 

plant distributed in given area of regime, in rehabilitated regime has lager mean  Shannon index 

compared to other regime this indicate that in the rehabilitated regime there is even plant 



 

7 

 

distribution, hence  high species diversity. Therefore, rehabilitation efforts have done by TPCC 

at Wazo Hill Quarry offsetting the lost biodiversity. Consider Figure 2 bellow. 

 

                

Fig 1.Mean and standard error of species richness 

.                

           

                        Fig 2.Mean and standard error of Shannon Index 

5.3. Mean Simpson diversity against quarrying disturbance regime 

The mean Simpson diversity for rehabilitated area with plants were significantly higher 

compared to abandoned and undisturbed areas at (F= 5,886 and p=5,886) at 0.05 level of 
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significant. Hence, there was significant difference in plant species diversity and abundance 

across undisturbed, rehabilitated and abandoned mined sites. The rehabilitation efforts have done 

by TPCC at Wazo Hill Quarry offsetting the lost biodiversity. 

 

 Fig 3.Mean and standard error of Simpson diversity. 

5.4. Mean of Vegetation height against quarrying disturbance regime 

There is significant difference in vegetation height across undisturbed, rehabilitated and 

abandoned mined sites (F=11.562p=000) at 0.005 level of significant. The mean height of 

undisturbed regime is higher; this provided an indirect measure of fresh vegetation biomass in a 

regime and provides soil fertility. Vegetation in the rehabilitated regime seems shorter compared 

to undisturbed, since it takes many years to recover to its original height. However, the 

rehabilitation efforts have done by TPCC at Wazo Hill Quarry offsetting the lost biodiversity. 
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Fig 4.Mean and standard error of vegetation height. 

 5.5. Soil Properties at Wazo Hill Quarry site 

The soil is mostly fall into clay to sand clay texture class with red colors, implying that the 

amount of Iron in the soils is higher. The pH value for undisturbed regime is 7.90 slightly 

alkaline and that of rehabilated regime is 8.40 moderately alkaline. Both soils had a suitable 

mean buck density; 1.16 and 1.46 for undisturbed and rehabilitated site respectively. This implies 

that the soils were not heavily compacted and do allows significant amount of rain water to 

percolate into the deep soil root zone. Also, the soil organic matter in both rehabilitated and 

undisturbed was fine as the SOM depth ranged (from 2-7cm) in most place. The mean levels of 

phosphorus were higher (6.63 Mg/Kg) and that of Total Nitrogen was 0.22 percent. 

5.6. Stakeholder Involvement and Students Awareness Raising      

The major finding was that most of the local people were positively with the ongoing 

rehabilitation activities that are taking place at Wazo Hill Quarry site; inspired by their potential 

of rehabilitation efforts to compensate the lost biodiversity at the quarry site. However, some 

individuals seemed to be unaware of the rehabilitation activities, in particular tree planting 

(17.22% of respondents). About 82.78% of the residents reported that the company had a 

meeting with them expressing its wishes to plant trees in order to compensate the lost 

biodiversity. Students from Bunju secondary were taught at the school and their teachers 

expressed their feeling that the knowledge grasped was very informative to them. They promised 

to spread the knowledge of quarrying, rehabilitation and biodiversity offsetting activities 

undertaken at Wazo Hill to the rest of the school and the general public at large. 

6.0. Discussion 

6.1. Species diversity and Soil property 

The assessment of plant diversity and abundance in Wazo Hill quarry site become an important 

issue for studying ecosystems and their conservation. Results showed that species richness is 

higher in rehabilitated area regime compared to the other area regimes. We speculate the higher 

species richness observed were likely the result of the following factors (i) presence of nutrients 



 

10 

 

in the rehabilitated area, since the soil present is the strip soil. Normally, strip soil contain high 

nutrient that is why support the growth of species (ii) leaf fall when decomposes supply nutrients 

to the environment hence favoured rapidly growth of species in the rehabilitated regime. Ward et 

al. (1990) reported that mining process is not forming a barrier to fauna movement this was in 

hand with species richness in rehabilitated regime. Shannon winner index was larger in 

rehabilitated regime compared to abandoned and undisturbed regime. Diversity in species was 

drastically reduced in abandoned area, the diversity index for rehabilitated regime was increased 

with mining, suggesting that mining operation enhanced the colonization of certain species in the 

newly created habitats due to mining .This is in agreement with finding of Lyngdoh (1995), Das 

Gupta (1999) and Sarma (2002).In the abandoned area there is lower species richness, because 

no care is taken in this area to enrich the soil with nutrient.  

The soil property including higher pH (7.94-8.25), good drainage due to low bulk density and 

adequate nutrients that were found to be a characteristic of rehabilitated regime soils implies the 

site is ideal for rapid establishment of lost biodiversity, and hence fastening the rehabilitation 

process. However, Kishchuk (2000) reported that increased alkalinity within a range of 7.9- 

8.5 might decrease forest trees productivity by 30% as a result of inhibition of absorption of 

other essential nutrients from the soil at the root zone. 

 6.2. Floristic Composition 

There were variations in the composition of biodiversity in the undisturbed, abandoned and 

rehabilitated regime at Wazo Hill Quarry Site (WHQS), the flora consisted of ten (10) plant 

species belonging to ten (10) families. At WHQS the dominant plant species are Leucaena tree, 

African fox tail and Horse tail grass. It was apparent from the study that the number of tree 

species was more in undisturbed regime and the shrub species was more in abandoned regime 

Since the rehabilitated site, abandoned and undisturbed had similar climatic and physiographic 

features the differences in species composition could be attributed to the mining activities. This 

is in agreement with the findings of Das Gupta (1999), Jha and Singh (1990), Sarma (2002) 

while studying the impacts of coal mining on the vegetation characteristics of the Nokrek 

Biosphere Reserve of Meghalaya outlined that the composition of vegetation reduces in the 

mined area with that of the adjacent unmined area.Lyngdoh et al (1992) reported less number of 
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species in the mine spoils of different ages to that the unmined sites. Iverson and Wali (1982) 

observed an increase in species richness with age in reclaimed coal mine spoils. 

6.3. Conclusion and recommendations 

For sustainable mining to be practiced regular auditing should be done to ensure environmental 

wellbeing since, the area is exposed more to agents of erosion that eventually lead to land 

degradation. Identifying plants species of a region and their biodiversity is very effective way to 

identify disturbance factors and develop recovery plans. It is also essential to maintain a high 

proportion of native woody species, create protection programs and preserve the area against 

human and livestock disturbances. The following are some recommendations that are feasible for 

quarrying activities which are necessary for regular assessments of environmental impact that 

can mitigate the effects of problems through technology initiatives. (1).Strengthening of the 

owner associations to regulate the sector - establishment, operations, and licensing, marketing, 

taxation. Having stakeholder meetings involving the relevant government departments, industry 

representatives, NGOs, and other interests groups.                                                        

(2) Options for rehabilitation of abandoned quarry sites by infilling with quarry waste, and/or 

inert waste from Wazo Hill quarry and elsewhere and/or infilling with other non-inert waste. 

Since contamination of nearby resources can be a distinct possibility, especially when the waste 

is not segregated, any land fill Programme has to follow the logical steps involved in establishing 

a landfill for the waste, including the selection and assessment of the site and the environmental 

impact of locating such a site in the identified place. (3) Introduction of Controlled blasting 

operations, to minimize hazards from flying missiles depending on its reliability and feasibility 

factors, this can affect both the animals and human inhabitants in the area  also protection of rare 

rock structures through fencing and zoning.  (4) Extension of education and training facilities to 

the traditional stone cutting and quarrying communities 

(5) Specialized training for officials of traditional communities, officials of the regulating 

departments, entrepreneurs, technicians and workers. Undertake research and development 

activities. 
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ANNEX 2: HOUSEHOLD QUESTIONNAIRE  

Checklist which identifies environmental characteristics which may potentially be affected by 

ongoing activities. Hereunder is a questionnaire asked to the people who are living around the 

Wazo Hill Quarry site. 

1. Are there any plant species that are disappearing? (a) Yes (b) No  

2. Our research focuses on rehabilitation of the quarry and we have proposed to plant 

 Various species in order to compensate the lost biodiversity. Are you familiar with rehabilitation 

process(a) Yes (b) No. If yes, What are your views on this idea?......................................... 

3. Do you think you are going to benefit from this idea(a) Yes (b) No If yes what are the 

Expected benefits? Mention ............................................................. 

5. What are you opinions on rehabilitation of this site with regard to trees and grasses 

planting?(a) Excellent (b) Very good (c) Good (d) wastage of time and resources (e) No idea 

6. 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................................................................... 

 

ANNEX 3:  Number of species, Mean and standard deviation in terms of species richness, 

Shannon Wiener Index, Simpson diversity and vegetation height of rehabilitated, abandoned and 

undisturbed 
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  Area 

regime 

N Mean Std 

.deviatio

n 

std. 

Error 

95% 

conf. 

L. bound 

interv

al 

U. 

bound 

mean 

Min 

 

Ma

x 

Species 

richnes

s 

Rehabilitat

ed 

12 2.6667 1.77525 0.512

47 

 

1.5387 3.794

6 

0 5 

Abandone

d 

12 1.4167 0.51493 0.148

65 

1.0895 1.743

8 

1 2 

Undisturbe

d 

12 2.25 0.75378 0.217

6 

1.7711 2.728

9 

1 3 

Total     36 2.1111 1.237 0.206

17 

1.6926 2.529

7 

0 5 

Shanno

n index 

Rehabilitat

ed 

12 0.6083 0.5334 0.153

98 

0.2694 0.947

2 

0 1.4

3 

Abandone

d 

12 0.2181 0.28516 0.082

32 

0.037 0.399

3 

0 0.6

9 

Undisturbe

d 

12 0.4435 0.31025 0.089

56 

0.2464 0.640

6 

0 1.0

8 

Total     36 0.4233 0.41416 0.069

03 

0.2832 0.563

4 

0 1.4

3 

Simpso

n 

Rehabilitat

ed 

12 0.5561 0.30297 0.087

46 

0.3636 0.748

6 

0 1 
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diversit

y 

Abandone

d 

12 0.1933 0.26935 0.077

75 

0.0222 0.364

4 

0 0.7

8 

Undisturbe

d 

12 0.2974 0.22153 0.063

95 

0.1567 0.438

2 

0 0.6

5 

Total   36 0.3489 0.30166 0.050

28 

0.1567 0.451 0 1 

Veg. 

height 

Rehabilitat

ed 

12 64.5 31.5032

5 

9.094

2 

44.4838 84.51

62 

11 110 

Abandone

d 

12 31.333

3 

27.6778 7.989

89 

13.7477 48.91

9 

0 89 

Undisturbe

d 

12 128 75.8551

3 

21.89

749 

79.804 176.1

96 

48 260 

Total   36 74.611

1 

68.3684

4 

10.56

141 

53.1703 96.05

19 

0 260 

The mean data of Species Richness and their respective area regime was represented on the 

graph with standard error.         

                 

 

 

 

ANNEX 4.Analysis Of Variance 

These three area regime that is rehabilitated, abandoned and undisturbed was taken as three 

treatments and the research hypothesis was proved.  
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ANOVA 

 
Sum of 

Squares df Mean Square F Sig. 

Species_richness Between Groups 9,722 2 4,861 3,660 ,037 

Within Groups 43,833 33 1,328   

Total 53,556 35    

Shannon_diversity Between Groups ,921 2 ,460 2,988 ,064 

Within Groups 5,083 33 ,154   

Total 6,004 35    

Simpson_diversity Between Groups ,837 2 ,419 5,886 5,886 

Within Groups 2,348 33 ,071   

Total 3,185 35    

Veg_Height Between Groups 57906,889 2 28953,444 11,562 ,000 

Within Groups 82637,667 33 2504,172   

Total 140544,556 35    

                                                                  

ANNES 5.Wazo Hill Quarry Site’s Soil Laboratory Analysis 

5.1. RESULTS 
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Site  Soil 

Depth 

(cm) 

 

pH 

EC 

(Ms/cm) 

Texture 

Class  

TN- 

Kjeld 

(%)  

P 

(mg/kg)  

K 

(cmol/Kg) 

Bulk 

Density 

Undisturded1 0-25 7.87 0.90 C 0.18 5.85 0.32 0.98 

Undisturded2 0-25 7.89 0.11 SC 0.26 6.60 0.44 1.00 

Undisturded3 0-25 7.95 0.11 C 0.22 5.50 0.45 1.19 

Rehabilitated1 0-25 8.55 0.17 SC 0.18 3.00 0.26 1.43 

Rehabilitated2 0-25 8.64 0.11 SCL 0.26 5.50 0.34 1.46 

Rehabilitated3 0-25 8.08 0.10 SC 0.19 8.20 0.39 1.27 

 

Legend: EC=Electric conductivity, TN=Total Nitrogen, P=Phosphorus and K=Potassium 

ANNEX 6. List of Plant Species Identified At Wazo Hill Quarry Site  

S/N Scientific name Common name 

1 Heteropogon contortus Spear grass 

2 Hyparrhenia ruffa Thatch grass 

3 Bothrocloa mozambiensis Mozambique grass 

4 Adansonia digitata Baobab 

5 Typha papyrus. Wetland grass 

6 Leucaena leucacephala Leucaena tree 

7 Cenchrus ciliaris African fox tail 
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8 Racinus comminus Castor oil 

9 Jatropha carcus Jatroha 

10 Chloris rhoxybagiyana Horse tail grass 

 

 

Annex 7: GPS Location (utm) of each Quadrant at every Quarry Regime.  

  REHABILITATED REGIME 

  FIRST TRANSECT 

S/N 

QUADRANT 

X0C Y0C ALT(m) 

1 518215 9464310 103 

2 518204 9464318 105 

3 518187 9464338 104 

4 518172 9464352 104 

5 518155 9464370 109 

6 518138 9464386 100 

    

    

  SECOND  TRANSECT 

1 518145 9264396 102 

2 518161 9264378 103 
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3 518177 9264364 102 

4 518191 9264352 103 

5 518202 9264340 98 

6 518221 9264318 103 

    

  THIRD TRANSECT 

1 518236 9264314 110 

2 518226 9264330 111 

3 518219 9264354 109 

4 518198 9264370 109 

5 518181 9264382 110 

6 518164 9264398 108 

    

  FOURTH  TRANSECT  

1 518168 9464404 102 

2 518185 9264388 102 

3 518198 9264376 105 

4 518215 9264360 106 

5 518231 9264346 105 

6 518247 9264328 104 

    



 

20 

 

  FIFTH TRANSECT 

1 518279 9264346 96 

2 518265 9264362 103 

3 518246 9264378 103 

4 518234 9264388 105 

5 518214 9264400  105 

6 518192 9264406 105 

     

  ABANDONED HABITAT  

REGIME 

  FIRST TRANSECT 

S/N 

QUADRANT 

X0C Y0C ALT(m) 

1 518163 9264398 108 

2 517719 9264744 100 

3 517729 9264722 100 

4 517742 9264698 98 

5 517752 9264674 100 

6 517766 9264640 98 
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  SECOND TRANSECT  

1 517746 9264624 107 

2 517731 9264638 102 

3 517715 9264654 106 

4 517697 9264686 107 

5 517681 9264702 102 

6 517666 9264722 100 

    

  THIRD TRANSECT 

1 517641 9264726 102 

2 517645 9264702 103 

3 517648 9264678 102 

4 517658 9264654 97 

5 517666 9264618 97 

6 517670 9264594 97 

    

  FOURTH TRANSECT  

1 517651 9264580 96 

2 517619 9264610 94 

3 517590 9264642 93 

4 517575 9264660 92 
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5 517562 9264680 97 

6 517549 9264700 96 

    

  FIFTH TRANSECT 

1 517472 9264702 96 

2 517486 9264680 96 

3 517493 9264656 96 

4 517504 6264634 94 

5 517515 8264610 94 

6 517511 9264586 93 

 

  UNDISTURBED HABITAT SITE 

  FIRST TRANSECT 

S/N 

QUADRANT 

X0C Y0C ALT(m) 

1 0.517239 9264818 95 

2 0.517209 9264851 98 

3 0.517191 9264798 98 

4 0.517163 9264804 99 

5 0.517137 9264800 96 

6 0.517108 9264804 96 
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  SECOND TRANSECT 

    

1 0.517073 9264736 95 

2 0.517094 9264738 93 

3 0.517122 9264734 91 

4 0.51715 9264730 94 

5 0.517176 9264728 92 

6 0.517212 9264728 92 

    

  THIRD TRANSECT 

    

1 0.517206 9264688 93 

2 0.517183 9264690 91 

3 0.517154 9264694 92 

4 0.51714 9264700 101 

5 0.517119 9264712 98 

6 0.517077 9264706 94 

    

  FOURTH TRANSECT 

    

1 0.517043 9264682 92 

2 0.517054 9264676 93 
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3 0.517065 9264668 86 

4 0.517081 9264650 87 

5 0.517077 9264648 83 

6 5.51709 9264637 80 

    

  FIFTH TRANSECT 

    

1 0.517202 9264840 93 

2 0.517179 9264841 94 

3 0.517156 9264842 95 

4 0.51713 9264838 94 

5 0.517121 9264837 93 

6 0.517107 9264836 93 

 

ANNEX 8: Photos 
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Photo 1. Soil sample collection by using soil auger. 

 

Photo 2: Administering questionnaires to the stakeholders working with TRES Consultants, 
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Photo 3: Administering questionnaire at households surrounding the quarry site. 

 

Photo 4.Offsite Education Dissemination to students from Bunju secondary school  
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