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ABSTRACT

It is commonly known that water is the major determinant of herbivore distribution. Using distance to
water as an explanatory variable, the herbivore-water relationship in drought condition and non-drought
condition can be measured by looking at the significant change in slope coefficients. Hence, this study was
built on the hypothesis that herbivores will increase more close to water in drought condition compared to
non-drought condition. The study applied remote sensing technique to identify and map surface water
during drought condition and non-drought condition. There was a significant difference in surface water
availability between drought and non-drought condition and the ecosystem lost more than 50% of its

water during the drought condition.

This study observed the relationship between water and herbivores for individual species. Then species
were grouped according to their water dependence and feeding behaviour to examine in to detail their
relationship to water. This is because grazers are strong water dependants species and browsers are water
independent species. The result showed that there was no significant difference in water dependence
between browsers and grazers. The species which were significant related to water are only Giraffe, Eland

and Common zebra. This relationship were observed during non-drought condition.

To our knowledge, this is the first study to examine the herbivore-water relationship during the drought
and non-drought conditions in the Laikipia-Samburu ecosystem. In addition to that, this study have
managed to show the spatial characteristics of surface water bodies during drought condition and non-
drought condition in the Laikipia-Samburu ecosystem. These information obtained from this study are

useful for decision making and management of wildlife in the Laikipia-Samburu ecosystem.
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1. INTRODUCTION

1.1 Background

1.1.1.  Climate change and drought

Global climate change is worldwide known as a threat to species survival and integrity of ecosystems
(Hulme, 2005; Erwin, 2009). The impact of climate change on wildlife is already notable at local, regional
and global levels (Erwin, 2009). Previous studies have shown that climate change will lead to an increased
climate variability including more frequent droughts and floods in many areas of the world (Chamaillé-
Jammes ez al., 2007; Kioko, 2013 ). This may affect the distribution and number of the wildlife population
due to the variation of environmental conditions specifically water and food. It is known that the
geographic range of wildlife is widely determined by the presence of environmental conditions suitable for
them to survive (Seabrook ez al, 2011). Changes in environmental conditions, such as climate variability
and loss of habitats due to climate change impacts can affect wildlife distributions, mortality rate and

consequently its abundance either temporally or permanent (Kioko, 2013).

Drought is defined as a prolonged and abnormal moisture deficiency (Palmer, 1965). The impact of
drought in African savannah ecosystems manifest itself as stress on the surface water availability. Severe
droughts have dried up sources of water such as rivers, lakes, ponds and streams (Western, 1975). For
example, the drying of lake Banzena in Mali ( Figure 1) and river Ewaso Ng'iro in the Laikipia-Samburu
ecosystem in the year 2009 (Kioko, 2013) are notable impacts of drought that have caused high mortality
rate of wildlife due to lack of drinking water and forage.

Figure 1: (a) Elephant drinking water in the Lake Banzena in Mali, and (b) young elephant carcass on the dried water
source in Mali. Photographed by Jason McManus.

1.1.2.  Herbivore-water relationship in Africa savannah ecosystem

Water is vital to herbivore survival, and change in its abundance and distribution can potentially have
devastating implication, particularly on water dependent herbivores (Smit ef a/, 2007; Western, 1975).
Herbivore movement and spatial distributions in savannah ecosystem are mutually affected by water
requirements and capability of moving to water (Western 1975; Shannon e# a/., 2009). Water requirement
scale with body size (small, medium and large) and feeding style (grazer, browser and mixed grazer and
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browser) and some species are independent of water (du Toit, 2002; Brown, 2006; Ogutu ez a/., 2010). For
example, browsers or mixed feeders are very likely to be water independent because they obtained the
bulk of their water from forage (Du Toit 1999; Brown, 2006). Herbivores spend time looking for water
and their capability to move far distance to follow water differ according to their body size (Cumming,
2003; de Boer et al., 2010).

The distribution of surface water may vary seasonally and this variation may affect herbivore distributions.
In savannah ecosystem water collects numerous in surface depressions during wet period and these
sources dry up and become saline due to evaporation making them unsuitable or nonexistent duting the
dry season (Gereta, 1999). Therefore, herbivores respond to variations in water availability by adjusting
their use of landscapes through time.

Previous studies found that herbivore distributions are influenced by the location of water sources,
particularly in dry period (De Leeuw e¢f a/, 2001; Western, 1975). Shortage of water during dry period
cause herbivores to migrate towards areas with water availability, leading to rangeland degradation in areas
close to water sources (De Beer ¢# al., 20006). This is due concentration and overgrazing that occur closer to
water sources. Therefore, water development is usually used to improve animal distribution and grazing
impacts close to water sources during drought. Example, it was observed that areas that previously
received little use by most herbivores due to lack of water in Kruger National Park, became available due
to borehole development (Walker, 1975). These evidence reveal the potentiality of water on herbivores
distribution.

Watering frequency may vary seasonally, for example Grazers may be independent of water in the wet
season and dependent in the dry season. Wildebeest, zebra, and impala water twice as often in the dry
season as in the wet season (Ludwig e a/, 1996; Michael, 2008). Therefore, wide knowledge on the
relationship between herbivores and water, particularly during drought condition, is needed for sustainable
wildlife management in savannah ecosystem where severe droughts are major challenges.

The influence of water on herbivore distribution can be easily modelled by combining a distance to water
map with a function describing decreasing probability of use with increasing distance to water (De Leeuw
¢t al., 2001). Shortage of water and forage during drought period repel herbivore to shift from one area to
another looking for water. For instance, a study in Amboseli National Park in Kenya found that during dry
season 99% of herbivores biomass aggregate within 15 km close to water sources but scatter more widely
in wet season due to increased forage and ephemeral water bodies (Western, 1975). Therefore, distance to
water can be a good explanatory variable for studying the change in herbivore-water relationship in
drought condition and non-drought condition.

The relationship between herbivores and water can be affected by various landscape characteristics. For
example, livestock and forage depletion near water in drought period can create a drive, repelling the
herbivores away from water bodies (Andrew, 1988). In northern Kenya livestock uses of water sources
during the day causes Grevy's zebra (Eguus grevys) to shift the times they visit water points to the night (de
Leeuw ¢ al., 2001). However, herbivores may also be randomly distributed from water points for species
that are weakly water dependant such as browsers (Ogutu ez a/., 2010).

In this study, a large number of herbivores are expected to aggregate near the water points and decrease
monotonically from water soutrces during the drought period. This assumption is expected to occur for
the majority of species including non-water dependence species such as browsers because they get the
bulk of water from forage and when there is a shortage of forage they look for water sources to drink (du
Toit 2002; Brown 2000).
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Small herbivores are restricted by food quality and large herbivores are restricted by food abundance
(Gereta, 1998). The depletion of forage near water due to regular grazing during drought condition will
force both small and large herbivores to travel further from water to satisfy their forage quantity and
quality requitements (Gereta, 1998). However, large species can move greater distances than smaller ones
and hence should peak in size further from water than small species.

1.1.3.  Drought in the Laikipia -Samburu ecosystem

The Laikipia-Samburu ecosystem supportts large herds of elephant (Loxodonta africana)

Grevy's zebra (Equus grevyi), gerenuk (Litocranius walleri) and reticulated giraffe (Giraffa camelopardalis
reticnlata). The ecosystem is made up of two counties (Laikipia and Samburu). Laikipia holds the second
greatest wildlife abundance in Kenya after the Masai Mara National Reserve (Frank, 1998; Frank e a/.
2005; Georgiadis ¢z al. 2007).

In 2009, the Laikipia-Samburu ecosystem experienced a severe drought that affected large mammals and
livestock. This drought was part of the impacts of climate change to Kenya (Figure 2). Most elephants
died (n=338) during the drought due to lack of forage and water. The drought affected animals
particularly the new born, younger animals as well as adults who could not access these resources. For
example, for the first ime in history, the river Ewaso ng'iro that provides water in the dry season and wet
season in the ecosystem dried up completely (Augustine e a/., 2011, Kioko, 2013, ). This resulted in to the
death of many wildlife (Kioko, 2013) (Figure 3). Despite of severe droughts, herbivore-water relationship
has not yet been studied in this ecosystem.
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Figure 2: Average annual rainfall in the Laikipia-Samburu ecosystem; 2009 is the year hit by drought.
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Figure 3: A water buck carcass in the Ewaso River. Photographed by Alison Clausen.

Kenya Wildlife Survey conducted two aerial wildlife surveys in November 2008 and November 2012,
respectively. In November 2008 the rainfall was relatively high while in November 2012 rainfall was
relatively low (Figure 6) Therefore in this study the November 2008 was considered a non-drought
condition month while the November 2012 was considered a relative drought condition month. This
change in rainfall was essential in this study to examine how herbivore response to change in water
availability in drought condition and non-drought condition.

1.1.4.  Remote sensing of surface water

In Africa savannah ecosystem, rainfall amounts vary drastically within a season and between seasons; as
such, surface water availability can completely change. The detection of changes when surface water sites
are filled by rainfalls and when they are drained out is the key information for assessment of water
availability and environmental conditions.

Remote sensing employs an effective means for mapping the spatial location, extent, and change of
surface water bodies over time (Prigent ez @/, 2007). In recent years, the development of remote sensing
have offered new methods of surface water inundation observation. They include synthetic aperture radar
(SAR), multispectral, and passive -microwave observations (Grunblatt and Atwood, 2014). Some of the
high spatial resolution multispectral imagery (e.g., Landsat, SPOT, and ASTER ) have been successful in
detecting and delineating the water body information accurately (Jain ef a/, 2005). However they are
limited by their inability to penetrate clouds and dense vegetation cover, particulatly in tropical wet
seasons (Prigent ef a/l., 2007). Another disadvantage of multispectral imagery is that it is difficult to provide
the routine surface water monitoring due to narrow scanning coverage and long return period between
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successive satellite overpasses and, therefore, cannot provide multi-temporal spatial data (Wu and Liu,
2015). However high temporal resolution multispectral data such as MODIS and AVHRR have been
widely used to conduct routine inundation monitoring in large-scale but when focusing on small or
regional scale their coarse spatial resolution fail to detect small water bodies.

The advantage of Scatterometers and Synthetic Aperture Radar (SAR) is that they benefit from high
spatial resolution and present images with good information under many environmental conditions
(Grunblatt and Atwood, 2014). For example, SAR provides a resolution of 10-50 m and this instrument
can penetrate clouds hence are not contaminated by atmosphere, rain and clouds as it is to multispectral
sensors. However, the main limitation of SAR imagery is poor quality of images which are destroyed by
multiplicative speckle noise. Spectral noise is a common challenge that hinder many user from analysing
the SAR images (Patk,1999).

Water has a unique spectral signature (Tulbure and Broich, 2013). Varying degree of dissolved impurities
and sub-pixel mixing with other substances in water may complicates spectral identification signature
(Tulbure and Broich, 2013). Example Multispectral water indices such as the Modified Normalized
Difference Water Index (MNDWI) enhances the water signature locally (Xu, 2000; Jiang et al, 2014).
However, the thresholds for separating water differ in space and time, hindering the automation and
extrapolation of models (Zhang and Wylie, 2009). Under this challenge dynamic threshold such as
maximum between class variance method (Otsu method) is useful for determining the threshold for
discriminating water from non-water features in the complex landscape that is characterised by many
forms of water features (Li ez a/., 2013).

The opening of the Landsat archive, together with decreasing costs of computing and data storage,
enables the broader study of dynamics of surface water over large, even global area. Efforts have been
made to atmospherically correct Landsat images, offer a robust representation of Earth's surface over
varying external conditions. Surface reflectance products provides a more precise basis for discriminating
various cover types than raw or scaled radiance values and enables data fusion between measurements
from Landsat and other sensors (Feng ez al,, 2013)

Various techniques have been developed to map surface water bodies in remotely sensed imagery. Spectral
indices method which uses thresholds to one or more spectral bands ate simple to use but always
misclassify urban areas, mountain shadows and other background noise as water bodies (Islam ez a/., 2008).
Classification method, this applies supervised or unsupervised machine learning algorithm to delineate
water bodies from multispectral imagery (Haibo ez 4/, 2011). Expert experience or existing reference data
are needed to select appropriate training samples, which prevent these methods from being applied over
large areas (Hui ez a/, 2009). Water indices methods combine two or more spectral bands using various
algebraic operations to improve the difference between water bodies and non water bodies (Chen e# a,
2074). Example of commonly used water index is Normalized Difference Water Index (NDWI). The
water indices have been widely used because of their relatively high accuracy in water body mapping and
their low-cost implementation (Ji ez a/., 2009, Sun 7 al., 2012)

In this study Generalized Linear Model (GLM) was used to model herbivore-water relationship during
drought condition and non-drought condition in the Laikipia-Samburu ecosystem. The animal data for
November 2008 and November 2012 were used as response variables and distance to water from a grid
cell of 2 km by 2 km was used as explanatory variable in the model. Herbivore species considered in the
analysis include four grazers (Buffalo symcerus caffer, Grevy's zebra Equus burchelli, Water buck Kobus
ellipsiprymmnns, Common zebra Equus quagga), three browsers (Girafte Giraffa camelopardalis, Eland Tanrotragus
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oryx, Gerenuk Litocranins walleri), and three mixed feeders (Elephant Loxodonta, Impala Aepyceros melampus,
Grant's gazelle Nanger granti).

1.2. Problem statement

Water is a major determinant of large herbivore distribution in African savannah ecosystems
(Coughenour, 2008). Change in water distribution have considerable potential for disrupting herbivore
distributions in the ecosystems. Nowadays increasing severe droughts in African savannah ecosystem is
one of the major problem affecting surface water availability and management of wildlife. For example,
Kenya has experienced two worst droughts in history, the 2009 droughts and 2011 droughts. The impacts
of these droughts includes drying of sources of water and deaths of wildlife due to lack of forage and
drinking water. Nevertheless, information on the abundance and spatial distribution of surface water
during drought condition and non-drought condition has not been studies.

Availability of surface water data with high spatial resolution in savannah ecosystem is important for
wildlife management. Medium spatial resolution sensor such as MODIS shows a significant potential to
study surface dynamic over large area because of their high temporal resolution sensor. However, the low
spatial resolution provided by these MODIS is not appropriate to accurate delineate surface water bodies
over a small-scale. Therefore, time specific water products for mapping and quantifying small and large
water bodies in savannah ecosystems are not available.

Laikipia-Samburu ecosystem is one of the savannah ecosystems where the fine resolution information on
the abundance and spatial distribution of surface water in drought and is not known. This study aim to
map and quantify the change in surface water availability in this ecosystem using fine resolution Landsat 5
TM and Landsat OLI, and to examine how change in surface water availability affect the distribution of
wildlife.

12.1.  General objectives

To assess the impact of drought on the association between the surface water availability and herbivore

distribution in the Laikipia-Samburu ecosystem.

1.2.2.  Specific objectives
» 'To map the surface water under the non-drought condition in November 2008 and the drought
condition in November 2012 in the Laikipia-Samburu ecosystem using Landsat data derived water

index.

» To quantify the change of surface water areas under the drought condition and non -drought
condition.

» To examine the association between the surface water availability and herbivore distribution
under the non-drought condition and drought conditions.

1.3.  Reseach questions
» Are there significant differences in surface water distribution patterns (i.e., patch size) between the
non-drought condition in November 2008 and the drought condition in November 2012 in the
Laikipia-Samburu ecosystem?

» Is there a significant relationship between distance to water and number of herbivores in drought
and period?
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14, Reseach hypotheses

» The area of surface water bodies under the drought condition are significantly smaller/lower than
the situation under the non- drought condition.

» The number of herbivores increase as the distance to water decreases during drought condition.

15. Organisation of the thesis and reseach approach

Chapter 1 explain a general research background, explain the research problem, define the research
objectives, questions and hypotheses, and describes the general outline of the research. Chapter 2
introduces the study area with respect to climate, hydrology and land use. It also explain aerial count data
and the collection and pre-processing of satellite data. Chapter 3 lists and explains the research findings
relevant to specific research questions stated in Chapter 1. Chapter 4 discuss the procedures taken in this
study. Chapter 5 summarizes the research and makes recommendations for further in-depth studies.
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2.  MATERIALS AND METHODS

2.1. Study area

2.1.1.  Geographic conditions

The study area was conducted in the Laikipia-Samburu ecosystem in Northern Kenya. The ecosystem
covers about 33,817 km?, lying on and to the north of the Equator at longitude of between 36%and 38° E
(Figure 4). The Laikipia highland is an area rolling low hills at an altitude of 1700 to 2000 m divided by the
Ewaso Ng'iro river (Georgiadis, 2011). Below the Laikipia escatpment, which is close to the northern
boundary of district, lies Samburu. The weather in Laikipia is affected by the rain shadow of MT. Kenya,
and since the plateau is at high altitude it has an unusual combination of cold and dry weather (Thouless,
1995)

Rainfall is very variable in time and space because it usually results from convective cloud formation,
which produces localized showers (Thouless, 1995). The rainfall is highest on the slopes of mountain
Kenya and the Aberdares, in the extreme east and the south west of the district, where annual means atre
in excess of 800mm. In the dryer northern parts rainfall drops to 500 mm per annum. Except in the
mountains, Samburu is generally dryer and hotter than Laikipia (Georgiadis, 2011). There are two main
rain seasons, the "long rains" which starts in March to May and the “short rains", which begins in
November to December (Georgiadis, 2011)
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Figure 4: Location map of Laikipia-Samburu ecosystem showing drainage systems and reserves. The major rivers
systems have their catchment on Mt. Kenya which is found outside the ecosystem.
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2.1.2.  Climate and rainfall distribution

Most of the region is typically dry savannah, hot and dry for most of the year with highly variable bimodal
rainfall, 90% of which falls in April and November (Figure 5). In the drier northern extent of the study
area, rainfall drop to less than 500 mm per year except in the mountains where variations may reach 120
mm per year (Georgiadis, 2011). Laikipia lies on the leeward side of Mountain Kenya and the weather is
thus affected by rain shadow of the mountain (Georgiadis, 2011). During the long dry season usually
lasting from late May till early October, large migrant animals congregate in the reserves due to permanent
availability of water and green riverine vegetation along Ewaso Nyiro river (Barkham ez a/., 1970).

Drinking water is everywhere during the wet season from a network of seasonal streams, a few of which
persist through the dry season. Figure 6 shows the rainfall data collected in November 2008 and
November 2012 respectively during aerial wildlife count.
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Figure 5: Mean monthly rainfall recorded at Mpala weather station from 2008 to 2012 in Kenya.
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Figure 6: Monthly rainfall data; These data were used for find months that have rainfall condition relative
comparable to the time of aerial wildlife count in November 2008 and November 2012.
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2.1.3.  Hydrology

Most of Laikipia District drains northwards through the Ewaso Ngiro, which has perennial tributaries
originating from Mt Kenya and Aberdares Range. There are many dams and water tanks, fed from
boreholes, on ranches. The Ewaso Ngiro river is the only natural permanent watercourse in low land areas
of Samburu (Figure 7), other major water courses are seasonal, although water can be found by digging in
the sandy river beds (Figure 8). There are few dams, and the many sources of water are temporary pools
formed after the rains. Some of these, particularly rock pools, remain for a while in to the dry season

(Thouless, 1995).

Figure 7: River Ewaso Ng'iro. Photographed by Saran Vaid.

2.1.4. Landuse

Farming and settlements areas were not included in the analysis for this study these areas are separated
from the rest of landscape by a fence and hence blocking the wildlife from accessing the settlement areas
freely. The ecosystem comprises of six major land uses; ranches, settlements and farms, national reserves,
community pastoral areas and community conservation (Thwagi ef 4/, 2015). Community conservancies
are occupied by nomadic pastoral communities, and in habited by both wildlife and livestock. National
reserves are owned by the government and are managed for wildlife conservation and forest reserves. All
land uses except settlements areas provide habitats for wildlife to graze and drink in this ecosystem
(Thwagi ez al., 2015)
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Figure 8: Land use in the Laikipia-Samburu ecosystem: Source: IThwagi e# a/, 2015.
2.1.5.  Animal survey data

Total aerial wildlife counts in this study were carried out in November 2008 and November 2012
respectively by Kenya wildlife survey (IKWS) using standard total aerial count, strip transect methodology,
over almost all of the Laikipia-Samburu ecosystem (Georgiadis, 2011). The month of November 2008 was
mostly wet while in 2012 was typically dry. Aerial survey is usually conducted using aircraft that flies at a
speed of about 80 miles per hour at about 200 ft to 300 ft above ground (Douglas-Hamilton, 1996). A
total of 13 aircrafts were employed during the count operation. The total aerial count for wildlife in 2008
and 2012 was conducted according the method described by Douglas-Hamilton (1996). The distance
between the flight lines was set at one or two kilometers depending on visibility, to make sure all the
ground was scanned and all the wildlife were enumerated (Douglas-Hamilton, 1996). The location and
herd size of herbivore species were recorded in number per each block. The large herbivore were the
focus of the aerial survey, however, small herbivore were counted wherever they were found (Douglas-
Hamilton, 1996). Observations of wildlife were recorded as points shape file based on their geographic
position. The double counts were cross-checked with field notes and rectified accordingly. The count data
were referenced in the World Geodetic System (WGS84) datum.

2.1.6.  Animal species selection and grouping

Information of count data were obtained from the count report of 2008 and 2012 from KWS (Ngene ez
al., 2013). The count reports describe how species data were organised. All species were plotted in ArcGIS
in order to visualize their distributions and extent where they occur (Figure 11 and 12). Species which

12



THE IMPACT OF DROUGHT ON THE ASSOCIATION BETWEEN SURFACE WATER AND HERBIVORE DISTRIBUTION IN LAIKIPIA-SAMBURU ECOSYSTEM

were counted in November 2008 and November 2012 total aerial survey were considered for comparison

purpose. Table 1 shows a list of animals selected for this study. These species were then grouped

according to their body size and feeding behaviours.

Table 1 The common and scientific names, weight, feeding type, body size and water dependence of ten species.

Species Scientific Feeding Mean Water Body
name name type Weight (kg) dependence size
Buffalo Syncerus caffer Grazer 450¢ strong® large
Grevy's zebra  Equus grevyi Grazer 200¢ strong® medium
Girafte Giraffa camelopardalis  Browser 1250« independent” large
Elephant Loxodonta africana Mixed feeder 1400¢ strong” large
Eland Tanrotragus oryx Browser 350¢ independent” large
Impala Aepyceros melampus ~ Mixed feeder 40¢ weak® small
Common zebra  Eguus quagga Grazer 200« strong® medium
Gerenuk Litocranius walleri Browser 52¢ independent” small
Grant's gazelle  Nanger granti Mixed feeder 50¢ independent” small
Waterbuck Kobus ellipsiprymnus ~ Grazer 160« strong” medium
a de Leeuw e a/ (2001)
b Western (1975)
¢ Ogutu (2014)
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Figure 9: Number of animals counted in the study area in 2008 and 2012, respectively.
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Figure 10: The distribution of Buffalo, Eland, Elephant, Gerenuk, Giraffe, Grant's gazelle, Grevy's zebra, Impala,
Waterbuck and Common zebra in Laikipia-Samburu in 2008.
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Figure 11: The distribution of Buffalo, Eland, Elephant, Gerenuk, Giraffe, Grant's gazelle, Grevy's zebra, Impala,

Waterbuck and Common zebra in Laikipia-Samburu in 2012.
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2.1.7.  Satellite image collection and pre-processing

The effectiveness of multispectral remote sensing images for water mapping is often limited by the
presence of cloud and cloud shadow. Cloud free images are often selected over cloudy images in water
remote sensing applications (Huang ez a/., 2010). However, cloud-free images are not always available.

In this study, cloud-free images were not available in November 2008 and November 2012 during aerial
count.. Relative comparable Landsat images which were partly cloudy were obtained in August 2011 and
Jun 2014 to represent the missing images (Figure 6). Landsat images acquired in August 2011 replaced
November 2008 and were used to map water in non-drought condition. Landsat images obtained in June
2014 replaced November 2012 to map surface water during drought condition.

Two TM images were acquired on 22 August, 2011 (path/row 59/168 and 60/168) and two Landsat OLI
images were acquired on 27 June, 2014 (path/row 59/168 and 60/168) . The Landsat TM and Landsat
OLI data have six bands with similar spectral ranges (blue: 0.450 pm, green: 0.520-0.600 um, red: 0.630-
0.690 pm, NIR: 0.750-0.900 pm, SWIR: 1.550-1.750 um and 2.080-2.350 um) (Table 2). The sensors have
an overpass frequency of 16 days. Images used are level-1 surface reflectance data of USGS. The images
are referenced in the World Geodetic System (WGS84) datum. They are in GeoTiff format and are
projected in Universal Transverse Mercator system (UTM) Zone 37 North.

Table 2 Satellite data used in the present study

Satellite Sensor Path/Row  Date of acquisition Resolution(m) Wavelength(pm)
Band 1:0.45-0.52
Landsat-5 TM 59/168 22-Aug-2011 30 Band 2:0.52-0.60
60/168 Band 3: 0.63-0.69

Band 4: 0.76-0.90
Band 5: 1.55-1.75
Band 7: 2.08-2.35

Band 1:0.435-0.451

Band 2:0.452-0.512

Landsat-8  OLI 59/168 27-Jun-2014 30 Band 3: 0.533-0.590
60/168 Band 4: 0.636-0.673

Band 5: 0.851-0.879

Band 6: 1.566-1.651
Band 7: 2.107-2.294
Band 9: 1.363-1.384

2.1.8.  Cloud and cloud shadow masking procedures

Brightness effects of clouds and darkening effect of cloud shadows can be confused with water bodies if
they are not screened (Zhu ez a/, 2012). In this study clouds and cloud shadows were masked form
Landsat OLI images which were partly cloudy (Figure 13), then Landsat TM and Landsat OLI were made
comparable in order to make comparison in surface water availability under drought condition and non-
drought condition. This was achieved by applying the same masking used for OLI image to TM images as
well. Then, Landsat bands for each scene were stacked and two scenes were mosaicked to cover the study
area (Figure 13).
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Figure 12: Sample image showing cloud and cloud shadow removal using the cloud and cloud shadow mask.

2.2. Mapping of surface water bodies

2.2.1.  Use of spectral index for extracting water features

In order to delineate surface water in the Laikipia-Samburu ecosystem, the MNDWI was chosen as a
spectral processing parameter to enhance surface water. The MNDWI calculation produce a grey scale
image where water is bright. MNDWI was developed from NDWI (McFeeters 1996) using MIR band
instead of NIR band to enhance water bodies from satellite data. (Li ez @/, 2013). MNDWI was used in
this study because it has been successiful in different water body classification techniques (Jiang e a/.,
2014; Li et al., 2013 ). They are defined in the following equations:

NDWI= (Green-NIR)/(Green+NIR) Equation 1
MNDWI=(Green-MIR)/(Green+MIR) Equation 2
The values of grey scale image range from -1 to +1. According to Xu (2006), values greater than zero are

assumed to represent water while values less than zero or equal to zero are assumed to be non-water.
MNDWI were calculated from Landsat TM and OLI images using Equation (2) in ERDAS Imagine.
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The benefit of Xu's MNDWI model is that not only enhances the spectral signals of water by contrasting
the reflectance between different wavelengths, but also suppress out most of the noise components that
are common in different wavelength regions such as sensor calibration and changing radiation conditions
caused by illumination, soil, topography, and atmospheric conditions (Jiang ez al., 2012, Li ez al., 2013).

2.2.2.  Image thresholding segmentation

Threshold is very important in extracting water bodies from the background. There are several techniques
that can be used for image threshold segmentation.This includes histogram shape-based methods
(Glasbey, 1993 and Ramesh ez al., 1995), clustering-based methods (Otsu, 1979), entropy-based methods
(Li and Tam, 1998). In this study the commonly thresholding method of Otsu method (Sezgin and
Sankur, 2004) was employed to partition water bodies from MNDWI. Otsu method gives a satisfactory
results when the number of pixels in each class are close to each other (Chen and Leung, 2004). Since the
number of pixels in water area being close to each other, Otsu method was preferred in this study.

Threshold selection is a key step in defining Xu's MNDWI. The threshold values for Xu's MNDWI were
set to zero (McFeeters, 2013), however, dynamic or variable thresholds ate needed when different regions
or different phases of remote sensing data are used to detect water body information (Li et a/, 2013).

The maximum between -class variance method (the Otsu method) is one such dynamic threshold method
(Li et al., 2013).

The Otsu method pick the threshold by using the rule of maximum between-class variance of the
background features and water body features (Li ¢f a/, 2013). When part of a water body feature is
mistakenly classified as a background or part of a background is wrongly classified as a water body, the
variance between class decreases (Li ¢f al, 2013, Smith ef al, 1979). The grater the variance, the more
different the background features and the water body features. Hence maximizing the variance between
water body features and background features minimize the probability of misclassification. (Li ¢# a/., 2013)
The obtained threshold (0.4) was used to classify the MNDWI map in to water and non water classes.

The classification were based on MNDWI values. MNDWI from 0.4 and above were classified as water
features and values below 0.4 were classified as non water features.

2.2.3.  Accuracy assessment

Accuracy assessment in this study were performed using reference data collected from false colour
composite and high resolution Google Earth images. According to literature, the reference dataset are
used to assess the accuracy of the water mapping result (Ji ez o/, 2009). These data can be some small
images subsets in space which are accurate or relatively accurate compated with the mapping data (Ji ez a/,

2009).

Ground truth for accuracy assessment were obtained from False Colour Composite (FCC) Landsat-5 TM
(RGB-543) and Landsat-8 OLI (RGB-742). Combination of TM band 4, 3 and 5; and OLI band 7,4 and
2 displaced in false colour composite (Red, Green, Blue) enhance surface water bodies. Employing these
band combinations water and non water bodies were enhanced (Figure 13a and 13b). The high-resolution
Google images and few known water points were used as additional reference dataset to collect ground
truth points from False Colour Composite.

Rahman and Saha (2008) recommended that the sample size should take at least 30 samples for each
category for achievement of an accuracy assessment of 90%. In this study, points were randomly
generated in a stratified random format to define approximately 80 samples for water bodies and

80 samples non water samples. Samples were collected from (FCC) of TM and OLI images. The points
collected were overlaid on the MNDWI images and MNDWI values were extracted from each point. A
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cross tabulation was performed in SPSS to compare MNDWI values and validation points. The agreement
of ground truth data and MNDWI values were assessed using Kappa coefficient.

Figure 13: Example of the enhanced water bodies from false colour images.(a) TM false colour composite (b) OLI
False Colour Composite (¢) TM MNDWI (d) OLI MNDWTI. False colour images were used to collect ground truth
for validation.

2.3. Re-sampling of animal survey data and the calculation of distance to water bodies

A two by two kilometer grid was prepared using ArcGIS fishnet tool and overlaid on the extent of the study area.
This resolution was chosen because the interval between the flight lines during aerial count varied between a
maximum of two kilometres (Georgiadis, 2011).The distance from the centre of each grid cell to the nearest water
sources was calculated in ArcGIS softwate and was used as an explanatory variable (Figure 14 and Figure 15). The
number of herbivore per each grid cell were used as the response variable for all the analysis. The minimum distance
was set to 5km and the maximum distance was set to 25km assuming that herbivores will not stay far away from the
water above that distance, and if for animals found far from the selected distance, will be considered as water
independent. The combination of water data and species with the grid fishnet of 2 by 2 km were done in GIS using
spatial join and union tool. Statistical analysis were performed in R programme.
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Figure 14: The distribution of distance from the centre of each 2 x 2 km grid cell to the nearest water point in
Laikipia-Samburu ecosystem in November 2008.
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Figure 15: The distribution of distance from the centre of each 2 x 2 km grid cell to the nearest water point in
Laikipia-Samburu ecosystem in November 2012.

2.4. Statistical analysis

24.1.  Quantifying the distribution patterns of surface water bodies

The number and area of surface water bodies are naturally dynamic in space and time and most of surface
water bodies in savannah ecosystem experience seasonal dynamic, with rainfall and drought, Basic
knowledge of natural dynamics of surface water in space and time is needed to quantify their decline.

To enable calculation of surface water area and number of water bodies, the water pixel groups were
converted to a polygons vector in ArcGIS (Feyisa ez al, 2014). The area and number of water bodies
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mapped in drought condition and non-condition were calculated using patch analyst tool in ArcGIS. To
test if water distribution in drought condition and non-drought condition is significantly different, the
average area of surface water bodies for the whole landscape was compared using spatial Wilcoxon rank
sum test in R programming software. The Wilcoxon test in this study was used because the data were not
normally distributed (Shapiro-Wilk test: p-value<0.05). The average distance to water during drought
condition and non- drought condition was also tested.

2.4.2.  Examining the relationship between animal distribution and distance to water bodies

The generalized linear regression model (GLM) was used to examine the relations between herbivore
number and distance to water in this study. The herbivore number were dependant variable and distance
to water were independent variables in the model. Prior fitting the regression model, variables were tested
to see if they are normally distributed using Shapiro-Wilk test. Shapiro-Wilk test (p<<0.05), showed that
both herbivore distribution data and distance to water were not normally distributed. A number of
transformation were done to normalize the data but still could not follow a normal distribution. All tests
of statistical significance were conducted at alpha level of 0.05.
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3. RESULTS

3.1. Mapping of surface water bodies from satellite remote sensing

> Image classification

In figures 16 and 17 the results of MNDW!I for TM band 2 and band 5, OLI band 3 and band 6 are
shown. The classification of satellite imagery using MNDWI clearly showed the water features as a result
of enhancement. Water features are enhanced using white colour.
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Figure 16. Water feature enhancement using MNDWI during non-drought condition.
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Figure 17. Water features enhancement using MNDWI during drought condition.
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Figure 18. Classified MNDWI maps; the left image shows enhanced water in drought condition and it subset below.

The right image shows enhanced water in non-drought condition and its subset below.

The result of accuracy assessment are shown in Table 3 and 4. The overall accuracy during wet period was

99% and Kappa coefficient is 0.97. The overall accuracy in drought condition was 93% and Kappa
coefficient is 0.86 (Table 3).

Table 3. Summary of accuracy assessment in 2008.

Classification Land cover User Producer Overall

method class Threshold accuracy (%) accuracy (%) accuracy% Kappa

MNDWTI Water 0.4 97:5 100 98.7 0.97
Non water 100 100

Table 4. Summary of accuracy assessment in 2012.

Classification ~ Land cover Producer Over all
method class Threshold  User accuracy (%) accuracy (%) accuracy% Kappa
86 100
MNDWI Water 0.4 93 0.86
Non water 100 87.7
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3.2. Spatial patterns of water body distributions under drought and non-drought conditions

There was a significant difference in the average area of surface water bodies between non-
drought condition and drought condition (Wikoxon rank sum test: W=6460, p=0.04). Mean
distance was also compared. The result shows that there was a significant difference in the mean
distance to water in drought condition and non-drought condition (Wilkoxon rank sum ftest:
W=4344800, p<0.005).

The number of water bodies in the Laikipia-Samburu ecosystem varied from a minimum of 28
water bodies in drought condition to a maximum of 766 in non drought condition.The number
of water bodies showed high variation with highest numbers water bodies in non-drought
condition when there was more surface water in the ecosystem and lower numbers of water
bodies in drought condition when the ecosystem was dry (Table 5). The average size of water
bodies vatied from 0.009 km* to 0.012 km* in non-drought condition and drought condition,
respectively (Table 5). The total water area in the Laikipia-Samburu ecosyetem varied from 6.899
km? during drought conditon to 0.34 km* during non-drought condition. The total abundance of
water in non-drought condition was 0.099% and 0.0023% during drought condition.

Table 5. Quantification of water bodies in the Laikipia-Samburu ecosystem

Year Area of water Nr.water Mean size of
bodies(km?) bodies water body
(km?)
2008 6.899 766 0.009
2012 0.34 28 0.012

0 15 30 B0 20 120

[ == M

Figure 19. Distribution of water bodies in the Laikipia-Samburu (a) shows the distribution in non-drought condition
and (b) shows the distribution in drought condition.
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Figure 20. Difference in quantity and size of water body. The Square objects shows the change in quantity of water in
non-drought condition and drought condition. The round object shows the change in size of water body in non-
drought condition and drought condition.

3.3. Relationship between animal distribiution and water availability

Table 6. Shows the results of herbivore-water relationship during drought condition and non-condition.
The herbivore-water relationship was different among the species.. Common zebras were significant
(p<0.05) related to water sources during non-drought condition. There was no significant relationship
observed during drought condition. The result show that the slope coefficient of Common zebra and
water relationship was significant (p<<0.05) different between drought condition and non-drought-
condition. Giraffes in this study were significant (p<<0.05) related to water soutrces during non-drought
condition. During drought condition, there was no significant relation observed. Giraffes-water
relationship was not significant different between drought condition and non- drought condition. Buffalos
were significant (p<0.05) related to water during drought condition and not significant related to water
during drought non-drought condition. There was no significant change in the Buffalos-water relationship
between drought condition and non-drought condition. Gerenuk did not show any significant (p>0.05)
relationship to water in drought condition and non-drought condition. Gerenuk and water relationship
was not significant different between drought condition and non-drought condition. Elands were
significant (p<0.05) related to water during non-drought condition and not significant related to water in
drought condition. The slope test show that there was significant (p<<0.05) change in Elands-water
relationship between drought condition and non-drought condition. Impalas showed significant (p<0.05)
relationship to water during drought condition. There was no Impala-water relationship observed during
non-drought period. Impala-water relationship was significant different between drought condition and
non-drought condition. Elephants, Grant's gazelle and Grevy's zebra were not related to water during
both drought condition and non-drought condition. Their distribution was not significant different
between drought condition and non- drought condition.

25



THE IMPACT OF DROUGHT ON THE ASSOCIATION BETWEEN SURFACE WATER AND HERBIVORE DISTRIBUTION IN THE LAIKIPIA-SAMBURU ECOSYSTEM

Generally, four species (Waterbuck, Grant's gazelle and Grevy's zebra) did not show any significant
relation to water points. Three species (Giraffe, Eland and Common zebra) appeared to stay close to water
in non-drought condition and avoid water points in drought condition. Two species (Elephant and
Impala) appeared far from water points in drought condition and non-drought condition. One species
(Gerenuk) were significantly associated to water during drought condition and not significant related to
water in non-drought condition. One species (Buffalo) were found away from water in non-drought
condition and were not significantly associated to water in drought condition.

Table 6. Statistics describing the relationship between herbivores and distance to water in drought condition and
non- drought condition.

Herbivore —water relationship

Slope coefficient ~ P-value Slope coefficient P-value

(non-drought) (non-drought) (drought) (drought)
Giraffe -1.58x05 0.00 +8.93x-00 0.23
Eland -3.77x05 0.01 -1.24x05 0.46
Grant's gazelle  -6.43x06 0.14 +1.42x05 0.22
Grevy's zebra -9.03x-06 0.35 -4.40x-06 0.68
Common zebra  -2.56x0> 0.00 +3.14-06 0.19
Impala +3.99x-00 0.70 +2.46:05 0.00
Buffalo +1.44x05 0.03 -1.14x05 0.69
Elephant +1.05x05 0.00 +3.95x05 0.00
Gerenuk +5.23x-00 0.68 -8.95x05 0.07
Waterbuck -3.18x05 0.16 +2.71x05 0.69

Table 7. The analysis test for significance difference between the slope coefficients during non-drought condition
and drought condition.

Slope coefficient (non-drought) Slope coefficient (drought) P-value

Giraffe -1.58x05 +8.93x06 0.22
Eland -3.77x05 -1.24x05 0.01
Grant's gazelle -6.43x-06 +1.42x05 0.05
Grevy's zebra -9.03x-06 -4.40x06 0.18
Common zebra -2.56x705 +3.14-06 0.00
Impala +3.99x-06 +2.46°05 0.04
Buffalo +1.44x-05 -1.14x-05 0.8
Elephant +1.05x05 +3.95x-05 0.00
Gerenuk +5.23x-06 -8.95x05 0.06
Waterbuck -3.18x05 +2.71x05 0.21

Large pure grazer and mixed grazer and browsers are strong water dependent species. In this study
Buffalo and Elephant which belong to this class were analysed. The results obtained show that there was
no significant association between water and large pure grazer and browsers observed during drought
condition and non-drought condition (Figure 21).
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Figure 21: Distribution of large grazer and mixed grazers and browsers in relation to surface water.

Small mixed grazer and browser ate strong water dependent species. In this study, Impala and Grant's
gazelle which belong to this class were analysed. The result obtained demonstrate that there was no
significant association between water and small mixed grazer and browser observed during drought

condition and non-drought condition (Figure 22)

Impala 2008 Grant's gazelle 2008
-
@ = p=0.70 8
§ 2% | i
E °° 0 o
s 8 0°%0 ° o E
s “REE
= 1 1 | 2
0 5000 10000 15000 0 10000 20000 30000
Distance to water (m) Distance to water (m)
Impala 2012 Grant's gazelle 2012
n
n e (==} o % (=]
o
ﬁ 8 Hqo oo oo p=0.00 a 7% T ° c;;?:u,z;?o
20 o ]
E Joo w7 £ oleto 0
= @ o o E o o o
s = o@ & o og g @ oo °
z %E“’O %g S Y 0®
T T T | T & T T T T
0 5000 15000 25000 5000 15000
Distance to water (m) Distance to water (m)

Figure 22: Distribution of Small mixed grazer and browser in relation to sutface water
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Large pure browser
Large pure browser are non-water dependent species. In this study Giraffe and Eland which belong to

this class were analysed. The results obtained show that there was not significant association between
water and large pure browser observed during drought condition. However these species showed strong

significant relationship to water during non-drought condition (Figure 23).
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Figure 23: Distribution of large pure browser in relation to surface water.

Small pure browser
Large pure browser are non water dependent species. In this study Gerenuk which belong to this class
were analysed. The result obtained show that there was no significant association between water and

small pure browser observed during drought condition (Figure 24).
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Figure 24: Distribution of small pure browser in relation to surface water.

Medium pure grazers are strong water dependent species. Waterbuck, Grevy's zebra and common zebra

which belong to this class were analysed in this study. The results obtained show that there was no
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significant association between water and medium pure grazers species observed during drought
condition. However, Common zebras show significance (p<0.05) relationship to water in non-drought

condition (Figure 25).
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Figure 25: Distribution of medium pute grazers in relation to surface water.
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4. DISCUSSION

4.1 Mapping surface water bodies using spectral indices derived from Landsat data

This study aimed to map surface water bodies during drought condition and non-drought condition. The
MNDWT classification method was employed to delineate surface water in the study area. The MNDWI
clearly displayed open water bodies due to enhancement process and the result of water mapping using
MNDWI show that the overall accuracy during non-drought condition was 99% and Kappa coefficient is
0.97. The overall accuracy in drought condition was 93% and Kappa coefficient is 0.86 (Table 3). This
indicates that that there were few misclassification in the MNDWI maps. These misclassification may be
caused by some cloud and cloud shadow residuals that might have remained after performing cloud and
cloud shadow masking,.

One thing that may significantly affected the efficiency of MNDWI maps in using the normalised
difference water index is the threshold selection (Chen and Leung, 2004). The threshold for MNDWI
mapping will be influenced by the subjective decision of the user (Du ¢ a/., 2014, Li et al., 2013). To avoid
the bias of the threshold selection, Otsu's threshold segmentation method was employed to obtain the
image partition threshold in this paper. The result show that there was a decline in the extent of surface

water bodies in the ecosystem during drought condition.

Furthermore the study showed the effectiveness of MNDWI method for mapping and monitoring the
declining of surface water bodies in the Laikipia-Samburu ecosystem. The study suggest that carrying out
similar study, using high resolution images, may give much more detailed water information in the
ecosystem. However, the result may differ depending on the season as the MNDWI normally use the
spectral reflectance values which is variable in space and time. Hence, it is proposed to use the satellite
images captured from the same season of different years to arrive at the results (El-Asmar and Hereher,
2011; Feng et al., 2015).

The disappearance of river Ewaso ng'iro during drought condition is the notable sign of drought impact in
the study area.This is the main natural source of water that flows out in wet season and dry season in the
Laikipia-Samburu ecosystem (Kioko, 2013). The observation in this result conform with previous studies
who found the similar observation (Ericksen ef a/., 2012; Kioko, 2013).

The data and maps produced in this study clearly revealed the spatial and temporal distribution of water
bodies in the study area. This shows the effectiveness of satellite images in providing detailed information
covering large geographical area. The result of mapping surface water showed the situation of water
availability during drought condition and non-drought condition in the Laikipia-Samburu ecosystem.
However, high resolution images such as SPOT and ASTER are proposed for further studies because high
resolution images will be able to map both large and small water bodies which were not mapped by
Landsat images. These sensors will provide detailed information of spatial and temporal characteristics of
surface water in the Laikipia-Samburu ecosystem.
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4.2. Change in water body availability under drought and non-drought conditions

In this study it was hypothesized that the abundance of water decreased significantly during drought
condition. The final results agrees with the hypothesis since the abundance of water was significant
(p<0.05) lower during drought condition compared to non-drought condition.

From the result, it was observed that, during non-drought condition the amount of water increases and
become available in many parts across the ecosystem. Number of water bodies increased significantly
during non-drought condition. Considering that the image used to map surface water was selected from
high rainfall month, this increase in the amount of water in the ecosystem may be attributed by high
rainfall. This shows that during non-drought period water is available in big part of the ecosystem and this
may cause herbivores to spread evenly in many patrt of the ecosystem particularly browsers (Western,
1975).

During drought condition, surface water declined by more than half of water observed during the non-
drought condition. Surface water were observed in few areas of the ecosystems specifically in the southern
part of the ecosystem (Laikipia plateau). The result show that most water disappeared and few water
sources remained reduced in size (Figure 20). The drastic declining in surface water availability in drought
condition is the indicator that severe drought that occur in African savannah ecosystems affect surface
water availability (Kioko, 2013). This is very challenging for ecosystem management because surface water
provides many benefits for wildlife and environment.

4.3. Response of herbivores to water availability under drought and non- drought conditions

In this study, it was hypothesized that the number of herbivores increase as the distance to water
decreases during drought condition. Herbivore distribution patterns always vary during drought condition
because of increasing scarcity and distances between water and food resources (Ilbers, 2015; Smit and
Grant, 2009). In this regard distance to water can be an important landscape characteristics to explain
herbivore-water relationship during drought period (Redfern, 2002; Ogutu ef al., 2014, Letnic ¢ al., 2015).

If herbivores drinking requirements require regular access to surface water, water dependence species (e.g.
grazers) should occur more close to water sources during drought condition. Hence the result of this study
found that most water dependent species (Table 1) were not associated to water sources in drought
condition. In non-drought condition only Common zebras were strong water-dependent of ten species
analyzed having distribution strongly related to the proximity of water sources. The results of this analysis
do not agree with findings from previous studies (Western 1975; Owen-Smith 1996); where they found
grazers were more water dependent during dry period (De Leeuw ¢ al., 2001) in Northern Kenya, found
similar result and he suggested that some other factors, related to distance to water, prevent these wildlife
species from coming near to the water sources. In that case, other landscape characteristics related to
distance to water may be the reason for this result.

The study also found that the distribution of water independent species (e.g. browsers) were not
significantly related to surface water during drought condition. However, few browsers (e.g. Giraffes and
Elands) showed strong relationship to water during non-drought condition. According to previous studies,
browsers are not related to water particularly in non-drought condition because they obtain the bulk of
water from the forage (Western 1975). In this case, the result of Giratfes and Elands do not conform with
the finding observed by Western (1975) but conform with the finding investigated by De Leeuw (2001)
which shows that wildlife are close to water regardless of species type.
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The distribution patterns for elephant, impala and grant's gazelle, the three mixed feeders considered in
this analysis, were comparatively similar in drought condition and non-drought condition. Their
abundance were increasing as distance from water increased and they were not associated to water. The
results of this study conform to the assumption made by Wolanski (1999), saying that small herbivores are
restricted by food quality and large herbivores are restricted by food abundance. Therefore, the depletion
of forage near water due to regular grazing during drought condition may compel both small and large
herbivores travel further form water sources to satisfy their forage quality and quantity needs.

The distribution of herbivore in relation to water was tested by comparing the slope coefficients of their
association. Herbivore-water relationship coefficients for four species common zebra, Eland, impala and
elephant showed significantly (p<<0.05) different between drought condition and non-drought condition.
Six species (Giraffe, buffalo, gerenuk, water buck, Grevy's zebra and Grant's gazelle) did not show
significant difference (p>0.05) in their distribution in relation to water. In reference to previous studies,
herbivores distribution patterns usually vary during drought condition due to increasing scarcity and
distance between water and food resources (Smit and Grant, 2009). Hence, the distribution of four species
may have changed significantly due to water shortage, therefore, they need to travel far distance to access
water.

The results obtained in this study ate not amazing because it is commonly known that large herbivores
respond to multiple landscape characteristics (Georgiadis 1986). Some of these characteristics can attract
animals toward water and other can push away them. Though distance to water can be most important
landscape characteristic influencing herbivore distribution during drought condition, other factors such as
competition of resources can repel animals away from water. In this study appearing of animals away from
water sources may be attributed by the following predicted factors as also observed by previous studies;

Heavy livestock grazing, savannah ecosystem is inhabited by both wildlife and pastoral societies (Ogutu ez
al., 2070). During drought condition, food and water are limited. Livestock and wildlife compete over few
resources available (De Leeuw ez a/., 2001). Livestock may prohibit wildlife access to water sources in place
herders can access, compete with and displace wildlife close to water. This situation may force herbivores
to move far away from water sources to find alternative sources.

Animals may be pushed away from water sources by predators. Example, in Mara -Serengeti, it was found
that riparian woodland habitats fringing most water courses were much avoided by herbivores because of
elevated risks of predation. The common large ambush predator in the Mara serengeti, the Lion (Pathera
leo) usually rests in these woodlands in the day time (Ogutu and Dublin, 2004). Avoiding zones near water
where forage is low and if predation risks is high can cause herbivore-water relationship being
insignificant.

Herbivores population may increase as distance from water increase due to depletion of forage around
water and occurrence of vegetation abundance at the intermediate distance from water (Andrew, 1988;
Kanga ¢t al., 2013). For example, Adler and Hall (2005) found forage production to increase with distance
from water. This is due to overgrazing of that occur close to water sources during dry periods. Reid ez 4/.
2003 found that grasses peak at intermediate distances from water and shrubs are most abundant far from
water and hence attract and repel the herbivores to move away from water points. These evidences
indicate the possibility of other characteristics to change the patterns of herbivore-water relationship.

The extent of aggregation close to water is influenced by the time of day when the observation are made.
Drinking regulatly takes place in the late morning for most of wildlife species (Ogutu et al, 2014).
Underlying this observation, good observation time would be done in the morning. However, wildlife
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counting sutrvey in the study area was conducted from morning to evening. This may not provide enough
information to study sufficiently the herbivore-water relationship. Hence based on this limitation, animal
locations by proximity to water would need survey conducted over long periods of time and information
on animal movements and behaviour (Ogutu ef a/., 2014, Western, 1975).

The challenges uncounted from dataset used for this study may also be one of the factor that could also
affect the hypothesis of this study. This study used the moderate high resolution. This resolution is limited
to water bodies which have the size equivalent to image resolution. The small water bodies less that (30 m)
were missing for the analysis. It may be possible that the missing water information had significant impact
to the herbivore distribution since many arid and semi-arid rangeland characterised by small water ponds
and these water ponds are potential for animals (Redfern e a/., 2005, Smit and Grant, 2009).
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5. CONCLUSIONS AND RECOMMENDATIONS

The main objective of this study was to examine the impact of drought on the association between the
surface water availability and herbivore distribution in the Laikipia-Samburu ecosystem. More specifically,
the study aimed to test if there was a significant change in surface water availability during drought and
non draught condition, and how herbivores respond to this change.

It is commonly known that water is the major determinant of herbivore distribution. Using distance to
water as an explanatory variable, the herbivore-water relationship in drought condition and non-drought
condition can be measured by looking at the significant change in slope coefficients. Hence, this study was
built on the hypothesis that herbivores will increase more close to water in drought condition compared to
non-drought condition. The study applied remote sensing technique to identify and map surface water
during drought condition and non-drought condition. There was a significant different in surface water
availability between drought and non-drought condition and the ecosystem lost more than 50% of its
water during the drought condition.

This study observed the relationship between water and herbivores for individual species. Then species
were grouped according to their water dependence and feeding behaviour to examine in to detail their
relationship to water. This is because grazers are strong water dependants species and browsers are water
independent species (Du Toit and Cumming, 1999; Western, 1975). The result showed that there was no
significant difference in water dependence between browsers and grazers. The species which were
significant related to water are only Giraffe, Eland and Common zebra. This relationship were observed
during non-drought condtion.

To our knowledge, this is the first study to examine the herbivore-water relatioship during drought period
and period in the Laikipia-Samburu ecosystem. In addition to that, this study have managed to show the
spatial characteristics of surface water bodies during drought condition and non-drought condition in the
Laikipia-Samburu ecosystem. These information obtained from this study are potential for decision
making and management of wildlife in the Laikipia-Samburu ecosystem.

However, few limitaions were observed in this study and may have influenced the result of this study.
First, Land sat used for mapping surface water was not of exact day when the animal count were
conducted. Though they were relative comparable but they were not similar, this may lead to over
etimation or under estimation amount of water. Second cloud masking involve removing pixel with cloud
from the images. Masking may lead to small cloud residuals which may couse misclassification of water
information.

Further reseach is need to study widely the spatial and temporal availability of surface water in the
Laikipia-Samburu ecosystem and examine their influence on the herbivore distributions. More over this
study recommend future studies to use active sensor and very high resolution images such as SAR for
mapping surface water in savannah ecosystems. This recomandation is based on the fact that, savannah
ecosyestem is characterised by clouds which is a challenge for passive sensors such as Landsat. Obtaining
accurate surface water information will improve the herbivore-water relation understanding in African
savannah ecosystem.

34



LIST OF REFERENCES

Augustine, D. J., Veblen, K. E., Goheen, J. R., Riginos, C., & Young, T. P. (2011). Conserving Wildlife in
African Landscapes: Kenya’s Ewaso Ecosystem. Swithsonian Contributions to Zoology: Conserving Wildlife
in African Landscapes: Kenya’s Ewaso Ecosysten, (632), 55-72. doi:10.5479/51.00810282.632

Chamaillé-Jammes, S., Fritz, H., & Murindagomo, F. (2007). Climate-driven fluctuations in surface-water
availability and the buffering role of artificial pumping in an African savanna: Potential implication
for herbivore dynamics. Awstral Ecology, 32(7), 740-748. doi:10.1111/§.1442-9993.2007.01761.x

Chen, S., & Leung, H. (2004). Chaotic spread spectrum watermarking for remote sensing images. Journal of
Electronic Imaging, 13(1), 220. doi:10.1117/1.1631316

Coughenour, M. B. (2008). Causes and consequences of herbivore movement in landscape ecosystems.
Fragmentation in Semi-Arid and Arid Landscapes, 45-91. doi:10.1007/978-1-4020-4906-4_3

De Beer, Y., Kilian, W., Versfeld, W., & Van Aarde, R. J. (20006). Elephants and low rainfall alter woody
vegetation in Etosha National Park, Namibia. Journal of Arid Environments, 64(3), 412—421.
doi:10.1016/j.jaridenv.2005.06.015

de Boer, W. F., Vis, M. J. P., de Knegt, H. ., Rowles, C., Kohi, E. M., van Langevelde, F., ... Prins, H. H.
T. (2010). Spatial distribution of lion kills determined by the water dependency of prey species.
Journal of Mammalogy, 91(5), 1280-1286. doi:10.1644/09-MAMM-A-392.1

De Leeuw, J., Waweru, M. N., Okello, O. O., Maloba, M., Nguru, P., Said, M. Y., ... Reid, R. S. (2001).
Distribution and diversity of wildlife in northern Kenya in relation to livestock and permanent water
points. Biological Conservation, 100(3), 297-306. doi:10.1016/S0006-3207(01)00034-9

Douglas-Hamilton I. Counting elephnats from the air-total counts. In; Kangwana KF, editor. Studying
Elephants. Nairobi: African Wildlife Foundation; 1996. pp. 28-37

Du Toit, J. T., & Cumming, D. H. M. (1999). Functional significance of ungulate diversity in African
savannas and the ecological implications of the spread of pastoralism. Biodiversity and Conservation,
8(12), 1643-1661. doi:10.1023/A:1008959721342

El-Asmar, H. M., & Hereher, M. E. (2011). Change detection of the coastal zone east of the Nile Delta
using remote sensing. Environmental Earth Sciences, 62(4), 769—777. doi:10.1007/s12665-010-0564-9

Ericksen, P., Leeuw, J. De, Said, M., Silvestri, S., & Zaibet, L. (2012). Mapping ecosystem services in the
Ewaso Ng * iro catchment. International Journal of Biodiversity Science , Ecosystem Services & Management,
8(June 2013), 37-41. doi:10.1080/21513732.2011.651487

Erwin, K. L. (2009). Wetlands and global climate change: the role of wetland restoration in a changing
wortld. Wetlands Ecology and Management, 17(1), 71-84. doi:10.1007/s11273-008-9119-1

Feng, M., Sexton, J. O., Channan, S., & Townshend, J. R. (2015). A global, high-resolution (30-m) inland
water body dataset for 2000: first results of a topographic—spectral classification algorithm.
International Journal of Digital Earth, §947(July), 1-21. doi:10.1080/17538947.2015.1026420

Feng, M., Sexton, J. O., Huang, C., Masek, J. G., Vermote, E. F., Gao, F., ... Townshend, J. R. (2013).
Global surface reflectance products from Landsat: Assessment using coincident MODIS
observations. Remote Sensing of Environment, 134, 276-293. doi:10.1016/j.rse.2013.02.031

Feyisa, G. L., Meilby, H., Fensholt, R., & Proud, S. R. (2014). Automated Water Extraction Index: A new
technique for surface water mapping using Landsat imagery. Remote Sensing of Environment,
140JANUARY 2014), 23-35. doi:10.1016/j.rse.2013.08.029

Grunblatt, J., & Atwood, D. (2014). Mapping lakes for winter liquid water availability using SAR on the
north slope of alaska. International Jonrnal of Applied Earth Observation and Geoinformation, 27(PARTA),
63-69. doi:10.1016/].jag.2013.05.006

Huang, C., Thomas, N., Goward, S. N., Masek, . G., Zhu, Z., Townshend, J. R. G., & Vogelmann, J. E.
(2010). Automated masking of cloud and cloud shadow for forest change analysis using Landsat
images. International Jonrnal of Remote Sensing, 31(20), 5449—5464. doi:10.1080/01431160903369642

Hulme, P. E. (2005). Adapting to climate change: Is there scope for ecological management in the face of
a global threat? Journal of Applied Ecology, 42(5), 784—794. doi:10.1111/1.1365-2664.2005.01082.x

Thwagi, F. W., Wang, T., Wittemyer, G., Skidmore, A. K., Toxopeus, A. G., Ngene, S., ... Douglas-
Hamilton, 1. (2015). Using Poaching Levels and Elephant Distribution to Assess the Conservation
Efficacy of Private, Communal and Government Land in Northern Kenya. Plos One, 10(9),
€0139079. doi:10.1371 /journal.pone.0139079

35



Ilbers, J. E. P. H., Angevelde, F. R. V. A. N. L., Rins, H. E. H. T. P., Rant, C. C. G, & Eel, M. . K. E. J.
S. P. (2015). Modeling elephant-mediated cascading effects of water point closure, 25(2), 402—415.

Jain, S. K., Singh, R. D, Jain, M. K., & Lohani, a. K. (2005). Delineation of flood-prone areas using
remote sensing techniques. Water Resources Management, 19(4), 333-347. doi:10.1007 /s11269-005-
3281-5

Ji, L., Zhang, L., & Wylie, B. (2009). Analysis of Dynamic Thresholds for the Normalized Difference
Water Index. Photogrammetric Engineering & Remote Sensing, 75(11), 1307-1317.
doi:10.14358 /PERS.75.11.1307

Jiang, H., Feng, M., Zhu, Y., Lu, N., Huang, J., & Xiao, T. (2014). An Automated Method for Extracting
Rivers and Lakes from Landsat Imagery. Remote Sensing, 6(6), 5067-5089. doi:10.3390/1s6065067

Kioko, M. J. B. (2013). Who stole the rain? The case of recent severe droughts in Kenya. Ewuropean Scientific
Journal, 9(5), 29-40.

Letnic, M., Laffan, S. W., Greenville, A. C., Russell, B. G., Mitchell, B., & Fleming, P. J. S. (2015). Artificial
watering points are focal points for activity by an invasive herbivore but not native herbivores in
conservation reserves in arid Australia. Biodiversity and Conservation, 24(1), 1-16. doi:10.1007 /s10531-
014-0770-y

Li, W., Du, Z., Ling, F., Zhou, D., Wang, H., Gui, Y., ... Zhang, X. (2013). A Comparison of Land
Surface Water Mapping Using the Normalized Difference Water Index from TM, ETM+ and ALIL
Remote Sensing, 5(11), 5530-5549. doi:10.3390/1s5115530

Ludwig, J., Tongway, D., Hodgkinson, K., Freudenberger, D., & Noble, . (19906). Landscape Ecology,
Function and Management: Principles from Aunstralia’s Rangelands (Vol. 1). Csiro Publishing. Retrieved from
https://books.google.com/booksrhl=en&lr=&id=6vH5Y7TENfwC&pgis=1

McFeeters, S. K. (2013). Using the normalized difference water index (ndwi) within a geographic
information system to detect swimming pools for mosquito abatement: A practical approach. Remote
Sensing, 5(7), 3544-3561. doi:10.3390/1s5073544

Nestle. (2013). Product Guide. Product Guide Australia, (September). doi:10.1080/1073161X.1994.10467258

Ngene, S., Mukeka, J., Ihwagi, F., Mathenge, J., Wandera, A., Tobias, N., ... Zeke, P. G. (2013). Total
aerial count of e lephants , Grevy ’ s zebra and other large mammals in Laikipia-Samburu-Marsabit
Ecosystem in ( November 2012 ), (November 2012).

Ogutu, J. O., Piepho, H. P., Reid, R. S., Rainy, M. E., Kruska, R. L., Worden, J. S., ... Hobbs, N. T.
(2010). Large herbivore responses to water and settlements in savannas. Ecological Monographs, §0(2),
241-266. doi:10.1890/09-0439.1

Ogutu, J. O, Reid, R. S., Piepho, H. P., Hobbs, N. T\, Rainy, M. E., Kruska, R. L., ... Nyabenge, M.
(2014). Large herbivore responses to surface water and land use in an East African savanna:
Implications for conservation and human-wildlife conflicts. Biodiversity and Conservation, 23(3), 573—
596. doi:10.1007/s10531-013-0617-y

Palmer, W. C. (1965). Meteorological Drought. U.S. Weather Burean, Res. Pap. No. 45. Retrieved from
https://www.ncdc.noaa.gov/temp-and-precip/drought/docs/palmer.pdf

Park, J.-M., Song, W. J., & Pearlman, W. a. (1999). Speckle filtering of SAR images based on adaptive
windowing. IEE Proceedings - 1ision, Image, and Signal Processing, 146(4), 191. doi:10.1049/ip-
vis: 19990550

Prigent, C., Papa, F., Aires, F., Rossow, W. B., & Matthews, E. (2007). Global inundation dynamics
inferred from multiple satellite observations, 1993-2000. Journal of Geophysical Research Atmospheres,
112(12), 1993-2000. doi:10.1029/2006]JD007847

Redfern, J. V. (2002). Manipulating Surface Water Availability to Manage Herbivore Distributions in the
Kruger National Park , South Africa Manipulating Surface Water Availability to Manage Herbivore
Distributions in the Kruger National Park , South Africa. Africa.

Redfern, J. V., Grant, C. C., Gaylard, A., & Getz, W. M. (2005). Surface water availability and the
management of herbivore distributions in an African savanna ecosystem. Journal of Arid Environments,
63(2), 406—424. doi:10.1016/j.jaridenv.2005.03.016

Seabrook, L. M., McAlpine, C., Baxter, G., Rhodes, J. R., Bradley, A., & Lunney, D. (2011). Drought-
driven change in wildlife distribution and numbers: a case study of koalas in south west Queensland.
Wildlife Research, 38, 509-524. doi:10.1071/WR11064

Shannon, G., Matthews, W. S., Page, B. R., Patker, G. E., & Smith, R. J. (2009). The affects of artificial
water availability on large herbivore ranging patterns in savanna habitats: A new approach based on

36



modelling elephant path distributions. Diversity and Distributions, 15(5), 776-783. doi:10.1111/].1472-
4642.2009.00581.x

Smit, I. P. J., & Grant, C. C. (2009). Managing surface-water in a large semi-arid savanna park: Effects on
grazer distribution patterns. Journal for Nature Conservation, 17(2), 61-71. doi:10.1016/}.jnc.2009.01.001

Thouless, C. R. (1995). Long distance movements of elephants in northern Kenya. Afiican Journal of
Ecology, 33, 321-334. doi:10.1111/§.1365-2028.1995.tb01042.x

Tulbure, M. G., & Broich, M. (2013). Spatiotemporal dynamic of surface water bodies using Landsat time-
series data from 1999 to 2011. ISPRS Journal of Photogrammetry and Remote Sensing, 79, 44—52.
doi:10.1016/j.isprsjprs.2013.01.010

Western, D. (1975). Water availability and its influence on the structure and dynamics of a savannah large
mammal community. African Journal of Ecology, 13(3-4), 265-286. doi:10.1111/}.1365-
2028.1975.tb00139.

Gereta, E., Wolanski, E., 1998. Wildlife-water quality interactions in the Serengeti Ntional Park. Tanzania.
African Journal of Ecology 36, 1-14

Wu, G., & Liu, Y. (2015). Downscaling Surface Water Inundation from Coarse Data to Fine-Scale
Resolution: Methodology and Accuracy Assessment. Remote Sensing, 7(12), 15989-16003.
doi:10.3390/1s71215813

37



	1. Introduction
	1.1. Background
	1.1.1. Climate change and drought
	1.1.2. Herbivore-water relationship in Africa savannah ecosystem
	1.1.3. Drought in the Laikipia -Samburu ecosystem
	1.1.4. Remote sensing of surface water

	1.2. Problem statement
	1.2.1. General objectives
	1.2.2. Specific objectives

	1.3. Reseach questions
	1.4. Reseach  hypotheses
	1.5. Organisation of the thesis and reseach approach

	2. Materials and Methods
	2.1. Study area
	2.1.1. Geographic conditions
	2.1.2. Climate and rainfall distribution
	2.1.3. Hydrology
	2.1.4. Land use
	2.1.5. Animal survey data
	Total aerial wildlife counts in this study were carried out in November 2008 and November 2012 respectively by Kenya wildlife survey (KWS) using standard total aerial count, strip transect methodology, over almost all of the Laikipia-Samburu ecosystem...
	2.1.6. Animal species selection and grouping
	2.1.7. Satellite image collection and pre-processing
	2.1.8. Cloud and cloud shadow masking procedures

	2.2. Mapping of surface water bodies
	2.2.1. Use of spectral index for extracting water features
	2.2.2. Image thresholding segmentation
	2.2.3. Accuracy assessment

	2.3. Re-sampling of animal survey data and the calculation of distance to water bodies
	2.4. Statistical analysis
	2.4.1. Quantifying the distribution patterns of surface water bodies
	2.4.2. Examining the relationship between animal distribution and distance to water bodies


	3. results
	3.1. Mapping of surface water bodies from satellite remote sensing
	3.2. Spatial patterns of water body distributions under drought and non-drought conditions
	3.3. Relationship between animal distribiution and water availability

	4. Discussion
	4.1. Mapping surface water bodies using spectral indices derived from Landsat data
	4.2. Change in water body availability under drought and non-drought conditions
	4.3. Response of herbivores to water availability under drought and non- drought conditions

	5. Conclusions and RecommendationS

