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ABSTRACT

Elephant population has risen steadily in Amboseli National park since the government
enhanced its efforts in combating poaching. However, human population increase and
settlements have impacted on vegetation composition leading to a shift in vegetation structure.
Due to these changes woody vegetation has shrank to less than 10% and is now dominated by
grassland and swamp. We used long-term ACP data to investigate whether human settlement,
NDVI and vegetation biomass have significant impact on elephant density distributions over
time and further determined the long-term spatial population distribution of elephants in
Amboseli. Results from a generalized least square model showed that NDVI, human settlement

and vegetation biomass significantly influence elephant density distribution.

The spatial density distribution maps for elephants showed that elephant densities were
high inside the park during dry season basically because of the swamp which is located inside the
park and it’s considered as the main source of water and food. However, during wet season
elephants move freely in and outside the park. Spatial density distribution maps for decades
showed that elephant densities were very low and evenly distributed during the 1990 decade;

concentration for other decades was higher inside the park compared to outside.

A generalized spatial least square model developed to determine the effect of seasonal
elephant density distributions on vegetation showed that during wet season elephants have no

significant effect on vegetation but they were found to be significant during dry season.



CHAPTER ONE: INTRODUCTION

1.1 Background

Considerable progress in conserving the environment has been made by NGOs, the
Kenyan government and other stake holders. They have played a key role in protecting wildlife,
forests, as well as promoting peaceful coexistence between wildlife and the communities living
in Amboseli. Despite these efforts, still, many challenges need to be addressed. These include:

%+ Conflicts between the communities living in the area and wildlife.
% Persistent increase in elephant population which is believed to be the main cause of
habitat change.
% Decline in the number of browsers and grazers.
% Human settlement.
¢+ Drought.

However, this project focuses on the long term spatial distribution of elephant densities in
Amboseli ecosystem and how they are affected by human settlement, NDVI and vegetation
biomass.

Between 1970 and 1989 poachers killed more than 5000 elephants in a year (David
western, 1995) but poaching levels dropped by almost 50 percent when international ivory ban
was imposed in 1990.Kenya’s efforts to end poaching and the success of international ivory ban
has led to the increase in elephant population, which is now enjoying protection from Kenya
Wildlife Service, ACP and other stake holders. However, over the years as Elephant numbers
continue to increase, the composition of woody vegetation (Trees and shrubs) continues to lose
its diversity.

Woodland loss is a major cause of biodiversity decline in African savanna parks. There
are three major theories which explain woodland loss in Amboseli National Park. They include;

overgrazing theory, pathogen/pest theory and climatic theory.

A 20 year experiment conducted by David Western in Amboseli National Park indicates
that Elephants are the ones preventing Woodland recovery. They impact on plants by breaking

branches/stems, stripping bark, uprooting plants and toppling trees. The persistence of plant



species eaten by elephants are dependent on whether they can cope with herbivory of this nature

, or whether mortality is balanced or exceeded by recruitment and regeneration.

Increase in elephant densities translate to increase in grazing/browsing pressure, resulting
to decline of woody vegetation. Loss of woody vegetation negatively impacts the survival and
movement of birds, insects and other mammals.

Human settlement has spread and encroached into the elephant habitat. Elephants are
now confined in a small area in the park. It is projected that if this trend continues, then woody
vegetation will be completely exhausted as grassland spreads in the area which was originally
covered by trees and shrubs. Eventually, elephant population will decrease drastically or possibly
be rendered extinct.

As a result of these changes we seek to apply a generalized least square model to
determine the effects of human settlement, NDVI and vegetation biomass on elephant densities

over time.
1.2 The study area

The study area falls to the North of Amboseli National Park, immediately north of Mount
Kilimanjaro and the Tanzania-Kenya border. It covers approximately 400km? with an average
rainfall of 350mm annually. The area has hot and wet season with maximum temperatures
varying between 26 and 44°c. (Mose, 2013).
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Figure 1.0: Map of Amboseli




1.3 Research problem

Amboseli ecosystem has experienced persistent increase in elephant population over
time. However, human settlements have been constantly increasing. This has resulted in loss of
woody vegetation diversity and spread of grassland and swamp. If the trend continues then
woody vegetation will be completely depleted. Due to limited resources, drought and human-

elephant conflicts, elephants might eventually be extinct.

1.4 Objectives of the study

1. To develop a statistical model to determine the effects of vegetation biomass, NDVI and
human settlement on elephant densities over time.
2. To generate spatial distribution maps for elephant densities over time using geographical

information system.
1.5 Hypothesis

1. Elephant population densities have increased independent of changes in vegetation
biomass, NDVI, and human population increase.

2. The spatial distribution of elephants in Amboseli is not affected by seasonal changes.

1.6 Research questions

The main aim of this study is to determine the factors that largely explain seasonal
distributions and changes in elephant population densities. The following questions will be

answered:

1. Do human settlements, vegetation biomass and NDVI have significant effect on elephant
population densities?

2. Do seasonal changes affect the spatial distribution of elephants?



1.7 Justification

The generalized least square model is important in addressing autocorrelation, normality
and heteroskedasticity unlike general regression model which assumes that data is normal and no
autocorrelation exists. Elephants being the response variable, the model will clearly show the
variables which are significant in influencing the elephant population densities over time taking

into consideration the effects of autocorrelation and normality.

The GIS maps on the long-term spatial population distribution of elephant densities will
be useful in displaying the long term changes of elephant densities in Amboseli National Park
and the surrounding. These maps will be helpful in forecasting the long term impact of elephant
movements and distribution patterns; which is essential in policy making to reduce human-

elephant conflicts while maximizing resources in the ecosystem.



CHAPTER TWO: LITERATURE REVIEW

Elephants being keystone species play a significant role in ecological dynamics. They can
influence vegetation structure and composition in ecosystem processes. They are also one of the
main tourist attraction species. However, elephants are the main targets of poachers, which make
them a species of conservation concern (Omondi and Ngene, 2012) .Over the last 100 years
African elephants have reduced dramatically due to ivory trade and drought. It is estimated that
elephants declined from around 167,000 in 1973 to 20,000 in 1990.According to the 2014 KWS
census they were estimated at 38,000 while in Africa they are estimated to be between 410,000
to 250, 000, which represents more than 50% decline in the last 35 years. However, in Amboseli
their numbers have grown steadily over the last two decades which is more worrying since

woody vegetation, which is their main forage, has been depleted.

A long-term ecological research in Amboseli showed that woodland and bush land
habitats have sharply declined over the past 50 years (Western, 2006) while swamps, scrublands
and Grasslands have greatly expanded. The Woodland cover is approximately 10% of Amboseli
National Park down from 30% in 1950; it is now dominated by plains and swamp. This is a
worrying trend and since woody vegetation is expected to be rendered extinct in the next two

decades (Western, 2006), its loss will greatly affect browsing species diversity in the ecosystem.

Large mammal herbivores are the main drivers of African savannah ecosystems and have
strong impact on woody vegetation (Lauren, 2013).Mega herbivore exclusion results in increased
densities of reproductive trees and tall trees. Consequently, mammalian extinction and changes

in land use have complex cascading consequences.

Over the last half a century elephant numbers have drastically increased in Amboseli
ecosystem even though there are limited resources, human pressure and competition for

resources.

According to Western and Lindsay (1983), elephants select habitats with more abundant
but less digestive forage during wet season but during early dry season they heavily use
woodlands. African population distributions are influenced by availability of water (Timothy and

Child, 2012).Concentration of elephants near water points may lead to vegetation degradation.



Human settlement and poaching also have huge impact on elephant movement; they are forced to

alter migration patterns and concentrate in protected areas (Western, 1989)

Elephants are extremely adaptable and are capable of occupying a variety of habitats.
Environmental factors that affect elephant movement and distribution include, group size and
composition, home range, migration patterns and diet (AWF technical handbook series,

1996).Elephant diet include grass, herbs, bark, tree foliage and fruits.

Elephant mainly affect the size of trees more than density (Claudius et al, 1999) during
wet season, as the season progresses they retreat to swamps and swamp edge. They also seek
places with high proportions of vegetation and avoid human settlements (Grant and Harris et al,
2008).If the area available is large they will probably favour areas near water and high vegetation
cover. Artificial water points are mostly affected by elephants (Kanision et al, 2012), canopy
cover increases in areas away from the artificial water points. Browsing near areas of water

points by large herbivores result in vegetation degradation.

Large herbivores affect the structure and composition of plant communities (Hillary et
al, 2013).The response of plant communities to herbivores is dependent on herbivore abundance
and herbivore identity. A linear model to determine the effects of herbivore and rainfall on
vegetation showed that rainfall had a significant effect on vegetation structure. There was
evidence of reduced vegetation cover in areas with high wildlife numbers; grasses also

dominated in these areas.

Amahowe et al (2012) used a linear model to assess the woody vegetation structure and
plant diversity in areas used by elephants. The model showed that the type of vegetation in an
ecosystem could influence the damage caused by elephants. Habitats which are rich in large and
tall trees are more exposed to elephant damage. The distribution of elephants in relation to
ecological and environmental factors, (William et al, 2013) showed that elephant density was
highly correlated with decreasing human density. It was also positively correlated with rainfall
and NDVI.Their densities were also found to be correlated with increased human literacy and

increased per capita rate.

NDVI is used to measure the density of green on a patch of land. It can also be used as an

indicator of climate change. It’s a measure of vegetation which is a major component of land



cover (Nduati et al, 2013), a widely used parameter in assessment and characterization of
vegetation which is extremely useful for researchers aiming to understand better on how
vegetation distribution and dynamics affect diversity, population dynamics, movement patterns
and life history traits of animal populations.

High vegetation index indicates that the amount of rainfall is high which results to an
increase in elephant densities, unless there are constraint factors such as poaching. Within
landscapes, elephants are found on grid-cells with higher NDVI values but the influence of
NDVI during dry season may be weak (Young et al, 2009).Also, exists a positive relationship
between NDVI and elephant densities in non-forest populations, (Duffy and Pettorelli, 2012).1t
can also be linked to mega herbivore abundance across Africa. Seasonal rainfall patterns
determine the quantity and quality of vegetation and influence large scale movements of
herbivores (Mose et al, 2013), but the spread of human settlement, human activities and
fragmentations threaten large migratory ungulates in Africa. Elephants move in relation to food

abundance and quantity.

When green vegetation is not available elephants adjust their elevation upwards during
dry season. When productive vegetation is available at the lower elevations the elephants stick to
that home range (Bohrer et al, 2014)

Interaction between elephants and people occur within conservation areas. In most cases
it leads to human-elephant conflict which is a highly emotive and politicized issue. In Africa this

interaction has occurred for over 1000 years.

Elephants are key to tourism attraction but at the same time vulnerable to poaching due
to ivory trade. Unprotected conservation areas attract human settlements which are not only
significant in influencing the changes in elephant numbers but also affect the growth and spread
of vegetation. The inhabitants use trees for firewood and construction of houses (Western and
Thomas, 1979). Human activities have profound effects on the distribution and habitat utilization
patterns of elephants in an ecosystem. Increase in human settlement often lead to conflict

between human beings and elephants because of the competition for resources.

There has been persistent growth of human population in Africa that has resulted in land

subdivision and settlement in areas which were initially reserved for conservation. Africa’s



population distribution will always be vulnerable to human settlement and expanding agriculture.
For instance, Amboseli ecosystem settlement patterns follow various biological and physical
characteristics of the landscape (Western and Dunne, 1979).They are located away from bush
vegetation and dense trees because of predators.

A linear model developed by Hoare and Toit (1999) showed that elephant density is
unrelated to human settlement. Habitat loss has a more serious effect on elephant than poaching
while land clearing by rural human population result in a less reversible loss in elephant numbers
(Hoare and Toit, 1999).

A generalized least square model to assess whether the movement of elephants across a
wide resource gradient was explained by rainfall, population density and primary productivity
showed that survival of elephants decreased during dry season but increased during wet season
(Young and Aarde, 2010).Elephant densities increased with increase in vegetation productivity

but decreased with high human densities.

Merode et al (2000) explored the relationship between the distribution of wildlife
populations and human activities. He discovered that the presence of agricultural communities,
conservation practices and proximity to urban areas affect the presence, abundance and
community structure of large mammal populations. Elephant normal movements and migrations
are usually confined to individual home ranges (Viljoen, 1989).They can utilize food resources
up to 70kms away from waterholes due to their mobility and ability to go up to four days without

drinking water.

Both biotic and abiotic factors constrain the distribution of elephants. Their presence is
positively correlated with forest cover and vegetation productivity (Rood et al, 2010).A spatially
explicit model showed that elephants mainly utilize forest edges but avoid human dominated
areas. Forest encroachment occurs throughout the elephants range and is found within 80% of

the elephants’ ecological niche.



CHAPTER THREE: METHODOLOGY

3.1 Data

The data for vegetation, elephant and human settlement was obtained from Amboseli
Conservation Program (ACP).The sample design is based on systematic flight lines over the
entire study area. The study area is subdivided into grids of 5x5 km.The coordinates are based on
the standard geographical system (UTM Grid) numbering from East to West and from South to
North. Each cell is located by the column number, followed by the row number.

The area is sampled by flying parallel flight lines, 5km apart, along each column such
that the transect runs through the center of each grid. In this way each grid within the study area
is sampled and distributions can be established for animals and environmental variables over the

region.

Normalized Difference Vegetation Index (NDVI) data was obtained from the Global

Land Cover Facility (http://www.glcf.umd.edu/data/gimms/)

We describe a generalized least square model that will be applied to elephant densities in
chapter 4. We further outline the advantages and disadvantages of generalized least square
model. Finally, we describe the reasons we settled on human settlement, NDV1 and vegetation as

the ideal variables for our model.

3.2 Choice of variables

3.2.1 Human Settlement

The human population and settlements in Amboseli has been constantly growing, posing
a threat to movements and survival of elephants and other herbivores. Human population growth
often leads to land subdivision, human-elephant conflicts, poaching and exhaustion of woody
vegetation. As a result of being exposed to human beings, elephants spend more time at night
than during the day in areas under land use to avoid being attacked by human beings (Graham et
al, 2009).This demonstrate that elephants deliberately alter their behavior to avoid risk in human
dominated areas. Since elephants move freely within and without the park, human settlements
are perceived to be an important variable to be tested to determine whether it has a major impact

on elephant densities.


http://www.glcf.umd.edu/data/gimms/

Elephant densities are calculated as:

Elephant numbers
Area(5 X 5km)

Elephant density =

3.2.2 Vegetation biomass

Vegetation in Amboseli is classified into woodland, plains, grassland, swamp and bush
land; it is quantified in terms of biomass. Elephants being mixed feeders and due to their nature
of feeding on bulky, they alter the vegetation structure and composition of an entire ecosystem.
In Amboseli, woody vegetation has shrunk to insignificant levels whereas grassland has spread
to cover the largest portion. This is a worrying trend even though elephants continue to increase
in numbers. These dynamics necessitated us to study whether the changes in structural diversity

of vegetation have significant influence on elephant densities.
Vegetation biomass can be calculated as

y = 29.03x + 3.34
Where y = Biomass per m?

x = Hits per pin

3.2.3 NDVI

NDVI (Normalized Difference Vegetation Index) is used to measure remote sensing
measurements from space platform and is used to assess whether the target being observed
contains green vegetation or not. It’s calculated as:

(NIR — RED)
(NIR + RED)
NIR = Near — infrared
RED = Red reflectance

NDVI =

NDVI values are presented as a ratio ranging from -1 to 1 but extremely negative values
represent water, values around zero represent bare soil and values over 6 represent dense green

vegetation.
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There is a direct relationship between NDVI and the amount of stress vegetation
experience. Low vegetation index implies that vegetation quality and quantity is also minimum.

These changes could influence elephant distribution and abundance.
3.3 Generalized least square model

In this section we begin by describing the classical linear regression model.
Consider the following linear regression model

Y = Bo + B1Xin + BoXiz + B3 Xis+, ., +BiXik-1 T & (3.3.1)
This model can also be expressed as

Y=XB+¢ (3.3.2)

Where X is the n X k matrix of explanatory variables and Y is then x 1 vector of response

variable values. € is n x 1 vector of true residuals.
The estimates of g and 8% are given as

p=&X)"Xy

Where
E=y—Xp (3.3.3)

The linear model requires relatively strict set of assumptions. These assumptions are required to
show that the estimation technique has a number of desirable properties, and also so that the

hypothesis tests regarding coefficient estimates could validly be concluded.
Below we present the assumptions classical linear model should meet.

1. E(g;) = 0 The errors have zero mean.
2. Var(g;) = 6% < oo The variance of the errors is constant and finite over all values of X;

3. Cov(si, s]-) = 0 The errors are statistically independent of one another.

11



4. Cov(ei, X,-) = 0 There is no relationship between the error and the corresponding x

5. &~N(0,0%)g; is normally distributed

We need to test whether our data satisfies the assumptions of normality and auto regression in

order to verify whether any of these assumptions is violated.
3.4 Data validation tests

Validation is the process of assessing how well a model performs against real data. Since
we are employing generalized least square model, Durbin Watson, Shapiro-Wilk and Breusch-
Pagan tests are used to assess the quality and validity of the data based on assumptions of

normality, autocorrelation and heteroskedasticity.

3.4.1 Durbin Watson test for autocorrelation

It’s a statistical test used to detect the presence of autocorrelation in the residuals. Let e;
be residual sorted into time order then the Durbin Watson test statistic is

ln=2(ei - 9t—1)2

n 2
i=16€i

d =

If d is less than 2 then there is a positive serial correlation, if d is 2 then there is no serial
correlation. If d is more than 2 then there is a negative serial correlation. Because of the
dependence of any computed Durbin Watson value on the associated matrix, exact critical values
of Durbin Watson statistic are not tabulated for all possible cases. The conventional Durbin
Watson tables are not applicable when you do not have constant term in the equation.

According to our model d=1.5515, p value=0.008841

Where d represents Durbin Watson

Since d is less than 2 then there is evidence of positive serial autocorrelation in the residuals.
3.4.2 Shapiro-Wilk test for normality

Shapiro- wilk test can be performed to test whether normality test is statistically valid or
not. The test utilizes the null hypothesis to check whether a sample x,...x,, came from a

normally distributed population.

12



The test statistic is

_ Qi a x(i))z
=1 (x —%)?

Where x;)is the ith order statistic

(%1, ) Xn)
n

X =
The constants a; are given by

mly-1
= (mV—lv—lmT)l/Z

(alJ 0 an)
m= (my, .., my)T"

m,, ..., m, are the expected values of the order statistic of independent and identically distributed
random variables sampled from the standard normal population, and V is the covariance matrix

of the order statistics.

W P-value
Elephant density 0.9364 0.0001494
Vegetation biomass 0.9726 0.03989
Human settlement 0.9807 0.1649
NDVI 0.9159 0.00001145

Table 3.1: Shapiro-Wilk test

From table 3.1, elephant density, vegetation biomass and NDVI are not normally distributed

where as human settlement is normally distributed.
3.4.3 Breusch-Pagan test for Heteroskedasticity.

Random variables can be found to be heteroskedastic if some of their sub populations
have different variability from others. The possible existence of heterokedasticity is a major

13



concern in the application of regression analysis, including the analysis of variance, because the
presence of heteroskedasticity can invalidate statistical tests of significance that assume that the
modeling errors are uncorrelated and normally distributed and that their variances do not vary
with the effects being modeled.

Breusch-Pagan test is used to test whether the estimated variance of the residual from a
generalized least square model depends on the values of the independent variables or not. In a
generalized least square model if the p values from the estimated variance is less than 0.05 then

we deduce that there is heteroskedasticity or we conclude otherwise if p value is more than 0.05.

The test statistic for Breusch-Pagan test is
bp = (u— i) 2(Z'2)"'2' (u — )
Where

—(p2 p2 2
u=_(ei,es, ..., ex

1 2 ele
V= i=1(ef — T)Z

According to our model BP = 8.6205, p value=0.03479
Where BP represents Breusch-Pagan test

Since the test shows that the p value is 0.03, which is less than 0.05 then we conclude that

there is evidence of heterogeneous variance in the data.

Clearly the classical linear regression model will not be ideal since the data violates the
assumptions of normality and autocorrelation. Generalized least square model is the most
appropriate since it allows for heterogeneous variance in the residuals. The generalized least
square estimatorf is an unbiased estimator. If the assumption of normality is relaxed 8 becomes
the best linear unbiased estimator. The model has a wide range of applications in ecological

systems and environment where simple linear regression model cannot be applicable.

Generalized least square model is a technique of estimating unknown parameters in a

general linear regression model. This technique is usually applied when the observation data has
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a certain degree of correlation. Since ordinary least squares can be statistically inefficient

generalized least square can give reliable inferences.
Suppose variance =2y, where o2 isunknown but ¥ is known.
Generalized least squares minimizes

O —XB)'E - XB) (3.4.1)
This is solved by

B=XTE X)Xy y (34.2)
Y = SST, where S is a triangular matrix.
Using Choleski decomposition we have
O —XB)'STISTHy —XB) = (STly = STXB) (ST y — STIXPB) (34.3)
gls is like regressing S™1X on S~ 1y
y=Xp+e (3.4.4)
S7ly =S"1Xp + S ¢
Our new regression equation is
y =Xp+¢ (3.4.5)
Where the variance of the new errors,&’ are expressed as
vare' = var(§te) = S T(vare)S™T = S 102SSTS™T = 2]
varf = (X" "1X) 102 (3.4.6)
E(e]lX) =0
Var(e|X) = o?I
The likelihood function of (Bo,0?) is of the form

1

2702

L(B8ly) = (218%) zexp [ (v — xB)'(y - xB)] (3.4.7)

B is unbiased estimator of B and §2is unbiased estimate of §2

An unbiased estimator for §2is the residual variance given by
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n

1 a2

MSE = nTkZ &
i

T test can be used to test whether the parameter estimates are statistically significant or not

A~

r__PF
S/\/Sxx

Where

3;5x_y

Sxx
Sex=2(X — X)?
Sey=2(X = X)(Y = 1)

Coefficient of determination can be calculated to see how well the model is successful at

explaining variability as

R 2— 59%3’
SxxSyy

Where

Syy = ) (V=7
Our generalized least square model equation is described as
Elephantdensity(y)=f1X1tf,X2+[3X3 +¢ (3.4.8)
Y=Elephant density
X1=Vegetation biomass
X>=NDVI

X3=Human settlement
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CHAPTER FOUR: DATA ANALYSIS

4.1 Background

Statistical analyses were conducted using STATA version 12 and R 3.0.1.Elephant spatial
population distribution maps were generated using Quantum GIS version 1.7.0 and Arc view
version 3.2 a. Graphical representation were used to summarize the data using STATA 12 and R
version 3.0.1.Generalized least square model was used to model the effects of vegetation
biomass, human settlement and NDVI on elephant densities.Also,generalized spatial least square
model was fitted on vegetation biomass to test whether elephant densities had significant effect

on vegetation during dry and wet seasons.
4.2 Exploratory data analysis

Exploratory data analysis was applied to vegetation data (bush land, woodland, grassland,
and swamp), elephant population density, NDVI and human settlement to determine whether the

data satisfies the assumptions of normality and autocorrelation.

QQ plots were used to test for normality, ACF plots were used to test for autocorrelation

while histogram and density plots were plotted to test for normality and skewedness.
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Figure 4.2.1: QQ plots for Elephants, Vegetation biomass and Human settlement
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Figure 4.1.2: ACF plots for testing Autocorrelation and partial-correlation.
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There is no evidence of normality from the QQ plots for Grassland, swamp and
woodland. (Figure 4.2.1) Autocorrelation is also present in woodland and grassland data (Figure
4.2.2). The histograms for NDVI and elephant densities are skewed to the left. General linear
regression will not be suitable for analysis of data which has autocorrelation and lacks normality.
Generalized least square model is the most suitable technique since the application of maximum

likelihood technique takes care of autocorrelation, normality and heteroskedasticity.

Trend graphs

Trend graphs help in visualizing and describing data and trends. We used line graphs, bar

graph and box plot to compare various variables used in the model over time.
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Figure 4.2.3: Line plots of elephant densities against vegetation biomass and human settlement.
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Elephant population deviations from the mean in Amboseli Basin over time
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Figure 4.2.4: Mean deviations of elephant densities over time. The graph shows how far each

point in the data deviates from the mean densities.
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Figure 4.2.5: Box plots for vegetation classes in Amboseli
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The rate of increase in human densities is higher than that of elephant densities (figure
4.2.4) but vegetation biomass increases as elephant densities increase. Box plots in figure 4.2.6
show that Woodland has the highest biomass followed by swamp, grassland, bushland and plains
respectively.

4.4 Application of generalized least square model

Estimate Std.Error t —Value Pr(> |t])
Vegetation Biomass 0.0112275 0.00553507 2.028420 0.0453
Settlements -0.5136491 0.15230005 -3.372613 0.0011
NDVI 0.1296039 0.01506687 8.601912 0.0000

Table 4.1: Generalized least square model table of elephant densities against vegetation biomass,

NDVI and human settlement.

F —Value Pr(> |t])
Vegetation Biomass 1050.9808 <.0001
Human Settlement 57.5295 <.0001
NDVI 71.7045 <.0001

Table 4.2: ANOVA table for testing the significance of parameters in the gls model.
The generalized least square model equation was found to be
Elephant density(y) = 0.0112275X; — 0.5136491X, + 0.1296039X; + ¢

Human settlements have a negative influence on elephant densities; vegetation biomass
and NDVI positively affect elephant densities. A unit increase in vegetation biomass results to

1% increase in elephant densities while a unit increase in NDVI affects the changes of elephant
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densities by 13%.A unit increase in human settlements results to 51% decrease in elephant
densities. All variables are therefore important in determining the population changes and spatial

distribution of elephants in an ecosystem.

4.5 Spatial distribution of elephant densities.

Elephant movement in Amboseli ecosystem is based on geographical boundaries. The area is
subdivided into grids of 5X5km.Each grid is given a unique code for identification purpose.
Elephants move across the grids and within the grids by tracking the resources. We used a spatial
generalized least square model to determine whether the movement of elephants across the grids

has significant impact on vegetation biomass based on wet and dry seasons.

We first conduct exploratory data analysis to test normality and autocorrelation of
variables used in the model.ACF plots and QQ plots are used to test autocorrelation and

normality respectively.
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Figure 4.5.1: ACF and QQ plots for testing normality in elephant densities and vegetation

biomass data.
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There was evidence of autocorrelation in vegetation biomass data. Also, vegetation

biomass, dry and wet season elephant densities were not normally distributed.
4.6 Spatial generalized least square model

A spatial generalized least square model was used to test whether elephant densities
during wet and dry season had significant effect on vegetation. Grid coordinate system was used

as the spatial aspect.

The general spatial least square model can be expressed as

vi=a + Bx; + & (4.6.1)
i=1,..,N
E(e) =0

The auxiliary regression is given by
z}=0 + 8x; + v, (4.6.2)

Y a?
SZ: i
N

)
=1

2_2
l

Zi="3
Spatial auto regression
The spatial auto regression model can be expressed as

y=pWy+xp+e (4.6.3)
Where
y = n by 1 vector of observations on the dependent variable
w = n by n spatial weights matrix that formalizes

p = spatial auto regressive parameter

X= n by k matrix of observations on the exogenous variables, with an associated k by 1

regression coefficient vectorf

& = avector or random error terms
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The log-likelihood for the spatial auto regression can be estimated by;

InL = - (1/20%) (y-pWy-XB) '(y-pWy-XB)

The least square estimator and variance for spatial auto regression can be estimated by;

PuL=(X'X)"

X (y-AWy)

~ ep—per) (epg—pe
6 =(0 peL) (eo—peyr)

ML
Where
e0:y—x,5’0

er=y — XBL

N

We present our model as

(4.6.4)

Vegetation biomass(y;)=p1 Xi1+f,Xix+¢; (4.6.5)
Yi=Vegetation biomass
X1=Elephant wet season densities in grid i
X2=Elephant dry season densities in grid i.

Estimate Std.Error t —Value Pr(> |t])

Elephants wet -16.31656 10.16184 -1.605670 0.1279
season densities
Elephants dry 47.13896 12.70136 3.711332 0.0019

season densities

Table4.5.2: Generalized least square model for elephant spatial density distribution.
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F —Value Pr(> |t])

Elephants wet season densities 0.782412 0.3895

Elephants dry season densities 12.243540 | 0.0030

Table 4.5.3: ANOVA table for elephant spatial density distribution model

During dry season elephant densities have a significant effect on vegetation biomass (Table 4.4)
but during wet season they their movement within Amboseli do not significantly influence

vegetation change.
The spatial elephant distribution model equation was found to be
Vegetation biomass(yi)=—16.31656X;+47.13896X, + ¢

Vegetation biomass increase during wet season but decrease during dry season. During
dry season a unit increase in elephant densities results to 16.3% decrease in vegetation biomass
but during wet season vegetation biomass increases by 47.1% when elephant densities increase

by a single unity
4.7 Density distribution maps for Elephants over time.

Density distribution maps are essential in determining the movement patterns and the level of
resource utilization over time based on species densities on specific grids. They can also be
useful in tracking species especially in unprotected areas and map generalization which act on a
group of elephants or any other species at meso level or a whole thematic class at micro level.
Plotting of geographical distribution maps for elephants can be done using ArcView, ArcGIS, R

and Quantum gis tools.

Density distribution maps for elephants were generated using Quantum gis 1.7.0 and arc view
3.2 a.Elephant maps were plotted based on graduated sizes of their densities. Dots represent
densities per grid, maps portray the geographical distribution of discrete phenomena using an
arrangement of identical point symbols. This technique is particularly useful for understanding

global distribution of the mapped elephant densities and comparing relative densities of different
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grids in the map. The aim was to determine whether their distribution within the park and outside

the park varies from time to time based on decades and seasonality.
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Figure 4.6.1: Elephant population distribution for 1970 decade
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Elephant population distribution in Amboseli(1990s)
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Figure 4.6.4: Elephant population distribution for 2000 decade
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Elephant population distribution in Amboseli during dry season
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Figure 4.6.6: Dry season density distribution
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Elephant density distribution in llkisongo during dry and wet season
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Figure 4.6.7: Elephant population distribution in Amboseli during dry and wet seasons
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4.8 Summary of results

The generalized least square model was used to determine whether NDVI, human
settlements and vegetation biomass have significant effects on elephant densities. Our findings
are consistent with previous studies. NDVI was found to be significant (ts7=8.601912, p=0.000),
human settlements were also significant (tg7=-3.11, p=0.003) while vegetation biomass was
significant (te7=2.028420, p=0.0453). A unit increase in vegetation biomass results to 1%
increase in elephant density. Human settlements also affects elephant density by 51.4%.The

model also showed that a unit increase in NDVI results to 12.9% increase in Elephant density.
The model equation can be expressed as;
Elephantdensity(y)=0.0112275X, — 0.5136491X, + 0.1296039X; + ¢

The ANOVA test was used to determine the significance of parameters in the generalized least
square model. The results show that all the parameters were significant in the model, vegetation
biomass (F97=1050.9808, p=0.0001), human settlement (Fg7=57.5295, p=0.0001), and NDVI
(Fe7=71.7045, p=0.000)

During dry season elephant densities were highest inside the park (Figure 4.6.6). During
wet season, although elephant densities were highest in the park, some of the elephants were able
to move outside the park (Figure 4.6.5). Elephants are mixed feeders and due to their big size
their distribution is motivated by availability of resources. Outside the park there is low
vegetation production and low water availability. Due to plenty of food in and outside the park
during wet season their distribution is also even but during dry season they are mainly within the

park because of the availability of the swamp and the fact that food is limited.

The decadal spatial density distribution showed that elephant distribution was even in
1990sbut the highest concentration was found inside the park in the decades of 1970s, 1980s and
2000s.
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CHAPTER FIVE: DISCUSSION, CONCLUSIONS AND
RECOMENDATIONS

The main aim of this study was to establish whether human settlements, NDVI and
vegetation biomass have significant impact on elephant densities, the result from a generalized
least square model confirmed that all variables in the model greatly influence the survival and

movement of elephants within and outside the park.

Elephants prefer woody vegetation to grass; vegetation serves as wildlife habitat and the
energy source for the vast array of animal species on the planet and, ultimately, to those that feed
on these. Vegetation is also critically important to the world economy, particularly in the use of
fossil fuels as an energy source, but also in the global production of food, wood, fuel and other
materials. Since woody vegetation is currently less diverse in Amboseli elephants feed on
alternative forage (grass), which is the dominant pasture in the ecosystem. From the model,
vegetation biomass was found to be significant in influencing the survival and movement of
elephants, it’s therefore important for stake holders to come up with ways to increase woody

vegetation diversity.

Also, the persistent increase of human settlement and land subdivision is
worrying.Amboseli ecosystem is an important biological and economic resource for human
beings, wildlife, livestock, and insects. Human beings are among the major causes for the loss of
biodiversity in Savannah ecosystems through habitat change and destruction (Erhlich,
1988).They mainly convert forests to arable fields and rangeland for grazing of livestock. These
land uses have a major effect on the distribution and abundance of world ungulates both at the

community level and population level, mostly causing wildlife population decline.

Measures should be put in place to prevent human encroachment and particularly
enlighten the communities living around the conservation areas on the importance of peaceful

coexistence between human beings and wildlife.

Spatial movement of elephants in the basin confirms that Amboseli National Park is an

important area for large mammals. Since their movement is majorly confined within the park,
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resources should be enough to sustain the ecosystem. Prudent measures should be undertaken to

safeguard the ecosystem from further settlements and human-elephant conflicts.

It’s evident from the spatial least square model that elephants significantly impact on
vegetation biomass during dry season but there was no evidence of any influence on vegetation

biomass during wet season.

Since elephants are the main cause of habitat change in Amboseli, a mathematical model
should be developed to test whether effects of vegetation change have cascading effect on other

species in the ecosystem.
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APPENDIX

R codes for generalized least square model and EDA.
setwd("C:/ERIC MBOYA_ACP_DATA/2014analysis/eric 2014 analysis/for thesis™)

read.csv("Elephantvegl.csv",header=T)
elep<-read.csv("Elephantvegl.csv",header=T)
attach(elep)

par(mfrow=c(4,4))
HittHHHHH A A Qg plots to test normality
ggnorm(Bushland,main="Bushland")
qqgline(Bushland)
ggnorm(Grassland,main="Grassland")
qqgline(Grassland)
ggnorm(PLAINS,main="Plains")
qqgline(PLAINS)
ggnorm(Swamp,main="Swamp")
qgline(Swamp)
ggnorm(Woodland,main="Woodland")
qqgline(Woodland)
qgnorm(ElephantBiomass,main="Elephant")
qqline(ElephantBiomass)
ggnorm(Settlements,main="settlements")
qqline(Settlements)

HHHHHHAEH# ACF plots to test for autocorrelation

acf(Bushland,main="ACF plot of Bushland")

39



acf(Grassland,main="ACF plot of Grassland")
acf(PLAINS,main="ACF plot of Plains")
acf(Swamp,main="ACF plot of Swamp")
acf(Woodland,main="ACF plot of Woodland")
acf(ElephantBiomass,main="ACF plot of Elephants")
acf(Settlements,main="ACF plot of settlements™)
HittHHH AR generalized least squares model
read.csv("'model.csv",header=T)
mod.gls=read.csv("model.csv",header=T)
attach(mod.gls)

library(nime)
mod.gls<-gls(Elephant~vegetation.biomass-1+settlement+ ndvi,correlation=corARMA(p=4), method="ML")
summary(mod.gls)

anova(mod.gls)

library(Imtest)
dwtest(Elephant~vegetation.biomass+settlement+ ndvi)
AR est for normality
shapiro.test(Elephant)
shapiro.test(vegetation.biomass)
shapiro.test(settlement)

shapiro.test(ndvi)

HiHHHHHHHAHHAH est for heteroskedasticity
library(Imtest)

bptest(Elephant~vegetation.biomass+settlement+ ndvi)
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Density Distribution maps for elephants

Elephant population distribution in Amboseli during dry season.
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Elephant population distribution in Amboseli during wet season.
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