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Abstract 

As African lion (Panthera leo) populations continue to decline, ex-situ 

conservation methods are being adopted as a means of maintaining this 

species in the wild.  Ex-situ reintroduction of lion prides and coalitions in 

the future could play a critical role in supplementing and re-establishing 

wild populations.  However, the ex-situ reintroduction of many species has 

been fraught with failures, linked to release animals being behaviourally 

inept for survival, and their benefit disputed.  As lions are a trophic 

carnivore that is often persecuted by humans, ensuring that prides and 

coalitions are behaviourally appropriate for release requires extensive pre-

release assessment. 

This study provided the first comprehensive analysis of two captive-origin 

lion prides.  The inclusion of a wild pride, which although it differed from 

the captive-origin prides in some respects, allowed for insight into whether a 

captive history impacted the behaviour of adult lions and their wild born 

offspring.  Various aspects of behaviour, including daily activity, social 

interactions, and territorial and hunting behaviour, were assessed.  A pilot 

study was firstly conducted upon one captive-origin pride to ensure the 

suitability of methodologies, while presenting the first boldness assessment 

of a lion pride.   

Activity budgets established that captive-origin prides performed resting 

and activity behaviours at natural levels and daily fluctuations.  Inter-pride 

comparisons showed that adults and offspring had natural behaviour 

variations in daily activity, with adults resting at higher levels and cubs 

being more likely to be alert.  The first Social Network Analysis (SNA) 
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upon a wild pride allowed comparisons at an individual, sub-group and 

pride level to be conducted between prides.  This indicated that all prides 

were socially cohesive, while the roles of age sub-groups and keystone adult 

females within pride sociality were identified.  Behavioural correlations 

between daily activity and social interactions revealed that intra-pride 

behaviour deviates at an age level occur.  Territories of all prides were 

mapped, where placement of core areas reflected resource requirements and 

use.  A sex bias was observed in territorial behaviour, while the captive-

origin prides exhibited natural behaviours necessary for territorial defence, 

indicating that these prides possess behaviours necessary to establish and 

defend a territory.  Despite limited prey being available to the captive-origin 

prides, both exhibited species appropriate hunting behaviour, indicating that 

these prides possess behaviours necessary to be self-sustainable in terms of 

hunting.  There was indication that some of the variations found between 

captive-origin and wild prides’ linked to environmental variations between 

prides, specifically differences in reserve size, vegetation types and season.  

The application of additional, longitudinal studies and comparisons between 

prides are required to confirm the observations of this study.     

This study provided in-depth analysis of various aspects of captive-origin 

lion behaviour.  Importantly, it found that the captive history of adults 

within prides was not found to impact their ability to form a cohesive, 

behaviourally functional pride.  Subsequently, offspring of these prides have 

been raised within a natural setting which has allowed the development of 

species appropriate behaviours that are critical for post-release survival.  

This information is essential to the pre-release monitoring of prides under 

ex-situ reintroduction and provides all indications that captive-origin prides 
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appear behaviourally equipped for wild survival.  Therefore this ex-situ 

reintroduction program may prove vital to lion conservation, supplementing 

in-situ conservation efforts.    
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‘The one excellent thing that can be learned from a lion is that whatever a 

man intends doing should be done by him with a whole-hearted and 

strenuous effort.’ 

                                                                     -Chanakya 
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Chapter 1:  

Literature Review 
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1.1 Scope of review 

Population decline and species extinction worldwide calls for human 

intervention through conservation.  Reintroduction is one method which can 

supplement and increase wild populations and restore species to their 

natural habitat.  However, the origin of source populations for 

reintroduction, wild or captive, requires careful consideration.  Ex-situ 

reintroduction involves the release of animals into their natural range from a 

captive source.  The captive environment and management can impact on 

various aspects of animal genetics, psychology and physiology.  This can 

result in animals having behavioural deficiencies, genetic and 

morphological changes and insufficient disease resistance, compared to their 

wild counterparts.  Several approaches have increased ex-situ reintroduction 

success, such as pre- and post-release monitoring, and training prior to 

release. 

Despite various in-situ conservation programs across Africa, the abundance 

of the African lion (Panthera leo) continues to decline.  The ex-situ 

reintroduction of this species is largely disputed, due to the high human 

conflict associated with this species, and the concern that captive-origin 

lions are not suitable for release.  Wild reintroductions of lions have been 

successfully conducted in Southern Africa, but declining wild populations 

and disease are reducing suitable source populations.  Therefore, ex-situ 

reintroductions may be necessary in the future.  Pre-release monitoring is 

critical to understanding the intricacies of natural behaviour and the social 

system of this species.  By assessing various aspects of behaviour, including 

daily activity, and social, territorial and hunting behaviour, I was able to 
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assess whether captive-origin adults and their wild-born offspring are 

suitable for release and survival in the wild.            

1.2 Reintroductions 

The likelihood of the natural re-colonisation of a species is being reduced in 

many regions by increasing habitat fragmentation and local extinction 

(Sutherland 1998).  One approach to ameliorate this effect is reintroduction, 

which involves the release of individuals or groups into the historical range 

of the species, with the purpose to re-establish (New 2006), establish or 

supplement a wild population (Jule, Leaver & Lea 2008).  In the past, it has 

been a method used to supplement populations depleted by hunting (Griffith 

et al. 1989) and predated game species.  Today, it is a tool used to assist in 

the persistence and conservation of endangered species.  Animals for release 

can be sourced from two populations: (1) wild populations– this is referred 

to as in-situ reintroduction, as it is practised with wild animals within the 

natural range of the species; or (2) captive populations– this is referred to as 

ex-situ reintroduction, as it often occurs outside the natural range of the 

species and with animals from captivity.  The reliance upon ex-situ 

populations continues to increase as wild populations decline in abundance 

(Jule et al. 2008).  Both types of reintroductions are usually only instigated 

once conservation efforts at a site have failed and the population continues 

to decline or becomes extinct (Hayward et al. 2007a).  Reintroduction is 

best suited when there is either localised extinction or a population decline 

to low levels, or for the purpose of increasing genetic variance in an inbred 

population (Caro & Durant 1995).  The International Union for 

Conservation of Nature (IUCN) Species Survival Commission (SSC) states 

that the reintroductions should only occur once the causes of decline are 
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identified and eliminated from the release area (IUCN/SSC 2013).  The 

Reintroduction Specialist Group (RSG) was formed by the IUCN and SSC 

in 1998, and provided their first guidelines for reintroductions in 1998 

(IUCN 1998), which have assisted project managers in the development and 

instigation of programs.   

As the science of reintroductions progress, new information and tools 

become available that which allow methods to evolve (Ewen, Soorae & 

Canessa 2014).  Successful reintroduction requires governmental and 

community acceptance and support.  Such reintroductions can be difficult to 

achieve, particularly in developing countries, where the access to and 

utilisation of resources in natural areas are curtailed.  This can result in 

negative attitudes, which are detrimental to conservation programs, leading 

to the illegal exploitation of the species and depletion of natural resources 

(Hunter et al. 2007).  Even if community acceptance and support, and 

adequate funds are obtained, the success of a program, still relies upon the 

viability, genetics, demographics, behaviour and responses to ecological 

processes of the release population (Sarrazin & Barbault 1996).  

1.2.1 History of reintroductions 

Reintroductions have been conducted for at least 100 yrs (Kleiman 1989).  

Reintroductions using wild and captive sources have reported mixed results, 

with reported success rates from programs where released animals 

successfully bred, ranging between 11% and 53% (Jule et al. 2008).  It is 

important to note that what constitutes a successful reintroduction can differ 

between studies, varying from the survival of the released animals up to the 

establishment of a viable population (Kleiman 1989; Teixeria et al. 2007; 
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Jule et al. 2008).  Griffith et al. (1989) reported a 44% success rate for early 

wild reintroductions involving mammal and avian species, while Beck et al. 

(1994) found that only 11% of ex-situ reintroductions were successful.  

Fischer and Lindenmayer (2000) stated that 26% of wild reintroductions 

were successful, while 27% were failures and 47% had unknown or 

uncertain outcomes.  They also noted that evaluating the outcomes of early 

reintroductions was problematic, since only 50% of programs reported 

outcomes gained from post-release monitoring.  Release results have been 

intent upon short-term survival rates, where reports were minimal, 

considered anecdotal and often lacked focus (Fischer & Lindenmayer 2000; 

Stoinski et al. 2003).  It is important to consider that the literature is skewed 

towards reporting successful programs, with unsuccessful programs being 

unwilling to publish, particularly when they are commercially funded 

(Teixeira et al. 2007).  Nonetheless, such information is critical for 

programs to identify factors that influence success and failure, overcome 

complications, and allow the program to evolve.  This ensures the 

continuance and implementation of future programs with effective 

management (Hayward et al. 2007a).  Studies that have used wild sources 

for reintroduction are reported to be up to two times more successful than 

ex-situ releases (Scott 2005).  Despite this, concern still surrounds the low 

rate of wild reintroduction success, particularly as these individuals would 

be expected to have adequate natural behaviours and experiences necessary 

for survival (Teixeira et al. 2007). 

Reintroducing species is becoming increasingly popular, with the US 

estimated to undertake approximately 700 programs yearly (Teixeira et al. 

2007).  The amount of literature devoted to reintroductions has increased 
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significantly, with less than five studies per yr published in the 1990s, to 

over 50 studies per yr published today (Seddon, Armstrong & Maloney 

2007).  Successful ex-situ reintroductions have been reported for many 

species, including the golden-lion tamarin (Leontopithecus rosalia) (Beck et 

al. 1991; Stoinski & Beck 2004), red wolf (Canis rufus) (Roth et al. 2008), 

California condor (Gymnogyps) (Toone & Wallace 1994; Meretsky et al. 

2000), Arabrian oryx (Oryx leucoryx) (Saltz 1998; Spalton et al. 1999) and 

the black-footed ferret (Mustela nigripes) (Miller et al. 1994; Biggins & 

Godbey 2003; Jachowski et al. 2011).  Although the implementation of ex-

situ reintroduction can successfully restore populations, it must never be the 

sole conservation method used in species recovery (Wildt et al. 2010), and 

in-situ conservation must still remain a priority (IUCN 1998).    

The initiation of reintroductions within the conservation of a species is often 

debated.  Although successfully implemented for many taxa, it is difficult to 

determine whether this justifies the reintroduction of a species that has had 

no published success is difficult to determine (Hunter et al. 2013a).  It is 

also important to ensure that reintroductions do not become solely 

experimental tests, where our understanding of population dynamics is 

explored in conjunction with re-establishment (Sarrazin & Barbault 1996).  

Through restoration, researchers are provided with a unique opportunity to 

investigate the mechanisms that allow populations and an ecosystem to 

develop and function (Sutton-Grier 2010).  While this provides valuable 

information, when conducted in association with reintroduction, there is the 

possibility that release animals could be jeopardised in the pursuit of 

knowledge.  As species undergoing reintroduction are often threatened or 

endangered, the loss of individuals and populations will cause detrimental 
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effects upon the wild status of the species (Sarrazin & Barbault 1996).  The 

reintroduction of a species must never endanger wild counterparts, unless 

the wild survival of the species is dependent upon the release.  Rather, 

reintroduction must complement and enhance the in-situ conservation of the 

species (Kleiman 1989) and ultimately result in the establishment of a self-

sustainable population.  However, reaching a population level that does not 

require human intervention is difficult and requires extensive monitoring of 

population states (Hayward et al. 2007b). 

Animals are exposed to high selection pressures post-release.  In the short-

term, animals must find food, shelter and establish a territory, while 

avoiding predation.  By contrast, in the long-term, mate selection and 

reproduction are essential to ensure viable offspring and continuation of the 

species (Mathews et al. 2005; Jule et al. 2008; Kleiman, Thompson & Baer 

2010).  At a population level, success is dependent upon the avoidance of 

immediate extinction and the presence of sufficient individuals who are fit, 

able to adapt and reproduce (Mathews et al. 2005).  Consideration should be 

given, prior to release, to the animal and environmental components that are 

necessary to overcome these pressures and support survival.   

1.2.2 Animal and environmental considerations prior to ex-situ release 

Various factors associated with the animals under ex-situ release and the 

release site must be considered pre-release.  The removal of reliance on and 

tameness towards humans is required prior to release.  Captive-bred animals 

rely upon humans to supply food and shelter, all of which needs to be self-

obtained post-release.  One approach, soft release, requires sustenance to be 

supplied, but in a way that ensures the animals do not associate this 
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provision with humans.  This can be achieved by feeding from concealed 

positions, or remotely through the assistance of pulleys or shute systems 

(Hayward et al. 2007a).  The deficiency of species-appropriate behaviours 

and tendency for them to possess abnormal behaviours greatly impacts their 

survival post-release.  Stoinski and Beck (2004) found that a deficiency in 

foraging and locomotor skills in golden lion tamarins impacted their 

survival, and this effect persisted beyond the first wild-born generation.  

Stoinski et al. (2003) suggested five basic animal requirements which could 

increase the likelihood of post-release survival.  One of these requirements 

involves exposing animals to complex environments in captivity and 

introduce naïve individuals to experienced conspecifics to assist in the 

learning and development of natural behaviours.  Upon release, these mixed 

populations, along with the provision of post-release support, have increased 

success.  This also presents the opportunity to conduct comparisons between 

captive, reintroduced and wild populations.  These studies are important in 

identifying deficiencies in captive-origin individuals and provide vital 

information for future programs.     

A predominate cause to species decline or extinction is the alteration and 

loss of habitat.  Therefore, viable habitat is required to ensure short and long 

term survival of released populations and the components of a habitat that 

are required for success must be established (Biggins et al. 1999; Armstrong 

& Seddon 2008).  Viable prey populations of prairie dogs (Cynomys), and 

burrows for shelter, have been shown to be important habitat characteristics 

that impact the post-release survival of black-footed ferrets.  A comparison 

between high and low quality habitat showed the habitat stability, long-term 

food availability, season of release, release method (hard or soft) and source 
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of release animals were factors that impacted release success, irrespective of 

the size of the release population (Jachowski et al. 2011).    

Competition occurs-at various levels, either directly or indirectly both 

within and between species, which results in the regulation and shaping of 

populations within an ecosystem (New 2006).  The type and effects of 

competition requires evaluation prior to reintroduction (Stanley & Fa 2007).  

Releases of animals into areas that already contain large conspecific 

populations are unnecessary, outside of introducing new genetics, as they 

cause within-species conflict (Kleiman 1989).   

The natural competition that exists between species can result in a disturbed 

ecosystem upon the removal of a species.  Such disturbances could 

subsequently impact the success of reintroductions.  Once Przewalski’s 

horse became extinct in the wild, while populations of other herbivorous 

species grew, providing inter- and intra- species competition post 

reintroduction (New 2006).  The reintroduction of sensitive species (e.g. 

cheetah (Acinonyx jubatus) and brown hyena (Hyaena brunnea)) into areas 

that contain species that compete for the same resources (e.g. lion (Panthera 

leo) and spotted hyena (Crocuta crocuta)) can result in interspecific killing 

(Mills 1991).  Palomares and Caro (1999) evaluated interspecies 

relationships within carnivores, and found that the domestic dog (Canis 

lupus familiaris), bat-ear fox (Otocyon mgalotis) African wild dog (Lycaon 

pictus), cheetah, artic fox (Alopex lagopus) and the American marten 

(Martex americana) were most vulnerable and often subjected to 

persecution by the leopard (Panthera pardus), African lion, Eurasian lynx 

(Lynx lynx) and Spanish lynx (Lynx pardinus).  Upon determining that the 
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release area is suitable to host a reintroduction population, the most species 

appropriate method of release must be considered.  

1.2.3 Method of release: hard versus soft release 

The appropriate method of release is species dependent, and consequently 

investigations into such methods should be species-specific to maximise 

program success (Hardman & Moro 2006).  Hard release involves animals 

being placed straight into the wild, while soft releases include pre-release 

training and/or have an interim step where individuals are allowed to 

acclimatise in an enclosure within the wild prior to release (Sacerdote-Velat 

et al. 2014).  This enclosure can vary in size and structure, but provides 

predator-proof shelter and contains water and food (Hardman & Moro 

2006). 

For burrowing bettongs (Bettongia lesueur), Christensen (1995) found that 

soft-release resulted in individuals colliding with physical barriers and 

sustaining injuries, indicating that if replicated, soft-release enclosures 

would need to increase in size, or that hard release may be more appropriate 

for this species.  Hardman and Moro (2006) found that the method of 

release did not significantly influence the post-release dispersal and 

mortality rates of rufous (Lagorchestes hirutus) and banded hare-wallabies 

(Lagostorphus fasciatus fasciatus).  This was also observed by Moro (2001) 

for Lakeland Downs short-tailed mice (Leggafina lakedownesis).  

Conversely, Mitchell et al. (2011) found that 20% more burrowing owls 

(Athene cunicularia) that were soft-released remained within the site 

compared to hard release birds.  Dispersal post-release outside of the release 

area poses risks to individual survival and program success (Armstrong & 
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Seddon 2008).  Various factors have the potential to impact the survival and 

dispersal of animals post release, including animal origin (wild or captive), 

method of release (Biggins et al. 1999; Mathews et al. 2005), and animal 

age and sex (Hardman & Moro 2006; Le Gouar et al. 2008).  Hardman and 

Moro (2006) described three benefits associated with reduced dispersal.  

Firstly, high dispersal can result in decreased unification of a breeding 

population, reducing breeding chances.  Secondly, if food is artificially 

supplied for a duration post release, dispersed individuals are unable to 

benefit.  Lastly, a vast number of resources, such as vehicles, researchers 

and time, are required to conduct post-release monitoring, since dispersed 

populations increase logistical difficulties during this time.  Site selection 

and enclosure construction for soft releases must be considered cautiously.  

Free-ranging species must not be able to pester enclosed animals, causing 

unnecessary stress and death.  For example, a male cheetah destined for 

release into the Eastern Cape Province, South Africa, was killed by a 

resident female leopard, while a group of spotted hyena destined for release 

into the Addo Elephant Park, were harassed by a resident coalition of male 

lions, who scent-marked, roared and charged at the boma (Hayward et al. 

2007a).  Hardman and Moro (2006) suggested that after a period of time, the 

method of release no longer impacts upon individual and population 

survival.   

1.2.4 Successful reintroduction 

Enlisting the involvement of conservation scientists in program 

development and implementation allows aspects of reintroductions and the 

functionality of focus species to be investigated.  Assistance from 

professional biologists has only been enlisted for approximately half of 
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early reintroductions (Sarrazin & Barbault 1996).  In the past, obtaining 

support and participation from professionals outside of the zoo community 

was difficult, with many perceiving that funding dedicated to 

reintroductions could be better utilised to conserve many species or an entire 

ecosystem (Lindburg 1992).  Today, reintroduction programs have the 

ability to produce insurance populations while raising species awareness and 

funding for reserve management and protection, allowing entire areas to 

benefit (Kleiman 1989; Ewen et al. 2014).  Involvement of ecologists in 

programs enables the development of hypothetic-deductive ecological 

experiments.  This allows the basic ecology and population biology of the 

species to be considered and studies are instigated without overlooking the 

conservation issues of the species (Sarrazin & Barbault 1996).  

A successful reintroduction program results in released animals 

reproducing, in the short-term, and the eventual establishment of a self-

sustainable viable population.  What constitutes a successful reintroduction 

and the factors that influence this success are diverse and debated.  Kleiman 

et al. (2010) suggested that success is subjected to the political state of the 

country where the reintroductions are conducted, as opposed to scientific 

rigor.  Successful reintroductions have been associated with areas of high 

quality habitat which are centrally located within the historical range of the 

species, as well as with large release populations and omnivorous species 

(Griffith et al. 1989; Wolf 1996).  However, for a reintroduction program to 

be successful, consideration must be given to the impact releases have upon 

surrounding human populations.  Despite the World Conservation Union 

(1995) providing reintroduction guidelines which state that the consultation 

of local communities during the planning process should occur, this 
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involvement has been limited to date (Galbraith & Hayson 1995; Kleiman et 

al. 2010).  Communication and involvement of local communities and the 

general public in reintroduction programs can provide much needed 

information, support and funding.  This acts to break down barriers between 

scientists and communities, harbouring positive attitudes and increasing the 

likelihood of program success (Parker 2008).              

Defining what constitutes a successful reintroduction program is difficult 

and can be limiting.  This is due to success being influenced by various 

factors, including the overall goals of the program, the manipulation of 

genetic or demographic compositions, habitat restoration, reserve protection 

and management, and public education (Kleiman 1989).  In the interim, 

success relies upon the survival of released individuals, who settle within 

the release area and reproduce (Teixeira et al. 2007).  In the long-term, there 

are four stages that must be achieved before a program can be considered 

successful.  Firstly, there needs to be an agreed goal that the first wild-born 

generation must reproduce.  Secondly, a three yr breeding population, that 

contains greater recruitment than losses must be established.  Thirdly, the 

wild population must become unsupported at approximately 500 individuals 

(Minimum Viable Population), before reaching the fourth and final stage, 

becoming self-sustainable (Jule et al. 2008).  However, this last stage does 

not contemplate the species habitat (quality or size), life history traits and 

the eventual meta-population size and structure, implying that such 

requirements can be impractical, unreachable and limiting (Sarrazin & 

Barbault 1996).  
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1.3 Pre- and post-release monitoring 

Pre- and post-release monitoring is required to increase reintroduction 

success and provide information for supporting the continued development 

of processes and programs.  These types of monitoring allow an individual’s 

suitability for release and their post-release success to be evaluated–

assessments which have become key components of reintroduction 

programs (Biggins et al. 1999).   

Pre-release monitoring not only provides an opportunity to ensure release 

animals have appropriate behaviours and skills required for survival, but 

presents an opportunity to address deficiencies in these areas.  The 

flexibility in learning of some species can allow training, permitting 

appropriate behaviours to develop (Kleiman, Thompson & Baer 2010).  

Animals have the capacity to develop hunting behaviours through exposure 

to appropriate stimuli.  For example, red wolves have been trained by being 

exposed to carcasses, followed by live prey (U.S. Fish and Wildlife Service 

1982; U.S. Fish and Wildlife Service 2014), while swift foxes (Vulpes 

velox) were exposed to natural foods prior to release (Kleiman 1989).  

Placing captive-bred South China tigers (Panthera tigris amoyensis) within 

fenced reserves with large prey species resulted in tigers becoming capable 

of being self-sustainable (Fàbregas, Fosgate & Koehler 2015).  The 

exposure of golden lion tamarins to naturalistic wood habitat (Stoinski & 

Beck 2004), and surrogate raising of black-footed ferrets (Miller et al. 1994) 

and California condo have increased post-release survival of these species 

(Sarrazin & Barbault 1996).  Cross fostering of masked bobwhites (Colinus 

virginianus ridgwayi) has resulted in physically fit individuals with anti-

predator behaviours (Biggins et al. 1999).  Tool use has been successfully 
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taught in pre-release training of chimpanzees, allowing animals to utilise 

feed sources such as cracking baobab pods and termites (de Waal 2011), 

while nest building, the avoidance of scorpions and development of species-

appropriate social behaviour have also been taught (Kleiman 1989).  The 

age at which training occurs has been shown to be crucial.  For example, 

Stoinski and Beck (2004) observed that despite improvements in behaviour, 

training of mature golden lion tamarins was not beneficial to survival.  

Therefore, exposing individuals during early developmental stages may be 

more beneficial (Kleiman et al. 2010).  The limited extent to which captive-

origin individuals can continue learning post-release is of concern, where 

the ability and time required to learn can be restricted within the short-term 

(Mathews 2005).    

Monitoring of animals within the pre-release stage also allows for 

investigation into individual behaviours which can later be correlated to 

survival.  Boldness is a behavioural trait that varies within populations, and 

is important for individual and species survival and adaptation (Bremner-

Harrison, Prodohl & Elwood 2004).  Within ex-situ reintroduction, boldness 

has been found to correlate with post-release survivorship for Tasmanian 

devils (Sarcophilus harrisii) (Sinn et al. 2014) and swift foxes (Bremner-

Harrison et al. 2014).  Sinn et al. (2014) found that the Tasmanian devils 

that survived post-release were up to 3.5 times bolder than those that died, 

while conversely, Bremner-Harrison et al. (2004) found bolder foxes 

dispersed further and had lower survival rates.  While both studies indicate 

that assessing boldness has the potential to provide an indication of the 

survivorship of individuals and thus, allow for more stringent selection pre-

release, it is clear that this attribute is species-specific.    
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Post-release monitoring allows the outcome of the release to be determined, 

while providing information that can be used to assist managers and 

increase the success of future programs.  This presents information that 

allows comparisons between programs to be drawn, and in particular, for the 

assessment of techniques, which will subsequently allow funds and 

resources to be directed towards programs with the highest chance of 

success (Jachowski et al. 2011).  Through post-release monitoring, the 

individual animal or population factors that result in the failure of a release 

can be identified, such as when animals fail to acclimatise, manage and 

respond to the new environment (Boyd & Bandi 2002).  Subsequently, short 

and long-term survivorship is evaluated, improving program efficacy.  The 

combination of information drawn from pre- and post-release monitoring 

will allow changes to programs.  This, in turn, will result in increased 

survivorship, and prevent irrevocable loss of genetic diversity which occurs 

through the loss of individuals, slow population growth and reduced chances 

of survival (Biggins et al. 1999).  

1.3.1 Predator avoidance 

The captive environment often eliminates natural pressures, such as 

predation, resulting in animals not being required to develop predator 

avoidance behaviours.  Subsequently, the low success of some ex-situ 

reintroductions can be attributed to the ineffective anti-predator behaviours 

(Shier & Owings 2006).  Animals can learn appropriate predator avoidance 

behaviours by exposing naïve individuals to experienced conspecifics or via 

conditioning.  These processes teach animals to recognise and appropriately 

respond to stimuli, such as model or live predators (Scott 2005).  Naïve 

individuals of New Zealand robin (Petrocia australis) have learnt to 
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respond fearfully when they have been paired with a model of a conspecific 

in an aggressive posture while playing pre-recorded species-specific alarm 

calls to a model predator (McLean, Hölzer & Studholme 1999).  Artic charr 

(Salvelinus alpinus) introduced to a group of ‘predator-experienced 

demonstrators’ allowed naïve individuals to develop and display higher 

levels of anti-predator behaviour (Frost et al. 2007).  Although tammar 

wallabies (Macropus eugenii) were able to learn predator avoidance, 

observed responses were largely generalised.  This occurred despite 

exposing animals to various predator types, indicating that this method is 

inappropriate to teach these wallabies specific responses to different 

predators (Griffin et al. 2001; Griffin et al. 2002; Shier & Owings 2006).  

Prairie dogs (Cynomys ludovicianus) have been taught to have specific 

responses to predator– conducting alarm calls and seeking shelter to hawks 

and ferrets, but exhibiting differeing responses towards snakes (Shier & 

Owings 2006).  In another study, using experienced adults to train juvenile 

prairie dogs in anti-predator training increased their survivorship post-

release compared to those who were trained within conspecifics.  However, 

survivorship and response rates were not as high in wild prairie dogs of the 

same age (Shier & Owings 2007).   Therefore, the method (e.g. models, 

playbacks or live stimuli) and the use of models or experienced conspecifics 

used during pre-release training is species specific and needs to be 

considered prior to the initiation of and to ensure successful predator 

training.   

1.4 Ex-situ conservation 

While in-situ conservation may be preferred, the combined implementation 

of ex-situ with in-situ conservation increases the likelihood of program 
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success and species survival.  Declining wild populations can leave a 

species within unpredictable environments susceptible to extinction (Shaffer 

1981).  Subsequently, the sole reliance upon in-situ conservation is limiting 

(Kleiman et al. 2010) and for some species, especially those most 

endangered, management outside of their natural habitat is required to 

prevent extinction (Ballou et al. 2010).   

Devised by the UN in 1992, the Conservation of Biodiversity (CDB) 

provides guidelines for ex-situ conservation (United Nations 1992).  Captive 

environments must consist of biologically-diverse established populations, 

allowing research upon the plants, animals and micro-organisms to occur 

(Hosey et al. 2009).  Such environments present a unique opportunity for 

scientists to assess and provide valuable information on biological norms, 

physiology, aspects of veterinary medicine (Wildt et al. 2010), behaviour 

and reproduction.  This will assist in-situ conservation efforts as obtaining 

such information within the wild is difficult and expensive.  Although the 

captive environment is not suitable for all species, if reproduction is 

successful this form of environment virtually excludes the natural pressures, 

predation, parasites and diseases that cause high mortality in the wild (New 

2006).   

1.4.1 Role of zoos 

Over the last century zoos have shifted from maintaining species for 

exhibition purposes, to preserving species at a population level, ensuring 

genetic diversity, demographic stability and viable captive populations 

(Redford et al. 2011).  Zoos possess an advantage over other conservation 

programs in that they exhibit animals that can been seen, smelt and 
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sometimes touched by the general public, and consequently evoke 

inspiration and wonder within the observer who may never view the animals 

in the wild (Christie 2007).  In 1989 the SCC of the IUCN released a captive 

breeding policy (Captive Breeding Specialist Group 1987).  This resulted in 

zoos being involved within ex-situ reintroductions by establishing meta-

populations to provide demographic and genetic support to wild populations 

(Mallinson 2003), while also enabling research and public education (Wildt 

et al. 2010).   

Past sceptics of ex-situ conservation are now recognising that such 

programs can assist critically threatened species by ‘buying time’ and 

delaying extinction (Mallinson 2003).  The participation of zoos worldwide 

in captive breeding programs allows population growth (New 2006), 

ensuring the establishment of insurance populations should extinction in the 

wild occur (Redford et al. 2011, Hosey et al. 2009).  As wild persecution 

and over exploitation of species continues, some captive populations exceed 

those found in the wild, such as the case for the Siberian tiger (Panthera 

tigris altaica).  Zoos also provide a platform for revenue raising, 

establishing trust funds, regional funding or campaigns, such as those 

successfully established by the British and Irish Association of Zoos and 

Aquarium, the Australasian Regional Association of Zoological Parks and 

Aquariums, and the Dutch Zoo Federation (Christie 2007).  To date, zoos 

have played critical roles in the ex-situ reintroduction of many species, 

including the Mauritius kestrel (Falco punctatus), the Guam rail (Gallirallus 

owstoni) (Snyder et al. 1996), and have reversed the wild extinction of 

Przewalski’s horse (Equus ferus przewalskii) (Boyd & Bandi 2002).   
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Despite the success of ex-situ programs, there are limitations to captive 

breeding.  Captive environments often lack natural experiences and 

variations essential for wild survival (Mathews et al. 2005; Shier & Owings 

2006; Mason et al. 2013).  The captive environment is often predictable and 

unchanging, limiting natural behaviours and exposing animals to unnatural 

novel pressures, which can result in abnormal behaviours and behavioural 

deficiencies (McPhee 2004).  Deficiencies caused by captivity or isolated 

environments can impact survival post-release (Scott 2005).   

1.4.2 Limitations of captive-breeding 

There are many limitations of captive breeding which impact ex-situ 

reintroduction programs.  Snyder et al. (1996) described six such 

limitations; the difficulty in establishing self-sustaining captive populations, 

reintroduction failures, the high requirement for physical and financial 

resources, species domestication, disease, the expectancy that better 

techniques will develop and achieving administrative continuity.  

Accomplishing a self-sustaining captive population in theory is easy; 

however, zoo populations are often small and spread across many countries, 

especially as not all zoos carry the same species (Kleiman et al. 2010).  As 

outlined above, all of the species-specific physiological, psychological and 

environmental requirements within captivity are impossible to meet, 

resulting in insufficient diets, hand-raising, inbreeding depression and 

behavioural incompatibility (Snyder et al. 1996; Mathews 2005; Mason et 

al. 2013).  

A captive history has been found to impact the survivorship of animals post-

release.  Captive-origin animals have been found to be deficient in wild-type 
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behaviours, lack immunity to diseases, and possess unnatural confidence 

and reliance towards humans (Jule et al. 2008).  Behavioural deficiencies in 

foraging, social behaviour and predator avoidance may stem from an 

inability of animals to observe experienced conspecifics within captivity 

(Snyder et al.  1996).  Captive-origin animals often lack adaptive 

behaviours, such as the ability to orientate, navigate, and select appropriate 

nesting sites (Kleiman et al. 2010), which occur due to the captive 

environment being unable to provide natural selection, pressures and 

unpredictable cues experienced in the wild (Mathews 2005).  Stoinski and 

Beck (2003) observed that behavioural deficiencies in the captive-origin 

golden lion tamarin negatively impacted the survivorship and post-release 

outcome of this species.    

Zoos, private parks and reserves often lack the physical space required to 

allow genetically viable insurance populations to be established for many 

threatened and vulnerable species.  Seal et al. (1994) suggested that nucleus 

populations, less than 100 individuals, be established so that genetic 

diversity would be maintained via periodic introduction of wild individuals.  

Conversely, Willis and Wiese (1993) suggested nucleus populations would 

be impractical for many species, and the frequency of which wild 

individuals would need to be introduced into the captive population would 

not be enough to maintain genetic diversity.  This method is also reliant 

upon a wild population being present, and one that would persist despite 

frequent harvesting (Snyder et al. 1996). 

Tension between ex-situ and in-situ conservation programs can arise from 

the competition for funds.  Ideally, ex-situ program costs and funding 
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should not compromise in-situ conservation; however competition and 

mistrust between programs can impact species conservation (Wildt et al. 

2010).  Early estimates suggest that approximately half a million dollars 

USD annually per species is required to support a captive-breeding and 

recovery program.  Funds available for one species are often required to be 

shared across more than one method of conservation, and the ability to raise 

additional funds for other programs is difficult.  Funding is often more 

readily available to captive-breeding as opposed to wild research, limiting 

research upon factors that affect wild populations, such as causes for decline 

(Snyder et al. 1996).  The ex-situ reintroduction of the golden lion tamarin 

was estimated to cost US$22000 per surviving individual, with zoo 

maintenance and reintroduction costs amounting to US$1657 per animal per 

yr in 1989 (Hosey et al. 2009).   Perth Zoo, Australia, estimated A$6546 

was required to produce an Australian animal for release, while A$500000 

per yr would be required for higher vertebrate reintroductions (Kleiman et 

al. 2010).  In the early 1990’s, the investigation into the cause of lead 

poisoning of wild condors was estimated to cost US$30000, funding which 

was granted after numerous applications.  Interestingly, the cost of the 

captive-breeding and release of condors was estimated to be US$1 million a 

yr, and was readily available.  The re-establishment of black-footed ferrets 

in the wild was stated in the Endangered Species Act recovery plan; 

however, the U.S. Fish and Wildlife Service in the 1990s decided that the 

captive population was the only ‘essential’ population.  Due to the 

difficulties in obtaining funds and conducting in-situ and ex-situ programs 

simultaneously, the recovery plans for California condors and black-footed 

ferrets suffered in the 1990s (Snyder et al. 1996).  
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1.5 Carnivore conservation 

Habitat loss has resulted in reductions of carnivore populations worldwide, 

such that some species exist within small fractions of their historic range.  

This has been particularly apparent for large carnivores, with tigers 

(Panthera tigris) inhabiting less than 6% of their historical range (Goodrich 

et al. 2015), and approximately 22% in Southern Africa.  The corresponding 

figure is 10% in Northern Africa for the cheetah (Durant et al. 2015), 7% for 

the African wild dog (Dickman, Macdonald & Macdonald 2011), and 12% 

for African lions (Bauer et al. 2016).  The high extrinsic value of these 

species results in a large proportion of attention and efforts being directed 

towards their conservation (Dickman et al. 2011).  Conservation occurs for 

spiritual, ethical, symbolic, aesthetic, utilitarian and ecological reasons 

(Loveridge et al. 2010b), with these species often becoming ‘symbols of 

wildernesses’ to the public– an ironic concept considering the persecution 

they suffer (Hunter et al. 2007).   

As an apex predator, carnivores have a large influence upon their 

surrounding environment, signalling four significant reasons to conserve 

these species.  Firstly, as populations are usually characterised with low 

population densities, these species are at a greater risk of extinction.  

Secondly, due to their high tropic position, populations directly and 

indirectly influence changes to lower trophic levels (Caro & Durant 1995).  

As a high trophic species, the removal of carnivores from an ecosystem will 

ultimately result in the extinction of other species, typically as a result of the 

eradication of competition to mesopredators.  This subsequently causes 

increases in the populations of mesopredators, which in turn directly 

impacts prey populations.  For example, the removal of coyotes (Canis 
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latrans) was found to result in increases in grey fox (Urocyon 

cinereoargenteus) and domestic feral cat populations (Felis catus), and a 

reduction in songbird (Passeri) populations (Curio 1998).  The extinction of 

the grey wolf (Canis lupus) in Yellowstone and Idaho, North America, 

resulted in increases in elk populations, which then impacted upon the 

native vegetation.  After the reintroduction of wolves to the area, a reduction 

in elk populations resulted in vegetation restoration, and the eventual return 

of beavers to the area (Soule & Noss 1998).  The carrion available from 

wolf kills provides an important food source, particularly during winter 

months for many species, including ravens (Corvus, corax), bald eagles 

(Haliaeetus leucocephalus), golden eagles (Aquila chrysaetos), coyotes, 

grizzly bears (Urusus arctos) and black bears (Ursus americanus) (Wilmers 

et al. 2003a; Wilmers et al. 2003b; Wilmers & Wayne 2005).  Thirdly, as 

carnivorous species are sensitive to the surrounding environment, they can 

be indicators of ecosystem disturbances.  This is useful to biologists as the 

reproduction and population changes of many predators can be more easily 

monitored than prey species and vegetation (Caro & Durant 1995; 

Simberloff 1998; Dale & Beyeler 2001; Krogh et al. 2002).  Lastly, as many 

carnivorous species are described as flagship species, they can draw large 

amounts of attention and funding, facilitating targeted and ecosystem 

conservation (Caro & Durant 1995).   

1.5.1 Anthropogenic factors 

Due to their ecological requirements and high conflict with humans, large 

carnivores are one of the first species to be impacted by human activity 

(Hunter et al. 2007).  As human populations increase worldwide, so does 

conflict with many carnivorous species, resulting in population decline and 
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local extinctions (Woodroffe 2000; Cardillo et al. 2004).  Human practiscs 

have direct and indirect impacts upon wildlife.  Direct impacts occur by 

legal and illegal trapping, shooting and poisoning for financial gain and 

trophies, un-intentional road traffic incidences, retaliatory killings for loss of 

livestock, and human safety.  Conflict with humans increases when humans 

enter natural habitats, and species are faced with diminishing prey 

populations and are forced to disperse from emerging or existing 

populations (Loveridge et al. 2010b).  Due to predation, human attitudes 

become strained, causing difficulties when trying to attain community 

acceptance and participation in conservation programs (Dickman et al. 

2011).  Those opposed to the conservation of carnivores can be highly 

active within local communities and politics (Treves & Karanth 2003).  

Bomas are enclosures which are used to house animals, constructed from 

materials such as tree branches and wire, and are often used to protect 

livestock from predation.  Within developing countries, poverty cycles can 

occur as a result of the high cost of livestock protection required for 

monitoring and building bomas.    Within small communities, this can 

redirect limited funds from enabling children to attend school, who are 

required to monitor family herds instead (Loveridge et al. 2010b; Dickman 

et al. 2011).   

Carnivores under persecution are often vulnerable or endangered, making 

the cooperation between farmers, locals and conservation authorities all the 

more critical (Mills 1991).  Stander (1990) found that locals within Northern 

Namibia labelled individual predators as a ‘livestock avoider’, ‘occasional 

stock raider’ or ‘habitual problem’.  Lethal control is a method often 

implemented, whether it is state sponsored or unregulated.   This method 
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has caused the extirpation of problem species in North and South America, 

Africa, Europe and Asia.  Although not as popular as in recent years, the 

removal of problem individuals still occurs, via targeted control, such as 

trapping, shooting and the use of toxic collars on domestic stock, as well as 

through untargeted control, including snares and poisons (Woodroffe, 

Thirgood & Rabinowtiz 2005; Loveridge et al. 2010b).  Indirectly, 

carnivores are threatened by habitat loss, fragmentation, and competition for 

space and resources– threats which continue to rise as human populations 

increase (Macdonald, Loveridge & Nowell 2010a).   

Dedicating land to wildlife reserves rather than for agriculture and other 

human use does impose high costs to communities, particularly in poverty 

stricken regions.  It is estimated that an increase of US$26.8 million 

annually would be provided to Maasai landowners within Kenya if reserve 

land was entirely developed, while an increase of US$419 per household per 

yr would occur for families bordering the Mantadia National Park in 

Madagascar (Dickman et al. 2011).  The high costs incurred through 

livestock predation have resulted in the persecution of many species, and 

subsequently led to local extinctions (Nelson 2009).   

Continued declines in distribution and abundance have resulted in 

approximately 25% of extant carnivorous species becoming susceptible to 

extinction (Hayward et al. 2007d).  The perceived high value of carnivores 

to the general public does not necessarily reflect local community views 

(Dickman et al. 2011).  Conflict with humans occurs due to clashes of 

interest; persecution occurs when human practices (livestock) and wellbeing 

are compromised (Mills 1991; Packer et al. 2013).  This presents difficulties 
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in species conservation, where the implementation of full species protection 

within unprotected areas is often irrational and unfeasible.   

Many schemes have been developed to reduce conflict where the predation 

and impact of these species is minimised (Mills 1991; Packer at al. 2013; 

Hazzah et al. 2014; Lichenfeld et al. 2015).  Local communities protect 

domestic stock and their own safety by increasing herdsman vigilance, 

acquiring assistance of domestic dogs and building more structurally sound 

bomas (Mills 1991; Lichenfeld et al. 2015).  Guard dog use has been 

reported to reduce livestock predation from cheetahs by 73% in Namibia.  

The materials used to construct bomas must be carefully considered. For 

instance, where the use of poles and wicker rather than Acacia branches and 

wire mesh has been found to reduce livestock visibility to predators outside, 

subsequently decreasing the attacks (Loveridge et al. 2010b).  Conversely, 

Kolowski and Holekamp (2006) reported that leopards preferentially 

targeted bomas constructed of poles on ranches adjacent to the Masai Mara 

Reserve.  During this study, the use of guard dogs, general fences and 

human activity in the area were more efficient predator deterrents 

(Loveridge et al. 2010b).  Recently, Lichenfeld et al. (2015) reported the 

success in reducing attacks on livestock located in bomas constructed using 

chain-link and live trees (Acacia spp.) as poles in the Maasia Steppe.  The 

construction of these bomas also incur low long-term costs to farmers, due 

to the long durability of the chain-link (20 yrs) and live trees, in contrast to 

the high costs of metal poles or frequent maintenance costs associated with 

wooden poles.   
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One strategy to gain local community involvement in species conservation 

and protection are focused Payments for Ecosystems Services (PES) 

programs.  These payment schemes encourage communities to protect 

species on communal and private land (Nelson 2009).  When considering 

the level of compensation and incentives, the payment must outweigh the 

costs experienced by the local people; however, is required to be in 

proportion to those provided internationally (Dickman et al. 2011).  

Successful incentive and compensation programs have been observed for 

carnivore conservation for jaguars (Nelson 2009; Rosas-Rosas & Valdez 

2010), pumas, ocelots and bobcats in Mexico (Dickman et al. 2011), snow 

leopards in Pakistan (Hussain 2000), Nepal, India and Mongolia (Mishra 

2003), and wolves, lynx and wolverines in Sweden (Zabel & Holm-Muller 

2008; Nelson 2009; Dickman et al. 2011).  However, compensation for 

livestock loss due to predation from wild carnivores can be difficult when 

the social, political, religious and cultural importance of the stock outweigh 

the economic value of the animal– a view shared by the Maasai towards 

cattle (Dickman et al. 2011).  Hazzah et al. (2014) compared the efficacy of 

compensation payments to the Lion Guardian program in Maasailand 

(Kenya) to reduce the killing of lions.  The guardian program was found to 

be a more cost effective program, employing and providing scientific 

training to many community members and resulting in a near termination of 

lion killings.   

The use of animal body parts in traditional Asian medicine has impacted 

populations worldwide, most noticeably on the tiger (Panthera tigris).  This 

species is poached for various body parts, but particularly for its bones, 

resulting in the poaching of wild tigers and demand for a farmed tiger 
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industry.  Many people who use tiger bones believe that those obtained from 

wild tigers provide a better analgesic effect than those from farmed tigers 

(Dinerstein et al. 2007), despite many of these users knowing that the use of 

wild tiger bones is illegal (Gratwicke et al. 2008).  As populations of tigers 

have plummeted, leopards, clouded leopards (Neofelis nebulose), snow 

leopards (Uncia uncia) and lions have become and are used as substitutes.  

Although the use of tigers has been banned worldwide for over a decade, 

and the Chinese Medicine Society has recognised and declared the use of 

tigers as unnecessary, the illegal trade continues (Loveridge et al. 2010b).  

Due to the mounting pressures placed upon wild carnivores, and despite 

various in-situ conservation programs, other measures are needed to help 

prevent extinctions.  Therefore the implementation of interventionist 

approaches, including translocation and reintroductions, may be required to 

assist species conservation (Hunter et al. 2007).  

1.5.2 Reintroductions 

Ex-situ reintroduction of some carnivores, particularly felids, remains 

chiefly experimental (Wildt et al. 2010).  Various constraints surround large 

carnivore reintroduction, including the financial and technical demands, and 

the biological and sociological requirements of the species (Hunter et al. 

2013a). When comparing the sources for reintroductions, wild-caught 

animals were 53% successful, while captive-origin animals were only 32% 

successful (Jule et al. 2008).  Compared to herbivores and omnivores, the 

reintroduction of carnivores is more difficult (Hayward et al. 2006; 

Hayward et al. 2007b).  As low reintroduction success and reasons for 

failure are poorly understood, many have concluded that such methods are 

inappropriate within carnivore conservation (Hayward et al. 2007a).   
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Early wild reintroductions of large carnivores in Africa reported mixed 

success.  Hamilton (1989) reported that four out of the ten leopards 

(Panthera pardus pardus) released into Meru National Park, Kenya, settled, 

while the two released into Tsavo-West National Park did not settle within 

the release site.  Although some success was achieved, it was concluded that 

it was insufficient to warrant release becoming an appropriate conservation 

method for this species.  Conversely, the release of eight cheetahs over a 15 

month period into Suikerbosrand National Reserve, South Africa, resulted in 

the establishment and growth of the population to approximately 24 

individuals within two yrs (Mills 1991).  Breitenmoser et al. (2001) reported 

that only 9 out of 30 early wild reintroductions of large carnivores within 

Africa were successful, based on expert opinions.  Therefore, releases are 

expensive and complicated, with low success (Wildt et al. 2010).   

Post-release death are mainly attributed to human practises, including 

poisoning, shooting and vehicle accidents, as well as natural causes, 

including starvation, inter- and intra-species aggression, and disease, such as 

rabies and distemper (Jule et al. 2008).  Post-release mortality is also often 

attributed to large dispersal and homing behaviour, which has been observed 

to occur for 40% of the 54 lions who underwent translocation into Etosha 

National Park.  This was also the cause for failed depredation control of 

Asiatic lions (Panthera leo persica) around the Gir Wildlife Sanctuary, 

India (Loveridge et al. 2010b).  The distance of dispersal from the release 

site increases when conspecifics and competitive species are already 

established within the release site, producing increased post-release 

pressures upon animals.  For leopards released into the Addo Elephant 

National Park, the absence of conspecifics reduced intra-species aggression; 
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however, the presence of lions and spotted hyenas resulted in the leopards 

having to quickly develop predator avoidance behaviours (Hayward et al. 

2006).  To prevent released animals from dispersing and returning to their 

original home ranges, soft release, physical (fences) and natural barriers 

(rivers), and the provision of suitable habitat located large distances from 

location of capture are required.  The relocation of sub-adults who would 

naturally disperse and have not already established a territory may result in 

higher success (Loveridge et al. 2010b).   

Following the transition to democracy in South Africa there was an 

abandonment of uneconomical pastoral land use for game species farming 

and ecotourism (Hayward et al. 2007a).  This has resulted in the formation 

of many fenced small game reserves which have reintroduced and 

established populations of many species, particularly carnivores, across 

South Africa (Hayward et al. 2007a; Hayward et al. 2007b; Hunter et al. 

2007; Miller et al. 2013).  Constant post-release monitoring of animals is 

required to ensure overpopulation does not occur, particularly in areas with 

physical barriers (Hayward et al. 2007a).  Although physical barriers can be 

beneficial in preventing dispersal, they can become a threat as populations 

rapidly reach maximum capacity and thus require careful management 

(Hayward, O’Brien & Kerley 2007c).  Observations of animals along fence 

lines or conservation area boundaries can indicate that capacity of a species 

has been reached (Hayward et al. 2007a).  As many of these reserves within 

South Africa are isolated and fenced, meta-population management is 

required to ensure that inbreeding, genetic drift and species extinction are 

avoided, and the overall conservation value of these populations does not 
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decline (van Dyk & Slotow 2003; Slotow & Hunter 2009; Hayward & 

Kerley 2009; Dolrenry et al. 2014; Miller et al. 2015).  

The cost of reintroductions and translocations for carnivorous species is 

high.  Hayward et al. (2007a) showed the costs incurred by and generated 

from the reintroduction of large African carnivores.  The cost to purchase a 

predator in 2004 was approximately US$2400 for a cheetah, US$800 for a 

leopard, US$4000 for a lion and US$1280 for an African wild dog.  These 

species then incur a high expense due to the cost of species they hunt and 

consume.  For example the Shamwari area in South Africa reported a cost of 

US$190342 for wildlife consumed by predators in 2004, US$437984 for the 

cost of wildlife lost to lions in the Addo Elephant Park and US$59840 to 

support ten lions in a reserve in Zimbabwe.  However, the revenue 

carnivorous species raise is large, with Shamwari reporting a 31% increase 

in occupancy and 71% increase in revenue.  Despite the initial and long-

term costs a carnivorous species can accumulate, the economic benefits 

from their presence within an ecosystem assists conservation programs, 

particularly in areas where ecotourism is able to establish and grow.  

Although the challenges and expenses associated with reintroductions are 

high, successful release is achievable under adequate conditions and where 

socio-political implications have been evaluated (Wildt et al. 2010).    

1.5.3 Ex-situ reintroduction 

Ex-situ reintroduction of carnivores has been conducted successfully 

worldwide, including the red wolf (Roth et al., 2008; U.S. Fish & Wildlife 

Service 2014), Mexican wolf (Canis lupus baileyi) (Hedrick & Fredrickson 

2008; Hedrick & Fredrickson 2010), Western quoll (Dasyurus geoffroii) 
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(Fletcher & Morris 2003), black-footed ferret (Miller et al. 1994; Biggins & 

Godbey 2003), and African wild dog (Gusset, Slotow & Somers 2006; 

Gusset et al. 2008).  Captive-bred cougars (Puma concolor) released into 

northern Florida between 1993 and 1995 were found to have lower levels of 

dispersal and mortality, and higher reproductive success than wild sourced 

animals.  Despite this success, captive-bred individuals were more likely 

than their wild counterparts to be in conflict with humans (Christie & 

Seidensticker 1999).   

Ex-situ reintroductions have been conducted since the late 1970’s in Africa.  

Pettifer (1981) observed that three male cheetahs released into Klaserie and 

Timbarati Private Nature Reserves, South Africa, had unsolvable problems 

associated with their captive-origin. Dependence upon humans was 

suspected to cause undesirable behaviours post-release, resulting in cheetahs 

having fights with conspecifics, dispersing from the release site and two 

being caught preying upon domestic chickens.  Childes (1988) reported that 

ten African wild dogs released into Zimbabwe had high dependence upon 

humans as they were observed to occupy areas outside of butcheries for 

several days.  Of the pack released, five died from natural causes, while the 

other five were shot within seven weeks.  Similar to other failed releases of 

other species, failure of survival of the African wild dogs post-release was 

linked to the captive induced behavioural deficiencies and human 

dependencies.   

The ex-situ reintroduction of carnivorous species faces the same 

complications as other species, outlined at the beginning of this chapter.  

Within captivity, felids can develop obesity, inactivity and stereotypic 
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problems, even in complex surroundings and when provided with 

enrichments (Altman 2005).  Prior to release, animals that have been 

dependent upon humans for provision of food may lack hunting skills, and 

can be deficient in natural behaviours, such as responses to conspecifics and 

predators (Abell et al. 2013b).  The failure of some early ex-situ 

reintroductions resulted in the conclusion that carnivores with a captive-

origin are unable to adapt to natural systems (Mills 1991).  Captive 

carnivores are unable to be provided with live prey due to legal restrictions 

(Ings, Waran & Young 1997), and consequently food is provided as 

carefully weighed sections or whole carcasses.  The provision of food in this 

form does not facilitate the development of appropriate behaviours such as 

those associated with the time wild species dedicate to hunting and eating 

behaviours.  While the introduction of starve days into a captive feeding 

regime can be beneficial, they are often unable to provide the natural 

pressures that cause rapid food consumption observed in the wild (Altman 

2005).  Interestingly, Christie and Seidensticker (1999) observed that Puma 

concolor individuals from both wild and captive sources were capable of 

capturing and killing prey within a week post-release.  Captive-bred South 

China tigers have been found to successfully kill prey species upon release 

onto reserves, and there is a diverse prey base in South Africa (Fàbregas et 

al. 2015).  Therefore, despite a captive history, at least some individuals 

within these species have overcome the restrictions of captivity and are 

capable of becoming self-sustainable in terms of hunting upon release. 
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1.6 African lion (Panthera leo) 

1.6.1 Historical and current distribution 

Historically, lions ranged across Africa, Europe, India and southwest Asia.  

Extinction of the species occurred almost 2000 yrs ago in Europe, 150 yrs 

ago in Southwest Asia and as recently as the 1940s from North Africa 

(Bauer et al. 2016).  Due to the large population and distribution declines, 

the lion has experienced the greatest reduction in range since historic times 

out of all vertebrate species (Power 2003).  The lion consists of two 

subpopulations, Panthera leo leo, which includes lions ranging across 

Africa, and Panthera leo persica, which occurs as one isolated sub-

population within India, in the Gir Forest National Park and Wildlife 

Sanctuary.  The majority of African lions are found in sub-Saharan Africa 

(Bauer & van der Merwe 2004; Bauer et al. 2016).  The IUCN lists the 

African lion as vulnerable in Eastern and Southern Africa and endangered in 

Western and Central Africa (Bauer et al. 2016).  Within Africa, lions are 

found in a range of habitats from open to closed woodland, and have 

adapted to survive in the arid outskirts of deserts to the borders of the dense 

tropical Congo forest (Riggio et al. 2013).  

Since the colonisation of Africa, lions have suffered large population 

declines.  In the 1950s, it was estimated that 500000 existed (Hazzah, 

Mulder & Frank 2009), while more recent population numbers are 

speculated to range between 23000 (Bauer et al. 2004) and 32000 (Riggio et 

al. 2013).  There are estimations that the overall population could be as high 

as 36000 (Riggio et al. 2013) or 39000 (Bauer et al. 2016).  Discrepancies in 

population estimates occur due to the method used to calculate these figures.  
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Riggio et al. (2013) used known population estimates and lion conservation 

strategical reports, while Bauer et al. (2016) utilised a time trend analysis of 

available and perceived reliable census data.  By considering the suitable 

and available habitat, LionAid estimated that 645–795 lions remained in 

Western and Central Africa, with an estimated total of 15244 on the 

continent (Kat 2012).   

It is difficult to obtain accurate population numbers across a large continent 

for a species with large territories, and low density and visibility 

(Chardonnet 2002; Riggio et al. 2013).  There is minimal information 

available on the population density across a large portion of the African lion 

range, due to the difficulty and costs associated with undertaking frequent 

population surveys.  Currently, reliable estimates are lacking for Angola, the 

Central African Republic, Somalia, South Sudan and Ethiopia, while current 

systemic surveys are required for Zambia and Tanzania (Bauer et al. 2015).  

Upon identifying population densities and the threats that impact them, 

sufficient funds for conservation efforts are required.  Statuses of lion 

populations are unknown for 38% and known or probable for 22% for their 

historical range (IUCN 2006a; IUCN 2006b; Macdonald et al. 2010a).  The 

IUCN reported that a population decline of 62% occurred between 1993 and 

2014 for 23 unfenced areas located within 11 countries.  The IUCN reports 

that there has been a 43% decline in the overall lion population over the past 

21 yrs.  Lions are known to occur in approximately 67 areas, known as Lion 

Conservation Units (LCU), which form an area of 3.4 million km
2
, and 

account for 25% of the savanna in Africa and only 12% of the historical 

range of the species.  The size of the area where lions are known to have 

become extant consists of 1811087 km
2
, accounting for 8% of the historical 
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species range (Bauer et al. 2016).  Of the 67 LCUs, only 15 of these contain 

populations of at least 500 individuals (Riggio et al. 2013), amounting to 50 

prides, which are required to ensure genetic diversity.  As a population 

drops below 10 prides, the risk of inbreeding significantly increases 

(Bjorklund 2003; Macdonald et al. 2010a).   

Recently, the listing of the Africa lion under the Convention on 

International Trade in Endangered Species of Wild Fauna and Flora 

(CITES) was reviewed, with the listing remaining as Appendix II (Bauer et 

al. 2016).  As global awareness of the plight of lion’s increases, western 

countries are responding.  In 2015, Australia and France banned the 

importation of lion trophies, while the US Fish and Wildlife Services listed 

lions on the US Endangered Species Act as endangered for Western and 

Central, and threatened for Southern and Eastern lions (Lindsey et al. 2016).  

Despite this listing, lion parts and legal trophies obtained within countries 

that have ‘scientifically based’ hunting quotas is still permitted (Nelson et 

al. 2016). 

1.6.2 The pride 

Lion prides consist of 1–21 adult females, their dependent offspring and a 

coalition of 1–9 adult males (Mosser & Packer 2009).  Schaller (1972) 

reported an average pride size of 15, with a range of 4–37 for prides in the 

Serengeti, while average pride size has been reported in Kruger National 

Park to be as low as 3–4 lions.  Prides exist under fission-fusion societies, 

where pride members often disperse into interchanging groups and reunite 

(Schaller 1972; Packer, Pusey & Eberly 2001; Mosser & Packer 2009).  

Compared to lionesses, adult males are described as transitory and are often 
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dispersed from the pride (Schaller 1972).  The frequency with which adult 

males are observed with pride members is influenced by vegetation type, 

with Funston et al. (1998) observing males to be located with lionesses less 

in wooded areas than in open habitats.  Prides experience greater hunting 

(Cooper 1991; Stander 1991; Mosser & Packer 2009; Benhamou et al. 

2014), territorial and reproductive (Packer et al. 1990; Valeix, Loveridge & 

Macdonald 2012) success than nomads.  Schaller (1972) described nomads 

to be lions that can be solitary or form short-term associations within inter-

changing groups.        

1.6.3 Mating and reproduction 

Lionesses are described as egalitarians, due to there not being a dominant 

female with respect to their breeding (Packer et al. 2001).  Most lionesses 

within a pride will synchronise oestrous; presumably be due to a female’s 

survival and reproductive ability relying upon group territoriality and 

synchronous breeding (Scheel & Packer 1991).  Females, who raise cubs 

within a crèche, experience greater per capita reproduction, while ‘cheating’ 

in terms of females attempting double clutching, is prevented (Packer et al. 

2001).   Females are more likely to remain with their natal pride.  If they 

disperse, they are described as ‘stepping stone’ dispersers, as usually their 

new home range will border the natal range (Dolrenry et al. 2014).  

Therefore, lionesses do not disperse from their natal pride in order to seek 

elevated breeding status, but rather in response to the pride reaching 

maximum capacity, resulting in females usually settling within or in close 

proximity their pride (VanderWaal, Mosser & Packer 2009).   
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The formation of new prides can occur under one of four social contexts.  

Firstly, a new pride can be formed when a new male coalition takes over a 

pride and evicts females that are too young to breed.  Secondly, a female 

with young cubs may choose to remove herself and cubs from her pride 

during a change in dominant males, thereby saving the cubs from 

infanticide.  Thirdly, a pride comprised of both females with and without 

cubs may split, due to a loss of familiarity between crèche females and those 

without cubs.  Finally, if their father’s coalition is still present, sub-adult 

females may disperse when they reach sexual maturity, therefore avoiding 

inbreeding (VanderWaal et al. 2009).  The benefits associated with social 

living have been observed to collapse once a pride has more than 10 adult 

females.  The reproductive success of large prides decreases, presumably 

due to intra-pride competition for food (Macdonald et al. 2010b).  

Males nearly always disperse from their natal pride, 2–3 times further than 

females (Dolrenry et al. 2014), and sometimes greater than 200 km 

(Macdonald, Mosser & Gittleman  2010b).  The age at which males disperse 

has been observed to vary between vegetation types, with males as young as 

21–24 months recorded for Nairobi National Park, 33–36 months in the 

Serengeti and Ngorongoro Crater and 40 months in Kruger National Park.  

Within closed vegetation systems, subordinates are able to more easily 

avoid territorial males (Funston et al. 2003). Upon dispersal, males often 

form coalitions, which consist of kin or unrelated males of similar ages 

(Schaller 1972; Macdonald et al. 2010b).  

Within the Serengeti, lionesses have been observed to experience their first 

oestrous and males to reach sexual maturity between 3.5 and 4.5 yrs of age 
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(Schaller 1972).  Females are polyoestrous and reproduction can occur 

throughout the year.  Gestation length is 110 days and the interval between 

births is approximately two yrs (Schaller 1972; Packer et al. 2001).  The 

maximum breeding age of lioness is approximately 15 yrs old, but they are 

capable of breeding until their death.  Litters are on average made up of four 

cubs, but may be made up of anywhere between one and six cubs (Schaller 

1972), with mortality the highest during their first 12 months (Packer et al. 

2001).  Factors resulting in lion mortality vary, but can include disease, 

starvation, abandonment, injury in result of conflict with conspecifics or 

other species, old age and human disturbance (Schaller 1972; Loveridge et 

al. 2007; Mosser & Packer 2009).     

1.6.4 Daily activity 

Lions are described as crepuscular and nocturnal, with the majority of their 

activity occurring (but not restricted to) between 1700–0800hr (Schaller 

1972; Rudnai 1973; Hayward & Hayward 2007c; Hayward & Slotow 2009).  

Schaller (1972) described daily activity of lions in the Serengeti in detail.  

Lions spend an average of 20–21 hours per day being inactive; however, 

they have been described to be more active in closed vegetation types 

(Hayward & Hayward 2007c).  They walk on average for two hours a day, 

travelling between 0km and-21.5km over a 24 hour period.  Feeding 

behaviour averaged 40-50 minutes per day.  However, prides do not eat 

daily, and instead many days can extend between feeds, and they can spend 

4–5 hours eating (Schaller 1972).  Hanby, Bygott and Packer (1995) 

observed similar resting patterns for prides in the Serengeti and Ngorongoro 

Crater, with this behaviour occurring for 80% of time observed.  Prides of 

the Ngorongoro Crater have been observed to spend a larger percentage of 
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time hunting and eating (7.5%), while the prides of the Serengeti seem to 

spend a larger percentage of time travelling (13.5%).  All other behaviours, 

including social, individual play, grooming, defecation and urination all 

occur at low frequencies (Schaller 1972; Hanby et al. 1995).          

1.6.5 Social behaviour 

Lions are a highly social felid, where the formation of prides and coalitions 

provides higher survival rates for all individuals, due to group foraging, 

communal raising and defence of young and territories (Packer et al. 1990).  

The establishment and maintenance of social bonds occur through 

interactions between pride members.  Within a pride, social interactions are 

unevenly dispersed (Schaller 1972; Abell et al. 2013a), which are, like many 

social species, affected by various factors at a group (rank, sexual 

attractiveness or kinship) (de Villiers, Richardson & van Jaarsveld 2003) 

and environmental level (Hanby et al. 1995). 

Schaller (1972) detailed social interaction types to include head rubbing, 

allogrooming, play (chase, wrestle, pawing and stalk), and agnostic 

encounters (at and away from kills).  Head rubbing (greets) was the most 

frequently observed encounter, which in the majority of interactions, was 

reciprocated.  Of the 469 greet incidences, cubs were observed to initiate the 

most (62%) to pride females, followed by female to female (19%), cub to 

cub (8%) and female to cub (11%) interactions.  Males were observed to 

rarely initiate a greet or groom interaction as they were more likely to 

receive one of these, while cubs readily initiated these interactions.  This 

bias has been observed to also occur in captive (Matoba et al. 2013) and 

semi-wild (Abell et al. 2013a) prides.  The majority of play behaviour 
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occurs during early morning or late afternoon, with Schaller (1972) 

observing 45% occurring between 0600–0800hr and 47% between 1600–

1900hr.  Play predominately occurs within and between cubs and adult 

females, with interactions between cubs and adult males being infrequent.  

Lionesses often initiate play with cubs, and have been observed to continue 

play with other females once cubs have lost interest.  Aggression mainly 

occurs while feeding, usually when individuals attempt to approach a 

feeding lion.  It has been observed that lions will avoid aggravating an 

individual whom is likely to retaliate; cub to cub aggression accounted for 

55% and female to cub aggression accounted for 35%, while cub to female 

aggression accounted for 4% and female to female aggression accounted for 

6% of the total 259 observed encounters.  Across all interaction types and 

including mock mating, Hanby et al. (1995) observed that differences in 

social interaction frequencies occurred between prides in the Serengeti 

plains and Ngorongoro Crater due to season, with higher interaction 

numbers associated with a good season (season with high rainfall and prey 

reproduction rates).   

1.6.6 Territorial behaviour and home range 

Protection of pride territory is essential in ensuring successful hunting, 

reproduction and survival, which is evident when comparing the success 

rates of prides to nomads (Packer et al. 1990; Stander 1991; Mosser & 

Packer 2009; Valeix et al. 2012).  Territory sizes are influenced by various 

factors, including vegetation type, water availability, prey abundance, pride 

size (Mosser & Packer 2009), human practices, and physical barriers, such 

as fences (Kettles& Slotow 2009).  Male territories are larger than females, 

and are influenced by pride defence and access to females (Macdonald et al. 
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2010b).  Although prides have site fidelity, territories will shift in size with 

changes in season and prey density (Mosser & Packer 2009).  For prides 

within the Serengeti, Schaller (1972) observed that territory size ranged 

between 120–400km
2
, while Mosser & Packer (2009) found a mean of 

56km
2
 (range of 15–219km

2
) for prides within the Serengeti.  Hanby et al. 

(1995) reported observing an average territory size of 45km
2
 within the 

Ngorongoro Crater across five prides, while Spong (2002) observed an 

territory size of 52.4 ± 26.3km
2
 across five prides in the Selous Game 

Reserve in Tanzania, and Bjorklund (2003) observed an average of 50km
2
 

within the Selous National Park.  Lion densities differ across habitat types.  

Higher densities occur in high quality habitat, with one lion 2.59km
2
 in the 

Ngorongoro region (Patterson 2007) and 400 adults per 100km
2
 within 

Tanzania, while as low as 1.2 adults per 100km
2
 have been observed in 

semi-desert environments (Macdonald et al. 2010a; Macdonald et al. 2010b) 

and 0.0001 lions mi
2
 has been observed near Etosha, Namibia (Patterson 

2007).  Hanby et al. (1995) observed that lion density within the 

Ngorongoro crater was approximately 3.3 times as high as that observed for 

the plains of the Serengeti.  

Larger prides have been observed to more successfully shift territorial 

ranges to higher quality habitat and to sustain these areas in areas of 

territory overlap.  Pride size is influenced by the same factors that affect 

territory size, and conspecific competition with neighbouring prides, which 

involves territorial disputes, harassment and killing of young, and disrupting 

and scavenging of kills (Macdonald et al. 2010b).  Defence of territories 

from invading individuals and prides involves many direct and indirect 

approaches, including roaring, scent-marking, patrolling and confrontations 
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(Mosser & Packer 2009).  Scent-marking and vocalisations play two 

important roles; intra-pride communication and proclamation of pride 

territory.  Hanby et al. (1995) observed males to roar and scent-mark more 

frequently than lionesses, while these two behaviours were correlated with 

prey availability.  Schaller (1972) observed that scent-marking frequency 

was influenced by vegetation type, while the action of spraying or scraping 

encouraged other individuals to conduct behaviour.  Prerogative of males 

that hold a pride, roaring is conducted within territories and prior to fights, 

while nomadic males avoid conducting this behaviour that discloses their 

position.  McComb, Packer and Pusey (1994) observed females were more 

likely to approach the position of a vocalising lone female, than prides of 

three or greater females.  However, regardless of the number of territorial 

females present, if outnumbered, they would roar to beckon support from 

other pride members (Macdonald et al., 2010b).  Lions are intolerant of the 

presence of same-sex intruders within their territory, and such situations 

frequently result in aggressive encounters, where the larger group chases 

away the smaller (Hanby et al. 1995).  Prides that have become weakened, 

for example due to the injury or death of pride female(s) or male(s), can lose 

territory to neighbouring prides. It is suggested that confrontations between 

prides is dependent upon group sizes (Mosser & Packer 2009).  A study by 

Spong and Creel (2004) investigated whether behaviours observed during 

confrontations between prides and non-pride individuals were dependent 

upon kinship.  Due to the genetic structure of lion populations, there is a 

high chance that confrontations could involve individuals that are closely 

related, subsequently resulting in less aggressive behaviour.  However, 

relatedness was not found to influence provocation or speed of a 
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confrontation.  Instead, the ratio of residents and intruders, the number of 

intruders, the number of bouts, the position within resident territory, the 

presence of cubs, temperature and playback number played by researchers 

all affected confrontation behaviour.   

Pride takeovers occur when a nomadic or coalition of males successfully 

evict the resident male(s) from the pride, either by chasing or winning any 

physical fights.  Large coalitions have been observed to conduct successful 

pride takeovers earlier than solitary males, and can have extended 

reproductive life and elevated reproductive success compared to smaller 

coalitions of similar ages (Macdonald et al. 2010b).  After pride takeover, 

the young cubs of the former resident males can be killed, and this accounts 

for 27% of cub mortality within the first yr (Caro & Durant 1995).  

The predominant role of a pride male is territory maintenance (Ranta & 

Kaitala 2005).  Males protect their offspring directly, by warding off 

invading males.  Indirect protective measures often result in male absence 

from the pride; however, they ensure that resources within the territory are 

defended, discourage intruding males from entering the territory and present 

opportunities to mate with nomadic females and acquire neighbouring 

prides.  However, absence from the pride reduces the opportunities for 

males to scavenge from kills made by the females (Funston et al. 1998).  

1.6.7 Hunting behaviour 

Lions are opportunistic hunters, preying upon various species (Davidson et 

al. 2013) and where possible, will scavenge (Packer et al. 1990).  Lions on 

the Serengeti plains have been observed to scavenge 20% of carcasses, 

while in the Ngorongoro Crate scavenged 22% of carcasses.  Despite this 
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similar acquisition, the overall total percentage of dietary meat obtained 

from these differed greatly, with scavenges comprising of 21% of the meat 

for the animals from the Ngorongoro Crater and only 1% of the meat for the 

animals from the plains (Hanby et al. 1995).  Scavenging behaviour is more 

frequently observed by males, who will scavenge from other carnivorous 

species, pride females and discarded carcasses.  Pride females are tought to 

be the predominant hunters; however, when pursuing a large prey species, 

such as buffalo, giraffe, or elephant, males will assist or conduct the kill 

themselves (Schaller 1972; Hanby et al. 1995).  Males have been observed 

to hunt and successfully kill as frequently as females (Funston, Mills & 

Biggs 2001).  Funston et al. (1998) observed that lionesses within Kruger 

National Park would make a kill on average of once every 1.8 nights, while 

males would only kill on average once every 3.2 nights.  Prides on the 

Serengeti plains and Ngorongoro Crater were observed by Hanby et al. 

(1995) to make 88% of their kills during night hours. Daily food intake 

varies among seasons and habitat types.  It is estimated that a lioness 

requires 5–8.5 kg of meat per day (Schaller 1972; Packer et al. 1990; Hanby 

et al. 1995).  Within small reserves in South Africa, intake in the first half of 

the year was observed to be approximately 4.6 ± 2.4kg per day, while during 

the second half of the year, intake decreased slightly to 4.1 ± 1.3 kg per day.  

During the dry season in the Savuti, intake was estimated to be 4.6kg per 

day, which is lower than the 5.1kg per day observed for lions in Kruger 

National Park and the 5kg per day observed by Schaller in the Serengeti 

plains (Power 2003).  

Packer and Ruttan (1998) described group hunting behaviour as a strategical 

game comprising of four facets, where pride members would conduct one of 
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the following roles; cooperate, scavenge (exploit companions by not hunting 

but consuming kills), cheat (initiates a hunt and allow a companion to 

pursue and conduct the kill) or hunt singularly (only hunt in absence of 

conspecifics).  Cooperative hunting involves individuals partaking in a hunt, 

regardless of whom and the behaviour of other participants.  There are four 

factors that are suggested to influence cooperation.  Firstly, the likelihood of 

hunters participating increases with the difficulty of the capture.  If a lone 

hunter has a high success rate of capture, the assistance of additional hunters 

can only marginally increase success rate.  Therefore the success of the hunt 

and the benefits of joint hunting can be low compared to the relative cost of 

a hunt.  Conversely, if the success rate of an individual is low, assistance 

from additional hunters can improve success and has the possibility for 

benefits to outweigh the costs.  Secondly, if an individual has low success as 

a hunter, they would be less likely to participate in a hunt when the pride 

contains more proficient hunters.  The cost to this individual participating is 

high and would have little impact upon hunt success.  Thirdly, as the 

hunting group increases it is expected that participation will decline, as 

success increases asymptotically with each additional hunter.  Finally, the 

genetic relationship between hunters is expected to impact participation, 

with participation increasing for individuals with high kinship.  All of these 

social factors, along with environmental and prey factors impact the success 

of a hunt (Packer & Ruttan 1988; Scheel & Packer 1991).    

During times of low prey densities, lions have been observed to consume all 

but the largest limb bones of ungulate prey.  Premolars and carnassials are 

used in combination when consuming a carcass, and individuals have often 

been observed to hold the carcass with front paws to allow more rapid tissue 
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extraction (Valkenburgh 1996).  Regardless of body condition, lionesses 

will grant cub with access to kills, by leading the cubs to the carcass.  Cubs 

are not carried to kills, nor are kills carried to cubs.  Therefore, during 

hardship and prey scarcity, weakened cubs that are unable to keep pace with 

the pride are sometimes abandoned (Hanby et al. 1995).  The frequency of 

kills lost to spotted hyenas has been observed to be lower when the pride 

male(s) is present.  Similarly, the abundance of buffalo within a territory 

could also possibly influence the presence of males with their pride, with 

high densities of buffalo resulting in males being more independent of the 

pride (Funston et al. 1998).  

Davidson et al. (2013) analyse carcass and faecal samples to investigate lion 

prey preference in Hwange National Park, Zimbabwe.  Of the 14 different 

species found to be consumed, both males and females most frequently ate 

buffalo (buffalo made up 56% and 33% of each sex’s diet, respectively).  

Elephants (males = 9%,  females = 8%) and  zebra (Equus quagga) (males = 

8%, females = 9%) were consumed by both sexes, while males also targeted 

medium Bovidae species, such as sable and wildebeest (Connochaetes) 

(11%) with an early dry and wet season preference, and females targeted 

kudu (Tragelaphus strepsiceros) (16%) and giraffes (12%).  Buffalos were 

found to be preferred by both sexes during all seasons, while females 

indicated a preference for kudu.  On a seasonal basis, zebras were consumed 

in proportion to their availability by males during the beginning of the ry 

season, and by both sexes late in the dry season.  Males were observed to 

consume warthogs (Phacochoerus africanus) and bush pigs 

(Potamochoerus larvatus during the latter part of the dry and wet seasons.  

The study detailed the importance of small prey species, with faecal samples 
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indicating the occurrence of small antelopes (17%).  Juvenile elephants were 

found to be a large proportion of biomass for both males (23%) and females 

(20%), being preyed upon mainly at the end of a dry season, particularly in 

years of low rainfall, while giraffes were consumed by females dependent 

on availability during both the early and late parts of the dry season. 

Prey preferences within the Serengeti have been found to differ to those in 

other areas, mainly in relation to the presence of resident and migratory 

ungulate species within this ecosystem.  Scheel and Packer (1995) found 

that between 1966 and 1991, wildebeests, zebras, Thomson’s gazelles 

(Eudorcas thomsonii), buffalos, warthogs, kongonis (Alcelaphus 

buselaphus) and topis (Damaliscus korrigum) combined accounted for over 

90% of the total observed carcasses and total kilograms consumed.  

Although a significant increase in hunting of wildebeests, warthogs and 

Thomson’s gazelles was associated with increased prey abundance, it was 

not significantly observed for zebras, buffalos, topis and kongonis.  Hunting 

opportunities for lions within the Serengeti are influenced by environmental 

factors; the presence, herd abundance and duration of the yearly migration is 

associated  with the wet season, which changes across habitats and between 

seasons, yearly.  Such environmental influences must be considered when 

comparing the prey preferences of lions between regions.    

1.6.8 Threats to African lions 

As outlined previously, the African lion has suffered a severe population 

decline in the past 50 yrs.  Across Africa, there is an overall trend of 

population declines, to the point where Bauer et al. (2015) suggests that 

lions should not be listed as critically endangered within Western and 
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Central Africa, and endangered within Eastern Africa.  The level of urgency 

for greater protection of lion populations within Southern Africa has been 

recently debated, with Riggio et al. (2016) stating that the population 

declines detailed by Bauer et al. (2015) are not as severe, and that some 

populations are actually stable and/or increasing.  Although it may be 

justified to acknowledge the success of some programs, particularly in 

fenced areas, in achieving stable and growing populations (Riggio et al. 

2016), it is short-sighted to ignore the overall trend of population declines 

across Africa, and the associated call for urgent actions for lion conservation 

at national and international levels (Bauer et al. 2016).  Across many 

African countries, politics and decisions on land use will dictate the future 

of wildlife, especially in areas that are of high economic value.  For 

example, the Tete province of Mozambique is an area that has high logging, 

mining and agricultural potential, but is also an area that contains diverse 

wildlife and approximately 10% of all lions for this country (Jacobson et al. 

2013).  It is estimated that one third of all African lions exist outside of 

protected areas (Riggio et al. 2013), where their vulnerability to threats 

increases.   

The African lion is subject to the same threats that as all other carnivores 

face, as outlined previously. Lions are exposed to a range of diseases, some 

which have had significant effects upon populations.  Within the Serengeti 

in 1994, canine distemper combined with Babesia killed 35% of the 

population, while in Kruger National Park bovine tuberculosis has caused 

mortality in buffalos, cheetahs and lions (Trinkel & Angelici 2016).  Such 

diseases reduce populations, implicating genetic diversity, particularly for 
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small populations, and prevent lions within disease areas from being used in 

wild reintroductions.   

Anthropogenic threats are increasing across Africa as human populations 

continue to increase.  The United Nations in 2001 projected the human 

population in Africa to grow from 794 million in 2000 to 2 billion by 2050 

(United Nations 2001).  The greatest contributor to declines in the 

distribution and population of lions are the loss of habitat and prey species, 

caused by human agriculture practises and settlement.  Lions are persecuted 

across Africa, particularly in areas where there is a conceived view that 

protecting lions is of little benefit to local communities (Macdonald et al. 

2010b; Loveridge et al. 2010b; Hazzah et al. 2014).  Natural prey 

populations are being depleted due to habitat loss and the growing 

unsustainable bush-meat trade (Bauer et al. 2016).  Human encroachment 

upon natural areas results in high conflict between lions and humans 

(Loveridge et al. 2010a).  Lions are considered to be a dangerous species, 

and pose a threat to domestic livestock and human life, where the cost of 

livestock loss can be high (Loveridge et al. 2010b).  Within Eastern Africa, 

spearing lions is a ritual which affirms the position of warriors within their 

community, while lions are also targeted for livestock depredation and 

community retaliation against conservation restrictions (Hazzah et al. 2014).  

It has been found that people who raise livestock for sale are more likely to 

retaliate against depredation than those who keep stock for domestic use 

(Hazzah et al. 2009). Poisoning of carcasses with agricultural insecticides, 

such as carbofuran, is a method utilised by farmers to target carnivorous 

species whom prey upon domestic stock.  In Kenya, this is the highest cause 

of lion mortality, with the Laikipia and Kajiado districts reporting 70 known 
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poisonings since 2001.  However, this method of control is not exclusive to 

a species, as populations of vultures and scavenger birds within the country 

have also declined (Loveridge et al. 2010b).  

Lions have long been a highly desired target by hunters.  In 1370 B.C. the 

pharaoh Amenhotep II hunted lions using bow and arrows, and Saint Louis 

hunted lions near Tunis from horseback (Schaller 1972).  There are many 

forms by which a lion can provide a trophy hunting opportunity; wild legal 

hunt, poaching (illegal harvest), put-and-take– where lions are released into 

an area for the purpose of being hunted, and canned-hunting– where lions 

are captive-bred for the purpose of being hunted (Slotow & Hunter 2009; 

Lindsey et al. 2012a).  Along with trophies for hunters, lion parts are now 

being used within traditional Asian medicine.  As outlined previously, lions 

are becoming a species targeted for body parts within traditional medicine 

due to the decline in tiger populations worldwide.  In 2009 and 2010, South 

Africa exported 386 and 645 sets of lion bones respectively– 75% of which 

were sent to Asia, 15.4% to Europe and 9.2% to the United States of 

America. Of these bone sets, 0.9% and 1.1% were derived from wild hunts 

conducted in South Africa in 2009 and 2010, respectively.   

Today, lions are hunted in 16 % of their total distribution across Africa 

(Lindsey et al. 2013).  In areas where lions are used for trophy hunting and 

tourism, more often than not, government, officials, and tourist and hunting 

operators receive the greatest economic gain, with local communities 

receiving little benefit to outweigh the costs of livestock loss.  Negative 

attitudes at a local scale can be detrimental to species conservation efforts 

(Hazzah et al. 2014).  Opinions worldwide surrounding the hunting of lions 
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have resulted in animal welfare organisations being on the opposite side of 

the spectrum to the hunting industry, while some conservation organisations 

sit on the fence when considering whether the practise is suitable and 

helpful in species conservation (Lindsey et al. 2012a).  More recently, and 

especially since the global outrage of the trophy hunting of an adult male 

lion named Cecil in Zimbabwe, the general public is now questioning the 

legitimacy of hunting carnivores, large mammals and endangered species 

(Nelson et al. 2016).   

Supporters of the hunting industry justify the practice by stating that hunting 

does not jeopardise populations and that it provides funding towards 

conservation (Nelson et al. 2016).  Such funds can provide state wildlife 

authorities in some countries with operating budgets, as well as an incentive 

to retain and manage wildlife within state-owned hunting blocks (Lindsey et 

al. 2016).  Kenya banned trophy hunting in 1977; however wildlife 

populations have suffered a 60–70% decline since, due to limited incentives 

for communities to conserve (Trinkel & Angelici 2016).  Opposing views 

state that acquiring a trophy does not provide sufficient motivation to kill 

(Nelson et al. 2016).  The industry is corrupted, has few restrictions, and 

funds for conservation are constantly not supplied or fall short of the 

required amounts (Lindsey et al. 2016). 

Lions have been described as the most economically valuable species within 

the trophy hunting industry in Africa.  Consequently, they are also the most 

vulnerable to over-harvesting (Lindsey et al. 2012b).  Population density 

decline and alterations to sex-ratios have been observed for lion populations 

in Hwange National Park, South Luangwa, Kafue National Park, Lower 
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Zambezi National Park and the Bénoué Complex due to excessive trophy 

hunting (Lindsey et al. 2013).   

Hunts in South Africa are often advertised as an inclusive package, with 

their prices influenced by the size of the trophy, and reportedly ranging from 

US$19472 ± 1221 to US$39588 ± 3523. Wild hunts charge on a per day 

basis (US$1800–3200 per day) for a safari which can occur between 14 and 

21 days, plus a trophy charge (US$4500–23000), and government and 

permit fees (Lindsey et al. 2012a).  Within Zimbabwe, a male lion trophy 

fee is US$3000 and is reported to be up to US$15000 elsewhere.  During 

permitted hunting periods in Botswana, the hunting industry was estimated 

to be worth US$4.5 million per yr, of which the government received only 

US$2250 per lion trophy.   

Within South Africa the trophy hunting is dominated by captive-bred hunts, 

which occur in small, fenced areas (canned hunting).  In an attempt to 

prevent put-and-take hunting of lions, the Threatened and Protected Species 

regulated that individuals could not be hunted within 24 months of release.  

However, objections eventually resulted in lions no longer being listed as a 

large predator under these regulations, and therefore, hunts were continued.  

In 2008, South African lion breeding facilities reported a captive population 

of approximately 3596.  This breeding and canned hunting industry 

generated approximately US$11.2 million and 220 jobs between 2005 and 

2007.  Compared to wild hunts, which have a success rate of 51–96%, 

captive-bred hunts have a 99.2% success rate (Lindsey et al. 2012a).  

Organisations, such as the South African Predator Association (SAPA), 

work towards promoting the ‘healthy and profitable predator breeding and 
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hunting industry’ of captive-bred lions (SAPA 2016).  It has been argued 

that this industry has the capacity to provide poor provinces with financial 

advantages; however, evidence of this is yet to transpire (Lindsey et al. 

2012a).  It is also argued that captive-bred hunting reduces the pressures 

imposed upon wild populations (Hargreaves 2010), can be used as a 

conservation tool, generates employment and contributes to the South 

African economy.  Conversely, it challenges trophy hunting credibility and 

reduces the demand for wild hunts.  This has the potential to undermine the 

hunting industry and result in the loss of incentives that assist in the 

conservation of wild lions across Africa (Lindsey et al. 2012a).  

Hunting lions possess a risk to the social structure of a pride, where 

infanticide by incoming males occurs upon the removal of resident male(s) 

(Lindsey et al. 2012a).  Carter et al. (2007) described three indicators of 

socio-spatial perturbation that can result from high mortalities: (1) a vacuum 

effect, where the removal of individuals results in neighbouring individuals 

diverging towards unoccupied territories; (2) territorial disruption, which 

occurs when previously defined territory boundaries of groups collapse; (3) 

the movement patterns of individuals change, to occupy or avoid new areas, 

which can result in high mortality (Davidson et al. 2011).  Loveridge et al. 

(2007) observed the vacuum effect due to excessive trophy hunting of 

dominant males within Hwange National Park.  Davidson et al. (2011) 

observed that post suspension of lion hunting in 2005 within Hwange 

National Park, Zimbabwe, cub survival increased, the abundance of males 

was suspected to increase, and dispersal behaviour changed to reflect the 

fact that more stable, discrete pride territories had been re-established.  This 

study indicated that suspension in hunting activity can allow populations to 
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recover.  However, the extent to which hunting can occur before a 

population is beyond self-recovery is unknown and must be considered.    

It is not a deficit in information upon behaviour that implicates lion 

conservation, but rather the lack of acknowledgement of the impact that 

various anthropogenic activities have upon populations.  The failure to 

successfully restrict human activities, such as sustainable hunting (Caro & 

Riggio 2014), results in over exploitation, which can jeopardise population 

survival.  It is clear that the hunting of lions is unlikely to cease in the near 

future, so continued monitoring of wild populations, stringent and enforced 

hunting quotas and continued research into the impact of poaching and 

canned-hunting upon wild populations must continue.  

1.7 African lion conservation programs and strategies 

Various conservation programs have been adopted to combat declining lion 

populations.  Tourism has been found to be an effective component of 

species conservation, particularly within developing countries, enabling 

political and economic support (Mossaz, Buckley & Castley 2015).  By 

preserving lions, increases in tourism have been observed, with the 

Amboseli National Park in Kenya reporting US$27000 per lion per yr being 

raised in tourism revenue (Loveridge et al. 2010b).  Although tourism has 

been observed to be successful in achieving community support in some 

incidences, advances in conservation goals can be lacking, and tourism does 

not always reduce poaching even in community managed areas, and some 

communities can be left ignorant or uninspired by the benefits of tourism.  

Evoking community support for lion conservation via tourism is difficult, 

particularly in areas of high livestock predation (Hemson et al. 2009).  
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When conducted at an incorrect scale, tourism also provides little to species 

conservation, particularly across small reserves that are fragmented and that 

do not manage population genetics (Mossaz et al. 2015).  When profits from 

tourism are not shared with local communities, negative attitudes towards 

conservation by people who live along reserve boundaries can accrue 

(Hazzah et al. 2014).  Successful tourism is not an approach applicable to all 

areas, because it requires infrastructure, political stability and a diverse 

range of species– criteria which some countries are unable to meet.    

State-run compensation schemes to mitigate human-carnivore conflict been 

instigated in countries across Africa, including Kenya, Botswana, Malawi 

and Zimbabwe, and have resulted in increasing human tolerance towards 

these species (Hazzah et al. 2009; Maclennan et al. 2009).  Despite this 

increased tolerance, these programs are subject to exploitation, high running 

and administration costs, and do not fully stop persecution (Hazzah et al. 

2014).  A survey of herdsman in the Maasai showed that of the 1141 

recorded occurrences of predation between May 2005 and May 2006, lions 

were responsible for only 5 %.  Despite being responsible for a small 

portion of the predation that occurs, the Maasai excessively target lions 

(Hazzah et al. 2009).  Hazzah et al. (2014) compared two programs, the 

Predator Compensation Fund (PCF) and Lion Guardians (LG), conducted in 

the Amboseli (Kenya), to assess for efficacy.  LG is a program that provides 

scientific and literacy training to local communities who then monitor lion 

movements and numbers.  Although the compensation program reduced lion 

killings, the use of the two programs together and Lion Guardians solely 

were most effective.  LG was found to be more cost effective than the PCF, 

with the former being US$140000 per yr and employing 38 community 
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members in a 3447km
2
, and the latter being US$250000 per yr and 

employing only 30 community members in a 2699km
2
 region.     

By the 1900s in South Africa, lions had been largely eradicated, leaving 

three main populations in Kruger National Park, the Kgalagadi Transfrontier 

Park and the Greater Mapungubwe Transfrontier Conservation Area (Miller 

et al. 2013). To date, lions have been reintroduced into 44 fenced reserves 

within South Africa (Caro & Riggio 2014).  Reintroductions only occur 

within South Africa once lion-proof fencing has been established and 

authorities consent to recapture or euthanasia of lions dispersing outside 

protected areas (Hunter et al. 2007; Slotow & Hunter 2009; Packer et al. 

2013).  These fenced reserves across Southern Africa consist of successfully 

established lion populations (van Dyk & Slotow 2003; Hayward & Kerley 

2009).  However, the conservation value of these populations is uncertain 

due to fragmentation (Slotow & Hunter 2009; Miller et al. 2014; Miller et 

al. 2015).  Due to human settlements and infrastructure, only a small portion 

of these fenced reserves would be able to connect and have their dissecting 

fences removed (Miller et al. 2013).  Miller et al. (2015) outlined four 

management requirements to ensure that the combination of populations 

across these reserves form a viable population.  Firstly, the lions located 

within these reserves need to be genetically similar to those that were 

originally located in these regions.  Each population must be individually 

viable, containing suitable numbers of adult lions and prides.  These 

populations then must contain prides that allow natural social mechanisms 

and overall, will imitate the genetic diversity and flow observed in natural 

meta-populations.  As many of the population reintroduced into these 

reserves were conducted for ecotourism purposes as opposed to ecological 
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ones, management needs to take into account the economic value of these 

populations in conjunction with their ecological value (Miller et al. 2013).  

As free-ranging populations continue to decline in size and become 

fragmented, particularly in Eastern Africa, the need for metapopulation 

management across all populations is increasing (Dolrenry et al. 2014).  

Although fenced populations have been effective in reducing conflict with 

humans and allowing lion population growth to reach carrying capacity, 

they clash with conservation polices and ethics, are aesthetically and 

financially costly, unrealistic for migratory species, and for small reserves, 

impose the need for careful management of population genetics and 

demography (Packer et al. 2013).           

The maintenance of a lion population at 50 % of its possible population 

density within an unfenced reserve costs approximately US$2000 per km
2
 

per yr (Packer et al. 2013).  Based on the 2013 average operational budget 

of the non-government organisation, African Parks, of US$830 ± 285 per 

km
2
, at least US$1.25 billion per yr is required to manage areas containing 

lions (Lindsey et al. 2016).  The ability of managers to raise necessary funds 

is limited, particularly when only small portions of tourism revenue are 

made available and trophy hunts can provide only US$1000 per km
2
 per yr 

(Packer et al. 2013).   

Conserving a species by a single approach is limiting and will not guarantee 

success, as population demographics, habitats, threats, and human views and 

practices vary across the distribution of a species.  Therefore conservation 

programs at a local level must be adaptable to pressures specific to the area 

(Macdonald & Sillero-Zubiri 2002).  However, unless sufficient funding and 
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political support towards conservation programs are increased to combat the 

threats that are causing the continued population decline, lions are likely to 

disappear across Africa (Bauer et al. 2015).     

1.7.1 African lion reintroductions 

As previously discussed, in-situ reintroductions of lions have been 

successfully conducted throughout Southern Africa (Hayward et al. 2007a; 

Hayward et al. 2007b; Hunter et al. 2007; Miller et al. 2013).  Despite 

success, some of these reintroductions were faced with complications, 

resulting from unconnected individuals, dispersal and conflict with humans 

post-release.  Such complications are reduced through the use of soft release 

(Hayward et al. 2007a; Hayward et al. 2007b) and fencing of reserves 

(Packer et al. 2013).  These reintroductions have resulted in small 

populations within many reserves that, under meta-population management, 

can become a crucial population component of the species.    

To date, ex-situ reintroductions of African lions have been limited and had 

low success that has resulted in the generation of largely anecdotal 

information.  These have been predominately conducted by Joy and George 

Adamson who hand-raised and soft released 17 lions, with the most well-

known of these being Elsa the lioness.  The approaches instigated by the 

Adamson’s have also been replicated by Gareth Patterson, and Tony 

Fitzjohn, both of whom conducted releases into the Mkomazi Game 

Reserve.  The pre-release procedures adopted within these releases involved 

walking young lions into natural areas, which facilitated exploration and the 

development of hunting behaviours.  While the release of Elsa the lion by 

the Adamson’s was successful in that the lioness survived to reproduce, in 
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the long term it was unsuccessful.  Elsa died from a tick-borne disease and 

her three orphaned cubs became problem animals as they predated upon 

livestock (Adamson 2000).  Although individual successes may have been 

recorded, lions lacking disease resistance and appropriate human avoidance 

behaviours resulted in release failures (Patterson 1994; Adamson 2000; 

Fitzjohn 2011; Abell et al. 2013b; Abell et al. 2013c).  Despite these 

difficulties, such attempts provided valuable information that will assist 

future ex-situ releases.  

The African Lion and Environmental Research Trust (ALERT) manage an 

ex-situ reintroduction program that will result in the soft-release of prides 

and coalitions.  This program utilises and has adapted some of the methods 

previously used by the Adamson’s.  Cubs are walked in pairs or threes in 

private game reserves and national parks up until the age of 18 months.  

Once of an appropriate age, these lions are then released within a carefully 

constructed pride into small fenced reserves, where-upon they are allowed 

to become self-sufficient in terms of hunting.  Subsequent offspring, which 

do not come into contact with humans, are raised by the pride, and are 

subjects for a soft-release stage (involving a larger reserve containing 

competitive predators) prior to wild release (Abell et al. 2013b).  This 

procedure therefore greatly reduces the exposure of release candidates to 

humans, removing reliance and tameness towards humans.  Ideally, this will 

reduce the likelihood of post-release failure occurring due to animal-induced 

conflict with humans, like in situations where lions are present around 

human dwellings and/or associated with livestock predation, as observed to 

occur in previous releases.  To date, this program has not conducted a 

release into the wild; however extensive pre-release monitoring is being 



86 
 

conducted on two captive-origin prides that successfully hunt and have 

reproduced within the small fenced managed reserves.  

The use of captive-origin lions for release is largely debated.  Ex-situ 

reintroduction programs for lions have previously been dismissed due to a 

lack of previous success, fear of lions being habituated to humans (Hunter et 

al. 2012; Hunter et al. 2013a), and the high associated costs, and are instead 

regarded as tourist attractions (Pritchard et al. 2011).  Hunter et al. (2013a) 

and Hunter et al. (2013b) currently argue that captive-origin lions do not 

have a place within in-situ lion conservation and instead distract from 

already successfully proved approaches, namely wild reintroductions.  

Criticism of the program is due to the lack of scientific assessment of the 

prides, and the fact that no wild release has been conducted to date.    

Despite these concerns, the occurrence of plummeting lion populations 

across Africa call for urgent intervention.  It is limiting to assume that lion 

ex-situ reintroductions may fail based upon those conducted upon large 

solitary felids; specifically due to the social nature of lions and the fact that 

the program in question has applied new approaches that have the potential 

to produce different results.  It is short-sighted to dismiss approaches that 

may be required in the future and prove to be a successful component to 

species conservation and restoration (Abell & Youldon 2013d).  Ex-situ 

reintroduction is not suggested to be a replacement approach for any other 

founded conservation program, but rather an avenue which may need to be 

considered in the future.  Subsequently, comprehensive assessments of 

captive-origin pride behaviour and functionality are required to provide 

scientific analysis of the suitability of individual lions for release.   
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To date, comprehensive assessment of captive-origin prides has been 

limited to a study conducted by Abell et al. (2013a) that evaluated pride 

sociality.  This study utilised Social Network Analysis (SNA), a method 

previously found to be effective in quantifying social structures and 

relationships between individuals (Krause, Croft & James 2007; Croft, 

James & Krause 2008; Wey et al. 2008; Sih, Hanser & McHugh 2009).  

This analysis allows insight into the underlying associations within a group, 

at a population and individual level (McCowan 2008).  At a population 

level, changes in social structure and the impacts of the surrounding 

environment can be assessed over time, while comparisons can be 

conducted between groups and populations of conspecifics and other 

species.  At an individual level, differences in social participation can be 

assessed (Makagon, Cowan & Mench 2012).   Abell et al. (2013a) identified 

that one of the ALERT captive-origin prides released into a 1.7km
2
 fenced 

reserve had become highly cohesive.  This analysis also allowed the various 

roles of sub-groups and individuals to be evaluated, resulting in sub-adults 

being identified as high initiators of interactions and most prevalent within 

social play, and adults being identified as high receivers of interactions.  

Using a similar approach employed by Lusseau, David and Newman (2004) 

to identify keystone social individuals within bottled nosed dolphins 

(Tursiops truncatus), Abell et al. (2013a) was able to identify a keystone 

adult female that was integral to the majority of social interactions and 

connected peripheral pride members to the rest of the pride.  Although this 

study indicated that the use of SNA is useful to provide an evaluation of a 

lion pride, further assessments of other aspects of lion behaviour of captive-

origin prides are required.  If ex-situ reintroduction is to be an effective tool 
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within lion conservation, rigorous scientific assessments, pre- and post-

release are required to address the concerns surrounding this program.    

1.8 Conclusion and study aims 

Lion populations have declined and continue to do so.  This is occurring 

despite awareness and various in-situ conservation programs across Africa.  

As populations become more fragmented, ensuring the genetic health of 

populations is becoming increasingly important.  In this instance, in-situ 

reintroductions have proved to be effective, while also allowing for the re-

establishment of populations in areas where lions have recently been 

extirpated.  While wild reintroductions have proved to be effective within 

Southern Africa, source populations that are able to provide prides and 

coalitions, and that are free of diseases, are dwindling.  While the use of 

captive-origin lions for reintroduction is debated, this is a method that may 

be required to supplement and re-establish populations across Africa in the 

near future.   

Prior to release, the assessment of individual and pride functionality is 

required to determine whether captive-origin lions are deficient in natural 

behaviours or have adopted abnormal behaviours.  This study was 

conducted upon two captive-origin prides under a soft-release ex-situ 

reintroduction program and a wild pride (pride compositions detailed in 

Chapter 2).  The study focused on specific behaviours, including daily 

activity, sociality, and hunting and territorial behaviour, singularly and 

together.  Firstly, a pilot study upon one captive-origin pride managed by 

ALERT was conducted to assess the suitability of the methodologies in 

collecting behavioural data.  This first study also included an investigation 
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into individual lion boldness as a pre-release assessment tool.  Assessing 

various aspects of behaviour in conjunction with boldness at an individual 

level provided insight into lion personality traits (Chapter 3).  Upon 

determining that the methodologies were appropriate, a second study was 

conducted which included two captive-origin prides, managed by ALERT, 

and a wild pride.  The inclusion of the wild pride that was studied under the 

same methodologies allowed for some comparisons between captive-origin 

and wild lion behaviours (Chapters 4–7).  Specifically, assessing daily 

behaviour of all prides provided an indication that in this environment 

captive-origin lions were exhibiting natural patterns of resting and activity 

(Chapter 4).  Each pride and the specific roles individuals and groups play 

within pride sociality were assessed by examining social interactions on an 

individual basis, via social network analysis (Chapter 5).  This thesis also 

examined whether captive-origin prides have developed species appropriate 

behaviours necessary for maintaining a territory by assessing the frequency 

of each type of territorial behaviour (Chapter 7).  The hunting behaviour of 

individual lions indicated whether captive-origin and wild-born offspring 

have developed species appropriate behaviours necessary for pride survival 

(Chapter 7).  Environmental parameters (vegetation type and temperature) 

and the GPS location of prides were also assessed throughout the study.  

The inclusion of environmental parameters within behavioural analyses 

allowed initial consideration of whether variations between prides were due 

to these factors.  Home range and space utilisation were assessed and 

compared between each pride by mapping the GPS locations of individual 

lions (Chapter 7).  This study provided the first comprehensive assessment 

of lion behaviour and comparison between captive-origin and wild lions.  
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Such studies are imperative for the pre-release assessment of lions within an 

ex-situ reintroduction program.          
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Chapter 2  

Materials and Methods 
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2.1 Pride descriptions 

2.1.1 Brief history of ALERT prides 

The African Lion and Environmental Research Trust (ALERT) manage an 

ex-situ reintroduction program for the African lion (Panthera leo).  At the 

time of the study, this program had two captive-origin prides (Ngamo and 

Dambwa prides).  The adults of these prides were born into captivity and 

underwent the Rehabilitation Phase of the ALERT program.  This stage 

involves cubs being housed together (those from the same litter and if 

present, of similar ages) and walked in groups of 2–3 cubs with trained lion 

handlers and volunteers.  These walks take place into Antelope Park, a 

private game reserve in Zimbabwe (Ngamo pride) or the Mosi-O-Tunya 

National Park in Zambia (Dambwa pride).  During these walks, cubs were 

exposed to a natural environment containing various prey species, allowing 

exploration and the development of hunting behaviours.  At approximately 

18 months of age, lions were then retired from these walks and for the 

Ngamo pride, entered a day and night encounter program.  This involved 

lions in groups of 2–3 being escorted by vehicles into Antelope Park during 

day or night hours to encourage the continued development of hunting 

behaviours.  For a brief period, night encounters were conducted for the 

Dambwa pride into the Dambwa Reserve prior to the pride being released.  

After completing these programs, a pride of females was constructed and 

housed together prior to release into a fenced reserve, with the pride male 

being introduced to the pride at a later date (ALERT Release Phase).  These 

release sites contained various game species and contact with humans was 

removed other than the pride being monitored by trained research 

technicians located in vehicles that the pride were habituated to.  Within 
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these release sites, the pride was allowed to hunt and reproduce.  Due to the 

history of the adults, these prides are considered to be of captive-origin.  

The cubs born into these prides do not have direct contact with humans, and 

due to being raised within a natural system, are considered as ‘wild born’ 

and are be subjects for release into the wild in the future.  Releases into the 

wild are the Reintroduction Phase of the ALERT program and to date has 

not been conducted.  Therefore, assessments of these prides are considered 

to be ‘pre-release’ assessment, as evaluation of the cubs and sub-adults born 

into these prides are critical prior to their release into the wild.     

2.1.2 Ngamo pride 

 

Figure 2.1. Location of Ngamo release site within Zimbabwe, Africa.  
 

Located 13km outside of the township of Gweru, Zimbabwe, the Ngamo 

pride release site was situated within a reserve managed by the African Lion 

and Environmental Research Trust (ALERT).  The site GPS co-ordinates 

were 19º30’S, 29º44’E and was situated on the central Midlands plateau 
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within the Zambezian Highveld eco-region and terrestrial Zambezian 

biogeographical zone (IUCN 1992).  The annual average temperature of 

Gweru was 18.3ºC, with a range of -0.6 –35ºC, with the lowest temperatures 

occurring in June (average 13.9ºC) and the highest in November (average 

21.7ºC).  The average annual precipitation of Gweru was 673.1mm, which 

predominately fell between November and March (Weatherbase 2016a).  

The 1.7km
2
 fenced reserve had a topography which ranged between 1370–

1398m above sea level, and consisted of open grassland and dry miombo 

woodland.  The western boundary of the release site borders Antelope Park, 

a privately owned game reserve that contains various small, medium and 

large bodied herbivorous species.  While a fence separates the game reserve 

and release site, individuals and herds of these prey species can often be 

observed from within the Ngamo site.  All other boundaries of the release 

site border community and privately owned land.  Located approximately 

1km to the northwest of the Ngamo site is an area containing captive lions; 

while these lions cannot be viewed from release site, they are within 

auditory distance.  The release site contained three managed water sources, 

situated throughout the site, which were constantly monitored to ensure 

water was available at 2–3 of these waterholes at all times.  The release site 

consisted of naturally occurring prey species, (common duiker Sylvicpra 

grimmia) and steenbok (Raphicerus campestris)) and impala (Aepyceros 

melampus) as an introduced species.  Due to low prey densities during the 

study, a scavenge carcass was provided to the pride approximately every 2–

14 days, with day and location of the carcass within the reserve being 

randomised each time to prevent the pride from being able to predict a 

scavenge opportunity.  
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The adult lions of the Ngamo pride were captive-bred and reared under the 

Rehabilitation Phase of the ALERT program (see section 2.1.1).  Due to the 

differences in ages, adult male MI was not reared and housed with the adult 

females of the pride prior to release into the Ngamo release site.  Prior to 

release into the Ngmao release site (Figure 2.1), adult females AS, KE and 

PH, along with two other adult females and two adult males, were released 

into a different release site on the 29
th
 of August 2007.  This site was 

situated elsewhere in Midlands Zimbabwe but was relocated to its current 

position after August 2008.  On the 1
st
 of September 2010, adult females 

AS, ATH, KE, KW, NL, NR and PH were released into the Ngamo release 

site.  On the 15
th
 of September 2010, adult male MI was released into the 

site.  The first litters of cubs were born into the pride on the 20
th
 of January 

2011, with many of the pride females giving birth to cubs up until the 4
th

 of 

November 2011 (Table 2.1).  Adult female ATH and NR were removed 

from the release site prior to the commencement of the study. These 

lionesses were removed due to intra-pride conflict and a life-threatening 

injury.  During the study, the Ngamo pride had no visual or physical contact 

with any other lions.  
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Table 2.1. History of the adult lions of the Ngamo pride and whether they (and 

their offspring born into the site) were located within the Ngamo site at time of 

the study.  

Lion ID 
Date of 

birth 
Litters of cubs  

Located in 

release site? 

MI (♂) 07/12/2002 Sired all cubs born into the pride 
Present in 

release site. 

AS (♀) 

08/11/2004 

(sibling to 

ATH) 

Litter 1: 3 cubs born 10/06/2011, 

none survived. 
Litter 2: 2 cubs born 04/11/2011, 

AS4 (♀) and AS5 (♂) 

Present in 

release site with 

offspring AS4 

and AS5. 

ATH (♀) 

08/11/2004 

(sibling to 

AS) 

Litter 1: 3 cubs 20/01/2011, 2 
died, AT1 (♀) survived.  

Removed from 

release site. 

KE (♀) 

31/10/2004 

(sibling to 

KW) 

Litter 1: 2 cubs 20/02/2011, none 

survived. 

Litter 2: 3 cubs, I died, KE3 (♀) 
and KE4 (♀) survived. 

Present in 

release site with 

offspring KE3 

and KE4. 

KW (♀) 
31/10/2004 
(sibling to 

KE) 

No litters of cubs due to being 

spayed. 

Present in 

release site. 

NL (♀) 
26/11/2004 
(sibling to 

NR) 

No litters of cubs due to being 

spayed. 

Present in 

release site. 

NR (♀) 

26/11/2004 

(sibling to 
NL) 

No litters of cubs due to being 

spayed. 

Removed from 

release site. 

PH (♀)      04/07/2005 

Litter 1: 3 cubs 1/10/2011, none 

survived. 

Litter 2: 3 cubs 22/02/2012, none 
survived. 

Present in release 

site. 

 

During the study, the pride was monitored up to three times a day, between 

the following time sessions; 0630–0830hr, 1100–1300hr and 1600–1800hr.  

The pride was located via scat tracking.  The composition of the Ngamo 

pride and study period is displayed in Table 2.3.  
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2.1.3 Dambwa pride 

 

Figure 2.2 Location of the Dambwa release site within Zambia, Africa.  

 

Located approximately 8km from the township of Livingstone, Zambia, the 

Dambwa pride was managed by ALERT.  Situated within a 2.2km
2
 fenced 

reserve in Dambwa Forest, the reserve GPS co-ordinates were 

17°50’31”.3’S, 25°45’14”.2’E.  The Dambwa Forest has an altitude range 

between 900-1000m above sea level.  The annual temperatures of 

Livingstone ranged from -2.8–40.6ºC, with June being the coolest (average 

16.1ºC) and October (average 26.7ºC) being the warmest month.  Average 

rainfall was 779.8mm, with the majority of this falling between November 

and March (Weatherbase 2016b).  The woodland was dominated by various 

vegetation types, including highly viable timber trees used by the 

Livingstone community (Baikiaea plurijuga, Afzelia quanzensis and 

Pterocarpus angolensis) to make charcoal (Phiri 2009).  The western 

boundary of the release site borders land managed by ALERT.  Enclosures 

containing captive lions are located at least 500m from this western 
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boundary, and while these lions are not visible from the release site, they are 

within auditory distance.  All other boundaries of the release site border 

with community and privately owned land.  The release site contained two 

managed water sources and a naturally occurring spring.  The two managed 

water sources were constantly monitored to ensure water was available at all 

times, while the natural spring often contained water, however not 

consistently throughout the dry season.  The release site contained naturally 

occurring species (common duiker) and introduced species (impala and 

puku (Kobus vardonii).  Due to low prey densities at time of the study, a 

scavenge carcass was provided to the pride approximately every 2–14 days, 

with day and location of the carcass within the reserve being randomised 

each time to prevent the pride from being able to predict a scavenge 

opportunity.  

The adult lions of the Dambwa pride were captive-bred and reared under the 

Rehabilitation Phase of the ALERT program (see section 2.1.1).  All of the 

adults of the Dambwa pride were of similar ages, resulting in many of these 

pride members being reared and housed together (including adult male ZU) 

prior to release into the Dambwa release site.  On the 26
th

 of August 2011, 

adult females RS, TE, LO, LE, KE and KW were released into the Dambwa 

site.  On the 11
th
 of December 2011, adult male ZU was released into the 

Dambwa site.  Adult female TE was removed from the release site, due to 

intra-pride conflict, approximately a month into the time the pride was 

studied, and due to not being observed as a member of the pride (not located 

with the pride and did not engage in affiliative social interactions with the 

pride), data was not recorded and presented for this lioness.  During the 
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study, the Dambwa pride had no visual or physical contact with any other 

lions.  

Table 2.2. History of the adult lions of the Dambwa pride and whether they 

(and their offspring born into the site) were located within the Dambwa site at 

time of the study. 

Lion ID 
Date of 

birth 
Litters of cubs  

Located in 

release site? 

ZU (♂) 05/07/2008 
Sired all cubs born into the 
release site. 

Located in 

release site. 

LE (♀)  

26/05/2008 

(sibling to 
LO) 

Litter 1: 3 cubs 30/01/2014 LE1 

(♂), LE2 (♀) and LE3 (♂) 

Located in 

release site with 

offspring LE1, 

LE2 and LE3. 

LO (♀) 

26/05/2008 

(sibling to 
LE) 

No known litters of cubs 
Located in 

release site. 

KE (♀) 

03/05/2008 

(sibling to 
KW) 

Litter 1: 29/09/2013, cubs never 

observed. 

Litter 2: approximately 
12/06/2014, cubs never 

observed. 

Located in 

release site. 

KW (♀) 

03/05/2008 

(sibling to 

KE) 

Litter 1: 23/10/2013, cubs never 
observed. 

Litter 2: Approximately mid 

07/2014, cubs never observed 

Located in 

release site. 

RS (♀) 09/08/2008 
Litter 1: 3 cubs 21/06/2013, RS1 

(♀), RS2 (♂) and RS3 (♀) 

Located in 

release site with 

offspring RS1, 

RS2 and RS3. 

TE (♀) 06/10/2008 No known litters of cubs. 
Removed from 

release site.  

 

During the study, the prides was observed between the following times 

0700–0900hr, 0900–1200hr and 1500–1700hr.  The pride was located via 

telemetry, assisted by collars located on the adults of the pride.  The pride 

Dambwa pride composition and period of study is displayed in Table 2.1.  
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2.1.4 Makhutswi pride 

 

Figure 2.3 Location of the Greater Makalali Private Gamer Reserve, South 

Africa. 

 

The Makhutswi pride was located on the Greater Makalali Private Game 

Reserve (GMPGR), Hoedspruit, South Africa.  Previously a 75km
2
 cattle 

ranch, Makalali was formed in 1993, and has grown in subsequent years due 

to the removal of fences between neighbours.  The Big Five 234.8km
2
 ha 

reserve GPS co-ordinates were 29º09’S, 30º42’E.  The topography of the 

reserve ranged between 300–500m above sea level, with areas of rocky 

outcrops.  Dominate vegetation types ranged from Mixed Lowveld 

Bushveld and Mopane Bushveld, and a major river system (Makhutswi 

River) runs west to east through the reserve.  The Makhutswi River system 

provides a consistent water source in the southern sector of the reserve, 

while the reserve also contains another river system (often dries up during 

the dry season) in the northern sector, and dams scattered throughout the 

reserve.  Some of these dams are managed, ensuring that various water 
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sources are available throughout the reserve during the dry season and 

drought.  Annual average temperatures vary across the reserve, with a 

minimum of 3ºC during winter and a maximum greater than 36ºC in 

summer.  Average annual rainfall was 450mm, which predominately falls 

between October and March (Durant 2004).  For Hoedspruit, average 

temperatures ranged from 7.1–30.2ºC, with annual an average precipitation 

of 410mm (SA Explorer 2016).  The boundaries of the GMPGR border 

privately owned land that is utilised as farm land or has been converted to 

game reserves.  On the western boundary of the GMPGR, separated by a 

road, is a game reserve known to contain lion population.  Consequently, 

adult males have been observed to patrol the boundaries of both reserves.  

During the study, the adult females, sub-adults and cubs were not observed 

to come into contact with any of their neighbouring prides.  Lions were 

firstly reintroduced to the reserve in 1994 with a pride sourced from Kruger 

National Park, where translocations from and reintroductions into the 

reserve have occurred since (Druce 2004).  At the commencement of the 

study in July 2014, the lion population was estimated to be a total of 34 

individuals, consisting of three prides, four male coalitions and a nomadic 

female and her two offspring.  At the completion of the study in October 

2015, the population was estimated to be approximately 39 individuals, 

from guide sightings.  The reserve composition between the two study 

periods changed due to the natural death of an adult female and male, 

removal of two adult males, translocation of 4 sub-adult males, and the birth 

of approximately three litters of cubs and arrival of an adult male from a 

neighbouring reserve.  The Makhutswi pride was the subject of this study 

and consisted of cubs, sub-adults and adults.  During the study, the two 
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dominant adult males of the pride were also dominant over another pride 

within their territory.  The adult females and offspring of the Makhutswi 

pride had no contact or affiliation with the adult females or offspring of the 

other pride.  The composition of the Makhutswi changed across the two 

study periods, shown in Table 2.3.  Trained safari guides from the various 

commercial safari lodges and the resident research centre, Siyafunda, 

conducted drives around the reserve once to twice a day.  With the 

assistance of Siyafunda, the pride was located via scat tracking and 

observed for 1–3hr, up to twice a day, any time from 0630–1930hr.  
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Table 2.3. History and composition of the Makhutswi pride across the two 

study periods (2014 and 2015) of the pride. 

Lion ID 

(sex) 

Estimated date 

of birth 
Paternity and siblings 

Present in 

pride in 2014 

and 2015? 

XI (♂) 2003 
Uncle to MA and possible father 
of Makhutswi pride offspring 

Present for 2014 
and 2015 study 

MA (♂) 2004 

Nephew to XI and possible 

father of Makhutswi pride 

offspring 

Present for 2014 

and 2015 study 

MID (♀) 
February 2000-
2002 

Mother of DE and LB 

Present for 2014 

study only (died 

post 2014) 

DE (♀) 
March/April 

2009 

Daughter of MID(father 

unknown), litter mate to LB. 

Mother of NH, DU, 

CUB1,CUB2 and CUB3 

Present for 2014 

and 2015 study 

LB (♀) 
March/April 
2009 

Daughter of MID (father 

unknown), litter mate to DE. 

Mother of LU, SA and WA.  

Present for 2014 

and 2015 study 

NH (♀) March 2012 

Daughter of DE (father either XI 
or MA) and sister to DU. 

Suspected mother of CUB4 and 

CUB5. 

Present for 2014 
and 2015 study 

DU (♂) March 2012 
Daughter to DE (father either XI 

or MA) and litter mate to NH. 

Present for 2014 

study only 

(translocated 

post 2014) 

LU (♂) August 2012 Son of LB (father either XI or 

MA) and litter mate to SA and 

WA. 

Present for 2014 

study only 

(translocated 
post 2014)  

SA (♂) August 2012 Son of LB (father either XI or 

MA) and litter mate to LU and 

WA. 

Present for 2014 

study only 

(translocation 
post 2014) 

WA (♂) August 2012 Son of LB (father either XI or 

MA) and litter mate to LU and 

SA. 

Present for 2014 

study only 

(translocated 
post 2014) 

DA (♀) November/ 

December 2013 

Daughter of LB (father either XI 

or MA) and litter mate to LI. 

Present for 2014 

and 2015 study 

LI (♂) November/ 
December 2013 

Son of LB (father either XI or 
MA) and litter mate to DA. 

Present for 2014 
and 2015 study 

CUB1 

(un)  

March/April 

2015 

Offspring of DE (father either 

XI or MA) and litter mate to 
CUB2 and CUB3 

Present for 2015 

study only (born 
post 2014) 

CUB2 (

♂) 

March/April 

2015 

Son of DE (father either XI or 

MA) and litter mate to CUB1 

and CUB3.  

Present for 2015 

study only (born 

post 2015) 

CUB3 

(un) 

March/April 

2015 

Offspring of DE (father either 

XI or MA) and litter mate to 

CUB1 and CUB2 

Present for 2015 

study only (born 

post 2014) 

CUB4 (

♂) 

March/April 
2015 

Son of NH (father either XI or 
MA) and litter mate to CUB5 

Present for 2015 
study only (born 
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post 2014) 

CUB5 (

♀) 

March/April 

2015 

Daughter of NH (father either 

XI or MA) and litter mate to 

CUB4.  

Present for 2015 

study only (born 

post 2014) 

 

2.1.5 All prides 

For this study, lions were considered as cubs if under 2 yrs of age, a sub-

adult if aged between 2–4 yrs and an adult if older than 4 yrs.  An overview 

of the composition of each pride and the time period they were studied is 

provided in table 2.4.  

Table 2.4. Study period and pride compositions.  

Pride Study Period Cubs  

(< 2 yr) 

Sub-

adult  

(2 - 4 yr) 

Adult  

(> 4 yr) 

♂ ♀ Un. ♂ ♀ ♂ ♀ 

Ngamo  14 May -21 June 

2014 

0 0 0 1 4 1* 5* 

Dambwa 21 September 

2014 – 19 June 

2015 

3 3 0 0 0 1* 5* 

Makhutswi 

1 

 

 

1 July – 12 

September 2014 

1 1 0 4 1 2 3 

Makhutswi 

2 

17 August – 20 

October 2015 

2 3 2 0 1 2 2 

* = Captive-bred adult; Un. = unknown 

 

 

2.2 Methodologies  

Observations were conducted 1–3 times each available day, during the times 

stated previously for each pride.  The duration of an observation session 

ranged between 1–3hr, with a minimum of 1hr being conducted, within 

which all data was collected via direct observations from a research vehicle.  

All prides’ were habituated to the research vehicles used prior to data 

collection.  
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2.2.1 Activity budget 

The activity of each visible lion within the pride was collected with the use 

of a species-specific ethogram (Table 2.5).  Each individual lion was 

identified and their behaviour recorded every 5min.  This resulted in 

between 12 and 36 data point recorded for each lion per observation session.   

During analysis (Chapter 4), the two studies on the Makhutswi pride were 

treated as independent.   
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Table 2.5. Categories and definitions of behavioural ethogram.  

Measure Description 

Resting  An individual was observed to be sitting or lying down. Eyes 
may be closed (sleeping) or if open, the lion is not visually 

engaging with or being distracted by occurrences in the 

surrounding environment.  

Alert An individual was observed to be stationary in a standing, 

sitting or lying down position. The individual has eyes open 
and is visually engaged or interested in the surrounding 

environment.  

Grooming An individual used its tongue to clean areas of the body by 
licking. Behaviour also includes licking of the front paw 

which is then rubbed on the face. This behaviour is self-

grooming (allo-grooming is a social interaction). 

Movement: 

M1: 

 

M2: 

 

 

M3: 

 

 

M4: 

An individual moved directly from one place to another. 

Includes walking from a sunny position to a shaded area, 
walking to or from a food or water source, and moving from 

one resting position to another. 

An individual conducts exploratory motion. This involves 

walking from one position to another while conducting stops 
for sniffing, scent-marking and surveying the surrounding 

environment. 

An individual conducts stalking towards a prey species. This 

involves slow approach in a standing or crouched position, 

which can include swift bursts or forward motion. Stalking 

of a pride member is a social behaviour. 

An individual conducts chase behaviour towards a prey 

species.  

Vocalisation An individual was observed or heard to be call, whether it 

was a contact call or a roar. Mouth is open and for a roar, the 

body often moves with sharp, deep inhalations.  

Eating An individual was observed to consume food or water. 

Social Interaction An individual was observed to engage in contact with 

another pride member. This included greets, social-

grooming, social-play or aggression (defined in Table 3). 

Abnormal 

Behaviour 

An individual was observed to engage in a behaviour not 

commonly observed in wild lions. This could include pacing 

in a repetitive motion (straight line or figure eight), and over 
self-grooming, resulting in balding patches of coat, generally 

located on the front legs. 

Individual Play An individual was observed to engage in a stimulating 

activity by themselves, such as interacting with an object in 

the surrounding environment (stick, leaf, rock etc).  

Out of Sight An individual was unable to be seen by researcher, due to 

being located behind a physical barrier (another lion, tall 

grass, shrub, trees or termite mound), resulting in behaviour 
of individual unable to be determined. The individual was 

known to be within 50 metres or visibility of the pride. 

Not Present An individual was known to not be present with the pride, 

and is out of visible sight of the researcher, therefore 

behaviour is unknown.  
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2.2.2 Social interactions 

All social interactions witnessed during each observation session were 

recorded.  With the use of a table (Table 2.6), social interaction types, which 

have been previously described by Schaller (1972) were categorised.  The 

interaction type, individual who initiated and received the interaction, and 

whether the interaction was accepted, ignored or rejected by the receiver 

were recorded.  A social interaction bout ceased once the behaviour was no 

longer observed for 1min.  If the behaviour was observed again after this 

period had passed, it was recorded as a new bout.  The first interaction type 

observed between two individuals was recorded, with subsequent 

behaviours recorded once interaction had ceased for 1min.  The analysis 

detailed in this dissertation (Chapter 5) excludes data collected upon the 

Dambwa pride after the 6
th
 of December 2014 and the Makhutswi 2 pride.   

Table 2.6. Categories and descriptions of social interaction behaviours. 

Measure Description 

Greet An individual was observed to make contact with 

another pride member(s), either by head to head or head 

to body contact. 

Social Grooming An individual was observed to lick another pride 

member(s). 

Social Play  An individual was observed to interact with another 
pride member(s) in a playful manner, categorised into 

four types as described by Schaller (1972): 

 Chase An individual pursues another, and can include a lion 

attempting to jump on the back of the leading lion. 

 Wrestle An individual lies on their back while another stands, 
crouches or lies, mauling the throat or grasping a paw or 

other part of the body with their mouth. 

 Pawing An individual gently swats at another with their 

forepaw.  

 Stalk An individual crouches, pauses and advances in a stalk 

or crouched walk, which can fasten into a rushed 
approach, towards a target pride member. 

Aggression An individual was observed to exhibit any of the 

following in response to the presence of another pride 

member(s); protective stance, snarl, aggressive 

vocalisation, unfriendly swipe with the front paw, 
retreat, aggressive chase or wrestle. 
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2.2.3 Hunting behaviour 

Hunting behaviour was recorded at all occurrences during observation 

sessions.  The prey species, vegetation type, the lion(s) who initiate and 

participate in the hunt and their approach type (flank left or right or direct 

approach), whether a chase was initiated, a kill made, and who participated 

in carcass consumption were recorded.  If the pride was located upon a 

carcass but the chase and kill was not witnessed, the pride members who 

showed physical signs of having fed (extended stomach, blood on facial and 

forelimb areas) and the prey species (if identifiable) were recorded.   

2.2.4 Territorial behaviour 

Territorial behaviour was recorded at all occurrences during all observation 

sessions.  The territorial type (vocalisation, urination scrape or spray), and 

the individual(s) who initiated and participated in the behaviour were 

recorded.  A territorial behaviour bout ceased once the individual(s) sat or 

lay down.   

2.2.5 Pride data 

At the beginning and end of each observation session, a pride dynamic was 

recorded.  This involved recording whom each individual pride member was 

located nearest to, and an estimation of the distance (in m) between the two 

lions.  If an individual was observed or known to be within 50m or within 

view of the pride, present unknown was recorded.  If an individual was 

known to be greater than 50m and not within view of the pride, not present 

was recorded.  This data was analysed in conjunction with social 

interactions (Chapter 5).  
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2.2.6 Environmental and climatic data 

Various environmental factors were recorded at the beginning and end of 

each observation session.  This included the GPS location of the pride, 

surrounding vegetation type, and through the use of a Kestrel 4200 Pocket 

Air Flow Tracker, the temperature, humidity, wind mph and cfm, and 

altitude was recorded.  Temperature and vegetation type was analysed in 

conjunction with the activity budget (Chapter 4).  The recorded GPS 

coordinates for each pride were analysed in Chapter 7.  

2.2.7 Boldness test 

Boldness tests were conducted during the last 40 minutes of an afternoon 

observation session (post 1600–1800hr).  Pre-recorded vocalisations of 

competitive species were used as a stimulus; territorial vocalisations of an 

unknown lion pride (approximately eight lions) and feeding vocalisations of 

a spotted hyena (Crocuta crocuta) clan (approximately four hyenas).  The 

lion playback was duration of 180sec, and the hyena playback 220sec.  

Playbacks were saved as wav files on a USB portable device and amplified 

through two portable1800W Superman Professional Speakers, with 

frequency response AC220–240V, 50–60Hz.  The speakers were placed 

vertically in the back of a utility vehicle which was positioned outside of the 

reserve boundary during the playback.  The vehicle was located a minimum 

of 200m from and out of view of the pride, and the playbacks played at a 

volume which could be heard by the lions and researcher.  Upon 

commencement, the reactions of all visible lions to a playback were 

recorded, with a bold reaction associated with a + score and a fearful 

response associated with a – score (Table 2.7).  The responses of the lion 

were recorded for up to 30min, or ceased once all lions stopped their 
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approach or retreat, and conducted behaviours that indicated that their 

interest had terminated, such as grooming or resting, for more than 5min.  

The sum of these scores per lion were calculated to provide an overall 

boldness score for each test, with a low score (-7) indicating a more fearful 

lion and a higher score (+13) indicating a bold lion.  Boldness tests were 

only conducted on the Ngamo pride during the pilot study (Chapter 3).  

Table 2.7. Categories of behavioural responses and associated score for the 

boldness test.  

Category Did not 

respond 

 YES NO 

Observed to hear playback? 0 1 0 

Observed to stand in response? (if 

previously sitting or lying down) 

0 1 0 

Roared in response 0 1 0 

Snarl or have a defensive facial 

expression? 

0 -1 0 

Move 5 metres towards playback? 0 1 0 

Move 5-10 metres towards playback? 0 1 0 

Move 10-20 metres towards playback? 0 1 0 

Move 20-50 metres towards playback? 0 1 0 

Move >50 metres towards playback? 0 1 0 

Number of pauses during approach? 

 

0 1-3 pauses = -1 

4-6 pauses = -2 

>7 pauses = -3 

1 

Retreats up to 5 metres from playback 0 -1 0 

Retreats 5-10 metres from playback? 0 -1 0 

Retreats 10-20 metres from playback? 0 -1 0 

Retreats 20-50 metres from playback? 0 -1 0 

Retreats >50 metres from playback? 0 -1 0 

Number of pauses during retreat? 0 1-3 pauses = 1 
4-6 pauses = 2 

>7 pauses = 3 

0 

Retreats behind a physical barrier from 

playback? 

0 -1 0 

Seeks a higher position 0 1 0 

Follows another pride member? 0 -1 0 

For territorial urination behaviour, either scrapping or spraying, the  

following additional scores are added to the previous boldness score: 

Number of times urination occurred, 

either via spray or scraping 

1-2 3-5 6-8 >9 

Score  1 1 1 1 
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2.3 Variations in chapters 

Not all pride members for each pride were included within the data analysis 

for each chapter.  As the boldness test was conducted during the pilot study 

(Chapter 3), it was only performed on the captive-origin Ngamo pride.  

Boldness tests were not performed on any other pride due to time 

restrictions.    

During the preparation of the manuscript for a special edition of Current 

Zoology (Chapter 5), data collection and analysis had not yet been 

completed for the Makhutswi pride in 2015 (Table 2.1).  When considering 

the inclusion of this data on this pride within the dissertation, it did not 

provide any additional information or explanation in regards to the research 

questions on pride sociality, and was therefore excluded from Chapter 5 and 

6. 

As the Makhutswi pride was studied over two time periods and underwent 

changes in composition (Table 2.1), the data collected over these two time 

periods were treated as independent.  This resulted in effectively two wild 

prides, Makhutswi pride 1 and Makhutswi pride 2, being included in the 

activity budget (Chapter 4 and 6) and territorial and hunting behaviour 

(Chapter 7) analyses.  In addition, for the Makhutswi pride, adult female 

MID was not included within the activity budget analysis (Chapter 4) and 

therefore behavioural correlations analysis (Chapter 6) as the total time this 

lioness was observed was less than 3hrs.  This lioness was also not included 

within the analysis of hunting and territorial behaviours (Chapter 7) as no 

data on these behaviours was recorded for this individual.  However, MID 

was included within the SNA (Chapter 5), as this lioness was observed to 

interact with one of the adult males of the pride.   
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“You know you are truly alive when you’re living among lions”  

                                                                - Karen Blixen 
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Chapter 3 

Exploring African lion (Panthera leo) behaviour 

phenotypes: individual differences and 

correlations between sociality, boldness and 

behaviour. 

 

 

 

 

 

 

 

 

This chapter is published as:  

Dunston EJ, Abell J, Doyle RE, Evershed M, Freire R, 2016. Exploring 

African lion (Panthera leo) behaviour phenotypes: individual differences 

and correlations between sociality, boldness and behaviour. Journal of 

Ethology, 1-14.  

This chapter has been edited to fit within the thesis and is not displayed in 

the exact style and content as the published manuscript. 
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3.1 Abstract 

Increasing our understanding of personality, at an individual and group 

level, is crucial to the pre-release assessment of social species within ex-situ 

reintroduction programs.  This study conducted the first exploration into the 

personality of a captive-origin pride of African lions (Panthera leo), 

assessing behavioural variations and consistencies in daily activity, social 

and hunting behaviour, and boldness.  Data were collected via direct 

observations, while a species-specific protocol for testing boldness, using 

playbacks, was developed.  Differences in sex, age and session time for the 

activity budget were evaluated using Pearson correlations and repeated 

measures ANOVA while social interactions were analysed using Social 

Network Analysis (SNA).  Spearman’s correlations were conducted to 

assess for associations between boldness scores, activity and sociality.  The 

two boldness tests provided a range of scores per lion, indicating the test 

was effective.  Correlations and variations in individual behaviour indicated 

that adults and sub-adults have specific roles within pride behaviour.  

Correlations between boldness and activity and social behaviours provided 

information upon the role of individuals, allowing investigation into the 

behaviour of dominant and a social keystone.  This study indicates that 

evaluating various aspects of behaviour in conjunction with boldness has the 

potential to assist the pre-release assessment of a pride within an ex-situ 

reintroduction program.  

3.2 Introduction 

The African lion (Panthera leo) has suffered large population declines, with 

estimates in the 1950s, 500,000 (Hazzah et al. 2009), dropping to between 

23,000 (Bauer & Van Der Merwe 2004) and 32,000 (Riggio et al. 2013) 
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today.  Deduced from analysing 47 subpopulations, the IUCN states that 

lion populations have suffered an approximate 43% decline over the past 21 

yrs (Bauer et al. 2016).  Despite in-situ conservation efforts, populations 

continue to decline, requiring other methods to be explored (Abell et al. 

2013a; Abell et al. 2013b).  Lion reintroductions from wild sources have 

been relatively successful in Southern Africa (Hayward et al. 2006; 

Hayward et al. 2007b; Hunter et al. 2007).  Yet, the ex-situ reintroduction of 

lions is largely disputed, with concerns that captive-origin individuals are 

deficient in species-appropriate behaviours necessary for wild survival 

(Kleiman 1989; Hunter et al. 2013a). 

Reintroduction of species from wild and captive sources have had mixed 

results, with success ranging between 11% and 53% (Griffith et al. 1989; 

Beck et al. 1994; Jule, Leaver & Lea 2008).  The assessment of 

reintroduction success is becoming increasingly necessary, particularly for 

carnivores, within species conservation (Breitenmoser et al. 2001; Hayward 

& Somers 2009; Somers & Gusset 2009).  Pre-release monitoring in ex-situ 

reintroduction allows selection of individuals most suited for release, thus 

increasing post-release success and survival (Biggins et al. 1999).  Pre-

release monitoring and training programs have increased the post-release 

survival of many species, including Golden lion tamarins (Leontopithecus 

rosalia) (Stoinski & Beck 2004), New Zealand robins (Petroica australis) 

(Armstrong et al. 2002), tammar wallabies (Macropus eugenii) (Griffin, 

Evans & Blumstein 2001) and prairie dogs, (Cynomys) (Shier & Owings 

2006).  One factor that is known to result in reintroduction failure is that 

captive individuals are behaviourally inept for survival within challenging 

environments (Watters & Mehan 2007; Jule et al. 2008).  Through the study 
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of animal personality, we have the ability to identify key species-specific 

behavioural traits necessary for survival, allowing us to prepare animals and 

identify individuals that are most suited for release (Watters & Meehan 

2007).   

Animal personality is the behavioural differences between individuals 

which can be relatively consistent across contexts (Dingemanse et al. 2009; 

Rèale & Dingemanse 2010).  Personality influences interactions and group 

structure (Watters & Powell 2011), while a personality trait may or may not 

be expressed by all individuals of a species (Rèale et al. 2007).  Boldness is 

a trait that is important for individual and species survival and adaptation 

(Bremner-Harrison et al. 2004).  How boldness impacts dominance and 

social structures, other behaviours (such as aggression) and responses to 

predators have been explored in various species (wolves, Canis lupus, 

MacDonald 1983; three-spined sticklebacks, Gasterosteus aculeatus, Ward 

et al. 2004; field crickets, Gryllinae, Kortet, Rantala & Hedrick 2007; 

crayfish, Pacifastacus leniusculus, Pintor, Sih & Bauer 2008; domestic cats, 

Felis catus, Finkler & Terkel 2015).  Boldness is one trait that has received 

the most focus in personality research in the context of reintroductions 

(Bremner-Harrison et al., 2004; Watters & Meehan, 2007; Sinn et al., 2014).  

Within ex-situ reintroduction programs, assessing boldness has been found 

to be effective in predicting post-release survival.  Bremner-Harrison et al. 

(2004) conducted a study on swift foxes (Vulpes vulpes), finding that bolder 

foxes had higher dispersal and mortality rates than shy foxes, post-release.  

Conversely, Sinn et al. (2014) found the opposite for Tasmanian devils 

(Sarcophilus harrisii), with individuals who survived post-release were up 

to 3.5 times bolder than those that perished.   These studies used novel 
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stimuli in the evaluation of individual boldness by recording behavioural 

responses to unknown objects (coloured balls, boxes, mirrors and unfamiliar 

human).  Elliot et a. (2014) investigated lion dispersal within wild prides 

and suggested that a transient male that displays reduced locomotion could 

be considered bolder than one that exhibits solitary dispersal.  This is due to 

larger male coalitions have a higher chance of becoming dominant over a 

pride compared to solitary males.   However, the application of novel 

stimuli and investigating pride dispersal in the evaluation of a pride of 

African lions within an ex-situ reintroduction program was not appropriate.  

Playbacks are a non-invasive technique which have been previously used to 

assess wild lion responses, with the purpose of establishing population 

densities (Ogutu & Dublin 1998; Cozzi et al. 2013; Omoya et al. 2013) and 

territorial responses at a kinship (Spong & Creel 2004), sex, age, individual, 

and pride level (McComb, Packer & Pusey 1994; Grinnell & McComb 

1995a; Heinsohn & Packer 1995; Heinsohn, Packer & Pusey 1996; 

Heinsohn 1997).  From these studies, we know that lions will react to 

amplified pre-recorded vocalisations of unfamiliar conspecifics, 

competitive, and prey species.  Responses of these studied lions indicate that 

they are capable of evaluating the number of vocalising intruders and 

respond accordingly; response corresponding with the presence and absence 

of other pride members, such as adult male(s), adult female(s) and cubs.  

Through the use of playbacks, we intended to investigate boldness of a pride 

of captive-origin African lions by recording individual behavioural 

responses to stimuli.     

Within reintroductions, the cohesion of social groups have proved to be a 

vital component which can contribute to the post-release survival of various 
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species, including wolves (Canis lupus) (Somers & Gusset 2009) and 

African wild dogs (Lycaon pictus) (Gusset, Slotow & Somers 2006; Somers 

& Gusset 2009).  Of the various behavioural traits, social behaviours are 

viewed as highly flexible, as the behaviour of an individual is impacted 

upon by the interactions shared with conspecifics (Montigilo, Ferrari & 

Rèale 2013).  Investigating personality on a social species allows us to 

assess whether individuals within a group vary in their degree of 

specialisation (Rèale & Dingemanse 2010) while the social roles of 

individuals can be established (Montigilo et al. 2013).  Social role refers to 

the tactic or behaviour used by an individual in response to challenging 

social circumstances, such as competition for food, mates and space 

(Bergmüller & Taborsky 2010; Montigilo et al. 2013).  Keystone 

individuals have the ability to influence the social environment, by 

manipulating interaction frequencies and social roles of other individuals 

(Montiglio et al. 2013).  As a social species, lions express species-specific 

affiliative interactions, where variations in social interaction frequency have 

been identified within wild (Schaller 1972), captive-origin (Abell et al. 

2013a; Dunston et al. 2016) and zoological (Matoba et al. 2013) prides.  

Social network analysis (SNA) facilitates assessment and quantification of 

pride composition (Sih et al. 2009; Krause et al. 2007) and the intrinsic and 

extrinsic influences which impact social organisation (Crook et al. 1976).  

Abell et a. (2013a) conducted the first SNA upon a lion pride of captive-

origin, concluding that the pride was socially cohesive while identifying a 

keystone adult female, and the various roles of adults and cubs in pride 

sociality.  Whether aspects of lion sociality and social roles correlate with 

other natural behaviours and boldness is currently unknown.      
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The natural behaviour of wild lion prides has been well established.  

Described as a highly inactive species, Schaller (1972) observed resting 

behaviour to average 20–21hrs a day with peaks of activity occur prior to 

0800hr and post 1700hr.  As opportunistic hunters, lions prey upon various 

species (Davidson et al. 2013) and when possible, will scavenge (Packer, 

Scheel & Pusey 1990).  Hunting is predominately conducted by females, 

while males will assist when pursuing large prey species, such as buffalo 

(Syncerus caffer), giraffe (Giraffa camelopardalis) or elephants (Loxodonta) 

(Funston et al. 1998).  Within captivity, the expression of these natural 

behaviours are often inhibited (Shier & Owings 2006), with the captive 

environment being predictable and unchanging (McPhee 2004).  Regardless 

of the provision of complex environments, captive felids are often at risk of 

developing obesity, inactivity and stereotypies (Altman 2005).  The effect of 

a captive-origin upon the daily activity and hunting ability of a pride located 

within a fenced reserve and allowed to become self-sustainable is currently 

unknown. 

Behaviour, sociality and boldness are important factors that are likely to 

determine post-release success of individuals and prides.  By assessing these 

three aspects, I was able to further our understanding of the role of 

individuals within a pride.  In addition, whether relationships, at a pride and 

individual level, exist between these behaviours were examined.  This will 

allow the identification of within pride personalities, which, if found to be 

linked to post-release survival, will assist in future animal selection and 

management of ex-situ reintroduction programs.  The aim of the study was, 

therefore, to further develop the methodological tools to measure aspects of 

behaviour, with a focus on sociality and boldness, and initiate the 
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exploration for stable relationships between these behaviours.  This study 

was intended to explore if lion personality may be of value to researchers 

assessing prides in future ex-situ reintroduction programs.    

3.3 Materials and methods 

This study was conducted on the Ngamo pride and was studied between the 

27
th
 of August and 22

nd
 of September 2013.  The pride consisted of 1 adult 

male (MI) and 5 adult females (AS, NL, KE, KW, PH) who were of captive-

origin, and their 1 sub-adult male (AS5) and 4 sub-adult female (AS4, AT1, 

KE3, KE4) wild-born offspring.  For further details on this pride and the 

reserve location, please refer to Chapter 2, Section 2.1.2.   

Behavioural measures were collected via direct observations from a research 

vehicle the pride was habituated to.  Observations were conducted up to 

thrice daily during fixed times; 0630–0830 hr (session 1), 1100–1300 hr 

(session 2) and 1600–1800 hr (session 3).  Data was collected on an 

individual basis for activity budgets, social interactions, hunting behaviour 

and boldness (Chapter 2, Sections 2.2.1-2.2.3 & 2.2.7).  

3.3.5 Statistical analysis 

The pride was observed for a total of 94hrs, which were conducted over 

three session times: 38 hours for 0630–0830hr, 29 for 1100–1300hr and 27 

for 1600–1800hr.  The activity budget was analysed using statistical 

package SPSS, Version 20 (IBMCorp. 2011).  Firstly, behaviours were 

calculated to provide an average percentage of time observed conducting the 

behaviour.  Discrete Pearson correlations assessed relationships between 

three activity budget behaviours (resting, alert, direct movement (M1) and 

exploratory movement (M2)) and age.  As normality testing showed that the 
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data did not significantly deviate from a normal distribution, repeated 

measures ANOVAs assessed for whether resting or alert behaviours 

significantly varied across the three observation session times.   

A total of 485 social interactions over the 94hr, which were standardised on 

a pairwise and hour basis, were collected.  Interactions were compiled into 

directional, weighted matrices for greet, groom, play, aggression and all 

social interaction types.  All matrices were then analysed via social network 

analysis (SNA) statistical program UCINET, version 6.543 (Borgatti et al. 

2002).  For each network, we generated density, degree (indegree and 

outdegree), betweenness centrality and clique groups.  Density of a matrix is 

the proportion of all possible connections within a network, with a high 

value (1) indicative of a highly connected network, and a low value (0), an 

unconnected network (Wasserman & Faust 1994; Wey et al. 2008).  Degree 

is the number of direct connections an individual has with others within a 

network; indegree describes the interactions received, while outdegree 

describes the interactions initiated by an individual (Wey et al. 2008; Sih et 

al. 2009).  Symmetrical matrices for interactions were compiled prior to 

calculating betweenness and cliques.  Betweenness measures the centrality 

of an individual within a network, evaluating the number of shortest paths 

that are required to be passed through prior to reaching a target individual.  

A more central individual has a higher value and connects other group 

members and subgroups which may not be directly connected (Krause et al. 

2007; Croft et al. 2008; Wey et al. 2008).  A clique is a sub-group of nodes 

which are directly connected to each other (Wey et al. 2008).  UCINET 

generated normalised indegree and outdegree which were then tested 

through a Spearman’s rank correlation in Genstat 17
th
 Edition (VSN 
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International 2014) for dependence within and between networks via a 

Spearman’s correlation.  A Kendall’s tau correlation (conducted in GenStat) 

was conducted to examine whether associations between social influence 

(degree) and social power (betweenness centrality) occurred within and 

between networks (Abell et al. 2013a).  NETDRAW, version 2.1476 

(Borgatti et al. 2002) provided visual representations of associations within 

each network in the form of sociograms and cliques.  As matrices were 

directional, line thickness illustrates the strength of associations between 

lion pairs, where a thicker line indicates a stronger association (Croft et al. 

2008).  Arrows within the sociograms indicate the direction of interaction 

between lion pairs (Wey et al. 2008).  A Mantel test evaluated the 

significance between each social network and age, gender, kinship and a 

random network (generated in UCINET), using SOCPROG version 2.4 

(Whitehead 2009).  This analysis compared matrices collected upon the 

same individuals, with the null hypothesis that no relationship between the 

two matrices existed (Abell et al. 2013a).      

Hunting behaviour was calculated to the percentage frequency individual 

lions were observed to conduct stalk (total of nine counts) and consumption 

(total of seven carcasses located) behaviours.  Two boldness tests were 

conducted, one using a conspecific territorial vocalisation playback and the 

other, the feeding vocalisations of a group of spotted hyenas.  During the 

conspecific playback, only the five adult females (AS, NL, KE, KW, and 

PH) and one sub-adult female (AT1) were observed and their responses 

recorded.  For the spotted hyena playback, the entire pride was present and 

responses recorded.  Boldness scores were calculated for each lion from 

their response types using, Appendix 2.I.  To assess for a correlation 
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between the boldness scores of the six lionesses observed during both tests, 

a Spearman’s rank correlation was conducted using GenStat 17
th
 Edition 

(VSN International 2014).   

To assess for significance between the various aspects of behaviour, we 

conducted Spearman’s correlations between boldness scores, average 

percentage daily activity, social influence (in and outdegree) and power 

(betweenness centrality), and hunting behaviour, using GenStat 17
th

 Edition 

(VSN International 2014).  

3.4 Results 

3.4.1 Activity budget: 

Resting behaviours ranged between 51.69% (MI*
m
) and 68.98% (KE*

f
; 

where * indicates captive-origin), with an overall pride average of 60.91% 

(Table 2.1) of total time observed.  Alert behaviours ranged between 8.51% 

(MI*
m
) and 24.22% (KE4), with an overall pride average of 16.62%.  A 

negative correlation between age and alert behaviours (r = -0.928, N = 11, p 

< 0.001) indicate that sub-adults were most likely to be alert than adults.  

Session time was found to have a significant effect on pride behaviour.  

Resting significantly differed between the three time periods (F2,20 = 45.573, 

p < 0.001), with a peak in behaviour during session 2 (1100–1300hr; 

70.94%), compared to sessions 1 (0630–0830hr; 50.19%) and 3 (1600–

1800; 62.23%).  Alert was found to significantly differ between sessions 

(F2,20 = 33.566, p < 0.001), with a higher percentage of this behaviour 

observed in session 1 (Table 3.1).  Lions were out of sight and not present 

for an average of 2.06% and 15.47% respectively, with adult male MI* 

observed to be mostly likely absent (33.50%).  Adults spent significantly 
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more time conducting direct movement (M1) than sub-adults (r = 0.623, N = 

11, p = 0.041).  Exploratory movement (M2) was the most performed 

locomotion for all pride members, except for adult female KE.  All lions 

were observed to stalk prey (M3), while only six members (KW, NL, KE, 

AT1, KE3 and MI) engaged in a chase (M4).  Self-grooming, eating and 

social behaviours were observed for all lions, with pride means of 1.22 %, 

0.27% and 0.62%, respectively.  Vocalisations were conducted by six lions 

(AS, KW, PH KE, KE4 and MI), with an average of 0.07%, while abnormal 

behaviours were observed for five pride members and ranged between 

0.08% and 0.25% (mean of 0.05%).   

 

Table 3.1 The average percentage results for activity budget behaviours; resting, 

alert, out of sight and not present. 

 Resting Alert 

 Min. Max. Mean 

 

Min. Max. Mean 

 0630-0830 hr 41.31 55.84 50.19±1.32 8.26 30.48 23.59±1.85 

1100-1300 hr 55.76 77.88 70.94±2.27 2.80 20.87 9.09±1.64 

1600-1800 hr 52.73 74.67 62.23±2.08 9.17 28.45 17.53±1.95 

Overall  51.69 68.98 60.91±1.68 8.51 24.22 16.62±1.43 

 Out of Sight Not present 

 Min. Max. Mean  

 

Min. Max. Mean  

 0630-0830 hr 0 11.40 1.89±1.09 12.53 34.19 16.68±1.83 

1100-1300 hr 0 6.85 1.78±0.80 10.59 40.50 16.91±2.47 

1600-1800 hr 0.22 3.49 1.40±0.31 6.56 28.34 13.36±1.94 

Overall  0.17 6.76 2.06±0.56 9.46 33.50 15.47±1.98 

 

3.4.2 Social interactions: 

Greet and all social density measures, 0.818 and 0.909 respectively, indicate 

that the pride was highly connected.  For the remaining networks, density 

was low, (groom = 0.409, play = 0.309, aggression = 0.164) indicating that 

some nodes were not fully connected in the corresponding network.  
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Sociograms for greet and all social networks (Figure 3.1) indicated that all 

pride members were connected except for adult male MI and adult female 

NL.  This is reflected in the low betweenness centrality values (Table 3.2) 

and lesser involvement in the cliques of these two individuals in the all 

social network. 

A Greet

 

B Groom

 

C Play

 

D Aggression

 

E All Social

 

 

 

 

 

 

Figure 3.1 Sociograms of calculated networks from observed social 

interactions. Symbols are nodes, which represent an individual lion. Node shape 

depicts the sex (circles are females, squares are males), while node size is 

proportionate to lion age; larger symbol represents an older lion. Line thickness 
between dyads is proportionate to the strength of association between a pair of 

lions; a thicker line indicates a greater frequency of interaction.
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Lions central to the greet network (Table 3.2) were detected in each of the 

four cliques (Figure 3.2).  Adult male MI was found to be absent from this 

network (Figure 3.1), while along with adult female KW, had low centrality 

(Table 3.2). 

Table 3.2 Betweenness centrality values for the Ngamo pride. 

 Greet Groom Play Aggression All Social 

AS*
f 0.494 1.741 0.556 0.000 0.247 

AS4
f 0.247 4.704 4.074 6.667 0.247 

AS5
m 0.494 2.741 13.333 38.519 0.247 

AT1
f 0.494 2.556 5.556 0.000 0.247 

KE*
f 0.494 2.741 0.000 29.259 0.247 

KE3
f 0.247 3.593 25.185 9.259 0.247 

KE4
f 0.494 9.667 21.296 0.741 0.247 

KW*
f 0.494 0.000 0.556 0.000 0.247 

MI*
m 0.247 0.000 0.000 8.889 0.000 

NL*
f 0.247 6.074 0.556 3.333 0.000 

PH*
f 0.494 10.630 4.444 18.889 0.247 

* = captive origin adult; f = females; m= male 

  

Across the greet, groom and all social networks, an adult was observed to 

receive the greatest number of interactions (Appendix 3.1).  Conversely, a 

sub-adult or adult female NL were observed to initiate the greatest number 

of interactions, while adult male MI was least likely to initiate interactions 

within these networks.  This was reiterated by the Spearman’s correlation, 

which found greet indegree and outdegree to be negatively correlated (rs = -

0.677, p = 0.022).   
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A Greet

 

B Groom  

 

C Play

 

D Aggression

 

E All Social

 

 

 

 

Figure 3.2 Cliques of calculated networks from observed social interactions. 
Triangles are cliques, while squares and circles are nodes, representing an 

individual. Node shape depicts the sex (circles are females, squares are males), 

while node size is directly proportionate to the age of the lion; a large symbol 

represents an older lion. 

 

Lions that received the most greet interactions (adults) were found to initiate 

the least play (rs = -0.690, p = 0.019) and social behaviour (rs = -0.767, p = 

0.006), but received the most social (rs = 0.740, p =0.009) interactions.  

Kendall’s tau found groom betweenness centrality to be positively 

associated with groom outdegree (τ = 0.4717, p = 0.020), indicating that the 

lion’s central to this network (females) initiated the most groom 
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interactions.  The Mantel test found the groom network to be positively 

associated with sex (rM = 0.248, p = 0.030), indicating a sex bias between 

females was present (Appendix 3.2). 

Sub-adults were observed to be the most connected and involved in the play 

network (Figures 3.1 and 3.2).  This is reflected in the betweenness 

centrality values where all sub-adults had high values compared to adults 

(Table 3).  Sub-adults were also observed to initiate and receive the greatest 

number of play interactions (Appendix 3.1), with male AS5 most likely to 

receive and initiate play.  Spearman’s correlation found play indegree to be 

positively associated with play outdegree (rs = 0.736, p = 0.010) and 

aggression indegree (rs = 0.715, p = 0.013).  Kendall’s tau found play 

betweenness centrality to be positively associated with play indegree (τ = 

0.610, p = 0.003) and play (τ = 0.602, p = 0.003), all social (τ = 0.381, p = 

0.043) and groom (τ = 0.442, p = 0.020) outdegree.  This indicates that pride 

members who were central to the play network (sub-adults) received the 

most play and initiated the most play, all social and groom interactions.  The 

Mantel test (Appendix 3.2) found the play network to be positively 

associated with full (rM = 0.685, p = 0.002) and half (rM = 0.301, p = 0.018) 

siblings.   

Of the 24 observed aggressive encounters, 54.17% occurred during pride 

feeding.  The remaining aggression was observed when adults were 

disciplining sub-adults (16.67%), disputed play between sub-adults 

(16.67%) and the unwanted presence of an individual between adults 

(12.5%).  Discipline from adults towards young is expected, particularly 

from a mother, which was observed from most centrally connected (Table 

2.2) KE towards her daughters KE3 and KE4.  Adult female PH was also 
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observed to be central to the network, however unlike KE who was 

observed to initiate and receive aggression, only initiated such encounters.  

Spearman’s correlation found that pride members who initiated the most 

play also received the most aggression interactions (rs = 0.702, p = 0.016).  

Kendall’s tau found aggression betweenness centrality to be positively 

associated with aggression outdegree (rM = 0.420, p = 0.030), indicating 

that those central to the network initiated the most aggression. 

3.4.3 Hunting behaviour 

Hunting behaviour was investigated individually for hunting and carcass 

consumption.  Zebra was the prey species which was observed to be most 

hunted (25%) and killed (18.75%) by the pride.  Impala were found to be 

killed at the same percentage as zebra (18.75%).  Although guinea fowl 

were subjects of hunts, no kills of this species were observed.  One hunt of a 

duiker was observed and one scavenge feed was provided to the pride 

during the study.  Adult were observed to hunt zebra (5.88%) and impala 

(23.53%) while sub-adults were observed to hunt zebra (47.06%), guinea 

fowl (17.65%) and duiker (5.88%). 

Four pride members were observed to initiate a hunting sequence, at a mean 

of 4.81% of total hunts observed, while seven pride members were observed 

to join and participate in hunting sequences (mean of 4.28%).  The pride 

was observed to conduct carcass consumption, with individuals participating 

in the behaviour between 6.82% and 13.64%, with a mean of 9.09%.  A 

negative association was also found between those who participated in 

hunting behaviour and who were central to the aggression network (rs = -

0.689, p = 0.019).  A negative trend between those who initiated hunting 

and all social interactions (rs = -0.528, p = 0.095) and those who 
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participated in hunting behaviour and initiated aggressive encounters (rs = -

0.552, p = 0.079) was also found.   

3.4.4 Boldness test 

During the conspecific playback, only the adult females and sub-adult 

female AT1 were present and their reactions recorded.  The spread of 

boldness test scores was not large, but adult female AS was determined to 

be most bold, while adults NL and KE and sub-adult AT1 least bold (Figure 

3.3).  A positive correlation was found between boldness and stalk hunting 

(rs = 0.705, p = 0.026), due to adult female AS, who was most bold and 

likely to conduct this behaviour (Table 3.3).  A negative trend between 

boldness and resting behaviour (r = -0.494, p = 0.074) were observed due to 

bold adult females AS and PH conducting lower levels of resting behaviour, 

and less bold KE, who rested at higher levels.  Positive trends between 

boldness and alert behaviour (r = 0.494, p = 0.074) and vocalisations (r = 

0.548, p = 0.060) were observed due to bold adult females AS (alert only), 

PH and KW (Table 3.3).  A negative trend was found between boldness and 

greet (rs = -0.798, p = 0.057) and all social (rs = -0.741, p = 0.092) 

outdegree, due to bold females being least inclined to initiate these 

interactions (Table 3.3).  PH was observed to lead the group towards the 

direction of the playback, however, resulted in a lower boldness score than 

AS due to pausing during the advance.   

The entire pride was present for the hyena playback, with adult females AS, 

KW and NL observed to be most bold, and sub-adult female AT1, adult 

male MI and adult female PH to be least bold (Figure 3.4). 
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Figure 3.3. Boldness scores of reactions to lion pride playback.  

 
Figure 3.4. Boldness scores of reactions to spotted hyena playback.  

 

A positive association between boldness and M3 (rs = 0.705, p = 0.026) was 

found, due to bold adult females AS and NL, and sub-adult male AS5 who 

conducted high levels of this behaviour (Table 3.3).  A positive trend was 

observed between boldness and eating behaviour (r = 0.581, p = 0.061), due 

to bold adult female KW conducting high levels of this behaviour.  A 

negative trend between boldness and direct movement (r = -0.583, p = 

0.060) and aggression outdegree (r = -0.579, p = 0.062) was due to bold 

females AS and NL conducting lower levels of these behaviours, and less 

bold PH conducting higher levels (Table 3.3).  Adults MI and PH were 

observed to approach the playback at a walking pace.  NL was observed to 

lead the pride during the advancement, closely followed by the AS, KW and 

the sub-adult females.  Boldness scores of the 6 lionesses observed for both 

tests were found to be not significant (rs = 0.414, N = 6, p = 0.124). 
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Table 3.3. Ranks in accordance to boldness and participation in other 

behaviours. rs, p-values and ranks of significant Spearman’s correlations between 

boldness, activity budget and social behaviours.  Lions were assigned a rank (1-5 

and 1-11) according to their boldness and percentage (activity budget) or degree of 

involvement. These were then averaged to provide a ranking, from most bold and 

likely to perform behaviour, to least bold and least likely to exhibit behaviour.  

 Lion playback  

rs P-value Rank 

Activity 

budget 

Resting -0.494 0.074 KW*
f
, AS*

f
, KE*

f
, PH*

f
, NL*

f
, 

AT1
f 

Alert 0.494 0.074 AT1
f
, PH*

f
, KW*

f
, AS*

f
, KE*

f
, 

NL*
f 

Direct 

movement  

0.123 0.201 AS*
f
, PH*

f
, KW*

f
, NL*

f
, KE*

f
, 

AT1
f 

Stalk 

hunting 

movement 

0.750 0.026 AS*
f
, AT1

f
, NL*

f
, KW*

f
, PH*

f
, 

KE*
f 

Eat -0.123 0.201 KW*
f
, AS*

f
, AT1

f
, NL*

f
, PH*

f
, 

KE*
f 

Vocalise 0.548 0.060 AS*
f
, PH*

f
, KW*

f
, KE*

f
, AT1

f
, 

NL*
f 

Social All social 

outdegree 

-0.741 0.092 AS*
f
, AT1

f
, NL*

f
, PH*

f
, KW*

f
, 

KE*
f 

Greet 

outdegree 

-0.798 0.057 AT1
f
, KW*

f
, AS*

f
, NL*

f
, KE*

f
, 

PH*
f 

Aggression 

outdegree 

-0.376 0.463 PH*
f
, AS*

f
, KE*

f
, AT1

f
, KW*

f
, 

NL*
f 

  Hyena playback 

 rs P-value Rank 

Activity 

budget 

Resting -0.133 0.697 KW*
f
, AS*

f
, AS4

f
, NL*

f
, KE*

f
, 

AS5
m
, KE3

f
, PH*

f
, AT1

f
, KE4

f
, 

MI*
m 

Alert 0.408 0.213 KE4
f
, KE3

f
, AS5

m
, AS4

f
, KW*

f
, 

AS*
f
, AT1

f
, NL*

f
, PH*

f
, KE*

f
, 

MI*
m 

Direct 

Movement  

-0.583 0.060 AS*
f
, AS4

f
, NL*

f
, KW*

f
, KE*

f
, 

PH*
f
, KE3

f
, AT1

f
, AS5

m
, KE4

f
, 

MI*
m 

Stalk 

Hunting 

Movement  

0.712 0.014 AS*
f
, AS5

m
, NL*

f
, KW*

f
, AS4

f
, 

AT1
f
, KE4

f
, KE3

f
, KE*

f
, PH*

f
, 

MI*
m 

 Eating 0.581 0.061 KW*
f
, KE4

f
, AS*

f
, KE3

f
, AS5

m
, 

AS4
f
, NL*

f
, AT1

f
, KE*

f
, MI*

m
, 

PH*
f 

Vocalisation 0.114 0.738 AS*
f
, KW*

f
, KE4

f
, NL*

f
, KE*

f
, 

PH*
f
, AS4

f
, MI*

m
, AS5

m
, AT1

f
, 

KE3
f 

Social 

 

 

All social 

outdegree 
0.180 0.596 AS4

f
, NL*

f
, AS5

m
, AS*

f
, KE3

f
, 

KW*
f
, AT1

f
, KE4

f
, KE*

f
, PH*

f
, 

M1*
m 
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Greet 

outdegree 

0.188 0.579 AS4
f
, NL*

f
, AS*

f
, AS5

m
, AT1

f
, 

KW*
f
, KE3

f
, KE*

f
, KE4

f
, PH*

f
, 

MI*
m 

Aggression 

outdegree 

-0.579 0.062 KE3
f
, AS*

f
, NL*

f
, KE*

f
, AS4

f
, 

PH*
f
, KW*

f
, MI*

m
, AT1

f
, AS5

m
, 

KE4
f 

 

3.5 Discussion 

By observing various aspects of behaviour and conducting boldness tests, 

intra-pride assessments and individual comparisons were conducted.  

Variations within and between behaviours highlight the varying roles of 

individuals, such as keystone and dominate individual(s), within pride 

sociality and hunting.  Significant associations between boldness and stalk 

hunting movement and between hunting behaviour and social networks 

suggest the presence of behavioural consistencies.   

The two types of playbacks were selected as it was anticipated that a 

variance in responses would be observed.  The lion playback, expectedly, 

elicited a territorial response; adult females led the approach in the direction 

of the playback, continuously surveying the surrounding environment.  The 

hyena playback, expectedly, elicited a competitive feeding response; the 

majority of the pride approached at a run in the direction of the playback 

and proceeded to search and sniff surroundings.  Playbacks of unfamiliar 

lions have been infrequently played to this pride, while vocalisations of 

captive lions (located approximately 1km away) are regularly heard; 

however behavioural responses have not been previously collected intended 

to investigate individual boldness of this pride.  It was unconfirmed whether 

the pride has been previously played feeding vocalisations of hyenas, 

however, it is considered unlikely as no wild hyenas are known to occur 

outside of the reserve.  Subsequently, spontaneous responses of the pride to 
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both playbacks were recorded, which indicated that biological influences 

were likely.  Responses were consistent with those observed for wild prides 

to lion playbacks (Heinsohn 1997; Heinsohn & Packer 1995; Spong & Creel 

2004) and in reaction to competition with resident hyenas (Trinkel & 

Kastberger 2005; Watts et al. 2010; Périquet, Fritz & Revilla 2014).  When 

performing a boldness test, it is not unusual to score certain responses as 

negative or positive, to yield an overall score for boldness.  For example, 

Bremner-Harrison et al. (2004) reported boldness scores in this way for 

swift foxes destined for ex-situ reintroduction.  Future studies need to 

consider that all behavioural responses are not equal and further work is 

necessary to validate the scoring methods.  Additionally, replication and the 

application of Principal Component Analysis (PCP) to determine which 

behavioural measure(s) influences boldness the most would allow boldness 

studies on this species to become more focused.  Despite this, our 

observations suggest that captivity has not impacted upon the natural 

territorial and competitive responses of the pride to these stimuli.    

Although the correlation between boldness test scores was found to be not 

significant, three lions were observed to exhibit consistencies across the two 

tests.  Adult female AS was found to be most bold, NL to have a stable 

score (5) and sub-adult female AT1 to be least bold.  Persistence in 

responses suggests the test protocol is appropriate for measuring boldness, 

while there is a possibility that a behavioural trait is present.  It is important 

to note that the sample size for this correlation was small (six lions), 

however the responses observed for these three lionesses suggest that, with 

a larger sample size, boldness scores may correlate.  Considering boldness 

in conjunction with daily activity and social interactions allows an 
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understanding on the roles of individuals to be developed.  Lioness AS was 

found to be ranked the highest, while PH was consistently low across the 

majority of the correlations.  AS was most bold due to this adult female 

leading the pride in the advancement towards the speakers for both boldness 

tests.  It has been suggested that leadership and boldness could be 

correlated, due to both traits involving high risk (Johnstone & Manica 

2011), while bolder individuals are likely to be dominant in social 

circumstances (Fox 1973; Macdonald 1983).  Dominance between pride 

females can be difficult to ascertain due to a lack of a reproductive 

indicator; lionesses often synchronise oestrous and participate in crèche 

rearing of cubs (Packer, Pusey & Eberly 2001).  Rudnai (1973) observed 

dominance between lionesses, which was determined by observing 

aggression while feeding and leading during pride hunts.  AS received large 

numbers of social interactions from all pride members, and along with high 

boldness and percentages of hunting behaviour and carcass consumption, 

we suggest that this indicates that this lioness is dominant.  Whether AS 

would be persistently bold requires further replication, while observing 

successful hunts conducted by adult females would provide additional 

information that would assist in determining the dominance hierarchy of this 

pride.     

Boldness scores of both tests were found to be positively associated with 

stalk hunting movement.   This consistency was due to adult female AS in 

both tests and NL for the hyena playback, as these females were most bold 

in their responses and most likely to conduct stalk hunting movement.  

Consistency across the two tests suggest that an underlying behavioural trait 

may be present, however further replication is required for confirmation.  
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Houser et al. (2011) observed that, prior to release, rehabilitated cheetah 

(Acinonyx jubatus) exhibiting the highest frequency of hunting behaviour 

had the lowest success, and feeding and locomotion behaviours.  Upon 

release such cheetahs exhibited the least amount of movement and dispersal 

behaviour.  This behaviour could be expected to increase the likelihood of 

post-release survival compared to those who disperse outside of protected 

areas. It is clear that behavioural traits could have an impact upon the 

survival of individuals post-release.  The impact of the association between 

boldness and stalk hunting movement upon post-release success upon these 

lions is currently unknown.  A full evaluation of individual behaviour and 

boldness prior to release and the implementation of post-release monitoring 

to record survival of released lions is required.  

Associated trends between boldness and social and daily activity provide an 

indication into the varying roles of lions within age groups.  The negative 

trend between boldness in response to the lion playback and resting 

behaviour indicate that bolder lionesses were likely to rest least, while a 

positive trend with alert behaviour indicates bolder lionesses were more 

alert.  Such associations do not correspond with that observed within the 

activity budget analysis, as sub-adults were found to be significantly more 

alert, and rest the least.  These associations may have been observed for this 

playback due to the small sample (six) which contained only one sub-adult, 

and were not found for the hyena playback for which the sample included 

the entire pride.  Boldness and initiated interactions (lion playback = all 

social and greet; hyena = aggression) were found to be negatively 

associated.  For each interaction, these associations indicate that a bolder 

lion was least likely to initiate an interaction.  This would be expected for 
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the all social and greet interactions, as sub-adult female AT1 and sub-adult 

female NL were least bold and initiated higher frequencies of these 

interactions.  Socially, NL was not observed to be dominant adult like AS 

and PH, however was a greater initiator of interactions.  AT1 was less 

central to the groom and play networks, possibly due to the absence of her 

mother and no full siblings within the pride, unlike the t remaining sub-

adults who had strong connections with their mothers and siblings.  Adults 

MI and PH accounted for the negative trend between boldness (hyena 

playback) and initiated aggressive encounters.  This is an interesting 

association, as previous studies have found positive correlations between 

boldness and aggression (Sih, Bell & Johnson 2004; Bell 2005; Pintor et al. 

2008).  Brust and Guenther (2015) found boldness, measured by latency to 

approach novel stimuli, and social aggression to be positively associated in 

both domestic guinea pigs (Cavia porcellus) and wild cavies (Cavia 

aperea).  This allowed authors to assess the effects of domestication on this 

behavioural syndrome; an area which would be of interest to apply to 

African lions within an ex-situ reintroduction program.  Whether the 

tendency for a negative correlation between boldness and social aggression 

in captive-origin prides is persistent requires additional studies on this and 

other captive-origin and wild prides.   

Evaluation of individual lion behaviour across boldness, sociality and 

hunting behaviour allowed roles and responses to be explored.  Adult 

female PH was identified as a social keystone, due to high involvement and 

betweenness centrality in all networks, a discovery found previously by 

Abell et al (2013) and Chapter 5 of this thesis, for this pride.  Keystone 

individuals have been identified to be important in social cohesion (Lusseau, 
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David & Newman 2004), and are influential over group dynamics (Sih et al. 

2009).  Our social keystone, adult female PH, exhibited interesting 

responses to the boldness tests.  Although found to be bold during the lion 

playback, along with adult male MI, PH was least bold to the hyena 

playback.  This suggests that this female is likely to participate in territorial 

defence against conspecifics, but is least likely to assist in scavenging a kill 

from hyenas.  This is confirmed by the associations observed between hunt 

initiators and participants, and social networks.  The pride members central 

to the aggression network (AS5, KE and PH) were least likely to participate 

in the observed hunts.  This could be expected for sub-adult male AS5, 

while indicating the possibility that adult females KE and PH are more 

likely to be ‘cheaters’ in pride hunts (Packer & Ruttan 1988).  However, 

being peripheral to hunting behaviour does not devalue the importance of 

this individual within pride cohesion and survival.  Rather, it indicates the 

possible influence of age, sex (AS5) and social role (PH).  This is 

particularly evident when considering the lower social role adult female NL, 

in conjunction with her boldness scores and hunting behaviour.  Low 

boldness in response to the lion playback suggests that this lioness may not 

be influential in territory defence, while the high boldness in response to the 

hyena playback and higher participation in hunting behaviour suggests this 

lioness is more likely an active hunter (Packer & Ruttan 1988).  Socially, 

NL has low centrality lacks  a connection with adult male MI, perceived due 

to being spayed; this has been previously discussed by Abell et al. (2013) 

and in Chapter 5 of this thesis.  Finkler and Terkel (2015) found intact 

domestic cats exhibited increased boldness; however, a significant 

correlation between dominance rank and boldness could not be established, 
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possibly because this population had unstable social groups.  Our SNA 

density results indicate that our pride is socially stable and cohesive, and 

associations with boldness indicate that it is worth pursuing studies with this 

focus.     

In relation to exhibiting natural behaviours, comparisons to wild prides 

indicate that our pride functions naturally.  Lower levels of resting 

behaviour (52–69% of total time observed) were observed, compared to 

levels reported for wild (83–88%, Schaller (1972)) and zoological lions (72–

77%, Altman (2005)).  This was a result of two of our observation sessions 

(0630–0830hr and 1600–1800hr) occurring during known periods of 

activity; Schaller (1972) reported peaks of activity to occur prior to 0800hr 

and post 1700hr.  My study also allowed a focus on lion absence and 

presence during observations, finding that across the pride, individuals were 

absent an average 15.50% ± 1.98% total time observed, with the adult male 

most likely to be absent (33.50%).  Lion prides exist under fission-fusion 

societies, where pride members are often dissociate into sub-groups, which 

constantly change in composition (Schaller 1972; Packer et al. 1990), while 

adult male absence is a natural occurrence (Schaller 1972; Funston et al. 

2003; Matoba et al. 2013).  The differing roles of adults and sub-adults 

observed within network degree and centrality correspond with wild social 

behaviour observed by Schaller (1972).  Hunting behaviour, despite a kill 

not being observed, indicates that the pride has become self-sustainable.  

The observed initiation and participation in the hunting of guinea fowl, 

zebra, impala and duiker of sub-adult females indicate that hunting 

behaviour is and continues to develop.  Schaller (1972) observed cubs from 

11 months of age to conduct stalking behaviour towards small prey species, 



140 
 

prior to participating in pride hunts at two and a half yrs old.  These 

consistencies to published wild prides suggest that the Ngamo pride exhibits 

natural levels of behaviour, indicating that a captive-origin does not impact 

daily activity, social and hunting behaviour.  

Evaluation of daily activity, social and hunting behaviour, and boldness in 

conjunction with each other, suggests that behavioural consistencies exist 

within a captive-origin pride.  This was the first study to investigate lion 

personality and highlight the potential this research has to assist 

conservation management programs.  The non-invasive nature of our 

boldness test allow for replication upon captive, semi-wild and wild prides 

to occur, which will allow behavioural traits across prides to be explored 

while investigating for the effects of captivity upon personality.  

Information on the behavioural traits that allow pride construction, cohesion 

and survival will not only assist ex-situ reintroduction, but increase our 

understanding of lion personality.   
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Chapter 4  

Investigating the impacts of a captive-origin, time and 

vegetation upon daily activity of African lion prides; 

a pre-release assessment 
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Dunston EJ, Abell J, Doyle RE, Kirk J, Hilley VB, Forsyth A, Jenkins E, 

Freire R, 2016. Assessing the impact of a captive-origin, time and 

vegetation upon daily activity of African lion. 

This chapter has been edited to fit within the thesis and may not be 

displayed in the exact style and content that will appear in the published 

manuscript. 
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4.1 Abstract 

Evaluation of activity budgets provides an indication into whether a captive 

history has influenced the daily behaviour of animals within an ex-situ 

reintroduction program.  This study conducted the first study to compare 

activity budgets of prides of captive-origin to a wild pride investigated 

under the same methodologies.  Behavioural data were collected via direct 

observations of individually identified lions.  The time and vegetation type 

the pride was located within was recorded at the beginning and end of each 

observation session.  Behaviours were analysed via linear mixed models, 

using the restricted maximum-likelihood analysis (REML).  Age, sex, time 

observed, vegetation type and origin were fitted as fixed factors, assessing 

for main effects and significant second order interactions, while average 

temperature was fitted as a co-variate.  Resting and alert behaviours were 

found to vary at sex and age levels, with expected peaks and lows 

coinciding with observation session times.  Captive-origin prides were 

observed to have a decrease in resting and an increase in alert, and direct 

and exploratory movement behaviours post 1700hr, while this behavioural 

change was not observed for the wild prides.  Males of the wild prides were 

observed to rest more than captive-origin counterparts, while this variation 

was not observed for females across origins.  Vegetation was found to 

influence behaviour, with cubs being more alert and active in riverbed 

vegetation, and adults and sub-adults in shrub-land.  Overall, all prides were 

observed to exhibit behaviours at natural levels.  This study provided a 

comprehensive assessment of daily activity, critical to the pre-release 

evaluation of prides within an ex-situ reintroduction program.  
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4.2 Introduction 

Captivity impacts natural behaviour by restricting movement, exploration 

and hunting behaviours, imposing unnatural social densities and population 

structures, and exposing animals to human contact, new diseases and 

climates (Mason et al. 2013).  As captivity is unable to allow for natural 

selection and the unpredictable pressures of wild environments, it restricts 

the development of adaptive behaviours, necessary for wild survival 

(Mathews 2005).  Consequently, captive animals undergo artificial 

selection, allowing adaptation to the captive environment (McPhee 2004; 

Frankham 2008), which, often favours animals who are more inactive and 

less aggressive (Edwards 2014).  This intentional or unintended selection 

pressure over many generations can result in domestication, which causes 

morphological, physiological and behavioural changes (Künzel, Kaiser, 

Meier &Sachser 2003; Wisely et al. 2005).  Studies have shown that 

domestication results in the shortening of facial features, smaller body and 

brain sizes (Wisely et al. 2005),  early maturation (Van Oosterhour et al. 

2007), declines in exploratory behaviour (Künzel et al. 2003) and overall 

decreases in fitness post-release into the wild (Christie, Marine, French & 

Blouin 2012).  For animals within ex-situ reintroduction programs, this can 

compromise post-release survival (Fàbregas, Fosgate & Koehler 2015) due 

to an inability to adapt to a new environment upon release and deficiencies 

in navigational, foraging and predator avoidance behaviours (Kleiman 1989; 

Snyder et al. 1996; Kleiman, Thomspon & Baer 2010).  Pre-release 

exposure to complex environments and training has successfully increased 

post-release survival for various species, including golden lion tamarin 

(Leontopithecus rosalia) (Stoinski & Beck 2004), prairie dogs (Cynomys 
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ludovicianus) (Shier & Owings 2006), and California condor (Gymnogyps 

californianus) (Wallace 2012).  Currently, the ex-situ reintroduction of the 

African lion (Panthera leo) is debated, concerns surrounding whether lions 

for release possess the necessary behaviours for survival (Hunter et al. 

2013a).  Through assessing the daily activity of individual lions within 

captive-origin prides, we are able to address whether a captive history has 

influenced behavioural patterns.  This is particularly important as lions upon 

release must not only conduct species-specific behaviours, but exhibit 

behaviours at appropriate times, such as hunting and play, to minimise costs 

and optimise productivity.    

Described as crepuscular and nocturnal, wild lions have been observed to 

have activity peaks around sunrise and sunset (Schaller 1972; Hayward & 

Hayward 2007c; Hayward & Slotow 2009).  Although activity, such as 

hunting, feeding and mating, can occur anytime during a 24hr period, 

Serengeti lions have been observed to most active between 1700–0800 hr 

(Schaller 1972) and lions within Nairobi National Park between 1900–

0700hr (Rudnai 1973).  Environmental factors, including temperature and 

vegetation type, are known to influence lion behaviour.  Resting behaviour 

in the middle of the day increases during summer months (Hayward & 

Hayward 2007c), while lions are more nocturnal in areas with elevated 

annual temperatures.  Across habitats, lions are likely to be most active 

during times that elevate the success of their hunting and territorial activities 

(Hayward & Slotow 2009).  West and Packer (2002) found a negative 

correlation between temperature and mane size and darkness, while males, 

unlike females, reduced their food intake during hotter months.  Vegetation 

is known to influence male presence with the pride, while also impacting 
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territorial protection and hunting style, with closed vegetation types 

corresponding with higher male absence and increased day activity and 

hunting (Funston, Mills, Biggs & Richardson 1998; Bauer, De Iongh & 

Silvestre 2003; Hayward & Hayward 2007c; Andreassen, Neo-Mahupeleug, 

Flagstad & Wegge 2014).  Behavioural variations caused by environmental 

factors are important to consider, particularly when comparing the daily 

activity patterns of captive-origin and wild prides.  By accounting for these 

environmental variables this allows the influence of other factors, such as a 

captive history, to be accounted for solely.       

The aim of this study was to assess the daily activity of captive-origin 

prides, and conduct comparisons to a wild pride, observed under the same 

methodology.   Through the collection of individual activity budgets, intra 

and inter-pride comparisons at an age, sex, origin (captive or wild) and 

observation session time were achieved.  By recording temperature and 

vegetation type, the impact these environmental factors have upon daily 

activity was also explored.  This allowed the impact of captivity upon daily 

lion behaviour, at an individual and pride level, to be evaluated.  This is 

critical to the pre-release assessment of captive-origin prides within a soft-

release ex-situ reintroduction program.     

4.3 Materials and methods 

This study was conducted upon two captive-origin prides (Ngamo and 

Dambwa), one wild pride (Makhutswi).  For details on pride compositions 

and study periods, please refer to Chapter 2, Section 2.1.2–2.1.5.  The 

Makhutswi pride was observed over two separate study periods, where the 

composition of the pride was observed to change significantly, due to the 
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translocation of four sub-adult males to another reserve, and the birth of five 

cubs.   

4.3.1 Behavioural observations 

The same observational methods were applied to all prides, where the time 

of day observations were collected being the only variation in data 

collection between prides.  All behavioural data was collected via direct 

observations between 0630–1930 hr.  During each observation session, an 

activity budget with the use of a species-specific ethogram (Chapter 2, 

Table 2.2) was used to record individual behaviour every 5min.  At the 

beginning and end of each observation session, the vegetation type the pride 

was located within (G = grassland, S = shrub-land, OW = open woodland, 

CW= closed woodland, R = riverbed) and temperature (ºC) was recorded.  

Temperature was collected using a Kestrel 4200 Air Flow and 

Environmental Meter.  

4.3.2 Statistical analysis 

We observed each pride for a total of 98hr for the Ngamo pride, 67hr for the 

Dambwa ride, 62hr for the Makhutswi 1 pride, and 30hr for the Makhutswi 

2 pride.  For analysis, we categorised behaviour to be collected during three 

time sessions; 0630–0900hr, 0900–1700hr and 1700–1930hr.  For these 

sessions, the Ngamo pride was observed for 34hr, 41hr and 23hr, the 

Dambwa pride 23.5hr and 43.5hr (the Dambwa pride was not observed 

during 1700–1930hr), the Makhutswi 1 pride 7hr, 47hr and 8hr, and the 

Makhutswi 2 pride 7hr, 14hr and 9hr.  Temperature was calculated to 

provide an average reading per observation session. 
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All analyses were conducted using statistical package GenStat, 17
th

 Edition 

(VSN International 2014).  Behaviour was firstly compiled into three 

categories, ‘out of sight’, ‘not present’ and ‘seen’ (all observable 

behaviours), providing a percentage of total time observed.   Disregarding 

the counts where lions were not seen (out of sight and not present), 

behaviours were then compiled into ‘resting’, ‘alert’, ‘M1’ (direct and 

exploratory movement) and ‘other’ (groom, hunting, social, eating, 

territorial, urination and defecation) for analyses; providing us with a 

percentage of behaviour conducted during time seen (average percentages of 

behaviour in Appendix 4.1).  Behaviours under the ‘other’ category were 

combined for analysis due to being infrequently observed, less than 3.5% of 

total time seen (Appendix4.2).  Activity budget data was analysed by 

restricted maximum-likelihood analysis (REML).  The two studies on the 

Makhutswi pride were treated separately, as they were conducted over two 

yrs and experienced a large change in pride composition.  Prides and 

individuals within prides were factors fitted to the random model within the 

REML, accounting for repeated measures.  Lion ID within each pride was a 

random effect.  Age, sex, session time, origin and vegetation type were 

factors fitted to the fixed model.  Temperature was fitted to the fixed model 

as a covariate (averages per pride in Appendix 4.3).  The final fixed model 

was chosen by P-values.  Fifth, fourth and third order interactions were 

dropped from the statistical model, due to P > 0.05.  Models were then fitted 

to include second order interactions only.  It was expected that age, sex and 

session time would be factors that would result in behavioural variation 

across prides, while origin and vegetation type would be factors that would 

account for between pride behavioural variations.  The low number of 
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prides and the limitations of the origin analysis were considered in the 

interpretation of the results.   

4.4 Results 

4.4.1 Origin 

Behaviour of the three age classes varied across captive-origin and wild 

prides (Figure 4.1).  Wild adults and sub-adults rested at higher, and cubs at 

lower percentages than those observed for their captive-origin counterparts 

(interaction of origin x age: F2,237.1 = 4.80, p = 0.009; Figure 4.1A).  The 

inverse was observed for alert behaviour, with wild adults and sub-adults 

being less and cubs more alert (interaction of origin x age: F2,161.9  = 4.39, p 

= 0.014; Figure 4.1B).  For total time observed, all wild lions were not 

present with the observed group more than captive-origin prides, with adults 

being most likely to be dispersed from the rest of the pride (interaction of 

origin x age: F2,2604.6  = 14.69, p < 0.001) (Figure 4.1C).   

Table 4.1. P-values of main effects and significant second order interactions 

for activity budget behaviour. Calculated from the REML analysis with 

significant p-values (<0.05) in bold. 

 Rest Alert M1 Other Not  

present 

Seen Out of  

sight 

Origin 0.352 0.450 0.766 0.737 0.011 0.008 0.642 

Origin x  
age 

0.009 0.014 0.212 0.516 < 0.001 0.718 < 0.001 

Origin x  

sex 
< 0.001 0.071 0.075 0.021 0.003 < 

0.001 

0.424 

Origin x 

session 
< 0.001 < 0.001 < 0.001 0.263 0.351 < 

0.001 

< 0.001 

Age 0.004 0.119 0.027 < 0.001 < 0.001 < 

0.001 

0.107 

Age x  

sex 

0.058 0.022 0.955 0.950 < 0.001 < 

0.001 

0.021 

Age x  
vegetation 

0.115 0.011 0.348 0.254 0.004 0.173 < 0.001 

Sex 0.032 0.122 0.419 0.310 0.433 0.337 0.864 

Session < 0.001 < 0.001 < 0.001 0.004 0.015 0.879 0.002 

Vegetation < 0.001 < 0.001 0.004 0.040 < 0.001 < 

0.001 

< 0.001 
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A. Resting

 

B. Alert

 

C. Not present

 

          
           Captive-origin            Wild 

 

 
Figure 4.1. Average percentage (± SE) of time seen resting and alert, and total 

time not present for the three age classes, across origins.
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Resting behaviour also varied across females and males for wild and 

captive-origin prides (interaction of origin x sex: F1,294.5  = 13.62, p < 

0.001).  Overall, wild males were observed to rest at a higher percentage 

than captive-origin males and all females whereas resting behaviour 

between wild and captive-origin females did not greatly differ (Figure 

4.2A).  Wild males and females were observed to be frequently not present 

with the observed group more than their captive-origin counterparts 

(interaction of origin x sex: F1,2796.5 = 8.87, p = 0.003), with wild females 

(49.90% total time observed) absent more than males (39.58%) (Figure 

4.2B).  

A. Resting

 

B. Not present

                
     Captive-origin            Wild 

 

Figure 4.2. Average percentage (± SE) of time seen resting and total time not 

present for males and females across origins.  
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Across the three time sessions, resting, alert, and direct and exploratory 

behaviours varied between origins (Figure 4.3).  Higher levels of resting 

behaviour were seen between 0630–0900hr and 0900–1700hr for both 

origins, while the Ngamo pride recorded a 29% decrease in resting 

behaviour post 1700hr (interaction of origin x session: F2,2157.3  = 33.13, p < 

0.001).  Both origins were observed to be alert at the same percentage 

between 0630–0900hr, while the wild prides were progressively less alert 

across the three sessions (interaction of origin x session: F2,2157.0  = 17.08, p 

< 0.001).  The captive-origin prides were observed to be 21% of the time 

more alert that wild prides post 1700hr (Figure 4.3).  Captive-origin prides 

were observed to conduct direct and exploratory more than wild prides, 

particularly post 1700hr (interaction of origin x session: F2,2158.3  = 20.35, p 

< 0.001).  The wild prides were observed to have a similar trend for direct 

and exploratory movement as alert behaviour, with levels dropping across 

the three sessions.            
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A. Resting

 
B. Alert

 

C. M1

 

             Captive-origin               Wild 

 
Figure 4.3. Average percentage (± SE) of time seen resting, alert and 

conducting direct and exploratory movement (M1), across origins. 
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4.4.2 Age 

Across all age groups, females were observed to be more alert than males 

(interaction of age x sex: F2,26.4  = 4.43, p = 0.022), while both adult females 

and males were less alert than sub-adults and cubs (Figure 4.4).  For total 

time observed, adult males were found to be not present the most 

(interaction of age x sex: F2,2794,7  = 42.70, p < 0.001), while sub-adult males 

and female cubs were absent more than sub-adult females and male cubs 

(Figure 4.4).   

A. Alert

 

B. Not present

      

        Female             Male 

Figure 4.4. Average percentage (± SE) of time seen resting and total time not 

present for the three age classes across females and males.  
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Across the five vegetation types, age was found to influence levels of alert 

behaviour (interaction of age x vegetation: F8,2089.9  = 2.49, p = 0.011).  

Adults and sub-adults were more alert in shrub-land and grassland, and least 

in riverbed and open woodland vegetation types.  Conversely, cubs were 

more alert in riverbed and closed-woodland and least in grassland 

vegetation types.  For total time observed, adults and sub-adults were absent 

most in closed woodland and riverbed and least in grassland and shrub-land 

vegetation types (interaction of age x vegetation: F8,2792.3  = 2.81, p = 0.004).  

Compared to all other age groups, cubs were absent more in grassland 

vegetation (Figure 4.5). It must be considered that all prides were not 

observed for had access to all five vegetation types.  

A. Alert

 

B. Not present

 

          Adult                Sub-adult              Cub 

Figure 4.5. Average percentage (± SE) of time seen alert and total time not 

present for the three age classes across vegetation types.
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4.5 Discussion 

Assessment of prides in consideration of origin, sex, age and various 

vegetation types lions were observed in allowed explanation of behavioural 

variations.  Resting, alert and not present behaviours were observed to vary 

between age and sex groups across captive-origin and wild prides.  The 

session time prides were observed were also found to impact the frequency 

of behaviours, which also differed across origins.  The presence of age 

groups and their observed frequency of alertness were observed to differ 

dependent upon the vegetation type lions were observed within.  It is 

important to consider all of the limitations of the study, specifically season 

of the study, the living circumstances of the adult males and vegetation 

differences, when conducting comparisons between captive-origin and wild 

prides.     

Due to the crepuscular nature and high inactivity of lions, previous studies 

have not placed an emphasis on the statistical comparison of activity levels 

across prides.  Unlike previous studies that combine behaviours into an 

‘inactive’ category, we separated resting behaviour and alert (vigilant) 

behaviours.  This allowed us to investigate whether these behaviours that 

dominate the activity budget varied.  Predominate behaviour observed 

across both origins was resting behaviour.  Behaviours were expected to 

fluctuate between 0630–1930hr, with increases in resting and decreases in 

all other behaviours expected to particularly occur between 0900–1700hr.  

This expected peak in resting and low of active behaviours was observed 

across all prides, while an association between origin and session indicated 

that wild prides rested more than captive-origin prides.   
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Interpretation of the behavioural patterns of the captive-origin and wild 

prides requires consideration of the season each prides was studied.  

Interestingly, resting behaviour of the wild prides did not rapidly drop, nor 

did alert increase, as observed for the captive origin prides between 1700–

1930hr (Figure 2).  The lack of change between behaviours has not been 

frequently observed for wild prides, with Schaller (1972) observing resting 

to drop post 1700hr, and increases in activity observed post 1600hr by 

Rudnai (1973).  This occurrence is suspected to be due to the higher 

temperatures during which the wild pride was observed, as this pride was 

studied during warmer months (August–October).  Across both Makhutswi 

prides, temperature was observed to drop an average of 1.01ºC from 0900–

1700hr to 1700–1930hr.  These wild prides could also have activity peaks 

that occur between 1930–0630hr, with Hayward and Slotow (2009) 

observing lion activity peaked between 2100–0000hr and 0200–0700hr.  

Subsequently, if this prides was studied during winter months, decreases in 

resting and increases in alert behaviours would be expected to occur post 

1700hr.  The Ngamo pride was the only captive-origin pride observed 

between 1700–1930hr and studied solely during winter months.  The 

temperatures recorded for this pride were lower than all other prides, while 

temperature dropped an average of 5.04ºC between 0900–1700hr and 1700–

1930hr.  Such fluctuations in behaviour have been observed by Hayward 

and Hayward (2007c), where pride activity decreased during summer 

months, while activity continued later into morning and earlier in evening 

hours in winter.  This indicates that the all of our prides are responding to 

climatic influences.  As temperature fluctuates throughout the day, the 

variations in behaviour observed for all prides coincided with the session 
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time they were observed.  Future studies upon both captive-origin and wild 

prides across all seasons is required to determine the impact that 

temperature fluctuations have upon behavioural patterns. 

Resting behaviour for males between origins greatly differed, with wild 

males observed to rest more than captive-origin.  The Makhutswi 1 pride 

contained males in each age group, with a cub approximately 8 month old, 

four sub-adult males ranging between 2–3 yr old, and two adult males at 9 

and 11 yrs old.  The Makhutswi 2 pride contained the male cub and the two 

adult males; however the sub-adult males were translocated from the reserve 

between studies.  The adult males of the wild prides were suspected to cause 

this association due to the high average percentage of resting observed for 

these pride members (83.63% total time seen).  Interestingly, resting 

behaviour for females between origins did not greatly differ.  Wild cubs 

were observed to rest less and be more alert than captive-origin cubs.  These 

observed variations could be due to the time these sex and age groups for 

the wild prides were observed.  Due to the large territory sizes and dense 

vegetation types, visibility of the wild prides was reduced.  Wild males, 

particularly adult and sub-adults were more easily observed while 

stationary, while wild cubs were observed more in dense vegetation types, 

which facilitated higher levels of alertness.  However, the lack of variation 

between the captive-origin and wild females suggests that the difference 

between males may have other underlying factors, rather than observation 

frequency and time, that impact male behaviour.         

All prides were frequently observed to have dispersed into groups, resulting 

in lions being recorded as not present or seen.  Across origins, members of 
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the wild prides were absent and dispersed the most, with adults not present 

more than sub-adults and cubs. Naturally, lion prides exist under a fission-

fusion society, where dispersion into groups which change in composition 

occurs regularly (Schaller 1972; Packer, Scheel & Pusey 1990).  Across all 

prides, adult males were observed to be not present the most, with the wild 

adult males more so than the captive-origin males.  Schaller (1972) 

described adult males to be transitory pride members, often being absent 

from other pride members due conducting activities, including territorial 

patrols.  The percentage of time adult males were seen with other pride 

members is suspected to be influenced by a combination of factors, 

including territory size and vegetation type.  The reserve size available to 

each pride greatly varied between the captive-origin prides (maximum of 

2.9km
2
) and the wild prides (234.8km

2
).  The vegetation types of reserves 

also varied, with the captive-origin prides having access to open systems 

and the wild prides located within closed vegetation systems.  Subsequently, 

captive-origin males were required to spend less time away from their prides 

to conduct territorial patrols due to the small reserve size and higher long 

distance visibility.     

The influences of all vegetation types on behaviour were unable to be tested 

across both origins; therefore, conducting comparisons between prides has 

limited value.  Grassland and shrub land vegetation types were not present 

within wild pride territories, and likewise for riverbed vegetation for the 

captive-origin prides.  However, greater levels of pride dispersal appear to 

be a natural occurrence in dense vegetation types.   Funston et al. (1998) 

observed that prides were more dispersed, particularly adult males, more 

frequently in woodland habitats.  As outlined previously, we observed that 
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this environmental factor influenced adult male presence with our prides, or 

lack thereof for the wild prides.  Across all prides, the interaction of origin 

and vegetation type was found to be significant for alert behaviour.  Cubs 

were found to be significantly more alert in riverbed vegetation than adults 

and sub-adults, who were both more alert in shrub-land and grassland.  

While adults, particularly males, were more likely to be absent in closed 

woodland and riverbed vegetation, when they were observed in these 

vegetation types they were least likely to be alert.  This variation could be 

attributed to cubs feeling more secluded and safe in riverbed vegetation, 

which would allow for more exploratory and play behaviour of cubs.  Open 

vegetation types, such as grassland and shrub-land would provide adults and 

sub-adults a large field of view.  This allows lions to easily observe of their 

surrounds for prey, while greater exposure of the pride would increase their 

vigilance.  Carnivorous mammals have been described to decrease their 

activity during day hours and within open habitats (Chavez & Gese 2006; 

Díaz-Ruiz et al. 2015).  Our study was the first to investigate the influence 

vegetation has upon daily activity, as previous studies have focused upon 

the influence of vegetation upon hunting behaviour (Funston et al. 1998; 

Loarie et al. 2013; Davies, Tambling, Kerley & Asner 2016).  Future studies 

would benefit from including wild prides within grassland and additional 

prides in woodland vegetation, allowing investigation into whether the 

observed interaction between age and vegetation is consistent.           

Combining our resting and alert categories provide us with percentages of 

inactivity (captive = 80.94%; wild = 83.85%), which correspond to those 

observed for wild prides.  Schaller (1972) indicated that prides rested an 

average of 20–21hr over a day, while Hanby, Bygott and Packer (1995) 
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observed inactivity to occur at 79% for a pride in the Ngoronoro Crater and 

78.5% for a pride on the Serengeti Plains.  Although our study did not 

involve observing lions between 1930–0630hr, both prides were observed to 

conduct movement behaviours (captive  = 11.82%; wild = 8.74%) relative to 

those observed for prides within the Ngorongoro Crater (10.4%) and 

Serengeti Plains (13.5%) (Hanby et al. 1995).  Our prides were also 

observed to exhibit similar levels of social behaviour (captive = 1.55%; wild 

= 2.69%) to the Hanby et al. (1995) study prides (Ngorongoro Crater = 2%, 

Serengeti Plains = 1.4%).  Interestingly, when considering the differences in 

vegetation type between the Ngorongoro Crater (predominately woodland) 

and the Serengeti Plains (predominately grassland), and comparing them to 

our prides, we observed a similar trend.  Our captive-origin prides and the 

Serengeti pride all exhibited higher levels of movement but lower levels of 

social behaviour.  This suggests that vegetation type has a possible influence 

over pride behaviour.  My study did record lower levels of hunting and 

eating behaviour (Appendix 4.2) than previously published, due to the lack 

of night observations, as other studies observed lions over 24hr periods 

(Schaller 1972; Rudnai 1973; Hanby et al. 1995).  Due to logistics and 

resource availability, our observations of all prides were restricted to 

daylight hours.  Although this needs to be considered when conducting 

comparisons between ours and other prides, similarities drawn within our 

study and to previously published prides indicate that captivity was not 

observed to impact upon the two prides’ ability to perform behaviours at 

natural levels.   

This study provided the first comprehensive analysis of the activity budgets 

of prides of wild and captive-origin.  The results of the study were afflicted 
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by a number of restrictions, namely the differences in the season each pride 

was studied, circumstances of adult males and vegetation types.  

Subsequently, the similarities observed between prides must be considered 

carefully.  Variations between origins occurred at an age, sex and session 

time level, indicating that as a sole influencer, origin may not impact the 

behaviour of prides.  Vegetation was found to influence the expression of 

behaviour, at an age level, providing the first in-depth evaluation of the 

environmental influence upon pride behaviour.  This study provides 

information of a soft-release ex-situ reintroduction program for this species, 

providing some evidence that the rearing history of adult lions has little 

observed impact upon their ability to exhibit natural behaviours, nor 

impacted the behaviour of their offspring. 
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‘To witness that calm rhythm of life revives our worn souls and recaptures a 

feeling of belonging to the natural world. No one can return from the 

Serengeti unchanged, for tawny lions will forever prowl our memory and 

great herds throng our imagination…’ 

                                                                                    George Schaller 
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Chapter 5.  

An assessment of African lion Panthera leo sociality 

via social network analysis: pre-release monitoring 

for an ex-situ reintroduction program. 
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5.1 Abstract 

The wild population of the African lion (Panthera leo) continues to decline, 

requiring alternate conservation programs to be considered.  One such 

program is ex-situ reintroduction.  Prior to release, long-term monitoring 

and assessment of behaviour is required to determine whether prides and 

coalitions behave naturally and are sufficiently adapted to a wild 

environment.  Social Network Analysis can be used to provide insight into 

how the pride as a whole and individuals within it, function.  This study was 

conducted upon two captive-origin pride that are part of a soft-release ex-

situ reintroduction program, and one wild pride of African lion.  Social 

interactions were collected at all occurrences for each pride and categorised 

into greet, social grooming, play and aggression.  Betweenness centrality 

showed that offspring in each pride were central to the play network, while 

degree indicated that adults received (indegree) the greatest number of 

overall social interactions, and the adult males of each pride were least 

likely to initiate (outdegree) any interactions.  Through the assessment of 

individual centrality and degree values, a social keystone adult female was 

identified for each pride.  Social network results indicated that the two 

captive-origin prides had formed cohesive social units and possessed 

relationships and behaviours comparable with the wild pride for the studied 

behaviours.  This study provided the first SNA comparison between captive-

origin and a wild pride of lions, providing valuable information on 

individual and pride sociality, critical for determining the success of prides 

within an ex-situ reintroduction program.  
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5.2 Introduction 

The severe population decline of the African lion (Panthera leo) has been 

well documented (Bauer & Van Der Merwe 2004; Bauer et al. 2013b; 

Hazzah et al. 2009; Kat 2012; Riggio et al. 2013; Woodroffe 2000).  Listed 

as vulnerable in Eastern and Southern Africa, and regionally endangered in 

Western and Northern Africa by the IUCN (2013), the population of this 

species continues to decline despite conservation efforts. 

Ex-situ reintroduction is defined as the release of individuals from captive-

origin into the wild within the historical range of the species (New 2006).  

This method can be used to supplement, established or re-establish wild 

populations.  Ex-situ reintroduction has been successfully conducted for 

species worldwide (Beck et al. 1994; Sarrazin & Barbault 1996; Jule, 

Leaver & Lea 2008; Witzenberger & Hochkirch 2011), even reversing the 

wild extinction of California Condor, Gymnogyps californianus(Toone & 

Wallace 1994) and Przewalski horse, Equus caballus (van Dierendonck & 

Wallis de Vries 1996; Bouman 2000).  The implementation of pre-release 

training and assessment has resulted in increased success and post-release 

survival, as demonstrated in programs for the golden lion tamarin, 

Leontopithecus rosalia (Stoinski & Beck 2004), New Zealand robins 

Petroica australis (Armstong et al. 2002), tamar wallaby, Macropus eugenii 

(Griffin et al. 2001) and prairie dogs, Cynomys (Shier & Owings 2006).  Ex-

situ reintroduction of lion prides has not yet been successfully achieved, but 

wild-to-wild relocations of African lions have been conducted with mixed 

success into Southern Africa (Hayward et al. 2006; Hayward et al. 2007b; 

Hunter 1998a; Hunter et al. 2007). 
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The mechanisms and reasons for social living of the African lion have long 

been of interest.  The benefits and trade-offs of cooperative hunting (Stander 

1992), territorial defence (Grinnell et al. 1995b), increased reproductive 

success and crèche rearing of young (Grinnell & McComb 1995a; Packer et 

al. 2001; Mosser & Packer 2009) and the effects of territory quality, pride, 

and population heritability and dispersal (VanderWaal et al. 2009) have 

been explored.  Central to the success of a pride, is its social cohesion and 

stability.  Studies that have previously investigated African lion social 

structure have been focused upon the egalitarianism of females (Packer et 

al. 2001), and describing the occurrence and frequency of interaction types 

for wild (Schaller 1972) and captive (Matoba et al. 2013) prides.  

Examining social interactions of a pride allows the influences of intrinsic 

and extrinsic factors upon social order to be evaluated (Crook et al. 1976), 

and provide indication of social dominance (Matoba et al. 2013). 

Despite prides being described as stable social units, lion societies undergo 

fission-fusion changes, where various subgroups are constantly formed and 

altered, and all pride members are infrequently grouped together (Packer et 

al. 2001; Mosser & Packer 2009).  This influences social behaviour where 

dispersion impacts upon the opportunities for group members to participate 

in social behaviours (Hosey et al. 2009).  The natural processes that fission-

fusion societies undergo are usually inhibited in a captive environment due 

to limited space and small population sizes (Swaisgood & Schulte 2010).  

The reduction of natural dispersal and avoidance behaviours can result in 

increased agnostic behaviours (Morgan & Tromborg 2007), and has been 

found to facilitate increased social maintenance (Matoba et al. 2013).  

Whether a captive-origin impedes the development and natural expression 
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of social behaviour in African lions requires investigation.  By assessing the 

social behaviour of captive-origin prides and conducting comparisons to a 

wild pride, we examined whether captivity impacts the ability of a lion pride 

to form a cohesive unit and express social behaviours at a natural level.  To 

achieve this, a method of critically analysing pride sociality is required to 

assess a pride as a whole and at an individual level.  

We used social network analysis (SNA), which enables pride structure, at a 

group and individual level, to be quantified and assessed (Krause et al. 

2007; Sih et al. 2009).  Abell et al. (2013a) provided the first SNA of a 

captive-origin lion pride, determining that the analysis was effective in 

assessing individuals and the pride as a whole.  This study provided insight 

into the roles particular individuals, sexes and age groups have within a 

pride, which is crucial when investigating the key interactions that are 

present to allow social cohesion.  They were also able to identify a keystone 

adult female within the pride.  Lusseau et al. (2004) identified that 

individuals with high betweenness centrality values were more influential 

and are able to influence information flow within their group, whereas 

keystones have the ability to impact a group’s dynamics (Sih et al. 2009).  

The importance of a keystone adult female within a lion pride and whether 

this individual is consistent within captive-origin and wild prides is 

unknown.  Whether the results found by Abell et al. (2013a) are consistent 

with captive-origin and wild prides remains unknown; an area which we 

endeavoured to investigate to provide continued assessment of prides within 

an ex-situ reintroduction program. 
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The study was conducted upon two captive-origin prides managed by the 

African Lion and Environmental Research Trust (ALERT) situated in 

Zambia and Zimbabwe, and a wild pride located on the Greater Makalali 

Private Game Reserve (GMPGR), South Africa.  In conjunction with 

partner organisations, ALERT manage an ex-situ reintroduction 

conservation program for the African lion, aiming to conduct the first 

release of second generation prides and coalitions into the wild from captive 

founders (Abell et al. 2013b).  Ideally, groups released will replicate those 

of wild prides, which consist of between two and nine adult females (range 

1–18), and wild coalitions which average between two and six adult males 

(range 1–9) (Packer et al. 1991; Mosser & Packer 2009).  One factor that 

will influence the success of this attempt is the social cohesiveness of the 

prides being released.  Cohesiveness of groups for ex-situ reintroduction is 

usually considered important.  For a pride to be considered cohesive, pride 

members are required to have social connections with other lions (social 

cohesion), and over a period of time, remain whole.  For wild translocations, 

the lack of social cohesion has been observed to increase mortality and 

dispersal post-release, while locating cohesive pride and coalitions suitable 

for translocation is difficult (Hunter 1998b).  Post-release failure of 

carnivores can be due to reduced reproductive success and increased 

dispersal from the release site, occurrence which has been linked to a lack of 

group cohesion (Somers & Gusset 2009).  This study was conducted to 

allow inter-pride assessment and a comparison of social interactions 

between the captive-origin and wild prides.  Social greetings and grooming 

have been described as behaviour utilised to maintain social bonds between 

pride members in captive (Matoba et al. 2013) and wild prides, whereas 
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play behaviour is predominately conducted by cubs during their 

developmental stages (Schaller 1972).  It is clear that each social behaviour 

has an important role within lion pride sociality.  By assessing the various 

types of social interactions, including greets, grooming, play, and 

aggression, we were able to provide insight into the importance of each, and 

the influence different classes of sex and age within lion pride sociality and 

maintenance.  It was expected that this would provide insight into whether a 

captive-bred founder pride shows similarities and deviations in social 

behaviour to a wild pride, while allowing an assessment of social cohesion 

within each pride.  Such information is important to determine whether lion 

with captive-origin behave naturally, and are appropriate in raising 

offspring, which are destined for ex-situ reintroduction.  

5.3 Materials and methods 

The study was conducted on two prides of captive-origin prides (Ngamo and 

Dambwa), and one wild pride (Makhutswi).  For details on pride 

compositions and reserves, please refer to Chapter 2, Sections 2.1.2–2.1.5.    

5.3.1 Data collection 

The same observational methods were applied to all prides, where the time 

of day observations were collected being the only variation in data 

collection between prides.  Social interaction (Chapter 2, Section 2.2.2) and 

pride composition (Chapter 2, Section 2.2.5) data was collected via direct 

observations between 0630–1930hr.   

5.3.2 Statistical analysis 

Social interaction data were standardized for each pride on a pair-wise and 

hour basis.  In total, the prides were observed on 46, 20, and 26 separate 
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occasions for the Ngamo, Dambwa, and Makhutswi prides, respectively.  

During these observations, the Ngamo pride was observed for 98hr, where a 

total of 667 interactions were recorded.  The Dambwa pride was observed 

for 67hr where 841 interactions were recorded.  The Makhutswi pride was 

observed for 62hr, where 162 interactions were recorded.  Social interaction 

data were compiled into asymmetrical (directional), weighted matrices for 

greet, social grooming, play, aggression, and all social interaction types.  

Social interactions for each matrix were standardized by dividing the 

number of interactions collected per pair of lions by the total number of 

hours each pair was observed together, per pride.  Pride composition was 

compiled into a symmetrical matrix prior to using a modified ratio index 

detailed by Abell et al. (2013a) to generate individual association within the 

pride. 

Social interactions were analysed via SNA statistical program UCINET, 

version 6.543 (Borgatti et al. 2002).  A table containing a definition of all of 

the terms used within SNA is available in Appendix 5.1.  Density, degree 

(indegree and outdegree), betweenness centrality, and clique groups for each 

network per pride were calculated.  Density is the proportion of all possible 

connections within a matrix, with a high value (1) representing a highly 

connected network, and a low value (0), an unconnected network 

(Wasserman & Faust 1994; Wey et al. 2008).  Degree shows the number of 

direct connections an individual has with other network members 

(Wasserman & Faust 1994).  As the social interaction matrices were 

directional, degree describes the number of interactions received (indegree) 

and initiated (outdegree) for each individual (Wey et al. 2008; Sih et al. 

2009).  Symmetrical matrices were generated prior to calculating 
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betweenness centrality and cliques for each network per pride.  Betweenness 

centrality indicates the involvement of an individual within a network, 

evaluating the number of shortest paths which are required to pass before 

reaching a target individual.  A higher value indicates a more central 

member, as this individual connects others within the network who may not 

be directly connected, serving as a bridge between and connecting sub-

groups (Krause et al. 2007; Croft et al. 2008; Wey et al. 2008).  UCINET 

generated normalised indegree and outdegree values that were tested for 

dependence within and between networks for each pride via a Spearman’s 

correlation in Genstat 17
th
 Edition (VSN International 2014).  Kendall’s tau 

correlations were conducted upon normalised degree and betweenness to 

assess whether associations between social influence and social power 

existed within each pride (Abell et al. 2013a).  

NETDRAW, version 2.1476 (Borgatti et al. 2002) was used to generate 

sociograms and clique figures for social interaction networks.  Matrices 

were directional: thus line thickness illustrates the strength of association 

between nodes (lions), where a thicker line indicates a stronger association 

(Croft et al. 2008), whereas arrows indicate the direction of interaction 

between nodes (Wey et al. 2008).  SOCPROG version 2.4 (Whitehead 

2009) was used to conduct a Mantel test, which allowed us to assess for 

similarities between social interaction matrices and age, gender, kinship, 

pride composition, and a random network.  The random network within this 

analysis was generated in UCINET for each pride (Abell et al. 2013a).  
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5.4 Results 

Analyses showed that adults and offspring within each pride have roles that 

differ between networks, indicated by degree and betweenness centrality.  

All interaction networks were found to not significantly associate with a 

random network, indicating interactions were non-randomly distributed 

within each pride.  Cubs and sub-adults were likely to be initiators of the 

most all social and greet interactions, while being central to the play 

network.  Adult males across the three prides were found to receive high 

levels of all social interactions, while being least likely to initiate any type 

of interaction.  By viewing and comparing degree, betweenness, and clique 

involvement between adult females within a pride, a keystone individual 

was able to be identified.  Density values for all social and greet matrices of 

the Ngamo and Dambwa prides, and to a lesser extent the Makhutswi pride, 

indicate that each of the are highly connected (Table 5.1).  For the 

remaining matrices, density values were low, indicating that not all 

individuals were involved or fully connected within the network.  Overall, 

the Makhutswi pride was observed to have a lower density value for each 

social interaction networks compared to the Ngamo and Dambwa pride 

(Table 5.1).   

Table 5.1. Density values for each network per pride, with a range of 0 

(unconnected) to 1 (highly connected).   

Pride Greet Groom Play Aggression All 

Social 

Pride 

Composition 

Ngamo 0.891 0.664 0.145 0.136 0.964 1 

Dambwa 0.780 0.303 0.515 0.068 0.939 1 

Makhutswi 0.394 0.091 0.114 0.053 0.492 1 

 

The all social (Figure 5.1) and greet (Figure 5.2) matrices for each of the 

three prides indicate that the majority of pride members are connected.  For 
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the Ngamo pride, interactions between the pride male M1 and adult female 

NL were non-existent in A1 (Figure 5.1), whereas for the Makhutswi pride, 

adult female MID was absent in the greet matric and along with adult male 

MA, is not highly connected.  These observations were reflected in the 

clique (Figure 5.2, B3) and centrality (Figure 5.3) analysis for the greet 

network.  Four cliques were observed for the Ngamo pride (B1), with sub-

adults AT1 and AS5, and adults MI and NL involved in two cliques each.  

These four pride members were also found to have the lowest centrality 

value for this network. 
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A1. Ngamo All Social

 

A2. Dambwa All Social

 

A3. Makhutswi All Social

 

 

B1. Ngamo All Social

 

B2. Dambwa All Social

 

B3. Makhutswi All Social

 

Figure 5.1. Sociogram and clique matrices calculated from observed all social 
behaviours. (A1-A3) are the sociograms, whereas (B1-B3) are the calculated 

clique matrices for the all social network for each pride.  For the sociograms and 

cliques, squares and circles are nodes, representing an individual, whereas for the 
cliques, triangles signify a clique. Node shape represents the sex of a lion (circles 

are female, squares are male), whereas the node size is directly proportional to the 

age of the individual (larger the symbol, the older the lion). For the sociograms, 

line thickness between dyads represents the strength of association between 
individuals.  
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A1. Ngamo Greet

 

A2. Dambwa Greet

 

A3. Makhutswi Greet

 

 

B1. Ngamo Greet

 

B2. Dambwa Greet

 

B3. Makhutswi Greet

 

 

Figure 5.2. Sociogram and clique matrices calculated from observed greet 

behaviours. (A1-A3) are the sociograms, whereas (B1-B3) are the calculated 

clique matrices for the greet network for each pride. For the sociograms and 
cliques, squares and circles are nodes, representing an individual, whereas for the 

cliques, triangles signify a clique. Node shape represents the sex of a lion (circles 

are female, squares are male), whereas the node size is directly proportional to the 
age of the individual (larger the symbol, older the lion). For the sociograms, line 

thickness between dyads represents the strength of association between individuals.

 

The Makhutswi pride had five cliques, with adults MA and MID being 

absent in all cliques, whereas adult female DE was present in one clique, 

which is reflected in the centrality value (Figure 5.3) for these three lions. 

Cliques figures for all social matrices show the least connected individuals 

per pride (Figure 5.1 B1-B3).  Both the Dambwa and Makhutswi prides had 

members absent in the clique analysis; cub RS3 was absent from the 

observed clique,
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while along with RS2, had low centrality.  Three cliques were observed for 

the Makhutswi pride, with adults MA and MID absent in all, and along with 

DE, had low centrality.  Absence from a clique network indicates that an 

individual lacks significant connections with clique members (Wasserman 

& Faust 1994; Wey et al. 2008).  

1 Ngamo 

 

2 Dambwa 
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3 Makhutswi

 

            Greet            Groom           Play           Aggression           All Social 

 

Figure 5.3. Betweenness centrality for each network. Calculated normalized 

betweenness centrality for the greet, groom, play aggression, and all social 

networks, per individual for each pride.  

The groom matrices (Figure 5.4) showed that for the Ngamo pride, the 

strongest ties were observed to occur between cubs and their mothers, an 

occurrence observed to a lesser extent in the Dambwa pride.  For the 

Makhutswi pride, adult males MA and XI, and adult female MID, were 

absent from the network, with the strongest tie lying between half-sibling 

males SA and LI. 

The most centrally connected individual for each pride in the play matrix 

was a male sub-adult (AS5 for Ngamo) or a male cub (LE1 for Dambwa and 

LI for Makhutswi) (Figure 5.3).  For both the Ngamo and Makhutswi prides, 

all of the adults had low centrality, indicating they were not points of 

connection within this network.  Interestingly, three of the six adults (KE, 

KW and LE) in the Dambwa pride were also not points of connection, with 

the remaining adults having reduced involvement (Compared to the cubs) 

(Figure 5.5).  It could have been expected that adult female LE would have 

higher play centrality due to being the mother of LE1, LE2 and LE3, as 
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observed for adult female RS.  It is clear for all prides that offspring were 

central to the play network. 

 

A1. Ngamo Groom

 

A2. Dambwa Groom

 

A3. Makhutswi Groom

 

 

B1. Ngamo Groom

 

B2. Dambwa Groom

 

B3. Makhutswi Groom 

Figure 5.4. Sociogram and clique matrices calculated from observed groom 
behaviours. (A1-A3) are the sociograms, whereas (B1-B3) are the calculated 

clique matrices for the groom network for each pride. For the sociograms and 

cliques, squares and circles are nodes, whereas for the cliques, triangles signify a 
clique. Node shape represents the sex of a lion (circles are female, squares are 

male), whereas the node size is directly proportional to the age of the individual 

(larger the symbol, older the lion). For the sociograms, line thickness between 
dyads represents the strength of association between individuals. 
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A1. Ngamo Play 

 

A2. Dambwa Play 

 

A3. Makhutswi Play

 

 

B1. Ngamo Play

 

B2. Dambwa Play 

 

 

B3. Makhutswi Play 

 

 

 

Figure 5.5. Sociogram and clique matrices calculated from observed play 

behaviours. (A1-A3) are sociograms, whereas (B1-B3) are the calculated clique 
matrices for the play network, for each pride. For the sociograms and cliques, 

squares and circles are nodes, whereas for the cliques, triangles signify a clique. 

Node shape represents the sex of a lion (circles are female, squares are male), 

whereas the node size is directly proportional to the age of the individual (larger 
the symbol, the older the lion). For the sociograms, line thickness between dyads 

represents the strength of association between individuals.

 

Low levels of aggression were observed for each pride, with sub-adult 

males being the most centrally connected (Figure 5.3) for the Ngamo (AS5 

and Makhutswi (SA) prides.  Interestingly, adult females LE for the 

Dambwa pride was the most centrally connected individual for the 

aggression network, despite us observing no aggression between LE and her 

cubs, resulting in the cubs being absent from the network.  
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A connection between a lioness and one of her offspring was observed for 

the Dambwa (RS and RS1), and Ngamo pride (AS and AS4).  No other 

connections between   mothers and their offspring were observed in the 

aggression network (Figure 5.6).

A1. Ngamo Aggression 

 

A2. Dambwa Aggression 

 

A3. Makhutswi Aggression 

 

 

B1. Ngamo Aggression

 

B2. Dambwa Aggression 

 

B3. Makhutswi Aggression 

 

Figure 5.6. Sociogram and clique matrices from observed aggression 

behaviours. (A1-A3) are sociograms, whereas (B1-B3) are the calculated cliques 

for the aggression network, per pride. For the sociograms and cliques, squares and 
circles are nodes, whereas for the cliques, triangles signify a clique. Node shape 

represents the sex of a lion (circles are female, square are male), whereas the node 

size is directly proportional to the age of the individual (larger the symbol, the 
older the lion). For the sociograms, line thickness between dyads represents the 

strength of association between individuals. 
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Interactions received (indegree) and initiated (outdegree) per individual for 

each pride indicated the role an individual plays within an interaction 

(Figures 5.7 and 5.8).  For all prides, an adult pride member was observed to 

receive the greatest (Ngamo = AS, Dambwa = ZU, and Makhutswi = LB), 

and initiate the lowest (Ngamo = MI, Dambwa = ZU, and Makhutswi = 

MID) number of overall social interactions, whereas a sub-adult or cub was 

most likely to initiate the most social interactions (Ngamo = AS5, Dambwa 

= LE11, and Makhutswi = SA) (Figure 5.8).  Spearman’s correlation found 

all social indegree and outdegree for the Dambwa and Makhutswi prides to 

be negatively correlated (τ = -0.727, p = 0.007; τ = 0.729, p = 0.002).  For 

the Dambwa pride, those who received the most all social interactions 

(Figure 5.7) received the most greetings (τ = 0.832, p = 0.001) and initiated 

the fewest greetings (τ = -0.623, p = 0.030), social grooming (τ = -0.820, p = 

0.001) and play encounters (τ = -0.820, p = 0.001).  Pride members who 

initiated the most all social interactions were also found to initiate the most 

greeting (τ = 0.876, p < 0.001), social grooming (τ = 0.785, p = 0.003) and 

play encounters (τ = 0.785, p = 0.003).  For the Makhutswi pride, those who 

received the most cumulative social interaction initiated the most greets (τ = 

0.767, p = 0.001) and play encounters (τ = 0.436, p = 0.039).  The Mantel 

test per pride found a positive association between social interactions and 

full siblings (rM = 0.145, p = 0.022 and rM – 0.403, p < 0.001), respectively, 

for the Dambwa (Appendix 5.2) and the Makhutswi (Appendix 5.3) prides.  
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1. Ngamo 

 

2. Dambwa

 

3. Makhutswi

 

 

            Greet            Groom           Play           Aggression           All Social 

 

 

Figure 5.7. Indegree for each network. Calculated normalised indegree for the 

greet, groom, play, aggression, and all social networks, per individual for each 

pride.
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1. Ngamo 

 
 

2. Dambwa

 

3. Makhutswi

 

 

            Greet            Groom           Play           Aggression           All Social 

 

 

Figure 5.8. Outdegree for each network. Calculated normalised outdegree for the 

greet, groom, play, aggression, and all social networks, per individual for each 
pride. 
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Greet indegree and outdegree was found to be negatively associated for the 

Ngamo (τ = -0.785, p = 0.003) prides.  For the Dambwa pride, lions who 

received the most greetings (adults) initiated the fewest cumulative social (τ 

= -0.888, p < 0.001), social groom (τ = -0.935, p < 0.001) and play 

encounters (τ = 0.610, p = .035).  The Mantel test for the greet network for 

the Makhutswi pride was found to be positively associated with full siblings 

(rM = 0.188, p = 0.015) and age (rM = 0.188, p = 0.019). 

Offspring were observed to receive the greatest number of groom 

interactions; AS4 for the Ngamo pride and DA for the Makhutswi pride 

(Figure 5.7).  Adult female LE was observed to receive and initiate the 

highest number of grooming interactions for the Dambwa pride.  Pride 

males in each pride all received fewest number of grooming interactions, 

and for the Ngamo and Makhutswi pride, the test of association found 

groom centrality to be positively associated with groom indegree (τ = 0.637, 

p =0.008), and greet outdegree (τ = 0.493, p =. 0.032), indicating the lions 

who were central to the groom network received the most groom and 

initiated the most greet interactions.  The Mantel test for the groom network 

found a positive association with sex (rM = 0.170, p < 0.001; rM = 0.217, p 

= 0.018) for the Ngamo and Makhutswi prides, respectively.  A positive 

association between the groom network and full siblings (rM = 0.250, p 

0.027) and age (rM = 0.250, p = 0.029) was also found for the Makhutswi 

pride. 

Cubs and sub-adults, in all pride, were observed to initiate and receive the 

greatest number of play interactions (Figures 5.7 and 5.8).  This is expected 

as related offspring of similar age are central to play networks.  Spearman’s 
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correlation found play indegree and outdegree to be positively associated for 

the Dambwa (τ = 0.680, p = 0.015) and Makhutswi (τ = 0.764, p = 0.004) 

prides.  For the Dambwa pride, individuals who received the most play 

interactions also initiated the most social (τ = 0.741, p = 0.006), greets (τ = 

0.581, p = 0.047) and social grooming encounters (τ = 0.680, p = 0.015).  

The individuals (cubs and sub-adults) who received the most play 

interactions also initiated the greatest social (τ = 0.656, p = 0.021) and greet 

(τ = 0.604, p = 0.038) interactions.  Kendall’s tau analysis for each pride 

found prides to have a positive association between play centrality and play 

indegree (Ngamo [τ = 0.744, p = 0.004] and Dambwa [τ = 0.583, p = 

0.010]) and play outdegree (Ngamo [τ = 0.607, p = 0.024], Dambwa [τ = 

0.667, p = 0.003] and Makhutswi [τ = 0.620, p = 0.019]).  In addition, the 

Dambwa pride was found to have a positive association between play 

centrality and groom outdegree (τ = 0.667, p = 0.003) and a negative 

association with aggression outdegree (τ = -0.540, p = 0.029) and greet 

indegree (τ = -0.552, p = 0.015).  The Makhutswi pride was also observed to 

have additional positive associations between play centrality and social (τ = 

0.494, p 0.045) and greet (τ = 0.494, p 0.045) outdegree matrices.  This 

showed that the cubs and sub-adults of this pride initiated the most greet and 

overall social interactions.  In all prides, there was a positive association 

between their play matrices and half siblings (Ngamo [rM = 0.300, p 0.018], 

Dambwa [rM = 0.386, p < 0.001] and Makhutswi [rM = 0.333, p 0.014]).  A 

positive association between the play matrices and full siblings for both the 

Ngamo (rM = 0.455, p = 0.003) and Dambwa (rM = 0.508, p = 0.001) prides 

and age for the Dambwa pride (rM = 0.286, p =.002) were also found.            
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5.5 Discussion 

The comparison of two captive-origin prides with a wild pride permitted the 

identification of similarities and differences in social behaviour, at an 

individual and pride level.  Networks of the three prides were found to be 

non-random, demonstrating that individuals exhibit a choice in associating 

with other pride members.  Consistent similarities were found between 

prides.  Cubs and sub-adults were persistently found to have integral roles in 

the play network, whereas adults were observed to receive the most and 

initiate the least greet and overall social interactions.  Differences between 

prides were observed to occur at an individual level, where the involvement 

of a particular individual, sex or age group differed slightly between the 

prides. 

Social cohesion (density) of the Makhutswi pride was less than the two 

captive-origin prides, possibly due to the lack of presence and involvement 

of two pride members, which were often dispersed from the observed group.  

Schaller (1972) observed that a wild pride is not socially cohesive in terms 

of all pride members are consistently together, but because lions live in 

fission-fusion society, it is more likely members and groups can often be 

dispersed (Packer et al. 2001; Mosser & Packer 2009).  It must be 

considered when comparing between captive-origin and wild prides, that for 

ex-situ reintroduction, social cohesion is thought to be essential for post-

release success.  Therefore, the evaluation of social cohesiveness of a group 

pre-release is important, and assists in identifying prides and coalitions that 

are suitable for release.  The high cohesion of the two captive-origin prides 

indicates that it is possible to construct a cohesive pride from captive 
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founders, and result in a socially connected unit that appears well suited to 

release in terms of cohesiveness. 

Overall, fewer interactions were observed for the Makhutswi pride 

compared to the captive-origin prides.  Factors that may have resulted in a 

reduced social interaction frequency vary, including pride dispersal, 

territory size (Chapter 7), and rearing history (Chapter 2, Sections 2.1.1–

2.1.5).  Adult presence for the Makhutswi pride, the wild pride, was low 

compared to the captive-origin prides.  Male absence was suspected to be a 

result of time spent with another pride within their territory and conducting 

territorial behaviours.  Absence is a natural occurrence, where male 

dispersal from the pride can average 12 and range up to 15 months (Funston 

et al. 2003, Matoba et al. 2013), while Schaller (1972) has described adult 

males to be “transitory pride members”.  Adult female MID was an older 

lion pride member (14 yrs old) and had sustained an injury which prevented 

this lioness from keeping up with pride movements, and instead was 

observed briefly with daughter DE on two occasions.  The elevated 

interactions and male presence we observed for the captive-origins prides 

could be accounted for by the differences in reserve sizes.  Restricted 

territories impede upon a pride’s ability to undergo fission-fusion changes, 

resulting in more members of the pride being located together more 

frequently.  The Ngamo and Dambwa prides were located in reserves 

smaller than the Makhutswi pride (Chapters 2 & 7).  Captive animals are not 

required to spend time performing some behaviours, such as foraging, 

which can result in more time spent conducting social behaviours (Matoba 

et al. 2013).  Although territorial sizes are impacted upon by various factors, 

including prey availability and pride size, the fenced reserves of the captive-
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origin prides do not equate to the estimated territory sizes of wild prides; 

range of 120–400km
2
 (Schaller 1972), and mean of 56km

2
 (range 15–

219km
2
) (Mosser & Packer 2009) for prides within the Serengeti, and 52.4 

± 26.3km
2
 for five prides in the Selous Game Reserve, Tanzania (Spong 

2002).  The captive history of the Ngamo and Dambwa adult males must 

also be considered (Chapter 2, Sections 2.1.1–2.1.3).  Ngamo adult male MI 

was not raised or housed with any of the pride adult females prior to release 

into the reserve, whereas Dambwa male ZU was.  This difference in history 

could account for ZU’s consistent presence with the pride, due to the 

familiarity with the pride females.  Naturally, males disperse from their 

natal pride by the age of 4 yrs (Pusey & Packer 1987), live a nomadic life or 

form coalitions and compete for succession of a pride (Schaller 1972; 

Packer et al. 1991).  These variations suggest that individual history and the 

surrounding environment could have impacted behaviour, however, the 

extent is unknown.  Whether male behaviour of the captive-origin prides 

would change if released into larger reserves is yet to be determined. 

Adults, sub-adults, and cubs were found to have different roles within pride 

sociality.  Across all prides, the highest receiver was an adult, whereas 

offspring were more likely to initiate all social interactions.  Schaller (1972) 

also observed this pattern for wild prides, with cub-to-adult female 

interactions accounting for 62%, and adult female-to-cub 11% of all 

observed interactions.  Similar observations between the captive-origin and 

wild prides allude that a captive history may not have impacted this 

behaviour.  Cubs and sub-adults of the three prides were central to the play 

network.  For the Dambwa and Makhutswi prides, play was the second most 

observed interaction type (after greets), which could be attributed to the 
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cubs (< 2 yrs).  Although older pride members do take part in play 

behaviour, our results confirm those of Schaller (1972) who reported that 

cubs play at a higher frequency, duration, and intensity compared to sub-

adults and adults. 

Adult males across the three prides were receivers of social encounters, 

however, rarely initiated social interactions.  A sex bias was observed in the 

Ngamo pride for greet and groom interactions, with lionesses directing these 

interactions to other females.  These findings indicate that sex may impact 

the distribution of social interactions within a pride.  Schaller (1972) also 

observed that wild males rarely initiated greets or grooming with other pride 

members and described greets as peaceful interactions between pride 

members, symbolizing acceptance and belonging to a pride.  This possibly 

accounts for the elevated number of interactions pride males receive, 

opposed to the number they initiate.  Sex preference has been observed in 

zoological captive lions; Matoba et al. (2013) observed that males greeted 

other males and females groomed other females at high frequencies.  Male 

to male interaction bias was difficult to properly evaluate because the 

Makhutswi pride was the only one with a coalition.  The adult males of this 

pride were infrequently observed together, or with the pride, which could be 

attributed to various factors.  Within the established territory, this male 

coalition held tenure over two prides, requiring time to be split between 

these prides and territorial patrolling.  Additionally, the vegetation type(s) 

within a territory can also influence male behaviour.  The Makhutswi 

territory was covered in open and closed woodland (Chapter 2, Section 

1.4.4).  Funston et al. (1998) observed that males were more frequently 

present with their pride in pen plain, compared to woodland habitat.  Dense 
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vegetation impacts visibility, requiring additional movement to explore all 

areas. The extent to which the Makhutswi males are absent from the two 

prides requires further investigation. 

A keystone adult female was identified in each of the three prides; PH, RS 

and LB for the Ngamo, Dambwa, and Makhutswi prides, respectively.  

These keystone females were identified by comparing degree values, 

involvement within cliques and betweenness centrality values across all of 

the social matrices.  At the time of our study, two of the three females had 

mothered cubs within their prides (RS and LB) and were all of similar age 

(7–9 yrs old).  These females were integral to the majority of networks, and 

connected peripheral members to the rest of the pride.  The presence of a 

keystone female in the Makhutswi pride suggests that this role is an integral 

component of a wild pride, while indicating that a captive history does not 

impact upon a females’ ability to establish and fulfil this role. 

SNA provides us with the ability to identify a keystone female and further 

studies should focus on identifying the extent to which this role is essential 

to pride cohesion.  Whether the removal of a keystone female would result 

in the dissociation of a pride, or whether the role would be filled by another 

female, is unclear.  Lusseau et al. (2004) found within bottlenose dolphin, 

Tursiops truncatus, societies that a keystone individual is required in 

maintaining group cohesion, whereas Flack et al. (2005) determined that 

such individuals are important in minimizing conflicts and facilitate positive 

interactions between group members.  Post removal of a keystone individual 

can result in a reduction of positive and increase in agnostic interactions, 

which results in a conservative and less incorporated society (Flack et al. 
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2006).  This indicates that a lion pride could experience pride dispersion and 

fragmentation post removal of a keystone adult female.  However, I suggest 

that the changes a pride would experience may not be universal.  The impact 

may differ according to the composition and environment of the pride at the 

time.  If a pride consists of peripheral members, this pride could be more 

likely to fragment, whereas a highly connected pride, or one that contains 

cubs, may be more likely to remain cohesive.  Lastly, the Ngamo prides 

keystone female was PH whom has been previously recognised by Abell et 

al. (2013a).  These two studies indicate that the position of this role is 

relatively stable over a period of time.  Additional studies should consider 

these influences and investigate the degree to which social keystones are 

critical to pride cohesion, and pride success during reintroductions. 

On the whole, this study provided insight on pride and individual sociality, 

by conducting SNA and considering the similar observations between the 

captive-origin and wild prides.  The role a social keystone plays within a 

pride has been identified as important, although it is currently unclear 

whether this is universal to all prides and environments, and whether they 

are a critical component for pride success post-release.  Similarities that 

were observed between the three prides, and published between wild and 

zoological prides, indicate many aspects of social behaviour are stable, and 

resilient to the captive environment.  This suggests that captivity does not 

impede upon the ability of a pride to become socially cohesive, nor an 

individual being able to express natural social behaviours.  It is important to 

note that the captive-origin prides within this study were exposed to 

complex environmental conditions, which facilitated adaptive natural 

behaviours and experiences; conditions which could have encouraged 
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natural social behaviours.  This information is vital in the continued 

monitoring and assessment of prides within an ex-situ reintroduction 

program.  The next step requires the assessment of prides and coalitions post 

ex-situ reintroduction. 
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Chapter 6.  

Behavioural correlates between daily activity and 

sociality: evaluating roles of age groups within prides 

and formulating a pre-release assessment tool 
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6.1 Abstract 

Study of behavioural correlations within and across populations has long 

been of interest to ethologists.  An exploration of behavioural correlations 

between sociality and behaviour of African lions (Panthera leo) was 

undertaken to examine if this approach is better able to reveal important 

aspects of lion behaviour not easily discernible by looking at these 

behaviours separately.  Resting behaviour and received play interactions were 

correlated in two captive-origin prides and one wild pride, attributable to the 

involvement of cubs and sub-adults.  Direct and exploratory movement was 

negatively correlated with groom centrality in two of the three prides, due to 

adults engaging in high levels of both of these activities.  Exploration of 

these behavioural correlations highlighted the differences between age-

groups in activity and sociality, facilitating the understanding of the 

complex behaviour and interactions of lions.  In addition, some of the 

behavioural correlations were found to be similar across captive-origin and 

wild prides, alluding that captive-origin prides may be behaviourally 

suitable candidates for ex-situ release.  This is imperative to ensure the 

success of sub-groups and prides under an ex-situ reintroduction program. 

6.2 Introduction 

Behavioural correlates, which occur between two or more behaviours such 

as boldness, aggression and exploration, have been recognized to occur in 

various species (Ward, Thomas & Krause 2004; Kortet, Rantala & Hedrick 

2007).  The presence of behavioural correlations can be used to provide a 

more complete account of animal behaviour, forming the basis of identifying 

behavioural strategies and personality.  Such correlations could potentially be 

used within pre-release assessment, providing an additional tool in 
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identifying animals suitable for release, ultimately resulting in increased 

program success.  

 

Activity budgets are an important assessment tool used to provide 

information on individual behavioural phenotypes and time animals 

dedicate to specific behaviours.  Through assessing the daily activity of 

African lions (Panthera leo) in wild systems, it has been established that 

prides are largely crepuscular and nocturnal, with resting occurring largely 

during daylight hours (Schaller 1972; Rudnai 1973; Hanby, Bygott & 

Packer 1995).  Activity budgets are a critical tool in the pre-release 

assessment of captive-origin prides within an ex-situ reintroduction program 

as they facilitate comparisons to wild prides.  More recently, Social Network 

Analysis (SNA) has emerged as method that has proven effective in assessing 

and quantifying the social structure of a population (Krause, Croft & James 

2007; Croft, James & Krause 2008; Sih, Hanser & McHugh 2009).  This 

analysis was first applied to a captive-origin pride by Abell et al. (2013), 

prior to use in comparing captive-origin and wild prides, Chapter 5 of this 

thesis.
 
 SNA provides us with insight into the role of sub-groups and 

individuals within a pride.         

 

While assessing daily activity and conducting SNA individually are useful 

in identifying individual and within-pride differences, the large number of 

metrics this provides can make it difficult to obtain a complete picture of 

lion behaviour.  Behavioural correlates provide a means of combining 

different metrics, and potentially facilitate the development of a clear 

understanding of the complexities of lion activity and social behaviour.  
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Behavioural correlations between SNA metrics and behaviour may provide 

a more comprehensive account of lion phenotype, affirming and challenging 

previously conceived perceptions of lion behaviour.  Since a clear 

understanding of the phenotype of captive-origin lions destined for ex-situ 

reintroduction is critical to determine their chances of survival, potentially 

provide further insights into the suitability of individuals for release.   

6.3 Materials and methods 

Two captive-origin prides and a wild pride were observed (pride details 

outlined in Chapter 5 of this thesis), with an activity budget and social 

interactions collected simultaneously.  For the activity budget, individual 

lions were identified and their behaviour recorded every 5min using a 

species specific ethogram.  Captive-origin prides were observed for a total 

of 98 (Ngamo) and 67 (Dambwa) hours each, and 62hrs for the wild pride 

(Makhutswi).  Activity budget behaviours were calculated to provide a 

percentage of total time seen performing a behaviour (rest, alert, direct and 

exploratory movement, individual play and vocalisations).  Social 

interactions were compiled into matrices for greet, groom, play, aggression 

and all social, and analysed via SNA, detailed in Chapter 5 of this thesis. 

This analysis produced betweenness centrality, an indication of individual 

lion involvement in a social network (Krause et al. 2007), and degree, an 

indication of the frequency of interactions received and initiated by each 

lion (Wey et al. 2008; Sih et al. 2009; Abell et al. 2013), values for each lion 

per pride.  Through Spearman’s correlations, the activity budget behaviours 

and SNA social metrics were correlated per pride, and associations found 

(Table 1).  Mann-Whitney U tests were used to assess for differences 

between age groups, across all prides. 
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6.4 Results and discussion 

A negative correlation between resting behaviour and received play 

interactions was found across the Ngamo and Dambwa prides, and a 

negative trend observed for the Makhutswi pride (Table 6.1).  Correlations 

were also found across two of the prides; the Ngamo and Makhutswi pride 

had positive correlations between alertness and play centrality, which is 

expected of cubs and sub-adults.  However, a positive correlation for these 

prides between alertness and roaring and received interactions challenges 

the current perception that adult males.  While adult males are expected to 

roar at high levels, we know they receive high amounts of social interactions 

(Chapter 5), they are often considered to be inactive.  A positive correlation 

between initiated and received social play, individual play and play 

centrality (positive trend for the Ngamo pride) and a negative correlation 

between direct and exploratory movement and groom centrality were found 

for the Ngamo and Dambwa prides.  Correlations also occurred for 

individual prides, with alertness being positively correlated with received play 

and aggression interactions for the Ngamo pride.  Individual play was 

negatively correlated with received all social and greet interactions 

(Dambwa), and positively correlated with received aggression (Ngamo) and 

initiated greet, play and all social interactions (Dambwa). 
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Table 6.1. rs and p-value of significant Spearman’s correlations between 

activity budget behaviours and calculated SNA centrality and degree (received 

interactions) values, per pride.  

Activity 

Budget 

Social 

Network 

Ngamo* Dambwa* Makhutswi 

rs P-
value 

rs P-
value 

rs P-
value 

Rest Play 

received
 

-0.671 0.024 -0.636 0.026 -0.602 0.050 

Aggression 

received 

-0.676 0.022 0.077 0.812 -0.505 0.113 

Greet 

initiated 

-0.309 0.355 -0.536 0.073 -0.645 0.032 

Alert Play 

centrality 

0.705 0.015 0.032 0.922 0.668 0.025 

Play 

received 

0.887 0.000 0.168 0.602 0.344 0.300 

Aggression 

received 

0.723 0.012 0.191 0.553 0.305 0.361 

M1 Groom 
centrality

 
-0.695 0.018 -0.625 0.030 0.056 0.870 

Individual 

Play 

 

Play 
centrality 

0.604 0.049 0.697 0.012 0.384 0.244 

All social 

received 

0.373 0.259 -0.639 0.025 -0.401 0.222 

Greet 

received 

0.000 1.000 -0.850 0.000 -0.500 0.117 

Play
 

received 

0.641 0.034 0.819 0.001 0.000 1.000 

 

Aggression 

received 

0.612 0.045 0.000 1.000 0.347 0.295 

All social 

initiated 

-0.447 0.268 0.858 0.000 0.300 0.370 

Greet 

initiated 

0.149 0.662 0.648 0.023 0.200 0.555 

Play 
initiated 

0.539 0.087 0.828 0.001 0.524 0.098 

Roar Greet 

received 

0.751 0.008 N/A N/A 0.696 0.017 

 

* Indicates a pride containing adult lions of captive-origin. 

 

All correlations were found to be influenced by age groups; adults and 

offspring (cubs and sub-adults).  Correlations within all the three prides 

indicated that the pride members who rested more, adults, were less likely to 

receive play interactions.  Adults were observed to not conduct individual 

play, while cubs and sub-adults performed this behaviour at 0.18% of total 
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time observed, resulting in this age group significantly influencing the 

correlations with this behaviour with activity (U =80, p = 0.005).  All other 

correlations were due to age related differences where upon close 

examination, this would be expected as younger pride members were more 

active and central to play interactions, while being more likely to initiate 

greets and receive aggression.  This affirms previous knowledge, that cubs and 

sub-adults are less likely to rest, but are important members of play 

interactions.  Adults rested at higher levels, were more involved in territorial 

vocalisations, and received more interactions.  These age variations have 

been reported previously for pride daily activity (Schaller 1972; Rudnai 

1973) and social behaviour (Schaller 1972; Rudnai 1973; Abell et al. 2013; 

Chapter 5 of this thesis), but the existence of these correlations facilitates 

the formation of the complex activity and social behaviour of lions of 

different ages.    

The behavioural correlations reported here challenge and extend our 

understanding of lion behaviour by revealing the differences that occur at an 

age level in sociality and behaviour.  By considering similar observations 

between prides, it is suggested that age associated behavioural phenotypes 

are unaffected by captivity.  These similarities are important in ensuring 

specific sub-groups have species and age appropriate behaviours.  Long 

term, this will allow us to assess these and other captive-origin prides, 

ensuring that age groups perform behaviours at appropriate levels through 

the developmental stages from cub to adult.  This is critical to ensuring that 

candidates for ex-situ reintroduction are behaviourally apt for survival. 
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‘The truth is: the natural world is changing. And we are totally dependent on 

that world. It provides our food, water and air. It is the most precious thing 

we have and we need to defend it…’ 

                                                                                    Sir David Attenborough 
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Chapter 7.  

Comparisons of territorial size, use, defence, and 

behaviour of captive-origin and a wild pride of 

African lions (Panthera leo). 

     

 

 

 

 

 

 

 

This chapter has been submitted for publishing as:  

Dunston EJ, Abell J, Doyle RE, Duffy D, Poynter C, Kirk J, Hilley VB, 

Forsyth A, Jenkins E, McAllister D, Freire R. Comparisons of territorial 

size, use, defence, and behaviour of captive-origin and a wild pride of 

African lions (Panthera leo). 

This chapter has been edited to fit within the thesis and may not be 

displayed in the exact style and content as the published manuscript. 
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7.1 Abstract 

The establishment and defence of a territory and appropriate hunting 

behaviour are crucial to the survival of a lion pride.  Whether captive-origin 

prides within an ex-situ reintroduction program released into fenced 

reserves are capable of maintaining a territory and be self-sufficient in terms 

of hunting is currently unknown.  Territorial and hunting data were 

collected from two captive-origin and a wild pride at all occurrences during 

direct observations, and the GPS location of the pride was recorded at the 

beginning and end of each observation.  Minimum convex polygon and 

kernel density were used to estimate the home range and space use, while 

spider diagrams indicated the movement of each pride.  The two captive-

origin prides established territories that expanded to the extent of their small 

fenced reserves, while the wild prides established territories of 28.5km
2
 and 

56km
2
 within the 234.8km

2
 reserve.  The captive-origin prides were 

observed to be located near and frequently moved along reserve boundaries, 

possibly indicating they are willing to expand their territory.  Both captive-

origin and wild prides had core ranges situated around a water source.  

Territorial behaviours including scent-marking and vocalisations, were 

found to not significantly differ between captive-origin and wild prides, and 

as expected males were found to roar more frequently than females.  

Although the opportunities to observe hunting behaviour were limited, each 

pride was observed to conduct species appropriate hunting behaviour and or 

make successful kills, providing some evidence that captive-origin prides 

can hunt successfully.  Our study indicated that even in semi-wild reserves, 

captive-origin lions can be observed to exhibit natural forms of territorial 
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and hunting behaviours that lead us to be optimistic about a captive-origin 

pride’s ability to be successfully reintroduced.  

7.2 Introduction 

Captivity places animals under various unnatural constraints (Mason et al. 

2013) which can impact animal behaviour and physiology (Mathew 2005).  

This adaptation to the captive environment can result in animals within ex-

situ reintroduction programs being behaviourally inept upon release 

(Watters & Meehan 2007) due to deficiencies in behaviours, including 

foraging, hunting, social and breeding behaviours (Snyder et al. 1996; Club 

& Mason 2007; Fàbregas et al. 2015), which can compromise the survival 

and success of animals post-release (Biggins et al. 1999; McPhee 2004; Jule 

et al. 2008).  For carnivorous species, natural foraging and hunting 

behaviours are highly inhibited in a captive environment due to the lack of 

appropriate stimuli available to promote these behaviours.  Worldwide 

captive feeding regulations state that the feeding of live vertebrates to 

captive species is illegal (Ings et al. 1997; Altman 2005).  The exposure of 

animals within ex-situ reintroduction programs to complex environments 

has proved successful for increasing post-release survival for many species 

(Stoinski & Beck 2004; Shier & Owings 2006; Wallace 2012).  For large 

carnivorous species, the ability to develop hunting behaviour that allows 

animals to successfully capture, kill and consume prey is critical to post-

release survival.  Fàbregas et al. (2015) conducted the first assessment of 

hunting behaviour of captive-bred South China tigers (Panthera tigris 

amoyensis), and found the tigers were capable of hunting and killing free-

ranging prey species within semi-wild fenced areas within South Africa.  

Whether captive-origin lion prides are able to become self-sustainable in 
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terms of hunting and exhibit natural territorial behaviours is currently 

unpublished.   

Key to pride success is the ability of a pride to maintain a territory.  

Compared to nomadic lions, prides are more capable of maintaining a 

territory, which also results in prides having reduced cub mortality due to 

crèche rearing and group defence (Packer et al. 1990; Valeix et al. 2012), 

amplified hunting success (Stander 1991; Mosser & Packer 2009) and 

increased success in defending kills from kleptoparasitism (Cooper 1991; 

Benhamou et al. 2014).  Territory sizes differ between habitats, with prides 

within the Serengeti Plains ranging between 15–219 km
2 
(Mosser & Packer 

2009), a mean of 52.4 ± 26.3km
2 

for pride in the Selous Game Reserve, 

Tanzania (Spong 2002), ranges between 18.4–68.9km
2
 for dry seasons and 

11.5–105.0km
2 
 for wet seasons for prides within Chobe National Park 

(Andreassen et al. 2014), Botswana, and ranges between 35–981km
2
 for 

females and 71–1002km
2
 for males within Hwange National Park, 

Zimbabwe (Loveridge et al. 2009).  The size and utilization of a pride’s 

territory is influenced by many factors, including population density of lions 

in the area, pride size, social dynamics, availability and distribution of prey, 

season, water sources and denning sites (Hunter 1998b; Loveridge et al. 

2009; Valeix et al. 2010).  At a sex level, female territories are influenced 

by resource availability; while in addition, males are influenced by access to 

females (Loveridge et al. 2009).  Subsequently, male territories often extend 

beyond those of females, and can span across numerous prides, increasing 

male mating success (Hunter 1998b).  It is clear that the establishment and 

maintenance of a territory is paramount to pride success, in ensuring the 

survival of offspring and that quality habitat is not lost to competing prides.  
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Dominant male(s) protect their offspring from infanticide by invading males 

via two methods; directly, through their presence with the pride and 

confronting competing males, and indirectly, by patrolling and maintaining 

territory boundaries (Lehmann et al. 2008).  Prides and coalitions use 

roaring and scent-marking for within group communication (Hanby et al. 

1995) and territory maintenance (Schaller 1972; Benhamou et al. 2014).  

Male lions have been observed to roar and scent-mark more frequently than 

females, while the frequency to which lions exhibit these territorial 

behaviours has been found to broadly correlate with prey availability 

(Hanby et al. 1995) and vegetation type.  Female lions have also been 

observed to be more likely to conduct urination sprays and scrapes while in 

the presence of and once initiated by adult male(s) (Schaller 1972).  

Establishing whether captive-origin prides possess the behaviours necessary 

to maintain a territory and utilise resource rich areas within their territory is 

crucial to the success of lions within an ex-situ reintroduction program.       

Described as opportunistic hunters (Davidson et al. 2013) and ambush 

predators, lions are known to be cooperative hunters.  While being 

successful hunters, lions are also known to scavenge, obtaining carcasses 

from conspecifics and competitive species, such as spotted hyena (Crocuta 

crocuta) and leopard (Panthera pardus) (Davies et al. 2016).  Lionesses are 

the predominant hunters of the pride, however when pursuing large prey 

species, such as buffalo (Syncerus caffer), giraffe (Giraffa camelopardalis), 

elephants (Loxodonta), the assistance of males is often required.   Adult 

males have also been observed to successfully hunt and kill as frequently as 

lionesses (Funston et al. 1998; Funston et al. 2001).  Various studies have 

explored the hunting style (Schaller 1972; Stander 1992) and participation 
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of lionesses within hunts, developing the concept that some pride members 

are ‘pursuers’, often participating in hunts, while those who do not 

participate are described as ‘cheaters’ (Schaller 1972; Stander 1991; Packer 

& Ruttan 1988).  Scheel and Packer (1991) found participation of lionesses 

within a hunt to be associated with the relative success of a hunt, with a 

lioness being more likely to participate during the perusal of large prey, and 

least likely when success was higher for a solitary hunter.   Various factors 

can impact lion hunting success, including the type of vegetation cover.  

Within the Addo Elephant National Park, lion kill sites were found to be 

characterised by dense vegetation, which contrasted to the types of 

vegetation lions were observed to rest in and be unsuccessful at hunting 

(Davies et al. 2016).   

Here, we provide the first study to investigate the hunting and territorial 

behaviours of captive-origin prides.  By assessing the home range and 

territory use of each pride, we were able to address space utilisation, 

evaluating the impacts of environmental factors and physical boundaries 

upon prides.  By considering similarities and differences of captive-origin 

prides to wild prides, we could contemplate whether captive-origin adults 

are capable of protecting a territory and capturing prey to sustain a pride, 

while assessing whether offspring are developing species appropriate 

behaviours.  This is vital as offspring of captive-origin prides are candidates 

for future ex-situ release.  The survival of these lions will be dependent 

upon their ability to hunt, establish and defend a territory.  This study will 

provide information critical to the pre-release assessment of these prides 

within an ex-situ reintroduction program.    
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7.3 Materials and methods 

This study was conducted upon two captive-origin prides (Ngamo and 

Dambwa), and one wild pride (Makhutswi).  For details on pride 

compositions and reserves, please refer to Chapter 2, Section 2.1.2–2.1.5.  

The Makhutswi pride was studied over two time periods and prior to the 

commencement of the study in 2015; the pride underwent a change in 

composition.  This was due to the natural death of an adult female and the 

translocation of four sub-adult males to another reserve, and the addition of 

two litters of cubs (five individuals).  Subsequently, the data collected 

during these two studies were treated as independent.  

7.3.1 Data recorded 

The same observational methods were applied to all prides, where the time 

of day observations were collected being the only variation in data 

collection between prides.  All behavioural data was obtained via direct 

observations between 0630–1930hr.  The GPS location of the pride was 

collected at the beginning and end of an observation session via a handheld 

Garmin eTrex 10.  Hunting (Chapter 2, Section 2.2.3) and territorial 

(Chapter 2, Section 2.2.4) behaviours were collected at all occurrences.   

7.3.2 Data analysis 

The total number of GPS coordinates recorded for each pride was 1805 for 

the Ngamo, 1793 for the Dambwa, 406 for the Makhutswi 1 and 169 for the 

Makhutswi 2 pride.  Home ranges for each pride were calculated using 

computer program ArcGIS, Version 10.3.1 (ESRI 2015).  Minimum Convex 

Polygons (MCP) at 100% was firstly calculated per pride, a method 

commonly used to provide the extent of animals’ home range (Worton 
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1995).  MCP is a line that is fitted around the outermost recorded locations 

to provide the smallest possible convex polygon, constrained so that all 

internal angles do not surpass 180º (Worton 1987; Laffan & Taylor 2013).  

As animals are known to utilise areas within their home range unevenly, 

fixed kernel density estimators were used to define the core areas (Powell & 

Mitchell 2012).  Described as the most reliable method in ecology for 

contouring, kernel density estimators account for numerous centres of 

activity (Powell 2000; Hemson et al. 2005).  The Home Range Tool for 

ArcGIS 10 version 2.0.20, was used to generate kernel density per pride 

(Rodgers et al. 2015), using smoothing factor href (Hemson et al. 2005).  

Probability contours were calculated at 5% intervals from 5–95% 

probability estimates per pride.  The movement patterns were mapped using 

spider diagrams for adult males, adult females and offspring (cubs and sub-

adults) per pride.  For both Makhutswi prides, the movements of individual 

adult females are distinguishable, while for the Ngamo and Dambwa prides, 

one line style was used for all females.  This was also applied to the cub and 

sub-adult figure for each pride, due to the number of lions within these 

groups (>4) with similar movement patterns, making it difficult to 

distinguish between individuals.  The total number of GPS coordinates used 

for mapping movements of each age group per pride were as follows; 144 

for the adult male, 818 for the adult females and 843 for the sub-adults of 

the Ngamo pride, 168 for the adult male, 715 for the adult females and 910 

for the cubs of the Dambwa pride, 34 for the adult males, 56 for the adult 

females and 316 for the cubs and sub-adults of the Makhutswi 1 pride, and 

46 for adult males, 37 for the adult females and 86 for the cubs and sub-

adults of the Makhutswi 2 pride.  The kernel density calculated for the entire 
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pride was included in these movement pattern figures to indicate the age 

groups who visited the areas’ most and least utilised.          

The number of hours each pride was observed varied; 98hr for the Ngamo 

pride, 67hr for the Dambwa, 62hr for the Makhutswi 1 and 30hr for the 

Makhutswi 2 pride.  Total counts of territorial behaviour per lion were 

categorised into urination scrape and spray, and vocalisations for each pride.  

For vocalisations, the individual who initiated the behaviour only was 

included.  These counts were then divided by the total number of hours each 

lion was observed, providing a frequency for each behavioural category.   

These were then complied into ‘captive-origin’ and ‘wild’, and ‘male’ and 

‘female’ for each territorial behaviour category for analysis.  The cubs of 

each pride were observed to not conduct any territorial behaviour, therefore 

were removed from the analysis.  Due to data being not normally 

distributed, a Mann-Whitney U test was conducted using GenStat 17
th
 

Edition (VSN International 2014).       

Hunting behaviour was compiled into species hunted and killed by adults, 

sub-adults or unknown.  As only lionesses were observed to initiate hunting 

behaviour, the total number of hunts by adults and sub-adult females were 

calculated.   Kills that were accomplished outside of observed hours were 

recorded to have been achieved by an unknown lion as the exact 

identification of the pride member who made the kill was uncertain.     

 



210 
 

7.4 Results 

7.4.1 Home range size 

Through MCP, the territory size of each pride was calculated; the Ngamo 

pride was observed to have a territory of 1.5km
2
, which was established 

within a 1.7km
2
 reserve (Figure 7.1A).  The Dambwa pride was observed to 

have a territory of 2.2 km
2
, which was established within a 2.9km

2
 reserve 

(Figure 7.1B).  The Makhutswi 1 pride was found to have a territory of 

28.5km
2
 (Figure 7.1C), while the Makhutswi 2 pride had a territory of 

56km
2
 (Figure 7.1D), all within a 234.8km

2
 reserve.  Therefore, the captive-

origin prides established territories that extended across the majority of their 

available reserves, 88.2% and 75.9% respectively for the Ngamo and 

Dambwa prides.  The home ranges of the wild prides did not extend over the 

majority of the available reserve, instead covering only 12.1% and 23.9% of 

the available area. 
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A. Ngamo

 

B. Dambwa

 

 

C. Makhutswi 1

 

D. Makhutswi 2

Figure 7.1. Recorded GPS locations of each pride and the calculated territory 

of each pride within their fenced reserve, via minimum convex polygon. Due 

to different reserve sizes, the scale for the Ngamo and Dambwa prides are in 

m and km for the Makhutswi prides.  

 

7.4.2 Territory use 

The kernel density of each pride provided a representation of the areas most 

used by prides, indicating that each pride does not use their entire territory 

evenly (Figure 7.2).  The captive-origin prides were found to utilise areas 

located near corners of the reserve.  The Ngamo pride utilised two main 

areas, situated in the north-eastern corner, which contains on the three 

managed waterholes and north-wester corner (Figure 7.2A). The Dambwa 

pride used three main areas, situated in the north-western corner, where one 

of the two managed waterholes was located, south-eastern and south-
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western corners (Figure 7.2B).  The areas where both of the Makhutswi 

prides were most observed extended along the river that dissects the reserve.  

For the Makhutswi 1 pride, there were 3–4 main areas most utilised, with 

one of these extending south of the river, situated around a dam (Figure 

7.2C).  The Makhutswi 2 pride was found to have only two main areas, both 

situated on the river (Figure 7.2D).     

A. Ngamo 

 

B. Dambwa 

 

C. Makhutswi 1 

 

D. Makhutswi 2 

Figure 7.2. Territory utilisation distribution for each pride, presented by 

Fixed Kernel Contours set at 5% intervals from 5-95%, using smoother factor 

href. Kernel isopleth values refer to the probability of all pride locations occurring 

within are enclosed by contours. Due to the different reserve sizes, the scales for 
the Ngamo and Dambwa prides are in m and km for the Makhutswi prides. 
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7.4.3 Pride movement 

All pride members of the captive-origin prides were observed to have 

similar movement patterns across adult males, adult females, and cubs and 

sub-adults.  The Ngamo adult male was observed to move to the south-

western corner of the reserve once (Figure 7.3A), compared to the adult 

females and sub-adults, who were observed in this area twice (Figure 7.4A, 

7.5A).  All members of the Ngamo pride were observed to move along the 

northern boundary of the reserve at the fence line, with less frequent 

movements to the centre and southern parts of the reserve.  Most observed 

movements of this pride appear to have movements that extended 

horizontally across the reserve, with minimal latitudinal movements.  The 

Dambwa pride was found to have movements that extended between their 

most favoured areas of the reserve.  The adult females and cubs were 

observed to move along the boundary in the north-western corner of the 

reserve (Figure 7.4B, 7.5B), while all pride members were observed to have 

longitudinal movements with minimal latitudinal patterns.  The movement 

patterns of the Makhutswi 1 adult males show that each male was not 

observed in all areas most utilised by the pride (Figure 7.3C).  All pride 

members, except for adult male MA, were observed to move to the most 

northern areas of their territory on 1–2 occasions during the study (Figure 

7.3C, 7.4C, 7.5C).  The two adult males of the Makhutswi 2 pride were 

observed to move further north-east outside of their territory (Figure 7.3D), 

a pattern not observed for the adult females, cubs or sub-adult (Figure 7.4D, 

7.5D).  The adult females, cubs and sub-adult of the pride were observed to 

move to the northern area of their territory, but the majority of movements 

occurred between the two most utilised areas.  The sub-adult female was 
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observed to move south, beyond the territory boundary, once to an area that 

contained a large dam with permanent water (Figure 7.5D).    

A. Ngamo 

 
 

B. Dambwa

 

 

 

C. Makhutswi 1 

 

 

D. Makhutswi 2 

 

 

 

Figure 7.3. The movement patterns, via spider diagrams, recorded for the 

adult male(s) throughout the period they were studied, per pride.  Calculated 

kernel isopleth values are underneath the spider diagrams to show adult male 

movements between core areas within pride territory.
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A. Ngamo 

 

 

B. Dambwa

 

 

C. Makhutswi 

 

 

D. Makhutswi 2

 

 

Figure 7.4. The movement patterns, via spider diagrams, recorded for the 

adult females throughout the period they were studied, per pride. Calculated 
kernel isopleth values are underneath the spider diagrams to show adult female 

movements between core areas within pride territory. As the Makhutswi prides 

contained only two females, individual movement is identifiable, via different line 
colours, whereas female movement for the Ngamo and Dambwa pride are 

displayed as a whole. Due to the different reserve sizes, the scales for the Ngamo 

and Dambwa prides are in m and km for the Makhutswi prides. 
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A. Ngamo 

 

B. Dambwa 

 

C. Makhutswi 1 

 

D. Makhutswi 2 

Figure 7.5. The movement patterns, via spider diagrams, recorded for the 

cubs and sub-adults throughout the period they were studied, per pride. 

Calculated kernel isopleth values are underneath the spider diagrams to show cub 

and sub-adult movements between core areas within pride territory. Due to the 
different reserve sizes, the scales for the Ngamo and Dambwa prides are in m and 

km for the Makhutswi prides. 
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7.4.4 Territorial behaviour 

All prides, except for the Makhutswi 2 pride, were observed to conduct all 

territorial behaviours.  The Makhutswi 2 pride was observed to conduct one 

bout of urination spraying and vocalisation, conducted by the pride adult 

males.  The frequencies of all territorial behaviours were found to not 

significantly differ between captive-origin and wild prides (Table 7.1).  

Between males and females, males were found to more frequently initiate 

vocalisations (U = 72.0, p = 0.032).  A positive trend was observed between 

urination spraying and sex (U = 70.5, p = 0.052), with males spraying at a 

higher frequency than females (Table 7.2).   

Table 7.1. Average frequency ± SE of territorial behaviours and p-value from 

the Mann-Whitney U Test for between origins and sex. 

 Scrape Spray Vocalise Total 

  Mean 

± SE 

P-

value 

Mean 

± SE 

P-

value 

Mean 

± SE 

P-

value 

Mean 

± SE 

P-

value 

Origin C 0.04 ± 
0.03 

0.295 0.06 ± 
0.03 

0.801 0.03 ± 
0.02 

0.671 0.14 ± 
0.07 

0.817 

W 0.06 ± 

0.04 

0.09 ± 

0.04 

0.02 ± 

0.03 

1.8 ± 

0.10 

Sex M 0.11 ± 
0.06 

0.496 0.17 ± 
0.07 

0.052 0.08 ± 
0.04 

0.032 0.36 ± 
0.15 

0.154 

 F 0.01 ± 

0.01 

0.07 ± 

0.01 

0.01 ± 

0.00 

0.04 ± 

0.02 

C = captive-origin; W = wild 

 

7.4.5 Hunting behaviour 

The Ngamo, Dambwa and Makhutswi 1 prides were found to successfully 

hunt and kill.  No hunting behaviour was observed for the Makhutswi 2 

pride; however the pride successfully killed a kudu and zebra during the 

study.  For the Ngamo and Dambwa prides, impala was hunted and killed.  

The female sub-adults of the pride were observed to stalk and chase guinea 

fowl.  The adult and sub-adult females of the Makhutswi 1 pride was 
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observed to stalk and chase kudu, nyala and a white rhinoceros 

(Ceratotherium simum), while the pride were found and suspected to have 

killed a nyala, giraffe, wildebeest and zebra.  The Makhutswi 1 pride was 

the only pride to successfully achieve a kill during observation sessions; 

however the chase and kill of the impala occurred in closed woodland and 

out of view.  All other recorded kills for all prides were from locating the 

entire pride or pride members on or near a carcass and exhibited signs of 

having eaten (rounded stomachs and/or blood on facial, chest and foreleg 

regions).   It is important to consider that the prey available to the captive-

origin prides was limited in species (small antelopes) and abundance.  Due 

to low prey availability to the captive-origin prides, their diet was 

supplemented with whole carcasses.    

7.5 Discussion 

Assessment of home ranges, territorial and hunting behaviour at an 

individual and pride level allowed similarities and variations in behaviour to 

be explored.  Evaluation of various aspects of each pride’s home range 

provided an indication of size, usage and the influence of boundaries upon 

pride movements.  Although origin was observed to not impact territorial or 

hunting behaviour, variations at a sex level were observed.  Differences in 

reserve size, and the distribution and abundance of resources were found to 

influence pride behaviours and movements; limitations which must be 

carefully considered when interpreting study conclusions.  

All prides were found to establish a territory within their fenced reserves.  

The territories of the two captive-origin prides were found to be close to the 

size of their reserves.  This was expected as these fenced reserves, 1.7km
2
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(Ngamo) and 2.9km
2 
(Dambwa), do not equate to the territory sizes that 

have been reported for wild prides.  A minimum territory size of 11.5km
2
 

was recorded for a pride within Chobe National Park, Botswana 

(Andreassen et al. 2014), and 28.5km
2
 and 56km

2
 were recorded for the two 

Makhutswi wild prides.  A maximum of 981km
2
 was recorded for lionesses 

within Hwange National Park, Zimbabwe (Loveridge et al. 2009).  The 

territory sizes for our wild prides reflect those previously observed for 

prides on the reserve; Lehmann et al. (2008) recorded a range of 24.9–

106.8km
2
.       

The captive-origin prides were observed to be located near and move along 

reserve boundaries, while all sex and age groups exhibited similar 

movement patterns.  These could indicate inhibited movement and a want to 

establish a larger territory, linked to their small reserve size.  However, 

whether stimuli beyond reserve boundaries attracted the attention of each 

pride must be considered.  For the Ngamo pride, the northern boundary 

separates the pride from a non-predator game reserve.  Large prey species, 

including zebra and wildebeest, were often located within view of the pride.  

During the study, the Ngamo reserve itself contained a low density of small 

bodied prey, resulting in lower hunting opportunities.  Therefore the larger 

prey species located within the game reserve would have provided visual 

stimuli.  In addition, the Ngamo and Dambwa prides were often observed at 

a particular corner of their reserve, where located at least 500m from these 

corners within audible distance, were captive lions.  These captive lions 

vocalised daily and were fed regularly, forming another form of stimuli for 

our captive-origin prides.  The combination of a restricted range and stimuli 
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beyond reserve boundaries resulted in these two prides being often observed 

in these areas.   

Unlike the captive-origin prides, the formation of a territory for our wild 

prides was not directly influenced by a small reserve but rather 

environmental influences.  During the study, this reserve contained a lion 

population which ranged 34-39 lions, which consisted of a total of 3 prides, 

3-4 male coalitions and a nomadic female with cubs.  The territories of these 

lion prides and coalitions would have influenced our pride, evident from the 

change in territory size for Makhutswi pride 1 to Makhutswi pride 2.  

Between the two studies, the male coalitions located to the west and north-

east of the Makhutswi pride 1 territory vacated these areas.  This 

subsequently resulted in the expansion of the Makhutswi pride 2 adult males 

moving to the reserve boundary to the west of their territory, and north-east, 

which resulted in a larger territory being calculated for this pride.  However, 

despite a larger territory size being calculated for the Makhutswi 2 pride, the 

size of the core areas used was smaller than Makhutswi pride 1.  This was 

suspected to be influenced by a change in pride composition, where the 

Makhutswi 1 pride contained two 18 month old cubs, while the Makhutswi 

2 pride contained five cubs of approximately 4 months of age.   

For the wild prides, particularly the Makhutswi 2 pride, the adult males 

moved to and beyond the boundaries of the recorded pride territory.  As 

discussed previously, there was a shift in pride and coalition territories prior 

to the Makhutswi 2 pride being studied, which facilitated this increase in 

adult male movements.  For the observed movement to the western 

boundary of the reserve, it is also important to consider that just like the 
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captive-origin prides; stimuli beyond the fence may have attracted their 

attention.  Beyond the western boundary is another wildlife reserve which 

contains a lion population.  The reserves are separated by a road; however 

lions are able to engage in visual contact, which provides a territory 

stimulus to our males, as previously discussed by Lehmann et al. (2008).  It 

is important to consider that limited observations of the wild adult males 

would have resulted in an under estimation of their territory size.  Dominant 

males are known to have territories that extend beyond those of a pride 

(Hunter 1998b) while also being more active than females in conducting 

territorial patrols (Schaller 1972; Elliot et al. 2014).  My observations were 

also limited to daylight hours, where lions are known to be less active, 

which would also attribute to a smaller calculated territory size.  

Subsequently, the use of GPS collars along with direct observations would 

greatly increase accuracy.    

The territory of the Makhutswi prides was located along the river for both 

studies, indicating it is central to the territory of this pride while reflecting 

the resource utilisation of this area.  Resource distribution, such as the 

distance between water sources and prey density, has been found to 

influence the size and movement of lion prides (Spong 2002; Loveridge et 

al. 2009; Valeix et al. 2012).  This is an influence which was found to 

influence the movement and the location of core areas used by the wild 

pride.  The river provides a water source which persists once some dams 

throughout the reserve become dry, therefore the river attracts prey species, 

while also providing suitable denning sites for young cubs.  Both captive-

origin prides were observed to have one core area located at a water source.  

This is an important indication that the captive-origin prides were 
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responding naturally to the distribution of required resources as opposed to 

situating themselves at reserve exits.  Due to the low prey density of these 

small reserves and observations occurring during the dry season, the 

presence of the prides around a water source which attracts prey reflects a 

natural pride response.    

It is important to note the limitations of using MCP to calculate the 

territories for the captive-origin and Makhutswi prides.  MCP set at 100% 

does not take into account area usage of lions, and can include outliers, 

resulting in an overestimation of territory size.  This was evident in the 

study, specifically for the Makhutswi 2 pride.  To account for this, fixed 

kernel density estimators likely provided a more accurate estimation of 

territory size.  Night observations of the Makhutswi prides would also be 

needed to accurately estimate the territory size, especially as lions are 

known to be more active between 1700-0800hr (Schaller 1972).  While the 

small reserve size resulted in MCP being more accurate in determining 

territory size of the captive-origin prides, it is clear that the application of 

this analysis on small data sets and wide ranging species is limiting.        

Scent-marking and vocalisations are a fundamental component of territory 

maintenance.  Frequencies of urination scent-marking and vocalisations did 

not significantly differ between captive-origin and wild prides.  This 

indicates that captivity has not had lasting impacts upon these territorial 

behaviours, and upon release, prides exhibit natural behaviours that would 

allow for the maintenance of their territory.  Across all prides, adult males 

were observed to roar and be more likely to spray compared to females.  

This corresponds to the behaviour observed for prides located in the 
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Serengeti, where Schaller (1972) recorded that spray scent-marking was a 

male dominated behaviour.  Hanby et al. (1995) observed males within the 

Serengeti and Ngorongoro Crater roared and scent-marked more often than 

females.  This indicates that across all of our prides, both sexes were 

exhibiting territorial behaviours at natural frequencies and that being located 

within a fenced reserve does not impact territorial behaviours. 

 Although limited, hunting behaviour of the captive-origin prides suggest 

that they are capable of being self-sustainable.  These reserves contained 

low numbers of prey, which were insufficient to feed a pride.  Therefore to 

maintain healthy body weights, captive-origin diets were supplemented with 

carcasses.  This encouraged prides to scavenge; a natural occurrence where 

lions feed off prey carcasses which have died from natural causes or killed 

by other predatory species, such as hyena and cheetah (Schaller 1972; 

Hanby et al. 1995; Grant et al. 2005).  During the study, all of the provided 

carcasses were located by the captive-origin prides, suggesting that the pride 

had developed the ability to locate and utilise this dietary supplement.  It is 

also important to note that the low numbers of prey animals within the 

captive-origin reserves would have greatly reduced the frequency of hunting 

behaviour.  Despite this limitation, the observed behaviour of these prides 

indicates their possibly capable of becoming self-sufficient in terms of 

hunting.  The wild prides were both observed to kill and the Makhutswi 1 

pride to hunt during daylight hours.  This is a result of the higher prey base 

and the dense vegetation type that covered this reserve.  Hunting behaviour 

(particularly during daylight), is infrequently observed and require 

longitudinal studies and/or the inclusion of night observations to allow for 

meaningful statistical comparison.   
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This study provides the first assessment of home ranging, territorial and 

hunting behaviour of prides with a captive-origin.  The lack of resources and 

restricted space were likely to inhibit hunting behaviour and influenced 

pride movements throughout reserves.  These limitations and variances 

between prides cause the reliability of some of the observed hunting and 

territorial behaviour to be questioned.  However, we suggest that upon 

relocation into larger reserves with a stable prey base, these captive-origin 

prides may be capable of establishing and defending a territory, while 

becoming fully self-sufficient.  Such studies are crucial to the pre-release 

assessment of prides within ex-situ reintroduction programs.   
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Chapter 8 

General Discussion 
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This study provided the first comprehensive assessment of captive-origin 

African lion behaviour.  Comparisons at an individual, age and sex level 

were conducted between captive-origin and wild prides by focusing upon 

specific behaviours.  An important facet of the study was to determine 

whether a captive history influenced the behaviour of adults and their wild-

born offspring.   

The first part of the discussion will consider how daily activity was 

observed to fluctuate naturally for the captive-origin prides, indicating that 

these prides responded appropriately to changes in temperature (Chapter 4).  

Social Network Analysis (SNA) was expected to provide a comprehensive 

assessment of pride sociality, while allowing the roles of individuals and 

groups within a pride to be explored.  Captive-origin and wild prides were 

found to be socially cohesive, while the role of age groups and identification 

of a social keystone were consistent across all prides (Chapter 5).  It was 

expected that due to being located within a fenced reserve with a prey base, 

the captive-origin prides would express species appropriate territorial and 

hunting behaviours.  All prides were found to establish territories and 

perform species-appropriate territorial behaviours, while the location of core 

areas within pride territories reflected resource use.  Despite low prey 

availability to the captive-origin prides, appropriate hunting behaviours 

indicated that these prides were capable of being self-sufficient (Chapter 7).   

A species-specific boldness test was formulated and expected to provide a 

means of establishing individual boldness scores.  Boldness was found to 

correlate with aspects of daily activity and SNA metrics, providing 

information on individual behavioural responses and lion personality 
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(Chapter 2).  Behavioural correlates were also observed to occur between 

daily activity and SNA metrics (Chapter 6).  Studying behavioural correlates 

not only challenged and validated pre-assumed relations between 

behaviours, but provided a statistical tool that is critical to pre-release 

assessment of captive-origin prides.  It also enabled some comparisons 

between origins to be drawn, providing a test that could be imperative to 

post-release monitoring and in determining future program success.         

The remainder of the general discussion will consider behaviour in broader 

terms across daily activity, social, territorial and hunting behaviour (Chapter 

4–7).  Comparisons between the two captive-origin prides allowed me to 

determine whether behaviours were consistent across prides while providing 

a behavioural baseline for prides within a soft-release ex-situ reintroduction 

program (Chapters 4–7).  Individual and pride behaviour of captive-origin 

prides were identified to correspond with some those of the wild pride, 

indicating that at this stage of the ex-situ reintroduction program lions 

exhibited behaviours necessary for wild survival.  Behavioural variations 

observed between prides were found to be influenced by environmental 

factors, including differences in reserve size and vegetation (Chapter 4 and 

7).  The limitations of the study, the future directions for captive-origin lion 

research and an evaluation of the prides under the ALERT ex-situ 

reintroduction program will also be discussed.   

8.1 Daily activity 

Similarities in the expression of observed behaviours were found across all 

prides (Chapters 4, 5 and 7).  Establishing whether captive-origin prides 

exhibited natural types and levels of daily activity, and social, territorial and 
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hunting behaviours was critical to determine if lions for release were 

behaviourally apt for survival.  Behavioural deficiencies’, including an 

inability or lack of foraging, hunting and social behaviours, have been 

previously observed in animals raised within restrictive, captive 

environments (Snyder et al. 1996; Club & Mason 2007; Fàbregas et al. 

2015).  Evidence suggests that observed behaviours of the Ngamo and 

Dambwa prides were natural.  This finding suggests that the captive prides 

may be capable of conducting the behaviours necessary for survival in the 

wild. 

One concern for the captive-origin prides was that elevated resting 

behaviour is often associated with captive lions (Altman 2005).  This could 

result in less time available for active behaviours; while lower than required 

resting could result in lethargic animals that are less responsive and adapted 

for survival.  All prides displayed resting and active behaviours at very 

similar levels previously recorded for lions within the Serengeti plains 

(Schaller 1972), Ngorongoro Crater (Hanby, Bygott & Packer 1995) and 

Nairobi National Park (Rudnai 1973).  It is important to note that the ild 

prides within these studies were located in different habitat types, indicating 

that levels of resting behaviour can be observed to be similar, despite this 

environmental variation.  More importantly, the levels of resting and active 

behaviours of the captive-origin prides were similar to those of the 

Makhutswi prides.  This comparison was only achievable by assessing 

prides under the same methods, and indicates that the natural expression of 

active and inactive behaviours has not been adversely impacted by the 

captive-breeding and rearing process of this program.   
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8.1.1 Fluctuations in daily activity 

Not only is it important to establish that captive-origin prides conduct 

natural behaviours, but that they also perform behaviours at appropriate 

times and frequencies.  Behaviours, such as movements, hunting and play, 

must be conducted at times that ensure optimal efficiency is achieved and 

that energy expenditure and costs are minimised.  Specifically, it would be 

expected for hunting during the heat of the day to be associated with high 

energy costs and low kill success.  Conversely, if captive-origin lions rested 

during established periods of wild pride crepuscular activity, this could 

result in missed opportunities to move, defend territories and hunt.  

Behavioural fluctuations were observed for the captive-origin prides 

between 0630–1700hr.  Higher levels of alert and active behaviours prior to 

0900hr and resting behaviour between 0900–1700hr reflect the natural 

crepuscular and nocturnal behaviour patterns of wild prides (Hayward & 

Hayward 2007; Hayward & Slotow 2009).  Resting peaks in wild lions 

correspond with 0900–1700hr and higher temperatures, and higher levels of 

activity occurring between 1700–0900hr (Schaller 1972; Rudnai 1973; 

Hanby et al. 1995).  The Ngamo pride was the only captive-origin pride that 

was observed post 1700hr, during which a sharp decline of resting 

behaviour and coincided with increases of alert and movement behaviours 

between 1700–1930hr were recorded.  The wild prides lacked this 

behavioural change post 1700hr due to the season these prides were 

observed (Chapter 2).  This indicates that the season prides are studied must 

be carefully considered when conducting comparisons between prides.  

Importantly, the Ngamo pride showed behaviours that indicated their ability 

to respond to environmental conditions.  Being able to adapt activity 



230 
 

patterns to environmental influences, such as temperature, will be essential 

to survival post-release.  As the Ngamo pride responded appropriately 

within a winter climate, this suggests that these behavioural responses may 

be environmentally influenced and unaffected by a captive history.  

Longitudinal studies would allow two questions that were beyond the reach 

of this study to be addressed; firstly, does the Ngamo pride behaviourally 

adapt to summer temperatures with elevated afternoon resting levels, and 

secondly, does the Dambwa pride exhibit these natural activity fluctuations 

post 1700hr?  Such studies are required to address whether captive-origin 

prides are capable of behaviourally adapting to different seasons.          

8.2 Sociality 

A factor associated with failed releases of social species, both from in-situ 

and ex-situ sources, is a lack of group cohesion, resulting in group dispersal 

post-release (Stander 1990; Sarrazin et al. 1996; Hunter 1998b).  Social 

integration has been found to be particularly important in releases of African 

wild dogs (Gusset, Slotow & Somers 2006), wolves (Bradley et al. 2005) 

and lions (Hayward et al. 2007; Hunter 2007; Somers & Gusset 2009).  For 

this reason, it was critical to determine whether captive-origin prides were 

socially cohesive prior to release.  To address this question, I quantified and 

compared differences between captive-origin and wild lions in terms of their 

SNA.  All prides were found to have established networks for all of their 

interaction types and were socially cohesive at varying levels (Chapter 5).   

The ability of captive-origin prides to establish species-appropriate social 

interactions is a critical component of their pride sociality.  In this study, the 

participation of pride members in each of the social networks was the same 



231 
 

across origins, indicating that the establishment of these networks were not 

affected by a captive history.  Across all prides, social greets were the most 

frequently observed interaction, and received the highest level of pride 

participation.  Greets between pride members are a critical component in the 

maintenance of bonds between pride members, with Schaller (1972) 

describing this interaction to be a symbol of acceptance and belonging.  

Allogrooming was dominated by adult females and offspring across all three 

prides.  This was not surprising given that it is regarded as an interaction 

that acts to strengthen bonds between mothers and cubs and between adult 

females (Schaller 1972).  The play network of all prides predominately 

consisted of cubs and sub-adults, with these interactions being important in 

the development of appropriate hunting behaviours (Schaller 1972).  Lastly, 

the aggression network largely indicated the direction of discipline within 

each pride, from adults towards offspring.   

The lower network densities and frequency of interactions observed for the 

wild pride appeared to be influenced by environmental influences, including 

territory size and vegetation type.  The larger territory and dense habitat of 

the wild pride facilitated higher levels of pride dissociation, factors which 

will be discussed later in this chapter (Section 8.5).  

Until recently, SNA has not been extensively used to assess lion prides; 

however, this study indicates that SNA is appropriate in evaluating the 

sociality of captive-origin and wild prides.  It is now clear from this study 

that SNA will be important in the quantification and assessment of pride 

sociality.  Therefore, it has and will become a vital tool in pre- and future 
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post-release monitoring of pride sociality in this ex-situ reintroduction 

program.        

8.2.1 Identifying keystones 

Establishing the key components that allow a pride to behave and function 

naturally is essential to reintroductions, since it allows managers to ensure 

prides contain all necessary individuals prior to ex-situ release.  A social 

keystone adult lioness was identified in each pride through their high 

betweenness centrality across the majority of the networks (Lusseau & 

Newman 2004), high levels of received (greet, all social and play) and 

initiated (aggression) interactions and roles in connecting peripheral 

members to the rest of the pride (Sih, Hanser & McHugh 2009).  Sih and 

Watters (2005) coined the concept of a social keystone, while Abell et al. 

(2013a) were the first to identify keystone adult lioness within a captive-

origin lion pride.  However, it was unknown whether a keystone lioness is a 

key component across lion prides until now.  The identification of a 

keystone lioness across all prides, specifically in the wild pride, suggests 

that this individual may be a natural component and biologically essential to 

pride sociality.  Now that a keystone has been observed as a component of a 

wild pride, the identification of one in each of the captive-origin prides 

demonstrates that this position has not been impacted by a captive history.  

This study suggests that a keystone is a component of pride social cohesion 

and stability; however, exactly how vital this individual is, what happens to 

the pride upon removal of this keystone and whether all prides possess this 

social keystones all still remain unknown.      
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8.4 Territory location and use 

Whether captive-origin prides are able to maintain and effectively utilise 

their territory will be critical to survival post-release.  The captive-origin 

prides used areas located at and near reserve boundaries which, while not 

ideal, reflected the limitations of a restricted reserve with a small prey base 

(Chapter 7).  The reserves containing the captive-origin prides (1.7km
2
 and 

2.2km
2
) were only a fraction of the size of territories recorded for wild 

prides, which can range from 11.5km
2
 (Andreassen et al. 2014) to– 981km

2
 

(Loveridge et al. 2009).  These smaller reserves resulted in a few 

restrictions, mainly limiting the territory and movement of each pride, and 

preventing a sustainable and diverse prey base.   

Small reserve size facilitated the location of the captive-origin prides at 

boundaries.  For the Ngamo pride, their reserve bordered a private game 

reserve which contained only prey species.  For both prides, captive lions 

that were consistently fed were also within audible distance to the reserves.  

These factors provided stimulation associated with natural hunting and 

feeding behaviours for the two captive-origin prides.  Upon release into 

larger reserves it would be expected that both of these prides would shift 

their space usage away from reserve boundaries.  Therefore these instinctual 

behavioural responses are linked to the biological requirements of lions, as 

the locations they chose reflected their needs.       

For the wild prides, core territorial ranges were situated around the large 

river system that runs through the reserve.  The shrinkage of the core areas 

used from the Makhutswi 1 pride to the Makhutswi 2 pride reflects the 

influence of pride composition upon movements.  The river provided 
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suitable habitat to den young lion cubs, while the removal of the sub-adult 

males resulted in the Makhutswi 2 pride being centrally located along the 

river.  As these prides were also observed during the dry season, the river 

attracted a diverse range of prey species, reducing the distance adult females 

of the pride travelled.  This is a natural response linked to the composition 

and requirements of the pride.  The captive-origin prides were observed to 

spend a portion of their time located at least one of the water sources within 

their respective reserves, a response expected, particularly during the dry 

season.  For the captive-origin prides, each water source was manually 

managed, ensuring that these sources were persistent.  These areas not only 

attract the pride due to their requirement for water, but also prey species.  

The location of the captive-origin prides in these areas indicates that both 

prides are responding instinctually to prey movements and resource 

availability within their reserves.   

8.5 Territorial and hunting behaviour 

Captive-origin prides were observed to perform types of species-appropriate 

territorial and hunting behaviours, suggesting that captivity was not found to 

impact the development and expression of these behaviours (Chapter 7).  

Prior to evaluating these behaviours, it is important to note that limited data 

was collected on territorial and hunting behaviours across all prides.  

Captive-origin prides were observed to conduct urination scrapes and 

sprays, and vocalisations (Ngamo pride only).  Vocalisations by the 

Dambwa pride were heard, but were conducted by individuals out of sight 

or prior to the commencement of observations.  Across all prides, males 

were found to roar more and be more likely to spray urine than females.  

These sex biases in territorial behaviours were observed in the Makhutswi 
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pride, and other wild prides (Schaller 1972; Hanby et al. 1995), indicating 

that the captive-origin males were observed to perform appropriate levels of 

these behaviours.  Although the captive-origin prides were within audible 

distance of captive lions, they were not exposed to frequent or direct contact 

with unfamiliar lions or competitive species, including hyena (Hyaenidae) 

or leopard (Panthera pardus).  How all pride members would respond to 

territorial threats, especially males, remains unknown.  Despite the lack of 

continuous stimuli that would only encourage territorial behaviours, both 

captive-origin prides exhibited natural and sex-specific behaviours.    

All prides were observed to conduct hunting behaviour and or make 

successful kills of prey.  This is particularly important considering the low 

prey density within the release site of these prides, especially compared to 

the prey densities available to the wild prides.  It is likely that both captive-

origin prides conducted successful hunts of available small bodied prey 

species, such as impala (Aepyceros melampus), duiker (Cephalophinae), or 

puku (Kobus vardonii) (Dambwa pride only) during the study which went 

undetected.  While hunting can occur during daylight, lions are more likely 

to hunt during night hours (Schaller 1972; Stander 1992).  Evidence of a 

successful hunt of a small-bodied prey species outside of observation hours 

could be eliminated, especially as each captive-origin pride consisted of 11–

12 lions.  In addition, the observations of the Dambwa pride were often 

separated by 1–3 days.  Despite this, observed hunting behaviours suggest 

that the captive-origin prides have species-appropriate behaviours and may 

be capable of becoming self-sustainable in terms of hunting upon being 

provided with a larger prey base.   
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The ability of a viable herd of large bodied prey species, such as wildebeest 

and zebra, to persist within small reserves with large predation is 

impossible.  For the Ngamo and Dambwa reserves, only small bodied 

species have been able to successfully breed; however, their populations 

continue to decline.  Even within larger fenced reserves across Southern 

Africa, high predation pressure is one factor that results in the intensive 

management of predator and prey populations (Hayward et al. 2007d; Miller 

et al. 2013).  Due to low prey numbers, both captive-origin prides were 

provided with scavenge carcasses at infrequent intervals, mimicking natural 

feeding patterns.  Scavenging kills made by conspecifics and other predators 

or of animals that have died from natural causes have been found to be a 

crucial component of some wild lion diets (Schaller 1972; Hanby et al. 

1995; Grant et al. 2005; Davies et al. 2016).  The ability of captive-origin 

prides to utilise these food sources may become necessary for survival post-

release.  As all prides were observed to locate and consume each scavenge 

carcass provided throughout the study, it is clear they express this required 

behaviour.  Whether captive-origin prides possess the ability to successfully 

defend and win kills from competitive species, such as hyenas, is currently 

unknown.     

8.6 Boldness tests 

This study conducted the first boldness test upon a captive-origin pride of 

lions (Chapter 2).  The purpose of the test was to establish a methodology 

that was species appropriate, while investigating whether boldness varied at 

an individual level and if correlations between boldness and other 

behaviours exist.  It was determined that these tests had three main benefits.  

Firstly, responses to the playbacks of unfamiliar territorial lion roars and 
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feeding spotted hyena indicated that despite a captive history, the pride was 

observed to react naturally.  Upon release, lions will need to be able to 

respond to territorial threats, while also taking advantage of kills made by 

other predators.  This is the first indication that this pride is capable of such 

responses.  Secondly, boldness scores from both tests were positively 

correlated with stalk hunting behaviour.  Although it was expected that a 

lionesses who conducted stalk hunting behaviour would respond boldly to 

an appetite stimuli (hyena playback), it also indicates that such females may 

also be key to territorial defence (lion playback).  Thirdly, a positive trend 

was also observed between roaring and boldness of the lion playback, and 

between eating and initiated aggression of the hyena playback.  Once again 

these behaviours were appropriately associated with the type of stimuli, 

whether it was territorial or appetitive.  It is important to note that only two 

boldness tests were conducted, whereupon predications of how the captive-

origin pride will respond to encounters with hyenas and humans, for 

example, upon release are unable to be drawn.  While additional tests are 

required, the boldness tests provided information upon individual and pride 

responses, indicating that this could be a test that will become critical within 

pre-release assessments.   

Previous studies have established that boldness is correlated with post-

release survival; bolder swift foxes (Vulpes velox) had higher dispersal and 

mortality rates (Bremner-Harrison, Prodohl & Elwood 2004), while 

Tasmanian devils (Sarcophilus) that survived post-release were three times 

bolder than those that died (Sinn et al. 2014).  While indicating that 

boldness responses are species specific, these studies also highlight the use 

of such tests, as they provide a screening process that can be used in 
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selecting suitable animals prior to release.  Such tests will become critical to 

increasing post-release survival and improving program success.  The 

boldness tests also provided evidence of lion personality which may become 

an area worth investigating in future.        

8.7 Behavioural correlations 

Conducting behavioural correlations provides important details on 

individual, sub-group and pride behaviour.  While assessing individual 

behaviours is important to ensure that captive-origin lions possess specific 

and appropriate behaviours, ethologists are now uncovering the importance 

of correlated behaviours.  Through investigating correlations between daily 

activity and sociality, I endeavoured to explore the connections between 

these two behaviours to provide a test that allows comparisons between 

captive-origin and wild prides.  Daily activity and facets of social behaviour 

were found to correlate across the two captive-origin prides and the 

Makhutswi pride.  The various negative and positive correlations were 

found to be due to the age-related expression of these behaviours, 

previously detailed in Chapter 6.  It is important to note that the negative 

correlation between resting behaviour and received play interactions were 

significant across all three prides.  There were also correlations that were 

significant across two of the three prides.  Not only does this differentiate 

between the behavioural roles of adults and offspring, but consistency 

across prides are important.  Performing these correlations provides an 

important test that can act to confirm the conclusions drawn from assessing 

these behaviours separately, while indicating that these age groups are 

behaving at similar levels across prides.  This provides another way we can 

statistically compare and validate similarities and differences among prides.   
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8.8 Fission-fusion society 

The fission-fusion society of lion prides is critical to reproduction, territorial 

maintenance and hunting.  The adult males of all prides were more likely to 

be absent from the pride than females (Chapter 4).  Schaller (1972) 

described adult males to be transitory pride members.  This is due to them 

more active in territorial maintenance (Elliot et al. 2014), while having 

naturally larger territories than their pride, facilitating increased mating 

opportunities and success (Loveridge et al. 2009).  It was therefore not 

unexpected that the captive-origin males would be absent less than wild 

males from their respective prides.  This observation was likely to be due to 

the smaller reserve size for the Ngamo and Dambwa prides, and the lack of 

neighbouring prides that would stimulate higher levels of pride dissociation. 

It is important to note that although limited, this fission-fusion society exists 

within the captive-origin prides, despite this natural process being 

unachievable within captivity.  Therefore, it is clear that the captive history 

of the adults was not observed to impede their ability to perform fission-

fusion behaviour, indicating that this important biological process is not 

impacted by captivity.   

8.9 The influence of age 

It was unknown whether adults with a captive history are capable of raising 

naturally behaving offspring within a wild managed environment until now.  

Tis study established that adults, sub-adults, and cubs all exhibited natural 

behaviour, through looking at the influence of age upon social networks 

(Chapter 5), hunting and territorial behaviours (Chapter 7), and levels of 

activity (Chapter 4).  All cubs and sub-adults were found to be more active, 

initiators of greet and all social interactions, and were central to the play 
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network.  Conversely, adults were more likely to rest, while being receivers 

of greet and all social interactions, and initiators of groom (females) and 

aggression.  This reflects the age associated behaviours observed by 

Schaller (1972) and Rudnai (1973).  Adult and sub-adult females of the 

Ngamo and Makhutswi 1 prides were observed to initiate and participate in 

hunts.  This is specifically important for the captive-origin pride, indicating 

that young females are developing behaviours critical for survival post-

release.  In the wild, sub-adults are likely to become involved in hunts from 

18 months of age (Schaller 1972).  Adults of all prides and the sub-adults of 

the Ngamo and Makhutswi 1 prides were observed to participate in 

territorial behaviour.  This provides an indication that not only do the 

captive-origin pride adults display signs that will assist in maintaining a 

territory, but that younger pride members were also developing behaviours 

necessary for post-release survival.   

The natural variations in levels of activity, and social, territorial and hunting 

behaviour, conducted by all age groups, indicate that captivity has not 

impacted the behaviour of captive-origin adults.  Age-associated 

behavioural variations suggest that differences are impacted by the 

developmental stage of individual lions.  The behaviour of cubs and sub-

adults would be expected to slowly change (activity and social) and 

continue to develop (territorial and hunting) to reflect adult lion behaviour 

with increasing age.  Continued monitoring of the captive-origin prides will 

allow these behavioural changes of the cubs and sub-adults to be assessed.  

The similarities across all behaviours and ages between captive-origin and 

wild prides suggest that despite a captive history, adults under this program 

are capable of raising offspring that perform natural behaviours.   
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8.10 Environmental influences and study limitations 

The influence of environmental variations between study sites upon pride 

behaviour must be considered when conducting inter-pride comparisons.  

Behavioural variations between captive-origin and the wild pride were 

attributed to temperature, vegetation type and reserve size.  Higher 

temperatures recorded for the Makhutswi prides post 1700hr were suspected 

to result in elevated resting behaviour of adults and sub-adults.  As 

discussed previously, it would be expected that resting would decrease, and 

alert and active behaviours would increase once temperatures dropped; 

however, observations post 1930hr during the dry season are required to 

confirm this.  Dense vegetation facilitated higher levels of alert behaviour of 

cubs, compared to that observed for the captive-origin prides.  The wild 

prides were located via scat tracking, resulting in the locating of lions within 

such dense vegetation being difficult and impacting the data collected upon 

age groups.  The cubs, and in particular those of the Makhutswi 2 pride (as 

they were only approximately four months old), were often observed within 

the river bed.  This facilitated higher levels of alert and active behaviours by 

cubs due to the protected environment and them being in the presence and 

security of the pride.  Dense vegetation also impeded the number of times 

the wild prides were located, greatly reducing the number of observations of 

these prides compared to the captive-origin prides.  This vegetation type is a 

factor that has also been found to cause variations in lion behaviour across 

wild prides (Hanby et al. 1995; Hayward & Hayward 2007; Valeix et al. 

2010).  Therefore, vegetation type has likely resulted in a skew in the daily 

activity and social data, which must be considered when comparing the wild 

to the captive-origin prides.   



242 
 

Reserve size also appeared to cause some behavioural variations between 

captive-origin and wild prides.  The larger reserve of the Makhutswi pride 

facilitated higher levels of pride dissociation, resulting in a lower frequency 

of social interactions compared to that observed for the captive-origin 

prides.  Being located within a 234.8km
2
 reserve, the pride was able to form 

a territory which was found to border a reserve boundary.  Due to the larger 

size of this territory, adult males would have dissociated to conduct 

territorial maintenance, while also spending time with another pride within 

their territory.  Funston et al. (1998) found that adult males were more likely 

to spend less time with prides in dense vegetation types compared to those 

in open habitats.  Due to the large prey basis, adult females would also leave 

cubs within safe locations to conduct hunting behaviour.  Subsequently, 

these natural processes impacted the number of times the Makhutswi pride 

was observed as a majority, therefore reducing the number of observed 

interactions.  This was the first SNA study upon a wild pride; therefore, 

studies incorporating wild prides within various habitat types would be 

beneficial to investigate the extent to which territory size and vegetation 

impacts pride sociality.        

8.11 Suggestions for future work   

There were time restrictions that resulted in limited data on some behaviours 

(boldness) and prides (wild prides).  Conducting a study that involves 

numerous prides located across three countries incurs logistical issues, and 

the African wet season can limit vehicle access to prides.  To overcome 

such limitations, two methods must be considered: longitudinal studies and 

improvement of pride location.   
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Longitudinal studies would allow behavioural variations across 

developmental changes and increasing age to be established and compared.  

This would allow investigation into whether captive-origin individuals and 

prides respond appropriately during different life stages.  Such information 

is particularly important in the pre-release assessment of cubs and sub-

adults that have been raised by adults with a captive history.  While it has 

been established that the captive-origin prides express natural levels of all 

observed behaviours, it is yet to be established whether the lions for release 

are able to adapt, survive and reproduce in the wild.   

To overcome visibility issues associated with the wild prides located within 

dense vegetation, the application of GPS or telemetry collars and camera 

traps would be beneficial.  Collaring of adult males and females would not 

only make it easier to locate these pride members, but GPS collars that send 

remote signals at hour or day intervals over a long period would provide 

more accurate calculation of pride territory.   

It is also currently unknown exactly how the release candidates will respond 

to humans or to new natural stimuli.  Such stimuli could include 

confrontations with buffalo and elephant, which might result in injury if 

lions do not respond appropriately, or competition with competitive species, 

such as when they have to defend and scavenge kills.  Along with these 

behavioural responses, it is currently unknown whether these lions will have 

the physiological requirements necessary for survival, such as a suitable 

immune system.  Continued monitoring of all prides within and at every 
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stage of this ex-situ reintroduction program, specifically post-release, is 

required and critical for assessing the effectiveness of this program.  

8.12 Influence of rearing history 

This study provided the first comprehensive assessment of captive-origin 

prides under an ex-situ reintroduction program managed by the African 

Lion and Environmental Research Trust (ALERT).  Through assessing 

various aspects of pride behaviour discussed above, it was determined that 

both captive-origin prides were observed to perform natural behaviours 

across all tested response types.  This suggests that behaviours are linked to 

natural biological processes and that the wild phenotype was not found to be 

impacted by a captive history.  This was concluded as a captive history was 

not found to influence any of the observed daily activity, and social, 

territorial or hunting behaviour, at an age or sex level, suggesting that the 

development and expression of these behaviours are relatively stable.  It is 

also possible that the various stages of the ex-situ reintroduction program 

managed by the ALERT also led to this.  As outlined by Abell et al. 

(2013b), exposing cubs to natural habitats are critical to the development of 

natural behaviours.  Walking cubs daily in natural areas in a group 

composed of 2–3 cubs and lion handlers provides cubs with a secure pride 

structure, and thus facilitating play, exploration and hunting behaviours.  

Upon reaching 18 months of age, interactions with humans are curtailed and 

lions are released within a constructed pride into fenced and managed 

reserves that contain large- and small-bodied prey species.  This facilitates 

cooperative hunting, and cubs born into these prides receive no human 

contact.  It is important to note that the findings of this study do no suggest 

that lions with a different rearing history will be capable of exhibiting 
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natural behaviours and surviving post-release.  Indeed, the methods used did 

not detect any abnormal behaviour for the captive-origin prides; however, 

this does not suggest that abnormal behaviours or deviations from natural 

behaviours would not be observed at earlier and later stages of the ALERT 

program.  The rearing history of the adults within the Ngamo and Dambwa 

prides means that exposure to natural habitats from a young age have 

facilitated the development of natural behaviours.  I believe that the 

combination of the rearing history under the ALERT program and the robust 

nature of observed behaviours have resulted in the captive-origin prides 

exhibiting behaviours at natural levels.  Continued evaluations of lions at 

every stage of the ALERT program are required to determine suitability of 

prides and coalitions for release, and success post-release.  To achieve this, 

future studies need to consider conducting comparisons between ALERT 

prides, strictly captive prides and additional wild prides.  This study 

indicates that to date, the captive-origin prides exhibit natural behaviours; 

however, it is yet to be determined how prides and coalitions will adapt, 

behave and survive post-release.      Providing  

8.13 Conclusion 

By considering the behaviours observed for the captive-origin prides and 

wild pride, I was able to provide the first comprehensive analysis on various 

aspects of lion behaviour.  Not only does this provide an important 

milestone in the pre-release assessment of prides within an ex-situ 

reintroduction program, but it also address some concerns associated with 

the release of captive-origin lions.  By addressing specific behaviours, it was 

established that the captive-origin prides did not deviate their behaviour 

from that of wild behaviour, indicating that the wild phenotype was not lost 
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in captivity.  The various roles of individuals and sub-groups within prides 

and their impact upon functionality were also explored.  Investigating the 

behavioural similarities across origins is an important step towards 

addressing that captive-origin prides are behaviourally apt for survival.  

Although some behaviours were found to vary across prides, these were 

associated with environmental factors, specifically reserve size and location 

of water sources, temperature and vegetation types.       

Released lions must be able to perform appropriate levels of activity, be 

socially cohesive, establish a territory, and successfully hunt and avoid 

dangers.  Performing such behaviours is critical to post-release survival and 

reproduction.  By evaluating prides during the pre-release phase of an ex-

situ reintroduction program, it was established that the release candidates 

have appropriate behaviours at this stage of the program.  As captivity was 

not found to impact or to be the cause for behavioural variations, the 

monitored behaviours were stable.  This suggests that underlying influences 

are resulting in the natural expression of these behaviours.  Captive-origin 

prides performed appropriate levels of daily activity, with appropriate 

fluctuations occurring throughout the observed daily time period.  SNA 

determined that both prides were socially cohesive and functional, and 

indicated that identifying a social keystone may become a critical 

component of future assessments of lion prides.  Boldness tests have the 

potential to provide a metric that may be correlated with post-release 

survival, and subsequently become a critical tool to support future pre-

release assessments and program success.  Recognising that behavioural 

correlations occur due to age indicates that this is another important 

assessment tool that will assist in future pre-release assessment and 
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quantification of captive-origin pride behaviour.  Both prides have also 

developed species appropriate hunting and territorial behaviours, indicating 

that these prides possess the necessary behavioural components to be self-

sufficient and survive in a wild setting. 

This study indicated that the captive-origin adults within the ALERT 

program were not affected by their history, and instead, that they are 

capable of raising cubs within a naturally behaving, socially connected pride 

that shows all of the required attributes for being self-sufficient.  Due to 

lions being a large carnivore potentially in high conflict with humans, and 

their ex-situ reintroduction being largely disputed, all measures must be 

taken to ensure that release candidates contain appropriate behaviours 

necessary for survival.  This study provided critical information on 

individuals and prides that will assist in the future monitoring of captive-

origin prides while presenting new tests that warrant perusal.             
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Appendices  

 

Appendix 3.1. 

 

Degree for the Ngamo pride, for interactions received (indegree) and initiated 

(outdegree). 

 Indegree 

Greet Groom Play Aggression All Social 

AS*
f 

0.059 0.019 0.011 0.004 0.086 

AS4
f 

0.012 0.012 0.015 0.004 0.044 

AS5
m 

0.030 0.007 0.018 0.009 0.065 
AT1

f 
0.044 0.009 0.006 0.001 0.060 

KE*
f 

0.034 0.011 0.000 0.003 0.048 

KE3
f 

0.030 0.015 0.013 0.003 0.061 
KE4

f 
0.036 0.008 0016 0.006 0.066 

KW*
f 

0.034 0.003 0.001 0.001 0.039 

MI*
m 

0.068 0.000 0.004 0.000 0.072 
NL*

f 
0.022 0.012 0.006 0.003 0.043 

PH*
f 

0.084 0.014 0.010 0.000 0.108 

 Outdegree 

Greet Groom Play Aggression All Social 
AS*

f 
0.034 0.012 0.003 0.001 0.049 

AS4
f 

0.062 0.008 0.022 0.001 0.094 

AS5
m 

0.061 0.010 0.023 0.001 0.095 

AT1
f 

0.064 0.009 0.011 0.003 0.080 
KE*

f 
0.038 0.008 0.001 0.006 0.053 

KE3
f 

0.041 0.014 0.019 0.007 0.080 

KE4
f 

0.032 0.016 0.011 0.000 0.059 
KW*

f 
0.033 0.001 0.003 0.000 0.037 

MI*
m 

0.004 0.000 0.000 0.006 0.010 

NL*
f 

0.062 0.022 0.006 0.003 0.093 
PH*

f 
0.023 0.010 0.001 0.007 0.041 

* = captive-origin adult; 
f
 = female; 

m 
= male 

 

 

 

 

 



268 
 

Appendix 3.2. 

 

Ngamo Mantel Test results for all networks and attributes.  

 P-Value 

Greet Groom Play Aggression All Social 

Greet / / / / <0.001
 

Groom 0.001 / / / <0.001
 

Play 0.005 0.004 / / <0.001
 

Aggression 0.729 0.508 0.448 / 0.182 

All Social / / / / / 

Full sister 0.168 0.086 0.002 0.646 0.002 

Half sister 0.670 0.587 0.018 0.418 0.211 

Gender 0.179 0.030 0.659 0.633 0.237 

Age 0.918 0.686 0.136 0.505 0.552 

Random 0.315 0.650 0.859 0.422 0.589 

 Matrix Coefficient  

Greet Groom Play Aggression All Social 

Greet / / / / 0.844 

Groom 0.337 / / / 0.624 

Play 0.258 0.387 / / 0.656 

Aggression -0.069 -0.008 -0.005 / 0.089 

All Social / / / / / 

Full sister 0.090 0.185 0.685 -0.030 0.367 

Half sister -0.044 -0.037 0.301 0.015 0.084 

Gender 0.092 0.248 -0.074 -0.025 0.086 

Age -0.119 -0.068 0.164 -0.007 -0.027 

Random 0.045 -0.038 -0.106 0.020 -0.021 
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Appendix 4.1. 

 

Raw average percentages (%) ± SE of main effects.  

 Resting Alert M1 Other Not 

present  

Seen Out of 

Sight 

Origin C 48.55 ± 

0.81 

32.39 

± 0.63 

11.82 

± 0.47 

7.11 ± 

0.35 

10.23 ± 

0.62 

73.93 

± 0.76 

15.84 

± 0.55 W 57.50 ± 

1.17 

26.35 

± 0.88 

8.74 ± 

0.61 

7.39 ± 

0.60 

44.97 ± 

1.55 

35.98 

± 1.34 

19.04 

± 1.03 Age A 51.76 ± 

0.98 

30.42 

± 0.76 

11.45 

± 0.57 

6.18 ± 

0.40 

23.87 ± 

1.11 

60.83 

± 1.11 

15.29 

± 0.68 SA 49.31 ± 

1.27 

32.65 

± 0.98 

12.45 

± 0.76 

5.57 ± 

0.53 

13.17 ± 

1.14 

70.91 

± 1.29 

15.92 

± 0.91 C 49.26 ± 
1.29 

30.44 
± 0.97 

8.77 ± 
0.64 

11.53 
± 0.73 

28.59 ± 
1.58 

50.41 
± 1.55 

21.00 
± 1.16 Sex F 48.59 ± 

0.82 
32.73 
± 0.63 

11.92 
± 0.47 

6.63 ± 
0.35 

18.15 ± 
0.85 

65.56 
± 0.89 

16.29 
± 0.59 M 55.24 ± 

1.14 

27.74 

± 0.85 

9.36 ± 

0.61 

7.63 ± 

0.54 

27.52 ± 

1.34 

55.36 

± 1.33 

17.11 

± 0.89 Session 1 47.69 ± 

1.24 

33.97 

± 0.96 

10.37 

± 0.57 

7.81 ± 

0.63 

17.56 ± 

1.35 

60.57 

± 1.43 

21.87 

± 1.06 2 56.83 ± 

0.87 

27.88 

± 0.65 

9.80 ± 

0.47 

7.71 ± 

0.38 

23.87 ± 

1.01 

60.44 

± 1.04 

15.68 

± 0.66 3 36.21 ± 

1.56 

38.34 

± 1.31 

18.29 

± 1.15 

7.13 ± 

0.74 

23.12 ± 

1.71 

59.63 

± 1.72 

17.25 

± 1.14 Veg. G 50.14 ± 
1.36 

30.88 
± 1.03 

12.60 
± 0.83 

6.21 ± 
0.59 

7.12 ± 
0.90 

78.86 
± 1.23 

14.02 
± 0.94 S 45.42 ± 

1.54 
36.31 
± 1.23 

10.55 
± 0.76 

7.70 ± 
0.72 

12.47 ± 
1.28 

71.91 
± 1.46 

15.62 
± 1.01 OW 54.63 ± 

1.18 

27.97 

± 0.88 

10.65 

± 0.71 

6.74 ± 

0.46 

18.22 ± 

1.25 

65.77 

± 1.30 

16.01 

± 0.84 CW 50.85 ± 

1.97 

30.34 

± 1.44 

11.20 

± 0.97 

7.13 ± 

0.96 

44.84 ± 

2.51 

38.81 

± 2.17 

16.35 

± 1.43 R 49.92 ± 

1.81 

30.54 

± 1.48 

9.25 ± 

1.03 

10.30 

± 1.09 

43.76 ± 

2.29 

31.07 

± 1.88 

25.17 

± 1.72 Veg. = vegetation; C = captive-origin; W = wild; A = adult; SA = sub-adult; C = 

cub; F = female; M = male; 1 = 0630-0900 hr; 2 = 0900-1700 hr; 1700-1930 hr; G 

= grassland; S = shrub-land; OW = open woodland; CW = closed woodland; R = 
riverbed  
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Appendix 4.2. 

 
Raw average percentage (%) of time observed ±SE of behaviours within the 

‘other’ category.  

 Groom 
Hunt/ 

Eat 
Roar 

Abnor

-mal 
Social  Play 

Defecation

/urination 

Captive

-origin 

1.72 ± 

0.12 

3.11 ± 

0.30 

0.06 ± 

0.03 

0.19 ± 

0.06 

1.55 ± 

0.13 

0.08 ± 

0.02 
0.04 ± 0.01 

Wild 
1.07 ± 

0.14 

1.63 ± 

0.33 

0.19 ± 

0.10 

0.01 ± 

0.01 

2.69 ± 

0.35 

0.05 ± 

0.03 
0.02 ± 0.02 

 

 

Appendix 4.3. 

 
Average temperature (ºC) ± SE for each pride across the three session times. 

Pride 0630-0900 hr 0900-1700 hr 1700-1930 hr 

Ngamo  14.05 ± 0.65 23.36 ± 0.60 18.32 ± 0.61 

Dambwa 29.34 ± 0.99 31.84 ± 0.65  

Makhutswi 1 18.40 ± 1.24 28.65 ± 0.82 25.71 ± 1.30 

Makhutswi 2 24.24 ± 1.83 28.50 ± 1.44 29.14 ± 1.09 
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Appendix 5.1 

Terms and definitions of components of Social Network Analysis. 

Term Definition 

Betweenness 

centrality 

Indicates the involvement of an individual within a network. 

Calculated by evaluating the number of shortest paths which are 
required to pass before reaching a target individual, with a higher 

value indicating a more central member to the network. A central 

member of a network serves as a bridge between and connects sub-
groups (Krause et al. 2007; Croft et al. 2008; Wey et al. 2008). 

Clique Sub-groups within a network, a clique is composed of nodes which 

are directly connected (Wey et al. 2008). 

Degree The number of direct connections a lion has with other network 
members (Wasserman & Faust 1994). 

Density The proportion of all possible connections within a matrix. A high 

value (1) indicates a highly connected network, while a low value 
(0) represents an unconnected network (Wasserman & Faust 1994; 

Wey et al. 2008).  

Indegree The number of interactions received by an individual. 

Node Component of a network that has known relations with others 

within the model (Wey et al. 2008). Represents an individual 

(lion). 

Outdegree The number of interactions initiated by an individual. 
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Appendix 5.2. 

 

Mantel Test for association between networks and attributed for the Ngamo 

pride. 

 

P-Value 

Greet Groom Play Aggression All Social 
Pride 

Composition 

Greet / / / / / 0.284 

Groom / / / / <0.001 0.731 

Play 0.127 / / / 0.011 0.383 

Aggre-

ssion 
0.325 0.266 / / 0.015 0.053 

All 

Social 
0.930 0.907 0.099 / 0.602 0.749 

Full 

sister 
0.552 0.188 0.003 0.634 0.177 0.010 

Half 

sister 
0.551 0.294 0.018 0.821 0.109 0.004 

Gender 0.065 <0.001 0.966 0.948 0.052 0.058 

Age 0.633 0.485 0.062 0.670 0.213 0.221 

Random 0.375 0.877 0.747 0.751 0.679 0.459 

 

Matrix Coefficient   

Greet Groom Play Aggression All Social 
Pride 

Composition 

Greet / / / / / 0.066 

Groom / / / / 0.883 -0.047 

Play 0.010 / / / 0.290 0.044 

Aggre-

ssion 
0.033 0.012 / / 0.271 0.176 

All 

Social 
-0.142 -0.072 0.136 / -0.029 -0.060 

Full 

sister 
-0.030 0.029 0.445 -0.015 0.114 0.177 

Half 

sister 
-0.017 0.044 0.300 -0.080 0.146 0.341 

Gender 0.197 0.170 -0.223 -0.175 0.224 0.497 

Age -0.033 -0.013 0.190 -0.024 0.080 0.055 

Random 0.027 -0.114 0.064 -0.065 -0.043 0.004 
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Appendix 5.3. 

 

Mantel test for association between networks and attributed for the Dambwa 

pride. 

 

P-Value 

Greet Groom Play Aggression 
All 

Social 

Pride 

Composition 

Greet / / / / 
/ 

<0.001
 

Groom / / / / <0.001 0.004 

Play 0.589 / / / 0.114 0.004 

Aggre-

ssion 
0.232 0.801 / / <0.001 <0.001 

All 

Social 
0.914 0.155 0.738 / 0.749 0.133 

Full 

sister 
0.809 0.208 <0.001 0.559 0.039 <0.001

 

Half 

sister 
0.963 0.234 <0.001 0.656 0.405 0.003 

Gender 0.834 0.268 0.805 0.435 0.859 0.502 

Age 0.273 0.226 0.002 0.627 0.022 0.002 

Random 0.381 0.258 0.367 0.786 0.431 0.641 

 

Matrix Coefficient   

Greet Groom Play Aggression 
All 

Social 

Pride 

Composition 

Greet / / / / / 0.313 

Groom / / / / 0.928 0.169 

Play -0.024 / / / 0.102 0.257 

Aggre-

ssion 
0.053 -0.094 / / 0.352 0.349 

All 

Social 
-0.112 0.095 0.070 / 0.067 0.094 

Full 

sister 
-0.058 0.073 0.508 -0.010 0.133 0.703 

Half 

sister 
-0.149 0.070 0.386 -0.030 0.020 0.434 

Gender -0.082 0.068 -0.109 0.021 -0.086 -0.015 

Age 0.027 0.064 0.286 -0.018 0.145 0.557 

Random 0.028 0.056 0.027 -0.074 0.017 -0.034 
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Appendix 5.4. 

Mantel test for association between networks and attributed for the 

Makhutswi pride. 

 

P-Value 

Greet Groom Play Aggression 
All 

Social 

Pride 

Composition 

Greet / / / / 
/  

0.039
 

Groom / / / / <0.001 0.068 

Play 0.186 / / / 0.037 0.023 

Aggre-

ssion 
0.016 0.552 / / <0.001 0.034 

All 

Social 
0.793 1.000 0.549 / 0.034 0.402 

Full 

sister 
0.015 0.027 0.222 1.000 0.019 <0.001

 

Half 

sister 
0.478 0.216 0.014 0.401 0.287 <0.001 

Gender 0.215 0.018 0.930 0.684 0.291 0.088 

Age 0.019 0.029 0.223 1.000 0.019 <0.001
 

Random 0.244 0.835 0.721 0.677 0.409 0.437 

 

Matrix Coefficient   

Greet Groom Play Aggression 
All 

Social 

Pride 

Composition 

Greet / / / / / 0.280 

Groom / / / / 0.920 0.204 

Play 0.075 / / / 0.194 0.218 

Aggre-

ssion 
0.237 -0.038 / / 0.403 0.282 

All 

Social 
-0.066 -0.049 -0.040 / 0.235 0.017 

Full 

sister 
0.188 0.250 0.095 0.046 0.210 0.447 

Half 

sister 
0.001 0.082 0.333 0.000 0.086 0.830 

Gender 0.057 0.217 -0.132 -0.070 0.040 0.149 

Age 0.188 0.250 0.095 -0.046 0.210 0.447 

Random 0.063 -0.087 -0.051 -0.052 0.024 0.009 

 

 


