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Abstract
The objective of this study is to cartography wildlife habitats. It provides geographic tools such as GIS and remote sensing to understand the wildlife presence in the area and then to ease the co-habitation in adopting relevant solutions. 
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1 Introduction
Nowadays there is a growing concern about enhancing biodiversity and protecting endangered species, whose the list has been established by the Convention of International Trade of Endangered Species (CITES, 1975). One of the major events that made people aware of the issue remains the tons of elephant ivory burning in Kenya in 1989 in reply to outstanding ivory trade figures over the last century (IUCN, 1989). Consequently a law forbidding international ivory commerce was laid down to wrestle with anti-poaching control.

In the meanwhile, in Africa, elephants never cease to develop, as the same manner as human development in spite of few illegal poaching kills. It raises the issue of over population in a small territory, leading to land pressure and human and wildlife confrontational cohabitation.

As a matter of fact, a tool is needed not only to evaluate the elephants’ population and habitats, but also to localise and prevent human wildlife conflicts. Geographical Information Systems (GIS) appear to be relevant in such a situation as they provide objective maps to come to an agreement.
The global objective of this work is to provide a systematic method to analyse and mitigate human wildlife conflicts at a local scale. It includes a spatial analysis stage and a social survey. The method is undertaken in the perspective of having a framework applicable in other regions, where Human Wildlife conflicts are met. 
The first part of this paper is dedicated to an explanation of the wildlife issue at a local scale, for the particular case of Kenya. The second part will detail the process stages: the method embeds aerial photographs interpretation, field checking, Geographical Information Systems (GIS) and a social survey. A last part will merge the two data sources into a conclusion to tackle the problem holistically. It aims at giving solutions easy to set up among the local community. Finally we will conclude and open new perspectives.
2 Context in Kenya
2.1 Wildlife Protection
In Kenya alone, 27 species are classified by IUCN in the Red List of Threatened Species as endangered, amongst them African elephant. Elephants undergo a loss of 10% in numbers each year (IUCN, 1989). The IUCN report alleged that the degree of threat is correlated to a big enough vital space, the overall population, the threats types and the vulnerability degree. It added that many elephants population are threatened by their isolation due to their habitat fragmentation and the blockage of migratory routes (IUCN, 2004).

Obviously Kenyan government has been aware very early of wildlife importance since it generates a significant income indirectly from tourism. Tourism has become the second biggest activities sector, providing 19% of the Gross Margin Product, when agriculture contributes to 26% (ISS, 2006; UNECA, 2005). Therefore in 1945, the National parks ordinance was declared, setting up 59 national parks and reserves which represent 8% of the territory. There, not only wildlife is protected and also tourism promoted. However all the animals are not concentrated in these areas, since 80% live outside of the parks.

In 1989, a wildlife management authority called Kenyan Wildlife Service (KWS) was created. They are in charge of giving penalties for wildlife mistreatment and as well helping communities against wildlife damages (Kenya Land Alliance, 2005).
2.2 Population growth
Kenya population is increasing at the rate of 2.4% per annum (Republic of Kenya, 2002) as a typical developing country. Then food demands have to be satisfied, especially in focusing on agriculture. However, creating protected parks has triggered off an over concentration of population outside and a diminution of land per capita. Some communities have planted their crops in arid lands, usually spreading areas of wildlife. As a result, human and wildlife share natural resources in these areas (Chiemelu, 2004), creating a spatial competition since some of resources like freshwater are unevenly distributed in space and time. What is more, settled crops are cutting the migratory roads of wildlife. On the other hand, local population considers wildlife as an obstacle for development since it damages crops, buildings or kills cattle or even people. In response, human kill wildlife, which only contributes to further increase the human wildlife conflicts. 
Since wildlife problems come mainly from elephants, this work is focused on human elephant conflicts (IUCN, elephants group, 2000). Nevertheless let us keep in mind that other key species such as wild pigs and baboons also contribute to conflicts, but they have less impact in terms of human, cattle and land.

3 Methodology

The study area is located in the Transmara district at the South West of Kenya. It is the neighbour district of the Masaai Mara game reserve and the main city is Lolgorian. This work was carried out after noticing complains more and more important. Inhabitants needed to have an objective appraisal of their situation that is why GIS was a powerful tool.
3.1 Aerial photographs interpretation (API)
The first stage is to undertake aerial photographs interpretation from 6 aerial photographs taken in 1993 by Photomap International. We assume that the land cover was constant in the last 10 years. Four types of features relevant to animals’ habitats were identified: presence of water, land cover, vegetation density and human settlement. Each animal is characterised by a set of requirements in these features. As an example, elephants need a huge amount of water, a dense forest to sleep but not far from grassland to eat and do not come near cities. The classifications for land cover and vegetation density were set up from a sample survey in the field. The land cover was typically divided into urban areas, arable lands, forest and bushes. The whole land was distributed into these cover types by visual interpretation as seen in figure 1. As for vegetation density, 3 different bushes densities were distinguished in measuring the gap ratio between the bushes (Sannier, 2002). Classes were 75% of bushes for ‘Very close bushes’, between 75% and 40% for ‘Close bushes’ and less than 40% for ‘Open bushes’. 
Then the photos were scanned, gathered to form a mosaic and then georeferenced in taking 10 control points whose coordinates in the UTM system, zone 36 South, were known thanks to 1/50 000 topographical map. This work was done at Cranfield University, in England. The identified features were digitised into the GIS software ArcGIS, thus transformed into GIS layers easier to analyse. 

[image: image1.jpg]Land cover in Lolgorian
v

Legend
o  settlement
drainage
transects

Land cover
[ Adificial land

Agricultural land

Open bushes

Dense bushes

Very dense bushe:

- Close forest





Figure 1: Land cover

3.2 Data collection: fieldwork assessment and social survey
As said before, a sample survey was undertaken in the field to check the aerial photographs interpretation features and to assess the magnitude of the conflicts on the field. The samples were determined by two transects which gave an estimation of wildlife number, wildlife habitats types, conflicts localisation and conflicts types. Not only evidences of wildlife presence, such as droppings, resting sites, wildlife tracks, wildlife noise, were gathered but also a questionnaire was given to the population. In addition to the transects lines, particular spots have been visited, known as important points of human elephants conflicts and points of migratory corridors. 
The 14 completed questionnaires were representative of the population. They were asked randomly in following the two transects. There were 4 parts of questions: personal data, nature of the conflicts, magnitude of the conflicts and response of the population to tackle human wildlife problems. The questions were closed-ended with boxes to tick among categories of answers.
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Nature of the conflict
>Do you practice farming or raising livestock? cFarming oLivestock oOther.........

>Indicate your O type of €rops ............cceeennn ... O type of cattle...

>Do you have damages from animals? SYes oNo
>If yes, what kinds of amages?. ... vvvveoieeresieeeseeses e
>What is the frequency? SEvery day SOnce a week cOnce a month SOnce a year SNever
>Which animals are you talking about? SElephants SLions =Monkeys =Others.........

>Do you see other effects of the wildlife in the village on

Water.................. .. cbuildings......... . opeople .o
>Which is the most harmful animal for you? cElephants oLions cMonkeys oOthers.....

> What is the worst period in the day? 26-11 am £11am-2pm £2-6pm o6pm-6am

>What is the worst month(s)? oJan-Feb oMar-Apr oMay-June oJuly-Aug oSept-Oct cNov-
Dec

>Why?........

Magnitude of the conflict

>How do you consider the numbers of wildlife in the area? oDecreasing oStable clncreasing
>How long have you had problems with animals? o<1yr 01-2 yrs 02-5 yrs 25-10 yrs o>10 yrs
>What is your average crop area? o<1ha o1-5ha 05-10ha £10-20ha 5>20ha

>What is the average area destroyed? ©<0.5 £0.5-1ha o1-4ha 54-8ha o>8ha

>In your livestock. how much cattle was killed? cNone 01 2233-5 25-10 o>10

>How many times have you complained in the year? SNever 0Once 02-3times oStimes 5>5

>Indicate the number of animals concerned SElephants. .. SLions... sMonkeys... SOthers.

>What is the distance between farms and animal habitats? o<1km o1-5km 05-10km o>10 km
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>If yes, whe

>What can |
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Appendix 3

>Do you consider the problem as aImportant cVery important oSerious oVery serious

>Do you think it can be solved? SYes cNo >Why?.....

Response of the population

>What do you do to avoid the conflict?

SNothing SKilling animals =Using repellents SChanging the type of crops SChanging the

routes of pasture livestock oCalling the reserve warden oOthers.

>Do you have measures of protection? 5Yes SNo If no, why?..

>If yes, which ones?..

>Have you changed the land use? 5Yes SN If no, why?..

>If yes, what is the transformation?

>What can be done to solve the human-wildlife conflicts?
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Figure 2: Questionnaires design
4 Results

4.1 GIS analysis

The digitised layers coming from the aerial photographs interpretation (API) were combined together to create final maps namely a map of human density, a map of habitat suitability for elephants and a map of intensity of conflicts. The process of the habitats suitability maps is shown in figure 3. The red arrows correspond to the GIS processing of digitalisation and reclassification of layer with weights. The first stage in the software is to reclassify each layer according to its suitability to the problem. Thus “elephants like water” was translated in giving a significant weight to the presence of water in the drainage shapefile. All the shapefiles were reclassified to emphasis the useful attributes. The second stage is to combine the layers together with the tool called Raster Calculator: some criteria are more vital than others for elephants. Thus land cover was the layer advantaged, followed by the drainage network as both are physical characteristics of the land, the less weighted layer being the human density. 
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Figure 3: Habitats suitability methodology

The result of elephant habitats suitability was then classified into 5 classes to obtain a map showing ordered data. Classes have been established by Natural Breaks of Jenks. 
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Figure 4: Elephants habitats suitability
From figure 4 it comes that the most suitable areas (the darkest colours) are North and North East. We expected this result since dense bushes and riverine forest provide hiding places and water is profuse. This area is right along the migratory corridor of elephants and elephants are still migrated since bushes offer a continuous route with resources. On the opposite, southern areas are inaccessible because routes are blocked by human made obstacles. As the migration periods are June and October, we expect the conflicts to be greater in this area at those times.
4.2 Human settlements and activities: places of the conflicts
Human beings are concentrated in the city, reaching a density of 3 000 inhabitants/km². Nevertheless in the North there are few isolated houses, gathered together to create a protection. In the South, the houses are spread out with large agricultural lands.
The social survey helped to understand the human practices, as type of cultivated crops:
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Figure 5: Crops repartition in the area
The North suffers from significant crops damages due to maize monoculture in several farms, but in small quantity. On the opposite, the South has very diverse crops, including potatoes, beans and tobacco, which are not attractive for elephants. Their favourite food is grass, leaves, fruits, maize, pumpkin and cabbage.

The questionnaires showed different types of conflicts: people killing, crop raiding linked to the crop type, livestock killing and houses or fences damaging. 

To give a final map showing the conflicts intensity (figure 6), three maps have been added together in the Raster Calculator tool: the previous habitat suitability map, land cover map putting emphasis on crops and human settlements points surrounded by a buffer of 300 meters.
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Figure 6: Conflicts intensity
4.3 Towards solutions
Few solutions were given is the social survey. The community practices the repellents use, especially noise and lights. Then they use to informing the KWS of wildlife intrusion in their crops. Confronted to government lack of actions, they have finally been forced to kill animals themselves as it is the only efficient protective measure. A measure less radical is to chase the animals out of the farms in forming chasing groups, but elephants are too massive to get impressed. Finally farmers gave few answers of land-use changing.
Thanks to the GIS analysis, we could consider interventions of KWS, like creating seasonal electric fences, but locally, next to the high risks of conflicts areas (figure 6), like around the village or in the northern areas. They could also give a right to kill wildlife, but controlled: the balance between human and wildlife has to be kept and some local people have to be trained for emergency cases. They could have the right to act very fast with specific material: motorbike to arrive, radios, thunder flashes or lights. It would increase the security outside the parks.

For the community, land-use changes should be considered: the land cover map (figure 1) reveals attractive crops for elephants in the North (figure 4), increasing the Human Wildlife conflicts. Trying to diversify the plantations can avoid a disaster. As an alternative, attractive crops could be located in protected areas, or in the South where there is fewer animals, whereas the North could produce tobacco leaves.

5 Conclusion
My study made a link between spatial data from photographs (aerial or satellite), wildlife census data collected on the field and social data from questionnaires. It led to habitat suitability maps and human-elephants conflicts maps. The study was significant for the local population as an aid to spatial decision-making to manage wildlife. Thus it focused the efforts on these hotspots for a better protection of human-made buildings or a better control of wildlife in repelling them in these particular areas.

My study has at least made the local community aware of their participation in wildlife management: answering the questionnaires, checking the wildlife presence on the field and analysing the final GIS maps. 
In addition, this study was carried out at a local scale. Nevertheless, The Kenyan government could easily undertake this method in other parts of conflict in Kenya at a wider scale, at different periods of the year to emphasis the areas to help, where wildlife is over numerous or which species is located in which areas. A real-time viewable database of wildlife and conflicts could be created, like in South-Africa. 
 Finally, to know exactly where and how much the wildlife is, VHS/GPS collars could be put on elephants. GPS coordinates could be entered into the GIS to follow exactly animals’ routes and foresee conflicts. 
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