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Abstract
In this study we tested whether and how environalefaictors such as distance from water
points inside mine dumps, distance from water gomitside mine dumps, distance away from
settlements, distance away from agricultural fieldsstance from mine dumps and NDVI
(vegetation cover) significantly predict the splatisstribution of elephants in the mining area of
Hwange, Zimbabwe. To achieve this, we digitizededént land cover strata in the study area
which included mine dumps, agricultural fields,teebents and water points from satellite
remotely sensed data made available in Google EBhphant data was collected as presence
and absence based on presence indicators sucmgeiies. Logistic regression was used to
relate elephant data and environmental variablesuls show that distance away from mine
dumps, distance away from settlements, distance #wan water points outside mine dumps
and NDVI are significantly (p<0.05) related withephant distribution. Distance away from
water points inside the mine dumps and distancen fegricultural fields are however not
significantly (p>0.05) related with elephant presenThe results imply that if elephants are to
exist sustainably in areas dominated by miningvdies, wildlife conservation strategies should
be adopted. The conservation strategies shouldveveclamation of the mine dumps through

reforestation since elephants rely on forestsdodfand habitat.
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CHAPTER 1: INRODUCTION

General background

Wildlife habitat loss and fragmentation are onethw topical issues in ecology (Sibanda and
Murwira 2012). In several studies done, vegetatiover has been identified as one of the key
factors which explain the spatial distribution ¢éghants (Osbourne 2002). The reason behind

this is that elephants are browsers and associtttewmwodlands (Smith 2006).

Much is known about the effects of agriculturallde on the spatial distribution of elephants
(Leingruber 2003). Crop fields have been regardetha most common predictor of elephant
presence (Barnes 2008). The fields result in haluts, fragmentation and compression since it
involves conversion of large forests. In Asia, thexline in elephant population is linked to

habitat fragmentation and loss due to agricultlwengruber 2003). The habitat for the African

elephant lpxodonta Africana) is also being compressed as a result of agrialltfields’

expansion (Parker 1989).

Crop fields’ expansion was found to be the majovedrof elephant distribution in the Zambezi
Valley (Sibanda and Murwira 2012). This indicateatthumans and elephant compete for space
(Leingruber 2003; Smith 2006). Rangeland compressften leads to human- elephant conflicts
which result in human injuries, deaths and crogrde8on. Hence environmental planners with
an ecological vision are concerned with linking the remaining islands of elephant habitats

with corridors to address the problem of fragmeota¢(Osbourne and Parker 2003).

The effects of surface water availability are weiderstood. The availability of surface water is
the best predictor of elephant presence (Chamdi#leames 2007). Elephants move around but

do not go further away from water sources (Chaeralammes 2007). For example, it has been
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observed that in water scarce areas, elephantfbane closer to human settlements (Ngene
2009). However, the effects of mining on the spatiatribution of elephants remains largely
unexplored, yet such studies are essential in Hev&uancession Area since mining should also

take elephant conservation as a priority.

1.2 Statement of the problem

Much is known about the effects of crop field exgan on the spatial distribution of elephants.

As crop field expansion increases, elephant digioh is affected as a result of increased
fragmentation (Sibanda and Murwira 2012). Howeweuch has not been done to explore the
effects of mining activities on the spatial distrilon of elephants. Hence this study intended to
test whether open cast coal mining, in additiorotieer factors significantly affects elephant

distribution especially in cases where the miniogvéies are located closer to a conservation

area.

1.3 Objectives and hypothesis

The main objective of this study was to test th@dtlgesis that distance from mine dumps,
distance from agricultural fields, distance fromtevapoints inside mine dumps, distance from
water points outside mine dumps, distance fromlese&int and vegetation cover (NDVI)

significantly predict the spatial distribution déphants.

1.4 Justification of the study

It is important to understand how human land usactivities can co-exist sustainably with
elephant conservation. The research provides aeframk in which development can take place
in the context of elephant conservation. Thisagipularly important in Hwange since land use

planners should have a balanced vision in environah@lanning.



CHAPTER 2: MATERIALSAND METHODS

2.1 Study area

The study was conducted in Hwange concession miarea which is located in the western
part of Zimbabwe in latitude 28 and longitude 2&. The area of study is about 4km from
Hwange National Park. The local geology constitigieallow sandy soils of the Karoo origin
(Chamaille- Jammes 2007). The main rock types iae #mea include coal, sandstones,
sedimentary, mudstone and fire clay. The main \s#get type in the study area is
colophospermum mopane woodlands and baikiaeaydar{Mukwashi 2012). The study area is
characterized by a semi-arid climate. The rain@eésfrom October to April. Annual rainfall is
below 600mm (Chamaille- Jammes 2007). Day tempesitcan exceed 2@uring the hottest
months of the year (Chamaille- Jammes 2007). Tlka & closer to Hwange National Park

which has an estimated 44 492 elephants (Chamagtemes 2007).

The study area constitutes open cast mining &#evi This mining activity involves the
extraction of large pits which reach the permanester table. The water is pumped out during
the mining process (Mosuwe 2010). When the coakigusted, huge heaps of excavated soils
(mine dumps) and pits remain behind. Water alstuaclates within these huge pits since
pumping ceases as soon as mining stops (Mosuwe.20AMin the study area, there are dams
that have been constructed to store water thairigpd out from the underground and the open
cast mines during the mining process. These daesiturated outside the mine dumps and are

5km away from Hwange National Park.
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Figure 1: Location of the study area in Hwange Miniown, Zimbabwe

4



2.2 Data collection

2.2.1 Environmental variables

Vegetation cover Normalized Difference Vegetatiowldx (NDVI) figure 6¢) was calculated
from the Landsat image of 31 May 2011. The images wadio metrically corrected. We
georeferenced the Landsat image to Universal TeaesvMercator (UTM) Zone 35K. The
Landsat image was chosen since it has a fineradpasolution. We used the following the

formula to calculate NDVI:

NDVI=Near Infrared- Red/ Near Infrared +Red

The data for land covers such as mine dumps, s&tie agricultural fields, and water points
was obtained through digitizing satellite imagesdmmaavailable in from Google Earth

(www.Googleearth.coin The Key hole markup language files (kml filed)tloe different land

cover strata digitized from Google earth weregalbreferenced to UTM zone 35K (figure 1).
The raster maps of the land cover strata were ts@dlculate distance maps in ILWIS GIS
(ITC, 2003) (figure 5 and figure 6). We then usedaerlay GIS function to extract distances of

elephant presence from each of the predictor viasab

2.2.2 Elephant data collection

Elephant data was collected as presetr®r absenced. We used the base line elephant data
collected in 2008 by the Business Development Ghidwange Colliery Company during the
Environmental Impact Assessment (EIA) process. bhaseline data was in the form of
coordinates (table 2). The baseline data was asetlrevealed the extent to which the mining
activities had affected elephant distribution. Wavigated to the points (coordinates) using a

GPS. After navigating to a point, we would measareadius of 100m around the point. We



would look out for elephant presence indicatorsffpiles or spoors) within this radius (figure
2). Each time we spotted dung piles or spoorsywveld record the coordinates & on the
data sheet. Where there was no evidence of elejphes¢énce, we recorded abser®@eafd the
coordinates on the data sheet (Buckland 1993).ifdex method was used for data collection
(Buckland 1993). It provides a good figure for fttistribution of animal populations (Barnes
1996). Dung piles and spoors (figure 2) were useddtect the presence of elephants (Beer

2008).

Figure 2: Dung piles as elephant presence indisator



2.2.3 Data analysis

The binary logistic regression function was usedeti whether each of the predictor variables
significantly predict the spatial distribution dephants. Binary Logistic Regression is used for
predicting the outcome of a categorical or dichaiasmdependent variable (Pampel 2000). It
measures the relationship between a categoricandiemt variable and one or more independent
variables (Menard 2002). We used binary logistigression since the data was collected as
presence or absence meaning it was dichotomouategarical. In this case we used logistic
regression to test the relationship a categorieabble (elephant presence or absence) and the
independent variables (NDVI, distance from settlet®edistance from mine dumps, distance

from water points and distance from agriculturalds. The data was analyzed in SPSS.



CHAPTER 3: RESULTS, DISCUSSION AND CONCLUSIONS

3.1 Results

Table 1 illustrates that NDVI (vegetation coverjstdnce from water points outside the mine
dumps, mine dumps, and distance from settlemegtsfisantly (p<0.05) predict the spatial
distribution of elephants in the study area. Disgafiom water points inside the mine dumps and

distance from agricultural fields are not signific§p>0.05).

Table 1: Logistic regression model results

Factor Slope Intercept P value
Water points inside the mined.0001 1.297 0.614
dumps

Distance from agric fields 0.0002 1.002 0.416
Distance from water points | 0.001 -1.849 0.0001
outside the mine dumps

Distance from settlement -0.001 2.814 0.009
Distance from minedumps | 0.001 0.444 0.047
NDVI 5.215 0.925 0.010




Figure 3 illustrates a significant (p<0.05) pogtikelationship between probability of elephant
presence and NDVI. At low NDVI (0.02), probabilibf elephant presence is low (0.935). As

NDVI values increases (0.5), the probability ofplant presence also increases (0.9985).
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0.996
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0.9955

0.995 -
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Figure 3. Probability of elephant presence (§2&* (9257 (1+¢(>215* (0:925%)) as a function of NDV1

Figure 4 illustrates the probability of elephanegence as a function of distance from mine
dumps, distance from agricultural fields, and diseafrom water points inside mine dumps,

distance from water points outside mine dumps,distance from settlement.



It can be observed from figure 4e) that there isigmificant (p<0.05) negative relationship
between water outside the mine dumps and elephaseipce. At shorter distances for instance
2km, probability of elephant presence is high (OF8pbability of elephant presence is low (0) at

longer distances (12km) away from water pointsidatthe mine dumps.

A non-significant (p>0.05) positive relationship observed between elephant presence and
water sources inside the mine dumps (figure 4bg giobability of elephant presence increases
with increasing distance away from water sourceglenthe mine dumps. For instance, at 7km
away, probability is 0.9. At shorter distances avitayn water points inside the mine dumps

(1km), probability is as low as 0.3.

Probability of elephant presence is significangy@.05) and positively related to distance away
from mine dumps (figure 4d). At shorter distancgéknf) away from the mine a dump, the
probability of elephant presence is very low (0Bjobability of elephant presence is higher

(0.9) at longer distances (8km) away from the nadumps.

Figure 4a) illustrates a significant (p<0.05) pesitrelationship between elephant presence and
settlements. As distance away from settled areagases (8km), the probability of elephant
presence is higher (0.7). At shorter distances Jl&way from the mine dumps, probability of

elephant presence is low (0.2).

Figure c) illustrates a non significant (p>0.05latenship between distance from agricultural
fields and the probability of elephant presence.shorter distances away from agricultural
fields, probability of elephant presence is loweTprobability of elephant presence is high at

longer distances away from the agricultural fields.
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3.2 Discussion

Results of this study indicate that NDVI (vegetatmover), distance from water points outside
the mine dumps, distance from mine dumps, andraistérom settlements significantly predict
the spatial distribution of elephants in the stadya. Distance from water points inside the mine

dumps and agriculture are not significantly relataith elephant presence.

Mine dumps were significantly and positively rethtgith the probability of elephant presence.
This is for the first time that elephant distritmrti has been related with mining activities.
Previous studies have explored the effects of @lephabitat loss as a result of crop fields
expansion (Murwira, Skidmore et al. 2010). Henoeesgtigating the effects of forest clearance
by mining activities on the spatial distributionelephants have been done for the first time. For
instance, (Priyadarshi 2013) has indicated thatinginnvolves vegetation clearance which
causes severe damage to the land resources. Thecasise elephants are mainly herbivores
((Hoare 1999). However, (Priyadarshi 2013) did maip the spatial distribution of elephants in

relation to mining activities.

The probability of elephant presence was high merandland and vegetated areas. As vegetation
cover (NDVI) increased, the probability of elephgmesence also increased. The results are
consistent with (Hoare 1999) who observed thatheafs tend to associate with vegetation since
they are herbivores which feed on leaves and bérkushes and trees. The association of
elephants with vegetation has been observed byny@009). This explains why vegetation

cover (NDVI) is positively related to the probatjliof elephant presence. Vegetation tends to

provide important forage and shade for elephantst(S2006).
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Results also indicated a significant negative m@hship between water points outside the mine
dumps. The findings are similar to those of (Nge&tt®9) who noted that in semi arid
environment elephants tend to aggregate aroundr watets. (Mukwashi 2012) also observed
that surface water plays a crucial role in elepltasiribution in areas with a semi-arid climate.
The results are also supported with (Chamaille-ndasn2007) who observed that availability of
drinking water is the main predictor of elephantgance. The results are also consistent with
(Van Aarde 2006) who noted that surface water akdity is the common predictor of elephant

presence.

Water points inside the mine dumps portray an ualuglationship as they are positively related
to the probability of elephant presence. This iaths that water points inside mine dumps are
shunned by elephants. Such a finding is contrampéousual scenario where the probability of
elephant presence is significantly and negativelyoeiated with water points (Ngene 2009).
These results imply that elephants are repelledmiying activities. This also means that
although water normally attracts elephants, theynskater in mine dumps. This is because the
water points are inaccessible since they are sitlugtt deep pits. The depth of the can be seen

from the satellite image.

A significant positive relationship between proitigbof elephant presence and distance from
settlements was observed. These results are sadpbyt (Sibanda and Murwira 2012) who

observed that settlements encroach into elephdnitialts leading to conflicts. (Ngene 2009) also
noted that elephants tend to be near settlemensituations where water sources are found
closer to settled areas. (Rood 2000) also suggdésstapening up forest areas to pave way for

settlements significantly affects the spatial disttion of elephants.
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A non-significant positive relationship betweenpdlant distribution and agricultural fields was
observed. These results are consistent with (H&889) who noted that agricultural fields
overlap with elephant ranges in areas closer teewation areas. (Rood 2000) also discovered
that agricultural fields encroach into elephantges Agricultural fields also fragment elephant

habitat (Sibanda and Murwira 2012).

3.3 Conclusion

The main objective of this study was to test whetlistance from mining activities in addition
to other factors such as distance from water poitgance from settlements, distance from
agricultural fields, and NDVI (vegetation coveyrsficantly predict the presence of elephants.
We conclude that distance away from mine dumps silgnificantly predict elephant presence
in addition to other factors such distance fromawgbints, distance from settlement and NDVI .
The results imply that the mining activities rep&#phants. This implies that if elephants are to
exist sustainably in areas dominated by miningvdies, wildlife conservation strategies should
be adopted. The conservation strategies shouldvieveclamation of the mine dumps through
reforestation since elephants rely on forests émdfand habitat. Vegetation might attract the
elephants since they are browsers and associdtewvddlands. Environmental Planners with an
ecological vision may also consider constructingaaal which links the dams outside the mine
dumps with water points in Hwange National Parkresmining activities are only 4km away
from the park. This is because the dams are pexkeand yet most water points around the park

dry up during the dry season.
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Table 2: Baseline elephant presence data: Souwange Colliery Environmental Department

X y X y X y
432722 79638311 438026 79621381 440911 79615411
435313 79638751 438028 79621301 440916 79615161
435436 79638741 438031 79621331 440919 79615091
435498 79638861 438039 79673101 440922 79614901
435504 79638851 438055 79643201 440935 79614631
435554 79639311 438060 79664931 440936 79613871
435652 79639721 438116 79676551 440938 79614051
435683 79637931 438146 79654821 440939 79613811
435690 79637661 438164 79624031 440939 79614201
435692 79637291 438166 79622181 440943 79613721
435710 79636801 438173 79622481 440943 79614441
435876 79635921 438178 79622851 440945 79613651
436473 79650141 438182 79624871 440961 79613531

436584 79622591 438184 79624541 440987 79611371
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79613441

79613421

79613381

79613381

79653531

79650741

79672241

79652031

79661921

79658911

79662351

79679621



437586

437630

437633

437683

437775

437781

437784

437831

437845

437852

437903

437915

437920

437951

437952

437953

7963864 1

79638161

7966158 1

79651991

79638131

7966644 1

79638101

7663808 1

7966923 1

79661241

79642021

79638351

7964629 1

79677411

79684421

7965654 1

439372

439372

439438

439480

439616

439814

439845

439924

439933

440026

440034

440077

440078

440085

440088

440090

79680961

79643421

79690561

79654821

79653121

79611431

79611361

79611201

79611161

79610961

79610941

79610341

79610711

79610301

79681631

79610291

442448

442470

442509

442534

442577

442620

442642

442792

443007

443201

443437

443523

443900

440909

21

79677841

79678051

79664001

79682781

79662131

79684721

79684071

79676761

79685791

79683001

79690531

79690741

79678271

79615481



437953

438011

438015

438018

79667511

79621491

79621601

79621731

440254

440259

440345

440603

79665791

79683291

79613561

79614491

22



