\":S

‘ Cape Peninsula

University of Technology

Demographic characteristics of lion (Panthera leo) in the Kalahari Gemsbok
National Park

by

Barend Otto Beukes
Thesis submitted in partial fulfilment of the requirements for the degree
Master of Technology: Nature Conservation
in the Faculty of Applied Sciences
at the Cape Peninsula University of Technology

Supervisor: Dr F.G.T. Radloff
Co-supervisor: Dr S.M. Ferreira

Cape Town
August 2016

CPUT copyright information
The thesis may not be published either in part (in scholarly, scientific or technical journals), or
as a whole (as a monograph), unless permission has been obtained from the University



DECLARATION

I, Barend Otto Beukes, declare that the contents of this thesis represent my own unaided
work, and that the thesis has not previously been submitted for academic examination
towards any qualification. Furthermore, it represents my own opinions and not necessarily
those of the Cape Peninsula University of Technology.

14 August 2016

Date



ABSTRACT

Lions are threatened across their natural range. The Kgalagadi Transfrontier Park (KTP),
comprising the Kalahari Gemsbok National Park (KGNP; South Africa) and Gemsbok
National Park (GNP; Botswana), is a stronghold for the species. Population size and
demography of lions in the KGNP has been addressed in four historic studies. Studies in
mid-1970 and 1990 reported a female biased population whereas in 2010 the sex structure
was skewed towards males (56%). The bias in sex ratios towards males was first observed
in cubs and sub-adults in 2001 and later, in 2010, throughout the population. Furthermore, in
the 2010 assessment of the lion population, a smaller proportion of cubs (< 2 yrs) were
observed in comparisons to the preceding studies (10% vs. = 23%). The skew in age and
sex structures that were observed in the KGNP led to concerns over the long-term
sustainability of the greater KTP lion population. The lion population carries further risks
associated with the stochastic, arid environment, in which the KTP lion population persists.
Human-lion conflict on the borders of the KTP and anthropogenic alterations of the

environment further threaten lion demographic stability.

In response to the potential threat to lions, an intensive study was conducted between 2013
and 2015 in the KGNP and a buffer area immediately to the east thereof in the GNP, with the
aim of deriving robust estimates of lion population characteristics. Within the study area (14
250 km?), 49 784 km were driven over 317 sampling days, which resulted 1162 lion
sightings. Morphological features, primarily whisker spot patterns, were used to identify 261
unique individuals. Registering the population through individual identification provided for a
non-invasive marking technique from which mark-recapture and minimum-known-alive
estimates could be calculated. The population size of lions in the study area was defined
using open-population mark-recapture analysis. The model POPAN in the Programme
MARK provided the most precise estimate of population size (N = 246; 95%CI: 237-256).
Track indices (N = 242; 95%CIl: 176-307) in the current study provided a similar best
estimate, but were imprecise and could not be used to detect robust trends in the KGNP lion
population size between studies. Minimum-known-alive calculations (n = 145; December
2014) provided a gross underestimate in comparison with other techniques, and required
more effort than mark-recapture or track indices. All the methods used in this study seem to
indicate an increase in the lion population size from previous estimates (+ 140). More prides
were observed in the current study (n = 14) than observed in 1998-2001 (n = 11) and the
average pride size was significantly larger in the current study (n = 16.07; £8.7 SD) than in
1998-2001 (n = 7.55; £ 3.3 SD). Despite the apparent population increase, the variability in
techniques used between the various studies, restricted the ability to define the amount of

change in population size over time. Some of the discrepancies between population size



estimates in the various studies could be attributed to methodological variability, differing
definitions of the extent of the study area and in one case, the exclusion of small cubs (< 1
yr) from the estimates. Many of the methods used have inherently large margins of error,
which inhibits the ability to detect trends in population size.

The sex ratio that was observed in this study (n = 261) showed a 13:19 ratio in all age
classes and was comprised of 33% cubs (< 2 yrs), 12% sub-adults (2-4 yrs) and 55% adults
(> 4 yrs) at the end of the study period. The ratio between males and females in the KGNP
lion population has fluctuated between 13:1Q to 13:29 ratio over a 38 year period (1977-
2015). The ability to detect trends in the change of age and sex structure of lion in the KGNP
over time was limited by low sample sizes in some historic studies. Nonetheless, the lion
population in the KGNP are exhibiting uncharacteristically large proportions of males (49%).
The largest measurable difference in the proportion of males in the populations is between
the current study, where there was £25% more males in comparison with observations in
1996-1997 (& = 24%; 95% CI: +11%). Birth rates were lower in the current study (0.57 cubs
per female per year) than observed between 1998 and 2001 (0.69 cubs per female per year).
Apparent survival probability derived from Cormack-Jolly-Seber models were 82% (95% CI:
78-86) for the population per annum. The average survival probability was greater for

females (£ 93%) than for males (x 85%) in all age classes.

The current study provides the most comprehensive assessment of the KGNP lion
population characteristics to date. The changes in demographic signals remain a concern for
the future persistence of the KGNP lion population. Deriving robust estimates of
demographic parameters and population size in the near future, from which accurate and
precise trends can be observed, is of utmost importance. The potential drivers of
demographic change in the KTP lion population requires further investigation to gain insight
into potential conservation actions that may secure the persistence of the KTP lion

population and associated ecological processes.
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Chapter 1:
General Introduction

1.1. Rationale

The Kgalagadi Transfrontier Park (KTP) has been identified as one of only ten localities
within which lions (Panthera leo verneyi; Linnaeus, 1758) are appropriately protected across
their natural geographic range (Bauer et al., 2015). In South Africa, the lions of the KTP are
one of only two sustainable, free roaming lion populations with more than 500 lions present,
the other being Kruger National Park (Bauer et al., 2005; Riggio et al. 2013; Bauer et al.
2015). Lions in the KTP are highly vulnerable to environmental fluctuations and human
impact due to their low density, relative isolation and the arid, resource poor environment in
which they occur (Bauer et al., 2005; van Vuuren et al., 2005; Ferreira et al., 2013). A study
conducted in the Kalahari Gemsbok National Park, the section of the KTP situated in the
Republic of South Africa, in response to a distemper pandemic (Zimmerman et al., 2009),
identified a sex skew in the population towards a greater proportion of males (56%) (Ferreira
et al., 2013). Prior to the study conducted in 2010 (Ferreira et al., 2013), the population
exhibited a female biased sex structure (Mills et al., 1978; Castley et al., 2002; Funston,
2011). However, although the total sample observed in 2001 (n = 228; Funston, 2011)
displayed female bias, cubs (< 2 yrs) and sub-adults (2-4 yrs) were skewed toward a greater
proportion of males, with 67% and 61% observed respectively (Funston, 2011).

An equal or greater proportion of males are uncommon among lion populations, which raised
concerns of pending declines in lion numbers and increased susceptibility to extinction risks
(Ferreira et al., 2013). In the KTP, a potential threat of localised extinction of lions exists
where a male-biased population persists, particularly in the presence of poor ecological
conditions (van Vuuren et al.,, 2005). A shift in sex ratios trending towards a greater
proportion of males, observed first in young age classes (Funston, 2011) and later
throughout the population (Ferreira et al., 2013) could influence other demographic
parameters such as survival, fecundity and social dynamics (van Orsdol, 1985; Packer &
Pusey, 1987; Yamazaki, 1996). Using modelled extinction risk parameters, female
survivability was found to be the most important factor in the sustainability of the KTP lion
population (van Vuuren et al., 2005). This is particularly so in the presence of the
anthropogenic persecution that is experienced on the boundaries of the park (van Vuuren et
al., 2005). Concerns over the sustainability of the lion population of the KGNP prompted
further investigations in the form of the current study, to accurately describe lion
demographic characteristics and define precise population size estimates from which trends

can be described.



1.2. The natural history, biology and ecology of lions

Lion are the largest of all African carnivores and are described as a tawny colored cat, with
males weighing approximately 190 kg and females 126 kg (Smuts et al., 1980; Bauer et al.,
2015). Sexual dimorphism is presented in the form of dominant hair growth around the face
and head in males known as a mane (Skinner & Chimimba, 2005; Blanchard, 2010). Males
and females are of notable size difference with shoulder heights reaching an asymptote at
two years of age at 95 cm and 107 cm for females and males respectively (Smuts et al.,
1980; Ferreira & Funston, 2010). Females become reproductively mature between 46 and 57
months of age, and may start mating immediately, producing litters of between two and five
cubs (Funston et al., 2003; Lehmann et al., 2008). Females remain reproductively active until
approximately nine years of age (Bekoff et al.,, 1984) and intervals between births are
approximately two years (Packer et al., 2001; Funston et al., 2003). Females may exhibit
synchronous oestrus cycles, giving birth simultaneously to large groups of cubs known as
cohorts (van Orsdol et al., 1985). Cubs born into large cohorts experience better health and
higher survival rates (Pusey & Packer, 1987). Males also become reproductively mature at 3-
4 years of age although they are limited in their procreative ability through social hierarchical
structure and may only become reproductively active from approximately five years of age.
Males remain reproductively capable throughout the remainder of their lives but may only be
sexually active for the duration of pride tenure (Orford et al., 1988; Packer et al., 1998;
Skinner & Chimimba, 2005; Daigle et al., 2015).

The only truly social felid are lions, with “prides” being made up of adult females (1-18
individuals) and their adolescents (Pusey & Packer, 1987; Abell et al., 2013) in a fission-
fusion relationship with between one to three males (collectively a coalition) (Packer &
Pusey, 1987). Males may be dominant and territorial over a pride and their home range for
approximately three years after which immigrating males may displace them (Bygot et al.,
1979). Female offspring generally remain resident within a pride. However; approximately
30% of females may emigrate depending on resource restraints (Smuts, 1978; Pusey &
Packer, 1987; Mosser & Packer, 2009). All male offspring emigrate from their natal pride at
an age of between two and five years with young males forming bachelor coalitions until they
gain enough experience and fitness to assert dominance over a pride and displace resident
males (Funston et al., 2003; Skinner & Chimimba, 2005; Mosser & Packer, 2009; Abell et al.,
2013).

Lions are territorial, protecting their resources aggressively against rival prides and
individuals (Bertram, 1978). Pride home range size varies significantly between populations
depending on resource availability, from 50km2 in the Kruger National Park to 4532 km2 in

the Kgalagadi Transfrontier Park (KTP) (Funston, 2011). Home range size decreases with
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increased prey availability but does not seem to be correlated to pride size (Loveridge et al.,
2009)

Lions are considered apex predators and keystone ecological drivers in the ecosystems in
which they occur. A decline in lion numbers may have numerous deleterious effects to both
their prey species and other sympatric predators (Mills et al., 1978; Loveridge et al., 2007;
Mills, 2015). Where lions occur as apex predators, they have the ability to regulate prey
species abundance (Funston & Mills, 2006; Grange & Duncan, 2006; Salo et al., 2010).
Although lions are generalist predators they may be selective, depending on prey availability,
and often may have a major impact on a few preferred species (Radloff & Toit, 2004; Kissui
& Packer, 2004; Grange & Duncan, 2006; Vanak et al., 2013; Mills, 2015). Their introduction
or removal from systems prompt trophic cascades in which entire ecosystems alter their
state, most often negatively in respect to biodiversity conservation objectives and ecosystem
functioning (Kissui & Packer, 2004; Schuette et al., 2013; Ripple et al., 2014).

1.3. The conservation of lions

Although the most resent IUCN Red Data List status classifies the species overall as
vulnerable, sub-populations in West and Central Africa are thought to warrant Critically
Endangered status (Bauer et al., 2015; Henschel et al., 2015). However, in South Africa lions
will most likely be classified as Least Concern on the next National Red List assessment
(Bauer et al., 2015). The threat to lion persistence is evident through a decline in numbers of
42% globally and a decrease in distribution in excess of 80% over the past 21 years (IUCN
SSC Cat Specialist Group, 2006; Bauer et al., 2015). Furthermore, major declines in free
ranging lion are expected over the next 40 years (Packer et al.,, 2013). Lion status has
remained Vulnerable since the first IUCN Red List assessment in 1996 (Nowell & Jackson,
1996; Bauer et al., 2015). Lions are classified as a protected species under CITES Appendix
Il with restricted harvesting and trading limitation (IUCN SSC Cat Specialist Group, 2006;
Bauer et al.,, 2015). Of the greatest contributors to lion declines are unregulated hunting,
human-lion conflict and persecution, habitat degradation and destruction, prey base
depletion, disease and poaching (Packer et al., 1999; Bjorklund, 2003; Bauer et al., 2005;
Packer et al., 2009; Riggio et al., 2013; Bauer et al., 2015).

Lions were once distributed throughout Sub-Sahara Africa and Northern Africa excluding the
Sahara Desert region, Southern Europe, and South West Asia. Currently, lion are extinct in
Europe and occur in only one location in India (Gir Forest National Park). They are extinct in
the rest of Asia (Bauer et al., 2005; Bauer et al., 2015). One of the primary concerns in lion

conservation is the availability of suitable rangeland on which lions may persist (Packer et al.,

3



2013; Schuette et al., 2013; Ripple et al., 2014). Between eight and 17% of lion’s historic
range remains inhabited by lions, with an estimated 1.8 million km2 of historic lion habitat
currently without lions (Riggio et al., 2013; Bauer et al., 2015). Urban and agricultural
development is projected to more than double in Africa over the next 40 years (Riggio et al.,
2013). Human population size in Africa is expected to grow from 1.1 billion people in 2013 to
1.735 billion people in 2050 (Riggio et al., 2013). Many protected areas are under pressure
of development as they constitute large productive tracts of land. Protected areas may thus
become preferable for agricultural and urban development as anthropogenic resource
requirements grow (Balmford et al., 2001; Bjorklund, 2003).

With the boundaries between human and lion habitat becoming increasingly contiguous,
conflict between humans and lions continues to intensify (Patterson et al., 2004; van Vuuren
et al., 2005; Mogensen et al., 2011; Schuette et al., 2013; Ripple et al., 2014; Henschel et al.,
2014; Trinkel, 2015). Human-wildlife conflict is rapidly becoming one of the prime issues in
species conservation (Lamarque et al., 2008; Dickman, 2010; Packer et al., 2013). A
decrease in prey availability to lions can increase livestock losses and pose a potential threat
to humans (Mills et al., 1978; Patterson et al., 2004; Bauer & de longh, 2005; van Vuuren et
al., 2005; Lagendijk & Gusset, 2008; Woodroffe, 2011; Trinkel, 2015). Lions incur major
losses due to retribution killing, which poses a significant threat to the persistence of lion

populations (Woodroffe & Ginsberg, 1998; van Vuuren et al., 2005).

Lions have not only been identified as a threat, but also as a resource. Hunting has been
identified as a critical application of resource utilization, aiding the wildlife industry as a whole
and placing value on species and habitats not otherwise commercially viable under natural
conditions (Whitman et al., 2007; Lindsey et al., 2012a; Lindsey et al., 2012b). Much
research done on the commercial hunting of lions suggests that the responsible and
scientifically guided, sustainable practice thereof is often preferable to the removal of hunting
altogether (Whitman et al., 2007; Packer et al., 2009; Lindsey et al., 2012b; Lindsey et al.,
2012b; Funston et al., 2013; Lindsey et al., 2013). However, the unsustainable practice of
sports hunting will negatively impact population demographics, genetic integrity and viability
of the affected populations (Loveridge et al., 2007; Marealle et al., 2010; Packer et al., 2010;
Davidson et al., 2011; Becker et al., 2012; Lindsey et al., 2013; Snyman et al., 2014). This
along with illegal poaching, lion bone and bush meat trade could have devastating effects on
lion populations (Lindsey et al., 2012a; Everatt et al., 2014). In addition lions are also
considered a major driver of non-consumptive eco-tourism (Macdonald & Sillero-zubiri,
2002), which is fundamental to the persistence of lion populations and the habitats in which
they exist (Kerley & Boshoff, 1997; Hayward et al., 2007; Cousins et al., 2008; Cousins et al.,
2010; Dickman et al., 2011; Minin et al., 2012).



With increased fragmentation of lion populations, inbreeding of small isolated populations are
becoming more apparent and the genetic sustainability of isolated populations has become
guestionable (Bjorklund, 2003; Dubach et al., 2005; Miller et al., 2013; Dolrenry et al., 2014).
Inbreeding in small populations may alter fecundity and survival rates, particularly under
environmental stress (Bjorklund, 2003; Dolrenry et al., 2014). Inbreeding significantly
increases the risk of local population extinction (Benson et al., 2011; Riggio et al., 2013). Out
of four known sub-species of lion, only two remain extant, Panthera leo verneyi from
Southern and Eastern Africa (Dubach et al., 2005) and Panthera leo persica from one
location in Southern India (Banerjee et al., 2010). A third potential sub-species has been
identified in a captive zoo population in Ethiopia (Bruche et al., 2013) and lions from West
and Central Africa are genetically distinct from those of South and East Africa (Barnett et al.,
2006b; Bertola et al., 2011; Barnett et al., 2014). Genetically, the lions of the KTP are
considered indispensable for the long-term persistence of meta-populations in South Africa
(Barnett et al.,, 2006a; Dolrenry et al., 2014). Lions from the KTP have been used for
reintroduction of the species into several National Parks and private conservation areas in
South Africa and Botswana, making it an important source population for meta-populations
elsewhere (Antunes et al., 2008; Miller et al., 2013).

Diseases have varying effects on demographic parameters such as fecundity and mortality
rates (Macdonald, 1993; Packer et al., 1999; Funk et al., 2001; Cleaveland et al., 2002;
Dybas, 2009; Ferreira & Funston, 2010). Lions have evolved concurrently with many of the
diseases for which they act as a host or vector. Some of these include Bovine Tuberculosis
(BTb), Canine Distemper Virus (CDV), Feline Immunodeficiency Virus (FIV), Feline
Coronavirus (FCoV), Feline Herpesvirus, (FHV-1), Feline Calicivirus (FCV), Feline
Panleukopenia virus (FPLV) and Rotavirus (RV) (Alexander et al., 2010; Adams et al., 2009;
Munson et al., 2008; Packer et al., 1999; Young, 1975). Some of the diseases such as FIV,
FHV-1, FCV and CDV have been detected in the KTP lion population but have not been
cause for major concern (Funston, 2002). Lions in general appear to be resilient to the
presence of these diseases. Symptoms of disease appear to be relatively benign and most
host populations show little effect on population viability, with no recorded mass deaths in
Southern Africa due to disease (Alexander et al., 2010; Ferreira & Funston, 2010). However,
in East Africa major population declines were experienced in the Serengeti and Masai Mara
regions due to distemper (Roelke-Parker et al., 1996; Packer et al., 1999; Munson et al.,
2008). Lion resilience for many of these diseases is rapidly becoming undermined through
fragmentation and genetic introgression, particularly in small, isolated populations (Kissui &
Packer, 2004; Adams et al., 2009; Ferreira & Funston, 2010; Benson et al., 2011).



In Sub-Sahara Africa, lions are conserved in 67 locations, in 27 countries that provide some
form of statutory protection (Bauer et al., 2015) (Figure 1). However, lions are known to be
extinct in 27 countries and thought to be extinct in a further seven countries where they
occurred historically (Bauer et al., 2015). Only 10 of the 67 protected locations support
sustainable populations of lions. These 10 locations or “Strongholds” support an estimated
24,000 out of a possible 35,000 free ranging lions that remain in Sub-Sahara Africa (Riggio
et al., 2013; Bauer et al., 2015). The area within which lion currently occur naturally is only
17% (3.4 million km?) of their historic range (Riggio et al., 2013). These strongholds are also
restricted to the Southern and Eastern parts of Sub-Sahara Africa with few potential
strongholds in the Central and Western African regions (Riggio et al., 2013; Bauer et al.,
2015). The most conservative estimate of the number of lions in southern Africa was 22 000
lions, in 2002 (Chardonnet, 2002).

In the KTP, lions are an iconic species and key to tourism experiences and expectations,
which increase their conservation value (Maciejewski & Kerley, 2014; Ferreira et al., 2013;
Kerley et al., 2003). Lions are the apex predator in the Kalahari ecosystem and have
significant effects on the ecology (Kissui & Packer, 2004; Grange & Duncan, 2006; Bauer et
al., 2014; Mills, 2015). Hence, describing the demographic characteristics of lions in the
KGNP, and identifying further trends in the demographic characteristics are important to
understand the implications for lion persistence in the KGNP and greater KTP region.
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Figure 1.1 Current distribution, Lion Areas, Potential Strongholds and Strongholds for lion persistence in
Africa (Bauer et al., 2015).



1.4. Lion demographic characteristics

A critical lack of current demographic information on the lion population of the KTP exists
(Ferreira et al., 2013). The shift in sex structure throughout the lion population in the KTP
from a female biased (Mills et al., 1978; Castley et al., 2002), to a male bias population
(Funston, 2011; Ferreira et al., 2013), can have numerous intraspecific effects detrimental to
their persistence (Ferreira et al.,, 2013). Effects such as a decline in population growth,
increased resource competition among males, higher rates of coalition changeover and
increased emigration of males, may exacerbate the sex skew observed in the KGNP (Packer
& Pusey, 1983; van Vuuren et al., 2005; Funston, 2011; Ferreira et al., 2013). Demographic
characteristics such as survival rates and fecundity are negatively impacted by an increased
male presence in the population through increased competition (Woodroffe & Frank, 2005).
Decreased survival rates and fecundity could lead to a decline in lion abundance in the KTP
(van Vuuren et al., 2005).

Demographic parameters such as sex ratio, age distribution, fecundity, litter size,
survivorship and mortality, as well as abundance, are fundamental to understanding
populations (Ferreira & Funston, 2010; Barnett et al., 2014). From these, we may determine
the likelihood of reproductive success and population survival (Bertram, 1975; Bertram,
1978; Ferreira & Funston, 2010; Becker et al., 2012). Survival and mortality are two
measures by which we may discern population turnover or trends (Trimble et al., 2009;
Ferreira et al.,, 2013). These along with fecundity are largely regulated by ecological
conditions and resource restraints, which in turn are driven by rainfall (Hanby et al., 1995;
Frank et al., 1998; Celesia et al., 2010; Trimble et al., 2009). Social aspects such as coalition
tenure, social structure, immigration and emigration may also affect vital rates (Ferreira &
Funston, 2010; Barnett et al., 2014).

Population growth rate and the probability of survival are dependent on female reproductive
success, age, individual fitness, resource availability, competition and stochastic
environmental events (Packer & Pusey, 1983; van Vuuren, et al., 2005; Celesia et al., 2010;
Balme et al., 2012). Survivorship is expected to be lower in younger age classes, with the
probability of survivorship increasing with age (Funston, 2011; Elliot et al.,, 2014).
Demographic parameters determine population growth rates and their response, or
resistance, to stochastic environmental events (Bjorklund, 2003; van Vuuren et al., 2005).
Although demographic variability has a large range, certain parameters, such as adult sex
ratios, fecundity and mortality rates are important to population recovery in cases of
stochastic events, where numbers rapidly decline or fecundity is limited (Bjorklund, 2003; van

Vuuren et al.,, 2005). Skewed sex ratios may thus have deleterious effects on local
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population persistence (Woodroffe & Ginsberg, 1998; Ferreira et al., 2013). Demographic
change along with stochastic environmental effects pose a significant threat to the
persistence of the small, isolated lion populations (Kissui & Packer, 2004; Hayward et al.,
2007; Ferreira et al., 2013; Miller et al., 2013).

Despite the fact that the lion population in the KTP has access to an immense area (+ 72,000
km?) (Funston, 2002; Mudongo & Dipotso, 2011) they occur at low density, + 1.4/100 km?
(Ferreira et al., 2013). Compared to other lion populations (Table 1.1), lion density is
relatively low and the KTP lion population may face many of the challenges faced by small
populations (Castley et al., 2002). Population size is expected to change because of
demographic processes such as survival rates and fecundity (Michod & Anderson, 1980). In
the KGNP, four population size estimates (Mills et al., 1978; Castley et al., 2002; Funston,
2002; Ferreira et al.,, 2013) have identified a population of approximately 140 individuals.
However, the four population size estimates were made using different techniques with

varying accuracy and precision, which can limit comparisons (Gerrodette, 1978).

Female fecundity over a two and a half year period showed a recruitment rate of 0.67 cubs
per female per year (Funston, 2011). This is somewhat lower than the birth rates in other
populations, which can be as high as 2.3 cubs per female per year (Table 1.2). No
conclusive survival rates dependent on age class or sex have been calculated for the lion
population in the KTP. However, simulated survival parameters suggest probable survival
rates during good ecological conditions to be 90% for cubs between one and two years,
95%-97% for sub-adults and 97% for adults in the KTP (van Vuuren et al., 2005). Observed
survival rates for cubs in the KTP were 60% (Funston, 2011). However, actual survival rates
are expected to be higher as this estimate was based on visual observations and many cubs
may simply not have been observed, rather than have succumbed during the study period
(Funston 2002; 2011).



Table 1.1 Density estimates of lion populations across several studies conducted in Africa.
Density estimates were extracted from publications and presented in order of density. In
some cases only the range of density estimates or approximate estimates are presented ().
95% confidence intervals (95%CIl) are presented where available. The year of estimate are

also shown.
Location Lion/100km?2 95% CI Year Source
Masai Steppe +0.33 - 1963 Lamprey, 1964
Kgalagadi Wildlife Management Areas 0.79 0.43-1.15 2010 g/louldlongo & Dipotso,
Kalahari Gemsbok National Park 1.34 1.082-1.59 1997 Kastley et al., 2002
Kalahari Gemsbok National Park 1.35 0.95-1.76 2010 Ferreira et al., 2013
Kalahari Gemsbok National Park 1.36 1.14-1.89 1976 Mills et al., 1978
Kalahari Gemsbok National Park 1.41 1.15-1.34 2001 Funston, 2011
Khutse Game Resesrve 1.62-1.82 -- 22%3% Schiess-Meier et al., 2014
Etosha National Park (Central) 25 2144 o8 Trinkel, 2013
Laikipia Game Reserve 5-6 -- 2002 Woodroffe & Frank, 2005
Okavango Delta +5.8 - 2011 Cozzi et al., 2013
Selous Game Reserve +8 - 11%272 Rodgers, 1974
Serengeti National Park 7.9-9.4 -- 1969 Schaller, 1972
Kafue National Park +12.05 -- 1963 Mitchel et al., 1965
Kruger National Park +13 -- 112255 Funston et al., 2003
Kruger National Park 10.5-15.5 -- 1975 Smuts, 1976
Nairobi National Park +26.32 -- 1972 Rudnai, 1973.
Ngorongoro Conservation Area +27.03 -- 1969 Schaller, 1972
Masai Mara National Reserve 20-40 -- 1992 Ogutu & Dublin, 1998
Lake Manyara National Park +40 -- 1968 Makacha & Schaller, 1969

Table 1.2 Birth rates, as the number of cubs per reproductive female per year, observed
across several studies of lion across their range. Birth rates are presented in descending
order of the number of cubs born per reproductive female.

Location Country Birth Rate Publication

Gir Bioregion India 0.37 Banarjee & Yadvendradev, 2012
Kgalagadi Transfrontier Park South Africa/Botswana 0.67 Funston, 2011

Etosha National Park Namibia 0.77 Orford et al., 1988

Laikipia Game Reserve Kenya 0.858 Woodroffe & Frank, 2005
Kruger National Park South Africa 1 Funston et al., 2003

Korongwe Game Resesrve South Africa 1.3 Lehmann et al., 2008

gﬁgleasgadi Transfrontier Park Boundary South Africa 1.33 van Vuuren et al., 2005
Welgevonden Private Game Reserve South Africa 1.9 Killian & Bothma, 2003

Makalali South Africa 23 Druce et al., 2004
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Initial studies on lion population characteristics in the KTP were restricted to the South
African Kalahari Gemsbok National Park (KGNP) (Eloff, 1980; Mills et al., 1978; Mills, 2015).
The remaining Botswana section of the Transfrontier Park known as the Gemsbok National
Park (GNP) remained un-studied until 1996, but even in that study sampling was also largely
focused to the KGNP (Castley et al., 2002). More in depth ecological studies of lion in the
broader KTP lion population was first conducted between 1998 and 2001 (Funston, 2011).
Initial studies conducted were limited to certain sections of KGNP but gave some idea of sex
and age structure as well as fecundity, survival and mortality rates (Mills, 1978; Eloff, 1980).

Initial observations of the KGNP lion population noted a normal relationship between males
(&) and females (?) (13:1.89) (Mills et al., 1978) as determined from a subsample of 73
lions, and an extremely high mortality rate in cubs (95%) (Eloff, 1980). These studies were
focused on the northern parts of the KGNP and in the case of cub survival, sample sizes
were relatively low (n=16) (Eloff, 1980; Mills, 2015). Age class ratios, when considered as
adult (A; > 4 years old), sub-adults (SA; 2-4 years old) and cubs (C; < 2 years old), were not
excessively skewed to any age category at 1.6A:1SA:1.2C respectively (Mills et al., 1978).
By 1996, the proportion of females increased to 13:29 as determined from a subsample of
79 lions. Females in the adult age category showed a marked increase to a ratio of 13:3.49
and adults showed majority at a ratio of 5.3A:1SA:2.1C (Castley et al., 2002).

In 2001 the overall sex ratio evened out somewhat to a ratio 13:1.29 (n = 216). However,
the proportion of adult females stayed close to the 1:3.4 of 1996 at 12:3.39 and cub and
sub-adult sex ratios skewed towards males at 23:19 and 13:0.89 respectively. This was
determined to be similar to populations that experience selective adult mortality through
commercial lion hunting (Yamazaki, 1996; Loveridge et al., 2007; Whitman et al., 2007;
Funston, 2011). Age class structure during the same period saw a reduction in adult
presence to a ratio of 3.6A:1SA:2.6C (Funston, 2011). The skew towards males in the
younger age class in 2001 was attributed to high rates of coalition changeover (Funston,
2011). In 2010 sex ratios were equal in adults and skewed to males in the sub-adult age
category at a ratio of 33:19 as determined from a subsample of 49 lions. However, cubs’ sex
ratios were undefined (Ferreira et al., 2013). Both adult and cub ratios showed an increase
from 1996 to a ratio of 4.7A:1SA:2.7C. Survival probability of cubs showed a substantial
increase from a perceived 5% survival in 1980 to 60% in 2001 (Eloff, 1980; Funston, 2011).
However, this large discrepancy may well be a relic of small sample sizes and stochastic
events in the 1980 study (Eloff, 1980).
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Demographic variables of lions are expected to differ between prides and populations (Bauer
& van der Merwe, 2004; Celesia et al., 2010; Ferreira et al., 2013). Although age and sex
structures vary largely between different regions and populations the majority have sex ratios
that favor females (Table 1.3). Age class structure in lions, from several populations, show
greater proportions of adults (= 40 %) and variable proportions of sub-adults (Range: 11-
31%) and cubs (Range: 10-44%) (Table 1.4).

Table 1.3 Sex ratios of lion populations from across their range presented in percentages.
Overall figures are presented for the entire observed population including all age classes,
whereas adult figures are presented for individuals older than four years.

Overall Adult (> 4 yrs)
Location Male Female Male Female Source
Etosha National Park 32 68 28 72 Trinkel, 2013
Gir bioregion 39 61 - - Banarjee & Yadvendradev, 2012
Kalahari Gemsbok National Park 37 63 32 67 Mills et al., 1978
Kalahari Gemsbok National Park 24 76 23 77 Castley et al., 2002
Kalahari Gemsbok National Park 56 44 50 50 Ferreira et al., 2013
Kgalagadi Transfrontier Park 43 57 24 76 Funston, 2011
Kgalagadi Wildlife Management Areas 65 35 61 39 Mudongu & Dipotso, 2011.
Kruger National Park 40 60 33 67 Smuts, 1978
Kruger National Park (1989) -- -- 31 69 Mills, 1995
Kruger National Park (1993) -- -- 48 52 Mills, 1996
Kruger National Park 43 57 40 60 Funston et al., 2003
Luangwa Game Reserve -- -- 34 66 Yamazaki, 1996
Selous Game Reserve 18 82 43 57 Caro et al., 2009

Table 1.4 Age class structure observed in several different studies. Observations are
presented in percentages.

Age Class Structure (%)

. Adult Sub- Cubs _&

Location (>4 yrs) adult Juvenile
(2-4yrs) (<2yrs) Source

Etosha National Park (1985) 51 11 26 Trinkel, 2013
Etosha National Park (1996) 41 14 44 Trinkel, 2013
Gir Bioregion 55 19 25 Banarjee & Yadvendradev, 2012
Kalahari Gemsbok National Park 40 24 36 Mills et al., 1978
Kalahari Gemsbok National Park 65 13 23 Castley et al., 2002
Kalahari Gemsbok National Park 65 24 10 Ferreira et al., 2013
Kgalagadi Transfrontier Park 49 23 27 Funston, 2011
Kgalagadi Game Management Areas 69 31 0 Mudongo & Dipotso, 2011.
Kruger National Park 58 19 24 Smuts, 1978
Kruger National Park 72 14 14 Mills, 1995
Kruger National Park 56 23 21 Funston et al., 2003
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1.5. Possible causes of change in demographic signals

The study conducted in 2010 (Ferreira et al., 2013), which identified the sex skew toward a
greater proportion of males, postulated that changes in prey dynamics in the KTP may
influence sex ratios and age structure in the population. The Trivers and Willard hypothesis,
which pertains to these interactions suggests, that females skew offspring sex ratios towards
the offspring of a certain sex, which will in future procreate with maximum success (Trivers &
Willard, 1973). Sex ratio bias of males has been observed when male cooperation increased
the success of mate acquisition and mating success in lions of the Serengeti National Park
and Ngorongoro National Park (Packer & Pusey, 1987; Yamazaki, 1996). Bias of sex ratios
toward a greater proportion of males is found primarily in populations where high rates of
coalition changeovers occur and where there is increased competition over limited females
and resources (Packer & Pusey, 1987; Yamazaki, 1996; Diaz-mufioz et al., 2014). Although
lions are social, fission-fusion among social groups may have a higher occurrence in regions
with low prey biomass and low lion population densities (Schaller, 1972; Bertram, 1975; East,
1984; De Bie, 1991; Packer et al., 2005).

Improved body condition in vertebrates primarily promote an increase in male offspring
(Trivers & Willard, 1973; Allainé et al., 2000; Burke & Birch, 1995; Brown & Silk, 2002;
Sheldon & West, 2004; Navara et al., 2010; Sogbohossou et al., 2014) but may also skew to
females such as the case in springbok (Antidorcas marsupialis) (Radford et al., 2005).
Changes in prey abundance, prey residency and consequent habitat utilization have an
effect on lion body condition and this can in turn influence sex ratios (Trivers and Willard,
1973; Hanby & Bygot, 1979; van Orsdol et al., 1985; Celesia et al., 2010; Ferreira & Funston,
2010). In the KTP, prey availability may not only change in response to natural environmental
fluctuations, such as rainfall (Mills et al., 1995; Scheffer et al., 2001) but also in response to
anthropogenic influences such as the supply of artificial water sources and fences (Suding et
al., 2004). The artificial restrictions of fences (Hayward & Kerley, 2008) and the
supplementation of water in the KTP could influence prey dynamics (Knight, 1995), which in
turn could affect the body condition of lions (Mills, 1995; Ferreira & Funston, 2010) and
consequently, demographic parameters (Trivers & Willard, 1973; Mills, 1995; Cameron,
2004)

Lion home ranges cover large areas in the KTP (2823 + 498km?) (Funston, 2011) which may
facilitate loose territoriality and higher rates of male coalition takeover events (Packer &
Pusey, 1983; Pusey & Packer, 1987; Bauer et al., 2003; Funston, 2011). Infanticide is a
frequent occurrence after coalition takeover events (Bertram, 1975; Packer & Pusey, 1983;
Packer et al., 2001; Lindsey et al., 2012a). Although the physiological mechanism remain

poorly understood, where coalition changeover and subsequent infanticide occur, the
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majority of the first generation offspring sired by the new male occupants are biased toward
males (Packer & Pusey, 1982; Packer & Pusey, 1987; Yamazaki, 1996). Subsequent
generations were found to be closer to parity at birth (Packer and Pusey, 1987).

The association of poor resource availability and the fission-fusion nature of low-density lion
populations may lead to high rates of coalition changeover, infanticide and consequentially
an increased production of males (Bertram, 1975; Packer and Pusey, 1984; McComb et al.,
1994; Packer et al., 2005; Packer et al., 2001; Funston, 2011). Similar effects have been
observed in populations that experience commercial hunting. Where hunting occurs, adult
males incur the greatest losses due to the trophy value of males, which exhibit greater size,
display large manes as a dimorphic feature and are thus more desirable as a trophy
specimen (Lindsey et al., 2012). In these populations, pride males removed through hunting
allow new males to take over a pride, often killing cubs, and subsequently cub sex ratios
favoured males (69%) (Woodroffe & Frank, 2005; Loveridge et al., 2007).

Increased survival rates of infants and juveniles have also shown to increase the proportion
of males in a population (Allainé et al., 2000; Becker et al., 2012). It may be expected that
males have lower survival rates from sub-adulthood where intra species conflict occurs (Elliot
et al., 2014). Although there is less intra-species conflict in infants and juveniles, males may
have higher energy requirements and their survival is more resource dependent (Ferreira &
Funston, 2010). This may lead to higher rates of mortality in male cubs and juveniles under
poor ecological conditions. Good ecological conditions or large cohorts of cubs may increase
their survival and therefore their proportional ratios in a population (Pusey & Packer, 1987).
Fission-fusion social structures may delay dispersal in male sub-adults which may also

increase male survival (Elliot et al., 2014)

It was postulated that the disproportionate number of male cubs observed in the KTP
between 1998 and 2001 might be a “compensation mechanism” for the higher mortality rate
in dispersing males; however, the physiological mechanism is not described. Where
individuals are born near the boundary of the park, males and females are equally probable
to transgress (van Vuuren et al., 2005; Funston, 2011). However, females are philopatric and
mostly remain in their natal prides, whereas all males emigrate from their natal prides (Pusey
& Packer, 1984; Hanby & Bygott, 1987; Hanby et al., 1995; Elliot et al., 2014). Dispersing
males may travel as far as 120 km before establishing their own territory (van Vuuren et al,
2005; Funston, 2011). In many instances males are forced to leave the park in search of a
new territory and a sustainable resource supply, which may ultimately lead to their demise
(van Vuuren et al, 2005; Funston, 2011).
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Changes in parameters such as immigration, dispersal, coalition change and social
interaction may also cause changes in age specific sex ratios (Packer and Pusey, 1987;
Ferreira et al., 2013). Responses to human-lion conflict can change these parameters and
may alter demographic composition and intra-species interactions (Mills et al., 1978; van
Vuuren et al., 2005; Ferreira et al., 2013; Sogbohossou et al., 2014; Daigle et al., 2015).

Lions in KTP come into conflict with commercial livestock farmers on all the boundaries of
the park, mostly in the south and south-west of the park where livestock farming are the
primary commercial enterprises (van Vuuren et al., 2005). Lion demographic profiles may be
altered through retribution killing and management actions in response to transgressing lions
(van Vuuren et al.,, 2005; Funston, 2011; Ferreira et al.,, 2013; Everatt et al., 2014;).
Management protocols often effect ecological interactions without appropriate cognisance of
the repercussions (Funston, 2002; Soghohossou et al., 2014; Daigle et al., 2015). These
often have opposing results from conservation and biodiversity objectives (Chauvenet et al.,
2011; Ferreira et al., 2013; Trinkel, 2013). Lions, which transgress the park boundary,
whether fenced or unfenced, are often subject to retribution Killing in response to livestock
losses (Funston, 2002; Ferreira et al., 2013). Landowners not as prone to reprisals contact
conservationists who, according to protocol, retrieve the lion or lions and translocate them

back into the park interior (Funston, 2002).

Transgressing lions, which are relocated into the interior of the park, are often placed within
the territories of non-associated prides (Pers. Obs. 2013-2015). The outcomes of interactions
between resident and relocated lions in the KGNP have not been recorded, but may result in
conflict, particularly between males. Such conflict may lead to coalition changeovers,
infanticide and consequences in sex and age structures (Pusey & Packer, 1987; Yamazaki,
1996). Furthermore, there may be consequences for survival and dispersal (Massei et al.,
2010). Lions have the ability to move over large distances and despite translocation have
been known to relocate their prides, and become habitual transgressors (Funston, 2002;
Pers. Obs. 2013-2015). Despite efforts by conservationists to mitigate human-lion conflict,
translocations may not be successful, but rather influence not only the transgressing lion

negatively, but also resident lions, which are exposed to transgressors (Massei et al., 2010).

Although several factors can cause changes in demographic parameters and population
size, it is important to have robust estimates of population characteristics from which to
measure change over time (Gerrodette, 1978; Woodroffe & Ginsberg, 1998). Accurate and
precise estimates of population characteristics provide the basis from which inferences can
be made with relation to potential drivers of lion demographics. Attaining robust estimates
are a function of methodological ability to measure a representative sample from which

conclusions can be derived
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1.6. Methods used to determine demographic characteristics and population size

In cryptic carnivores, such as lions, individual registration (individual identification) is
commonly used to determine demographic characteristics, where individuals are discerned
from each other through the identification of unique marks on the animal (Pearl, 2000).
These markers may be natural, such as spot patterning on leopard coats (Panthera pardus)
(Balme et al., 2009), or may be more discrete and difficult to discern, such as whisker spot
patterns in lion (Pennycuick & Rudnai, 1970), as well as scarring, ear knicks and nose
pigmentation (Whitman & Packer, 2006). Discernible patterns brand marked onto individuals,
by the use of heated iron brands (Stander, 1992; Castley et al., 2002), and genetic markers
from DNA extracted from faecal samples (Tende et al., 2014) have also been used to identify
individuals. Radio telemetry or Global Positioning System collars are used to track individual
life histories of collared individuals and their associated prides (Woodroffe & Frank, 2005;
Loveridge et al., 2007; Funston, 2011).

The total or mean population characteristics, such as age and sex structures, are determined
from a sample of the population and described as point estimates in time at the end of a
study period (Mills et al., 1978; Castley et al., 2002; Funston, 2011; Ferreira et al., 2013). To
derive other demographic characteristics such as fecundity, survival, mortality, immigration
and emigration, observations of individuals are required over a longer period to capture life
history patterns (Banerjee et al., 2010; Funston, 2011; Barthold et al., 2016). Life history
patterns, such as survival probability, are often simulated in computer programs to identify
variability between different age and sex structures (White & Burnham, 1997; Zheng et al.,
2007; Grosbois et al., 2009). Factors such as birth rates and mortality rates are used to
define population growth (Lebreton et al., 1993; Pradel, 1996), assess extinction risks (van
Vuuren et al., 2005; Woodroffe & Frank, 2005) and define evolutionary processes (Cam,
2009).

Registration studies have been used to enumerate lion populations (Pennycuick & Rudnai,
1970; Stander, 1991; Mosser & Packer, 2009). However, results come at great expense,
particularly when counting cryptic carnivores in vast areas (Balme et al., 2009). Registration
studies often only describes the minimum-known-alive number in the population, which
predominantly provides an underestimation (Efford, 1992), and are often used in conjunction
with other methods (Owen-Smith, 1990; Woodroffe & Frank, 2005; Morley & van Aarde,
2007). Mark-recapture (or capture-mark-recapture) techniques are among the most common
in determining population size estimates of wildlife (Cam, 2009), and are achieved by the
registration of a portion of the sample population through either natural (Fearnbach et al.,
2012; Bolger et al., 2012; Bonner & Holmberg, 2013) or unnatural (Mills et al., 1978; Castley

et al., 2002) marking of individuals. The relative proportional difference between marked and
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unmarked individuals at discrete capture events are analysed statistically, as according to
the Lincoln-Peterson index (Pollock, 1991), and an estimate of population size is derived.
Mark-recapture techniques have developed into having very specific applications, depending
on the objective, whether to derive estimates of population growth, survival, capture
probability or abundance (Cooch & White, 2015). Abundance estimates no longer only
account for proportional differences between marked and unmarked animals in a sampled
population, but have evolved to account for detection and survival probability based on life
history data (Barker & White, 2004; Morrison et al., 2011; Cooch & White, 2015). Mark-
recapture techniques are considered as a reliable method when the correct models are
applied and the assumptions, under which the method is applied, are not violated (Morley &
van Aarde, 2007; Cooch & White, 2015) and can be very precise (Schwarz et al., 1999). In
the KGNP, two population size estimates have been conducted using mark-recapture
estimates, the first using the Lincoln Index (Mills et al., 1978) and the second, the Lincoln-

Peterson estimator (Castley et al., 2002).

Indices of animal abundance or density have been used successfully to track changes over
time (Stephens et al., 2006), particularly when direct observations are limited by resource
constraints or the detection probability of the study subject (Balme et al., 2009). Track indices
for instance, have been calculated as the relationship between known density of animals in
an area and the relative density of tracks (spoor) along a transect (Stander, 1998). The
concept of track indices relies on the probability that a fixed amount of effort will result in an
expected retrieval of signs that are representative of the population (Schwarz et al., 1999).
For lion populations, a strong relationship exists between the track density (n/100 km) and
lion density (n/100 km2) (Stander, 1998; Funston, 2002; Balme et al., 2009; Funston et al.,
2010). The relationship between track and actual density has been calibrated in various
environments, for various substrates (Funston et al., 2010) and for a variety of species
(Stander, 1998; Funston, 2002; Balme et al., 2009; Funston et al., 2010). In the KTP and
KGNP, track density has been directly calibrated to lion density derived from density
estimates of registered individuals, in known prides, within known home ranges (Funston,
2002; Funston et al.,, 2010). Less commonly used indices, particularly in defining lion
population variables, are of signs such as scat, den sites and overlaps in home ranges

between territorial groups (Pearl, 2000).

Other indices based on occupancy, use camera trapping to identify the presence or absence
of animals as the relative abundance of a species, or the presence or absence of unique
individuals from which mark-recapture estimates can be derived (Maputla et al., 2013;
Gutierrez-Gonzalez et al., 2012; Rowcliffe & Carbone, 2008). Camera trap base surveys

often rely on individual identification to attain accurate and precise estimates of density or
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abundance, and in the case of lions, would require branding individuals to mark them, as
features such as whisker spot patterns are not easily identifiable from camera traps (Cozzi et
al., 2013; Kane et al.,, 2015). Camera trapping is capable of determining occupancy or
species richness but the method is seldom used to determine population size estimates due
to the challenges in individual identification (Everatt et al., 2014; Hatfield, 2014).

Call-up (or call-in/lure counts) stations are a relatively inexpensive method to determine lion
density (Cozzi et al., 2013) and have been used to attain density estimates (Groom et al.,
2014; Omoya et al., 2013; Ferreira & Funston, 2010b) through attracting lions to a sound
stimulus of a distressing prey species or conspecific competitor (Cozzi et al., 2013). Call-ups
have been used in previous studies in the KGNP for mark-recapture purposes, to derive age
and sex structure (Ferreira et al., 2013; Funston, 2002) and to determine density in the
Wildlife Management Areas (WMA) bordering the KTP to the east and north of the park.
Density estimates in the WMA’s have proved to be relatively inaccurate in comparison to
other techniques (Mudongo & Dipotso, 2011). Call-ups in arid areas are limited by low lion
density with a poor return rate except where call-ups are conducted at locations where fresh
lion tracks have been found(Ferreira et al., 2013; Mudongo & Dipotso, 2011). Furthermore,
call-up’s are subject to high seasonal and spatial variability, have large margins of error in
comparison to other methods (Mudongo & Dipotso, 2011; Cozzi et al., 2013) and require
further development to account for some bias in the method (Young-Overton et al., 2014).

Several assumptions must be met when deriving estimates of population characteristics
(Schwarz et al., 1999; Franklin & Walker, 2010). These assumptions may be related to
behavioural responses, consistencies in capture or survival probabilities and may be related
to resource restraints or environmental fluctuations (Schwarz et al., 1999; Pearl, 2000).
These assumptions limit the different techniques in their abilities to accurately represent the
population in their estimates, and limit the precision with which estimates may be derived
(Krebs, 1999; Schwarz et al., 1999). To enable conservationists to respond to changes in
species characteristics and in the environment, the methods that are applied to describe the
population need to be robust (accurate and precise) in both design and analysis (Barker &
White, 2004; Eberhardt, 2007) as well as cost effective (Midlane et al., 2015). Robust
estimates will detect changes over time (Gerrodette, 1978), which will guide conservationists
in their decisions which will either benefit, or be to the detriment of their charge (Parrott,
2011; Cushman et al., 2015).
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1.7. Objectives of this thesis

The primary aim of this thesis was to define lion population characteristics within the study
area by determining the population size, as well as the age- and sex-structures, so that vital
rates can be derived and changes in population characteristics over time can be determined.

The four primary objectives were:

1. To determine the population size of lions in the KGNP.

2. To determine which methods are best suited to estimate lion abundances in the
KGNP?
To determine the demographic characteristics of the lion population in the KGNP.
To determine whether the lion population size and demographic characteristics have
changed over time.

1.8. Structure of the thesis

This thesis is comprised of five chapters. Chapters 3 and 4 have been compiled as
independent manuscripts to facilitate publication in peer-reviewed journals.

Chapter 2 describes the study area with consideration of the attributes that determine lion

presence, abundance and demographic characteristics.

Chapter 3 is focussed on determining the population size of lions in the KGNP by means of
various methodological approaches. Here the relative accuracy and precision of various
applied and indirect methods are measured, including the effort required to detect robust

demographic characteristics.

Chapter 4 is concerned with defining the demographic characteristics of the lion population

in the KGNP through direct observations and modelling techniques.

Chapter 5 is a combined data and synthesis chapter concerned with determining the change
in demographic characteristics and population size over time. Historic studies and the current
study are compared, and the ability to detect trends over time with the available information

is analysed.
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Chapter 2:
Study Area

2.1. Introduction

In 1931, the Kalahari Gemsbok National Park (KGNP) was proclaimed as a protected area in
response to an onslaught of poaching and bush-meat hunting, which was alleged to have a
large impact on wildlife abundance in the south-western Kalahari region (Anonymous, 2008).
Shortly thereafter, in 1939, a game reserve extending approximately 40 km to the east of
KGNP, now known as the Gemsbok National Park (GNP) in the then Bechuanaland
(Botswana) was proclaimed by the British ruling government (Anonymous, 2008). The GNP
of Botswana was further extended in 1971 to include the Mabuasehube Game Reserve. On
the 7 April 1999 the presidents of South Africa and Botswana signed a treaty that declared
the Kgalagadi Transfrontier Park as the first Transfrontier Conservation Area in Africa and it
was formally proclaimed on 20 May 2000 (Anonymous, 2008) (Figure 2.1).

Mozambique

Zimbabwe

Botswana

South Africa O

Legend
W% Kgalagadi Transfrontier Park

Figure 2.1 The location of the Kgalagadi Transfrontier Park (KTP) delineating the Kalahari
Gemsbok National Park (South Africa) to the southwest of the KTP and the Gemsbok
National Park (Botswana) to the east of the Nossob River, which demarcates the boundary
between South Africa and Botswana within the KTP.
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The KGNP is currently gazetted under the National Environmental Management: Protected
Areas Act (NEM:PAA) 57 of 2003 (South Africa). The NEM:PAA was amended in the
National Environmental Management: Protected Areas Amendment Bill No. 31239 (GN 5/85)
in 2008, after a 25 000 ha section of the KGNP to the west of the Auob river, was awarded to
the indigenous community through a lands claim (NEM:PAA, 2008). The community owned
section is still included into the management of the KGNP and remains a part of the
protected area (Anonymous, 2008). The Kgalagadi Transfrontier Park is managed under a
joint management committee, which includes the South African National Parks (SANParks),
and the Republic of Botswana’s Department of Wildlife and National Parks (DWNP).

To the south, east and north of the KTP in Botswana, vast areas are proclaimed as Wildlife
Management Areas (WMA) (Funston, 2002; Mudongo & Dipotso, 2011). These WMA's serve
as buffers between agricultural land and the GNP in Botswana and allow for movement of
migratory species between the KTP and the Central Kalahari Game Reserve (Verlinden,
1998; Funston, 2002). These areas are restricted in their activities, and although
communities in Botswana are allowed to utilize the natural resources in the WMA'’s, no
agricultural or industrial activities are permitted (Mudongo & Dipotso, 2011). The WMA’s
bordering the KTP contribute a further 36,822 km2 to wildlife habitat and together with the
KTP cover a contiguous area of approximately 80 000 km2, rendering it one of the largest
conservation areas in the world (Herholdt & Anderson, 2006; Funston, 2002; Mudongo &
Dipotso, 2011). The vast extent of the KTP in an arid Savanna environment and its buffering
WMA'’s enables the conservation of lions (Panthera leo) in one of southern Africa’s most

important lion conservation areas (Riggio et al., 2013).

2.2. The study area

The study area includes the KGNP and a 17 km buffer to the east of the Nossob River into
the Gemsbok National Park (GNP), Botswana. The study area is 14 250 km?, of which 9710
km2 comprises the KGNP (Figure 2.2). The extent of the study area has been defined by
fenced boundaries to the south, southwest and west, bordering agricultural areas, used
predominantly for the cultivation of cattle as well as sheep and goat (Funston, 2002; van
Vuuren et al., 2005; Mudongo & Dipotso, 2011). The area to the East of the Nossob River is
unfenced and forms part of the KTP. The area considered as the study area was defined by
the home range extension of five collared lionesses that formed part of this study, and which
were known to reside in the KGNP, but also extended their home ranges approximately 17
km (£ SD = 6 km) into the GNP (Figure 2.2). The study area lies entirely within the KTP (36
000 km?) in the extreme Southwest of the Arid Kalahari Region (Leistner, 1959b; Rooyen et
al., 2008).
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Gravel or sand roads run along the entire extent of two ephemeral riverbeds within the KTP,
namely the Auob and the Nossob Rivers, as well as several roads, which transect the dunes
within the study area (Figure 2.3). Several artificial water sources exist across the study area
which are fed by either solar or wind driven pumps (Mills & Retief, 1984; Knight, 1995) at a
density of 0.57 water holes per 100 km? (Funston, 2011) (Figure 2.3). In the riverbeds, 41
artificial water holes exist, 17 situated in the Auob and 24 in the Nossob riverbeds (Mills &
Retief, 1984; Knight, 1995). Twenty-three water holes are found in the dunes, two of which
were not operational for the majority of the study period (Pers. Obs. 2013-2015). Some
boreholes were drilled in the KGNP before the 1900’s but the majority of the boreholes were
sunk during the prior to the Second World War (Knight et al., 1988; Anonymous, 2008).
Eleven tourist camps are distributed across the study area, predominantly on the perimeter

of the Nossob and Auob Rivers.

Figure 2.2 Study area (14,250 km?) within the Kgalagadi Transfrontier Park (KTP), defined
by the extent of five collared lionesses’ home-range east of the Nossob River. The study
area covers the entire KGNP, South Africa, west of the Nossob River and a 17 km buffer into
the GNP, Botswana, to the east of the Nossob River.
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Figure 2.3 The study area within the KTP is delineated with particular reference to manmade
features. Gravel and sand roads run along the entire length of the Auob and Nossob River,
and several roads transect the dunes. Along the Auob and Nossob Rivers, as well as in the
dunes, several waterholes influence animal ecology and provide water to tourism camps that
are distributed across the KGNP. The southern, south-western and western boundaries of
the study area are fenced to separate wildlife from livestock, and deter human-lion conflict.
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2.3. Climate

The KTP, in the southwest of the arid Kalahari, maintains climatic conditions that can be
classified as a desert environment (Laity, 2008; Durant et al., 2014). These conditions
include high summer temperatures, evaporation which exceeds precipitation (<250 mm) and
high rainfall variability, prominent winds, clear skies over 70% of the time and low (< 30%)
humidity (Laity, 2008). The south-western region of the Kalahari ecosystem is dominated by
anti-cyclonic low-pressure systems characterized by infrequent rain events, a generally
cloudless atmosphere punctuated by erratic cumulus convection and strong seasonal
definition (Tyson & Crimp, 1998).

The KGNP receives approximately 220 mm of highly erratic precipitation between November
and April (Knight, 1995; Bergstrom & Skarpe, 1999; van Rooyen et al., 2008). Variance in
localized rainfall ranges between averages of 180 mm in the southwest to 230 mm in the
North of the KGNP per annum (Grist et al., 1997). Rainfall shows extreme variation across
the KGNP and most of the rain falls over short bursts as isolated thunderstorms across the
landscape, with greater variability in the southwest of the KGNP (Tyson & Crimp, 1998;
Anonymous, 2008; van Rooyen et al., 2008). The mean rainfall in the south-western
Kalahari, calculated from measurements at Nossob, Mata-Mata and Twee Rivieren rest
camps in the KGNP, and the town of Van Zylsrus to the southeast of the KGNP, was 180.4
mm between 1980 to 2005 (Stapelberg et al., 2008). Between 1972 and 1989, the average
precipitation in the KGNP was 225 mm (Knight, 1995). During the three years within which
the study occurred (2013 to 2015), the annual rainfall across the KGNP ranged between 129
mm and 266 mm per annum (pers. comm. M. Ferreira, 2016), which is below the long-term
average (Knight, 1995). Evapotranspiration rates are high (> 3 000 mm per annum) (Mucina
& Rutherford, 2006), and natural surface water occurs only for short periods after heavy rain,

in ephemeral riverbeds and pans scattered across the dune habitats (Nagy & Knight, 2008).

Temperature can range from extremes of -10°C in winter to 45°C in summer (Mills, 2015).
Average summer (November — April) maximum temperature exceeds 35°C and the winter
(May — October) mean maximum temperature is 29°C Anonymous, 2008). Average monthly
minimum temperatures during winter are approximately 4°C but in summer, minimum
temperature rarely falls below 15°C (Anonymous, 2008). Annual mean temperatures
fluctuate between 11°C and 32°C (Herholdt, 2006).

! Micho Ferreira, Section Ranger, Twee Rivieren, Kalahari Gemsbok National Park, Northern Cape,
South Africa. 8800.
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Seasonality has been defined by distinctions in temperature and precipitation. Taking into
account only temperature, a hot (October to March) and a cold (April to September) season
has been defined (Bothma & Bothma, 2006; Melville & Bothma, 2006; Bothma & le Riche,
1994). Taking into account only precipitation, a dry (May to October) and wet (November to
April) season has been identified (van Rooyen et al., 2006; Bergstrom & Skarpe 1999).
Further definitions of climatic variability in the arid Kalahari have been made taking into
consideration both precipitation and temperature simultaneously. Three seasons have been
defined in this manner namely hot and dry (September to December), hot and wet (January-
April) and cold and dry (May to August) seasons (van Vuuren et al., 2005; Mills & Retief,
1984). Although several seasonal definitions have been identified, precipitation is by far the

most important to ecosystem interaction (Stapelberg et al., 2008).

Ecological conditions can be defined in relation to rainfall (van Vuuren et al., 2005;
Bergstrom & Skarpe, 1999; Jeltsch et al., 1999). Ecosystems have a measured response to
rainfall, such as primary productivity and, relevant to the study of lions, prey biomass (Mills et
al., 1995; Celesia et al., 2010). Ecological conditions have been described in the KTP by
relative bi-annual rates of precipitation (van Vuuren et al., 2005). Good ecological conditions
persist when the average rainfall over a two-year period equals or exceeds 237 mm, average
ecological conditions persist when the two-year average rainfall is between 235 mm and 165
mm and poor ecological conditions persist when the average rainfall over a two-year period
is below 165 mm (van Vuuren et al., 2005). Although this is not representative of the entire
study area, this does indicate that the study was commenced during poor ecological
conditions. However, during the study period, the average rainfall was equal to the long-term
average between 1980 and 2005, with the two-year average exceeding 185 mm in Twee
Rivieren throughout the study period (2013-2015) (pers. comm. M. Ferreira, 2016).

2.4. Topography

The KGNP lies at an altitude between 800 m and 1,100 m above sea level with a gradual
south-westerly slope (Anonymous, 2008; Stapelberg et al., 2008). The topology is
characterized by sand dunes, ranging from flat sand plains in the north and east, gently
undulating dunes in the north-west, steep parallel dunes in south, and steep irregular dunes
predominantly in the centre and to the west of the study area (Mills & Retief, 1984;
Anonymous, 2008; van Vuuren et al., 2008). Dunes range in height between 6 m and 20 m
high, with some very tall dunes (maximum 40m), extending out of the riverbeds in the
northern half of the Auob River (Leistner, 1967; Mills & Retief, 1984). The dune structure
remains relatively stable only shifting after large disturbance events such as fire (Haddon &
McCarthy, 2005). Dunes in the northwest of the study area are shaped predominantly by

northerly winds, whereas in the south, westerly winds are the dominant cause of dune

41



formation (Heine, 1989). The central areas of the KGNP receive a mixture of these prevailing
winds, causing more irregular dune formations (Heine, 1989). Bare dunes, which resulted
from fire, drought or grazing, are subject to three times more soil movement from wind than
vegetated dunes (Wiggs et al., 1994). The dune fields are interspersed with one hundred and
twenty six large pans in the KGNP (Mucina & Rutherford, 2006) at a density of approximately
0.17 pans per 100 km2 (Funston, 2011). Two types of pans are discerned in the KGNP,
sparsely vegetated pans and saltpans with no plant growth (Leistner, 1967; van Rooyen &
van Rooyen, 1998; Mucina & Rutherford, 2006).

The dunes cover approximately 86% of the study area, dissected by two ephemeral
riverbeds. The riverbeds account for approximately 2% of the study area (van Rooyen et al.,
2008). A 2.5 km buffer on either sides of the river beds are considered riparian zones (x2000
km?) (van Rooyen et al., 2008; Ferreira et al., 2013) where animal densities are expected to
be higher (van Rooyen et al., 2008). The riparian zone occupies approximately 14% of the
study area. The Auob River and the Nossob River cross the study area in a north west to
southerly direction until their confluence in the very south of the study area named
Samevloeing. The Auob River is characterised by steep calcrete and dune slopes from the
riverbed into the dune fields, with a span of between 100 m and 500 m (Bothma & De Graaff,
1973; Mills & Retief, 1984). The Auob River has its source in Stampriet, Namibia, which is
approximately 360 km to the north west of the point where the river enters the KGNP and
ends at its confluence with the Nossob River. Within the park boundaries, the Auob River
flows approximately once every decade and the Nossob, approximately twice a century (Mills
& Mills, 2013). The Nossob river is similar in structure to the Auob in the southern region of
the study area, whereas in the northern reaches of the Nossob the riverbed is wide (100-
1000 m) and comparatively shallow, with dunes extending gradually from the riverbed
(Bothma & De Graaff, 1973; Mills & Retief, 1984). The Nossob River originates out of the
Anas mountains near Windhoek, Namibia, and enters the study area in the northwest and

forms the political boundary between Botswana and South Africa (Anonymous, 2008).

2.5. Geology

The Kalahari basin, or the area commonly referred to as the Kalahari Desert was formed
because of tectonic uplifts during the Pliocene era (Thomas & Shaw, 1991). The current
extent of the sands which lie within the basin cover an area approximately 2.5 million km2,
spanning across seven countries including South Africa, Namibia, Botswana, Angola,
Zambia, Zimbabwe and the Democratic Republic of Congo (Thomas & Shaw, 1991). The

study area lies to the extreme southwest of the Kalahari basin (Stapelberg et al., 2008).
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The study area is underlain by the Kalahari Group basal formation, which lies on top of the
Karoo Sequence (Malherbe, 1984). Sands formed predominantly through aeolian and some
fluvial erosion (Heine, 1989), derived from the Gordonia Formation, are the most common of
the soil types, comprising most of the dune habitat (Malherbe, 1984). Other Kalahari Groups
can be classified into brown to white fine grained sands from the Goeboe Goeboe Formation,
gravels belonging to the Wessels Formation, red clay from the Budin Formation, sandstones
from the Eden Formation, calcrete from the Mokalanen Formation and clayey limestone from
the Lonely Formation (Malherbe, 1984).

The sands in the Kalahari are considered deep (£40m) and poorly structured with little
organic composition (Dougill & Thomas, 2004). The soils are generally nutrient poor and low
in exchangeable cations, lacking in many micronutrients, and exhibiting large variability in
concentrations of major nutrients such as phosphorous, nitrogen, potassium and carbon
(Dougill & Thomas, 2004; Scholes, 2011). The sand can be classified into two types, firstly
sandy soils, which are divided into red, pink and white sand. The colour of these sands is
because of iron oxide bonded to the soil particles. The other classifications are of fine sand

structures, which are sub-divided into river, alluvial and pan soils.

2.6. Habitat structure and vegetation

The study area falls within one of the least productive environments in the world with an
annual primary production rate of between zero and five tons of net primary production per
annum (Lieth, 1975; Knight, 1991; Schultz, 2005). Although the region falls within an area
with optimal temperature (24-30°C) and sunlight for optimal photosynthetic production
(Schultz, 2005), plant growth is limited by a lack of nutrients and water (Scholes, 2011). Not
only is the general nutrient content in the KGNP poor, decomposition and nutrient turnover is

also slow in such a xeric environment (Lieth, 1975; Scholes, 2011).

The study area and the broader KTP fall within the Savanna Biome (van Rooyen et al., 1988)
and has been classified as Kalahari Thornveld (Acocks, 1988) and more recently as Thorn
Savanna (Schultz, 2005). The vegetation types within the KTP have been classified on
numerous accounts (Pole-Evans, 1936; Brynard, 1958; Leistner, 1959a; Leistner, 1959c;
Giess, 1971; Bothma & De Graaff, 1973; Leistner & Werger, 1973; Coetzee & Werger, 1975;
Wergner, 1986; Acocks, 1988; van Rooyen et al., 1988; van Rooyen & van Rooyen, 1998;
Low & Rebelo, 1998; van Rooyen et al., 2008). However, the first study of lions in the
broader KTP, differentiated between two distinct units of vegetation in the dune habitats,
based on structural differences, which had implications for lion population characteristics
(Funston, 2002). A Tree Savanna habitat in the northeast of the park and found solely in the

GNP was described as a sparse to open Tree Savanna, with large grassy plains (van
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Rooyen, 2000). The south-western area of the KTP, and occupying the majority of the
KGNP, was classified as Dune Savanna (15 633 km?2), characterized by shrubby grassland
with few large trees on parallel dunes (Leistner, 1967; Funston, 2002). The current study
took place within the Dune Savanna habitat (Funston, 2002) and is described as being
homogenous and belonging to the Kalahari Duneveld Bioregion, which is characterized by
three primary plant species, namely Vachelia erioloba, Rhigozum trichotomum and Schmidtia
kalahariensis representing trees, shrubs and grasses respectively (Mucina & Rutherford,
2006).

Further detailed distinctions have been made between landscapes based on terrain
morphology, soil and vegetation structure in the KGNP (van Rooyen et al., 2008). However,
the greatest and most relevant distinctions in the study area are between the riverbeds
(Figure 2.4 & 2.5), pans (Figure 2.6) and dune habitats (Figure 2.7) (van Rooyen et al.,
2008), which show differences in prey and lion density (Mills, 1984; Funston, 2002; Ferreira
et al., 2013). When referring to riverbeds, these include a 2.5 km buffer of plains and terraces
along riverbeds and grass pans, on compact whitish sand to either side of the riverbed (van
Rooyen et al., 2008; Ferreira et al., 2013). The riverbeds, although ephemeral, have greater
water retention qualities and hold surface water for short periods after rains (Knight, 1995).
Nutrients are generally more abundant in the riverbeds with some leaching of nutrients from
the dunes to the lower lying areas of the riverbeds and pans (Berkeley et al., 2005). Soils in
the riverbeds are of a finer texture, are more adherent to nutrients and have a greater
content of organic matter and clay content than the soils in the dunes (Berkeley et al., 2005).
The riverbeds thus have a greater capacity for primary production and this is particularly
observed in plant growth and the herbivore aggregations in the riverbeds during the rainy
season (Bergstrom & Skarpe, 1999).

The riverbeds and pans hold a greater diversity of plants, but are characteristically composed
of short steppe like grasslands (Knight, 1995). The primary grass species found in the
riverbeds and pans include Schmidtia spp, Stipagrostis spp, Centropodia spp and Eragrostis
spp. Shrubs such as Grewia flava, Cersia tenuinervis and Rhigozum trichotomum (Knight,
1995; van Rooyen et al., 2008). Conspicuous trees of former genera Acacia, now known as
Vachellia erioloba and V. haemotoxylon (Dyer, 2014) are prominent in the river habitats.
However, the riverbeds represent less than 15% of the study area (Knight, 1995; van Rooyen
et al., 2008)

The remainder of the study area consists of the dune landscapes and make up the vast
majority of habitat available to lions and their prey. The dunes can be sparsely vegetated

with trees, shrubs and grasses, bare dunes, flat grasslands and tree savannahs (Bothma &
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De Graaff, 1973). The dominant vegetation includes grasses (Schmidtia kalahariensis,
Stipagrostis amabilis, S. uniplumis, S. ciliata, Eragrostis lehmanniana, Centrapodia glauca),
scattered trees, that often grow in a shrub form (Vachellia erioloba, V. haematoxylon and
Boscia albitrunca), and shrubs (Rhigozum trichotomum and Senegalia mellifera) (van
Rooyen et al., 2008). The sandy aeolian sand of the dunes, is low in nutrients, has poor
water retention qualities, and is poor in organic matter (Berkeley et al., 2005). These qualities
make it a less productive environment than the riverbed habitat.

Figure 2.4 The ephemeral Nossob River can be relatively narrow (100m) in its southern
reaches and 1000m wide towards the north. The riverbeds, particularly the northern reaches
of the Nossob River have a higher rate of primary productivity. The Nossob River may flow
twice a century.

Figure 2.5 The Auob river is mostly narrow (100-500m) with high dunes (left of image) or
calcrete ridges (right of image) rising from the riverbed. The Auob flows approximately once
a decade but as with the Nossob River, can hold puddled surface water for several days after
rains and has a greater abundance and higher quality food per area than the dune
environment
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Figure 2.6 Within the dune habitat, one hundred and twenty six large pans have been
identified and mapped in the KGNP. These pans can be sparsely vegetated pans or salt
pans with no plant growth. Animals are lured to the pans where they attain nutrients from
natural licks, in some cases nutritious forbs and graze, and surface water, for short periods
after rains.

Figure 2.7 The dunes comprise more than 85% of the available habitat to animals in the
KTP. Dune topography may vary greatly across the study area from parallel dunes in the
southwest as shown in the image above, gently undulating or vast plains in the northeast or
irregular high dunes in the west of the study area. However, primary production is
consistently lower in the dunes than in the riverbeds and animal densities are
correspondingly low.
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2.7. Prey prevalence and conspecific competitors

The riverbeds and pans, which are subject to higher primary production, are the most
intensively used due to the higher biomass of edible nutritious plant matter (Bergstrom &
Skarpe, 1999). Densities of game in the riverbeds are also accentuated by the presence of
artificial water holes in the riverbeds and in the dunes, where they are often located at pans
(Mills & Retief, 1984; Knight, 1995). Another attraction of herbivores to the riverbeds and
pans are areas of compressed clay soils, which serve as natural licks by herbivores to
supplement their nutritional and salt intake (Stapelberg et al., 2008). However, herbivore
numbers fluctuate seasonally in the KGNP (Mills, 1984). Animals congregate in the KGNP
during the wet summer months, particularly in the riverbeds, and disperse again in the dry
winter season (Mills & Retief, 1984b; Bergstrom & Skarpe, 1999). The extreme and
inconsistent climatic conditions in the KTP limit ungulate abundance and biomass (Mills,
2015), and animals which are adapted to erratic arid conditions, such as gemsbok, Oryx
gazelle and springbok, Antidorcas marsupialis, are dominant in the landscape (Stapelberg et
al., 2001). Species that are dependent on water and high quality graze, such as blue
wildebeest, Connochaetes taurinus, are less common across the KTP and mostly restricted
to riverine areas (Williamson & Williamson, 1988; Spinage, 1992; Knight, 1995). Other
ungulate species, which occur at lower densities including red hartebeest, Alcelaphus
buselaphus, eland, Tragelaphus oryx, steenbok, Raphicerus campestris, and common
duiker, Sylvicapra grimmia (Mills & Retief, 1984b). Other common resident species include
ostrich, Struthio camelus, porcupine, Hystrix africaaustralis, springhare, Pedetes capensis

andhare, Lepus spp. (Mills, 1984).

Seasonal and stochastic migrations are typical in arid landscapes where animals, particularly
large ungulate species, have to move over large areas in search of food and surface water
(Verlinden, 1998; Cain et al.,, 2005). The greater Kalahari once epitomized some of the
largest migrations across vast landscapes, and more localized migrations persist in the KTP
and adjoining WMA'’s (Verlinden, 1998). Mass migrations as recorded historically no longer
occur (Child & Le Richie, 1969; Verlinden, 1998). Large scale seasonal migrations of
springbok (Eloff, 1961) and wildebeest (Spinage, 1992) through the KTP were historically
recorded (Verlinden, 1998). Blue wildebeest used to be highly migratory, driven by water
dependence and a requirement for high quality graze (Williamson & Williamson, 1988;
Knight, 1995; Verlined, 1998). Springbok and wildebeest have since established resident
herds in the KGNP (Knight, 1995; Owen-Smith, 1996) and now occur mostly within the
riverbed areas (Eloff, 1966; Knight, 1995), close to waterholes (Mills & Retief, 1984b) at
lower densities (Spinage, 1992). Eland are also migratory and are known to move between

the Central Kalahari Game Reserve in Botswana into the KGNP during dry seasons
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(Verlinden, 1998). Red hartebeest appear to have localized seasonal migrations within the
greater KTP region and occur at lower densities in the Auob riverbed than in the Nossob
riverbed (Mills & Retief, 1984b; Knight, 1995). Gemsbok, the most abundant large ungulate
(Ellis & Herbst, 2013; Mills, 2015), and the largest contributor to lion diet (Eloff, 1984; Mills,
1984, Beukes et al., unpublished data 2016), are sedentary in the KTP (Mills, 2015).

Lion diet in the KGNP consists predominantly of large ungulates (>80 kg), such as gemsbok,
wildebeest, hartebeest, eland, and kudu, as well as smaller prey items such as ostrich,
steenbok, Raphicerus campestris, and common duiker, Sylvicapra grimmia (Eloff, 1984; Mills
& Retief, 1984). In the KGNP, porcupine, Hystrix africaaustralis, constitutes a larger portion
of lion diet than elsewhere, but their biomass contribution is negligible (Eloff, 1984; Mills &
Retief, 1984). Warthog have been recorded in the KTP (Mills & Mills, 2013) but have not
been recorded in lion diet (Eloff, 1984; Mills, 1984). Giraffe were introduced to the KGNP in
1990 and currently occur only in the Auob River and adjoining dune areas (Hall-Martin & De
Graaf, 1978; Kruger, 1994; Bezuidenhout et al., 2010) but have not been recorded as
constituting any part of lion diet in the KGNP (Eloff, 1984; Mills 1984, Beukes et al.,
unpublished data 2016). The abundance of available prey species are predominantly limited
by rainfall, which is positively correlated to primary production (Coe et al., 1976; Sinclair,
1979; East, 1984; Mills & Retief, 1984; Walker et al., 1987). Game numbers have fluctuated
over time in the KGNP (Mills 1984) (Table 2.1). Wildebeest and eland appear to be the most
susceptible to drought conditions and their abundance shows the greatest variability over
time, whereas gemsbok and hartebeest show comparatively less susceptibility to drought

conditions and have not shown large fluctuations over time (Knight, 1995).

Table 2.1 Population size estimates of six prey species commonly consumed by lions in the
KGNP. The years in which the aerial surveys were conducted are presented in brackets
when different from the year of publication. Confidence intervals (95%) are presented where
available and where information is not available (NA), it is indicated.

. . Funston .

: Knight, 1995 Knight, 1995 o Ellis &
Species (1978-1984) (1985) 2002208119)98 Herbst, 2013
Gemsbok 7998 (£2665) 8948 (+2541) 13988 8120
Red hartebeest 1581 (+820) 1002 (x660) 1588 1110
Eland 2604 (+2114) 3209 (+859) 1588 1100
Blue wildebeest 1290 (£250) 5496 (+2363) 141 1440
Springbok 5411 (+899) 5022 (x1765) 360 2790
Ostrich 1695 (+428) 2406 (£747) NA 1550
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The WMA’s connect the KTP with the Central Kalahari Game Reserve, which allows
migratory ungulates to move between and within these areas (Verlinden, 1998). However,
fences and human settlements restrict much of the original migratory routes and destinations
(Verlinden, 1998). Changes in the migratory habits of particularly wildebeest and springbok
have caused structural changes in the potential prey composition (Mills, 1984; Knight, 1991;
Castley et al.,, 2002). Furthermore, declines of large ungulates and ostrich have been
observed across the southern Kalahari ecosystem (Spinage & Matlhare, 1992; Verlinden,
1998). Changes in the composition of prey, and responding lion diet may ultimately lead to
changes in lion population characteristics (Castley et al., 2002; Ferreira et al., 2013). Apart
from the natural prey species of lion present in the KTP, lions that live on the periphery of the
KTP have access to livestock, predominantly sheep, goats and cattle, as an alternate source
of food (Mills, et al., 1978; van Vuuren et al., 2005). Lion predation on livestock has been a
major source of human-lion conflict over several decades in the KGNP and KTP (Mills et al.,
1978) and remains a primary concern of lion persistence (van Vuuren et al., 2005; Ferreira et

al., 2013) and a potential driver of demographic change (Woodroffe & Frank, 2005).

Large Carnivores (> 20 kg) are characteristic of Africa Savanna ecosystems (Mills, 2015) and
several conspecifics co-occur with lion in the study area. Apart from lion, the order Carnivora
are represented by large carnivores such as spotted hyaena, Crocuta crocuta, cheetah,
Acinonyx jubatus, leopard, Panthera pardus and brown hyaena, Hyaena brunnea (Mills,
1984; Mills, 2015). Smaller carnivore species found in the KTP include black backed jackal,
Canis mesomelas, Cape Fox, Vulpes chama, bat eared fox, Octocyon megalotis, African wild
cat, Felis lybica, caracal, Caracal caracal, and honey badger, Mellivora capensis (Kruuk &
Mills, 1983; Melville et al., 2004; Herbst & Mills, 2006; Blaum et al., 2008).

In the KTP, carnivores prevail in more equal proportions than those of more mesic areas,
where the largest carnivores often dominate the tertiary trophic level (Mills, 2015).
Furthermore, brown hyenas are abundant in the KGNP (N = 172; Mills, 1990), whereas lion
often numerically dominate spotted hyena where they co-occur (Mills, 2015). In the KGNP,
lions are abundant (N = 130; 95% CI: 91-169; Ferreira et al., 2013) and spotted hyaena are
uncommon (N = 84; Mills, 1984). African wild dog, Lycaon pictus, historically occurred in the
northern reaches of the KTP, but have disappeared from the ecosystem in recent history
(Mills, 2015). Cheetahs and leopards are the least abundant of the large predators (Mills,
2015), with approximately 204 and 151 individuals in the KTP respectively (Funston, 2002).
Negative interactions between different large carnivore species are also less common due to
the low densities in the KGNP, and food loss to lions through scavenging by species such as

spotted hyaena’s, is rare (Mills, 2015).
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Chapter 3:
Effective estimation of abundance and demography: Lions
(Panthera leo) in the Kalahari Gemsbok National Park

3.1. Introduction

Lion (Panthera leo) are a threatened species that is vulnerable to extinction due to a range
decrease of up to 80% and an approximate 30% decline in numbers in the last 20 years
(Chardonnet, 2002; Bauer et al., 2005; Bauer et al., 2015). Several studies of population size
estimates across Africa suggested that as few as 23 000 and up to 39 000 lions still inhabit
Africa (Chardonnet, 2002; Bauer et al., 2005). A more recent estimate suggests that 32 000
to 35 000 free ranging lions inhabit 65 natural localities across their range (Riggio & Pimm,
2011; Riggio et al., 2013). Only ten of these locations were identified as strongholds that
protect some 24 000 lions and the Kgalagadi Transfrontier Park (KTP) is one of them (Riggio
et al., 2013). Despite their rapid decline, there is little consensus on lion numbers, and lion
enumeration has yielded discrepancies in some instances due to variation in objectives,
methodology and resource constraints (Chardonnet, 2002; Bauer et al., 2005; Riggio et al.,
2013). A key challenge is to identify the optimal technique to define accurate population size,
age and sex distributions, demographic variables and trends (Ferreira & van Aarde, 2009;
Ferreira & Funston, 2010a). In addition, detecting trends in population size, age and sex

structures require measures of precision (Gerrodette, 1978; Ferreira & Funston, 2010a).

Trends in population sizes and structure may inform management decisions in response to
human-lion conflict (van Vuuren et al., 2005), disease (Ferreira et al., 2013), as well as
stochastic environmental effects locally and across their range (Foley, 2006). Understanding
drivers of demographic variability and associated consequences defines focused
conservation actions, as demographic variables compliment trends in population growth
(Ferreira & van Aarde, 2009; Trimble et al., 2009). On a local scale, a variety of techniques
used to define population variables have yielded results on lion abundances in the Kalahari
Gemsbok National Park (KGNP) over the past 38 years. These included registration studies,
home-range density estimates, track indices, mark-recapture, call-up and modelling
techniques (Mills et al., 1978; Eloff, 1980; Eloff, 1998; Funston, 2002; Castley et al., 2002;
van Vuuren et al., 2005; Mudongo & Dipotso, 2011; Funston, 2011; Ferreira et al., 2013).
The first population survey in the KGNP was conducted in 1976 (Mills, 1978). This survey
defined age and sex structures from 73 individuals and derived a population size estimate
and 95% confidence intervals (CI) from closed-population mark-recapture techniques (N =
130; 95% CI: 108-181) (Mills et al., 1978). This was followed in 1996 by another mark
recapture survey where age and sex structures were derived from two sampling events of 84

and 79 individuals respectively and the population size estimate yielded N = 131 (95% CI:
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106-156) (Castley et al., 2002). Both these studies restricted their mark and recapture
activities to the KGNP. However, both implied that the mark-recapture study accounted for
lions east of the Nossob River into the Gemsbok National Park (GNP), but did not define the
extent of the study area (Mills et al., 1978; Castley et al., 2002).

In 1998, a two and a half year study of the lion population of the entire KTP used registration
studies and home-range density estimates to derive population density (Funston, 2002). The
sex and age structure of the population during the study between 1998 and 2001 was
derived from 216 and 228 known individuals respectively across the KTP (Funston, 2002;
Funston, 2011; van Vuuren et al., 2005). From the density estimates the relationship
between track density and true density as a proxy for population size estimates were used,
giving a figure of 120 (95% CI: 113-131) in the KGNP (Funston, 2002; Funston et al., 2010;
Funston, 2011). This was followed by a track index survey of the KGNP in 2010 that
estimated the population size to be N = 130 (95% CI: 91-169) in the KGNP. Observation of
49 different individual lions in 2010 provided age and sex structure information (Ferreira et
al., 2013).

The surveys spanning nearly 40 years suggest that the population has been stable for some
time with approximately 130 lions in the KGNP (Ferreira et al., 2013). However, the 2010
study of Ferreira et al. (2013) indicated a skew in the sex ratio of lions towards a significantly
higher number of males, specifically sub-adults (2 = 75%), whereas before, the population
was biased towards females (Mills et al., 1978; Castley et al., 2002; Funston, 2011). The
observed change in demography is a reason for concern as changes in demographic signals
may have deleterious effects on the local and broader KTP lion population (van Vuuren et al.,
2005; Ferreira et al., 2013).

In this chapter, the aim was thus to determine the abundance of lions within the KGNP in a
detailed and accurate manner using multiple techniques. To determine a comprehensive and
robust estimate of lion abundance and population characteristics, a registration study was
conducted that aimed to identify all the lions within the KGNP lion population. From known
individuals, a mark-recapture analysis based on individual identification as a marking method
and re-sightings as a capture method was applied. Minimum-known-alive estimates and
track indices were also used to estimate population size. The precision of each of these
techniques were assessed through Monte Carlo simulation. Furthermore, the effort that is
required to derive robust estimates of age and sex structure in the population was addressed

to identify sample size requirements
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3.2. Materials & methods
3.2.1. Study area

The study took place in the Kalahari Gemsbok National Park (KGNP; 9 710 km?), South
Africa (RSA) with a 17 km buffer area into the Republic of Botswana’s (RB) Gemsbok
National Park (GNP; 26 000 km?) (Figure 3.1).The area lies between 24° - 26° 30’ South and
20° - 22° East (Bothma et al., 1993). The KGNP and GNP are located in the South West of
the Kalahari basin. Collectively, the GNP and KGNP are commonly known as the Kgalagadi
Transfrontier Park (KTP). A detailed description of the study area characteristics can be

found in Chapter 2 of this thesis.

3.2.2. Field data collection

To define lion population characteristics and determine population size, a registration study,
using individual identification, was initiated to identify as many lions as possible in the KGNP
(Ogutu & Dublin, 2002; Pennycuik & Rudnai, 1970). To achieve this, systematic transects
were driven on a monthly basis representing both the dune and riverbed environments
across the extent of the KGNP. Random transects were also driven on management tracks
throughout the KGNP (Figure 3.1). Lions were located opportunistically on systematic and
random transects through chance encounters, following up on sighting reports, following
fresh tracks, and following the direction of roars (Stander, 1991). Seven lionesses were
collared with GPS/Radio telemetry collars (African Wildlife Tracking®, Pretoria, South Africa),
for various periods, between three months and one year. Lions were captured and collared
using the standard techniques employed by the South African National Parks, Wildlife
Veterinary Services (Smuts et al., 1977; Anonynous, 2008%). These collared lionesses were
located approximately once per month during the time which they wore the collars. Data
were collected over a 24-month period from May 2013 to June 2015. All lions that were
sighted were recorded noting approximate age and sex and GPS locations were recorded
with a Garmin GPSMAP 62 (Garmin E-Trex, Garmin International, Olathe, KS, USA).

? Research was conducted with clearance of the Cape Peninsula University of Technology Ethics
Committee (Ref. 09/2013). All necessary permits were obtained from the South African National
Parks, Skukuza, South Africa; Ministry of Environment, Wildlife and Tourism, Gaborone, Botswana;
and the Department of Environment and Nature Conservation, Northern Cape, South Africa.
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Figure 3.1 Map of the Kgalagadi Transfrontier Park showing the study area (14,250 km?),
road networks, riverbeds with a 2.5 km buffer and the transect roads driven during
systematic surveys.
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3.2.3. Individual identification

Lions were photographed using a Canon 60D camera with either a Sigma 70-500 mm zoom
lens or a Canon 25-70 mm macro lens depending on the distance from the subject. Individual
identification was achieved primarily by identifying vibrissae spot patterns, which remains
constant over time (Figure 3.2) (Pennycuick & Rudnai 1970). Ear nicks (Pennycuick &
Rudnai 1970; Elliot et al. 2014), nose pigmentation (Whitman et al. 2004) and substantial
body scars which would remain visible over a long period were used in combination with
vibrissae spot patters to further distinguish individuals. A number of lions (n = 39) in the
KGNP have been brand marked as part of previous studies or because of being branded
when lions transgress from the park. These brand marks aided in the identification of some
of these individuals (Funston, 2001; Castley et al., 2002; Pers.comm. Ferreira, M. 20153).
Sex was determined using visual observation of genitalia and the presence of mane hair in

males.

Individual registration of unique individuals was subjected to intense scrutiny of photographic
evidence. Individuals were compared to any other individual of the same sex with a similar
vibrissae pattern (Pennycuick & Rudnai, 1970). Vibrissae patterns were coded to describe
the position of indicator spots (between zero and five spots in the most upper row of
vibrissae spots) to the primary spots (between six and nine spots in the row below the
indicator spots or the fifth row of vibrissae from the bottom) (Pennycuick & Rudnai, 1970).
Comparisons were made of both left and right sides of the face. Coding structure allowed for
the creation of a search index of the known individual database that was then used to search
for individuals with similar or exactly the same vibrissae patterns. On initial recording an
individual identity document (ID) was created for each individual describing its vibrissae
patterns, scaring, brand marks, nose pigmentation, ear knicks, group association and
location. When individuals with existing IDs were encountered, the ID and database were
updated to include any new physical features or refined vibrissae patterns through better
images. Individual ID’s were compiled into an Identification Catalogue of known individuals in
the park (Pennycuick & Rudnai, 1970).

3.2.4. Age assignment

Several subjective factors were used simultaneously to age lions. Ageing methods include
the use of nose pigmentation (Whitman et al.,, 2004), tooth wear (Smuts et al., 1978;
Whitman & Packer, 2006), relative shoulder height of cubs and juveniles in comparison to
adults (Smuts et al., 1980; Whitman & Packer, 2006; Ferreira & Funston, 2010b) and the

® Micho Ferreira, Section Ranger, Twee Rivieren, Kalahari Gemsbok National Park, Northern Cape,
South Africa. 8800.
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extent of mane development in males (Whitman & Packer, 2006). Using a combination of
age assignment methods simultaneously provide a comprehensive framework from which to
determine approximate age on a subjective basis (Whitman & Packer, 2006). Lions where
categorized into four discrete age classes. Cubs were classified as individuals under one
year old followed by juveniles, one to two years old; sub-adults, two to four years old and
adults over four years old (Whitman et al. 2004; van Vuuren et al., 2005).
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Figure 3.2 Image of a lions face to indicate vibrissae spot patterns. The associated vibrissae
spot map indicates the grid system used to define the positioning of the upper two rows of
spots.

3.2.5. Mark-recapture

Individual identification was used as a “marking” method (Yoshizaki et al. 2008; Sollmann et
al. 2011; Bonner and Holmberg, 2013). The first time an individual was identified was
considered the individuals initial capture and marking event. When an identified individual
was re-sighted in a successive recapture event, it was considered as a recapture (Matthews
et al., 2008). New individuals that were identified during a recapture period were added to the
database of known individuals and formed part of the marked population in a subsequent

recapture event (Cooch & White, 2015). The initial marking event and subsequent recapture
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intervals were divided into six discrete periods of four months each. This was done to impose
a relatively equal effort distribution across the entire study area. Thus, the initial capture and
marking was conducted between May and August 2013 and the five subsequent recapture
and marking occasions were conducted in four-month intervals thereafter until May 2015.

3.2.6. Track indices

Lion track density was recorded in the KGNP as a proxy for lion density (Stander, 1991;
Funston et al., 2010). Six road transects amounting to 774 km (362 km in the dunes and 412
km in the river beds) were surveyed once a month for a twelve month period, totalling 9288
km’s (June 2014 to May 2015) (Figure 3.1). Transects were driven slower than 30 km/hour
when conducting track counts. Track counts started at least half an hour after sunrise and
lasted approximately three hours for the shortest transect (89km) and up to nine hours for the
longest transect (273km). Transects that were surveyed in the dunes were single vehicle
jeep tracks with a sandy substrate whereas transects in the riverbeds consisted of dual
carriage roads with predominantly sandy substrates with some gravel sections.

Track surveys used in the analysis were conducted in the second year of the study
(2014/2015) where the same transects were driven consistently on a monthly basis. The
same two observers conducted all the track surveys, which increased the consistency in data
collection. The position of first encounter of each track set was recorded. Information on the
number of tracks (representing individuals i.e. the number of rear left paw prints), the
distance that the track was sustained along the transect, the distance between track
encounters and the GPS location for the end point of each track set were recorded (Funston
et al. 2010; Ferreira et al. 2013; Balme et al. 2009; Stander, 1998). Each of the six road
transects were surveyd over six consecutive days when possible, but were not conducted on
windy (> 40 km/h) or rainy days as this disturbed the tracks making them difficult to age
(Mudongo & Dipotso 2011; Funston, 2001). When track surveys needed to be stopped the
process were continued on the next appropriate day. Only tracks considered less than 24

hours old were recorded (Funston, 2002).

3.3. Data analysis

3.3.1. Individual identification

To determine the rate at which new individuals were added to the database of unique
individuals, an accumulation curve of new unique individuals were plotted against the
number of lions sighted during the study period (Marnewick et al., 2014). Using Monte Carlo

simulation methods (Robert & Casella, 2013) samples were drawn randomly, at different
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sample sizes from the complete data set of sightings of the unique individual lions. The
number of unique individuals, at each random sample, was counted to determine the
variability in the accumulation rate of the number of sightings required to add new individuals
to the database. A model was fitted to the simulated accumulation rate data, using the
equation Y = a(1-e-bx) (Marnewick et al., 2014). The regression describes the acquisition of
new individuals on the y-axis as effort (lion sightings) increased on the x-axis. When the
accumulation reached a value of less than 0.1 unique individual added per unit of increased
effort (lions sighted) it would be considered as evidence that the accumulation curve had
reached an asymptote (Marnewick et al., 2014).

3.3.2. Track indices

The total number of tracks counted per monthly sample transect (774 km) was converted to
tracks per 100 km (Stander, 1998; Funston, 2002; Funston, 2011). A robust (R? = 0.97) linear
relationship was found between track density and true lion density in the KTP (Funston,
2002; Funston et al., 2010). Track densities (n/100km) were translated into lion density per
area (lions/100 km?2), using the conversion in the linear equation: t; = 3.30x; — 0.32, where t; is
the spoor density and x; is the estimated lion density at site i (Funston et al., 2010). The area
density was then extrapolated to the study area for a population size estimate. Monte Carlo
Simulations were used to determine confidence intervals around the mean track density
calculated from different numbers of transects (Rollett & Manohar, 2004; Robert & Casella,
2013). Two hundred iterations for each sample size from one transect through to eleven
transects were simulated to determine the variability around the mean, by randomly drawing
track densities, with replacement, from the 12 densities estimates obtained from the 12
transects conducted during this study. To identify the minimum number of surveys that can
be conducted for reliable populations size estimates of lions, the F-test (Hartley, 1950) was
applied in Microsoft Excel (Microsoft Excel, 2010) to discern the point between sample sizes
where homogeneity of variance was reached (Hartley, 1950) as track density sample effort
increased. Single-factor ANOVA was used to determine significance in the differences in
track density between habitats (riverbed and dunes) and between the hot-wet season
(November — April) and cold-dry season (May - October) (Bothma & Bothma, 2006).

3.3.3. Mark-recapture

The Program MARK (v.8.1) (White & Burnham, 1999) was used to derive mark-recapture
results. Model selection using a Model Likelihood Estimator (MLE) and Likelihood Ratio Test
(LRT) (White & Burnham, 1997; Cooch & White, 2015) were used to determine the most
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parsimonious model with which to derive population estimates with the available data. A
derivative of the Cormack-Jolly-Seber (CJS) model referred to as POPAN was used in an
open-population mark-recapture analysis (Goswami et al., 2011; Cooch & White, 2015).

The most parsimonious model equation from several candidate equations from POPAN was
applied to determine population size (Goswami et al., 2011; Reisinger et al., 2011; Cooch &
White, 2015). Goodness-of-fit (GOF) was calculated in the Program RELEASE
(v.3)(Burnham et al., 1987; Lebreton et al., 1992; White & Burnham, 2015), an extension of
the Program MARK, where six four-month capture occasions were tested to determine
whether there was any significant variability in survival or capture probability between each
capture occasions and between individuals. Data input into the model included all identified
individuals at the initial capture event and five subsequent marking-recapture events. New
individuals identified within each recapture interval were catalogued and considered as
marked individuals in consequent recapture events. The proportion of marked individuals
within the population thus increased with each consecutive mark-recapture interval (Cooch &
White, 2015).

The difference between the population size estimates at each mark-recapture event was
compared. The F-test (Hartley, 1950; Microsoft Excel, 2010) was used to define the sample
size after which point the variance does not decrease significantly by applying more effort
(Hartley, 1950; Nylund et al., 2007). Point estimates of population size were compared using
95% confidence intervals to determine differences in population size estimates as a function
of increased mark-recapture events and the resulting increase in the proportion of marked
animals in the sample population. Comparisons where made including and excluding cubs
under one year old. This was done because the presence of cubs in the population changes
sporadically and may influence final population size estimates (Franklin & Walker, 2010;
Castley et al., 2002; Pearl, 2000).

3.3.4. Minimum-known-alive

The most conservative population size estimate that can be derived from the registration
study is the minimum number of individuals known to be alive within a specific month
(Everatt et al., 2014). From known individuals identified over multiple sighting events the
minimum number of individuals known to be alive can be calculated using a Jolly-Seber
mark-recapture matrix design (Efford, 1992; Krebs, 1966). Where a known individual is either
recorded or not recorded at a capture interval (i.e. in a specified month), but was recorded in
a subsequent capture interval one may infer that the individual was present in the population
during the capture interval even when not recorded. When this is applied to each individual,

one may substitute a non-record with a record if the individual was observed subsequently;
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this is known as a ‘pseudo-record’. Adding all the individuals per month either recorded or
pseudo-recorded made it possible to calculate the number of individuals known to be alive
within that month (Efford, 1992). Using this rationale the highest number of “minimum-known-
alive” lions and the month within which these lions were known to be alive, could be

calculated.

3.3.5. Defining age and sex structure

To derive accurate age and sex structure parameters, a sufficient sample size of uniquely
identified individuals is required. Monte Carlo Simulation was used to simulate variable
results from different sample sizes of age and sex structure from the database of all known
individuals in the current study (Rollett & Manohar, 2004). Monte Carlo simulations were
applied using randomized number sequences, to select sub-samples of unique individuals at
random from the dataset of all the unique individuals identified in this study (Rollett &
Manohar, 2004). The simulations were iterated at incremental sample sizes to detect the rate
at which precision increased as sample size increased. At each iteration, the proportion of
males and females, and the proportions of adults, sub-adults, juveniles and cubs were
described for the sub-sample of the “population”. From numerous iterations at different sub-
sample sizes, confidence intervals could be calculated at specific sample sizes from the
entire dataset (Cortés, 2002). The total number of lions identified in this study was
considered representative of the total population and was the sample against which derived
estimates and residuals of age and sex structure could be compared. The F-test was used to
determine the sample size at which point the variance became homogenous (Hartley, 1950).
From this, the optimal number of individuals that are representative of the population could

be derived for a robust estimate of age and sex structure.

3.3.6. Method comparison

Point estimates of population size were compared using 95% confidence intervals to
determine differences in population size estimates from the different methods that were
applied during the current study. As a measure of precision, the percent coefficient of
variance (CV) for each method applied during this study was calculated (Thorn et al., 2010;
Gerrodette, 1978). Mark-recapture and track indices are also compared in their ability to
detect a sufficient number of unique individuals to derive robust age and sex structure

information from the minimum effort required to determine robust population size estimates.
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3.4. Results

3.4.1. Individual identification

Between May 2013 and June 2015 a distance of 49 784 km were driven over 317 sampling
days in search of lions. Sixty-two percent (31 162 km) of the distance were covered in the
riverbeds and 19 463 km (38%) were driven in the dunes. During the study period, 1162 lions
were encountered of which 1022 were identifiable (Figure 3.3). From the 1022 identifiable
lions recorded, 261 unique individuals could be identified, which translate to an average of
4.45 lion sightings needed per unique individual. An accumulation of new individuals
decreased with increased effort and reached an asymptote (where y < 0.1) by 556 sightings,
at which point y = 0.099 new lions added for every lion sighting (y = 2.14°°%%; Rz = 0.83)
(Figure 3.4). At the point where the asymptote was reached, 213 unique individuals had been
identified, which accounted for 82% of the known population. Accumulation of unique
individuals from sighting events decreased drastically after approximately 800 sightings with
only nine new individuals added to the database over the last 222 sightings. The death of 11
of the 261 identified lions could be confirmed during the study period and 74 of the identified
lions were cubs born into the population during the survey. Sampling effort was biased
towards the riverbed (62% of distance travelled) where most (72%) of the identified lions
were encountered. Encounter rates were 1.72 (+ SD = 1.72) lions per 100 km driven in the
dunes compared to 2.28 (+ SD = 1.68) lions per 100 km in the riverbeds. The majority (69%;
n = 179) of unique individuals where seen more than once and 45% (n = 117) of the known

population were seen three times or more.
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Figure 3.3 The map presents all the identifiable sighting records (n = 1022) over 299 sighting
events, from which 261 unique individuals were described. The majority of effort (62%) and
the majority of lion sightings (72%) were in the riverbeds and a 2.5 km buffer around the

riverbed.
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Figure 3.4 The actual accumulation of unique individuals (n=261) over identifiable sighting
events (n=1022) (Solid line). Simulated accumulation at intervals of approximately 100
sightings (circles) is presented. From the model (dotted line) fitted to actual accumulation
data of unique individuals, an asymptote of unique individuals per unit effort (lion sightings)
was reached after 556 sightings (y = 2.14 %% R2 = 0.83).

3.4.2. Track indices

Track density (tracks/100 km), were derived from the 12 track surveys that were conducted
on a monthly basis between June 2014 and May 2015. The monthly track surveys showed
substantial differences in track density per survey with an average track density of 5.29/100
km (95% CI = 3.86-6.72; Range = 2.2-10.3) (Figure 3.5). An insignificant decrease in
variance was observed between nine and 10 samples, but homogeneity of variance was not
reached as sample size increased. There was no significant difference in variance between
two repeated track surveys and 12 track surveys (Fg.o5 = 0.36; d.f. = 2; p = 0.29). Four out of
the twelve track survey point estimates fell outside the 95% confidence limits of the

accumulative average track density.

Although the margin of error did not decrease significantly with increased effort from the 12
track surveys conducted, Monte Carlo Simulations indicate a high probability of decreased
margins of error when effort is increased (Figure 3.6). Track densities were iterated 200
times at different sample sizes from one track survey to 11 track surveys to determine the
probable margins of error at particular sample sizes. The test statistic values for homogeneity
of variance between different sample sizes are tabulated for each sample size (Table 3.1).
Homogeneity of variance is only reached between nine and 10 track surveys (F;.,, = 1.26;
d.f. = 199; p = 0.06). However, variance continues to decrease significantly after 10 track
surveys. The variance in confidence intervals decreased by 70% between two and six

samples and showed a decrease in variance from two to 11 samples of 90%.
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Figure 3.5 Average track density estimates calculated from each of the 12 transect surveys
with each transect covering 774km. The average track density encountered per survey event
are shown as open symbols while the accumulative mean incorporating the preceding
surveys’ density values and the present one are represented as closed symbols. Error bars
depict 95% confidence intervals derived from the accumulative point estimates of the 12
samples.

[EEN
o
J

O

I o o c}%%c}@o

Average tracks / 100 km

O R, N WS OUIO N O ©
1

o 1 2 3 4 5 6 7 8 9 10 11 12
Sample size

Figure 3.6 Average track densities with 95% confidence intervals for different numbers of
transect surveys. Averages and confidence intervals are calculated from 200 Monte Carlo
simulations per number of transect surveys randomly drawn from the 12 surveys that were
conducted.

Using the conversion factor from track density to true density derived from previous studies
in the KGNP (Funston, 2002; Funston et al., 2010) average lion density from all 12 samples
was found to be 1.69/100 km? (95% CI: 1.24-2.16). There was no significant difference
between track density between the hot-wet and cold-dry seasons (F4.96 = 4.33; d.f. = 1; p =
0.06). When lion density is extrapolated to the KGNP (9,780 km?) as with previous track
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density estimates using similar road networks, the population size translates to 164 (95% CI:
120-209). However, when extrapolated to the study area (14,250 km?) covered by the mark
recapture study, the population size was estimated to be 242 (95% CI: 176-307).

Table 3.1 Test statistics using the F-test (two samples for variance) to detect homogeneity of
variance between the number of repeated surveys of the sample transects (774 km).
Variance was derived from 200 Monte Carlo simulations at incremental sample sizes drawn
from the entire dataset (n = 12 transects) in the current study.

F-test

Comparable _

F F Crit P(F<f) d.f.
1-2 surveys 1.92 1.26 <0.00 199
2-3 surveys 1.93 1.26 < 0.00 199
3-4 surveys 1.56 1.26 < 0.00 199
4-5 surveys 1 1 <0.00 199
5-6 surveys 15 1.26 < 0.00 199
6-7 surveys 1.33 1.26 <0.00 199
7-8 surveys 1.36 1.26 <0.00 199
8-9 surveys 2 1 <0.00 199
9-10 surveys 1.24 1.26 0.06 199
10-11 surveys 2.78 1.26 < 0.00 199

3.4.3. Mark Recapture

Capture occasions consisted of approximately 52 (+ 8) field days (> 8 hours observation),
and approximately 8119 km (1676 km) of survey effort within a four month period. The
Goodness-of-fit Test 2 (equal detectability; x = 10.98, d.f. = 16, p = 0.81) and Test 3 (equal
survival probability; x = 26.95, d.f. = 33, p = 0.76) showed that the POPAN model had an
adequate combined fit to the data (x = 37.93, d.f. = 49, p = 0.87) with no significant
differences in survival or capture probabilities between capture occasions. However, Test
3.SR indicated that capture occasion five showed a significant (p = 0.02) probability of
transient individuals occupying the dataset. From model selection in the Program MARK
(White & Burnham, 1999) the most suitable candidate model equation to use on the available
data was determined. The candidate model with the lowest Akaike’s Information Criterion
(AIC), Delta AIC below two, highest AIC Weight and with a model likelihood closest to one
indicates the most parsimonious fit (Cooch & White, 2015). The most parsimonious equation
was where survival probability (phi) was constant and did not change between capture
occasions; the capture probability (p) of individuals differed over time. Furthermore, the
probability of entry (pent) into the population (either through immigration or birth) differed
over time and the “super population” from which the sample is drawn (N) remained constant
(Model equation in POPAN = phi(.),p(t),pent(t),N(.)) (Table 3.2). Eight population size
estimates were derived using the available data by calculating the population size after each

mark-recapture event including and excluding cubs (Table 3.3).
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Table 3.2 Candidate model selection for POPAN population size estimation in the Program
MARK. The various models operate under the assumptions that a variable is either time
dependent (T) or constant (C) over the study period. Factors that are taken into account in
the model are survival probability (phi), encounter probability (p), probability of entry into the
population (pent) through either immigration or birth, and population size (N). Model selection
is achieved through the comparative Akaike’s Information Criterion (AIC) which determines
the likelihood of suitability of the test against other models. The model at the top of the table
was found to be the most parsimonious.

phi p pent N AIC Delta AIC AIC Weight Model Likelihood
C T T C 1029.276 0 0.595 1

T C C C  1031.905 2.629 0.159 0.269

T T T T 1031.905 2.629 0.159 0.269

C C C C 1034.545 5.269 0.043 0.072

T T T C 1034.545 5.269 0.043 0.072

T T C C 68260.03 67230.8 0 0

Table 3.3 Population size estimates using POPAN mark-recapture in the programme MARK.
Estimates are presented as a function of increasing number of re-sighting (recapture)
occasions. Estimates are also represented with and without cubs less than one year old. The
Coefficient of Variance (CV) is shown to define the measure of precision at a certain sample
size. Also presented are the number of individuals captured during the capture occasion (n),
the number of marked individuals in the sample and the total humber of unique/marked
individuals known at the start of the sample occasion.

No. of No. of
:\Iec():.aoil;l::rk Cubs Best Lower Upper cv No. in dri?/%rlljgg in marked/known
P included Estimate 95% ClI  95% CI captured individuals in
occasions captured .
population
sample
Three No 146 130 170 0.14
Three Yes 164 146 191 0.14 93 46 101
Four No 161 152 170 0.05
Four Yes 199 183 220 0.09 154 97 148
Five No 183 175 198 0.06
Five Yes 262 251 280 0.06 233 183 205
Six No 167 160 177 0.05
Six Yes 246 238 256 0.04 188 166 255

The results from three mark-recapture events did not show a significant difference between
estimates including and excluding cubs as the 95%, confidence intervals overlap (Figure
3.7). However, population size estimates differed markedly between estimates including and
excluding cubs at four, five and six mark-recapture events with no overlap in confidence
intervals. Particularly, mark-recapture events five and six show distinctly different results

including cubs, from all other mark-recapture estimates.
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Figure 3.7 Population size estimates using POPAN mark-recapture in the programme
MARK. Estimates are presented as a function of increasing number of mark-recapture
events (x-axis) including cubs and excluding cubs, to visually compare estimates and
illustrate the effect of recruitment on population estimates using mark-recapture.

When cubs were excluded from the estimates, mark-recapture event five showed a
difference from capture events three and four but no difference was noted to mark recapture
event five. Standard error decreased by 58% from three samples (SE +£12.33) to six samples
(SE £5.11). Homogeneity of variance was reached at three capture occasions exclusive and
inclusive of cubs. Precision did not increase significantly with an increase in the proportion of
marked individuals after three mark-recapture occasions (Table 3.4). In terms of effort, this
would require three repeated mark-recapture occasions, with each occasion comprising of
traveling approximately 8119 km looking for lions over approximately 53 sample days with
effort equally distributed across the KGNP per capture events.
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Table 3.4 Test statistics between capture intervals and cub presence. F-test, two samples for
variance was used to determine significant variability between the numbers of sampling

occasions.

F-test (one tailed)

Comparable
F F Crit P(F<f) df.

Incl. cubs 3 vs.4 captures 1.15 3.44 0.42 8
Incl. cubs 4 vs.5 captures 1.2 3.44 0.39 8
Incl. cubs 5 vs.6 captures 0.79 0.29 0.38 8
Excl. cubs 3 vs.4 captures 1.28 5.05 0.39 5
Excl. cubs 4 vs.5 captures 1.22 5.05 0.41 5
Excl. cubs 5 vs.6 captures 0.78 0.19 0.39 5
Incl. vs. Excl cubs 6 occasions 0.76 0.27 0.35 8
Incl. vs. Excl cubs 5 occasions 0.74 0.27 0.34 8
Incl. vs. Excl cubs 4 occasions 0.75 0.27 0.34 8
Incl. vs. Excl cubs 3 occasions 0.83 0.27 0.39 8

3.4.4. Minimum-known-alive

Calculations of minimum known alive individuals reached its highest level in November and

December 2014 with 145 unique individuals, representing 65% of the identified population (n

= 223) at that point (Figure 3.8). All individuals known to be alive were considered resident as

they were recorded associating with prides that are known to reside within the study area.

250

200

150

100

50

Number of unique individuals

T 1T 1T T 1T 1T T 7T
MM Mmmmmmon < <
Yo ASdATdSAA
Scsoap >0 cao
m:%:mgommm
=" <w Z0O-HLuWw

<
—
=
< s

Mar-14
pr-14

=== Minimum known alive

Jun-14

Jan-15

Feb-15
Mar-15

Known individuals

Apr-15
May-15

Jun-15

Figure 3.8 Unique individual accumulation (Known ID) and number known to be alive per
month (Known alive). Minimum known alive individuals were at their highest during
November and December 2014 (n=145).
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3.4.5. Age and sex structure

Proportional age class and sex distribution were derived from the total number of known
individuals (n = 261). One thousand Monte Carlo Simulations, drawing individuals randomly
from the total pool of known individuals, at increments of 10% of the total sample size,
indicate that the standard error around the mean decrease rapidly up until 50 samples
whereafter the decrease becomes much less pronounced. A standard error of less than 5%
of the sex structure is reached at 80 samples (95% CI = + 9.38). Homogeneity of variance
was not reached (F;.1; < 1.57; d.f. = 999; p < 0.001) and precision continued to increase
significantly with increased effort (known ID’s) (Figure 3.9). Even at 240 samples of unique
individuals of the sample set of 261, 95% confidence intervals could have up to two percent
margin of error in the upper and lower limits of the sex ratios. From the registration of
individuals, the overall proportional sex structure was calculated at 49% males to 51%
females. Age structure showed a relationship of 55% adults to 12 % sub-adults, 13%
juveniles and 20% cubs at the end of the study period.
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Figure 3.9 The average proportion of age classes and sex ratios were derived from
subsampling the total dataset comprising of 261 unique individuals using Monte Carlo
simulation. Standard errors were derived from 1000 Monte Carlo simulations drawn randomly
from the database of unique individuals. Homogeneity of variance was not reached between
sample sizes and precision increases significantly with an increased number of samples.

3.4.6. Method comparison

The accumulation curve identifying unique individuals reached an asymptote after 556 lion
sightings which was reached 18 months into the study (October 2014) and represented 213
unique individuals from the database of all registered individuals (n = 261). Mark recapture
from known individuals over six repeat mark-capture events of four month periods each,
gave a population size estimate of 246 (95% CI: 237-256). From 12 repeated samples of
track indices the population size was estimated at 242 (95% CI: 176-307) for the study area.
The population size estimates of mark-recapture estimates and track indices showed

corresponding 95% confidence limits with the known population of unique individuals (n =
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261) with the exclusion of known deaths (n = 11) and potential transient individuals (n = 36)
which were present in the study area during the study period (Figure 3.10). This indicates
that both mark-recapture estimates and track indices are representative of the population
being measured. The minimum-known-alive calculation falls outside of the confidence limits
of mark-recapture estimates and track index estimates which indicates an under
representation of the measured population size. Using coefficient of variance (CV) as a
measure of precision on mark recapture (CV = 0.037; SE = 0.014) and track indices (CV =
0.42; SE = 0.042), mark-recapture was the most precise throughout the study.
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Figure 3.10 Population size estimates from the registration study indicate the identified
individuals excluding known mortalities during the study period. Mark-recapture estimates
including cubs (> 1 yr) and track index estimates are presented with 95% confidence limits at
the end of the study period (May 2015) and the minimum-known-alive figure is presented for
November/December 2014.

Considering that homogeneity of variance was not reached for age and sex structure
estimates derived from different sample sizes it was not possible to define a minimum
sample size from which to derive robust estimates. However, the potential margins of error
that would exist at different sample sizes could be defined and related to the minimum effort
required to derive population size estimates from the various methods that were applied
during the study. For mark-recapture estimates, the minimum required effort to derive robust
estimates of the population older than one year would be three mark-recapture events. The
number of unique individuals acquired within the effort for three mark-capture events
amounted to 131 unique individuals in the current study. At a sample size of 131 unique
individuals, the margin of error that may be expected in age and sex structure would be

approximately + 4.1% and + 6.2% (95% CI) respectively.
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3.5. Discussion

Population size estimates from mark-recapture of (N = 246; 95% CI. 237-256), track indices
(N = 242; 95% CI: 176-307) as well as a registration study (N = 250, after removing known
deaths), gave similar estimates of lion population size in the KGNP. Mark-recapture
estimates showed the greatest precision in population size estimates in comparison to track
indices and minimum-known-alive estimates derived from the registration study. Minimum-
known-alive calculations grossly underestimated the size of the population under
observation, which may be expected (Efford, 1992). Total enumeration of all the individuals
in a lion population is the most robust method in defining lion population characteristics
(Pennycuick & Rudnai, 1970; Franklin & Walker, 2010). However, registering individuals,
particularly at low population densities, over large study areas, takes large amounts of

resources and time (Carbone et al., 2008; Balme et al., 2009; Blanc et al., 2014).

Constraints on identifying individuals in the KGNP pertain to the open (unfenced) nature of
the ecosystem. Survey efforts were mostly constrained to the KGNP and extended
marginally into the GNP. It is possible that lions that were identified throughout the study
period will utilize areas outside the core study area in the KGNP, within the larger KTP.
Defining the exact extent of the area occupied by lions counted in this study, which were
considered to be the lions observed predominantly in the KGNP, remains a challenge. In the
current study, the study area was defined through observing the movements of five
lionesses, fitted with GPS collars in the KGNP that had measurable home ranges that
extended into the GNP. From the home-range data obtained from the collared lions, it was
assumed that the lion population that was observed during this study, had home-ranges that
were predominantly in the KGNP, but could have extended approximately 17 km east of the
Nossob River, into the GNP (Chapter 2).

Open-population mark-recapture analysis faces constraints in that the sample population is
not defined by spatial boundaries. The POPAN model, which was applied in the program
MARK, derives population estimates from what is known as the “super-population”
(Fearnbach et al., 2012). The super-population identifies the number of individuals that could
potentially enter the core study area, from an area that extends beyond the boundaries of the
study area. The calculations made in the Cormack-Jolly-Seber models (CJS) models,
account for the probability of entry into the observed population from the “super-population”,
but do not define the area from which the sample is drawn (White & Burnham, 1997). This
provides challenges when comparisons are made between various abundance estimates in

an open system such as the KTP (Matthews et al., 2008).
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In this study, the open population mark-recapture method was applied, due to the extended
sampling period, the size of the marked dataset and the nature of the open ecosystem. The
open population mark-recapture method was identified as the most appropriate method,
considering the assumptions under which the CJS models function (Cooch & White, 2015).
Results obtained through the open population mark-recapture method are limited in that they
may not be directly comparable to previous mark-recapture results or track indices. The open
population mark-recapture method is however, a more precise method as observed in this
study and is more likely to detect trends in the population. The open population mark-
recapture method has been identified as being more apt in detecting changes in population
size (Gerrodette, 1978), whilst simultaneously defining demographic characteristics when

using identification as a marking method.

Several assumptions are made when using CJS models (Cooch & White, 2015), one of
which, namely the equal detection probability, was compromised in the data collection in this
study. During the study period, seven individual lionesses were fitted with GPS collars for a
period of between three months and one year, which may have compromised the probability
of equal detection of individuals who were associated to collared individuals. Furthermore,
the capture probability of collared individuals themselves, changed when the collars were
either fitted or removed from the individuals. Due to the social nature of lions, the assumption
of individuals being equally catchable is also violated. Detection probabilities are higher for
individuals with strong social relationships and occur in groups, compared to individuals who
commonly separate from social groups, due to the fission-fusion nature of lion social
dynamics in the KTP (Funston, 2011; Marnewick et al., 2014). Furthermore, cubs are
dependent on their mothers and the probability of their ‘capture’ (detectability) increases
when their mothers are captured. However, this can be mitigated by removing cubs from the

analysis (Marnewick et al., 2014).

The effects of variability in population size estimates, is seen in the current analysis where
population size estimates do not drastically change between mark-recapture events, when
cubs are excluded from the analysis. However, the POPAN programme has the ability to
differentiate individual capture probabilities, through individual capture histories. The POPAN
programme then compensates for the variable capture probabilities between capture
occasions for each unique individual, based on the individuals capture history (Cooch &
White, 2015). Nonetheless, bias in capture probabilities should be considered in the
interpretation of the current results. Measures should be taken in future studies to further
mitigate bias in capture probabilities by compensating for group formation or through

categorical exclusion from datasets (Marnewick et al., 2014).
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Other assumptions made when conducting the mark-recapture survey such as tag loss or
equal survival probability of all individuals between capture occasions, were not considered
to impose notable bias on the results. Animals retained their tags or marks throughout the
experiment as they were permanent physical features (Pennycuick & Rudnai, 1970),
accompanied in some cases by brand marks. Individuals were accurately identified using an
‘individual identification catalogue, which was continuously reviewed throughout the study
period. A relatively long sampling period, of four months per capture events, was required in
order to equally distribute survey effort across the study area and between each mark-
recapture occasion. The four-month duration of a mark-recapture period was not considered
as enough time to alter an individual’'s survival probability between sampling events (Mills et
al., 1978). Marked and un-marked animals had the same survival probability, as the marking
of animals through registration was non-invasive and had no direct effect on an individual’s
health (Goswami et al., 2011). The study area remained the same throughout the survey,

with equally distributed and repeated effort across the study area.

The majority of the cubs (92%, n = 68), that were identified throughout the study period,
where born during the period of the fourth and fifth mark-recapture events. An additional six
cubs were included through births during the sixth and final mark-recapture event. The peak
in births noted between the fourth and sixth mark-recapture events, account for the inflation
of mark-recapture estimates (63 individuals) between estimates, including cubs and
excluding cubs at mark-recapture event six. Mark-recapture events three, four and six
showed overlapping confidence limits in their estimates. The difference in the estimates of
mark-recapture event five may have been on account of temporary immigration of transient
individuals. Transient individuals, which could not be associated to a pride, accounted for
14% (n = 36) of the population, and may have accounted for some temporary inflation in
population estimates during mark-recapture event five. Considering that when cubs were
excluded, mark-recapture occasions three, four and six showed no definitive difference in
their estimates, three capture occasions may be sufficient to derive population size estimates
when excluding cubs. However, to detect discernible differences between population
estimates, including cubs and excluding cubs, four or more mark-recapture events would be

required.

Open population mark-recapture estimates appear to be sensitive to the recruitment of new
individuals into the population. Where cubs are included in population estimates, results
show larger variability over the study period. Including cubs into the mark-recapture
simulation may impose larger variability to population estimates, as the presence of cubs in
the population fluctuates over time (Castley et al., 2002). Synchronous and seasonal births in

lion may periodically increase population size (van Vuuren et al., 2005; Packer & Pusey,
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1983). Therefore, excluding cubs (< 1yrs) from mark-recapture analysis may give a more
consistent estimate of the population size that is not influenced by influxes of cub births
(Franklin & Walker, 2010). However, since there were no apparent differences in estimates
when cubs were excluded, and that the variance did not decrease significantly as effort
increased, indicates that three mark-recapture occasions (excluding cubs) should be
sufficient to derive an accurate and precise estimate of the adult population size.

Track indices on the other hand have been specifically designed to assess the local lion
population of the dune savannah habitat within the KGNP and western GNP (Funston, 2002).
The equations used in track indices were based on a combination of relationships between
track density, population estimates from known individuals (n = 122), and density estimates
from collared individuals and associated prides (n = 21) (Funston, 2002). Track indices
however, have large spatial and temporal discrepancies, which demand large amounts of
effort to be able to derive reliable results from which trends can be detected (Funston et al.,
2010; Midlane et al., 2015), particularly in the dune savannah habitat of the KTP. Track
indices are also variable across substrates and may influence the disparity in track density
across the park. For instance, there are a number of roads in the KGNP that have been
transformed from sand into gravel substrates, making spoor more difficult to detect (Funston
et al., 2010). This would bias the equations for track indices in the KGNP, towards sandy
substrates, on which lion tracks are more easily detected. Furthermore, several of the
management tracks on which track counts were conducted, receive little maintenance,
leading to seasonal vegetation cover that may obscure tracks, particularly during the rainy
season (Pers. Obs. 2013-2015). Several road transects that were used to conduct track
counts were only travelled sporadically by park staff, whilst other roads were used more
frequently by tourists. A high frequency use of the road transects by other users could have
destroyed evidence of lion tracks that may have been present. This however, is unavoidable,
and all track surveys prior to this study, and those that will be replicated in the future will
encounter the same disturbance imposed on tracks by other users, negating the significance
of this bias. Considering the large margins of error on occasional track surveys, and the large
presence of outliers from the mean track density, the use of track indices to determine trends

in the population may not be feasible in the KGNP.

Even though a substantial amount of effort and a broad spectrum of techniques have been
applied to determine the population characteristics of lion in the KGNP, several methods
have been neglected. Alternative methods of determining lion population characteristics may
be well suited to estimating abundance and demographic parameters in the KGNP. For
instance, individual identification, through the use of genetic markers has been used to

identify individuals from DNA extracted from faecal samples (Tende et al., 2014). Individual
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identification using DNA analysis does however, bare considerable costs in analysing the
data and is more often used in managing human-lion conflict and in wildlife forensics (Miller
& Bloomer, 2014; Caniglia et al., 2013). Scat collection in itself is a costly endeavour in the
KGNP, at approximately 263 km travelled per scat collected (Beukes, 2016).

Call-up stations were used opportunistically throughout the study, in conjunction with
evidence of fresh lion spoor. However, there was no systematic use of call-ups and the
primary purpose was to aid in locating lions for individual identification. Call-ups have been
used in previous lion studies in the KGNP, for mark-recapture purposes and to derive age
and sex structures, but not with the objective of determining population size as a direct
method (Ferreira et al.,, 2013; Funston, 2002). Call-ups were used in the Wildlife
Management Areas bordering the KTP to the east and north of the park, but gave
comparatively low-density figure compared to other methods (Mudongo & Dipotso, 2011).
Call-ups have however, been used successfully in other areas to attain abundance estimates
of lion (Groom et al., 2014; Omoya et al., 2013; Ferreira & Funston, 2010a; Midlane et al.,
2015). Call-ups in arid areas are hindered by low lion densities, which result in poor lion
response rates, unless accompanied by fresh lion tracks (Ferreira et al., 2013; Mudongo &
Dipotso, 2011). Call-ups are subject to high seasonal and spatial variability (Cozzi et al.,
2013). Furthermore, where track indices have been used in conjunction with call-ups, track
indices had a significantly higher return rate and precision, and were more efficient in terms
of effort and cost in some instances (Mudongo & Dipotso, 2011; Thorn et al.,, 2010).
However, in Kafue National Park, Zambia, track indices required more effort and resources
and tended to underestimate the lion population (Midlane et al., 2015). Call-ups can bias
results due to lion behavioural responses, such as in cubs, which often do not accompany
adults to the lure (Young-Overton et al., 2014).

Camera trapping has become a common method in identifying population size and
demographics, particularly for cryptic species such as felids (Maputla et al., 2013; Gutierrez-
Gonzalez et al., 2012; Rowcliffe & Carbone, 2008). Mark-recapture analysis and occupancy
modelling can be used to estimate population size through individual identification using
photographs obtained from camera traps (Maputla et al., 2013). The use of camera trap
photographs for individual identification proves inadequate for use on lions. This is because
lions have few obvious features from which to identify individuals, and very specific
photographs of identifiable features are required for identification (Cozzi et al., 2013). We
collected the vast majority of images which were used to identify individuals in the current
study by observing subjects for several hours taking multiple images (often more than a
hundred) to attain the required image quality with which to confirm individual identity.

Therefore, camera traps were not considered as an appropriate method for use in the current
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study. Occupancy modelling, based on presence (detection) or absence (hon-detection) data
in a defined area, is also frequently used in conjunction with camera trapping and sign
surveys (indices of abundance) to detect presence or absence as a surrogate for density
estimates (Mackenzie & Nichols, 2004; Midlane et al., 2014). The analysis of occupancy
modelling, however, operates under similar assumptions to closed population mark-recapture
analysis, which could not be accounted for in this study (Everatt et al., 2014; Midlane et al.,
2014).

All population size estimates obtained in this study, except open population mark-recapture,
show very poor precision. Methods with large confidence intervals, such as track indices (CV
= 39%), require much greater sampling effort in order to compensate for the lack of precision.
The large sampling effort required could render a method such as track indices
impracticable, as resource constraints often restrain research design and could bias results
(Garton et al., 2011). Alternately, mark-recapture is a relatively intensive technique, with
large resource requirements. However, due to the precision that was found for the mark-
recapture method, it may require less repetition than the other methods to detect trends.
Mark-recapture may thus be the most practicable solution to identifying trends in the KGNP
lion population. The extent to which the mark-recapture, track indices and registration study
techniques are capable of identifying trends in lion population demographics remain

undefined and require further investigation.

The mark-recapture method has been identified as the most appropriate method to define
population size while simultaneously identifying demographic characteristics through
registration. ldentifying characteristics of the age and sex structure of lion within a population
appears to be significantly influenced by the sample size of unique individuals obtained
through registration. The variability in age and sex structures, at different sample sizes, may
hold challenges for detecting trends in demographic parameters. The probability of
misrepresenting the population characteristics at small samples, which carry large margins of
error, can have consequences for conservationists, who need to detect trends to be able to
take appropriate action when required. The male biased sex ratio that was observed in 2010
(56% J; Ferreira et al., 2013), could have been influenced by the small sample size (n = 49)
that was used to derive lion age and sex structures. The relatively equal sex ratio observed
in the current study, was derived from the largest dataset of individual lions in the KGNP

acquired to date.
The sufficient size of the database is further supported by the asymptote that was reached
on the accumulation curve of known individuals. The asymptote indicated that new

individuals would most likely be added to the dataset through births and immigrations into the
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population. Therefore the populations characteristics derived from the current study (n = 261)
are likely to be truly representative of the KGNP lion population. A high proportion (88%) of
the individuals encountered in the current study could be identified. In the KGNP, this is
made possible by the accessibility of the off-road terrain with low vegetation density, allowing
observers to get within close proximity of the subject and attain high resolution imagery from
which individuals can be identified. The opportunity to attain accurate identification from
which to conduct mark-recapture analysis in the KGNP are not challenged by image quality
to the same extent as are surveys in densely vegetated terrain (Marnewick et al., 2014) or
aquatic systems (Reisinger et al., 2011) where image quality limits identification.

Equal sex ratios are uncharacteristic of lion populations (Ferreira et al., 2013) and the
change in demographic characteristics from a female dominated population (Mills et al.,
1978; Castley et al., 2002, Funston, 2011), to a greater or equal proportion of males in the
KGNP lion population (Ferreira et al.,, 2013; Current study) remains a concern. The
demographic characteristics of lion in the KGNP are defined in more detail in chapter 4. In
chapter 5 the findings on population size estimates and demographic characteristics from the
current study are compared to findings from historic studies in order to critically assess

change over time.
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Chapter 4:
Lion (Panthera leo) demographics in the
Kalahari Gemsbok National Park

4.1. Introduction

Vital rates such as survival and recruitment are a consequence of environmental and social
factors (Trimble et al., 2009; Gardner et al., 2010). Demographic parameters translate into
population growth rates, which summarise a species’ response to the environment (White &
Burnham, 1997; Trimble et al., 2009). Vital rates and demographic characteristics can thus
serve as indicators of change which aid in defining a population’s susceptibility to extinction
or ability to recover from negative responses to their environment (Carroll et al.,, 2013;
Andresen et al., 2014).

A 2010 study in the Kalahari Gemsbok National Park (KGNP) postulated a pending
population collapse of lion (Panthera leo) population due to a sex skew towards a higher
proportion of males in the population (56%) (Ferreira et al., 2013). This showed a disparity
from preceding studies which found population characteristics within the expected
proportional age and sex structure range for the population (24% - 43% males) (Mills et al.,
1978; Castley et al., 2002; van Vuuren et al., 2005; Funston, 2011) although some age class

specific abnormalities were detected (Funston, 2011).

A 2001 study on lions in the Kgalagadi Transfrontier Park (KTP) including the KGNP, found a
sex skew in cubs, where males accounted for two thirds of the age class (Funston, 2011). It
was postulated that the high proportion of male cubs born was a response to compensate for
higher natural mortality rates in males (Funston, 2011). In addition, the sub-adult age class
was also skewed towards males suggesting lower mortality amongst young male individuals.
Female lions accounted for 80% of the adult population in 2001 (Funston, 2011). By 2010,
observed adult sex ratios were found to be equal and sub-adults remained male biased
(Ferreira et al., 2013). The persistence of a male biased recruitment or proportional
dominance of males may have deleterious effects on the conservation of lions in the KTP
(van Vuuren et al., 2005; Ferreira et al., 2013).

Variability in the proportion of males and females is a major factor in the life history traits of a
population (Cameron, 2004). A key hypothesis to the observed sex skew in 2010 suggested
that vital rates are influenced by body condition as a result of shifting prey dynamics and
consequent physical condition (Trivers & Willard, 1973; Cameron, 2004; Ferreira et al.,
2013). The Trivers & Willard theory predicted that particularly, a greater proportion of male

offspring should be produced by breeding females in response to improved health (Trivers &
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Willard, 1973; Huck et al., 1986; Sheldon & West, 2004; Holand et al., 2006). A skew
towards males in a polygamous species such as lions, increases conflict and can perpetuate
male recruitment (Packer & Pusey, 1983b; Yamazaki, 1996; Woodroffe & Frank, 2005). The
Trivers and Willard (1973) theory has been well observed in primates, rodents, marsupials
and ungulates, but has not been extensively observed in large carnivores (Cameron, 2004,
Sheldon & West, 2004).

Survival probability of lions is strongly correlated to prey biomass and availability (van Orsdol
et al., 1985; Mosser et al., 2009; Ferreira & Funston, 2010), and climatic conditions such as
rainfall and temperature (Celesia et al., 2010). Furthermore, survival rates in cubs have been
strongly associated with group territoriality, pride size and synchronous breeding of females
(Packer et al., 2001; Mosser & Packer, 2009). These social factors are in turn influenced by
environmental stochasticity (Celesia et al., 2010). In the KGNP, cub survival in certain areas
has been as low as 5%, primarily attributed to starvation (Eloff, 1998). Density dependent
social factors that determine group success and conflict further define survival rates (Mosser
& Packer, 2009). In the KGNP, lion density is relatively low in comparison with other
populations, and mortality due to intra-species conflict is negligible (Funston, 2011).
However, mortality due to human-lion conflict may be as high as 17 individuals per annum in
the boundary prides of the KTP (van Vuuren et al., 2005) and appears to predominantly
affect sub-adult males (Funston, 2011).

A higher proportion of males in the population might perpetuate male recruitment if conflict
between males ensues and infanticide occurs as a result (Packer & Pusey, 1983a;
Yamazaki, 1996). In cases where infanticide occurs after coalition changeovers, females are
more likely to produce male offspring in their first litter after the takeover (Packer & Pusey,
1983b; Yamazaki, 1996; Woodroffe & Frank, 2005). The unpredictability of environmental
conditions and extremes of the Kalahari may be a driver of large variability in demographic
responses to social, environmental and resource based drivers (Krebs, 1995; Celesia et al.,
2010; Mills, 2015). Along with anthropogenic stressors (van Vuuren et al., 2005) and
stochastic disease epidemics (Ferreira et al., 2013), these can exacerbate changes in social
parameters, vital rates and demographic signals (Loveridge et al., 2007; Davidson et al.,
2011). Considering the state of lion conservation across their range and the significance of
the KGNP and broader KTP to the conservation of the species (Bauer et al., 2015a; Bauer et
al., 2015b), the importance of accurately monitoring lion demographics cannot be over-

stressed.

Past studies into lion population demographics made use of various methods and sample

sizes that makes it difficult to detect and verify trends. Here the results of a registration study
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of unprecedented effort are presented to provide the most accurate demographic information
and estimations of this population’s vital rate to date. This information will contribute
substantially to understanding lion ecology in this arid environment within a key lion

management unit, critical to the conservation of the species.

4.2. Materials & methods

4.2.1. Study area

The study took place in the arid South Western Kalahari's Kalahari Gemsbok National Park
(KGNP; 9710km?), South Africa (RSA). The KGNP is adjoined to the Gemsbok National Park
(GNP; 26000km2) part of the Republic of Botswana and collectively known as the Kgalagadi
Transfrontier Park (KTP) an open protected area of some 36 000 km2. The study area lies
between 24° - 26° 30’ South and 20° - 22° East (Bothma et al., 1993) and falls entirely within
the Dune Savanna vegetation type of the Savanna Biome (van Rooyen et al., 2008). Two
ephemeral river valleys, the Auob and Nossob, bisect the study area with the Nossob
delineating the border between South Africa and Botswana (Bothma et al., 1993). The area
is covered by Kalahari sand with a mixture of parallel and irregularly shaped, vegetated
dunes (van Rooyen et al., 2008). The region is classified as semi-desert with approximately
220mm of precipitation across the KGNP and a large variance in regional and localized
rainfall ranging from 180mm in the South West to 230 mm in the North of the KGNP per
annum (Grist et al. 1997). Temperature extremes range from 45°C in summer to -5°C in
winter (Mills, 2015). An extensive study area description can be found in Chapter 2 of this

thesis.

4.2.2. Field data collection

Data was collected over a 24-month period from May 2013 to June 2015. To define lion
population demographic characteristics and vital rates, a registration study (Ogutu & Dublin,
2002; Pennycuik & Rudnai, 1970) was initiated to identify as many lions as possible in the
KGNP. To achieve this, systematic transects were driven by vehicle on a monthly basis
representing both the dune and riverbed environments across the extent of the KGNP.
Random transects were also driven on management tracks throughout the KGNP. Lions
were located opportunistically through chance encounters, following up on sighting reports,
following fresh tracks, and following the direction of roars (Stander, 1991). Seven females
from seven different prides were collared (African Wildlife Tracking®, Pretoria, South Africa)

in association with a dietary study of lion in the KGNP for periods of three to 12 months
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(Beukes, 2016). During the study period the lionesses were located approximately once per
month for the duration that the collars were active. Collars were applied under all required
ethical clearance (Chapter 3) and were removed at the end of the study period. An attempt
was made to identify all lions that were sighted and their locations were determined using a
Garmin GPSMAP 62 (Garmin E-Trex, Garmin International, Olathe, KS, USA).

4.2.3. Individual identification

A register of individual lions were created to construct the age and sex structure of the
population. Individuals were identified using vibrissae spot patterns, ear nicks (Pennycuick &
Rudnai 1970; Elliot et al. 2014), nose pigmentation (Whitman et al. 2004) and existing brand
marks (Funston, 2001; Castley et al., 2002; Pers.comm. “Ferreira, M. 2015). Individual

identification was supported by a photographic database of all unigque individuals.

4.2.4. Age and sex structure

Age was assigned on a subjective basis using the lions relative size, nose pigmentation,
tooth wear, leg markings and mane development in the case of males (Whitman et al. 2004;
Whitman & Packer, 2006; Ferreira & Funston, 2010). Lions were categorized into five
discrete age classes. Cubs were classified as individuals under one year old, juveniles as
animals between one and two years; sub-adults were considered two to four years old and
lions estimated to be over four years old were considered adult (Whitman et al. 2004; van
Vuuren et al., 2005). Adults were further divided based on survival probability, in that old
individuals (>10 years) are expected to have higher rates of mortality (Starfield et al., 1981).
This resulted in an adult age class from four to 10 years old and old adults over 10 years of

age. For more detail on the ageing criteria see Chapter 3.

4.2.5. Pride structure

Prides were considered to be groups of females and their offspring along with males who
attend the group for definite periods of time and associate in a non-aggressive manner
(Packer & Pusey, 1987; Arsznov & Sakai, 2012). Prides were defined through direct
observation of collared individuals and their associated pride members as well as

opportunistic observations of individuals associating with one another (Funston, 2001,

* Micho Ferreira, Section Ranger, Twee Rivieren, Kalahari Gemsbok National Park, Northern Cape,
South Africa. 8800.
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Funston, 2011). Spurious relationships were derived from indirect association between
individuals in a pride, over multiple sighting events (Frank, 1995). Where individuals were
associated by a mutual pride member or members, but never seen associating directly, they
were still considered to be from the same pride. Individuals who were never seen associating
with a pride or individuals from a pride were considered to be transient individuals. These
included small groups of dispersing sub-adult and adult males.

4.2.6. Reproductive characteristics

Reproductive schedules were derived from observations of cubs being born into prides. An
attempt was made to identify the average age of adult females at conception and at birth
through backdating from the estimated age of individuals when they were identified to the
time they may have conceived or given birth. Litter size, sex structure, birth timing and birth

intervals were also recorded.

4.2.7. Survival

Cormack-Jolly-Seber mark-recapture simulation was used to define apparent survival
probability of various age classes and sex (Cam, 2009; Fearnbach et al., 2012). Individual
identification was used as a “marking” method (Bonner and Holmberg, 2013; Sollimann et al.
2011; Yoshizaki et al. 2008). The first time an individual was identified was considered the
initial capture and marking event. When individuals were re-sighted, it was considered as a
recapture (Matthews et al., 2008). The initial marking occasions and subsequent recapture
intervals were divided into six four-month periods between May 2013 and June 2015.
Immigration and emigration were not accounted for; however, mark-recapture survival
estimation accounts for the probability of detection without accounting for the specific cause
(Horton & Letcher, 2008).

4.3. Data analysis

4.3.1. Age and sex structure

The number and proportion of males and females in each age class were derived for the
entire known population. The age structure of the population at the 30" of June 2015 (end of
study) was established by calculating the age of each identified lion at the end of June 2015.
That was done by adding the time that expired since a lion has been identified and 30 June

2015 to the estimated age at time of first identification. Sex ratios were derived for each age
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class separately to determine changes in sex ratios between specific age classes. Age
classes were also grouped in some instances to render them more comparable to
demographic studies in other lion populations (i.e. Smuts, 1976; Mills, 1995 only identified
three age classes) as well as historic studies conducted in the KGNP lion population
(Ferreira et al., 2013).

4.3.2. Pride structure

Pride structures were derived from 1022 lion sightings at 299 events comprising of 261
unigue individuals. Pride structures derived from the regular observation of collared
individuals were compared to the opportunistically observed and less often seen prides to
determine if sighting frequency might influence pride composition estimates with regard to
sex ratios, age structure and pride size. These were compared using the Hartley’s Chi-
squared test (Franklin & Walker, 2010). Pride size and structure in the current study were
compared to that of the study conducted in the KTP between 1998 and 2001 (Funston, 2011)
using ANOVA.

4.3.3. Reproductive characteristics

Birth rates were calculated as the average number of cubs born per reproductively mature
female (> 4 Years old) per year (Lehmann et al., 2008; Funston, 2011). The age of females
at first conception, age of females at first known birth and average age of females producing
cubs in the population were determined through observing unique individuals of approximate
known age (Jansen & Jenks, 2012). Litter sizes and sex ratios were compared at three-
month intervals throughout the cubs first year of life to detect changes in sex ratios from
assumed sex ratios at birth (i.e. the sex ratio of cubs at first sighting). Cubs were rarely
sexed before three months old. Seasonal birth timing was tested using conventional Single
Factor ANOVA in the programme Excel (Microsoft Office, 2010). Cub’s ages and adult
female age estimates at conception and birth were backdated to determine approximate

month of birth and the season in which they were born (Smuts, 1978).

4.3.4. Survival

The Program MARK (v.8.1) (White & Burnham, 1999) was used to derive apparent survival
rates using the Cormack-Jolly-Seber (CJS) simulation for survival rate estimation. Model
selection using a Model Likelihood Estimator (MLE) and Likelihood Ratio Test (LRT) (Cooch
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& White, 2015; White & Burnham, 1997) were used to determine the best suited equation out
of four possible CJS equations with which to derive survival rates with the available data
(Lebreton et al., 2010). The most preferable model has the lowest AIC, Delta AIC below two
and model likelihood closest to one. Goodness-of-fit (GOF) was calculated in the Program
RELEASE (v.3)(Burnham et al., 1987; Lebreton et al., 1992; White & Burnham, 2015), an
extension of the Program MARK to determine whether there was any significant variability in
survival or capture probability between each capture occasions and between individuals
(Reisinger et al., 2011; Cooch & White, 2015).

Survival rates as measured by the Cormack-Jolly-Seber model does not account for the
manner in which an individual leaves the population i.e. through death or immigration and is
therefore termed “Apparent” survival rates (Pledger et al., 2003; Horton & Letcher, 2008).
Data input into the model included all identified individuals at the initial capture event and
subsequent 23 re-capture events. At each monthly interval capture event, an individual was
either recorded and denoted as a “1” in the mark-recapture matrix or a “0” in the event where
an individual was not captured during a mark-recapture event (Cooch & White, 2015).
Through the capture history of each individual over a twenty-four month period, apparent
survival rates were calculated taking into consideration the capture probability of each unique
individual (Pledger et al., 2003; Horton & Letcher, 2008). Apparent survival rates were
calculated for males and females separately, for age classes separately and for different
sexes within each age class where sufficient data was available. These provided apparent
survival rates for male and female cubs, juveniles, sub-adults, adults and old adults

separately.

4.4. Results
4.4.1. Age and sex structure

Between May 2013 and June 2015, 261 unique lions were identified and their sex and age
structure was calculated for the end of the study period (June 2015) (Figure 4.1). In the adult
age class (>4 Yrs; n = 147), 49% (n = 72) were males and 51% (n = 75) were females. In the
sub adult age class (2-4 Yrs; n = 29), 54% (n = 16) were males and 46% (n = 13) were
females (X = 2.01; d.f. = 2; p = 0.63). Juveniles (1-2 Yrs; n = 34) showed an equal sex ratio (n
= 30). Seventy-four individuals under one year old were observed which accounts for the
minimum known to have been born over the study period. The sex ratio of these cubs was
49% males to 51% females (n = 61) with 17% (n = 13) of cubs sex being indeterminable.

There were no significant differences (X = 0.18; d.f. = 3; p = 1) in sex ratios of cubs who were
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known to have survived to three months, six months, nine months or 12 months old (£1:1%)
(Table 4.1). Sex ratios of cubs at the end of the study were 49% male (n = 34) and 51%
female (n = 35). The relationship between males and females in the total population was
49% male and 51% female. When sub-adults and adults were combined (>2 Yrs) the ratio
between males and females were 51% (n = 88) and 49% (n = 87) respectively. The age
structure of the population (n = 261) at the end of the study period showed a relationship of
55% adults, 12% sub-adults, 13% juveniles and 20% cubs.
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Figure 4.1 Sex and age class structure of the KGNP lion population on 30 June 2015
derived from 261 unique individuals observed between May 2013 and June 2015.

Table 4.1 The observed sex ratios of cubs in the KGNP that are known to have survived at
three month intervals up to one year. Cubs that could not be sexed are excluded (n = 13).

3 Months 6 Months 9 Months 12 Months
Male 51% (n = 34) 51% (n = 34) 51% (n = 30) 51% (n = 23)
Female 49% (n = 33) 49% (n = 33) 49% (n = 29) 49% (n = 22)

The estimated age of unique individuals, derived from subjective criteria, showed greater
disparity in the sex ratios at specific ages than in broad age classes (Figure 4.2). Sex ratios
were near or at parity across 36% of the age structure, whereas male bias was primarily
observed in adults six, seven and nine years old. Negative exponential regression lines
which were fitted to the data of sex ratios at specific ages, indicate a more rapid rate of
—0.173x; R2 =

decline in the number of males (y = 25.855e
for females (y = 14.789e %% R2 = 0.23) (Figure 4.2).

0.71) from one year to the next than
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Figure 4.2 The observed age structure for males and females of the KGNP lion population at
the end of June 2015 derived from 261 known individuals. Exponential trend lines show the
rate of decline in the number of individuals for males (dash line; y = 25.855e%1"®; R2 = 0.71)
and females (solid line; y = 14.789e°%®: R2 = 0.23) from one year to the next.

4.4.2. Pride structure

Fourteen prides were identified through direct observations (Table 4.2) of individuals
associating with each other in 285 out of 299 sighting events. The composition of six prides
could be identified with confidence as a pride female of each was collared and could be
located on a regular basis (Ave = 30; SD = 11 observations per pride) depending on the
duration of the collars being active. Prides which did not have an individual collared (n = 8)

were seen less regularly (Ave = 13; SD = 6 observations per pride).

Pride composition for the 6 collared prides (117 individuals) did not differ significantly (F4.35=
0.003; d.f. = 1; p = 0.96) from the average age and sex structure observed in the population
(261 individuals). Pride composition for the 6 collared prides also did not differ significantly
from the average age and sex structure of the other eight non-collared prides (108
individuals) (Fs3s = 0.01; d.f. = 1; p = 0.92) for which there was less observations of
individuals. Of the identified individual lions, 225 (86%) could be associated with prides. Only
36 known individuals could not be associated with any particular pride and were considered
to be transient. Transient individuals were identified at 14 of the 299 sighting events and

comprised 16 adult and 14 sub-adult males as well as three adult and three sub-adult

females. The average pride size was 11.57 (SD = 4.97) excluding cubs and 16.07 (SD

8.71) including cubs. Pride structure showed an average adult composition of 2.42 (SD
0.49) males and 5.29 (SD = 3.34) females. Prides showed a fission-fusion relationship
(Funston, 2011) and sub-groups, which comprised the 299 sighting events, consisted on

average of 3.53 (SD = 2.88; Range = 1-21) individuals per sighting event.
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Table 4.2 The composition of observed prides from May 2013 until June 2015 which were identified over 285 sightings of pride members
associating in groups. Five prides, which had a lioness that was collared for a one year period are indicated with an asterisk (*) after the pride
name.

Pride name Adult Sub-adult Juvenile Cub Total
Male Female Male Female Male Female Male Female Unknown
Bitterpan 1 4 2 1 8
Dankbaar 2 3 1 2 3 11
Dikbaardskolk 2 4 3 1 10
Gnurrie* 1 2 2 5
Grootkolk 2 4 2 2 1 11
Houmoed* 2 9 5 3 0 4 23
Kieliekrankie 2 3 2 4 11
Kij Kij 2 3 1 1 6 1 3 17
Kransbrak* 3 10 3 3 6 5 30
Kwang* 2 5 1 1 2 2 13
Marie se gat 3 12 11 5 5 31
Polentswa 3 3 6
Sitsas 3 6 6 2 1 2 20
Xaus* 3 10 1 2 1 6 5 1 29
Average 2.42 5.29 3.40 1.57 2.60 2.29 3.57 3.71 2.50 16.07




4.4.3. Reproductive characteristics

Thirty-seven per cent of the adult females (n = 31) are known to have produced cubs
immediately prior to or during the study period. The minimum average litter size as derived
from first observations of cubs, thus not necessarily the actual number born, were 2.39 (SD =
0.72; Range = 1-4) cubs per female. This translated to an average adult female birth rate of
0.44 cubs per female per annum. No females were observed giving birth more than once
during the two year study period. Nineteen cubs are known to have been born to eight
females in 2013. During 2014, 52 cubs were born to 22 females and in the first half of 2015
three cubs were born to one female. The range between the first and second year of the
study was 0.3 - 0.57 cubs per female per year.

Although the sex ratio of cubs that could be sexed was at parity (n=61), a large range of sex
ratios at birth were observed between females. If we assume all the cubs born survived till
they were first observed, five of the 31 females (16%) produced cubs at parity, while 10
females (32%) produced more males and 8 (26%) produced more females. However, for
eight females that produced 24 cubs between them only 13 could not be sexed and can thus
not be included in the analysis of sex ratios at birth.

The month with the highest birth frequency was May (29% of births), but in the months of
July and August an additional 45% of the cubs were born (Figure 4.3). The majority of births
(77.4%) occurred between May and September. Only one female was known to give birth
between October and December. Birth timing was significantly (F49 = 5.29; d.f. = 1; p = 0.04)
higher in the winter period (April to September).

The average age of females that gave birth during the study was 6.9 years old (SD = 1.83;
Range = 4-9) and the youngest, approximately four years old. Birth synchrony, cubs born into
cohorts within a month of each other, was observed in three prides out of ten which produced
cubs during the study period. Cubs born into these three cohorts accounted for 57% (n = 42)
of known cubs during the study period. In the Kransbrak pride, seven cubs were known to
have been born to three females within two weeks of each other. Similarly, the Xaus pride
produced seven cubs from three females within two weeks. The Marie se draai pride

produced 24 cubs from seven females within one month.
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Figure 4.3 Number of cubs born in each month calculated from approximate age at first
sightings from May 2013 until June 2015 (n=74).

4.4.4. Survival

Sixty seven cubs were seen and identified within the first 3 months of their lives. Of these
96% are known to have survived to three months, 89% to six months, 84% to nine months
and 57% are known to have survived their first year. Although 29 cubs were not observed
reaching an age of one year, only seven cub mortalities were observed. The minimum cub
survival rate to one year is thus 57%. Four confirmed adult mortalities were recorded during

the study period.

From mark-recapture Cormack-Jolly-Seber (CJS) candidate models in the Program MARK
(White & Burnham, 1997), the best fitting parameters to determine apparent survival were
where survival probability remained constant and capture probability was time dependent
(Model equation in the CJS survival estimates = phi(.)p(t)) (Table 4.3). Survival estimates
could only include 227 of the 261 identified individuals as insufficient data on encounter
histories to estimate survival parameters with confidence were available for the remaining 34
lions (Cooch & White, 2015). The Goodness-of-fit test on a fully time dependent CJS model
showed non-significant variability for detection and survival between capture occasions.
TEST 2 for overall equal detectability (x = 2.27, d.f. = 3, p = 0.43), TEST 3.SR for equal
survival probability independent of capture history (X = 4.8, d.f. =4, p=0.31), TEST 3.Sm for
capture probability independent of capture history (x = 0, d.f. = 3, p = 1) and the overall test
statistic, TEST 2 + 3 showed no significant variability in survival or capture probability (x = 0,
df.=3,p=1).
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Table 4.3 Candidate model selection for Cormack-Jolly-Seber apparent survival rate
estimation in the Program MARK. The various models operate under the assumptions that a
variable is either time dependent (T) or constant (.) over the study period. Factors which are
taken into account in the model are survival probability (phi) and encounter probability (p).
Model selection is achieved through the comparative Akaike’s Information Criterion (AIC)
which determines the likelihood of suitability of the test against other models. The most
preferable model has the lowest AIC, Delta AIC below two and model likelihood closest to
one.

Model AIC Delta AlCc Model Deviance
Formula AIC Weight Likelihood
phi(.)p(t) 801.6286 0 0.90674 1 623.08

phi()p()  806.1799 4.5513 0.09315  0.1027 677.38
phi(p(t)  819.5624 17.9338 0.00012  0.0001 585.64
phihp(t)  835.2111 33.5825 O 0 656.66

One hundred and seventy-nine out of the 261 known individuals (68%) where seen more
than once. Although apparent survival probabilities indicated a higher average annual
survival rate for female lions than for male lions, confidence limits only define a noticeable
difference between male and female cubs (Table 4.4). For juveniles and old adults, sex
specific survival rates could not be estimated with any measure of precision, as sample sizes
were too small. Apparent survival rates from mark-recapture analysis for the entire known

population was 82% (95%CI = 78-86), which were expected to survive to the following year.

Table 4.4 Apparent annual survival rates derived from mark-recapture data using the
Cormack-Jolly-Seber model. Male and female apparent survival probabilities are presented
separately where possible. Where sex dependent survival could not be calculated, a survival
probability is presented for both sexes (*). 95% Confidence intervals from mark-recapture
analysis and sample size are also presented.

rvival Lower r mpl
Age class Sex Ssutima?e 850/3 U9F)5F2>/i Sgizz °
Cub Female 94% 87% 98% 29
Cub Male 76% 67% 83% 33
Juvenile* Fe/Male 85% 65% 94% 9
Sub-adult Female 91% 83% 96% 23
Sub-adult Male 92% 81% 97% 24
Adult Female 93% 88% 95% 58
Adult Male 87% 81% 92% 47
Old Adult* Fe/Male 72% 37% 90% 14
Total - 82% 78% 86% 227
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4 5. Discussion

This study indicates that there was no apparent sex skew in the population between June
2013 and May 2015. Rather, it appears that the sex ratio in the population is near equal in all
age classes. The largest discrepancy in sex ratios was within the sub-adult age class that
favoured males by four per cent. In adults and cubs, females were favoured marginally by
one and two per cent respectively and the sex ratio of juveniles was equal. The sex skew
favouring males observed in 2010 with a sample size of 49 lions might have been a result of
the small sample size rather than a representative observation (Ferreira et al., 2013; Chapter
3). However, an equal proportion of males and females in lion populations are
uncharacteristic, the norm fluctuating around a ratio of between two to three females for each
male (Bertram, 1973; Smuts, 1976; Mills et al., 1978; Standers, 1991; Castley et al., 2002;
Funston et al., 2003; Funston, 2011).

The adult age class (>4 Yrs) accounted for the majority of the population at 66%. Compared
to studies in other areas this is relatively high. In Kruger National Park (KNP) adults comprise
40-53.3% of the population (Smuts, 1976; Ferreira & Funston, 2010) while they made up
41% of the Etosha National Park (ENP) lion population in 1989 (Stander, 1991). Only a third
(34%) of the lions in this population are under four years old compared to 46-58% and 59%
in KNP and ENP studies respectively (Smuts, 1976; Standers, 1991; Ferreira & Funston,
2010). Similarly, cubs and juveniles occupied a small proportion of the population (27%)
compared to the KNP (39.6%; Ferreira & Funston, 2010) but is higher in proportion than
found in the ENP which ranged between 16.8% and 21.3% between 1987 and 1989
(Stander, 1991).

Long-term trends or continuously low proportions in the young age classes would indicate
low recruitment rates into the population, which would contribute to a decline in the
population size and probability of persistence (Eberhardt, 2012). However, transition from
young age classes are rapid and large variability in age class structure can be observed over
a relatively short period (Funston, 2011; Eberhardt, 2012; Trinkel, 2013). The study of lion
demographics in the KTP between 1998 and 2001 showed large variability in the proportion
and number of cubs (average, 42%; Range, 61-118 individuals) and sub-adults (average,
19%; Range: 18-52 individuals) present in the population over a two and a half year period.
Age structure data in the current study were presented for the end of the study period.
However, similar variation in age structure were observed in the current study, where cubs
(<2 Yrs) ranged between 12 and 61 individuals over the study period. The regression
analysis conducted on the standing age structure of the population at the end of the current

study (see Figure 4.2) showed a greater rate of decline from one age to the next for males
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than for females. However, the regression did not accurately explain the trend in females (R2
= 0.23). This could be explained by greater heterogeneity in mortality rates between different
age classes in females (Eberhardt, 2012; Barthold et al., 2016), but could also be a function

of incorrect age assignment of individual females.

Individual ages of lion were determined using a combination of subjective criteria including
relative shoulder height (Whitman & Packer, 2006; Ferreira & Funston, 2010), male mane
development (Whitman & Packer, 2006), proportional nose pigmentation, leg markings and
tooth wear (Whitman et al., 2004). These methods alone carry inherent limits and along with
the subjective nature of age assignment may well lead to bias in age specific categorization
and may vary between geographic regions (Hanby et al., 1995). However, defining age
classes as have been done here may be more accurate as ages were grouped into broad
categories, negating some potential inaccuracy. Multiple sighting events of individuals and
the use of an individual identification catalogue served as comparative age references.
Several individual lions aged by SANParks veterinarians while under sedation using nose
pigmentation and tooth wear as indicators of age (Pers. Comm. *M. Hoffmeyr, 2013-2015;
®D. Zimmerman, 2013-2015) served as points of reference and assisted in refining ageing
criteria. Determining the sex of individuals was not as challenging as lions are sexually
dimorphic (Whitman & Packer, 2006) and of the 261 lions that could be uniquely identified
only 13 cubs could not be sexed.

In the Kgalagadi, prides are known to form sub-groups (Funston, 2011) which is attributed to
resource restraints (Stander, 1991; Celesia et al., 2010; Funston, 2011). The fission-fusion
group association persisted throughout this study with small groups of less than six
individuals making up the majority of observations (89%). This greatly challenged the
identification of pride composition, as it required several observations to identify group
associations. Many relationships between individuals and a known pride were based on
indirect relationships (Abell et al., 2013) and many members of the same pride were never

seen associating.

The fission-fusion nature of the prides also made it difficult to identify immigrating and
emigrating individuals. Similarly, coalition changeovers were difficult to observe. From two
known coalition changeovers, the five ousted males were classified as transient animals
along with those who could not be associated to prides (n = 36). Furthermore, several
individuals were described by park staff associated with known prides that could not be

accounted for and were therefore not reported on. For instance, two adult males and another

® Dr. M. Hoffmeyr, Veterinary Wildlife Services, SANParks, Skakuza, 8800

® Dr. D. Zimmerman, Veterinary Wildlife Services, SANParks, Port Elizabeth,
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three adult females were reported to be associated with the Bitterpan pride, but could not be
verified and an adult female with three cubs was never seen, but was reported to associate
with the Dankbaar pride.

The observed pride size and the number of males within prides differed between the
observations in 2001 (Funston, 2011) and the current study. Prides were larger in the current
study, with a significantly higher number in overall pride size (16.07 vs. 7.55; ANOVA; F1 4=
8.17; d.f. = 1; p = 0.01) and the number of adult males per pride (2.42 vs. 1.6; ANOVA; F414
= 6.29; d.f. = 1, p = 0.02). Prides remain within the expected size range and structural
composition to prides in other populations (2-99 and 2-63) (Packer et al., 1988; Standers,
1991; Hanby et al., 1995; Funston, 2011). Pride size is correlated to environmental
conditions and prey availability in other lion populations (van Orsdol et al., 1985). A change
in pride size and an increased proportion of males within prides in the KGNP are indicative of
changing demographics and population size in response to environmental conditions (van
Orsdol et al., 1985; Celesia et al., 2010). Increased pride size could have density dependant
consequences for sex ratios (Smuts, 1976) and could lead to increased competition, higher
dispersal rates of both males and females and greater risks of human-lion conflict on the
boundaries of the KGNP (van Vuuren et al., 2005).

Annual adult female birth rates were much lower (0.43 cubs per female per year) than what
was observed in 2001 in the KTP at 0.67 cubs per adult female per year and 1.33 cubs per
female per year in five prides bordering the Southern and Western boundaries of the KTP
(van Vuuren et al., 2005). Fecundity rates in the KGNP may be as much as two thirds less
than in some other known populations which range between 0.8 — 1.4 cubs per female per
year in Kenya (Woodroffe & Frank, 2005), Namibia (Orford et al., 1988), South Africa
(Lehmann et al., 2008), Tanzania (Caro et al., 2009) and Zambia (Yamazaki, 1996). The
current record for the KGNP may well have the lowest recorded fecundity rates in Southern
Africa, surpassed only by the Panthera leo persica sub species of the Gir Forest, India (0.37

cubs per female per year) (Banjerjee & Jhala, 2012).

Modelled survival (mark-recapture) of cubs in the KGNP were between 67-97% (95%
confidence limits), relatively high in comparison to populations in Kruger National Park, South
Africa (40 — 80%; Funston et al., 2003) and Etosha National Park in Namibia (40%; Pienaar,
1960). However, cub survival rates are known to be extremely variable and correlate strongly
with lean season prey abundance (Celesia et al., 2010). The synchronous breeding of
females in prides as was observed during this study may also contribute to increased cub
survival due to allo-caring of cubs (Packer & Pusey, 1997; Packer et al., 2001), with over half
of known cubs having been born into three large pride cohorts. Survival rates of cubs in the

current study could be as high as 90% if no more than the observed deaths (n = 7) had
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occurred. Cub survival during the study period was higher than observed in the Northern
KGNP in 1978 (5%) (Eloff, 1980), but comparable to the results of 2001 (61%) (Funston,
2011). The survival rate estimate for juveniles was lower than for cubs on average but had
broader confidence limits, a probable relic of small sample size for juveniles (n = 9). Survival
rates for females were also higher on average and showed narrower confidence limits than
for males (Starfield et al., 1981; van Vuuren et al., 2005; Ferreira & Funston, 2010).

Although not all known cubs were tracked throughout their first year, cubs whose fate was
known remained equal in sex ratio throughout their first year of life with no signs of selective
mortality between males and females. Juveniles (1-2 Yrs) showed an equal sex ratio,
supporting the postulation of non-selective mortality in cubs. Sex ratios at birth are expected
to be at parity in lions (Smuts, 1976; Funston, 2011) and sex specific mortality is generally
expected to influence sub-adult (2-4 Yrs) males during dispersal (Smuts, 1976; Packer &
Pusey, 1987). Sex skews at birth were expected to be associated with environmental
stressors such as human-lion conflict or coalition changeovers (Ferreira et al., 2013).
However, in this study the sub-adult age category had more males (56%) than females
(44%) at the end of the study period.

To define apparent survival estimates from mark-recapture analyses, the most appropriate
Cormack-Jolly-Seber model made the assumption that capture probability changed during
the study period but that the survival probability of individuals did not change between
capture occasions (White & Burnham, 1997). The seven females that were collared during
some portion of the study period may bias apparent survival rates as they were added to the
capture matrix used to analyse mark-recapture survival parameters. Although the capture
probability of collared individuals is higher and potentially that of their associated pride
members the assumption that capture probability is not equal over time or between

individuals should reduce bias in survival estimates (Pledger et al., 2003).

In some of the previous studies of the population, cubs are described as individuals between
zero and two years old (Funston, 2011). However, the current study cubs (0-1 years old) and
juveniles (1-2 years old) were considered separately as the survival probability, between
these age classes can differ (van Vuuren et al., 2005). No sex selective mortality was
observed in the current study for the number of known cubs (n = 74). However, mark-
recapture survival estimates had non-overlapping confidence limits, indicating a markedly
higher survival probability for female cubs than male cubs. The observed survival rates for
cubs fell below the apparent survival rate confidence limits identified from mark-recapture

results. This may have been due to failure in locating cubs rather than the fact that they died.
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Observations of survival and mortality may be biased by encounter probabilities but for which

models such as the Cormack-Jolly-Seber account for in its estimates.

There appeared to be no selective mortality among cubs as equal ratios of males and
females appear to have survived their first two years. Considering that sex ratios of cubs
were relatively equal in the first year, and assuming that these ratios are representative of
actual births, it does not appear that pre-natal sex selection occurs, as would have been
predicted by the Trivers and Willard theory (Trivers & Willard, 1973). Rather, the high
proportion of males observed in the population may be due to post-natal selection caused by
either a higher rate of male survival or female mortality (Eberhardt, 2012), which contradicts
the mark-recapture survival parameters suggesting the opposite. Assuming that the Trivers
and Willard hypothesis holds true, it would be expected that sex selection would occur during
gestation and would be expressed at birth. It could also be expected that such sex ratio
skews at birth would be detected in overall cub sex ratios. Variables in reproductive
schedules would change over time in response to environmental and social restraints and
concurrent body condition responses (Trivers & Willard, 1973). However, no sex selection
was observed in cubs at three month, six month, nine month or 12 months. Therefore, shifts
in sex ratio must be occurring because of survival probability at a later stage (Durant et al.,
2004). This may be associated with resource and social restraints (Bertram, 1975; Celesia et
al., 2010) or in response to human-lion conflict (van Vuuren et al., 2005; Woodroffe & Frank,
2005).

Three quarters of all known births occurred in the cold dry season between April to
September suggesting some seasonal preference. This trait is uncommon in lions (Bertram,
1975; Funston, 2011; van Vuuren et al., 2005), but may be explained by the environmental
extremes present in the KTP (Mills, 2015) which may increase mortality rates of cubs born in
summer (Eloff, 1980). Producing cubs in favourable climatic conditions may increase survival
rates (Celesia et al., 2010; Banjerjee & Jhala, 2012). Similarly, oestrous and birth synchrony
within prides may increase offspring survival (Packer et al., 2001; Lehmann et al., 2008).
However, the sample size of cub birth rates and seasonal variability are limited in the current

study and could be further investigated in future surveys.

The lion population of the KGNP does not appear to be under immediate demographically
driven threat to their persistence due to a male biased population. No other populations
showing similar shifts to higher proportions of males (Mills, 1995) have experienced
significant declines in the population as a result. However, the higher proportion of males in
the cub and sub-adult age categories in 2001 (Funston, 2001) and the greater proportion of
males observed in 2010 (Ferreira et al., 2013), are unexpected (van Vuuren et al., 2005;

Funston, 2011; Ferreira et al., 2013). Explicit investigation of potential drivers both natural
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(Celesia et al., 2010; Trimble et al., 2009) and anthropogenic (Trinkel, 2013; Woodroffe &
Frank, 2005) causes of changes in sex ratios are required. The recommended proceeding
aim would be to monitor the response of the population to the current demographic
parameters. However, this would require robust methods to analyse population trends into
the near future. Identifying existing trends in demographic parameters of the lion population
in the KGNP requires further investigation and forms the focus of the next chapter.
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Chapter 5:
Trends in the Kalahari Gemsbok National Park
lion (Panthera leo) population characteristics

5.1. Introduction

Lion (Panthera leo) numbers are declining rapidly across their natural range, a trend which is
expected to continue into the future (Riggio & Pimm, 2011; Riggio et al., 2013; Bauer et al.,
2015a). The lion population of the Kgalagadi Transfrontier Park (KTP) is one of only four
populations in southern Africa that is thought to be stable or increasing (Bauer et al., 2015a;
Bauer et al., 2015b). In light of the vulnerability of lions, and the importance of the KTP as a
stronghold of the species (Riggio et al., 2013), measuring reliable trends in population size
and demography is important (Ferreira et al., 2013; Bauer et al., 2015a). Reports of changes
in the Kalahari Gemsbok National Park (KGNP) lion population’s age and sex structures
(Funston, 2011; Ferreira et al., 2013; Chapter 4), and high rates of human-lion conflict (van
Vuuren et al., 2005), raised concerns over the population’s sustainability (Ferreira et al.,
2013).

Lion population characteristics are expected to change over time in response to
environmental and social constraints (Mills, 1995; Packer et al., 2005; Trinkel, 2013).
However, quantifying change in population characteristics becomes challenging when
observations are made over time, using different techniques (Caro, 1999). Estimates of
population characteristics from various methods may not be comparable, or carry margins of
error, which makes trend detection imprecise (Gerrodette, 1978). Research design is guided
by the objectives of a study (Eberhardt & Thomas, 2008). Research design is seldom
conducted with monitoring change over time as an objective and often focusses on
determining point estimates of a population rather than a monitoring process that will detect
change over time (Pearl, 2000). Research design with the aim of monitoring trends requires
a measure of precision to detect directional change from which management decisions can
be inferred (Gerrodette, 1978). Even when using a single method consistently, the probability
of making an error in deducing population trends persists (Mackenzie & Royle, 2005; Beja et
al., 2009; Ferreira & van Aarde, 2009). Errors in deducing that a change has occurred in a
population when in fact it has not (Type | statistical error), may risk unprecedented effort in
further research or interventions, when it is not required. Reacting to the opposite (Type I
statistical error), where change has occurred but was not detected, may lead to a lack of
response by conservationists when it is actually needed to mitigate change which exists, and
thus increases the risk of negative effects to the population due to delayed response
(Gerrodette, 1978).
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Population size estimates for lions in the KGNP have been determined using various
methods with unknown accuracy and varying precision. The methods that have been used to
determine population size in the KGNP included closed-population mark-recapture (Mills et
al., 1978; Castley et al., 2002), open-population mark-recapture (Chapter 3), density
estimates from known individuals and prides, using radio-telemetry collars (van Vuuren et al.,
2005; Funston, 2011), and track indices (Funston et al., 2010; Funston, 2011; Ferreira et al.,
2013; Chapter 3). The spatial parameters of the study area in which population size
estimates were derived for the KGNP and the GNP to the east, also varied between studies.
This is significant because the KGNP in South Africa (9 710 km?2) is an open ecosystem
joined to the GNP of Botswana (26 000 km?). This allows unrestricted spatial movement of
lions in the greater KTP (35 710 km?) and limits the accuracy and precision of mark-
recapture estimates constrained to the KGNP exclusively or an undefined area adjacent to
the KGNP in the GNP (Mills et al., 1978; Castley et al., 2002).

In the KGNP, five different studies have described population age and sex structure (Mills et
al., 1978; Castley et al.,, 2002; Funston, 2011; Ferreira et al., 2010; Chapter 4). The
demographic characteristics between the various studies in the KGNP have been derived
from variable sample sizes, all of which inferred that the samples were representative of the
population (Chapter 4). However, precision is known to increase with sample size, and
smaller samples may have misrepresented the true population characteristics (Wintle et al.,
2004; Chapter 3). The lion demographic studies in the KGNP have been driven by various
objectives and numerous logistical, financial and methodological restraints (Pearl, 2000), and
challenged by the vast area of the KGNP and the low densities of lions (Mills et al., 1978).
However, a conclusive framework to quantify population variables for the KGNP and the KTP

is required to properly evaluate trends in demographics and population size into the future.

Here the population characteristics of the KGNP lions, over the last 40 years, are compared
in an attempt to detect discernible changes in lion population characteristics. The various
methods which have been used to derive lion demographic characteristics and population
size estimates in the KGNP are assessed. Any discernible changes in population
characteristics are discussed with regard to some potential causes and consequences of
such changes in demographic and population size characteristics. Challenges associated
with comparing population characteristics using various techniques are evaluated and some

suggestions are made with regards to future surveys of lions in the KGNP and KTP.
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5.2. Data collection and analysis

5.2.1. Data sources

Age and sex structure characteristic information was extracted from four published sources
(Mills et al., 1978; Castley et al., 2002; Funston, 2011; Ferreira et al., 2013) for comparison
against the current study (Chapter 4). Population size estimates were obtained from the
same four publications, as well as two additional publications (Funston, 2002, Funston et al.,
2010) for comparison with population size estimates from the current study (Chapter 3).

5.2.2. Analysis of age and sex ratio data

Due to the age categorization of the data obtained from historic studies, age class structure
was only comparable for certain age groups. To determine the changes in age class
structure across all studies, animals under the age of two years old had to be grouped and
are referred to as cubs. “Sub-adults”, between the ages of two and four years old were
comparable and “adults” over four years old were comparable over all five studies (Mills et
al., 1978; Castley et al., 2002; Funston, 2011; Ferreira et al., 2013; Chapter 4). Comparisons
between the various studies are made with reference to the year in which the study ended,
i.e. the publication of Mills et al., (1978), which was conducted between 1976 and 1977 is

referred to as “1977".

Each of the studies describing sex and age structure used different sample sizes from which
demographic characteristics were derived, but none provided confidence intervals for their
estimations. In an attempt to provide an indication of error around the demographic values
obtained from different sample sizes in the past, Bootstrap Simulations (with replacement)
(Efron & Tibshirani, 1993) were applied to the most recent data set (n =261) of known
individuals (Chapter 4). Bootstrap simulations were applied by selecting sub-samples of
unique individuals at random from the total reference sample. The simulations were iterated
1000 times at the exact sample sizes used in historic studies from which age and sex
structure were obtained. At each sub-sample iterated from the dataset, the proportion of
males and females, and the proportions of adults (> 4 yrs), sub-adults (2-4 yrs) and cubs (< 2
yrs) were described for the sub-sample of the “population”. From 1000 iterations at different
sub-sample sizes, confidence intervals could be calculated at the specific sample sizes
related to historic studies (Cortés, 2002). These potential margins of error from the dataset of
the current study were assumed to provide an approximation of the potential margins of
error, which could have been incurred at the specific sample sizes from which age and sex

structures were described in the historic studies. Comparisons between the age and sex
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structure described in the various studies are made with consideration of the potential bias in
the various studies, based on the sample size from which population characteristics were
described.

5.2.3. Analysis of population size data

The distribution of the point estimates of the various population size estimates from the
various studies were graphically compared, using the published 95% confidence limits to
discern any marked changes in the population size over time.

5.3. Results

5.3.1. Sex structure

The sex structure of the lion population in the KGNP, characterized by various age classes,
from the various studies, is presented in Table 5.1. The ratio between males and females in
the KGNP lion population has fluctuated between 13:19 to 13:29 relationship over a 38
year period (1977-2015).

Table 5.1 Data of age and sex structure was derived from historic studies as well as the
current study (Chapter 4). The period within which the studies occurred are presented in
brackets under the publication. The relationship between males and females in each age
class are shown as percentages with sample sizes in brackets for each age class.

Mills et al., Castley et al., Funston, 2002; a::.e;r(irsé ﬁt: Chapter 4;
1978;n=73  2002;n=79  2011; n =228 v n =261
(1976-77) (1996-97) (1998-2001) (2010) (2013-15)
3 ? ) ? 3 ? 3 Q 3 ?
Cub (0-1 yr) 39 (9) (2411) 49 (34) 51 (35)
Juvenile (1-2 yrs) - - - - - - - - 50 (15) 50 (15)
Cub & Juv (0-2 yrs) - - - ~  67(44) 33(22) - ~  49(34) 51(36)
Sub-adult (2-4 yrs) 42 (8) (ﬁ) 314 69(9) 61(32) 39(20) 75(9) 25(3) 54(16) 46 (13)
;\gl)ﬂt & S-adult (>2 (ig) (g‘z‘) (ig) (Zg) 36 (58) (160‘2) é’é) (‘113) 49(88) 51 (89)
Adult (>4yrs) (ig) (g% (ig) (g) 24(26) 76 (84) (ig) (fg) 49 (72) 51 (75)
37 63 24 77 43 57 56 44 49 51

Total 27) (46) (19) (60) (102) (126) (27) 1) (128) (133)

The sex ratios of lions under two years showed a skew towards males (67%) in 2001, but
were near parity in 2015 (49% J&). In 1977, cubs (<1 yr) showed a skew towards females
(61%) and were equal in 2015. For sub-adults (2-4 yrs), females were observed in higher
proportions in 1977 (58%%) and in 1997 (69% ), but were skewed towards males in 2001

(61% &), 2010 (75% &) and 2015 (54% J'). The adult age class (>4 yrs) was biased towards
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females in 1977 (32% &), 1997 (23% &) and 2001 (24% &) but were observed to be equal in
2010 and marginally skewed to females in 2015 (51% 9).

The 95% confidence intervals (Cl) generated around the overall sex ratios of the respective
studies, derived from 1000 simulations for each sample size, from the entire dataset of
individuals identified in the current study, (n = 261), are depicted in Figure 5.1. The
confidence interval at the specific sample sizes used in each historic study was applied to the
respective sex ratio observation. The 95% CI around the sex ratios was £11% in 1977, with a
sample size of 73, and £11% in 1997, with a sample size of 79. At a sample size of 228
individuals in the KTP, the study in 2001 had the smallest confidence intervals +6%, whereas
the study in 2010 had the greatest confidence intervals (x14%), at a sample size of 49
individuals (Figure 5.1). In 2001 and 2010 there were = 7.7% more males observed in the
population than in 1997. In 2015 there were = 13% more males in comparison to
observations in 1997. The proportional change in the sex ratios between the observations in
2001, 2010 and 2015 could not be discerned. Similarly, no change in sex ratios could
accurately be described between the estimates in 1977, 1997 and 2001 due to analogous

confidence intervals.

70% -
50% -
30% -
10% -

10% -
30% -

50% - T w
70% - { [

90% -

1977 (n=73) 1997 (n=79) 2001 (n=216) 2010 (h=49) 2015 (n = 261)
® Male = Female

Figure 5.1 Lion population sex ratios in the KGNP derived from historic studies (Mills et al.,
1978; Castley et al., 2002; Funston, 2011; Ferreira et al., 2013) and the current study. These
studies are referred to in chronological order on the x-axis according to the year in which the
study ended. Error bars represent 95% confidence intervals for the respective sample sizes
used in each study. The 95% confidence intervals at the exact sample sizes of each historic
study, are derived from the entire database of the current study (n = 261), using 1000
simulation (with replacement) (Chapter 3).
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5.3.2. Age class structure

The age class structures observed in the various historic studies and the current study are
presented in Table 5.2. The different age classes showed some variability in the proportional
margins of error (95% CI) due to their proportional differences in availability of lions of
different age classes in the reference sample from which they were drawn (Figure 5.2).

Table 5.2 Age class structure derived from historic studies and the current study. The
relationships between cubs, sub-adults and adults are shown as percentages with sample
sizes in brackets.

Mills et al., Castley et al., Funston, Ferreiraetal., Chapter4;n=
1978; n =73 2002; n =102 2011; n =223 2013; n =49 261
(1976-77) (1996-97) (1998-2001) (2010) (2013-15)
Cub (< 2 yrs) 32 (23) 23 (23) 27 (61) 10 (5) 33 (86)
g;‘,tr’;)"‘d”'t (2- 26 (19) 13 (13) 23 (52) 25 (12) 12 (31)
Crdst)"t (>4 42 (31) 65 (66) 49 (110) 65 (32) 55 (144)

80% -
70% -
60% -

50% -
40% -
30% - { I -
I
20% - I
10% - I {
O% T T T T

1977 (n=73) 1997 (n=102) 2001 (n=223) 2010 (n=49) 2015 (n=261)
Study
Cub  Sub-adult = Adult

Figure 5.2 Age class structure of lions in the KGNP, derived from historic data (Mills et al.,
1978; Castley et al., 2002; Funston, 2011; Ferreira et al., 2013) and the current study. These
studies are referred to in chronological order on the x-axis referring to the year in which the
study ended. Margins of error (95% CI) are presented for each age class, and for each study,
according to the sample size. The 95% confidence intervals at the exact sample sizes of
each historic study, are derived from 1000 simulations of the entire database of the current
study (n = 261) (Chapter 3).
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The 95% confidence intervals for adults for the respective studies ranged between +3%, for a
sample size of 223 in 2001, and up to 12% from a sample size of 49 in 2010. The 95%
confidence intervals for sub-adults for the respective studies ranged between +2% (n = 223)
and £8% (n = 49). For cubs, the 95% confidence intervals for the respective studies were
between £2% (n = 223) and +8% (n = 49) (Figure 5.2). The study in 2010 observed = 6.3%
less cubs than the observations in 2001 and = 14% less cubs than were observed in 2015.
Sub-adults were proportionally less in 1997 (= 2%) and 2015 (= 4%) than any of the studies
in 1977, 2001 or 2010. The proportion of adults in the population was greater in 1997, 2010
and 2015, than that observed in 1977 and 2001.

5.3.3. Population size

The population size estimates and 95% confidence intervals (Cl) from the five different
studies conducted on the KGNP lion population are presented in Table 5.3. A graphical
representation of the population size estimates and 95% CI are presented in Figure 5.3 for a
visual interpretation of change in population size over time and between different methods.
Mark-recapture estimates excluding cubs showed an increase of = 2 individuals between
1997 and 2015. Including cubs, mark recapture estimates in 2015 showed an increase of =
59 individuals since 1977. Although confidence intervals overlapped for population size
estimates from track indices between 2001, 2010 and 2015, the best estimate from the
average track density of the respective studies showed an increase in population size of 40
individuals between 2001 and 2015 and an increase of 32 individuals between 2010 and
2015.
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Table 5.3 Lion population characteristics in the KGNP derived from historic publications and
the current study (Chapter 4). Population size estimates show the best estimates with 95%
confidence intervals from each study (Cl). The source of the data, the period in which the
data was collected and the duration of the studies is presented. The study areas are defined
where possible and the techniques used to define population size estimates are presented.
KGNP+ indicates that the study occurred in the KGNP and, either a defined area into the
GNP, for which area sizes are given, or an unknown area in the GNP, which is stipulated.

Publication Study Duration Study area Population size Population size
period (months) y estimate method N (95% CI)
KGNP+ Mark-recapture
Mills et al., 1978 1976 - 77 6 (Unknown ; ap 140 (108-181)
(Lincoln index)
area)
KGNP+ Mark-recapture
Castley etal., 2002 1996 - 97 10 (Unknown . P 131 (106-156)
(Lincoln-Peterson)
area)
Funston, 2002; KGNP .
2011 1998 - 2001 30 (9 710 km?) Home range density 138 (113-131)
KGNP I
(9 710 km?) Track indices 122 (120-128)
Ferreira et al., 2010 2010 1 KGNP Track indices 130 (91-169)
N (£9 710 km?)
KGNP+ . .
Current study 2013 -15 26 (14 250 km?) Registration 261
3 KGNP+ - .
(14 250 km?) Minimum-known-alive 145
KGNP+ Mark-recapture
(14 250 km?) (POPAN) 246 (237-256)
KGNP
(£9 710 km?) Track indices 162 (120-209)
KGNP+ Track indices 242 (176-307)

(14 250 km?)
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Figure 5.3 Lion population size estimates in the KGNP and immediate area east of the Nossob River in the GNP between 1977 and 2015. Open
squares represent closed population mark-recapture in the KGNP and an undefined area to the east of the Nossob River (Mills et al., 1978; Castley et
al., 2002). Closed symbols represent population size estimates for the KGNP exclusively, including home range density estimates (closed circle) and
track index density estimates (closed diamonds) extrapolated to the KGNP (9 710 km?) (Funston, 2002 & 2011; Ferreira et al., 2013; Chapter 3).
Symbols filled with diagonal patterns represent population size estimates for the KGNP and a defined area to the east of the Nossob River (£14 250
km2), including open population mark-recapture (pattern squares), track indices (pattern diamond), registration and minimum-known-alive (pattern
circles) (Chapter 3). Arrows on the graph indicate mark recapture estimates where cubs (< 1 yr) are excluded from estimates.
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5.4. Discussion

5.4.1. Sex ratios

Taking into account the potential margins of error (95% CI) which may have been incurred at
various sample sizes, it remains apparent that a change in the population sex structure of lions
in the KGNP has shifted to a greater proportion of males than recorded historically. Between the
estimates in 1977 and 1997, there was no perceptible change in the overall population’s sex
ratios. A notable change in the sex ratios appears to have occurred after 1996 (Castley et al.,
2002) towards a greater proportion of males in all following studies. The study in 2010 (Ferreira
et al., 2013), potentially over-sampled males as a result of a small sample size, therefore no
discernible differences can be inferred between the study in 2010 and the study in 2001
(Funston, 2011) or 2015 (Chapter 4). However, a discernible difference is apparent between
observations in 1996 (Castley et al., 2002) and 2010 (Ferreira et al., 2013), showing an increase

in the proportion of males.

Due to the imprecision of demographic information obtained from small sample sizes in historic
studies, it is not possible to determine the true extent of changes in the sex ratios of lion in the
KGNP between every study over the past 38 years. Nonetheless, changes reflected by
demographic information over time, detected broader trends in the KGNP lion population. Prior
to 2001, all observations found a greater proportion of females in the population, whereas
observations after 2001 indicate a population near parity or a slight skew towards males. Lion
population sex ratios in other lion populations are predominantly skewed towards females
(Bertram, 1973; Smuts, 1978; Stander, 1991; Ferreira & Funston, 2010 Funston, 2011). Equal or
male skewed populations in lions are uncommon. The sex ratio in the KGNP is a departure from
the ratios expected in lion populations, which fluctuate at a ratio of around two to three females
for each male (Bertram, 1973; Smuts, 1978; Stander, 1991, Ferreira & Funston, 2010 Funston,
2011). However, similar shifts in sex ratios to a higher proportion of males have been observed
in Mana Pools National Park, Zimbabwe and Kruger National Park, South Africa, in association
with changes in prey dynamics and population growth (Dunham, 1992; Mills, 1995).

Changes in sex and age structures within a lion population have also been described as a result
of hunting in Hwange National Park, Zimbabwe (Loveridge et al., 2007). In the KGNP, hunting of
lions may have been replaced with persecution, in the form of retribution killing in response to
human-lion conflict (van Vuuren et al., 2005). Persecution of lions may have negative impacts
associated with lion sociality (Yamakazi, 1996; Elliot et al., 2014), human-lion conflict (Funston,
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2002; Herrmann, 2004; van Vuuren et al., 2005), resilience of a lion population to stochastic
environmental events (Celesia et al., 2010), and the effects of an outbreak of disease (Ferreira &
Funston, 2010; Ferreira et al., 2013), which may in turn effect the persistence of the KGNP lion
population. When taking into account the increased mortality rates sustained on the persecuted
boundary prides in the KGNP, adult female survivability was found to be the greatest influencing
factor for the population’s persistence (van Vuuren et al., 2005). Birth rates and birth sex ratios,
with female biased litters increasing the population’s resilience, were found to contribute
significantly to potential declines in population size (Funston, 2002; Herrmann, 2004; van Vuuren
et al., 2005).

If the lion population in the KGNP has remained stable in size, an increase in the proportion of
males would suggest a decrease in the number of females. However, if the population size has
increased, as indicated for some population size estimates in the KGNP (Castley et al., 2002;
Funston, 2011; Chapter 3), then it is possible that the number of females has remained stable
but the number of males has increased. It is possible that the number of males in the population
has increased because of higher male survival rates in the current study (Chapter 4) than were
observed previously (Eloff, 1980; Funston, 2011). An increase in male numbers was observed in
a significant increase in the number of males present within prides from the current study (n ~
2.42; £0.49 SD) (Chapter 4) compared with the study concluded in 2001 (n ~ 1.6; £0.69 SD)
(Funston, 2011). Increased male survival rates could be as a result of a recent period of above
average ecological conditions in recent history (van Vuuren et al., 2005), as well as lower
mortality rates due to reduced lion persecution, at least in the past five years (Funston, 2002;
Pers. Comm. M. Ferreira’). Male lions in other areas generally experience higher age dependent
mortality rates than females (Barthold et al., 2016). The mortality rate of males in lion
populations is largely influenced by competition between males for territory and breeding rights

with females, a factor which is also density dependent (Barthold et al., 2016).

A greater proportion of males in the lion population can have several consequences. More males
can lead to higher rates of coalition turnovers (Yamakazi, 1996), which can lead to increased
male recruitment by skewing sex ratios at birth (Packer & Pusey, 1983). A higher recruitment
and survival rate of males can also lead to increased dispersal of non-territorial males, searching
for residency, which in turn can lead to increased transgressions and heightened human-lion
conflict (Funston, 2011; Elliot et al., 2014). Increased rates in lion transgressions out of the

KGNP would necessitate management interventions, such as capturing and relocating individual

’ Micho Ferreira, Section Ranger, Twee Rivieren, Kalahari Gemsbok National Park, Northern Cape, South
Africa. 8800.
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lions a substantial distance away from the boundary fence, back into the KGNP (Funston, 2002).
The consequences of relocating lions back into the KGNP are unknown. Relocating lions back
into the KGNP may have the potential to further exacerbate male recruitment, through increased
male-male competition particularly when coupled with stochastic and environmental drivers
(Trivers & Willard, 1973; Ferreira et al., 2013; Trinkel, 2013). Increased male-male competition
could lead to a higher turnover rate of pride tenures by males, resulting in a higher proportion of
male cubs being born into the population (Yamazaki, 1996). Once new males take dominance
over a pride, the new territorial males are known to kill the cubs, prompting females to come into
oestrous. It has been observed elsewhere that the first litters born after a new male has taken
dominance over a pride, contain a higher proportion of male cubs (Yamazaki, 1996; Whitman et
al., 2004; Woodroffe & Frank, 2005).

5.4.2. Age class structure

The margins of error for detecting the proportion of adults in the KGNP lion population were
greater than they were for cubs and sub-adults. Within 95% ClI’s, it is apparent that the
proportion of adults showed a marked increase from point estimates obtained in 2001 (Funston,
2011), to estimates obtained in 2010 (Ferreira et al., 2013) and 2015 (Chapter 4). The proportion
of cubs showed noticeably lower proportions in 2010 (Ferreira et al., 2013), than in 1977, 2001
and 2015 (Mills et al., 1978; Castley et al., 2002; Funston, 2011). Cub proportions did not show
obvious differences between 1977, 1997 or 2001, but showed a greater proportion of cubs in
2015 than in 1997, 2001 and 2010 (Mills et al., 1978; Castley et al., 2002; Chapter 4). Sub-adult
proportions were noticeably low in 1996 and in 2015 (Castley et al., 2002; Chapter 4).

Attempting to determine age class structures from imprecise data may produce extreme bias in
results. As with sex ratios, age class structures are auto-correlated. An increase in the
proportion of one age class would influence the proportions of the remaining two age classes.
Unlike sex ratios, the relative distribution of the proportional changes in the age classes is
unknown. For instance, an increase in adults may result in a decrease in cubs or sub-adults, or
both. The proportion of adults in a lion population is expected to remain relatively stable,
whereas cubs and sub-adults are expected to fluctuate more significantly over shorter time
periods (Mills, 1995; Funston, 2011; Trinkel, 2013). There was a difference in the proportion of
cubs noted in the lion population between 2001 (£ 29%) and 2015 (33%). The proportional
representation of adult lions was greater in the current study than in 2001. If the population size

has increased, it may be expected that the proportion of cubs may have decreased, as a
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function of density. Similar differences and fluctuations in proportional representation of cubs
and adult lions within a lion population have also been observed in the Kruger National Park
(Smuts, 1976).

In addition to the bias and variability related to sample size, observer bias may also affect age
classification results. In all the lion population studies that have been conducted in the KGNP,
subjective criteria were used to age lion. None of the studies thus far have provided for the
possibility of error within age class classification, which may lead to incorrect assumptions of
population structure. More objective criteria have recently been developed to classify lion age,
such as shoulder height, measured by photogrammetry (Ferreira & Funston, 2010), and
proportional nose pigmentation, using GIS software (Whitman et al., 2004). However, these
objective methods also carry significant margins of error of up to 25%, which could influence
conclusions of age class structure. The age class structures of lions observed currently in the
KGNP are similar to that which has been observed previously in Kruger National Park (Mills,
1995; Ferreira & Funston, 2010) and Etosha National Park (Stander, 1991).

5.4.3. Survival and recruitment

Of the five studies conducted on lion population demographics in the KGNP, only one study
determined birth rates between 1998 and 2001 (Funston, 2011), and two of the studies (Eloff,
1980; Funston, 2011) measured cub survival. A study conducted in 1978 which constrained
efforts to a small portion of the northern KGNP, had a limited sample size (n = 16), was
conducted during poor ecological conditions and indicated an extremely low (5%) survival rate
for cubs (Eloff, 1980). No survival rate estimates existed for lions over one year old (van Vuuren
et al., 2005) until the current study (Chapter 4). Mortality rates are expected to be higher for
males than for females (Ferreira & Funston, 2010; Barthold et al., 2016). Higher mortality rates
of males than females were also identified in the current study (Chapter 4). Observed survival
rates of cubs (61%, Funston 2011; 59%, Chapter 4), differed substantially from apparent survival
rates derived from the Cormack-Jolly-Seber models (76%-94%) (Chapter 4). Survival rates of
cubs were relatively high in the KGNP in comparison to other lion populations such as Kruger
National Park (41-85%; Ferreira & Funston, 2010).

Birth rates of lions in the KGNP have only been determined for the study period of 1998-2001
(Funston, 2011) and the current study (Chapter 4). Between these studies there was a

substantial annual variability in lion birth rates in the KGNP (0.3—-1.33 cubs, per adult female, per
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year) (van Vuuren et al., 2005; Funston, 2011; Chapter 4). Average birth rates were relatively
low in the current study (0.53 per female/year) in comparison to the previous estimate for the
KTP population (0.67, Funston, 2011) and in comparison with five boundary prides in the KTP
(1.33, van Vuuren et al., 2005). The birth rates in the current study (Chapter 4) were similar to
those of lions in Etosha National Park, Namibia (0.77; Orford et al., 1988) and in the Gir Forest
Bioregion of India (0.37; Banerjee et al., 2010). Birth rates of lions in Kruger National Park,
South Africa are nearly double the birth rate in the current study, producing one cub per female
per year (Funston et al., 2003).

5.4.4. Population size

Between 1976-1977 a closed population mark-recapture analysis was conducted, using the
Leslie’s index, from one capture and marking phase (x 2 Months) and one re-capture phase (+ 4
Months), over a six month period (Mills et al., 1978). Between 1996 and 1997 another closed
population mark-recapture survey was conducted, using the Lincoln-Petersen method, with one
capture and marking phase (x 2 Months) and two recapture phases (x 1 month each), over a ten
month period (Castley et al., 2002). Between 1998 and 2001 a study on lion population
characteristics was conducted in the KTP, in which the KGNP was included. This 1998-2001
study made use of home range density estimates using known individuals and prides, within
defined home-range areas which were calculated from collared individuals (Funston, 2002;
Funston, 2011). The study also made use of the density estimates to calibrate track index
parameters in the KTP and KGNP (Funston, 2002; Funston et al., 2010). The track index
parameters from the 1998-2001 study, were used to estimate the population size of lion in 2010
(Ferreira et al.,, 2013), and were used as one of the methods applied in the current study
(Chapter 3).

Population size estimates in the current study, were derived using open population mark-
recapture analysis, and applying the Cormack-Jolly-Seber derived POPAN model (Chapter 3). A
registration study of unique individuals was used as a marking and re-capture/ re-sight method,
between May 2013 and June 2015. A “total” count of registered individuals, and minimum-
known-alive estimate, were also determined using known individuals and the mark-recapture
matrix (Chapter 3). In the current study, 261 individual lions were identified within the boundaries
of the KGNP. Eleven of the individual lions that were identified in the current study where known
to have died during the study period, and 36 individuals could not be associated with resident

prides (Chapter 4). Thus, the resident population in the study area (14 250 km?) may have
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included 222 to 250 known individuals in resident prides at the end of the study period, if no
more deaths occurred. The identification of known prides further supported the notion of stable
residence of lions in the study area. Of the known population in the current study, 87% were
expected to remain within the study area, as they were part of resident prides that were defined
by collared individual home ranges (van Orsdol et al., 1985; Garshelis, 1992).

Open population mark-recapture estimates (POPAN) from the current study gave a population
size estimate of 246 (95% CIl 238-256). This estimate of 246 individuals was derived from a
mark recapture matrix of multiple re-sightings of unique individuals, from which 68% of known
individuals were seen more than once (Chapter 3). Open population mark recapture appears to
have a high resolution, detecting changes in population size through births. This was
demonstrated through changes in population size estimates, including cubs born into the
population throughout the study period, but showing little change in estimates when cubs were
excluded (Chapter 3). Track indices from the current study, extrapolated to the study area,
estimated a population size of 242 individuals (95% CIl = 176-307). Track indices inherently
include cubs in its estimates. These three estimates from the current study, registration, mark-

recapture and track indices within the known study area differ considerably from historic studies.

When cubs (< 1yrs) were excluded from the mark recapture estimates (N = 167; 95% CI = 160-
177) and when density estimates from track indices were extrapolated to the KGNP (N = 164;
95% CI = 120-209), estimates from the current study (Chapter 3) did not differ markedly from
most historic population size estimates. However, if it is assumed that the mark recapture
estimates in 1977, 1996 and those in 2015 sampled the same population, the mark recapture
estimates from 1996 (Castley et al., 2002) and the mark-recapture estimates from the current
study (Chapter 3) indicate a notable increase in the population size when excluding cubs (<
lyrs). Between the study in 1997 (Castley et al., 2001) where cubs (< 2 yrs) were excluded and
the current mark-recapture estimates, excluding cubs (Chapter 3), the population over two-years

may have grown by as much as 81 individuals.

More notable would be the increase in population size between 1977 (Mills et al., 1978) and
2015 (Chapter 3), when cubs were included in the estimates. An increase in the population
between 1977 and 2015 could be > 59 individuals and as much as 144 lions. These noted
changes in population size would be based on the assumptions that in the 1977, 1996 and in the
current study, the same roads, in the same areas were surveyed, and therefore sampled the

same population. Between the study in 1997 (Castley et al., 2001) where cubs (< 2 yrs) were
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excluded, and the current mark-recapture estimates, excluding cubs (Chapter 3), the population
may have grown by as much as 81 individuals over two-years. Abundance estimates from
closed population mark-recapture surveys (Mills et al., 1978; Castley et al., 2002), population
size estimates extrapolated from home range density estimates (Funston 2002; 2011), and track
indices extrapolated to the KGNP (Funston, 2011; Ferreira et al., 2013; Chapter 3), did not
reveal any clear changes in population size between 1977 and 2015 (see Figure 5.3).

Some of the effects of methodological variance and imprecise results may be reduced by long
time series between estimates (Gerrodette, 1978; Durant et al., 2011), as occurs for the KGNP
lion population between 1977 and 1996 (Mills et al., 1978; Castley et al., 2002). However,
despite the 20-year interval between 1977 and 1996 estimates, the margins of error were too
large to detect meaningful change in population size. The precision of estimates plays a crucial
role in determining population trends over time (Gerrodette, 1978; Durant et al., 2011). For lion
populations, precision in estimates is crucial to detect sudden changes over short periods. For
instance, in the Serengeti, the lion population is prone to long periods of stability, with sudden
changes in population dynamics (Packer et al., 2005). Greater statistical power is required to
detect rapid, short-term changes (Gerrodette, 1978). Further mitigation of imprecise estimates
through simulation techniques (Caughley, 1976) may aid in determining trend directionality and
estimate rates of change with confidence limits, as has been done in the KGNP lion population
previously (Ferreira et al., 2013). Ferreira et al. (2013) randomly simulated population size point
estimates within 95% confidence limits, from historic studies, to derive probable population
growth directionality, and found that the population did not show apparent directional change
between 1977 and 2010 (Ferreira et al., 2013).

Another potential source of bias in population size estimates, is the fact that in this, and all the
other studies conducted in the KGNP, effort has been biased towards the riverbeds by more
than 60% (Mills et al., 1978; Castley et al., 2002; Ferreira et al., 2013; current study), where lion
density is highest (Funston, 2011; Ferreira et al., 2013). This means that certain remote areas of
the dunes, have been under sampled, or excluded completely from the surveys (Mills et al.,
1978). The probability of detecting individuals or “capture probability” in the case of mark-
recapture experiments may be a function of observer bias (vigilance) or subject (lion) behaviour,
such as habitat preferences (i.e. river or dune habitats) (Jackson et al., 2006). Spatial and
temporal movement of the subject, in response to stochastic events Horton & Letcher, 2008), or
constant influences (Hampton, 2004), may further influence capture probability. For instance, the

current study had a lion encounter rate (1.33 lions/100 km, excluding sightings aided by collared
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individuals) that was 34% greater than the study in 1977, having found 0.7 lions/100 km (Mills et
al., 1978). Within the current study, encounter rates of lions (n/100 km) varied on a monthly
basis (2.65; SD +1.35; n = 24 months; including collar aided sightings). Inconsistency in such
measures can perpetuate variability in results, such as closed population mark-recapture results,
which are dependent on constant encounter probabilities for sound estimates (Lettink &
Armstrong, 2003). Estimates using mark-recapture may be confounded by immigration through
birth, high turnover of the sub-adult and juvenile age class and coalitions of males who are
subject to immigration and emigration (Packer et al., 2005; Funston, 2011; Marnewick et al.,
2014).

To detect reliable trends in population size, the most precise method would need to be identified
to produce the greatest power in detecting trends (Gerrodette, 1978). Open population mark-
recapture, using registration as a means of marking has shown the greatest measure of
precision (Gerrodette, 1978; Chapter 3). However, the discrepancy between open-population
mark-recapture estimates and historic estimates, begs the question whether the parameters of
the observed “population” has changed (Horton & Letcher, 2008). The two previous mark-
recapture studies, which present population characteristics for the KGNP (Mills et al., 1978;
Castley et al., 2002), both suggest that the study area includes an undefined portion of the
Botswana’s GNP, east of the Nossob riverbed. These two historical studies made use of closed-
population mark-recapture estimates to determine lion population size in the KGNP (Mills et al.,
1978; Castley et al., 2002). Considering the unconfined boundaries of the KGNP, perhaps the
open-population mark-recapture analysis would better represent the population. Greater
sampling effort within the current study, with more equal spatial distribution in the effort, has
produced results that are more precise. In addition, due to sampling effort and distribution,
current estimates are likely to account for individuals that were missed in previous mark-
recapture estimates. Nonetheless, the true extent of the study area, and the population under
observation, would require explicit spatial definition to accurately define lion density and not
population size in an undefined area (Horton & Letcher, 2008; Penh & Penh, 2012; Chandler &
Royle, 2012). Comparisons of lion density estimates would be more comparable between
different studies, particularly when the extent of the area and the population being sampled,

changes.

Indirect methods of identifying lion population size, based on indices, are dependent on
encounter variability for precision (Funston et al., 2010; Keeping & Pelletier, 2014). In the current

study, broad confidence limits are displayed in lion population estimates using track indices,
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based on twelve repeated samples (see Chapter 3). Broad confidence limits, in lion population
estimates using track indices, were also observed in the study conducted in 2010 (Ferreira et al.,
2013). This confounds the ability of the track indices technique to detect trends in an efficient
manner, as may be expected (Funston, 2002; Funston et al., 2010). Therefore, to detect trends
in lion population size, it would be unrealistic to use track indices in the KGNP, as too much
variability and residual change may occur by the time a trend is detected, which may confound
any necessary conservation intervention. Track indices are density based estimates. Therefore,
the estimate from track indices for the KGNP is not the same as for the mark recapture
estimates, which describe a population outside of the boundaries of the KGNP. However, if
density estimates from track indices were extrapolated to the study area of the mark-recapture
population in the current study (Chapter 3), the two estimates at the end of the study are similar.
However, track indices are less precise (CV = 39%) compared to open-population mark-
recapture (CV = 5%) (Chapter 3).

The fission-fusion relationships in prides, which have been described in three of the studies of
the KGNP lion population (Mills et al., 1978; Funston, 2011; Chapter 4), may confound the ability
to accurately determine pride size and therefore density, thus leading to an under estimation
(Scheel & Pusey, 1990; Funston, 2011). The average sub-group size which comprised lion
sightings in 1996 were on average 2.7 (range: 1-11) individuals (Castley et al., 2002). In 2001,
sub-group size was 4.2 (£0.4) individuals (Funston, 2011) and in the current study, the average
sub-group size was 3.53 (£2.88) individuals (Chapter 4). The study concluded in 2001 (Funston,
2011), had five known prides for which VHF-collar home-range data was available in the KGNP,
and a further six prides for which home-range data was not available. Prides showed a smaller
pride size in 2001 (11.3 +1.1), than what was found in the current study (16 + 8.71) in the KGNP
(Funston, 2011; Chapter 4).

Pride size and cohesion is driven by resource availability (Smuts, 1976; Funston & Mills, 2006).
The smaller pride sizes, as observed previously in the KGNP, may have been a function of a
smaller population or less cohesive prides, where all individuals in the prides were not
necessarily accounted for, and thus the pride appeared smaller than it actually was. Pride size
increases with an increase in lion density (Packer et al., 2001). Not only were prides larger in the
current study, there were more prides identified in the study area (n = 14; Chapter 4) than were
identified previously in the KGNP (n = 11; Funston, 2011). If pride size has increased, it is
possible that resource availability was not a restraining factor on social cohesion during the

current study (Celesia et al.,, 2010). Larger pride sizes would also increase the survival
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probabilities in cubs (Scheel & Pusey, 1990), promote synchronous reproduction within prides,
and therefore drive population growth (Packer et al., 2001). This would support the notion that
the population is currently larger than previous estimates, despite the difficulty in making
comparisons between the different surveys.

If the lion population has increased in the KGNP, it would be expected that the population growth
rate would start to decline (Trinkel et al., 2010), as a function of density dependence and related
resource restraints (Kissui & Packer, 2004; Barthold et al., 2016), which may explain the low
recruitment rate of cubs in the current study (Chapter 4). Several demographic functions may be
density dependant, including social interactions such as pride size, mate selection and dispersal
and ultimately mating success (Kokko & Rankin, 2006). Smaller litter sizes, longer inter-birth
periods and cub survival may all be dependent on lion density (Funston et al., 2003). Mortality
rates may also be a function of density dependence, not only because of resource acquisition,
but also due to changed behaviour in response to increased competition. Sub-adults may
disperse earlier due to increased pride size (Funston, 2002), which could have detrimental
effects on the success of immigration, particularly in males (Vanderwaal et al., 2009; Barthold et
al., 2016). Not only would males leave their natal prides earlier, but also a greater proportion of
females may disperse once the threshold of pride size is reached (16 individuals) (Scheel &
Pusey, 1990). Greater dispersal rates and coalition turnover could exacerbate transgressions of
lion out of the park boundaries, leading to increased human-lion conflict, in a system where
conflict already has major consequences for lion persistence (van Vuuren et al., 2005).
Increased coalition turnover due to high rates of competition among a larger number of
competing males could further exacerbate male production (Yamakazi, 1996; Packer et al.,
2005).

5.45. Conclusion

The increase in the proportion of males and the decrease in the proportion of the young age
classes remains a concern for the persistence of the KGNP lion population. The changes in
demographic characteristics of the lion population in the KGNP may be a result of natural
ecological factors, but the potential for anthropogenic influences are also apparent. Further
investigation into the lion population characteristics of the KTP should be pursued and the
potential drivers of demographic change should be addressed more critically. The potential
increase in population size of lions in the KGNP, larger pride sizes and a greater proportion of

males in the population may lead to increased human-lion conflict.
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The open population mark-recapture method, using registration, has provided the highest
probability of detecting trends in the KGNP lion population over a relatively short period.
However, open population mark-recapture method, using registration as a means of marking
individuals, requires a large amount of effort (> 8000 km/ capture event). Due to the high costs
involved in identifying lions, as has been done in the current study, using remote or secondary
data, such as tourist photographs, from which individual identification and sex and age class can
be derived, may be an alternative method for tracking lion demographic signals in the KGNP
(Marnewick et al., 2014). Similar citizen science projects (Dunham & du Toit, 2012) are being
conducted on both leopard and cheetah populations of the KGNP®. The existence of a lion
identification catalogue, produced through the current study, has formed a large reference
catalogue and may further promote the use of this method for deriving lion population
characteristics in the KGNP, without the associated costs of a focused registration study. This,
along with technological developments in computer program software, which aids in individual
identification process, may make remote tracking of demographic parameters feasible (Bolger et
al., 2012). The data from such studies can then be analysed in a more robust statistical manner,
provide more detailed demographic information, have smaller margins of error, be conducted
over a larger population (i.e. the broader KTP), and ultimately have a greater probability of
detecting trends (Bolger et al., 2012; Marnewick et al., 2014).

The open nature of the ecosystem, and the variability in lion density across various habitats in
the KTP (Funston, 2002), calls for similar efforts to be applied in the GNP and surrounding
Wildlife Management Areas in the Republic of Botswana. Furthermore, several factors, which
may influence demographic characteristics, should be investigated. The effects of human-lion
conflict have been addressed in the KGNP previously (Funston, 2002; van Vuuren et al., 2005).
The effect of lion mortality because of retribution killing has a direct effect on the susceptibility of
the population to extinction (van Vuuren et al., 2005). However, the effect of human-lion conflict
on lion demographics requires further investigation, particularly concerning the effects of

management interventions in association with retribution killing (Ferreira et al., 2013).

The social dynamics of a greater proportion of male lions in the population and their potential
effect on demographic change also requires further attention. Coalition changeovers, infanticide
and dispersal (including human aided dispersal), are expected to affect demographic
characteristics. Lions on the borders of the KGNP, which have higher probabilities of human-lion

conflict, also have greater risks of mortality. Increased mortality risks are associated with direct

® http://www.ast.uct.ac.za/~schurch/leopards/guide.html
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killing of itinerant lions by farmers (van Vuuren et al., 2005), or because of lion translocation
away from the park boundary (Ferreira et al., 2013). Translocation of transgressing lions into the
KGNP hinterlands, particularly male lions, may have social repercussions on coalition turnover,
fecundity and survival rates, particularly the survival rates of dependent individuals (Yamazaki,
1996; Ferreira et al., 2013; Barthold et al., 2016).

Considering the importance of the lion population in the KTP to the local and global conservation
of the species, their conservation is paramount. Seeking cost effective solutions to detect trends
in the KGNP lion population should not be done at the expense of the ability to detect change.
Taking into consideration that a comprehensive database of registered individuals in the KGNP
now exists, using this as a basis for further surveys could negate some of the effort required in
the future. When detecting trends in the population, a highly precise method, such as the
Cormack-Jolly-Seber open population mark-recapture method, is preferable. Particularly
considering the changes in sex and age structure over the last two decades (Chapter 4), and the
variability of population estimates, it is now more important than ever to replicate a highly precise
and accurate method in the near future to establish definitive trends in the KGNP lion population.
Continuing the use of imprecise or inaccurate methods to determine population size and
demographic characteristics could undermine efforts by conservationists to protect the lion

population.
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