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ABSTRACT
This study analyzed giraffe (Giraffa camelopardalis tippelskirchi) population and land use trends in
the Tsavo landscape. The main objectives of the study were: to assess the past and current
distribution of giraffe; to analyze how land use and land cover has changed in the Tsavo landscape
from the 1985 to 2020; and to determine how Land Use Land Cover (LULC) change and other
factors influence giraffe distribution within the Tsavo landscape.
Tsavo landscape was divided in to five regions, Tsavo West National Park (TWNP), Tsavo East
National Park (TENP), South Kitui National Reserve (SKNR), Taita Ranches and Rombo Group
Ranch. Current giraffe population, density, age structure and sex structure were established using
road transect counts in the different regions. Data were also collected on the status and distribution of
water sources during the road transect surveys. Past giraffe population was determined through
review of secondary data from past large mammal censuses in the study area. Landsat satellite
images for the years 1985,1999,2010 and 2020 were classified into various land and vegetation
classes and later analyzed to establish LULC change.
Giraffe density differed significantly among all the regions (H = 12.99, df = 4, P<0.05) in the Tsavo
landscape; Rombo Group Ranch had the highest density followed by TWNP. Taita Ranches came in
third followed by TENP, there were no giraffe sightings in SKNR. There was a significantly higher
number of female giraffe than male giraffe in the Tsavo landscape (x°= 36.94, df = 1, P<0.05), the
male: female sex ratio was 1:1.63. Giraffe age distribution varied significantly within the different
regions (x> = 38.34, df = 18, P<0.05), TENP had the highest proportion of adults followed by Rombo
Group Ranch, TWNP came in third but Taita Ranches had the least proportions of adults. Total
giraffe population showed a significantly declining trend since the 1970’s (R =-0.77, P<0.05). The
number of giraffe sightings decreased significantly with increase in distance to permanent rivers (R
= -0.88, P<0.05) and wet artificial waterpoints (R= - 0.93, P<0.05). Giraffe sightings decreased
though not significantly with increasing distance to seasonal rivers (R = -0.69, P>0.05) and dry
artificial water points (R=-0.48, P>0.05).
Chi-squared tests showed that there was a significant difference in the area covered by forest (y° =
286.91, df = 3, P < 0.05), bushland and Commiphora thicket (%~ = 355.21, df = 3, P < 0.05), Acacia
woodland (y? = 4820.30, df = 3, P <0.05) and woodland (y? = 411.97, df = 3, P < 0.05). There was a
significant increase in the area covered by grassland (y° = 2678.32, df = 3, P <0.05), bareland (y* =
3413.81, df = 3, P < 0.05), agriculture (y° = 1626.22, df = 3, P <0.05) and settlement (y~ = 448.97,
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df = 3, P < 0.05). There was no significant change in the area covered by water (y*>= 3.42, df = 3, P
< 0.05). The study also conducted a finer scale LULC change analysis on Rombo Group Ranch
between 1985 and 2020. Chi-squared tests revealed that there was significant increase in the area
covered by agriculture (y° = 62.62, df = 3, P <0.05) and bareland (y“ = 19.45, df =3, P < 0.05). The
area covered by Acacia woodland decreased significantly (y?>= 18.12, df = 3, P < 0.05). There was
no significant change on the area under woodland (¥?= 6.99, df = 3, P > 0.05), grassland (y? = 4.55, df
=3, P >0.05) and settlement (y~ = 0.83, df = 3, P > 0.05).

The study observed that the overall Masai giraffe population was decreasing over the years in the
Tsavo landscape, while LULC types that compromise giraffe conservation were observed to be
increasing. The study proposed formation of conservancies and formulation of land use plans in
community and private ranches to curb the development of LULC regimes that conflict with giraffe

conservation in the Tsavo landscape.
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CHAPTER ONE: INTRODUCTION

1.1 Background

Over the past decade, the giraffe population across Africa has been declining as a result of habitat
loss due to fragmentation and encroachment, severe poaching (especially for bush meat) and
increasing human population (Fennessy, 2009). Between 1985 and 2005 global giraffe population
declined from 150,000 to 98,000 individuals representing a 40% decrease (Muller, 2018). Giraffe
no longer exist in some countries such as Mali, Eritrea, Guinea, Burkina Faso, Nigeria, and Senegal.
Even in countries where giraffe currently exist their habitat range is diminishing (Shorrocks, 2016).

Land cover change and other anthropogenic activities greatly compromise the integrity of species
habitats (Syombua, 2013). Degraded habitats have direct impact on the reproductive fitness, foraging
behavior and ultimate survival of organisms (Vogel et al.,2017). Tsavo ecosystem has experienced
huge fluctuations of giraffe populations over the past years. This has largely been attributed to habitat
loss due to Land Use Land Cover (LULC) change (KWS 2018 a). Giraffe movements within the
Tsavo landscape have also been affected by fragmented habitats and diminishing wildlife corridors

due to changing land use practices (KWS, 2017).

Kenya ranks highly in terms of wildlife richness in Africa. With 390 mammal species and 22 of
these being endemic, Kenya is home to a third of all African mammals (Musila et al., 2019). Some
of the iconic large mammal species found in Kenya include the African savanna elephant (Loxodonta
africana), Giraffe (Giraffa camelopardalis), Buffalo (Syncerus caffer), Lion (Panthera leo) and the
Leopard (Panthera pardus). Some of the most notable endemic mammal include; Mount Kenya
Duiker (Cephalophus hooki), Mountain Bongo (Tragelaphus eurycerus isaaci), Hirola (Beatragus
hunteri), Tana River Mangabey (Cercocebus galeritus) and the Tana River Red Colobus

(Procolobus rufomitratus).

It is estimated that wildlife numbers in Kenya dropped by more than 68% between 1977 and 2016
(Ogutu et al., 2016). The decline was attributed to habitat degradation and fragmentation due to
LULC change, climate change and variability, poaching and increased human population (Ogutu et
al., 2016). Some of the most affected mammal species include the African wild dog (Lycaon pictus),

Black Rhinoceros (Diceros bicornis), the Grevy’s Zebra (Equus grevyi), the African Elephant
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(Loxodonta africana), the Masai Giraffe (G.c.tippleskirchi) and the Reticulated giraffe
(G.c.reticulata).

The giraffe inhabits arid and semiarid savannahs south of the Sahara in Africa. The population of
mature giraffe was estimated at 68,293 individuals in 2015 signifying a huge drop from a previous
survey in 1985 which estimated about 114,416 individuals (Muller et al., 2018). The overall species
trend reflects general decline of the giraffe population and giraffe habitat range across Africa
(O’connor et al., 2019). Some giraffe subspecies are increasing such as, G. c. angolensis which
occurs on the border between Botswana and Namibia, G. c. giraffa which occurs in southern Africa,
G. c. peralta which is also known as the West African Giraffe and G. c. rothschildi which is found
in Uganda and Kenya (Muller et al., 2018). Giraffe subspecies that are decreasing include; Kordofan
giraffe (G. c. antiqguorum) which resides in the central Africa region and the East African Nubian
giraffe (G. c. camelopardalis), Masai giraffe and Reticulated giraffe. The subspecies occupying
Luangwa Valley in Zambia, G. c. thornicrofti is stable (Muller et al., 2018). The International Union
for Conservation of Nature (IUCN) Red list of threatened species categorizes two giraffe subspecies
as Critically Endangered, the Nubian giraffe, and the Kordofan giraffe, (Fennessy and Marais,
2018; Wube et.al., 2018). Four giraffe subspecies occupy the Eastern part of Africa, three of which
are found in Kenya. The Reticulated giraffe occupies northern Kenya and parts of Somalia and
Ethiopia, the Rothschild giraffe is found in Kenya and Uganda. Tanzania and Southern Kenya is
inhabited by the Masai giraffe (Figure 1.1).
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Figure 1: Giraffe subspecies distribution across Africa
Source: IUCN Red List of Threatened Species (2010)

Giraffe are under the continuous threat of extinction due to the unprecedented depletion and
degradation of natural habitats (Fennessy et al., 2004). Like other large herbivores, they are most
affected by habitat loss because of their characteristic slow reproductive rates, large food
requirements and vast ranging patterns (Dagg, 2019). In East Africa, the Masai giraffe population
has decreased from an estimated 63,292 in the 1980’s to 35,000 individuals in 2015. Reticulated
giraffe population has dropped from a population of 36,000 in the 1980’s to 15,985 individuals in
2015. Unlike the Reticulated and the Masai giraffe, the Rothschild giraffe has increased from 1,331
in the 1960’s to 1,671 individuals in 2015 (Muller et al., 2018). In Kenya, the most abundant
subspecies is the Reticulated giraffe with a population estimate of 15,801 followed by the Masai
giraffe at a population 12,700 individuals. The Rothschild giraffes which are only limited to
protected areas, conservancies and private ranches in Kenya are the least abundant at a population
estimate of 609 individuals (KWS, 2018 a).



The Tsavo landscape in southern Kenya is one of the key Masai giraffe ranges in the country (KWS,
2018 a). It is a huge conservation area that encompasses parks, reserves, conservancies, ranches and
community pastoral lands. It also includes farms and human settlements. The Tsavo landscape is
home to one the highest free ranging Masai giraffe populations in the country with a population
estimate of 4,323 individuals (KWS, 2018 b). Within the expansive landscape, the interphase
between South Kitui National reserve (SKNR) and northern Tsavo East National Park (TENP) forms
a potential transition between Masai giraffe and reticulated giraffe, which occupy northern and

southern parts of Kenya as their natural range, respectively (KWS, 2018 a, KWS, 2018 b).

In parts of the Tsavo landscape Masai giraffe population have been seen to decrease immensely over
the years. In SKNR for example, the population of giraffe dipped sharply from 187 individuals sighted
in a 2014 aerial census survey to only 4 individuals in 2017 (Ngene et al., 2017). This fluctuation
has been linked to many factors such as displacement by people and livestock, poaching and
interspecies competition but the main reason is habitat loss. Charcoal burning activities have been
largely hypothesized to be the major contributor to habitat loss (KWS, 2018 a). Previous aerial
censuses by the Kenya Wildlife Service (KWS) and other stakeholders in 2011, 2014 and 2017
within the Tsavo-Mkomazi ecosystem have established information gaps on distribution and
population dynamics (including age structure) of giraffe within the Tsavo landscape.

The distribution of different age classes defines the age structure of a population (Obari, 2009), most
organisms have three age classes; juveniles, sub adult and adults (Marjamaéki et al., 2013). Giraffe
populations can be structured using the three age classes, juveniles are individuals that are less than
1 year old, sub adults are individuals between 1-5 years while individuals above 5 years are adults
(Foster, 1966; Hall-Martin and Janson, 1975; Dagg and Foster, 1982; Fennessy, 2004; Obari, 2014).
Organisms that reproduce sexually have a near equal allocation of male to female sex ratios as an
evolutionary stable strategy (Fisher, 1930; Edwards, 1998; Benvenuti et al., 2018). Foster, (1966)
and Fenessy, (2004) while working in Nairobi National Park and on the desert dwelling giraffe of
Namibia respectively, established that giraffe populations exhibit 1:1 male to female sex ratios.
However, sex ratios may vary in some wild populations due to skewed juvenile, sub adult and adult
mortality (Marealle et al., 2010; Kappeler, 2017).

Water is a key limiting factor in wildlife distribution in Africa’s arid and semi-arid habitats (Western,

1975; Redfern et al., 2008; Obari, 2014). During droughts, animals converge close to the limited
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watering points as opposed to the wet seasons when animals disperse widely due to the presence of
numerous ephemeral water sources (Chammaille-James et al., 2007; Redfern et al., 2008). Water
availability is a major factor that influences the distribution of giraffe within a habitat (Berry, 1978;
Pellew, 1984; Brand 2007; Obari, 2014).

Though the giraffe is one of the iconic terrestrial African mammals, there is deficient information
on the ecology and behavior as compared to other large mammals, accurate population counts are
scarce, incomplete and often confined to technical documents and local wildlife department census
reports which are not widely available or accessible to researchers and scientists (Muller et al.,
2018). This study was prompted by the need to fill gaps revealed by previous studies on the
population and distribution of giraffe and the compounding effect of increasingly changing
landscapes due to anthropogenic factors. The study will contribute to the National Recovery and
Action Plan for Giraffe (Giraffa camelopardalis) in Kenya (2018-2022).

1.2 Problem statement and Justification

There has been limited studies in the Tsavo landscape that have focused on giraffe population and
LULC change. A study by Obari (2014) analyzed Masai giraffe population ecology in southern
Kenya and linked it to climate variability. The study recommended for more research on the impact of
LULC change on the Masai giraffe populations. Most of other giraffe population ecology work in
the Tsavo landscape has been based on large mammal aerial censuses within the Tsavo Mkomazi
Conservation Area (Ngene et al., 2011, 2014 and 2017). A study by Western, Russell and Cuthill
(2009) analyzed the status of wildlife in all protected and unprotected areas. Obari (2009) analyzed
factors affecting habitat use by Masai giraffe in the Athi-Kapiti Plains, Kenya. Other studies that
have been carried out mainly focused on giraffe ecology and behavior within the Tsavo landscape
are (Leuthold and Leuthold, 1972, 1978 a, 1978 b; Leuthold, 1979).

This study is motivated by the need to establish giraffe population and distribution trends in the light
of an increasingly changing Tsavo landscape. Understanding the dynamics surrounding giraffe
population trends and corresponding changes in habitat will help determine the future of giraffes
in the Tsavo landscape. Findings of this study will not only fill data and information gaps, but will
also provide crucial information that will guide the conservation of the endangered Masai giraffe in
the Tsavo landscape and other endangered giraffe subspecies across Africa such as the Kordofan

and Nubian giraffe.



This study also contributes to the National Wildlife Strategy which highlights the need to conduct
comprehensive analysis on the status and conservation priorities of species and ecosystems while
supporting the development of frameworks for integrated planning and effective coordination of

species protection in the country (Ministry of Wildlife and Tourism ,2018).



1.3 Research Objectives

1.3.1 Main Objective

The main aim of this study was to determine the population, distribution and LULC trends of giraffe

in the Tsavo landscape.

1.3.2 Specific Objectives

To assess the past and current Masai giraffe distribution in the Tsavo landscape.
To analyze LULC change from 1985 to 2020 in the Tsavo landscape.
To determine how LULC changes and other factors influence the distribution of Masai giraffe

in the Tsavo landscape.

1.4 Research Hypotheses

i),

i),
ii).

The population and distribution of giraffe in the Tsavo landscape has not changed
significantly from the 1970’s to 2020.

LULC has not changed in the Tsavo landscape from 1985 to 2020.

Giraffe population and distribution within the Tsavo landscape is not influenced by LULC

change.

1.5 Research Questions

i),

i),
ii).

How do past and current giraffe numbers and distribution compare between different regions
in the Tsavo landscape?

How has LULC changed in the Tsavo landscape from 1985 to 2020?

How are giraffes’ population and distribution affected by LULC change in the Tsavo

landscape?

If this study establishes that there has been LULC change in the Tsavo landscape and that LULC

change has directly affected giraffe population and distribution, the study will have provided a basis

for curbing LULC practices that are incompatible with Masai giraffe conservation in the Tsavo

landscape.



CHAPTER TWO: LITERATURE REVIEW

2.1 Giraffe ecology

The giraffe belongs to the Giraffidae family which is a group of ruminant mammals. The family
consists of only two genera the Giraffa and the Okapi. They are both found in Africa, the Giraffa in
the savannahs, and the Okapi in the dense rain forests of Congo. The two close relatives are very
different in appearance, but at a closer look they share numerous common characteristics such as skin

covered knobs called ossicones, lobed canine teeth and a prehensile tongue (Mitchel et al., 2003).

The giraffe has very long legs and a very long neck making it the tallest and one of the heaviest land
mammals. Adults can reach heights of up to 5.5 meters and weigh up to 1,900kgs. They also have
beautiful color patterns on their body that range from chest nut, pale tan to black. Though no two
individuals have similar coat patterns, the patterns vary geographically and are used in classifying
the different giraffe subspecies (Barnosky, 2009). They have good vision which is attributed to their
good color vision which helps them detect predators, food and other giraffes from far. Giraffe are
able to communicate over large distances through infrasonic sounds that are below the human hearing
range (Barnosky, 2009). Recent research however disputes the infrasonic communication by giraffe
and calls for more research (Baotic, Sicks and Stoeger, 2015). Their hind legs and fore legs are very
strong and are often used for defense purposes, a well-placed kick on a predator can kill instantly.
The main giraffe predators are lions and hyenas which are mostly a threat to juveniles and sub-adults
(Hayward and Kerley, 2005; Strauss and Packer, 2012). Giraffe are mainly generalist’s feeders, this
considerably reduces the time and energy they spend in foraging (Obari, 2014). Based on their feeding
behavior, they provide crucial ecosystem services such as opening up closed habitats, seed dispersal,
pollination and stimulate regeneration of new forage (Muller et al., 2018).

Peterson and Ammann (2013), defined giraffe as gregarious but not territorial. They form very loose
social bonds and have inconsistent patterns of relationships with the exception of mothers and their
off springs (Leuthold, 1979). Studies have shown that they exhibit fission -fusion social systems
where herds are usually small temporary units of association which are determined by the sex of
individuals and kinship (Bercovitch and Berry, 2012; Carter et al., 2013). The more consistent social
groups are nurseries that consist of calves and their mothers and peer groups which constitutes sub-

adults and young adults. The peer groups have much stronger social bonds than giraffe of all other



age classes (Leuthold, 1979). Giraffe disperse widely during the wet season and aggregate at the

riverine areas during the dry seasons (Obari, 2014).

Ungulates usually move in response to changes in seasons resulting to migrations that are influenced
by water, forage quality and quantity (Western, 1973). Seasonal changes in forage quality causes
seasonal selection of forage, hence triggering animal movements (Western, 1973). Giraffe
distribution and movement is determined by both external and internal factors. External factors being
precipitation, human disturbance, habitat disturbance and competition for resources while internal
factors are largely the density dependent processes (Obari, 2014).

Forage availability and quality greatly influences the movement and distribution of giraffe in a
habitat (Brand, 2007). During the dry seasons they move beyond protected areas in search of forage
and water using specific corridors (Okello et al., 2015). Their distribution during such times is highly
influenced by their movements. (Obari,2014). In other habitats they are also seen to move to riverine
areas during the dry season where there is better quality foliage at the time (Leuthold, 1978; Obari,
2014). Within the Athi Kapiti ecosystem in Kenya, it has been observed that giraffe numbers
increased during the wet seasons of the short and long rains of October-November and March-May
respectively. This fluctuation of numbers between different seasons is mainly attributed to
differences in forage abundance, vegetation productivity and the rate of plant compensatory growth
(Leuthold, 1978; Obari, 2009).

Unlike most ungulates giraffe can go for days without water (Western 1975; Fennesy 2004), they
however switch to more regular drinkers with increased water availability (Brand, 2007). During dry
seasons when there’s water scarcity, they depend on perennial water source and thus move long
distances in search for water (Obari, 2014). In the wet season’s giraffe depend on the readily available
watering points both natural and man-made. Their movement in search of water during the wet
season is thus greatly limited (Obari, 2014). Water availability is a key determinant of giraffe
distribution within a habitat (Brand, 2007).

2.2 Giraffe Population and LULC change

Population trends and dynamics in species is fundamentally influenced by natality, mortality
migration and emigration (Turkalo, Wrege and Wittemyer, 2018). Dynamics and trends in
populations of free ranging giraffe populations can also be influenced by other factors which include



but are not limited to poaching, habitat fragmentation, predation and forage (Obari, 2009). Giraffe
population dynamics can be studied through tracking of known individuals or herds, ground counts
and aerial surveys (Leuthold 1979; Caro, 1999).

The alteration of the earth’s biophysical attributes is referred to as land cover change while land
use is a direct result of the human exploitation of the earth through various processes to produce
desired results (Lambin et al., 1999). LULC changes when aggregated together, have tremendous
impact on ecosystem processes and functions at both a local and global scale (Lambin et al., 2001).
LULC changes have been observed to greatly affect biodiversity all over the world (Sala et al.,
2000). Bulging human population across Africa has led to subsequent increase in agricultural
activities which result in the acute fragmentation and depletion of wildlife habitats (Ezeh et
al.,2012). Though encroachment of wildlife habitats might seem understandable to meet the
prevailing social, political and economic needs, habitat loss is pushing species to extinction (Koh
and Sodhi, 2010).

Kenya faces the continuous problem of declining wildlife species; this includes giraffe which have
declined substantially in both protected and unprotected areas. The decline has been caused by
recurrent droughts, growing human population and settlement, extensive agriculture and other
LULC changes (Ogutu et al., 2011). LULC change especially for agricultural purposes and
infrastructure development has led to the shrinking of giraffe habitats in Kenya, this has further
resulted to high competition for space, food and water. Other human activities such as charcoal
burning, over grazing and trade in giraffe meat and parts are posing a huge threat to giraffe
populations. LULC change coupled with climate change and other factors are compromising the
ecological viability of giraffe’s historical habitats (Obari, 2014; KWS 2018 a).

Continuous trends of wildlife declines have been observed in areas faced by major LULC changes
such as in Masai Mara, Athi-Kapiti plains (Ottichilo, 2000) and Amboseli (Western and Maitumo,
2004). In these areas, wildlife decline has been attributed to growing human population, habitat loss
and habitat fragmentation. The Masai giraffe inhabits the southern parts of Kenya. The subspecies
occupies the savannah ecosystems of Amboseli National Park, Tsavo National Parks, Naivasha,
Magadi and Maasai Mara National Reserve, as well as many community areas surrounding these
conservation areas. The savannah ecosystem in southern Kenya strides across the Kenya/Tanzania

border thus forming transboundary giraffe ranges (Obari, 2014; O’connor et al., 2019).
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An aerial census undertaken in February of 2017 in the larger expansive Tsavo-Mkomazi ecosystem
estimated giraffe numbers at 4,323, which was a considerable increase from 2,891 giraffe counted
in a similar aerial census in February of 2014. The fluctuation in population was attributed to the
difference in the area covered by the two censuses. The census in the in 2014 did not cover part of
the Taita ranches. The highest number of giraffes in 2017 was counted in Tsavo West National Park

(TWNP) as compared to 2014 whereby the highest number was outside protected areas.

2.3 Conservation Status

The Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES)
highlights that unprecedented LULC degradation of terrestrial landscapes has had a huge impact on
biodiversity and further affected long-term sustainable development (Scholes et al. 2018) The
uncontrolled conversion of African rangelands, forests, wetlands and other natural areas for urban
development and food production is on the rise. Such conversions result to habitat degradation, loss
and fragmentation resulting to loss of biodiversity and livelihoods. (Scholes et al. 2018)

There has been decline of giraffe populations and their habitat ranges across Africa (Muller, 2018;
O’connor et al., 2019). The enormous decrease resulted in the giraffe species being categorized as
Vulnerable in 2016 by the (IUCN) Red List on Threatened Species (Muller et al.,2018). In August
of 2019, the Conference of Parties (CoP) to the Convention on International Trade in Endangered
Species (CITES) passed a resolution to place the giraffe in Appendix Il (species that are not
threatened with extinction but their trade has been controlled to avoid over utilization that would
threaten their survival) (www.cites.org, 2019). Two giraffe sub-species which currently exist in
small fragmented populations in the northern part of Africa, Kordofan giraffe (Fennessy and Marais,
2018) and the Nubian giraffe (Wube et al., 2018) are categorized as critically endangered by the
IUCN red list on threatened species. Two giraffe sub-species which are present in Kenya, Masai
giraffe and Reticulated giraffe have been reviewed recently by the IUCN Red List on threatened
species and their conservation status have been lifted from vulnerable to endangered (Muneza et al.,
2018; Bolger et al., 2019).

This study mainly focused on the endangered Masai giraffe found in southern Kenya. Its range has
reduced by 4.7% between 2016 and 2019, with only 59% of the population occupying protected
areas (O’connor et al., 2019). Protected areas are critical giraffe habitats but cannot independently

support viable giraffe populations. These areas are not adequate in size and number for giraffe which
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have huge ranging patterns. Community areas and ranches adjacent to protected areas support 41%
of the total Masai giraffe population (O’connor et al., 2019). These areas are currently under intense
anthropogenic activity, intensive grazing, mining charcoal burning, farming, infrastructure
development and land subdivision. These activities have greatly compromised the viability of non-
protected areas as viable habitats, corridors and dispersal areas (Ogutu et al., 2011). The above-
mentioned anthropogenic factors coupled with poaching activities pose a major threat to the already
struggling endangered Masai giraffe population.

The Tsavo landscape is one of the few remaining expansive landscapes in the world that harbor free
ranging endangered Masai giraffe populations (KWS 2018b). This study seeks to establish the
impact of human induced LULC changes on the population and distribution of Masai giraffe in the

Tsavo landscape.
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CHAPTER THREE: STUDY AREA, MATERIALS AND METHODS

3.1 Study Area

Early explorers described the Tsavo landscape as vast desolate thicket baking in sweltering heat and
with lurking danger at every turn (Hobley, 1895). Ravaging rivers, lone buffalos, hostile elephants,
man eating lions, scorpions and poisonous snakes added to its long list of dreaded hostilities.
Presently, the Tsavo landscape is the largest conservation complex in Kenya covering more than
43,000km? representing about 4% of the total Kenyan land mass (Hobley, 1895; Njogu, 2004; KWS,
2008a; Kamau and Sluyter, 2018).

This region has rich and well documented history which dates back to centuries. In the late pre-
colonial era, there was increased demand of ivory in the Kenyan coast by Arab merchants, which
converted the area into a popular ivory trade route with a wide network of traders, hunters and porters
(Hobley, 1985; Steinhart, 2000; KWS, 2008; Kamau and Sluyter, 2018). The trade routes later paved
way for the railway construction and subsequent colonization of Kenya (KWS, 2008; Kamau and
Sluyter, 2018). The Tsavo landscape still serves as a major African trade corridor, it harbors the
Northern transport corridor that links the port of Mombasa to Uganda, Burundi, Rwanda, DRC and
Ethiopia (Northern Corridor Transit & Transport Coordination Authority, 2018). It is occupied by
five communities who after displacement formed a ring around the TENP and TWNP. They include;
Maasai, Taita, Taveta, Kamba, Oromo and Watta. The communities in the landscape have diverse
socio-economic practices which range from hunting, pastoralism, farming and mixed agriculture.
(Kamau and Sluyter, 2018). Tsavo landscape lies in four counties namely Kitui, Tana River, Taita
Taveta and Kajiado. South wards it extends to the Kenya Tanzania border (KWS, 2008; Kamau and
Sluyter, 2018). The landscape encompasses National parks, National reserves, farms, ranches,
conservancies and community areas that provide interesting LULC interphases in wildlife
conservation between protected and unprotected areas (Njogu ,2004; KWS, 2008). The study
focused on several study sites that were representative of the entire study area.

3.2 Study Sites

The study was conducted in TWNP, SKNR, TENP and in the ranches, conservancies and community
areas (Figure 3.2). TENP and TWNP are Kenya’s largest Parks, TENP is about 12,000 km? and
TWNP covers an area of 9,000Km 2, they were both established in 1948 (KWS, 2008). SKNR is

found in Kitui County, it was established in 1979 and has an area of about 1,833km?, it borders

13



TENP to the south and Tana River County to the east (KWS, 2018b). Taita ranches constitute
numerous private and community ranches on the southeastern side of the Tsavo landscape. The study
only sampled giraffe in 5 ranches (Maungu Ranch, Kasigau Ranch, Taita Ranch, Rukinga ranch and
Lumo Community Wildlife Conservancy). Rombo Group Ranch which borders TWNP on the

southern western side, was also included in the study.

The Tsavo landscape is characterized by vast plains that are occasionally punctuated by hills and
inselbergs. This explains the huge elevation range of between 400 meters and 2,000 meters above
sea level in the area. The difference in elevation accounts for the difference in precipitation and
vegetation throughout the entire landscape (Leuthold, 1978; KWS, 2008; Mukeka, 2010). The vast
plains change from woodlands and semi-arid Acacia scrub to savannah bush land and grasslands.
Acacia -Commiphora account for the highest percentage of the woody plants’ species found in the
landscape. The density of Acacia-Commiphora shrubs and trees vary seasonally and spatially
throughout the landscape (Leuthold, 1978; KWS, 2008).

The landscape has a bimodal rainfall pattern with the short rains occurring between November and
December and the long rains occurring between April and June (Mukeka, 2010). TWNP, Taita
Ranches and Rombo Group Ranch have an annual rainfall of about 100-1200 mm. This part of the
landscape has much denser vegetation as compared to TENP and SKNR which has an annual rainfall
of about 200-500mm. Galana and Tsavo are the two permanent rivers in the area amidst many
seasonal rivers, water pans and boreholes. Riverine forests across the landscape are among the most
vegetated areas forming closed canopy forests all year round (Leuthold, 1978; Wijngaarden,1985;
Mukeka, 2010; KWS, 2018b). Soils in the Tsavo landscape show a wide range physical and chemical
properties. The soils are rich in ferruginous gravel and quartz, with finer sand cemented by a red
lateritic crust. Gravel and sand of the alluvial soils are cross-bedded together along the river loops
of the Galana (Ngene et al., 2013).

Tsavo landscape has the highest diversity of fauna in Kenya, and also harbors the largest population
of free ranging elephants (Blanc et al., 2007; Omondi et al., 2008). Other notable large mammals
include; black rhino, buffalo, leopard, hippo (Hippopotamus amphibius), giraffe and lion (Cobb
1976; Wijngaarden, 1985; Mukeka 2010). TENP and TWNP jointly receive an average of 200,000
visitors per year making the Tsavo ecosystem the second most popular wildlife tourist destination
after the Masai Mara (KWS 2008; KWS 2017).
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3.3 Study Design

Topographical maps for the Tsavo landscape were obtained from the AWF GIS LAB and the specific
study area was delineated. The study area was divided into 5 study regions; Rombo Group Ranch,
SKNR, TENP, TWNP, and the Taita ranches.
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Figure 1: Map of the Tsavo landscape

Source: AWF GIS Lab
To determine the current Masai giraffe demography and distribution, each of the five regions were
surveyed three times. Two surveys covered the dry season of Jan-March 2020/2021 and July-

September 2020, while one survey covered the wet season November-December 2020.

To establish past Masai giraffe population trends, past aerial count data were obtained from KWS

and Department of Resource Survey and Remote Sensing (DRSRS) who have been conducting large
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mammal aerial censuses every three years since 1980’s. The methods adopted for these aerial

surveys are as described by (Eltringham and Norton-Griffiths, 1977; Ngene et al., 2013, 2017).

An aircraft flies within a one-kilometer width transect and large mammals including Masai giraffe
are sampled 500m on each side of the aircraft. The aircraft flies at a speed of 80-90 knots and at a
consistent height of between 300 and 350 ft. Depending on wind direction and terrain condition, the
transects are flown from north-south or west-east directions. The surveys are carried out by trained

and experienced pilots and observers

GIS, Satellite remote sensing and statistical analysis are lucid, cost-effective tools that can be used to
establish spatial temporal dynamics in LULC changes (Jat, Garg and Khare, 2008; Serra, Pons and
Sauri, 2008; Dewan and Yamaguchi, 2009). In order to establish LULC change in the Tsavo
landscape, six landsat satellite images which covered the extent of the study area and had less than
20% cloud cover, were downloaded from the United States Geological Survey (USGS) GloVis
website (www.glovis.usgs.gov,2020). The images were for the years 2020,2010,1999 and

1985.They covered the period between January — March which represents the dry season in the study
area (Appendix 4). Landsat images lay in paths 167 and 166, and rows 61,62 and 63. Using the Semi-
Automatic Classification (SCP) plugin (Conged, 2020) in QGIS Version 3.8.3 software (QGIS
Development Team 2019), the 6 downloaded Landsat images for each of the years were projected
to Universal Transverse Mercator (UTM) zone 37s. They were then mosaicked (joined) and the
study area clipped. Areas in the clipped image that had high cloud cover were masked. The images

were then analyzed to establish LULC change in the Tsavo landscape over time.
3.4 Data Collection

3.4.1 Masai giraffe population in the Tsavo landscape

Masai giraffe data were obtained through road transects counts on 51 roads that covered a total
distance of 1,574 kms throughout the landscape (Figure 3.3). Each of the road transects were divided
into 10 km long strips that represented the basic Masai giraffe sampling units. Road transects are
based on the principle that a vehicle is driven along already established road system that is
representative of the study area and the researcher collects data on sighted animals within a
predetermined distance from the vehicle (Eltringham and Norton- Griffiths, 1977). During the field
surveys, the vehicle was driven at average speed of 30km/hr. and giraffe were actively searched and
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tracked along the road transects. All Masai giraffe sighted within 1000 meters from the transect were

recorded, Masai giraffe are relatively tall and could be spotted at that distance.
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Figure 2: Road transects in the Tsavo landscape

Three surveys were carried out in each of the 5 regions (SKNR, TENP, TWNP, Taita Ranches and
Rombo Group Ranch). Two surveys covered the dry season of Jan-March 2020/2021 and July-
September 2020, while one survey covered the wet season October-December 2020. Each survey
started in the early morning and was conducted between 6:00am and 10:00am. Individual Individuals
and herds were located visually and using a pair of binoculars. Upon sighting the animal G.P.S
coordinates, distance and angle from the vehicle were recorded. The number, sex and age of Masai
giraffes seen were recorded in the field using cyber tracker mobile application (Ansell and Koenig,
2011). Counts were used to estimate population and density using Distance 7.3 software (Thomas et
al., 2010), which introduces a detection function that models the decrease in animal detectability
with increasing distance from the observer (Buckland et al., 2001). Using the obtained samples total

animal population and density were estimated.
D =n/2wLP,
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D is the estimator of wildlife density; n is the total number of counted wildlife from a line of L length
within w distance from the line. For this case , L was the road transect length while w was the distance
from the observer to the sighted animal. P is the probability of detection for an object within an area

a. Pa can be expressed as below:

J.o g(x)dx
Pp=—

w
g(x) is detection function in relation to x length which is the distance between the line and the object.
Distance sampling assumes that; there are no errors in measuring distance, probability of detecting

animals along a transect is 1 and animals do not move (lijima, 2020).

To determine past Masai giraffe population trends, a review of secondary data on past large mammal
counts from censuses conducted in the Tsavo landscape since the 1970°s to 2020 was conducted.
Secondary data was obtained from KWS (Ngene et al., 2013, 2017) and Department of Resource
Survey and Remote Sensing (DRSRS) (Grunblatt et al., 1996; DRSRS, 2003).

3.4.2 Land use Land Cover Change Assessment

LULC change assessment was conducted on the entire Tsavo landscape and also in Rombo Group
Ranch within the Tsavo landscape. The study took a particular interest in Rombo Group Ranch
because at the time of the study, Rombo Group Ranch was observed to be a Masai giraffe hotspot.
The transboundary nature of Rombo Group Ranch in the Kenya-Tanzania border also provided an

interesting dynamic to role of the ranch in wildlife conservation.

Supervised Image classification was conducted on the processed downloaded images using the SCP
plugin (Congedo Luca, 2020) in the QGIS Version 3.8.3 software (QGIS Development Team 2019).
Classification used false color composite bands for land cover interpretation and analysis.
Homogenous pixels were clustered into the predetermined LULC classes. Maximum Likelihood
distance classifier (Maktav and Berberoglu, 2018) was used to classify the images for the years
1985,1999,2010 and 2020. Nine land use and land cover types were identified and classified
accordingto Lambinetal., (2001) guidelines as forests, woodland, Acaciawoodland, closed bushland
/Comiphora thicket, bareland with scattered trees, grassland/perennial shrubs, settlement, agriculture
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and water (Table 3.1). Classification was based on the dominant LULC typesin the Tsavo landscape
as described by KWS (2018a), Mukeka (2010), Leuthold (1978), and Wijngaarden, (W.1985).

Table 1: Land Use Land Cover types in the Tsavo landscape

LULC Type Description

Forest Evergreen closed canopy trees that mostly occur along sections ot
permanent rivers and on top of Taita, Ngulia , Sagala and Kasigat

hills .Vegetation also occurs on the Chyulu ranges.

Woodland Semi-ever green trees that occur at high elevations areas next tc

forests. They also form a major part of the riverine vegetation.

Acacia Woodland Mainly comprise open woodlands interspersed with grassland ol
bare ground. It occurs most parts of the Tsavo landscape witr

Acacia tortilis being the dominant tree species

Grassland Characterized by sections of pure grasslands and perennial shrubs
In some sections of the landscape, the grasslands are dotted witt

Acacia trees

Bareland Degraded areas with exposed soil and scattered trees, it includes

areas along river banks.

Agriculture Sisal plantations, Irrigated agriculture and rain fed agriculture

Settlement and Built-up Areas with human settlements.

Water Water bodies including rivers and lakes
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Closed Bush/Commiphore Mainly comprised of Commiphora tree species that are closed anc
thicket impenetrable. The common Commiphora species are, Commiphore
campestris, Commiphora baluensis,Commiphora schimperi anc

Commiphora africana .

A total of 4,764 training and validation points were collected in the Tsavo landscape (Figure 3.4).
They were used to train the model for LULC change analysis and accuracy assessment. LULC
training points are used to train, validate and assess the accuracy of a classification (Wahap and
Shafri, 2020). The points were randomly selected through manual interpretation of high-resolution
images from google earth engine as described by Phan, Kuch and Lehnert, (2020), Wahap and Shaffi
(2020) and Bwangoy et al., (2010). Overall accuracy, producer accuracy and user accuracy were

calculated using 30 % of the training points while 70% of the points were used to train the model.
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Figure 3: Tsavo landscape training points
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3.5 Statistical Analysis

Collected data were sorted in Ms. Excel (Microsoft Corporation, 2018), all statistical analyses were
conducted in R Version 4.0.3 (R Core Team 2020) using R Studio version 1.3 (RStudio Team
2020). Kruskal- Wallis test, was used to analyze the difference in Masai giraffe density and
population among the five regions. Masai giraffe sex-age structure, seasonal distribution and LULC
change were tested using Chi-squared goodness of fit test as described by Glover and Mitchell,
(2016). Nonparametric statistical tools (Kruskal-wallis and Chi- squared tests) were preferred to their
parametric equivalents in cases where data were notnormally distributed and data transformation
could not correct non-normality. Trends in Masai giraffe populations over time as well as the impact
of water availability on Masai giraffe distribution were tested using regression analysis. For all

statistical tests, a < 0.05 was considered significant for all calculations.
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CHAPTER FOUR: RESULTS

4.1 Masai giraffe Population and Distribution
4.1.1 Masai giraffe Population

Masai giraffes were sighted in all regions within the Tsavo landscape except in SKNR. Population
differed significantly among the different regions (H (4) =11.60, P < 0.05%), this was attributed to
size differences between the regions, TWNP had the highest population at (1,329.67+ 187.90) followed
by TENP at (757.67+ 345.03). Rombo Group Ranch had (263.67+ 149.67) while Taita ranches had
(174.33% 46.15), (Figure 4.5 and Appendix 2).
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Figure 4: Masai giraffe Population in the Tsavo landscape
4.1.2 Masai giraffe Density

Population density was calculated by dividing Masai giraffe population in each region by its
respective area (Wilson et al., 1996). The study found out that Masai giraffe population density
varied significantly between different regions within the Tsavo landscape (H (4) =13.00, P < 0.05%).
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Rombo Group Ranch had the highest density of Masai giraffe at (0.65+ 0.33) followed by TWNP at
a density of (0.19+ 0.03). Taita Ranches and TENP had (0.09+ 0.02) and (0.05+ 0.03) respectively.
There were no Masai giraffe sightings at SKNR (Figure 4.6 and Appendix 2).
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Figure 5: Masai giraffe Density in the Tsavo landscape

4.1.3 Masai giraffe sex and age structure

A total of 851 Masai giraffes were sighted during the entire sampling period. Females constituted
44.18% and males constituted 24.91% of the sighted Masai giraffe in the study area. Male to female
sex ratio was 1.00: 1.63. Among the observed individuals, 85.55% were adults, 7.76% subadults,
and only 6.70% were juveniles. The ratio of subadults to adults was 1.00: 11.02 and juveniles to
others was 1.00: 13.92 (Figure 4.7). TENP had the highest proportion of adults followed by Rombo
Group Ranch, TWNP and Taita Ranches had the least proportions of adults respectively. There
was significant difference in the distribution of Masai giraffe age classes within the different regions
in the Tsavo landscape (Xz =38.34, df = 18, P < 0.01**).
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Figure 6:Masai giraffe age structure in the Tsavo landscape

The overall male to female sex ratios in the Tsavo landscape were 1:1.63 (244 males to 398 females),
this departed significantly from the 1:1 male to female sex ratio (x> = 36.941, df = 1, P < 0.01**)
(Figure 4.8).
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4.1.4 Masai giraffe population trends

Masai giraffe population has been decreasing in the Tsavo landscape since the 1970’s (Figure 9).
The sharpest decrease was between 1990’°s and 2005 where the population dropped from 5,744 to
1,258 individuals. There has however been a drastic increase in population between 2014 and 2017,
during this time the population increased by 98% from 869 individuals to 1724 individuals (Figure
4.9). Masai giraffe population was negatively correlated to change in time, (F 1,6=8.66, R = -0.77,
P < 0.05%)
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Figure 8: Masai giraffe population trends in the Tsavo landscape

4.2 Impact of water availability on the distribution of Masai giraffe in Tsavo landscape.

The study observed that rivers and artificial watering points impact on the distribution of Masai
giraffe throughout the Tsavo Landscape. Masai giraffe sightings decreased significantly with
increasing distance from water sources. Permanent rivers and wet artificial water points had a
significant influence on their population and distribution (F 1,11 = 35.88, R = -0.88, P < 0.01**)and
(F 111 =69,R =-0.93, P < 0.01**) respectively. On the other hand, dry artificial water points and
seasonal rivers had insignificant impact on Masai giraffe distribution at (F 1,11=3.36, R =-0.48, P >
0.05NS) and (F 1,6 =5.29, R=-0.69, P > 0.05 NS) respectively (Figure 4.10, Figure 4.11, Figure 4.12,
Figure 4.13 and Figure 4.14).
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4.3 Impact of seasons on Masai giraffe distribution

Distribution of Masai giraffe differed significantly among seasons in all regions of the Tsavo
landscape. TWNP (y~ = 68.71, df = 1, P< 0.01**), (TENP »* = 571.79, df = 1, P < 0.01**), Taita
ranches (y? = 25.96, df = 1, P < 0.01**) and Rombo Group Ranch (¥® = 111.75, df = 1, P > 0.01**),
SKNR had no Masai giraffe sightings. TWNP and TENP had high Masai giraffe numbers during the
wet season 1622 and 1445 respectively as compared to the dry season where they had 1183 and 414
respectively. On the contrary, Taita Ranches and Rombo Group Ranch had higher numbers during
the dry season and much lower numbers during the wet season. Taita ranch had an average of 114
Masai giraffe in the wet season and 205 Masai giraffes in the dry season. Rombo Group Ranch had

114 Masai giraffes in the wet season and 339 Masai giraffes in the dry season (Figure 4.15).
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Figure 14: Masai giraffe population during different seasons
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4.4 Land Use land Cover change analysis

4.4.1 LULC change in the Tsavo landscape

The area covered by the various LULC classes varied significantly between 1985 and 2020 in the
Tsavo landscape. The average overall accuracy for the classification 52% (Appendix 5). Forest (y~ =
286.91, df = 3, P < 0.01**), woodland (32 = 411.97, df = 3, P < 0.01**), Acacia woodland (32 =
4820.30, df = 3, P < 0.01**), bushland and Commiphora thicket (% = 355.20, df = 3, P < 0.01**),
grassland (3% = 2678.30, df = 3, P < 0.01**), bareland (¥? = 3413.80, df = 3, P < 0.01**), agriculture
(x? = 1626.20, df = 3, P < 0.01**) and settlement (y*= 448.97, df = 3, P < 0.01**). Though the area

covered by water decreased, the decrease was not significant (y* = 3.42, df = 3, P > 0.05 NS).

Area covered by Acacia woodland had the highest decrease in land cover at an overall average of
44% with the highest decrease occurring between 1999 and 2010 at 85%. Forests had an average
decrease in area of 25%, the highest decrease was 34%, it occurred between 1999 and 2010. Overall
decrease in area covered by woodlands was 23%, the highest decrease in woodland occurred between
the years 1999 and 2010 at 32%. Closed bush land had an average decrease in area of 6% with the
highest decrease occurring between 1985 and 1999.

Settlement had the highest increase in land cover at 55.60%, the highest increase occurred between
1985 and 1999 at 68.80%. Bareland increased by 43.20%, highest bareland increase happened
between the years 1985 and 1999. Average increase in land covered by agriculture was 35% with
the highest increase in size of land under cultivation occurring between 1985 and 1999 at 50.30%.
Grassland increased by 11.60% with the highest increasing between 1985 and 1995 (Figure 4.16,
Figure 4.17, Figure 4.18 and Figure 4.19).
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Figure 15: Tsavo landscape 1985 LULC map
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Figure 16: Tsavo landscape 1999 LULC map
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Average area covered by each LULC type was calculated for the years 1985,1999,2010 and 2020.
Closed bushland/Commiphora thicket was the most dominant vegetation type with an average area
totaling to 46% in the whole landscape. This was followed by Acacia woodland and grassland at
16.9% and 16% respectively. Area covered by bareland land represented an average of 8% while
agriculture comprised of 5.20%. Woodland covered an average area of 4.20% while forest covered an
average area of 2.60%. Settlement covered an average area of 0.90%, water had the least coverage
at 0.20%.

4.4.2 LULC change in Rombo Group Ranch

The study zeroed in on Rombo Group Ranch that is within the Tsavo landscape because it is a Masai
giraffe hotspot. The average overall accuracy for the classification 74% (Appendix 5). Chi-squared
tests revealed that there was significant change in the area covered by agriculture (% = 62.62, df =
3, P <0.01**), bareland (y° = 19.45, df = 3, P < 0.01**) and Acacia woodland (y°=18.13,df =3, P
< 0.01**). There was no significant change on the area under woodland (x> = 6.99, df = 3, P >
0.05NS), grassland (y* = 4.55, df = 3, P > 0.05NS) and settlement (y* = 0.83, df = 3, P > 0.05 NS).

The overall average decrease in area covered by woodlands was 71.50% while area under Acacia
woodland decreased by 10%. The highest decrease in area covered by woodlands occurred between
2010 - 2020 at 117.80%. Bareland had the greatest increase at 71.10% while agriculture increased
by 32.80%. Grassland and settlement increased by 17% and 57% respectively. (Figure 20, Figure
21, Figure 22 and Figure 23).
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Acacia woodland had the highest average landcover area at 75.80%, this was followed by
agriculture at 14%. Grasslands covered an average area of 5.70%, woodland and bareland had an
average area of 2.30% and 2.20% respectively. Settlement, forest, woodland, water and closed

bush/Commiphora thicket all had less than 1% cover in the Rombo Group Ranch.
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CHAPTER FIVE: DISCUSSION AND RECOMMENDATIONS
5.1 Discussion

5.1.1 Masai giraffe population and distribution

Protected areas provide numerous ecosystem services that are necessary in maintaining healthy and
sustainable ecosystems (Utami et al., 2020). Most protected areas are also core wildlife habitats and
are crucial in building and maintaining wildlife populations (Okello et al., 2015). A study by Thapa
et al., (2017), within the transboundary Terai region of India and Nepal revealed that source
populations for wild tigers were majorly confined to protected areas. This study observed that, Masali
giraffe population was highest in the protected areas. There were no sightings in SKNR, lack of lack
of Masai giraffe in SKNR was attributed to destruction of food sources through charcoal burning
and overgrazing in the reserve. The findings of this study are consistent with a previous study on
Masai giraffe population in southern Kenya where numbers were higher inside protected areas as
compared to outside protected areas (Obari, 2014). Low numbers outside protected areas have been
attributed to increased cases of habitat degradation and poaching (Obari, 2014).

Forage and water availability are the major factors that drive wildlife density, distribution and
productivity in arid and semi-arid habitats (Groom and Western, 2013; Rich et al., 2019). The high
Masai giraffe densities in Rombo Group Ranch and TWNP was attributed to high abundance of
Acacia tree vegetation and watering points in the two areas as compared to other regions in the Tsavo
landscape. These findings agree with the findings of Deacon and Smit (2017), where giraffe
movements were observed to be primarily influenced by forage availability, rainfall and seasons in
the Kalahari region of South Africa. Habitats that are water and forage abundant are highly preferred
by most large mammals such as elephants (Purdon et al., 2018), buffaloes (Megaze, Belay and
Balakrishnan, 2012) and giraffes (Leuthold and leuthold, 1972; Obari., 2014).

Past research in the mid Kenya-Tanzania borderland revealed Masai giraffe were more abundant in
protected areas during the wet season, as compared to the dry season when they were more abundant
outside protected areas (Okello et al., 2015). Similar to the findings of Okello et al., (2015), this study
established that seasons greatly affected the distribution of Masai giraffe inside and outside protected
areas. TWNP and TENP had higher numbers during the wet season as compared to the dry season.
Rombo Group Ranch and Taita ranches had more Masai giraffe numbers during the dry season and
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fewer numbers during the wet season. Higher numbers in the protected areas during the wet season
was attributed to presence of pasture and seasonal watering points. On the other hand, higher
numbers outside protected areas were attributed to the migration of giraffe in search of water and

pasture.

Previous large mammal censuses by KWS, DRSRS and other stakeholders, reveal an overall
decrease in Masai giraffe population in the Tsavo landscape since the 1970’s. Persistent decline of
wild populations can easily lead to extinction (Valeix et al., 2008). Drastic fluctuation of Masai giraffe
population between different years in the Tsavo landscape pointed to the instability of the population.
Populations with huge potentials for growth (r) are likely to show fluctuations and therefore have

increased possibility of extinction at low population sizes (Eiswerth and VVan Kooten, 2009).

Masai giraffe population in the Tsavo landscape was female skewed with a 1:1.63 male to female
sex ratio. This ratio differed significantly from the expected 1:1 sex ratio, a skewed sex ratio in a
population is either a result of skewed sex allocation at birth or skewed adult and subadult mortality
(Marealle et al., 2010; Kappeler, 2017). A study by Jones et al., (2018), revealed that targeted
poaching of male African savannah elephants greatly distorted their population structures and sex
ratios in different protected areas in Tanzania. Though disproportional sex ratios are not desirerable,
female skewed sex ratios may increase the viability and reproductive fitness of a population (D’haen
et al., 2019; Folt et al., 2021). In line with the findings of D’haen et al., (2019) and Marealle et al.,
(2010) on giraffe populations in Garamba National Park and the Serengeti ecosystem respectively,
this study attributed female skewed sex ratio to poaching incidences that mostly target male giraffe

within the Tsavo landscape.

Most viable wildlife populations maintain age structures with high juvenile survival rates whereas
unviable populations have low juvenile survival rates and therefore lower recruitment to breeding
adults (Ludwig et al., 2018; Folt et al., 2021). Despite having the second highest Masai giraffe
population, TENP had the least juvenile and sub adult population compared to all the other regions
in the Tsavo landscape. This finding raised serious questions on the viability and sustainability of
the Masai giraffes in TENP. Predation, poaching, forage quality, habitat suitability and habitat
fragmentation are major factors that influence the age structure of wildlife populations within an
ecosystem (Jones et al., 2018; Muller, 2018; Muller, Cuthill and Harris, 2018; Kija et al., 2020;

Bloomfield, Mcintosh and Lambin, 2020). Differences in age structure between different regions in
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the Tsavo landscape was attributed to poaching, forage availability and habitat fragmentation within

the landscape.

Giraffes are not a water dependent species and although their distribution is mainly influenced by
forage availability (Fennesy, 2004), the role of water in giraffe distribution cannot be overlooked
(Berry, 1978; Pellew, 1984). This study revealed that Masai giraffe population decreased with
increasing distance from operational watering points. This study observed that Masai giraffe
preferred areas close to permanent rivers and wet artificial water points as opposed to dry artificial

water points and seasonal rivers.

5.1.2 Land Use Land Cover change

Analysis of satellite images between 1985 and 2020 revealed that LULC has changed significantly
over the years in the Tsavo landscape. The results of this study agree with the findings of similar
studies done by Syombua (2013), while analyzing LULC change in the semi-arid southern
rangelands of Kenya between 1987 and 2011. In that study, irrigated agriculture and rainfed
agriculture increased at the expense of woodlands, shrubland and forests. Kiringe, Mwaura and
Warinwa (2016), established that the Chyulu watershed in Kajiado and Makueni counties of Kenya
lost huge proportions of forests, woodlands and wetlands to built-up, agriculture bare ground and
thicket, the study covered the period between 1987 and 2015.

Increase in human population has led to farming, settlement, over grazing and charcoal burning
activities which have accelerated the conversion of sections of the Tsavo landscape into agriculture,
settlement, bareland and grasslands. A study carried out in Taveta district, which lies in the
southwestern tip of the Tsavo landscape by Syombua (2013), established that LULC change was
fueled by population growth and infrastructure development. Masai giraffes core habitats in the
Tsavo landscape are TENP and TWNP with the highest concentration occurring in TWNP. Taita
Ranches and Rombo Group Ranch which border the protected areas act as effective corridors and
dispersal areas (KWS, 2017). Increased human population and inconsistent land tenure systems
outside protected areas are the key drivers of LULC change within the Tsavo landscape (KWS,
2017).

Human population growth within the Tsavo landscape has led to severe degradation of Masai giraffe
corridors and dispersal areas (KWS, 2017). The Taita ranches link TENP, TWNP and Mkomazi
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Game Reserve and are therefore important dispersal areas. Huge portions of the Taita Ranches are
increasingly being converted into farms, settlements and charcoal burning havens. Rombo Group
Ranch which had the highest Masai giraffe densities during the study, has lost huge portions of its
dominant Acacia woodland vegetation to agriculture, bare land and grasslands since the 1980’s. The
situation is likely to worsen with the expected completion of the Loitoktok- Taveta highway which
will open up the area to more settlement, charcoal burning, farming and trade. The area south of
Rombo Group Ranch which extends through Taveta town towards Lake Jipe is under intense
agriculture and settlement. This area can no longer be utilized by wildlife (Syombua, 2013; KWS,
2017).

Unfavorable land use and land tenure systems within the Tsavo Landscape continue to reduce the
suitability of the landscape for Masai giraffe utilization. Though national parks have remained
largely intact as the core wildlife conservation areas, neighboring ranches and farms have conflicting
land use and land tenure systems that do not promote wildlife conservation. Land subdivision,
bushmeat poaching, overgrazing, erection of fences and gemstone mining within the Taita ranches
and Rombo Group Ranch are impacting on the landscape negatively. Poaching, charcoal burning
and over grazing in SKNR which borders TENP to the east are the key LULC change drivers that
are linked to low Masai giraffe populations.

The decline in Masai giraffe populations in the Tsavo landscape since the 1980’s to 2020
corresponds to LULC change in the area during the same period. More specifically, LULC change
in the Tsavo landscape is decreasing the suitability of non-protected areas as viable Masai giraffe

corridors and dispersal areas.

5.2 Threats of LULC on Masai giraffe population and habitat

LULC change induced by human activities such as agriculture, mining, fencing, settlement, charcoal
burning, poaching, overgrazing and land subdivision outside protected areas is increasing rapidly in
the Tsavo landscape. LULC change has affected wildlife populations through habitat loss, habitat

fragmentation, habitat degradation and increased human wildlife conflicts.

This study has established that the protected TENP and TWNP are very critical habitats in the Tsavo
landscape that support and maintain Masai giraffe populations. Although TENP and TWNP have
remained largely immune to human induced LULC change, they risk fragmentation and over
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exploitation as wildlife avoid the degraded ranches and community areas. The fragmentation and
over exploitation of the protected areas by wildlife in the Tsavo landscape, will result to low range
productivity and reduced habitat resilience which will ultimately affect wildlife populations
negatively. In the effort to secure Masai giraffe populations in the Tsavo landscape, there is need to
adopt holistic wildlife management interventions that focus on both protected and non-protected

areas.

Lack of Masai giraffe in the SKNR was attributed to overgrazing, poaching and destruction of their
food sources through charcoal burning. Rombo Group Ranch had the highest Masai giraffe density
in the Tsavo landscape, this was despite the ranch having huge LULC changes. Numerous poaching
incidents also emerged as a major threat to Masai giraffe populations in Rombo Group Ranch and
the Taita ranches. The overall population trend indicates that Masai giraffes are decreasing in the
Tsavo landscape, the decline was attributed to poaching and habitat loss due to LULC change. If the
current trend persists, the future of Masai giraffe in the Tsavo landscape is not guaranteed. There is

need for urgent action to curb poaching and LULC change within the Tsavo landscape.
5.3 Recommendations

5.3.1 Recommendations for further study

e The scope of this study did not include Mkomazi National Park which is part of the larger
Tsavo-Mkomazi landscape, studies should therefore be conducted on Masai giraffe
population trends in Mkomazi National Park and also on the status of Masai giraffe in the
Kenya-Tanzania borderlands within the cross border Tsavo-Mkomazi landscape.

e The study did not have conclusive results on the connectivity of different regions within the
Tsavo landscape and how this affects the Masai giraffe population and distribution. A research
study should therefore be conducted to determine Masai giraffe corridors, their status and
viability. Studies to determine the impact of the Standard Gauge Railway and other
infrastructure on the connectivity of Masai giraffe habitats in the Tsavo landscape should
also be carried out.

e Climate change has had tremendous impact on biodiversity in savannah ecosystems due to

prolonged cyclic droughts and declining precipitation. It is therefore necessary to conduct
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research to determine the impact of climate change on Masai giraffe population, distribution
and behavior in the Tsavo landscape.

During the study, crop damage and livestock losses were the main causes of Human Wildlife
Conflict (HWC) in the Tsavo landscape. This study however, did not look at the impact HWC
of Masai giraffe in the Tsavo landscape. It is therefore necessary to conduct a study to
evaluate the impact of HWC on the population, distribution and behavior of Masai giraffe in
the Tsavo landscape.

Giraffes and their habitats are declining rapidly across Africa. In order to secure the future of
giraffe, there is need to replicate this study in other landscapes where giraffe habitats are
facing major threats due to LULC change.

5.3.2 Recommendations for Management Actions

In an effort to curb incompatible LULC practices, wildlife sanctuaries and tourist lodges
should be created by local communities to promote wildlife tourism as an alternative income
generating activity to mining, charcoal burning, livestock production and agriculture in
ranches within the Tsavo landscape

There is need to secure Masai giraffe corridors and dispersal areas by facilitating formation
of wildlife conservancies in private and community ranches within the Tsavo landscape.
Furthermore, conservancies, private farms and ranches in the Tsavo landscape should be
urged to develop and gazette land use plans.

So as to curb Masai giraffe poaching in the Tsavo landscape, game scouts and wildlife
officers should be trained in Masai giraffe monitoring, intelligence gathering, evidence
handling, legal procedures and wildlife crime prevention within the Tsavo landscape.
Transboundary collaboration between wildlife departments, investigative agencies, game
scouts and community members should also be enhanced between Kenya and Tanzania in an
effort to curb Masai giraffe poaching.

Since water influenced the distribution of Masai giraffe within the Tsavo landscape, it is
necessary that non-operational artificial watering points be rehabilitated and new water pans

be scooped in areas that are suitable Masai giraffe habitats.
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e In order to integrate livestock farming and wildlife conservation, it is necessary to build the
capacity of private and community ranches on modern methods of livestock production, range

management and wildlife management.

44



REFERENCES

Ansell, S. and Koenig, J. (2011). CyberTracker: An integral management tool used by rangers in
the Djelk Indigenous Protected Area, central Arnhem Land, Australia. Ecological
Management & Restoration, 12(1), pp.13-25.

Available at: https://www.mdpi.com/2071-1050/12/6/2440/htm [Accessed 18 Mar.
2021].

Baotic, A., Sicks, F. and Stoeger, A.S. (2015). Nocturnal “humming” vocalizations: adding a piece

to the puzzle of giraffe vocal communication. BMC Research Notes, 8(1).
Barnosky, A. (2009). Mammal Anatomy an Illustrated Guide. Tarrytown:

Benvenuti, B., Walsh, J., O’Brien, K.M., Ducey, M.J. and Kovach, A.L. (2018). Annual variation
in the offspring sex ratio of Saltmarsh Sparrows supports Fisher’s hypothesis. The Auk,
135(2), pp.342-358.

Bercovitch, F.B. and Berry, P.S.M. (2012). Herd composition, kinship and fission-fusion social
dynamics among wild giraffe. African Journal of Ecology, 51(2), pp.206—216.

Berry, P.S.M. (1978). Range movements of giraffe in the Luangwa Valley, Zambia. African
Journal of Ecology, 16(2), pp.77-83.

Blanc, J.J., Thouless, C.R., Hart, J.A., Dublin, H.T., Douglas, H.l., Craig, G.C., Barnes, R.F. W.
(2007). African elephant status report 2007: an update from the African Elephant

Database. Occasional paper of the IUCN Species Survival Commission no. 33.

Bloomfield, L.S.P., MciIntosh, T.L. and Lambin, E.F. (2020). Habitat fragmentation, livelihood
behaviors, and contact between people and nonhuman primates in Africa. Landscape
Ecology, 35(4), pp.985-1000.

Bolger, D., Ogutu, J., Strauss, M., Lee, D., Muneza, A., Fennessy, J. and, D., (2019). Giraffa
camelopardalis ssp. tippelskirchi. The IUCN Red List of Threatened Species.

Brand, R., (2007). Evolutionary Ecology of Giraffes (Giraffa camelopardalis) in Etosha National
Park, Namibia. PhD thesis Newcastle University.

45


http://www.mdpi.com/2071-1050/12/6/2440/htm
http://www.mdpi.com/2071-1050/12/6/2440/htm

Buckland, ST, Anderson, DR, Burnham, KP, Laake, JL, Borchers, DL & Thomas, L (2001),
Introduction to Distance Sampling: Estimating Abundance of Populations. Oxford
University Press.

Bwangoy, J.-R.B., Hansen, M.C., Roy, D.P., Grandi, G.D. and Justice, C.O. (2010). Wetland
mapping in the Congo Basin using optical and radar remotely sensed data and derived

topographical indices. Remote Sensing of Environment, 114(1), pp.73-86.

Caro, T.M. (1999). Conservation monitoring: estimating mammal densities in woodland habitats.
Animal Conservation, 2(4), pp.305-315.

Carter, K.D., Seddon, J.M., Frere, C.H., Carter, J.K. and Goldizen, A.W. (2013). Fission—fusion
dynamics in wild giraffes may be driven by kinship, spatial overlap and individual
social preferences. Animal Behaviour, 85(2), pp.385-394.

Chammaile-James, S., Fritz, H. and Valex, M. (2007). Managing heterogeneity in elephant
distribution: Interaction between elephant population density and surface water

availability. Journal of Applied Ecology. 44:625-633.

CITES (2019). The CITES Appendices | CITES. [online] Cites.org. Available at:
https://cites.org/eng/app/index.php . Accessed on 5" May 2021.

Cobb S. (1976). The distribution and abundance of the large herbivore community of Tsavo
National Park. PhD thesis. University of Oxford, Oxford.

Congedo Luca (2020). Semi-Automatic Classification Plugin Documentation. DOI:
http://dx.doi.org/10.13140/RG.2.2.25480.65286/1

D. and Vattakaven, J. (2017). Tigers in the Terai: Strong evidence for meta- population dynamics
contributing to tiger recovery and conservation in the Terai Arc Landscape. PLOS
ONE, 12(6), p.e0177548.

D’haen, M., Fennessy, J., Stabach, J.A. and Brandlova, K. (2019). Population structure and spatial
ecology of Kordofan giraffe in Garamba National Park, Democratic Republic of
Congo. Ecology and Evolution, 9(19), pp.11395-11405.

Dagg, A. I. (2019). Giraffe Biology, Behaviour, And Conservation.Cambridge, Uk: Cambridge

University Press.

46


https://cites.org/eng/app/index.php
http://dx.doi.org/10.13140/RG.2.2.25480.65286/1

Dagg, A. . and Foster, J. B. (1982). Notes on the Biology of giraffe. East African Wildlife Journal.

Deacon, F. and Smit, N. (2017). Spatial ecology and habitat use of giraffe ( Giraffa camelopardalis
) in South Africa. Basic and Applied Ecology, 21, pp.55-65.

Department of Resources Surveys and Remote Sensing (DRSRS) (2003). Wildlife density in
Kenya’s rangelands: "DRSRS GIS Database". Nairobi, Kenya: DRSRS.

Dewan, A.M. and Yamaguchi, Y. (2009). Land use and land cover change in Greater Dhaka,
Bangladesh: Using remote sensing to promote sustainable urbanization. Applied
Geography, 29(3), pp.390-401.

Edwards, A. W.F. (1998). Natural Selection and the Sex Ratio: Fisher’s Sources. The American
Naturalist, 151(6), pp.564-5609.

Eiswerth, M.E. and van Kooten, G.C. (2009). The ghost of extinction: Preservation values and
minimum viable population in wildlife models. Ecological Economics, 68(7),
pp.2129-2136.

Eltringham, S.K. and Norton-Griffiths, M. (1977). Counting Animals. The Journal of Applied
Ecology, 14(3), p.996.

Ezeh, A.C., Bongaarts, J. and Mberu, B. (2012). Global population trends and policy options.The
Lancet, 380(9837), pp.142-148.

Fennessy, J. (2004). Ecology of desert-dwelling giraffe (Giraffa camelopardalis angolensis) in
northwestern Namibia. Ph.D. thesis, University of Sydney, Australia. p.265.

Fennessy, J. (2009). Home range and seasonal movements of Giraffa camelopardalis in the
northern Namib Desert. African Journal of Ecology, 47(3), pp.318-327.

Fennessy, J. and Marais, A., (2018). Giraffa camelopardalis ssp. antiquorum. The IUCN Red List
of Threatened Species. The IUCN Red List of Threatened Species. Version 2019-3.

https://www.iucnredlist.org . Downloaded on 14 January 2020

Fennessy, J., Bidon, T., Reuss, F., Kumar, V., Elkan, P., Nilsson, Maria A., Vamberger, M., Fritz,
U. and Janke, A. (2016). Multi-locus Analyses Reveal Four Giraffe Species Instead of
One. Current Biology, 26(18), pp.2543-2549.

47


https://www.iucnredlist.org/

Fisher, R. A. (1930). The Genetical Theory Of Natural Selection. OxfordUniversity Press, London,
UK.

Fluctuations in abundance of large herbivore populations: insights into the influence
of dry season rainfall and elephant numbers from long-term data. Animal
Conservation, 11(5), pp.391-400.

Folt, B., Goessling, J.M., Tucker, A., Guyer, C., Hermann, S., Shelton- Nix, E. and McGowan,C.
(2021). Contrasting Patterns of Demography and Population Viability Among Gopher
Tortoise Populations in Alabama. The Journal of Wildlife Management, 85(4),
pp.617-630.

Foster, J. B. (1966). The Giraffe of Nairobi National Park: Home range, sex ratios and food. East
African Wildlife Journal, 4: 139-148.

Glover, T. and Mitchell, K. (2016). An introduction to biostatistics. Long Grove, lllinois:

Woaveland Press Inc.

Glovis.usgs.gov. (2017). GloVis. Available at: <https://glovis.usgs.gov/app?fullscreen=0>
[Accessed 29 June 2020].

Groom, R.J. and Western, D. (2013). Impact of Land Subdivision and Sedentarization on Wildlife
in Kenya’s Southern Rangelands. Rangeland Ecology & Management, 66(1), pp.1-9.

Grunblatt , J., Said , M., and Wargute , P. (1996) . DRSRS National Rangelands Report: Summary
of Population Estimates for Wildlife and Livestock, Kenyan Rangelands 1977-1994.
Nairobi: Department of Resource Surveys and Remote Sensing (DRSRS), Ministry of

Planning and National Development

H.A.,Oesterheld, M., Poff, N.L., Sykes, M.T., Walker, B.H., Walker,M., Wall, D.H.,
(2000). Biodiversity: global biodiversity scenarios for the year 2100. Science 287,
1770-1774.

Hall-Martin, A. J. and Basson, W. D. (1975). Seasonal chemical composition of the diet of Transvaal

Lowveld giraffe. Journal of South African Wildlife Management Association. 5: 19-21.

Hayward, M.W. and Kerley, G.1.H. (2005). Prey preferences of the lion (Panthera Leo). Journal of
Zoology, 267(03), p.309. pp.2495-2513.

48



Hobley, C.W. (1895). Upon a Visit to Tsavo and the Taita Highlands. The Geographical Journal,
5(6), p.545.

lijima, H. (2020). A Review of Wildlife Abundance Estimation Models: Comparison of Models
for Correct Application. Mammal Study, 45(3), p.177.

IUCN, Gland, Switzerland, and Cambridge, UK.

Jat, M.K., Garg, P.K. and Khare, D. (2008). Monitoring and modelling of urban sprawl using
remote sensing and GIS techniques. International Journal of Applied Earth

Observation and Geoinformation, 10(1), pp.26-43.

Jones, T., Cusack, J.J., Pozo, R.A., Smit, J., Mkuburo, L., Baran, P., Lobora, A.L., Mduma, S. and
Foley, C. (2018). Age structure as an indicator of poaching pressure: Insights from
rapid assessments of elephant populations across space and time. Ecological Indicators,
88, pp.115-125.

K.K., Gurung, G.S., Jnawali, S.R., Pradhan, N.M.B., Bhata, S.R., Koirala, S., Ghose,

Kamau, P.N. and Sluyter, A. (2018). Challenges Of Elephant Conservation: Insights From Oral
Histories Of Colonialism And Landscape In Tsavo, Kenya. Geographical Review,
108(4), pp.523-544.

Kappeler, P.M. (2017). Sex roles and adult sex ratios: insights from mammalian biology and
consequences for primate behaviour. Philosophical Transactions of the Royal Society
B: Biological Sciences, 372(1729), p.20160321.

Kenya wildlife Service (2008). Tsavo Conservation Area Management Plan (2008-2018), KWS,

Nairobi.

Kenya Wildlife Service, (2017) Wildlife Migratory Corridors and Dispersal Areas: Kenya
Rangelands and Coastal Terrestrial Ecosystems “Securing Wildlife Migratory Routes
and Corridors” — A Kenya Vision 2030 Flagship Project, KWS, Nairobi.

Kenya Wildlife Service, (2018 a). South Kitui National Reserve Management Plan, (2018-2028),
KWS, Nairobi.

Kenya Wildlife Service, (2018 b). Recovery and Action Plan for Giraffe (Giraffa camelopardalis)
in Kenya (2018-2022). Nairobi, Kenya. KWS, Nairobi.

49



Kija, H.K., Ogutu, J.O., Mangewa, L.J., Bukombe, J., Verones, F., Graae, B.J., Kideghesho, J.R.,
Said, M.Y. and Nzunda, E.F. (2020). Spatio-Temporal Changes in Wildlife Habitat
Quality in the Greater Serengeti Ecosystem. Sustainability, [online] 12(6), p.2440.

Kiringe, J.W., Mwaura, F. and Warinwa, F. (2016). Characterization of Chyulu Hills Watershed
Ecosystem Services in South-Eastern Kenya. Environment and Natural Resources
Research, 6(3), p.65.

Koh, L.P. and Sodhi, N.S. (2010). Conserving Southeast Asia’s imperiled biodiversity: scientific,
management, and policy challenges. Biodiversity and Conservation, 19(4), pp.913—
917.

Lambin, E.F., Baulies, X., Bockstael, N., Fischer, G., Krug, T.,Leemans, R., Moran, E.F., Rindfuss,
R.R., Sato, Y., Skole, D.,Turner, B.L., Vogel, C., (1999). Land-use and land (LULC)-
cover change: Implementation strategy. IGBP Report No. 48, IHDP Report No. 10,

Stockholm, Bonn.

Lambin, E.F., Turner, B.L., Geist, H.J., Agbola, S.B., Angelsen, A., Bruce, JW., Coomes,
O.TDirzo, R., Fischer, G., Folke, C., George, P.S., Homewood, K., Imbernon, J.,
Leemans, R., Li, X., Moran, E.F., Mortimore, M., Ramakrishnan, P.S., Richards, J.F.,
Skanes, H., Steffen, W., Stone, G.D., Svedin, U., Veldkamp, T.A., Vogel, C. , Xu, J.
(2001). The causes of land-use and land-cover change: moving beyond the myths.
Global Environmental Change, 11(4), pp.261-2609.

Leuthold, B.M. (1979). Social organization and behaviour of giraffe in Tsavo East National Park.
Leuthold, B.M. and leuthold, W. (1972). Food habits of giraffe in Tsavo National Park, Kenya.

Leuthold, B.M. and Leuthold, W. (1978a). Daytime activity patterns of gerenuk and giraffe in
Tsavo National Park, Kenya. African Journal of Ecology, 16(4), pp.231-243.

Leuthold, B.M. and Leuthold, W. (1978b). Ecology of the giraffe in Tsavo East National Park,
Kenya. African Journal of Ecology, 16(1), pp.1-20.

Leuthold, B.M. and Leuthold, W. (2008). Food habits of giraffe in Tsavo National Park, Kenya
African Journal of Ecology, 10(2), pp.129-141.

50



Ludwig, S.C., Aebischer, N.J., Bubb, D., Roos, S. and Baines, D. (2018). Survival of chicks and
adults explains variation in population growth in a recovering red grouse Lagopus
lagopus scotica population. Wildlife Biology, 2018(1).

Maktav, D. and Berberoglu, S. (2018). Different Digital Image Processing Methods for Remote
Sensing Applications. Journal of the Indian Society of Remote Sensing, 46(8),
pp.1201-1202.

Marealle, W.N., Fossay, F., Holmern, T., Stokke, B.G. and Regskaft, E. (2010). Does illegal hunting
skew Serengeti wildlife sex ratios? Wildlife Biology, 16(4), pp.419-429.

Marjamaki, P.H., Contasti, A.L., Coulson, T.N. and McLoughlin, P.D. (2013). Local density and
group size interacts with age and sex to determine direction and rate of social dispersal
in a polygynous mammal. Ecology and Evolution, 3(9), pp.3073-3082.

Marshall Cavendish.

Megaze, A., Belay, G. and Balakrishnan, M. (2012). Population structure and ecology of the
African buffalo (Syncerus cafferSparrman, 1779) in Chebera Churchura National Park,
Ethiopia. African Journal of Ecology, 51(3), pp.393-401.

Microsoft Corporation, (2018). Microsoft Excel, Available at: https://office.microsoft.com/excel.

Ministry of Tourism and Wildlife (2018) National Wildlife Strategy 2030. A bridge Version.
Blueprint to transform wildlife conservation in Kenya. Nairobi, Kenya.

Mitchell, G. and Skinner, J.D. (2003). On the origin, evolution and phylogeny of giraffes Giraffa
camelopardalis. Transactions of the Royal Society of South Africa, 58(1), pp.51-73.

Mukeka J. (2010) . Analyzing the distribution of the African elephant (Loxodonta africana) in
Tsavo, Kenya. MSc thesis. Miami University, Oxford, Ohio

Muller, Z. (2018). Rothschild’s giraffe Giraffa camelopardalis rothschildi (Linnaeus, 1758) in East

Africa: A review of population trends, taxonomy and conservation status.

Muller, Z., Cuthill, I.C. and Harris, S. (2018). Group sizes of giraffes in Kenya: The influence of
habitat, predation and the age and sex of individuals. Journal of Zoology, 306(2),
pp.77-87.

51



Muneza, A., Doherty, J.B., Hussein Ali, A., Fennessy, J., Marais, A., O'Connor, D. and Wube, T.,
(2018). Giraffa camelopardalis ssp. reticulata. The IUCN Red List of Threatened
Species. Version 2019-3. https://www.iucnredlist.org. Accessed on 14 January 2020

Musila, S., Monadjem, A., Webala, P.W., Patterson, B.D., Hutterer, R., De Jong, Y.A., Butynski,
T.M., Mwangi, G., Chen, Z.Z. and Jiang, X.L., (2019). An annotated checklist of

mammals of Kenya. Zoological research, 40(1), pp.3-52

Ngene, S., Lala, F., Nzisa, M., Kimitei, K., Mukeka, J., Kiambi, S., Davidson, Z., Bakari, S.,
Lyimo, E., Khayale, C. and Ihwagi, F., (2017). Aerial total count of elephants, buffalo
and giraffe in the tsavo-mkomazi ecosystem (February 2017). Arusha. Kenya Wildlife
Service (KWS) and Tanzania Wildlife Research Institute (TAWIRI).

Ngene, S.M., Njumbi, S., Nzisa, M., Kimitei, K., Mukeka, J., Muya, S., Ihwagi, F. and OmondiP.
(2013) Status and trends of the elephant population in the Tsavo Mkomazi ecosystem.

Pachyderm 53, January-June.

Njogu, J.G. (2004). Community-based conservation in an entitlement perspective: Wildlife and
forest biodiversity conservation in Taita, Kenya. African Studies Center Research
Report 73/2004.

Northern Corridor Transit & Transport Coordination Authority (2018). Enhanced Transport
Efficiency of the Northern Corridor. A Northern Corridor Transport Observatory

Report Mombasa -Kenya.

O’connor, D., Stacy- Dawes, J., Muneza, A., Fennessy, J., Gobush, K., Chase, M.J., Brown, M.B.,
Bracis, C., Elkan, P., Zaberirou, A.R.M., Rabeil, T., Rubenstein, D., Becker, M.S.,
Phillips, S., Stabach, J.A., Leimgruber, P., Glikman, J.A., Ruppert, K., Masiaine, S.
and Mueller, T. (2019). Updated geographic range maps for giraffe, Giraffa spp.,
throughout sub- Saharan Africa, and implications of changing distributions for

conservation. Mammal Review, 49(4), pp.285-299.

Obari, O.T., (2009). Factors Affecting Habitat Use by Maasai giraffe (Giraffa Camelopardalis
tippelskirchi) in the Athi-Kapiti Plains, Kenya. MSc thesis, University of Nairobi.

52


http://www.iucnredlist.org/
http://www.iucnredlist.org/

Obari, O.T., (2014). Population Ecology of Maasai Giraffe (Giraffa Camelopardalis tippelskirchi)
In Relation to Climate Variability in Southern Kenya. PhD Thesis University of
Nairobi.

Ogutu, J.0., Owen-Smith, N., Piepho, H.-P. and Said, M.Y. (2011). Continuing wildlife population
declines and range contraction in the Mara region of Kenya during 1977- 2009. Journal
of Zoology, 285(2), pp.99-109.

Ogutu, J.O., Piepho, H.-P., Said, M.Y., Ojwang, G.O., Njino, L.W., Kifugo, S.C. and
Wargute,P.W. (2016). Extreme Wildlife Declines and Concurrent Increase in
Livestock Numbers in Kenya: What Are the Causes? PLOS ONE, 11(9), p.e0163249.

Okello, M.M., Kenana, L., Maliti, H., Kiringe, J.W., Kanga, E., Warinwa, F., Bakari, S.,
Ndambuki, S., Kija, H., Sitati, N., Kimutai, D., Gichohi, N., Muteti, D., Muruthi, P.
and Mwita, M. (2015). Population Status and Trend of the Maasai Giraffe in the Mid
Kenya-Tanzania Borderland. Natural Resources, 06(03), pp.159-173.African Studies
Center. Forest Biodiversity Conservation in Taita, Kenya. Leiden, the Netherlands: 33
(2): 335--349.

Omondi P, Bitok EK, Mukeka J, Mayienda RM, Litoroh M. (2008). Total aerial count of elephants
and other large mammal species of Tsavo—Mkomazi ecosystem.Kenya Wildlife

Service, Nairobi, Kenya.

Ottichilo, W.K., De Leeuw, J., Skidmore, A.K., Prins, H.H.T. and Said, M.Y. (2000). Population
trends of large non-migratory wild herbivores and livestock in the Masai
Maraecosystem, Kenya, between 1977 and 1997. African Journal of Ecology, [online]
38(3), pp.202-216. Available at:
https://onlinelibrary.wiley.com/doi/abs/10.1046/].1365-2028.2000.00242
Accessed29 April. 2019.

Pellew, R.A. (1984). Food Consumption and Energy Budgets of the Giraffe. Journal of Applied
Ecology, [online] 21(2), pp.141-159. Available at:
https://www.jstor.org/stable/pdf/2403043 . Accessed 13 March. 2019

Peterson, D., Ammann, K. (2013). Giraffe Reflections: University of California Press, Cop.

Berkeley, California.

53


https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2028.2000.00242
https://www.jstor.org/stable/pdf/2403043

Phan, T.N., Kuch, V. and Lehnert, L.W. (2020). Land Cover Classification using Google Earth
Engine and Random Forest Classifier—The Role of Image Composition.

Purdon, A., Mole, M.A., Chase, M.J. and van Aarde, R.J. (2018). Partial migration in savanna

elephant populations distributed across southern Africa. Scientific Reports, 8(1).

QGIS Development Team (2013). QGIS Geographic Information System. Open-Source Geospatial
Foundation Project. http://qgis.osgeo.org

R Core Team (2020). R: A language and environment for statistical computing. R Foundation for

Statistical Computing, Vienna, Austria. https://www.R-project.org/.

Redfern, J. V. Grant, C. C., Gaylard, A. and Getz, W. M. (2005). Surface Water Availability and
the Management of Herbivore distributions in an African Ecosystem. Journal of Arid
Environments. 63: 406-424.

RemoteSensing, 12(15), p.2411.

Rich, L.N., Beissinger, S.R., Brashares, J.S. and Furnas, B.J. (2019). Artificial water catchments
influence wildlife distribution in the Mojave Desert. The Journal of Wildlife
Management, 83(4), pp.855-865.

RStudio Team (2020). RStudio: Integrated Development Environment for R. RStudio, PBC,

Boston, MA. http://www.rstudio.com/.

Sala, O.E., Chapin, F.S., Armesto, J.J., Berlow, E., Bloomfield, J.,Dirzo, R., Huber-Sanwald, E.,
Huenneke, L.F., Jackson, R.B.,Kinzig, A., Leemans, R., Lodge, D.M., Mooney,

Scholes, R J, et al. IPBES (2018): Summary for Policymakers of the Assessment Report on Land
Degradation and Restoration of the Intergovernmental Science- Policy Platform on
Biodiversity and Ecosystem Services. Intergovernmental Science-Policy Platform on
Biodiversity and Ecosystem Services, 2018.

Serra, P., Pons, X. and Sauri, D. (2008). Land-cover and land-use change in a Mediterranean

landscape: A spatial analysis of driving forces integrating biophysical and human
factors. Applied Geography, 28(3), pp.189-209.

54


http://qgis.osgeo.org/
https://www.r-project.org/
http://www.rstudio.com/

Shorrocks, B. (2016). The Giraffe: Biology, Ecology, Evolution and Behavior. Chichester, Uk John
Wiley Et Sons.

Steinhart, E.l. (2000). Elephant Hunting in 19th-Century Kenya: Kamba Society and Ecology in

Transformation. The International Journal of African Historical Studies, 33(2), p.335.

Strauss, M.K.L. and Packer, C. (2012). Using claw marks to study lion predation on giraffes of the
Serengeti. Journal of Zoology, 289(2), pp.134-142.

Syombua, J. (2013). Land use and land cover changes and their implications for human-wildlife
conflicts in the semi-arid rangelands of southern Kenya. Journal of Geography and
Regional Planning, 6(5), pp.193-199.

Thapa, K., Wikramanayake, E., Malla, S., Acharya, K.P., Lamichhane, B.R., Subedi, N., Pokharel,
C.P., Thapa, G.J., Dhakal, M., Bista, A., Borah, J., Gupta, M., Maurya,

Thomas, L., Buckland, S., Rexstad, E., Laake, J., Strindberg, S., Hedley, S., Bishop, J., Marques,T.
and Burnham, K., (2010). Distance software: design and analysis of distance sampling

surveys for estimating population size. Journal of Applied Ecology, 47(1), pp.5-14.

Turkalo, A.K., Wrege, P.H. and Wittemyer, G. (2018). Demography of a forest elephant
population. PLOS ONE, 13(2), p.e0192777.

Utami, N.W.F., Wirawan, I.G.P., Firn, J., Kepakisan, A.N.K., Kusdyana, I.P.G.A., Nicol, S. and
Carwardine, J. (2020). Prioritizing management strategies to achieve multiple
outcomes in a globally significant Indonesian protected area. Conservation Science and
Practice, 2(6).

Valeix, M., Fritz, H., Chamaillé-Jammes, S., Bourgarel, M. and Murindagomo, F. (2008).
Version 2019-3. <https://www.iucnredlist.org>. Downloaded on 14 January 2020

Vogel, E.R., Kivai, S. and Alavi, S., (2016). Foraging strategies. The international journal of
Primatology, pp.1-9.

Wahap, N.A. and Shafri, H.Z.M. (2020). Utilization of Google Earth Engine (GEE) for land cover
monitoring over Klang Valley, Malaysia. IOP Conference Series: Earth and
Environmental Science, 540, p.012003.

55


http://www.iucnredlist.org/
http://www.iucnredlist.org/

Western, D. (1973). The Structure, Dynamics and Changes of Amboseli Ecosystem. PhD thesis,
University of Nairobi.

Western, D. (1975). Water Availability and its Influence on the structure and Dynamics of a

Savanna Large Mammal community. East African Wildlife Journal. 13: 265-286.

Western, D. and Maitumo, D. (2004). Woodland loss and restoration in a savanna park: a 20-year

experiment. African Journal of Ecology, 42(2), pp.111-121.

Western, D., Russell, S. and Cuthill, I. (2009). The Status of Wildlife in Protected Areas Compared
to Non-Protected Areas of Kenya. PLoS ONE, 4(7), p.e6140.

Wijngaarden, W. (1985). Elephants, Trees, Grass, and Grazers: Relationships between Climate,
Soils, Vegetation and Large Herbivores in a Semi-Arid Savannah Ecosystem (Tsavo,
Kenya).Enschede, the Netherlands: International Institute for Aerospace Survey and
Earth.

Wilson, D.E. (1996). Measuring and monitoring biological diversity. Standard methods for

mammals. Washington: Smithsonian Institution Press.

Wube, T., Doherty, J.B., Fennessy, J. and Marais, A., (2018). Giraffa camelopardalis ssp.
camelopardalis. The IUCN Red List of Threatened Species. Version 2019-3.

https://www.iucnredlist.org. Downloaded on 14 January 2020.

Wyatt, J. R. (1969). The Feeding Ecology of Giraffe (G. camelopardalis L.) in Nairobi National
Park and the Effect of Browsing on Their Main Food Plants. MSc. thesis, University

of Nairobi.

56


http://www.iucnredlist.org/
http://www.iucnredlist.org/

APPENDICES

Appendix 1: Giraffe data from transect counts in the Tsavo Landscape

NAME AREA Transect | Transect Length | Direction Perpendicular | Total
(KM?) No. (M) of the sight | Distance  to | number
the sight
Tsavo West | 7,000 1 54 90 10 1
N.P /Season 1 60 500 1
90 100 3
0 1000 1
0 1000 2
0 0 0
2 24 0 0 0
0 0 0
0 0 0
3 45 90 108 3
90 137 1
90 154 2
90 100 1
30 90 5
90 85 6
0 1000 3
4 7 90 34 1
5 20 90 135 1
0 0 0
6 55 0 0 0
0 0 0
0 1000 2
0 0 0
0 0 0
0 0 0
7 50 90 25 12
0 1000 2
40 20 3
20 100 3
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0 1000 0

Tsavo  west | 7,000 54 90 38 6
N.P/Season 2 0 1000 5
0 0 0

0 0 0

0 1000 5

90 35 6

24 0 0 0
0 0 0

0 0 0

45 90 25 2
90 50 2

0 1000 3

60 250 3

90 50 1

20 20 4

20 10 2

20 20 3

90 100 1

50 30 1

20 25 1

60 200 3

90 100 1

50 30 1

90 50 1

20 20 4

20 20 1

20 10 2
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90 15 1

7 10 16 2
90 100 1
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90 80 4

50 30 9
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10 50 0 0 0
0 0 0
46 517 14
45 162 1
60 43 6
45 33 4
0 0 0
11 80 60 41 3
0 0 0
0 0 0
0 0 0
40 40 4
90 131 1
0 0 0
0 0 0
40 25 2
90 108 1
60 20 1
45 35 2
90 250 4
0 1000 1
Region Area Transect Transect Direction | Perpendicular | Total
Length of the | Distance  to | number
sight the sight
Tsavo East | 14,000 1 86 0 0 0
Sample 1 0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
90 50 4
2 38 0 0 0
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0 20 8
0 0 0
2 17 45 30 2
0 0 0
3 12 0 20 7
4 50 30 3
6 60 50 5
5 60 50 4
25 0 20 3
0 0 0
6 10 0 0 0
7 10 0 0 0
8 7 0 0 0
9 17 0 0 0
0 0 0
10 8 0 0 0
11 22 0 0 0
0 0 0
12 7 60 211 5
45 70 9
13 11 0 0 0
0 0 0
14 7 0 0 0
15 16 0 0 0
0 0 0
16 4 0 0 0
17 15 60 20 16
90 500 7
18 10 0 0 0
Region Area Transect | Transect | Direction | Perpendicular | Total
Length of  the | Distance  to | number
sight the sight
Rombo Group Ranch | 359 1 6 0 0 0
Season 1 2 3 260 450 1
90 133 7
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260 900 6

3 5 0 0 0

4 10 0 0 1

0 0 1

5 1.3 0 0 0

Rombo Group Ranch | 359 1 6 90 142 6
Season 2 90 500 6
2 3 90 226 1

60 100 3

90 173 3

3 5 90 100 2

90 500 4

90 700 2

90 500 2

4 10 90 600 2

5 1.3 0 0 0

Rombo Group Ranch | 359 1 6 0 0 0
Season 3 2 3 0 0 0
0 0 0

0 0 0

3 5 0 0 0

4 10 0 0 0

0 0 0

5 1.3 110 10 2

30 10 10

60 30 4
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Appendix 2: Giraffe Population and Density estimates using Distance softwar
Tsavo West N.P Season 1

Effort : 479.0000 kms
#samples : 11
# Observations: 66
Point Standard Percent Coef. 95% Percent

Parameter Estimate Error  of Variation Confidence Interval

DS  0.68894E-010.12275E-01 17.82  0.47310E-01 0.10032
E(S) 20303 034342 1691 14517  2.8395
D 013987 0.34363E-01 2457 0.85943E-01 0.22765

N 979.00  240.51 2457 602.00 1594.0

Tsavo West N.P Season 2

Effort : 479.0000 kms
#samples : 11

# observations: 81

Point Standard Percent Coef. 95% Percent

Parameter Estimate Error  of Variation Confidence Interval

DS  0.84551E-01 0.19639E-01 23.23  0.51490E-01 0.13884
E(S) 2.7407 0.34192 1248 21402  3.5097
D 0.23173 0.61099E-01 26.37 0.13516 0.39731

N 1622.0  427.66 26.37  946.00 2781.0
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Tsavo West N.P Season 3

Effort : 479.0000 kms
#samples : 11

# observations: 83

Point Standard Percent Coef. 95% Percent

Parameter Estimate Error  of Variation Confidence Interval

DS  0.86646E-01 0.10433E-01 12.04 0.67772E-01 0.11078
E(S) 22892 0.33920 1482  1.7075  3.0690
D 0.19835 0.37870E-01 19.09 0.13626 0.28872

N 1388.0  265.01 19.09 954.00 2021.0

Tsavo East N.P Season 1
Effort . 780.0000 kms
#samples : 14

# observations: 83

Point Standard Percent Coef. 95% Percent

Parameter Estimate Error  of Variation Confidence Interval

DS  0.53548E-01 0.35694E-02  6.67 0.46916E-01 0.61119E-01
E(S) 0.48193 0.13537 28.09 1.0000 0.83381
D 0.25806E-01 0.74502E-02 28.87 0.14711E-01 0.45269E-01

N 361.00  104.22 28.87  206.00 634.00
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Tsavo East Season 2

Effort . 780.0000 kms
#samples : 14

# observations: 91

Point Standard Percent Coef. 95% Percent

Parameter Estimate Error  of Variation Confidence Interval

DS  0.58333E-01 0.55868E-02  9.58 0.48133E-01 0.70696E-01
E(S) 1.7692 0.26523 1499 13157 23791
D 0.10321  0.18360E-01 17.79  0.72795E-01 0.14632

N 14450  257.06 17.79  1019.0  2048.0

Tsavo East Season 3

Effort : 780.0000 kms
#samples : 14

# observations: 83

Point Standard Percent Coef. 95% Percent

Parameter Estimate Error  of Variation Confidence Interval

DS  0.53205E-01 0.34541E-02  6.49 0.46775E-01 0.60519E-01
E(S) 0.62651 0.13683 21.84  1.0000 0.96254

D 0.33333E-01 0.75948E-02 22.78 0.21328E-01 0.52096E-01
N 467.00  106.40 22.78  299.00  729.00
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Rombo Group Ranch Season 1

Effort : 25.30000 Kkms
#samples : 5

# observations: 8

Point Standard Percent Coef. 95% Percent

Parameter Estimate Error  of Variation Confidence Interval

DS  0.15812 0.67259E-01 42.54 0.59451E-01 0.42054
E(S) 2.0000 1.0000 50.00 1.0000 6.1114
D 0.31624  0.20760 65.65 0.87052E-01 1.1488

N 114.00  74.837 65.65 31.000 412.00

Rombo Group Ranch Season 2
Effort : 25.30000 kms
#samples : 5

# observations: 11

Point Standard Percent Coef. 95% Percent

Parameter Estimate Error  of Variation Confidence Interval

DS  0.29785 0.15029 50.46 0.96972E-01 0.91484
E(S) 4.3940 1.0546 2400 25725  7.5052
D 1.3088 0.73129 55.88 0.41154  4.1620

N 563.00  314.59 55.88 177.00 1790.0
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Rombo Group Ranch Season 3

Effort : 25.30000 kms
#samples : 5

# observations: 10

Point Standard Percent Coef. 95 Percent

Parameter Estimate Error  of Variation Confidence Interval

A(1) 0.1000E+07 0.5389E+12

f(0) 0.10000E-02 0.17962E-03  17.96  0.66824E-03 0.14965E-02
p 10000 0.17962 17.96  0.66824  1.0000

ESW 10000  179.62 17.96 66824 14965

Taita Ranches season 1

Effort : 251.0000 kms
#samples : 18

# observations: 34

Point Standard Percent Coef. 95% Percent

Parameter Estimate Error  of Variation Confidence Interval

DS  0.67729E-01 0.87849E-02 12.97  0.52250E-01 0.87794E-01
E(S) 1.1176 0.32365 28.96  1.0000  1.9909
D 0.75697E-01 0.24019E-01 31.73  0.40586E-01 0.14118

N 14400  45.692 31.73 77.000 268.00
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Taita Ranches Season 2

Effort 780.0000 kms
# samples 14
# observations: 83

Point

Parameter Estimate Error

Standard Percent Coef.

of Variation

95% Percent

Confidence Interval

DS  0.53205E-01 0.34541E-02  6.49 0.46775E-01 0.60519E-01
E(S) 0.62651 0.13683 21.84 1.0000 0.96254

D 0.33333E-01 0.75948E-02 22.78 0.21328E-01 0.52096E-01
N 467.00  106.40 22,78  299.00  729.00

Taita Ranches Season 3

Effort 247.0000 kms
# samples 18
# observations: 30

Point

Parameter Estimate Error

Standard Percent Coef.

of Variation

95% Percent

Confidence Interval

DS  0.60729E-01 0.76349E-02  12.
E(S) 23000 070164  30.51

D 013968 0.46086E-01 33.00
N 26500 87.437  33.00

57 0.47182E-01 0.78165E-01

12496  4.2334
0.72899E-01 0.26762

139.00  508.00

SKNR Season 1
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Effort : 62.00000
#samples : 3

# observations: 0

Point Standard Percent Coef. 95% Percent

Parameter Estimate Error  of Variation Confidence Interval

DS  0.64516E-01 0.13827E-01 21.43 0.39785E-01 0.10462
E(S) 0.00000 0.00000 0.00  1.0000 0.00000
D 0.00000

N 0.00000

SKNR Season 2
Effort : 62.00000 kms
#samples : 3
# observations: 0
Point Standard Percent Coef. 95% Percent

Parameter Estimate Error  of Variation Confidence Interval

DS  0.64516E-01 0.13827E-01 21.43  0.39785E-01 0.10462
E(S) 0.00000 0.00000 0.00  1.0000 0.00000
D 0.00000

N 0.00000

SKNR Season 3
Effort : 62.00000 kms

#samples : 3
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# observations: 0
Point Standard Percent Coef. 95% Percent

Parameter Estimate Error  of Variation Confidence Interval

DS  0.64516E-01 0.13827E-01 21.43  0.39785E-01 0.10462

E(S) 0.00000 0.00000 0.00  1.0000 0.00000

D 0.00000
N 0.00000
Appendix 3:
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Artificial Water Points in the Tsavo Landscape

Type Water Feature Status X Y

Water Pan Has Water 38.89816 -3.50346
Dam Permanent water 38.843 -3.85495
Water Pan Has Water 37.90793 -3.34415
Water Pan Dry 38.13321 -2.85381
Dam Permanent water 38.89373 -3.78554
Water Pan Has Water 38.40046 -2.44973
Water Pan Has Water 37.88236 -2.91608
Dam Permanent water 38.84279 -3.85328
Pumped Borehole Has Water 37.79564 -3.17361
Water Pan Has Water 38.33398 -3.69443
Water Pan Has Water 37.90787 -3.34425
Dam Has Water 38.4267 -2.21547
Water Pan Dry 38.13986 -2.94173
Water Pan Dry 37.69658 -3.1226
Water Pan Dry 38.12765 -2.93685
Pumped Borehole Has Water 37.74312 -3.13999
Dam Permanent water 38.22642 -3.61599
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Water Pan Has Water 37.90838 -3.34372
Water Pan Dry 37.74144 -3.14952
Water Pan Has Water 38.33646 -3.68562
Dam Dry 37.69695 -3.12181
Pumped Borehole Permanent water 38.61688 -2.92009
Dam Has Water 38.49493 -3.61219
Water Pan Dry 38.05952 -2.75711
Dam Permanent water 38.81626 -3.78003
Dam Dry 38.91371 -1.74915
Water Pan Dry 38.06151 -2.76044
Water Pan Has Water 38.93546 -3.6235

Pumped Borehole Permanent water 37.82175 -2.95978
Dam Dry 38.582 -3.83799
Dam Has Water 38.89379 -3.78565
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Appendix 4: Landsat images for 2020, 2010, 1999 and 1985

Year Path/Row Acquisition date
2020 167/61 01/12/2020
167/62 01/12/2020
167/63 01/12/2020
166/61 01/25/2020
166/62 01/21/2020
166/63 01/21/2020
2010 167/61 02/09/2010
167/62 02/09/2010
167/63 03/13/2010
166/61 02/07/2010
166/62 02/07/2010
166/63 02/09/2010
1999 167/61 03/28/1995
167/62 03/28/1995
167/63 03/28/1995
166/61 02/17/1995
166/62 02/17/1995
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1985

166/63

167/61

167/62

167/63

166/61

166/62

166/63
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02/17/1995

02/02/1985

02/18/1985

02/18/1985

01/26/1985

01/26/1985

02/02/1985



Appendix 5. LULC Change Accuracy Assessment

Classification Accuracy assessment for the Tsavo Landscape 2020
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Total
PA
Overall Accuracy
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0.57493
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Classification Accuracy assessment for the Tsavo Landscape 2010
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Classification Accuracy assessment for the Tsavo Landscape 1999
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122
48.8358
0.51309

Total
PA
Overall Accuracy

2 3
3 1
4 23
2 17
0 1
0 0
0 0
0 0
0 0
0 28
9 69

48.4252 24.4479

50
125
18

42
250
50.1092
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8 9 Total UA

1 22 42 0.0000

0 39 64 1.6219

4 125 176 22.1276

0 47 180 68.3290

0 10 29  0.0000

0 34 131 58.0180

0 0 1 0.0000

44 0 44 0.0663

0 311 367 84.7741

49 590 1034

0.000 90.778 52.770
8 9 Total UA
0 10 73 59.42982
0 36 75 5.343915
0 151 198 0.220928
0 73 192 51.68354
0 11 31 0
0 6 78 42.39631
0 0 1 0
46 0 47 97.46622
0 294 339 86.56951
46 580 1034
98.886 50.6879

8 9 Total UA
0 0 69 85.96952
0 11 83 5.401845
0 143 218 7.764234
0 82 216 57.96296
0 17 36 0
0 6 0
0 2 3 0
51 0 51 99.43343
0 272 352 77.25823
52 533 1034

O O O O O O O o o oN

99.0127 51.0703



Classification Accuracy assessment for the Tsavo Landscape 1985

1 2 3 4 5 6 7 8 9 Total | UA
1 0 1 1 3 0 14 0 1 22 42 0
2 7 1 0 3 0 13 0 0 39 63 0.015873
3 0 2 20 13 7 0 0 4 125 171 0.116959
4 2 0 0 100 0 8 0 0 47 157 0.012739
5 0 0 0 16 0 7 0 0 10 33 0
6 7 3 1 8 0 76 0 0 34 129 0.589147
7 0 0 0 10 0 0 0 0 0 10 0
8 0 0 0 0 0 0 0 44 0 44 1
9 5 0 19 42 0 8 0 0 311 385 0.807792
Total 21 7 41 195 7 126 | 0 49 588 1034
PA 0 0.14 0.49 | 0.51 0 060 | 0 0.89 0.52
Overall 0.53
Accuracy

Classification Accuracy assessment for the Rombo Group Ranch 2020

1 2 3 4 5 6 7 8 9 Total | UA
1 0 0 0 0 0 0 0 0 0 0 0.00
2 0 0 2 0 0 2 0 0 0 4 0.00
3 0 0 277 | 0 0 4 0 0 0 281 0.99
4 0 0 17 0 0 1 0 0 0 18 0.00
5 0 0 12 0 0 2 0 0 0 15 0.00
6 0 0 64 0 0 10 0 0 0 74 0.13
7 0 0 1 0 0 0 0 0 0 1 0.00
8 0 0 0 0 0 0 0 0 0 0 0.00
9 0 0 2 0 0 0 0 0 0 2 0.00
Total 0 0 376 | 0 0 19 0 0 0 395
PA 0.00 0.00 0.74 | 0.00 0.00 | 0.52 | 0.00 | 0.00 0.00
Overall 0.7271
Accuracy

88



Classification Accuracy assessment for the Rombo Group Ranch 2010

1 2 3 4 5 6 |7 8 9 Total | UA
1 0 0 0 0 0 0 [0 Jo 0 0 0.00
2 0 1 11 |4 0 8 [0 o 0 24 [ 004
3 0 0 228 | 1 0 9 [0 Jo 0 238 | 0.96
4 0 0 16 |26 0 1 o o 0 43 | o061
5 0 0 3 0 0 0o [0 o 0 3 0.00
6 0 0 58 |4 0 2 (0 Jo 0 84 [ 026
7 0 0 1 0 0 o [0 Jo 0 1 0.00
8 0 0 0 0 0 0o |[o [0 0 0 0.00
9 0 0 2 0 0 0o [0 Jo 0 2 0.00
Total 0.0 14 3194 | 343 00 |[398]00 |00 0.0 395
PA 0.00 075 |071 |0.76 000 |0.55][0.00 (000 |[0.00
Overall 0.7020
Accuracy

Classification Accuracy assessment for the Rombo Group Ranch 1999

1 2 3 4 5 6 7 8 9 Total | UA

1 0 0 0 0 0 0 0 0 0 0 0.000
2 0 8 18 |0 0 0 0 0 0 26 | 0.305
3 0 1 2712 | 0 0 0 0 0 0 273 [ 0.996
4 0 0 24 |25 0 0 0 0 0 49 | 0505
5 0 0 3 0 0 0 0 0 0 3 0.000
6 0 1 38 |2 0 0 0 0 0 42 10.000
7 0 0 0 0 0 0 0 0 0 0 0.000
8 0 0 0 0 0 0 0 0 0 0 0.000
9 0 0 2 0 0 0 0 0 0 2 0.000
Total 0 10 358 |27 0 0 0 0 0 395
PA 0.000 |[0.761 [ 0.901 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
Overall 0.7714
Accuracy
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Classification Accuracy assessment for the Rombo Group Ranch 1985

1 2 3 4 5 6 7 8 9 Total | PA
1 0 0 0 0 0 0 0 0 0 0 0.000
2 0 0 19 3 0 2 0 0 0 25 0.000
3 0 0 283 0 0 0 0 0 0 283 0.998
4 0 0 21 19 0 0 0 0 0 40 0.477
5 0 0 2 0 0 0 0 0 0 2 0.054
6 0 0 40 0 0 1 0 0 0 41 0.017
7 0 0 1 0 0 0 0 0 0 2 0.000
8 0 0 0 0 0 0 0 0 0 0 0.000
9 0 0 2 0 0 0 0 0 0 2 0.000
Total 0 0 369 23 0 3 0 0 0 395
UA 0.0000 0.0000 | 0.7669 | 0.8225 | 0.0000 | 0.2010 | 0.0000 | 0.0000 | 0.0000
Overall 0.7652
Accuracy
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