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ABSTRACT

INFLUENCE OF HABITAT AND ANTHROPOGENIC DISTURBANCE ON THE
DIVERSITY, DISTRIBUTION AND ABUNDANCE OF LARGE MAMMALS: A
CASE STUDY ACROSS FOUR ADJACENT WILDLIFE CONSERVATION AREAS
IN LAIKIPIA COUNTY, KENYA
Ryan G. Valdez, Ph.D.
George Mason University, 2015
Dissertation Director: Dr. Larry L. Rockwood

The large mammals of East Africa are a functionally diverse component of tropical
savanna ecosystems and vital drivers of tourism and, thus, landscape conservation.
Laikipia County, Kenya, known for harboring high African mammal diversity and a high
density of a flagship species, the eastern black rhino (Diceros bicornis michaeli), is a
complex mosaic of public and privately owned lands. In this study, I take advantage of a
unique opportunity to measure anthropogenic impacts on wildlife among four contiguous,
independently managed Laikipia ranches, including one proposed as a future national
park. Georeferenced habitat identification was combined with vegetation surveys on all
ranches with the majority of the landscape classified as Acacia (39%), followed by
grassland (25%), mixed Acacia-Euclea forest (21%), Euclea (12%), and riverine (3%).
Sampling of wildlife was conducted through simultaneous camera trapping, resulting in
over 150,000 image captures of 49 species. Occupancy modeling was used to test

xxv

hypotheses of anthropogenic impacts (fencing, roads, areas of human activity, and
artificial waterpoints) on the diversity and distribution of large mammals. Functional
guilds were correlated to habitat classification, with grazers and browsers dominating the
landscape. Species richness was correlated to size of ranch, but showed no correlations
to habitat type or to proximity to artificial waterpoints as was hypothesized. Modeling
showed a positive correlation of richness to natural rivers, fencing, and areas of human
activity. These unique data across multiple privately owned properties provide an
updated and holistic perspective of landscape dynamics in Laikipia. To facilitate data
visualization and to promote new technological resources for land managers, a GIS was
used to combine habitat classification, anthropogenic structures, and camera trapping
records into an accessible, on-line interactive mapping application.
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CHAPTER 1. Landscape-level management of large African mammals: A case
study of four wildlife conservation areas in Kenya’s high country.

1.1 The Importance of Laikipia County, Kenya for wildlife conservation

Within East Africa, the region now known as Laikipia County, Kenya has a
recorded history dating to 19th century British colonization (Georgiadis, 2011; Barnes,
2012) of attracting both local and foreign people to its natural beauty and abundant
wildlife. Better known as the Central Highlands, the region was once replete with
intact native vegetation and herds of migratory mammal species (Cole, 1986; Denney,
1972). Initial growth of rural settlements, agriculture, and livestock production
throughout most of the region were soon followed by a network of roads and fencing
that had a significant impact on the region’s biodiversity (Taiti, 1992). Such
transformations altered the natural vegetation of these vast rangelands with the
exception, however, of Laikipia, which managed to maintain much of its native flora
and fauna. Today, Laikipia County (Figure 1.1) is one of East Africa’s primary
examples of successful wildlife conservation within a human-dominated landscape
(LWF, 2011).
It is the consensus of the greater conservation community in Kenya that
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Laikipia’s success is due to five key factors. First, Laikipia has a unique and powerful
assemblage of dedicated conservation organizations spread throughout the county.
The more prominent organizations include the African Wildlife Foundation (AWF),

Figure 1.1. Location of Kenya, East Africa (black, left inset) and Laikipia County
Kenya (grey, right inset).
the Northern Rangelands Trust (NRT), the Lewa Wildlife Conservancy (LEWA), the
Ol Pejeta Conservancy (OPC), the Laikipia Wildlife Forum (LWF), the Mpala
Research Centre (MRC), and a relatively recent land acquisition from the Kenya
Wildlife Service (KWS). These groups utilize the tools and resources of conservation
science to effectively work with local people and numerous small NGOs in addressing
the needs for improved human health, welfare, and education (LWF, 2013). The
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diverse sets of stakeholders invested in conservation are distributed throughout the
county in such a way that they maintain a well-balanced representation of the
landscape and its tribal communities.
Second, the willingness and cooperation of the people of Laikipia with
strategic efforts from private landowners and conservation leaders have made
conservation success possible (LWF, 2009). Laikipia harbors large populations of
large and charismatic mammals, maintaining the country’s second largest population
of elephant (Loxodonta africana), a significant portion of Kenya’s Grevy’s zebra
(Equus grevii) and reticulated giraffe (Giraffa reticulata) populations, as well as
ecologically important predator species such as cheetah (Acynonyx jubatus), wild dog
(Lycaon pictus), leopard (Panthera pardus), hyena (Crocuta crocuta), and lion
(Panthera leo). Its large mammal populations are second only to the well-known
Maasai Mara National Reserve, a long-standing protected area bordering the greater
Serengeti National Park of Tanzania. The maintenance of such populations is a
considerable accomplishment given that Laikipia is a predominantly non-protected
landscape where conservation could not have been accomplished without public
cooperation.
Third, Laikipia County and all landscapes pertaining to this study are situated
within a largely intact and hyperdiverse landscape, the greater Ewaso ecosystem
(Figure 1.2) (Georgiadis, 2011; Lane, 2011). Ewaso is known for high biodiversity
among invertebrate species (>1000), vascular plants (>700), avifauna (540), and the
more well-known species of mammals (95) (LWF, 2013). Many of these are listed
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among IUCNs globally threatened and endangered species list (IUCN, 2015), adding
to the importance of conservation in this region. Of the estimated 800+ black rhino
throughout Kenya, over half can be found in Laikipia County, with the largest single
concentration at the Ol Pejeta Conservancy (>100 individuals) (OPC, 2013).
Fourth, the wildlife and natural landscapes of Laikipia attract significant
tourism, raising Laikipia’s profile among business investors. Wildlife tourism can
supplement income from livestock production within conservancy ranches
(Sundaresan and Riginos, 2010) and throughout the region has been considered a
possible avenue of poverty reduction (Manyara and Jones, 2007). Tourism, however,
can lead to overdevelopment and a decline in the quality of wild lands, leading some
researchers to advise caution in developing these markets so that revenue accrues to

Figure 1.2. The overlay of Laikipia County, Kenya (solid gray) and the Ewaso
ecosystem basin (bold outline) of Kenya.
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pastoralists rather than foreign companies (Dixit et al., 2013; Homewood et al., 2012).
Finally, the high numbers of conservation organizations within Laikipia have
produced a growing body of knowledge and research on the intersection of human,
livestock, and wildlife coexistence (LWF, 2013). Importantly, MRC is and has been a
vital contributor of peer-reviewed conservation science for the whole of East Africa,
representing tropical ecology research in Acacia-savanna ecosystems. Laikipia stands
out from other African locations in its capacity to inform wildlife conservation, as
organizations and researchers in the region continue to generate funding and support
for basic ecological research.

1.2 Research objectives and hypotheses

The overarching goal of this research was to use camera trapping, in combination
with surveys of habitat characteristics, to identify causal factors in the diversity,
distribution, and abundance of large African mammals. My objectives were to examine
differences in diversity and distribution of large mammals in four ranches differing in
levels of privatization, use, and protection to improve current management and to make
recommendations for the improvement of non-protected areas in Laikipia County
(Figure 1.3). I sought to determine the underlying factors that contribute to differences
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in diversity and distribution of wildlife across management regimes as well as across
natural habitat types, and more specifically to address park boundary issues that involve
corridors, rhino conservation, and the methodology of camera trapping to improve
protection.

Figure 1.3. The five adjacent ranches that make up the Central Laikipia Collaboration:
From North to South: MP (Mpala), SG (Segera), ED (Eland Downs), ADC (ADC
Mutara), and OPC (Ol Pejeta Conservancy) within the Laikipia County, Kenya (outer
boundary).
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Management of wildlife on isolated, private reserves lacks the biological and
ecosystem functioning of more contiguous and connected landscapes. Sharing resources
across property boundaries, such as access to habitat and natural rivers and water holes
for cattle, could advance tourism sustainability and improve quality of habitat for cattle
and human livelihood, but might also facilitate overuse if methods of access are not
informed by natural patterns of diversity. Though the four adjacent ranches examined in
this study share common landscape features, such as Acacia-grassland habitat and
vertisol soils, they differ with regard to degrees of cattle management, conservation
activity, human activity, and infrastructure. Segera and Ol Pejeta Ranches, for example,
are private cattle ranches. ADC Mutara is a government owned ranch that contains a
dedicated 20,000 acre conservation area, and Eland Downs is an additional government
owned property transitioning from a private cattle ranch to a future national park. In
areas where conservancy boundaries abut one another, an opportunity presents itself to
form larger cooperatively managed landscapes. This study examines the role for
continued joint management planning in reducing anthropogenic impacts of land-use on
wildlife, allowing for coexistence of wildlife with livestock, and reducing conflict
between humans and predators.
This research addresses a common conservation question: How does human
activity affect biodiversity across a landscape? Although this is a broad question, a
combination of factors make this study uniquely helpful: the geography and proximity of
the focal ranches, the diversity of flora and fauna, the variety of land-use management
strategies, an impressive collection of regional stakeholders, and the incorporation of

7

information concerning the coexistence of wildlife with livestock. In addition to the
complexity of factors addressed, this research incorporates geographic information
systems (GIS) overlaid with field research in order to assess habitat preferences of
wildlife and the impacts of anthropogenic factors. Data collected across the landscape
include vegetation and camera-trapping surveys, GIS habitat analyses and classification,
infrastructure measurement and observations, and an assembly of supplementary wildlife
data. Consultants and collaborators provided supplemental data such as precipitation
estimates, species identification, land-use history, GIS and GPS data, and management
planning strategies. Results of this research are to be made accessible to County
stakeholders and contribute to a growing movement of increased wildlife conservation
on cattle ranches. In addition to improving general management guidelines for the
region, lessons learned from individual ranches and from the greater ecology of the
landscape can be used to support plans to expand the black rhino population in Laikipia
County.
Camera-trapping surveys were an indispensable part of this investigation. Infrared
remote-trip camera manufacturing is a fast growing business and its application highly
popular in wildlife management and conservation science. This non-intrusive method for
monitoring wildlife provides opportunities to record important data such as species
identity, animal condition, behavior, temporal activity, as well as temperature, lunar
stages, and audio and video data. Development of numerous software programs such as
DISTANCE™, CAPTURE™, MARK™ and PRESENCE™ now allow statistical
analyses of camera trapping data. Camera trapping is widespread among research
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scientists, land managers, and tourism operators in Laikipia County. Managers use
camera trapping to combat poaching activity and to monitor and improve general security
of protected areas. In this study, I determined that camera trapping was useful for
determining species diversity, habitat use, and species responses to environmental
disturbances or human modifications (e.g., fences, corridors, water holes, cattle
management) (Figure 1.4). Over 80 camera trapping units were randomly assigned using
a 50m grid overlay to classified habitat layers per ranch and were additionally positioned
on wildlife corridors on the border between the Ol Pejeta Conservancy and ADC Mutara
Ranch. Data collected allowed me to answer the following questions:
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Figure 1.4. A collection of images from camera trapping deployments during this study:
Top row from left to right: lion (Panthera leo), reticulated giraffe (Giraffa
camelopardalis), cheetah (Acynonyx jubatus); Second Row: Grant’s gazelle (Nanger
granti), black rhinoceros (Diceros bicornis), olive baboon (Papio anubis); Third row:
black backed jackal (Canis mesomelas), leopard (Panthera pardus), and hippopotamus
(Hippopotamus amphibius); last row: humans (local community members).
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Question 1: What is the diversity, distribution, and abundance of large mammals
across four adjacent and contiguous ranches, and do trophic guilds demonstrate
habitat preference?
As a primary goal in understanding the complex nature of wildlife diversity and
distribution across a highly managed landscape, it is important to have a proper measure
and understanding of the use of habitat represented within the assigned classification. In
this study, I estimated species richness per ranch and per habitat and described the
distribution of large mammals across the landscape. Habitat preference was determined
by guild occupancy estimations. An analysis combining field vegetative surveys through
a GIS followed by camera trapping was a necessary first step to determine distribution of
wildlife.
To confirm camera trapping was a successful method, I first tested how detection
was influenced by effort (amount of time cameras were in use) and camera deployment
(number of cameras in use). Relative abundances of species is predicted to be higher on
larger ranches, with Eland Downs Ranch as a bottleneck representing the lowest species
richness compared to its northern and southern neighboring ranches. Lastly, I address the
hypothesis that guilds, particularly grazers and browsers would occupy specific habitats
(Table 1.1).
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Table. 1.1. List of hypotheses, methods, criteria, and justification testing wildlife habitat
preference and occupancy.
Hypothesis

Method

Criteria

Justification

I

Ranch size and
overall
condition
influence
species
diversity.

Accumulation
curves using
EstimateS.
PRESENCE
using AIC

Larger ranches
are likely to have
more habitat
available to
support increased
diversity.

Conservancy
size and
proximity to
other
conservancies
are important
criteria for future
land acquisition.

II

Trophic guilds
exhibit habitat
preference.

PRESENCE
using AIC, Chisquare analysis

Grazers,
browsers, and
carnivores will
show preference
to grasslands,
Acacia habitat,
and riverine
habitat
respectively.

Maintaining a
mosaic of
habitat, or
specific habitat is
important to
observing large
mammals.

Question 2. What are the impacts of anthropogenic factors on the diversity,
distribution and abundance of large mammals in Laikipia County, Kenya?
The arrival of Maasai pastoralists and later, European settlers, has significantly
impacted the landscape of Laikipia County, affecting large scale land cover and
wildlife resources (Muchiru et al., 2008, 2009; Kay-Zwiebel and King, 2014).
European farmers built dams, boreholes, roads, fences, and various other structures to
manage for agriculture and cattle ranching. Today, conservancies have adapted some
of this infrastructure to manage for native wildlife. For example, boreholes pumping
water to the surface for cattle also provide water for zebra (Equus quagga), elephant
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(Loxodonta africana), and various antelope. During periods of low water availability
and drought, these resources sustain populations of local wildlife and reduce humanwildlife conflict when large mammals would normally seek water outside of the
conservancy boundaries. General observations in this study indicate that large
mammals, in particular elephant, seek out the more available natural and man-made
water resources on the Ol Pejeta Conservancy, but travel northward into ADC Mutara
and through Eland Downs for greater access and potentially lower competition of
browse availability of Acacia forest. I propose that aside from the natural mosaic of
habitat throughout the landscape, anthropogenic factors influence the distribution,
diversity, and abundance of wildlife in Laikipia County. The combination of public
and private land among the four ranches in this study offers a unique opportunity to
examine the influence of man-made features at a landscape scale. I investigate
associations of wildlife with human occupancy, water availability (boreholes),
livestock management, fencing, and habitat (Table 1.2). I hypothesize that water
resources outweigh all other factors in their effects on the occupancy and diversity of
wildlife, particularly among large mammals. Furthermore, I hypothesize that
permanency and intactness of fencing, roads, and human settlements will impact the
abundance and distribution of wildlife.
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Table. 1.2. List of hypotheses, methods, criteria, and justification testing
anthropogenic impacts on species diversity.
Hypothesis

Method

Criteria

Justification

I

Access and
availability of
water
influences
species
diversity.

General Linear
Model using
AIC

Species richness
increases with
proximity to both
water holes and
rivers

Creating access
and availability
to water may be
an important
investment to
future
conservancies.

II

Roads and
human activity
areas impact
species
richness.

General Linear
Model using
AIC

Species richness
decreases with
increased
proximity to
roads and human
activity areas.

Careful planning
of conservancy
infrastructure can
improve species
diversity.

II

The use of
fencing on
conservancies
impacts species
diversity.

General Linear
Model using
AIC

Fenced
conservancies
prevent dispersal
of wildlife,
exclude illegal
cattle grazing,
thus will be
correlated to
higher species
richness.

Economic
incentives for
conservancies
are to achieve
high species
diversity,
particularly of
large mammals
that will support
increase
ecotourism.

Question 3: How do remote technologies improve public private wildlife
conservation effort in Laikipia County, Kenya?
The participation of private lands into wildlife conservation has become a focus
for landscape level environmental action. The shared responsibility through
stakeholder engagements that involved landowners, NGOs, various state and county
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agencies, along with economic and regulatory aspects, can make public private
ventures challenging and complex. There has been increased interest in utilizing
agricultural lands in such agreements, particularly in East Africa where many protected
areas share boundaries with agricultural industry. More often, large-scale agricultural
landowners are often familiar with aspects of ecosystem management and wildlife
sciences, making the process to understand the subject matter quite effective.
Conservation leaders quickly identify public-private opportunities strategically for
wildlife corridor investment and connecting large landscapes for broader ecosystemlevel goals. There are also many social and economic benefits at the local and city
level when looking at markets and possible constituencies.
The Kenyan Agricultural Development Corporation (ADC), the Ol Pejeta
Conservancy (OPC), and the African Wildlife Foundation (AWF) signed a
Memorandum of Understanding (MOU) in 2012 to facilitate the inclusion of 20,000
acres of the ADC Mutara Ranch as a vital component and corridor for regional wildlife
conservation. The unique qualities of this parcel of land will boost the local economy
from infrastructure and ecotourism while providing a much needed wildlife migration
pathway. Under the agreement, AWF provided the initial support for infrastructure,
OPC provided equipment and personnel, as well as valuable guidance on ecotourism
operations, and guards from ADC Mutara ranch were hired to monitor and protect the
conservation area from illegal cattle grazing. Development of ADC Mutara’s
ecotourism facilities brought new jobs and opportunities at the local level.
The conservation MOU fills a gap that connects OPC to Eland Downs Ranch,
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slated for national park status in the near future. This connection is vital not only for
local wildlife movement and ecological connectivity, but specifically to assist with the
expansion of the black rhino population of Laikipia. In the past 40 years, African black
rhino populations have drastically decreased from an estimated 65,000 in the 1970s, to
present day estimates of 5,500 individuals (KWS, 2007). Poaching and loss of habitat
are the primary contributors to this decline (KWS, 2007; Knight, 2011). The
population of the Eastern subspecies (Diceros bicornis michaeli) is fewer than 1000
individuals, of which over 800 are located throughout Kenya, and a current estimate of
100 on the Ol Pejeta Conservancy (OPC) in Laikipia County.
At present, the Ol Pejeta Conservancy has a carrying capacity of 120 black
rhino (OPC, 2015; Mulama, personal communication). This ranch also has a small
population of white rhino (Ceratotherium simon) that do not compete with the browse
availability of black rhino, as they are non-native grazers. Carrying capacity for black
rhino is partially determined by availability of its primary food source, the whistlingthorn Acacia (Acacia drepanolobium). As the density of black rhino approach carrying
capacity, there is an associated decrease in breeding success (OPC, 2010) that will
encourage management of OPC to expand the black rhino population north into the
20,000 acre conservation area of the ADC Mutara Ranch.
In this chapter, I test the assumption that increased effort and camera
deployment result in increased probability of detection. I then determine whether
camera trapping is an effective method of gathering wildlife data needed to answer
questions regarding diversity, abundance, and distribution of large mammals in
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Laikipia County, Kenya. The combination of remote-trip camera data and on-line
mapping technologies will supply ranch managers with a fast, reliable, and more
accurate assessment of landscape level resources. The integration of camera trapped
wildlife imagery embedded into Esri (Esri, 2015) Story Map™ mapping templates
offer on-line, interactive mapping that is an effective visualization tool offering land
managers the ability to view multiple layers of data, get access to landscape measuring
tools, incorporate updated 2015 satellite imagery, and print and share customized
mapping products. Importantly, this resource is virtually without cost. This study
provides a unique application tool to visualize research results that will benefit the
community of stakeholders in Laikipia County, Kenya.

1.3 Theoretical background for wildlife conservation in Laikipia County, Kenya

Savanna ecosystems
The geographic scope of the research includes four connected ranches within
Kenya’s Ewaso ecosystem basin: Segera Ranch, Eland Downs, ADC Mutara Ranch,
and the Ol Pejeta Conservancy (Figure 1.3). These combined ranches represent a
large portion of what is broadly known as the Central Laikipia Collaboration (CLC),
an informally arranged effort of conservation leaders to promote wise use of the
greater landscape for wildlife and ecotourism, for cattle ranching, and for the benefit
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of local human communities. The CLC is part of a tropical dry savanna ecosystem.
Savanna environments consist of tropical, mixed tree-grass communities that cover
nearly 40% of global land surface (Walker and Noy-Mier, 1982; Mistry, 2000, Olsen
et al., 2001). Savannas and their associated woodlands represent nearly half of the
African continent (Menaut, 1983) and account for roughly 30% of the primary
production in Africa (Grace et al., 2006). They support pastoral rangelands
(Georgiadis, 2011) as well as commercial livestock production (Georgiadis, 2007a),
both of which may be intermixed with conservation areas for wild ungulates
(Sankaran et al., 2005, Western et. al, 2009). As the human appropriation of net
primary productivity increases across the African continent, protection of savanna
biodiversity will depend on safeguarding wildlife as well as sustainably managing
livestock (Grootenhuis and Prins, 2000).
Because of their high densities and role as primary consumers, large ungulate
populations substantially influence ecosystem dynamics in these regions (Good and
Caylor, 2011) (Figure 1.5), which are now at risk from either overuse or abandonment
(Constanza et al., 1997). With respect to abandonment, in the absence of large
ungulates, wild or domesticated, grazed savannas can be overtaken by successional
woody plants (Archer, 1995, Roques et al., 2001), leading to loss of rangelands
(Tobler et al., 2003). On the other hand, as human and livestock pressures in these
tropical grasslands increase, overuse can result in loss and fragmentation of habitat,
alteration and quality of natural resources, changes in species composition, and even
extinction of species (Wambuguh, 1998).
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Figure 1.5. Conceptual model of trophic level interactions represented throughout study.

While there is no shortage of literature on interaction between livestock and
large mammals, our scientific understanding of savanna food webs is still far from
complete (Fox-Dobbs et al., 2010; Miller et al., 2012). Protection of many important
grazers and browsers often requires fencing these herbivores into protected reserves.
However, the majority of large mammal biodiversity in East Africa, with estimates
usually between 70 – 80%, occurs in non-protected areas (Mbugua, 1986; Western,
2009; Ottichilo et al., 2000; Georgiadis, 2007). Such unprotected landscapes overlap
with livestock production at various levels. Locally, competition for grass between
wild and domestic herbivores is common (Mizutani, 1999, De Leeuw, et al., 2001;
Augustine, 2004; Young, et al., 2005; Georgiadis et al., 2007; Georgiadis et al.,
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2007b; Wambuguh, 2007; Sensenig, 2008; Odadi, et al., 2007). Studies in Kenya
addressing wild herbivores demonstrate complex trophic interactions with regard to
abundance of small mammals (Keesing, 2000; Keesing and Crawford, 2001), birds
(Ogada et al., 2008), savanna trees (Goheen et al., 2007), snakes (McCauley et al.,
2006), impala gazelle (Aepyceros melampus) (Augustine, 2004), leopard (Panthera
pardus) (Mizutani and Jewel, 1998), lions (Panthera leo) (Ogada et al., 2003; Frank,
2005; Woodroffe and Frank, 2005; Woodroffe et al., 2007; MacLennan et al., 2009),
and wild dogs (Lycaon pictus) (Woodroffe et al., 2005; Woodroffe, 2011). No clear
predictions have emerged, however, with respect to how these species and other small
carnivores will interact with livestock management to influence savanna biodiversity.
Recent intensification of human activities, including agricultural development
(Martens, 2013), livestock ranching (Heath, 2000), energy and other significant
development (Odingo, 1971, Herrick et al., 2012), has further partitioned savanna
landscapes in ways that alter movement of wildlife (Georgiadis, 2011) and create
additional human-wildlife conflict (Frank, et al., 2011). To date, most human-wildlife
conflicts have not been resolved in ways that sustain populations of large mammals
(Ripple, 2015).
Continued high demand for land in Laikipia County is leading to further
cultivation of previously uninhabited areas, while at the same time the county is
experiencing an increase in wildlife tourism (Manyara and Jones, 2007; Laikipia
Wildlife Forum, 2015). Changes over time in tourism in Laikipia show that after
Kenya’s independence in 1963, following a decline in tea and coffee agriculture, the
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government began to strategically invest in tourism (Akama 1999). From a wide
variety of sectors, nature-based or ecotourism became dominant (Olindo, 1991),
particularly in Laikipia where expanses of livestock rangelands were ideal locations
for wildlife conservancies. Currently, Laikipia County harbors one of Kenya’s fastest
growing economies and human populations. At the same time, there is increasing
demand for recreational wildlife safaris. The large urban center of Nanyuki,
Laikipia’s largest city, has seen substantial development, population growth, and
expansion of tourism businesses. There are currently 371 registered safari and
ecotourism operators in Kenya, of which 40 – 50 consistently maintain business in
Laikipia County (KATO, 2014) in the form of small lodges, ranch houses, tented
camps, camp sites, and adventure tours (LWF, 2015). Increased access to airfare, new
hotels and safari lodges, and more numerous restaurants contribute to the success of
wildlife conservancies. Yet, they also create higher levels of human-wildlife conflict.
With increased competition among wildlife, humans, and livestock for limited
resources, many land owners are still experiencing only marginal benefits from cattle
ranching (Kirigia et al., 2007). Use of land outlined in the amended 2012 Kenya
Constitution strongly supports wildlife conservation, but simultaneously maintains
strong encouragement for livestock and agricultural development (Kenya National
Council for Law Reporting, 2010). Kenya’s constitution also maintains a policy in
which all wildlife is deemed publicly owned, and therefore landowners are usually not
allowed to directly manage wildlife on their property. Thus, Laikipia is unique among
all counties in Kenya in that it sustains large mammal populations in landscapes with
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little to no national protection. All wildlife in Kenya is under the management authority
of the Kenya Wildlife Service, presenting challenges for KWS to accommodate the high
volume of human-wildlife conflict issues (Waithaka, 2012).
With a well-defined history of research efforts focusing on ecology and wildlife
in East Africa (Talbot, 1965; Sinclair, 1985), we now see a growing body of research
examining broad scale impacts of anthropogenic factors on its biodiversity (Petty, 2002;
Wambuguh, 2007; Vanthomme et al., 2013) with more work needed at the local and
county levels. These smaller scales are where human-wildlife interactions occur and
where management has unique opportunities to share resources across public and private
property boundaries where the greatest gains can be made in solving human-wildlife
conflicts. As conservation within Africa becomes increasingly management-driven and
as Laikipia becomes more and more fragmented across multiple public and private land
holdings, research must continue to address both the conservation of endangered species
in non-protected areas and the impacts of human activity, including management itself,
on species diversity within local protected and non-protected areas (Western, 2009).
Effective conservation practice will require integrating best management practices at the
local scale in combination with an understanding of large landscape ecological processes
(Knight, 2011).
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Land-use and the effects of disturbance in Laikipia County
Early research on habitat disturbance (e.g, Hutchinson 1953, hurricanes on coral
reef systems: Horn, 1975; Huston, 1979; terrestrial forests: Connell, 1978, Sousa, 1984;
Collins et al., 1995) demonstrated that disturbance can promote diversity. Species
diversity fluctuates over both short and long-term time scales in response to natural
disturbances or environmental gradients throughout Kenya (Fjeldsaå and Lovett, 1997;
Olff et al., 2002; Tóth and Lyons, 2014), but the effects of anthropogenic disturbances
are harder to predict. At lower levels of disturbance, as might be expected under normal
grazing pressure from native African ungulates or low levels of livestock grazing
(Rogers, 1993; Townsend and Scarsbrook, 1997), species diversity may increase (Rogers,
1993; Mackey and Currie, 2001) as herbivores alter competitive interactions between
plants and promote nutrient cycling (Keirs et al., 2010). Native herbivores, particularly
large herbivores such as giraffe and elephant, can act as ecological engineers when
altering habitat and promoting diversity in vegetation (Goheen et al., 2010), leading
eventually to a higher diversity of small mammals (Keesing, 1998; 2000). A study by
Baum et al. (2007) showed that diversity of carnivores and their small mammal prey
were most frequently recorded within an intermediate disturbance of shrub cover. At
another extreme, intense livestock alteration of a landscape has severe negative effects on
diversity (Mugatha, 2002; Young and Augustine, 2007). Likewise, an absence of
herbivory may also change vegetation regimes and decrease landscape heterogeneity
(Goheen et al., 2007; Louthan et al., 2013, 2014; Porensky et al., 2013a). Preliminary
data from degraded landscape studies suggest that intermediate disturbance patterns
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promote diversity in pastoral areas (Young, 2005), but that outcomes fluctuate depending
on soil and rodent communities (Keesing, 2000; Keesing and Young, 2014). The
impacts of disturbance are likely to vary across trophic levels (herbivores, small and
mesopredators, and large carnivores) and to consequently alter food web structures
(Prugh et al., 2009). Below, I outline prior research on diversity and food web
interactions for each of these groups.

Herbivores
Current research on large ungulate ecology demonstrates this guild of species are
functionally important to large African landscapes, having direct contributions as
ecological engineers (Keesing and Crawford, 2001), in stimulating and improving
vegetative growth (Goheen and Palmer, 2010) and maintaining habitat mosaic (Kimuyu
et al., 2014; Pringle et al., 2011), and in acting as drivers of ecological cascades
(Keesing, 2000; Keesing and Young, 2014). Their indirect interactions with other
species of both fauna and flora make them vital to sustaining habitat complexity that
promotes high biodiversity (Wilson, 1992; McCauley et al., 2008; Young, et al. 2013,
2014). Because indirect effects are often difficult to measure in real time, scientific
research conducted in Laikipia in the past 20 years has provided a great deal more insight
into the importance of these large mammals as they influence the abundance, distribution,
and diversity of associated wildlife. This research also includes important emerging
observations made on the interactions of native and domestic ungulates (Augustine, 2004;
Augustine et al., 2011; Keesing et al., 2013; Odadi et al., 2011; Porenski et al., 2013;
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Veblen and Young, 2010). Due to the timing of necessary research on the natural history
and ecology of large herbivores, we are only now observing the start of long-term
research on the impacts that anthropogenic factors have on the various roles that large
ungulate herbivores have in large landscape conservation (Kartzinel, 2014). Of the many
impacts that human activity and structures have on wildlife abundance, distribution, and
diversity, it is management of the landscape that is of critical importance (Western and
Strum, 1994; Kinnaird and O’Brien, 2012). Large herbivore species in Laikipia, Kenya
(Appendix A) carry a significant role in the success of ecotourism (Laikipia Wildlife
Forum, 2013; Republic of Kenya, 2013) and serve as effective ambassadors and flagship
species in broader wildlife conservation of the region (Georgiadis, 2011; Sundaresan and
Riginos, 2010; Tallis et al., 2014). It is clear that wildlife conservancies in Laikipia,
benefit from investing in large mammal conservation for both ecological and financial
reasons and should recognize that managing a conservancy that includes livestock will
increase the level of complexity and interaction. Large ungulate species are not
functionally equivalent and differ in feeding strategy (Goheen et al., 2007, 2010;
Augustine, 2010), habitat preferences (Augustine, 2004; Fischhoff et al., 2007), temporal
activity (Georgiadis et al., 2007a), and behavioral interactions with livestock (Denney,
1972; Augustine et al., 2011; Odadi et al., 2011; Porensky and Young, 2013).
The lesser known herbivores such as smaller mammals also play an important role
in competitive interactions with livestock. Rodent abundance can increase in landscapes
with suppressed predator populations (Hubbard, 1972). Diverse small mammal
populations, on the other hand, may indicate a healthy ecosystem (Avenant, 2000;

25

Keesing and Crawford, 2001; Magige and Senzota, 2006). Small mammals represent
more than one trophic level, as they are a highly omnivorous group of animals. Keesing
(2000) and Young et al. (2013) describe a complex web of interactions in Kenya’s
savanna ecosystems (Appendix B), showing that small mammal communities have been
previously underestimated as competitors for vegetation resources with both native and
non-native ungulates (Keesing and Crawford, 2001; McCauley et al., 2008). Therefore,
these small herbivores could help predict ecological transition in disturbed areas.

Predators and mesopredators
In terrestrial environments, particularly in landscapes recovering from
degradation, large herbivore populations are greatly affected by both resource availability
and predation (Georgiadis, 2011; Romanach, et al., 2011), but which predators are
responsible for major changes is still unclear. Simple paradigms that place predator-prey
interactions in hypothetical bottom-up versus top-down effects (Polis, 1990, 1999; Hunter
and Price, 1992) are often inadequate as mechanisms for predicting changes in diverse,
reticulate food webs. In particular, the effects of omnivory and the importance of
intermediate, smaller predators (mesopredators) have been underestimated. These
include not only predators eating herbivores, but predators eating vegetation and other
predators. Such food chain complexity can lead to patterns of intraguild predation and
trophic promiscuity (Hunter, 2009) that produce synergistic cascading effects such as
mesopredator release (Crooks and Soulé, 1999).
Significant declines in carnivore population density and geographic range
(Woodroffe, 2000) have been recorded in Laikipia County (Frank, 2005; Woodroffe et
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al., 2005). Habitat requirements of carnivores place them in direct competition with
humans and livestock (Frank, 1998; Treves and Karanth, 2003; Patterson et al., 2004;
Woodroffe et al., 2005). The lion is one of the most directly affected species in this
regard. Once widespread across Africa, Asia and Europe (Kuten and Anderson, 1980),
lions are now limited to small and isolated populations in Africa and Asia (Hazza and
Dolrenry, 2011; Patterson et al., 2004; Frank, 2005). Lions and leopards are on the
decline in East Africa and maintaining large, contiguous landscapes are vital to securing
their survival (Frank et al., 2009; Dolrenry et al., 2014). Managing to preserve declining
lion and leopard populations can be successful, as these species rebound quickly given
the necessary space and protection (Hunter, 1998; Stuart-Hill and Grossman, 1993).
Apex predators throughout Laikipia (Appendix C) have not been well studied on
most properties within this region. Reduced numbers of apex predators on Eland Downs
and portions of ADC Mutara, combined with removal of livestock on ADC Mutara, may
encourage release of medium-sized predators that compensate for the lack of top-down
suppression (Rogers and Caro, 1998; Crooks and Soulé, 1999). Mesopredator release
cannot be measured without knowledge of a prey base or primary productivity. The
mesopredator is normally not a species of conservation concern, since the cascading
effect of the loss of apex predators causes population declines in the prey or vegetation
regime, with changes in mesopredators going unnoticed. A study by Rogers and Caro
(1998) revealed that declines in song sparrows (Melospiza melodia) because of declines
in top carnivores were the result of an increase in nest-destroying mesopredators. A
similar study by Crooks and Soulé (1999) observed mesopredator release from the
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absence of coyotes, which caused a trophic cascade release of smaller carnivores, which
in turn decimated bird populations.
Mesopredators on the Laikipia landscape include over 15 species of mediumsized carnivores such as black-backed jackals (Canis mesomelas), bat-eared fox (Otocyon
megalotis), servals (Felis serval), and various genera of mongoose in the Family
Herpestidae (Appendix D). Removal of an apex predator can initiate a trophic cascade in
which smaller carnivores compensate for the absence of the superior predator by
increasing in numbers and diversity (Soulé, et al., 2003). This ultimately has a negative
effect on small birds and mammals by the mesopredator, as shown through research on
the interaction of coyotes and raccoon (Procyon lotor), upon sparrows and passerine
birds (Rogers and Caro, 1998), and through interactions of coyotes and domestic cats
(Felis catus) (Crooks and Soulé, 1999). Small carnivores are also quite vulnerable to the
effects of habitat fragmentation, habitat alteration and the inevitable outcomes resulting
from human-dominated landscapes. The small carnivore community can have profound
effects on ecosystem function as they quickly respond to decreasing apex predators
(Prugh et al., 2009) or a variety of predator-prey interactions (Rockwood, 2015). Diverse
carnivore communities also help to enhance food web complexity (Prugh et al., 2009) if
species are highly omnivorous and may not only compete for and share prey, but also
feed on each other (Finke and Denno, 2004). Carnivores may act as both predators and
competitors producing a factor of interference competition known as intraguild predation
(Polis, 1990). Literature shows that in some cases, predators return before lower trophic
levels respond, as they may be searching larger areas for prey and may be highly mobile
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(Fedriani and Fuller, 2000). The probability of detection for camera trapping of
mesopredators is far less than that of larger wildlife (MacKenie et al., 2003; Rovero et
al., 2014), making the data difficult to address research questions aimed at small
carnivore abundance. Small carnivores, though recorded for purposes of species
richness in this study, are not a focus of research.

Coexistence of wildlife with livestock
The dynamic results of human alterations on food webs within this landscape are
not well studied. However, our understanding of trophic dynamics is increasing, with
animal behavior (Fishoff, et al., 2007), population dynamics, and human impacts (Ripple
and Beschta 2011) more integrated in research and theory. It is clear that food webs are
indeed more complex than most studies reveal, and where anthropogenic factors are
involved, we should incorporate cascade effects into assessments of ecological resiliency
as habitats recover from degradation (Donihue et al., 2013). Resiliency of natural
landscapes in Laikipia will depend not only on ecosystem function Pringle et al., 2010),
but on the private land owners working together and recognizing the benefits of a large,
intact landscape for both ecotourism and cattle ranching.
The semi-arid regions of East Africa generally have low rainfall, poor soils, and
high evaporation rates that limit agricultural productivity, providing a niche for pastoral
lifestyles (Wambuguh, 2007). Livestock may act in the same trophic and ecosystem
engineering manner as wild herbivores, and the compatibility of native African wildlife
with simultaneous livestock production (Figure 1.5) has been studied for more than 15
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years (Augustine, 2004; De Leeuw et al., 2000; Gadd, 2005; Georgiadis et al., 2007;
Mizuntani and Jewell, 1998; Mizutani, 1999; Odadi et al., 2007; Young et al., 2005;
Young and Augustine, 2007;). These ecosystems have historically been used for
production of domestic livestock (Augustine, 2003; Cole 1986; Walker and Noy-Mier,
1982), contributing to food production of the greater Sub-Saharan Africa (Jahnke, 1982).
Many studies show negative effects of introducing livestock to natural systems (Pringle et
al., 2014; Georgiadis, 2007; Lamprey, 1983; Sinclair and Fryxell, 1985), while others
claim positive contributions, such as benefits from added soil nutrients and promotion of
diversifying habitat and suppressing vegetative encroachment (Augustine, 2003; Bennet,
2003; Young et al., 1995; Bergstrom, 2013).
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Figure 1.6. Image of an integrated Boran cattle herd visiting a bore hole among
reticulated giraffe and common zebra on the Ol Pejeta Conservancy.

1.4 Landscape, field sites, and research design

Laikipia is one of 47 counties in the former Rift Valley Province of Kenya (Figure
1.1). It lies on the equator between the Aberdare Mountains and Mt. Kenya covering
9,700 km2 East of the Great Rift Valley at 0° 17’S – 0° 45’N latitude and 36° 10’E – 37°
3’E longitude. This highland plateau of rolling hills sits at an elevation range between
1,700 – 2,000 m above sea level, with its west and southern boundary facing the
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Aberdare mountain range (Taylor et al., 2005), its southeastern corner toward Mt. Kenya
(5,199 m), and transitions into the Samburu region toward the north. As one moves away
from Mt. Kenya and toward Laikipia in a northwestern direction, a precipitation gradient
services agriculture in the higher elevations closer to the base of Mt. Kenya’s and, at
lower elevations, transitions to the more arid environments in northern Laikipia County
dominated by cattle ranching. Laikipia contains two major rivers, the Ewaso Narok and
Ewaso Nyiro (often spelled “Ng’iro”), with a number of small tributaries that originate
from the Aberdares and Mt. Kenya. These two rivers are a vital supply of water for
humans, wildlife and livestock throughout Laikipia. Other sources come from aquifer fed
springs, boreholes, and dams, but the northern range of the County tends to be solely
dependent on the Ewaso Nyiro River (Taiti, 1992; Thouless, 1995). Temperatures have a
mean annual range of 16 – 20°C (Odingo, 1971) and produce extremely arid conditions
in northern Laikipia. Precipitation occurs mostly in two seasons per year (April to June
and October to December) and deliver ‘long rains’ and ‘short rains’ respectively with a
third season of extremely dry conditions in between (Graham, 2006). Rain can be quite
variable in Laikipia with long droughts that will completely dry up major sections of
riverine habitat. Despite occasional heavy rains, water can be diminished by the intense
solar radiation that causes evaporation to exceed the rainfall (Odingo, 1971; Wiesman,
1994; Chamain-Jammes et al., 2006). The last major drought in Laikipia County was in
2009, followed by heavy volumes of rain that have very likely contributed to an increase
in wildlife population numbers.

32

Laikipia’s human population of over 320,000 people (Kenya National Bureau of
Statistics, 2014) is concentrated in urban centers and in the southern regions of the
county. Current land-use in Laikipia is dominated by large-scale commercial ranching
that has decreased from 57% to 42% between 1998 and 2006, followed by an increase in
small-scale farming of 26% to 37%, with communally owned ranches at 8% of the
landscape (Kohler, 1987; Graham, 2006).
Laikipia is largely comprised of lands of private, communal, and government
ownership. It does not contain any national protection, but despite this, is well known for
supporting high wildlife biodiversity and has the highest populations of endangered
species in the country, including the greatest numbers of large mammals (Laikipia
Wildlife Forum, 2009). Current research shows fluctuations in these wildlife
populations, which are mostly declining throughout Kenya, but are relatively stable
within Laikipia (Laikipia Wildlife Forum, 2009; Didier et al., 2011). As a result of
increased tourism and interests in biodiversity conservation, Laikipia is home to a
growing number of organizations that work to protect its natural heritage and support
local community participation, namely the African Wildlife Foundation (AWF), the Ol
Pejeta Conservancy, Mpala Research Centre, Laikipia Wildlife Forum (LWF), LEWA
Wildlife Conservancy (LEWA), and the Northern Rangelands Trust (NRT). Such
interest and support brought numerous organizations together in 2006 to form the Ewaso
Landscape Planning workshop (Didier et al., 2011) that resulted in initiating a planning
process for the conservation of the region. The combination of biodiversity and local
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support provides an ideal environment to explore conservation research in a humandominated landscape.

Wildlife conservancies
The selection of the focal ranches for this study originated from discussions with
staff members of the AWF in 2009, who had expressed a strong interest in learning more
about the ecological value of the Eland Downs Ranch. It became evident that to learn
more about Eland Downs required learning about its neighbors, the Segera Ranch and the
ADC Mutara Ranch. To further add value to the landscape, agreements designed to
better connect the ADC Mutara conservation area and the Ol Pejeta Conservancy are
currently being developed to serve potential rhino conservation. Wildlife conservancies
such as the Ol Pejeta Conservancy and the Mpala Research Centre have helped to
encourage other landowners to endorse the benefits of biodiversity and have acted as a
model for the importance and role of private land ownership in large landscape
conservation. Management from each ranch provided access, guards, logistical support,
communication with local community members, and assistance with transportation.
Cumulatively, the following five ranches are considered the primary stakeholders of the
Central Laikipia Collaboration (Figure 1.7):
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Figure 1.7. Portions of property managed for conservation sampled by camera trapping
(grey) within the context of greater land ownership per ranch.
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Mpala Ranch / Mpala Research Centre
The Mpala Ranch is a 50,000 acre unfenced property that maintains both cattle
management, research and conservation activity. It is overseen by the Mpala Wildlife
Foundation and formed the Mpala Research Trust, which then provides support toward
the activities of the Mpala Research Centre, a world-renowned ecological research
science facility. Unique to all of Kenya and East Africa, the Mpala Research Centre
(MRC) is the conservation science engine for Laikipia County. It generates numerous
peer-reviewed science literature, maintains important data for the region, and has
developed a diverse portfolio of tourism and community programs. The MRC maintains
accommodations for researchers, including research labs, housing, storage, lecture rooms,
commons dining facilities, as well as housing and a primary school for staff and their
children. It receives numerous visiting scientists and scholars from around the world.
Additionally, it conducts education and outreach to communities throughout Laikipia
County, provides medical services to locals, and promotes Kenya nationals to become
future conservation leaders of the landscape. From private land ownership to the
formation of a foundation and trust, this successful facility has substantive benefits to
academia, Kenya, and the local landscape.

Segera Ranch
The Segera Ranch is a 50,000 acre property north and adjacent to the Eland
Downs Ranch and south of Mpala. In 2005, the Segera Ranch transitioned from a
predominantly cattle ranching operation to one that supports wildlife and community
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conservation. In 2009, the Zeitz Foundation of Germany established headquarters on the
ranch and took over conservation management of the property. The 22,000 acre portion
of Segera Ranch adjacent to Eland Downs had higher research value and was more
accessible than the remaining northern half of the ranch. With added constraint to
sampling efforts, all field study resources for studying Segera Ranch were focused in this
area.
Management of Segera Ranch facilitated access to the property in 2013 and
provided ranch guards for logistical support during all field survey and camera trapping
efforts. In exchange for access and gathering of data on Segera Ranch, guards were
trained in camera trapping use, field set design, and monitoring.

Eland Downs Ranch
In 2009 the African Wildlife Foundation (AWF) acquired Eland Downs ranch, a
17,500 acre (7,100 ha) property once owned by former President of Kenya, Daniel
Toroitich arap Moi. At that time, the vegetation on Eland Downs had been heavily
damaged over many years from extensive livestock grazing. A March 2009 baseline
survey by the Mpala Research Centre (Kinnaird and O’Brien, 2009) reported a highly
degraded landscape, low levels of native large mammals, and an overgrazed but existing
mosaic of nutritionally valuable grasses, shrubs, and trees. It was acquired by the AWF
for the purposes of connecting the larger landscape and for its geographic value as a
potential bottleneck among the conservancy ranches in central Laikipia. In 2011, its
ownership was then transferred from AWF to the KWS under consideration of it being
proposed as an addition to Kenya’s national park system. KWS has since managed the

37

property for wildlife while allowing neighboring communities continued access to the
Ewaso Nyiro River for their cattle herds. KWS will continue to limit livestock grazing
on the property, but will make it accessible to the community for watering cattle during
the day. Eland Downs has a long history in Laikipia as a focal point for heated land
tenure disputes. Both AWF and The Nature Conservancy (TNC) have a strong record of
working with multiple stakeholders on landscape level conservation management, and
both had identified Eland Downs as highly important for conservation of the region and
saw the successful transfer of ownership to KWS. Protection plans for Eland Downs go
beyond support for wildlife, to include a number of benefits to the local community, as
outlined in AWF’s former Samburu Heartlands conservation strategy (AWF, 2010).
In Laikipia, many pastoralists perceived that native ungulates compete with their
livestock for vegetation resources (Mizutani, 1999; Georgiadis et al., 2003), and at times
have responded by displacing or destroying these herbivores from their grazing areas
(Heath, 2000; Riginos and Herrick, 2010). Overuse of forage is clearly a concern for
both livestock and wild fauna, and is similar to other group ranches throughout Kenya.
Large herbivore populations were found to be severely depleted on Eland Downs
(Kinnaird and O’Brien, 2009), with results showing Thompson’s gazelle (Gazella
thomsonii) and Grant’s gazelle (Gazella grantii) as relatively common, with an absence
of other savannah and bush country species. Larger ungulates, such as Eland
(Tragelaphus oryx), Greater Kudu (Tragelaphus strepsiceros), Waterbuck (Kobus
defassa) and Hartebeest (Alcelaphus buselaphus) were not encountered during the Mpala
survey, thought they did observe an occasional zebra (Equus burchelli). The absence of
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large ungulates, common on adjacent properties, was suggested to be a result of poaching
or from displacement by livestock (Kinnaird and O’Brien, 2009). The number of
livestock was estimated at 3,500 for a property of only 17,500 acres (69 km2), an
extremely high density given that nearby ranches of 50,000 acres (194 km2) maintain less
than 2,000 head of livestock. Wildlife transect data recorded during this study from 2012
and camera trapping data in 2013 reveal a return of many of these large herbivores, with
high traffic of elephant, reticulated giraffe (Giraffa camelopardalis reticulata), and other
large mammals. In addition, species usually poached in such human-dominated areas,
such as the warthog (Phacochoerus africanus), were also observed during these studies.
Vegetation biomass and ground cover surveyed in 2009 increased from previous levels,
indicating that the habitat on Eland Downs ranch is in recovery. Eland Downs has
additional recovery potential, if nearby landscapes which have transitioned in similar
fashion are indicative of patterns for the region. The Ol Pejeta Conservancy and
conservation areas of ADC Mutara were strictly cattle ranches at one time, but now
contain high numbers of carnivores and herbivores (Wahungu, 2010), having reduced the
livestock densities to provide for the growing populations of native wildlife over many
years. Across Eland Downs, the vegetation and its structure have been significantly
altered due to overgrazing and charcoal burning, a problem which has persisted in much
of Laikipia County, Kenya (Okello et al, 2001). Species of grasses, forbs, and other
vegetative ground cover were found to be poorly represented (Figure 1.8) in the Mpala
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baseline survey (2009). Land cover revealed substantial bare soil, with a lack of litter
and highly browsed shrubs, indicative of intense grazing (Kinnaird and O’Brien (2009).
The dominant Acacia species on the property (A. drepanolobium) is high in nutrition for
livestock and wildlife (Okello et al., 2007; Brody et al., 2010), and are commonly found
on the black cotton soils of Eland Downs.
Degraded landscapes can possess high value for conservation, mostly with regard
to their ability to recover and contribute to nearby or adjacent conservation areas, as is
the case with Eland Downs. However, the value of the habitat will be dependent on the

Figure 1.8. Land-use classification of Eland Downs established by the Mpala Research
Center (Map courtesy of AWF; Kinnaird and O’Brien, 2009).
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ecological influence and condition of surrounding habitats and management that
supports conservation efforts. The timing of management changes on Eland Downs
provided a unique opportunity for research that reflects priorities set by AWF and the
KWS. Changes on Eland Downs from 2009 to 2013 will supply AWF with information
they can use in evaluating similarly degraded properties in Kenya for future acquisition.

ADC Mutara Ranch
The ADC Mutara Ranch is a 63,000 acre government owned property primarily
used for cattle and agriculture development. In 2007, the Ol Pejeta Conservancy, the
African Wildlife Foundation and ADC Mutara began to establish a partnership to
rehabilitate a 20,000 acre portion of the ranch for wildlife conservation known as the
Mutara Conservancy (Figure 1.9) (Van Eden et al., 2014).
The main objective of the conservation area is to provide for tourism revenue as
well as allowing the movement of wildlife, in particular migratory elephant that travel
between Laikipia and the more northeastern Samburu County. The conservation area of
ADC borders the Ol Pejeta Conservancy and is therefore an ideal public-private sector
partnership investment for future expansion of black rhino conservation. In 2014 the
Jambo Cheser hotels & Resorts leased the 20,000 acre conservation area to build the
Jambo Laikipia Tented Camp that includes 15 luxury tents. The Mutara ranch and the Ol
Pejeta Conservancy signed a memo of understanding to allow guests on ADC to access
the safari benefits of OPC.
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Figure 1.9. Areas sampled in this study (bold) delineated from four adjacent ranches in
Laikipia County, Kenya. From North to South:, Segera, Eland Downs, ADC Mutara,
and Ol Pejeta (East and West).
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The Ol Pejeta Conservancy
The Ol Pejeta Conservancy was formerly known as the 25,000 acre Sweetwater’s
Game Reserve, referred to as “OPC East” in this study. Through wise investments over
many years, OPC obtained a neighboring swath of property of 65,000 acres and today the
conservancy is a combined 90,000 acres hosting ecotourism and tented-camp safaris,
Boran and Ankole cattle operations, wildlife conservation activity, a research center, as
well as significant community-related programs (education, medical, water resources).
With strong and reliable infrastructure and high wildlife abundance, OPC is one of the
most visited wildlife tourism destinations in all of Laikipia. It represents the southern
anchor of the Central Laikipia Collaboration and is the only conservancy to maintain a
population of black rhino.
The OPC landscape is unique and contains a large wetland and riverine
environment, in addition to the more traditional Acacia-grassland ecosystem consistent
with other ranches in this study. Ol Pejeta, with its history of managing the Sweetwaters
Game Reserve, can be viewed as two adjacent ranches separated by the Ewaso Nyiro
River. Given the management history, size of the entire ranch, and curiosity about the
likely difference between the eastern and western halves, I decided to sample them
independently. The results of this study will therefore include information on Ol Pejeta
(the entire ranch combined, OPC), Ol Pejeta East (OPC E) and Ol Pejeta West (OPC W).
In addition, there are three areas of the Ol Pejeta Conservancy that could not be sampled,
a small section in the northeast under tourism/housing development, a southern portion
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dedicated to wheat production, and a western portion dedicated to the majority of the
cattle operation.
The combination of all areas sampled in this study and across all ranches is over
129,500 acres of property or 524 km2. The logistics of sampling across four ranches
presented numerous challenges, but were eventually overcome by the generous support
and guidance of NGO facilitation, ranch management, and supportive guards and
researchers on site.

Research design

Initial site visits to Laikipia beginning in 2009 provided contact with ranch
managers and allowed for general environmental observations on each ranch. These
helped to establish a new and broad level habitat classification system and for planning
and feasibility of the study. Preliminary site visits were followed by building a
geographic information system (GIS) to randomize and establish a minimum of 80 georeferenced points (stations) where vegetation and camera trapping surveys could be
conducted across the entire landscape and specific to grassland, Acacia forest, Euclea
forest, mixed Acacia-Euclea forest, and riverine habitat. Habitat classification was
established through line transect vegetation surveys to record grass, tree, and shrub
species diversity, percent cover and height, and dominance and canopy cover. Following
these surveys, cameras were deployed at each of the same locations over a 3-month
period to simultaneously record wildlife across all four properties. In addition, cameras
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were placed on the only existing wildlife corridors (gaps in fencing) connecting ADC
Mutara and Ol Pejeta Conservancy ranches.

New tools for conservation managers in a public/private collaboration

One should not assume that land managers in close proximity to one another or on
adjacent properties have the necessary collaborative tools to manage for the greater
landscape. Managers often lack access to tools and resources that would otherwise
provide the overview necessary to make decisions for long term conservation planning.
As a product of this study, we bring together important data and information into an online management tool freely accessible to all managers in this community. Using Esri
(Environmental Systems Research Institute) ArcGIS On-line and Story Map™
technology, I have designed and made available interactive and on-line maps (Figure
1.10) of all ranches, habitat, wildlife distribution, water resources, infrastructure, and
special features across the landscape. The functionality of these tools include panning
and zoom, interchangeable layers and base maps, measuring tools for distance and area,
printing options, and most importantly a suite of sharing tools for email and/or social
media that can benefit internal management or provide for public outreach and
communication. Providing unique geographic information within a dynamic mapping
interface will supply managers with new options for communication and landscape
planning.
Much of the early research on large African mammals focused primarily on
natural history, population dynamics, or studies of particular wildlife species. Current
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wildlife and rangeland management requires a greater understanding of large-scale
ecological systems, multi-species interactions, and the effects of anthropogenic factors.
With advances in technology for monitoring and assessments of biodiversity, managers
can make more informed decisions toward large landscape conservation planning. In this
study I am joining three important and influential variables: habitat, ranch management,
and the diversity, distribution, and abundance of large mammals. The results of a GIS
detailing habitat classification, combined with camera-trapping data across four wildlife
conservation areas has been incorporated into the development of a unique on-line
mapping tool for current and future landowners in Laikipia, Kenya.

Figure 1.10. Story Map™ geographic tools designed to explore camera trapping
imagery, interact with various layers of information (habitat, anthropogenic structures,
and locations of camera traps).
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CHAPTER 2. Determining habitat preference and estimating diversity, distribution
and abundance of large mammals.

2.1 Introduction

Data previously available from the focal ranches were incomplete and somewhat
dated. These ranches are of various sizes, managed independently, and contain a mosaic
of highly impacted habitat from different historic uses. It was therefore necessary to
reestablish these data, build a comprehensive overview of the landscape, and provide
descriptive statistics on habitat, landscape, and wildlife. Therefore, the ability to assess
habitat preference and estimate diversity, distribution, and abundance of large mammals
in this study required considerable preliminary research. These included developing GIS
layers for standard spatial analyses, generating maps, georeferencing key landscape
features, establishing vegetation transect surveys, and positioning deployment of camera
traps.
These data allowed me to address the following preliminary questions and
hypotheses. First, I hypothesized that ranch size was correlated to species richness,
assuming that larger ranches would have higher estimated diversity. Specifically, the
largest of ranch on this landscape, the Ol Pejeta Conservancy of 90,000 acres (364 km2),
was hypothesized to maintain greater and more complex habitat and harbor larger
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numbers of large mammals. Conversely, the smallest ranch in this system, the Eland
Downs Ranch of 17,500 acres (71 km2), was predicted to maintain the lowest estimates of
species richness given its size and historic land-use of intense livestock grazing.
Given that this habitat distribution in landscape has been highly altered and
directed by humans for over a century, I tested the habitat preference of selected trophic
guilds (grazers and browsers). I hypothesized that grazers would be more abundant in
grasslands and that browsers would be more abundant in Acacia habitat. Because
carnivore habitat preferences are largely unknown, I included exploratory analysis of this
functional group, with the tentative predication that carnivores will be most diverse in
riverine habitat. I deliberately excluded analysis of data for grazer-browsers, omnivores,
and insectivores due to the overlap of habitat use and that their elusive nature will likely
lead to a lower detection probability with camera trapping surveys, as compared to
mammals with a much larger body mass.

Natural history and classification of habitat
Kenya’s Ewaso Ecosystem of nearly 56,000 km2 is rich in large mammal
diversity, attracts tourists and researchers, and contributes to the country’s economy.
Laikipia’s species diversity is a direct result of the mosaic of habitat spread throughout
this generally cool, dry climate of the central high plains. The landscape is comprised of
savanna grasslands intermittent with Acacia woodland and Euclea bushland forests. One
of the limiting factors for vegetation is the well-known “black cotton” soil, a fine
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volcanic substrate often becoming brittle and dry without precipitation but quickly
saturates into a low porous soil of poor drainage during the rains.
The area sampled in this study between the Ol Pejeta Conservancy and the
southern portion of Segera Ranch is a contiguous landscape dominated by the whistling
thorn Acacia (A. drepanolobium) and open grasslands, with intermittent densities of
Euclea forests near major rivers and drainage basins. The Ewaso Nyiro River that travels
through all ranches in this study provides the region with its only source of natural water.
The wildlife in this ecosystem tends to be habitat specific with preference for habitat
often influenced by factors such as foraging availability and diet (Rubenstein, 2011),
shelter from exposure to weather and predation (Wahungu, 2010), as well as a variety of
behavioral aspects driven by their immediate environment (Odadi, 2009 ).
Five generalized habitat types (Acacia, Euclea, Grassland, Mixed, and Riverine)
were chosen for this study based on prior habitat classification systems from the Ol Pejeta
Conservancy, Moi University, and the Mpala Research Centre (Table 2.1). In addition,
local knowledge and supplemental vegetation surveys helped to derive these
classifications. For purposes of the research, I simplified all existing habitat
classifications into the following five categories.
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Table 2.1. General classification of habitat on properties during study.
Habitat Classification

Description

Grassland
Acacia
Euclea
Mixed Acacia-Euclea
Riverine

Dominance of grasses, very few trees or shrubs
Dominance of Acacia trees
Dominance of Euclea bush
Overlap of Acacia and Euclea habitat of equal mix
Wetland and marsh habitat

Acacia
Acacia forests were combined from prior classification of “closed A. drepanolobium
woodland,” “open A. Drepanolobium woodland,” “closed woodland,” and modified
“open woodland.” This grouped classification is comprised of tree-dominated areas
which may contain several species of Acacia trees and the occasional Boscia sp. tree.
Canopy cover and tree densities are relatively high. These Acacia forests are the primary
food source of the black rhino and are commonly known as the most important tree
species supporting wildlife diversity in Laikipia (Wahungu, 2010). Acacia are often
threatened by encroachment from E. divinorum, elephant damage, and compaction of soil
from overabundance of livestock. Seasonality (dry vs. rainy season) has a considerable
impact on tree morphology as seen in Figure 2.3. Forage availability, shade, and seed
availability are quickly affected by precipitation. Acacia drepanolobium was reclassified
to Vachellia drepanolobium in 2013 (Kyalangalilwa, et al., 2013). For purposes of
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consistency with all prior literature and the use of Acacia as a habitat type, I continue to
use Acacia drepanolobium in this study.

Figure 2.1. Contrasting foliage for Acacia drepanolobium between the dry (left) and
rainy (right) seasons.

Euclea
Euclea classification was combined from “Euclea bushland”, “Euclea divinorum”, a
modified “open bushland”, and “bushland” and represents a fairly monotypic habitat
usually consisting of only a few species of bush dominated by the evergreen E.
divinorum. The Ol Pejeta Conservancy has recorded Euclea encroachment in both
grasslands and Acacia forest habitats. Euclea remains green and foliated during times of
drought and is often selected for shade by various species of wildlife. The structure of
Euclea is such that it protects and physically supports other shrubs and vines growing
under and within it, which often then form large, dense vegetative masses. During
droughts, wildlife will feed on Euclea as a last resort, but it is not a preferred food source.
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Grassland
Grasslands were classified from “Themida triandra open grassland,” “Oxalis-EragrostrisPennisetum grasslands,” “Eragrostis-Digitaria-Chloris grasslands,” “open plains
grasslands,” and “grasslands.” This classification consists of pure grassland of any
species of grasses with virtually no tree cover. The boundaries of a grassland are
discernable through satellite imagery (Figure 2.2), which made delineation of habitat
fairly easy. Savanna grasslands are the quintessential habitat known for harboring herds
of large mammals such as buffalo, elephant, and wildebeest (Douglas-Hamilton, 1987),
whose distributions and impact are often affected by presence or absence of predators
(Schmitz, 2008). Grasslands throughout the study area are dominated by the red oat
grass, Themida triandra. These grasslands are high in productivity, and very quickly
transform to nutrient-rich, green foliage with increased precipitation and are capable of
sustaining large herds of large mammals. It is for this reason that a reduction in cattle on
Eland Downs will most likely result in a rapid increase in visitation of large mammals
from neighboring lands. Fire plays an important role in maintaining grassland
ecosystems, but the removal of fire as a planned management tool in Laikipia has created
challenges from woody shrub encroachment (Gregory et al., 2010). Ecological engineers
such as elephant can help reduce tree and shrub encroachment on grasslands as they often
push trees over and pull young trees and shrubs out of the ground (Porensky and Veblen,
2012). Their prior population numbers were a concern for wildlife managers who are
now seeing an increase in the Laikipia elephant population.
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Riverine
Considering the close proximity of all existing riverine classifications to actual rivers and
river basins, riverine habitat in this study was combined from “A. xanthophloea open
habitat”, “riverine grasslands”, “marsh”, and “wetlands”.

With the Ewaso Nyiro River

running through all ranches, riverine habitat was made possible as a shared classification.
It makes up the lowest percentage of habitat per ranch, but is crucial to the survival of
fauna and flora species throughout the landscape. The very large Acacia xanthophloea
trees, also known as the yellow fever tree, are found almost exclusively in this habitat and
are the preferred resting tree for olive baboons, leopards, and numerous species of birds.
Their height and wide-spreading canopies are easy markers to spot landscape river beds
and active drainage basins.
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Figure 2.2. Example of a satellite image with classification of habitat. The white line
establishes delineation of “Mixed” Acacia/Euclea habitat from surrounding landscape.

Mix
The Acacia-Euclea “mix” habitat was uniquely established as a category in this
study for the sole purpose of addressing the need for black rhino to have access to both
browse availability and density of vegetation (Lush et al., 2015). These two
characteristics are captured in this mixed classification. In addition, it is known among
the Ol Pejeta Conservancy guards and wildlife research staff that black rhino are often
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seen in this mixed habitat (Mulama, 2012). Here, they are able to both browse on A.
drepanolobium and rest in the seclusion and shade provided by E. divinorum. The
intersection of Acacia and Euclea is a transition zone between these two habitats and is
visually discernable. I classified mixed habitat as one featuring a relatively equal amount
of A. drepanolobium and E. divinorum. Since Ol Pejeta is the only ranch in this system
containing black rhino, a benefit to this classification is that it is projected on the greater
landscape and might help provide information for future expansion of black rhino into
neighboring properties.
The collection of the five distinct habitat classifications (Figure 2.3) simplifies
numerous previously recorded classification systems for purposes of correlating habitat
with trophic guild occupancy and species diversity.
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Figure 2.3. Generalized habitat classification for this study made up of Acacia (A), Grassland (B), Euclea (C.) Mixed (D.) and
Riverine (E.).

Functional roles of large mammals in Laikipia
The large mammals of Laikipia County, Kenya are important to its ecology,
tourism, and contribution to tropical savanna ecosystem science. This group of animals
is a driving force in landscape conservation, requiring large range and distributions while
promoting the need for corridors and connectivity.
Pressures from habitat alteration, fragmentation, human encroachment, and
livestock management have influenced the distribution and diversity of Laikipia’s large
mammals. Historic wildlife migration routes have changed while new structures such as
fencing and roads have affected species distribution and abundance. Knowledge of the
factors determining these changes in native ungulates is important to conservation (Soule
et al., 2003; Sankaran et al., 2013), especially when conservancies are in a contiguous
fashion, adjacent to one another and with unique opportunities to share resources.
A strong example of a species highly affected by anthropogenic factors in
Laikipia is the African elephant (Osborn and Parker, 2003). Elephants are often
problematic among cattle in competing for grazing, and in agricultural areas where crop
raiding has led to high economic loss and human casualties (Odadi et al., 2007; Graham
and Ochieng, 2008). They were virtually extirpated from Laikipia prior to the 1970s.
Their absence likely contributed to the rise in woody species encroachment on grasslands
and equally (Franz et al., 2010), the lack of microhabitat from a decreased amount of
fallen trees and disturbance to the top soil (Franz et al., 2011). Elephant maintained
historic migration routes between Laikipia and the Samburu region to the northeast
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(Figure 2.4). Their return can be attributed to higher tolerance of sharing the landscape
with humans and from the transformation of many cattle ranches to wildlife
conservancies. Artificial water holes once built exclusively for cattle, are now shared
with native wildlife on many private ranches. Today, elephants are still in conflict with
humans in the form of damage to fences (Graham et al., 2009; Graham and Ochieng,
2010) and continual crop raiding (Sitati and Walpole, 2006). Opening the landscape to a
larger collection of natural, and in some cases unnatural (water holes), resources will
provide the growing elephant population in Laikipia with alternatives to conflict. Other
species of grazers commonly found in Laikipia grasslands include Cape buffalo and
zebra, which at times are also in conflict with humans by causing casualties and as a
foraging competitor with cattle.
Browsers, such as the giraffe, are lucrative species on a conservancy and serve
important functions in ecology and tourism. Foraging behavior of the reticulated giraffe
was recently discovered to have a synergistic effect on the survival of A. drepanolobium
through research on the impact to various colonizing ant species (Palmer and Brody,
2012). Its removal as a large mammal could result in the death of Acacia trees at a
landscape scale (Maclean et al., 2011a, 2011b). Such research efforts should encourage
us to be concerned with unknown ecological impacts from species removal. The
conservation landscape, which was sampled during this research, includes other
important browsers such as the endangered Jackson’s hartebeest and the well-known and
highly endangered black rhino. As the only native rhino species to East Africa, the black
rhino are smaller and non-overlapping with the grazing white rhino.
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Figure 2.4. Locations of historic elephant corridors (purple) in the context of greater
landscape (map courtesy of AWF).

Ironically, it was fencing that saved the black rhino from increased poaching in
the 1980s, which nearly brought them to extinction. High security operations involving
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strong and often electrified fencing with additional field guards were required to protect
the remaining populations in Kenya. This can be seen today on both the Ol Pejeta and
Lewa Conservancies. In addition, Ol Pejeta has increased security further and maintains
three guards per individual rhino. With a current population of 107 animals, this is a
substantive effort to protect this highly endangered species.
Studies addressing a cumulative effect from joining multiple properties under
conservation status into a whole system are still uncommon. Research in the past five
years has brought this important concept to the forefront of landscape level conservation
in Laikipia (Kinnaird and O’Brien, 2012). The geographic distribution of the ranches in
this study provide such an opportunity, and will add to the pool of useful information for
local land managers.
A key factor that has impacted and limited the assessments of habitat for large,
wild ungulates is the challenge of estimating density and relative abundance (Funston et
al., 2010). This challenge usually comes from poor or low detection rates from direct
sightings. There are also problems when trying to extrapolate from indirect evidence of
wildlife presence (dung and tracks, tourism observations). This is where camera trapping
comes in as a strategic and optimal tool. It has proven useful for biological inventories,
detecting elusive wildlife, while at the same time (in Laikipia) providing added security
measures.
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2.2 Methods

This study required a strict and sequential approach to field work.
Reconnaissance trips were undertaken in 2008 and 2009 to determine feasibility and
logistics. These included meeting management and administration staff for each of the
ranches in question, determining requirements for access, and building on-site logistical
support. Secondly, the necessary affiliate status was secured through Dr. Geoffrey
Wahungu of Moi University, now the head of NEMA (National Environmental
Management Authority). Research permits and necessary administrative work was
submitted, a plan was developed to begin field access in 2010, and my research base was
established at the Ol Pejeta Conservancy. Baseline GIS development began in 2009 with
the first field survey conducted in 2010 on ADC Mutara. Field surveys to delineate
habitat on each ranch continued through 2013, at which point camera deployment
commenced. Considerable logistical support was administered through the African
Wildlife Foundation offices of Nairobi and Washington, DC, in addition to support from
George Mason University (GMU) and the Smithsonian Institution (SI).

Development of a geographic information system (GIS)

Prior to any field studies, a preliminary GIS investment was made to explore and
obtain available vector-based and remotely sensed data to assemble maps needed for this
research. The initial GIS and Remote Sensing (RS) support came through the African
Wildlife Foundation (AWF) in providing general administrative data (boundaries, roads,
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rivers, etc.) and remotely sensed images of Laikipia County, Kenya using SPOT 2010
imagery. This effort was followed by a remote sensing training grant through the
American Association of Geographer’s (AAG) SERVIR program providing access to
Kenya’s Regional Center for Mapping of Resources for Development (RCMRD) in
Nairobi as per agreement under an AAG/NSF grant (# 0934063). Three months of
training was provided at the RCMRD, which included remote sensing analysis and access
to their imagery database for cloudless images of Laikipia County between the years of
2009 and 2013. In addition, an imagery grant was received in 2010 from the GeoEye
Foundation covering the majority of the study area. Data derived from these sources
were combined with support from the African Wildlife Fund (AWF) GIS Lab in Nairobi
and Washington DC, and the Smithsonian Institution’s GIS resources.
Minor image processing utilizing ENVI™ (Environmental Vegetation Index)
software (EXCEL/VIS, 2015) helped identify habitat prior to field ground-truthing
surveys and to assist with identifying long term vegetation monitoring plots (Figure 2.5).

Figure 2.5. Locations of long-term vegetation survey stations established on Eland
Downs.
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The use of Arc GIS 10.3.1, ArcGIS Pro™ Advanced (Esri, 2015), Google Earth Pro
(Google, 2015), and Earthpoint.us (Clark, 2015) online measuring tools were
incorporated into all GIS use throughout this dissertation. ArcGIS technology was
adopted to establish habitat classification and delineation through overlay on Esri satellite
in addition to identifying anthropogenic structures such as roads, bore holes, and human
settlement areas.

Vegetation field surveys

The vegetation surveys conducted throughout the study combined methodologies
used during the baseline survey of Eland Downs by the Mpala Research Centre in 2009
(Kinnaird and O’Brien, 2009), surveys conducted by Moi University on ADC Mutara and
Ol Pejeta in 2010, surveys by the Kenya Wildlife Service team on Eland Downs and
ADC Mutara in 2012 and 2013, and from existing and new surveys on the Ol Pejeta
Conservancy and Segera Ranch in 2013.
High resolution SPOT (CNES, 2015) and 2010 Google imagery were first used to
determine major habitat types and to pre-determine suitable sampling locations prior to
assigning random camera trapping locations Vegetation surveys were conducted at the
site of each camera location. General imagery analysis helped to confirm important
landscape features and eliminate bias during ground-truthing. The Eland Downs ranch
had limited information on GIS habitat delineation and the ADC Mutara Ranch had no
prior GIS work conducted. These two ranches required thorough ground-truthing.
Segera Ranch and the Ol Pejeta Ranch had some available GIS information, which was
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modified and corrected with imagery analysis as vegetation edges and human structures
had changed.
Fifteen stratified vegetative transect surveys, averaging 10-12km in length and
1km apart were conducted between February – March seasons over a 3-year period on
ADC Mutara and Eland Downs ranches. These transects covered an estimated 160km2
of landscape, with an additional 370km2 by vehicle. Surveys were conducted on foot for
Eland Downs and ADC Mutara ranches, and by Toyota Land Cruiser and Suzuki Martuti
vehicles on Ol Pejeta and Segera ranches (Figure 2.6). All surveys were conducted
between the hours of 0530 and 1700, as these long transect took all day to walk from one
side of a ranch to the other. Surveys on ADC Mutara and Eland Downs were conducted
with consistent teams made up of students, field technicians, and KWS park rangers and
science staff. Access and logistical assistance was provided by ranch managers and gate
attendants.

Figure 2.6. A group photo of the Kenya Wildlife Service transect team in 2013 (A.) and
while conducting field vegetation surveys on the Eland Downs Ranch (B.).
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The primary purpose of the vegetation transect exercises was to secure groundtruthing for habitat classification, for conducting radial analyses for tree diversity and
percent cover (30m radius), estimates of shrubs and grasses (15m radius), and grass cover
and height (1m quadrats) (Figure 2.7) at the location of each camera.

Figure 2.7. The design of vegetation surveys, including a 30m linear transect utilizing
three 1m2 quadrats to estimate grass species, height and cover, and a 30m radial survey
for estimating composition of trees and shrubs and to establish tree height and percent
cover of trees.

Each survey location was isolated through use of a GPS Garmin 60cx, and
measurements were collected using 50m field measuring tapes, a 1 x 1m metal frame, and
a 1-meter wooden ruler. The metal frame was placed at 3 intervals (0, 7.5m and 15m)
along a 15m transect to estimate grass species, cover, and maximum height. Upon location
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of the predetermined GPS coordinate, a 30m line transect was also placed on the ground
consistently in a north-south direction. The team split into four equidistant positions
creating a circle with a radius of 30m. We were then able to very efficiently record the
number of trees and shrub diversity per quarter, with one person assigned the role of
estimating tree cover. Subsequently, the 30m transect was reduced to 15m where % cover
of grass and trees were recorded (Figure 2.9B). Vegetation survey data were not performed
for use in statistical analysis, but was conducted to build a quick reference of vegetative
species and provide a guide toward general condition and ground-truthing at the site of
each camera location.

Camera trapping surveys
Two infrared camera trapping models were employed during this study: Spypoint
BF7™ and Reconyx HyperFire ™ (Figure 2.8). Spypoint cameras were selected for their
black infrared LED (Light Emitting Diode) lights, making them nearly impossible to see
at night by the human eye. They were strategically assigned to Segera and Eland Downs
ranches out of concern for theft, since both ranches have high visitation of neighboring
community members with their livestock that would likely encounter the cameras during
cattle grazing periods. Reconyx HyperFire™ cameras utilize a standard red LED, and
these cameras were placed on Ol Pejeta and ADC Mutara ranches that maintain high
security and virtually no visitation by community pastoralists.
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Figure 2.8. A camera-trapped image of a giraffe (Giraffa camelopardalis) walking
through grassland habitat captured with a Reconyx™ Hyperfire camera. Embedded
metadata on the image reveal the date, time, and series (upper left), lunar cycle and
temperature (upper right), and camera identification number (lower left). Remaining
metadata can be extracted with image software.
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Camera traps were randomly assigned to pre-established habitat classification
polygons (Figure 2.9) using a GIS. Three individual habitat polygons of the same habitat
classification were randomly selected per ranch, and within each of those polygons a 50m
grid was overlaid to further randomize the location of a cell where a camera-trap would
be deployed. Once the cell was identified, a quick visual assessment of the area was
undertaken by vehicle, since many of these locations require brief periods of hiking.
These locations were selected in 2012, and once the site was deemed suitable, the exact
location of the camera was chosen the following year (2013). Cameras were set and
positioned by locking them to the nearest and most appropriate tree within a 50m radius
and a GPS point recorded as the camera’s location.

Figure 2.9. The process of using a GIS to randomize habitat polygons (A) followed by
camera locations within each polygon (B) using a 50m grid system per habitat per ranch.
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A maximum of 83 independent camera stations were in operation during this
study including cameras that failed, were relocated, discontinued in use, and of which one
was stolen. A minimum of 60 cameras (3 per each of 5 habitats per ranch) were in use
for continuous coverage during the study for a period of 60 – 90 days from January to
March, 2013. Camera-taps were randomly assigned throughout the four ranches within
their designated conservation areas (129,500 acres, 524km2) (Figure 2.10) in each of the
five classifications of habitat per ranch. Each habitat per ranch was sampled by a
minimum of three independent camera-traps, though additional cameras were used when
available. Camera trapping logistics across this landscape were complicated with
maintaining camera batteries, monitoring camera safety and condition, replacing memory
cards and attending to any maintenance issues that arose. Traveling to monitor and
deploy cameras was the primary challenge in this study, and I resorted to hiring teams of
ranch guards and support staff to supply much of the monitoring effort so that the focus
of efforts could be spent on priority camera maintenance and data recovery.
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Figure 2.10. Locations of camera traps overlaid onto habitat classification.
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Camera traps were generously provided from three institutions; George Mason
University (GMU), the Smithsonian Institution (SI), and the Ol Pejeta Conservancy
(OPC). With the availability and number of cameras on-site, camera-trapping
deployment experimental design was customized to account for damage, card failure, and
unknown variables that often present themselves in the field. The act of quickly moving,
replacing, and redeploying any failing cameras throughout the entire 69 km2 field study
contributed to reducing pseudo-replication and other camera-trapping bias (Hurlbert,
1984; Tobler, et al., 2008).
Cameras were set at a height of 0.4m - 0.6m above ground to provide opportunity
to document mammals of low height, such as the white-tailed mongoose (Ichneumia
albicauda), while also capturing taller and larger mammals such as impala (Aepyceros
melampus) (Figure 2.11). Cameras were continuously run 24 hours each day of
deployment with identical sensitivity settings and other programmable features being
consistent. The external protective casing of each camera was numbered for easy
monitoring of their condition by ranch guards during their daily security routine, and all
memory cards per camera were marked for identification to the camera they were
assigned. Marking memory cards is a secondary backup to programming each camera to
identify all images it takes. This identification number is seen on every image within the
lower left frame of the photograph. Data were very quickly collected in the field by
replacing camera memory cards with new ones and by utilizing a mobile external hard
drive so that images from a memory card could be downloaded, the card could be
reformatted, and then inserted back into the camera.
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Once downloaded, all imagery from each camera was carefully organized into a
system of partitioned folders per ranch and per habitat. Images that captured camera
installation activity were removed, and the remaining collection of photos were run
through Picture Information Extractor™ (P.I.E) (Picmeta Systems, 2014) to generate
metadata exported into Microsoft Excel™ spreadsheets, which were later used for
cataloging species per image. Each individual image was visually examined for its
content. Image processing first began with separating images that had wildlife from
those that did not. Furthermore, images with target wildlife were separated from those
without. All camera images are watermarked through automated camera settings to
display their assigned camera ID number and useful metadata such as date, time, lunar
cycle, and temperature. Watermarking each image through programming the camera was
vital during the data download process, in which the collection of memory cards in the
field can often lead to confusion as to which camera it came images originally come
from.
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Figure 2.11. Installation of camera traps on Acacia drepanolobium trees in Laikipia,
Kenya as part of instruction during a study abroad program (A) and as part of research
and training with security staff on Segera Ranch (B).

There were a disproportionate number of images, sometimes greater than 50% per
camera that did not contain wildlife. This is largely due to physically mounting cameras
to A. drepanolobium trees that sway slightly in windy conditions which then will trigger
the cameras to take photos without wildlife present. Some camera trapping studies have
adopted a system of mounting cameras to manufactured metal poles that are driven into
the ground for more direct and easy placement. Though there are benefits to adopting
camera housing units in the field, such as exact placement of cameras, shading from
sunlight, and general camera protection, there are also significant drawbacks to the bias it
can cause in the wildlife image data. This method was considered but ultimately decided
against in this study, since iron poles tend to carry scent of where they are stored (near
humans) and have been observed to be deliberately manipulated by wildlife. Elephant
are known to pull them out of the ground, drag them for long distances causing damage
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to the cameras and housing unit, and dropping them in locations difficult to locate. By
using Acacia trees as a base, cameras were better camouflaged and secured to native and
familiar structures. There are other instances where wildlife interact with the foreign
object (the housing unit), which can lead to camera damage, a repositioning of the
camera, impact to battery life, and complete loss of the camera. Cameras from an
independent study on Ol Pejeta were installed immediately outside a striped hyena den to
document the traffic in and out of the den. Though the effort was successful and
generated a large number of images of striped hyena activity, the cameras were ultimately
destroyed by the animals chewing on them. In a more recent case, a black rhino came
upon a dual camera set up on Ol Pejeta, and was photo-documented attacking the housing
unit (Figure 2.12).
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Figure 2.12. Camera trapped image, courtesy of Ol Pejeta Conservancy, displaying a
black rhino attacking a camera-trap unit (image captured by twin camera setup) that was
positioned on a metal pole. In this image, the pole and camera housing unit are welded
together, with the camera-trap housed in this unit being flung outward from the impact.
This image captured an additionally rare event, which is to witness a black rhino with
both front hooves off of the ground.

Cameras were positioned to face either north or south to avoid direct exposure to
the rising and setting sun. Sunlight directly entering the lens of a camera trap will
increase the camera’s internal temperature and quickly decrease the life of the batteries.
Camera traps were locked to trees by using Master Python™ adjustable trail camera cable
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locks to avoid removal or accidental damage by wildlife and to discourage theft by
humans. Once fastened to a tree, cameras often required some finesse to level the
cameras and tighten their grip on the tree by tucking either folded grass or twigs behind
the camera body.
Cameras were additionally set at the wildlife corridors between the Ol Pejeta
Conservancy and the ADC Mutara Ranch (see Figure 2.13). Photographic images were
observed from most expected wildlife as well as many human image captures. Set
cameras were continually investigated by local community members as they traveled

Figure 2.13. Locations of open and proposed wildlife corridors (a.) with image of the
50m gaps in electric fencing on the border of ADC Mutara Ranch and the Ol Pejeta
Conservancy Ranches. Poles at 1m height and .5 m apart are used to prevent rhino
access but allow movement of all other wildlife, including elephant.

across the landscape with their cattle. Both young and old members of the community
would spend a considerable amount of time carefully examining the camera and often
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times prodding it with large sticks. Others in the community were made aware of the
camera surveys through ranch guards, and found it entertaining to leave humorous selfimages to be later discovered. Reviewing and recording imagery was labor intensive,
given the high number of non-target images as a result of windblown grasses or when
cameras were attached to small trees that moved during periods of high wind.

Abundance and diversity estimation
In large landscapes the requirements to estimate abundance can become expensive
and logistically impossible. Portions of populations or targeting indicator species often
become more appropriate and manageable. Similarly, it can be challenging for camera
trapped data to capture abundance since the lack of detection is not necessarily an
indicator that the species is absent (Bailey et al., 2007). Recently there has been an
increase in the number of studies that use occupancy as a surrogate for abundance
(MacKenzie and Nichols, 2004; Tobler, et al., 2015; Rovero et al., 2014; Ahumada et al.,
2013; Burton et al., 2012; Rovero and Marshall, 2009; Bowkette et al., 2007), including
those adopting a single season model (MacKenzie et al., 2002; Tyre et al., 2003;
MacKenzie et al., 2007). These studies have provided the guidance and statistical means
to use the camera trapping rate, occupancy and or presence absence data as a reliable
surrogate for abundance.
The software program EstimateS (Colwell, 2013) was used to analyze
photographic data and derive species richness estimates based on the number of
individuals captured and the frequency of capture. These software programs allow for
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customization, depending on the research question (Silver et al., 2004). Microsoft
Excel™ (Microsoft, 2013) was used for standard statistical needs, such as t-tests,
regression, correlations, and goodness of fit tests (chi-square). Camera trapping experts
from SCBI were consulted prior to and post use operation.
To compute species richness values, I utilized EstimateS version 9 (Colwell,
2013), a free software application drawing on sampling data to assess and compare
diversity and composition of species assemblages. One of the many benefits to using
EstimateS is that it computes a variety of biodiversity statistics, including estimators of
species richness (i.e. Chao 2) (Chao et al., 2000), diversity indices, and will generate
rarefaction and extrapolation values. Rarefaction and extrapolation values are important
for visualizing the accumulation curve data as it reaches its asymptote. The rarefaction is
a process within the EstimateS model of resampling randomly selected individuals (i.e.
species), without replacement, in the data set until all samples have been referenced. The
extrapolation feature allows one to visualize the expected richness values over a given
sampling size beyond what the data maintain. In this case, I often extrapolated data with
an average of 200 – 300 samples (individual animals or camera events) to a maximum
value of 500. It can often be useful to extrapolate well beyond what might be necessary
so as to visualize where the rarefaction curve meets the asymptote, and then revisit the
extrapolation value to cut back on any excess.
To use camera trapping data for richness estimation, I converted grouped
occurrences of a single species per camera to a single value of 1 or 0 (presence / absence)
for all samples. These data are then uploaded to EstimateS as a sample-based incidence
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of one set of replicated data (camera replicates). Default settings, as recommended by the
Smithsonian Conservation Biology Institute (SCBI, 2015), were used and included a
maximum of 100 randomizations per calculation (without replacement), estimating every
individual sample as opposed to evenly spaced points, selecting options to estimate Chao
2 richness values (Chao, 1984; Hortal, et al., 2006), and to use the recommended upper
limit for rare or infrequent species at a value of 10. Using these values allowed the final
estimations for species richness to match the number of observed species from the field
data. As a general measure of whether I sampled the community of wildlife species, I
used the species accumulation curves with total camera trap days to determine if
collection of data lasted long enough to capture the total number of species recorded on
the landscape. In using EstimateS, statistical significance is inferred from a lack of
overlap between accumulation curve confidence intervals (Colwell, 2012). Payton et al.
(2003) and SCBI research staff (2015) explain that using an 84% confidence interval is
ideal and has been developed to take into account an alpha of .05. The difference must
be corrected from EstimateS output, which is a standard 95% CI. I recalculated all
defaults to 84% prior to graphing data.
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2.3 Results

Camera trapping effort and deployment
Camera trapping deployment resulted in a total of 154,669 images of which
31,611 contained wildlife and 27,266 contained targeted wildlife (Table 2.2). A total of
50 targeted species of wildlife, including humans, were recorded across the landscape
(Figure 2.14; Appendix A). Various other species of birds, reptiles, and invertebrates
were captured through imagery but were not considered in any analysis. Rodents were
largely removed from the data, with the exception of one case referencing a high relative
abundance of rodent images on Segera Ranch. Though there is a focus toward mammals
in this study, two species of large birds, the kori bustard (Arteotis kori) and the ostrich
(Struthio camelus) are included in diversity estimations due to their size and association
in this wildlife community.
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Table 2.2. Descriptive statistics representing sample size, camera deployment, and total
species richness by guild and habitat.

Image sample size

Segera

Eland
Downs

ADC
Mutara

Ol
Pejeta

OPC-W

OPC-E

Total images

36,123

41,018

37,466

40,062

10868

29,194

Total wildlife

3,136

3,348

3,294

21,833

7389

14444

Total target wildlife

2,139

1,220

2,721

21,186

7239

13947

67%

36%

83%

97%

98%

97%

291

278

379

903

386

517

Cameras deployed

15

17

19

34

19

15

Camera nights

191

203

265

567

272

258

Total species (50)

28

30

32

36

27

31

7

4

3

7

6

6

Grazer / Browser (9)

8

8

7

7

6

6

Browser (11)

10

8

8

9

4

9

Omnivore (4)

3

3

3

2

2

2

Carnivore (14)

14

12

8

10

8

7

other / insectivore (4)

4

4

3

3

2

2

Total grouped
wildlife*
Camera effort

Species per guild
Grazer (7)

Species per habitat
Acacia (33)

9

15

19

19

8

14

Euclea (30

13

10

10

23

15

19

Grassland (32)

10

16

15

23

18

16

Mix (26)

14

13

8

17

13

10

Riverine (31)

17

10

19

19

17

15

* Grouped wildlife are the total number of individual members of a single species recorded by multiple
camera events (i.e. herd of herbivores passing in front of a camera).
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Figure 2.14. Number of grouped image captures for each species recorded on landscape.

There are species in the dataset that appear to be unique to each ranch, but are
very well known to occur across the entire landscape. I have also observed these species
where they were not found in camera-trapping efforts. One of the more distinct
differences between two ranches occurred on the Ol Pejeta Conservancy. For purposes of
history, geographic features (hydrology), and management, the Ol Pejeta conservancy
was sampled as two independent ranches (East and West). There was a suspicion that the
differences between these two areas might reveal important results on species diversity
and abundance. Ol Pejeta West uniquely contained the kori bustard, caracal (Caracal
caracal), leopard (Panthera pardus), slender mongoose (Helogale parvula), porcupine
(Hystrix cristata), and domestic dog (Canis lupus familiaris). Of these species, the kori
bustard is more prone to occupy large open grasslands and open Acacia forest, which are
more plentiful on the western side of Ol Pejeta. Additionally, the domestic dog is likely
the result of guard ownership near the OPC and ADC border. Ol Pejeta East uniquely
contained the zorilla (Ictonyx striatus), lion (Panthera leo), coypu (Myocastor coypus),
oryx (Oryx beisa), Grant’s gazelle (Nanger granti), Guenther’s dikdik (Madoqua kirkii),
Jackson’s hartebeest (Alcephalus buselaphus jacksoni), the scrub hare (Lepus saxitilis),
the (Sylvicapra grimmia), and the lesser bushbaby (Galago senegalensis). The unique
wetland ecosystem on Ol Pejeta East explains the presence of the nutria (coypu), but
what is of interest is the complete lack of Grant’s gazelles on Ol Pejeta West. There are
few Jackson’s hartebeest inside the Ol Pejeta conservancy (< 19) and they have remained
in one large herd on OPC East. All other unique species are commonly observed on both
sides of the conservancy, and are likely ranked due to their size and solitary nature.
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Six species of grouped wildlife were detected > 90 times; the common zebra
(337), impala (179), Cape buffalo (139), cattle (110), the olive baboon (99), and the
warthog (90). There were five rare species which had only one recorded event each;
coypu, oryx, honey badger, bat-eared fox, and the caracal. There were no significant
differences between total species richness per ranch.

Vegetation surveys
Vegetation surveys were conducted to estimate the general condition of the
habitat at the locations of each camera trap prior to installation. Three surveys were
conducted per camera trap location for a total of 45 surveys per ranch (9 per habitat) or a
grand total of 180 samples from Ol Pejeta to Eland Downs (Appendix II). Segera Ranch
was not sampled for vegetation consistently, as estimates were taken at the time of
camera installation at only 1 sample per location, which was a result of logistics and time
availability in the season. The result of all surveys, combined with prior data, groundtruthing, and satellite imagery overlay corrections, produced a comprehensive habitat
classification map of all four ranches (Figure 2.15).
Land cover habitat across all ranches is dominated by Acacia (39%), followed by
Grassland (25%), Mixed (21%), Euclea (12%), and Riverine forest (3%) (Table 2.3).
Stratified patterns of vegetation can be observed parallel to river basins, such as in Ol
Pejeta East and on Eland Downs and ADC Mutara with more prominent mosaic patterns
in larger areas such as Ol Pejeta West and Segera. ADC Mutara and Eland Downs are
dominated by dense Mixed habitat at coverage of 43% and 29% respectively, while Ol
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Pejeta and Segera are dominated by Acacia at 39% and 60% respectively. Sudden breaks
in habitat connectivity occur on some ranch boundaries, such as on the border of Eland
Downs and ADC Mutara, abruptly changing from Acacia to Mixed habitat, as well as
small portions of the border between ADC Mutara and Ol Pejeta West. These are likely
the result of the temporal influence of fencing on native and non-native herbivore
foraging and movement. It is also important to note that most of these boundaries
between ranches contain some form of service road which would also influence habitat
connectivity and composition.
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Figure 2.15. Habitat classification map of study area featuring five generalized habitat
types.
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Table 2.3. Summar of habitat acreage per ranch.

Averages are fairly uniform across the landscape, with the exception of several
observations for the two more important habitat classifications for large mammals
(Acacia and grasslands). First, the proportional percent of Acacia drepanolobium trees
on Segera ranch is higher than all other ranches. This might explain its high elephant
visitation. There is also a shift in the dominant tree species in riverine environments from
ADC Mutara to Ol Pejeta, which is dominated by Euclea divinorum and transitions to
Acacia xanthophloea upon reaching Ol Pejeta. The large A. xanthophloea trees on Ol
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Pejeta are indicative of the constant availability of water, and explains the very high
relative abundance of olive baboons (25.58) which nest in the trees at night, compared to
other ranches.
Considering the sample bias, grass height on Segera ranch was significantly
higher than all other ranches. Speculation from the local community indicates this is due
to a lower density of native grazing ungulates. In addition, it has also been suggested that
this grass is older and of lower nutritional value and therefore avoided. One solution for
removing poor nutrient quality grass is to consider hyper-grazing the area with cattle
(Kinnaird, 2012). The dominant grass species across the landscape is consistently
Themida triandra, with more frequent encounters of Pennisetum sp. on ADC Mutara and
Ol Pejeta (Table 2.4).

Table 2.4. Summary of estimates for average percent cover and height of grass and trees.
grass

tree

Segera

% cover
height

57.624
52.662

17.6
362.6

Eland Downs

% cover
height

48.89
36.256

14.4
345.4

ADC Mutara

% cover
height

58.34
36.82

25
461.6

OPC W

% cover
height

50.366
27.802

26.8
452.2

OPC E

% cover
height

52.86
40.576

34.8
798.6
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Diversity of large mammals
The results of EstimateS diversity index for Chao2 were calculated from all
ranches combined (Figure 2.16) at 47.17 species from a total of 1,818 individuals. The
rarefaction mean was 47 (0.62 SD) with an 84% confidence interval. The accumulation
curve reached it asymptote prior to extrapolation and shows the conservation areas
sampled in this study had been sampled sufficiently.

Figure 2.16. Species accumulation curve (blue) for target species detected by cameratrapping from combined ranches featuring a 84% confidence interval (grey). The
Chao2 diversity index (orange) estimate is shown with data extrapolation occurring at
camera trap day 1226.
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Camera traps had detected nearly all wildlife species recorded on the landscape
(n = 49) with the exception of rare species eliminated for low abundance in the EstimateS
model. Species accumulation curves per ranch indicate that only two of the 4 ranches in
this landscape were significantly different from one another (OPC combined and Eland
Downs). Though there are high levels of diversity on all ranches, EstimateS modeling
includes species with detection above 10 events per species during the trapping period.
An overlap of confidence intervals indicates no significant difference, with the exception
of Ol Pejeta and Eland Downs (Figure 2.17, 2.18).
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Figure 2.17. Species accumulation curves per ranch.
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Figure 2.18. Significantly different, non-overlapping confidence intervals (α .05; 84%)
for the Ol Pejeta Conservancy (yellow) and Eland Downs (orange).

This result supports the hypothesis that Eland Downs was significantly lower in
diversity than the combined Ol Pejeta Conservancy, but was not significantly different
from any other ranches, including the independent halves of Ol Pejeta. Eland Downs has
a similar total richness value (30) to other ranches, but the frequency of visitation per
species was considerably low in comparison.
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Due to the sample size, confidence intervals among all accumulation curves for
species richness per habitat were not significantly different, though they appear so
graphically (Figure 2.19). Diversity among ranches was also compared using a general
linear model (PROC GLM; SAS Institute 2011). I used a square-root transformation on
the data to meet assumptions of normality prior to analysis, but the mean and standard
error of the mean (SEM) presented in the results are of non-transformed data. Diversity
differed among ranches (F = 8.15, df = 4, P <0.001) primarily because diversity was
relatively low at ED and higher at all other ranches (Table 2.5).

Table 2.5. Mean (SEM) diversity across five ranches in Kenya. Means with different
letters are significantly different (Tukey’s means separation test, P < 0.05).
Ranch

Mean (SEM)

Segera

5.2 (0.6)a

Eland Downs

3.0 (0.6)b

OPC East

6.8 (0.5)a

OPC West

6.3 (0.5)a

ADC Mutara

6.4 (0.6)a
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Figure 2.19. Habitat specific species accumulation curves per ranch.

Habitat preference, abundance and distribution
The majority of grouped species image captures were recorded in riverine habitat
(n=484; 26%), followed by grassland (n=386; 21%), Acacia (n=345; 19%), mix (n=320;
17%), and Euclea (n=316; 17%) (Table 2.6). These estimates should not be
misinterpreted from the actual sample of images taken, which are influenced by the effect
of wind, herd size of animals passing through, etc. With regard to images by ranch, the
majority of grouped species image captures were highest on OPC East (517; 28%),
followed by OPC West (386; 21%), ADC Mutara (379; 21%), and both Segera and Eland
Downs at (278; 15%).
There was a rapid accumulation of species detected through camera trap sampling
in the first 200 days with a majority having been detected by 400 days (>40 species,
roughly 80%). The camera trapping rate was defined as the ratio of samples collected
independently to the number of camera trap days multiplied by 100. This is also
identified as the relative abundance index (RAI). Camera trap days is defined as a 24
hour period during which cameras are in the field and operating until they are retrieved
from service. To determine camera trapped events as being independent, 30-minute
intervals were assigned to same species captures (modified from Bowkett et al., 2007), as
many species, such as the Cape buffalo and impala, forage in large herds and often in
widespread patterns. Consecutive photos of the same species are not considered
independent and were therefore grouped into a single species event. Each grouped
species event is considered independent for that camera. The date and time of the first
camera capture was assigned to each group event.
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Table 2.6. Summary of relative abundances per 100 camera trap nights for the top 20 species per ranch.

The highest abundance rate for all guilds was grazer (n=52), followed by
grazer/browser (n=38), browser (n=29), omnivore (n=25), carnivore (n=11), and other
(n=11) (Figure 2.20).

abundance per 100 camera days

60
52
50
38

40

29

30

25

20
11
10

3

0
Grazer

Grazer /
Browser

Browser

Omnivore

Carnivore

Other /
Insectivore

functional guild
Figure 2.20. Relative abundances of camera detections per guild for combined ranches.

Non-parametric tests using Chi square analysis and total observed values were
performed for each guild per habitat (Table 2.7). An overall Chi-square analysis reveals
preference for habitat among all guilds (X2 = 249.675; df = 20; p-value <.005), and each
habitat was tested independently, also revealing preference for habitat per guild (Table
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2.8) consistently with p-values < .005. This can further be visualized through relative
abundance per guild in habitat seen in Figure 2.21. Riverine habitat is unique in having
similar abundance values per guild, with the exception of carnivores and browsers.

Table 2.7. Summary of Chi-square values for preference of habitat by guild.

Chi-square
P-value
degrees of freedom

Acacia

Euclea

Grassland

Mixed

Riverine

224.27
< .05
5

185.608
< .05
5

182.85
< .05
5

188.838
< .05
5

177.091
< .05
5
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Table 2.8. Summary of estimates of camera detections and relative abundances per guild by habitat classification and
per ranch.
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Figure 2.21. Relative abundances of camera detections per guild by habitat classification.

Trophic guild habitat preference.

For modeling occupancy of browsers, the model with the greatest support was a
negative correlation with Euclea habitat (Coefficient -3.035, ± 0.9919). The highest
ranking model for grazers was proximity to nearest river + proximity to nearest road +
proximity to nearest human activity. For carnivores, the highest ranking model was
proximity to riverine habitat (25.0426 ± 125953.99; insignificant). Though insignificant,
it is the highest ranking model with an unknown predictor variable tied to occupancy of
carnivores (likely prey abundance) (Table 2.9).
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Table 2.9. Best fit AIC models that explain differences in detection and occupancy
across the landscape. Five explanatory variables are usd in the models: proximity to
nearest bore hole, proximity to nearest human activity, proximity to nearest river,
proximity to nearest road, and cattle as predictor variables.
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Occupancy modeling by trophic guild
I derived the dataset for the large mammal community by first filtering all image
records per guild. Three particular trophic guilds were isolated for further analysis:
grazers, browsers, and carnivores. Remaining identified guilds, “grazer-browser” and
“other” (insectivores), were discarded as their representative data were more ubiquitous
across habitats and throughout the landscape. I then derived a set of spatial
environmental covariates that would most likely explain the presence or absence of guild.
I calculated the following response variables to test against trophic guild detection
probability: (1) proximity to the nearest bore hole and/or dam, (2) proximity to the
nearest large river, (3) proximity to the nearest human activity area, (4) cattle herd sizes
found on ranches, (5) condition of fencing, and (6) habitat. Fencing condition and cattle
were found to be strongly correlated and were both represented numerically in the model
through cattle herd size. The distance to the nearest covariate was measured using two
methods, ArcGIS and Google Earth Pro. Google Earth Pro resulted in higher value data
as the base imagery was more updated and of higher resolution than the standard Esri
imagery with ArcGIS. This allowed the ability to pinpoint small, structural features on a
landscape, such as bore holes (Figure 2.22).
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Figure 2.22. Google Earth 2015 satellite imagery featuring a bore hole at a cross section
of roads (dark dot on lower right of image), with old boma sites (faded lighter colored
circles in center and center right of image) on the Ol Pejeta Conservancy.

Akaike Information Criterion (AIC) was used to rank all the candidate models and
their Akaike weights (wi), I used occupancy as the trophic guild-specific state variable of
abundance to assess differences between selected trophic guilds and to determine the
covariates of both occupancy and detection probability for these guilds. I modelled both
estimated occupancy (Ѱ) and detection probability (p) with and without the covariates.
Six models were developed to approach correlations of detection and occupancy
by the response variable, guild. Encounter histories were created for analysis in the
program PRESENCE by collapsing daily camera trapping records into 5-6 day blocks to
establish a single encounter occasion, with a total of five encounter occasions for analysis
(MacKenzie et al. 2006, Kelly et al. 2008). Site predictor variables of habitat
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(covariates) were deemed important for occupancy and were added to the modeling:
Acacia, Euclea, Mix, Grassland, and Riverine. To eliminate the possibility of camera
type bias, camera type (Reconyx vs. Spypoint) was also added to the modeling efforts.
Probability of detection was derived from the encounter occasions of each species. If a
species was detected in an encounter occasion, the probability of detecting the same
species in a subsequent event was represented as 1. And additional survey covariate
“effort” was the number of days pooled into each encounter occasion to produce an effort
of surveying for that encounter history.
I used a single season, two species co-occurrence algorithm in program
PRESENCE v.6.1 to estimate the probability of each species’ occupancy (Ѱ ) and the
detection probability (p) (Rovero et al., 2014). The detection probability is the ratio of
how more or less likely the species are to co-occur at a site. A detection probability value
of 1 implies the species co-occur at a site independent of each other. A value less than
one implies the species are less likely to occur at the site than if distributed independently
(avoidance) and a value greater than one implies the species are more likely to occur at
the site than if distributed independently (co-occurrence) (MacKenzie et al. 2004, 2006).
Due to the abundance of candidate models for AIC, each variable was first
individually inserted into the model. The individual models within 2 delta AIC of the top
model were ran with all possible combinations, and the resulting top model was selected
for interpretation.

103

2.4 Discussion

Camera trapping has been found to be both cost effective and reliable (Rovero
and Marshall, 2009) and was the chosen method to assess animal abundance through
Laikipia’s difficult terrain, remoteness, and where a variety of alternative methods were
unfeasible. This method has also been demonstrated in recent literature that help to
explain species richness and the diversity, distribution, and abundance of wildlife across
landscapes affected by humans (Tobler et al., 2008; Ahumada et al., 2011; Kinnaird and
O’Brien, 2012; and Tobler et al. 2015). I am confident in the use of camera trapping for
these purposes. In the absence of typical line transect surveys to estimate densities of
large mammals, I adopted camera trapping rates as an index of abundance (Rovero and
Marshall, 2009). These data were necessary in order to develop general linear modeling
to determine habitat preference for trophic guilds as well as associations of species
diversity affected by human made structures. Statistical results from effort and number
of camera deployments demonstrated that the study areas was sufficiently sampled
(Figure 2.16).
General observations were first made in the field prior to formulating hypotheses.
Including that most species were actually found throughout each habitat and among all
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ranches. When examining this through the data, there was no significant difference of
species richness between properties in the study or among habitats. That both the field
observations and camera trapping efforts are complimentary could be explained by
constant animal movement between one habitat and another, which would not be
reflective of habitat preference. The close proximity and mosaic of habitats delineated in
the study could be a factor to explain the lack of difference in diversity.
When using occupancy as a surrogate for abundance, there were significant
differences suggesting preference for two of three guilds analyzed (grazers and
browsers). Grazers dominated Acacia habitat with both grazers and browsers dominating
grasslands. These two habitats are almost always adjacent to one another and share a
gradient through their transition. (Figure 2.23). I suspect the significant absence of
browsers in Euclea habitat expressed in both chi-square and GLM modeling are a result
of animal behavior to avoid areas of poor visibility and where the threat of predation is
more likely (Fischoff et al., 2007).
For ecotourism purposes, the most valuable habitats are Acacia and grasslands
that attract large herbivores, particularly the big five (elephant, buffalo, rhino, lion, and
leopard). These are also habitat classifications that make spotting wildlife relatively easy
and are often ones to support low-maintenance infrastructure. Ol Pejeta and Segera
Ranches are the only two of the four that contain a majority of habitat in Acacia and
grassland with significant infrastructure, with ADC and Eland Downs serving future roles
as highly diverse habitat with higher percentages of Mixed and Euclea classification
supportive of wildlife corridor structure.
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Figure 2.23. Species richness (Chao2) values per individual camera (n=83). Values
range in size between 1 (smallest) through 18 (largest), with values at zero not
displayed.

Mapping diversity across the entire landscape shows a congregation of higher
Chao 2 values in close proximity to the Ewaso Nyiro River bisecting the Ol Pejeta
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conservancy. AIC models ranked natural rivers higher than artificial waterpoints when
explaining species richness, which follows prior research from de Leeuw et al. (2001).
ADC Mutara appears to maintain a more uniform spread of richness values, mostly
among its Euclea and Mixed habitats indicative of water drainage. The topography on
ADC is more diverse with various drainage basins and dried river beds developed
through extreme rainfall events. Future conservation planning from connectivity of ADC
to Ol Pejeta will compliment wildlife on either side given the high quality of Acacia
habitat on ADC with abundant water resources on Ol Pejeta. This combination secures
higher populations of large grazers and browsers such as the elephant and reticulated
giraffe, though research is needed to address the issue regarding artificial waterpoints and
attracting mostly water-dependent species. ADC Mutara also faces two minor issues, a
threat of the spread of prickly pear cactus (Opuntia spp.) observed during 2010 transect
surveys and infrastructure needs for successfully sustaining safari and ecotourism venues.
Results of the hypothesis test addressing ranch size rejected the null that there is
no correlation between ranch size and level of species richness. In this study, larger
ranches are more likely to contain more habitat availability and can support greater
species diversity. Conservancy size and proximity to other habitats are also important
criteria in this regard and for future land acquisition. Results of hypothesis testing of
guild habitat preference across all ranches also rejected the null in two of three tests.
Grazers and browsers more frequently occur in grassland and Acacia habitat, as expected.
Carnivore occupancy was not correlated to any one specific habitat.
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CHAPTER 3. Anthropogenic impacts on diversity and distribution of large
mammals in Laikipia County, Kenya.

3.1 Introduction

Context of managed water resources in Laikipia

On a global scale, demand for water has continued to grow due to increased
human populations, widespread urbanization, failing infrastructure for water
transportation and catchments, and impacts from climate change. Laikipia County,
Kenya faces significant challenges in this regard with its semi-arid conditions, illegal
abstractions at catchments, licensing problems, water treatment costs, human-wildlife
conflicts, and a growing human population. The Water Ministry of Kenya has developed
a Laikipia County Water Conservation Master Plan (LWF, 2014) to tackle the many
challenges in water quality and access. This endeavor will rely on the Water Act of 2002
which created the Water Resource Management Authority (WRMA), providing for
people and wildlife to access water from the Ewaso Nyiro River. What will be most
difficult is to address the issue of equality, as there are many marginalized communities
in Kenya at a significant disadvantage for access to water (Gichuki et al., 1998). The
Master Plan will likely require some intervention to balance the need for water with
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Laikipia’s communities as well as large landscape conservancies managing water for
wildlife.
One of the most important and limiting natural resources for wildlife and local
people is surface water availability (Western, 1975; Petty, 2002; Redfern et al., 2003;
Mwakiwa et al., 2013). Wildlife and human settlements tend to center around sources of
water (de Leew, 2001), where daily access must be met when including livestock
requirements. With such an shared resource, it becomes highly important for landowners
to work together, particularly in times of drought and or when natural events compromise
access to water (IPSI, 2014). It is usually the private land owners who can afford water
infrastructure for wildlife (Mwakiwa, et al., 2013) and will have the ability to build water
pumping stations that bring water to the surface from wells or from nearby rivers.
Conservancies in Laikipia quickly benefit from increased water holes through
tourism revenue. Water holes make charismatic wildlife more visible to tourists (Okello,
2008), are usually where wildlife congregate (Western, 1975; Owen-Smith, 1996), thus
an assumption is made that the more water holes a conservancy has the better for wildlife
diversity, abundance, and distribution (Mabunda et al., 2008). With radial gradients of
wildlife occurring around artificial water points (Pickup et al., 1998), overgrazing of
vegetation at water points can create degradation of the larger landscape as well as
damage soils (Ludwig et al., 1997). De Leeuw et al. (2001) examined the diversity and
distribution of wildlife in relation to livestock and permanent water points, concluding
that livestock occupancy was associated with permanent water holes, where native
wildlife were found further away from artificial water points. Studies on short term
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response to artificial water points show an increase in diversity, whereas long-term
impacts demonstrate lower biodiversity (Thrash et al., 1991, Harrington et al., 1999). An
increase in artificial water points will attract particular species that could impact
vegetation (Harrington et al., 1999), have behavioral influence on community wildlife
(Martin, 1983), and may result in increasing highly water-dependent species (grazers),
such as elephant, zebra, and buffalo (Collinson, 1983). Mwakiwa et al. (2013)
demonstrates a pattern in Kruger National Park resulting in a drop in roan antelope
(Martin, 1983) over a period of seven years when there was a significant increase in the
number of artificial water points. The water points attracted larger grazers, particularly
during periods of drought, which outcompeted smaller antelope species.
These water holes are often installed on tops of hills and in the center of grassland
habitat more appropriate for access to herds of cattle (Figure 3.1). Considering this is not
a natural location for water to be found, it would be important for management to better
understand the impact of anthropogenic water holes on diversity, abundance and
distribution of wildlife in Laikipia.
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Figure 3.1. Example of a borehole chamber with a drainage basin located on the Ol
Pejeta Conservancy.

The Ol Pejeta Conservancy is known for maintaining a large number (n > 80) of
water holes (bore holes) which were originally to provided for grazing of cattle. The
number of water holes mapped (Figure 3.2) are limited to active water holes and several
were grouped for their close proximity to one another. Ultimately, I map 22 independent
artificial waterpoints on the Ol Pejeta Conservancy.
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Figure 3.2. Locations of human activity areas, bore holes and dams, roads, and rivers
in the conservation areas sampled during this study.

112

Roads and fencing infrastructure in Laikipia County
Roads are known to be significant sources of habitat fragmentation (Laurance et
al., 2004), increasing edge effects (Williams-Linera, 1990; Porensky, 2011, 2012),
enabling pervasion of invasive species (Gooseman, 1997), impacting gene flow across
landscapes (Riley et al., 2006), creating barriers for migration and localized animal
movement (Forman, 2003; van der Ree et al., 2007; Taylor and Goldingay, 2004, 2009),
and impacting highly dispersing wildlife (Elliot et al., 2014). The impact of roads on
wildlife has been documented as early as 1925 (Stoner, 1925) and has been increasingly
studied in the past 15 years, including research on culverts (McDonald and St. Clair,
2004), canopy bridges (Gregory et al., 2014), and large under and overpass structures that
attempt to provide access for movement (Ng et al., 2004). As an emerging field within
ecology, we see growth in this areas of science through the establishment of the
International Conference on Transportation and Nature (ICOET), the Road Ecology
Center at the University of California, Davis, and the Western Transportation Institute at
the University of Montana. The majority of impact studies have been in North America
and Europe (Fahrig and Rytwinski 2009), with few quality studies in Africa (Laurance et
al., 2006; Vanthomme, et al., 2012, Vanthomme et al., 2015). There are very few studies
that focus on the effects of roads within national parks or protected areas (Ament, et al.,
2007) (Figure 3.3).
Today, there are an estimated 1.2 billion vehicles (Green Car Reports, 2015)
traveling over 11 million miles (18 million km) of roads, worldwide. With growing
wildlife-vehicle collisions (KNBS, 2009), and an increase in road development in natural
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Figure 3.3. An example of a raised, gravel road in Amboseli National Park, Kenya.

areas, it is imperative that transportation and infrastructure be managed to minimize
impacts to wildlife. This is also important inside protected areas, where numerous roads
and networked off-road trails are less likely to be considered a major influence on
wildlife. Kenya’s 160,000 miles (258,000 km) of roads largely include dirt roads, back
country roads, and numerous unpaved roads that bisect parks and protected areas (Figure
3.4). Very recently, Kenya received great criticism for authorizing Chinese-funded
development of a railway to cut through the famous Nairobi National Park.
Roads inside protected areas are physical characteristics of the landscape and may
also have an impact on diversity, distribution, and abundance of wildlife species as would
similar roads outside protected areas. The conservation of wildlife populations within a
matrix of road infrastructure is an ecological challenge requiring further research. The
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choice of wildlife management technique will ultimately depend on the location,
resources, and condition of the needs to preserve the species. In this study, I incorporate
the measure of distance to nearest major road to each camera trapping unit as a response
variable in estimating impact to species richness.

Figure 3.4. A low impact road inside the El Karama Conservancy (left) and a larger
service / tourist roads on the Ol Pejeta Conservancy in Laikpia, Kenya.

Protected areas in Kenya are also quite often accompanied by fences (Clevenger
et al., 2001; Creel et al., 2013), as this becomes a compulsory management technique in
keeping biodiversity from dispersing out of the boundaries of a park and into conflict
with humans (Figure 3.5). Ironically, the need for a fence to either keep people out or
wildlife in impedes the very connectivity that landscape ecology requires (Woodroffe and
Ginsberg, 1998). Fencing undermines ecosystem function leaving conservationists with
the challenge of continually maintaining or restoring landscape connectivity (Curtin,
2015).
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Large mammals, particularly carnivores, are among the groups of wildlife heavily
impacted by anthropogenic factors such as roads and fencing and are observed to be on a
global decline (Blaum et al., 2007; Estes, et al., 2011). Large carnivores can travel great
distances and require large home ranges, inevitably bringing them into contact with
humans. One of the most studied of these species in Africa is the lion (Loveridge et al.,
2010), where it has been largely suggested that fencing may be the best option for their
long-term survival (Packer, et al., 2013). Durant et al. (2015), Woodroffe et al. (2014)
and Creel et al., (2013) argue that populations of lions in fenced systems are often small,
managed above carrying capacity, and view fencing as a last resort. Additionally, the
high economic and ecological costs of fencing would otherwise be balanced out by the
benefits of a large landscape approach (Woodroffe et al., 2014), with empirical evidence
needed on dispersal prior to management implications (Elliot et al., 2014). With other
large mammals whose populations are more density-dependent, such as the elephant and
buffalo, fencing can reduce their population numbers and alter interaction at the
community level, potentially leading to an “ecological meltdown” (Terborgh, et al.,
2001).
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Figure 3.5. Variations of fencing and corridor technique used in Laikipia County. Above
example on private propety near the Mpala Research Center, using sharp, protruding
single wires hanging outward as a deterrent. Image below represents a wildlife corridor
on the Ol Pejeta Conservancy designed to prevent rhino from exiting the conservancy,
but allowing all other wildlife to pass.
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Cattle management in Laikipia and the preservation of the Boran
Livestock production in Kenya is responsible for nearly ten percent of gross
domestic product (World Bank, 2015). Stakeholders in this industry are made up of a
variety of large and small scale operations from the local small-scale ranching to highly
commercial levels. Beef production in Kenya has been gradually on the decline due to a
reduced per capita red meat consumption ( ILRI, 2015), overall economic decline, a
decrease in the exportation of live animals, and the persistence of diseases such as Rift
Valley Fever (RVF) throughout semi-arid regions of Africa (Aklilu, 2002; DePuy et al.,
2014). In semi-arid counties, such as Laikipia, pastoralists can often lack the resources,
reaction time, and market opportunities necessary to recover from catastrophic natural
events (floods, droughts, disease outbreaks) (Homann, 2004). It becomes increasingly
important that wildlife conservancies that breed cattle consider the requirements of the
community and find ways to integrate benefits that can be shared across a landscape.
Pastoralists not only invest in cattle breeding for the obvious economic benefits, but for
cultural and historic significance (Haile-Mariam and J. Philipsson, 1998; Lane 2013). To
successfully maintain these sources of revenue and cultural ties in breeding cattle,
pastoralists must consider management issues addressing disease, nutrient quality of
native grass, and behavioral aspects of cattle that might reduce predation (GiffordGonzalez, 1998).
There are over 250 recorded breeds of cattle worldwide, usually classified into
two species of the genus, Bos. The Zebu (Bos indicus) is found in Southeast Asia and
Africa and the Taurine (Bos taurus) come from European origins. The Boran (Bos
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indicus), is a breed of cattle derived from the Zebu variety originally bred by the Borana
Oromo people of Ethiopia (Figure 3.6). This breed is widespread throughout East Africa,
but most popularly known in Kenya at an estimated head count over 550,000 (ILRI,
2015). The largest pure bred herd of over 6,000 animals can be found on the Ol Pejeta
Conservancy. The Boran is a traditional beef cow with a humped back, much like that of
the Brahman cattle in India. Growing awareness of declining genetic diversity and
cultural heritage of the commonly known Boran breed of cattle in Kenya has led to the
establishment of various conservation programs such as that found on the Ol Pejeta
Conservancy (OPC, 2015; Haile-Mariam, 1998). Conservation goals to increase the
population of purebred Boran include reducing monoculture operations, reducing
crossbreeding, promoting the ecological utility of the Boran breeds in conservancies, and
building strong connections with local pastoralists through integrated cattle management.

Figure 3.6. A Boran bull photographed in Euclea forest on the Ol Pejeta Conservancy.
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Boran are known for their hardiness, ability to tolerate low quality forage, and
their natural anti-predator herd instincts. For these reasons, the Boran adapts well to arid
and semi-arid climates with lower precipitation such as that found in highlands of
Laikipia, Kenya. The genetics of the Boran are unique to breeders in East Africa, with
the Ol Pejeta Conservancy having placed particular importance on careful and meticulous
breeding management. The Boran on Ol Pejeta maintain the most valuable genetic
diversity of all Boran in East Africa (Boran Cattle Breeders Society, 2015). Additionally,
their cultural significance is an investment in the variety of stakeholders in the Laikipia
area that help achieve breeding objectives. An economic asset to local beef producers
and beef markets in Kenya, the Boran is often the financial stability for many wildlife
conservancies in Kenya (NRT, 2007; Zander, 2008).
The Boran are recognized in Kenya’s beef and livestock industry as one of the
most productive and profitable animals to manage and breed (ILRI, 2015). They
maintain a series of characteristics that make them highly sought after, including a
walking aptitude, drought resistance, temperament, extreme weather tolerance, herd
instincts, advanced digestion, and disease resistance (KALRO, 2015; Rewe et al., 2006;
Riley et al., 2001). According to the Boran Cattle Breeders Society (2015), Boran can
walk long distances withstanding drought conditions and consume nutrient poor grasses
during intervals of stress. Calves learn to walk very quickly after birth and can keep up
with the herd, minimizing calf vulnerability to predation. Increased sweat glands,
durable and thick skin, and a unique oily and UV reflective coat in Boran allow them to
graze for longer periods of time in the day than other breeds of cattle (OPC, 2015).
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These features also help reduce tick and fly infestations. A low metabolic rate is known
to contribute to assist in digestive processes and reduces their susceptibility to illness
following severe climate conditions.
Boran calves can reach sexual maturity at 18 months, with cows capable of
reproducing for more than 10 years (Beal et al., 1990). Lampkin and Lampkin (1960)
had originally attributed their high fertility to low body weight over the course of the
suckling period. A study by Nicholson and Sayers (1987) show that calving and birth
rates were unaffected by water scarcity. Parental care is high in Boran females (Riley et
al., 2001), contributing to offspring success. The low temperament of the bulls allow
them to be in closer proximity to one another in herds and in bomas, reducing much work
on the cattle managers and guards.
Ol Pejeta has worked with the Northern Rangelands Trust (NRT) in prior years
through a program called “linking livestock market with wildlife conservation” (NRT,
2007), offering opportunities to local communities to improve their livelihoods. The
program helps locals by offering opportunity to earn income through livestock sales,
access to potable water for their families, learning grazing methods, reducing landscape
pressure with cattle management (AWF, 2011). Pastoralists can improve their current
practice with new training and resource access. Ol Pejeta also makes connections to
integrated cattle management in local schools through teacher education, tours to OPC,
and sponsoring events for community children. One of the more unique aspects of the
Ol Pejeta management is integrating Boran cattle in small herds (<100) among native
wildlife (Figure 3.7) through a system of mobile bomas (small, temporary enclosures for
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cattle) (LPFN, 2015). Traditional bomas are made of thorny vegetation which has to be
cut and piled to form a barrier for livestock from predation. Mobile bomas are designed
for quick installation and are made of detachable fencing material (Figure 3.7), which are
far more successful in keeping out predators, particularly hyena which can push through
traditional boma material. Livestock guards are encouraged to distribute cattle to areas of
poor quality (taller) grasses, which invigorates new growth while depositing nutrients.
Native wildlife can then feed on improved grass and grasslands and Acacia forests have
reduced pressure from encroachment.

Figure 3.7. Mobile boma structures in use by the Ol Pejeta Conservancy. Photos
courtesy of Landscapes for People, Food, and Nature (2015).

The Mpala Research Center has been investigating management of bomas as a
tool for landscape conservation through dissertation research (Porensky, 2012; Porensky
and Young, 2013) and development of a management guide (Porensky et al., 2011) that
contains instructions for monitoring the effects of bomas across the landscape. Lessons
learned address quality of grass, length of boma use, adaptation of bomas to their
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landscape features, and sharing of bomas and monitoring of data. Such management is
used to support wildlife conservation in the context of large landscape management. The
Ol Pejeta Conservancy has been demonstrating the benefits to grasslands of integrated
wildlife-livestock management for over 10 years and very recently adopted the mobile
boma system. The mobility of smaller, more focused cattle herds can help to break up
the hardpan soil while depositing nutrients. The visible effects of improvement to the
landscape have been widely recognized by Ol Pejeta management and a focus of
proposed academic research.

Areas of human activity in conservancies

Human settlements have long been known to alter ecological processes
(Theobald, et al., 2000, 2005). Important natural areas quickly diminish as human
population and occupation of landscapes expand. The year 2008 marked an important
point in time when more than half of all people on Earth lived in urban areas (UNPF,
2015). Since then, urbanization has been increasing on a global scale with profound
effects on the planet’s ecological systems (Luck and Wu, 2002), usually to a point where
environmental decline is irreversible. This trend is usually seen in developing countries
where the majority of negative impacts are from urbanization (Langpap and Wu, 2008).
In 2002, the Wildlife Conservation Society published a report entitled “The
Human Footprint” that demonstrated an impact of humans on landscape throughout the
world (Sanderson, 2002). It revealed a staggering image of land-use change on planet
Earth (Figure 3.8), with alarming development in Africa (Hansen et al., 2005).
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According to the report updated in 2004, there are few areas, if any, in all of Kenya that
have not been affected by humans. A failure to learn from prior research and modify
human behavior will surely result in further degradation of landscapes ultimately
impacting human health (Dannenberg, et al., 2003).

Figure 3.8. Image of human Footprint map from the Wildlife Conservation Society
(WCS) covering Africa. Green are less impacted, whereas red to black are highly
impacted.

The network of road and railway development has had a long and significant
impact on Kenya’s growing population centers, with Nanyuki as one of Kenya’s fastest
growing cities. Adjacent to the Ol Pejeta Conservancy, Nanyuki is now home to
numerous conservation organizations and safari companies benefitting from access to the
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distribution and collection of conservancies. In these rural areas, small towns and
villages are dotted throughout the landscape (Figure 3.9) and have been a permanent part
of Laikipia for many decades.
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Figure 3.9. Human activity areas include research and/or safari bandas (huts) (above),
new housing development in cooperation with conservancy (center) and staff housing
inside a conservancy (below).
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Within the Ol Pejeta conservancy, there are numerous structures to house humans,
both permanently and for seasonal and/or periodic use. Some examples of human
activity areas are offices and administrative housing, research housing, staff housing,
automotive and cattle facilities, storage, tented camp safaris, and other smaller structures
with significant human activity.

3.2 Methods

Geographic Information Systems and camera trapping

Similar to vegetation surveys conducted during this research, GIS was used to
establish accurate maps of anthropogenic structures across the landscape, namely roads,
human activity areas, fencing, and bore holes and dams. The initial GIS and Remote
Sensing (RS) support came through the African Wildlife Foundation (AWF) who
provided general administrative data (boundaries, roads, rivers, etc.) and remotely sensed
images of Laikipia County, Kenya using SPOT 2010 imagery. This effort was followed
by a remote sensing training grant through the American Association of Geographer’s
(AAG) SERVIR program providing access to Kenya’s Regional Center for Mapping of
Resources for Development (RCMRD) in Nairobi as per agreement under an AAG/NSF
grant (# 0934063). Three months of training was provided at the RCMRD, which
included remote sensing analysis and access to their imagery database for cloudless
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images of Laikipia County between the years of 2009 and 2013. In addition, an imagery
grant was received in 2010 from the GeoEye Foundation covering the majority of the
study area. Data derived from of these sources were combined with support from the
African Wildlife Fund (AWF) GIS Lab in Nairobi and Washington DC, and the
Smithsonian Institution’s GIS resources.
Minor image processing utilizing ENVI™ (Environmental Vegetation Index)
software (EXCEL/VIS, 2015) helped identify habitat prior to field ground-truthing
surveys and to assist with identifying long term vegetation monitoring plots. The use of
Arc GIS 10.3.1, ArcGIS Pro™ Advanced (Esri, 2015), Google Earth Pro (Google, 2015),
and Earthpoint.us (Clark, 2015) online measuring tools were incorporated into all GIS
use throughout this dissertation. Through ArcGIS Spatial Analyst in Microsoft Excel, I
use data from individual cameras in proximity to selected predictor variables, without the
recognition of ranch boundaries on a landscape. All data were uploaded for processing
through a general linear model (GLM) via Statistical Analysis Software (SAS, 2012).

Occupancy modeling by individual camera across the landscape
Two occupancy modeling approaches were used in this study. The first analysis
focused on species richness where data were at the individual camera level across the
landscape, with general liner modeling run using SAS/STAT™ software analysis (SAS,
2012). The second set of models were designed to focus on detection (presence/absence)
data for trophic guilds, where grouped camera data were utilized and models run using
PRESENCE v6.1 software (PRESENCE™, 2015).
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This analysis was conducted by focusing exclusively on the individual camera,
which provides a different perspective of the landscape than that of presence/absence
data.

I determined which variables are most likely to be attributed to species richness

throughout the landscape by using Akaike’s Information Criterion adjusted for small
sample sizes (AICc), and Akaike’s Weights, calculated from the residual sum of squares
(RSS) from linear regressions. I used species richness as the response variable and,
similar to trophic guild occupancy modeling, I used proximity to the nearest bore hole,
proximity to nearest river, proximity to the nearest human settlement, proximity to the
nearest major road, and condition of fencing as predictor variables. Conversions were
needed for to provide fencing as a numeric ranking for analysis with low fencing=0,
standard fencing=1, and maximum fencing=2. Density of cattle was estimated per ranch,
but was ultimate removed from the model as it was highly correlated to fencing.
This approach identifies the most parsimonious models from proposed candidate
models. All combinations of the predictor variables resulted in 31 candidate models. To
improve normality, I used square root transformations on the data prior to analysis. The
ΔAICc value for each model is the relative level of empirical support compared to the
model with the highest support (Anderson 2008; Arnold 2010) and a value between 0 – 2
indicates strong support of the model. The weight of each model varies from 0 (no
support) to 1 (complete support) and is the probability that it is the best model. The
evidence ratio (Δi) is a quantitative measure of the strength of a model compared to the
best model. Adjusted R2 values indicate how well each model fits the data set and its
relative efficacy as a tool for prediction. The relative importance of each predictor
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variable varies from 0 (no support) to 1 (complete support) and is calculated by summing
the weight of each model in which the variable appears (Anderson 2008). Regression
coefficients [± standard error (SE)] indicate whether predictor variables are positively or
negatively associated with animal diversity.

3.3 Results

Anthropogenic impacts on species richness

Two models identifying differences in animal diversity across the landscape had
strong empirical support relative to the other models in the candidate set (ΔAICc < 2;
Table 3.2). The adjusted R2 values are somewhat low for the models, which means they
do not encapsulate all factors influencing diversity. The AICc model that had the greatest
support indicated that diversity was negatively associated with proximity to the nearest
human activity areas and rivers (i.e., less diversity further from human activity and
rivers), and positively associated with fencing (i.e., more diversity when there is more
fencing). The second model with the highest support was similar, but also indicated a
positive association with roads (i.e., more diversity farther from roads).

Table 3.1. Best fit AICc models from 31 candidate models that explain differences in
animal diversity across the landscape. Five explanatory variables are used in the models:
proximity to the nearest bore hole, proximity to the nearest human activity area,
proximity to the nearest river, proximity to the nearest road, and fencing as predictor
variables. The regression coefficient ± SE is given in parentheses for each variable. K =
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number of parameters in the model, ΔAICc = relative level of empirical support compared
to the model with the highest support; wi = Akaike weights.
Model variables

K

ΔAICc

wi

adj. R2

Ѱ (.)
Ѱ (.)
Ѱ (.)
Ѱ (.)
Ѱ (.)
Ѱ (.)
Ѱ (.)

5
6
4
4
5
5
5

0
1.39
3.01
3.04
3.12
3.59
4.22

0.28
0.14
0.062
0.061
0.058
0.046
0.033

0.28
0.27
0.24
0.24
0.25
0.25
0.26

p (Human + river + fencing)
p (Human + river + fencing + road)
p (River + human)
p (Human + fencing)
p (Bore hole + river + human)
p (Human + road + fencing)
p (Bore hole + human + fencing)

The most important predictor variable (i.e., in most models that carried weight)
was proximity to human activity areas (Σwi = 0.77). Fencing and rivers also may be
moderately important predictor variables because these variables carried a moderate
weight (Σwi = 0.66 and 0.62, respectively). Proximity to roads and bore holes are less
likely to be important predictor variables because they carried lower weights (Σwi = 0.29
and 0.16, respectively).
The consideration in selecting representative AIC models is largely contextual,
based on the gradient of outcomes from multiple candidate models, and within the
purview of the researcher for selection. For multiple candidate models, the AIC model
with the lowest score, preferably at zero, is the preferred model. Models resulting in
ΔAIC > 10 do not contain any support and should be disregarded from any further
consideration (Barnham and Anderson, 1998). Recognition of supported AIC models is
commonly ≤ 2 ΔAIC (Barnham and Anderson, 1998; Anderson, 2010) and often seen in
ecological research (SCBI, 2015; Richardson, et al., 2011; 2013; 2014), and at times
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greater than 2 ΔAIC (Richardson and Hanks, 2009). In this study, I recognize supported
models within 4 ΔAIC given that several of my candidate models fall within this range
and contain values in close proximity to one another. I list all candidate AIC models in
tables 3.1 and 3.2 containing values up to 10 and 4 ΔAIC respectively for the sole
purpose of visualizing the distribution of increasingly weaker models and their values as
they deviate from the preferred range.

3.4 Discussion

Surface water, be it from rivers or artificial waterpoints, will remain a crucial and
constraining resource for large herbivore populations in Laikipia County, Kenya.
Virtually all waterpoints in the study site were originally installed to accommodate the
needs of livestock management with the added benefit of access for native wildlife.
Artificial waterpoints clearly bring in the big game species which could boost
ecotourism, but careful consideration should be addressed at the large landscape scale
among all members of the Central Laikipia Collaboration (CLC) to view artificial
waterpoints in the context of its impact to native herbivore diversity.
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An important observation made in the field was that the locations of artificial
waterpoints were almost exclusively within grassland habitat and frequently located at
the top of small hills. Artificial water points contain a holding cistern where water is
pumped and then fed to an outlet at its base (Figure 3.1). The attraction of wildlife to this
structure could skew toward water dependent species, particularly large grazers like
elephant, zebra, and buffalo (Collinson, 1983; Harrington et al., 1999). Over long
periods of time, such visitation could alter vegetation regimes (de Leeuw et al., 2001) and
inadvertently affect the ability of the landscape to support a more diverse community of
native ungulates. Modeling results show that artificial waterpoints had no correlation to
species richness (Figure 3.10), but were correlated to rivers. It is recommended that a
future study concentrate on the distribution of artificial waterpoints and their impact on
species diversity.
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Figure 3.10. Species richenss (Chao2) values (maroon) for camera traps arranged in size
from richness of 1 (small) to 18 (large) overlaid with the distribution of artificial
waterpoints (blue).
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Artificial waterpoints were not correlated to increased richness values on the Ol
Pejeta Conservancy. High richness values occurednear the Ewaso Nyiro River.
However, ADC Mutara ranch does show a distribution of higher richness values more
evenly spread out throughout the ranch which has only one artificial waterpoint (a small
dam). With the high frequency of large grazers observed at waterpoints, particularly in
OPC West, it is possible that these grazers have occupied the waterpoints to such a
degree to have behaviorally displaced other native ungulates, thus reducing overall
diversity. Mwakiwa et al. (2013) found indirect effects on herbivore species from the
presence of water-dependent species attracted to artificial waterpoints in South Africa.
The implications are important when including the strong economic incentive of a ranch
managers to increase tourism by increasing artificial waterpoints. The desire to
photograph Africa’s “big five” may indeed encourage waterpoint infrastructure, but
inadvertently decrease overall ungulate diversity.
Models reflecting a correlation of access to water to species richness was only
supported by the data when combined with rivers, humans, and roads. I suspect the
association with rivers and numerous tented safari camps may have played a role in this
correlation, as well as the practice of bringing cattle (which come with humans) to the
river in small mobile bomas across the landscape. Roads are often associated with rivers,
given their use for safari and ecotourism as well as monitoring of wildlife by staff.
With regard to overall diversity between ranches, Ol Pejeta Conservancy (as a
whole ranch) had significant’y higher diversity than Eland Downs Ranch. Throughout
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the entire Central Laikipia Collaboration (CLC), these two ranches have been on the
polar ends of both size and resource availability. Eland Downs is the smallest of all the
ranches are 17,500 acres and heavily impacted by cattle grazing, illegal visitation by
humans with cattle, and generally in very poor condition from intense grazing abuse prior
to 2009 (Kinnaird and O’Brien, 2009). Eland Downs lacks fencing that might otherwise
prevent the visitation by cattle, whereas Ol Pejeta has the tallest and strongest electrified
fencing around its entire perimeter (Figure 3.11). With its unique wetland habitat, it will
be challenging for any adjacent conservancy to compete with the size and diversity of
habitat within Ol Pejeta. It should be noted that Eland Downs had no significant
difference in total richness with any other property in the study, suggesting careful
management of its habitat and water resources could enable its wildlife occupancy rates
to rise to that of adjacent ranches.
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Figure 3.11. Variety of fencing types throughout study site with associated scale bar of
average species richness values (Chao2): Segera (22) high fencing, Eland Downs (11)
poor fencing, ADC Mutara (24) moderate fencing, and Ol Pejeta Conservancy (26) high
fencing.
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Throughout Laikipia, fencing as it applies to wildlife conservation, is usually
installed to keep wildlife from dispersing (Woodroffe, 2014). Wildlife are better
protected with fencing (Packer, et al., 2013), but not at the large landscape level (Creel et
al., 2013), where fencing serves to fragment habitat. Kinnaird and O’Brien (2012) found
that fencing on ranches and conservancies in northern Laikipia were semipermeable,
where inconsistency of perimeter fencing allowed movement of wildlife. In this study, I
make the assumption that ranches with poor to no fencing in Laikipia often resulted in
both dispersal of native wildlife and illegal access of cattle into that property. With cattle
come their human rotation managers resulting in an association between native wildlife,
humans, and cattle. Figure 3.11 shows examples of fencing used throughout the study
area, with high, electrified fencing installed at the Ol Pejeta Conservancy and virtually no
fencing at all on Eland Downs Ranch. Fencing condition matched the prediction for
increased species richness.
Availability of artificial waterpoints increased diversity only in combination with
other predictor variables; data show no correlation of richness with artificial waterpoints
alone. Richness was more closely related to natural rivers. Other factors such as roads
and human activity were not correlated to diversity, but were included in higher ranking
models. These data lean toward a positive correlation of humans and roads to diversity,
likely a result of purposeful placement of tented camp safari locations in spots
advantageous for wildlife viewing and the usage of natural rivers by humans and their
cattle. Lastly, modeling indicated that fencing impacts wildlife diversity. Ranches with
more intense and secure fencing had higher richness.
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CHAPTER 4. Strategic use of monitoring and mapping technologies for publicprivate partnerships supporting wildlife conservation in Laikipia, Kenya.

Sustainably managing biological diversity within conservation landscapes has
become increasingly challenging as economic, sociological, and human-wildlife conflict
further interact. The relevance and importance of biodiversity in these settings has not
diminished over time, if anything it has become more critical to human survival as our
own populations continue to increase and negatively impact landscapes (Pringle et al.,
2010; Ripple et al., 2015). Unfortunately, the value of nature and utilization of
biodiversity is still primarily recognized through direct, consumptive use and global
market values. Ecological systems, ecosystem services, cultural connectivity and
complex cycles that provide these resources are still without proper financial measure,
though the principles for conserving them have been outlined with great effort (Mangel,
et al., 1996).
Anthropocentric and utilitarian approaches to managing biodiversity have shifted
to the private landownership level as properties collectively make up intact landscapes
and are often managed in isolation with little consideration for their surrounding
communities or the greater ecology (Western et al., 1994). It can be observed in Kenya
that wildlife conservancies working alongside local and pastoral communities are capable
of hosting ecotourism in highly modified human landscapes (Homewood et al., 2012).
Managing such landscapes is often without the benefit of lessons learned from
pastoralist’s interaction with nature. Additionally, while our understanding of the
ecology of human-modified landscapes is still quite poor compared to areas immediately
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surrounding national parks (Knight and Cowling, 2007). Through Laikipia’s communitybased wildlife conservation efforts, there is a renewed interest in creating economic
opportunities for locals within the public-private conservation framework (LWF, 2015).
These opportunities not only involve inclusion of locals to wildlife conservation effort,
but also seek opportunity to use relevant technologies that allow for managing wildlife
conservation in a human dominated landscape (Ochieng, 2015).
In this chapter, I review public-private partnerships in Laikipia, explore the
application of GIS technologies for land management, introduce camera trapping as a
necessary and standard tool for wildlife monitoring, and propose on-line technology with
mapping application development.

4.1 Public-private conservation partnerships in Laikipia County, Kenya.

The Laikipia and Ewaso wilderness area of Kenya comprises a variety of private
and public lands, local communities, conservation areas, and rangelands (Didier et al.,
2011a, 2011b). The entire Laikipia County lacks national protection of the environment,
with the exception of the Eland Downs ranch now under ownership of the Kenya Wildlife
Service (KWS). The methods in which Kenya’s pre-colonial communities have
historically interacted with large landscapes is not a part of today’s partitioned and highly
managed use of wildlife conservation areas (Krameri-Mbote, 1999; Manyara and Jones,
2009). Privatization brought fencing and intense infrastructure to a more localized
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approach at land management without much recognition of greater ecological systems.
Though Kenya maintains 22 national parks, 28 national reserves, and 5 national
sanctuaries (KWS, 2015), it has been estimated that greater than 70% of wildlife
throughout Kenya are located outside of these protected areas (Chape et al., 2005;
Western, 2009) as seen through imagery of Kenya’s Human Footprint Index (HFI)
(Figure 4.1). Conservation and wildlife management in various communal and privately
owned lands is a key element to the sustainability of Kenya’s wild and living resources
(Gitahi and Fitzgerald, 2011). Private lands now engage in shared resource agreements,
conservation easements, and conservation enterprises, which combine biodiversity
conservation with the added benefits of tourism revenue (Carter et al., 2008). Soon after
Kenya banned hunting of wildlife in the late 1970s, areas capable of sustaining large
herds of native herbivores quickly benefitted from growing tourism. Pro-wildlife private
lands with high populations of native wildlife became income-sustainable, found new
ways to maintain cattle integration (OPC, 2015) and work with the larger group ranching
efforts with more local communities and the patchwork of private and protected land
parcels (AWF, 2015). Both private ranches and grouped ranching efforts often join to
form collaborative conservancies where resources are shared and spread among partners.
At the large landscape scale, conservancies and private property become effective
wildlife corridors. Outside of its largest and fastest growing town, Nanyuki, Laikipia’s
human population is relatively low. This low rural population surrounded by high prowildlife private land ownership allow more opportunity for effective biodiversity
conservation and sustainable tourism.
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Figure 4.1. Georeferenced base image of Kenya’s Human Footprint Index (HFI) of
relative human influence in each terrestrial biome (Woolmer et al., 2008), overlaid with
Kenya’s protected areas boundaries. A value of 0 (dark green) represents the least
influenced (most wild) part of a biome with a value of 100 (dark red) representing the
most influenced (least wild) part of a biome.
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For over 25 years, populations of wildlife have been closely monitored throughout
all regions of Kenya by the Ministry of Environment and Natural Resources’ (MENR)
Department of Range Surveys and Remote Sensing (DRSRS) (MENR, 2015). Results
have shown a rather alarming and steady decline of large mammals throughout the entire
country, which can be representative of the impact of conservation (Georgiadis, 2007).
Wildlife and natural resources are under pressure as a result of the growth in human
populations and land sub-division activities (LWF, 2015). Inevitably, human-wildlife
conflict has become an increasingly heated issue as land-use changes are more
incompatible with the populations of wildlife. Kenya’s amended constitution contains
provisions for a healthier balance for humans and wildlife (Kenya National Council for
Law Reporting, 2015), as the former command-control approach in conservation to
increase environmental protection has been ineffective (Holling and Meffe, 1996).
Though many community-based conservation efforts in East Africa are well underway,
tropical biodiversity as a whole continues to diminish, which may call for ecologists and
conservationists to address the problem more directly and not to rely too heavily on
indirect interventions (du Toit et al., 2004).
The viability of wildlife in non-protected landscapes will be a better determinant
of their persistence throughout the savannas of East Africa than in national parks or
reserves (Western, 1989 and Hutton et al., 2005; Veblen, 2012; Ford et al., 2014). This
is largely due to the ecological needs of large mammals that tend to depend on the
geography and resources of various small protected areas that might be accessible. More
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so than in protected areas, the conservation efforts that are required to sustain large
populations of wildlife require very active management practices. For many, this in turn
will be dependent on wildlife interaction among human communities (with or without
livestock), and how human activity may influence the greater ecological process involved
(Georgiadis et al., 2007b).
There are numerous group ranches in Laikipia County, communally owned by
pastoral families as well as large-scale commercial ranches where the livestock are
managed at moderate to high densities. Research show that pro-wildlife properties
(owned by wildlife supporters) tend to have low density and small-scale operations,
which favor sustaining large populations of large mammals (Kinnaird and O’Brien,
2012). The opposite can be seen in more transitional properties, owned by individuals
who tolerate or actively discourage wildlife. To approach the complex issue of
understanding land owners and how best to maintain the integrity of an ecosystem, active
community-based conservation initiatives have been in put place throughout Laikipia.
Georgiadis et al. (2003, 2007) and Woodroffe and Frank (2005) have conducted
numerous case studies specifically for large mammal conservation.
Robust studies from Georgiadis et al. (2007a and 2007b) involved the modeling
of ungulate populations throug time and showed that the abundance of herbivores in the
Laikipia system varied greatly with land-use type and that the populations were limited
by rainfall (cattle and plains zebra Equus burchelli) or by other factors such as density
(plains zebra and giraffe) (Coe et al., 1976; Goheen et al., 2012). Overall a pattern
emerges for the Laikipia’s wildlife population numbers. Aerial surveys by the DRSRS
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reveal diminishing populations of wildlife in Laikipia over a period of less than 10 years
(Georgiadis et al., 2011), but more recent observations of wildlife (Kinnaird, 2012) and
an increase in camera trapped events along corridors between ADC Mutara Ranch and
the Ol Pejeta Conservancy (Figure 4.2) show a sharp rise not only in corridor use, but in
the overall numbers of large mammals using those corridors.
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Figure 4.2. Estimated numbers of individual wildlife utilizing two corridors between the
ADC Mutara Ranch and the Ol Pejeta Conservancy (left), and the difference in numbers
between herbivores and carnivores during 2012 activity. Graphs courtesy of OPC (2015)

Perhaps a direct contribution to these changing numbers is the tolerance of
sharing the landscape with livestock. The impetus for sustaining group ranches and
communal lands might not be solely for income generated through cattle and shoat (sheep
and goats) operations. Sustaining a way of life, via land-use, might be more important
than we initially presume, and this could have direct contributions to conservation. This
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can also be seen in the Southwestern US through a professionally connected group
ranching system known as the Malpai Borderlands Group (MBG, 2015), where numerous
stakeholders have collectively managed cattle integration with wildlife to preserve their
way of life as a primary incentive above income generated through cattle operations.
There are two main land uses throughout Laikipia. Group ranching by pastoralists
have the larger land holdings and contain large numbers of livestock, therefore have less
wildlife. Communal ranches are smaller operations and contain more wildlife species
and more wildlife diversity. Livestock management is generally the same in both
categories, where there are no paddocks and limited fencing, allowing for the livestock to
roam under watch. Additional research conducted by Sanderson et al. (2002) is of
particular interest, where strategies for landscape species requirements in mixed land-use
practices have been examined. In addition, the Laikipia Wildlife Forum (LWF, 2015)
and the Lewa Wildlife Conservancy (LEWA, 2015) have substantial investment toward
landscape-based community conservation. LWF is a regional effort to manage wildlife
through engaging land-owners and land users, offering additional opportunity for
research and training. Programs of LWF now involve community conservation, wildlife
management, tourism, education, and security.
Aside from all the increasing negative attention the human dimensions of these
conservation projects create, sound and systematic means for planning for communitybased conservation need to remain an integral part of the Laikipia County. The historical
truth is that livestock and wildlife can share the landscape at low livestock densities
(ILRI, 2015), however the coexistence is not without conflict. Increases in cattle
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generally come at the expense of wildlife numbers. Balancing wildlife and livestock
requires a clear understanding of both the positive and negative aspects of their
interaction.
The Laikipia County is a good example of how motivated individuals can
engender support and sympathy for local wildlife and find ways to connect to their
economies so that there are clear and direct benefits to communities. Laikipia has
attracted a number of impressive research scientists and conservation leaders, many of
whom are using Laikipia conservation as a model toward similar efforts in other regions
of tropical savanna habitat.

4.2 Utilization of geographic information systems and satellite technologies for
landscape management.

There is relatively no debate within the conservation community that humans
have a strong and largely negative impact on global ecosystems and ecological processes.
We have long known about our high biodiversity consumption rates (Pauly and
Christensen, 1995), appropriation of primary productivity (Vitousek, et al., 1986),
continued population increase and utilization of natural resources (McNeil, 2000; Wilson,
2002). Regardless of the plethora of information measuring human impacts and the call
for solutions, it has been equally challenging to realize change at the political level (Soule
and Terborgh, 1999). Though GIS and remote sensing have been part of monitoring and
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measuring land-use changes for decades (Skole and Tucker, 1993; Ramankutty and
Foley, 1999), the development of verifiable maps conveying large scale changes to Earth
were only first introduced in 2000 (Loveland et al., 2000). Since then, the number of
mapping technologies specializing in the impact of anthropogenic change on
conservation planning have increased exponentially (Horning et al., 2010; Rose et al.,
2014). With the launching of new satellites, such as the Landsat 8 from the European
Space Agency (ESA), this is an ideal time to action new data from higher resolution
sources into conservation planning.
A substantive effort to specifically measure the ecological footprint of humans
was initiated by Sanderson et al. in 2002 under the leadership of the Wildlife
Conservation Society (WCS). It recommends acknowledgment of the human footprint is
a first step to be followed up by a commitment to preserve remaining wild places
relatively untouched by humans. By using the human footprint maps, Earth’s landscapes
can be reviewed for landscape conservation value. It would then be up to decision
makers, scientists, and various stakeholders to make a case for landscape protection.
Version 2.0 of The Human Footprint is accessible on-line (Woolmer et al., 2008) and
reveals continued human influence across Kenya (Figures 4.3, 4.4).
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Figure 4.3. Georeferenced base image of the The Human Footprint overlaid with the
administrative boundary of Kenya using the Human Footprint Index (HFI) as determined
by updated research from Sanderson et al. (2008) of the relative human influence in each
terrestrial biome. A value of 0 represents the least influenced (most wild) part of a biome
with a value of 100 representing the most influenced (least wild) part of a biome.
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Figure 4.4. Georeferenced base image of the The Human Footprint overlaid with
administrative boundaries of Laikipia County, Kenya and the CLC ranches using the
Human Footprint Index (HFI) as determined by updated research from Sanderson et al.
(2008) of the relative human influence in each terrestrial biome. A value of 0 represents
the least influenced (most wild) part of a biome with a value of 100 representing the most
influenced (least wild) part of a biome.
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New geographic technologies are providing creative tools and resources for
conservation science that make monitoring, measuring, and assessing the condition of
biodiversity possible in ways and at scales never seen before. There are new methods for
monitoring global fires (GFW, 2015), global climate change (USGS, 2015), changes in
net primary productivity (Ardo, 2015), and planetary reflectance of solar radiation
(Abtew and Malesse, 2015). We also have the ability to measure surface change in three
dimensions, with tools such as lidar (Hansen, 2015) that provide estimation of total above
ground biomass. At the organismal level, we have new geography-based tools to radiotrack elephant across long distances using seismic sensors (Annia and Sangaiah, 2015),
newly published research on using geolocators fitted onto small migratory birds
(Hallworth et al., 2015), a much improved system to estimate gene flow through large
scale wildlife corridors via faecal analysis (Dutta et al., 2013; Sharma et al., 2013) and
continued use of stable-carbon isotope analyses that contribute to large scale animal
movement data (Reudink et al., 2014).
There are two main ways in which new GIS technologies are helping to change
conservation science. First, it is providing a level of detail about our planet we have not
experienced before, from microscopic and molecular techniques to global scale remotely
sensed data analyses at high resolution. Secondly, the amount of information now
available to students, researchers, and citizens is unprecedented, with much of it freely
accessible on-line. For conservation, this is a careful balance of having the tools,
technologies, and data for research while at the cost that these same technologies and
information can be used for poaching wildlife and causing harm to populations.
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Collaborative efforts in sharing new technologies between property owners is a key to a
sustainable future for wildlife conservation in Laikipia County, Kenya. Linking remote
sensing and GIS resources with field data per ranch will improve conservation planning
requirements across the greater landscape.

4.2 Utilization of camera trapping for monitoring and estimating wildlife
abundance.

Camera trapping is a useful and standard method of gathering wildlife data
through its ease of use and non-intrusive field application. An associated benefit is its
ability to collect several layers of metadata simultaneously, such as time, date, and
temperature. Many research scientists and students of landscape ecology and speciesspecific conservation biology have concluded that camera trapping is a reliable and
compulsory field technique. In studying wildlife, camera-traps provide a non-intrusive
method of capturing images, with added benefit of being ideal for documenting rare
and/or elusive species (Rovero and Deluca, 2007; Kolowski and Alonso, 2010) or as a
compulsory management tools for monitoring wildlife over time (O’Brien et al., 2010).
Popularized earlier by numerous studies of tigers (Karanth, 1995; Karanth and Nichols,
1998, 2002), camera traps are now commonplace for detecting endangered species
(Sanderson and Trolle, 2005), calculating abundance and density estimations (O’Brien et
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al., 2003; Rovero and Marshall, 2009; O’Brien and Kinnaird, 2011), conducting habitat
association analyses (Bowkett et al., 2008), establishing global camera networks
(Ahumada et al., 2011), and can act as an alarm system for livestock theft (Bauer et al.,
2005; O’Brien 2010).
Cameras eliminate the need for physical capture or handling of the target animals,
can operate without maintenance for long periods of time, are digital, weather proof, and
offer sensitivity settings for specific conditions. Due to ease in use and ability to gather
photographic evidence, camera-trapping studies have also become common in a wide
range of landscape-level research (Giman et al., 2007; Rowcliff et al., 2008; Trolle et al.,
2008; Kolowski and Alonso, 2010; Li et al, 2010) and data from these studies have now
been collectively applied to survey studies that enable comparative analysis between
design and analysis methodologies (Sanderson, 2004; Kelly and Holub, 2008; Tobler, et
al., 2008). The past 15 years of camera-trapping studies is reflected well in the
significant increase in the number of published camera-trapping research efforts
(Rowcliffe and Carbone, 2008; Sundaresan et al., 2011; Rovero et al., 2014).
Though its use today is widespread and relatively common, it is the design,
application, and the associated software that is continually evolving. Many camera
trapping studies focus on land management (parks, preserves, private landholdings)
through use of multi-year data collected at several sites and at various time intervals
(Kinnaird and O’Brien, 2012). These data are then compiled into one single database for
use in science investigation. The unique quality of this research study is that multiple
wildlife conservancies were camera trapped simultaneously with a systematic approach to
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assigning the location of cameras to specific habitat classifications shared throughout the
landscape. This allows us to not only compare individual parcels of land to one another,
but to look at the sub-ranch level for comparisons to understand the impact of habitat and
anthropogenic influence between and among ranches.
Results of camera trapping effort are provided in Chapter 2 and 3 of this
dissertation. During the study period, there were two rare images captured, one of a
melanistic serval and another of a leopard cub (Figure 4.5). The importance of
photodocumenting biodiversity through camera trapping has added value beyond species
identification. Presence and absence studies, particularly of small carnivore species, have
strong implications for management (Kays et al., 2015). There were also species
encountered in the field which were not recorded by camera traps, such as the wild dog
(Lycaon pictus), and species such as the Besia oryx (Oryx besia) only recorded on one
ranch but observed on all ranches while in the field.
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Figure 4.5. Above image: Image capture of a melanistic serval in Acacia habitat on the
Segera Ranch (left) as compared to a clearer image (right) recently photographed by
Leslie Daniels (AWF, 2014). Below image: Image capture of a leopard cub in a dried
river bed on the Eland Downs ranch (left) and further magnified (right).

The Ol Pejeta Conservancy (OPC) has long maintained park guards to monitor the
condition and well-being of its increasing rhino population. OPC has also implemented
the use of camera trapping as a directed technology, with a focus on photo-documenting
its inventory of black rhino. OPC has hired photographers, reached out to volunteers, and
has on occasion looked to camera-trapping to confirm a visual condition of each of the
black rhinos. One of several valuable images from this study that supported OPCs effort

155

at photo-documenting black rhino reveals a female with her calf (Figure 4.6), with the
condition and growth of the calf previously unknown to the OPC rangers at that time. As
seen in the image, the female rhino is ear notched for identification, which has not yet
been implemented on the calf. Today, OPC has invested in a large array of camera traps
as a reliable method of documentation and archival of their wildlife.

Figure 4.6. Image capture of a female black rhino with calf in riverine habitat on the Ol
Pejeta Conservancy.
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An added benefit to use of camera trapping on a wildlife conservancy in Laikipia,
is that it may supply management with documentation of illegal access to the property by
poachers. Camera trapping was successfully tested for its use in detecting poachers in
Southeast Asia (Steinmetz et al., 2014), and may similarly provide documentation on
individuals who can later be identified by members of the local community (Figure 4.7).
Since information on monitoring of park boundaries travels quickly in such a community,
it will also be of great value for people to be aware that camera-trapping is in use and

Figure 4.7. Camera trapped image of a local community member with cattle illegally
accessing the Segera Ranch.
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may result in personal detection during any illegal access into the park. Steinmetz et al.,
(2014) indicate that community outreach resulted in a sharp decline in poaching and that
there was no correlations to poaching and park guard patrols.

4.3 Integration of on-line mapping technology for landscape level management.

Soon after the release of on-line mapping technologies in the early 1990s, there
was a rapid increase in the number of map-based businesses such as vehicle navigation
systems and basic static maps within websites during the dot com boom of 2002
(Appendix K). The use of on-line mapping made its way into academia and research in
early 2000 for purposes of data referencing and repository, national atlas development,
the integration of satellite technologies, and embracing an open source architecture with
the GIS community to stimulate creativity. The most important achievements for on-line
mapping in landscape conservation came when ESRI (now, Esri®) launched ArcIMS
(Internet Map Server) 3.0 in 2000, the first publicly available on-line map service to work
with Esri GIS software. From this point forward, users of ArcGIS could finally transition
their resulting work into interactive maps on websites, blogs, or independently on-line.
This was soon followed by the necessity to store the growing memory requirements for
map information on-line, which gave way to the development of the Geography
Network™, a reliable internet-based repository of geographic data that was sharable,
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accessible on-line, and encouraged community contributions. Google Maps® and
Google Earth® began to dominate on-line mapping by the year 2005.
For wildlife conservation, on-line mapping achieved greater success after 2009
when ArcGIS Online™ was developed, a global public library for all realms of geospatial
mapping where layers of information can be shared on-line and combined with user’s
personal data. The ability to mashup NGO community maps and source data made it far
more likely to get accurate information as well as prevent redundancy. In the GIS
community, one of the most concerning issues when taking on large GIS projects is to
unknowingly replicate work already completed or in progress. Having access to and
knowing about real-time GIS projects is crucial in the development stages, which is what
ArcGIS Online provides. Equally important was the rise and development of the Society
for Conservation GIS (SCGIS, 2015), which quickly expanded in the early 2000s and
provided a unique forum for the international GIS community working in the natural
sciences. With on-line technology from SCGIS, users are quite easily capable of
discussing any GIS related topic with the benefit of access to information and data.
In the last five years, Esri developed its latest suite of on-line mapping tools
called Story Maps™. Story Maps have added value to the sharing of geographic data by
encouraging the creation of a geographic narrative that is accompanied by maps. In this
case, Story Maps helps tell a story with a large selection of templates and editing tools to
customize the how that story is visualized (Figure 4.8).
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Figure 4.8. One example template of an Esri Story Map (image courtesy of Esri®),
featuring a central, interactive map with tab options for additional maps (themes) and the
ability to add text, video, and images to the story line (left hand side). The central map is
highly interactive with full zoom capabilities and options to embed web material.

The combination of GIS, Esri Story Maps and remote sensing technologies with
camera trapping data can provide the type of geospatial narrative needed for land
managers to more effectively visualize their conservation planning. The general
operation of most landscape-level conservation work is inherently geospatial. Protected
areas mapping, establishing wildlife corridors, solving boundary disputes, and future land
acquisition are a few examples of practical geospatial needs for conservation property
owners and practitioners.
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Esri Story maps and relevance to conservation planning in Laikipia, Kenya

To address the requirements of creating a Story Map for the needs of land
managers in Laikipia, it will be important to review seven common questions necessary
to address development of on-line mapping applications. 1. What is the geographic scope
of the conservation landscape? For this study, I will choose to focus on the four ranches
from which I have been conducting camera-trapping and vegetation surveys (Segera,
Eland Downs, ADC Mutara, and Ol Pejeta) (Figure 1.8). 2. What will be the story?
There are many directions in story development for conservation in Laikipia, but I will
choose to focus on the chapters of my research and first tell the story of the ranches,
habitat, and general anthropogenic structures across the landscape (roads, fences, water
holes, human activity areas). It is important to showcase what data is available to the
ranch managers and to use the Story Map technology to engage their interest to interact
with the map on-line and to promote the general notion of sharing resources and
information landscape-wide. From there, it will be up to the ranch managers to decide
how best to portray the research data and information on-line, should they choose to do
so. Some data are of sensitive nature and should be handled carefully. 3. What will be
the cost to develop this Story Map? For purposes of this research, I will be using a
personal account in the development of beta-version on-line maps for Laikipia. All
conservancies in Laikipia can take advantage of the Esri Not-for-profit ArcGIS Online
account status, which waives costs of software. A membership provides full access to
ArcGIS Online and a full download of ArcGIS Pro software for typical GIS needs. 4.
Where do the maps get stored in a Story Map? Since data ownership and sharing can be
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a strong concern for GIS enthusiasts, it is important that all stakeholders realize that all
mapping data are hosted on-line through a repository known as the ArcGIS Online cloud.
These data can be made available for sharing or kept private, it is entirely up to the user.
The security of hosting authoritative, trusted data through Esri is important, as Story
Maps does not require any server use from the client. All data and tools are on-line, with
no need to download software to interact with Story Maps. 5. Can a map be made that is
designed to share internally? Yes, it is an option to build, develop, and test proprietary
data into on-line maps. By using email addresses, sharing with stakeholders is easy
through members of an organization or any other stakeholders in Laikipia. There may be
concerns for data that reveal locations of species, such as the black rhino, that will
warrant internal-use only. These features are important in designing Story Maps for
internal audiences for purposes of training, access, and information, and also for the
general public to share the geography, infrastructure data, and wildlife distribution maps
as a means to promote ecotourism. 6. How can the Story Map be promoted through
communications? All Story Maps contain abbreviated web links, making sharing quite
easy. All Story Maps provide html code that will allow a web designer to embed maps or
display them from link in existing pages. In addition, all Story Maps are configured to
work with all smart devices, so they will scale as necessary. Iphones and iPads are
frequently used for tourists on the go, and this is an environment in which this level of
accessibility is ideal. 7. How are Story Maps administered and managed? Through online accounts, Story Maps are easily administered where access, features, and tools are
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managed for an unlimited numbers of users. Esri offers full on-line technical support, in
addition to the Esri Kenya office located in Nairobi.
In this study, I use the data gathered during research to build several Esri Story
Maps to portray the landscape, wildlife, and anthropomorphic structures of the combined
ranch system. These maps will remain in beta-test version and shared primarily with the
Ol Pejeta Conservancy for their review. Feedback from OPC will help guide the process
of how best to use the maps which largely feature substantial camera trapping data from
OPC and the ADC Mutara Ranch.

The application of mapping technology to assist in supporting black rhino
management on the ADC Mutara Conservation Area

Despite numerous attempts to ward off poaching and reduce alteration and loss of
habitat, the world’s black rhino (Diceros bicornis michaeli) population continues to
decline both in size and range. Poaching has remained the primary cause of the decline
(Walpole et al., 2001; Rice and Jones 2006), though efforts to increase their numbers are
focused on secure areas with available habitat (Lush et al, 2015). The population
estimates for Africa were once in the hundreds of thousands nearly a century ago, but
dropped to an alarming 398 individuals in 1991 (STR, 2015; Thuo et al., 2015), a 97.6%
decline from the 1960s (WWF, 2015). Successful conservation efforts to restore black
rhino populations have enabled it to exceed 5,000 in 2015 (Save the Rhino Fund, 2015),
with an increase in Kenya’s population from 381 individuals in 1987 to a current estimate
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of over 650 (NRT, 2015). The species is listed as critically endangered by the
International Union for the Conservation of Nature (IUCN), with the largest populations
in Kenya residing on the Ol Pejeta and Lewa Conservancies, with smaller populations in
national parks and sanctuaries.
Black rhinos are known to occupy a variety of habitat types in their current range
(Dinerstein, 2011). Ecological modeling to further understand habitat requirements of
the black rhino in Kenya have been studied (Lush et al., 2015), and have identified that
quality of habitat and browse availability are just as critical. For a proper browse
availability study, a 3-dimensional perspective of vegetation in addition to its quality
would be necessary. Lush et al. (2015) found that black rhino preferred Scutia myrtina
trees (rare on OPC), followed by Euclea divinorum and Acacia drepanolobium
respectively. In addition, black rhino were found to occupy mostly Acacia and Euclea
habitat, which is similar to prior research efforts in Kenya (Rice and Jones, 2006).
The current population of black rhino on the Ol Pejeta Conservancy still remains
just above 100 individuals, with consideration of the 20,000 acre ADC Mutara
Conservation Area for possible expansion. Browse availability on OPC supporting black
rhino has reached its carrying capacity (Mulama, 2013) and any increase in population
numbers will need to be addressed through increasing habitat. Through vegetation
surveys and GIS, I estimate a combined addition of 14,414 acres of Acacia (4,115 acres),
Euclea (4,501 acres), and Mixed (5,798 acres) habitat that will be important for
supporting black rhino on ADC (Table 2.3). The location and spatial arrangement of
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these habitat is made available through the on-line mapping tool that I have developed
specifically for this purpose (Figure 4.10).

Figure 4.9. Example of beta-version of Story Map using the “basic” map template
offering a detailed toolbar that includes a home button, user location on map, layer
selection, base layer selection, details text box, measuring tools, sharing tools, and print
options.

There are two beta versions of the on-line mapping application available for
review by the Ol Pejeta Conservancy. First, I produced a general landscape map that
features the administrative boundaries of the four ranches in this study along with
locations of the camera traps and links to photos from each camera (Figure 1.9). It is the
intention of this tool to demonstrate that future technology will allow instant uploading of
images from camera traps to a centralized database to be viewed at any time. This would
give land managers a real-time perspective of images captured, not just of wildlife but of
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any illegal human and cattle access. This interactive map is meant for a general perusal
of the landscape and a quick overview of administrative boundaries.
The second mapping application I developed (Figure 4.10) will feature far more
technical tools for exploring the landscape in more detail. This will be developed under a
“basic” Story Map template (Esri, 2015b) that has been customized for these data. This
application features a toolbar with several important functions tailored for a land manager
(Table 4.1).

Table 4.1. Overview of basic tools available on the beta-version interactive mapping
application adopting a customized Esri basic template.
Tool

Function

Home button
Position location
Layers
Base maps
Overview map
Measuring tools
Sharing
Print

Will bring the user back to the default screen
Indicates the location of the user in relation to the map
Allows the user to select or deselect layers
Offers a selection of base map layers
Provides a pop up overview map of larger landscape
Tools for measuring distance, points, and area
Sharing options by URL, social media, or map copy
Printing options at various scales

The effectiveness of close public-private partnerships among conservation areas
in Laikipia will continue to lead to its success. With primary examples from the Laikipia
Wildlife Forum and the African Wildlife Foundation, the sharing of information and
resources among land owners has shown to be increasing with positive results. New
tools visualized through on-line mapping is a key to a sustainable future for Laikipia’s
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wildlife conservation efforts. Easily accessbile and available to share, these tools can
assist in training, workshops, tourism communications, and general communication
between ranch managers.
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Appendix A

List of herbivorous mammal species recorded among all properties in the study
Common name by family

Genus and species

PROBOSCIDEA
African Bush Elephant

Loxodonta africana

PERISSODACTYLA
White rhinoceros*
Black rhinoceros
Grevy's zebra
Common zebra

Ceratotherium simum
Diceros bicornis
Equus grevyi
Equus quagga

ARTIODACTYLA
Impala
Jackson's hartebeest
Thompson's gazelle
Giraffe
Hippopotamus
Waterbuck
Guenther's dik-dik
Grant's gazelle
Beisa oryx
Common warthog
Bushpig
Steinbuck
Bush duiker
Cape buffalo
Eland
Bushbuck
* not native to Kenya.

Aepyceros melampus
Alcelaphus buselaphus jacksoni
Eudorcas thomsonii
Giraffa camelopardalis
Hippopotamus amphibius
Kobus ellipsiprymnus
Madoqua kirkii
Nanger granti
Oryx beisa
Phacochoerus africanus
Potamochoerus larvatus
Raphicerus campestris
Sylvicapra grimmia
Syncerus caffer
Taurotragus oryx
Tragelaphus sylvaticus
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Appendix B

List of small mammal (rodent) species recorded at both the Ol Pejeta Conservancy (Ol
Pejeta Conservancy, 2012) and the Mpala Ranch (Young, 2010).
Name

Genus and species

Spiny mouse
Rock mouse
Grass rat
Water rat
Climbing mouse
Woodland mouse
Dormouse
Porcupine
Multimammate mouse
Nutria / coypu*
Pygmy mouse
Tree squirrel
Pouched mouse
Gerbil
Side-striped ground squirrel

Acomys sp.
Aethomys hindei
Arvicanthus nairobea
Dasymys sp.
Dendromus melanotis
Grammomys dolichurus
Graphiurus murinus
Hystrix galeata
Mastomys sp.
Myocastor coypus
Mus musculoides
Paraxerus ochraceus medici
Saccostomus mearnsi
Tatera sp.
Xerus erythropus

* not native to Kenya
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Appendix C

List of large carnivore species observed at both the Ol Pejeta Conservancy (Ol Pejeta
Conservancy, 2013) and the Mpala Ranch (Mpala Research Centre, 2010).

Common name

Genus and species

Cheetah

Acinonyx jubatus

Spotted hyena

Crocuta

Striped hyena

Hyaena

Wild dog

Lycaon pictus

Leopard

Panthera pardus

Aardwolf

Proteles cristatus
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Appendix D

List of small carnivore species observed and recorded at both the Ol Pejeta Conservancy
(Ol Pejeta Conservancy, 2012) and the Mpala Ranch (Mpala Research Centre, 2010).

Common name

Genus and species

Cape clawless otter

Aonyx capensis

Water mongoose

Atilax paludinosus

Marsh mongoose

Atilax paludinosus

Side-striped jackal

Canis adustus

Black-backed jackal

Canis mesomelas

Civet

Civetta

Caracal

Felis caracal

Wild Cat

Felis lybica

Serval

Felis serval

Small-spotted genet

Genetta

Large-spotted genet

Genetta tirgrina

Dwarf mongoose

Helogale parvula

Slender mongoose

Herpested (Galerella) sanguineus

White-tailed mongoose

Ichneumia albicauda

Zorilla

Ictonyx striatus

Ratel / Honey Badger

Mellivora capensis

Bat-eared fox

Otocyon megalotis
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Appendix E

List of wildlife species per guild.

CARNIVORES
Bat-eared Fox
Black-backed Jackal
Caracal
Cheetah
Common genet
Honey Badger
Leopard
Lion
Serval
Slender Mongoose
Spotted Hyena
Striped Hyena
White-tailed Mongoose
Zorilla

Otocyon megalotis
Canis mesomelas
Caracal
Acinonyx jubatus
Genetta
Mellivora capensis
Panthera pardus
Panthera leo
Leptailurus serval
Helogale parvula
Crocuta
Hyaena
Ichneumia albicauda
Ictonyx striatus

GRAZERS
Cape Buffalo
Common Zebra
Coypu (nutria)
Grevy's Zebra
Hippopotamus
White Rhinoceros

Syncerus caffer
Equus quagga
Myocastor coypus
Equus grevyi
Hippopotamus amphibius
Ceratotherium simum

BROWSERS
Beisa Oryx
Black Rhinoceros
Camel
Giraffe
Grant's Gazelle
Guenther's Dik-dik
Jackson's Hartebeest
Scrub Hare

Oryx beisa
Diceros bicornis
Camelus sp.
Giraffa camelopardalis
Nanger granti
Madoqua kirkii
Alcelaphus buselaphus jacksoni
Lepus saxatilis
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Thompson's Gazelle
Vervet Monkey
Waterbuck

Eudorcas thomsonii
Chlorocebus pygerythrus
Kobus ellipsiprymnus

GRAZER/BROWSER
Bush Duiker
Bushbuck
Cattle
Crested Porcupine
Eland
Elephant
Goat
Impala
Sheep
Steinbuck

Sylvicapra grimmia
Tragelaphus sylvaticus
Bos sp.
Hystrix cristata
Taurotragus oryx
Loxodonta africana
Capra sp.
Aepyceros melampus
Ovis sp.
Raphicerus campestris

OMNIVORE
Bushpig
Common Warthog
Olive Baboon
Dog

Potamochoerus larvatus
Phacochoerus africanus
Papio anubis
Canis lupus familiaris

OTHER / INSECTIVORE
Aardvark
Kori bustard
Lesser Bushbaby
Ostrich

Orycteropus afer
Ardeotis kori
Galago senegalensis
Struthio camelus
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Appendix F

Vegetation species list

Trees
Acacia drepanolobium
Acacia mellifera
Acacia nilotica
Acacia xanthophloea
Boscia sp.
Euclea divinorum

Shrubs

Grasses

Abutilon sp.
Acalypha crenata
Aerva lantana
Asparagus africana
Asparagus racemosa
Aspilia pluriseta
Balanites glabra
Caesalpinia decapetala
Carissa edulis
Commelina sp.
Dyschoriste radicans
Erythrococca bogensis
Grewia similis
Gymnphocarpus semilunatus
Hibiscus sp.
Indigofera bogdanii
Indigofera brevicalyx
Indigofera schimperi
Lycium shawii
Maerua triphylla
Maytenus senegalensis
Maytenus senegalensis
Pseudognaphalium sp.
Psidia punculata
Psilotrichum schimperi
Rhamnus staddo
Rhinacanthus ndorensis
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Aristida congesta
Aristida kenyensis
Bothriochloa insculpta
Brachiaria lachnantha
Chloris plectostachyum
Cymbopogon sp.
Cynodon dactylon
Digitaria scalarum
Eragrostis chalcantha
Eragrostis superba
Eragrsotis tenuifolia
Hypachne schimperi
Lintonia nutans
Microchloa caffra
Microchloa kunthii
Panicam maximum
Pennisetum mezianum
Pennisetum stramenium
Rhynchelytrum roseum
Setaria sphacelata
Sporobolis africanana
Sporobolus discosporus
Sporobolus pyramidalis
Themida triandra

Rhus natalensis
Rhus vulgaris
Rhynchosia holstii
Scutia myrtina
Sericocomopsis pallida
Sida cuneifolia
Sida Schimperiana
Solanum indicum
Teclea simplicifolia
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Appendix G

Vegetation survey statistics
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Appendix H

Summary of top relative abundance estimates of species per ranch
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Appendix I

Relative abundance of species per guild and habitat by ranch.
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Appendix J

Map of the Ol Pejeta Conservancy, including the ADC Mutara conservation area.
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Appendix K

Development timeline of notable achievements in on-line mapping

Date

Activity

1969

An internet transaction is successfully tested between
University of California and Stanford
TeleAtlas is developed from the Netherlands
First navigation system for automobiles
First websites go online; Internet is "born"
Development of the World Wide Web (WWW)
Xerox PARC Map Viewer established; first mapserver
First on-line atlas developed: The National Atlas of
Canada
First interactive, on-line mapping: The Gazetteer for
Scotland.

1985
1986
1989
1993
1994
1995
1996
1997

1998

Founding of MapQuest. First location service for
addresses and navigation.
USGS is mandated to develop the US Online National
Atlas Initiative
University of Minnesota MapServer 1.0 designed to
deliver remotely sensed data
USGS, Microsoft, and Hewlett Packard launch US
Terraserver
ESRI launches MapObjects, as a first entry to the on-line
mapping world

2000

ESRI launches ArcIMS 3.0 (Internet Map Server)
ESRI develops the Geography Network for sharing data
and services

2002
2004
2005

Dot com boom; MicroSoft launches MapPoint
First dragable maps come on-line
Mapping API becomes freely available on-line; Google
surges
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2006
2007
2008
2009

Google Maps and Google Earth developed
MapQuest free API becomes available
Google Maps / Google Earth rise
Google base data becomes available; Streetview
ESRI ArcGIS.com is developed to produce a global on-line
mapping library

2010

Google surpasses MapQuest
On-line mapping becomes a known science; development
sharing begins

2011

ESRI and Google dominate on-line mapping
Start of Esri Story Maps
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