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1.1

Introduction

General background

Large carnivores are indicators of healthy ecosystems and contribute to the
stability and resilience of an ecosystem (Pimm & Raven 2000). Extinction of
large carnivores may result in cascading effects on ecosystems either directly
or indirectly through various units in the food-web (Berger et al. 2001). Most
larger carnivores are flagship species, contributing great value to the regional
tourism industry (Sergio et al. 2008).

Large carnivore populations have shown a strong decline globally in re-
cent decades (Woodroffe 2000; Chardonnet et al. 2010; Dickman 2010; Hen-
schel et al. 2010). The observed decline concerns both population numbers
and surface of suitable habitat (Riggio et al. 2013). Main factors contributing
to the decline are habitat destruction, decline of prey populations, poaching
for animal parts and retaliatory killing by poisoning or with guns/spears (Pat-
terson et al. 2004; Packer et al. 2005; Carter & Linnell 2016).

In the past, human population growth and development have resulted in
the destruction of wild habitats (Vitousek et al. 1997; Jetz et al. 2007). This is
a result of changing land tenure systems from communal land where wildlife
used to roam freely to a system of privatization, with a subdivision of the land
into fenced private parcels (Gichohi 2003). As a consequence of these chang-
es in land tenure systems, the land is fragmented and wildlife migration and
accessibility of dispersal areas are generally restricted (Gichohi 1996). When
species are restricted and confined in an area, they have limited access to re-
sources acquisition, mates and are susceptible to hazards (Valeix et al. 2010;
Vanak et al. 2013)

Lions are particularly vulnerable because they require large home rang-
es and undisturbed natural habitats to survive (Sillero-Subiri & Laurenson
2001; Patterson et al. 2004; Woodroffe & Frank 2005). Such undisturbed nat-
ural habitats, also sometimes called ‘wildlands’ allow diverse species interac-
tions and facilitate ecosystem richness, thus improving lion access to diverse
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prey species and catchability of prey (Ripple et al. 2014). However, most of
the national parks in Africa have become “hard-edge parks” with no buffer
from surrounding private lands (Bauer et al. 2010). The consequence of the
absence of a ‘soft edge’ buffer zone, is that the hard edge restricts species mi-
gration into dispersal areas and this situation often makes the national park
not ecologically viable, especially if its size is relatively small (Gichohi 2003).

In recent decades, a dramatic upsurge of human-wildlife conflicts has
been reported (Woodroffe et al. 2005; Inskip & Zimmermann 2009). Henschel
et al. (2010) suggested that human—felid conflicts and habitat destruction
have resulted in a decline in lion populations and local extinctions in West
and Central Africa. Inskip & Zimmermann, (2009) also found an exponential
increase in the number of publications on human—carnivore conflicts, indi-
cating an increasing interest from the scientific world in this phenomenon.

Carnivore conflicts resulting in human death, livestock depredation and
disease transmission result in significant costs for livestock farmers (Wood-
roffe & Frank 2005). The situation is exacerbated in small, protected areas
with high densities of carnivores, when carnivores leave the protected area
in search of prey (Winterbach et al. 2013; Tuqa et al. 2014). Subsequently,
carnivores are negatively impacted by retaliatory killing (Novaro et al. 2000;
Sillero-Subiri & Laurenson 2001; Dickman 2010).

Carnivores are prolific breeders and under favorable conditions, are able
to recover quickly (Packer et al. 2013). Rudnai (1979) suggested that, when
there is suitable habitat adjacent to a national park for a surplus of lions to
disperse into, the lion population could stabilize quickly.

The management of large carnivores continues to be a significant chal-
lenge for conservation managers given the animals’ extensive home ranges,
low densities and propensity for conflict with livestock (Bauer et al. 2010).
Particularly sub-adult males moving away from their natal pride are more
troublesome than mature adults with an established home range and territo-
ry (Woodroffe et al. 2007).

Their low densities increase the vulnerability of large carnivores to the
impact of conflicts (Cardillo et al. 2004, 2005). In small, isolated populations,
inbreeding depression often results in a loss of fecundity and reduces surviv-
al (Bjorklund 2003; Pimm et al. 2006). Being at the apex of the food chain, at
lower densities large carnivores are more vulnerable to extinction compared
to herbivore populations, which generally show higher densities (Sillero-Sub-
iri & Laurenson 2001; Craigie et al. 2010).

Increasing human densities accelerate the rates of local extinctions of
large carnivores (Woodrofte 2000). Consequently, large carnivores are the
first victims when human populations expand into their habitats (Muntif-
ering et al. 2006). Burkey (1995) suggests that the establishment of nation-
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al parks alone are not sufficient to conserve wildlife, it is also necessary to
extend conservation measures to the surrounding buffer zones of national
parks. National parks are key to conservation of lions in Kenya. My study
has a focus on Nairobi National Park (NNP). Lions in NNP have continued
to face threats from humans, resulting in killing and translocation to other
conservation areas. Due to these escalating threats, my thesis has focused on
human-lion interaction in and around Nairobi National Park.

Status of lion population in Africa

With the exception of the spotted hyena (Crocuta crocuta), all species be-
longing to the African large carnivore guild, i.e. lion (Panthera leo), leopard
(Panthera pardus), brown hyena (Hyaena brunnea), striped hyena (Hyaena
hyaena), cheetah (Acinonyx jubatus) and African wild dog (Lycaon pictus),
have declined in recent decades (Kumaraguru et al. 2010; Woodroffe & Sill-
ero-Zubiri 2012; AbiSaid & Dloniak 2015; Bohm & Honer 2015; Henschel et
al. 2015; Wiesel 2015). Between 1960 and 2010, the lions’ historical range has
decreased by 25% (Riggio et al. 2013). The estimated lion population in Af-
rica is 32,260 (Riggio et al. 2013). The International Union for Conservation
of Nature (IUCN) has listed the African lion on its global Red List of Threat-
ened Species as vulnerable (Bauer et al. 2016).

However, different authors and diverse census techniques have produced
different population estimates for lions in Africa, ranging from 16,000 to
47,000 (see Table 1.1) (Chardonnet 2002; Bauer & Van der Merwe 2004; Rig-
gio et al. 2013). It is difficult to make a precise population size estimate for
elusive, often nocturnal large carnivores such as lions (Riggio et al. 2013). In-
deed, there is not a single census technique for lion population assessments
(Ogutu & Dublin 1998). Generally, a combination of methods is recommend-
ed (Bauer & Van der Merwe 2004; Riggio et al. 2013).

The lion population trends differ across Africa. Southern Africa has gen-
erally reported growth in lion populations, whereas West, East and Central
Africa have reported a decline (Bauer et al. 2015). Bauer et al. (2015) suggest-
ed that the lion in West Africa is regionally Critically Endangered, whereas
the lion population in East Africa is considered regionally Endangered. Lion
populations have declined by 67 per cent in West Africa and by 37 per cent in
East Africa (Bauer et al. 2015).

11
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Table 1.1
Summary of studies estimating the number of free-ranging African lions (adapted from Bertola,
2015)

Year of | Authors Number of African Method

estimate lions

1980 Ferreras & Cousins (1996) | 75,800 GIS-based model

1990s Nowell & Jackson (1996) | 30,000-100,000 “Guesstimate”

2002 Chardonnet (2002) 39,000 (range: 29,000- | Extrapolation from known

47,000) populations
2004 Bauer & Van der Merwe range: 16,500-30,000 | Mail survey
(2004) (23,000%)
2013 Riggio et al. (2013) 32,000-35,000 GIS-based model

* protected areas only
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DNA (deoxyribonucleic acid) evidence has resulted in the identification of
two subspecies of lion: Panthera leo melanochaita (Hamilton Smith 1842) in
East and Southern Africa, and Panthera leo (Linnaeus 1758) in West Africa
and Asia (Kitchener et al. 2017). However, current scientific findings suggest
four subgroups of lions, based on phylogenetic analyses of microsatellites
and mitochondrial DNA (mtDNA): 1) West/Central Africa; 2) East Africa; 3)
Southern Africa; and 4) India (Bertola et al. 2016). All four subgroups are in-
volved in livestock depredation (Woodrofte et al. 2007; Tumenta et al. 2013;
Tuqa 2015). Globally, apart from Africa, lions are still found in Asia, in the
Gir Reserve in Gujarat, India (Schnitzler 2011; Riggio et al. 2013).

Lions symbolize power and they are a flagship species for the tourism in-
dustry (Dalerum et al. 2008; Sergio et al. 2008). In Kenya, lions feature in the
coat of arms as a symbol of justice and they are used as a public seal and as a
symbol of authority (G.0.K 2010). The lion is also imbedded in all of Kenya’s
local currency.

After the Second World War, there was a re-emergence in Kenya of the
conservation movement and national parks were established following the
model of the USA, where the first national park worldwide was established
in 1872 (Yellowstone National Park) (Steinhart 1994). Following the model of
Yellow Stone Park, the Colonial Administrators in Kenya, established several
parks and reserves for the conservation of flora and fauna (Steinhart 1994).
There are currently 22 national parks, 26 national reserves and five wildlife
sanctuaries in Kenya (www.kws.go.ke). In total, 8% and 11% of Kenya’s land
area is covered by national parks and community conservancies respectively,
which are primarily managed for the conservation of wildlife. Some of these
areas are considered either lion strongholds or Lion Conservation Units
(LCU) (Riggio et al. 2013; KWS 2015; KWCA 2016).
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Kenya has six lion strongholds (see Table 1.2) (Riggio et al. 2013; KWS 2008).
With the exception of the non-border zones like Laikipia-Samburu and Me-
ru-Kora, other strongholds, such as Serengeti-Mara, Tsavo-Mkomazi and
Arawale-Boni Bush (which extends into Somalia), are cross-border strong-
holds (Riggio et al. 2013). Maasai Mara, Tsavo West and Tsavo East are con-
sidered to be the most important lion strongholds, while the lion conser-
vation status of other areas such as northern Kenya and the cross border
population are unknown (KWS 2008).

Lion populations in Kenya have declined from an estimated 2,700 in 2000
to 2,000 in 2010 (KWS 2008). The declining lion population in Kenya is a
major concern to the Kenya Wildlife Service (hereafter, KWS). The decline
has occurred in spite of a prohibition of trophy hunting by the Government
of Kenya in 1977. This decline in the lion population of Kenya is probably a
result of intensifying human pressure on habitat and increasing human—car-
nivore conflicts in recent decades (Woodroffe 2000; Tuga 2015).

Lion population estimates in different areas in Kenya (based on Chardonnet 2002; Bauer & Van
der Merwe 2004; KWS 2008 and Riggio et al. 2013)

Area Chardonnet | Bauer & Vander | KWS | Riggio et
etal. 2002 Merwe 2004 2008 al.2013

1 | Aberdares NP 162 7

2 | Amboseli NP 130 20

3 | Arawale 750*

4 | South and East of Rift Valley 20

5 | North of Tan, East of Rift Valley 271 650

6 | Galana Game Ranch 150

7 | Nairobi NP 22 30

8 | Hells Gate & Kedong 9

9 | Lake Nakuru NP 37 28
10 | Laikipia plateau 362 120 230 271
11 | Masai Mara NP 558 547 825 3673*
12 | Surrounds of Masai Mara 394
13 | Meru Complex 65 80 40 40
14 | Tsavo NPs 750 675 675 880"
15 | Northern Kenya 100
16 | Samburu/Shaba/Barselinga 100 100
17 | Kora N. Reserve 40

Total 2780 2439 1970 5644

*These are the estimates of cross-border populations
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Review of relevant scientific literature

Lion social and population structure

The African lion (Panthera leo) lives in a “fission—fusion” social unit (pride)
of 4-12 related adult females together with their young. Pride males form
coalitions of, on average, 2-3 adult males originating from different prides
(Schaller 1972). The lion pride is the largest social unit and the core of lion
social organization (Schaller 1972; Bauer et al. 2003). Defense of the territory
is done by both males and females (Schaller 1972). Although temperature has
an influence on lions” hunting and feeding, the peak in these activities is gen-
erally between 18:00-22:00hrs and 4:00-6:00hrs (Schaller 1972).

The morphological variation such as body size and mane are the two
characteristics for distinguishing the difference between male and female. A
mature male is larger and has a thick mane (Schaller 1972). However, in Tsa-
vo, Kenya, males are maneless (Kays & Patterson 2002) and in the Okavango
Delta, Botswana, a female with thick black mane was observed (Gilfillan et
al. 2017). Upon maturity (2-3 years), juvenile pride-born males either leave
the pride voluntarily, or are expelled by the adult male lion; coalition males
are exiled when new pride males take over the pride (Schaller 1972). Inbreed-
ing is avoided in all but small, isolated populations, e.g. in fenced reserves
(Schaller 1972). Lions often disperse within the pride into small subgroups
and form small social units within different home ranges (Stander 1991; Bau-
er et al. 2003; Elliot et al. 2017). The social factors of a pride are influenced by
pride demography, kinship and sub-prides and pride size is not a good indi-
cator of food abundance (Van Orsdol et al. (1985).

Female associations with a pride are more stable compared to young male
associations, as young males become nomadic at 2-3 years (Schaller 1972).
However, if a male successfully takes over a pride, its territory and the surviv-
al of its offspring can be maintained for some years (Hanby & Bygott 1987).
In order to induce estrus in the female following a pride take over, the new
pride male either kills or evicts all present young individuals from the pride,
forcing young males to become nomadic (Schaller 1972). The expelled young
males then usually stay inside the natal pride home range before establishing
their own pride (Elliot et al. 2017).

Besides the infanticide events during such pride takeovers (Schaller 1972;
Rosenblatt et al. 2016), other factors influencing cub survival include: lack
of prey; extreme flooding or drought events; disease; and mortality due to
attacks of e.g. spotted hyena or African buffalo (Schaller 1972). The ability of
a pride to protect their cubs also indirectly influences cub survival, e.g. when
female pride members have insufficiently synchronized their breeding, the
communal cub care could be compromised (Packer et al. 2001).
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Lion family units are highly susceptible to anthropogenic pressure where
there is no transitional buffer between the park and surrounding communi-
ties (Tumenta 2012). Scheel and Packer (1991) state that, “lion cooperative
hunting behavior is situational, depending on the size of the prey, difficulty to
kill, and hunting distance” In open savannah grassland, cooperative hunting
becomes beneficial and results in a higher kill rate, while hunting by solitary
lions occurs mostly when prey size is small or when prey densities are low
(Schaller 1972; Bauer et al. 2003; Hayward & Kerley 2005).

The loose nature of a lion pride and group size is influenced by prey dy-
namics, prey density, prey body mass and season (Schaller 1972; Macdon-
ald 1983; Bauer et al. 2010). Smaller prey body mass may result in a smaller
group of lions (Bauer et al. 2010). Several authors have indicated that lion
populations in a disturbed environment generally have a lower pride size and
lower group size, and often hunt in singles or in pairs (Bauer et al. 2003; Pack-
er et al. 2013; Tuqa 2015). Also external factors resulting from human activ-
ities affects lion social structure (Creel & Creel 1997). Therefore, individual
identification and documentation are critical to studying the social structure
of lions (Sogbohossou et al. 2014). For this thesis I intended to establish the
population structure and prides in Nairobi National Park for management
and conflict mitigation with a view of developing a strategy to enhance the
conservation of lions in close proximity to the City of Nairobi.

Lion home range and movement

Large carnivores require extensive home ranges to meet their energetic de-
mand (Gittleman & Harvey 1982; Macdonald 1983). The dispersion and
abundance of prey in relation to vegetation cover affect home range size
(Macdonald 1983; Ogutu & Dublin 2002). Seasonal changes in habitat qual-
ity and prey density result in spatial and temporal differences of lion home
range size (Coe et al. 1976; Hemson 2003).

Several studies in East, southern and West/Central Africa have shown
lion home range sizes (95% KDE) varying between 56.4 — 641 km? (Tumenta
et al. 2013; Tuqa 2015). E.g. in the Pendjari Biosphere Reserve, Benin, the av-
erage annual home range (95% KDE) was 256 km? (Sogbohossou 2011) while
in Amboseli National Park, Kenya, the average home range (95% KDE) was
56.4 km? (Tuqa 2015).

In Waza National Park, Cameroon and Amboseli National Park, Kenya,
home range sizes increased during the wet season and decreased during the
dry season (Bauer & Iongh 2005; Tuqa et al. 2014). This is contrary to findings
by Hemson (2003), who suggested that in Botswana’s Makgadikgadi Pans Na-
tional Park, the lion’s home ranges increase when lions are searching for live-
stock during the dry season in the community land. Male lions generally have

15



1 Introduction

16

larger home ranges than females due to territorial behavior and depredation
on larger prey by male lions (Schaller 1972; Funston et al. 2001; Lehmann et
al. 2008).

A species’ energetic requirement, territorial surveillance and search for
mates are achieved through movement, explaining the relatively large home
range sizes seen in lions (Nathan et al. 2008). Movement and protecting ter-
ritory by lions will expend theirenergy through daily travel distances covered
for hunting and surveillance (Pontzer & Kamilar 2009). In order to optimize
energy, gain and cost, lions spend less hours walking and hunting than eating
and resting (Schaller 1972). The changes in daily or seasonal activity of lions,
affect their home ranges size, shape and time to be active. In Nairobi National
Park (hereafter, NNP), we assumed that given the density of lions and the size
of the park, lions do not cover long distances.

Although females can become nomadic, their acceptance into a new pride
is possible (Schaller 1972). This is unlikely for young males, except during
pride takeovers. So, male lions are more nomadic compared to female lions,
since their stay in the pride depends mainly on pride takeover. This social
system of pride takeover, eviction of young males and nomadism forms the
nature of the pride and facilitates gene flow and fitness into the population,
since the strongest male lions take over the pride for reproduction (Schaller
1972). The nomadism phase of lions increases their home ranges and move-
ment (Eliot 2017). The nomadic phase ends when the nomad, or a coalition of
nomadic males, successfully expels a pride male or seasonal dominant males
in an existing pride and takes over the pride (Schaller 1972).

Reports on the incidence of NNP lions roaming into community land
have increased (Smith 2012; Dloniak 2012; Kushner 2016). This pattern of
increased roaming into community land has a direct impact on retaliatory
action by the local community, which often results in the killing of lions (Dlo-
niak 2012; Lesilau et al. 2018). Therefore, understanding how NNP lions uti-
lize the landscape is important for the management of NNP.

Lion diet and prey choice

Lions are diet generalists. They feed on a wide variety of small to large ani-
mals depending on region, species vulnerability, species availability, season
and protective vegetation (Bauer & Iongh 2005; Hayward & Kerley 2005;
Tumenta et al. 2013). The medium-sized and water-dependent prey such as
African buffaloes (Syncerus caffer), kudu (Tragelaphus strepsiceros), and wil-
debeest (Connochaetes taurinus) are vulnerable to depredation by lions, es-
pecially during the dry season when water points become scarce (Druce et al.
2004; Hayward & Kerley 2005; De Boer et al. 2010). A recent study by Love-
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ridge et al. (2006) revealed that lions even prey on elephant calves in the dry
season. A similar observation was reported by Tuqa (2015).

Vegetation providing cover for lions and abundance of prey increases
the chance of lion success in hunting herbivores (Davidson et al. 2012). Lion
hunting success is limited by prey anti-predatory strategies (such as grouping
by African buffalo) and prey morphology (horns) (Hayward & Kerley 2005).

The feeding strategy of a predator is determined by natural selection and
is aimed at maximizing intake of energy and nutrients (Hayward & Kerley
2005). In hunting, abundance and accessibility play a primary role in prey
choice (Hayward et al. 2011). Where the biomass of potential prey is con-
siderably lower, sound and smell contribute to the initial location of prey
and sight is the primary sense during hunting (Schaller 1972). Some species,
such as wildebeest, are more responsive to food quality and quantity than to
depredation pressure (Hopcraft et al. 2014). In contrast, zebra avoid dense
cover and prefer open grassland at night when lions are active, thus reducing
catchability (Fischhoff et al. 2007). African buffalo defend themselves against
lion attacks by forming large herds (Prins & Iason 1989). Sinclair et al. (2003)
stated that top-down depredation and resource limitation (bottom-up) could
lead to the extinction of large carnivore populations, including lions.

Understanding the feeding ecology and prey choice of lions is important for
improved conservation and management of lions. Globally, there is a decline in
prey populations and this decline has a direct impact on large carnivore pop-
ulations (Craigie et al. 2010). Responding to this alarming situation, the KWS
formulated large carnivore’s conservation and management strategy. As a con-
tribution to this strategy in this thesis a question on the dynamics of lion diets
in and around NNP is addressed.

Human-lion interactions in Kenya

Livestock depredation by lions has been reported throughout the lions’ range,
in West, South and Eastern Africa (Patterson et al. 2004; Tumenta et al. 2013;
Tuqa 2015). Human-lion conflicts occur around all national parks in Kenya
(Patterson et al. 2004; Woodroffe & Frank 2005; Tuqga 2015). Conover (2002)
defined human—wildlife interactions as “situations occurring when an action
by either humans or wildlife has an adverse effect on the other” Young et al.
(2010) suggested that a clear distinction should be made between interac-
tions and the related impacts of wildlife on humans on the one hand, and un-
derlying human—human conflicts related to wildlife conservation strategies
on the other hand. Human-wildlife conflicts arise when non-domesticated
animals threaten the livelihood and safety of people and their property (In-
skip & Zimmermann 2009).

17
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The Sessional Paper No. 3 of 1975 entitled, “A Statement on Future Wild-
life Management Policy in Kenya,” emphasized the importance of including
communities in conservation activities in order to minimize human—wildlife
conflicts (KWS 2011). The ongoing wildlife policy review in Kenya points out
a lack of implementation of The Sessional Paper No. 3 of 1975 as the major
cause for largely failing to address the human—wildlife conflict problem in
Kenya, including the lack of compensation (KWS 2011). This has negatively
affected the conservation of threatened species, especially large carnivores.

In small national parks, human-lion conflicts can cause more damage
compared to such conflicts in larger parks (Lesilau et al. 2018). NNP is a
small, protected national park (117 Km?) near the capital city, Nairobi. The
park is surrounded by urban settlements and livestock areas. The proximity
and densities of livestock around a protected area may increase the magni-
tude of human-lion conflicts (Patterson et al. 2004; Van Bommel et al. 2007;
Tumenta et al. 2013). As most of the local pastoralists are dependent on live-
stock, depredation by lions results in economic losses (Hemson 2003; Dick-
man et al. 2014).

In recent years, lions in NNP have experienced a serious threat due to re-
taliatory killing of lions by local communities outside the park as a result of
livestock depredation (Lesilau et al. 2018). The southern part of NNP is not
fenced and is accessible for wildlife as a migratory corridor (Gichohi 1996;
Reid et al. 2008). Prior to this research, lions have been leaving the park and
causing conflicts. In 2011, the community (close to NNP) killed six lions in
retaliation for attacks on livestock (Smith 2012). A lioness was observed with
cubs in a suburban area of Mukoma Road in Nairobi (Dloniak 2012). As per
KWS Veterinary report (2012), the lioness was captured and translocated to
Meru National Park, while her four cubs were being raised in the animal or-
phanage, Nairobi. It is suggested that either the lioness followed warthogs, by
sneaking through the fence, or that she had escaped with her cubs in order to
hide from a male pride takeover (Dioniak 2012).

Successful conflict resolution between humans and lions is an important
outcome for both human development and species conservation (Woodrofte
et al. 2007). Several authors have suggested different techniques and meth-
ods for addressing human-lion conflicts, including fencing, lethal removal,
improved herding and adopting a boma structure, among others (Ogada et
al. 2003; Woodroffe et al. 2007; Lesilau et al. 2018). Boma is a Kiswahili term
for a livestock enclosure built to protect against predators (Manoa & Mwaura
2016).

During 2012, several livestock bomas around NNP were equipped with
flashlights, invented by a school pupil, Richard Turere, (http://edition.cnn.
com/2013/02/26/tech/richard-turere-lion-lights/) to deter lions from attack-
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ing livestock bomas at night. The system uses solar energy to charge a car bat-
tery and, at night, the battery feeds light emitting diode (LED) bulbs connect-
ed to the battery by wire. The flashlights were installed around the bomas,
facing outwards. To date, scientific proof of the effectiveness of flashlights
in deterring nocturnal lion depredation remained speculative. My research
intends to assess the impact of this flashlight application.

Lion management in Nairobi National Park

The Nairobi National Park was established in 1946 and in 1955 the west-
ern part of NNP bordering the Langata-Karen area was fenced to deter lions
from roaming into the streets and gardens of Nairobi City (Steinhart 1994).
Kenya Wildlife Service (KWS) was established as a state corporation in 1989
by an Act of Parliament, CAP 376, with a mandate for wildlife conservation
and management in Kenya (G.0.K 1989). KWS developed and implemented
a “Carnivore Conservation and Management Strategy” (KWS 2008). In addi-
tion, KWS established a large carnivore Task Force to advice and implement
this strategy, which emphasizes law enforcement, research and monitoring.
KWS seeks public support through public-private partnerships to ensure ef-
fective conservation of large carnivores (KWS 2008).

Research objectives and research questions

The main objective of my PhD research is to analyze factors influencing live-

stock depredation by lions around Nairobi National Park, to assess the im-

pact of climate variability and to investigate mitigation measures used by

livestock farmers to prevent livestock depredation.
The specific objectives for this research have been defined as follows:

i To analyze population size, structure and factors affecting the Nairobi
National Park lion population

ii To determine home range and movement dynamics of the Nairobi Na-
tional Park lions in time and space

iii To analyze the impact of climate variability on the feeding ecology of lions

iv To determine the contribution of livestock to the lion’s diet and the im-
pact of independent factors (the presence/absence of fences and rainfall)
on livestock raiding and the related economic costs incurred by livestock
farmers.

v To investigate the response by lions to the installation of LED flashlight
technology on livestock bomas to prevent nocturnal livestock depreda-
tion

19
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In relation to these objectives, I have defined the following research ques-

tions, that were addressed in detail in the following 5 chapters:

1 What is the population size and social structure of NNP lions in time and
space?

2 What are the home range sizes and movements of lions in time and space?

3 What is the diet composition of lions in time and space and which in-
dependent factors (climate variability, carcasses and scats) influence the
diet?

4 What is the livestock contribution to lions diet and which independent fac-
tors influence livestock raiding and economic costs incurred by farmers?

5 What is the response of lions to LED flashlights installed on livestock
bomas?

Study area

Location of Nairobi National Park

Nairobi National Park (NNP) is located 7 km southwest of Nairobi City in
Kenya (Owino et al. 2011). According to the 2009 population census of Ken-
ya by the Kenya National Bureau of Statistics (KNBS), Nairobi City has a
population of 3,138,369 people with an average growth rate of three per cent
per annum (KNBS 2009). The park was established in 1946 with an area of
117 km? (gazette Notice no. 48 of 16" December 1948). It is situated between
latitudes 1°20°-1° 26" S and longitudes 36° 50°-36° 58" E (Ogutu et al. 2013)
within the altitude ranging between 1533 to 1760 m above sea level (Rudnai
1974; Owino et al. 2011). The broadest part of the park is 6.5 km and the
longest is 24.8 km.

Because the park is adjacent to Nairobi City, the park was fenced in 1955
(Steinhart 1994). A chain-link fence and galvanized wire are installed, pow-
ered by electricity (6 kV), which covers the perimeter of the park from the
East, via the northern border, to the West in order to separate wildlife from
the Nairobi metropolis (Foster & Coe 1968; Reid et al. 2008). Approximately
56% (36.3 km) of the park perimeter was fenced. The southwestern bound-
ary of the park is the Mbagathi River (the Maasai call it Empakasi) and the
southern border is beyond the Mbagathi River. There is a wildlife migratory
corridor that grants access to the Athi-Kaputiei Plains (AKP), which has an
area of 2,200 km? (Reid et al. 2008).

Vegetation (plains, woodlands, grassland)
Nairobi National Park has three vegetation zones, with distinct vegetation
types, covered with grassland and acacia (Themeda triandra, Bothriochloa
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insculpta, Acacia depanalobium (Rudnai 1974). (i) The western part is cov-
ered by semi-evergreen forest patches of Croton macrostachys and Olea af-
ricana with some open grass glades, occupying 10 km? (Foster & Coe 1968).
(ii) The Athi Basin is open grass savannah with monocods like Pennisetum
meszzianum and Themeda triandra Balanites tree and an egg-shaped acacia
melifera due to giraffe herbivory. (iii) The Mbagathi River is covered with riv-
erine vegetation dominated with Acacia xanthophloea Benth Acacia mellif-
era (Vahl) Benth (Rudnai 1974). Small woody and dwarf plants are the result
of controlled burning (Foster & Coe 1968). The three vegetation zones can be
classified in eight distinctive habitat types (Fig. 1.1)

Geology and soil
The NNP is covered with friable clay soils (Deshmukh 1985). Almost half of
the park’s total area is covered with grey or black, generally neutral, alkaline
soil that is popularly known as “black cotton”. This soil becomes waterlogged
during the rainy season and it cracks during the dry season (Deshmukh 1985).
The central part of the park has steep valleys and gorges. These steep val-
leys and gorges descend from north to south to join the Athi River on the
park’s southern boundary. They are characterized by poor drainage and a
number of fairly restricted plant communities’ distribution.

Wildlife populations

The Athi-Kapiti Plains, the Ngong Hills, across the Mombasa Road to Thika
have historically provided the majority of Nairobi Park’s wildlife dispersal
zone (Foster & Coe 1968). Today, all these areas are dominated by human
settlements. In the early 1970s, dams were constructed to enhance carrying
capacity for and water provision to wildlife in the park, and to create a tourist
attraction (Gichohi 1996).

The park is home to four species of the so-called Big Five: lion (Panthera
leo), leopard (Panthera pardus), African buftalo (Syncerus caffer caffer), and
eastern black rhinoceros (Diceros bicornis). The blue wildebeest (Conno-
chaetus taurinus), Burchell’s zebra (Equus quagga burchelli) and associated
smaller ungulates such as Grant gazelle (Gazella granti), Thompson’s gazelle
(Eudorcas thomsoni) and warthog (Phacochoerus africanus) tend to range
into community land during the wet season (Gichohi 1996). Other resident
ungulate species include: White rhinoceros (Ceratotherium simum), Com-
mon eland (Tragelaphus oryx); hartebeest (Alcephalus buselaphus); girafte
(Giraffa Camelopardalis); impala (Aepyceros melampus), waterbuck (Kobus
ellipsiprymnus), Bohor reedbuck (Redunca redunca) and Common reedbuck
(Redunca arundinum) (Owino et al. 2011). The park is an important bird
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area with a high diversity of bird species (see http://www.naturekenya.org/
content/important-bird-areas).

Climatic conditions of Nairobi National Park

Kenya has two periods of rainfall, one longer wet season from March to May
and a short wet season from November to December (Deshmukh 1985).
The monthly mean of the long rainfall period is 150 mm during March to
May and for the short rainfall period it is 90 mm for November to December
(Deshmukh 1985). The temperature range is between 13.6 °C and 25.3 °C
(Deshmukh 1985; Muya & Oguge 2000).
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Map of Nairobi National Park showing the different habitat types. Vegetation data provided by
the KWS GIS and Biodiversity Office (2011). (Designed in Arcmap 10.3.1 (ESRI Software, U.S.A.))
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Tourism

Humans derive pleasure from flora and fauna and the lion tops the list of spe-
cies attracting tourists into national parks (Macdonald & Sillero-zubiri 2002).
Adjacent to Nairobi City, NNP is the most accessible and frequently visited
park by Kenyan citizens (Fig. 1.2). Foreign visitors arriving at Jomo Kenyatta
International Airport and those departing from Wilson Airport get a good
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1.6 Rationale and thesis structure

glimpse of this green island of forested savanna landscape, surrounded by
human settlements. The park received between 132,304—150,464 visitors per
annum during 2012 to 2016.

Due to a lack of revenue sharing with the surrounding communities and
without any intervention to address the land challenges in the Athi-Kaputei
ecosystem, the viability of the wildlife migratory corridor in the community
land is currently in jeopardy (Matiko 2014).
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Figure 1.2

The number of visitors to NNP annually. The annual pass ticket holders were excluded
during 2012-2016. (Source: this research)

Rationale and thesis structure

Nairobi National Park is in Nairobi’s backyard and it includes the headquar-
ters of the Kenya Wildlife Service, an institution mandated by an Act of Par-
liament to protect, conserve and sustainably manage wildlife in Kenya (Wild-
life Conservation and Management Act) (GoK 1989). NNP is the oldest park
(gazetted 1946) in Kenya and the management of lions within its perimeter
is an important part of Kenya’s wildlife conservation efforts. The proximity
of the park to the capital city does make lion conservation and management
here more complex. Prior to this study, lions in NNP have faced retaliatory
killing by pastoral communities around the park (Rudnai 1979; Smith 2012;
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KWS 2014). The park’s management has witnessed lions entering urban and
suburban areas. To date little is known about the NNP’s lion population in
terms of pride structure, home ranges, movements and diet. The commu-
nities around NNP have become more sedentary and wildlife habitat in the
community land is shrinking due to human population growth, fencing and
industrial development. This has led to more incidences of human-lion con-
flicts in recent years.

A better understanding of the factors influencing human-lion conflicts
would improve conservation of the NNP lions and assist the development of
science-based solutions to resolve human-lion conflict. These science-based
solutions to resolve human-lion conflict are required to prevent retaliatory
killing of lions. Therefore, the aim of this study is to ensure conservation of
lions in NNP and in the surrounding areas, specifically in relation to human—
lion conflicts. It focuses on population size and pride structure, home ranges
and movements by employing iridium satellite collars from Africa Wildlife
Tracking Ltd. This study covers the factors influencing human-lion conflict,
the lion’s prey choice and diets and examines the socio-economic aspects of
lion-livestock conflicts.

The findings of this research can be used to identify exit point in NNP of
the lions’ dispersal movements into the community land for identification of
potential depredation hotspots and conservation zones. It can also be used
for rapid response for conflict mitigation and planning for land use around
NNP.

This study comprises of seven chapters and each chapter covers a specific
research objective. Chapter 1 of this thesis provides a general introduction to
the ecology of the African lion (Panthera leo) by giving a global overview of
its population status, recent scientific publications on home range and move-
ments, diet, livestock raiding behavior and threats. Chapter 2 focuses on the
NNP lion population size, the number of prides, social structure and factors
affecting lion population size and grouping. Chapter 3 is on the movement
and seasonal variation of home range size. Chapter 4 covers the feeding ecolo-
gy of lions using carcass counts and microscopic prey hair morphology prints
from lion scats. This method is combined with deoxyribonucleic acid (DNA)
analysis of lion scat, and a prey estimate from carcass counts. The emphasis
of Chapter 5 is on the contribution of livestock to the lions’ diet, partial fenc-
ing of the park, and the occurrence of human-lion conflicts and economic
losses incurred by livestock farmers. The level of human-lion interaction is
evidenced by reported livestock depredation events and reports of NNP lions
roaming in the community land. We used lion scats with microscopic analy-
sis of livestock hair morphology and correlated these data with livestock dep-
redation records from the Kenya Wildlife Service (KWS), Friends of Nairobi
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National Park (FONNaP) and The Wildlife Foundation (TWF). I also used
the average livestock market price to assess the economic costs incurred by
livestock farmers. Chapter 6 covers the impact of lighting emitting diodes
(LED) flashlights and livestock husbandry techniques on lion-livestock dep-
redation. I evaluated the application of LED flashlights to livestock bomas
to deter nocturnal livestock depredation. Chapter 7 provides a synthesis of
my research. This chapter integrates the findings of all the chapters and in-
cludes conclusions and recommendations for management actions, NGO’s
and communities in order to conserve the lions of Nairobi National Park.

NAIROBI NATIONAL PARK
It lies close to the boundary of the busy city’s rights
A tiny little sanctuary in which the game delights.

The remnants of the vast herds which used to roam the plains,
Still at dawn the vultures circle round the lions’ grim remains.
By dark the gorges echo to wild voices of the night
By day to droning engines of the aeroplanes in flight.

But the birds and beasts and flowers by water-hole and stream
Pay no heed and rest contented. It's a nature lover’s dream.
K. P. BEATON
Warden
24th May, 1951
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