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ABSTRACT

Carnivore populations face threats from increasing human populations and rapidly
diminishing, suitable habitat. Large carnivores such as African lions (Panthera leo) commonly
range outside of their protected areas and attack livestock on adjacent farmlands. This can lead to
human-carnivore conflict (HCC) events often resulting in retaliatory lion killings. HCC
retaliation by poisoning the offending animals is highly costly to lions due to the species’ group
hunting and feeding habits. Conflict has thus been identified as a primary driver of wild lion
population declines, estimated to have globally decreased by 43% in the last 20 years. Etosha
National Park (ENP) in Namibia is an [UCN designated Lion Conservation Unit and is home to
the country's largest surviving and only stable lion population. Lions frequently cross onto
farmlands bordering ENP causing HCC, leading to ~30 to 50 HCC lion mortalities annually;
~10% of Etosha’s lion population is lost to HCC each year. Park officials are further concerned
with the recent, simultaneous increase in HCC events and decrease in communication from
farmers regarding problem animals. The aim of this dissertation was to (1) develop a baseline
understanding of the spatial ecology of the resident lion population in Etosha National Park using
GPS location data from lion satellite collars and (2) to analyze patterns of HCC involving Etosha

lions in relation to farm types and land use practices around Etosha’s boundaries. Twenty-one



GPS satellite collars were fitted to lions in the Southern and Western boundaries of ENP where
the most conflict is occurring. Analyses showed considerable variation in lion home range size
and ranging behavior outside of park boundaries between individuals, but no significant
difference between seasons. Home range utilization distributions showed a consistent, frequent
use of the landscape around known annual waterpoints suggesting that lion landscape use is
driven by water availability inside ENP. Analyses of historical HCC records showed a steady
increase in HCC resulting in lion mortalities from 1975-2017 with the majority (~70%) of events
occurring on commercial livestock and game farms. Large data gaps from 2005-2017 were
consistent with park management’s concerns of underreporting. Changes in dominant land use
and farm type caused by Namibian land reform initiatives passed in 2003 may be to blame.
Human landscape level changes around ENP are altering the social, political, and physical
landscape impacting HCC and Etosha lion survival. Further assessments should use combined-
spatial-statistical modeling techniques to examine how specific landscape attributes and land use

types influence lion distribution, home range, HCC, and subsequent lion mortalities around ENP.
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1.0 Introduction

1.1 Human-Carnivore Conflict with African lions

Carnivore conservation presents a global challenge as human population increase and
suitable habitat for carnivores decreases (Winterbach et al. 2013, Bauer et al. 2015). Wild
carnivore populations face increased risks along the borders of, and inside, protected areas (PAs)
where wildlife and communities increasingly overlap (Woodroffe & Ginsberg 1998). Threats
include the pressures of habitat loss and fragmentation and declining natural prey populations, as
well as more direct threats such as commercial exploitation, disease epidemics from increased
contact between domestic animals and wildlife, and mortalities resulting from human-carnivore
conflict (HCC; Treves & Karanth 2009, Bauer et al. 2015). Conflict is considered one of the
most serious threats to carnivore survival with the most common cause being livestock
depredation (Winterbach et al. 2013). This occurs when carnivores range outside of PAs,
carnivores prey on livestock, and conflict subsequently arises between farmers and wild animals.
Retaliatory killings of offending animals by poisoning or shooting is a common result (Inskip &
Zimmerman 2009). Livestock depredation conflicts are one of the most serious threats to large

carnivore populations today (Woodroffe et al. 2005).

African lions (Panthera leo) are an iconic carnivore species suffering from rapid global
population decline, having decreased by ~43% in the last 2 decades (Bauer et al. 2015). Lions
are more frequently blamed in livestock depredation HCC than any other carnivore species
(Winterbach et al. 2013). Retaliatory killings are highly costly to lion conservation due to the
species’ group hunting and feeding habits; if a farmer retaliates for a lost cow by baiting a lion
with a poisoned carcass, multiple mortalities can occur when a group of lions feeds on it (Linnell

et al. 2012). People who rely on livestock for their livelihood have been found to be the least
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tolerant of lions and the risk of lion mortalities is markedly higher in PA boundary areas with
high human and livestock density (Winterbach et al. 2013, Miller 2015). Conflict has thus been
identified as a primary driver of wild lion population declines and is of the utmost concern along

the boundaries of protected areas (Bauer et al. 2016).

Sub-Saharan Africa has many protected areas that serve as the last strongholds for
dwindling lion populations and are priority landscapes for the species’ conservation. Etosha
National Park(ENP) in Namibia is an [UCN designated Lion Conservation Unit (Bauer et al.
2016) and is home to the country’s largest surviving, and only stable, lion population (est. ~435
individuals, Etosha Lion Survey Report 2014). Etosha is one of the top tourism destinations in
Namibia for wildlife viewing and has been a “fully fenced” since 1973. However, the quality and
type of fence around ENP varies considerably and has proven ineffective for keeping lions in,
since they often use holes that other species dig (such as warthogs and porcupines) to cross under
the fence (Stander 1991). Lions frequently cross outside of ENP’s borders (est. ~50-80 lions
annually) leading to HCC resulting from livestock depredation, causing ~30-50 lion mortalities
in park boundary areas annually (Trinkel et al. 2016). The well-established relationship between
human-carnivore conflict and the boundaries of protected areas and Etosha’s effective lack of a
hard barrier between ENP and adjacent lands makes it necessary to understand the landscape
along Etosha’s boundary to understand its HCC risk and protect ENP’s lions (Lindsey et al.

2013).

1.2 The Importance of Namibian Land Tenure and Land Reform to Conflict

Since establishing Independence in 1990, Namibia has undergone several major changes
to their land tenure system, resulting in land reform initiatives and many subsequent changes to
the dominant land use types in the areas surrounding ENP. Land tenure systems in both
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industrialized and developing countries often consist of a patchwork of government/state,
communal/private, and individual/private property rights and occupancy arrangements
(Mendelsohn 2006; LandLink 2013). Many younger, developing countries in Africa, Asia, and
Latin America struggle to balance “statutory tenure” systems established by colonial rule (i.e.
tenure based on titled, private property rights) with “customary tenure” systems based on
“traditional” land and resource rights (Christenson 2005). Customary tenure is often associated
with indigenous communities where informal or unwritten rules and norms govern community
allocation, use, access, and transfer of land (LandLink 2013). The development or enforcement
of statutory tenure systems in and around newly established protected areas- particularly in areas
which have traditionally following customary tenure- can produce land conflicts and confusion
on overlapping rights, contradictory rules, and competing authorities (Mendelsohn et al. 2012).
In Namibia, this tenure system issue is a major contributing factor to the many complexities
surrounding human-wildlife conflict incidences when animals cross outside of protected area
borders (Schumann et al. 2012; Lindsey et al. 2013). The established relationships between
HCC, land use, and conflict risk factors for lions makes it likely that these political, social, and
legal changes accompanying land tenure and altering land use practices around ENP may be
contributing to increased HCC risk for Etosha’s lions (Woodroffe & Ginsberg 1998; Inskip &

Zimmerman 2009; Lindsey et al. 2013; Miller 2015).

Today, Namibia juggles the complexities of integrating customary and statutory tenure
systems balancing two land allocation systems: 1. Freehold, defined by formal title of private
lands under a statutory tenure system and 2. Communal, defined by informal occupancy of state-
owned lands by groups of individuals who traditionally occupied said lands under a customary

tenure system (prior to “establishment” of state ownership) (Mendelsohn et al. 2012). At



Independence, Namibia’s central government resolved that all land not held as private, titled
property (i.e. Freehold' land) was re-designated as State-owned, “Communal Land” (Malan
2003). The Communal Land Reform Act (CLRA Act No. 5, 2002) took effect in 2003 and
spawned a land reform initiative to re-allocate these newly designated, State-owned,
“Communal” lands as registered?>, Communal farms to individuals and groups based on the
state’s acknowledgment of prior occupancy under customary land rights (Malan 2003). Almost
two thirds of Namibians live on Communal areas today, all of which is rural land and constitute
~41% of Namibia’s land (CIA World Factbook 2018). In contrast, Commercial farms account
for ~44% of Namibia’s landmass and are owned by only 8-10% of the population (FAOSTAT
2017). The Namibian government has therefore also made a strong push to re-allocate
commercial(freehold) land to previously disadvantaged Namibians who do not have property
rights in the form of registered or leased Communal lands (still owned by the State) (The

National Resettlement Policy est. 2001).

An additional 15 million hectares of commercial agricultural land are to be acquired by
the State, one third for allocation under resettlement purposes and two thirds for
agriculture/conservancies and tourism, within the next decade (Ministry of Land Reform
National Policy, Namibia 2017/2018). This will involve acquiring commercial agricultural
property (i.e. land previously held only by Freehold farmers) for re-allocation as Communal
Resettlement land for Communal farming, facilitating individual loans for previously

disadvantaged Namibians to purchase and establish new Communal, commercial-scale farms,

! Prior to Independence, only white Namibians were able to own freehold property thus all commercial farms were
freehold properties, and the terms are often used interchangeably today (BDO Namibia 2018).

2 This “registration” is not ownership in the sense that freehold property is owned, Communal land registration only
includes rights to leasehold and occupational land rights for those who occupy “commonage” areas and do not own,
or do not desire to own, the title to property outright (Muduva 2015).
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and helping support the establishment of Communal Conservancies. “Communal
Conservancies™ is a registered coalition of community members occupying a state-owned,
Communally allocated area who have agreed to a fixed boundary within their farming lands to
establish integrated space to protect wildlife and natural resources (NACSO 2018). Communal
conservancies usually encompass a mixture of land use types, integrating traditional resource
uses with new income sources: small-scale agriculture and livestock/game grazing, eco-tourism,
sustainable trophy hunting, fishing and fishery protection areas, and exclusive wildlife
conservation areas. Game guards from the community are often employed by the conservancy to
patrol the area, deter poachers and assist the MET to monitor wildlife within its borders (NACSO

2018).

An oversight of all the land registration, reform, and resettlement acts has been state
silence regarding designation or management of different land-use practices common in
Communal areas (Muduva 2015). Practices such as migrant pastoralism, shifting agriculture,
seasonal crop fields and shifting cattle posts that use grazing areas communally are potential
contributing factors to the occurrence HCC events (Abade et al. 2014), and none of these are
currently regulated during the registration or re-allocation of Communal lands (CLRA Act No. 5,
2002; Malan 2003). The complexities of multiple, shifting Namibian land tenure systems
contribute to many actively changing landscape and land use practices in rural areas today,
exacerbating human-wildlife conflicts for many species around Namibian protected areas

including between farmers and carnivores (i.e. HCC) (Schuman et al. 2012, Lindsey et al. 2013).

3 “In 1996 an amendment was made to the Nature Conservation Ordinance of 1975, which devolved rights to
communities over natural resources, which includes wildlife, and established rights for communities to set up
tourism enterprises. These rights were to be exercised through communal conservancies. The first four communal
conservancies were formed in 1998. To date, there are 82, covering almost 20% of Namibia.” (NACSO 2018).
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1.3 Contextualizing HCC in Namibia’s Land Tenure System and Etosha’s
Landscape

Etosha National Park is positioned at the juncture of five regions in north-central
Namibia, four of which (Omusati, Oshana, Ohangwena and Oshikoto) host 40% of the country’s
human population, despite only occupying about 10% of the country's land mass (CIA World
Factbook). Nearly all of ENP’s boundary abuts agricultural areas. These agricultural areas are
used as either (1) livestock and/or game farms or (2) conservation areas for tourism and wildlife
and operate at two varying scales: (1) Commercial (i.e. large-scale private farms or operations)
and (2) Communal (i.e. small-scale, subsistence farming) and are regionally distributed in the

following structure (Namibian Environmental Information Service 2018):

-The southern and eastern boundaries of ENP exclusively neighbor Freehold properties that
are most often commercial-scale livestock and/or game farms used for meat production or
grazing. Some game farms are also registered as game hunting operations or grouped together as
“Game Reserves” (see further explanation in text below) (Namibian Environmental Information
Service, 2018).

-The northern and western boundaries of ENP are conversely surrounded exclusively by state-
owned, Communal allocated areas, used predominately for small-scale subsistence farming

(livestock grazing) and/or registered as Communal conservancies) (Namibian Environmental
Information Service, 2018).

In the last few years, many commercial livestock farms on the southern boundary have
begun capitalizing on eco-tourism operations by increasing the amount of commercialized, free-
ranging game on their farms and establishing tourist guest lodges for game viewing (Outjo MET
office, pers. comm.). These grouped commercial game farms refer to themselves as “Game
Reserves” and consider themselves to be “ENP lion friendly” in the interest of attracting tourists,
but they are usually not registered conservation areas and are grouped freehold farms. This has

subsequently decreased the amount of domesticated livestock (cattle, sheep, goats) on ENP



adjacent lands in the southern areas and many farmers have removed game-proof fences to allow

for influx of wild game from ENP onto their properties (ENP-MET office, pers. comm.).

Historically, conflict has received the most negative attention in southern boundary areas
with commercial livestock farms and HCC has been less frequent along the northern and western
borders (Stander 2004, Stander 2005, Trinkel 2012). Generally, MET believes this is because
patrolling by game guards in Communal Conservancies and the greater value Communal area
communities place on wildlife to support their conservancy economies prevents lions crossing
onto northern and western boundary properties from escalating to HCC and mortalities (ENP-
MET office, pers. comm.) However, communal conservancies also have small-scale, subsistence
cattle farmers on their lands, and protected conserved areas for wildlife do not make up the
majority of ENP-Communal Conservancy boundary areas. Conflicts resulting in lion mortalities
in the last 3-5 years are most frequently occurring in the southern and western boundary areas

(Pierre DuPreez, MET, pers. comm.)

1.4 Etosha Lion Population Monitoring

Despite their importance to conservation and tourism, there has not been regular, park-
wide monitoring of the lion population in Etosha National Park for over 40 years. In 2010 and
2014 park rangers from the Ministry of Environment and Tourism (MET) conducted a
calibration exercise to develop a call-up (play back) population survey method for ENP.
Although this lion population survey method was developed in Kruger National Park, South
Africa (Ferreira and Funston 2010), it was determined by MET to be suitable for estimating lion
numbers within Etosha’s large land mass and difficult terrain. The two completed surveys show

the lion population has nearly doubled in the last 30 years from an estimate of 271 individuals



(Stander 1991) to an estimate of 450 individuals in 2010. The population remained stable with in

2014 at 435 individuals (Etosha Lion Survey Report 2010 and 2014).

Although Etosha lion populations are currently stable, they still face increasing risks that
accompany human and lion coexistence in and around protected areas. In addition to increased
retaliatory killings driven by HCC, an increase in poaching has been a growing concern for MET
staff, given the presence of multiple “high-value” species within the park, including lions
themselves (ENP- MET office, pers. comm.). Beginning in 2016, MET collaborated with
researchers at WWF-Namibia and Etosha Ecological Institute to support the initiation of a Large
Carnivore Monitoring Program in and around Etosha National Park. The project seeks to better
monitor carnivore populations within the park and on neighboring farms and communal
conservancies in the surrounding area using GPS satellite collar data. Given the relationship
between environmental variables, land tenure, land use, and HCC, it is critical to contextualize
lion location data and HCC events using the landscape variables of ENP’s immediately adjacent

lands, particularly in southern and western boundary areas where HCC is increasingly occurring.

1.5 Thesis Outline

The aim of this dissertation is to: 1) develop a baseline understanding of the spatial
ecology of the resident lion population in Etosha National Park and 2) analyze patterns of HCC

as it relates to land use in and round the Etosha boundaries.

Chapter 2 provides an introduction the landscape of Etosha National Park and outlines
general methods related to the GPS satellite collars that were used to collect data on the

movement, and mortality of lions. These data are used in other chapters in the thesis.



Chapter 3 uses GPS location data from lion satellite collars to assess seasonal variation
in home range size and landscape use for lions in the southern and western regions of Etosha

along core and park boundary areas where conflict is most frequent.

Chapter 4 uses home range estimates to determine a standardized, economical sampling

frequency interval for future satellite collars that will inform future analyses of GPS collar data.

Chapter 5 analyzes historical human-carnivore conflict data to determine patterns related

to landscape features and land use types.



2.0 An overview of the landscape of Etosha National Park and general methods used in this
study.

2.1 Study Area

Etosha National Park (ENP) is a 22,270 km? state protected area located in northern
Namibia. Established in 1907, the park has experienced changing boundaries and varying levels
and categories of protection status over time (MET 2015). Etosha provides protected habitat for
an abundant array of flora and fauna native to Africa plains habitats. The main landscape feature
of the reserve is a large, seasonally flooded saltpan covering 4,590 km? in the central and
northeast quadrants of the park. The remainder of the park is characterized by temperate open

plain savannah, with Mopane and Acacia woodlands (Figure 1).

Historically, the area experiences three distinct seasons: the cold-dry season from May to
September, the hot-dry season from October to December and the hot-wet season from January
to April (Trinkel 2012). The majority of the park’s yearly rainfall occurs during the latter period,
but the timing of the rainfall within this period is unpredictable. Recent changes in seasonal
rainfall and prolonged periods of drought make a 2-season classification of hot-wet and cool-dry
seasons more appropriate for the last 5-10 years (ENP-MET staff, pers. comm.). The landscape is
dotted with natural and artificial waterholes, around which ungulate species and predators
congregate in the dry season (Stander 1991, Trinkel 2012). During periods of higher rainfall,
wildlife species disperse from their close residency to annual waterpoints and disperse across the

park’s territories for grazing and access to seasonal waterpoints (Tsalyuk et al. 2017).

It is a rarity for protected areas of comparably large size to be completely enclosed by a

fence and many believe Etosha’s “fully fenced” status makes Etosha a “stable”, “protected”

habitat. However, the Etosha fence varies considerably in quality as well as type of fence (i.e.
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game proof fences vs stock proof fences, above ground vs below ground reinforced, electric vs
stick/wire etc.), affecting its ability to keep Etosha lions inside ENP borders. Park staff struggle
to maintain a hard barrier to surrounding areas against general maintenance demands (i.e.
deterioration, elephant damage) as well as damage (i.e. fence cutting) from the increased

poaching presence in recent years.

2.2 Lion GPS Satellite Collars

2.2.1 Lion Capture and GPS Collaring

While the fence does not constitute a firm barrier for lions in ENP, the Etosha saltpan
does creates a natural barrier to lion movement. No lions live on the Etosha Pan and thus lions
rarely cross onto communal lands in the northeast of ENP. To study lion movements on park
borders, the park was divided into three major areas study areas delineated by the East-West
boundaries of the following waterpoints: 1) Eastern area from Namutoni/Andoni until Homob; 2)
Central/Southern area from Homob until Duiwelsvuur; and 3) Western area from Duiwelsvuur

up to the western fence boundary (Figure 1).

Due to the constraints of Etosha’s large size and difficult terrain, GPS Satellite collars
were initially deployed on lions in the most easily accessible park boundary areas which,
conveniently, is also where the most conflict is occurring (predominantly South and West areas,
delineated above). During the wet season, the park is largely inaccessible by vehicle, collaring
operations were therefore limited to the months December to May and most collars were placed

on lions from June-November in 2016 and not again until June-October 2017.
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