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Abstract 
 
Human-wildlife conflict poses serious challenges to conservationists, local 

communities and wildlife. Research efforts to resolve this issue are critical to 

ensuring the survival of many threatened species and protecting human lives 

and livelihoods. One of the most widely documented is human-elephant conflict 

(HEC), where damage to crops and human deaths lead to retaliatory killing of 

elephants. Mitigation requires a thorough understanding of spatio-temporal 

patterns and underlying social factors. Engagement of local communities is now 

regarded as vital for effective mitigation, and consequently, there has been a shift 

towards community-managed farm-based deterrents.  

 

Using Mukungule Game Management Area in Zambia as a case study, this project 

aimed to assess the level and spatio-temporal pattern of HEC at two spatial 

scales, examine predictors of crop damage, assess perceived effectiveness of 

chilli-based deterrents and determine barriers to uptake of deterrents. It found 

that crop damage was clustered into distinct conflict zones and could be 

predicted by proximity to the National Park, distance to water, guarding of fields 

and years of farming experience. The majority of farmers perceived chilli to be 

ineffective as a deterrent; highlighting issues with communal management and 

high maintenance. Key barriers to uptake were identified as labour constraints, 

cost, and access to materials. Communities proposed practical and proactive 

mitigation strategies involving farmers, NGOs and Government. 

 

The results from this study suggest that consulting communities is key to 

ensuring sufficient uptake of interventions. If community-proposed methods are 

considered in combination with predictors of crop damage, conflict hotspot 

locations and barriers to uptake, the development and deployment of locally 

appropriate, sustainable mitigation strategies is more likely to be achieved. 
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1 Introduction 
 

1.1 Problem statement 
 
Global biodiversity is declining at an unprecedented rate in spite of worldwide 

efforts to conserve it. Human pressures on the environment are greater than 

ever, posing a serious threat to future conservation of threatened species 

(Butchart et al. 2010). People and wildlife are increasingly required to coexist 

and share resources, inevitably resulting in conflict. This raises a serious 

challenge: how can we reconcile the need to conserve species with the need to 

protect the rights of people who share their environment (Woodroffe et al. 

2005)? Human-wildlife conflict (HWC) is defined as conflicts occurring when an 

action by either humans or wildlife has an adverse effect on the other. It is an 

issue threatening not only conservation efforts, but also human lives and 

livelihoods by preventing economic development, social equality and resource 

sustainability (Redpath et al. 2013).  

 

HWC is prevalent in both developing and developed countries (Manfredo & 

Dayer 2004), and manifests itself in a number of different forms including 

competition for land and water, crop-raiding, predation of livestock, 

infrastructural damage and wildlife-related injuries and deaths (Thirgood et al. 

2000; Hill et al. 2002; Woodroffe et al. 2005). HWC can also result in indirect 

costs to humans such as disruption to education as a result of children guarding 

fields, greater exposure to malaria and the creation of labour bottlenecks at 

certain times of year (Hill 2000; Hill 2004; Sitati et al. 2003).   

 

Many conservationists describe HWC as a relatively recent problem caused by 

human population growth and the consequent encroachment into suitable 

habitat for wildlife (Sitati et al. 2003; Nyirenda et al. 2011). However, HWC at 

borders between agricultural land and wildlife habitat has existed in Africa for 

decades (Bell 1984; Naughton-Treves 1998). More recently, urban residents and 

other stakeholders are coming into conflict with wildlife and are ill-equipped to 

manage it (Messmer 2000). Today, relatively few African farmers regularly 

encounter large wildlife on their farms unless they live in proximity to protected 
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areas or in remote locations. Habitat loss and consequent local extirpation of 

large species has reduced the area in which HWC occurs (Naughton-Treves & 

Treves 2005). However, there are some exceptions, where enforcement of 

conservation rules has caused local wildlife populations to recover and as a 

result, the conflict area has increased (Osborn & Hill 2005). Despite its long 

history, conservationists recognize HWC as a key threat to conservation in Africa 

now because of intensified costs for people and wildlife. The survival of 

threatened species hangs in the balance and local farmers are less resilient, 

restricted by scarcity of land and hunting prohibitions (Naughton-Treves 1998; 

Hill 2004; Naughton-Treves & Treves 2005).  

 

Traditionally, humans have responded to real or perceived threats from wildlife 

by clearing habitat or illegally killing wildlife (Naughton-Treves & Treves 2005; 

Treves et al. 2009). These actions can have considerable effects on biodiversity. 

For example, killing of elephants alters biodiversity of habitats (Kahumbu 2002); 

and removing large predators can affect prey populations and smaller predators 

(Ripple & Beschta 2004). However, what was once a simple competitive 

relationship between humans and wildlife, is now a political conflict between 

people and the institutions that enforce environmental protection (Hill 2004; 

Treves et al. 2006). Local people who live alongside wildlife commonly perceive 

wildlife, and especially protected species, to be the property of the State. 

Therefore State institutions in charge of managing protected areas are often 

blamed for economic losses from crop raiding species (Osborn & Hill 2005). 

Threatened species that are also pests can be particularly difficult as different 

sectors of society will have contrasting objectives, either to conserve the species 

or eliminate it (Osborn & Hill 2005; Treves 2009). 

  

Mitigating HWC for large-bodied mammals that occupy the tropics has been 

prioritised in conservation due to their vulnerability to local extirpation and the 

associated significant costs to humans (Newmark et al. 1994; Woodroffe et al. 

2005; Campbell-Smith et al. 2012). There has been substantial research effort 

into problems animals as outlined in Table 1.1. However finding solutions has 

proven difficult, despite over 15 years of concentrated effort to assess the extent 

of HWC and develop effective mitigation strategies
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Table 1.1 Examples of human-wildlife conflicts across the world, their current research status and gaps that need to be addressed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Conflict Current status Gaps 

Elephants: crop raid, structural 
damage & attack humans 
 
Location: Africa & Asia 
 
African elephant Loxodonta africana 
(Hoare 2012); 
Asian elephant Elephas maximus 
(Fernando et al. 2005) 

Substantial research effort, including studies 
investigating predictors of spatio-temporal patterns 
(Smith & Kasiki 2000; Sitati et al. 2003; Nyirenda et al. 
2012). More recent focus on perceived levels of conflict 
(Fernando et al. 2005; Mackenzie & Ahabyona 2012; 
Chakraborty & Mondal 2013). Move towards low-tech 
farm-based methods e.g. chilli and beehives (Hedges & 
Gunaryadi 2009; Chelliah et al. 2010; King 2010) 

Evaluation of mitigation strategies. 
Training and capacity building. 
Information exchange between 
HEC managers (Madden 2004).  

Primates: crop raid & attack humans 
 
Location: Africa & Asia 
 
Species that cause major crop loss: 
Orangutan Pongo abelii (Campbell-
Smith et al. 2010); Gorilla Gorilla spp. 
(Hockings & Humle 2009); Baboon 
Papio spp. (Hill 2000) 

Research is relatively recent. Only one quantitative 
study has tested mitigation techniques and found that 
nets were effective against crop-raiding orangutans. 
However deterrent uptake by farmers was low 
(Campbell-Smith et al. 2012). Guarding and throwing 
stones is also thought to be relatively effective 
although can cause apes to attack (Hockings & Humle 
2009).  

Education and raising awareness 
amongst affected communities. 
Evaluation of mitigation strategies 
(Hockings & Humle 2009). 

Felids: attack livestock & humans 
 
Location: Africa, Asia & South 
America 
 
Species categorised as causing high 
conflict (Inskip & Zimmermann 
2009): Lion Panthera leo (Saberwal 
et al. 1994; Packer et al. 2005); 
Leopard Panthera pardus (Dar et al. 
2009); Jaguar Panthera onca 
(Zimmermann et al. 2005); Tiger 
Panthera tigris (Goodrich 2010) 

Human-felid conflict is increasing and affects over 75% 
of the world’s felid species. There is limited research to 
quantify economic losses from livestock depredation 
and very little data on human attacks (Inskip & 
Zimmermann 2009). Livestock guarding by people or 
dogs, and the use of bomas/corrals is currently the 
most successful mitigation technique (Woodroffe et al. 
2007).  

Evaluation of mitigation strategies. 
Standardised reporting techniques. 
Exploration of conflict 
determinants. Research into 
persecution of felids by affected 
communities (Inskip & 
Zimmermann 2009). 
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1.2 Human-elephant conflict 
 
African elephants are listed as vulnerable on the IUCN Red List and are unusual 

in that they are simultaneously an endangered species (Blanc et al. 2007) and a 

pest species in many areas (Sitati et al. 2003). Human-elephant conflict (HEC) 

extends throughout the species’ range with reports from forest environments in 

central and west Africa (Barnes 1996) and savanna environments in east and 

southern Africa (O’Connell-Rodwell et al. 2000). HEC involves a range of direct 

negative effects on rural communities living in proximity to elephants including 

crop damage, raiding of food-stores, damage to water sources, structural damage 

and occasionally human injury or death (Hoare 2000; Chakraborty & Mondal 

2013). Local people retaliate by illegally killing elephants (Dublin & Hoare 2004). 

The opportunity costs to communities are more difficult to quantify, but may 

outweigh the financial costs of crop damage and form a major part of the 

perceived conflict. Examples of such costs are restriction on people’s mobility, 

competition for water sources and loss of sleep or low school attendance while 

guarding crops (Hoare 1999). These factors add towards people’s negative view 

of elephants, which can undermine conservation interventions that rely on their 

support (Newmark et al. 1994; Naughton-Treves 1997; De Boer & Baquete 1998; 

Smith & Kasiki 2000).  

 

Crop raiding is the most documented type of HEC (Sitati et al. 2003). However, 

there are a number of crop raiding species that may cause more crop damage 

than elephants (Hoare 2000). Studies have identified baboons (Papio anubis), 

chimpanzees (Pan troglodytes), bushpigs (Potamochoeus procus) and porcupines 

(Hystrix cristata) as major causes of crop loss (Tweheyo et al. 2005; Hockings & 

Humle 2009; Hockings et al. 2009). Large mammals are generally ranked as 

causing the most crop damage, due to their high visibility distorting farmers’ 

perceptions (Bell 1984; Dublin & Hoare 2004). Contrastingly, other research 

suggests that small mammals or invertebrates cause the greatest damage 

(Naughton et al. 1999). Elephants, however, can cause severe localised damage 

and consequently have a significant effect on the food security of households 

(Naughton-Treves et al. 1998; Sitati et al. 2003; Gadd 2005). They can also be 
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dangerous and instill fear amongst people, contributing to their high profile 

compared to other crop raiding species (Hoare 2001; Nelson et al. 2003).  

 

To resolve HEC, it is crucial to fully understand its extent, by assessing spatio-

temporal conflict patterns, and to investigate the efficacy of current mitigation 

methods (Linkie et al. 2007; Campbell-Smith et al. 2012). Some temporal trends 

have already been identified, such as the seasonality of crop raiding (Hoare 

1999). However it has been more of a challenge to identify spatial patterns of 

crop raiding (Sitati et al. 2003).  

1.2.1 Spatial analysis of human-elephant conflict 

 
It is important to assess HEC at different spatial scales to identify predictors of 

crop damage and conflict zones, which may be clustered at the farm level, village 

level or at a larger scale. The first systematic study on spatial distribution of HEC 

was by Sitati et al. (2003) which looked at crop raiding from two different spatial 

scales, a technique that has been recommended by others (Smith & Kasiki 2000; 

Nyirenda et al. 2012). At the farm level, crop raiding was spatially clustered, a 

pattern which has been recorded elsewhere (Naughton-Treves 1998). This is 

partly due to underlying variables such as cultivated areas and distance from 

roads, but also proximity to elephant refuges (Parker & Osborn 2001). It may 

also reflect the fact that elephants have long-term memories and regularly use 

traditional tracks, and therefore are able to revisit crop-raided farms (Low 2000; 

McComb et al. 2001).  

 

Mapping discrete crop-raiding zones or conflict hotspots will be invaluable for 

improving and streamlining mitigation strategies, so that interventions can be 

focused on farms that are worst affected (Bell 1984; Sitati et al. 2003). Targeting 

mitigation measures also allows for strategic positioning of early warning 

systems that may be critical to the success of HEC mitigation (Sitati et al. 2003).  

1.2.2 Mitigation techniques for human-elephant conflict 

 

There is a wealth of research into mitigating HEC which has resulted in a wide 

range of strategies being implemented, from high-cost methods such as electric 

fencing to low-tech farm-based methods (Table 1.2) (Sitati & Walpole 2006; 
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Graham & Ochieng 2008; King 2010). However the effectiveness of such methods 

remains relatively understudied (Sitati et al. 2005). Current mitigation 

techniques are not without their limitations and not one method has provided 

the ‘silver bullet’ to resolving HEC. This may not even be possible, as site-specific 

characteristics make each case of HEC highly complex (Treves et al. 2006).  

 

Undoubtedly, there are techniques that can help to lessen the conflict through a 

reduction in the amount of damage caused, but this does not necessarily mean 

the conflict is resolved in the long-term (Webber et al. 2007). People’s hostility 

towards problem wildlife is more complex than just as the result of the direct 

damage (Dickman 2010). Therefore a broader, interdisciplinary approach to 

tackling HEC mitigation is required, using a combination of interventions that 

attempt to reduce crop damage and raise tolerance of elephants (Treves et al. 

2009).  

 

Table 1.2 Current mitigation techniques to deter elephants from crop raiding. Modified table (Chelliah et al. 2010). 
Additional information: ¥(Naughton-Treves 1998); †(King 2010); §(Graham & Ochieng 2008); ‡(Hill et al. 2002) 

Method Description Limitations 

Passive 

Trench 2m deep, 2m wide at the top and 1.5m wide at the 
base. Around individual or communal fields. 

Expensive and fill up with soil during 
rains. Labour intensive. 

Electric 
fence 

Fence with non-lethal electric pulses of over 5000V 
 

Expensive, regular maintenance. Some 
elephants learn to break through fence. 

Chilli-oil 
fence 

Mutton cloth doused in mix of ground chilli and used 
oil, hung on nylon rope fence around cultivated farms 
 

Ineffective in heavy rains. Labour 
intensive. Would be good if long-lasting 
chemical deterrent produced. 

Unpalatable 
crops 

Planting cash crops e.g. chilli, tea or cotton around 

edge of fields to act as a barrier to subsistence crops¥ 

Need access to market for cash crops  

Beehive 
fences 

Wire fence constructed with occupied beehives 

around cultivated fields † 

Relatively expensive to install. Risk of 
stinging to farmers. Not as effective at 
high altitude. 

Active 

Guarding 
from 
watchtowers 

Watchtowers constructed on farms located close to 

elephant refuges § 

Expensive, problems with sharing among 
farmers, requires young labour. 

Chilli smoke 
briquettes 

Mixing chilli with elephant dung and water in a 
mould and leaving to dry; briquettes placed on fires 
on the perimeter of farms at night to generate a 

noxious smoke § 

Not effective in heavy rain. Regular 
access to sufficient dung required. 

Fire Lighting fires around perimeter of farms ‡ Not effective during rains 

Noise and 
flares 

Drums, shouting, firing shots, flashing lights 
 

Metal cowbells hung from fence: act as an alarm § 
 

Banger stick (basic fireworks) §  

Short-term effect: elephants realise it is 
an empty threat. 
Often stolen. Not an effective alarm. 
 
Sometimes banned by police. Difficult to 
access materials. 
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1.3 Participation in HEC mitigation interventions 
 
Small-scale research to gain local context before implementing interventions is 

increasingly seen as vital for successful conservation (Sitati & Walpole 2006). 

Government-backed institutions such as legislation are crucial but local 

cooperation is just as important for interventions to be effective (Sillero-Zubiri et 

al. 2007). There is an emerging view amongst researchers that mitigation efforts 

should be directed at improving traditional farm-based deterrents rather than 

continuing with expensive, large-scale techniques (Osborn & Parker 2003). 

Large-scale methods are often inappropriate for the spatial scale at which HEC 

occurs; and the cost and maintenance makes them impractical for application in 

developing countries and generally unsustainable due to lack of maintenance 

(Osborn & Hill 2005). However, there is little evidence to suggest that farm-

based deterrents are effective (Sitati & Walpole 2006); and even less evidence 

that once implemented, they are taken up (Graham & Ochieng 2008).  

 

Mitigation initiatives have experienced low levels of uptake, despite their 

potential efficacy (Sitati & Walpole 2006; Graham & Ochieng 2008). In Graham & 

Ochieng’s (2008) study in Kenya, barriers to uptake were identified as labour 

constraints and maintenance. Availability of labour has been identified as a 

vulnerability factor to crop raiding in other parts of Africa too (Naughton-Treves 

1997; Hill 2004). Further research and investigation into the barriers to 

participation in conservation projects is necessary to ensure sustainability of 

interventions; particularly for HEC projects where the costs to local people are 

substantial. Deterrents that are not particularly effective, but are simple to use, 

easy to install and inexpensive have been found to have the greatest uptake 

amongst farmers such as chilli smoke briquettes and guarding fields (Graham & 

Ochieng 2008; Campbell-Smith et al. 2012). Motivating farmers to trial 

something new that is beneficial but involves an initial cost and regular 

maintenance appears to be the greatest challenge, despite HEC having a direct 

and tangible cost (Campbell-Smith et al. 2012). 

 

Participating in something new could be perceived as high risk for a rural 

subsistence farmer who would have to invest money and labour, particularly 

when the initiative is not guaranteed to deliver the desired outcome. 
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Psychological uncertainty is closely related to risk and thought to be important 

for determining how humans will respond in situations with unknown outcomes 

(Sjoberg et al. 2004). Conservationists commonly assume that people’s 

perception of risk is reasonably accurate, yet this is often not the case. Social and 

cultural values, history and ideology greatly influence how people understand 

and react to risk (Dickman 2010). Therefore, a thorough understanding of the 

underlying social factors within communities is vital, and suggests that strategies 

developed in collaboration with communities and therefore consider people’s 

perceived risks of different interventions, will have more chance of success in 

terms of uptake by farmers. 

1.4 Why choose Mukungule GMA as a case study? 
 
Mukungule Game Management Area (GMA) adjoins North Luangwa National 

Park in northern Zambia, and provides an ideal case study to investigate patterns 

and perceptions of HEC. The North Luangwa ecosystem has been identified as a 

conflict hotspot with HEC being a significant problem in the area since the 1930s 

(Nyirenda et al. 2011). Past HEC research in northern Zambia has focused on 

GMAs bordering South Luangwa NP (Osborn & Parker 2002b; Nyirenda et al. 

2011), therefore this study will provide useful insight into the severity of HEC in 

areas adjoining North Luangwa NP and make recommendations for development 

of community-identified mitigation strategies.  

1.5 Study aim 
 
To assess the level and spatio-temporal pattern of human-elephant conflict 

(HEC) in Mukungule Game Management Area, northern Zambia; generate a map 

of conflict hotspots and model predictors of hotspot locations; and investigate 

the use of various elephant deterrents and perceived barriers to uptake, in order 

to identify potential HEC management strategies to promote the wellbeing of 

communities and allow elephants to continue using Mukungule.   
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1.6 Research objectives 
 
1. To determine the perceived level and spatio-temporal pattern of HEC 

experienced by farmers in eleven villages in Mukungule GMA. 

 

2. To examine the perceived effects of elephants on family life and communities 

living in Mukungule GMA. 

 

3. To develop maps of community-identified hotspots of HEC where the level 

and frequency of crop raiding is highest, in four selected villages in 

Mukungule GMA. 

 

4. To test various environmental and behavioural factors that may predispose 

locations to be more susceptible to HEC. 

 

5. To investigate HEC mitigation techniques used by farmers in eleven villages 

in Mukungule GMA with a particular focus on chilli; and determine the 

perceived effectiveness of these deterrents. 

 

6. To determine the level of uptake of chilli as an elephant deterrent post 

training from Frankfurt Zoological Society (FZS) and understand the 

perceived barriers to uptake of chilli and other elephant deterrents. 

 

7. To assess the views of farmers in Mukungule GMA on various HEC 

management options in order to determine the most locally appropriate 

strategy. 

 

8. To make recommendations for the management of Mukungule GMA that 

would be valuable to the Mukungule Community Resource Board (CRB), FZS 

and potentially the Zambia Wildlife Authority (ZAWA). 
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2 Background 
 

2.1 Patterns of elephant crop raiding 
 
Elephants consume up to 300kg of vegetation a day and are generalist feeders, 

utilising any vegetation available, including crops (Osborn 2004). Elephants 

spend 70-90% of their time foraging and therefore crop damage can be 

significant (Wyatt & Eltringham 1974). The spatial distribution of elephant crop 

damage can vary significantly making it difficult to predict locations of conflict. 

However, there are some noticeable patterns. Crop damage commonly occurs 

along the boundaries of protected areas, declining with increasing distance from 

the boundary due to increased risk of detection (Bell 1984; Parker & Osborn 

2001). Elephants are also highly dependent on water and therefore water 

sources are a common location for conflict (Nellemann et al. 2002).  

 

Distinct seasonal patterns have been identified (Osborn & Parker 2002b), with a 

peak of activity when crops are reaching maturity, as this is when they are most 

palatable and have the highest nutritional value (Bell 1984; Parker & Osborn 

2001). In the savanna ecosystem, this occurs towards the end of the rainy season 

(Okavango Delta Management Plan 2007). Crop damage usually happens at night 

and is more likely to occur on moonless nights when elephants are less easily 

detected (Barnes et al. 2006). 

2.2 Use of chilli as a mitigation technique 
 
The use of chilli-based deterrents is becoming more widespread with the relative 

success of HEC programmes run by the Elephant Pepper Development Trust 

(EPDT) in southern and east Africa (Elephant Pepper Development Trust 2013) 

which provide training in the use of chilli and help farmers to access markets. 

Chilli has been trialled as a deterrent because elephants have a complex olfactory 

apparatus that is capable of an acute sense of smell (Rasmussen et al. 2003). 

Capsaicin, found in Capsicum species, stimulates sensory afferent neurons, and 

after numerous experiments, it became clear that elephants were repelled by it 

(Osborn & Rasmussen 1995).  
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Based on this knowledge, a mixture of chilli and used engine oil applied to a 

nylon rope fence was trialled around individual farms in the Transmara region, 

Kenya (Sitati & Walpole 2006). The result was a success, as elephants did not 

breach the rope for the two-year study period. However, there has been little 

evaluation of the effectiveness of the chilli-oil fence at a larger scale. Chelliah et al 

(2010) carried out an evaluation in India to test the effectiveness of chilli as a 

deterrent for Asian elephants. The results were mixed, with male elephants 

breaching the fence a few times. Interestingly, the fence was much more effective 

in the village which experienced lower annual rainfall, which may be because 

rain can render it ineffective. However, more rigorous experimentation is needed 

to assess whether elephants are avoiding the fence because they are responding 

physiologically to the chilli or because it is a novel substance (Chelliah et al. 

2010). If it is the former, it should remain effective year on year, however if the 

latter, then habituation will likely occur (King 2010). 

2.3 Elephants in Zambia 
 
Elephants range over 28% of Zambia’s landmass, an area of 752,610km2, of 

which 31% is protected. In 2003, a national Elephant Policy and Action Plan was 

developed (Blanc et al. 2007), which identified HEC and poaching as the biggest 

threats to elephant populations in Zambia. It proposed a number of actions 

including: land use planning, decentralized decision-making, and revenue 

sharing from the sustainable management of elephants. After a hunting ban of 21 

years, sport hunting of elephants was reestablished in 2005 (Blanc et al. 2007), 

only to be banned again in 2013 whilst the sustainability of hunting is under 

review (Boyes 2013). 

 

There are four major elephant populations distributed across Zambia, with an 

estimated total elephant population of 16,562 (assessed 2006). This was an 

increase of just over 4,000 elephants since 2002. The elephant population in 

North Luangwa NP, the closest protected area to the location of this study, was 

estimated at 3,235 in 2003 and is thought to be stable or increasing (Blanc et al. 

2007). There is a resident population of approximately 156 elephants that 

inhabits Mukungule GMA where this study takes place (Sibbuku & van der 

Westhuizen 2004).  
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Management of wildlife in Zambia falls under the mandate of the Zambia Wildlife 

Authority (ZAWA) as specified by the Zambia Wildlife Act No. 12 of 1998 (ZAWA 

2013). Hunting of wildlife in National Parks and Game Management Areas is 

strictly prohibited without a licence and offenders are liable to a fine or 

imprisonment if convicted (Republic of Zambia Government 1998). Elephants 

are fully protected under Zambian national law and management of elephant 

populations is the responsibility of the State. Therefore if an elephant enters any 

person’s land, it is an offence to injure or kill it despite the potential economic 

losses it might cause. In the past, killing of problem elephants and disturbance 

shooting by ZAWA has been relied upon for controlling conflict with elephants. 

However there is now a move towards decentralization, passing on more 

responsibility to community-based conservation projects (Parker et al. 2007).  

2.3.1 Human-elephant conflict in Zambia 
 
The African Elephant Specialist Group (AfESG) lists HEC as one of its top 

priorities due to the fact that it is one of the most pressing threats to African 

elephant survival (Hoare 2000; Sitati et al. 2005). Zambia has a number of HEC 

hotspots including the Luangwa Valley, Zambezi, Kafue and Sumbu ecosystems. 

In the Luangwa Valley, HEC is causing increased vulnerability of poverty stricken 

households due to food insecurity and severe economic losses. In spite of this 

there is no formal compensation scheme to mitigate losses caused by elephants 

(Nyirenda et al. 2011).  

 

There has been limited research into the pattern of HEC and effectiveness of 

mitigation in the Luangwa ecosystem (Nyirenda et al. 2011; Nyirenda et al. 

2012), and none to date in the North Luangwa ecosystem where this study was 

conducted. However mitigation initiatives have been implemented such as a 

chilli-training programme run by FZS in Mukungule GMA (Frankfurt Zoological 

Society 2004); ZAWA control involving firing gunshots and killing problem 

elephants (P. Nyirenda, ZAWA, pers. comm.); and a chilli-blasting programme 

run by Community Markets for Conservation (COMACO) in collaboration with 

ZAWA on the eastern side of NLNP (Itswild.org 2013). 
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2.4 Characterisation of study site 
 
Mukungule GMA is located on the western boundary of the North Luangwa 

National Park; which is situated in Mpika District of Zambia’s Northern Province 

(Fig. 2.1 & 2.2). The GMA is 1900km2 and is situated between 11°10' S to 11°53' 

S and 31°36' E to 32°14' E. The natural vegetation is predominantly Miombo 

woodland and there is a number of perennial rivers and streams (Sibbuku & van 

der Westhuizen 2004). Part of the GMA is a continuation of the Central African 

Plateau and therefore lies at around 1200m above sea level. This plateau then 

leads into the Muchinga escarpment, which is situated along the boundary 

between the GMA and North Luangwa National Park before descending into the 

Luangwa valley (Sibbuku & van der Westhuizen 2004).  

 

More than 70% of the GMA is arable land despite the fact that the soils are poor 

as a result of weathering and leaching. Human settlement consists of smallholder 

farms growing mainly subsistence crops species, predominantly maize (Zea mays 

L.) and millet (Eleusine coracana L.), and some cash crop species (Sibbuku & van 

der Westhuizen 2004).  

 

 
Fig. 2.1 GIS map showing location of study area in relation to the rest of Zambia. Image: (Google 
Earth 7.1 2013). Shapefile of Zambia: (GADM 2013). 
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Fig. 2.2 GIS map to show location of Mukungule GMA in relation to North Luangwa NP and the 
four other GMAs. Shapefile from ZAWA. Image: (Google Earth 7.1 2013) 

 

The population of Mukungule GMA is predominantly Bemba or Bisa by tribe; 

Bisa having occupied the area for over two centuries (Garoon 2009). The range 

of livelihoods that people engage in is limited to arable farming, some livestock 

production and natural resource use (fishing, charcoal burning, carving and 

weaving) (Sibbuku & van der Westhuizen 2004). NLNP has also provided 

employment opportunities for a few people in Mukungule, however for most 

residents, there is a cycle of seasonal hunger with subsistence farmers struggling 

to cultivate enough food. In the past, hunting of wildlife provided the main 

source of protein and a source of income. Today, few people are willing to risk 

being prosecuted for poaching in pursuit of meat or some extra cash (Garoon 

2009). The vulnerability of people in Mukungule is intensified by unpredictable 

rainfall, wildlife crop raiding and killing livestock, lack of secure land tenure, 

limited access to markets and sources of income, and risks from malaria and 

HIV/AIDS. Educational levels are low due to incomplete school structures, 

limited teacher housing and lack of investment from the Ministry for Education 

(Sibbuku & van der Westhuizen 2004). 

 

Mukungule GMA is one of five surrounding NLNP. It was established in 1998 and 

covers about 90% of the Mukungule Chiefdom. Mukungule Chiefdom consists of 
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ten Village Action Groups (VAGs) (administrative areas) made up of 104 villages, 

with a total population of 10,092. VAGs include: Chishala, Chobela, Kaluba, 

Mukungule, Mwansabamba and Nkomba, all of which border the NP; and 

Chipundu, Kakoko, Kashaita and Katibunga, none of which border the park 

(Sibbuku & van der Westhuizen 2004). The villages investigated in this study 

covered all VAGs excepting Kashaita. 

 

Mukungule is the newest of Zambia’s 35 GMAs and has had very little 

development compared to other GMAs bordering national parks such as South 

Luangwa (Garoon 2009). The GMA has a responsibility to conserve natural 

resources and the environment whilst ensuring livelihood activities are 

sustainable for future generations. Any conservation initiatives implemented 

must simultaneously preserve the natural environment and improve the 

standard of living of local people. Notably, the community of Mukungule GMA 

does not currently receive any direct or indirect benefits from wildlife living in 

the area and this only exacerbates their hostility towards animals that they 

perceive to threaten their lives and/or livelihoods (Sibbuku & van der 

Westhuizen 2004).  

 

The State and its partners have established environmental governance 

structures called Community Resource Boards (CRB) which aim to encourage 

environmentally-friendly agricultural practices in the GMAs (Garoon 2009). The 

CRB for Mukungule GMA was set up in 2004 and provides the interface between 

ZAWA and the communities; distributing economic benefits obtained from 

tourist park fees by building much needed infrastructure in villages such as 

clinics and schools. 

2.4.1 HEC mitigation in Mukungule GMA: Chilli 
 
FZS in partnership with EPDT implemented a chilli-training initiative in 

Mukungule GMA in 2005 as part of the North Luangwa Ecosystem Management 

Project (2004-2009) to address the growing problem of HEC in the area. Eight 

communities were selected for the programme based on their vulnerability to 

elephant crop damage and proximity to NLNP. One participant was elected from 

each community to be trained by EPDT in how to grow chilli and how to use it as 

an elephant deterrent both as a chilli-oil fence and chilli smoke briquettes. Apart 
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from helping to deter crop-raiding elephants, the programme hoped that 

harvested chilli could be sold when opportunities allowed for income generation.  

 

Participants were provided with seeds to plant chilli nurseries that could be used 

to transplant into farmers’ fields to make the deterrents. ZAWA had agreed to 

provide used-engine oil from their vehicles for the chilli-oil fences. The trained 

participants were then expected to train other farmers in their own villages to 

use chilli and grow their own chilli crops. Chilli-oil fences were constructed 

around communal fields and each farmer was expected to maintain a part of the 

fence (Siachoono 2013). Since the implementation of the chilli initiative, there 

has been no formal assessment of the current status of the project, the perceived 

effectiveness of chilli as a deterrent and whether it is still being used by any of 

the communities involved.  
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3 Methods 

3.1 Methodological framework 
 
Given the difficulties of quantifying the impact of human-elephant conflict on 

local communities (Hoare 2001; Naughton-Treves & Treves 2005), this study 

involved a mixed methods approach to triangulate the findings. A summary of 

the framework used for the study is shown in Fig. 3.1, which outlines the 

different methods of data collection, data analysis and the objectives addressed 

using each type of analysis. 

 
Fig. 3.1 Flow chart outlining the methodological framework for this study. The four villages in 
pink form the detailed study and all eleven villages form the landscape-scale study. 

3.2 Location selection 
 
Eleven villages within the Mukungule GMA were selected for this study (Fig. 3.2). 

The villages experience different levels of HEC, enabling comparisons and 

conclusions to be made about the spatial pattern of HEC across Mukungule GMA. 

Seven of the villages were selected because they had been part of the FZS chilli-

training programme and were identified as communities vulnerable to HEC 

when the programme was introduced in 2005. Selecting these villages enabled 

conclusions to be drawn on the effectiveness of the chilli programme, levels of 
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participation and barriers to uptake. The remaining four villages were selected 

because they had similar characteristics to the other seven in terms of 

community livelihoods and were situated within the GMA but at different 

distances from the National Park (NP) boundary.  

 

All eleven villages formed the landscape-scale part of the study, with four of 

these forming the detailed study. The four selected were Kabuta, White, Nkomba 

and Kakoko and were all part of the FZS chilli-training programme. FZS chose 

these sites because of their good working relationship with the village headmen 

enabling access to the communities for long periods of time. The four villages 

were also situated at different distances from the NP boundary and had been 

identified as experiencing high levels of HEC in the past by FZS’ chilli-training 

programme.  

 

 
Fig. 3.2 GIS map of eleven study villages. The points in red are villages that were part of the original 
FZS chilli-training programme, and those in yellow were not part of the programme. Image: (Google 
Earth 7.1 2013) 
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3.3 Data collection 

3.3.1 Research assistants 
 

Fieldwork was conducted from June to August 2013. Two local research 

assistants were trained in both interview and focus group techniques to assist 

with data collection so that a representative sample could be collected in the 

time available. All research was conducted in Bemba, the predominant language 

for the region. The interview question sheet was translated into Bemba to ensure 

each assistant asked the questions in the same way. 

3.3.2 Focus groups 

3.3.2.1 HEC Management Focus Groups 
 
Focus groups (FG) are commonly used in social research to gather 

comprehensive qualitative data (Hennink 2007); and therefore were chosen as 

the method for data collection in the landscape-scale study. Two FGs of eight 

participants were conducted in the eleven villages to assess the level of crop 

damage by elephants and propose a community-identified management strategy 

to alleviate HEC in the local area. The participants were selected by the village 

headmen on the basis that they were experienced farmers and would potentially 

have knowledge of HEC. One FG consisted of village elders including the 

headman, and the other was with farmers from the village. This was in order to 

gain perspectives of HEC from different people in the village and to ensure 

farmers felt comfortable about expressing their views without village elders 

present; as recommended (B. Siachoono, FZS, pers. comm.).  

 

The discussion was initiated with a brief introduction about the study and how 

the information provided by the group would be useful for informing 

conservation interventions to manage HEC in the area. A set of predetermined 

questions led the group through the discussion including questions on patterns 

of HEC over time and space, specifically identifying conflict hotspots (Appendix 

I).  

 

In the four detailed-study villages, printed Google Earth images of the village 

were shown in the village elders FG to see if they could identify areas in the 

village that experience high levels of crop damage by elephants. Google Earth is 
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an inexpensive yet effective mapping tool and can enable researchers and 

communities to better understand the social environment (Lefer et al. 2008). 

Google Earth maps were only shown to the village elders because it was assumed 

that they had more knowledge of HEC in the village. The participants were asked 

to draw the direction that the elephants commonly entered the village and points 

where they perceived crop damage by elephants to be highest. The information 

from these maps was then transferred to Quantum GIS (QGIS) along with a 

vector boundary map of NLNP from ZAWA to build a pattern of perceived 

hotspots over the study area. Similar methods have been used for conflict 

mapping of other species (e.g. Ozbenian 2013). 

 

HEC mitigation techniques that have been trialled in Zambia and elsewhere in 

Africa such as fencing (electric or chilli), chilli smoke briquettes, watchtowers 

and beehives were presented and explained to the participants in order to 

facilitate discussion. The participants then suggested perceived advantages and 

disadvantages of each strategy. Following this, participants were asked to rank 

the deterrents in order of effectiveness. 

 

Finally, participants were asked to select one or more deterrent(s) that they 

thought would be most effective in their community and discuss who would 

manage it and what roles both management and the community would play. 

 

Observable indicators of household wealth were discussed in one of the FGs in 

each of the four detailed-study villages. This was to provide local context for the 

household items question in the semi-structured interviews, and identify wealth 

levels in the village. 

3.3.2.2 Community-mapping of conflict hotspots 
 
Community-mapping exercises with groups of six participants were held in each 

of the detailed-study villages to determine spatial patterns of perceived HEC 

hotspots. The village headmen selected participants for the group based on their 

farming experience and knowledge of the local area. The discussion commenced 

with an explanation of how the community map will be useful for identifying 

locations of conflict in their village, helping to inform positioning of deterrents in 

the future (Sitati et al. 2003). The group was provided with A3 paper and asked 
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to identify and draw on a central feature of their village, followed by other 

features such as the church, school, well and crop fields. Once the group had 

drawn a community map, they were asked to draw on points or areas where they 

perceived conflict to be highest. The group also drew the direction they 

perceived elephants to enter the settlement from. 

3.3.3 Interviews 
 
Semi-structured interviews were held with approximately thirty farmers in each 

of the four detailed-study villages to examine local perceptions of HEC and 

effectiveness of mitigation techniques in Mukungule GMA; similar to surveys 

carried out in other HEC studies (e.g. Gillingham & Lee 2003; Graham & Ochieng 

2008; Nyirenda et al. 2012). Farmers from every household in Kabuta village 

were interviewed because it consists of only 19 households (four of these formed 

the pilot study). In the other three villages, the village headmen guided the team 

to potentially suitable households. Robust random selection of households was 

not possible as the homesteads were not numbered and there was no access to 

official census records at the time of study. Also due to the work pattern of 

farmers, it was sometimes difficult to meet during the day when they were 

working in the fields and therefore some opportunistic sampling was required.  

 

The semi-structured interview consisted of a mixture of open and fixed-response 

questions covering a number of topics: 1) basic information on the respondent’s 

demographic and socio-economic profile; 2) details about their farm and 

cultivation patterns; 3) patterns of elephant crop raiding on their farm and the 

proportion of total crop harvest lost as a result; 4) use of elephant deterrents 

including participation in the chilli-training programme, whether they had used 

chilli or any other type of deterrent, and how effective they perceived any of 

them to be; and finally 5) reasons for not using or abandoning certain elephant 

deterrents including chilli (Appendix II).  

3.3.4 Environmental and behavioural factors 
 
Data on environmental and behavioural factors that could potentially affect 

levels of HEC, and therefore predict locations of conflict hotspots were compiled 

for each farmer in the four detailed-study villages including: distance from 

homestead to the NP boundary, time taken to walk to farm from homestead, 
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distance to nearest water source, total farm size, main crop type, and elephant 

deterrents used. Data for all factors, apart from the distance to the NP boundary, 

were collated during interviews. Testing effects of parameters that best explain 

crop raiding patterns has been carried out in other HWC studies (Sitati et al. 

2003; Linkie et al. 2007; Campbell-Smith et al. 2012; Nyirenda et al. 2012).  

 

GPS coordinates were recorded at 78% of homesteads in the detailed study and 

the coordinates for remaining homesteads were estimated using Google Earth 

imagery and community maps. The distance from GPS coordinate to the closest 

point on the NP boundary was then calculated using the distance matrix analysis 

tool in QGIS software.  

3.3.5 Pilot 
 
Interview questions were reviewed by EJMG, GW and AW with changes made; 

including the addition of questions to provide a reality check on the frequency of 

crop-raid attempts in the ‘Farming and HEC incidents’ section; the addition of an 

‘observed’ column in the household items question to verify the respondents’ 

answers; and a section to record details of housing type to provide an indication 

of the relative wealth among respondents, as recommended (B. Siachoono, FZS, 

pers. comm.). 

 

The interview questions were then piloted on four representatives from Kabuta 

village. Some questions were revised following comments from research 

assistants on areas that were repetitive or confusing for respondents. 

 

3.4 Ethics and Research Approvals 

 

Free, Prior Informed Consent was obtained verbally from village officials, local 

authorities, and each respondent involved in this project. The study objectives 

were made explicit to all participants to ensure no undue expectations were 

made. Prior to collecting socio-economic data, assurances of confidentiality and 

anonymity were clearly explained to respondents. Data records were assigned 

codes to preserve anonymity of individual respondents. Local research assistants 

conducted the interviews to avoid potential misinterpretation of questions. And 
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no questions were asked about illegal activity such as retaliatory killing of 

elephants.  

 

The project complied with the ethical guidelines of both Imperial College London 

and FZS. FZS obtained the appropriate permission from ZAWA to allow research 

to be conducted in Mukungule GMA. 

3.5 Data analysis 

3.5.1 Quantitative  
 
All analyses were conducted in Microsoft Excel or R: Version 3.0.1 (R Core Team 

2013), apart from geospatial mapping which was carried out using Quantum GIS 

mapping software: Version 1.8.0 (QGIS Development Team 2013). 

3.5.1.1 Impact zones 
 
In previous studies of elephant crop raiding patterns, it has been suggested that 

crop damage is clustered into distinct conflict zones (Sitati et al. 2003; Sitati et al. 

2005). Therefore in order to determine the impact of crop damage by elephants 

spatially across the eleven study villages and enable broader comparisons of HEC 

patterns and effects of HEC on communities, information from FGs and 

interviews was used to identify ‘impact zones’. Three zones were developed to 

represent the impact of crop damage by elephants on farmers in each village 

(Table 3.1). In the case of the four detailed-study villages, the different zones 

were based on a combination of factors: the proportion of farms that had 

experienced crop damage by elephants and the median number of crop-raid 

incidents in the last twelve months. In the case of the remaining seven villages 

where only data from FGs were available, the categories were assigned based on 

the estimated average number of crop-raid incidents experienced by farmers in 

the last twelve months or if none, when the last crop raiding incident was and 

whether farmers perceived the level of crop raiding to be high, medium or low as 

discussed in the FGs. 

Table 3.1 Factors used to assign each village to an impact zone. 

Impact 
zone 

Proportion of farms 
crop-raided in last 12 
months (%) 

Median no. of 
incidents in last 12 
months per farm 

Last crop-raid 
incident in village 

High 25-95 1-3 2012/2013 
Medium 5-24 1 2012/2013 
Low 0-4 0-1 Before 2011 
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3.5.1.2 Perceived crop loss 
 
Crop loss as a result of elephant damage was measured by the number of bags of 

crop lost (standard 50kg bag) as a proportion of the total number of bags that 

would have been harvested had there been no crop damage by elephants over 

the previous twelve months. Total crop harvest is therefore the total number of 

crop bags that farmers expected to harvest over the past twelve months. Due to 

data being non-normally distributed, the median proportion of total crop harvest 

lost was used to compare villages. 

3.5.1.3 Geospatial Mapping 
 
Impact map: 

A map showing the impact of crop damage by elephants in the landscape-scale 

study was developed using the impact zones assigned for each village (Appendix 

III). Pie charts were produced for each village representing the level of impact 

(high, medium or low) and change in level of crop damage by elephants over the 

last five years. The diameter of the pie chart represents the relative impact of 

crop damage by elephants and the colour of the pie chart represents the change 

in level of crop damage by elephants over the last five years, which was obtained 

from FG data for each village. 

 
Farming issues map: 

Farming issues that affect total crop harvest were ranked in order of impact 

during FG discussions. The issues that were perceived to cause the greatest loss 

to total crop harvest (i.e. ranked highest) in the FGs were represented by pie 

charts on a GIS map to gain a spatial perspective of where certain issues cause 

the greatest impact. 

 

Conflict hotspot maps: 

Conflict hotspot maps for each of the four detailed-study villages were developed 

using data from community-mapping exercises, and annotated Google Earth 

images from FGs. Farmers also discussed particular areas of the village that 

experience high levels of crop damage by elephants during FG discussions, which 

provided further evidence to consolidate data from community-mapping. 

Information on areas of settlement, rivers, and maize and millet fields were also 
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added using community maps and Google Earth to estimate the extent of each 

and provide context to hotspot locations. 

3.5.1.4 Statistical analysis 
 
Due to non-normally distributed data, non-parametric tests were used to test for 

differences between each of the four detailed-study villages for a number of 

different factors including: farming issues perceived as causing the greatest loss 

to total crop harvest; number of farms that had elephant crop damage in the last 

twelve months; most effective elephant deterrents and perceived effectiveness of 

chilli-based deterrents (Fig 3.1).  

 
Farming issues: 

Farming issues were ranked during interviews in the detailed-study villages. The 

issues ranked as causing the greatest loss to total crop harvest were grouped 

into two groups: 1) crop damage by elephants; and 2) other: which included all 

other issues ranked highest by farmers. This was due to small counts for some of 

the other issues. Fisher’s Exact Test was then used to test for a significant 

difference between villages. 

 

Models - predictors of crop damage patterns by elephants: 

Generalised Linear Mixed Models (GLMM) were used to test whether farms 

experiencing crop damage by elephants in the four detailed-study villages were 

significantly correlated to specific environmental and behavioural factors. 

GLMMs were also used to test for factors that may influence the amount of crop 

lost on individual farms. To account for differences between the four villages, 

‘Village’ was included as a random effect in both models. All continuous data 

were standardised (by subtracting the mean and dividing by the standard 

deviation) before running the models. Global models were run using the lme4 

package in R and the MuMIn package was used for model comparison. 

 

Factors that may predispose a farm to crop damage by elephants: 

Five different explanatory variables were considered for the models (Table 3.2), 

and the response variable was whether or not a farm had experienced crop 

damage (Appendix IV). Unfortunately due to time limitations, GPS coordinates 

could not be recorded at each farm site, and therefore coordinates for 
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homesteads were used to measure the distance to the NP boundary. It should be 

noted that 75 out of 108 farmers interviewed lived less than ten minutes walk 

from their farm and therefore distance from the homestead to the NP boundary 

is still an important variable to consider. 

 
Table 3.2 Justification for the variables considered for GLMMs that may predispose a farm to 
elephant crop damage. 

Variable Justification Reference 

Farm size Larger farms with more crop available may 
attract elephants to crop raid. 

(Sitati et al. 2005; Nyirenda et 
al. 2012) 

Guarding fields If farms are vulnerable to elephant crop 
raiding, farmers are more likely to guard 
fields.  

(Sitati et al. 2005; Campbell-
Smith et al. 2012) 

Distance to nearest 
water source 

Elephants are prone to foraging in close 
proximity to water where there is often 
higher vegetation cover.  

(Sitati et al. 2005; Harris et al. 
2008) 

Time taken to reach 
farm from 
homestead 

If a long time, it may reduce the likelihood 
of farmers detecting the elephants on their 
farm and being able to chase them away. 

(Sitati et al. 2005) 

Distance from 
homestead to NP 
boundary 

The incidence of crop raiding by elephants 
increases with decreasing distance to NP 
boundaries due to proximity to ‘safe’ 
natural refuge for elephants. 

(Naughton-Treves 1998; 
Nyirenda et al. 2012).  
 

 
 
 
Factors affecting crop loss as a result of elephant damage: 
 
Four different explanatory variables were considered for the models: distance to 

NP boundary, guarding fields, distance to water source and years of farming 

experience (Appendix V). Three of the variables were used for the same reasons 

as listed in Table 3.2. Years of farming experience was selected because with 

more experience of farming and protecting crops, farmers may be more effective 

at reducing the amount of crop damage. The response variable for the model was 

the number of crop bags damaged combined with the number of bags not 

damaged in the last twelve months. 

 

3.5.2 Qualitative 
 
Open-ended interview questions were coded, with responses grouped into 

themes. Text analysis was used for FG results and visual interpretation was used 

for community maps. 
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3.5.2.1 Perception of elephants 
 
Wordle (Feinberg, J. 2013) was used to create word clouds of words farmers 

used to describe elephants in FGs. The results were grouped by impact zone to 

enable broader comparisons across the villages and to understand how 

communities perceive elephants in Mukungule GMA. 

3.5.2.2 Effects of HEC on farmers, their families and communities 
 
During FGs, farmers listed the perceived positive and negative effects of 

elephants on their community and extending beyond their community. These 

effects were categorised into themes and grouped further into subthemes, with 

the most representative quote selected for each. 

 

In the four detailed-study villages, perceived effects of crop damage by elephants 

on farmers were free listed during interviews. The free lists were used to 

calculate the cultural salience of each effect. Cultural salience refers to the 

importance of a particular effect on farmers’ lives and livelihoods. It assumes 

that more important effects will be listed earlier and by more respondents 

during free lists (Quinlan 2005). The following equation was used to calculate 

the salience of each effect listed by an individual (Papworth et al. 2013): 

 

 

 

 
 
where length is the number of effects given by individual i, and position is the 

location of an effect in the list of individual i. If an effect is not mentioned, its 

salience is zero. The maximum salience of any effect is one, where all individuals 

list the effect first. The cultural salience of each effect was calculated using the 

following equation: 

 
 
 
 

where ‘n’ is the number of individuals who were interviewed in the study. 
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3.5.2.3 Community perceptions of HEC management interventions  
 
Farmers were asked to discuss perceived advantages and disadvantages of 

various elephant deterrents in FGs held in the eleven study villages. Some of the 

deterrents discussed were ones they currently use and others were deterrents 

used elsewhere in Africa. Farmers also had to develop their own HEC mitigation 

strategy for their community. Results were grouped by common theme and 

tabulated. 
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4 Results 
 
Results are structured around the study objectives, drawing on both quantitative 

and qualitative data. Where objectives include landscape-scale and detailed-

study data, the results are separated into separate sections. 

4.1 Perceived level and spatio-temporal pattern of HEC 

4.1.1 Landscape-scale study 
 
There is a distinct spatial pattern of HEC across the eleven study villages in 

Mukungule GMA. Crop damage by elephants is perceived as having the greatest 

impact on farmers in Kabuta, Mukungule, Chishala, White and Nkomba, based on 

impact zone criteria (Fig. 4.1, Table 3.1). Farmers in Kabuta, Mukungule, 

Chishala, White and Chobela perceived crop damage by elephants to have 

increased in the last five years, whilst farmers in Nkomba and White were split, 

with one FG perceiving an increase and the other a decrease. Farmers in 

Chipundu have not experienced any crop damage by elephants in the last 50 

years.  

 
Fig. 4.1 GIS map of study villages showing impact of elephant crop damage. The diameter of the 
pie chart represents the relative level of impact, and the colour represents the change in level of 
crop damage by elephants over the last 5 years (red=increasing; green=decreasing; blue=same). 
Image: (Google Earth 7.1 2013). 
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4.1.1.1 Farming issues affecting total crop harvest 
 
Both FGs in Kabuta, Mukungule, Chishala, White and Nkomba (all villages in the 

high impact zone) identified crop damage by elephants as causing the greatest 

loss to total crop harvest (Fig. 4.2). In the remaining six villages, different 

farming issues were ranked first. Both FGs held in Kakoko, Chobela and 

Katibunga, and the village elder FG in Mwansabamba ranked governmental 

issues highest, such as late delivery of fertiliser. Labour constraints was ranked 

highest in the local farmers FG in Chipundu, whereas the village elder FG 

perceived crop damage by Mechow's mole rat (Cryptomys mechowi) as causing 

the greatest loss to total crop harvest. Both FGs in Kaluba ranked crop damage by 

bushpigs (Potamochoerus larvatus) as number one; and only one FG in 

Mwansabamba perceived drought to cause the greatest loss to total crop harvest.  

 

 
Fig. 4.2 GIS map of study villages showing spatial pattern of farming issues ranked highest in 
FGs. The pie charts with two colours are villages where the two FGs ranked issues differently. 
Government = issues such as late delivery of fertiliser or provision of low quality seed. Image: 
(Google Earth 7.1 2013) 
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4.1.2 Detailed study 
 
There was a significant difference between the four villages in terms of whether 

‘crop damage by elephants’ or ‘other issues’ was ranked highest: (Fisher’s Exact 

Test: p <0.0001, n=108). The highest proportion of farmers ranking crop damage 

by elephants as causing the greatest loss to total crop harvest were from White 

(67%, n=30); which was in contrast to farmers in Kakoko where crop damage by 

elephants was not ranked highest by any farmers interviewed (Fig. 4.3). 

 

 
Fig. 4.3 Proportion (%) of farmers from the four detailed-study villages that identified crop 
damage by elephants as causing the greatest amount of loss to total crop harvest. 

4.1.2.1 Crop damage by elephants on farms 
 
The number of farms that had crop damage by elephants in the last twelve 

months was significantly different between the four villages (Pearson's Chi-

squared: 2=33.39, df = 3, p < 0.0001). Whereas elephants damaged crops at 93% 

(n=15) of farms in Kabuta, elephant crop damage occurred at only 9% (n=32) of 

farms in Kakoko (Fig. 4.4). The village headman of Kabuta provided some village 

statistics, which gave further evidence of the perceived severity of crop damage 

by elephants in Kabuta. Kabuta was established in 1987 with 49 households, 

increasing to 60 households by the year 2000. However, in 2010 the first 

household left the village as their farm was on the far eastern part of the 

settlement, a hotspot for crop damage. Many others followed in 2012 because 

crop damage had become so severe, and by 2013 there were only 19 households 

remaining, a significant change from what the village once was. 
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Fig. 4.4 Proportion (%) of farms in the four detailed-study villages that experienced elephant 
crop damage in the last twelve months. 

4.1.2.2 Perceived crop loss 
 
The perceived amount of total crop harvest lost as a result of elephant damage in 

the last twelve months varied between the four villages. The median proportion 

of total crop harvest lost was greatest in Nkomba and Kabuta (Fig 4.5). Farmers 

in White perceived a much lower median proportion of total crop harvest lost, 

despite proportionally more farmers in White than in other villages, perceiving 

damage by elephants as causing the greatest amount of loss to total crop harvest. 

 
Fig. 4.5 Median proportion of total crop harvest lost (%) as a result of elephant damage in each of 
the four detailed-study villages. IQR: Kabuta= 27.9; Kakoko= 2.5; Nkomba= 19.6; White= 9.1 

 
Predictors of the perceived amount of crop lost as a result of elephant damage 

were investigated using binomial GLMMs. The most parsimonious models are 

shown in Table 4.1, as well as the intercept-only model. The model with the 
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lowest AIC and most support (Wi=0.40) indicated that the combined effects of 

distance from the homestead to NP boundary, years of farming experience and 

distance to water source influence the amount of crop lost as a result of elephant 

crop damage on individual farms.  

 
Table 4.1 Standardised coefficients for the fixed effects of the 5 most parsimonious models and the 
intercept-only model. Symbol ‘+’ indicates factor variable. Blank field indicates variable not included. 
 

Intercept Dist to 
NP 

Guard 
Field 

Dist to 
Water 

Years farming 
experience 

df AIC ΔAIC Model 
weights 

(Wi) 

-0.7772 -0.1325  + 0.1513 6 165.8 0.00 0.400 
-0.6875 -0.1292 + + 0.1363 7 167.6   1.79 0.164 
-0.7263 -0.1589  +  5 167.6   1.79 0.163 
-0.6102 -0.1521 + +  6 168.3   2.45 0.118 
-0.8554   + 0.1911 5 168.7   2.89 0.094 
-1.3640     2 195.5  29.64 0.000 

 

Table 4.2 shows the standardised coefficients from the top model indicating that 

distance from the homestead to the closest point on the NP boundary had a 

negative significant effect on the number of crop bags lost as a result of elephant 

damage. The greater the distance to the NP boundary, the fewer bags of crop 

were lost. Similarly distance to the nearest water source had a negative 

significant effect on the number of crop bags lost. Perhaps surprisingly, the more 

years of farming experience a farmer had, the more crop bags the farmer lost as a 

result of elephant damage.  

 
Table 4.2 Results of binomial generalized linear mixed model of farm variables explaining likelihood of 
farm experiencing elephant crop damage. Significant codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 

 

4.1.2.3 Temporal pattern of crop raiding by elephants 
 
There is little variation in farmers’ perceived daily temporal pattern of elephant 

crop raiding, with 99% (n=86) reporting that it occurs during the night; 17% 

also said crop raiding happens at dusk. However, there is a distinct seasonal 

pattern of raiding, with the highest level of crop damage by elephants in Kabuta, 

Nkomba and White being perceived to occur in March, April, and May when most 

crops are ripening (Fig. 4.6). In contrast, 6 out of 16 farmers in Kakoko perceived 

Explanatory variables Estimate SE z P 

Intercept -0.77716 0.43807 -1.774 0.076055 . 
Distance to NP -0.13254 0.05843 -2.268 0.023315* 
Years farming experience 0.15128 0.07177 2.108 0.035046* 
Distance to water source 1-5km -1.90286 0.50828 -3.744 0.000181*** 
Distance to water source 500m-1km -0.30475 0.18381 -1.658 0.097324 . 
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October to have the highest level of crop damage. This is due to farmers growing 

cassava in Kakoko that ripens at this time of year. Many farmers in the other 

three villages have given up growing cassava as they believe it attracts elephants, 

as demonstrated by this quote: “I was forced to stop growing crops such as 

cassava, bananas and mangoes because it attracted elephants and they would eat 

all of it leaving none for me to harvest” (Farmer in Kabuta). 

 

 
Fig. 4.6 Frequency of farmers perceiving months to have the highest level of elephant crop 
damage in each of the four villages. Total frequency of months exceeds total sample as some 
farmers perceived more than one month to have high levels of crop damage.  

4.2 Perceived effects of elephants on farmers and communities 

4.2.1 Landscape-scale study 

4.2.1.1 Perception of elephants 
 
The frequency of different words used to describe elephants differed across the 

three impact zones. In the high impact zone, the words big, fear, dangerous and 

scary were frequently mentioned by farmers. However, positive words such as 

intelligent and clever were also mentioned at a similar frequency (Fig. 4.7). 

Similarly in the medium impact zone, a number of negative words were 

mentioned regularly such as dangerous, kills, ugly, scary and problematic. Few 

positive words were called out in this zone (Fig. 4.8). Conversely in the low 

impact zone, positive words are much more prominent, such clever, motherly and 

human-like (Fig. 4.9). 
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Fig. 4.7 Word cloud showing the 30 most frequently mentioned words to describe elephants in 
the high impact zone. Large fonts indicate a higher frequency.  
 
 

 
Fig. 4.8 Word cloud showing the 30 most frequently mentioned words to describe elephants in 
the medium impact zone. Large fonts indicate a higher frequency. 
 
 
 

 
Fig. 4.9 Word cloud showing the 30 most frequently mentioned words to describe elephants in 
the low impact zone. Large fonts indicate a higher frequency. 
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4.2.1.2 Perceived effects of elephants on communities 
 
Perceived positive and negative effects of elephants on communities in 

Mukungule GMA are presented in Appendix VI and VII. The strongest positive 

effect emerging from the FGs was the proportion of income from tourist fees that 

goes to the CRB and is then distributed to communities. This was mentioned by 

farmers in every village, and in 21 out of 22 FGs. Notably, farmers in seven of the 

eleven villages mentioned the distribution of meat to communities from problem 

elephants killed by ZAWA as a positive effect. Farmers also perceive more 

positive economic effects from elephants than social effects. Hunger in the 

household and injury or death of villagers were common perceived negative 

effects of elephants across all villages. Many more negative economic and social 

effects were mentioned than environmental effects. 

 

From a broader perspective, farmers in the high impact zone perceived more 

positive effects of elephants on the community than farmers in both the medium 

and low impact zones (Fig 4.10). Positive effects such as employment by park 

authorities, meeting tourists and access to markets are only recognised by 

farmers in the high impact zone, which is likely to be related to the proximity of 

these villages to the NP. Only farmers in the medium and low impact zones 

perceived conservation education for children as a good effect of living with 

elephants. Statistically there is no significant difference between the perceived 

positive effects of elephants identified in each impact zone (Fisher’s Exact Test:   

p = 0.47, n=66).  
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Fig. 4.10 Perceived positive effects of elephants on communities. FGs have been grouped by 
impact zone; ‘n’ refers to number of FGs in zone. 
 

Farmers in the high impact zone also perceived more negative effects than in 

other zones. Farmers mention not being able to grow commercial crops that 

might attract elephants, that they fear elephants and that elephants cause people 

to leave their homes; none of which was mentioned in the medium or low impact 

zones (Fig. 4.11). There was no significant difference however between the 

negative effects identified in each impact zone (Fisher’s Exact Test: p = 0.99, 

n=75). 

 
Fig. 4.11 Perceived negative effects of elephants on communities. FGs have been grouped by 
impact zone; ‘n’ refers to the number of FGs in zone. 
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4.2.2 Detailed study 

4.2.2.1 Perceived effects of crop damage by elephants on families 
 
Hunger in the household was the most important perceived effect of crop 

damage by elephants on families across all four villages, followed by reduced 

income (Fig. 4.12). Tiredness as a result of guarding fields at night and 

consequently lower productivity on the farm also had a notable cultural salience 

score. 

 
Fig. 4.12 Cultural salience scores for free-listed effects of crop damage by elephants on families 
across the four villages (n=86). Tiredness = tiredness from guarding fields at night. Travel far for 
food = result of not growing enough crops for subsistence. No compensation = for loss of crops as 
a result of elephant damage. No commercial crops = farmers are forced to stop growing crops 
that attract elephants. Reduced nutrition = farmers are restricted by which crops they can grow. 
Risk to life = result of guarding fields. 

 
 
When comparing the perceived effects of crop damage by elephants between 

each village, there is almost no variation. Hunger in the household has a high 

cultural salience score in all four of the villages. Tiredness from guarding fields at 

night has a much higher cultural salience score in Kabuta compared to the other 

three villages. Only farmers in Kabuta list the fact that there is no compensation 

for damaged crop, and that they have to travel far to buy food for subsistence 

(Fig. 4.13).  
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Fig. 4.13 Cultural salience scores for free-listed effects of elephant crop damage on families, 
comparing the four villages. 
 

4.3 Maps of community-identified hotspots of HEC  
 

The following GIS maps represent perceived conflict hotspots identified by 

farmers in each of the four detailed-study villages. The first map (Fig. 4.14) 

shows the villages in relation to NLNP, locations of relevant rivers and the 

general direction of elephants leaving the NP and reaching each settlement. 
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Fig. 4.14 GIS map of the four villages, relevant rivers and direction of elephants leaving the 
NP as identified by community members in FGs and community-mapping. Image: (Google 
Earth 7.1 2013) 

 
 

Focusing on Kabuta, the southern-most village of the four, farmers perceive that 

elephants enter the settlement from the east and follow the river in the safety of 

thicker forest (Fig. 4.15 & 4.16). The farms located in the east of the village are an 

elephant conflict hotspot. Farms that border the marshy banks of the river are 

also conflict hotspots as elephants move from field to field keeping close to the 

river. 
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Fig. 4.15 Large-scale map of conflict hotspots in Kabuta, showing farms that experience a 
higher level of crop damage by elephants. Image: (Google Earth 7.1 2013) 
 

 
Fig. 4.16 Small-scale map of conflict hotspots in Kabuta, showing the direction of elephants 
from the NP to the village. Image: (Google Earth 7.1 2013)  
 

Moving northwards to White village, farmers perceived elephants to enter the 

village from south, the closest edge to the NP boundary and then move along the 

eastern edge causing damage in farms they come across. This creates a conflict 

hotspot in a curve around the southern part of the settlement in areas of both 

maize and millet fields (Fig 4.17). It is clear from the smaller scale map of White, 
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that the northern part of the settlement does not experience as much crop 

damage (Fig 4.18). 

 
Fig. 4.17 Large-scale map of conflict hotspots in White located in the southern part of the 
settlement, closest to the NP boundary. Image: (Google Earth 7.1 2013) 
 

 
Fig. 4.18 Small-scale map of conflict hotspots in White. Grey lines represent the extent of 
settlement, which is split into two distinct areas. Image: (Google Earth 7.1 2013) 
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Moving further north again to Nkomba, farmers perceived conflict hotspots to be 

situated around farms in the southeastern part of the settlement, with elephants 

then moving to the north and south of the main settlement through thicker forest 

where millet fields are situated. Thereby avoiding the more populated area in the 

centre of Nkomba (Fig. 4.19). 

 

 
Fig. 4.19 GIS map of conflict hotspot in Nkomba, located in the southeastern part of the 
settlement. Image: (Google Earth 7.1 2013) 
 

 

Finally in the most northern village in the study, Kakoko, farmers perceive the 

highest level of crop damage by elephants to occur in a strip to the northeast of 

the settlement following a river valley (Fig. 4.20). This area is predominantly 

millet fields and therefore only a few farmers who have fields in this area are 

affected by elephants. Elephants very rarely reach the settled area or attack 

maize fields in this village. 
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Fig. 4.20 GIS map of conflict hotspots in Kakoko, which are located on the northeastern 
edge of the settlement. Image: (Google Earth 7.1 3013) 

 

4.4 Environmental and behavioural factors that may predispose 
locations to be more susceptible to HEC 

 
Binomial GLMMs were used to assess factors that may predict which farms are 

more likely to experience crop damage by elephants in the four detailed-study 

villages. The most parsimonious models are shown in Table 4.3, as well as the 

model with all five explanatory variables and the intercept-only model. The 

model with the lowest AIC and most support (Wi=0.28) indicated that the 

combined effects of distance from homestead to the NP boundary, time taken to 

reach farm from homestead and whether or not farmers guard their fields 

influence the likelihood of farms experiencing crop damage by elephants.  

 

Table 4.3 Standardised coefficients for the fixed effects of the 6 most parsimonious models, the model with 
all explanatory variables and the intercept-only model. Symbol ‘+’ indicates factor variable. Blank field 
indicates variable not included. 

Intercept Dist to 
NP 

Guard 
Field 

Time to 
Farm 

Farm Size Dist to 
Water 

df AIC ΔAIC Model 
weights 

(Wi) 

-1.06300 -1.2620 + 0.4455   5 107.6 0.00 0.284 
-1.10300 -0.9466 +    4 108.1 0.48 0.224 
-1.20300  +    3 109.7 2.14 0.097 
-1.06000 -1.2630 + 0.4429 -0.02237  6 109.8 2.24 0.093 
-1.09300 -0.9576 +  -0.07230  5 110.2 2.60 0.078 
-1.13800  + 0.2951   4 110.6 3.04 0.062 
-1.13200 -1.2870 + 0.4432 -0.01057 + 8 114.3   6.74 0.010 
0.14540      2 128.4  20.82 0.000 



   

 
45 

Table 4.4 shows the standardised coefficients from the top model, which 

indicate that distance to the NP boundary and whether or not farmers 

guard their fields were significant predictors of whether or not a farm 

experiences crop damage by elephants. With increased distance from the 

NP boundary, the likelihood of crop damage by elephants on the farm 

decreased. Farmers who had experienced crop damage by elephants 

during the previous twelve months were more likely to guard their fields. 

The time taken for farmers to walk from their homestead to their farm was 

not a significant explanatory variable although may still have some 

positive influence on the vulnerability of farms.  

 
Table 4.4 Results of binomial generalized linear mixed model of standardised farm variables 
explaining likelihood of farm experiencing crop damage by elephants. 

 

4.5 HEC mitigation techniques and perceived effectiveness 

4.5.1 Landscape-scale study: deterrents currently used 
 
There is a large amount of variation between the mitigation techniques used in 

each of the eleven villages, with Chipundu and Kaluba not using any deterrents 

and Kabuta using eight different types of deterrents (Appendix VIII). Guarding 

fields, banging drums and calling ZAWA to scare the elephants are used most 

widely across the eleven villages. Chilli-based deterrents are only used in five 

villages, all of which were part of the FZS chilli-training programme. Chobela and 

Kakoko, which were part of the programme, do not currently use chilli as a 

deterrent. 

 

When grouped by impact zones, farmers in the high impact zone used the highest 

number of different elephant deterrents, whereas farmers in the medium and 

low impact zones used a much lower number of deterrents (Table 4.5). 

 
 
 
 
 
 

Explanatory variables Estimate SE z P 

Intercept -1.0633 0.5407 -1.967 0.04922 * 
Guard fields 2.0435 0.6376 3.205 0.00135 ** 
Time from homestead to farm 0.4455 0.3071 1.451 0.14690 
Distance to NP boundary -1.2621 0.5582 -2.261 0.02376 * 
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Table 4.5 Elephant deterrents used currently in each impact zone. Chilli=chilli-oil fence, chilli briquette 
and chilli burnt on fire. ZAWA=scaring techniques such as firing blanks and killing problem elephants.  

  

4.5.2 Detailed study: perceived effectiveness of deterrents 
 
There was a significant difference between the deterrents perceived to be most 

effective in Kabuta, Nkomba and White (Fisher’s Exact Test: p = 0.009, n=75); 

Kakoko was not included in statistical analysis due to a sample size of n=1. Tin 

cans and chilli briquettes were only perceived as most effective by farmers in 

Kabuta, and guarding fields was the only deterrent perceived to be most effective 

in all four villages. When combining the results from all four villages, the use of 

ZAWA to scare the elephants and guarding fields are most commonly perceived 

as the most effective (Fig. 4.21). 

 

 
Fig. 4.21 Elephant deterrents currently used that are perceived to be most effective by farmers 
from the four villages (n=56). Some farmers chose a combination of deterrents and therefore the 
total pie chart exceeds n=56. ZAWA=scaring techniques such as firing blanks and killing problem 
elephants.  

 
Combinations of deterrents that were perceived to be the most effective 

included: guarding fields and banging drums (7 out 56 farmers), combined with 

fires around the fields (2 out 56 farmers); wire fencing hung with tin cans to act 

as an alarm (4 out of 56 farmers), combined with burning chilli briquettes or 

chilli directly when elephants are detected (2 out of 56 farmers). 
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Chilli was perceived as an effective deterrent by 31% (n=42) of farmers across 

the four villages. There was no significant difference in perceived effectiveness of 

chilli between the four villages (Fisher’s Exact Test: p = 0.1117, n=42). When 

asked why chilli was effective, farmers who had used the chilli-oil fence said: 

“once the elephants reach the fence and detect the chilli smell, they walk away or 

follow the fence until they reach an unprotected field” (Kabuta). Farmers also 

pointed out that “the chilli-oil fence is only effective if the chilli-oil is reapplied 

regularly, particularly during heavy rains” (White). Farmers who thought burning 

chilli was effective said that “elephants leave the area as soon as they detect the 

chilli smoke in the air” (Nkomba); however they also mentioned that “you need 

large amounts of chilli to use this as a deterrent throughout the farming season” 

(White). 

 

There were three main reasons that farmers gave for the ineffectiveness of using 

chilli, one refers to the use of the chilli-oil fence and the other two to the chilli 

briquette. These are demonstrated by the following quotes: “The chilli-oil fence 

was effective in the beginning, but then the elephants got used to the smell and just 

broke through the fence to get to crops” (Kabuta). “Despite burning chilli 

briquettes, the elephants learnt to avoid the chilli smoke and would enter the field 

from another direction” (Nkomba). “Chilli briquettes can be effective when burning 

but they don't last through the night so elephants just come back later to damage 

crops” (White). 

 

Despite the majority of farmers perceiving chilli to be ineffective as an elephant 

deterrent, one key informant suggested otherwise. The chilli trainer and village 

secretary in Kabuta (Informant 1) believes chilli can still be an effective elephant 

deterrent, however certain aspects of the chilli programme have led to the 

widespread belief amongst farmers that it doesn’t work. Informant 1 suggested 

that part of the problem was that it was a community project designed to get 

farmers to work together to maintain a communal chilli-oil fence surrounding 

the whole village. Initially Informant 1 was the one to grow the chilli as the 

trained village member and provide other farmers with the correct quantity of 

chilli needed to apply to each farmers’ stretch of fence. This occurred between 

2006 and 2008 during which time the chill-oil fence was relatively effective 
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according to Informant 1 (15 out of 30 farmers that thought the chilli was 

ineffective across all four villages, and 8 out of 10 in Kabuta specifically, made 

reference to the fact that the chilli-oil fence worked in the beginning before 

becoming ineffective).  

 

The onus to grow chilli was then passed on to individual farmers who were 

supposed to grow enough to apply to their stretch of fence. This led to the first 

problem in that farmers did not grow enough chilli and therefore were not 

applying sufficient amounts to the fence; reducing the deterrent’s effectiveness. 

Secondly, Informant 1 claimed the farmers were not reapplying the chilli 

regularly enough, if at all, and therefore crop damage by elephants began to 

increase again as the fence was no longer effective. However Informant 1 found 

that his part of the fence was still as effective as in the beginning because he 

followed strict maintenance guidelines. Despite the fact that the farmers in 

Kabuta had seen it work initially and the loss from elephant crop damage is high, 

Informant 1 said that the effort of applying chilli every month and growing the 

chilli themselves was just too much for farmers. 

4.6 Perceived barriers to uptake of deterrents 

4.6.1 Chilli-based deterrents 
 
Data from FGs showed that at least some farmers in nine out of the eleven 

villages had heard of chilli being used as an elephant deterrent. Mwansabamba 

and Chipundu had heard of chilli despite not being part of the programme, 

showing that information that might be useful to farmers does spread between 

villages within Mukungule GMA. 

 

In the four detailed-study villages, 92% of farmers had heard of using chilli 

(n=108); of those, 83% had heard from a FZS chilli-trained farmer (n=99). 

However, only 42% of farmers have used chilli despite being part of the chilli 

programme (n=99). 

 

Very few farmers are still using chilli today: 9 out of 13 in Kabuta and 2 out of 19 

in White. The reasons why are demonstrated by the following quotes from 

farmers in Kabuta: “I am just trying to persevere with something in the hope that 
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some elephants will be deterred by the chilli” and “it can be an effective deterrent if 

it is maintained properly by reapplying the chilli regularly”. There were a variety 

of reasons as to why farmers had stopped using chilli (Fig. 4.22). However, 

perceiving chilli to be ineffective as a deterrent was most common mentioned. 

Notably eight farmers said that it was because they were unable to access chilli 

or chilli seed, a logistical problem with the chilli-programme.   

 
Fig. 4.22 Reasons why farmers in the four villages have stopped using chilli as an elephant 
deterrent. Can’t afford fertiliser= fertiliser for growing chilli. 
 

4.6.2 Barriers to uptake of deterrents 
 
The top three barriers to uptake of deterrents were investigated during FGs in 

the eleven study villages. Labour constraints and cost were the two reasons most 

frequently listed in the top three (Fig. 4.23), with labour constraints mentioned 

in 20 of the 22 FGs.  
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Fig. 4.23 Number of villages within which each reason for not using a deterrent was listed by 
farmers as one of the top 3 (n=11). Deterrent stolen=if a deterrent is expensive to buy or 
construct, farmers fear it will be stolen. 
 
 

Farmers from all eleven villages gave ‘affordable’ as one of the reasons why they 

would start using a deterrent (18 out of 22 FGs) (Fig. 4.24). Other common 

reasons listed were ‘materials locally available’ and ‘easy to implement’ (15 out 

of 22 FGs). 

 

 
Fig. 4.24 Number of villages within which each reason for using a deterrent was listed by 
farmers during FGs (n=11). Extra benefits=benefits such as honey from beehive fences or chilli 
from chilli field borders. 
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4.7 Farmers’ views on HEC management interventions and 
suggested management strategies 

 
Perceived advantages and disadvantages of various elephant deterrents 

discussed by farmers in FGs are shown in Appendix IX. All the deterrents 

discussed had a number of perceived disadvantages, most commonly the cost of 

the deterrent, short-term effectiveness and labour intensity. In both FGs in eight 

of the eleven villages, the electric fence was perceived as being the most effective 

at reducing the level of crop damage by elephants compared to other deterrents 

discussed. There was substantial variation in the rankings of the remaining 

deterrents between FGs. 

 

Ten different mitigation techniques were proposed by farmers for their 

community, with a number of FGs and/or villages suggesting the same ideas 

(Appendix X). A combination of low-cost, farm-scale deterrents and more costly 

landscape-scale mitigation was proposed. The involvement of the Community 

Resource Board (CRB) was mentioned in terms of implementation of mitigation 

strategies and logistical support. It is clear that farmers want to try and protect 

their crops themselves and suggest ways in which they can help implement 

deterrents such as digging trenches or shifting fields. However, they also 

recognise that funding from NGOs or Government is essential for initial 

implementation of many of the strategies they suggest and that training from 

NGOs is often needed at the start of a project.  
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5 Discussion 
 

5.1 Spatio-temporal pattern of HEC 
 

The spatial distribution of HEC varies across locations and between different 

spatial scales. My research, therefore, has investigated the spatial pattern of HEC 

at two spatial scales to determine both predictors of hotspot locations at the 

farm level and patterns of HEC across wider landscapes. This is similar to the 

approach taken by Sitati et al. (2003). At the landscape scale in Mukungule GMA, 

villages located in close proximity to North Luangwa NP experienced the highest 

level of impact from crop damage by elephants. This is congruent with previous 

research that suggests proximity to NP boundaries and elephant refuges can 

predict the level of HEC experienced, with farmers living close to NPs 

experiencing the highest level of crop damage (Naughton-Treves 1998; Parker & 

Osborn 2001). This pattern was further evident when mapping conflict hotspots. 

Elephant crop raiding was spatially clustered, as in other studies which found 

localised and persistent raiding on farms that were closer to the NP or bordering 

rivers (Naughton-Treves 1998; Sitati et al. 2003). 

 

Other explanatory variables mentioned in the literature, such as distance 

between the homestead and farm, and guarding fields (Nellemann et al. 2002; 

Sitati et al. 2005; Campbell-Smith et al. 2012), were also important determinants 

of crop damage by elephants in Mukungule GMA. Interestingly, farmers with 

more experience suffered greater crop loss from elephants. Reasons for this 

could be: 1) they have grown tired of trying new deterrents and stick to the ones 

they know, in spite of limited success; 2) they are older and potentially less 

capable of protecting their farms effectively; or 3) they are fatigued by the 

unfulfilled promises of NGOs, and therefore are more likely to exaggerate the 

amount of crop loss they experience to emphasise the severe effects of HEC in 

the area (Songorwa 1999; Gadd 2005; Campbell-Smith et al. 2012). 

 

Consistent with the literature, crop damage by elephants mainly occurred at 

night in Mukungule GMA and followed a distinct seasonal pattern (Smith & 

Kasiki 2000; Osborn & Parker 2002b). Farmers experienced a peak of activity 

between March and May when maize is ripening; a pattern seen elsewhere in 



   

 
53 

Africa (Okavango Delta Management Plan 2007). Crop raiding can also occur 

during the dry season when cassava and fruit, which are particularly attractive to 

elephants, are ripe (Smith & Kasiki 2000; Osborn & Parker 2002b). Only one of 

the four villages exhibited this pattern in Mukungule GMA because many farmers 

in other villages had given up growing such crops. 

5.2 Effects of HEC on farmers 
 

There are a number of factors that can affect the total crop harvest of rural 

farmers in Africa, with crop damage by wildlife being one of them (Gillingham & 

Lee 2003). In Mukungule GMA, farmers in the high impact zone perceived crop 

damage by elephants as causing the greatest loss to total crop harvest, whereas 

farmers in the medium and low impact zones ranked other issues highest, such 

as labour constraints. This pattern of perceived level of crop damage has been 

found elsewhere (Gillingham & Lee 2003), however research has shown that 

people have a tendency to over-report crop losses incurred by wildlife and 

therefore this perceived data must be considered with caution (Dublin & Hoare 

2004). 

5.2.1 Perceptions of elephants 
 
Elephants elicit feelings of sentimentality and awe among international 

audiences whilst simultaneously causing fear and enmity in the people who have 

to live alongside them. People living in central African forests ‘fear and detest’ 

elephants (Barnes 1996) and rural Ugandans protest bitterly about elephants 

(Naughton-Treves 1997); a common theme amongst farmers living on the front 

line. Communities in Mukungule GMA are no exception. In the high impact zone, 

farmers frequently associated words such as ‘fear’, ‘dangerous’ and ‘scary’ with 

elephants, whereas in the low impact zone, farmers associated a number of 

positive words with elephants. This suggests that the perceived level of crop 

damage by elephants may have a direct effect on farmers’ perception of 

elephants. 
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5.2.2 Effects of elephants on communities 
 

Despite the animosity that many farmers affected by HEC feel towards elephants 

(Naughton et al. 1999; Gadd 2005), communities in Mukungule GMA spoke of a 

number of positive effects of living with elephants. The most frequently 

mentioned was the percentage of tourist park fees that goes to the Community 

Resource Board and is distributed to communities in the form of schools and 

clinics. This was one of a host of positive economic effects mentioned, suggesting 

that economic benefits from elephants are important to farmers and could 

potentially increase people’s tolerance towards them. Economic benefits from 

wildlife has been widely used in communities as a mitigation technique, in the 

form of tourism, wildlife-related employment or provision of meat from hunting 

(Gadd 2005; Dickman 2010). However, problems occur when benefits are not 

received or valued by communities, or when the link between the benefit and the 

wildlife resource is not clear. Gadd (2005) emphasises the need to ensure 

benefits to communities are tangible and that communities feel a sense of 

custodianship over wildlife. Currently North Luangwa NP has a small number of 

visitors each year compared to South Luangwa NP, and thus has limited tourist 

development and little scope for economic benefits from wildlife. Furthermore, 

hunting wildlife was banned in Zambia in 2013 and is currently under review; 

thus the provision of wildlife meat as an economic benefit may not be viable for 

much longer.  

 

Elephant-induced injury or death of people adds a complex social dimension to 

HEC and is commonly cited as one of the main direct costs to rural people living 

alongside elephants (Smith & Kasiki 2000; Sitati et al. 2003). In Mukungule GMA, 

it is one of the most frequently mentioned negative effects of elephants on 

communities, along with hunger in the household as a result of crop damage. 

Other effects identified in Mukungule GMA, such as restrictions on people’s 

movement and lower school attendance, have been found elsewhere in Africa 

(Hoare 1999; Nelson et al. 2003). Interestingly, farmers in the high impact zone 

listed a greater number of positive effects of elephants than in the medium and 

low impact zones. This could be due to the fact that despite experiencing the 

highest level of crop damage, these villages are situated in close proximity to the 
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NP, and therefore more opportunities are available to them such as employment 

with park authorities, access to market at ZAWA camps and meeting tourists. 

 

5.3 Mitigation techniques 
 
There is a wide range of HEC mitigation methods employed across Africa, both at 

the farm level and landscape level. Limited research into the effectiveness of 

such methods has meant that development of successful mitigation strategies is 

slow to progress. Some farm-based deterrents such as chilli and beehives have 

shown some promising results (King 2010; Nyirenda et al. 2012). However site-

specific characteristics mean that deterrents are likely to have varied success 

across different locations (Hill et al. 2002). Chilli-oil fences have had relative 

success at deterring elephants in Kenya, Zambia and India (Sitati & Walpole 

2006; Chelliah et al. 2010; Nyirenda et al. 2012). However, a study in Indonesia 

found chilli to be ineffective, with traditional guarding of crops proving to be 

more successful (Hedges & Gunaryadi 2009). Similarly in Mukungule GMA, the 

majority of farmers perceived chilli to be ineffective as a deterrent, preferring to 

guard crops or call ZAWA to scare the elephants away. The perceived reasons for 

its ineffectiveness were similar to findings in other studies, such as heavy rains 

causing the chilli to wash off and habituation to the chilli smell (Sitati & Walpole 

2006; Hedges & Gunaryadi 2009). 

 

It has been suggested that combinations of methods are more likely to deter 

elephants than methods in isolation (Osborn & Parker 2002a; Parker et al. 2007). 

This was also found in Mukungule GMA, where a number of farmers listed 

combinations of deterrents such as guarding fields, banging drums and lighting 

fires as the most effective method of deterring elephants. Furthermore, farmers 

in the high impact zone used the greatest number of different deterrents which 

may be in response to experiencing less crop damage when more than one 

method is used. It also reduces the chance of elephants becoming habituated 

(King 2010). Osborn and Hill (2005) refer to the development of mitigation 

methods as an arms race between elephants and farmers/managers, and states 

that methods will need to be consistently evaluated and adapted in order to 

mitigate the effect of crop damage on local people’s livelihoods. 
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5.4 Participation and barriers to uptake 
 
The reasons why people do or don’t participate in conservation interventions is 

becoming an increasingly important topic for researchers who realise that 

without the participation of local communities, conservation issues will not be 

resolved. One study found age to be a determining factor when investigating 

uptake of conservation covenants amongst landholders (Kabii & Horwitz 2006). 

The older the landholders were, the more skeptical they were of the benefit of 

uptake. The study also found that landholders would only participate in 

interventions that were perceived to be profitable, simple to implement and 

compatible with their own objectives. In other words, people are more likely to 

participate in innovative conservation projects if they understand it well with 

regards to the perceived benefits and risks, they are confident it is better than 

other mechanisms and it is easy to implement (Guerin 1999; Kabii & Horwitz 

2006).  

 

Although a different type of intervention, conservation managers have faced 

similar problems with the level of uptake of HEC mitigation methods. Identified 

barriers to uptake of deterrents in Mukungule GMA were congruent with issues 

identified by Graham and Ochieng (2008), such as labour constraints and 

maintenance of deterrents. This study asked farmers what would encourage 

them to use a deterrent. The most frequently identified factors were affordable, 

locally available materials and methods which are easy to implement; aspects 

which need to be considered when developing mitigation methods in the future. 

Similarly, Graham and Ochieng (2008) found that chilli briquettes were the most 

successful deterrent in terms of uptake because they are simple to use and low 

maintenance. 

 

The FZS chilli-training programme in Mukungule GMA highlighted other issues 

that are important to consider when designing appropriate mitigation strategies. 

The programme was designed so that communities would construct and 

maintain a communal chilli-oil fence around the village. This turned out to be one 

of the downfalls of the programme. Unfortunately not all the farmers maintained 

their part of the fence, seemingly relying on someone else to reapply the chilli. 

This could suggest that the social dynamics of villagers in Mukungule GMA are 
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better suited to deterrents that are managed by individual farmers rather than 

communally (Graham & Ochieng 2008). A reason for this may be the spatial 

clustering of crop raiding at the farm level. Where damage is often localised to a 

group of farms, farmers who experience less crop damage may be less willing to 

invest time and effort into maintaining a deterrent that benefits other farmers 

and not themselves.  

 

Another issue with the programme was that some farmers were unable to access 

chilli or oil despite having been trained in the use of chilli-based deterrents. This 

type of issue will ultimately prevent farmers from participating in mitigation 

projects and therefore it is essential that logistical issues such as these are 

resolved if there is to be any chance of sustainable interventions. 

5.5 Proposed mitigation methods for Mukungule GMA 
 
This study has shown the importance and value of asking communities to 

suggest their own ideas for methods of mitigating HEC. If properly consulted, 

local communities provide proactive and sensible ideas that aren’t just passive 

requests for help. It is clear that rural communities in Mukungule GMA want to 

try to protect their farms themselves and not rely on centralised institutions to 

reduce conflict. Communities recognise the need for initial funding from NGOs 

for most deterrents, and in some cases, the involvement of Government, but are 

willing to help in what way they can, whether it be to start digging a trench, clear 

land to construct a fence, establish a deterrent committee or shift fields away 

from conflict hotspots. Consulting communities prior to intervention 

development ensures that the benefits and costs have been carefully considered 

by the community and that the method is locally accepted; an essential 

prerequisite for successful uptake of deterrents (Campbell-Smith et al. 2012). 

 

5.6 Moving forward: lessons learnt 
 
The study of HEC and its mitigation has been tackled in a number of different 

ways over the last 15 years. In recent years, studies have combined field trials of 

various farm-based deterrents assessed by trained enumerators and 

questionnaires to determine perceived levels of crop damage by elephants and 

effectiveness of deterrents (Sitati & Walpole 2006; Graham & Ochieng 2008; 
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Hedges & Gunaryadi 2009). This study focuses on the social perceptions of HEC 

and takes a holistic approach to investigating the level and pattern of HEC and 

deterrents used in Mukungule GMA. Both quantitative and qualitative data were 

collected using a number of different methods at two different spatial scales. 

Quantitative data such as explanatory variables that may predispose farms to 

increased crop raiding will be useful when combined with data from other 

similar studies to predict locations of high conflict in other areas. Such data can 

be used to target mitigation methods more effectively, particularly early warning 

systems (Sitati et al. 2003). The use of qualitative data to identify perceptions of 

elephants and the effects they have on families and communities highlighted the 

complex social dynamics of HEC and difficulties farmers face living alongside 

elephants. Future studies investigating HEC should take time to understand 

underlying social factors such as the fear that people have of elephants and the 

great losses that elephants cause, either from crop damage or in the worst case, 

injury and death. These factors need to be addressed in order to help change 

perceptions and consequently reduce animosity towards elephants and potential 

retaliatory killings (Dickman 2010).  

 

By investigating the patterns of HEC at both the landscape scale and at the farm 

level, informed decisions can be made about the wider mitigation strategy for 

Mukungule GMA with regards to identifying which villages are worst affected 

and therefore would benefit most from increased investment in mitigation; and 

also deterrents can be targeted to protect specific groups of farms that have been 

identified as conflict hotspots. Determining HEC patterns at different scales has 

been carried out in other studies (e.g. Smith & Kasiki 2000; Sitati et al. 2003) and 

this study further promotes its usefulness for studying HEC in the future. 

 

With more time and resources, research into actual levels of crop damage by 

elephants would be valuable in order to investigate the relationship with 

perceived damage levels, and build a better picture of both sides of the conflict. 

Having said that, perception data are still important in their own right. It is 

increasingly recognised that it is likely to take more than just reducing levels of 

actual crop damage to change people’s perceptions of conflict, and therefore 
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mitigating perceived conflict is potentially a bigger challenge for conservation 

(Dickman 2010). 

 

5.7 Recommendations for managing HEC in Mukungule GMA 
 
Based on this study, the following recommendations can be made with regards 

to managing HEC in Mukungule GMA: 

 

 Collect data on actual levels of crop damage by elephants to compare with 

perceived levels obtained in this study, in order to gain a broader 

understanding of conflict in the area. 

 Use predictors of hotspots identified in this study and conflict hotspot maps 

to target elephant deterrents effectively. 

 Focus mitigation efforts during times of peak crop raiding activity to ensure 

cost-effectiveness. 

 Address the highlighted issues of the FZS chilli-training programme when 

implementing further projects, such as access to materials and 

ineffectiveness of communal management of deterrents. 

 Consider barriers to uptake of chilli and other deterrents identified by 

communities when planning future strategies, to ensure sufficient uptake.  

 Consult with communities about mitigation strategies to improve dialogue 

between wildlife managers and farmers, and come up with shared solutions 

that are locally appropriate, improve people’s livelihoods and achieve 

conservation objectives.  

 Ensure that at least some income from wildlife (e.g. park revenue) is used to 

support conflict mitigation activities as well as infrastructure in communities, 

and that the relationship is made clear to those that benefit. 

 Increase enforcement of land-use plans that regulate cultivation within close 

proximity to elephant refuges. 
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5.8 Concluding remark 
 
Human-elephant conflict in Mukungule GMA is severe and poses a significant 

threat to local livelihoods, as well as undermining conservation efforts and 

threatening the survival of elephants in the North Luangwa ecosystem. The 

social challenges experienced with the implementation of chilli as a deterrent 

suggest that future mitigation strategies need to be developed in consultation 

with communities. This study highlights the importance of understanding the 

social factors associated with HEC and working with communities to move 

towards a shared solution. Human-wildlife conflict is one of the biggest 

challenges to conservation and the more we can learn from studies such as this, 

the better equipped conservationists will be to overcome it. 
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7 Appendices 

7.1 Appendix I – Focus Group Questions 
 
FOCUS GROUP: CROP DAMAGE AND ELEPHANT DETERRENTS 
INTRODUCTION 
Good morning/afternoon and welcome. Thank you for taking the time to join in 
our discussion. My name is Rebecca Sennett and I am a student at Imperial 
College London. I am conducting research for a Masters degree. I am being 
assisted by .................... from Frankfurt Zoological Society, who run conservation 
projects in Zambia as well as other countries in Africa. My research is exploring 
interactions between wildlife and people who live close to a national park. I am 
very interested in how elephants affect peoples’ lives. The aim of the research is 
to recommend ways to manage human-elephant interactions. 
 
The purpose of this discussion is for me to better understand your experiences 
with elephants, especially damage to your crops. It would be great to hear how 
you deal with this – it would also be great to hear your suggestions about the 
best ways to deter elephant damage.    
 
I have a range of questions to ask and there are no right or wrong answers. 
Please feel free to share your views, even if they differ from others. It is likely 
that different group members will have different views, which is great. It is 
meant to be an open discussion where everyone participates. Your comments 
will be kept confidential and names will not be included in any reports.    
 
So, thanks again for coming and let’s begin. The discussion should take about 90 
minutes. It would be good to start by quickly introducing ourselves. 
 
QUESTIONS  (Italics = notes to moderator) 
1. What different livelihoods/occupations do people have in your village? 

 
2. Can you tell me what types of crops are grown in this village? 
 
3. What are the main issues with growing these crops and farming in general in 

this area? Ask for a participant to volunteer to draw representations of the 
issues that are called out from the group on the flip chart. 

 
4. Can you rank these issues in order of importance in terms of those that have 

the greatest effect on the amount of crop harvested in your village. Look at 
the drawings as a group and rank each one. 

 
5. (If not mentioned as an issue) Has this village experienced crop damage from 

animals? 
 
6. What animals cause the most crop damage on the farms? Ask participants to 

draw pictures of the animals. Show images of other potential animals that 
could cause problems if not mentioned. How often does each of these animals 
cause damage and how much crop is lost? 

7. Now please clear your minds of all that we've just talked about and take a 
minute or two to think individually about elephants and all their different 
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aspects; try to think about the animal itself. Please then each say what the 
first few words are that come into your head.  
 

8. Now think about the good or bad effects elephants have on people. Think 
about the types of effects they have on you, your family, your village, and on 
other people outside your village. Firstly, what are the good effects and to 
who? And now, what are the bad effects and to who? Write in Bemba (or 
English) on flipchart in two columns. 

 
9. Have elephants caused crop-damage on the village farms in the last 12 

months? How often were the crop-damage incidents and when did they 
occur? 

 
10. Are there areas of the village that experience more crop damage by elephants 

than others? (Just for village headmen and elders FG: can you show me on 
these GoogleEarth images of your community where the farms are worst 
affected?) What are the reasons for this? – e.g. close to river, close to forest. 
 

11. Has crop-damage by elephants changed in your village over the last 5 years? 
How has it changed and why?  

 
12. Have any types of elephant deterrents been used in the village? Which types 

of elephant deterrents have been used? How effective have these deterrents 
been? 

 
13. I am going to show you some picture cards of a few different types of 

elephant deterrents, some of which you may know and I would be interested 
to know how you heard about them during the discussion. Please take a look 
at them and talk about the advantages and disadvantages of each, discuss 
what you do and don’t like, and then lay the cards out in order of what you all 
think will be most effective, starting with the most effective. Once you’ve 
made your selection, please talk through the order and offer reasons why you 
chose that order. Use deterrent benefit/cost sheet to facilitate discussion. 

 
14. Do you think any of these deterrents would work well in your community 

and why? Or do you think it should be a combination of a number of different 
deterrents? 

 
15. What are the 3 main reasons why people in your village may not use a 

particular deterrent or stop using it? Some ideas to mention if not talked 
about: 

o Cost of instalment            
o Cost of maintenance           
o Labour constraints                                
o Not 100% effective         
o Not sure how to use it          
o Local politics 
o Too time-consuming      
o No access to materials 
o No access to market (in case of chilli & honey)
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16. Are there reasons why people might start using a particular deterrent in your 

village?  
 

17. Do you have any other ideas of how to deter elephants that we haven’t 
mentioned already? (If not talked about, can mention that working together as 
a community may be more effective (e.g. shifts on watchtowers) than individual 
farm-based deterrents.) 

 
18. Considering all we have talked about today, what do you think would be the 

best ways to manage or reduce human-elephant conflict moving forward? 
Who do you think should be involved in the management? Who else could be 
involved? What would each person’s/organisation’s role be in managing the 
issue? How can your village cooperate and work together to reduce the 
problem? 

 
19. Are there any other related issues that you would like to talk about that we 

haven’t already discussed today? 
 
Only ask in 1 out of the 2 focus groups per village: 
20. Just as a last quick question, I want to understand the different levels of 

wealth in your village. What words would you use to describe these groups 
e.g. well off, average, in difficulty? What sort of things would put people in 
one group rather than another? E.g. If somebody had a car, would you regard 
them as well-off or average? What sort of things would make people well off? 
What sort of things would make people in difficulty or poor? 
 

 
Thank you for your participation today. The information you have given will be 
very useful in helping to recommend ways to manage and reduce human-elephant 
conflict in Mukungule Game Management Area. 
 

Please help yourself to a drink. 
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7.2 Appendix II – Semi-structured Interview 
Interview code: _ _ _ 

INTERVIEW DETAILS 
Date………………….       Start time:  _____:_____   End time: _____:_____ 
Village ……………………………       GPS location………………………………… 
 
INTRODUCTION 
I am a university student gathering information about farming in the Mukungule 
GMA to identify and understand the problems and costs for farmers and ways in 
which farmers have tried to tackle these problems.  
 I will be asking questions about your farming experience, the livelihood that 

you make from farming, and the issues you face as a farmer. All information 
will be kept confidential. 

 The interview is expected to take approximately 1 hour. 
 Please do not answer any question that you do not wish to answer. 
 If you have any questions, please ask me at any time. 
 
PERSONAL DETAILS OF PARTICIPANT 
Sex:   Male  /  Female 
Age:………………… 
Tribe:………………….. 
 
SOCIO-ECONOMIC STATUS (WEALTH, EDUCATION) 

 
1. How many people live in your household?  ………… 

 
2. How long have you been a farmer?  ……… years  
 
3. How long have you farmed in this village? ……… years 

 
4. What percentage of the crop you produced in the last 12 months was for 

subsistence and what percentage was for sale? Can also describe in terms 
of the number of bags (kg) or use 10 stones to represent the total crop 
produced, assign the number of stones that represent subsistence and those 
that represent the amount for sale (if any). 
 
 Subsistence ………… %    For sale …………% 

5. Do you or your household engage in any other occupation/s other than 
farming? 
 
Y / N       
 
If yes:  5a. Please state ……………………………………………………………………………… 

5b. What percentage of your household income comes from this 
source? Can use 10 stones to represent the total annual income, assign 
the number of stones that represent farming and those that represent 
the other income. 

 
Income not from farming ……………% 
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6. Do you or your household have x? (Obs. =directly observed by interviewer) 

 
6a. House type:  Wall:  brick / mud    Roof:  iron / thatch   
 

7. What is the highest level of education you have attended? 

 
8. Are you a member of any committees or associations (village, farmer, 

womens or other)? 
 
Y / N     If yes: 8a. Please state ………………………………………………………………………  

 
FARMING AND HEC INCIDENTS 
 
9. How far is it to your nearest water source? (i.e. river, lake, stream etc.) 

 
Not sure     Less than 500m     500m-1km      1-5km      More than 5km 

 
10. What are the top 3 animals most commonly seen using this water 

source? 
1.    2.   3. 

11. What is the first thing that comes to mind when you hear the word 
‘elephant’? 

 
………………………………………………………………………………………………………………. 

12. Thinking about other places as well as water sources, when did you last 
see an elephant and where? 
 
……………………………………………………………………………………………………………….. 

13. How far is your farm from your homestead? Please give time taken to 
walk there. 
 
……………………………………………………………………………………………………………… 

14. What is the total size of your farm? (or quantity of maize planted in kg if 
area not known). 
……………………………………………………………………………………………………………….. 

Items Stated Obs. Items Stated Obs. 
Bicycle   Solar panel   
Motorcycle   Mattress   
Car or truck   Chickens   
Water system   Goats   
Cellular phone   Ducks   
Radio   Sheep   
Television   Cow (s)   
Generator   Other (specify)………………………..   

None  Vocational training  
Primary  University  
Secondary  Other (specify)……………………….............  



 

 
 

75 

15. What percentage or area of your farm is in cultivation? Can use stones to 
indicate how much of the total area (10 stones) is cultivated.  
…………... % 
15a. If less than 100%, why? …………………………………………………………………… 
……………………………………………………………………………………………………………….. 

16. What type of crops do you grow on your farm?  
 
……………………………………………………………………………………………………………….. 

17. What is your main crop? …………………………………. 
17a. What percentage is it of your total crop harvest? Can also describe in 
terms of the number of bags (kg) or use 10 stones to represent the total harvest, 
and assign stones for the main crop.     
 
………………% 

18. What are the main issues affecting the total amount of crop you 
harvest? After listing, then rank in order of impact. 
 

Rank Issue Rank Issue 
    
    
    
 
19. (If not mentioned in list) Is crop damage by animals an issue or is it not 

a problem for you?    Y / N 
 

If no: 19a. Why do you think this is? (go to 22) …………………………………………….. 
…………………………………………………………………………………………………………………... 

20. When was the last time you had crop damage? ……………………………………….. 
20a. What animal caused it? ………………………………………………………………………... 
20b. What crop was damaged? ……………………………………………………………………. 
20c. How much damage was caused?………………………………………………………….... 

21. What animals cause damage to your crops and how often do they 
attempt to enter your farm? Please list in order of the amount of damage 
caused, starting with the most.  

 
Animal How often? Animal How often? 

1.  4.  
2.  5.  
3.  6.  

 
22. Have you experienced crop damage by elephants in the last 12 months? 

Y / N 
 
 If yes: 22a. How many times have elephants damaged your crops in the last      

12 months? ……………………………………………………………………………………. 
22b. What percentage of your total crop has been damaged as a result?  
Can use number of bags (kg) lost out of total number that would have 
been harvested or use the 10 stones to represent proportion lost. 
……………% 
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(If answered ‘elephant’ to Q. 20a, do not ask the following question - go to Q. 23) 
22c. When was the last time you had crop damage by elephants? 
………………………………….... 
22d.What percentage of your total crop was damaged?    
………………% 

If no to 22: 22e. Have your crops ever been damaged by elephants?    
 
Y / N     If yes: 22f.When was the most recent damage? ………………………………… 

       22g.What percentage of your total crop was damaged? ……......% 

If no: go to 30 
 

23. Which months do elephants cause damage on your farm? 
 Jan   Feb   Mar   Apr   May   Jun   Jul   Aug   Sept   Oct   Nov   Dec 
 
23a.Which month/s are worse for you? ………………………………  
23b. And why? .…………………………………………………………………………………........... 
………………………………………………………………………………………………………………… 

24. What are the 3 crops damaged most by elephants? After listing, rank in 
order of the most damaged crop. 
 

      
 

25. At which time of day do the elephant/s damage your crops? 
 

Sunrise    Morning    Midday     Afternoon    Evening/Dusk    Night     Not sure 
 
26. Which elephants or group of elephants cause damage to your crops 

most frequently? 
Single male             Group – male             Group – female (cow-calf)   
 
Group – male & female                   Don’t know 
 
26a. State the average number of elephants if known…….. 

 
27. Over the last 5 years, has the level of crop-damage by elephants on your 

farm… 
Decreased  Increased  Stayed the same Not sure 
 

28. Over the last 5 years, has the frequency of crop-damage by elephants on 
your farm… 
Decreased   Increased  Stayed the same Not sure 
 

29. What effect does crop damage by elephants and protecting your crops 
have on you and your family? (Areas to explore as a guide but not to use as 
a prompt: livelihood, time, food security, lost opportunities, resource 
allocation, school attendance, tiredness) 
……………………………………………………………………………………………………………… 
……………………………………………………………………………………………………………… 
……………………………………………………………………………………………………………… 
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ELEPHANT DETERRENTS/MITIGATION METHODS 
 
30. Have you heard about using chilli as an elephant deterrent to protect 

your crops? 
 
Y / N                
 
 If yes: 30a. How did you hear about it? 

 
Neighbour  Committee meeting  
Friend  Village council  
FZS trainer  Other (specify)……………………………….  

 
If no: go to 35 
 

31. Have you used chilli as a deterrent?  
Y / N            
 
If yes: 31a. Please specify how e.g. chilli-oil fences, chilli smoke briquettes etc. 

………………………………………………………………………………………………………… 
If more than one method: 31b. Which do you prefer and why?  
 
………………………………………………………………………………………………………… 

If no: 31c. What was your reason/s for not taking it up?  
 

…………………………………………………………………………………………………………………... 
 
…………………………………………………………………………………………………………………... 

        31d. Do you know anyone who uses chilli? (Go to 35) 
        ……………………………………………………………………………………………………….. 

32. Do you grow your own chilli?    
Y / N      If yes: 32a. Do you sell any?  Y / N 
  If no: 32b. Why not? ………………………………………………………………........ 
 
If no: 32c.Why don’t you grow your own chilli? …………………………………………… 
 
……………………………………………………………………………………........................................... 
 

33. Do you think it is effective as an elephant deterrent?      Y / N 
If yes: 33a. Why? ………………………………………………………………………………………… 
      33b. What has changed since using chilli? ………………………………………….. 
      …………………………………………………………………………………………………………. 
If no: 33c. Why not? …………………………………………………………………………………… 
………………………………………………………………………………………………………………….. 

34. Are you still using chilli as a deterrent?  
 
Y / N   34a. Please explain why/why not…………………..…………………………………. 

 
………………………………………………………………………………………………………………….. 
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35. Have you used any other methods to protect your crops from elephants? 
 
Y / N      
 
If yes: 35a. Which one/s? 
 

 
If guards fields: 35b. How many hours per day on average do you 
spend guarding your fields from elephants? 

 
0hrs      1-5hrs     6-10hrs     10-15hrs      More than 15hrs     Don’t know 

 
If no: 35c. Why have you not used other methods? (go to 38) ……………………….. 
 
…………………………………………………………………………………………………………………… 

36. Why did you choose these particular deterrents? 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 

 
37. Which elephant deterrent have you found to be most effective and why? 

 
…………………………………………………………………………………………………………….. 
 

38. Do you have any suggestions for (other) ways to reduce damage by 
elephants in your village? 
 
…………………………………………………………………………………………………………… 
 
…………………………………………………………………………………………………………… 
 
Thank you very much for your time and for helping me with this research. 

 
For interviewer: 
 From 1 to 5: How engaged was the respondent in the interview? Where 1 = 

not engaged, often distracted and 5 = very engaged:…………… 
 From 1 to 5: How well did the respondent understand the questions in the 

interview? Where 1 = confused and did not understand and 5 = understood 
all questions asked:………… 

 Guard fields  Flashing spotlights 

 Watchtower  Burn cow dung 

 Banger sticks  Fire 

 Cowbells/tin cans  Fence 

 Banging metal/drum  Trench 

 Flares  Beehives 

Other (please specify): 
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7.3 Appendix III – Villages assigned to impact zones 
 
Table II Villages assigned to each zone based on the impact of crop damage by 
elephants. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Impact zone Village 
High Kabuta 

Nkomba 
White 
Chishala 
Mukungule 

Medium Kakoko 
Chobela 

Low Kaluba 
Katibunga 
Mwansabamba 
Chipundu 
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7.4 Appendix IV – Variables used in GLMM to predict whether farms 
experience crop damage or not 

 
Table IV List, type and description of variables discussed in Table 3.2 that were used in the 
GLMM to predict whether a farm will experience crop damage by elephants or not. 

Variable Type Description 
Response variable   
Elephant crop damage in the 
last 12 months 

Categorical 2 level factor: Farms that have had/have 
not had crop damage by elephants in the 
last 12 months 

Explanatory variables   
Farm size Continuous Total size of farm measured in limas (4 

lima:1 hectare) 
Guard fields Categorical 2 level factor: Farmer guards fields as a 

deterrent or doesn’t guard 
Distance to nearest water 
source 

Categorical 3 level factor: <500m, 500-1km or 1-5km 
from farm to water source 

Time taken from homestead to 
farm 

Continuous Estimated time it takes for farmer to walk 
from homestead to farm 

Distance from homestead to 
NP boundary 

Continuous Distance from GPS coordinate of 
homestead to closest point on the NP 
boundary 
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7.5 Appendix V – Variables used in GLMM to predict amount of crop loss 
 

Table V List, type and description of variables used in the GLMM that may affect the amount of 
crop damaged as a result of crop raiding by elephants. 

Variable Type Description 
Response variable   
Number of crop bags damaged 
combined with bags not 
damaged in the last twelve 
months 

Continuous Total number of 50kg crop bags damaged 
by elephants and total number not 
damaged 

Explanatory variables   
Distance from homestead to 
NP boundary 

Continuous Distance from GPS coordinate of 
homestead to closest point on the NP 
boundary 

Guard fields Categorical 2 level factor: Farmer guards fields as a 
deterrent or doesn’t guard 

Distance to nearest water 
source 

Categorical 3 level factor: <500m, 500-1km or 1-5km 
from farm to water source 

Years of farming experience Continuous Number of years individual farmers have 
been farming 
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7.6 Appendix VI – Perceived positive effects of elephants on communities 
 
 
Table VI Perceived positive effects of elephants on communities within Mukungule GMA and extending beyond 
those communities, as identified by FGs held with the village elders (HD FG) and local farmers (LF FG). Continues 
overleaf. 

Themes Subthemes No. of FGs 
theme 

mentioned 
n=22  

No. of villages 
theme 

mentioned 
n=11 

Selected quotes 

Economic Proportion of income 
from tourist park fees 
goes to CRB which is 
distributed to 
communities 

21 11 “45% of the income raised from NP fees 
goes to the CRB to fund community 
projects including the building of schools 
and clinics and provision of a community 
vehicle and grinding mills for maize.” 
Kabuta HD FG 

Money from tourism 
helps develop Zambia 

10 8  “Before Zambia relied on income from the 
copper industry but now we have wildlife 
tourism as well to contribute to Zambia's 
development.” Kabuta HD FG 
“The elephants help put Zambia on the 
map for tourism – which helps the country 
develop – build infrastructure, hospitals 
and schools.” Katibunga HD FG 

Meat distributed to 
community from 
problem elephants 
killed by ZAWA 
 

10 7 “If a hunter kills an elephant through 
ZAWA or if ZAWA kill a problem elephant 
– the meat is distributed to the community 
as compensation.” Kakoko HD FG 
 

Sale of ivory brings 
money to poachers 
/Zambia 
 

4 4 “Sale of ivory can bring lots of money to 
Zambia – the stockpile should be sold to 
benefit communities that live with 
elephants.” Nkomba HDMN FG 
“People who hunt and get ivory are the 
real ones who benefit, not the 
communities.” Kaluba HD FG 

Employment for 
villagers in the NP 

5 3 “Tourism brings employment to villagers 
through working for ZAWA or 
conservation programmes in the NP.” 
Mukungule LF FG 

Increased accessibility 
to village as a result of 
roads built for tourism 

2 2 “Road access to villages would not be 
there if tourists weren't using it to go to 
the NP. It makes it easier for villagers to go 
places and access markets.” Kakoko LF FG 

Easier access to 
markets 

2 1 “Wildlife has bought ZAWA to the area and 
ZAWA camps provide a market to sell 
farm produce and household basics.” 
Kabuta LF FG 

Social Privilege to see 
elephants in the wild 

7 6 “We enjoy seeing elephants and knowing 
what they look like - feel privileged and 
can describe them to other people.” 
Chobela HDMN FG 

Children learn about 
elephants and 
conservation 

3 3 “Children are taken into the park through 
the FZS conservation education 
programme to see elephants in the wild. It 
is very good for teaching children about 
wildlife and a privilege.” Katibunga HD FG 
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Elephants are part of 
Zambia’s cultural 
heritage 

1 1 “Elephants maintain the cultural heritage 
of Zambia – keeping it as 'Real Africa'.” 
Nkomba HD FG 

Meeting tourists 1 1 “We enjoy meeting tourists and learning 
about new cultures.” Kabuta HD FG 
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7.7 Appendix VII – Perceived negative effects of elephants on 
communities 

 
Table VII Perceived negative effects of elephants on communities within Mukungule GMA and extending 
beyond those communities, as identified by FGs held with the village elders (HD FG) and local farmers (LF 
FG). Continues overleaf. 
 

Themes Subthemes No. of FGs 
theme 

mentioned 
n=22 

No. of villages 
theme 

mentioned 
n=11 

Selected quotes 

Economic Hunger in the 
household 

22 11 “Elephants cause damage to crops through 
eating and trampling causing hunger in the 
h/h and community.” Chipundu LF FG 

Reduced 
income as no 
crop to sell 

9 8 “We have reduced income because we have 
no surplus crop and therefore cannot pay 
school fees and buy basics for the household. 
Standard of living is reduced causing 
poverty.” Kakoko LF FG 

Structural 
damage 

3 2 “After harvest, elephants cause damage to 
granary stores, huts with fruit kept inside and 
houses with food in.” Kabuta HD FG 

Certain crops 
attract 
elephants 

2 1 “We had to stop growing cassava and fruit 
because all of it used to get eaten by 
elephants.” Mukungule LF FG 

Unable to plan 
for the future 

1 1 “Disrupt plans for the future. We can’t even 
plan to buy an iron roof.” Kakoko LF FG 

Social Injury to or 
death of 
villagers 

21 11 “Elephants are a health hazard – they can 
badly injure or kill people when they are 
being chased out of fields. Particularly if 
calves are with them – they can be very 
violent.” Kabuta LF FG 
“3 people have been killed in the last 4 years 
in Chobela because elephants aren't scared of 
people anymore.” Chobela HD FG 

Restricts 
movement of 
villagers 

5 5 “Elephants are dangerous animals and 
therefore it restricts people from moving 
around after dark and early in the morning.” 
Chipundu LF FG 

Lower school 
attendance 

3 3 “There is reduced school attendance because 
we worry about the safety of school children 
as they may be attacked by elephants on their 
way to school.” White LF FG 

Causes fear 2 2 “We have no peaceful sleep because we are 
always worrying about elephants or guarding 
our fields. We cannot relax.” Kabuta LF FG 

Noise from 
herds 

1 1 “It is very noisy when big herds go through 
village. It disrupts our sleep.” Nkomba HD FG 

Results in 
people leaving 
area 

1 1 “Elephant crop damage has made people 
move from the area. Families are having to 
shift to other villages and are being split up.” 
Mukungule LF FG 

Environmental Damages 
vegetation 

4 3 “The elephants destroy other animals’ natural 
habitat and over time, we will not be able to 
collect wild fruits as the elephants will have 
destroyed all the fruit trees around the village 
especially Mpundu.” Kabuta HD FG 
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Contamination 
of water 
sources 

1 1 “Elephants mix shallow pools of water up so 
the water becomes contaminated with mud 
and then we can't drink it.” Nkomba HD FG 
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7.8 Appendix VIII – Deterrents currently used by the eleven study villages 
 

Table VIII Elephant deterrents used currently in each study village. Data from FGs and interviews. Chilli=chilli-oil fence, chilli briquette and 
chilli burnt on fire. ZAWA=scaring techniques such as firing blanks and killing problem elephants. 

 
Village Deterrent 

Guard 
fields 

Watchtower Banging 
metal/drum 

Cowbells/tin 
cans 

Fire Wire 
fence 

Trench Chilli ZAWA 

Kabuta          

Nkomba          

Kakoko          

White          

Kaluba          

Chipundu          

Chishala          

Mukungule          

Chobela          

Katibunga          

Mwansabamba          
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7.9 Appendix IX – Perceived advantages and disadvantages of various mitigation methods 
 
 
 
 

Table IX Overview of perceived advantages and disadvantages of various elephant deterrents discussed during FGs in all eleven study villages. 

Deterrent Advantages Disadvantages 

Chilli briquette  Effective if positioned well and the smoke is 
blowing in the right direction to protect field 

 Low cost 
 Materials locally accessible 
 

 Chilli smoke can choke people and damage their eyes 
 During the rains, the bricks are often put out 
 Elephants learn to avoid the smoke and enter field from other 

direction 
 Have to be guarding field to light them at the right time - 

labour constraints 
 Difficult to find enough dung to make regularly 

Chilli field border  Effective as bitter taste sends elephants away 
 Easy to do 
 Low cost 
 Last 4 years 
 Income from chilli 

 Elephants might still smell maize and go through chilli border 
 Labour intensive to plant chilli all around farm 
 Before chilli appears on plants, would not be effective and 

would get trampled by elephants 
 Not good for millet fields which shift annually 

Chilli-oil fence  Effective if maintained properly and chilli reapplied 
regularly. 

 Easy to construct 
 Low cost 

 Over time elephants habituate to chilli smell and break fence 
 Difficult to access chilli and used oil 
 Labour intensive to reapply chilli regularly 
 If communal fence, collective action needed 

Beehive fence  Honey provides extra income 
 Effective as elephants are scared of bees 

 Costly to build enough beehives on larger farms 
 Farmers could get stung 
 Bees are not very active at this altitude during the night and 

therefore may not be effective in Mukungule GMA 
 Relies on bees occupying enough hives 

Cowbell on fence  Good alarm for farmer 
 Low maintenance 
 Noise may scare some elephants 

 Expensive to buy bells 
 Elephants would work out it is an empty threat over time 

Electric fence   Very effective at stopping elephants entering the 
field 

 Very expensive 
 Difficult to maintain 
 Elephants may break fence with tusks 
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Trench  Very effective at stopping elephants cross into field 
 Stops other crop-raiding species e.g. bushpig 

 Labour intensive 
 Elephants may fill it with mud during the rains and manage to 

cross 
 

Watchtower  Can see the elephants early and prepare to scare 
them away. 

 Cost-effective to build as can use their own labour 
and materials 

 Labour intensive guarding through night – don’t trust other 
farmers to do shifts 

 Potentially dangerous 

Fireworks  Effective at scaring elephants because sounds like 
gunshot 

 Expensive to buy for whole season 
 Cannot access the material to make them 
 Ineffective in heavy rain 

Flashing spotlight  Effective at scaring elephants in the short-term  Expensive to buy 
 Flashing light may annoy elephants causing them to charge 
 Elephants would realise it is an empty threat 
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7.10 Appendix X – Proposed mitigation strategies 
 
 
 
 
Table X HEC mitigation techniques proposed by community members during FG discussions as strategies for their community moving forward. Continues 
overleaf. 

Mitigation 
technique 

Management Role of management Who else would be 
involved? 

How would the 
community cooperate? 

Village technique 
suggested 

Trench (with hedge of 
Euphorbia or 
watchtowers) 

Village 
headman 
 
 

Ensure all farmers who are able 
help to dig trench around farms. 
Ensure regular maintenance 
 
 

NGO - provide extra labour 
and machinery to dig trench 

Write a proposal to the 
district commissioner. 
Start the work themselves 
to encourage an NGO to 
help them finish it. 
Maintain once completed. 

Kabuta (both FGs) 
 
Chipundu (Village 
elder FG) 

Chilli-oil fence on 
individual farms 

Village 
headman 

Monitor effectiveness and check 
farmers are maintaining correctly 

NGO – provide training in how 
to construct and maintain 
fence. Ensure access to chilli 
seed and oil. 
 
Tanzanian/Zambian Railway – 
donate used engine oil 

Each farmer would be 
responsible for 
maintaining his/her own 
fence 

Nkomba (Village 
elder FG) 

Chilli field border Village 
headman 
 
 
CRB 

Ensure cooperation of all farmers. 
Develop a ‘Deterrent Committee’ to 
help monitor effectiveness. 
 
Oversee implementation of chilli 
borders. Ensure access to chilli seed. 

NGO – provide training and 
initial funding for chilli seed. 
Extra labour to help plant 
border. Also links to market to 
sell surplus chilli. 

Each farmer would work to 
plant chilli border on 
his/her own fields 

Chishala (Village 
elder FG) 
 
Chobela (both FGs) 
 
Katibunga (Local 
farmers FG) 
 
Mwansabamba 
(Village elder FG) 

Shift fields to areas 
with lower levels of 
HEC 

Individual 
farmers 

Shift own fields to areas with low 
levels of HEC 

Government – provide 
fertiliser to enable use of 
areas that have poor soil but 
less elephant crop damage 

N/A Nkomba (Local 
farmer FG) 



 

 
 

90 

Land-use planning – 
move fields together to 
make them easier to 
protect 

Village 
headman 

To ensure all farmers cooperate and 
monitor levels of HEC 

NGO – provide fertiliser to 
enable fields to be moved 
together even if poor soil. 
Provide training for effective 
communal deterrent. 

Each farmer would shift 
his/her own fields to 
designated area. 
Community would decide 
on a deterrent for the 
communal area of fields, 
for example, construct a 
fence around them all. 

Kakoko (both FGs) 
 
Kaluba (Village 
elder FG) 
 
Mwansabamba 
(Local farmers FG) 

ZAWA control – 
increased patrols, 
collar and track 
elephants to enable 
targeting of areas to 
scare elephants back 
into park 

ZAWA Assign scouts to all villages with 
high levels of HEC to improve 
scaring with gunshots, collar and 
track elephants 

N/A It is not the responsibility 
of the community. ZAWA is 
the one in charge of 
wildlife. 

Kaluba (Local 
farmers FG) 
 
White (Local 
farmers FG) 

Relocate to areas 
where HEC is not a 
problem 

Government Find areas suitable for affected 
farmers to relocate to and 
compensate for any loss incurred 

N/A Willingness to move to 
safer areas even if having 
to sacrifice better soils 

Chipundu (Local 
farmers FG) 
 

Electric fence – 
barrier/circular 

Village 
headman 
 
CRB scouts 
 
 
Government 

Ensure regular small-scale 
maintenance of fence 
 
Oversee construction and 
maintenance 
 
Large-scale maintenance of fence – 
safety measures. Long-term funding. 

NGO – provide training in 
maintenance of fence. Part-
funding of fence construction. 

Community would work 
together to clear the land 
for the fence, cut the poles 
and guard it to make sure 
it's not broken 

Chishala (Local 
farmer FG) 
 
Mukungule (both 
FGs) 

Reduce elephant 
population/cull 
elephants in North 
Luangwa NP 

ZAWA Control elephant population to try 
to reduce HEC 

N/A Report to ZAWA on herd 
numbers to give an 
indication of where the 
biggest herds regularly 
visit 

Katibunga (Village 
elder FG) 

Herd elephants back 
into the NP using a 
helicopter 

ZAWA 
 
 
NGO 

To monitor when the elephants are 
close to settlements 
 
To fly the helicopter to scare the 
elephants when instructed by ZAWA 

N/A Report to ZAWA when 
elephants are passing near 
village during farming 
season 

White (Village 
elder FG) 

 


