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ABSTRACT

The exact ecological and economic role of lion Panthera leo populations on
small enclosed reserves is poorly understood. The management and
monitoring of such populations is important to ensure their long-term survival.
The prey use, range use and habitat selection of an isolated lion population
were investigated. The study was conducted on a small (> 1000km?),
enclosed predator camp of Tswalu Kalahari Reserve, situated in the Northern

Cape Province of the Republic of South Africa.

The prey selection, prey preferences and prey biomass removal were
determined by using indirect and direct observations. Kill sites, carcasses
and scats were located by spoor tracking and opportunistic observations and
collated into a prey selection list. The prey selection was used to determine
any prey preferences and the prey biomass removal by the lion population.
The scats data was corrected for relative prey biomass and compared to the
kil data and uncorrected scat data. 19 prey types were used, with the

gemsbok Oryx gazelle and blue wildebeest Connochaetes taurinus being



utilized most. The lion population had clear preferences for specific small and
large mammals which concurred with other studies done on Kalahari lion
behaviour. The prey biomass removal (9.9kg/Lion feeding Unit/day) was

higher than several other studies done on lion consumption rates.

The range use and habitat selection were determined by using direct and
indirect observations. The minimum convex polygon method and kernel
density estimates were used to delineate the ranges of the lion population.
The mean range size of the Tswalu lions (91 km?) was similar to those found
for lions in more mesic environments. The lions also had clear habitat
preferences which depended on the habitat preferences of the prey and the
prey density.

A population viability analysis, using VORTEX 9.72, was conducted. An
Ecological capacity was determined and used to model various
environmental scenarios. The population was found to be viable, but constant
monitoring and updating are needed. Management recommendations for the

conservation of lions and their prey are provided

Key words: Lions, Kalahari, small reserve, prey use, range use, habitat

selection, population viability analysis.
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CHAPTER 1

INTRODUCTION

The future of large African predators, particularly the lion Panthera leo (Linnaeus,
1758), is uncertain in the wild. Nowell & Jackson (1996) estimated that a total
African lion population of 30 000 to 100 000 individuals exist in sub-saharan
Africa. However, this number has recently been placed at only 40 000 lions, in 36
sub-populations, existing in sub-saharan Africa today (Chardonnet 2002). The
majority of these sub-populations occur in east and southern Africa (Chardonnet
2002), with the highest concentration of lions, half of the total African population,
found in southern Africa. Lions are listed as vulnerable (east and southern
African subspecies) by the World Conservation Union and are listed on Appendix
Il of CITES (Convention on International Trade in Endangered Species). The
current human population explosion and increase in livestock densities have
caused a drastic decline in the available habitat for lions (Chardonnet 2002). Few
wild lion populations exist today (Killian 2003), with the majority of the lion
populations occurring in conservation areas (Figure 1). Several diseases are one
reason for the drastic decline in lion population numbers, such as feline
immunodefiency virus (FIV), canine distemper virus (CDV) and feline parvovirus
(Packer, Altizer, Appel, Brown, Martenson, O'Brien, Roelke-Parker, Hoffman-
Lehmann & Lutz 1999; Chardonnet 2002).

Large carnivore management in Africa is a political and scientific challenge
because of human conflict and related mortalities with large carnivores (Cotterill
1997; Caro, Pelkey, Borner, Campbell, Woodworth, Farm, Ole Kuwai, Huish &
Severre 1998; Butler 2000; Treves & Karanth 2003; Graham, Beckerman &
Thirgood 2005; Van Bommel; Bij de Vaate, de Boer & de longh 2007). The
booming tourism industry in southern Africa has contributed to many lion

relocations and breeding programmes (Chardonnet 2002; Killian 2003).



7 no information
[ 0 lions ;
' <= 500 lions

> 500 lions
lions in protected areas

600 0 600 1200 Kilometers
N

Figure 1: The distribution of the lion Panthera leo in Africa (Bauer & Van der Merwe
2002).



These lions have been established in almost every available type of habitat in
southern Africa.

Lions are the only truly social felid species (Cooper 1991; Kays & Patterson 2002;
Viljoen 2002) with groups of related and unrelated individuals living together
within a pride (Grinnell & McComb 2001). A pride can consist of two to nine
related females and their young, and a single male or a coalition of males that
have entered the pride from another area (Bertram 1975; Caraco & Wolf 1975;
Smuts 1982; Nowell and Jackson 1996; Packer, Gilbert, Pusey & O'Brien 1991;
Heinsohn 1997; Sunquist & Sunquist 2002; West & Packer 2002). Cooperative
hunting and cooperative parental care contribute to it being truly social (Bertram
1975; Packer & Rutton 1988; Packer, Pusey & Eberly 2001). A large proportion
of every day is spent conserving energy (Estes 1997). This rest period can last
as long as 20 hours in a day. Playing, grooming and offspring care also form
important parts of lion behaviour (Heinsohn & Packer 1995).

The advantages of living in a group are protection from physical factors such as
extreme cold by huddling together and conserving energy, protection against
other predators in this case against other lion populations and invading lions,
finding and obtaining food, taking down large prey, group defense of natural
resources and a division of labour where males provide protection and the
females provide food and care for the young (Davies & Dee Boersma 1984;
Cooper 1991). There are, however, a few disadvantages of living in a group. An
increased risk of the spread of disease (Smuts 1982; Atwood & Weeks 2003)
and parasites is present in populations which live in close proximity. Intraspecific
competition occurs within prides, causing injury or death to certain individuals
and reproductive interference occurs which results in inbreeding and the killing of
cubs (Packer & Pusey 1983; Feldhammer, Drickamer, Vessey & Merritt 1999;
Sunquist & Sunquist 2002)



Lions are the top predator in Africa, being able to capture prey from as small as
elephant shrews Elephantulus spp. to as large as immature elephants Loxodonta
africana (Skinner & Smithers 1990; Estes 1997; Van Dyk 1997; Sunquist &
Sunquist 2002; Joubert 2006), and have even been recorded to be able to Kkill
and adult black rhinoceros Diceros bicornis (Brain, Forge & Erb 1999). Lions are
mainly nocturnal hunters, but will hunt during the day when the need arises
(Skinner & Smithers 1990). The prey preference of lions depends on the size of
the pride, the terrain and the availability of a particular type of prey. Some prides
seem to specialize in killing certain prey and develop strategies accordingly.

Many factors have to be taken into consideration when measuring the impact of

predation on the prey items (Mills & Schenk 1992). They include:

e Prey selection
e Predator behaviour
e Frequency of kills

e Fecundity and survival rates of prey

The tourism and hunting industries have developed an economically driven need
for the introduction of large predators on wildlife ranches or small commercial
wildlife reserves (Van Schalkwyk 1994; Yamazaki 1996; Creel & Creel 1997; Van
Dyk 1997; Power 2003; Loveridge, Searle, Murindagomo & Macdonald 2007).
Smaller reserves require intense management of their lion populations (Power
2003), while larger reserves with more space and a larger prey base require less
intensive management (Van Schalkwyk 1994). On enclosed reserves, it is
essential to monitor the population parameters of the lions (Viljoen 2002)
because the lions will have a negative effect on the prey within the reserve
(Power 2003). Prey resources have to be replenished on an annual basis on
small enclosed reserves (Power 2003). The highest natural population densities
(4 lions per 10km?) occur in East Africa and it is suggested that these maximum
densities are maintained in intensively managed enclosed reserves (Power 2003).

4



The predator section (Lekgaba) on Tswalu Kalahari Reserve is a self-sustaining
natural predator-prey system of around 20 000 ha in a semi-arid environment in
the eastern Kalahari region of South Africa. In June 2001, four problem lions
were captured from the southern Kalahari (Kgalagadi Transfrontier Park) and
were introduced onto the Lekgaba section of Tswalu. These ‘fence-jumpers’
prove a serious problem for neighbouring farmers and rather than be shot they
are captured and moved to other areas (Van Vuuren, Herrmann & Funston 2005).
The unique hunting patterns and behaviour of the Kalahari lion (Eloff 2002)
necessitated the capture of lions from similar habitats to that of Tswalu. Two
unrelated females and two unrelated males were introduced into holding bomas
for approximately three months until they had acclimatized to the specific local
conditions. Four litters have been produced since their release. All four litters
were sired by the dominant male. The fourth litter, born to the younger female,
did not survive due to infanticide and as such were not included in the study. The
younger male was also not included in the study because he had escaped
several times and was deemed a problem animal by the Tswalu management
staff. This younger male was later transported to the Johannesburg Zoological
Gardens and was then sold to a private institution.

Lekgaba currently has five main waterholes. This area is relatively large when
compared with other reserves that accommodate lions (Killian 2003; Power
2003), but still requires management of the lion population. A confined prey base
cannot escape from predation pressure (Killian 2003) and is subjected to
constant utilization by predators (Power 2003). However, it is expected that
Lekgaba will be able to sustain the lion population for an extended period of time
because of the large prey base present. However, further growth of the lion
population will depend on the continued abundance of prey (Smuts 1978). As the
lion population increases it will exert increasing pressure on the prey (Mills &
Schenk 1992) that may lead to a drastic decline in food quality and quantity for
the lions. The size of the ranges that are currently being used by the lions within
Lekgaba will determine whether or not the population can grow in the future. If it



is found that the lions are not detrimental to the prey base, and are not utilizing
the entire available habitat (20 000 ha) yet, then the potential for growth of the
lion population can be estimated.

Knowledge of the impact of the lion population on their prey base and the other
resources within Lekgaba will allow the management to determine the optimum
size of the lion population. Introducing preferred prey items could influence prey
use patterns in the future. This should ensure that the lion population remains
healthy, while enhancing the numbers of other less-preferred prey. If prey
numbers are declining, new prey can be introduced into Lekgaba. A constant
prey base that does not migrate, as is the case on Lekgaba, has a positive
influence on the numbers of cubs that survive during the dry season (Anderson
1981). This increased probability of survival of offspring will allow the lion
population to increase in size at a fairly rapid rate. Furthermore captive
populations show wider behavioural characteristics than wild ones of the same
species (McPhee & Silverman 2004), necessitating the need for a study captive

lion behaviour.

The present study tests two hypotheses. The first being that the lion population of
Tswalu will not over utilize the current prey base that occurs in the enclosed
Lekgaba predator section of Tswalu Kalahari Reserve and will be able to grow
without a detrimental effect on the resource base subject to management actions
based on known lion behaviour. The second hypothesis is that the lions utilize
their habitats proportionally to the size of each habitat type available to them. To
test these hypotheses, the following key questions will have to be addressed:

e Is Lekgaba large enough to sustain the lion population on Tswalu?
e Are there any clear prey preferences by the current lion population?
e Is there enough prey available for the lions to survive indefinitely?

e To what extent do the lions utilize the habitat?

¢ Is there an indication of a specific habitat preference?

6



The study is arranged broadly into two themes, Prey use, prey preference, range
use and habitat selection are presented in Chapters 4 and 5 respectively. A
population viability analysis is also presented in Chapter 6. Management
recommendations for the effective management of the lion population in Tswalu
Kalahari Reserve are presented in Chapter 7, and a final summary is provided in
Chapter 8.



CHAPTER 2

STUDY AREA

Location

Tswalu Kalahari Reserve (hereafter referred to as Tswalu) is the largest
privately owned wildlife reserve in South Africa. It lies in the Northern Cape
Province, at the foot of the Korannaberg Mountains (Figure 1). The central
geographical co-ordinates are S 27°13'30” and E 022°28'40”. Kuruman, which
is famous for being the starting point of Dr. Livingston’s African expedition, is

the closest town, some 140 km east of Tswalu.

Tswalu was started as a conservation area in 1994 by Stephen Boler, who re-
introduced several types of wildlife species to the area. The area was
previously reserved for cattle, goat and sheep farming, with some parts
allocated to wildlife ranches. After Mr. Boler's death in 1998, Tswalu was
bought by the Oppenheimer family who have continued Mr. Boler’s vision. The
Oppenheimer family have expressed their goal for Tswalu to be to ‘restore the

Kalahari to itself'.

Tswalu consists of three sections (Figure 2). The Korannaberg section in the
north and west is £ 60 000 ha in size. It is regarded as the main section of
Tswalu and houses the lodges, administration buildings and staff
accommodation. The Tsamma section in the west and south is circa 20 000
ha in size and is not accessible to guests. The Lekgaba section (Fig. 2),
where the present study took place, lies in the north and east of Tswalu and is
separated from the other two sections by a fenced-off gravel road. Lekgaba is
also circa 20 000 ha in size and is the only section to house lions and wild
dogs Lycaon pictus. The fence surrounding Lekgaba is electrified to prevent
predators escaping into the main reserve. A small section, north of
Korannberg is used as a breeding camp for roan antelope Hippotragus
equinus equines and sable antelope Hippotragus niger niger. This section is

currently being added to on order to increase the size of the breeding camps.
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Figure 1: The Tswalu Kalahari Reserve in the Northern Cape Province of the

Republic of South Africa.
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Figure 2: The predator section of Tswalu Kalahari Reserve, known as the
Lekgaba section. The western boundary is a wildlife-proof fence on both sides

of the gravel road.
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Tswalu Kalahari Reserve management staff are hoping to amalgamate the
Lekgaba and Korannaberg sections by taking down the fences along the
Deben road (Jordaan 2008, pers. comm."). This will depend on approval from
local and provincial authorities and available funding. The presence of lions
and wild dogs on the Korannaberg section will necessitate the need to

electrify the fencing around the entire new area.

Climate

The climate of Tswalu is highly variable. Rainfall and temperature data have
been recorded at the Vanzylsrus weather station, which lies just to the north of
Tswalu and is 932 meters above sea level (Van Rooyen 1999). Tswalu is an
arid savanna in the summer rainfall area of southern Africa (Low and Robelo
1998), with a relatively high rainfall occurring from October to April but with a
distinct peak in March (Figure 3). The mean annual rainfall is 253.3 mm. The
dry season occurs from May to September with less than 10 mm of rainfall
annually. The peak dry season occurs from June to August with little or no
rainfall occurring. A rainfall gradient is evident on Tswalu, with an increase
from the southwest to the northeast (Van Rooyen 1999). Kuruman, which lies

to the east of Tswalu, receives a mean annual rainfall of 450 mm per annum.

Data recorded for the last eleven years, 1994-2004, indicate that the
temperature varies from —-1.2 °C to 38.2 °C (Figure 3). The highest and lowest
temperatures recorded by the Vanzylsrus weather station are a minimum of —
6.6 °C and a maximum of 42.5°C (Van Rooyen 1999). Therefore Tswalu has

a more moderate climate than Vanzylsrus.

Terrain morphology, geology and soils

A variety of terrain types occur on Tswalu. Large tracts of sandy plains extend
to the west of the reserve. Several dunes and dune streets have been formed
on these plains. The dunes and dune streets are formed by the prevailing
east-west winds. The Korannaberg Mountains are found to the north and east

of the Korannaberg section and to the east and south of the Lekgaba section

1 Mr W. Jordaan, Ecologist, Tswalu Kalahari Reserve, conservation@tswalu.com
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Figure 3: Climate diagram for Tswalu Kalahari Reserve in the Northern Cape
Province (Source: Vanzylsrust Weather Station, No: 0427083A3, 2003).
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(Figure 4). These mountains range in altitude from 1020 to 1586 m above sea
level. The height and slope of these mountains offer spectacular scenery at
sunrise and sunset (Van Rooyen, Theron & Bredenkamp 1991). Sandy
valleys occur between the mountains and hills. Seasonal pans and artificial
water points are scattered throughout the reserve (Figure 4). Water drains into
seasonal streams as there are no major rivers running through Tswalu (Van
Rooyen et al. 1991).

Van Rooyen (1999) describes the area as having two major geological
formations. The mountains and hills consist of the matsap formation
containing quartzite, conglomerate and subgreywacke. Acid banded ironstone
and lava are also present (Low and Robelo 1998). The sandy plains and
dunes consist of the Kalahari Group of the Gordonia formation. Aeolian
surface sand, alluvium, gravel, limestone, silcrete and calcrete are also found
(Low and Robelo 1998, Van Rooyen 1999)

The soils on Tswalu are poorly structured red soils with a high base status;
well-drained red, sandy soils with a high base status; red and yellow, well-
drained sandy soils with a high base status; and rocky areas with little or no
soil (Van Rooyen 1999) (Figure 5).

Vegetation

Tswalu has been described by Low and Robelo (1998) as occurring in the
shrubby Kalahari dune bushveld, Kalahari plains bushveld and Kalahari
mountain bushveld areas of the Savanna Biome. Acocks (1988) described the
area as Kalahari Thornveld. The reserve is characterized in certain areas by
scattered shrubs and well-developed grass layers, in other areas by a well-
developed tree layer and moderately developed grass and shrub layers, and
by a poorly developed tree layer and moderately developed grass layers on
the mountains and hills (Van Rooyen 1999). Some dominant plant species

include the trees Acacia erioloba, Boscia albitrunca, Terminalia sericea,
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Figure 4: Terrain morphology and water sources of Lekgaba in Tswalu Kalahari
Reserve (Source: ESRI Inc. 1998; Van Rooyen 1999).
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Figure 5: The soil types found on Lekgaba in Tswalu Kalahari Reserve (ESRI
Inc. 1998)
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the shrubs Grewia flava, Rhus spp., Acacia mellifera and Tarconanthus
camphorates and the grasses Eragrostis lehmanniana, Stipagrostis amablis,

Stipagrostis uniplumis and Schmidtia kalahariensis.

In a study conducted by Van Rooyen (1999) it was found that the Lekgaba

section is composed of three major plant communities. They are:

e The Acacia erioloba — Acacia haematoxylon — Eragrostis pallens dune
streets: This plant community occurs on the deep, sandy areas in the
dune streets and in-between the mountains and hills. Trees and shrubs
are sparse with Acacia erioloba, Acacia haematoxylon, Grewia flava
and Rhus tenuinervis the most conspicuous species. Dwarf shrubs
include Elephantorrhiza elephantina and Senna italica. The herbaceous
layer is conspicouos covering approximately 35% of the surface area.
Species such as Stipagrostis uniplumis, Eragrostis pallens, Eragrostis
lehmanniana, Aristida congesta subsp. congesta, Aristida stipitata and
Anthephora pubescens dominate the grass stratum. Forbs occur in a
low percentage cover and include Orthanthera jasminiflora, Herrmania
tomentosa, Sesamum triphyllum and Asparagus africanus.

e Acacia mellifera — Rhigozhum trichotomum — Stipagrostis uniplumis
bushy plains and valleys: This community occurs on the open plains, in
the dune streets and valleys, and in some mountainous regions of
Lekgaba. Trees are sparse with Acacia erioloba and Boscia albitrunca
the most abundant woody vegetation. Shrubs and dwarf shrubs are
densely scattered, with the most abundant species being Acacia
mellifera, Grewia flava, Rhigozum trichotomum, Lycium bosciifolium,
Ehretia rigida, Senna italica and Monechma incanum. The herbaceous
layer has a moderate cover of approximately 31%, with Stipagrostis
uniplumis, Schmidtia pappophoroides, Eragrostis lehmanniana,
Schmidtia kalihariensis being dominant. There is a low covering of
forbs including Monsonia angustifolia, Portulaca kermisina, Jatropha

erythropoda, Trochomeria debilis and Solanum capense. Three
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variations of this community exist, they are the Acacia mellifera —
Rhigozum trichotomum — Euphorbia rectirama plains, Acacia mellifera
— Rhigozum trichotomum — Eragrostis rigidior valleys and the Acacia
mellifera — Rhigozum trichotomum — Senseveria aethiopica dune
Streets.

e Croton gratissimus — Digitaria polyphylla mountains and hills: This plant
community variation occurs on all the mountains and hills throughout
Tswalu and Lekgaba, covering approximately 3250.6 ha in Lekgaba
alone. Croton gratissimus, Rhus burchellii, Euphorbia avasmontana,
Ehretia rigida, Ziziphus mucronata, Boscia albitrunca, Grewia flava and
Acacia mellifera dominate a sparse tree and moderately sparse shrub
layer. A high rock cover influences the herb layer with Digitaria
polyphylla, Brachiaria nigropedata, Aristida diffusa, Stipagrostis
uniplumis, Schmidtia pappophoroides, Eragrostis lehmanniana and
Melinis repens dominating. The forb layer has a low cover and includes
Rhynchosia totta, Pegolettia retrofracta, Indigofera heterotricha,
Tephrosia longipes, Leucas capensis and Ceratotheca triloba. Two
vartiations to this community occur: the Croton gratissimus — Euphorbia
avasmontana mountains and hills and the Croton gratissimus — Pellaea

calomelanos mountains and hills.

For the present study, eight habitat types in the three major communities were
used and their relative sizes are provided in Table 1. Each habitat type was
delineated by van Rooyen (1999) and was processed in ArcView ver 3.2.
(Figure 6).

Tyson & Crimp (1998) have called for greater research into the climatic
conditions occurring in the Kalahari. Temperature, rainfall, evapotranspiration
and atmospheric moisture all contribute to the growth and development of the
vegetation in any area, and as such have to be understood for wildlife

management purposes (Tyson & Crimp 1998).
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Table 1: The habitat types occurring on Lekgaba, and their respective sizes (Van Rooyen 1999)

Habitat type Size (km?) Proportion of total area (%)
Anthephora pubescens dunes 5.2 2.7

Digitaria polyphylla mountains and hills 32.5 17.3

Eragrotis lechmanniana dune valleys and plains 8.3 4.4

Eragrostis pallens dune streets 55.7 29.6

Opuntia ficus-indica disturbed areas 2.5 1.3

Stipagrostis amabilis dune crests 1.2 0.6

Stipagrostis uniplumis bushy plains and valleys 78.0 41.4
Stipagrostis uniplumis plains 4.9 2.6

Total 188.3 100.0
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Figure 6: The eight habitat types found on Lekgaba in Tswalu Kalahari Reserve
(Van Rooyen 1999).
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Wildlife

Tswalu Kalahari Reserve houses a number of indigenous and exotic species
of mammals and birds. Annual wildlife counts are undertaken on all three
sections of Tswalu. Several types of wildlife that are present on Tswalu do not
occur on the Lekgaba section including the roan antelope, the sable antelope,
the tsessebe Damaliscus lunatus lunatus and the African savanna buffalo
Syncerus caffer caffer. A list of the wildlife occurring on the Lekgaba section

occurs in Table 2.
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Table 2: The common and scientific names of the larger mammals and birds

found on Lekgaba in the Tswalu Kalahari Reserve

Common name

Scientific name

Mammals:
Aardvark
Chacma Baboon
Cheetah

Grey duiker

Eland

Bat-eared fox
Cape fox
Gemsbok

Giraffe

Cape hare

Scrub hare

Red hartebeest
Impala
Black-backed jackal
Greater kudu
Leopard

Lion

Yellow mongoose
Striped polecat
African porcupine
Mountain reedbuck
Black rhinoceros
White rhinoceros
Springbok
Springhare
Ground squirrel
Suricate

Warthog
Waterbuck

Orycteropus afer

Papio hamadryas ursinus
Acinonyx jubatus
Sylvicapra grimmia
Taurotragus oryx
Otocyon megalotis
Vulpes chama

Oryx gazella

Giraffa camelopardalis
Lepus capensis

Lepus saxitilis
Alcelaphus caama
Aepyceros melampus
Canis mesomelas
Tragelaphus strepsiceros
Panthera pardus
Panthera leo

Cynictis penicillata
Ictonyx striatus

Hystrix africaeaustralis
Redunca fulvorufula
Diceros bicornis bicornis
Ceratotherium simum simum
Antidorcas marsupialis
Pedetes capensis

Xerus inauris

Suricata suricatta
Phacochoerus africanus

Kobus ellipsiprymnus
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Table 2: continued

Common name

Scientific name

African wild dog

Blue wildebeest

Burchell’s zebra
Hartmann’s mountain zebra
Birds:

Kori bustard

Ostrich

Secretary bird

Lycaon pictus
Connochaetes taurinus taurinus
Equus burchellii

Equus zebra hartmannae

Ardeotis kori
Struthio camelus

Sagittarius serpentarius
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CHAPTER 3

GENERAL METHODS

The methods describes in this chapter are a general outline as to the
procedure that was followed in the study period. Detailed and specific

methods are provided in each relevant chapter.

Maps of each lion or lion group’s range, scat sites and kill sites were
constructed using GIS software packages. These software packages were

used to determine range size and any indications of habitat preferences.
The Department of Statistics at the University of Pretoria analysed the entire

data set for any statistical results which are described in each relevant

chapter.
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ABSTRACT

Prey use and biomass removal were determined for a lion Panthera leo
population in the Lekgaba predator camp at Tswalu Kalahari Reserve of
18800 ha in the south-eastern Kalahari region consisting of nine lions.
Nineteen prey types were used, with prey size ranging from springhare
Pedetes capensis to eland Taurotragus oryx. Kill and scat data
indicated that gemsbok Oryx gazella and blue wildebeest
Connochaetes taurinus taurinus were utilized most. Scat data were
corrected for relative biomass, making smaller prey types significantly
more prominent than in kill or uncorrected scat data. Jacobs’ Index and
95% confidence limits indicated significant preference for warthog
Phacochoerus africanus and steenbok Raphicerus campestris, and
significantly infrequent use of gemsbok and Burchell’'s zebra Equus
burchellii. The greater kudu Tragelaphus strepsiceros was utilized more
than its proportional abundance, while Hartmann’s mountain zebra
Equus zebra hartmannae was underutilized relative to its abundance.
The lions removed 9.9kg/Lion Feeding Units/day, while using 13 % of
the available edible biomass per prey. Lion and prey management

strategies on smaller, enclosed reserves are given.

Key words: Lion Panthera leo, enclosed reserve, prey selection, prey

preference, biomass removal, scat analysis, Kalahari.

Word count: 5535
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Note: This chapter is written in journal format

INTRODUCTION

The African lion Panthera leo once roamed freely throughout the African
continent, but now the majority reside in protected areas such as national
parks, large wildlife ranches and privately owned nature reserves. The
current boom in ecotourism in Africa has necessitated that these reserves
house so-called charismatic wildlife, with the lion being one of the important
animals for ecotourism (Chardonnet 2002). Lion predation on small, enclosed
nature reserves of <1000 km? can affect the survival of the prey population in
that specific area, especially where immigration and emigration are hindered
by wildlife-proof fences (Power 2002; Druce et al. 2004; Tambling & Du Toit
2005). Lions are opportunistic predators, but usually have a limited range of
optimal prey on such ranches and reserves (Hayward et al. 2007a).
Sedentary prey animals that are unable to move away from persistent
predation pressure by lions tend to occur at lower numbers, and are more
susceptible to population declines from predation pressure when compared
to migratory populations that are generally more numerous (Fryxell et al.

1988).

Any prey preferences by lions must be taken into consideration in a study of
lion prey selection. When such predators have access to a wide range of
prey to hunt they will often show a preference for one or some of them (Cock

1978). Prey preference is here defined as predator utilization of a prey type
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that happens more frequently than expected relative to the proportional
abundance of the prey. A predator may also underutilize certain prey types

relative to their proportional abundance (Hayward & Kerley 2005).

Effective management of predator-prey interactions is an important goal for
all small, privately owned wildlife ranches and reserves. The predator
population must be managed to maintain prey type diversity, density and
genetic variability (Lehmann et al. 2008). The correct management
techniques can only be applied with a clear understanding of the predator

population and its effect on the specific prey population.

Prey use can determined by using a number of techniques, which include
opportunistic observations and direct observations (Mills & Shenk 1992),
spoor tracking (Eloff 1973; Stander et al. 1997), stomach content analysis
(Smuts 1976) and scat analysis (Perrin & Campbell 1980; Bothma & Le

Riche 1994). Prey selection requires knowledge of relative prey abundance.

Opportunistic observations overestimate the proportion of larger kills (> 100
kg) in the diet of predators, while continual, direct observations are more
reliable for determining kill rates and actual numbers of prey (Mills 1992).
Prey use studies to date, mostly overestimated the detection of larger, visible
prey items, whereas smaller, inconspicuous and completely consumed prey
were underrepresented in the data (Radloff & Du Toit 2004; Rapson &
Bernard 2007). In a semi-arid system, such as the Kalahari, smaller prey are

utilized to a greater extent than in the more mesic savanna ecosystems (Eloff
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1973). For example, porcupines Hystrix africaeaustralis form a large

proportion of the diet of lions in the southern Kalahari (Eloff 1973).

Where direct observation is not possible, spoor tracking can provide
biologically meaningful results. It has the advantages that such observations
are completely non-intrusive and can indicate the behaviour and activity of
the animal being tracked (Stander et al. 1997). However, potential bias can
occur through observer error and poor tracking conditions in certain habitat
types (Mills 1992), where tracking is difficult, but this does not include the

open, sandy substrate of the Kalahari region.

Scat analysis is a non-invasive and relatively easy method to apply
(Mukherjee et al. 1994; Marucco et al. 2008). However, potential bias occurs
when scats are collected non-independently, such as at clusters or kill sites,
which can over-represent a specific prey type in the diet (Marucco et al.
2008). Bias also occurs when variable digestion and size are not taken into
account for each prey type. These uncorrected data can overestimate the
biomass of small prey and underestimate the actual number of small prey in
the diet of a predator (Karanth & Sunquist 1995; Marker et al. 2003). The
scat sample size can also cause a statistical error if it is too small (< and
unrepresentative of the total number of scats produced by the predator in

question (Marucco et al. 2008).

In this study, we aim to determine the prey selection, specific prey

preferences and prey biomass removal of the lion population on a small,
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enclosed reserve in the Kalahari ecosystem. This knowledge will allow
managers to improve conservation and management practices and is so
doing ensure that the lion population has an adequate prey base to survive
indefinitely. Their survival will enhance the eco-tourism potential of these
small, enclosed reserves. The hypothesis to be tested in the current study is
that the lion population on the Lekgaba predator section on Tswalu Kalahari
Reserve utilize a wide variety of prey types and favour the use of specific
prey types over others. Consequently three questions arouse: what is the
prey use by the lion population? Are there any clear preferences for certain
types of prey? And what is the annual prey biomass removal found in the

predator section?

STUDY AREA

The study was done from March 2003 to October 2004, on the Tswalu
Kalahari Reserve, a 1000 km? private nature reserve in the Northern Cape
Province of South Africa (Fig. 1). Tswalu is divided into three sections with
the predator section, Lekgaba, along the eastern boundary of the reserve.
Lekgaba is circa 188 km? in size with artificial water sources and wildlife-

proof fences surrounding it.

The mean annual rainfall on Tswalu is 253.5 mm, with a distinct precipitation
peak in March. Low & Rebelo (1998) have classified Tswalu as occurring in
the Shrubby Kalahari Dune Bushveld, the Kalahari Plains Bushveld and the

Kalahari Mountain Bushveld regions of the Savanna Biome.
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Lekgaba has three major plant communities, the Acacia erioloba — Acacia
haemotoxylon — Eragrostis pallens dune streets, the Acacia mellifera —
Rhigozhum trichotomum — Stipagrostis uniplumis bushy plains and valleys
and the Croton gratissimus — Digitaria polyphylla mountains and hills (Van

Rooyen 1999).

The current lion population on Lekgaba numbers nine individuals of varying
age and sex. Four lions (two males and two females) were captured in the
Kalahari Gemsbok National Park in 2001 and were translocated to Lekgaba,
where they were kept in a holding boma to acclimatise to the surroundings
and each other. The younger, less dominant male was pushed out of the
reserve by the dominant male in March 2003 and as was then recaptured
and sold to another reserve. The dominant male fathered three sets of cubs,
two to a 10-year old female and one to a five-year old female. The two
reproducing females dispersed to different areas of the predator camp. The
older lioness, her older cubs of three years, and two young cubs born in late
December 2003, established a range in the northern region of the predator
camp. The younger adult female dispersed to the southern region of the

predator camp with her two subadult cubs, which were then two years old.
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METHODS

Prey selection

Active fieldwork was done for 121 days during the study period. All kill and
scat locations were located by using a combination of opportunistic
observations, direct observations and spoor tracking (Mills 1992; Stander et
al. 1997). Data were also collected by field rangers and game scouts during
the study period. When a kill or scat was found, a GPS (Garmin E-trex)
location fix and the time and the date were recorded and where possible the
age and sex of the carcass. The scats that were collected were placed in
brown paper bags and stored for further analysis. Kill and scat data were
tested for significance by using Fishers exact test for goodness of fit, as

some frequency values were < 5 % of the total scat sample (Zar 1999).

Scat analysis and scat correction

The scats were first washed in metal sieves until only insoluble material (hair,
teeth and bone fragments) remained. The sample was then air dried in a
convection oven at 70°C for 24 hours (Melville et al. 2004). Hair, teeth and
bone fragments were then analysed and compared to keys and templates
that were available (Keogh 1979; Perrin and Campbell 1980; Hildyard 1983;
Keogh 1983). Hair samples were identified macroscopically by colour, texture
and length, and microscopically according to the cuticular patterns and cross-

sectional structures (Putman 1984). Mukherjee et al. (1994) suggest that a
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minimum of 20 hairs should be analysed per scat sample so as to avoid any
prey types being missed. The method of Douglas (1989) was adapted to
make cross-sections of hair samples. A frequency of occurrence of each prey
type in the total scat sample and 95% confidence limits were generated from
1000 bootstrap simulations (Andheria et al. 2007). All non-lion scats were

removed and kept in the lab for any further research purposes.

To correct for possible bias associated with scat analysis, a correction factor
was applied for each prey type found in the scats. This correction factor takes
into account the frequency of occurrence of a particular type of prey and
converts it into relative biomass and actual number of prey types (Floyd et al.
1978; Karanth & Sunquist 1995; Andheria et al. 2007). Such correction
factors were first developed for wolves Canis lupus lupus (Floyd et al. 1978)
and have since been adapted by Karanth & Sunquist (1995) for the tiger
Panthera tigris and leopard Panthera pardus. Due to the lack of available
data on feeding trials and passage rates on ingesta through the lion’s gut, it
was assumed that the digestive system of lions and tigers were broadly
similar. This may be especially true for lions living in semi-arid environments
in which they tend to hunt alone or in small groups (Eloff 2002). The following
regression equation relates the live weight of prey (X) to the weight of prey

type found in each scat (Y) (Karanth & Sunquist 1995; Bagchi et al. 2003):

Y = 1.980 + 0.035(X)
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The live weight of prey types in any given population (Ebedes & Bothma
2002; Skinner & Chimimba 2005) were calculated as being 75 % of the adult
female weight to account for juveniles and young prey types that were
utilized (Hayward et al. 2007b). Solving the equation yields the weight of prey
consumed per collectable scat. This value was then multiplied by the
occurrence of each prey type in the total scat sample, which yields the total
weight of each prey type consumed and the ratio of weights consumed
between different prey types. The relative weight of each prey type was then
used to determine the relative number of individuals consumed (Marker et al.
2003), and the ratios were determined relative to the live weight of a
gemsbok, which was the prey type most utilized by the lion population in the
study area. These corrected values for each prey type take into account the
presence of small mammals in the prey selection data. The corrected scat
data were compared to the observed kill numbers and the uncorrected scat

data using by Fisher’s exact test for goodness of fit (Zar 1999).

Species accumulation curve

It was also determined if the scats collected and analysed were an accurate
representation of the diet during the study period by using a cumulative

Brillouin’s index (Glen & Dickman 2006), with the equation:

H InN!'-3 Inn;!
- N
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Where H is the diversity in the scats, N the total number of prey recorded and
n; the number of individual prey prey items in the ith category (Brillioun 1956).
Fifty randomised iterations of the cumulative Brillioun’s index were generated
and the cumulative diversity was plotted against the cumulative number of
scats collected to determine whether an asymptote was reached (Landman

et al. 2008).
Prey preference

Observed Kkills, uncorrected scat data and corrected scat data were
compared against the observed population sizes, where such abundance
data existed for the prey by using a Fisher’s exact test for goodness of fit (Zar
1999). Sequential Bonferroni corrections were performed to account for Type
1 errors that are associated with multiple tests (Quinn & Keough 2002). Only
prey types with known abundance were used in the analyses. The
proportional availability of all prey types was determined from annual aerial
census data for Lekgaba conducted at the end of August each year to
maximise visibility (Bothma 2002). Prey selection was determined for each
data set by calculating Jacobs’ Electivity Index (Jacobs 1974) by using the

equation:

“r+p-2m
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Where r is the proportion of kills of each prey type and p is the proportional
availability of each prey type (Hayward & Kerley 2005). D yields values
ranging from +1 to -1, where +1 indicates maximum selection and -1
indicates maximum absence of use (Hayward et al. 2006). Then 95%
confidence intervals were constructed for each prey type’s kill proportion
(Neu et al. 1974). Significant preference occurs when the proportional
availability of the prey item falls below the lowest limit of the confidence
interval around the kill proportion (Landman et al. 2008). Significant lack of
use occurs when the proportional availability of the prey type is higher than
the highest limit of the confidence interval. All values that fall within the
confidence interval range mean that there is no significant preference or lack

of use.

Biomass removal

The amount of meat consumed and the biomass removed per prey type were
determined by using Lion Feeding Units, standing crop biomass and
available edible biomass (Van Orsdol 1981). Lion Feeding Unit classification
centres around an adult female eating a relative proportion of 1.0 of prey
units. Adult males eat 1.5 times as much as females, large cubs (2-3 years
old) eat 0.75 times as much as an adult female, medium sized cubs (< 2
years, but at least 1 year old) eat 0.5 times as much as an adult female and
small cubs (<1 year old) eat 0.25 times as much as an adult female (Van
Orsdol 1981; Lehmann et al. 2008). Standing crop biomass of prey was

calculated as 75 % of the adult female weight to account for juveniles and
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young prey types that were utilized, and was multiplied by the abundance of
each particular prey type (Hayward et al. 2007b). The amount of edible
material on a carcass was based on data in Mills & Biggs (1993) and Funston
et al. (1998) who list the amount of edible meat per prey carcass as: very
small animals (< 25 kg) 100% edible meat, small animals (25-100 kg) 90%,
medium-sized animals (101-300 kg) 67% and large animals (> 300 kg) 60 %
edible meat. The edible biomass removed and the available edible biomass

removed were calculated for each kill.

All the statistical analysis were done by using the program R 2.7.0. (R

Development Core Team 2008).

RESULTS

Prey selection

In total, data on 88 kills and 109 scats were collected during the study period.
In all, 118 prey items were identified in the scat sample, with two prey types
occurring in nine scats and only a single one occurring in the other 100 scats.
Nineteen prey types were utilized by the lion population, with the gemsbok (n
= 21), blue wildebeest (n = 16), greater kudu (n = 14), eland (n = 8) and red
hartebeest Alcelaphus caama (n = 7) being the most abundant prey items
when using observed kill data. The most abundant prey items found in the

scats were gemsbok (n = 23), blue wildebeest (n = 16), greater kudu (n =
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13), warthog (n = 10) and eland (n = 9). Mammals weighing < 100 kg
(Karanth & Sunquist 1995) were more abundant in scats than in carcasses
and kills (Fig. 2). The porcupine (n = 8), aardvark Orycteropus afer (n = 5),
steenbok (n = 3) and springbok Antidorcas marsupialis (n = 7) were all more
abundant in the scats than in the carcasses located in the field. However,
there was no significant difference in prey occurrences between kill and scat
data (Fisher’'s exact test: p = 0.2821). Other prey types included springbok,
ostrich Struthio camelus, baboon Papio hamadryas ursinus, bat-eared fox
Otocyon megalotis, large spotted genet Genetta tigrina, scrub hare Lepus

saxitilis and impala Aepyceros melampus.

There was a significant difference between kills and corrected scat values
(Fisher's exact test: p < 0.001) and between uncorrected scat data and
corrected scat values (Fisher's exact test: p < 0.005) (Table 1). The most
abundant prey types in the corrected scat values were the springhare,

porcupine, gemsbok, scrub hare and steenbok (Fig. 3).

The diversity in the scats determined from Brillioun’s index indicated that an
asymptote was reached at a sample size of c. 110 scats (Fig. 4). The sample
size of 109 scats should therefore be an adequate representation of prey

types that were utilized by the lion population.
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Prey preference

The most abundant potential larger prey type on Lekgaba was the gemsbok,
followed by the red hartebeest, eland, springbok and Burchell's zebra (Table
2). Jacobs’ Electivity Index values, using corrected scat values, show that
warthog (0.76), steenbok (0.74) and greater kudu (0.49) are utilized to a
greater degree than their proportional availability (Fig. 5), while Hartmann’s
mountain zebra (-0.54) and Burchell's zebra (-0.51) were used infrequently

compared to their relative availability.

These differences were significant (Fisher's exact test: p < 0.001 in all cases)

(Fig. 5), while the other prey items were used according to their abundance.

Biomass removal

A total of 6.5 Lion Feeding Units were used to determine the prey biomass
removal by the lion population. The available standing crop biomass was
261 460.5 kg and available edible biomass 176 769.9 kg, with the largest
contributors being the gemsbok (54 028.8 kg) and eland (41 814.0 kg) (Table
2). The lions were estimated to remove 7850.1 kg of meat during the study
period when visible kill records are used, although it is assumed that this is a
minimum figure because some kills were missed during non-observation
days while smaller prey were entirely consumed and therefore not found. The
meat consumption rate was 9.9 kg/Lion Feeding Units/day, or 3643.1 kg/Lion

Feeding Units/year. The total lion population removed 23 860.1 kg of meat
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annually, which is 9.1% of standing crop biomass and 13.3% of available

edible biomass.

DISCUSSION

The results show that within the Lekgaba predator section of the Tswalu
Kalahari Reserve, the lions utilized 19 different prey types, which is
consistent with other studies of lions in enclosed reserves (Rapson &
Bernard 2007; Lehmann et al. 2008) and consistent with the findings of Eloff

(2002) for the Kalahari lion.

Kill data showed that gemsbok were preyed upon more than any other prey
type on Lekgaba. Gemsbok are also the preferred prey of lions elsewhere in
the Kalahari ecosystem (Eloff 2002; Hayward & Kerley 2005). The Kalahari
lions have developed specific techniques for kiling gemsbok, which are
known as notoriously difficult prey to kill (Eloff 2002). Gemsbok were also the
most abundant prey type found on Lekgaba (n = 512), which could explain
the large proportion of use of the gemsbok as a prey item. Blue wildebeest,
which were the second most abundant prey, are also a general preferred
prey item of lions in southern Africa (Hayward & Kerley 2005). Other larger
prey types such as the eland and red hartebeest are also important prey

items for lions living in a Kalahari ecosystem (Van Vuuren et al. 2005).

As was expected from most studies on lions, the kill data contained a greater

proportion of larger prey (> 100kg, 81.8 %) and a low proportion of smaller
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prey (£ 100 kg) (18.2 %). Scat analysis results were not significantly different
to kill results, although smaller prey were found at a seemingly higher
proportion than in the kills. Smaller prey types represented 33.9% of the total
scat sample, which is almost double than that of the results of studying
carcasses alone. It is likely that scat analysis provides a more reliable
estimate of prey selection of the lion population. However, scat analysis does
not take into account that large prey animals have a high quantity of edible
meat on the carcass and that several hairless scats may be produced
following the consumption of these prey types (Marker et al. 2003) which

would make the identification of the prey from these scats impossible.

Small prey types are usually overestimated in biomass and underrepresented
when using uncorrected scat data (Marker et al. 2003). The corrected scat
data (Table 1) were significantly different to kill and uncorrected scat data,
indicating that uncorrected scats analyses may not be a true reflection of the
diet. Therefore scat data corrections should be used when describing the diet
selection of larger predators such as lions, especially in areas where small
prey are regularly consumed. The corrected scat data indicated the
occurrence of small prey types at a much higher frequency (n = 66%) than
either the kill or uncorrected scat data. The use of smaller prey types is
typical of Kalahari lion behaviour (Eloff 2002), with especially the springhare,
porcupine, warthog and springbok being used. However, due to the lack of
feeding trials and data on the longevity of prey items in the digestive tract of

lions and the known correction factors that were developed for tigers, show
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that such correction factors should be specifically developed for all larger

predators.

Prey selection of lions in general shows that lions utilize some prey types
more often than others, even if those prey types occur at low densities. The
lions population on the Lekgaba predator camp showed a preference for
warthog and steenbok, but it was difficult to determine the proportional
availability of these animals from the air (Mills & Biggs 1993; Owen-Smith &
Mason 2005). The annual aerial count may have underestimated the actual
occurrence of these smaller prey types on Lekgaba. Burchell's zebra and
gemsbok were not used proportional to their relative abundance as were
giraffe, mountain reedbuck, grey duiker and waterbuck. The lack of interest in
the giraffe may be a consequence of Kalahari lion behaviour, where the lions
tend to hunt in smaller groups or alone (Eloff 2002). The killing of large prey
requires several pride members and males (Funston et al. 2001). Burchell's
zebra on the other hand prefer open plains (Skinner & Chimimba 2005) and
on Lekgaba these open plains provide little stalking cover for the lions.
Greater Kudu are utilized more frequently than their relative occurrence, as
they already occur at a low density, care should be taken that the lions do not
overuse the greater kudu population. Hartmann’s mountain zebra are
generally not used as a food source because these animals usually used the
mountainous regions of Lekgaba which were avoided by the lion population

(pers. obs.).

41



The daily consumption of the lions of 9.9 kg/Lion Feeding Units/day was high
when compared to other studies of lions in enclosed reserves (Viljoen 1997,
Rapson & Bernard 2007; Lehmann et al. 2008). The high prey density on
Lekgaba could be the reason for these high consumption rates, as could the
regular use of smaller prey. The edible biomass removed is higher than
found in other studies, again suggesting that the Tswalu lions kill more often
and kill larger prey more often than what would be expected from lions living
in arid areas. Lehmann et al. (2008) suggest that the biomass removal is

more important for management than the actual number killed.

The current lion population on Lekgaba is expected to grow to an established
ecological capacity of 17 individuals (dealt with elsewhere). Thus research
and monitoring are required to establish the prey use, prey preferences and
prey biomass removal of the larger population. Care should also be taken
that the population is kept at this ecological capacity to ensure survival of

both the prey population and long-term survival of the lion population.

The management of a lion population in a confined environment requires
knowledge of the prey selection, preference and actual biomass removal.
Each study on prey selection of lions is site specific and detailed information
can be garnered from studying the predator population closely. The
economic benefit of housing lions should not overshadow the ecological
constraint placed on the prey population by the lions. Managers should be
aware that they might have to consider replacement of prey types and the

utilization of buffer prey types to alleviate pressure on other prey types.
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Tswalu Kalahari Reserve
Lekgaba
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Fig. 1. The predator camp, Lekgaba (hatched), located in the eastern region of

Tswalu Kalahari Reserve in the Northern Cape Province of South Africa.
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Fig. 2. Percentage occurrence of prey types of lions in observed kill and scat data, with 95% confidence limits and the total number

of observations for each prey type (n) for the Lekgaba lion population on Tswalu Kalahari Reserve.
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Table 1. Ratios and percentage occurrence of each prey type of lions when using corrected scat analysis (Karanth & Sunquist

1995; Marker et al. 2003) on Tswalu Kalahari Reserve.

Weight Ratio of Percentage

of prey No. of Weight of meat Ratio of weight Individuals individuals occurrence in all
Prey type (kg) y scats consumed consumed consumed consumed scats
Aardvark 39.75 3.37 5 16.85 0.10 0.42 0.39 3.75
Blue wildebeest 135.00 6.71 16 107.28 0.62 0.79 0.73 7.02
Burchell’'s zebra 240.00 10.38 4 41.52 0.24 0.17 0.16 1.53
Eland 345.00 14.06 9 126.54 0.73 0.37 0.34 3.24
Gemshbok 157.50 7.49 23 172.27 1.00 1.09 1.00 9.67
Hartmann’s mountain zebra 206.25 9.20 2 18.40 0.11 0.09 0.08 0.79
Impala 33.75 3.16 4 12.64 0.07 0.37 0.34 3.31
Greater kudu 116.25 6.05 13 78.65 0.46 0.68 0.62 5.98
Ostrich 101.25 5.562 3 16.56 0.10 0.16 0.15 145
Porcupine 12.75 2.43 8 19.44 0.11 1.52 1.39 13.45
Red hartebeest 90.00 5.13 8 41.04 0.24 0.46 0.42 4.03
Scrub hare 2.06 2.05 1 2.05 0.01 1.00 0.91 8.79
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Table 1. (continued)

Weight of Ratio of Percentage
Weight of No. of meat Ratio of weight Individuals individuals occurrence in all
Prey type prey (kg) y scats consumed consumed consumed consumed scats
Springbok 27.75 2.95 7 20.65 0.12 0.74 0.68 6.58
Springhare 2.25 2.06 2 412 0.02 1.83 1.67 16.17
Steenbok 8.25 2.27 3 6.81 0.04 0.83 0.75 7.29
Warthog 45.00 3.56 10 35.60 0.21 0.79 0.72 6.98

*weight taken as 75 % of the adult female weight to compensate for juveniles and young that are killed (Hayward et al. 2007b).
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Fig. 3. Percentage occurrence of all prey types in the diet of lions on Tswalu Kalahari Reserve when using observed kills, uncorrected and

corrected scat data.
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Fig. 4. Prey diversity relative to sample size increases in all collected uncorrected scats of lions on Tswalu Kalahari Reserve, with 95 %

confidence limits (Brllioun1956).
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indicate maximum lack of use. 95% confidence intervals (Neu et al. 1976) are also shown
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preference or lack of use.
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Table 2. Live weight and edible weight of prey types used to calculate available

biomass and biomass removal by a lion population in Lekgaba on Tswalu Kalahari

reserve.
Prey type’ Number  Live weight? Estimated edible
(kg) meat weight® (kg)
Gemsbok 512 157.5 105.53
Blue wildebeest 137 135.00 90.45
Eland 202 345.00 207.00
Kudu 62 116.25 77.89
Red hartebeest 226 90.00 81.00
Ostrich 40 101.25 67.84
Warthog* 31 45.00 40.50
Impala 85 33.75 30.38
Burchell's zebra 145 240.00 160.80
Hartmann’s mountain zebra 55 206.25 138.19
Springbok 149 27.75 24.98
Steenbok 33 8.25 8.25
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Table 2. (Continued)

2

Prey type Number Live weight Estimated edible
(kg) meat weight® (kg)

Giraffe 9 600.00 360.00

Grey duiker 28 12.0 12.0

Mountain reedbuck 5 22.5 22.5

Waterbuck 2 187.50 126.63

Total 1721 261 460.5 176 769.9

!Abundance values for the aardvark, porcupine, springhare, baboon, bat-eared fox, large spotted

genet and scrub hare were not available. The white rhinoceros and the black rhinoceros were

excluded from the biomass calculations.

275 percent of the weight of an adult female was used to account for juveniles and young (Skinner &

Chimimba 2005; Hayward et. al. 2007b).

® Dressing percentages of carcasses (Mills & Biggs 1993).

* Warthog numbers are difficult to assess as they take shelter in burrows when disturbed during aerial

counts.
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CHAPTER 5

RANGE USE AND HABITAT SELECTION

Introduction

Historically, lions ranged throughout Africa, Europe and Asia (Nowell & Jackson
1996; Bothma & Walker 1999; Chardonnet 2002; Sunquist & Sunquist 2002;
Bauer, De longh, Princée & Ngontou 2003). As stated in Chapter 1, these ranges
have since diminished to a fraction of the previous sizes. Lions are now only
found in various fragmented ranges and habitats throughout the African continent
(Hanby, Bygott & Packer 1995; Estes 1997; Chardonnet 2002). Several studies
have been conducted on these lion populations with regard to their spatial
movements and habits (Spong 2002; Ogutu & Dublin 2004).

The range of any animal is associated with the spatial distribution of limiting
resources (Mizutani & Jewell 1998; South 1999; Mitchell & Powell 2004). These
limiting resources determine the size and utilization of that range. Several factors
determine the range size and its use by predators. These relate to energy
requirements and energy availability (Macdonald 1983; Lindstedt, Miller &
Buskirk 1986; Horne & Garton 2006), and include factors related to hunting
success and hunting opportunities (Bothma & Le Riche 1994b), the presence of
other competing predators, opportunities for reproduction (Rowlands & Sadleir
1968; Turner 2005), unique qualities of different habitats (Turner 2005) and
reducing variation in their life processes (Ferguson, Taylor, Born, Rosing-Asvid &
Messier 1999)

Lion prides live in ranges or territories (Smuts 1982; Apps 1992; Estes 1997;
Sunquist & sunquist 2002; Spong & Creel 2004), each one differing in size, scale
and characteristics if another territory or area of use (Schaller 1972; Bothma
1998). A territory is defined as the area in which an animal survives and protects

61



its own resources and offspring (Maher & Lott 1995). This is especially evident in
lion sociality in which a territory is fiercely protected from conspecifics (Maher &
Lott 1995). Prides occupy territories, while nomadic lions wander into several
ranges, often causing their own death if they come across the resident pride
(Smuts 1982; Estes 1997). Territories are delineated by scent-marking, head-
rubbing and constant patrolling (Smuts 1982; Briscoe, Lewis & Parrish 2002;
Sunquist & Sunquist 2002). Prides of females can occupy the same territory for a
number of years and live in stable family groups with the prides consisting of
siblings and related individuals. On the other hand males are not related to the
females and only have tenure over a certain territory for 2.5 to 3 years (Nowell &
Jackson 1996; Estes 1997). Males are replaced by other males, preventing
inbreeding. Males do form coalitions, which are small groups of related
individuals, which allow them to occupy a territory for longer, and improve their
competing abilities with other males (Funston, Mills, Richardson & van Jaarsveld
2003). Males protect their territories vigorously, and expend an enormous

amount of energy in patrolling and maintaining territory boundaries.

Territory sizes are dynamic and change with regard to environmental conditions
and resource availability (Stander & Albon 1993). General territory sizes are a
function of resource abundance and availability and the size of the pride that
inhabits that specific territory. Generally prides with greater numbers and higher
numbers of males occupy larger territories because they require more resources
than smaller prides. The range size of females is dependent on prey density and
distribution (Fisher & Owens 2000; Dahle & Swenson 2003; Killian 2003), while
the range sizes of the males is dependent on the availability of mating
opportunities, i.e. the distribution of prides (Gehrt & Fritzell 1998; Fisher & Owens
2000; Sunquist & Sunquist 2002; Funston et al. 2003). Prides of females occupy
separate adjacent ranges, while the males can occupy ranges that overlap

several pride’s territories.
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Males seem to have three distinct phases of range use (Turner 2005). Young
males are evicted from their natal prides and disperse into neighbouring
territories (Hanby & Bygott 1987). In this first phase they do not defend any
resources. Males or coalitions of males then attempt to take over a pride of
females. If successful at the takeover, the males spend most of their rime
courting and mating with the pride females. The males protect mating rites to the
females in this second phase. After the birth of the cubs the males spend less

time with the females and cubs and spend more time patrolling their territory.

If two rival prides meet, they usually retreat to their own territories, or in rare
cases they can be hostile towards each other (Spong & Creel 2004). Nomadic
lions are also not tolerated in a pride’s territory. The range sizes of nomadic lions
are often much larger than that of the prides. Lions living in harsh environments
exhibit larger range use patterns than other lion populations (Eloff 2002). During
extremely unfavourable environmental conditions territory breaks down (Eloff

2002) as hunting grounds are expanded into rival territories.

Studying range sizes, utilization and preference is important for ecological and
behavioural studies, which is emphasized in social species (Swihart & Slade
1985; Guasp, De Torres Curth & Gonzéalez 1996; Blackwell 1997; Ogutu & Dublin
1998; Horne & Garton 2006). This knowledge is can be used to correctly
understand a population’s movement patterns and for making management
decisions aimed at its conservation (Van Winkle 1975; Guasp et al. 1996;
Seaman & Powell 1996). Range use studies are an important biological tool to
determine an animal’s behaviour, habitat selection, population density and
foraging behaviour (Harris, Creswell, Forde, Trewhella, Woollard & Wray 1990;
Schooley 1994; Arthur, Manly, McDonald & Garner 1996). Correct management
of the Tswalu lion population will therefore only be maintained through a
thorough understanding of the range use patterns and habitat selection of these
lions. These range use patterns and habitat selection were determined by using
a number of statistical and methodological tools which are described below. In
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doing so, the hypothesis that the Tswalu lion population uses its range and
habitat proportionally to its availability was tested by researching the following
key questions:

e To what extent do the lions utilize the current available range?

e Do the lions utilize the range and habitats within the range proportionally
to the habitat availability?

e If the lions do not use the habitats proportionally to their availability, is

there any indication of specific habitat preference?

Methods

The following specific methods of study were used:

Field study

The range use patterns and habitat selection of lions in this enclosed, arid area

were investigated. Eight lions were followed and studied during the study period.

These eight lions were divided into two prides and consisted of six focal groups.

This was done because the lions spent a large portion of their time alone or with

a sibling. The six focal groups and their ages, at the start of the study were as

follows:

Northern Pride:

e F1: adult female, circa 8 years old. F1 gave birth to two female cubs in
December 2003 and they were included in focal group F1 because they were
still being weaned.

e M2: subadult male, circa 30 months old, M2 was pushed out of the pride in
late 2003 and then established his own range.

e F3: subadult female, circa 30 months.

Southern Pride:
e F2: adult female, circa 6 years old. F2 gave birth to two cubs in September
2004 which were only seen once.
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e M3, F4: brother and sister, born to F2 in June 2002. They were considered to

be one focal group because they were seen together on all occasions.

The dominant male, M1, was not included in the prides because he visited both
prides on a random basis.

The focal lion groups were located by spoor tracking, direct observation,
opportunistic observations and reports from rangers and staff working in the area.
Spoor tracking of lions was done by driving a designated route, along pre-
determined roads. Spoor tracking has been used in many studies in which the
habitat is restrictive to studying the animal population in question (Eloff 1973a;
Stander, Ghau, Tsisaba, [loma & | ui 1997). Spoor-tracking is also an
unobtrusive, passive method of determining animal behaviour and movement
(Bothma & Le Riche 1993; Stander 1997). Once the spoor of a lion was detected,
it was followed until a positive sighting of the animal was obtained. Once the lion
was spotted and identified, a GPS fix was taken of its original position. If the lion
continued to move, a new point was taken every 100 m from the point of first
contact. The entire day was spent with one particular pride or focal group. It was
not possible to track the lions at night because of logistical problems. If the lions
moved off-road it was also nearly impossible to find them in the dark. Several
aardvark holes made driving at night almost impossible. If no tracks were located
on the marked route, searching was continued at waterholes and areas of known
use by the lions. Several opportunistic sightings and sightings that were called in
by rangers and field guides were also included in the data set. Direct observation
and opportunistic sightings were considered to be the least biased and easiest
method to determine range use characteristics of the Tswalu lion population
based on Bryden 1978), Mills & Schenk (1992) and Funston (1999).

M1 and F1 were fitted with radio-collars when they were released in 2001. These
collars were removed for aesthetic reasons and because the battery life had

expired on both collars before the study had started. In January 2004, M2 was
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fitted with a radio collar by the Tswalu management staff. Tswalu borders on
cattle and sheep farms and it was feared that M2 would break out of Lekgaba
and raid the neighbouring farms. Despite the radio-collar on M2, the original data

collection methods were used so as not to bias the data toward M2.

Range use analysis

Two statistical range use methods, the minimum convex polygon method and the
Kernel density estimate method were used to determine the range sizes and use
of the lion population on Tswalu. These two methods allow for spatial analysis of
range size and use (Harris et al. 1990). The ArcView Global Information System
Package (ArcView 3.2a) along with the Home Range Extension (Carr & Rodgers
1998) and the Animal Movement Extension for ArcView (Hooge 1999; Hooge &
Eichenlaub 2000) were used in the range use and size determination.

Minimum convex polygon (MCP) method

The minimum convex polygon method is described as the simplest and oldest of
all range use calculation techniques (Worton 1987; Harris et al. 1990). Despite its
early development, it is still widely used today in many studies involving range
use by animals (Harris et al. 1990; Burgman & Fox 2003). The minimum convex
polygon method is highly comparable between studies and is valuable when it is
being used in conjunction with other methods (Harris et al. 1990).

The peripheral locations of an animal are joined to create a minimum area which
incorporates all the data location points (Worton 1987). The range size is highly
correlated with the number of data points that are collected for each animal,
especially when working with a small sample size (Worton 1987). Although this
method is relatively simple to apply, it does have deficiencies. Because all
positional fixes are taken into account, areas that are only visited occasionally
are included in the polygon. This creates an overestimation of the actual range
size and shape (Harris et al. 1990). This method also does not give an indication
of the intensity of range use (Worton 1987; Harris et al. 1990), and it is known
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that certain animals utilize areas of their range more frequently than others
(Turner 2005)

Kernel analysis

The Kernel density analysis method of range use analysis is a non-parametric
method that is used for estimating range use and size (Broomhall 2001; Seaman
& Powell 1996; Bothma, Knight, Le Riche & van Hensbergen 1997; Hemson,
Johnson, South, Kenward, Ripley & Macdonald 2005). Kernel density estimates
provide an ideal basis for quantitative analysis of the data set (Seaman & Powell
1996; Hemson et al. 2005). The Kernel method can be used to determine the
density estimation in any number of dimensions, where different observation
parameters characterise a population of interest (Seaman & Powell 1996). In the
context of range use, the intensity of use that is generated by this method is an
estimation of the amount of time that is spent by the animal at any given location
(Seaman & Powell 1996). This estimation allows for the development of a basis
for ecological investigations of habitat use and preference (Seaman & Powell
1996). Worton (1989) states that the kernel density estimation method of range
use provides a good means of determining range use because of the well
understood theoretical properties of this method.

The kernel density estimation method in essence functions by placing a kernel (a
probability density) over each positional fix in the sample (Seaman & Powell
1996; Gallerani Lawson & Rodgers 1997). A rectangular grid is placed over the
data and an estimate of the density of fixes is determined at each grid
intersection. The density estimations of each individual positional fix combine to
form a mixture distribution that is used to estimate a probability density function
(Worton 1989). A 50%, 75% and 95% utilization distribution were calculated for
each of the six lion groups. The 50% and 75% isopleths were used to estimate
the core area of use (Lent & Fike 2003) of the lions, while the 95% isopleths were
used to remove the effect of outliers or random excursions outside the normal

range on the calculation of the range size (Mizutani & Jewell 1998). Core areas
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of use are those areas of habitat being used more frequently by the population in
guestion and they more than likely contain refuges and dependable food sources
(Samuel, Pierce & Garton 1985)

Much debate centres on the efficacy of a range use estimator and whether or not
a range is actually definable (Gautestad & Mysterud 1995; Borger, Franconi, De
Michele, Gantz, Meschi, Manica, Lovari & Coulson 2006; Millspaugh, Nielson,
McDonald, Marzluff, Gitzen, Rittenhouse, Hubbard & Sheriff 2006; Nilsen,
Pedersen & Linnell 2008). Range estimation models should calculate range use
contours from a complete utilization distribution while also comparing probability
densities from the utilization distribution (Worton 1989; Kernohan, Millspaugh,
Jenks & Naugle 1998). Many authors have stated the need to avoid
autocorrelation of data sets to obtain statistically relevant results (Reynolds &
Laundre 1990; Marzluff, Millspaugh, Hurvitz & Handcock 2004; Turner 2005;
Cromhout 2006). However, autocorrelation appears to not have an effect on the
estimates of range size (Blundell, Maier & Debevec 2001; Cushman, Chase &

Griffin 2005) and so all location fixes were used to determine range size.

The minimum convex polygon method has been found to be less efficient than
kernel density estimators when determining range size (Blundell et al, 2001;
Borger et al. 2006; Nilsen et al. 2008). Kernel density estimators have become
the standard for models of animal movements (Kernohan et al. 1998; Seaman,
Millspaugh, Kernohan, Brundige, Raedeke & Gitzen 1999; Marzluff et al. 2004;
Nilsen et al. 2008). The kernel density estimate method was considered to be
biased by a lion study in Botswana (Hemson et al. 2005), but was resurrected by
several studies later, notably by Nilsen et al. (2008).

Seaman & Powell (1996) suggest that at least 100 positional fixes must be
recorded for robustness of the data. This number has since been revised by a
number of authors, with a minimum number now being placed at between 30 and

50 location fixes (Seaman et al. 1999, Marzluff et al. 2004). More recently the
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minimum required number of location fixes for statistical use has been placed at

10 location fixes (Borger et al. 2006).

Habitat selection analysis

Habitat selection by the Tswalu lion population was determined by comparing
patterns of habitat use with habitat availability. An Arcview (ver. 3.2a) vegetation
map (Van Rooyen 1999) was used to determine the proportion of each habitat
type in the range used by each of the six lion groups. A 100% minimum convex
polygon was used, which encompassed all location fixes, including all excursions
out of the normal range area. The location fixes in each habitat type were
counted for each lion group and tabulated.

A habitat selection index was calculated for each of the habitat types in the
ranges of the six focal lion groups by using an adaptation on Ivlev’'s Electivity
Index (Jacobs 1974). Several studies have used this method successfully to
determine a measure of selectivity e.g. Viljoen (1989), Pienaar, Bothma & Theron
(1992), Jansen, Little & Crowe (2000); Admasu, Thirgood, Bekele & Laurenson
(2004), Bir6, Szemethy & Heltai (2004), Turner (2005), Cromhout (2006) and
Landman, Kerley & Schoeman (2008). The following equation (adapted from

Jansen et al. 2000) indicates Jacobs’ preference index:

P= (R]_/Rz — A]_/Az) / (R]_/Rz — A]_/Az)

Where:

P = Jacobs’ preference index

R1 = number of fixes in a particular habitat type

R, = total number of fixes per lion

A: = surface area of particular habitat type in hectares
A, = total surface area of all habitat types in hectares
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By using the equation results in values range from +1 to -1 (Hayward, Henschel,
O’Brien, Hofmeyr, Balme & Kerley 2006), with +1 being the maximum preference
for a specific habitat type and -1 indicating maximum avoidance of a specific
habitat type. Cromhout (2006) stated that values ranging from +0.5 to -0.5
indicate a habitat type that was used in proportion to its availability, while values
greater than +0.5 indicated a habitat type that was used in a greater proportion to
its availability. Values less than -0.5 indicated that a habitat type was used less
often than its proportional availability. Jacobs’ preference Index is merely an
indication of habitat use compared to habitat availability and is not based on a
statistical test (Hayward et al. 2006).

For statistical analyses a chi-square goodness-of-fit test was conducted on the
data set (Neu et al. 1974; Alldredge & Ratti 1992; Turner 2005). The chi-square
analyses were done to determine if a specific habitat type was preferred or
underutilized by each lion group. The data were tested for significance at the 5%
level (a = 0.05). The chi-square (X?) values were compared to values found in
the upper percentage chi-square distribution tables (Samuels 1989; Nelson
2004), by using the degrees of freedom relevant to the study and the set
significance level. If the chi-square values exceeded the value listed in the table,
the data were significant at the 5% level of error or less (Nelson 2004).

When significant differences were detected between the frequencies of utilization
and availability, Bonferroni Z-statistics were used to construct 95% simultaneous

confidence intervals (Cromhout 2006; Watson & Chadwick 2007) by using the

following equation (adapted from Neu et al. 1974)

P; - Z(1-o/2K)\/Pi(L — Pi)/n < P:<P; + Z(1-a/2k)\/Pi(1 — Pi)/n
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Where:

P; = proportion of use of a habitat type

Z(1-a/2k) = the upper standard normal distribution value corresponding to a
tail area of a/2k

n = total number of observations for each lion group
a = significance level = 5%
k = number of habitat types available

To determine preference, underutilization or no discernible pattern of habitat use
the proportions of each habitat type were compared to the 95% confidence
intervals (Marcum & Loftsgaarden 1980). A habitat type was considered to be
preferred if the habitat type proportion was less than the lower limit value of the
confidence interval of use for that specific habitat. No pattern was observed if the
habitat type proportion value fell within the confidence interval values. A habitat
type was considered to be underutilized if the habitat type proportion value
exceeded the upper limit value of use of the confidence interval (Byers,
Steinhorst & Krausman 1984).

Results

A total of 860 confirmed GPS fixes for the entire lion population was recorded in
the study period (Table 1). There was a lion density of 0.04 lions/km? of habitat.

Range use

According to the 100% minimum convex polygon method the range sizes of the
lion population varied from a maximum of 109.1 km? (LM1) to a minimum of 70.2
km? (LF1) with a mean of 91.9 km? (Table 1). The 100% minimum convex
polygon method results appear in Figures 1 to 6 as ArcView maps. The kernel
density estimate maps (95%, 75% and 50% isopleths) for each lion group appear
in Figures 7 to 12.
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Table 1: Range sizes (km?) for all lion groups in Lekgaba, Tswalu Kalahari Reserve, from March 2003 to October 2004,
based on the 100% minimum convex polygon (MCP) method and various kernel density estimates

Lion group Location fixes Minimum convex polygon Kernel isopleth estimate
95% 75% 50%
LM1 191 109.1 1111 48.3 11.7

Northern pride:

LF1 108 70.2 65.0 24.4 6.6
LM2 173 102.8 103.7 34.5 11.8
LF3 110 76.8 56.6 22.2 8.1

Southern pride:

LF2 145 91.8 63.9 23.6 4.3
LM3, LF4 133 96.4 80.4 30.6 8.9
Mean - 91.1 80.1 30.6 8.6
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Figure 1: Range use of lion LM1 in Lekgaba, Tswalu Kalahari Reserve from
March 2003 to October 2004, based on the 100% minimum convex
polygon method (Worton 1987) and the Animal Movement Extension for
ArcView 3.2a (Hooge 1999).
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Figure 2: Range use of lioness LF1 in Lekgaba, Tswalu Kalahari Reserve from
March 2003 to October 2004, based on the 100% minimum convex
polygon method (Worton 1987) and the Animal Movement Extension for

ArcView 3.2a (Hooge 1999).
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Figure 3: Range use of lion LM2 in Lekgaba, Tswalu Kalahari Reserve from
March 2003 to October 2004, based on the 100% minimum convex
polygon method (Worton 1987) and the Animal Movement Extension
for ArcView 3.2a (Hooge 1999).
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Figure 4: Range use of lioness LF3 in Lekgaba, Tswalu Kalahari Reserve from
March 2003 to October 2004, based on the 100% minimum convex
polygon method (Worton 1987) and the Animal Movement Extension for
ArcView 3.2a (Hooge 1999).
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Figure 5: Range use of lioness LF2 in Lekgaba, Tswalu Kalahari Reserve from
March 2003 to October 2004, based on the 100% minimum convex
polygon method (Worton 1987) and the Animal Movement Extension for
ArcView 3.2a (Hooge 1999).
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Figure 6: Range use of lion LM3 and lioness LF4 in Lekgaba, Tswalu Kalahari
Reserve from March 2003 to October 2004, based on the 100%
minimum convex polygon method (Worton 1987) and the Animal
Movement Extension for ArcView 3.2a (Hooge 1999).
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Figure 7: Range use of lion LM1 in Lekgaba, Tswalu Kalahari Reserve from March
2003 to October 2004, based on kernel density estimates (Mizutani &

Jewell 1998) and the Animal Movement Extension for ArcView 3.2a
(Hooge 1999).
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Figure 8: Range use of lioness LF1 in Lekgaba, Tswalu Kalahari Reserve from
March 2003 to October 2004, based on kernel density estimates
(Mizutani & Jewell 1998) and the Animal Movement Extension for
Arcview 3.2a (Hooge 1999).
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Figure 9: Range use of lion LM2 in Lekgaba, Tswalu Kalahari Reserve from March
2003 to October 2004, based on kernel density estimates (Mizutani &
Jewell 1998) and the Animal Movement Extension for Arcview 3.2a
(Hooge 1999).
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Figure 10: Range use of lioness LF3 in Lekgaba, Tswalu Kalahari Reserve from
March 2003 to October 2004, based on kernel density estimates
(Mizutani & Jewell 1998) and the Animal Movement Extension for
Arcview 3.2a (Hooge 1999).
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Figure 11: Range use of lioness LF2 in Lekgaba, Tswalu Kalahari Reserve from
March 2003 to October 2004, based on kernel density estimates
(Mizutani & Jewell 1998) and the Animal Movement Extension for
Arcview 3.2a (Hooge 1999).
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Figure 12: Range use of lion LM3 and lioness LF4 in Lekgaba, Tswalu Kalahari

Reserve from March 2003 to October 2004, based on kernel density

estimates (Mizutani & Jewell 1998) and the Animal Movement

Extension for Arcview 3.2a (Hooge 1999).
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The older and dominant male (LM1) had the largest range according to both the
100% minimum convex polygon method and the 95% kernel density estimate.
The core area of use (50% kernel density estimate) for LM1 was the second
highest at 11.7 km?.

The northern pride, consisting of LF1, LM2 and LF3, showed varying degrees of
range use. The dominant female with the two young cubs (LF1) utilized the
smallest range of 70.2 km? (100% minimum convex polygon), based on 108
confirmed locations. Kernel density estimates, however, showed that her core
area of use and 95% kernel range use size estimates were not the smallest. The
young male, LM2, had the second largest range of the lion population, utilizing
102.8 km? of the 188.3 km? predator section of Tswalu. Based on a 50% kernel
isopleth density, LM2, had the largest core area of use of the lion population
(11.8 km®). Female 3 (LF3) utilized 76.8 km? of the total range (100% minimum
convex polygon) based on 110 location fixes. The 95% kernel isopleth density
estimate for LF3 was the smallest in the entire population at 56.6 km?.

The southern pride utilizes large ranges based on the 100% minimum convex
polygon analyses. The dominant female (LF2) had a range size of 91.8 km? (145
location fixes), while her subadult cubs (LM3 and LF4) had a range size of 96.4
km? (133 location fixes). The core area of use (50% kernel isopleths density
estimate) for LF2 was the smallest recorded in the entire lion population, at just
4.3 km?,

The mean range size of the Tswalu lion population is similar to studies conducted
in other, more mesic environments (Table 2). Lions in the Associated Private
Nature Reserves (Turner 2005), Kruger National Park (Funston 1999),
Welgevonden Private Game Reserve (Killian 2003) and Phinda Resource
Reserve (Hunter 1998) all show similar mean range sizes for their lion
populations.
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Table 2: Mean annual rainfall (mm) and mean range sizes (km?) of lions in various conservation areas in Africa compared
to those in Lekgaba, Tswalu Kalahari Reserve in South Africa and as calculated with the 100% minimum convex
polygon method

Conservation area Rainfall Range size  Country Source
Serengeti National Park 800.0 200.0 Tanzania Hanby et al. (1995)
Ngorongoro Crater 772.2 45.0 Tanzania Schaller (1972)
Welgevonden Private Game Reserve 641.5 176.0 South Africa Killian (2003)
Phinda Resource Reserve 635.7 91.5 South Africa Hunter (1998)
Kruger National Park 584.0 133.5 South Africa Funston (1999)
Savuti Marsh 550.0 300.0 Botswana McBride (1990)
Associated Private Nature Reserves 500.3 139.0 South Africa Turner (2005)
Kaudom Game Reserve 450.0 1400.0 Namibia Stander (1997)
Etosha National Park 351.0 1112.5 Namibia Stander (1991)
Tswalu Kalahari Reserve 253.3 91.1 South Africa Present study
Kgalagadi Transfrontier Park 250.0 861.0 South Africa, Botswana Eloff (2002)
Central Kalahari 200.0 2301.0 Botswana Owens & Owens
(1984)
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Habitat selection
The results of the Jacobs’ Preference Index showed that some of the various
habitat types (Figure 6, Chapter 1) were not used in proportion to their availability

by the lions (Tables 3 to 8). The habitat use patterns showed the following:

e Habitat type 1, the Anthephora pubescens dunes, was used in proportion
to its availability by lions LM1, LF1, LF3, LM3 and LF4. This habitat type
was avoided (Index < -0.5) by lions LM2 and LF2.

e Habitat type 2, the Digitaria polyphylla mountains and hills, was avoided
by lions LM1, LM2, LF2, LM3 and LF4 while females LF1 and LF3 used
this habitat type proportional to its availability.

e Habitat type 3, the Eragrostis lehmanniana dune valleys and plains, was
used more than its proportional availability by lions LM1, LF2, LM3 and
LF4. This habitat type was avoided by lions LF1 and LF3 and was used
proportional to its availability by lion LM2.

e Habitat type 4, the Eragrostis pallens dune streets, was used in proportion
to its availability by lions LM1, LF1, LM2, LF3 and LF2. This habitat type
was avoided by the subadult lions of the southern pride, LM3 and LF4.

e Habitat type 5, the Opuntia ficus-indica disturbed areas, was used in
proportion to its availability by all the lion groups

e Habitat type 6, the Stipagrostis amabilis dune crests, was completely
avoided (Index = -1.00) by all the lion groups other than lion LF2 which
used the habitat in proportion to its availability

e Habitat type 7, the Stipagrostis uniplumis bushy plains and valleys, was
used in proportion to its availability by all the lion groups

e Habitat type 8, the Stipagrostis uniplumis plains, was used in a greater

proportion to its availability by all the lion groups

The chi-square goodness-of fit tests showed that all the lion groups showed a
significant habitat selection and preference throughout the study period (Tables 3
to 8). For the data to be significant, a minimum value of 7.81 (upper percentage
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Table 3: The habitat selection of lion LM1 in Lekgaba, Tswalu Kalahari Reserve, from March 2003 to October 2004, based

on the 100% minimum convex polygon method, Jacobs’ Preference Index (1974), a chi-square goodness-of-fit
test value of X% = 161.97, df = 7, P < 0.05 and Bonferroni 95% simultaneous confidence intervals (Cl) (a = 0.05, k

=8,Z2=2.73)
Habitat type P; Observations X° Jacobs’ Bonferroni 95% Habitat use
Index Cl
Anthephora pubescens dunes 0.03 6 0.11 0.07 0.00<P;=0.06 No pattern
Digitaria polyphylla mountains and hills 0.17 8 18.76 -0.70 0.00=P=0.08 Underutilized
Eragrostis lehmanniana dune valleys and 0.04 29 50.08 0.63 0.08<Pi<0.22 Preferred
plains
Eragrostis pallens dune streets 0.30 34 8.98 -0.43 0.10<P<0.26 Underutilized
Opuntia ficus-indica disturbed areas 0.01 5 2.27 0.33 0.00<P;=0.06 No pattern
Stipagrostis amabilis dune crests 0.01 0 1.24 -1.00 0.00=P=0.00 Underutilized
Stipagrostis uniplumis bushy plains and 0.41 84 0.29 0.36 0.34<P;=0.53 No pattern
valleys
Stipagrostis uniplumis plains 0.03 25 80.24 0.73 0.06<P;<0.20 Preferred
Total 1.00 191 161.97 - - -

P; = proportion of habitat available
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Table 4: The habitat selection of lioness LF1 in Lekgaba, Tswalu Kalahari Reserve, from March 2003 to October 2004,
based on the 100% minimum convex polygon method, Jacobs’ Preference Index (1974), a chi-square goodness-
of-fit test value of X2 = 20.84, df = 7, P < 0.05 and Bonferroni 95% simultaneous confidence intervals (Cl) (a =

0.05, k =8,Z =2.73)

Habitat type P, Observations X? Jacobs’ Bonferroni 95% Habitat use
Index Cl

Anthephora pubescens dunes 0.03 3 0.00 0.01 -0.01<P<0.07 No pattern

Digitaria polyphylla mountains and hills  0.17 15 0.71 -0.13 0.05<P;=0.23 No pattern

Eragrostis lehmanniana dune valleys 0.04 1 2.96 -0.66 -0.02<P;i=0.04 No pattern
and plains

Eragrostis pallens dune streets 0.30 26 1.10 -0.14 0.13<P<0.35 No pattern

Opuntia ficus-indica disturbed areas 0.01 3 1.59 0.35 -0.01<P<0.07 No pattern

Stipagrostis amabilis dune crests 0.01 0 0.69 -1.00 0.00=P;=0.00 Underutilized

Stipagrostis uniplumis bushy plains 041 51 0.87 0.12 0.34<P=0.60 No pattern
and valleys

Stipagrostis uniplumis plains 0.03 9 13.63 0.55 0.01=P<0.15 No pattern

Total 1.00 108 20.84 - - -

Pi = proportion of habitat available
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Table 5: The habitat selection of lion LM2 in Lekgaba, Tswalu Kalahari Reserve, from March 2003 to October 2004, based
on the 100% minimum convex polygon method, Jacobs’ Preference Index (1974), a chi-square goodness-of-fit
test value of X2 = 53.90, df = 7, P < 0.05 and Bonferroni 95% simultaneous confidence intervals (Cl) (a = 0.05, k =

8,Z2=2.73)
Habitat type P; Observations X° Jacobs’ Bonferroni 95% Habitat use
Index Cl
Anthephora pubescens dunes 0.03 1 0.46 -0.66 0.00=P=0.00 Underutilized
Digitaria polyphylla mountains and hills 0.17 10 13.20 -0.59 0.01=P=0.11 Underutilized
Eragrostis lehmanniana dune valleys and 0.04 10 0.74 0.15 0.01=<Pi<0.11 No pattern
plains
Eragrostis pallens dune streets 0.30 47 0.34 -0.08 0.18<P<0.36 No pattern
Opuntia ficus-indica disturbed areas 0.01 4 1.22 0.27 -0.01<P<0.05 No pattern
Stipagrostis amabilis dune crests 0.01 1.11 -1.00 0.00=P=0.00 Underutilized
Stipagrostis uniplumis bushy plains and 041 84 2.11 0.35 0.39<P<0.59 No pattern
valleys
Stipagrostis uniplumis plains 0.03 17 34.72 0.63 0.04<P;=0.16 Preferred
Total 1.00 173 53.90 - - -

Pi = proportion of habitat available
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Table 6: The habitat selection of lioness LF3 in Lekgaba, Tswalu Kalahari Reserve, from March 2003 to October 2004,
based on the 100% minimum convex polygon method, Jacobs’ Preference Index (1974), a chi-square goodness-
of-fit test value of X2 = 33.40, df = 7, P < 0.05 and Bonferroni 95% simultaneous confidence intervals (Cl) (a =

0.05, k =8,Z =2.73)

Habitat type P; Observations X° Jacobs’ Bonferroni 95% Habitat use
Index Cl

Anthephora pubescens dunes 0.03 4 0.33 0.14 -0.01<P<0.09 No pattern

Digitaria polyphylla mountains and hills 0.17 17 0.21 -0.07 0.06=P;=0.24 No pattern

Eragrostis lehmanniana dune valleys and 0.04 1 3.10 -0.67 -0.02<P;=0.28 No pattern
plains

Eragrostis pallens dune streets 0.30 22 341 -0.26 0.10=P=0.30 No pattern

Opuntia ficus-indica disturbed areas 0.01 3 1.56 0.35 -0.01<P<0.07 No pattern

Stipagrostis amabilis dune crests 0.01 0 0.71 -1.00 0.00=P=0.00 Underutilized

Stipagrostis uniplumis bushy plains and 041 52 0.90 0.13 0.17=P=0.77 No pattern
valleys

Stipagrostis uniplumis plains 0.03 11 23.17 0.62 0.02<P;=0.18 No pattern

Total 1.00 110 33.40 - - -

Pi = proportion of habitat available
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Table 7: The habitat selection of lioness LF2 in Lekgaba, Tswalu Kalahari Reserve, from March 2003 to October 2004,
based on the 100% minimum convex polygon method, Jacobs’ Preference Index (1974), a chi-square goodness-
of-fit test value of X? = 152.90, df = 7, P < 0.05 and Bonferroni 95% simultaneous confidence intervals (Cl) (a =
0.05,k=8,2=2.73)

Habitat type P; Observations X° Jacobs’ Bonferroni 95% Habitat use
Index Cl

Anthephora pubescens dunes 0.03 1 2.21 -0.61 -0.02<P<0.03 No pattern

Digitaria polyphylla mountains and hills 0.17 2 21.29 -0.88 -0.02sP=0.03  Underutilized

Eragrostis lehmanniana dune valleys and 0.04 27 66.47 0.69 0.10<P<0.28 Preferred
plains

Eragrostis pallens dune streets 0.30 25 7.47 -0.39 0.08<P<0.26 Underutilized

Opuntia ficus-indica disturbed areas 0.01 3 0.58 0.22 -0.01<P<0.05 No pattern

Stipagrostis amabilis dune crests 0.01 1 0.01 0.04 -0.02<P;=0.03 No pattern

Stipagrostis uniplumis bushy plains and 0.41 68 1.04 0.18 0.36=P<0.58 No pattern
valleys

Stipagrostis uniplumis plains 0.03 18 53.93 0.70 0.05<Pi<0.19 Preferred

Total 1.00 145 152.90 - - -

Pi = proportion of habitat available
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Table 8: The habitat selection of lions LM3 and LF4 in Lekgaba, Tswalu Kalahari Reserve, from March 2003 to October
2004, based on the 100% minimum convex polygon method, Jacobs’ Preference Index (1974), a chi-square
goodness-of-fit test value of X2 = 173.47, df = 7, P < 0.05 and Bonferroni 95% simultaneous confidence intervals
(C) (a=0.05,k=8,Z=2.73)

Habitat type P; Observations X° Jacobs’ Bonferroni 95% Habitat use
Index Cl

Anthephora pubescens dunes 0.03 3 0.11 -0.09 -0.01<P<0.05 No pattern

Digitaria polyphylla mountains and hills 0.17 2 19.13 -0.87 -0.01=sP=0.05  Underutilized

Eragrostis lehmanniana dune valleys and 0.04 25 62.34 0.68 0.10<P<0.28 Preferred
plains

Eragrostis pallens dune streets 0.30 14 16.32 -0.60 0.04<Pi<0.18 Underutilized

Opuntia ficus-indica disturbed areas 0.01 4 2.77 0.39 -0.01<P<0.07 No pattern

Stipagrostis amabilis dune crests 0.01 0 0.85 -1.00 0.00=P=0.00 Underutilized

Stipagrostis uniplumis bushy plains and 041 66 2.15 0.37 0.29<P<0.71 No pattern
valleys

Stipagrostis uniplumis plains 0.03 19 69.80 0.73 0.06<P<0.22 Preferred

Total 1.00 133 173.47 - - -

Pi = proportion of habitat available
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points of the chi-square distribution, Nelson 2004) was required for significance
at the 5% level, with degrees of freedom = 7. All the chi-square values for the lion

groups exceeded this minimum value at the 5% level.

Since all the lion groups showed significant habitat selection and preferences, the
Bonferroni 95% simultaneous confidence intervals were used to determine a
preference, no discernable pattern, or underutilization for each lion group (Tables
3to 8) (Neu et al. 1974). There was no discernable pattern for habitat preference
in Habitat type 1, other than lion LM2, which underutilized this habitat type (P; =
0.03). Habitat type 2 has a large surface area but was underutilized by the
majority of the lion groups. Three lion groups have a preference for habitat type 3,
while there was no discernable pattern of use for the remaining lion groups.
Habitat type 4, the second largest habitat type in Lekgaba, was either
underutilized or there was no pattern of use, meaning that the lions used the
habitat in proportion to its availability. No pattern of use was by the lions was
observed in habitat type 5. Habitat type 6 was underutilized by the majority of the
lion population. No discernable use pattern was observed for any lion group in
Habitat type 7. A preference of use was shown for Habitat type 8, with four of the
six lion groups preferring these Stipagrostis uniplumis plains according to its

proportional availability.

Discussion

An understanding of the range use and habitat selection of wild animals is
integral to its conservation and management (Perrin & Bodbijl 2001; Turner 2005).
The range use and habitat selection, in particular, of a predator are correlated to
the range use and habitat preference of their prey (Sunquist & Sunquist 2002;
Turner 2005). Spoor tracking was seen as an effective method in obtaining range
use and habitat selection data for the lion population on Tswalu. There is,
however, an inherent bias associated with spoor tracking, such as observer error

and inexperience (Stander et al. 1997; Stander 1998), and more effective
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methods such as continuous GPS radio tracking could provide more insight into
the movement patterns of the Tswalu lion population (Harris et al. 1990; Viljoen
1997; Van Heezik & Seddon 1998; Salvatori, Skidmore, Corsi & Van der Meer
1999; Turner 2005). However, spoor tracking provides data on behaviour of an
animal, hunting success and type of prey hunted, which radio tracking does not
provide (Melville, Bothma & Mills 2004).

Range use

The range sizes of felids in arid and semi-arid environments can be expected to
be larger than those of the same type in more mesic environments (Bothma & Le
Riche 1994b; Bothma et al. 1997; Van Heezik & Seddon 1998; Eloff 2002).
However, on Tswalu Kalahari Reserve it was found that the range sizes of the
focal lions were similar to areas with a higher annual rainfall, being similar to
those found for lions in Phinda Resource Reserve (Hunter 1998), Welgevonden
Private Game Reserve (Killian 2003) and the Associated Private Nature
Reserves (Turner 2005) when based on the 100% minimum convex polygon
method of range use analysis. According to Turner (2005), prey density is an
important determinant in range sizes of lions. Ogutu and Dublin (2004) also
suggested that the distribution of lions mirrors that of the resident herbivores and

that there is a correlation between lion density and herbivore biomass.

The range sizes of lions across various habitat types are inversely related to lean
season prey availability (Van Orsdol, Hanby & Bygott 1985; Ogutu & Dublin 2002;
Sunquist & Sunquist 2002). However, on Tswalu the prey could not migrate to
other areas in the dry season due to the presence of the wildlife-proof fences.
The year-round water supply also meant that the prey did not have to move
seasonally. The prey densities on Lekgaba are similar to those described by
Hunter 1998, Killian 2003 and Turner 2005. Lekgaba has a prey density of 1508
kg/km?, which is similar to both Welgevonden (1880 kg/km?, Killian 2003) and
Phinda (1996 kg/km? Hunter 1998). The Tswalu lion population also have a
larger prey base from which to choose from than the lion population of the
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Associated Private Nature Reserves, where a prey to lion ratio of 115 prey
animals per lion was found, whereas on Tswalu the lions have a prey to lion ratio

of 315 prey animals per lion.

The presence of management fences also does not allow the lions to expand
their ranges into neighbouring farms (Turner 2005). The range size of the lion
groups may have been larger and similar to other lions living in a semi-arid
environment (Eloff 2002), were it not for the presence of these fences. Lekgaba
also has many waterholes which are topped up regularly when there is not
enough rainwater. The prey animals of the lions are dependent on water in semi-
arid environments (Eloff 2002; Cromhout 2006), which would explain the use of
waterholes by the lions when hunting. Lions are not dependent on water in the
Kalahari ecosystem, but will drink it if the opportunity arises (Eloff 1973b, 2002;
Sunquist & Sunquist 2002). The lions therefore do not have to move long
distances to find prey animals at the water sources where they will hunt them
(Scheel 1993).

As expected the range size of the males was larger than that of the females,
which is consistent with the majority of felids (Bothma et al. 1997; Mizutani &
Jewell 1998; Killian 2003; Turner 2005). The mean range size for the male lions
was 105.9 km?, while the mean range size for females was 79.6 km? (Table 2).
The range size of the males is smaller than that found in other studies, with LM1
having the largest range at 109.1 km?. Yet, this range is still smaller than that
found for males in the Associated Private Nature Reserves, with a lower prey
density, but again this particular male did not have to move far for mating
opportunities or potential prey. The range size of the males on Tswalu is similar
to that of females found on Welgevonden. The dominant lioness in the northern
pride, LF1, had the smallest range size of all the focal lions which is consistent
with the results of Killian (2003), who found that females with young cubs have

smaller range sizes than females who are not nursing. The range overlap of the
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dominant male with the two dominant females in each pride is shown in Figure 13
and 14.

The range sizes of the lion population on Lekgaba, Tswalu Kalahari Reserve, do
not concur with studies done on felids in arid and semi-arid regions (Castley,
Knight, Mills & Thouless 2002).. The range sizes did follow a general trend in
which range sizes of lions are smaller in prey rich areas and much larger in prey

poor areas (Turner 2005).

Habitat selection

The habitat requirements of lions are considered to be areas of sufficient hunting
opportunities, habitats with preferred prey types, mating opportunities and
drinking water (Hanby et al. 1995; Turner 2005). Lions are and ambush predators,
relying on good cover to attack their prey (Sunquist & Sunquist 2002; Hopcroft,
Sinclair & Packer 2005). This means that the structure of the vegetation in each
particular habitat type influences the hunting success of lions, as well as does
prey availability (Funston 1999). On a broad habitat scale prey density and prey
habitat selection are important factors in determining the habitat preference of a
predator (Packer, Scheel & Pusey 1990; Mills & Gorman 1997; Lombardi,
Fernandez, Moreno & Villafuerte 2003; Hopcroft et al. 2005; Turner 2005).
According to Killian (2003), predators will naturally seek out high concentrations
of available prey. Hopcroft et al. (2005) furthermore suggest that lions select
habitats where prey animals are easier to catch, rather than where prey densities
are high. They support an ambush-habitat hypothesis, which basically involves
fine-scale habitat changes which affect the catchability of the prey.

The lion population on Lekgaba showed a definite preference for certain habitat
types, while avoiding others. Some habitat types were also used in proportion to
their relative availability. Individual animals selected habitats differently, despite
relative availability (McClean, Rumble, King & Baker 1998). It was not logistically
possible to study the habitat requirements and preferences of the prey animals
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Figure 13: Range overlap of lion LM1 and lioness LF1 on Lekgaba, Tswalu
Kalahari Reserve using the 100% minimum convex polygon method

(Worton 1987) and the Animal Movement Extension for ArcView 3.2a
(Hooge 1999).
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Figure 14: Range overlap of lion LM1 and lioness LF2 on Lekgaba, Tswalu
Kalahari Reserve using the 100% minimum convex polygon method

(Worton 1987) and the Animal Movement Extension for ArcView 3.2a
(Hooge 1999).
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on Lekgaba and for this reason only habitat use for the lion population is
indicated. Various types of prey prefer specific habitat types and are therefore
unevenly distributed in an area (McNaughton & Georgiades 1986; Turner 2005).
Where possible, prey habitat use and characteristics are given using the prey’s
general behavioural characteristics and personal observations made by
researchers and field guides.

There was not a single habitat type that all the lion focal groups under-utilized or
preferred. Two habitat types (the Opuntia ficus-indica disturbed areas and the
Stipagrostis uniplumis plains) were used in proportion to their availability by all
the focal lion groups. As was expected the majority of the observation locations
were made in the most abundant habitat of Stipagrostis uniplumis bushy plains
and valleys (405 locations in 41% of the available area, Tables 3 to 8).

The Anthephora pubescens dunes, covered only 3% of the total area of Lekgaba.
This habitat type has a good veld condition score at 70% with a high incidence of
Decreaser grass species (Van Rooyen 1999), which provides palatable grass for
grazers. There is a poorly developed tree and shrub layer which does not provide
adequate cover for lions when hunting. A total of 18 locations were recorded here
for all focal lion groups, with only the young male, LM2, not using this particular
habitat type in proportion with its availability.

The Digitaria polyphylla mountains and hills were underutilized by the two lone
males and by the entire southern pride due to the lack of hunting opportunities on
the rocky slopes. The northern pride females used this habitat type in proportion
to its availability. LF1 gave birth to her cubs and nursed them on one of the
mountains, while her daughter LF3, did not move far from her side during the
nursing of the cubs. The rocky slopes are inaccessible to plains wildlife and only
Hartmann’s mountain zebra and the greater kudu were found on the mountains
and hills of Lekgaba. Skilpad dam, one of the main dams, is located in this
habitat type which was frequented by the northern pride (Figure 15). Skilpad dam
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Figure 15: Overlap of water source use and core area of use of lioness LF1 in
Lekgaba, Tswalu Kalahari Reserve from March 2003 to October 2004,
based on kernel density estimates (Mizutani & Jewell 1998) and the
Animal Movement Extension for ArcView 3.2a (Hooge 1999).
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was used for hunting and drinking. Several greater kudu herds and lone bulls
would drink at this watersource and provided several hunting opportunities for the
northern pride. The dominant female, LF1, would utilize various other habitat
types, the Eragrostis pallens dune streets and the Stipagrostis uniplumis bushy
plains and valleys, to hunt plains game while she was nursing her cubs.

The Eragrostis lehmanniana dune valleys and plains were preferred by the
dominant male, LM1, by the southern pride consisting of LF2, LF4 and LM3. This
habitat type covers only 4% of the total area of Lekgaba but the fourth highest
number of observations (n = 93) was recorded here. This habitat type has a high
veld condition score of 72.1%, a moderate herbaceous layer and sparse tree and
shrub cover. The relatively high veld condition score meant that there is a high
incidence of palatable vegetation for ungulate prey. The cover that is provided for
the lions by the moderately developed grass layer contributes to the preference
that was shown by the southern pride and the dominant male for this habitat type.
The large number of lion observations in this relatively small habitat may also be
attributed to the abundance of high quality feed for ungulate prey in this habitat

type.

The Eragrostis pallens dune streets, is the second largest habitat type on
Lekgaba covering approximately 30% of its total surface area. The second
highest number of observations were made in habitat type (n = 168). There is a
moderate grass cover and sparsely developed tree and shrub layer, and it has a
moderate veld condition score of 55.2% (Van Rooyen 1999). None of the focal
lion groups preferred this habitat type and LM1 and the southern pride
underutilized this area. However, the northern pride’s main waterhole, Deelmede,
is found in this habitat which could explain their frequent use of it relative to its
proportional availability (Figure 15). Deelmede was used by gemsbok, Burchell’s
zebra, blue wildebeest, eland and ostriches.
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The Opuntia ficus-indica disturbed areas contribute only 1% of the total area of
Lekgaba. As the name implies these disturbed areas have little herbaceous, tree
and shrub growth. No veld condition score was given for these areas due to the
lack of growth (Van Rooyen 1999). One of the five main waterholes, Bruwer, is
found on the edge of such a disturbed area. This waterhole is popular with plains
wildlife such as the blue wildebeest, gemsbok, springbok and red hartebeest.
Several (n = 22) lion sightings were made there, but the lack of cover and
ambushing opportunities limited the use of this particular habitat type by the lions
for hunting.

The Stipagrostis amabilis dune crests were the least used by all the lions, and it
also only contributed 1% to the total area of Lekgaba. Only one sighting of LF2
was made on a dune crest. There is a moderate veld condition score of 61.4%
and poor ecological capacity of 52.8 hectares per large stock unit on these dune
crests. The herbaceous layer is very poorly developed and does not provide
adequate cover for predators nor adequate feeding opportunities for herbivores.
The relatively small size, poor ecological capacity and limited hunting
opportunities on dune crests are reflected by the low number of observations of
lions that were made on this habitat type. There is also limited shade because of
a poor occurrence of trees and shrubs. Lions do utilize dune crests as look-out
points to find prey (Eloff 2002), but no evidence of this was found while spoor-
tracking the lion population. The lions had adequate opportunities for hunting in
the other habitat types.

The largest habitat type, the Stipagrostis uniplumis bushy plains and valleys,
provided the most observational data with 405 confirmed lion locations. All the
focal lion groups utilized this habitat type relative to its proportional availability.
The main waterhole of the southern pride, Stoffberg dam (Figure 16), and the
main waterhole of the northern pride, Deelmede (Figure 15), are both found in
this habitat. A dense shrub layer provides adequate cover for hunting and
ambushing opportunities for the lions. The bushy plains and valleys have a good
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Figure 16: Overlap of water source use and core area of use of lioness LF2 in

Lekgaba, Tswalu Kalahari Reserve from March 2003 to October 2004,
based on kernel density estimates (Mizutani & Jewell 1998) and the
Animal Movement Extension for ArcView 3.2a (Hooge 1999).
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veld condition score of 64.1% (Van Rooyen 1999) and provide grazing and
browsing for prey species. Their prey also prefer open plains to reproduce, feed
and be vigilant for predators (Estes 1997). The high incidence of shrubs also
provides adequate shade for the lions during the warm daylight hours. LF1 used
a Boscia albitrunca tree, located right next to Deelmede dam, for cover for her
two young cubs as they were growing up. Stoffoerg dam is used by gemsbok,
blue wildebeest, impala, red hartebeest, warthog and waterbuck.

The Stipagrostis uniplumis plains, was preferred by four of the six focal lion
groups. The northern pride females utilized this area relative to its proportional
availability. The quarry waterhole was frequented by the southern pride (Figure
16) and males LM1 and LM2. The original holding bomas, in which LM1 and LF2,
were housed are located in this habitat type and were visited regularly by the
southern pride and the two males, especially after a pack of four wild dogs was
introduced into the boma. The herbaceous layer is moderately developed with an
indication of moderate overutilization by herbivores. Several types of plains
wildlife frequented this area, even with the large number of lion sightings being
made in this area. Several herds of springbok, blue wildebeest and gemsbok also
regularly drank water at the quarry waterhole. The cover provided by the
vegetation around the quarry waterhole was relatively poor, however, and there
were several large trees and shrubs from which the lions could hunt and where
they could rest. The high potential prey abundance and the wild dogs in the
holding boma probably contributed to the high level of preference shown for this
habitat type by the lion population.

The hypothesis that the lions utilized the available habitat types relative to their
proportional availability was therefore rejected and clear habitat preferences were
shown, while other areas that did not meet their minimum habitat requirements
were not utilized. Further studies of the habitat selection of the preferred prey of

the lion population will provide more reliable answers as to the habitat selection
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of the lion population. It seems that both hypotheses, the ambush-habitat
hypothesis and the prey-habitat hypothesis (Hopcroft et al 2005), are relevant for
the Tswalu lion population. Water seems to play a large role in the movement
patterns of the lions, as do cover, hunting opportunities, resting sites and prey

habitat selection.

Conclusions

Range use and habitat selection of lions in a relatively small, enclosed and semi-
arid environment has not been studied before. This study aimed to identify areas
of use by the lions and identified whether there was any indication of habitat
selection in the lion population. Range sizes of lions in small enclosed reserves
are limited by the presence of management fences and management actions
such as placement of waterholes and stocking rates of prey. Management
decisions will influence the range use of the prey which in turn will affect the
range use by the lion population. The range size and range use of the Tswalu
lion population were not similar to those found for other lions in a semi-arid region,
but were similar to lions of the more mesic savannas. The lions did not utilize the
entire range and seemed to concentrate their activity around waterholes and
dams. The prey density on Lekgaba was also higher than usual in other semi-arid
areas, and was closer to that in more mesic savannas. The range size of the
adult males was larger than that of the females which is found in most lion
studies (Sunquist & Sunquist 1989; Eloff 2002; Killian 2003; Turner 2005).

The study of habitat selection indicated that there was a distinct selection for
certain habitats by the lions. Each habitat type has unique qualities on a broad
and fine scale which affect the hunting potential for the lions (Hopcroft et al.
2005). Certain habitat types do not meet the minimum habitat requirements for
lions living in a semi-arid, enclosed reserve. The mountains and hills found on

Lekgaba were mostly avoided, unless they were used to raise cubs. The dune
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crests seem to have been avoided but they are not large contiguous surface
areas and as such cannot be considered to have been completely avoided. The

more open habitat types, plains and bushy plains were favoured by the lions.

It seems therefore that range use and habitat selection of the lion population on
Lekgaba, Tswalu Kalahari Reserve are determined by the location of the
waterholes, the habitat preferences of the prey, the ecological capacity of each
habitat type for ungulates, and the hunting opportunities provided by each habitat

type.
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CHAPTER 6

POPULATION VIABILITY ANALYSIS

Introduction

The reintroduction of large carnivores into areas of previous use is a
controversial and difficult practice (Hayward, Adendorff, O’ Brien, Sholto-
Douglas, Bissett, Moolman, Bean, Fogarty, Howarth, Slater & Kerley 2007c).
Several reintroduction attempts have failed due to a lack of knowledge
regarding the actual animal being re-introduced and the area where it is to be
introduced (Hayward et al. 2007c). This has led researchers and authors to
conclude that reintroductions need to be sufficiently understood to be used

as accurate conservation techniques (Killian 2003).

Lions play a large role in the ecotourism potential of South Africa, and their
economic benefit for small enclosed reserves or wildlife ranches cannot be
under-estimated (Packer 1996). However, provision should be made to
accurately determine lion behaviour at each specific site to ensure the long-
term survivability of the lion population while at the same time ensuring that
the population is self-sufficient. The prey use, space use and population
dynamics of lion populations should be studied to maximise the conservation
and economic potential of reintroduced carnivores. An understanding of the
area of introduction, its degree of isolation and habitat quality are also
needed to ensure survival of the population (Carroll, Noss, Paquet &
Schumaker 2003). Population dynamics such as reproduction and population
growth are essential parameters in understanding a population. (Killian
2003). A high reproductive potential, successful breeding and a high growth
rate are indicators that a reintroduction attempt was indeed successful
(Killian 2003).

In general, lion population dynamics have been thoroughly studied (Van
Orsdol 1981; Smuts 1982; Hunter 1998; Funston 1999; Eloff 2002; Sunquist
& Sunquist 2002; Killian 2003; Turner 2005). These population parameters
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can be used in population viability analysis to determine the short- and long-
term survivability of a small lion population in an isolated area. However,
these demographic data should be treated with caution as they are difficult to
determine while they may differ between areas or isolated populations
(Munzbergova & Ehrlén 2005).

Population viability analysis is a method widely applied in ecology to predict
the risk of extinction of a population and to test various management
strategies to prevent extinction from occurring (Norton 1993; Hamilton &
Moller 1995; Lindenmayer, Burgman, Akcakaya, Lacy & Possingham 1995;
Taylor 1995; Brook, Lim, Harden & Frankham 1997; Somers 1997; Brook,
Cannon, Lacy, Mirande & Frankham 1999; Ludwig 1999; Brook, O’ Grady,
Chapman, Burgman, Akcakaya & Frankham 2000; Reed, Mills, Dunning,
Menges, McKelvey, Frye, Beissinger, Anslett & Miller 2002; Killian 2003;
Cromhout 2006; Wilson 2006; Watson & Chadwick 2007; Leimgruber,
Senior, Uga, Myint Aung, Sanger, Mueller, Wemmer & Ballou 2008). A
population viability analysis involves the evaluation of population data and
models to predict the likelihood of population persistence for a certain time
period (Boyce 1992). Deterministic and stochastic events that affect
populations are dealt with in a population viability analysis (Brook et al.
1997).

Stochastic events include demographic stochasticity, environmental variation,
genetic drift and natural catastrophes (Lacy 1993; Brook et al. 1997).
Demographic stochasticity is the fluctuation in the observed birth rate,
mortality rate and sex ratio of a population (Lacy 1993). Environmental
variation is the change in environmental conditions which affects the birth
and mortality rates of a given population (Lacy 1993). Genetic drift is the
cumulative and non-adaptive change in allele frequencies, which can result in
an accelerated decline in a population or severely impede that population’s
recovery (Lacy 1993). Natural catastrophes are the extreme of environmental
variation and include events such as prolonged drought, fire and disease
(Lacy 1993).

109



Population viability analysis can provide an understanding of all interacting
forces that contribute to a population’s potential extinction, and how best to
overcome these factors to ensure the long-term survival of a population.
Several programs have been developed to construct population models to
aid managers in creating strategies to avoid local population extinction.
Various software packages such as GAPPS, INMAT, RAMAS,
RAMAS/stage, Metapop and VORTEX, use Monte Carlo simulations to
recreate survival and reproductive events in successive years (Harris,
Maguire & Shaffer 1987; Lacy 1993; Hamilton & Moller 1995).

For the purposes of the present study, VORTEX ver. 9.72 (Lacy, Borbat &
Pollak 2005; Miller & Lacy 2005) was used for a population viability analysis.
VORTEX is a user-friendly software package that has been applied to
several populations throughout the world (Song 1996; Brook et al. 1997,
Somers 1997; Watson, Odendaal, Barry & Pietersen 2005; Leimgruber et al.
2008). VORTEX models the changes in a population that may occur as a
result of deterministic and stochastic events in a series of discrete events that
occur once per year (Lacy 2000). VORTEX requires several input parameters
as specified by the user in the belief that they may have an impact on the
population (Somers 1997). These parameters include mortality rates,
reproductive rates, reproductive biology, initial population sizes and the

ecological capacity of the population in question (Killian 2003).

The management of small isolated populations is essential for their future

survival. The survivability of the lion population on Tswalu Kalahari Reserve is

determined by answering the following questions:

e What are the population demographics of the lions?

e What is the ecological capacity for lions on the Lekgaba predator camp?

e What are the short- and long-term survival probabilities of the lion population?
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Methods

The various input parameters required for VORTEX simulation modelling
were studied and entered into the program to conduct a population viability

analysis.

Scenario settings

The lion population demographics were modelled from 1000 iterations for
greater accuracy over a period of 10, 20, 50 and 100 years to determine
short- and long-term viability. Short time intervals were used to minimise
error and to evaluate conservative probabilities of extinction (Beissinger &
Westphal 1998). Extinction is defined here as only one sex remaining in the

breeding pool.

Species description

Small isolated populations run the risk of inbreeding when no immigration or
emigration can occur in the population. Inbreeding can have a severe effect
on the survival probability of a population (Killian 2003). Inbreeding
depression was set at the default value of 3.14, with 50% due to recessive

alleles, as there was no published data on inbreeding depression for lions.

Reproductive system and reproductive rates

Lions are polygynous reproducers with one male siring several sets of cubs
from various females (Estes 1997). Females start breeding at the age of four
years (Van Vuuren et al. 2005), with males being able to mate successfully
for the first time at 5 years old (Van Vuuren et al. 2005). The maximum age
of reproduction varies from region to region, a mean of 13 years old for
maximum reproduction was chosen. Females can produce up to six cubs per
year (Schaller 1972), with a two year cessation in breeding. In most
populations the sex ratio of cubs is at parity, except after a male takeover
where the sex ratio favours the birth of male cubs (Van Vuuren et al. 2005).
Both adult females were actively breeding in the population (100% breeding

females), producing four cubs every two years.
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Mortality rates

Lion survival is dependent on environmental and ecological conditions, which
affects the numbers and availability of their preferred prey types (Van Vuuren
et al. 2005). Cub survival is very low in arid and semi-arid conditions (Eloff
2002), and is dependent on the abundance of food, while that of adults is
much higher. Under good environmental conditions, lion survival is assumed
to be higher than under poor environmental conditions (Van Vuuren et al.
2005). For this study, three types of conditions and lion survival probabilities
were modelled in VORTEX (Table 1). Good environmental conditions existed
when the annual average rainfall exceeded 237 mm for the previous two
years. Poor environmental conditions were modelled as years where average
rainfall was below 165 mm. Average environmental conditions occurred in
those years where the mean annual rainfall was from 165 to 237 mm (Van
Vuuren et al. 2005). Lion survivability was modelled for each environmental
variable by grouping the lions into age classes from 0-1 year, 1-2 years old,

2-3 years old, 3-4 years old, and adults over 4 years old.

Catastrophes

Extreme environmental changes, disease and fire are realities in wildlife
management (Killian 2003). The catastrophes are modelled in VORTEX by
obtaining the frequency of occurrence and the effect of that particular
catastrophe on the reproduction and survivability of the lion population. The
only catastrophe that was thought to have a possible effect on the lions in
Lekgaba was disease. Lion sociality lends itself to the rapid spread of
disease (Craft, Hawthorne, Packer & Dobson 2008).

Severe disease epidemics such as canine distemper virus and rabies can
have a serious effect on survival probabilities of animals (Henderson 1982;
Roelke-Parker, Munson, Packer, Kock, Cleaveland, Carpenter, O’ Brien,
Pospischil, Hoffmann-Lehmann, Lutz, Mwamengele, Mgasa, Machange,
Summers & Appel 1996; Packer et al. 1999; Kissui & Packer 2004). The
Serengeti lions lost 30% of the population during a serious outbreak of
canine distemper virus in 1994. Serious disease outbreaks have been

speculated to occur every 20 years in Namibia, with a reduction on 20 to 35%
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Table 1: Survival probabilities (percentages) of lions in varying age groups under
various environmental conditions. Good conditions occur when mean
annual rainfall exceeds 237 mm. Average environmental conditions occur
when the mean annual rainfall is from 237 to 165 mm. Poor environmental

conditions occur when the mean annual rainfall < 165 mm.

Age (years) Good Average Poor
0-1 0.60 0.50 0.10
1-2° 0.90 0.75 0.30
2-3 0.95 0.90 0.60
3-4 0.97 0.95 0.85
4 and older (adult) 0.97 0.97 0.95

1 =upto 1 but excluding 1
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of the population (Berry, Bush, Davidson, Forge, Fox, Grisham, Howe,
Hurlbut, Marker-Kraus, Martenson, Munson, Nowell, Schumann, Shille,
Stander, Venzke, Wagener, Wildt, Ellis & Seal 1997). A 5 % chance of a
serious disease outbreak every 100 years was therefore modelled in the
present study, along with a 30% reduction in survival, but with no effect on
the reproduction (Killian 2003).

Drought was not included as a catastrophe because water is available
throughout the year and supplementary feeding is provided in harsh
environmental conditions. Drought has also been shown to boost lion
condition and food consumption because of the abundance of food and

carcasses (Kissui & Packer 2004).

Initial population size
A specified age distribution of the lion population was utilized in the model

(see Chapter 1 for the ages and sexes of the lions).

Ecological capacity

The ecological capacity is the maximum number of individuals that an
environment can sustain over time, without that population having a
detrimental effect on the environment (Miller & Lacy 2005). The ecological
capacity of Lekgaba in terms of lion numbers was calculated by using the

following method of Hayward et al. (2007b), which is:

Y =-2.158 + 0.377X (data log transformed)
Where Y is the ecological capacity and X is the prey biomass based on the
prey densities (Chapter 4). Van Orsdol et al. (1985) also used prey biomass
based on prey densities to obtain an ecological capacity for a lion population.

Their method was:

Y = 0.0870 + 0.0001X (data not log transformed)
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Where Y is the ecological capacity and X is the prey biomass based on the
prey densities (Chapter 4). However, the values from Van Orsdol et al.
(1985), overestimate ecological capacities in various areas, especially for
lions (Hayward et al. 2007b). The edible biomass and standing crop biomass
were therefore used here to determine the ecological capacity of the study

area for lions.

VORTEX does not allow the population growth to be modelled above the
ecological capacity, but in nature this practice is far from true. Populations
fluctuate in size due to prevailing environmental and ecological conditions.
Therefore the ecological capacity was modelled at an overpopulation and at
the actual ecological capacity, to compensate for the variations known to

occur in population growth.

Harvest and supplementation

No lions were removed during the study period, or will be removed by trophy
hunting in Tswalu Kalahari Reserve. Nevertheless, reproducing males should
be replaced after a certain time period to prevent inbreeding (Hunter 1998).
Subadult males, who are displaced at about three years of age by older
dominant males, will also have to be removed to prevent them from moving
into surrounding lands and causing serious damage to livestock enterprises
(Van Bommel et al. 2007). Removal of subadult animals will bring about the
need to supplement the population with new breeding males to ensure the

long-term survival of the population.

Models

Three environmental conditions were modelled at ecological capacity and at
various time intervals (10, 20, 50 and 100 years). Mortality rates during good
environmental conditions were used to model the effect of a catastrophe on
the population. The good environmental condition mortalities were used
because they more closely mimic the actual environmental conditions found
on Lekgaba. They were also used to model various ecological capacities and

their effect on population survivability.
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A model was also run where all the males in the initial population were
removed to be supplemented with a coalition of two and three males of
breeding age. The young cubs were old enough to escape infanticide from
the new incoming males. Only one coalition was modelled due to known

space use by the Kalahari lion (Chapter 5).

Results

The ecological capacity of the lion population in the predator camp on Tswalu
Kalahari Reserve was determined as 17 lions when using the available edible
prey biomass, and 20 individuals when using the standing crop prey
biomass. When using the Van Orsdol et al. (1985) equation the ecological
capacity was calculated as 34 individuals for the edible prey biomass and 42

lions for the standing crop prey biomass.

The effect of environmental conditions on the survival of the population
showed that in years of good environmental conditions the population was
expected to be viable for all the years of modelling (Table 2). Under average
environmental conditions the population also grew to ecological capacity and
stayed viable for all modelled time intervals (Table 3). However, when rainfall
was expected to be poor and the mortality rates of younger lions were high,
the population would become extinct after 20 years (Table 4). The
probabilities of extinctions for each mortality rate at each time interval are

shown in Figure 1.

The effect of a catastrophe, such as disease, has little effect on the growth
rate and ecological capacity of the population (Figure 2). With a catastrophic
disease increasing the probability of extinction increases from 0.02 to 0.08,

and decreases the stochastic growth rate of r = 0.195.

When higher ecological capacities are used (34 animals), the population
reaches ecological capacity (N = 33) after only 10 years even when a serious
disease outbreak was modelled. The probability of extinction is 0.00 with the

population remaining at ecological capacity for over 100 years (Figure 3).
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Table 2: VORTEX analyses projections of the lion population on Tswalu Kalahari
Reserve for four time intervals, under good environmental conditions
(mean annual rainfall > 237 mm), an ecological capacity of 17 lions and

low mortality rates.

Years r SD(r) PE N H
10 0.285 0.196 0.00 16 83
20 0.261 0.193 0.00 17 74
50 0.239 0.179 0.01 17 54
100 0.222 0.169 0.02 16 34

r = stochastic growth rate

SD(r) = standard deviation around r

PE = probability of extinction

N = mean number of lions in the population

H = mean heterozygosity of the population
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Table 3: VORTEX analyses projection of the lion population on Tswalu Kalahari
Reserve for four time intervals, under average environmental conditions
(mean annual rainfall from 165 mm to 237 mm), an ecological capacity of

17 lions and average mortality rates.

Years r SD(r) PE N H
10 0.223 0.193 0.00 16 84
20 0.203 0.184 0.01 16 76
50 0.179 0.177 0.01 16 57
100 0.162 0.168 0.03 16 37

r = stochastic growth rate

SD(r) = standard deviation around r

PE = probability of extinction

N = mean number of lions in the population

H = mean heterozygosity of the population
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Table 4: VORTEX analysis projection of the lion population on Tswalu Kalahari

Reserve for four time intervals, under poor environmental conditions (mean

annual rainfall < 165 mm), an ecological capacity of 17 lions and a high

mortality rate.

Years r SD(r) PE N H
10 -0.091 0.266 0.34 5 80
20 -0.101 0.272 0.96 3 64
50 -0.101 0.271 1.00 0
100 -0.103 0.272 1.00 0

r = stochastic growth rate

SD(r) = standard deviation around r

PE = probability of extinction

N = mean number of lions in the population

H = mean heterozygosity of the population
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Figure 1: The probability of extinction of the lion population in the Lekgaba predator camp at Tswalu Kalahari Reserve for different
levels of mortality, as projected by VORTEX analysis. A value of 1.0 indicates 100% survivability, while O indicates

extinction.
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Figure 2: The increase in size of the lion population in the Lekgaba predator camp at Tswalu Kalahari Reserve to ecological

capacity (17 lions) as modelled with a disease catastrophe affecting the population and projected by VORTEX analysis.

121



40—

Population size

Years

Figure 3: The increase in size of the lion population in the Lekgaba predator camp at Tswalu Kalahari Reserve when the ecological

capacity of the lion population is doubled (34 lions) to compensate for fluctuations around the actual ecological capacity

of 17 lions and projected by VORTEX analysis.
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The harvesting of all the males in the population and replacement by a
coalition of two breeding males yielded similar results to the original
population, even when modelled after a disease catastrophe. The projected
stochastic growth rate of r = 0.196 is similar to the stochastic growth rate of r
= 0.195 for the initial population. When a coalition of three males of breeding
age are supplemented the stochastic growth rate (r = 0.198) increased as
expected and the probability of extinction (PE = 0.06) decreased as

expected.
Discussion

The ecological persistence and survival of a small isolated lion population
was determined by using a population viability analysis. However, the results
of the VORTEX analysis should be treated with caution, as these software
packages do not provide exact answers (Wilson 2006). Reintroduced small
populations of lions differ markedly from populations in large self-containing
systems (Hunter 1998). The reintroduced populations have a rapid stochastic
growth rate and high survival probabilities of cubs and subadults (Hunter
1998).

Lekgaba is no exception, where a rapid population growth has led to the lion
population reaching ecological capacity after less than ten years. Any reserve
that hopes to reintroduce lions onto their property should note this rapid
growth in the absence of socially limiting factors.

The ecological capacity of Lekgaba for lions was determined to be 17
individual animals, which is similar to the ecological capacity of Phinda
Resource Reserve (17 animals), which has similar prey densities and is
similar in size (170 km?) to Lekgaba (Hunter 1998; Hayward et al. 2007b).
The rapid growth rate of the lion population will place pressure on the prey
population and managers should be aware of this rapid increase in the
number of lions on the reserve. Calculating the ecological capacity for an
enclosed reserve after every annual wildlife count (prey) allows managers to
increase the available food resources or limit the number of predators that

put pressure on the prey population (Hayward et al. 2007b). Using a more
123



conservative estimate of ecological capacity reduces the likelihood of

overpopulation occurring (Hayward et al. 2007b).

Environmental conditions play a large role in cub and subadult survival in
lions (Van Vuuren et al. 2005). During high rainfall years (> 237 mm mean
annual rainfall), cub and subadult mortality is low when compared to times of
mean or low rainfall. At high cub and subadult mortality rates the population
declines rapdily during the first ten years and becomes extinct soon after
that. This is not foreseen to be a major problem for Tswalu where water
provisioning, food supplementation and high prey densities are all being used
as management options. Tswalu receives an annual rainfall of circa 250 mm,
which indicate good environmental conditions and high lion and prey survival
rates. Even after the addition of a disease catastrophe the lion population is
expected to continue to grow to its ecological capacity. This could be due to
the infrequent occurrence of disease and the relatively small effect that
disease has on the reproductive potential and survivability of the lion
population (Roelke-Parker et al. 1996). The lion population on Tswalu was
also vaccinated against rabies after a bat-eared fox had died of a suspected
rabies infection (pers. obs.). All domestic dogs in the surrounding areas were

also vaccinated against disease in 2004.

The removal of reproducing males and supplementation of new males will
have little effect on the growth rate of the population. New males will
generally kill cubs less than nine months old (Whitman, Starfield, Quadling &
Packer 2004), and stimulate females to come into oestrus soon after
(Whitman et al. 2004). The rapid growth rate shown by the lions could mean
a shorter interbirth interval for females, which may lead to inbreeding when
breeding males mate with their daughters, or young males mate with sisters
or mothers (Killian 2003). Males of breeding age should therefore be
replaced when the threat of inbreeding occurs. Males should be exchanged
with other males from different reserves or farms to enhance genetic diversity
and minimise the risk of extinction. Few small enclosed populations are able
to maintain genetic diversity and should be managed accordingly (Killian
2003).
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Lions remain important for the ecotourism and hunting industries in South
Africa. Lion populations in isolated areas have to be managed to ensure
genetic diversity, economic efficiency and self-sustainability. Only through
adequate research and correct management techniques and principles can
this goal be achieved. Population viability analysis can provide insights into
the population demographics of a population and the forces that act on the
population over time. However, care should be taken in using the results of
population viability analysis as an accurate and only tool to determine the
extinction probabilities of a population. Populations should rather be
modelled by using a variety of software packages and their data should be
updated regularly (Ludwig 1999).

Conclusion

Reintroductions of large predators on small enclosed reserves can prove
difficult and are rarely successful. However, when they are successful they
can be a viable method of establishing populations of animals. The rapid
growth in the study population is an indication that the population is viable

over an extended period of time.

The predicted ecological capacity of the lion population is similar to other
areas with similar prey densities and size. Different mortality rates will have
an effect on the survivability of the lion population, with high mortality rates
causing extinction. The current lion population grew to and persisted at
ecological capacity when mortality rates where low. Disease did not have a
major effect on the lion population because the breeding proportion of the
population will not be severely affected by an outbreak of disease such as

canine distemper virus or rabies.

Genetic diversity of the lion population must be maintained or improved by
replacing individuals with unrelated individuals from other areas. This is
easier to manage when replacing males, because young males are evicted
from natal prides and become nomadic. They can then be used as

replacement animals to ensure the maintenance of genetic diversity. The
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population dynamics of the lions should be frequently determined by

performing population viability analyses.
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CHAPTER 7

MANAGEMENT RECOMMENDATIONS

Introduction

The growth in popularity of eco-tourism and hunting in South Africa has seen
a marked increase in the number of small game ranches that are being
developed (Bothma 1997). Many of these ranches have a limited size and
can create ecological and economic problems, particularly for larger
carnivores (Bothma 1997). To solve these potential problems active adaptive
management needs to be used to ensure the short- and long-term viability of
animal populations on these small reserves (Helm 2006). Active
management implies the manipulation of animal populations and the habitat
in which they reside (Bothma 2002b). Active adaptive management involves
a system of making management decisions by learning from previous
experiences in order to manipulate the populations to obtain maximum
benefit from those decisions (Bothma 2002b; Helm 2006).

No management decisions should be taken without adequate monitoring of
animals and vegetation (Bothma 2002b). The monitoring of a population
serves as an early warning system for managers, and provides an indication
as to whether certain management decisions should be altered or improved
upon (Bailey 1984; Helm 2006). The success of game ranches in South
Africa is dependent on the determination of regular, repeatable ecological
data (Bothma 2002b).

Knowledge of the exact ecological and economic role of larger carnivores on
small enclosed reserves is limited (Killian 2003). Lions, in particular, are
highly sought after by tourists and hunters (Van Dyk 1997), and as such
provide economic benefits for conservation of the species. Lions can also
affect the genetics and dynamics of prey populations by weeding out weak,
sick and old animals (Cotterill 1997). However, there are also costs
associated with introducing lions. Predation costs depend on the prey

population and the number of rare and expensive prey types that occur in the
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area. Running and maintenance costs involved with providing photographic
safaris, hunting safaris and fencing also contribute the negative impact that a
lion population can have on the economic stability of a game ranch (Cotterill
1997). The regular monitoring of the population will also be costly in terms of

fuel and man-power needed for adequate monitoring

This study aims to identify prey use, prey preferences and range use of the
lion population on Tswalu Kalahari Reserve. The results these aims can play
a role in determining the effect that the current lion population has on the
ecological and economic stability of the Lekgaba predator camp of Tswalu
Kalahari Reserve. Site-specific research and monitoring must be conducted
on small enclosed reserves to provide managers with enough information to

make decisions regarding the well-being of the lion population.

Site-specific management recommendations

The predator camp, Lekgaba, on Tswalu Kalahari Reserve, is one of very few
small enclosed reserves in the Kalahari region. The lion population is popular
for photographic safaris, while hunting is prohibited by E. Oppenheimer and
Son, the owners of Tswalu. The lions are spoor-tracked by highly trained
trackers and guides on a daily basis, making monitoring and research
possible. All kills, social interactions, births and mortalities should be
recorded by the staff and logged into a database. This database should be
used to monitor the lion population and its effect on the prey base in the
predator camp. There are several management recommendations that can

be applied on Lekgaba in Tswalu Kalahari Reserve:

e Maximum visibility of the lion population should be maintained by
having more than one pride and limiting the number of nomadic lions
in the population. Having a large population will increase the number
of sightings for the guests, as well as increasing the opportunity of
finding lions in an area. Having more than one pride will also decrease
pressure on the population by dispersing the amount of vehicles at

each sighting (Anon 2008). Game drive traffic on Tswalu is not
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considered to be a problem. Larger prides will also allow the lions to

kill larger prey types such as giraffe, eland and gemsbok more easily.

Maintaining genetic diversity remains one of the most important
management strategies on a small, enclosed reserve. Male lions
should not be allowed to mate with their sisters, mothers or daughters,
to prevent inbreeding and decrease the gene pool of lions in the
region. New adult males should be introduced regularly to the
population, while removing the reproducing males that are presently in
the predator camp. A meta-population management strategy has been
proposed, in which reserves exchange males to increase the size of
the breeding pool (Anon 2008). It is essential that the new males
which are being introduced are not related at all to the females or cubs
residing in the area. Coalitions of male lions are ideal to introduce
because they will more than likely not force each other out of the

reserve onto neighbouring farms.

The introduction of new lions into the population should be thoroughly
researched and monitored. The new animals should be released into a
holding boma for a period of six to eight weeks (Van Dyk 1997), where
they acclimatise to the area. After the holding period, the lions should
be released into a suitable area with abundant prey (Killian 2003). The
new lions should be constantly monitored to ensure that they respect

the electric fence and settle in to their new habitat.

The ecological capacity of 17 lions (Chapter 6), in several prides will
ensure optimal viewing of the lion population. However, constant
monitoring and research are needed to maintain the ecological
capacity and ensure that the lion population does not have a negative
effect on the prey population. The ecological capacity must be updated
regularly to achieve the management objectives of maintaining an
adequate prey population for the long-term survival of the lion

population
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Maintaining the lion population at ecological capacity can be achieved

by controlling the growth and size of the population. Several

management techniques can be applied for population control:

Translocation: any excess animals can be removed and transported
to other nature reserves and game ranches. This is dependent on
current legislation which governs the transport and housing of large

predators on small, enclosed reserves.

The introduction of new males on a more regular basis can be used
to control cub numbers through infanticide (Anon 2008). New males
will destabilize the lion prides and kill any cubs that are not known
to them. It should be ensured that any new male coalitions are not
at all related to the cubs, which can increase the gene pool and
increase the level of infanticide (Anon 2008). If it is not possible to
introduce new males regularly the management staff can mimic
infanticide by removing young cubs (> one year old) (Anon 2008).
This should be considered as a last resort because of the public

pressure and sentiment towards lion cubs.

Reproductive suppression can be achieved through contraception,
sterilization and vasectomising the male lions (Anon 2008). The
results from other studies have shown that these methods have a
limited use and may lead to pride fragmentation, but that they can
lead to effectively controlling the birth rate of the lion population
(Anon 2008). Research is needed to obtain adequate information
as to the effect that reproductive suppression methods have on lion

populations.
Artificial insemination is being considered as a possible

management tool to introduce new genetic material into the
population (Van Dyk 1997).
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- Hunting of large trophy male lions is a highly controversial and
sensitive subject (Killian 2003), however it does provide much
needed income and allows for the replacement of adult male lions.
Hunting is not permitted on Tswalu, but it can be considered as a
management strategy if no other options are available to control
and manipulate the adult male lion population. Euthanasia can also
be practiced on the population but other avenues should be

explored before considering this management option.

The spread of disease through an isolated lion population can have a
negative effect on the survival probability of that population. Regular
disease monitoring and blood tests should be conducted to prevent
the spread of disease, especially where new lions are introduced into

the population.

A management strategy for the prey population should be aimed at
ensuring the long-term survival of both the lion and prey populations.
The annual aerial wildlife census should be conducted as accurately
and precisely as possible in order to determine the exact number of
each prey type available on Lekgaba. The prey biomass (Chapter 4)
should be maintained or enhanced by the regular reintroductions of
prey types into the predator camp. However, reintroductions are costly

and may lead to overgrazing by the enlarged prey population.

Another consideration is whether or not to introduce prey types that
are favoured by the lions. Introducing greater kudu, warthog and
steenbok, may lead to the lions becoming dependent on these prey
types and therefore further underutilizing the other prey types (Anon
2008). The lions should be encouraged to utilize gemsbok, blue
wildebeest, red hartebeest and springbok as prey types. This can be
achieved by not introducing the preferred prey types of the lion

population.
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Suitable habitat, especially for the smaller mammals, should be
maintained and, where possible, enhanced through the use of burning

regimes mechanical vegetation control methods.

e A genetic studbook should be created for the lion population. This
studbook should include the age of the parents, the number and sex of
all cubs born into the population. The studbook can be maintained by

the guides, trackers, game scouts and management staff on Lekgaba.

The management staff of Tswalu Kalahari Reserve have expressed an
interest in expanding the size of the Korannaberg section to incorporate the
predator section and to fence off the main gravel road that runs between the
two sections at present. The lion population will benefit from the increase in
area size in a variety of ways. A higher prey biomass and increase in
potential range will increase the ecological capacity of the lion population,
and in so doing provide optimal game viewing experiences for tourists.
Tswalu will be able to house a larger number of prides and therefore have
more male lions for viewing purposes and increase the size of the genetic
pool on Tswalu Kalahari Reserve. Less manipulation of the lion population
will be needed as males will start their own pride takeovers and return the
system to a more natural one. The prey base will now also have more space
and higher numbers to escape predation pressure from an increase in the

size of the lion population.

However, there are some negative aspects to introducing lions into the
Korannaberg section of Tswalu Kalahari Reserve. The entire reserve will
have to be fenced in wildlife-proof electric fencing at large expense to Tswalu
Kalahari Reserve. The staff and guests will need to be educated about the
danger posed by lions and all housing and facilities need to be fenced as
well. Lions will also pose a serious threat to the horse-riding experience
offered on Tswalu. Horse-riding will have to be conducted under controlled

conditions especially where inexperienced riders are concerned.
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Research topics

Regular monitoring of the prey use, range use and social behaviour of the
lion population is important as an active adaptive management tool to
determine the effect of various management strategies that are employed.
Tswalu Kalahari Reserve can be used to conduct feeding trials on lions when
new lions are introduced into the population (Chapter 4). The feeding trials
will be used to ascertain the length of time that digesta remains in the gut of
the lion. This can be conducted on animals in controlled circumstances on
and those living in the wild. Scat samples can be collected by staff and

analysed according to the methods provided in Chapter 4.

The prey population on Lekgaba needs to be analysed to ascertain if there is
any negative predation pressure evident on the prey. The grazing and
browsing capacity of Lekgaba should also be re-studied to determine the
correct number of wildlife that Lekgaba can sustain. This will allow an
accurate measure of available biomass and the calculation of the ecological

capacity for lions on Lekgaba.

Conclusion

The current lion population residing in the predator camp of Tswalu Kalahari
Reserve should be actively managed to prevent inbreeding depression of the
population and the negative effect that a large lion population can have on
the prey base within an enclosed reserve. The management objectives
should ensure the long-term survival of both the lion and prey populations.

This can be achieved by:

1. The regular removal and replacement of reproducing male lions.

2. The creation of a studbook to ensure that no lions become inbred.
Encouraging the lion population to prey on more abundant prey items
such as gemsbok, eland, springbok and red hartebeest.

4. Determining the ecological capacity of Lekgaba in terms of prey numbers.

5. Accurate and precise annual game census techniques.

6. The regular monitoring of the lion population.
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SUMMARY

The current tourism boom in South Africa has increased the number of small
reserves that now house larger predators. These larger predators need to be
intensively managed and regularly monitored so that their role on the nature
reserve is clearly understood. The larger predator population, if not managed,
can have a negative effect on the surrounding ecosystem in terms of

predation pressure and conflict with neighbouring farms.

The prey use, range use and habitat selection of an isolated lion population
were investigated. The study was conducted on Lekgaba, an 188 km?
predator camp of Tswalu Kalahari Reserve. Tswalu Kalahari Reserve is
situated in the south-eastern Kalahari region of the Northern Cape Province
of the Republic of South Africa. The mean annual rainfall on Tswalu is 253.5

mm.
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Four lions were introduced into Lekgaba from the Kgalagadi Transfrontier
Park. The population has grown to nine individuals, three males and six
females of varying ages. The two adult females split and established prides
in the northern and southern part of the reserve respectively. The dominant

male moved between both prides.

The prey use (Chapter 4) of the lion population was determined by locating
kills and collecting lion scats. The kills and scats were analysed to obtain the
prey selection of the lion population. 19 prey types were utilized by the lions,
with the gemsbok and blue wildebeest being the most used of all prey types.
The scat data was corrected for relative prey biomass, making smaller
bodied prey types significantly more prominent than in kill or scat data. The
prey selection list was then compared to the relative abundance of each prey
type in Lekgaba. The greater kudu was overutilized when compared to its
relative abundance while the Hartmann’s mountain zebra was underutilized.
Prey preference was calculated statistically and the results indicated that the
warthog and steenbok were significantly preferred while there was significant
lack of use of gemsbok and Burchell's zebra. A possible answer for the lack
of use of gemsbok was that they were the most abundant prey type found on
Lekgaba. The lion population used 13% of the edible biomass available to
them. The daily consumption rate was 9.9 kg/Lion feeding Unit/day, which is
high when compared to consumption rates of other lion populations. The high
daily consumption rate can be attributed to the high density of prey available

to the lions.

The range use (Chapter 5) and habitat selection were determined through a
combination of indirect and direct observations, opportunistic observations
and observations made by guides, game scouts and rangers. As was
expected the range sizes of the male lions were larger than those of the
females. Female range size is dependent on resource availability, while male

range size is dependent on the availability of reproducing female lions.
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The mean range size of the lion population on Lekgaba was smaller than
range sizes of other lion populations in a semi-arid environment. The range
size of the Lekgaba lion population was similar to lion range sizes in mesic
savannas such as Welgevonden Private Game Reserve, the Associated

Private Nature Reserves and Phinda Resource Reserve.

The lion population had clear habitat preferences (Chapter 5). Some of the
habitat types did not meet the minimum habitat requirements for lions living in
semi-arid environment. The mountains and hills were avoided, while the
more open habitats, such as the plains and bushy plains, were favoured by

the lion population.

The range size and habitat selection of the Lekgaba lion population seem to
depend on the prey density and distribution, the hunting opportunities
provided by the habitat types, the habitat selection of the prey and the

location of the water sources.

A population viability analysis (Chapter 6) was conducted to determine the
short- and long-term probability of survival of the lion population. The results
indicated that the population was viable over the long-term. An ecological
capacity for the lions was calculated. Differing environmental conditions
resulted in differing mortality rates of lions. Poor environmental conditions,
could lead to the extinction of the lion population in the short-term. Disease
did not affect the population to a large degree. Regular monitoring and

updating the Population Viability Analysis are needed.

Management recommendations (Chapter 7) were provided to ensure the
long-term ecological and economic sustainability of an isolated lion
population. Genetic replacement, prevention of inbreeding, predation
pressure, ecological capacity and an increase in the area available to the lion
population were deemed as the most important goals to achieve for the

management staff of Tswalu Kalahari Reserve.
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