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ABSTRACT 

Human wildlife conflict is a considerable conservation challenge that threatens many 

carnivore species worldwide and is a result of complex socio-economic and ecological 

processes. An understanding of the drivers of conflict is essential for any efforts to 

achieve coexistence. This study investigated the levels of conflict, livestock 

management and tolerance amongst the farming communities of the Southern and 

Western Kalahari in Botswana. 

A questionnaire survey was completed with 310 farmers throughout the region. The 

majority of respondents regarded coexisting with carnivores as a challenge, with losses 

due to depredation perceived as the greatest problem facing farmers. Conflict was 

widespread throughout the study area, with some spatial variations for certain species. 

Cattle management levels were low and while smallstock management was better, the 

use of improved levels of management could reduce current levels of conflict. 

Tolerance levels were generally low with few respondents seeing the benefits of 

coexistence with carnivore species. The results indicated that farm type, gender, 

education level, source of income, livestock numbers, location and land use all have an 

effect on perceived conflict and tolerance levels and strongly interact with each other. 

In general cattleposts were characterised by higher proportions of females, lower 

education levels, more benefits derived from wildlife and veld products and fewer 

livestock than fenced ranches. They also experienced more conflict, carried out more 

management and had better tolerance levels. It could be that closer connections to 

the land and deriving benefits from natural resources resulted in more tolerance and 

this is certainly worth further investigation. An improvement in the use of effective 

methods of livestock management, targeted environmental education programs to 

develop a greater awareness for the conservation value of carnivores and a 

diversification of livelihoods to include benefits from natural resources have the 

potential to reduce conflict and improve tolerance in the Kalahari region. 
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Chapter 1 

1. General Introduction  

1.1 Global conflict between humans and large carnivores 

Throughout the world, populations of large mammalian carnivores, many of which are 

classified as threatened or endangered (Fuller, 1995; Nowell & Jackson, 1996), 

continue to decline (Macdonald & Sillero-Zubiri, 2002; IUCN, 2002; Maddox, 2003). 

These declines are largely the result of habitat degradation, diminishing prey 

populations, conflict with human populations, hunting, disease and commercial trade 

(Sillero-Zubiri & Laurenson, 2001; Woodroffe et al., 2005).  As human populations 

expand and encroach on wildlife habitat, competition for natural resources increases, 

and human-carnivore conflict has become a primary concern for the long term 

conservation of large carnivore populations (Woodroffe & Ginsberg, 1998; Gittleman 

et al., 2001; Kruuk, 2002). 

Human-wildlife conflict is defined as any action by humans or wildlife that has an 

adverse impact upon the other (Conover, 2002). It has existed for as long as humans 

have existed and wild animals and people have shared the same landscapes and 

resources (Lamarque et al., 2008). It is a worldwide challenge, occurring across a range 

of situations and involving a wide array of species, from the small: insects and birds 

such as queleas (Quelea queleas, Bruggers & Elliott, 1989) to the large: such as lions 

(Panthera leo, Bauer, 2005) and elephants (Loxodonta africana, Hill, 1998). The smaller 

species, which often occur in vast numbers, are responsible for greater economic 

impacts on humans than the larger species (Knight, 2000; Lamarque et al., 2008). 

However, large carnivores are often responsible for generating the most intense 

conflict (Macdonald & Sillero-Zubiri, 2002; Dickman, 2005) and few other animals, with 

the exception of elephants (O’Connell-Rodwell et al., 2000), have as great a capacity to 

negatively impact human livelihoods (Hemson, 2003). 

 

The impact of large mammalian carnivores on humans takes several forms (Woodroffe 

et al., 2005) including livestock predation (Marker et al., 2003a; Ogada et al., 2003; 

Patterson et al., 2004); human predation (Ginsberg, 2001; Packer et al., 2005; Baldus, 

2008); predation upon game species (Thirgood et al., 2000) and disease transmission 
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(Guan et al., 2004). Of these, livestock depredation and the resulting human retaliation 

are widely considered as the primary cause of population decline in large carnivores 

worldwide (Mishra, 1997; Naughton-Treves, 1997; Woodroffe & Ginsberg, 1998; 

Mazzolli, 2002; Van Bommel et al., 2007; Lamarque et al., 2008). In Pakistan, 

persecution of snow leopards (Panthera uncia) by local farmers, as a result of livestock 

depredation, is considered the greatest threat to the survival of the species (Fox et al., 

1991; Hussain, 2003). Many countries sanction the killing of ‘problem animals’ that 

either threaten the life of a human or destroy property (Nowell & Jackson, 1996). 

 

The nature of the conflict and the ecology and behaviour of the species involved, 

affects the level of animosity. Large carnivores may represent a threat to human life 

(Quammen, 2003; Nijhawan, 2008) and their food requirements result in direct 

competition with humans for domestic and wild animals (Thirgood et al., 2000; Marker 

et al., 2003a). Thus large mammalian carnivores often generate hostile reactions, and 

retaliatory killings threaten many large carnivore populations and constitute a 

prominent human-wildlife conflict issue today (Marker & Dickman, 2004; Woodroffe et 

al., 2005; Gusset et al., 2009). Although conflict levels are often exaggerated 

(Breitenmoser, 1998; Rasmussen, 1999), human perceptions are shaped by costly, 

memorable events more than regular, small-scale losses to pests, even though these 

may represent higher long term economic impacts (Naughton-Treves & Treves, 2005). 

 

1.1.2 Effects of Conflict on Carnivores 

It is of significant worldwide conservation concern that the majority of the large 

carnivore species are threatened by conflict related factors (Sillero-Zubiri & Laurenson, 

2001; Swarner, 2004). Threatened species include wolves (Canis lupis, Parsons, 1998), 

bears (Ursus arctos) and mountain lions (Puma concolor) in the USA and Canada 

(Musiani et al., 2003); jaguars (Panthera onca) and pumas (Puma concolor) in South 

America (Michalski et al., 2001); wolves (Glenz et al., 2001), bears (Sagor et al., 1997) 

and lynx (Lynx lynx) in Europe (Stahl et al., 2001);  tigers (Panthera tigris) (Sekhar, 

1998), and snow leopards in Asia (Jackson et al., 1996); and lions (Hemson, 2003; Van 

Bommel et al., 2007) , cheetahs (Acinonyx jubatus, Selebatso, 2006) and wild dogs 

(Lycaon pictus, Rasmussen, 1999) in Africa. 
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Human encroachment into unprotected wilderness areas has resulted in increasing 

numbers of large mammalian carnivores existing alongside human populations the 

consequences of which have often been reductions in numbers and distribution and 

even local extinctions of the carnivores (Treves & Naughton-Treves, 2005).  

Such is the case for cheetahs, which were once one of the widest ranging carnivores. In 

1900, approximately 100000 cheetahs occurred in at least 44 countries throughout 

Africa and Asia (Myers, 1975; Nowell & Jackson, 1996; Marker, 2002). The species has 

suffered considerable range reduction in the last century and the current population 

now exists in small, fragmented areas spread through 29 African countries and Iran. It 

is estimated that between 12000 and 15000 cheetahs remain (Nowell & Jackson 1996), 

representing a decline of nearly 90% over the century (Marker, 1998). The most viable 

remaining populations occur in Southern and Eastern Africa, although these are under 

threat primarily due to human conflict (Marker, 1998; Klein, 2007). Cheetahs have 

been nearly eliminated in Asia and in the northern part of Africa and the remaining 

sub-Saharan populations continue to be threatened (Myers, 1975; Nowell & Jackson, 

1996). 

Tigers have experienced similar catastrophic declines throughout their historical range, 

from approximately 100000 individuals at the beginning of the twentieth century to 

around 6000 at present (Johnsingh, 2003). Expanding human populations have 

reduced available suitable habitat and the resulting conflict is driving this species 

towards extinction (Miquelle et al., 1999).  

Twenty two of the world’s 30 large carnivore species are considered endangered 

(Fuller, 1995) and all are threatened with increasing human conflict (Treves & Karanth, 

2003). The large carnivores are particularly vulnerable to human conflict (Woodroffe, 

2000; Gittleman et al., 2001), due to certain biological characteristics. They have 

complex social behaviour, generally low reproductive rates and being at a high trophic 

level, often occur at low densities and require large areas to survive (Purvis et al., 

2001; Dickman, 2008).  

Lethal control is regularly used to reduce conflict levels (Mishra 1997; Marker & 

Dickman, 2004; Woodroffe & Frank, 2005) and it has become increasingly easy to 

remove large carnivores (Hemson, 2003). A large range of lethal methods for 

controlling carnivores exists, including regularly used methods of poisoning, trapping, 
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shooting and snaring (Treves & Naughton-Treves, 2005). These methods are cheap and 

effective and have considerable effects on large carnivore populations (Marker et al., 

2003c; Woodroffe & Frank, 2005), as well as having substantial negative effects on 

non-target wildlife species (Maddox, 2003; Swarner, 2004). The use of lethal control 

methods may lead to removal of the conflict species or even total extinction, such as 

the marsupial wolf or thylacine (Thylacinus cynocephalus) in 1930 in Tasmania 

(Woodroffe & Frank, 2005).  

 

1.1.3 Effects of Conflict on Humans 

Numerous studies of large carnivore species such as, cheetahs (Marker & Dickman, 

2004), leopards (Panthera pardus, Mizutani, 1993; Schiess-Meier et al., 2007), wild 

dogs (Rasmussen, 1999; Muir, 2010), tigers (Sekhar, 1998, Sangay & Vernes, 2008), 

snow leopards (Nowell & Jackson, 1996, Bagchi & Mishra,  2006) jaguars (Hoogesteijn  

et al., 1993; Hoogesteijn, 2002; Rabinowitz, 2005) and mountain lions (Beier, 1995, 

Mazzolli et al., 2002) show that carnivore depredation upon livestock is the most 

common cause of human-carnivore conflict (Berger, 1999; Bekoff, 2001; Sillero-Zubiri 

& Laurenson, 2001).  

Depredation upon livestock has economic consequences for communities living with 

carnivores and can have severe impacts on livelihoods (Nowell & Jackson, 1996; Kruuk, 

2002; IUCN, 2002). In Nepal, losses attributed to snow leopards and wolves constituted 

18% of stock holdings over an 18 month period, with a value of half the average per 

capita income (Mishra, 1997).  In Zimbabwe, in the Gokwe communal land, adjacent to 

the Sengwa Wildlife Reserve, livestock depredation was responsible for an average loss 

per household of 12% of the total family income annually (Butler, 2000).  

Threat of personal injury from large carnivores is also a key concern of people living 

alongside such species (Maddox, 2003). Although attacks are not common, they have a 

considerable effect on local perceptions. Large carnivores such as tigers, lions and 

mountain lions, with ranges frequently overlapping with high density human 

populations, are the main culprits (Nepal & Weber, 1995b; Sillero-Zubiri & Laurenson, 

2001). It is understandable that this conflict creates strong negative perceptions 

towards the large carnivores and results in retaliatory killings (Marker et al., 2003a; 

Ogada et al., 2003; Baldus, 2004) and it is essential that these perceptions are 
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understood, as they drive the retaliatory actions of humans (Gittleman et al., 2001). A 

high proportion of carnivore mortalities result from the deliberate killing by people 

who perceive them to be a threat to livestock (Ogada et al., 2003; Woodroffe & Frank, 

2005). In Namibia, surveys revealed that in the 1990s, 22% of Namibian farmers 

confirmed that they were in conflict with cheetahs, which they considered to be a 

threat to their livestock, 84% of these said they had killed cheetahs (Marker et al., 

2003c). Where large carnivores adversely affect the profitability of livestock 

production and people’s livelihoods, retaliatory killings represent a serious challenge 

to conservation (Treves & Karanth, 2003; Van Bommel et al., 2007). However, local 

people’s perceptions of the level of conflict often outweigh actual rates of conflict 

(Frank, 1998). Many studies in Africa have shown that livestock loss to predation is 

minimal relative to the total stock holdings (McShane & Grettenberger, 1984; 

Rasmussen, 1999) and relative to losses from other causes such as disease (Mizutani, 

1993; Frank, 1998). Despite this, where livestock husbandry is the main source of 

income, carnivores are rarely accepted but rather perceived as a threat and associated 

with large financial costs (Mishra, 1997; Butler, 2000; Patterson et al., 2004; Frank et 

al., 2005).  

 

Conflict with carnivores has been exacerbated by changes in husbandry during the past 

century (Breitenmoser, 1998; Treves & Karanth, 2003).  For instance, domestic 

livestock in Botswana is no longer regularly herded, kraaled or guarded by dogs and as 

such is more vulnerable to predation (Tjibae, 2001; Gusset et al., 2009).  In many 

countries around the world, stockmen have lost the tradition of coexistence with large 

carnivores and modern protective legislation of carnivores is not matched by positive 

cooperative attitudes by livestock farming communities (Breitenmoser, 1998).  

Tolerating carnivores and accepting coexistence is a major challenge for people living 

with carnivores. Economic losses, even when small, can be considerable to small-scale 

producers and lethal control may be convenient, satisfying, and effective (Kruuk, 

2002). 
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1.2 Importance of Carnivore Conservation 

Declines in carnivore populations may have a range of cascade effects and conflict 

species, i.e. those with potential to have a negative effect on human populations, are 

often those whose declines have the most damaging environmental effects (Caro, 

2003; Woodroffe & Frank, 2005). Large mammalian carnivores fulfil many important 

ecological functions, such as regulating prey numbers, controlling numbers of other 

carnivores through competition, limiting the spread of disease and maintaining 

biodiversity (Krebs et al., 1995; Brashares et al., 2001; Terborgh et al., 2002).  They are 

important indicators of functioning ecosystems and through predation, impact on all 

levels of the system, by diverting what they do not need to scavengers, detritivores, 

and microorganisms (Ricklefs, 1990). Due to their trophic level and large spatial 

requirements, their successful conservation automatically incorporates many other 

species (Sillero-Zubiri & Laurenson, 2001). Carnivores are essential in maintaining 

ecosystem processes (Berger, 1999) and the reduction of the impacts of apex 

carnivores can result in major shifts in ecosystem states and losses of diverse 

ecosystem services (Estes et al., 2011). Such high level trophic changes can lead to 

myriad effects on other species and ecosystem processes. Research in the Serengeti, 

Tanzania, showed that the presence of apex predators accounted for nearly all 

mortality in smaller herbivores, which showed dramatic increases in abundance and 

distribution after the local extinction of predators (Sinclair et al., 2007). However, the 

relationship between trophic links is extremely complex, collapses in top carnivore 

populations are often associated with dramatic increases in the abundance of smaller 

predators, known as mesopredator release, which can lead to declining prey 

populations, even destabilizing communities and causing local extinctions (Prugh et al., 

2009). Mesopredators are often generalist carnivores that, in the absence of top-down 

control, can reach high population densities and result in high predation pressure on a 

wide range of small prey species. By controlling mesopredators, apex carnivores 

indirectly protect biodiversity at lower tropic levels from the effects of over-predation 

(Prugh et al., 2009; Ritchie & Johnson, 2009). For example, the recovery of the lynx in 

Sweden and Finland controlling red fox populations and resulting in recovery of prey 

populations of hares and grouse (Helldin et al., 2006; Elmhagen et al., 2010).  



Chapter 1 - Introduction 

 

7 

 

In addition, the removal of large carnivores can have socio-economic implications, 

such as in Ghana where the rate of lion and leopard population declines were shown 

to be closely correlated to baboon (Papio ursinus) population increase and conflict 

incidents involving crops and livestock. Villages suffering losses used school age 

children as guards, reducing school attendance rates and exposing children to harm. 

Along with this baboons and human share many parasites and pathogens, increasing 

encounter rates can create hot spots of infectious disease (Brashares et al., 2010).  

The disruption of trophic links caused by the removal of predation constitutes a threat 

to biodiversity, along with inherent economic and social costs.  The best management 

solution is the costly restoration of effective predation regimes (Hayward & Somers, 

2009; Ripple et al., 2010; Terborgh et al., 2010)  

 

1.3 Limitations of Protected Areas 

The protected area system of national parks and reserves has limitations when it 

comes to conserving large carnivores, as the reserves are rarely large enough to 

contain viable long term populations (Woodroffe & Ginsberg, 1998). Many carnivore 

species need large areas of suitable habitat to thrive (Sillero-Zubiri & Laurenson, 2001; 

Woodroffe et al., 2005). For example, the average home range of cheetahs in Namibia 

is 1600 km2 (Marker, 2002) and the average territory size for wolves in Ontario is 480 

km2 and they seasonally leave reserve boundaries to follow migratory patterns of deer 

(Cook, 1999). Due to the large spatial requirements, most reserves are not large 

enough to avoid strong edge effects (Brashares et al., 2001; Loveridge et al., 2001). 

Mortality around reserve borders, where the carnivores come into contact and conflict 

with humans, represents a major threat to survival even within reserves (Parks et al., 

2002). In addition, neighbouring unprotected areas act as population sinks and impact 

on long-term population viability for large carnivores (Woodroffe & Ginsberg, 1998).  

Along with this, intra-specific competition between members of a large carnivore guild 

within a protected area may negatively affect certain carnivores, such as cheetahs and 

wild dogs (Creel, 1998; Durant, 2000a).  In addition, the socio-economic effects of 

preventing people from accessing natural resources within protected areas can create 

negative feelings towards protected areas and wildlife (Nowell & Jackson, 1996; 
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Homewood & Brockington, 1999).  Although 11% of the earth’s surface is classified as 

protected, it is unwise to rely on such areas to maintain biodiversity. Less than 16% of 

remaining tiger habitat is protected, with less than 10% for leopards, pumas, jaguars 

and snow leopards (Dickman, 2005). It is estimated that 90% of the cheetah 

populations in Southern Africa exist outside protected areas (Marker, 2002). It is clear 

that conservation of large carnivores today must take place within a complex 

framework of fragmented wild areas within human-dominated lands (Linnell et al., 

2001; Muntifering et al., 2006; Dickman, 2008). 

 

1.4 Mitigating Conflict 

For many large carnivore populations, continued existence relies on mitigating human-

wildlife conflict and facilitating coexistence (Swarner, 2004). Reducing conflict is 

essential and it is possible for humans to coexist with large mammalian carnivores by 

implementing effective management techniques which can deter carnivores and 

reduce losses due to depredation (Bauer, 1995; Vos, 2000; Marker, 2002; Rabinowitz, 

2005; Woodroffe, 2005b). These include low tech solutions such as effective kraal 

designs, the use of herders, livestock guarding dogs, patrols (Stander, 1997; Marker-

Kraus, 1997; Frank, 1998; Ogada & Ogada, 2004), as well as more high tech solutions 

such as electric fencing, acoustic deterrents, livestock collars and conditioned taste 

aversion (Landry, 1999; Vos, 2000). Such techniques work to reduce carnivore-livestock 

encounter rates and associated losses. In Kenya, improved livestock husbandry has had 

a significant effect on reducing depredation rates. Livestock that are herded by day 

and enclosed in traditional thorn brush enclosures at night experience the lowest 

predation rates (Ogada et al., 2003). Similarly, in the USA, predation is a major 

problem for sheep and goat producers and is reduced by the use of livestock guarding 

dogs, llamas and donkeys (Andelt, 2001).  

Along with effective livestock husbandry and non-lethal carnivore control, maintaining 

healthy wildlife populations can minimize livestock depredation by providing a natural 

food source (Woodroffe, 2005b). Programs designed to raise public awareness and 

which improve knowledge about carnivores and promote effective mitigation 

techniques can improve perceptions and reduce conflict (Marker et al., 2003a). 
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Economic incentives can be used to promote coexistence. The potential for large 

carnivores to contribute to local economies through tourism or sustainable utilization 

is significant and can increase the desire to manage and conserve wildlife (Newmark et 

al., 1993; Baker & MacDonald, 2000; Walpole, 2001). 

 

1.5 Factors Affecting Conflict 

Devising effective strategies for resolving conflict depends upon a clear understanding 

of how and why such conflicts arise. Conflict between humans and carnivores is the 

product of complex ecological and socio-economic processes (Treves et al., 2004, 

Hemson, 2009). If the underlying causes for conflict are not determined it can be 

difficult to determine the appropriate actions, as the success of mitigation techniques 

varies in different situations. Strategies that may work for large ranches in Kenya may 

not be applicable to the tribal people of Cameroon or stock owners in the Southern 

Kalahari (Hemson, 2003). It is therefore essential to investigate the factors which 

influence conflict levels, attitudes and tolerance. This is key to developing the most 

appropriate solutions, whether mitigation to reduce losses (Ogada et al., 2003), 

education to improve awareness (Marker et al., 2003c), or economic incentives 

(Mishra et al., 2003). 

 

1.5.1 Socio-Economic Levels 

The degree to which people tolerate carnivores can be influenced by various socio-

economic factors, such as gender, age, wealth, level of education and level of costs 

associated with conflict (Oli et al., 1994; de Boer & Baquete, 1998; Lindsey et al., 

2005a; Lindsey et al., 2005b).  Gender and age may affect human perceptions, as 

community roles for males and females of different ages are diverse and can bring 

them into contact with different species (Lamarque et al., 2008). Increased wealth can 

make people less economically vulnerable to the impact of carnivore losses and 

potentially more tolerant (Treves & Naughton-Treves, 2005; Zimmerman et al., 2005).  

Although the relationship is not clear, higher levels of education may result in 

increased tolerance of carnivores (Conforti & Azevedo, 2003; Marker & Dickman, 

2004). Sources of income are also important, as individuals reliant on livestock farming 
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as their only income generator are more vulnerable (Hazzah, 2006; Dickman, 2008). 

Diversifying income is an important requirement for mitigating conflict and can result 

in better tolerance to losses (Newmark et al., 1993; Sillero-Zubiri & Laurenson, 2001).  

 

1.5.2 Cultural Values and Perceptions 

There are various cultural values, beliefs, perceptions, and attitudes that predispose 

people to different levels of tolerance towards wildlife (Hutton & Leader-Williams, 

2003). For example, in certain areas of Nepal, snow leopard depredation is tolerated as 

the cats are considered sacred (Ale, 1998).  By contrast, in many countries in Africa, 

hyenas (Crocuta crocuta, Hyaena brunnea) are considered to be witches and are 

disliked (Maddox, 2003). 

 

1.5.3 Location 

Conflict is not evenly distributed in space and certain areas are ‘hot-spots’ due to 

combinations of variables that provide opportunities for conflict (Naughton-Treves, 

1998). For example, in Brazil, incidents of conflict with jaguars and pumas are more 

common in areas close to forests (Palmeira et al., 2008). In India, communities that 

suffer regular conflict with carnivores are commonly located in very remote wilderness 

regions (Sekhar, 1998) or adjacent to protected areas (Newmark et al., 1994; 

Boomgaard, 2001). However, in the latter case, costs can be offset by economic 

benefits from the protected areas, which can improve tolerance and facilitate co-

existence (Hemson, 2003; Dickman, 2008). 

 

1.5.4 Local Environmental Conditions 

The abundance of natural prey influences conflict (McNutt & Boggs, 1996; Treves et 

al., 2002; Patterson et al., 2004), with areas where prey populations have been 

significantly reduced often experiencing elevated conflict levels (Thirgood et al., 2000; 

Patterson et al., 2004). Seasonal climatic variations also affect the likelihood of conflict 

occurring (Hazzah, 2006) and in semi arid systems, wild carnivores are more likely to 

attack domestic animals in the dry season than in the wet (Butler, 2000; Van Bommel 

et al., 2007).   
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1.5.5 Levels of Loss 

Depredation levels are a key driver of conflict, with real or perceived losses motivating 

retaliation from communities (Mishra, 1997; Frank, 1998; Marker, 2002; Patterson et 

al., 2004). On Namibian farmlands, a program to improve livestock management was 

correlated with a drop in livestock losses and cheetah removals (Marker et al., 2003a), 

demonstrating a link between stock loss and conflict. However, in Brazil, ranchers’ 

attitudes to jaguars showed little variation with levels of stock loss (Zimmerman et al., 

2005) indicating that there is not a simple relationship between stock loss and conflict.  

As well as depredation, attacks on humans generate extreme hostility and fear 

towards the conflict species and considerable retaliation (Thirgood et al., 2005). 

 

1.5.6 Local response to conflict 

Many countries have policies and programs to support people to deal with carnivore 

conflict. These include sanctioning the killing of ‘problem animals’ (Nowell & Jackson, 

1996), providing a state run wildlife conflict unit (Hemson, 2003) and financial 

compensation programs (Nyhus et al., 2005; Lamarque et al., 2008). State run wildlife 

conflict units are developed to provide a rapid response to conflict incidents and 

manage conflict levels through directly deterring carnivores, reducing livestock losses 

by promoting effective husbandry techniques and administering compensation 

payments (Hemson, 2003).  

Compensation aims to better balance the costs and benefits of living with large 

carnivores (Naughton-Treves et al., 2003) and is designed to increase the tolerance 

levels among the affected communities and reduce retaliatory killings (Muruthi, 2005; 

Nyhus et al., 2005). However, compensation can have a negative impact on 

perceptions if inefficiently run (Bulte & Rondeau, 2005), and compensation schemes 

can be difficult to manage, requiring reliable and mobile personnel to verify damages 

over huge geographical areas (Lamarque et al., 2008). In cases where communities are 

not satisfied with national governmental responses, intense hostility can develop.  

Local people may react to conflict species extremely negatively if there is resentment 

with conservation laws, and feelings that governments do not recognize their cultures, 

values or resources (Treves et al., 2006). 
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Clearly, the issue of conflict resolution is key to carnivore conservation success, in 

order to reduce the damaging effects conflict can have on carnivore populations and 

community perceptions.  

 

This is a particular challenge in African savannah ecosystems, which combine 

substantial carnivore diversity and threats of habitat and species loss, alongside the 

development needs of expanding human populations (Homewood & Brockington, 

1999). Increasing population pressure prompts rural people to cultivate more marginal 

lands and overstock rangelands (Muir, 2010), resulting in human resource needs 

coming into conflict with the habitat requirements of wildlife (Kreuter & Workman, 

1997). This particular study will investigate this situation in Botswana, a country which 

is widely considered to be an important reservoir for African biodiversity (White, 1993; 

Boggs, 2000).  

 

1.6 Botswana – Conservation Haven for Africa’s Carnivores? 

Botswana holds key populations of threatened large African carnivores (Winterbach, 

2001). The country has one of the largest African cheetah populations with 

approximately 1768 (±803) individuals (Winterbach, 2001), representing approximately 

12% of the world’s population (Marker, 1998). Cheetahs remain widespread 

throughout Botswana and the country is situated in the centre of the current cheetah 

range in Southern Africa (IUCN, 2007). The highest densities are found in the Kalahari 

ecosystem and in areas were lions are not present in high numbers (Table 1.1). 

African wild dogs are now one of the world’s most endangered carnivores, numbering 

fewer than 5000 individuals, with only six populations thought to hold over 100 

animals (Woodroffe, 2002; Maddox, 2003). Botswana has the largest population of 

African wild dogs in Africa today, with approximately 1658 individuals concentrated in 

the Northern part of the country but widespread through the Kalahari region at low 

densities (Table 1.1).  

Lions have suffered a substantial population decline and range contraction over recent 

decades, and have disappeared from much of their historic range (Bauer & Kari, 2001). 

Botswana holds key populations of lions with approximately 2918 (±563) individuals, 
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although predominantly limited to conservation zones (Table 1.1).  Botswana’s large 

carnivore population estimates are primarily based on opportunistic observation, 

ground count surveys and indices of abundance derived from various observational 

techniques (Winterbach, 2001; Kabaija, 2005). These estimates are based on 

management zones. Ecologically, Botswana is divided into the Northern and Southern 

regions (Crowe, 1995). These regions are further subdivided based on land use. In the 

Conservation zones the primary land use is wildlife and in the Agricultural zones the 

primary land use is a combination of pastoral, arable, farms, residential and ranches 

(Figure 1.1). 

 

Figure. 1.1. Conservation zones and existing management units (Winterbach, 2001).  
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Table 1.1. Estimated population sizes for the large mammalian carnivores in different regions of Botswana (Winterbach, 2001). The zones are 
shown in Figure 1.1. 
 

Zone Area 
(km2) 

Population Estimate    

Cheetahs Wild dogs Lions Leopard Brown 
Hyena 

Spotted 
Hyena 

Northern Conservation Zone 81561 290 866 1918 1998 220 1920 

Southern Conservation Zone 164694 618 621 990 1955 2265 601 

Northern Agricultural Zone 204383 368 102 10 840 74 154 

Southern Agricultural Zone 138743 493 69 0 823 76 156 

Total  1768 1658 2918 5617 2636 2831 

Estimated Population Range  965-2571 unknown 2355-3481 4404-6830 1990-3282 2056-3603 
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Botswana’s protected area network is extensive with 18% of the country’s land area 

designated as Game Reserves and National Parks that are reserved for the conservation of 

biodiversity. In addition, a further 21% of the country’s land area is designated as Wildlife 

Management Areas (WMA’s), which are primarily for the purpose of wildlife conservation. 

The WMA’s act as buffer zones and migratory corridors to support the natural ecological 

functions of Game Reserves and National Parks. In total, 39% of Botswana’s total land 

area is reserved for ensuring the sustainability of the country’s wildlife resources (Kabaija, 

2005). However, as discussed earlier protected areas are rarely large enough to support 

adequate populations of large carnivores without experiencing significant edge effects 

(Loveridge et al., 2001; Woodroffe, 2005) and this is certainly the case in Botswana 

(Verlinden et al., 1998). Species such as cheetahs and wild dogs require huge areas, 

(cheetah 700–2000km2 (Houser et al., 2009a) ; wild dog 450-650 km2 per pack in southern 

Africa (IUCN, 2007; Woodroffe & Ginsberg, 1998)), for their populations to be maintained 

and require land use planning on a large scale, including conservation management 

outside of protected areas (IUCN, 2007).  

 

However, throughout the country all large carnivore species are sources of increasing 

conflict with livestock owning people (Gadimang, 2005; DWNP, 2007). Increasing human 

population size coupled with the expansion of human settlements and livestock farming 

activities, especially into the WMA’s, are leading to this increase (Winterbach, 2001). 

Occasionally carnivores will prey upon livestock opportunistically and this leads to 

widespread removal (Hemson, 2003). This ongoing conflict is now raising concerns that 

the country’s large carnivore species are in decline (Winterbach, 2001). Botswana may 

appear to have significant wilderness areas with limited human impact on the 

environment. However, habitats are under threat and the main impact on the land and 

wildlife is grazing by livestock under free-ranging conditions, leading to overgrazing, water 

utilization and increasing human wildlife conflicts (Herremans, 2000). 
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1.7 A Historical Perspective to Human Wildlife Conflict in Botswana 

1.7.1 Changing Land Use and Range Degradation  

Livestock have a strong cultural and economic value to most rural citizens of Botswana 

(Twyman, 2001) and are widespread throughout the country. Small-scale farming is the 

primary economic activity for the majority of rural communities (Gibson et al., 2003, 

Stringer & Reed, 2007). With a national livestock herd of over 3 million in 2001, livestock 

outnumbered people, with two tropical livestock units for every person in the country 

(CSO, 2001).  

 

Since the 1970’s, cattle farmers in Botswana have benefited economically under the 

European Union Beef Protocol Agreement, which paid above world prices for Botswana’s 

beef. Along with the development of deep borehole drilling technology and good rainfall 

years in the 1970s, this provided a strong incentive for the expansion of permanent 

livestock keeping into Kalahari pastures and a move from low density usage by hunter-

gatherer populations to borehole-centred livestock keeping (Perkins, 1996; Boggs, 2000). 

More recently, there has been a reversal of this trend, with migrations away from 

cattleposts to villages and from villages to larger urban centres, in search of employment 

(Wilson, 2002). Despite this, the human impact on the landscape increases (Verlinden et 

al., 1998). In response to concerns of overgrazing and degradation resulting from the 

communal land system (Abel et al., 1989, Makepe, 2006), the 1975 Tribal Grazing Land 

Policy (TGLP) promoted the expansion of commercial cattle ranches (BGG, 1975). Later, 

the 1991 National Policy on Agricultural Development (NPAD) reinforced TGLP and called 

for increased use of fencing in the communal areas (Thomas & Sporton, 2002; Adams et al., 

2003). Hunter-gatherers and other non-cattle owners found their lands reclassified under 

the TGLP, for use as cattle ranches (Figure 1.2). There is no history of private rangeland 

ownership among Kalahari pastoralists and the carrying capacity concept on which ranch 

sizes were based is inapplicable under such variable rainfall (Perkins, 1996; Motlopi, 

2006). Consequently, both communal rangelands and private ranches have continued to 

be overstocked and over grazed and although the changes were introduced to prevent 
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further habitat degradation this has not been the outcome (White, 1998a; Cullis & 

Watson, 2005). In addition, these changes resulted in the replacement of large herds of 

wild ungulates over large areas of the Kalahari with livestock (Cooke, 1985; Perkins 1996; 

Adams et al., 2001).   

 

Figure 1.2. Land use, farms, fences, roads and settlements in Botswana (Klein 2007). 

 

The change in land use in the Kalahari has resulted in considerable landscape changes. 

Studies on grazing in the Kalahari show that as more boreholes are established more bush 

encroached zones appear, this is an increase in woody plants at the expense of grasses, 

characterised by dense thickets of aggressive acacia species and severely restricts grazing 

areas (Perkins et al., 2002). In 1936, rangelands used for grazing occupied about 20% of 

Botswana’s land area and by 1986 this had increased to 45% (Arntzen, 1998). The 

expansion of farming into the Kalahari, with considerable areas of new land being used for 

grazing, has continued for many decades and has resulted in a significant increase in the 

national cattle herd, from 1.2 million in 1934 to about 3 million in 1998 (White, 1998a). 

The maximum sustainable herd is about 3.3 million cattle (White, 1998a). High rates of 
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stocking eventually result in widespread thornbush encroachment (Verlinden, 1997), 

sometimes generating woodland in as little as two decades. In view of the current 

livestock distribution and densities, thornbush encroachment probably affects most of the 

unprotected land in Botswana (Bonica, 1992). 

The thornbush encroachment decreases the overall productivity of the land (Perkins & 

Thomas, 1993; Reed & Dougill, 2002) and this will affect populations of large mammalian 

herbivores and this in turn will threaten carnivore populations (Arntzen, 2002).  There is 

also a cascade effect on the productivity of livestock operations, as the declining quality of 

grazing affects fertility and increases the threat of losses during drought (Perkins, 1996; 

Arntzen, 1995).  As less natural prey becomes available, livestock encounter rates with 

carnivores are likely to increase. As livestock farming becomes more challenging, attitudes 

towards carnivores and carnivore-human conflict are likely to worsen.   

 

1.7.2 Declining Wildlife Populations   

Before the land use changes of the 1970’s, Botswana had one of the largest surviving 

reservoirs of African plains game left on the continent (White, 1993). It is now generally 

accepted that there have been drastic reductions in the wildlife population (Table 1.2, 

Figure 1.3) over the last 40 years (Thouless, 1997; Boggs, 2000).  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.3. Changing population sizes for certain large mammalian species in Botswana 
(Perkins, 1996; DWNP, 2003; Kabaija, 2005). 
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Table 1.2. Changing population sizes for certain large mammalian species in Botswana 
(Perkins, 1996; DWNP, 2003; Kabaija, 2005).  
 
 

 

 

 

 

 

 

 
 
 

Although populations of some species are recovering, the reduction in wildlife since the 

1970’s has been catastrophic (Perkins & Ringrose, 1996; Thouless, 1997; Campbell, 2005; 

Mbaiwa & Mbaiwa, 2006). The decline has been attributed to several reasons, including 

loss of habitat to growing human and livestock populations (Gibson et al., 2003); 

installation of veterinary cordon fences to prevent transmission of disease between 

wildlife and cattle (Wilson, 2002; McGahey, 2011) and between regions; drought; 

poaching and over hunting (Kabaija, 2005). Competition for grazing and water between 

wildlife and livestock is also a factor, with studies showing inverse relationships between 

cattle and wildlife numbers, suggesting that wildlife disappears from areas encroached 

upon by livestock (Perkins & Ringrose, 1996; Arntzen & Fidzani, 1998). As a result of these 

factors, wildlife is increasingly restricted to protected areas, which are insufficient in size 

and wealth of resources to support the current numbers of wildlife without seasonal 

movement (Verlinden, 1997). In addition, due to high carnivore populations in National 

Parks, changes in prey abundance in unprotected areas and introduction of artificial water 

points throughout the Kalahari, wildlife movements have significantly altered (Darkoh & 

Mbaiwa, 2005). The high stocking rates and water points have made farmlands in 

Botswana potential sinks for carnivore populations nationwide, particularly cheetah 

(Verlinden et al., 1998). 

Species 1978 1999 2003 

Wildebeest 315,058 46,741 45,858 
Hartebeest 293,462 31,114 49,978 
Eland 18,832 15,163 31,598 
Springbok 101,408 51,792 35,811 
Ostrich 92,286 32,499 49,406 
Zebra 100,295 55,406 39,308 
Sable 3,636 2,052 2,877 

Roan 1,228 884 188 
Impala 56,773 45,183 67,040 

Sitatunga 1,541 1,234 167 
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Despite the low human population and the high percentage (39%) of land devoted to 

conservation and wildlife utilization, the conservation status of most mammals continues 

to deteriorate (Boggs, 2000; Campbell, 2005). In this environment of decreasing wild prey 

populations, increasing livestock herds and human movements into wilderness areas, 

there has been a gradual increase in human-wildlife conflict throughout Botswana and this 

is likely to continue to increase with the current land use systems (Jones, 1999; Nijhawan, 

2008).  

 

1.8 Current Livestock Production Practices in Botswana 

Small scale subsistence livestock farming is the prevalent form of agriculture in Botswana 

and the principle economic activity for the majority of rural communities (Twyman, 2001). 

Nationally, the central statistics office identified 742 commercial fenced ranch operations 

and 120,583 traditional cattle posts in 2004 with 2.15 million cattle, 1.55 million goats and 

0.24 million sheep (CS0, 2006).  

Commercial cattle operations are generally ranches of 6000ha in size which are bought as 

freehold land or leased from the government. Large numbers of cattle are often kept in 

such areas with no close monitoring of carrying capacity and range conditions (Thomas & 

Shaw, 1991; Thomas et al., 2000). Most ranchers employ an open range method where 

cattle are left out in the veld (open grazing areas) to graze for long periods of time without 

checks. This lack of management makes livestock more susceptible to predation. A 

growing challenge is the number of absentee farmers (White, 1993; Motlopi, 2006). As 

cattle are an important cultural symbol it is a common goal to have a herd for the family, 

even if the family is now based in a town or city. As a result, many people have a ranch or 

cattlepost that is only visited occasionally and does not receive the necessary focused 

management. Motlopi’s study on Central district ranches in 2006 showed that only 36% of 

ranchers were resident at the ranch, while 64% stayed 20-340km away. These ranchers 

engaged farm workers to ensure livestock was watered and cared for. No activities such as 

rotational grazing or controlled breeding were done (Motlopi, 2006).  
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Cattle posts are typically 2-10 huts and associated kraals (livestock pens), with access to a 

well or borehole (Perkins, 1996; Twyman, 2001). Cattle post dwellers are either owner 

herders or herders employed at often sub-minimum wages by absentee owners (Hemson, 

2003). The traditional practices of livestock management are falling into disuse (Tjibae, 

2001). Very few people carry out effective herding practices and farm workers have little 

incentives to perform optimally. This reduction in herding practices has been further 

exacerbated by the introduction of compensation which reimburses farmers for losses 

due to predation even in cases which could have been avoided by better management 

(Gadimang, 2005). This has reduced the feeling of personal responsibility that 

communities feel towards conflict.  

 

1.9 Current Human Wildlife Conflict in Botswana 

National human wildlife conflict levels have been monitored by The Department of 

Wildlife and National Parks (DWNP) since 1998. All districts in Botswana experience 

conflict. It is most pronounced in areas surrounding protected areas and in expanding 

farming areas (Klein, 2008). The most common conflict species include carnivores such as 

lions, leopards, wild dogs, hyenas, cheetahs, caracals (Caracal caracal) and jackals (Canis 

mesomelas), which are associated with livestock conflict (Figure 1.4). Elephants are a large 

problem in Northern Botswana where they threaten agricultural initiatives, subsistence 

farming and human life. Other conflict species are associated with raiding crops and 

include kudu (Tragelaphus strepsiceros), baboon, porcupine (Hystrix africaeaustralis), or 

threatening human life including species such as hippo (Hippopotamus amphibius), buffalo 

(Syncerus caffer), and crocodile (Crocodylus niloticus) (DWNP, 2007). However, the large 

carnivores occupy the top of the list for most problematic conflict species (Figure 1.4). 
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Figure 1.4. Compiled PAC reports for Botswana 2005. Showing highest conflict species 
nationally (DWNP, 2006).  
 

1.10 Carnivores and Conflict in the Kalahari region  

The Kalahari region of Botswana has been internationally recognised as an area of 

significant conservation importance (WKCC, 2007). Its maintenance is required to 

conserve semi-arid savannas ecosystems and key populations of migratory herbivores, as 

well as threatened carnivore species for the nation as a whole (Klein, 2007; WKCC, 2007).  

Estimates provided in the Botswana Carnivore Management Strategy indicate that high 

numbers of lions, leopards, cheetahs, and wild dogs are supported by the Kalahari region 

(Table 1.3). These are a valuable resource for ecotourism and sustainable utilisation. 

However, these species are also among the highest conflict species and for this area to 

maintain carnivore populations it is essential that conflict is reduced.  Currently, the 

majority of human wildlife conflict in the Kalahari region occurs with carnivores and 

results from depredation of livestock (Herremans, 2006; DWNP, 2007).  

The region is semi arid savannah and not ideal for long term livestock operations (WKCC, 

2007). There is no surface water for much of the year, low grazing productivity and a 

scarcity of underground water with often high salinity levels (WKCC, 2007). Overstocking 

and lack of livestock management have resulted in overgrazing and bush encroachment in 
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many areas, decreasing the overall productivity of the habitat (Perkins, 1996). Issues such 

as range degradation, declining prey populations, competition for grazing and water and 

the erection of ranch and veterinary fencing affect the integrity of the ecosystem health as 

well as exacerbating human carnivore conflict (Arntzen, 1995; Arntzen, 1998; Reed, 2007). 

Furthermore, illegal trade in live cheetahs and lions has been increasing in the region, to 

supply the South African canned hunting trade and the global wild animal trade (pers 

comm. Ann Marie Houser, CCB; Deon Cilliers, NCMP, South Africa).   

 

Table 1.3. Estimates of large carnivore numbers for WMA’s, farming areas and reserves in 
the Kalahari region of Botswana (Winterbach, 2001). CKGR–Central Kalahari Game 
reserve. KTP–Kgalagadi Transfrontier Park. WMA’s–Wildlife Management Areas.  

 

For conservation to succeed in the Kalahari region there needs to be a significant 

reduction in human wildlife conflict (WKCC, 2007). Even if the benefits of natural resource 

utilization may be directed to communities through various community based natural 

resource management programs, wildlife threats to human life and property weaken 

these benefits and intensify negative attitudes towards the wildlife resource (Boggs, 

2000).  

As well as being essential for ecosystem function, large carnivores play an important role 

in Botswana’s development. Species such as lion, leopard and cheetah are essential to the 

photographic safari industry in Botswana. It is estimated that wildlife tourism in Botswana 

contributes close to 18% to the national Gross Domestic Product (Winterbach, 2001).  In 

addition to revenue generated by photographic tourism, Botswana has a thriving safari 

hunting industry. Large carnivores are key species to this industry, and also a major 

Management Unit Lions Leopards Cheetahs  Wild Dogs 

Ghanzi Farms 0 363-573 57-214 19 
CKGR 166-458 1063-1643 84-141 422 
Kgalagadi WMA's 200-250 350-552 191-412 147 
Kgalagadi Agricultural 1 0 202-319 128-476 43 
Kgalagadi Agricultural 2 0 74-117 23-87 8 
KTP 428-478 151 204 52 

Total in Kalahari region 794-1186 2203-3355 687-1534 691 
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contributor to the economic viability of several community based wildlife management 

areas in Botswana (Kabaija, 2005). Understanding their importance, Botswana has shown 

much interest in conserving its large carnivore species and has developed a range of 

solution to mitigate human-carnivore conflict. 

 

1.11 Botswana’s Solutions to Human Carnivore Conflict 

1.11.1 State Run Initiatives 

1.11.1.1 Problem Animal Control 

Reducing levels of human-wildlife conflict is the responsibility of the DWNP Problem 

Animal Control (PAC) officers (Tjibae, 2001; Selebatso et al., 2008). After an initial 

complaint, PAC officers advise the complainants of methods that can reduce the problem. 

Livestock owners are advised to herd stock during the day and kraal animals at night. PAC 

officers also address communities through traditional council (kgotla) meetings 

(Gadimang, 2005). The second stage in PAC is non-lethal control. If initial methods have 

not been successful, PAC teams may chase the problem animal, shoot over the animal’s 

head and use non lethal explosives to move the animal away, normally towards a 

protected area. Translocations may also occur if a carnivore returns, which must be done 

in the presence of a licensed veterinarian (Hemson, 2003). Occasionally, with persistent 

problem animals or when there is threat to human life, lethal control may be considered 

(Sechele & Nzehengwa, 2002). There is no clear evidence that these methods are effective 

in decreasing conflict, although it is the hope that these measures will reduce the number 

of wild animals killed by farmers (Selebatso, 2006). However, there are concerns that the 

DWNP does not have the capacity to provide the necessary response in view of the 

increasing conflict and large areas with dispersed communities to be covered. 

 

1.11.1.2 Compensation 

The DWNP is responsible for the state funded compensation scheme for livestock 

depredation or crop destruction by wild animals (DWNP, 1998). A claim must be filed at 

the DWNP, and then validated by investigating the evidence and ensuring that the 
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damage was caused by one of the compensated species. In practice, it is very difficult to 

verify all claims (Hemson, 2003) and communities are not satisfied with the current 

compensation system (Sechele & Nzehengwa, 2002; Gussett et al., 2009). It is felt that the 

reimbursements are insufficient and untimely (Tjibae, 2001), with only partial 

compensation paid to reduce the financial cost of property loss and damage. Sometimes 

the DWNP officers have logistical difficulties such as lack of transportation which makes 

travelling to the report site challenging. This can cause friction with local farmers 

(Selebatso, 2006). The DWNP is currently reviewing the compensation policy and although 

it is generally accepted that the current policy is not ideal and does not encourage good 

management (Gussett et al., 2009), there is strong political will to keep current 

government run compensation in place (Tjibae, 2001; Gadimang, 2005).  

 

1.11.2 Community Initiatives 

1.11.2.1 Range and Livestock Management 

Various methods are employed by the farming community in attempts to reduce livestock 

loss. Within Botswana these can be divided into methods aimed at keeping problem 

animals separated from property and those that reduce the numbers of problem animals 

in the area (Hemson, 2003). Methods to deter carnivores include kraals at the cattlepost 

for enclosing livestock, particularly at night. Kraal structures are variable including acacia 

thorn bush walls, gum poles and wire or wooden stockades depending upon the local 

availability of materials. People may also employ herders or guard dogs to alert them to a 

carnivores presence, may use maternity kraals and calving seasons, or may attempt to 

deter carnivores with fires close to kraals, torches, pots and pans or firearms (Tjibae 2001; 

Gadimang 2006). Traditional healers are also believed to deter carnivores and will be paid 

to set up an invisible ‘spiritual’ barrier around the homestead (KCS, 2002). However, an 

increasingly common method to minimise conflict is by reducing carnivore numbers 

through lethal control (Hemson, 2009). This can be done legally if it can be shown to be 

necessary in the defence of human life or property (BGG, 1992). Various methods are 

employed including trapping and shooting. Although it is not legal, people also use 
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hunting dogs, poison and snares to remove carnivores from their land (Klein, 2007). 

Mortality from retaliatory killing due to livestock conflict is a serious concern (Winterbach, 

2001). Certain species have protected species status, i.e. cheetahs, wild dogs, brown 

hyenas are protected predator species that may be hunted or captured only under the 

Director’s permit. Leopards and lions are partially protected species that may be hunted 

or captured under a licence or permit (Wildlife Conservation and National Parks Act (Act 

No. 28 of 1992)). However, this does not afford much protection as any species may be 

lethally removed if it is considered to be threatening human life or property (BGG, 1992). 

From compiled carnivore mortality reports available from 1997-2003 (Figure 1.5), the 

highest mortality due to PAC efforts was incurred by lions (37.1% of reports), then 

leopards (34.7%) and cheetah (11.0%). The only other species with similar levels of 

removal was the elephant (11.2%). Wild dogs followed with 2.9%. This situation is not 

ideal and in 2001 a moratorium was placed on the killing of lions and cheetahs for any 

reason (BGG, 2001), resulting in a reduction of reported mortality for the 2 species, 

compared to previous years. However, concerns are raised that such policies cause 

communities to become resentful of carnivores and the DWNP and retaliatory killings are 

then done by the communities themselves and not reported (Hemson, 2003; Selebatso, 

2008). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.5. Number of conflict species removed by the DWNP PAC unit from 1997-2003 
(Kabaija, 2005). 
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1.11.2.2 Community Based Natural Resource Management 

Botswana has also initiated a community based natural resources management (CBNRM) 

program to enable communities to utilise their natural resources through community 

trusts (Twyman, 2000; Arntzen & Chigodora, 2002; Rozemeijer, 2003) with the view that 

communities involvement in the management of natural resources and their ability to 

derive economic rewards will foster greater tolerance towards conflict species.  

 

1.12 Aims and Objectives of Study 

It is essential to better understand the factors affecting conflict in order to identify the 

most appropriate mitigation methods. Such studies are a global priority for carnivore 

conservation (Dickman, 2005). This study aims to assess current levels of large carnivore 

conflict in the livestock farming communities of the Kalahari region of Botswana, an area 

with some of the highest incidence of carnivore-livestock conflict in the country, (DWNP, 

2007).  

This study will assess current levels of carnivore conflict; effectiveness of farm 

management and perceptions of local communities towards carnivore species. It aims to 

increase the understanding of human-carnivore conflict in these areas and how this varies 

with socio-economic factors such as age, gender, income levels; management factors such 

as farm type, water availability, livestock numbers and farm management practices; 

environmental factors such as location, wildlife abundance and vegetation; along with 

rural community perceptions. 

 

1.12.1 Key Questions  

 What is the relationship between socio-economic variables such as gender, age, 

family number, education level, income and conflict levels experienced, use of effective 

management practices and tolerance towards carnivore species?  

 

 What is the relationship between land management variables such as farm type, 

human presence, water availability, livestock stocking numbers and conflict levels, 
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management practices utilised, tolerance towards conflict species and carnivore 

presence?  

 

 What are the current livestock management techniques utilized and how do they 

affect the frequency of livestock predation and levels of conflict? 

 

 What is the intensity of carnivore conflict occurring on farmlands over the last 

year? What are the perceived levels of loss, what other factors cause livestock loss, what 

is the economic impact of predation to the farmer?  

 

 What are the attitudes of rural communities towards living with carnivores? Do 

they see a potential value in carnivores? Do they have a sense of responsibility for the 

conflict? 

 

 What is the presence and abundance of wildlife on Kalahari farmlands and how 

does this affect levels of conflict? 

 

 How do spatial variables such as location, land use, habitat type and human 

population density affect carnivore presence, conflict levels, management practices and 

tolerance? 

 

 

It is felt this study will have timely and significant conservation implications. A clearer 

understanding of the level of conflict occurring on farmlands is required, in order to adapt 

current policies to better meet the needs of rural communities and conservation of 

carnivores in the Kalahari region. 
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Chapter 2 

2. Study Area  

2.1 Botswana 

2.1.1 Physical Characteristics 

Botswana is an arid to semi-arid landlocked country bordered by Namibia, South Africa, 

Zimbabwe and Zambia, covering 581,730km2 (Gaobotse, 2008; Madzwamuse, 2007). The 

North-West of Botswana is dominated by the large inland delta and permanent wetland 

of the Okavango Delta, while the Central-North East consists of a large area of calcrete 

plains and salt pans (Figure 2.1). The East and South-East is hardveld. The remaining three 

quarters of the country is covered by deep Kalahari sands (Jones, 1999; Greenway, 2001; 

Madzwamuse, 2007). ‘Kalahari’ is derived from the Setswana word ‘Kgalagadi’, meaning 

‘always dry’. (WKCC, 2007).  

 

Figure 2.1. Habitat classes throughout Botswana. (Klein, 2007, DWNP, 2003)  
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2.1.2 Climate 

The mean annual rainfall ranges from over 650mm in the extreme northeast to less than 

250mm in the extreme southwest (Herremans, 1998; WKCC, 2007).  Almost all rainfall 

occurs during the hot summer months, from October to April. However, rainfall is highly 

variable temporally and spatially and the country is subject to frequent droughts 

(Madzwamuze, 2007). This climatic gradient results in the requirement for seasonal 

movement of certain species of large ungulates in search of grazing and water, which is 

now hampered by fencing and human encroachment (Thouless, 1997; WKCC, 2007).  

Temperatures are very high in summer and low during winter, often falling below zero°C 

at night. Winter days are mild. The mean monthly maximum temperatures range 

between 23°C to 25°C in the Northern parts of the country and 21°C to 23°C in the 

Southern parts (CSO, 2006). The tropical climate and high altitude, on average 950m 

above sea level, cause extreme temperature variations, both seasonally and daily, with 

record temperatures of -10°C to + 45 °C (WKCC, 2007). 

 

2.1.3 Land Use and Tenure 

The land is categorized into three main tenure systems: communal land (54.8%), freehold 

land (3.4%) and state land (41.8%). State land incorporates protected areas, including 

National Parks and Game Reserves, which occupies 18% of Botswana. An additional 21% 

is designated as wildlife management areas (WMA’s), where it is intended that the main 

form of land use will be sustainable wildlife utilization (Herremans, 1998; Hemson, 2003; 

Gaobotse, 2008) (Figure 1.2).  

 

2.1.4 Human population distribution and growth 

The human population of Botswana is estimated at 1,773,240 and is growing at ca. 2.3% 

per year (CSO, 2006). More than 80% of the population is concentrated in the east (Figure 

2.2) on more fertile soils in the hardveld. The majority (60%) live in urban areas, while the 

rural population is 40% (CSO, 2006).  The average population density is low (three 
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inhabitants per km2) suggesting there is potential for larger species of wildlife to coexist 

with people in the rural areas, particularly in the West (Newmark et al., 1994).  

Figure 2.2. Human population density by district showing settlement distribution and 
roads. (Klein, 2007). 
 

 

2.2 The Kalahari region  

The Kalahari sandveld covers the Western, Central and Southern areas of the country 

(Figure 2.1). It is a vast (approximately 436,300km2) semi-arid region of low relief, 

consisting mainly of infertile red arenosols overlying discontinuous calcrete layers 

(Thomas, 2002). The calcrete is exposed within pans and dry riverbeds and these areas 

have a vegetation of better nutritional quality and contain water seasonally. However, no 

permanent water exists within the region (Verlinden et al., 1998). It ranges from semi-

desert savannah (Acacia melifera, Acacia luederitzii, Boscia albitrunca) bushveld 
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(Terminalia sericea, Acacia erioloba, Lonchocarpus nelsiia) and woodland (Acacia 

melifera, Acacia erioloba, Terminalia prunioides, Catopharactes alexandri; DWNP, 2003). 

 

The Kalahari region has varied land use (Figure 1.2) with a significant area comprising 

National Parks (Central Kalahari Game Reserve, 52,800 km2 (12%); Kgalagadi Transfrontier 

Park, 28,400 km2 (6.5%) and Wildlife Management Areas (WMA’s; 94,204 km2 (21.6%). 

The WMA's are areas of multiple land use acting as “buffer” areas and wildlife corridors 

between protected areas (Hemson, 2003). Communities within the WMA’s are allowed to 

sustainably utilise the natural resources for income generation, and land use is 

encouraged to be wildlife orientated (Herremans, 1998; Twyman, 2000). However, these 

areas do not exclude livestock farming.  The remainder of the Kalahari region is composed 

of freehold and leasehold fenced ranching areas and communal lands with cattleposts 

(Figure 1.2).  

The human population varies from 6.56 people / km2 in the East to 0.28 people / km2 in 

the West. (Figure 2.2) The population is predominantly comprised of Tswana tribes, as 

well as a smaller population of Bakgalagadi, Baherero and San tribes (Selebatso, 2006; 

WKCC, 2007).  

The fauna of the Kalahari consists of 101 species of mammals, 338 species of birds and a 

rich herpetofauna of 88 species (Mittermeier et al., 2002). The region supports an array of 

large mammals that are not water dependent (gemsbok (Oryx gazelle), eland 

(Taurotragus oryx), wildebeest (Connochaetes taurinus), hartebeest (Alcelaphus 

buselaphus), springbok (Antidorcas marsupialis), kudu, steenbok (Raphicerus campestris), 

lion, leopard, cheetah, hyena, wild dog, caracal, jackal) and numerous savannah bird 

species, including ostrich (Struthio camelus), kori bustards (Ardeotis kori) and numerous 

raptor species (Selebatso 2006; WKCC, 2007). The wildlife populations are characterised 

by high mobility in search of better quality food patches and water (Thouless, 1997). The 

increased human pressure through fencing and increasing livestock populations has 

reduced the natural ranges and inhibited seasonal movements of indigenous ungulates 

and their access to resources (Verlinden et al., 1998; Mittermeier et al., 2002). 
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2.3 Study Area 

The study area covered approximately 170,000 km2 of this region and was located 

amongst the livestock farming communities of the Southern and Western Kalahari. The 

study was undertaken as part of the Community Outreach and Education program of 

Cheetah Conservation Botswana and covered the livestock farming regions where CCB 

operates. It covers a range of land uses (Table 2.1, Figure 2.3), vegetation associations 

(Figure 2.4) and population densities (Figure 2.5). 

 

Table 2.1. The land use types of the study area.  
 

 

 

 

 
 
 

 
        Main towns 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.3.  The study area (outlined in black) and the current land use (DWNP, 2003).   

Land use Area km2 Area % 

Communal 69547 39 
WMA 70421 40 
Fenced ranch 36472 21 

Total 176440 100 

 Communal land cattleposts 

 Government ranches 

 Private ranches 

 Wildlife Management Area (WMA) 

 Protected area 
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Figure 2.4.  The study area and vegetation associations (DWNP, 2003).  
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Figure 2.5. The study area and population (DWNP, 2003; CSO, 2006).  
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Chapter 3 

3. Methods 

3.1 Introduction  

Farmers throughout the world act upon strong perceptions towards large carnivores. An 

important tool in understanding this human dimension of conservation is to use 

questionnaires and interviews to assess the farmers’ activities, opinions and perceptions 

(Marker, 2003c; White, 2005).  

 

A structured questionnaire survey approach was considered to be an effective method to 

collect information on the status of carnivores, their interactions with the farming 

community and human perceptions.  The use of questionnaires in ecology is growing as 

they are increasingly being recognized as suitable tools for quantifying certain factors 

such as community perceptions, human behaviour, human impacts on wildlife and 

assessing human wildlife conflicts (Walpole, 2001; Maddox, 2003; Wang & Macdonald, 

2006, Dickman, 2008; Whittington Jones, 2011). As well as providing an effective means 

of obtaining quantitative data from a large number of sites (Berry, 1999; White et al., 

2005),  quantifying public perceptions is becoming a key component in translating ecology 

into management  (Knight et al., 2001; Hazzah, 2006).  

As well as behaviours and perceptions, the status of large carnivores can be investigated, 

and comparison of carnivore densities from interviews and long term field studies is a 

valid approach to assessing large carnivore abundance (Gros, 1996; Gros, 2002). 

Carnivores are unique enough to ensure sightings of them are usually remembered and 

the long standing associations of males and family groups in some species allow the 

identification of specific groups (Caro, 1994).  

 

In Africa, questionnaire surveys have been used effectively to assess human carnivore 

conflict and community perceptions and enable informed management decisions to be 

made (Marker, 2002; Maddox, 2002; Dickman, 2005; Hazzah, 2006; Selebatso, 2008; Stein 
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et al., 2010). For example,  investigating the socio economic causes and perceptions of 

the Maasai towards livestock depredation by lions in Southern Kenya (Hazzah, 2006); 

quantifying farmers attitudes towards coexistence with cheetah in the Western Kalahari 

of Botswana (Selebatso, 2006); investigation of factors affecting tolerance towards large 

carnivores in communities surrounding Ruaha National Park, Central Tanzania (Dickman, 

2008). 

 

Local community perceptions are an essential element in developing realistic 

conservation solutions (Walpole, 2001; White, 2005; Van Bommel et al., 2007), without 

such investigations and subsequent involvement of local people in conservation 

management, the future of large carnivores will continue to be threatened (Marker, 2002; 

Treves et al., 2006). 

 

3.2 Questionnaire survey process 

A survey was conducted by use of a detailed structured questionnaire interview 

(Appendix 1) targeted at farming communities in the Kalahari region of Botswana. The 

area was selected due to increasing human carnivore conflict over the last 10 years with a 

range of carnivore species (DWNP, 2002). This provided a strong impetus to better 

understand the drivers of conflict in the region and also the importance of the region for 

conservation of Botswana’s biodiversity (Selebatso, 2006; WKCC 2007; Klein 2008). 310 

questionnaires were completed from Jan 2006-Dec 2008 (Figure 3.1). 
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Figure 3.1. Interview locations  
 

 

3.2.1 Questionnaire design  

The questionnaire was divided into 6 sections and designed to gather information that 

would allow the key questions (Chapter 1) to be addressed: 

 

1. Socio-demographic and socio-economic questions were used to determine gender, age, 

education level, monthly income, sources of income (Table 3.1) and the main problems 

experienced by the local livestock farming community. 
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Table 3.1. Definitions for sources of income groups. 

Source of income  Definitions 

Employment External engagement in a salary paying occupation 
Mixed Derived from a range of sources 
Own business Income from sale of goods (i.e. food, products, crafts, liquor, not 

livestock, veld, game) and services 
Farm products Income from sale of livestock and by-products 
Veld products Income from sale of wild veld products and by-products 
Wildlife products Income from sale of wild game products and by-products 

 

2. These were followed by questions concerning farm characteristics, including farm type, 

number of people staying on the farm, access to boreholes, distance of kraals from 

boreholes and livestock holdings. 

 

3. Details of current livestock management strategies were then recorded to assess which 

practices were currently being utilized. Respondents were asked how their livestock are 

managed during the day and night and then asked to further detail their livestock 

management practices through a series of trichotomous (yes / no / don’t know) and open 

ended questions. 

 

4. This was followed by accounts of wildlife trends in the area of small and large game 

species, then collection of more detailed information of frequency of carnivore sightings 

and perceived trends over the last 10 years. The term ‘predator’ was utilised in the 

questionnaire as this is locally utilised rather than ‘carnivore’. It was made clear that this 

referred to the following species: lion, leopard, cheetah, wild dog, brown hyena, spotted 

hyena, caracal and jackal and did not include birds of prey, baboons or any other species. 

A carnivore identification sheet was provided for interviewees to ensure they had 

adequate knowledge of the species in question (Appendix 2). 

 

5. Detailed accounts of livestock losses due to depredation events over the last 12 months 

were requested to record the details of the livestock species taken, the carnivore 

responsible, circumstances of the attack and the overall perception of the main problem 
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carnivores in the area. Livestock losses due to other reasons were also recorded to 

determine the relative impact of depredation events, along with the value of livestock 

losses over a 12 month period to enable assessment of the economic impact of livestock 

losses to carnivores.  

6. Perceptions towards carnivores were then gathered through questions concerning 

attitudes (Table 3.2), understanding of value, awareness as a national resource and finally 

opinions on the solutions (Table 3.3) and responsibilities of reducing human carnivore 

conflict. 

 

Table 3.2. Definitions for attitudes. 

Attitude  Definitions 

benefit have a strongly positive attitude towards predators 
like have a positive attitude towards predators 
dislike have a negative attitude towards predators 
kill when see have a strongly negative attitude towards predators 

 

Table 3.3. Definitions for best solutions. 

Best solution Definitions 

compensate provide compensation pay outs for livestock losses 

conservation conservation of wildlife species for ecosystem balance 

decrease numbers remove predators until numbers are reduced 

educate provide information on predators and management 

improve management improve methods of livestock management to protect stock 

sustainable use enable the use of predators for sustainable hunting 

tourism promote the presence of predators for tourism 

translocation capture and relocate predators 

  

Questions comprised a series of open ended and closed questions (Maddox, 2003; White 

et al., 2005; Dickman, 2005; Stein et al., 2010). Open ended questions were structured 

and specific, to enable it to be possible to classify answers into similar or identical groups 

of answers, which could then be given numeric states to facilitate statistical analysis. 

Trichotomous questions (yes / no / don’t know) were conducted as a series of statements 

upon which the interviewee responded (Walpole & Goodwin 2001). 
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The questionnaire was piloted by the primary researcher accompanied by a trained 

translator in 20 locations in the Southern district of Botswana in order to identify 

ambiguous questions and those that were confusing or hard to answer. The questionnaire 

was further reviewed by researchers experienced in the use of questionnaires at Rhodes 

University before use. After this the questionnaire was refined and certain questions were 

restructured or removed. The pilot questionnaires were not included in the final total of 

completed questionnaires (White et al., 2005; Whittington-Jones., 2011). 

 

3.2.2 Questionnaire administration 

Questionnaires were conducted by a local Cheetah Conservation Botswana community 

outreach officer, trained by the primary researcher, who was fluent in the local language 

Setswana, tribal customs and familiar with farming in the region.  The interviewees were 

asked if they were willing to take part in the survey and the series of structured questions 

was asked. The questionnaire was administered one on one to remove the influence of 

other individuals’ opinions. Responses were recorded on the questionnaire sheet directly 

by the interviewer in English and later entered into a database by the primary researcher. 

Respondents were given an option to state ‘no response’ to any question to avoid any 

discomfort with certain questions (White et al., 2005) i.e. socio-economic details or 

livestock numbers. Questions which were not relevant to the individual were classed as 

‘not applicable’ i.e. number of small stock when none were owned. Each questionnaire 

took approximately 1 hour to complete.  

 

The questionnaires were conducted in the farming areas of the South East, Kgalagadi and 

Ghanzi districts during CCB community site visits, at the cattlepost, ranch or settlement. 

Interviews were located in each of the main land uses of region i.e. communal land (50% 

of total questionnaires), ranches (25%) and Wildlife Management Areas (25%). A 

minimum of 5km distance was kept between each interview location.  When individuals 

were not available the next available site was interviewed. In areas where the population 

was very sparse the first available location was interviewed. The location of each 
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questionnaire was mapped using a hand held GPS (Garmin Etrex, Kansas, USA). When the 

interview did not take place directly at the cattlepost or ranch the interviewee was asked 

to plot their location on a map and provide the road distance from the nearest settlement 

to enable locations to be recorded. Where ever possible, the person who had resided for 

the longest duration at the site was interviewed to best represent the most reliable 

opinion at the location. The minimum time required in the area was 2 years.  

The number of questionnaires carried out in each area was approximately 10% of the 

total population of the area based on the most recent government census information 

available (CSO, 2006).  

 

3.2.3 Questionnaire reliability 

In order to ensure positive identification of carnivore species interviewees were asked to 

identify species from a set of picture cards and provide information on behaviour and 

habits (Dickman, 2008; Whittington-Jones, 2011). This included lion, leopard, cheetah, 

brown hyena, spotted hyena, caracal and jackal (see Appendix 2).  

 

Questionnaires were scored for reliability on a 0–4 scale as follows: 

Respondents received 0 - 1 point for four aspects of their interview (Gros, 2002):  

1. knowledge of the species (from picture recognition and behavioural description) 

One point was awarded if all responses were 100% correct, 0.5 was awarded if there 

was any hesitation or the respondent was unclear but reached the correct 

identification. 0 was awarded if any identification was mistaken or not possible.  

2. precision of answers (from concise descriptions of livestock numbers, management 

methods, predator sightings, conflict incidents) 

One point was awarded if respondent was confident and clear on all responses. 0.5 

was awarded if respondent was unsure on any aspects but overall had a clear 

recollection. 0 was awarded if the respondent was not consistently sure. 

3. absence of error or contradiction in answers (from cross-referencing) 
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One point was awarded if respondent made no errors or contradictions.  0 was 

awarded if an error or contradiction was made. 

4. willingness to participate (from general motivation, readiness to answer questions)  

One point was awarded if respondent was motivated and interested to participate.  0.5 

was awarded if the respondent participated but did not come across as engaged in the 

process. 0 was awarded if there was a clear disinterest in participating. 

 

Questions for cross referencing were included in the questionnaire to assist in the 

assessment of the accuracy of responses. Questionnaires from respondents ranking lower 

than 3.0 points, or misidentifying carnivore species, were not utilised in the analysis. The 

remaining data set was then statistically and spatially analysed. 

 

3.3 Development of Indices for Conflict, Livestock Management, Tolerance 
and Carnivore Presence 
 
In order to enable overall conflict, livestock management, tolerance and carnivore 

presence levels to be analysed against various socio-economic, physical, environmental 

and management related factors, five indices were developed for conflict, cattle 

management, smallstock management, tolerance and carnivore presence (Walpole 2001, 

Marker et al., 2003c, Zimmerman et al., 2005).  Index scores were created by assigning 

weighted values to series of questions concerning the respective index (Appendix 3). The 

value for each index for each respondent was calculated as the sum of the scores for each 

question. 

 

3.4 Data analysis 

3.4.1 Statistical analyses  

Descriptive statistics were used to illustrate various results when statistical testing was not 

appropriate. Statistical analyses were undertaken using SPSS (SPSS Inc., Chicago, USA), 

Excel (Microsoft Corporation, CA, USA) and STATISTICA 8.0 software (Statsoft, Tulsa, USA).  

A Kolmogorov-Smirnov test was used to test if continuous variables were normally 
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distributed. Where two continuous variables (e.g. conflict Index and monthly income) 

were compared linear regression or the non-parametric correlation were utilised. 

Where continuous and categorical variables with two states (e.g. conflict Index and gender 

or farm type) were compared, t-tests or Mann-Whitney U tests were selected. For 

comparisons of continuous and categorical variables with multiple states (e.g. conflict 

Index and education level or source of income) an ANOVA or Kruskal Wallace ANOVA were 

utilised. Post hoc multiple comparison testing was utilised to further analyse comparisons 

of variables. 

Chi2 tests were used to compare proportions (proportions of respondents on two farm 

types with different levels of education). Spearman’s Rank Correlations were utilised to 

determine correlations between variables. Multiple regressions were then conducted to 

determine the significance of relationships. All tests were 2-tailed and the statistical 

significance was set at P<0.05). Figures given after the mean are + one standard deviation. 

A general linear model was utilised to assess the importance of various factors in affecting 

the conflict, cattle and smallstock management and tolerance indices. A logistic 

regression was used to determine which variables, when tested in combination, best 

predicted the 4 indices. The Akaike Information Criterion (AIC) was applied to select the 

best model from these variables (Archibald et al. 2005; Hazzah, 2006). 

 

3.4.2 Spatial analyses 

Spatial information was mapped using ArcGIS 9 (ESRI, CA, USA) allowing relationships 

between factors such as location, human population density, habitat type and land use to 

be investigated. Local and national population sizes were extracted from the Botswana 

government Central Statistics Office (CSO, 2001; CSO, 2006). 
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Chapter 4 

4. Questionnaire Survey Results  

 

4.1 Summary of Characteristics of the Respondents and the Farm Types 

Seventy five percent of respondents were located on cattleposts and 25% on fenced 

ranches. Of the 310 respondents, 69.4% were male and 30.6% female. The percentage of 

male respondents was significantly lower on cattleposts (62.9%) than fenced ranches 

(88.5%; 2=-17.9; df = 1; P<0.05; Table 4.1). The average age of respondents was 45.1 

±14.8 years (range, 19-93 years; Table 4.1). There was no significant difference between 

the ages of male and female respondents (t = -1.6; df = 286; P>0.05) or of the ages of 

respondents from cattleposts or fenced ranches (t =-1.38; df = 286; P>0.05). 

 

Table 4.1. Details of 310 respondents surveyed. (Data are numbers with either percentages 
or standard deviations (±1 SD) in brackets). 
 

 

The number of family members (number in family) ranged from 1-15 (x̄ = 3.3±2.4 adults 

and x̄= 1.7 ±2.2 children; Table 4.1). There was no significant relationship between gender 

of the respondent and the number in family (Mann-Whitney U test; Z=-1.65, P>0.05) or of 

farm type on number in family (Mann-Whitney U test; Z= 0.65, P>0.05). However, there 

 

 

Cattlepost Fenced Ranch Total 

Gender male 146(62.9%) 69(88.5%) 215(69.4%) 
 female 86(37.1%) 9(11.5%) 95(30.6%) 

Age mean age (years) 44.33(±15.2) 47.05(±13.6) 45.06(±14.8) 

Family No. mean number in family 4.93(±2.8) 4.8(±2.9) 4.91(±2.8) 
 mean number  of adults 3.41(±2.5) 2.59(±1.9) 3.26(±2.4) 
 mean number  of children 1.59(±2.1) 2.38(±2.3) 1.72(±2.2) 

Education no schooling 90(38.8%) 11(14.1%) 101(32.6%) 
 primary 39(16.8%) 17(21.8%) 56(18.1%) 
 secondary 80(34.5%) 26(33.3%) 106(34.2%) 
 tertiary 7(3.0%) 21(26.9%) 28(9.0%) 
 no response 16(6.9%) 3(3.8%) 310 (100%) 

Income mean monthly income 762(±1232)  2273(±3094) 1000(±1746) 
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was a significant correlation between family size and age of respondent, and family size 

increased with increasing age (Rs= 0.37, P<0.01). 

The highest level of education ranged from no schooling (32.6% of respondents), primary 

schooling only (18.1%), secondary (34.2%) and tertiary (9%). The proportions of 

respondents with the different levels of education differed significantly on the two farm 

types ( 2 =47.8; df = 3; P<0.05, Table 4.1, Figure 4.1). While 39% of respondents from 

cattleposts reported no education, only 14% of respondents from fenced ranches had no 

schooling. Only three percent of respondents from cattleposts had received some tertiary 

education while 27% of those from fenced ranches had tertiary education. 

 

 

 

 

 

 

 

 

 

 

 
Figure 4.1. Education levels experienced by survey respondents from cattleposts and 
fenced ranches. 
 

There was a significant relationship between gender and education level ( 2= 21.1; df = 3; 

P<0.01) with female respondents reporting higher percentages of no schooling and 

generally less education than males (Figure 4.2).  
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Figure 4.2. Levels of education amongst male and female respondents. 

 

There was a significant relationship between age and education level (ANOVA; F3,268 = 8.5; 

P<0.005) and respondents with no schooling were significantly older than those with 

secondary education (P<0.05; Figure 4.3). No other pairs were significantly different 

(P>0.05 for all).  
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Figure 4.3.  The relationship between the age of respondents and level of education. Data 
are means with 95% CI. 
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There was no significant relationship between education level and number of family 

members (KW ANOVA; H3,196 = 6.48;  P>0.05). 

 

Monthly incomes ranged from BWP 0 – BWP 11000, with an average of BWP1000±1746 

(Table 4.1). One BWP is equivalent to US$0.15. Monthly incomes differed significantly on 

the two farm types (Mann-Whitney U test; Z=-3.45, P<0.01), ranging from BWP 0 – BWP 

7500 on cattleposts (x̄= BWP647±1026) and from BWP 100 – BWP 10000 (x̄= BWP1911 

±1965) on fenced ranches (Table 4.1, Figure 4.4).  
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Figure 4.4. The relationship between monthly income and farm type, and monthly income 
and gender. Data are means with 95% CI.   
 

Monthly income was significantly higher for male respondents (x̄=1240 ±1931, range 0-

10000) than females (x̄=574 ±1073, range 0-7000, Figure 4.4; Mann-Whitney U test; Z = -

3.9; P<0.01). Monthly income was not correlated with age (Rs= -0.11, P>0.05) or number 

in family (Rs= -0.10, P>0.05). However, there was a significant relationship between 

monthly income and education level (KW ANOVA; H 3,197 = 40.49; P<0.01), with those with 

tertiary education reporting a significantly higher income than all others (P<0.05; Figure 

4.5) and those with secondary education earned significantly more than those with no 

schooling (P<0.05). 
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Figure 4.5. Average monthly incomes (BWP) for different levels of education. Data are 
means with 95% CI. 
 

These results were supported by a GLM analysis with farm type, gender and education 

level as categorical predictors and income level as the dependent variable. Only education 

level had a significant effect on income level (F3,189 = 19.8, P<0.05) and there were no 

significant interactions. Respondents with tertiary education had significantly higher 

income than all other education levels (P<0.05) and no other pairs were significantly 

different.  

 

Six different income sources (see Methods 3.2.1 for definitions) were identified and the 

relative importance of these differed significantly between cattleposts and fenced farms 

( 2= 18.72; df=5; P<0.05, Table 4.2). A greater proportion of respondents on fenced 

ranches gained an income through the sale of farm products, while more people on 

cattleposts received an income through wildlife products (Table 4.2). The proportions of 

respondents with incomes derived from veld products, employment, own business and 

mixed incomes were similar between cattleposts and fenced ranches. 
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Table 4.2. Sources of income on cattleposts and fenced ranches. (Data are number of 
respondents and proportions).  
 

Source of income 

Farm type 

Cattlepost Fenced ranch 

 n prop n prop 

Employment 36 0.16 9 0.12 
Mixed 29 0.13 7 0.90 
Own business 46 0.20 15 0.19 
Farm products 72 0.31 42 0.54 
Veld products 16 0.07 4 0.05 
Wildlife products 33 0.14 1 0.01 

 

There was a significant relationship between source of income and gender ( 2 = 21.14; 

df=5; P<0.05) and more female respondents received income from their own business and 

sale of veld products than did male respondents (Table 4.3). More male respondents 

received income from employment and the sale of farm products than did female 

respondents.   

 

Table 4.3.  Summary of the relationship between gender and source of income of the 
respondents.  
 

Source of income 

Gender of respondents 

male female 

n prop n prop 

employment 50 0.23 11 0.12 
mixed 25 0.12 11 0.12 
own business 21 0.10 24 0.25 
farm products 87 0.40 27 0.28 
veld products 19 0.09 15 0.16 
wildlife products 13 0.06 7 0.07 

 

There was a significant relationship between source of income and age of respondents 

(ANOVA; F5,282 = 3.37; P<0.05; Figure 4.6) and respondents who received income from 

formal employment were significantly younger than those who received their income 

from the sale of farm products (P<0.05). No other pairs were different (P>0.05 for all). 

 



Chapter 4 - Survey Results 

50 

 

employ ment

sale of  f arm products

own business

mixed

sale of  wildlif e products

sale of  v eld products

Income Source

30

35

40

45

50

55

60

a
g
e

 

Figure 4.6. The relationship between source of income and age of respondents. Data are 
means with 95% CI. 
 

There was a significant relationship between number in family and source of income 

(H5,221 = 12.8; P<0.05) with the average family size of those gaining income from the sale 

of wildlife products being greater than those gaining income from formal employment 

(Figure 4.7).  
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Figure 4.7. The relationship between source of income and number in family. 

 

There was no significant effect of source of income on annual income of respondents 

(H5,197 = 6.39; P>0.05).  
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There was a significant relationship between source of income and education level ( 2 

=40.12, df=15, P<0.05). A greater proportion of respondents with some education 

received income from employment than those with no education. Of the respondents 

with no education, about 24% received income from the sale of veld and wildlife products 

while for respondents with some education, the proportions were lower (Table 4.4). No 

respondents with tertiary education received income from the sale of veld products but 

half received income from the sale of farm products (Table 4.4).   

 

Table 4.4. The relationship between education level and source of income.   

Source of income 

Education level 

no 1 2 3 

N prop N prop N prop N prop 

employment 12 0.11 18 0.33 20 0.19 4 0.14 
mixed 8 0.07 9 0.16 16 0.15 2 0.07 
own business 16 0.15 9 0.16 15 0.14 5 0.18 
farm 35 0.33 14 0.25 40 0.38 14 0.50 
veld 18 0.17 4 0.07 12 0.11 0 0.00 
wildlife 18 0.17 1 0.02 3 0.03 3 0.11 
Totals  107 1.00 55 1.00 106 1.00 28 1.00 

 

The mean total number of livestock owned was 452±1291. The number of livestock on 

cattleposts was significantly lower (x̄=120 ±263; range 0-2159) than on fenced ranches (x̄

=1441 ±2272; range 0-14200; Table 4.5; Mann-Whitney U test; Z=-8.89; P<0.01). The most 

common livestock species kept were cattle and goats, followed by sheep, horses and 

donkeys (Table 4.5). 

 

Table 4.5. Summary of livestock holdings (data are numbers of animals with ±1SD in brackets) 

Livestock  

Total Cattlepost Fenced Ranch 

mean mean median range mean median range 

cattle 388 (±1265) 74 (±202) 13 0-2000 1315 (±2261) 550 0-14000 
goat 40 (±85) 28 (±56) 12 0-450 74 (±134) 40 0-1000 
sheep  20 (±63) 10 (±35) 0 0-327 48 (±106) 14 0-800 
horse 9 (±37) 6 (±38) 0 0-400 16 (±35) 4 0-200 
donkey 4 (±10) 3 (±7) 0 0-60 7 (±15) 1 0-100 

Total  452 (±1291) 120 (±263) 32 0-2159 1441 (±2272) 665 0-14200 
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There was a significant difference in the total number of livestock owned by different 

genders (Mann-Whitney U test; Z=-4.85, P<0.01), with males owning more livestock (x̄

=594.9±1512.8) than females (x̄=129.9±347.9). 

There was no significant correlation between age of respondents and total number of 

livestock owned (Rs = 0.03, P>0.05). However, there was a weak but significant correlation 

between number of family members and livestock holdings (Rs = -0.19, P<0.05) with 

livestock numbers increasing with increasing family size.  

The relationship between education level and total number of livestock owned was 

significant (KW ANOVA; H3,285 = 34.58; P<0.05) and livestock holdings increased with 

increasing education (Table 4.6). Respondents with tertiary education owned significantly 

more livestock than those with no schooling or secondary education, and respondents 

with no schooling had significantly fewer livestock than those with primary education 

(Table 4.6; P<0.05 for all).  No other groups differed significantly.  

 
Table 4.6. Summary of livestock holdings for different education levels (n = number of 
respondents).  

Education level n Mean ± 1SD 

no schooling 101 154(±348) 
primary 56 351(±680) 
secondary 106 347(±678) 
tertiary 28 2131(±3490) 

 

In a GLM, with numbers of livestock held as the dependent variable and farm type and 

education level as categorical predictor variables, there were significant effects for farm 

type (F1,310 = 34.1, P<0.05) and education level (F4,310 = 4.83, P<0.05) and a significant 

interaction between them (F4,310 = 2.87, P<0.05).  Respondents on fenced farms had 

significantly more livestock than those on cattleposts and those with tertiary education 

had more livestock than those with other levels of education.  Respondents with tertiary 

education on fenced farms had significantly greater numbers of livestock than all other 

respondents. Those with tertiary or secondary education on fenced farms had significantly 

greater numbers of livestock than respondents with the same level of education on 

cattleposts.  
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Monthly income was significantly correlated with the total number of livestock owned 

(Rs= 0.33, P<0.05) with respondents with higher monthly income, owning more livestock 

than those with lower monthly income.  

 

General Summary: The results presented in the preceding section can be summarised by 

gender of respondent and by farm type. Cattleposts were characterised by having a 

greater proportion of female respondents, who generally had a lower level of education 

than male respondents. Older people had less schooling, bigger families and earned a 

greater proportion of income from farm products, than younger people who had higher 

education levels and were more likely to be in formal employment. Education levels were 

higher on fenced ranches, which had the greatest proportion of tertiary level respondents. 

Income was lower on cattleposts, lower for female respondents and lower for 

respondents with lower levels of education, this variable having the most significant 

effect. Males had higher levels of education, income and numbers of livestock than 

females. Males on ranches with tertiary education had the highest incomes. 

Male respondents were more likely to be in formal employment and earn an income from 

the sale of farm products than female respondents who made more of an income from 

the sale of veld and wildlife products.  Respondents with less education made more 

income from veld and wildlife products than formal employment, tertiary level 

respondents made most from farm products. Fenced ranches received a greater 

proportion of income from farm products, while cattleposts had higher proportions of 

income gained from wildlife products. Greater numbers of livestock were found on 

ranches amongst male respondents and the amount of livestock owned increased with 

education and income levels.  
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4.2 The Conflict, Livestock Management and Tolerance Indices 

In order to investigate the influences of gender, age, number in family, farm type, 

education and number of livestock owned on perceived levels of conflict, management 

practices, tolerance towards predators and carnivore presence, several variables from the 

questionnaire were weighted and combined into Indices (Table 4.7) as discussed in the 

methods.   

 
Table 4.7. Summary of the mean Index values where n = number of respondents for whom 
it was possible to calculate the Index with ±1SD in brackets) 

  
   Livestock management 

 
 

Conflict Cattle Smallstock Tolerance Carnivore Presence 

n 310 279 249 310 310 

mean 6.5 (±3.5) 8.3 (±4.0) 13.0 (±5.4) 3.3 (±2.0) 16.4(±7.7) 

median 6.0 8.0 14.0 3.0 16.0 

 

Conflict Index 

The mean Conflict Index was 6.5 ±3.5 (range 0-17; Table 4.7), with a possible maximum 

value of 18 and minimum value of 0. The Conflict Index will increase with increasing levels 

of conflict. The majority of respondents experienced low to medium levels of conflict, with 

fewer individuals reporting higher conflict levels (Figure 4.8). For eighty one percent of 

respondents, conflict values were less than 10, with a further 15% scoring from 10-12 and 

only 5% with a conflict value more than 12.   

 

 
 
 
 
 
 
 
 
 
 
 
Figure 4.8. Histogram showing the number of respondents reporting the different levels for 
the Conflict Index.  
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Management Index 

The Management Index was calculated separately for cattle and smallstock, and the value 

will increase with increasing levels of management. The mean Management Index for 

cattle was 8.3 (±4.0; range 0-19), with a possible maximum value of 24 and minimum 

value of 0. For smallstock it was 13.0 (±5.4; range 0-26; Table 4.7), with a possible 

maximum value of 22 and minimum value of 0 (Figure 4.9). There was a significant 

difference in mean Management Index values for cattle (7.43±3.23) and Smallstock (12.99 

±5.41), with levels of management significantly greater for smallstock than for cattle 

(Mann-Whitney U test; Z =-11.82; P<0.01). 

 

 

Figure 4.9. Histograms showing the number of respondents reporting the different levels 
for the Management Index for cattle and smallstock. 
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Tolerance Index 

The mean Tolerance Index was 3.3 (±2.0; range 0-8; Table 4.7; Figure 4.10), with a possible 

maximum value of 8 and minimum value of 0. The Tolerance Index will increase with 

increasing levels of tolerance towards predators. The majority of respondents had low 

Tolerance Indices and 72% had an index of four or less. Only 15% of respondents had a 

Tolerance Index of greater than five (Figure 4.10). 

 

Figure 4.10. Histogram showing the number of respondents reporting different tolerance 
levels. 
 

Carnivore Presence Index 

The mean Carnivore Presence Index was 16.4 (±7.7; range 0-37; Table 4.7; Figure 4.11), 

with a possible maximum value of 56 and minimum value of 0. The higher the value, the 

greater level of carnivore presence reported by respondents.   
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Figure 4.11. Histogram showing the number of respondents reporting different Carnivore 
Presence levels.  
 

In the following section, the relationships between these indices and a range of 

independent predictor variables that could have an effect on conflict, management and 

tolerance levels is assessed, as is the relationships between the indices. The aim is to 

assess the drivers of human carnivore conflict, management and tolerance in Kalahari 

communities and investigate the influences of socio-economic, management and 

environmental variables.   

 

Relationships between the Indices 

The relationships between the indices were tested using parametric or nonparametric 

tests as appropriate (Table 4.8).  In all cases, the relationships were statistically significant 

but in most cases they were weak or very weak. However, there was a strong positive 

correlation between Cattle and Smallstock Management Indices (Rs = 0.56; P<0.05; Figure 

4.12). 
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Table 4.8.  Summary of statistical analyses of relationships between the Indices.  

Indices Smallstock Cattle Tolerance Carnivore 

Conflict Rs=0.16; P<0.05 R2 = 0.08; F1,277 
= 25.4; P<0.05 

Rs=0.19 
P<0.05 

R2 = 0.07; F1,308 = 24.3; 
P<0.05 

Smallstock  Rs=0.56; P<0.05 Rs= 0.19; 
P<0.05 

Rs=0.22; P<0.05 

Cattle   Rs =0.14; 
P<0.05 

R2 0.02; F1,278 = 6.33; 
P<0.05 

Tolerance    Rs = 0.21; P<0.05 

Carnivore     

 

 

-2 0 2 4 6 8 10 12 14 16 18 20

Cattle Management Index

-2

0

2

4

6

8

10

12

14

16

18

20

22

24

26

28

S
m

a
lls

to
c
k

 M
a

n
a
g
e
m

e
n
t 

In
d
e
x

 

Figure 4.12. The relationship between Cattle and Smallstock Management Indices. 

(Dashed lines are 95% CI’s). 
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4.3 Relationship between Socio Economic Characteristics and the Indices 

Gender  

The gender of the respondents was significantly correlated with the Conflict Index (t = 

2.45; df = 308; P<0.05) Cattle Management Index (t = 3.37; df = 277; P<0.01) and the 

Tolerance Index (Mann-Whitney U test; Z=-2.02, P<0.05). Female respondents had higher 

mean Conflict, Cattle Management and Tolerance Indices than males (Table 4.9). The 

mean Smallstock Management Indices of male and female respondents were not 

significantly different (Mann-Whitney U test; Z=-0.424, P>0.05). 

 

Table 4.9. Conflict, Management and Tolerance levels of male and female respondents. n = 
number of respondents, data are given as mean±1SD. 
 

Gender 

 
Indices 

  
Livestock management  

 
Conflict  Cattle Smallstock Tolerance  

M n 215 194 172 215 

 
mean 6.3 (±3.8) 7.8 (±3.7) 12.8 (±5.6) 3.2 (±1.9) 

F n 95 85 77 95 

 
mean 7.2 (±3.3) 9.5 (±4.4) 13.4 (±5.1) 3.6 (±1.9) 

Total n 310 279 249 310 

 
mean 6.6 (±3.7) 8.3 (±4.0) 13.0 (±5.4) 3.3 (±1.9) 

      

Age 

The age of the respondent was not significantly correlated with any of the indices 

(Conflict; R2 = 0.002; F 1,286 = 0.56; P>0.05; Cattle Management R2 = 0.011; F1,257 = 2.91; 

P>0.05; Smallstock Management Rs = -0.13, P>0.05 or Tolerance Rs = -0.01, P>0.05).  

 

Family number 

The correlations between the family number and Conflict (Rs = 0.10, P>0.05), Cattle 

Management (Rs =-0.06, P>0.05), Smallstock Management (Rs = -0.09, P>0.05) and 

Tolerance Indices (Rs = 0.06, P>0.05) were not statistically significant.  
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Education Level 

There was a significant correlation between the highest level of education and the Conflict 

Index (ANOVA; F3,287 = 9.95; P<0.01; Table 4.10, Figure 4.13).  

 

Table 4.10. The relationship between education level and Conflict, Management and 
Tolerance Indices. (n = number of respondents with 1 SD in brackets) 

 

The Conflict Index was significantly lower in respondents who had received some tertiary 

education than those who had received no education and also significantly lower in those 

that had received primary education than those that had received no education (P<0.05). 

No other pairs were significantly different (Figure 4.13).  
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Figure 4.13.  Relationship between Conflict Index and education levels. Data are means 
with 95 % CI. 

Education level 
Conflict 
Index 

Management 
Index Cattle 

Management 
Index Smallstock 

Tolerance 
index 

no schooling n 101 89 82 101 

 
mean 7.8(±3.7) 9.3(±3.8) 13.7(±4.8) 3.5(±2.1) 

primary n 56 51 50 56 

 
mean 5.3(±3.3) 7.9(±3.5) 12.7(±5.4) 2.9(±1.9) 

secondary n 106 94 79 106 

 
mean 6.7(±3.7) 8.1(±4.4) 12.5(±5.8) 3.0(±2.2) 

tertiary n 28 27 21 28 

 
mean 4.3(±2.8) 6.9(±3.7) 12.4(±5.9) 3.0(±2.2) 
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Education level was  significantly correlated with the Cattle Management Index (ANOVA; F 

3,256 = 3.29; P<0.01), which was significantly greater in respondents who had no schooling 

than those who had tertiary education (Table 4.10, Figure 4.14).  
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Figure 4.14.  Relationship between Cattle Management Index and education levels. Data 
are means with 95% CI. 
 
The relationships between education level and Smallstock Management Index (H 3,232 = 

1.6; P>0.05), and Tolerance Index (H 3,291 = 2.52 P>0.05) were not statistically significant.  

 

Monthly income 

Monthly income was weakly correlated with Conflict Index (Rs = -0.26, P<0.01) with 

conflict values decreasing as monthly incomes increased. There was no significant effect 

of monthly income on Management (Cattle Rs = 0.034, P>0.05; Smallstock Rs = 0.15, 

P>0.05) and Tolerance Indices (Rs = 0.04, P>0.05). 

 

Source of Income 

The sources of income were categorized and analysed for their relationship with Conflict, 

Management and Tolerance Indices (Figure 4.15).  
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Figure 4.15. Index levels for respondents with different primary sources of income.  

 

There was a significant relationship between source of income and Conflict Index (F5,304 = 

9.2; P<0.05). Respondents whose income was from sale of veld and wildlife products had 

greater conflict than those with income from all other sources (P>0.05 for all; Figure 4.16).  
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Figure 4.16. Relationship between Conflict Index and income source. Data are means 95% CI.  
 
There was a significant relationship between source of income and Cattle Management 

Index (F5,272 = 2.78; P<0.05). The Cattle Management Index of respondents whose income 

was from an own business was significantly greater than for respondents whose income 

was from mixed sources or from employment (P<0.05; Figure 4.17).  
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Figure 4.17. The relationship between Cattle Management Index and source of income. 
Data are means with 95% CI. 
 
The relationship between source of income and Smallstock Management Index was not 

statistically significant (H5,249 = 6.9; P>0.05). There was a significant relationship between 

source of income and Tolerance Index (H5,310 = 14.36; P<0.05), but  no pairs were 

significantly different (P>0.05 for all pairs).   

 

Key Results Summary - Socio Economic factors and the Indices 

Gender, education, income and source of income were significantly related to one or 

more Index, while age and family number were not. Female respondents had higher 

Conflict Index than males but also had higher Cattle Management and Tolerance Indices. 

By contrast, respondents with tertiary education had the lowest Conflict Index and the 

lowest Cattle Management Index. Respondents with no schooling experienced the 

greatest conflict but had the highest Cattle Management Index. The Conflict Index 

decreased slightly with increasing monthly income. High levels of conflict were reported 

by respondents who gained most of their income from veld and wildlife products and the 

same respondents had relatively high Cattle Management Indices. The lower Cattle 

Management Indices was characteristic of respondents who gained most of their income 

from mixed and farm products and the same respondents had relatively low Conflict 

Index.   
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4.4 Relationship between Physical Farm Characteristics and the Indices  

Farm Type 

The Conflict Index varied significantly between the farm types (t = 5.27; df = 308; P<0.05; 

Figure 4.18) and was greater on cattleposts than fenced ranches. 
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Figure 4.18. Conflict Indices on different livestock farm types.  

 

The Cattle Management Index was significantly higher on cattleposts than on fenced 

ranches (t = 5.07; df = 277; P<0.05; Figure 4.19) but Smallstock Management Index did not 

differ significantly (Mann-Whitney U test; Z =-1.14; P>0.05).  
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Figure 4.19. The relationship between farm type and Cattle Management Index.  
 
 

The relationship between farm type and Tolerance Index was not significant (Mann-

Whitney U test; Z = 0.8; P>0.05). 

The Carnivore Index was significantly greater on fenced ranches than on cattleposts (t = -

2.67; df = 308; P<0.05; Figure 4.20). 

ranch 

ranch cattlepost 

cattlepost 
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Figure 4.20. The relationship between farm type and Carnivore Index. 
 
 

No of people staying on the farm  

The number of people on the farm was significantly correlated with the Cattle 

Management (Rs =-0.13; P<0.05) and the Carnivore Indices (Rs =0.15; P<0.01), although 

not with the Conflict (Rs =-0.09; P>0.05), Smallstock Management (Rs = -0.05, P>0.05) or 

Tolerance Indices (Rs = -0.04, P>0.05). The Cattle Management decreased with increasing 

numbers of people staying on the farm and the Carnivore Index increased slightly with 

increased numbers of people on the farm.  

 

Access to boreholes 

There was a small positive correlation between the number of boreholes and Conflict 

Index (Rs = 0.222, P<0.05) and between Carnivore Index and number of boreholes 

(Rs=0.14; P<0.05), but no significant relationships between borehole numbers and Cattle 

Management (Rs = -0.01, P>0.05), Smallstock Management (Rs = 0.08, P>0.05) and 

Tolerance Indices (Rs = 0.03, P>0.05).   

There was a weak but significant positive correlation between distance of boreholes from 

the kraals and the Conflict Index (Rs = 0.25, P<0.05), Cattle Management Index (Rs = 0.2, 

P<0.05) and Tolerance Index (Rs = 0.16, P<0.05). There was no effect on Smallstock 

Management (Rs = -0.04, P>0.05) or on Carnivore Index (Rs=0.06; P>0.05).  

cattlepost ranch 
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Livestock Numbers 

The total number of livestock owned was a significant driver for many of the indices, 

except the Carnivore Index (Rs=0.05; P>0.05) and Smallstock Management Index (Rs = 

0.076; P>0.05). There were negative correlations between the numbers of livestock 

owned and the Conflict Index (Rs = -0.43, P<0.05; Figure 4.21), the Cattle Management 

Index (Rs = -0.19, P<0.05) and the Tolerance Index (Rs = -0.19; P<0.05).  
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Figure 4.21. The relationship between total numbers of livestock owned and the Conflict 
Index. (Dashed lines are 95% CI’s). 
 

Key Results Summary – Physical  

On cattleposts, the Conflict Index and Cattle Management Index were greater than on 

fenced ranches.  The number of people staying on ranches was higher than on cattleposts 

and there was a weak negative relationship between number of people on a farm and the 

Cattle Management Index. Fenced ranches had more boreholes that were closer to the 

kraals than did cattleposts and there was a positive relationship between number of 

boreholes and Conflict Index. Fenced ranches had larger herds than cattleposts and there 

were negative relationships between the number of livestock owned and the Conflict 

Index, the Cattle Management Index and the Tolerance Index.  
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4.5 Relationship between Livestock Management Strategies and the Indices  

The Livestock Management Indices were calculated from the answers to questions about 

a number of management strategies and in the next section some of these are examined 

individually in order to establish if a particular strategy was successful.  

 

For cattle, kraaling at night was used by 30.6% of respondents, herding by 12.5% and 

guard animals such as dogs or donkeys by 1.4%. Calving seasons were employed by 51.4% 

of respondents (Table 4.11). For smallstock, kraaling at night was used by 83.8% of 

respondents, herding by 24.6% and guard animals such as dogs by 40.1%. Lambing 

seasons were used 61.3% of respondents (Table 4.11). For each management strategy, 

there was a significant difference in the proportion of respondents using it for cattle 

versus smallstock (kraal at night, 2 = 150.6; df=1; P<0.05; herders, 2 = 23.6; df=1; P<0.05; 

guard animals, 2 = 123.8; df=1; P<0.05; calving/lambing season, 2 =5.2; df=1; P<0.05).  

The greatest differences were for kraaling at night and the use of guard animals which 

were used far more for smallstock than for cattle (Table 4.11).  

 

Table 4.11.  Summary of livestock management practices for cattle and smallstock.              
n = number of respondents who replied yes or no. Prop is that number as a proportion.  
 

 

 Cattle Smallstock 

 n prop n prop 

Kraal at night Y 86 0.31 207 0.84 

 

N 193 0.69 40 0.16 

Herders Y 35 0.13 73 0.25 

 

N 244 0.88 173 0.75 

Guard animals Y 4 0.01 99 0.40 

 

N 275 0.99 148 0.60 

Calving/lambing season Y 144 0.51 151 0.61 

 

N 135 0.49 95 0.39 

 

The number of respondents using the different livestock management strategies was 

similar in most cases on cattleposts and on fenced ranches (Table 4.12; P>0.05). However, 

a significantly greater proportion of respondents from cattleposts (40%) kraaled cattle at 
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night, compared to on fenced ranches (5.0%; 2 = 32.5; df=1; P<0.05).  A significantly 

greater proportion of respondents from fenced ranches used guard dogs for smallstock 

(57%) than on cattleposts (35%; 2 = 9.07; df=1; P<0.05).   

 

Table 4.12.  Summary of livestock management practices for cattle and smallstock on 
cattleposts and fenced ranches.  
 

 
 

Cattle Smallstock 
 

 
Cattlepost Ranch Cattlepost Ranch 

 
 

n prop n prop n prop n prop 

Kraal at 
night 

Y 82 0.40 4 0.05 159 0.85 48 0.80 
N 121 0.60 73 0.95 28 0.15 12 0.20 

Herders Y 29 0.14 6 0.08 56 0.30 17 0.28 
N 174 0.86 71 0.92 130 0.70 43 0.72 

Guard 
animals 

Y 3 0.01 2 0.03 65 0.35 34 0.57 
N 199 0.99 75 0.97 122 0.65 26 0.43 

Calving 
season 

Y 108 0.53 36 0.47 111 0.59 40 0.68 
N 95 0.47 41 0.53 76 0.41 19 0.32 

 

There was no significant relationship between gender and the use of several of the 

livestock management practices (P>0.05; Table 4.13). However, a significantly greater 

proportion of female respondents kraaled both cattle and smallstock at night ( 2 = 7.7; 

df=1; P<0.05) and used calving seasons than did male respondents ( 2 = 5.8; df=1; P<0.05). 

 

Table 4.13. Summary of use of livestock management practices by males and females.  

 

  
Cattle Smallstock 

  
Female Male Female Male 

  
N prop N prop N prop N prop 

Kraal at 
night 

Y 36 0.42 50 0.26 70 0.92 137 0.80 
N 49 0.58 145 0.74 6 0.08 34 0.20 

Herders 
Y 13 0.15 22 0.11 22 0.29 51 0.30 
N 71 0.85 174 0.89 54 0.71 119 0.70 

Guard 
animals 

Y 0 0.00 4 0.02 27 0.36 72 0.42 
N 85 1.00 189 0.97 49 0.64 99 0.58 

Calving 
seasons 

Y 53 0.62 91 0.47 45 0.59 106 0.62 
N 32 0.38 104 0.53 31 0.41 64 0.37 
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There were no significant relationships between level of education and livestock 

management strategies for either cattle of smallstock ( 2 tests, P>0.05 for all). 

 

There was no significant relationship between livestock management strategies for cattle 

(F3,267 = 0.71; P>0.05) or smallstock (F3,526 = 2.39; P=0.06) and the Conflict Index.  

 

Kraal Design 

The most often used kraal designs were wooden posts with wire (cattle = 58.9%, 

smallstock = 49.1%) and acacia bomas (cattle = 19.9%, smallstock = 37.7%). Fewer 

respondents used metal posts with fencing (cattle = 15.5%, smallstock = 6.4%), wood 

uprights (cattle = 4.8%, smallstock = 4.1%) or a combination of wood, wire and acacia 

(cattle = 0.8%, smallstock = 2.7%; Figure 4.22). 

 

  

Figure 4.22. Kraal designs utilised by farmers for cattle and smallstock. 

 

For cattle, there was a significant relationship between kraal design and Conflict Index (F 

4,246 = 5.66; P<0.05; Figure 4.23). Respondents who built cattle kraals from metal poles and 

wire, and wood and wire had significantly lower Conflict Index than those who built their 

kraals from acacia wood and other wood (P<0.05).  
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Figure 4.23. The relationship between kraal design for cattle and Conflict Index. Data are 
means with 95% CI. 
 

For smallstock, there was a significant relationship between kraal design and Conflict 

Index (F4,215 = 3.83; P<0.05) and respondents who built kraals from wood and wire had 

significantly lower Conflict Index than those who built their kraals from acacia wood 

(Figure 4.24).  
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Figure 4.24. The relationship between kraal design for smallstock and the Conflict Index. 
Data are means with 95% CI.    
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There was no significant relationship between kraal design, livestock type (cattle, sheep 

and goats), and livestock loss (F7,230 = 0.49; P>0.05).   

 

Calving/Lambing Activities 

Respondents were requested to detail their management practices during the calving or 

lambing, a time when livestock are most vulnerable to predation. There was some 

evidence of an improvement in management at this time. For cattle, 55.9% kraaled their 

livestock closer to the homestead, 60.6% checked the herds more often, while 57.0% kept 

the young kraaled both day and night (Table 4.14). For smallstock, 53.2% kraaled their 

livestock closer to the homestead, 58.9% checked the herds more often, while 60.5% kept 

the young kraaled day and night (Table 4.14). 

In a two way ANOVA with Conflict Index as the dependent variable, and cattle 

management strategy during the calving season and whether or not each strategy was 

used (yes or no) as categorical variables, there was no significant relationship between 

management strategy and Conflict Index (F5, 1608 = 1.00; P>0.05) while those who used a 

strategy had a significantly greater Conflict Index than those who did not (F 1,1608 = 30.70; 

P<0.05). There was a significant interaction between the two factors (F 5,1608 = 4.56; 

P<0.05) and for the strategies of checking more often, kraaling at night and kraaling 

young, those who used these strategies had significantly greater Conflict Indices than 

those who did not (P<0.05; Figure 4.25).  

 

Table 4.14. Summary of livestock management methods during calving and lambing. (n = 
number of respondents). 
 

 

kraal closer to 
homestead 

check  more 
often 

accurate 
records 

kraal all at 
night  

kraal young 
always 

maternity 
kraal  

n % n % n % n      % n %   n     % 

  C
at

tl
e 

Yes 156 55.9 169 60.6 30 10.8 117 41.9 159 57.0 88 31.5 

No 123 44.1 110 39.4 249 89.2 162 58.1 120 43.0 191 68.5 

total 279 100.0 279 100.0 279 100.0 279 100.0 279 100.0 279 100.0 

Sm
al

l 
st

o
ck

 Yes 132 53.2 146 58.9 22 8.9 118 47.6 150 60.5 70 28.2 

No 116 46.8 102 41.1 226 91.1 130 52.4 98 39.5 178 71.8 

total 248 100.0 248 100.0 248 100.0 248 100.0 248 100.0 248 100.0 
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Figure 4.25. The relationship between management during the calving season for Cattle 
and Conflict Index.  Data are means with 95% CI.  On the x axis, the management 
strategies are check (checking animals more often), home (kraaling closer to the 
homestead), maternity (use of a maternity kraal), night (kraaling all animals at night), 
records (keeping improved records), young (kraal young always).  
 
In a two way ANOVA with Conflict Index as the dependent variable, and smallstock 

management strategy during the lambing season and whether or not each strategy was 

used (yes or no) as categorical variables, there was no significant relationship between 

management strategy and Conflict Index (F5.1446 = 0.24; P>0.05), a significant effect of 

whether or not the strategy was used (F1,1446 = 64.8; P<0.05) and no interaction (F5,1446 = 

1.89; P>0.05). For all strategies except keeping better records, respondents who used the 

strategy had significantly higher Conflict Index than those who did not (Figure 4.26).  

No 
N 
Yes  
Y 
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Figure 4.26. The relationship between management during the lambing season for 
Smallstock and Conflict Index. Data are means with 95% CI.  Legends on the x axis are as 
for Figure 4.20. 
 

Key Results Summary – Livestock Management Strategies 

Management strategies were more regularly employed for smallstock than cattle, 

particularly kraaling at night and livestock guarding dogs. The proportion of respondents 

using the different management strategies was similar on cattleposts and ranches, 

although kraaling cattle at night was more often employed on cattleposts, while livestock 

guarding dogs was more often employed on ranches for smallstock. Female respondents 

kraaled cattle, smallstock and used calving seasons more regularly than males. The level of 

education was not significantly related to the amount of management occurring. There 

was no significant relationship between the use of these management practices and the 

Conflict Index. Kraals constructed from wood, metal and wire were associated with lower 

levels of conflict than kraals made from acacia wood. For cattle and smallstock, 

respondents who improved their management practices during calving and lambing also 

experienced higher conflict levels. The relationship between high Conflict Index and 

No 
N 
Yes  
Y 
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improved or better livestock management practices has appeared regularly through these 

results. 

 

4.6 Relationship between Predation, Conflict, Livestock Losses and Indices  

Problems Encountered by Livestock Farmers 

Respondents were asked to rank the four most problematic challenges for livestock 

farmers. For all farmers, the top ranked problem was predation (Tables 4.15, 4.16), 

followed by disease, insufficient grazing, drought and theft. There were significant 

differences in which challenge was ranked first, second and not ranked between the two 

farm types (rank 1, 2  = 22.61; rank 2, 2  = 21.46; rank 0, 2  = 20.49, df=9; P<0.05 for all) 

but not for rank 3 ( 2  = 8.4; df=9; P>0.05). The rankings for disease ( 2 = 29.68; df=4; 

P<0.05) and insufficient grazing ( 2 = 10.38; df=4; P<0.05) were significantly different on 

the two farm types and there were no differences in ranking for the other challenges. Of 

the respondents on cattleposts, 69% ranked disease as a problem compared to only 23% 

on fenced ranches. The availability of grazing was a greater challenge on fenced ranches 

than on cattleposts.  

Respondents were asked to rank carnivore species based on their experience of livestock 

losses, as the 1st, 2nd 3rd and 4th most problematic to farmers (Table 4.17, 4.18). Overall, 

jackal had the highest ranking, followed by leopard, brown hyena, wild dog, cheetah, lion, 

caracal and spotted hyena. There were significant differences in which carnivore species 

was ranked first, second and third between the two farm types (rank 0, 2  = 59.51; rank 1, 

2  = 52.73; rank 2, 2  = 29.96; rank 3 , 2 =16.8,  df=7; P<0.05 for all) but not for rank 

fourth ( 2  = 7.38; df=7; P>0.05).  The rankings for all the carnivores except the caracal and 

spotted hyena were significantly different on the two farm types. Lions ( 2 = 20.03), brown 

hyenas ( 2 = 22.56), wild dogs ( 2 = 31. 15) and jackals ( 2 = 56.6; df=4; P<0.05 for all) were 

perceived to be a problem more often on cattleposts than fenced ranches.   Cheetahs 

were perceived to be a problem more often on fenced ranches than on cattleposts ( 2 = 

23; df=4; P<0.05).   
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Table 4.15. Ranked problems experienced by livestock farmers on cattleposts. Data are number of respondents and that number as a 
proportion of those who responded.  
 

Rank 

Disease Drought Infertility Predation 
Insuff. 

grazing 

Poor 

quality 

Low 

yields 
Market 

Extension 

visits 
Theft 

n prop  n prop  n prop  n prop  n prop  n prop  n prop  n prop  n prop  n prop  

0 53 0.30 119 0.66 167 0.93 12 0.07 129 0.72 169 0.94 178 0.99 171 0.96 169 0.94 120 0.67 

1 32 0.18 17 0.09 4 0.02 81 0.45 18 0.10 0 0.00 0 0.00 1 0.01 2 0.01 23 0.13 

2 58 0.32 24 0.13 1 0.01 51 0.28 13 0.07 2 0.01 0 0.00 1 0.01 3 0.02 15 0.08 

3 34 0.19 18 0.10 5 0.03 33 0.18 17 0.09 8 0.04 1 0.01 5 0.03 5 0.03 17 0.09 

4 2 0.01 1 0.01 2 0.01 2 0.01 2 0.01 0 0.00 0 0.00 1 0.01 0 0.00 4 0.02 

total 179 1.00 179 1.00 179 1.00 179 1.00 179 1.00 179 1.00 179 1.00 179 1.00 179 1.00 179 1.00 

 

Table 4.16.  Ranked problems experienced by livestock farmers on fenced ranches. Data are number of respondents and that number 
as a proportion of those who responded.  
 

Rank 

Disease Drought Infertility Predation 
Insuff. 
grazing 

Poor 
quality 

Low 
yields 

Market 
Extension 

visits 
Theft 

n prop n prop n prop n prop n prop n prop n prop n prop n prop n prop 

0 28 0.78 27 0.75 36 1.00 3 0.08 18 0.50 31 0.86 36 1.00 36 1.00 36 1.00 32 0.89 

1 2 0.06 7 0.19 0 0.00 19 0.53 5 0.14 2 0.06 0 0.00 0 0.00 0 0.00 0 0.00 

2 4 0.11 0 0.00 0 0.00 11 0.31 8 0.22 1 0.03 0 0.00 0 0.00 0 0.00 3 0.08 

3 2 0.06 2 0.06 0 0.00 3 0.08 5 0.14 2 0.06 0 0.00 0 0.00 0 0.00 1 0.03 

4 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 

total 36 1.00 36 1.00 36 1.00 36 1.00 36 1.00 36 1.00 36 1.00 36 1.00 36 1.00 36 1.00 
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Table 4.17.  The ranking of predators in terms of problem for respondents on cattleposts.  

 

Table 4 18. The ranking of predators in terms of problem for respondents on fenced ranches. 

 

*Ranking score is calculated as the sum of rank multiplied by number of respondents reporting that rank for all ranks.  

Rank 

 

Lion Cheetah Leopard 
Brown 

Hyena 

Spotted 

Hyena 
Wild dog Jackal Caracal 

n prop n prop n prop n prop n prop n prop n prop n prop 

0 144 0.75 156 0.81 60 0.31 113 0.59 188 0.98 96 0.50 10 0.05 188 0.98 

1 4 0.02 17 0.09 36 0.19 18 0.09 2 0.01 42 0.22 102 0.53 0 0.00 

2 13 0.07 9 0.05 52 0.27 29 0.15 1 0.01 37 0.19 50 0.26 1 0.01 

3 24 0.13 7 0.04 38 0.20 29 0.15 1 0.01 16 0.08 24 0.13 3 0.02 

4 7 0.04 3 0.02 6 0.03 3 0.02 0 0.00 1 0.01 6 0.03 0 0.00 

Total 192 1.00 192 1.00 192 1.00 192 1.00 192 1.00 192 1.00 192 1.00 192 1.00 

Ranking score* 130  68  278  175  7  168  298  11  

Rank 5  6  2  3  8  4  1  7  

Rank 

 

Lion 

 

Cheetah 

 

Leopard 

 

Brown 

Hyena 

 

Spotted 

Hyena 

 

Wild dog 

 

Jackal 

 

Caracal 

 

N prop n prop n prop n prop n prop n prop n prop n prop 

0 63 0.94 35 0.52 20 0.30 60 0.90 67 1.00 59 0.88 28 0.42 63 0.94 

1 4 0.06 18 0.27 29 0.43 0 0.00 0 0.00 4 0.06 15 0.22 0 0.00 

2 0 0.00 8 0.12 9 0.13 5 0.07 0 0.00 1 0.01 13 0.19 3 0.04 

3 0 0.00 5 0.07 7 0.10 2 0.03 0 0.00 3 0.04 9 0.13 0 0.00 

4 0 0.00 1 0.01 2 0.03 0 0.00 0 0.00 0 0.00 2 0.03 1 0.01 

Total 67 1.00 67 1.00 67 1.00 67 1.00 67 1.00 67 1 67 1.00 67 1.00 

Ranking score* 4  53  76  16  0  15  76  10  

Rank 7  3  1  4  8  5  1  6  
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Experience of Livestock Losses 

Of the 310 respondents, 244 (78.7%) reported having lost livestock to carnivores in the 

preceding months, while 66 (21.3%) did not report loss of livestock.  A significantly greater 

percentage of respondents from cattleposts (83.2%) reported livestock loss as compared 

to those from fenced ranches (65.4%; 2= 82.6; df=1; P<0.05). However, there was no 

significant difference in the mean number of livestock lost over the preceding 12 months, 

per respondent on cattleposts or fenced ranches (Mann-Whitney U test; Z = -0.68; P>0.05; 

Table 4.19).  

 

There was no significant relationship between gender ( 2= 3.51; df=1; P>0.05), number in 

family (Mann-Whitney U test; Z = -1.49; P>0.05) or monthly income (Mann-Whitney U 

test; Z = -1.16; P>0.05) and whether or not (yes or no) respondents lost livestock. 

Respondents who had not lost livestock were significantly older than those who had (t-

test; t= -2.28; df=286; P<0.05; Figure 4.27).   

 Mean 

 Mean±SE 

 Mean±1.96*SE 

Y N

lost

40

42

44

46

48

50

52

54

a
g
e

 

Figure 4.27.  The relationship between respondent’s age and whether or not they had 
experienced stock loss.  
 

There was no significant relationship between gender (Mann-Whitney U test; Z = 0.49; 

P>0.05), age (Rs=-0.02, P>0.05), number in family (Rs=-0.03, P>0.05), monthly income 

(Rs=0.04, P>0.05) or level of education (KW ANOVA; H 3,291 = 2.05; P>0.05) and mean 

annual stock loss. 
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Table 4.19. Summary of the percentage of respondents reporting livestock loss.  
n = number in that category reporting loss. 

 Livestock Loss Mean no. Proportion 
 n % livestock lost livestock lost 

All respondents 244 78.7 4.2 ±6.8 11.2 ±18.9 

Cattleposts 193 83.2 3.9 ±6.8 14.2 ±19.9 
Fenced ranches 51 65.4 5.0 ±6.8 2.3 ±18.9 

Male 163 75.8 4.5 ±7.6 10.2 ±19.7 
Female 81 85.3 3.5 ±4.5 13.5 ±16.7 

Education level                        None 89 88.1 3.8 ±6.3 14.0 ±19.4 
Primary 39 69.6 3.5 ±5.4 8.7 ±16.8 

Secondary 80 75.5 4.2 ±5.7 13.4 ±21.7 
Tertiary 18 64.3 5.6 ±7.6 1.3 ±2.8 

Source of income     Farm products                                                 84 73.7 4.9 ±8.9 8.2 ±15.8 
Veld products 18 90.0 6.5 ±8.9 24.5 ±28.9 

Wildlife products 34 100.0 3.1 ±3.1 18.9 ±22.8 
Employment 38 84.4 3.3 ±4.6 10.2 ±13.2 

Own business 46 75.4 4.1 ±5.4 7.2 ±12.9 
Mixed income 24 78.7 2.9 ±3.5 14.2 ±25.6 

 

There was a relationship between highest education level and whether or not 

respondents had experienced stock loss ( 2 =11.62, df=3, P<0.01) with respondents who 

had no schooling reporting stock loss significantly more often than those who had 

received primary, secondary or tertiary education (P<0.05; Table 4.19).  

There was a significant relationship between source of income and whether or not stock 

loss was experienced ( 2 =20.9, df=5, P<0.01; Table 4.20). A smaller proportion of 

respondents who received an income from employment and the sale of farm products had 

experienced stock loss than those in their own business and veld product groups.  

 
Table 4.20. Summary of the relationship between source of income and whether or not 
stock loss had been experienced.  

Source of 
income 

YES NO 
N prop n prop 

Employment 46 0.75 15 0.25 
Mixed 48 0.80 12 0.20 
Own Business 76 0.92 7 0.08 
Farm products 84 0.74 30 0.26 
Veld products 34 1.00 0 0.00 
Wildlife products 18 0.90 2 0.10 
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Respondents who had experienced stock loss had significantly greater Management 

Indices (Cattle: t = -3.68; df=277; p<0.05, Smallstock: Mann-Whitney U test; Z = -3.50, 

P<0.01), Tolerance Index (Mann-Whitney U test; Z = 2.63; P<0.01) and Carnivore Index (t = 

3.78; df=308; P<0.05) than those that had not lost livestock (Table 4.21). 

 
Table 4.21. The relationship between livestock loss and Management, Tolerance and 
Carnivore Presence Indices (n = number of respondents, SD in brackets). 
 

 
          Yes            No 

 
n Mean n Mean 

Management Index Cattle 219 8.8 (±4.0) 60 6.7 (±3.5) 
Management Index Smallstock 202 13.6 (±5.2) 47 10.3 (±5.7) 
Tolerance index 244 3.4 (±1.9) 66 2.7 (±2.1) 
Carnivore Presence Index 244 17.2 (±7.2) 66 13.2 (±8.7) 

 

Conflict Incident Reports  

Respondents were asked to detail their conflict experiences over the last year of their 

operations. A total of 1325 livestock were lost in the preceding 12 months (Figure 4.28), in 

303 separate conflict incidents. The mean total number of livestock lost to predation per 

respondent was 4.3 (±6.9; range 0-63) animals in a 12 month period (Table 4.22), 

representing approximately 0.9% of mean total livestock owned.  

 
Table 4.22. Total livestock owned lost to carnivores. (SD in brackets) 
 

 
Mean Median Range Sum 

total livestock owned 452.4(±1291.5) 62.0 0-14200 140234 

total livestock lost to carnivores 4.3(±6.9) 2.0 0-63 1325 
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Figure 4.28. Frequency of numbers of livestock lost to carnivores as reported by 
respondents. 
 

There was a weak but significant, positive correlation between the number of livestock 

lost to carnivores per respondent and the Cattle Management (Rs = 0.16, P<0.01) and 

Carnivore Indices (Rs = 0.15, P<0.01) but not Smallstock Management (Rs=0.08, P>0.05) or 

Tolerance Indices (Rs = 0.007, P>0.05). When stock loss was expressed as a proportion of 

total livestock owned, there was a weak but significant correlation with Cattle 

Management (Rs = 0.27, P<0.05), Tolerance Indices (Rs=0.14, P<0.05) but not with the 

Carnivore Index (Rs = 0.11; P>0.05) or Smallstock Management Index (Rs = 0.024, P>0.05). 

 

There was no significant relationship between gender and the total number of livestock 

lost (Mann-Whitney U test; Z = -0.49; P>0.05) but there was a significant difference in the 

proportion of livestock lost (Mann-Whitney U test; Z = -3.38, P<0.01) with females 

experiencing higher levels of loss than males.  

Farm type had a significant effect on proportion of livestock lost (Mann-Whitney U test; Z 

= 6.21; P<0.05) with a greater proportion being lost from cattleposts than from fenced 

ranches (Mann-Whitney U test; Z = -0.68; P>0.05).  

There was no significant relationship between total stock loss and level of education (KW 

ANOVA; H3,291 = 2.05; P>0.05) however, proportional stock loss was related to education 
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level (KW ANOVA; H3,291
 = 18.59; P<0.01). Respondents who had received tertiary 

education reported significantly less stock loss as a proportion of total livestock holdings 

than those with no schooling or secondary schooling (Figure 4.29).  
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Figure 4.29. Proportional losses over the last 12 months in different education group. 
(Data are mean ±95%CI) 
 

Livestock Species Taken 

Of the respondents, 236 reported livestock loss with 303 events of loss and 1325 animals 

killed. Most predation events were of goats and cattle with more than twice as many 

goats being killed than cattle (Table 4.23).  

 
Table 4.23. Summary of Livestock Species Taken by Carnivores in last 12 months.  
(n = sample size).  

 Depredation events Livestock lost 
 N % N % 

Cattle 126 41.6 372 28.1 
Goats 143 47.2 864 65.2 
Sheep 19 6.3 56 4.2 
Horses 6 2.0 10 0.8 
Poultry 6 2.0 17 1.3 
Donkeys 3 1.0 6 0.5 
Totals 303  1325  
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There was a significant difference in the proportions of adults and young killed of the 

livestock species ( 2 = 164.75; df=10; P<0.05). Adult sheep were predated upon more 

often than young, while for cattle and goats the young were killed more often than adults 

(Table 4.24).  

 

Table 4.24. Summary of the numbers of adult and young livestock killed by predators.  In 
the mixed age group; livestock killed were of mixed ages.  

Age 

cattle goat sheep horse fowl donkey 

N prop N prop N prop N prop N prop N prop 

adult 51 0.17 153 0.20 33 0.60 3 1.0 11 1.0 4 1.0 

young 228 0.78 444 0.58 19 0.35 0 0 0 0 0 0 

mixed 14 0.05 167 0.22 3 0.05 0 0 0 0 0 0 

total 293 1.00 764 1.00 55 1 3 1 11 1 4 1 

 

There was no clear preference for gender of the livestock killed, although in 140 single sex 

depredation reports, females (79; 56.5%) were taken slightly more often than males (61; 

43.6%).  

 

Carnivore Species Responsible 

Of the 303 predation events reported by respondents over the preceding 12 months, 

leopards were reported to be responsible for the greatest number of depredation events, 

followed by jackals, cheetahs and wild dogs (Table 4.25). 

 
Table 4.25. Summary of Carnivore Species identified as being responsible for livestock 
losses in the preceding 12 months. (n = number of respondents reporting loss to that 
predator species). 

Species n % 

leopard 91 30 
jackal 84 27.7 
cheetah 42 13.9 
wild dog 42 13.9 
brown hyena 22 7.3 
lion 19 6.3 
spotted hyena 2 0.7 
caracal 1 0.3 
Total 303 
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Circumstances of Predation 

Over the preceding 12 months, the majority of livestock losses occurred during the winter 

months (62%) compared to summer (38%). Depredation took place throughout the day 

and night, although a greater number of events occurred at night (41%), followed by the 

afternoon (35%) and morning (24%). The majority of cases occurred in the veld (82%) as 

opposed to in the kraals (16%) and 85% of depredation events happened in the absence of 

a herder (85%) (Table 4.26). 

 

Table 4.26. Summary of common circumstances of attacks on livestock. 

 

Respondents were also asked if they perceived livestock losses to have been seasonal over 

the last ten years. The majority of respondents confirmed that winter was the most 

common season for livestock losses (57%), while only 14% regarded summer as the period 

of more frequent conflict. Twenty nine percent reported they experienced livestock losses 

all year round. 

 

Proportional Livestock Losses to Predation and other causes 

Respondents were asked to detail their total livestock losses to all causes, over the 

preceding 12 months. Overall, predation was perceived to be responsible for 46% of all 

annual livestock losses, followed by disease, theft, starvation during drought, accidents 

and calving problems (Table 4.27). There was a significant difference between cattleposts 

and fenced ranches ( 2 = 99.49; df=5; P<0.05), and predation and starvation were greater 

causes of death on cattleposts than on fenced ranches (Table 4.27). Disease and calving 

were greater causes of death on fenced ranches than on cattleposts (Table 4.27).  

 

 
Time of day Location Presence of herder 

Season n % 
 

n % 
 

n %  n % 

summer 89 37.71 morning 60 24.39 veld 214 82.31 present  10 14.9 

winter 147 62.29 afternoon 86 34.96 kraal 41 15.77 absent 139 85.1 

   
night 100 40.65 borehole 3 1.15    

      
road 2 0.77    
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Table 4.27.  Summary of the reported causes of livestock death on cattleposts and ranches.  
 

Causes of death Cattlepost Fenced Ranch Combined 
N prop N prop N prop 

Predation 933 0.49 392 0.41 1325 0.46 
Disease 404 0.21 305 0.32 709 0.25 
Calving 57 0.03 67 0.07 124 0.04 
Accident 123 0.06 36 0.04 159 0.06 
Starvation 215 0.11 50 0.05 265 0.09 
Theft 168 0.09 109 0.11 277 0.10 
Total 1900  959  2859  

 

Value of Livestock Losses to Predation 

The total value of livestock loss to all causes in the preceding year was BWP 922,115.00. 

Respondents reported that predation was the cause of considerable financial losses (BWP 

1673 ±4086 per respondent) with a total value of BWP 379,665.00(Table 4.28).   

 
Table 4.28. Value of livestock losses per year. (n=226 respondents, SD in brackets). 
 

 
Mean Range Sum 

value of total livestock losses (BWP) 4062 (±6931) 0-58250 922115 

value of livestock losses to carnivores (BWP) 1673 (±4086) 0-49289 379665 
proportion of income lost to predation (%) 31% (±37%) 0-100 - 

 

There was a weak but significant correlation between the value of livestock lost and the 

Carnivore Index (Rs = 0.17; P<0.05). There was no significant correlation between the 

value of stock lost to carnivore depredation and the Cattle Management Index (Rs = 0.11; 

P>0.05), Smallstock Management Index (Rs = 0.025; P>0.05) or the Tolerance Index (Rs = 

0.05, P>0.05). When losses were expressed as a proportion of income, there was a 

significant positive correlation with the Cattle Management Index (Rs = 0.21, P<0.05) and 

the Carnivore Index (Rs = 0.17; P<0.05). However, there was no significant correlation with 

the Smallstock Management Index (Rs = -0.02; P>0.05) or Tolerance Index (Rs = 0.02, 

P>0.05). 
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Trends in Levels of Livestock Loss 

Of 310 respondents, 150 (48.4%) believed that levels of livestock loss had increased over 

the last 10 years (Table 4.29).  

 

Table 4.29. Perceived trends in conflict over the last 10 years. (n = number of respondents). 

Trends n % 

decrease 21 6.8 
stable 44 14.2 
increase 150 48.4 
unknown 95 30.6 

 

There were no significant relationships between perceived change in stock loss and the 

Cattle Management (F2,190 = 2.85; P>0.05), Smallstock Management (F2,169 = 1.07; P>0.05), 

Tolerance (KW ANOVA; H2,215 = 1.09; P>0.05) or the Carnivore Indices (F2,212=2.07; P>0.05).  

 

Actions Taken in Response to Livestock Losses 

The majority of respondents took some form of action after a depredation event. These 

included reporting the loss to DWNP (58.1%) or to the owner (1.6%); while only 3.9% 

admitted to shooting a carnivore. No action at all was taken by 8.4% of respondents. 

(Figure 4.30). Twenty eight percent of respondents did not wish to answer this question as 

government prosecution can take place if a carnivore is removed without DWNP permits 

and permissions. 
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Figure 4.30. Summary of actions taken in response to livestock loss. 

 

There was a significant relationship between the action taken to stock losses and the 

Cattle Management Index (ANOVA; F7,271 = 5.76; P<0.01; Figure 4.26), and those who 

reported incidents to the DNWP had significantly higher Cattle Management Indices than 

those who did not respond or shot the predator (Figure 4.31).   
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Figure 4.31. The relationship between action taken in response to stock loss and the Cattle 
Management Index. Data are means with 95% CI.  
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For Smallstock, there was a significant relationship between management and the action 

taken (H 6,249 = 15.8; P<0.01). The only significantly difference was for those who reported 

incidents to the DWNP whose Smallstock Management Index was greater than those who 

did not respond (Figure 4.32). 
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Figure 4.32. The relationship between action taken in response to stock loss and the 
Smallstock Management Index. Data are means with 95% CI.  
 

There was a significant relationship between the action taken to losses and the Tolerance 

Index (KW ANOVA; H7,310 = 43.47; P<0.05) and those who reported the incident to the 

DNWP had a significantly greater Tolerance Index than those who did not respond. No 

other pairs were significantly different (P>0.05 for all).  

 

There was also a significant relationship between the action taken to losses and the 

Carnivore Index (F7,302 = 8.19; P<0.05) and those who shot carnivores had significantly 

higher Carnivore Index than those who did not respond, did nothing or reported the 

incident to the DWNP (Figure 4.33). 
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Figure 4.33.  The relationship between action taken in response to stock loss and the 
Carnivore Index. Data are means with 95% CI.  
 

Respondents were also asked if they had removed a carnivore over the last 10 years. The 

majority claimed they had not removed a carnivore (51.0%) while 23.9% admitted they 

had done so. The most common method of removal was shooting (36.4%), 29.1% used 

box and gin traps to trap and then killed the carnivore, 20% drove the carnivore away with 

the assistance of DWNP, 9.1% hunted the culprit with dogs and 5.5% used poisoned 

carcasses. There was no significant relationship between whether or not a carnivore was 

removed (Mann-Whitney U test; Z=-0.09, P>0.05) or method of removal (KW ANOVA; H6,55 

= 6.07; P>0.05) and the Tolerance Index. As expected, the respondents who had a 

predator removed had a significantly higher Conflict Index than those who had not (t = -

2.12; df= 230; P<0.05).  
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Compensation 

Respondents were asked if they had received compensation for their losses over the last 

12 months and 77 (31.3%) respondents answered yes. There were significant relationships 

between compensation and Conflict Index, with compensated respondents having higher 

Conflict Index than those who had not  (Yes x̄=7.1, ±1.5; No x̄=4.9, ±2.9; t = -8.51; df=308; 

P<0.01), Cattle Management Index (Yes x̄=9.0, ±3.7; No x̄=7.9, ±4.1; t=-2.10; df=277; 

P<0.05), Tolerance Index (Yes x̄=13.8, ±5.4; No x̄=12.7, ±5.4; Z=-3.03 P<0.01) and 

Carnivore Index (Yes x̄= 18.6 ± 1.3; No x̄= 15.3 ± 1.7; t=-3.66; df=308; P<0.05).  The 

relationship between compensation and Smallstock Management Index was not 

significant (Mann-Whitney U test; Z=-1.57 P>0.05). 

 

Key Results Summary – Predation, Conflict and Livestock Losses 

Of all losses due to any reason over the last 12 months predation was the most often 

reported, followed by disease, theft, lack of grazing and drought. Respondents reported 

that the worst problems for farmers were predation, disease, lack of grazing, drought and 

theft. This varied between cattleposts and ranches, with disease being a greater problem 

on cattleposts than on ranches, while lack of grazing was more often a problem on 

ranches than on cattleposts. Cattleposts reported that lions, brown hyenas, wild dogs and 

jackals were a problem more often than respondents from ranches, while respondents on 

ranches reported greater problems with cheetahs. Cattleposts reported more incidents of 

losses although there was no difference in average number of livestock lost. Mean annual 

stock loss was not related to gender, age, number in family, education, income or source 

of income, although respondents who had not experienced stock loss were older than 

those that had lost livestock. Those with no schooling reported losses more often than 

those with any level of education. More loss reported by respondents who made a living 

from veld products and own business than employment and the sale of farm products. 

Those that had lost livestock had higher Carnivore, Management and Tolerance Indices. 

The number lost was weakly positively correlated to the Carnivore Index and both the 
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number lost and proportion of total livestock holdings lost were weakly positively 

correlated to the Cattle Management Index.  

Although there was no difference in total livestock lost between genders, the proportional 

loss was greater for female respondents. Greater proportional loss also occurred on 

cattleposts than ranches. Other socio-economic variables did not affect proportional loss 

except education where those with some tertiary education reported the loss of a smaller 

proportion of their total livestock holdings than other education groups. The proportion of 

income lost to predation was positively correlated with Carnivore and Cattle Management 

Indices. 

Adult goats and cattle were predated upon the most, while females were taken slightly 

more than males. The carnivore species responsible for most losses over the preceding 12 

months were leopards, jackals, cheetahs and wild dogs. Livestock losses were more 

common in winter, at night, out in the veld away from kraals and in the absence of a 

herder.  

Most respondents perceived livestock loss to be increasing over time although this was 

correlated with any of the indices. Most respondents claimed that they reported losses to 

DWNP rather than removing or shooting a carnivore, and this group had higher 

Management and Tolerance Indices. However, over the preceding 10 years 24% of 

respondents had removed a predator and most commonly through shooting. Individuals 

who had received compensation had higher Tolerance Conflict, Cattle Management and 

Carnivore Indices.  
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4.7 Relationship between Perceptions and the Indices  

Attitudes 

Most respondents had a negative attitude towards living with carnivores, with 55.8% 

disliking them and a further 9.4% killing them whenever possible (see Methods 3.2.1 for 

definitions). A positive attitude was reported by 26.5% of respondents with 21.9% liking 

carnivores and 4.5% believing them to be a benefit to the region (Table 4.30). 

 

Table 4.30. Respondents’ attitudes to carnivore species. (n = number of respondents). 
 

Attitude n % 

kill 29 9.4 
dislike 173 55.8 
like 68 21.9 
benefit 14 4.5 
unsure 26 8.4 

 

There was a significant positive relationship between attitude and Cattle Management 

Index (ANOVA; F4,274= 3.82; P<0.01; Figure 4.34) and level of cattle management was 

significantly higher for respondents who claimed to like carnivores than those that killed 

them.  
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Figure 4.34. The relationship between attitude and cattle management Index. Data are 
means with 95% CI. 
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Similarly, there was a significant positive relationship between attitude and Smallstock 

Management Index (KW ANOVA; H4,249 = 13.61; P<0.05; Figure 4.35). Values were 

significantly higher for respondents who claimed to like carnivores than those who killed 

them.  
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Figure 4.35. The relationship between attitude and smallstock management Index. Data 
are means with 95% CI.  
 
Since there was a significant relationship between the respondents’ attitude towards 

carnivores and the Management Indices, and it is assumed that good management is a 

goal, then an important question is what drives attitude.  

Attitude differed significantly between farm types ( 2 = 25.84; df=4; P<0.05; Table 4.31). A 

greater proportion of respondents from cattleposts claimed to dislike carnivores than 

those from fenced ranches while a greater proportion of respondents from fenced 

ranches claimed to like carnivores.  
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Table 4.31. The relationship between attitude towards carnivores and farm type.  

 

 

Cattlepost Fenced ranch 

 

N prop N prop 

Benefit 8 0.03 6 0.08 

Like 44 0.17 24 0.31 

Dislike 146 0.58 27 0.35 

Kill 42 0.17 8 0.10 

Unknown 13 0.05 13 0.17 

Totals 253 1.00 78 1.00 

 

There was no significant effect of gender on attitude ( 2 = 5.72; df=4; p>0.05) or of age 

(ANOVA; F4,283 = 0.15; P>0.05). There was a relationship between number in family and 

attitude (KW ANOVA; H4,221 = 9.8; P= 0.043) where respondents who saw a benefit in 

carnivores had a significantly larger family size than those who were unsure (P<0.05; no 

other pairs significantly different).  

There was no relationship between monthly income and attitude towards predators (KW 

ANOVA; H4,197 = 7.66; P>0.05) or between the source of that income and attitude (KW 2 = 

23.22, df=20, P>0.05).   

 

Respondents’ attitude towards predators was significantly related to education levels 2 = 

21.4, df= 12, P= 0.045). Those with tertiary education had the highest proportion of 

respondents who saw benefit in predators and who liked predators, and the lowest 

proportion that disliked them. However, respondents with no education had the lowest 

proportion that reported killing predators (Table 4.32). 
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Table 4.32.  The relationship between schooling of the respondents and their attitude 
towards carnivores. 
 

Schooling 
                                      Attitude 
benefit like dislike kill unknown totals 

None 5 19 68 3 6 101 
Primary 2 11 29 8 6 56 
Secondary 4 26 54 14 8 106 
Tertiary 3 7 9 4 5 28 

Proportions 
 

 
    None  0.05 0.19 0.67 0.03 0.06 1 

Primary 0.04 0.20 0.52 0.14 0.11 1 
Secondary 0.04 0.25 0.51 0.13 0.08 1 
Tertiary 0.11 0.25 0.32 0.14 0.18 1 

 

There was no significant relationship between the total number of livestock owned and 

attitude (KW ANOVA; H4,304 = 0.21; P>0.05) or between the proportion of livestock lost to 

predation and attitude towards predators (KW ANOVA; H4,184 = 4.8; P>0.05).  

 

There was a significant relationship between attitude and whether or not the respondents 

had received compensation ( 2 = 24.99, df=4, P>0.0005).  The proportion of those who 

had received compensation, who disliked predators, was almost double that of those who 

had not received compensation yet of those who received compensation, a very low 

proportion claimed that they would kill a predator (Table 4.33).  

 

Table 4.33.  The relationship between attitude towards carnivores and whether or not the 
respondents had received compensation. 
 

compensation 

Attitude 

totals benefit dislike kill like unknown 

yes 7 68 1 19 2 97 
no 7 105 28 49 24 213 

Proportions 
      yes 0.07 0.70 0.01 0.20 0.02 1 

no 0.03 0.49 0.13 0.23 0.11 1 
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The reasons stated for negative perceptions towards carnivores were that they were a 

threat to livestock (57.7%) and a threat to human life (21.1%). Reasons for positive 

attitudes were that they were an assett for tourism (9.9%), part of nature and the 

environment (9.4%) and a resource for future generations (1.9%). 

 

Overall 68.4% of respondents believed carnivores were a national resource to the country. 

There was no significant difference in Conflict (F1, 259 =2.1 P>0.05), Cattle Management (F1, 

230 = 1.65; P>0.05), or Carnivore Indices (F1,259 =1.7; P>0.05) between those who believed 

carnivores were a national resource and those who did not. However, those who believed 

that carnivores were a national resource had significantly greater Smallstock Management 

Index (KW ANOVA; H1,214 = 13.47 ; P<0.05) than those who did not. 

 

Responsibility of Reducing Conflict 

Respondents were asked to indicate who they felt was responsible for reducing livestock 

losses. Most respondents felt that the responsibility for reducing livestock losses to 

carnivores belonged to the government (45.0%) or farmers (37.9%) with fewer believing 

conservation groups (13.3%) and finally herders (3.8%) were responsible (Table 4.34).   

 

Table 4.34. Summary of how the respondents allocated responsibility for controlling 
livestock loss. 
 

 
Responsibility 

 Respondents conservation farmers government herders 
 n 52 148 176 15 

% 13.30 37.85 45.01 3.84 

Schooling n prop n prop n prop n prop total 

No schooling 17 0.10 67 0.40 78 0.46 7 0.04 169 
Primary 14 0.20 22 0.31 32 0.45 3 0.04 71 
Secondary 16 0.13 51 0.40 56 0.44 5 0.04 128 
Tertiary 5 0.22 8 0.35 10 0.43 0 0.00 23 

 

Perceptions of responsibility were not influenced by farm type ( 2 = 17.4; df = 11; P>0.05), 

gender ( 2 =15.8; df = 11; P>0.05), education level ( 2 = 7.11, df = 9, P >0.05), monthly 
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income (H11,198 = 7.4; P>0.05), source of income ( 2 =3.62, df=5, P>0.05) or total livestock 

owned (H13,310 = 0.48; P>0.05). 

 

Best Solutions to Reduce Conflict 

Respondents were asked to suggest the best solutions (see Methods 3.2.1 for definitions). 

to reduce carnivore conflict (Table 4.35). Suggested best solutions differed significantly 

between the farm types ( 2 =31.7, df =7; P<0.05). A greater proportion of respondents on 

cattleposts favored improved management and compensation than those on fenced 

ranches, while more respondents from fenced ranches favored sustainable use of the 

carnivores than those from cattleposts (Table 4.35).  

 

Table 4.35. The relationship between farm type and suggested best solution to managing 
conflict. Data are numbers and proportions of respondents on each farm type.  
 

Best solution 

   cattlepost fenced ranch 

n prop n prop 

compensate 32 0.15 5 0.08 

conservation 1 0.00 1 0.02 

decrease numbers 20 0.09 2 0.03 

educate 1 0.00 3 0.05 

improve management 79 0.37 14 0.23 

sustainable use 23 0.11 19 0.31 

tourism 3 0.01 4 0.07 

translocation 52 0.25 13 0.21 

Totals 211 1.00 61 1 

 

There was no relationship between gender and suggested best solution ( 2 = 5.33; df= 7; 

P>0.05). There was a significant relationship between level of education and best solution 

( 2 = 40.56; df= 21; p<0.005).  A greater proportion of respondents with no schooling 

suggested improving farm management and translocation of predators than did those 

with tertiary education. A greater proportion of those with tertiary education suggested 

sustainable utilization of the predators and did not support translocation (Table 4.36).  
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Table 4.36. The relationship between schooling and suggested best solution to the 
predator problem.  

Best solution 

Schooling 

 none 1 2 3 

n prop n prop n prop n prop 

compensate 13 0.14 8 0.17 13 0.14 3 0.14 
conservation 0 0.00 1 0.02 0 0.00 1 0.05 
decrease numbers 10 0.11 3 0.06 7 0.07 0 0.00 
educate 1 0.01 1 0.02 2 0.02 0 0.00 
improve management 36 0.40 15 0.32 30 0.32 4 0.18 
sustainable use 8 0.09 5 0.11 17 0.18 9 0.41 
tourism 1 0.01 0 0.00 3 0.03 3 0.14 
translocation 21 0.23 14 0.30 22 0.23 2 0.09 
Totals 90 1.00 47 1.00 94 1.00 22 1.00 

 

There was no significant relationship between annual income of respondents and their 

suggested best solutions to the problems caused by predators (KW ANOVA; H6,178=11.48; 

P>0.05), or between source of income and suggested solutions ( 2 =35.44, df=30, P>0.05). 

There was no relationship between the number of livestock owned and suggested best 

solutions (KW ANOVA; H7,267 = 12.36; P>0.05). 

 

Key Results Summary – Perceptions 

Most respondents had negative attitudes towards living with carnivore. Improved 

attitudes were found amongst those with higher Cattle and Smallstock Management 

indices and a greater proportion of respondents from ranches had a positive attitude 

towards carnivores. Education was significantly related to attitude and those with tertiary 

level education saw the most benefit in carnivores. However, respondents with no 

education had the lowest proportion or respondents which killed predators. Respondents 

who had received compensation for stock loss were more likely to dislike carnivores (but 

very few reported that they would kill them), than respondents who had not received 

compensation. No other factor was significantly related with attitudes.  

The reasons for negative perceptions were the threat to livestock and humans, while 

tourism, being part of nature and important for future generations were reasons for 

positive attitudes. Most respondents felt that carnivores were a national resource and 
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such respondents were had higher Smallstock Management Index. Responsibility for 

livestock conflict was mostly considered to be the governments and farmers followed a 

close second. This perception was not significantly affected by any of the socio-economic 

variables. The best solutions to reduce conflict amongst cattlepost respondents were 

improved management and compensation, while respondents on ranches wanted 

sustainable utilization to be considered. Education also affected this perception with those 

with no schooling favouring farm management and translocation as ideal solutions, while 

tertiary level respondents were against translocation but preferred sustainable utilization. 

 

4.8 Relationship between Wildlife Populations and the Indices  

Trends in Game Populations 

The majority of respondents did not answer this question and of those that did, the 

numbers and proportions who reported an increase, decrease or no change in the 

populations of large and small game animals were similar (Table 4.37). There were no 

significant differences in the proportions, between regions or between large and small 

game animals ( 2 tests, P>0.05 for all).  

 

Table 4.37. Summary of reported trends in the populations of large and small game 
animals in the southeast (SE), Kgalagadi (K) and Ghanzi (G) regions of Botswana. 
 

 
SE K G totals 

 
n p n p n p p n 

Large game animals 
      increase 24 0.25 5 0.38 11 0.52 40 0.31 

stable 25 0.26 3 0.23 3 0.14 31 0.24 
decrease 29 0.31 4 0.31 6 0.29 39 0.30 
unsure 17 0.18 1 0.08 1 0.05 19 0.15 
Totals 95 1 13 1.00 21 1.00 129 1.00 

Small game animals 
      increase 30 0.30 4 0.29 15 0.45 49 0.34 

stable 32 0.32 4 0.29 3 0.09 39 0.27 
decrease 25 0.25 5 0.36 11 0.33 41 0.28 
unsure 12 0.12 1 0.07 4 0.12 17 0.12 
Totals 99 1 14 1.00 33 1.00 146 1.00 
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There was no significant relationship between Conflict Index and respondents’ 

perceptions of change in wildlife populations for both large (F3,124 = 1.48; P>0.05) and 

small game animals (F3,142 = 2.57; P= 0.56). Perceptions of trends in game populations 

were not significantly related to Cattle Management (Large game ANOVA; F3,124 = 1.40; 

P>0.05;  Small game ANOVA; F3,142 = 0.87; P>0.05), Smallstock Management (small game, 

KW ANOVA; H3,146 = 4.4 P>0.05, large game, H3,128 = 5.2; P>0.05) or Tolerance indices 

(Large game KW ANOVA; H3,128 = 6.58 P>0.05, Small game KW ANOVA; H3,146 = 3.44 

P>0.05). 

 

Presence of Carnivore Species  

Respondents were asked to indicate how often (daily, weekly, monthly) they saw the eight 

focus carnivore species, selecting a single frequency per carnivore. Jackals were sighted 

most frequently (combined daily, weekly, monthly sightings), followed by leopards, brown 

hyenas, wild dogs, cheetahs, caracals, lions and spotted hyenas (Table 4.38). Species with 

regular daily, weekly and monthly sightings were presumed to be more common and 

abundant than species that were reported as seen on a yearly basis. 

 

Trends in carnivore population size 

Respondents were asked if they believed the populations of the eight target carnivore 

species to be increasing, decreasing or stable over the last 10 years. For all species except 

the leopard and jackal, most respondents were uncertain with the level of uncertainty 

ranging from 81% for spotted hyena to 36.5% for the jackal (Table 4.39). Of those who 

reported either a change or a stable population (i.e. excluding the unknown group), 

between 54% and 84% reported increasing populations (Table 4.39). Eighty four percent 

of respondents reported that jackal populations were increasing while between 70 and 

75% of respondents reported that populations of wild dogs, brown hyenas and leopards 

were increasing. By contrast, 29% of respondents reported that lion populations were 

declining while 10-15% of respondents reported declining populations of leopards, 

cheetahs, spotted hyenas, wild dogs and caracal (Table 4.39). 
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Table 4.38. Carnivore sighting frequencies for main conflict species in WKCC. (n = number of respondents). 
 
 

  Lions Leopards Cheetahs 
Brown 
Hyenas 

Spotted 
Hyenas Wild Dogs Caracals Jackals 

Frequency n % n % n % n % n % n % n % n % 

daily 4 1.3 7 2.3 0 0 19 6.1 0 0 15 4.8 0 0 103 33.2 

weekly 4 1.3 33 10.6 7 2.3 36 11.6 3 1 29 9.4 14 4.5 79 25.5 

monthly 13 4.2 69 22.3 37 11.9 43 13.9 14 4.5 29 9.4 13 4.2 53 17.1 

 sum of daily – monthly  21 6.3 109 26.0 44 12.4 98 24.0 17 5.2 73 19.1 27 8.0 235 43.1 

every 3 months 15 4.8 43 13.9 12 3.9 24 7.7 11 3.5 19 6.1 10 3.2 18 5.8 

every 6 months 23 7.4 34 11 32 10.3 17 5.5 16 5.2 19 6.1 10 3.2 8 2.6 

yearly 46 14.8 20 6.5 33 10.6 17 5.5 19 6.1 21 6.8 17 5.5 1 0.3 

every few years 0 0 2 0.6 1 0.3 1 0.3 1 0.3 5 1.6 2 0.6 1 0.3 

never 127 41 30 9.7 120 38.7 72 23.2 186 60 53 17.1 117 37.7 11 3.5 

unknown 78 25.2 72 23.2 68 21.9 81 26.1 60 19.4 120 38.7 127 41 36 11.6 
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Table 4.39. Trends in carnivore populations for the main conflict species (n = number of 
respondents). The first % column is number of respondents as a percentage of all 
respondents. The second % column is number of respondents as a percentage of all 
respondents excluding the unknown group. 
 

 increase stable decrease unknown 

n % % n % % n % % n % 

Lion 69 22.3 57.5 16 5.2 13.3 35 11.3 29.2 190 61.3 
Leopard 131 42.3 70.8 27 8.7 14.6 27 8.7 14.6 125 40.3 
Cheetah 67 21.6 62.6 24 7.7 22.5 16 5.2 14.9 203 65.5 
Brown Hyena 93 30.0 73.2 72 7.1 17.3 12 3.9 9.5 183 59.0 
Spotted Hyena 35 11.3 60.3 17 5.5 29.3 6 2 10.3 252 81.3 
Wild dog 95 30.7 75.4 13 4.2 10.3 18 5.8 14.3 184 59.4 
Caracal 40 12.9 54.8 22 7.1 30.1 11 3.6 15.1 237 76.5 
Jackal 166 53.6 84.3 20 6.5 10.2 11 3.6 5.6 113 36.5 

 

There was a significant relationship between the perceived changes in lion abundance 

and Conflict Index and (F3,306 = 13.60; P<0.05) with those believing that lion numbers 

were increasing, having a significantly greater Conflict Index than those who thought 

numbers were stable or who were unsure (P<0.05). There were also significant 

relationships between perceived changes in spotted hyena abundance (F3,306 = 3.19; 

P<0.05) and caracal abundance (F3,306 = 3.12; P<0.05) and the Conflict Index, but no 

pairs were significantly different (P>0.05 for all). There were no significant 

relationships between perceived changes in the abundances of cheetahs, (F3,306 = 2.51; 

P>0.05), Leopards (F3,306 = 0.59; P>0.05), brown hyenas (F3,306 = 0.75; P>0.05), wild 

dogs (F3,306 = 0.86; P>0.05) or jackals (F3,305 = 0.36; P>0.05) and the Conflict Index.  

 

There were significant relationships between the perceived changes in the abundances 

of brown hyenas (F3,275 = 7.27; P<0.05), spotted hyenas (F3,275 = 3.47; P<0.05)  and wild 

dogs (F3,275 = 3.56; P<0.05) and the Cattle Management Index with respondents who 

perceived increasing predator populations having significantly higher Cattle 

Management Index than others.  There was no significant relationship between 

perceived changes in the abundances of Lions (F3,275 = 0.99; P>0.05),  Cheetahs (F3,275 = 

1.22; P>0.05), Leopards F3,275 = 0.82; P>0.05) and Caracals (F3,275 = 0.79; P>0.05) and 

the Cattle Management Index. 
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The Smallstock Management Index was significantly related to perceived changes in 

the abundance of cheetahs (H3,249 = 7.93; P = 0.47), brown hyenas (H 3,249 = 26.85; 

P<0.05), caracals (H 3,249 = 15.61; P<0.05) and jackals (H 3,249 = 38.18; P<0.05) and in all 

cases, respondents who perceived an increase in predator population had significantly 

higher Smallstock Management Index than those who did not. The relationship was 

not significant for lions (H 3,249 = 3.66; P>0.05), leopards (H3,249 = 3.19; P>0.05, spotted 

hyenas (H3,249 = 6.25; P>0.05) or wild dogs (H3,249 = 5.30; P>0.05).  

 

Key Results Summary – Wildlife Populations 

There was a general lack of local knowledge and a high proportion of respondents 

were unsure. No clear trends were reported for populations of small or large game 

species and where there were trends, these were not related to any of the Indices.  

For the carnivore species, most respondents were uncertain, but where trends were 

reported they were of increasing populations. Respondents who perceived increasing 

lion populations had significantly greater Conflict index than respondents who 

perceived a stable or declining lion population. Respondents who perceived increases 

in the populations of brown hyenas, spotted hyenas and wild dogs had significantly 

higher Cattle Management Indices. Respondents who perceived increases in cheetah, 

brown hyenas, caracals and jackal populations had significantly greater Smallstock 

Management Indices. Of those reporting declining populations, lions were most often 

reported to be declining.  
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Chapter 5 

5. Spatial Analysis Results  

 

5.1 Spatial analyses of key socio-economic characteristics  

Although there were three locations and three land use types, only two land use types 

occurred in the Kgalagadi and as a result it was not possible to use two way ANOVAs.  

There was a significant relationship between location and livestock holdings (KW 

ANOVA, H2,304 = 33.12; P<0.05) with  livestock holdings being significantly greater in 

Ghanzi than in the Kgalagadi (P<0.05).  There was also a significant effect of land use 

type (KW ANOVA, H2,304 = 84.29; P<0.05) with significantly more livestock on the 

fenced ranches than on communal or WMA areas (Figures 5.1 & 5.2).  
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Figure 5.1. The relationship between location, land use and total livestock holdings. 
Data are means with 95% CI’s.  
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Figure 5.2. Distribution of respondents’ livestock holdings throughout study area. 

 

Education levels and monthly income did not vary significantly with location. However, 

the source of income did ( 2 = 73.3; df = 10; P<0.0005; Table 5.1), with more 

respondents in Ghanzi and Kgalagadi making an income from the sale of veld and 

wildlife products than the South East, while in the South East a greater proportion of 

respondents made an income through formal employment. 

 

Table 5.1. The relationship between source of income and location. Data are the 
number of respondents indicating each source of income. 
 

Source of income 

Ghanzi Kgalagadi South East 

number proportion number proportion number proportion 

employment 5 0.05 10 0.12 46 0.35 

mixed 11 0.12 11 0.13 14 0.11 

own business 8 0.08 16 0.19 21 0.16 

sale of farm products 39 0.41 27 0.32 48 0.37 

sale of veld products 17 0.18 15 0.18 2 0.02 

sale of wildlife products 15 0.16 5 0.06 0 0.00 

Totals 95 
 

84 
 

131 
  

Kgalagadi 

Ghanzi 

South East 
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Education level ( 2 =40.45; df = 6; P<0.05) and monthly income (H2, 197 = 8.33; P<0.05) 

varied with land use, and communal areas and WMAs reported lower levels of 

education (Table 5.2) and monthly income (Figure 5.3) than ranches.  

 

Table 5.2. The relationships between land use and level of schooling reported by 
respondents. Data are the number of respondents reporting a level of education. 
 

schooling 

Communal areas Ranch WMA 

number proportion number proportion number proportion 

no schooling 48 0.48 8 0.29 32 0.45 

primary 19 0.19 9 0.33 4 0.06 

secondary 29 0.29 3 0.11 33 0.46 

tertiary 3 0.03 7 0.26 2 0.03 

Totals 99 
 

27 
 

71 
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Figure 5.3. Income levels of respondents from different land uses. Data are means with 
standard errors and standard deviations.  
 

Source of income also differed, and in communal areas and WMA’s, the sale of veld 

and wildlife products were more important than on ranches ( 2 =24.68; df 10; P<0.05; 

Table 5.3). Formal employment and the sale of farm products were more important on 

ranches. 
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Table 5.3. The relationship between source of income and land use types. Data are the 
number of respondents indicating each income source.   
 

Source of income 

Communal land WMA Ranch 

number proportion number proportion number proportion 

employment 21 0.2 5 0.1 7 0.3 

mixed 11 0.1 7 0.1 2 0.1 

own business 16 0.2 15 0.2 6 0.2 

sale of farm products 30 0.3 16 0.2 12 0.4 

sale of veld products 13 0.1 20 0.3 0 0.0 

sale of wildlife products 8 0.1 8 0.1 0 0.0 

Totals 99 
 

71 
 

27 
  

 

5.2 Location, land use and conflict 

There were significant relationships between location (F 2,307 = 34.9; P<0.005; Table 

5.4; Figures 5.4 & 5.5) and land use (F 2,307 = 30.10; P<0.005; Table 5.5; Figures 5.4 & 

5.5) and the Conflict Index. Conflict was significantly greater in the Kgalagadi than the 

other areas and significantly greater in Ghanzi than the South East (P<0.05 for all 

pairs). The Conflict Index was significantly lower on ranches than the other land use 

types and significantly greater in Wildlife Management Areas (P<0.05 for all pairs).  

 

Table 5.4. Mean Index Values for the different regions surveyed. (n = number of 
respondents, SD in brackets).  
 

Indices 
South East Kgalagadi Ghanzi 

n mean n mean n mean 

Conflict Index 131 4.8 (±2.9) 84 8.3 (±3.0) 95 7.2 (±3.6) 
Cattle Management Index  125 8.1 (±4.0) 67 9.6 (±3.7) 87 7.6 (±4.0) 

Smallstock Management Index  111 13.0 (±5.7) 70 14.2 (±4.4) 68 11.7 (±5.7)) 
Tolerance index 131 2.7 (±2.0) 84 4.1 (±1.8) 95 3.3 (±1.9) 
Carnivore Presence Index 131 15.5 (±7.9) 84 16.8 (±7.1) 95 17.2 (±7.8) 
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Table 5.5. Mean Index Values for the different land use types surveyed. (n = number of 
respondents, SD in brackets). 
 

Indices 
Communal Ranches WMA 

n mean n mean n mean 

Conflict Index 161 6.3 (±3.5) 72 4.7 (±2.7) 77 8.7 (±2.9) 
Cattle Management Index  147 8.8 (±4.1) 69 6.3 (±3.1) 63 9.2 (±3.9) 
Smallstock Management Index  138 12.9 (±5.5) 54 13.4 ±5.2) 57 12.8 (±5.5) 
Tolerance index 161 3.1 (±2.0) 72 2.8 (±1.8) 77 4.1 (±1.9) 
Carnivore Presence Index 161 15.3 (±7.8) 72 17.9 (±8.3) 77 17.0 (±6.5) 
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Figure 5.4. The relationship between location, land use type and the Conflict Index. 
Data are means with 95% CI’s.  
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Figure 5.5. Distribution of respondents’ conflict levels throughout study area.  
 

 

5.3 Location, land use and livestock management  

The Cattle Management Index was significantly higher in the Kgalagadi than Ghanzi 

which was not significantly different from the South East (H2,310 = 21.90; P<0.05; Figure 

5.6) however, there was no significant effect of location on Smallstock Management 

Index (H2,310 = 1.42; P>0.05; Table 5.4). The Cattle Management Index was significantly 

lower on ranches than in communal areas and WMAs (H2,310 = 27.47; P<0.05; Table 5.5; 

Figure 5.6). There was no effect of land use on Smallstock Management Index (H2,310 = 

3.27; P>0.05).  

Ghanzi 

Kgalagadi 

South East 
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Figure 5.6. The relationship between location, land use type and the Cattle 
Management Index.  Data are means with 95% CIs.  
 
 

5.4 Location, land use and tolerance  

There was a significant effect of location on Tolerance Index (KW ANOVA, H2,310 = 

26.16; P<0.05) and tolerance levels were significantly lower in the South East than in 

the other areas (P<0.05 for all; Table 5.4). There was also an effect of land use on 

Tolerance Index (KW ANOVA, H2,310 = 16.79; P<0.05) and the Tolerance Index was 

significantly higher on WMA’s than the other land use types (P<0.05 for all; Table 5.5,  

Figures 5.7 & 5.8).  
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Figure 5.7. The relationship between location, land use types and Tolerance Index.  
Data are means with 95% CI’s. 
 

 

 

Figure 5.8. Distribution of respondents’ tolerance levels throughout study area. 
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5.5 Location, land use and carnivore presence 

There was no significant difference in Carnivore Index in the different locations (F2,307 = 

1.62; P>0.05). However, when the data for the smaller carnivores (jackal, caracal) was 

removed, the Carnivore Index was significantly greater in Ghanzi than the South East 

(F4.62 = 0.11; Figure 5.14).  

 
 
Figure 5.14. The relationship between location and the Carnivore Index (jackals and 
caracals removed). Data are means with 95% CI’s. 
  

There was an effect of land use (F2, 307 = 3.31; P<0.05) on the Carnivore Index, with 

values being significantly lower on communal lands than that reported for ranches 

(P<0.05; Figure 5.9). 
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Figure 5.9. The relationship between Carnivore Index and land use type. Data are 
means with 95% CI’s. 
 

Key Results Summary  

Total livestock holdings were greater in Ghanzi than the Kgalagadi and the South East, 

and greater numbers of livestock were kept on ranches than communal areas and 

WMA’s.  Education and monthly income were lower on communal lands and WMA’s 

than ranches. Source of income varied with location, with more respondents in Ghanzi 

and Kgalagadi benefitting from veld and wildlife products than the South East. 

Communal areas and WMA’s had lower education levels and monthly incomes than 

ranches and generated an income more often through the sale of veld and wildlife 

products than ranches. 

The Kgalagadi reported the highest conflict levels, followed by Ghanzi and the South 

East. Conflict was greatest on the WMA’s followed by communal areas and ranches. 

Cattle management was greatest in the Kgalagadi and lowest on ranches but there was 

no effect of location or land use on smallstock management. Tolerance was lowest in 

the South East ranches and cattleposts and highest in the Kgalagadi WMA’s. Carnivore 

presence was lower in the communal areas than the WMAs and ranches.  
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5.6 Vegetation type, carnivore presence and conflict  

Three vegetation type were recognised (hardveld acacia, sandveld acacia, sandveld 

terminalia, Figure 5.10) and their relationship with the Carnivore Index and Conflict 

Index examined. There was a significant relationship between vegetation type and the 

Carnivore Index (F2,307 = 5.08; P<0.05) which was significantly higher in hardveld acacia 

than sandveld terminalia (P<0.05; Figure 5.11). However, there was no significant 

relationship between vegetation type and the Conflict Index (F2,307 = 2.62; P>0.05).  

 

  
Figure 5.10. Distribution of respondents’ Carnivore Index throughout study area.  
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Figure 5.11. The relationship between vegetation type and Carnivore Index. Data are 
means with 95% CIs.  
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5.7 Human population density, carnivore presence and conflict 

There were 4 categories for human population density: 0.28/100km2, 0.39/100km2, 

6.42/100km2 and 6.56/100km2 and these were pooled to create a low density group 

(<0.4 people/100km2) and a high density group (6-7 people/100km2). The Carnivore 

Index was significantly greater in the low population density group than the high 

density group (t = 3.27; df = 308; P<0.05; Figure 5.12). The Conflict Index was also 

significantly greater in the low population density group than the high density group (t 

= 8.43; df = 308; P<0.05; Figure 5.13). 
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Figure 5.12. The relationship between population density and Conflict Index. Data are 
means with 95% CI’s. 
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Figure 5.13. The relationship between population density and the Carnivore Index. Data 
are means with 95% CI’s.  
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5.8 Spatial distribution of carnivores  

The frequency with which respondents reported seeing the different predator species 

varied significantly with location (weekly sightings; 2 =   60.15; df = 14; P<0.005; never 

sighted 2 =   167.38; df = 14; P<0.005; Table 5.6; Figure 5.15).   

Ghanzi was characterised by relatively frequent sightings of jackals, wild dogs and 

brown hyenas, while lions, leopards, spotted hyenas, cheetahs and caracals were 

reported less often. In the Kgalagadi, jackals and brown hyenas were sighted relatively 

frequently followed closely by leopards and wild dogs. Lions, cheetahs, spotted hyenas 

were not regularly seen. In the South East, jackals and brown hyenas were seen most 

frequently, with less regular sightings of leopards, wild dogs, cheetahs and caracals. 

Lions and spotted hyenas were reported to be seen less frequently in the South East 

than in the other areas (Table 5.6).  

 

Table 5.6. The proportions of respondents from the different locations reporting sightings 
of carnivores on a weekly basis or never.  
 

Carnivore  
species 

Ghanzi Kgalagadi South East 

weekly never weekly never weekly never 

lions 7.6 31.8 4.3 40.0 0.0 81.3 

leopards 0.0 70.6 18.3 22.5 9.1 5.7 

cheetahs 0.0 54.1 1.5 80.0 5.8 27.2 

wild dogs 38.5 3.1 17.7 48.4 12.7 33.3 

brown hyenas 18.8 50.0 22.4 43.3 28.6 11.2 

spotted hyenas 0.0 70.6 4.5 55.2 0.0 87.8 

caracal 1.9 59.3 6.9 70.8 14.0 59.6 

black backed jackals 66.3 3.8 61.4 2.9 69.4 4.8 

 
 

Lions were not regularly seen at any site and were least rare in Ghanzi (Figure 5.16). 

Leopards, which were also never regularly seen, were more common in the Kgalagadi 

than other areas (Figure 5.17).  Cheetahs were rare throughout, but were reported 

most in the South East (Figure 5.18). Wild dogs had most reports in Ghanzi then 

Kgalagadi, followed by the South East (Figure 5.19). Brown hyenas were reported most 

often in the South East (Figure 5.20). Spotted hyena were rare throughout but had the 

most reports in the Kgalagadi (Figure 5.21). Caracals were rarely seen though more in 

the South East, followed by Kgalagadi (Figure 5.22). Jackals were more regularly seen 
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at all sites than all the other predator species with 60 – 70% of respondents seeing 

them either daily or weekly (Figure 5.23).     

 

 
 

Figure 5.15. Summary of the frequency of sightings of carnivores in Ghanzi, Kgalagadi 
and the South East of Botswana. For each species there are three pairs of bars 
representing data from the three regions. For each pair the first bar shows the number 
of respondents reporting weekly sightings and the second bar the number reporting 
never seeing the species 
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Figure 5. 16. Spatial distribution of lions from respondent sightings.  
 

 
Figure 5.17. Spatial distribution of leopards from respondent sightings.  
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Figure 5.18. Spatial distribution of cheetahs from respondent sightings.  
 

 
Figure 5.19. Spatial distribution of wild dogs from respondent sightings.  
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Figure 5.20. Spatial distribution of brown hyenas from respondent sightings.  
 

 
Figure 5.21. Spatial distribution of spotted hyenas from respondent sightings.  
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Figure 5.22. Spatial distribution of caracal from respondent sightings.  
 

 
 
Figure 5.23. Spatial distribution of jackals from respondent sightings.  
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Key Results Summary 

The Carnivore Index was higher on hardveld acacia areas than sandveld terminalia. In 

regions where human population density was low, more sightings of carnivores were 

reported, as well as higher conflict levels than where population density was higher. 

Ghanzi had the greatest frequency of large carnivore sightings, followed by Kgalagadi 

and the South East. In all locations jackal was sighted more frequently than any other 

carnivore. In Ghanzi, the next most commonly seen carnivore was wild dog and brown 

hyena. In Kgalagadi, brown hyena, leopard and wild dog were sighted the most often 

and in the South East, it was brown hyena, wild dog and leopard.  
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Chapter 6 

6. Discussion 

6.1 General 

The threats of human wildlife conflict to wildlife populations and rural livelihoods are a 

global concern and it is essential to understand the main drivers of conflict, 

management practices and tolerance (Conforti & Azevedo, 2003; Romañach et al., 

2007; Selebatso et al., 2008). Attitudes and behaviours are influenced by a range of 

socioeconomic and environmental factors which interact in complex ways (Mehta 

1998; Loveridge et al., 2001). In order for conservation interventions to have a chance 

of success such factors, drivers, and their interactions, need to be investigated and 

understood (Treves et al., 2004; Dickman, 2008).  

 

6.2 Socio-economic Influences 

In this study, male respondents reported lower conflict, cattle management and 

tolerance levels than female respondents. Thus, while females had higher conflict 

levels, they also utilised more cattle management methods and had higher tolerance 

than males. Gender is generally accepted to be an important socioeconomic factor 

affecting conflict and attitudes towards wildlife (Hill 1998; Mehta 1998; Zimmerman et 

al., 2001: Ericsson & Heiberlein, 2003; Lamarque, 2008), although other studies have 

found no relationship between gender and conflict or attitude (Conforti & Azevedo, 

2003; Dickman, 2005; Gusset et al., 2009). Kellert and Berry (1987) investigated 

attitudes, knowledge and behaviour towards wildlife in the USA and concluded that 

gender was among the most important demographic variables in perceptions towards 

wildlife. Males have a significantly greater knowledge of wildlife but women exhibit 

much higher moralistic and protectionist tendencies (Kellert & Berry, 1987). Attitudes 

towards wolves in Europe and the USA were most positive amongst females (Williams 

et al., 2002). Conversely, in countries such as India, where there are distinct gender 

based roles, women show more negative attitudes towards wildlife possibly because 

they spend more time in areas where conflict species such as tigers and elephants 

occur (Bandara & Tisdell, 2003; Ogra, 2007).  Around Selous Game Reserve in Tanzania, 

women have more negative opinions towards wildlife and this was attributed to the 
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marginalisation of women in the predominantly Muslim study villages (Gillingham & 

Lee, 1999). In recent times, Botswana has put considerable focus into gender equality 

and is in a better position than many African countries (Siphambe & Bakwena, 2001) 

with women becoming increasingly empowered in all sectors. However, the women 

surveyed in this study usually had lower livestock numbers, lower incomes and levels 

of education, demonstrating there is still much progress needed to bridge the gender 

gap (Siphame & Bakwena, 2001). By contrast, males had higher monthly incomes, 

education levels and owned more livestock and reported lower levels of conflict, 

management and tolerance.  It is likely that the gender effect reported in this study 

results from many factors, including gender based roles for women in Botswana that 

may result in women having less education and being more likely to own smaller 

numbers of animals and maintain them on cattleposts.   

 

Age was not a strong driver of conflict or tolerance although in similar studies in USA 

and Europe, they are significant contributors, with attitudes declining with increasing 

age (Williams et al., 2002; Bjerke et al., 2002; Ericsson & Heiberlein, 2003). Likewise, in 

the Brazilian Pantanel attitudes to jaguars become increasingly negative with age 

(Zimmerman et al., 2005). In this study, age was only associated with cattle 

management, with values decreasing with increasing age. Family size was also not a 

significant driver in this study and this was also the case in similar studies in Nepal 

(Wang & Macdonald, 2006) and Burma (Allendorf et al., 2006).  

 

Improved education has often been linked to improved perceptions towards wildlife 

(Conforti & Azevedo, 2002; Marker & Dickman, 2004) and it is often considered that 

increased education brings a greater awareness of wildlife (Kellert, 1985; Infield, 1988; 

Oli et al., 1994; Holmern et al., 2006; Gusset et al., 2008). In Norway, the number of 

people wanting wolves reduced in abundance or extirpated decreases with increasing 

education levels (Bjerke et al., 2002). In Europe and the USA, people with higher levels 

of education have more positive attitudes (Ericsson & Heiberlein, 2003; Williams et al., 

2002). In this study, a lack of education was associated with higher conflict levels 

experienced. However, most respondents with lower levels of education were from 

cattleposts, with only 3% of cattlepost respondents having tertiary education 
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compared to 27% of respondents from ranches. Lower education levels were also 

found amongst women. However, despite experiencing lower conflict levels with 

carnivores, the tolerance levels of respondents with higher education levels were not 

improved and cattle management practices were reduced. This suggests that formal 

education may not necessarily benefit conservation strategies. The relationship 

between tolerance and education has been found in similar studies. Around the Ruaha 

National Park in Tanzania, people with increased formal education actually exhibited 

higher animosity towards wildlife and conservation. In Selous Game Reserve, people 

with more education were more likely to oppose the community conservation 

program (Songorwa, 1999). This implies that standard education does not necessarily 

improve attitudes. However, it is possible that targeted environmental education 

programs dealing with specific local challenges may improve community perceptions 

(Infield, 1998; Taylor, 2004; Treves, et al., 2006; Gusset et al., 2008). This was found in 

the Northern KwaZulu Natal region of South Africa, where wild dog specific education 

significantly improved attitudes towards the species (Whittington-Jones, 2011). In the 

Eastern USA, providing people with species specific education effectively improved 

attitudes towards coyotes (Dramheim et al., 2011). In Namibia, it has been 

demonstrated that local attitudes and actions can be positively influenced through 

long term conservation education programmes (Marker & Dickman, 2003; Marker at 

al., 2003c). 

The effect of education reported in this study may result from several interacting 

factors, including farm type, gender, size of livestock holdings and sources of income. 

Indeed, it is possible that increased levels of formal education result in significant 

amounts of time being spent away from the land and a loss of traditional practices for 

coexisting with carnivores. As people spend more time focusing on education they 

spend less time living close to the land, resulting in a loss of an understanding of 

wildlife and historical practices of livestock protection. In Maddox (2003) study of the 

Maasai it was suggested that their lifestyle has the potential to facilitate coexistence 

with carnivores. Although more recently, they exhibit some negative attitudes towards 

conflict, they still show a greater appreciation of wildlife than other groups (Maddox, 

2003). Lifestyles on cattleposts tend to be more traditional and closer to the land than 

those on fenced ranches. Similarly, respondents who make a living from veld and 
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wildlife products will have a closer connection to the land than those making a living 

from the commercial sale of cattle or from other businesses. The closer one is to the 

land the better one understands it and therefore is more likely to be able to live in 

coexistence with wildlife. It has been suggested that certain beliefs and traditional 

practices may result in improved attitudes even in the midst of conflict (Kellert et al., 

1996; Ale, 1998; Infield, 2001). In this study, a similar effect may result in increasing 

levels of formal education being associated with poorer management and lower 

tolerance. In Botswana there is a growing number of absentee farmers (White, 1993; 

Darkoh & Mbaiwa, 2005; Motlopi, 2006), who are well educated, formally employed or 

have other income generating activities elsewhere but maintain large herds on ranches 

or cattleposts. Management is often poor and done by employees on low wages with 

little incentive to perform (Thomas et al., 2000; Hemson, 2003; Motlopi, 2006).  

 

Wealth and income are often cited as significant determinants of conflict, behaviour 

and attitudes towards wildlife (Oli et al., 1994; Treves & Naughton-Treves, 2005; 

Kidgehesho et al., 2006; Blekesaune & Ronningen, 2010). In the present study, higher 

monthly incomes were associated with decreasing conflict levels, although there was 

no effect on management or tolerance. Increasing incomes were also coupled with 

increasing livestock numbers, with males having higher incomes particularly on fenced 

ranches. The influence of wealth on perceptions of conflict has been found in several 

studies (Gillingham & Lee, 1999; Zimmerman et al., 2001) including the Ruaha National 

Park in Tanzania where wealth is the most significant factor in the reduction of intense 

conflict (Dickman, 2005). This is understandable as for poorer farmers with less 

livestock any losses may become unsustainable (Ikeda, 2004; Hazzah, 2006). It is also 

possible that the greater number of livestock owned the less likely it is that individual 

depredation events are even noticed. This may be the case on fenced ranches where 

livestock management levels are very low and livestock, particularly cattle, are often 

left in the veld for weeks at a time.  

Although conflict decreased with increasing monthly incomes in this study, tolerance 

was not affected. However, studies in Nepal (Mehta & Kellert, 1998) and the USA 

(Williams et al., 2002) have shown that higher levels of wealth result in more positive 

attitudes towards carnivores.  
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As well as actual income and wealth, the source of income is a key factor (Naughton-

Treves & Treves, 2005; Bagchi & Mishra, 2006; Dickman, 2008; Lagendijk & Gusset, 

2008).  In the present study, the least conflict was reported by respondents whose 

main source of income was their own business, in employment or mixed incomes. 

Individuals depending primarily on their own business and employment certainly have 

less economic dependency on livestock and have an alternative income stream. 

However, they also have the lowest tolerance indicating that decreased conflict does 

not necessarily lead to improved tolerance. The mixed income group reported lower 

conflict levels and it is well documented that people dependent on a single livelihood 

are particularly hostile towards conflict species as they have a lack of alternative 

income strategies and increased vulnerability to a carnivore attack or other 

unexpected event (Naughton-Treves & Treves, 2005; Hazzah, 2006; Dickman, 2010). 

Even where the source of income is not wildlife-related, diversification can have a 

positive impact by improving financial status and lessening the relative impact of a 

depredation event (Stander, 1997). 

Tolerance levels were highest amongst respondents who made a living from wildlife 

and veld products even though they also experienced the highest conflict levels. The 

positive relationship between conflict levels and tolerance is interesting and may be in 

part due to respondents receiving direct benefits from wildlife and natural resources.  

This is likely to result in improved attitudes as has been demonstrated elsewhere in 

Africa (Lewis & Alpert, 1996; Frank, 1998; Kiss, 1990), such as in Laikipia in Kenya 

where ranchers are more tolerant of large carnivores when they receive direct benefits 

from wildlife tourism. (Frank & Woodroffe, 2002). In addition, the government runs a 

Community Based Natural Resource Management program where communities can 

gain a quota to sustainably utilise their natural resources (Arntzen, 2003). A certain 

amount of training and environmental awareness raising takes place, and these 

individuals may have a deeper understanding of the importance of wildlife and 

conservation, although, formal levels of education were low in these groups. In Nepal, 

communities experiencing the greatest levels of livestock loss to snow leopards were 

comparatively more tolerant towards the snow leopard then villages with less conflict. 

The discrepancy was explained by differences in the economic roles of livestock. The 
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former was more dependent on cash crops as a source of income, while the latter 

were more dependent on livestock and thereby less tolerant of leopard (Mishra, 2003). 

 

In this study, higher incomes were associated with decreased conflict but not 

improved tolerance. However, source of income was associated with tolerance and 

this was greatest amongst the veld and wildlife products groups who presumably saw 

benefits in coexisting with wildlife despite the conflict that can arise.  

 
6.3 Effects of Physical Farm Characteristics 

One of the main factors affecting conflict was the number of livestock owned. Farmers 

with greater numbers of livestock reported less conflict and there are several possible 

reasons for this. The perception of conflict might be reduced when total livestock 

holdings are high, as the proportional loss is low (Oli et al., 1994; Mishra, 1997; 

Dickman, 2005). It could also be that less management takes place as livestock 

numbers increase as reported in the present study for cattle. In Botswana an open 

range system is often practiced particularly for cattle on fenced ranches (Perkins, 

1996). The livestock will not be seen on a daily basis and few records are kept 

(Hemson, 2003; Schiess-Meier, 2007) and individuals may not be aware of livestock 

losses due to predation. Most surprisingly the tolerance index decreased with 

increasing livestock numbers, despite respondents with more livestock reporting less 

conflict, having higher education levels and greater wealth. Once again this could be as 

a result of a lack of connection to the land resulting from spending more time in formal 

education. Increasing livestock numbers do not necessarily result in improved attitudes 

(Dickman, 2005). In Tanzania interviewees who reportedly owned more stock were no 

more tolerant than those with fewer stock (Dickman, 2008).  

 

Farm type was significantly associated with a number of variables. Respondents on 

cattleposts generally had lower education levels, lower incomes with a greater 

component from natural resources, less people present and less water access, as well 

as, significantly higher conflict and higher cattle management. This was also found to 

be the case in a similar study in Kweneng region of Botswana, with cattleposts 
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experiencing higher proportional livestock losses (11.7% total livestock holdings) 

compared to fenced ranches (1.0% total livestock holdings) (Schiess-Meier, 2007). 

 

Water access is often stated as a key concern for Kalahari communities (Abel, 1997; 

Arntzen & Fidzani, 1998; Thomas, 2003; Motlopi, 2006; Arntzen & Chigodora, 2008). 

Fenced ranches had access to a greater number of boreholes although this was not 

strongly linked to conflict, management or tolerance levels. However, perhaps a more 

significant concern is the distance that livestock have to travel from the kraals to the 

boreholes (Darkoh & Mbaiwa, 2005). Cattlepost owners have to go significantly further 

to the nearest borehole from the kraal and this was associated with increasing conflict 

levels. This is a key reason why farmers state that they cannot kraal livestock since 

they have to travel far to find water and this restricts their management options. 

Kideghesho et al. (2006) found a similar issue of lack of water access in villages in the 

Western Serengeti and reported that lack of water was one of the key factors in 

determining levels of conflict and shaping people’s attitudes (Kideghesho et al., 2006). 

In the present study, the greater the distance required traveling to access water the 

greater the conflict experienced, presumably since the livestock was left unprotected 

in the veld for longer durations.  

 

Several factors affect conflict, management and tolerance, including gender, farm 

type, education, incomes, size of livestock holdings and water access. However, these 

are all inter-dependent and it is not possible to state that any particular factor is 

individually responsible for these effects (Table 6.1).  
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Table 6.1. Summary of the typical characteristics of cattleposts and fenced ranches. 
 

Cattleposts Fenced Ranches 

Higher conflict Lower conflict 
Better livestock management Poorer livestock management 

Higher tolerance Lower tolerance 

More women Less women 
Less formal education Better formal education 

Lower incomes Higher incomes 
Smaller herds Larger herds 

Livelihood from wildlife, veld products Livelihood from own business 
Less access to water More access to water 

 
 

On cattleposts and for women, conflict was higher. A low income would make it 

difficult to increase and maintain a larger herd and improve formal education. 

However, it is these respondents who used the better management methods and had 

the best tolerance levels. On fenced ranches and for men, conflict was lower and 

higher income enabled the acquisition of larger herds and improved formal education. 

However, this did not result in improved management practices or tolerance. 

 

6.4 Livestock Management Strategies 

The levels of livestock management were low throughout the study area, with only 

27% of cattle farmers kraaling, 10% using herders and 15% using dogs. This was much 

better for smallstock with 68% kraaling, 13% using herders and 30% using dogs. Such 

low levels are surprising considering the presence of carnivores throughout the area. 

Overall, management of smallstock was better than for cattle and this may be because 

the smaller size of goats and sheep resulted in an increased vulnerability to predation. 

Breeding seasons were a more widely applied management technique with 46% using 

calving seasons and 49% using lambing seasons. Management of both cattle and 

smallstock was better on cattleposts than ranches, possibly due to the respondents 

experiencing higher conflict levels and therefore having a stronger incentive to 

implement improved management. This could also be due to respondents on 

cattleposts having a closer connection to the land and traditional methods of livestock 

protection.  
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The design of kraals was important and metal poles and fencing made the most 

effective barriers and was associated with reduced conflict levels. Acacia and wood 

kraals were not as effective at reducing stock loss. This is unfortunate as metal and 

fencing kraals are expensive to build while acacia and wood kraals can be made at little 

costs with locally available materials. Well-made acacia kraals reduce conflict in other 

studies in Africa (Ogada et al., 2003). However, there are several factors required for 

an effective acacia kraal i.e. strength, height, width of walls. Although these details 

were not collected for this study it is often the case that acacia kraals in Botswana are 

not strongly built with high enough walls and are not adequately maintained (Tjibae, 

2001).  

In this study, the application of many of the management methods was not associated 

with a reduction in conflict levels and in some cases conflict was actually higher. Such 

paradoxical results, where better management is associated with higher conflict, could 

imply that such techniques are not being effective in reducing conflict. Although the 

respondent reported utilising the techniques they may not be well applied.  If kraals 

are not strongly built, of sufficient height, well maintained and sited close to human 

habitation they will not be effective (Ogada et al., 2003). Likewise, if herders are not 

attentive or livestock guarding dogs are not carefully monitored and cared for they will 

not have the requirements to be effective in reducing conflict (Dickman, 2005). Similar 

results were found in the Makgadikgadi communities of Botswana where livestock 

losses due to depredation were not improved with the application of livestock 

protection methods (Hemson, 2003) and lack of correct application was stated as a 

possible reason for this. By contrast, properly applied techniques of kraaling, herding, 

livestock guarding dogs and breeding seasons have all been demonstrated to be 

effective  (Kruuk, 1980; Hermann et al., 2001; Ogada et al., 2003; Woodroffe et al., 

2007). Simple changes to cattle husbandry practices in Venezuela helped to reduce the 

risk of jaguar depredation (Hoogesteijn, 2002). In Laikipia district, Kenya, construction 

of strong kraals, human presence and the use of guard dogs were all associated with 

lower losses to predators (Frank et al., 2005). In Namibia, a study to assess the 

effectiveness of livestock guarding dogs placed on farms showed that 73% of 

participants reported a large decline in losses since acquisition of the dog (Marker et 

al., 2005). Such techniques have been widely used to combat large carnivore 
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depredation in Africa (Ogada et al., 2003; Graham et al., 2003; Breitenmoser et al., 

2005; Woodroffe et al., 2007). Similarly, studies in Northern Botswana demonstrated 

that leaving livestock unattended during the day increases losses and that kraaling 

livestock at night was effective in their reduction (Gusset et al., 2008). Breeding 

seasons timed to coincide with rains improve growth rates and decrease mortality, as 

there is more wild prey available and grasses are more abundant and nutritious. It also 

facilitates livestock protection against carnivores by allowing herds to be concentrated 

spatially during this vulnerable period (Dougill, 2002; Fynn & O’Connor, 2000; Motlopi, 

2006; Lamarque, 2008).  

An alternative interpretation of the absence of a positive relationship between 

improved management practices and reduced conflict is that individuals are only 

driven to improve management when experiencing significant levels of conflict. Thus it 

is a reactionary response to livestock losses to carnivores rather than a preventative 

response. The lack of livestock management in Botswana is an ongoing national 

conservation concern (Nagafela & Kalikawe, 1993; Gusset et al., 2009). Not only due to 

depredation by carnivores but also due to issues of range degradation from 

overgrazing, bush encroachment, disease transmission and declines in fertility (Darkoh 

& Mbaiwa, 2002; BGG, 2006; BGG, 2009). Few farmers keep accurate records and 

apply careful management (Schiess-Meier, 2007; Hemson et al., 2009). It was reported 

by Hemson (2003) that the ‘laissez faire’ herding strategy ensures that many unherded 

livestock are available to carnivores away from the kraals thus minimising any role that 

defences could  play (Hemson et al., 2009). He suggests that this approach to livestock 

husbandry is inappropriate in areas where livestock must coexist with carnivores and 

the application of suitable methods should be the target of efforts to reduce stock loss. 

Based on such information, the government planned to set certain management 

technique criteria in order for farmers to qualify for eligibility to the compensation 

program, in an attempt to encourage the proper application of relevant methods. 

However, this was met with widespread discontent and failed to become part of the 

revised compensation program (DWNP PAC officer, S.Sekute, pers. comm.).  

One aspect of this study’s results which demonstrates that livestock management 

methods are indeed effective is the circumstances of losses. Most of the depredation 

occurred at night, out in the veld, in the absence of a herder or a guarding dog and in 
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the winter. This was also found in other studies in Botswana (Hemson, 2003; Schiess-

Meier, 2007; Gusset et al., 2008) with losses predominantly reported at night, away 

from the kraals and without herders. Herding was uncommon and the usual practice 

was to let livestock out of kraals in the morning where they are left untended all day. 

Stock is then left to return to the cattlepost in the evening (Hemson, 2003). This lack of 

herding is surprising considering the presence of carnivore species in the region. In 

Laikipia, Kenya, livestock is herded closely at considerable cost for protection against 

carnivores and thieves (Frank, 1998; Ogada, 2003). Although theft is a concern in 

Botswana, a state service exists to find and care for stray livestock and attempts to 

locate the owners (Hemson, 2003). The costs of not herding are likely to be higher in 

Kenya where theft is a common threat and straying is more likely to result in loss 

(Frank, 1998; Hemson, 2003). The comparative rarity of stock theft, state care of stray 

livestock and compensation, all reduce the costs of not implementing better practices. 

Unless the cost-benefit ratio to livestock owners of herding or not herding are changed 

there is not a strong likelihood for improvements in herding practices to occur 

(Hemson, 2003). 

 

In summary, although this study did not clearly demonstrate that many of the 

individual methods were effective in reducing conflict levels, it is likely that well 

applied livestock management methods have the potential to reduce losses. This is 

supported by the circumstances of the depredation events reported here, the majority 

of which occurred at night, out in the veld and in the absence of a herder or a guarding 

dog and as such implies that such techniques have the potential to reduce conflict 

levels.  

 

6.5 Predation, Conflict and Livestock Losses 

The worst problems perceived by farmers were predation, disease, lack of grazing and 

theft. While this is a common perception in Botswana it should be acknowledged that 

the number of animals lost to predation may have been exaggerated, especially where 

large carnivores are concerned (Nabane, 1995; Rasmussen 1999; Naughton-Treves & 

Treves, 2005; Nyayhongo & Roskaft, 2007). The cause of death could have been 

unknown but attributed to predation due to negative perceptions (Wagner, 1988). It 
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may also be in response to the hope for support or compensation for losses (Nyhus, 

2005; Bulte & Rondeau, 2005). However, the perception of loss is still a key factor to 

consider as this is what motivates individuals to take retaliatory action (Marker et al., 

2003a; Dickman, 2005).  

 

All the carnivores considered in this study caused losses, with  jackals, leopards and 

wild dogs being the most problematic followed by lions, cheetahs and brown hyenas. 

Few conflicts where reported for spotted hyenas and caracals. Livestock losses most 

commonly involved goats and then cattle, probably due to the increased vulnerability 

as a result of their smaller size. 

The level of livestock predation documented in this study was high (c. 11% of total 

livestock holdings) and much higher on cattleposts (c. 14%) than fenced ranches (c. 

2%). A similar high level of conflict was found in the Indian Himalaya, with 18% of total 

livestock holdings lost to snow leopards and wolves (Mishra, 1997). The proportion of 

livestock lost on cattleposts was considerably higher than levels recorded in many 

other carnivore studies. In villages surveyed adjacent to Serengeti National Park in 

Tanzania, households reported losses of a total of 4.5% of their livestock to carnivores 

over 12 months (Holmern et al., 2006). In Nepal, studies on depredation by snow 

leopard showed losses to vary between 2.6% and 5.1% in different villages of the study 

area (Oli et al., 1994). In central Bhutan, a similar 2.3% was found to be lost to all 

carnivores including leopards, tigers, bears and dholes (Wang & MacDonald, 2006).  

The smaller proportional loss on fenced ranches has been reported in other studies. 

On ranches in Tsavo in Kenya, 2.4% of cattle were lost to predation (Patterson et al., 

2004). In the Brazilian Pantanal ranches, cattle predation by jaguar represented 2.3% 

of the annual cattle holdings (Zimmermann et al., 2005). 

The level of livestock loss is frequently cited as one of the primary reasons for negative 

perceptions and retaliatory killings (Newmark et al., 1993; de Boer & Baquete, 1998; 

Sillero-Zubiri & Laurenson 2001; Marker et al., 2003b). In Norway, sheep farmers are 

more antagonistic towards large carnivores in areas with a high degree of depredation 

(Roskaft et al., 2003). It is be expected that more negative attitudes would be apparent 

where losses are higher, but attitudes towards and perceptions about carnivores 

develop as a result of a wide range of socio economic, cultural, political and ecological 
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factors. It is not a simple case of cause and effect as demonstrated in Ruaha National 

Park, Tanzania where Maasai pastoralists showed no relationship between levels of 

loss and attitude (Dickman, 2005). This has also been found in Brazil where the level of 

loss was not correlated to perceptions of jaguars and pumas. In fact several 

respondents who held the most positive attitudes towards conservation and the 

protection of jaguars actually suffered extensive cattle losses and did not enjoy 

supplementary income from conservation (Zimmerman et al., 2005). Similarly, in the 

present study levels of livestock loss were not significantly correlated with attitudes 

and simply reducing levels of carnivore conflict may not be enough to improve 

attitudes (Dickman, 2005).  This effect could also be due to a greater appreciation for 

wildlife resulting from living closer to the land. It is possible that certain cultural beliefs 

and traditional practices may result in improved attitudes despite depredation events 

taking place (Kellert et al., 1996; Ale, 1998).  

 

Livestock losses were also reported as a result of disease, theft, starvation, accidents 

and calving problems. After predation, disease was the most significant problem. In 

previous studies in East Africa and South America, disease, malnutrition and accidents 

have a greater impact than depredation (Mazzolli et al., 2002; Kidgehesho et al., 2006; 

Holmern et al., 2007; Palmeira, 2008). Carnivores will take injured or sick individuals 

and scavenge carcasses (Oli et al., 1994; Mwangi, 1997; Kruuk, 2002) so that where 

disease, malnutrition and accidents are common, loss to carnivores may be 

exaggerated. It is important that such issues are considered when quantifying livestock 

loss and developing potential solutions to reduce conflict. In villages surrounding the 

western Serengeti, diseases contributed, about five times more to livestock loss than 

depredation (Nyayhongo & Roskaft, 2007). In a number of studies in Africa, loss to 

disease is three to six times greater than loss to predation (Holmern et al., 2007). 

Nevertheless, livestock depredation represents an economic strain on individuals living 

with carnivores (Mishra, 1997) and the present study reported an average income loss 

of 31% (median 13%). In Nepal, livestock damage from predators averaged 25% of the 

per capita income (Oli et al., 1994). In Tanzania, stock loss to carnivores was reported 

by Western Serengeti villagers as two thirds of the average annual income (Borge, 

2003).There are also the additional costs of filing for and receiving a compensation 
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claim, finding and buying a replacement animal and less quantifiable costs of sharing 

space with and losing livestock to large carnivores (Loveridge et al., 2002). 

 

This study showed a clear seasonality, with most losses reported during the winter 

months, a pattern that has been reported previously in several countries (Karani, 1994; 

Butler, 2000; Schiess-Meier, 2007). For example, in Nepal, livestock losses are higher 

(42%) during the winter months (Oli et al., 1994). The seasonality is likely to have 

several causes including seasonal changes in wild prey such as small mammals for the 

jackals and seasonal changes in livestock body condition.  

 

The perceived high levels of conflict are a significant concern for conservation 

managers as retaliatory killings threaten key populations of carnivore species (Kissui, 

2008; Inskip & Zimmerman, 2009). Livestock keepers in many regions of Africa kill and 

poison carnivores with the goal of reducing livestock depredation and reducing conflict 

(Holekamp & Smale, 1992; Berry, 1999). In the present study, the majority of 

respondents believed that conflict was increasing and there was little appreciation of 

the potential benefits of coexistence with carnivores. This could result in an 

unsustainable level of predator removal (Stander, 1997; Wint, 2000) which may 

compromise important carnivore populations (Woodroffe & Ginsberg, 2000; 

Brashares, 2001).  However, in this study, despite widespread negative perceptions, 

only 4% of respondents stated that they have killed a carnivore after a depredation 

event, with most reporting to the DWNP. Furthermore, only 14.2% claimed to have 

lethally removed a carnivore over the last 10 years, with shooting, box and gin traps, 

hunting down with dogs and poison being the commonly used methods. Although this 

may not be as high as expected it is important to consider that people are often wary 

to discuss illegal activity and the true scale of lethal removals is likely to be higher than 

reported. Similar results were found in the Ruaha National Park, Tanzania with less 

than 10% of people admitting to killing carnivores. However, this was much lower than 

a similar study in Northern Tanzania which reported 25-40% retaliatory mortality 

(Maddox, 2003). Carnivores have limited value to livestock owners and it is currently 

more cost effective to eliminate them rather than invest in management (Hemson, 

2003). 
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Overall, predation was reported as one of the worst problems to farmers and this was 

caused by all predator species particularly jackals, leopards and wild dogs. The levels of 

loss were relatively high compared to similar studies, being highest on cattleposts 

although this did not affect tolerance. Reports of retaliatory killing were not as high as 

expected, however this could be under reported and should remain an important 

concern for the maintenance of carnivore populations. That losses were higher on 

cattleposts is interesting and may be a result of generally smaller livestock holdings 

that are more closely monitored, therefore there is a greater awareness of 

depredation events when they occur. 

 

6.6 Perceptions of Living with Carnivore Species 

In the present study, most respondents (65%) had negative attitudes towards living 

with carnivores which were seen as a threat to livestock and human life. Although 68% 

of respondents understood that wildlife was a national resource, very few people had 

an appreciation of the direct benefits that could accrue to them through tourism or 

sustainable utilisation. In general people think that Botswana benefits from tourism, 

but may not feel that they or their local community benefit directly (Mbaiwa et al., 

2008).  The common perception is that government and tourism operators are the 

main beneficiaries of wildlife and should be responsible for limiting its costs (Hemson, 

2003). 

 

The receipt of compensation influenced attitudes and respondents who had received 

compensation were more likely to dislike carnivores but were less likely to kill them. 

This initially appears to be surprising, however, as in many countries, compensation is 

a difficult issue. Previous studies in Botswana have shown that the majority of farmers 

are not satisfied with the existing compensation scheme and often want more money 

for losses (Sechele & Nzehengwa, 2002; Hemson, 2003). In the present study, most 

respondents felt that responsibility for stock loss was with the government, although a 

significant number also felt this lay with the farmers. This is important as resentment 

towards wildlife is often considerable if people feel it is the government’s 

responsibility (Woodroffe et al., 2005). This is prevalent in Botswana where people feel 

wildlife is the state’s concern and livestock is for the people (Parry & Campbell, 1992; 



Chapter 6 – Discussion 

 

137 

 

Hemson, 2003). This is often an issue where people may feel that their traditional 

rights to utilise natural resources have been reduced by centralized control and 

powerful elites (Dickman, 2005).  

 

The solutions to carnivore conflict suggested by respondents were encouraging in so 

far as 23% felt that improving livestock management was the best way forward. The 

implementation of focused education programs aimed at providing information on the 

use of improved management practices could be well received (KPMG, 2007). 

However, translocation and removal of carnivores were also regularly suggested. 

Cattlepost respondents preferred improved management and compensation, while 

more respondents on ranches wanted sustainable utilization (i.e. hunting) to be 

considered.  

 

The generally negative attitudes towards living with carnivores and the low 

appreciation of potential benefits from wildlife is a concern that needs to be 

addressed. Compensation did not appear to improve attitudes but may have been 

effective in reducing retaliatory killings. The general feeling was that wildlife conflict is 

the government's responsibility although the improvement of livestock management 

practices was regularly stated as a potential solution, along with compensation and 

sustainable utilisation. Indeed, these could be included in the development of 

management recommendations to reduce conflict. 

 

6.7 Wildlife Populations 

The respondents showed a general lack of knowledge about game and carnivore 

populations. No clear trends were reported for populations of small or large game 

species and where there were trends, these were not related to any of the Indices. 

Despite no apparent relationships in this study, similar studies have shown that wild 

prey abundance can reduce livestock predation by large carnivores (Sillero-Zubriri & 

Laurenson, 2001; Hermann, 2002; Hemson & Macdonald, 2002), such as lions in 

Botswana (Hemson et al., 2008), tigers in Laos (Johnson et al., 2006), pumas in 

Venezuela (Polisar et al., 2003), wolves in Portugal (Vos et al., 2000) and coyotes in 

Idaho (Stoddard et al., 2001) and declining prey bases are likely to increase predator 
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attacks on livestock (Fritts et al., 2003; Woodroffe et al., 2005). In Botswana, the 

density of ungulate species is lower outside of protected areas than inside (Verlinden 

et al., 1998; Walgren et al., 2009). This is often thought to be due to an incompatibility 

between livestock and wild ungulates (Spinage & Matlhare, 1992; DWNP, 1995), 

however it is argued that poaching and overutilization outside the protected areas 

have caused the declines (Thouless, 1998). Any increase in the need for game hunting 

to supplement financial income or food supplies could reduce the abundance of 

natural prey and aggravate existing conflict with predators (Lindsey et al., 2005b). 

Despite this research, the potential for wild prey populations to mitigate livestock loss 

conflicts is not emphasised in IUCN conservation action plans (e.g. Mills, 1998; Nowell 

& Jackson, 1996) perhaps due to lack of reliable information. In addition, there is an 

alternative view that increases in wild prey could increase carnivore populations and 

contribute to a rise in livestock loss (Carbone & Gittleman, 2002; Hemson, 2003). In 

order to reduce conflict, any increases in wild prey should be aligned with a decrease 

in livestock availability through increased protection.  

The density of the carnivores is also likely to be an important factor in determining the 

local levels of livestock depredation (Lugton, 1993; Glenz et al., 2001). For example, in 

New South Wales, Australia, sheep depredation is the most severe where red fox 

densities are highest.  

 

Overall, there was a lack of knowledge about wildlife amongst the respondents and no 

clear trends could be found. However, the likelihood that healthy wild prey 

populations can play a role in lessening conflict has been reported in various studies 

globally and thus should be considered as an important factor in Botswana. In addition, 

areas of high carnivore density are likely to result in substantial losses and should be 

the focus of intervention programs both to protect rural livelihoods and conserve key 

carnivore populations. 

 

6.8 Spatial variations due to location, land use and human density 

Spatial variations in land use can influence the occurrence and scale of conflict (Lindsey 

et al., 2004; Treves et al., 2004; Dickman, 2005; Inskip & Zimmerman, 2009). This 

appeared to be the case in this study, with the Kgalagadi reporting the highest conflict 
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levels, followed by Ghanzi and the South East. Conflict was greatest on the WMA’s 

followed by communal areas and ranches.   However, the relationship is complex and 

it is not easy to establish whether this is a spatial effect or if it is due to other factors. 

For example, respondents in Kgalagadi WMA’s are cattlepost owners and are 

characterised by lower levels of education, monthly incomes and higher numbers of 

respondents generating an income through the sale of veld and wildlife products. All of 

these factors are also associated with higher levels of conflict. Ranches in Ghanzi had 

the lowest conflict levels but they also had the greatest livestock holdings which may 

result in the perception of less conflict.  

Tolerance was lowest in the South East ranches and cattleposts and highest in the 

Kgalagadi WMA’s. There could be potential for conserving carnivore species in WMA’s 

despite conflict occurring, as the respondents may be more responsive to 

conservation initiatives. However, despite the fact that a large proportion of the 

Kgalagadi and Ghanzi regions are zoned as WMA’s, some are not gazetted or well 

managed for wildlife conservation (Selebatso, 2006). Furthermore, there are concerns 

that due to pressure from cattle interests these areas may be rezoned for cattle 

ranching, particularly in the Kgalagadi (Twyman, 2002; WKCC, 2007). This would be 

unfortunate as the WMA’s play a significant role in acting as wildlife corridors 

between protected areas (Meyer & Bourquin, 2010).  

 

Results from the present study also support the theory that depredation rates tend to 

increase with decreasing proximity to human habitation (Mazzoli et al., 2002; Rao et 

al., 2002; Kolowski & Holekamp, 2006), with more conflict and more carnivores being 

reported in areas of lower human population density. This is similar to findings in 

Tanzania in a survey of people living around National Parks. The relative frequency of 

reported conflict with wildlife was significantly and inversely related to human density 

(Newmark et al., 1994). 

 

6.9 Potential solutions and management recommendations  

Clearly, wildlife conflict is a problem with many layers of economic, sociological, 

ecological and political variables, to which there is no all-encompassing solution.   

There is a need for local solutions to local conflicts and for this to be managed 
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adaptively. Adaptive management requires that as the solution or intervention to a 

problem is implemented, so the effectiveness is monitored and the solution adapted 

as necessary. Mitigation of carnivore conflict includes interventions that minimise the 

amount of livestock lost and those that increase tolerance for those losses. The most 

effective approach is one that can achieve both (Macdonald & Sillero-Zubiri, 2002). 

Interventions should seek to reduce livestock conflict, improve attitudes to wildlife and 

ensure that communities actively participate in, and gain benefits from, wildlife 

management (Hemson, 2003). Communities and governments need to perceive 

wildlife and natural resources as a productive land use and believe that there is a real 

opportunity for it to make a significant contribution to livelihoods. Both the challenge 

and the opportunity being that the main conflict species are also those which hold the 

most value for communities in terms of ecotourism and sustainable utilisation.  

 

6.9.1 Utilisation of Effective Livestock Husbandry  

Most losses took place in the absence of appropriate livestock management methods 

and there is considerable opportunity to implement better practices.  Techniques such 

as incentives for herders, the use of guarding dogs and donkeys, kraaling, calving 

seasons, maternity kraals for pregnant females, increased vigilance in dry periods, 

communal guarding of livestock, the keeping of accurate records, human presence at 

kraals and in camps, healthy wild prey populations, have all been shown to be effective 

in controlling losses to carnivores (Marker, 1996; Ogada, 2003; Schumann, 2003).  

 

6.9.2 Conservation Education 

Targeted conservation education programs are needed to provide information on the 

importance of carnivores, management methods that are effective in minimizing 

livestock losses and the potential benefits of coexistence. Methods used should 

include workshops for the communities, particularly in hot spot areas of conflict, 

distribution of structured extension material on conflict prevention and awareness 

raising through media particularly radio, events and competitions. Collaborations with 

existing structures such as DWNP PAC officers, police, land boards, agricultural 

outreach officers and existing community trusts will increase capacity.  Conservation 

education has the potential to improve attitudes. In Kwazulu-Natal, South Africa 
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attitudes towards wild dogs were improved following wild dog specific education 

(Whittington-Jones, 2011). In the Namibian farmlands, Cheetah Conservation Fund has 

for many years, successfully promoted initiatives designed to reduce predation and 

increase tolerance of cheetahs (Marker et al., 2010). 

 

6.9.3 Compensation, Insurance Schemes and Performance Payments 

At present, farmers are not satisfied with the compensation system, stating low levels 

of reimbursement and delays in provision of funds as problems (Hemson, 2003; 

Gadimang, 2005). Compensation can improve tolerance, although conversely it can 

reduce tolerance if programs are not efficient (Nyhus, 2005). It can also run the risk of 

decreasing people’s motivation to protect stock from carnivores, thereby increasing 

losses and further exacerbating conflict (Dickman, 2010). A restructuring of the current 

compensation program is recommended, with the introduction of a requirement to 

implement relevant livestock management methods in order to qualify for 

compensation.  This would ensure that farmers are playing their part in protecting 

their livestock. In addition, all medium and large carnivores should be included in the 

list of species that attract compensation (Gusset et al., 2008). Another approach is the 

provision of an insurance scheme, where farmers pay a premium for cover against a 

defined risk, such as predation of livestock. Although they often have low levels of 

community buy-in and local interest (Miquelle, 2005), such schemes have been 

successful in Namibia on communal conservancies in Kunene and Caprivi (Esterhuizen, 

2004). However, these programs do not address the underlying causes of conflict and 

may not even improve tolerance (Naughton-Treves et al., 2003; Sillero-Zubiri et al., 

2007). An increasingly common approach is to involve conservation performance 

payments where farmers are rewarded for the presence of carnivores on their land or 

if they manage land in a way that is likely to conserve threatened populations (Zabel & 

Holm-Müller, 2008; Nelson, 2009). These initiatives provide an obvious incentive for 

tolerating potentially problematic species. However, payments to individual farmers 

require well defined land ownership and collective payments, such as to a village, 

require functional systems of collective action (Dickman, 2010)  
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6.9.4 Diversification of livelihoods  

The source of income was significantly related to tolerance in this study, with 

respondents benefitting from natural resources through veld and wildlife products 

having improved perceptions towards carnivores.  Direct benefits could come from 

several different approaches. 

 

Community ecotourism  

This has been shown to be effective elsewhere in the Kalahari and Southern Africa 

(Jones, 1999; Sebele, 2010). For example, in the Nyae Nyae Conservancy in Namibia, 

eco-tourism was evaluated as an option to balance the cost of living with leopards. A 

programme was developed whereby the San community linked up with eco-tourism 

ventures to offer specialised leopard tours to tourists. The program was very effective 

and generated significant income for the community (Barnes et al., 2001). With current 

government plans to facilitate ecotourism in the WMA’s and build capacity within 

existing community trusts to better meet the requirements for tourism (WKCC, 2007), 

this option is a possibility that has the potential to succeed in generating direct 

benefits to communities through coexisting with and conserving wildlife species.  

 

Sustainable utilisation of conflict species  

In cases where tourism may not be viable, well managed trophy hunting can have a 

minimal impact on population numbers and increase community perceptions towards 

large carnivore species (Lindsey et al., 2007; Packer et al., 2009).  This can be an 

effective tool as it begins to give a value to conflict species, rather than them being 

viewed only as a threat and having negative impacts on livelihoods (Marker et al., 

2003). However, sustainable utilisation of wildlife needs to include clear means of 

monitoring populations, using methods sensitive enough to detect significant declines 

(Loveridge et al., 2006). The programmes should have definite, enforceable limits on 

the number and type of animals that can be harvested, as well as on the timing, 

location and methods of hunting and allow for the distribution of benefits to 

stakeholders. 
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Wildlife friendly products 

Schemes that eco-label products can provide incentives for coexistence, where in 

return for various conservation commitments communities are paid a premium on 

their local products (Treves & Jones, 2010). Such as in Mongolia, where communities in 

remote areas of snow leopard habitat receive a premium for local handicrafts, thereby 

increasing household income (Mishra et al., 2003). In Namibia the concept of Predator 

Friendly Beef is being developed where farmers will receive a premium for 

implementing best practices in livestock management and non-lethal carnivore control 

(Marker et al., 2003; Ndhulukula et al., 2009). Such programs can ensure communities 

see a direct economic incentive from living with carnivores. 

 

6.10 Conclusion 

The aim of this project was to assess the relationships between socio-economic, 

physical and management variables with conflict and tolerance levels in the farmlands 

of the Kalahari region of Botswana. The majority of respondents regarded coexisting 

with carnivores as a considerable challenge, with losses due to depredation perceived 

as the greatest problem facing farmers throughout the region. Conflict was widespread 

throughout the study area, with some spatial variations for certain species. Cattle 

management levels were low and while smallstock management was better, there is 

an opportunity to implement greater levels of management to reduce current levels of 

conflict. Tolerance levels were generally low with few respondents seeing the benefits 

of coexistence with carnivore species. Overall, several different factors affected the 

level of reported conflict and tolerance. Gender, education, source of income, livestock 

numbers, farm type, location and land use all had an effect on perceived conflict and 

tolerance levels. In many cases these strongly interact with each other, further 

demonstrating the complexity that community conservation must seek to understand. 

It appeared that livelihood benefits from wildlife and veld products resulted in higher 

tolerance and this is worth further investigation.  An improvement in the use of 

effective methods of livestock management, targeted environmental education 

programs to develop a greater awareness for the conservation value of carnivores and 

a diversification of livelihoods to include benefits from natural resources have the 

potential to reduce conflict and improve tolerance in the region. 
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     Date Interviewer Qu.No:   

Coordinates S: E:       

   

 
 

  Section A:  General Details 
   Name:     Anonymous     

How long have you been on the farm?       

Ranch: Farm name and number          

Cattlepost: Name of the tribal lands:        

 
      

 
  

   

 
 

  Section B: Socio-Economic Details 
   How many people in your family?   Adults: Children:   

Year of birth? 
  

School level?     

What is the main source of family income?  Livestock Wildlife Veld Products 

   
Employment  Own business Mixed 

      Other………………………   

What role do livestock play, if it is not the main source of income?     

            

  

 
 

   Section C: Farm Details 
   How many persons live on the farm?       

Have there been changes in the habitat over time? yes no  don't know 

Specify (how / over what time period)     
             

How many boreholes and water points on your farm?       

Distance from kraals?         

            

 How many animals do you keep?         

Species Number  Notes: 
  
  
  
  
  
  

Cattle   

Sheep   

Goats   

Horses   

Donkeys   

     
  

What are the main problems encountered by livestock farmers?  Rank importance: max 3          

diseases insufficient grazing few extension visits  

drought poor quality grazing theft  

infertility low yields other…………..  

losses due to predators unreliable market other…………..  

  

 
 

   Section D: Farm Management 
   Please explain how your stock are tended to at night?      

Cattle: 
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Goats and sheep: 
   

  

            

During the day?         

Cattle: 
    

  

            

Goats and sheep: 
   

  

     
  

            

What is the your kraal design?         

Cattle:           

Goats and sheep:         

            

 Do you have a calving season?  

All year  1st quarter 2nd quarter 3rd quarter 4th quarter 

     Do you have a lambing season?         

All year  1st quarter 2nd quarter 3rd quarter 4th quarter 

            

During calving / lambing, do you: 

bring calving animals closer to homestead? yes no 

check on livestock more often than before? yes no 

keep careful records? yes no 

kraal all livestock at night? yes no 

kraal young calves / kids? yes no 

use a maternity / calving kraal? yes no 

other?           

      

      Do you have a herder with livestock? (Specify cattle/goats/sheep) 
 
 

yes no 

 
      

Are they effective?         

  
    

  

            

Do you have a dog with livestock? (Specify goats/sheep) 
 
 

yes no 

How many do you have per number of goats and sheep?     

Are they effective?         

            

      Section E Wildlife Details 
  What are the trends in large game species in your area? increase, decrease, stable don't know 

            

What are the trends in small game species in your area? increase, decrease, stable don't know 

            

Do you have explanations for any changes in the numbers?   don't know 
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Section F Predator Details 
  How often do you see this predator? every day,  

every week; every month; every few months; a few times  
a year; once a year; once every few years; never 

Sighting details: date,time,group composition,location,activity 

  
 

  

  
 

  

Lion     
 

  

Cheetah     
 

  

Leopard     
 

  

Brown Hyena     
 

  

Wild dog     
 

  

Caracal     
 

  

Jackal     
 

  

            

During the time you have spent here, have predators number been?  

  decreasing stable increasing    don’t know 

Lion            

Cheetah           

Leopard           

Brown Hyena           

Wild dog           

Caracal           

Jackal           

Do you have explanations for any changes in the numbers? 
  

don't know 

            

      Section G: Predation and conflicts 
   Do you lose livestock to predators   yes no don't know 

            

Classify the predators, according to level of problem: Rank: 1: biggest problem; 8: least problem 

Lion   Brown hyena   Jackal   

Cheetah   Spotted hyena   Caracal   

Leopard   Wild dog   Other………….   

            

If you had problem with predators in the last 12 months, describe:   don't know 

Date 
or season 

Animals killed 
or injured 
(no, spc,age, sex) 

Predators 
Responsible 
(number,spcs,age) 

How it was identified  
(visual (by who), spoor 
carcass, heard calls) 

Time of day 
of incident 

Location 

            

            

            

            

    What do you do protect cattle from predators?       

Kraal at night in day don’t know 

Herders     yes no   

Guard animals     yes no   

Calving season   
 

yes no   

Other (explain)           
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What do you do to protect goats/sheep from predators? 

Kraal at night  in day 

Herders  yes no 

Guard animals  yes no  

Lambing season  yes no 

Other (explain) 
  

            

What are the common circumstances of attacks? 
  

  

Day Night Inside kraal Outside kraal Herder No herder 

            

            

Are losses to predators seasonal?   yes no don't know 

Which season?           

            

Have you lost animals in the past 12 months, due to other causes than predators?  Specify: number / species 

If no numbers: rank importance: max 3       

Disease Calving Accidents Starvation Theft Other………. 

 

    
 

    

 
    

 
    

Can you give an approximate value for all losses in the last 12 months?     

  
    

  

During your time on the farm is the problem with predators: increasing decreasing stable 

            

Can you give reasons why?         

            

    What do you do when you have a loss to a predator? 
  

  

            

Did you ever have to remove predator? How? When? (live trap, shoot, poison) yes no 

Details: 
    

don’t know 

            

Have you contacted National Park office for assistance?   don’t know 

Details? 
    

  

      Section H: Attitudes       
 What do you think about sharing the land with predators?   don’t know 

Benefit to farm Like them Dislike them Kill when see Other…………. 

Why?           

Do you think wildlife is a national resource to be protected? yes no 

            

Whose responsibility do you think predator/livestock conflict belongs to?  don’t know 

Farmers Herders Government 
Conservation 
Organisations Other…………. 

        
 

  

Do you see any solutions for the survival of predators on farmlands?                 

Improve farm management Translocate Decrease numbers Other…………. 

Trophy hunting Compensate Tourism     
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Appendix 3 – Scoring of Indices 

Conflict Index 

 

Maximum score: 18.  yes (1), +91% lost (11), increase (2), shoot (4); Minimum score: 0 

 

Cattle Management Index  

Method free kraal patrols kraal, dogs herders donkeys 

Cattle at night 0 2 2 3 na 2 

Cattle in day 0 1 2 na 3 2 

 
acacia wood 

wood, 
wire 

acacia, wood, 
wire 

metal poles, 
wire 

 Kraal design: cattle 2 1 1 2 1 
       

    Kraal night 0 1 
    Herders 0 1 
    Guard animals 0 1 
    Calving season 0 1 
    

       During Breeding no  yes 
    calving season 0 1 
    homestead  0 1 
    check  0 1 
    records  0 1 
    kraal night  0 1 
    kraal young  0 1 
    maternity kraal  0 1 
    herder 0 1 
     

Maximum score: 24. Night: patrol (2); kraal, dogs (3), donkeys (2). Day: herders (3). boma design (2) 
and remaining factors (12). Minimum score: 0 

Do you lose livestock to predators Yes No 
      1 0 
    Proportion of  livestock lost % 0 0.1-1 1-10 11-20 21-30 31-40 

  0 1 2 3 4 5 

  41-50 51-60 61-70 71-80 81-90 91-100 

  6 7 8 9 10 11 

Predators problem  dec/sta/ inc decrease stable increase 
     0 1 2 
   Action when loss to predator manage nothing report trans shoot 

   0 1 2 3 4 
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Smallstock Management Index  

Method free kraal patrols 
kraal, 
dogs dogs herders 

herders, 
dogs 

kraal, 
herders, 
dogs 

Smallstock at 
night 0 2 na 3 1 2 3 4 

Smallstock in day 0 1 na 3 2 2 3 4 

         

 
acacia wood 

wood, 
wire 

acacia, 
wood, 
wire 

metal 
poles, wire 

   Kraal design: 
smallstock 2 1 1 2 1 

         
      Kraal night 0 1 
      Herders 0 1 
      Guard animals 0 1 
      Calving season 0 1 
      

         

         During Breeding no  yes 
      calving season 0 1 
      homestead  0 1 
      check  0 1 
      records  0 1 
      kraal night  0 1 
      kraal young  0 1 
      maternity kraal  0 1 
      herder 0 1 
       

Maximum score: 22.  Night: kraal herders dogs (4), Day: kraal herders dogs (4), boma design (2) and 

remaining factors (12). Minimum score: 0 
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Tolerance Index  

Attitude to 
predators 

Kill Dislike Like Benefit 
    0 0 1 2 
    National 

resource 

No Yes 
      0 1 
      

Responsibility 
  
  
  

Con Gov Gov&Con Far,Gov&Con Far&Gov Far,Her,Gov,Con 
  0 0 0 1 1 2 
  Far&Con Her&Con Far,Her,Gov Far, Her, Con Far  Herders Far&Her   

1 1 1 1 2 2 2   

Solutions 
  

Dec No Trans Compensn Sus Utilisatn Tourism 
Imp 
FarmMangnt Educatn Consn 

0 0 1 1 2 2 2 3 

 

Maximum score: 8. benefit (2), national resource (1), responsibility (2), solutions (3); Minimum score: 0 

Responsibility - Conservation groups, Government, Farmers, Herders 
Solutions - Decrease numbers, Translocate, Compensation, Sustainable utilisation, Tourism, Improve 
farm management, Education, Conservation 

 

Carnivore Index  

Every 

day 
Every 

week 
Every 

month 
Every few 

months 
Few times 
a year  

Once a 

year 
Every few 

years 
Never 

7 6 5 4 3 2 1 0 

 

Maximum score: All carnivores seen daily (56); Minimum score: 0 


