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supplies by foraging in crop fields or taking livestock (Naughton-Treves et al. 1998; Treves & 

Karanth 2003; Marchal & Hill 2009). Conflict also occurs however in urban areas (Lamarque et al. 

2008). People of course affect wildlife too, in the form of habitat destruction, introduction of 

non-native species, overexploitation, competition for and often exclusion from resources, 

disease transmission, and killing of wildlife (Brooks & Buss 1962; Mishra 1997; Messmer 2000; 

Treves & Karanth 2003). Human-wildlife conflict thus has negative impacts on both wildlife and 

humans, as well as the environment (Osborn & Hill 2005).  

1.3.1 Impacts of human -wildlife conflict  

Human-wildlife conflict is estimated to cost $22.3 billion in losses per year in the United States 

alone, of which $4.5 billion is agricultural losses (Manfredo 2009). The direct costs of conflict to 

humans are the loss of livelihood and in the most extreme cases loss of life (Rajpurohit & 

Krausman 2000; Anthony et al. 2010). Loss of livelihood can result in substantial social costs, 

such as reduced access to resources, education, health care, labour, land tenure and food 

availability, even famine in extreme cases (Webber 2006). Conflict can impede development and 

social equality (Woodroffe et al. 2005). Indirect costs include the investments made in 

attempting to prevent wildlife damage and the associated increased risk of injury from wildlife, 

as well as missed opportunity costs in terms of alternative income and disruption of schooling 

(Hill 2004; Thirgood et al. 2005).  

Extinction of a species is the ultimate cost of conflict to wildlife (Woodroffe et al. 2005). Lethal 

control by shooting and poisoning was a leading factor in the extinction of the Guadelupe 

caracara (Polyborus lutosus), a raptor that was reported to prey upon juvenile goats, while sheep 

depredation and consequent lethal control led to the extinctions of the thylacine (Thylacinus 

cynocephalus) and the Falkland Island wolf (Dusicyon australis) (Woodroffe et al. 2005). Many 

species have also suffered serious population declines as a consequence of active persecution. 

Lions (Panthera leo) in Kenya are in decline due to killing by Maasai people, shaped by 

perceptions of livestock depredation (Hazzah et al. 2009). 

Conflict can also cause displacement or range decreases of wild animal populations. Prairie dogs 

(Cynomys ludovicianus) remain in less than 2% of their former distribution in North America, 

after being subjected to a massive government sponsored poisoning campaign (Woodroffe et al. 

2005). Wolves (Canis lupus) were displaced from areas of a wildlife sanctuary bordering local 

villages, after litters were destroyed by locals in response to perceptions of livestock 

depredation (Mishra 1997). 

Different species have varying abilities to cope with human encroachment and the resulting 

conflict (Woodroffe et al. 2005). Many fare poorly when human-induced changes disrupt their 
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surroundings, and as a result their populations frequently decline so drastically that they 

become rare, endangered or extinct. Some species however adapt well in an anthropogenic 

landscape and have flourished under these conditions. Species such as sika deer (Cervus nippon) 

and Japanese macaques (Macaca fuscata) are able to adapt various aspects of their ecology, 

including diet, range use and daily rhythm, to proactively explore novel environments (Agetsuma 

2007). Yet overabundant species can pose similar problems as exotic or introduced species, 

reducing natural diversity by monopolising resources, changing species composition and can be 

devastating for the less adaptable, rarer species (Garrott et al. 1993). For example, extensive 

timber cutting boosted white-tailed deer populations, which in turn led to detrimental effects on 

plant communities (Alverson et al. 1988). 

The impacts of human-wildlife conflict extend beyond negatively affecting human and wildlife 

populations and can affect entire ecosystems, the consequences of which are only just beginning 

to be recognised (Woodroffe et al. 2005). Many conflict species are keystone species, whose 

removal can cause unexpected effects on the structuring of ecosystems and may cause the 

extinction of other species. For example, the absence of predators has been shown to cause an 

increase in herbivore numbers, in turn causing a decrease in vegetation, and consequently 

leading to a reduction in biodiversity (Terborgh et al. 2001). Grizzly bear (Ursus arctos) and wolf 

extirpation has led to an increase in moose abundance, changes in habitat structure and 

ultimately a decrease in nesting bird migrants (Berger et al. 2001). Elephants (Loxodonta 

africana) are a keystone species with significant roles in ecological dynamics and have the ability 

to profoundly affect the structure of entire ecological communities; their persistence outside 

protected areas is therefore important for the conservation of biodiversity (Graham et al. 2009).  

Human-wildlife conflict can also directly drive further habitat destruction, when people convert 

habitat in a deliberate attempt to reduce contact between themselves and wildlife; this perhaps 

is more common than is realised (Wang et al. 2006). Maasai people converted traditional 

wildebeest (Connochaetes taurinus hecki) calving grounds to wheat farms in an attempt to 

eliminate wildebeest from these areas and minimise transmission of a disease from wildebeest 

to their cattle; this resulted in an 81% reduction in the local wildebeest population (Ottichilo et 

al. 2001). Loss of yields via crop raiding can also result in the need for farmers to cultivate 

progressively larger areas (Woodroffe et al. 2005). Lastly, conflict can jeopardise species 

conservation and requires increased resources from conservation managers (Baruch-mordo et 

al. 2009). 
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Success of conservation efforts can also cause increasing conflicts. In response to the application 

of wildlife management and protection from overexploitation, many wildlife populations have 

recovered over the last century (Garrott et al. 1993; Messmer 2000), while some extirpated 

populations have also been successfully reintroduced (Smith et al. 1991). As recovering wildlife 

populations expand, they are forced to do so into areas now inhabited by people. For example, 

in the wake of habitat recovery and legal protection, wolves and other carnivores have 

recovered in many areas of North America and Europe, but this has happened alongside human 

populations and as a result conflicts over livestock depredation have increased (Treves et al. 

2002). 

As with human population increase, an increase in wildlife populations leads to increased 

conflict over resources. Increased crop raiding by rhesus macaques (Macaca mulatta) was 

reported after the establishment of a National Park in Bhutan (Wang et al. 2006). An increase in 

chital (Axis axis) population numbers following protection resulted in an increase in the 

incidence of crop damage (Studsrød & Wegge 1995). Increased reports of crop raiding by 

elephants may reflect the recovery of population numbers following the CITES ban on ivory 

trade and subsequent decline in poaching (Sillero-Zubiri & Switzer 2001). Protection of wolves in 

Minnesota led to a threefold increase in their population numbers and consequently an increase 

in conflict with people (Mladenoff et al. 1997). Problems are exacerbated if these populations 

become overabundant, and the resulting negative experiences further heighten public concerns 

over these species (Messmer 2000).  

A lack of conservation equally causes problems. Farmers in Bhutan attribute increases in their 

crop losses to the elimination of wild dogs (Cuon alpinus), as wild dogs previously limited 

numbers of wild pigs (Sus scrofa), the crop raiding culprits (Wang et al. 2006). In Japan, wolves 

are believed to modify the range use of deer and consequently relieve the intensity of deer 

feeding pressure on vegetation in particular locations; extinction of the wolves has led to 

vegetation destruction and crop raiding occurring unchecked (Agetsuma 2007). Destruction of 

predators has been attributed to the increase in raiding behaviour of hamadryas baboons (Papio 

hamadryas) in Saudi Arabia (Biquand et al. 1994). 

Human behavioural changes can also result in conflict increases. Changes in agricultural practices 

and animal husbandry over recent decades have increased vulnerability of crops and livestock to 

wildlife (Conover & Decker 1991; Sillero-Zubiri & Switzer 2001). Growing interest in ecotourism 

and increasing access to nature reserves raises potential for conflicts. The presence of and 

feeding by tourists causes increased levels of aggression in Tibetan macaques (Macaca 

thibetana) (Matheson et al. 2006). Approximately 25% of manatee (Trichechus manatus 
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1.4.3 Crop raiding is increasing  

Since the study of wildlife crop raiding began, most studies have reported an increase in the 

prevalence of raiding (Besser & Brady 1986; Boulton et al. 1996; Tchamba 1996; Naughton-

Treves 1997; Sillero-Zubiri & Switzer 2001; Wang et al. 2006; Nahallage et al. 2008; McLennan & 

Hill 2010; Pahad 2011; Mackenzie & Ahabyona 2012;). Several reasons for the increase have 

been suggested. Degradation of natural areas and the increase in agricultural lands due to an 

expanding human population probably forces wildlife into crop raiding (Starin 1989), or opens up 

opportunities for raiding (Admassu 2007). Furthermore, the intensification of agriculture results 

in large monocultures that can be very attractive to animals (Admassu 2007). Conversely, 

Boulton et al. (1996) demonstrated that a substantial reduction in cultivated land in Barbados 

led to an increase in crop damage by vervet monkeys (Cercopithecus aethiops sabaens). 

Increased crop raiding activity has also been ascribed to increasing population numbers of the 

offending species (Besser & Brady 1986; Pahad 2011), and decreasing population numbers of 

predators of the offending species (Biquand et al. 1994; Woodroffe et al. 2005; Wang et al. 

2006). 

1.4.4 Crop raiding on commercial f arms  

The majority of research conducted on crop raiding has focused on the conflict between wildlife 

and subsistence agriculturalists (Strum 1994; Studsrød & Wegge 1995; Tchamba 1996; Hill 1997; 

Naughton-Treves 1997; Hill 1998; Naughton-Treves 1998; Naughton-Treves et al. 1998; Sekhar 

1998; Siex & Struhsaker 1999; Hill 2000; Saj et al. 2001; Hill 2004; Kagoro-Rugunda 2004; Priston 

2005; Tweheyo et al. 2005; Linkie et al. 2007; Nahallage et al. 2008; Priston 2008; Warren 2008; 

Marchal & Hill 2009; Hockings et al. 2009; Priston 2009; Priston & Underdown 2009; Riley & 

Priston 2010; Strum 2010; Ahlering et al. 2011; McLennan & Hill 2012; Waters 2015).  

However, wildlife damage to large-scale commercial agriculture is also a major facet of human-

wildlife conflict and presents conservation challenges of its own. A small number of studies have 

conducted research on the extent of wildlife damage to commercial farms (Decker & Brown 

1982; Besser & Brady 1986; Conover & Decker 1991; Wywialowski 1994; Conover 1998; Jonker 

et al. 1998; Admassu 2007; Chakravarthy et al. 2008; Engeman et al. 2010; Bal et al. 2011). 

Engeman et al. (2010) estimated the economic costs of primate damage to commercial farms in 

Puerto Rico at a total of US$1.13-1.46 million per year, likely a conservative estimate, while 

Conover (1998) estimated that agricultural producers in the U.S. alone sustain an annual loss of 

US$2 billion to wildlife. Crop losses on commercial farms are thus substantial and are likely to 

increase without significant action, warranting further research into crop raiding on commercial 

farms. 
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Figure 2.1: (a) Map of South Africa showing the location of Limpopo Province (blue) and Blouberg Local 
Municipality (yellow) within Limpopo Province. (b) Map of Blouberg Local Municipality showing ward 
locations; obtained from http://www.demarcation.org.za. 

(a) (b) 

2.1.2 Blouberg Local Municipality  

Field work was conducted primarily in wards 18 and 21 of Blouberg District Municipality, which is 

situated in the far north of the Limpopo Province, bordering Zimbabwe and Botswana (Figure 

2.1). 

 

2.1.2.1 Climate  

Blouberg has a semi-arid climate with warm, dry summers (October-March) and cooler dry 

winters (April-September). Temperatures range from an average daily minimum of 7oC in June 

and July, with a minimum of -4oC recorded, to an average daily maximum of 34oC in January, 

with a maximum of 44oC recorded (Limpopo DFED 2004). Annual rainfall varies within Blouberg 

between 380-550 mm, most of which falls during the summer months; the area is prone to 

frequent drought and the Mogalakwena River is the only perennial river (Grwambi et al. 2006). 

2.1.2.2 Vegetation  

The terrestrial biome of Blouberg Municipality is savanna (commonly referred to as bushveld), 

consisting of 11 vegetation types. All study farms where biological methods occurred and almost 

all farms where interviews occurred lie within the Limpopo sweet bushveld vegetation type. The 

remaining farms enter into areas of Roodeberg bushveld, Limpopo ridge bushveld and Musina 

Mopane bushveld (Figure 2.2). These vegetation types are defined by Mucina & Rutherford 

(2006) as follows:  
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- Limpopo Sweet Bushveld: Plains, sometimes undulating or irregular, traversed by several 

tributaries and comprised of short open woodland in distributed thickets of blue thorn 

(Acacia erubescens), black thorn (A. Mellifera) and sicklebush (Dichrostachys cinerea). 

- Roodeberg Bushveld: Plains and slightly undulating plains, including some low hills, with 

short closed woodland to tall open woodland and a poorly developed grass layer. 

- Limpopo Ridge Bushveld: Irregular plains, with ridges and hills, moderate open savannah, 

with a poorly developed ground layer. The presence of white seringa (Kirkia acuminate) on 

ridge skylines, baobabs (Adansonia digitata) on calcareous gravel and the trumpet thorn 

(Catophracates alexandri) on calc-silcate soils is characteristic of this vegetation type. 

- Musina Mopane Bushveld: Undulating to irregular plains with some hills. Depending on the 

geographical location, these types of habitats can include open woodland to moderate 

closed scrubland, moderate closed to open scrubland on basalt areas and moderate open 

savannah on deep sandy soils. 

 

2.1.2.3 Fauna and flora  

The Limpopo Province has a high diversity of fauna and flora, which can be attributed to its 

diversity in landscape, terrain and vegetation types. The province supports 168 species of 

mammals (68% of the total number in South Africa), over 600 species of birds, 46 species of 

amphibian (40% of the number in South Africa), 148 species of reptile, 54 indigenous species of 

Figure 2.2: Locations of the study farms and the vegetation types of Blouberg Local Municipality. 
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Figure 2.3: Location of all study farms within Blouberg Municipality. Letters indicate each farm, as 
identified in Table 2.1. 
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Figure 2.5: (a) Diagrammatic farm map of locations used in behavioural data collection. (b) Aerial view of behavioural data collection area showing actual scales. 
Black circles represent locations given individual identities due to regular use by primates or people, not shown in (a). White square indicates location of 
observation hide.  
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directly observable. It is therefore only items that are removed that are counted, and not those 

that are damaged and left behind in the field. Further assessment of crop damage immediately 

following raids was not possible because observers were to stay hidden from animals that often 

remained near the farm after raiding. Furthermore, observers were not to indicate to farm 

personnel that raiding had occurred. 

Definitions  
Primate sightings from the hide are distinguished between farm visits and crop raiding events. 

Farm visits are calculated from the time when a primate was first seen or heard within the 

vicinity of the farm (close enough to be detected by the observer) until the last individual was 

seen or heard for that visit. More than one hour had to pass with no sightings or vocalisations 

heard for a further sighting to be classed as a new farm visit (Tobler et al. 2008). It is assumed 

that after a period of one hour with no detection of a primate the group has moved away. If 

primates were only detected audibly with a duration of less than 30 minutes, it was not counted 

as a farm visit; in this instance the group is assumed to be passing by the farm rather than 

making a visit to it. Crop raiding events (raids) started when the first individual primate entered 

the crop field and ended when the last individual exited the crop field, and only if no other 

individuals were moving towards the crops between the farm fence and the crop field. If an 

individual exited the field but re-entered the crops within one minute without crossing the farm 

fence, the raid is considered to continue, but the time spent outside the crops was subtracted 

from the total time spent within crops (if there are no other individuals within the crops during 

this time). Each raid comprises only a single species entering the crops; instances of 

simultaneous raiding by more than one species are recorded as separate crop raiding events. 

Thus a farm visit can contain any number of raids, including none at all, and several farm visits 

can occur on the same day. 

A response by a human to crop raiding activity is indicated by the onset of a behaviour that is 

directed towards the animals, such as chasing or shouting. Guard response time was measured 

from the first animal entry to the onset of guarding behaviour. No response was recorded if 

either (i) detection seemed to occur (awareness of the presence of crop raiding activity) but was 

followed by behaviour that indicated a decision not to respond to animal presence, such as 

resuming previous behaviour, or (ii) no detection seemed to occur. These latter two states were 

not differentiated as it was often difficult to determine whether detection had occurred if it was 

not followed by a response. 
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Anthropology ethics guidelines of the Association of Social Anthropologists of the UK and 

Commonwealth (Fairhead et al. 2011) were adhered to throughout the study. Individuals were 

always asked if they wished to participate in the study before interviews were conducted and all 

data were kept anonymous and confidential. The identity of individuals is concealed throughout 

the thesis, unless prior permission was granted to allow identification. 
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generations. Three respondents manage farms on behalf of the owner. Farmer households range 

from 2 to 5 people, with 0 to 3 dependents.  
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A priori questions 

Attitudes of crop farmers towards nature and baboons  

Emergent themes 

What do you think about 
wildlife and conservation? 

Is wildlife useless if it does 
not provide monetary 

value? 

Attitudes towards nature 

Complexity of attitudes to nature 

Values of nature 

Describe a baboon in one word 

How do you feel about baboons 
on the farm/in the wild? 

Has the population/group size 
increased? 

Have the problems increased? 

Is it illegal to shoot baboons? 

Are baboons dangerous? 

Attitudes towards baboons 
Descriptions 

Matter out of place 
Belonging  

Population and group size 
Problem trends 

Legislation 
Danger of baboons 

 

3.3 Analysis and Discussion of Interviews : Emergent 

Themes 
Four major themes emerged from interviewing crop farmers: attitudes towards nature, 

perceptions of baboons, risks to crop yields, and the nature of crop raiding. I will discuss the first 

two in this chapter (Figure 3.1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1: Thematic framework of major emergent themes arising from interviews. Headings in each 
bubble are provided in the text; sub-themes guide the subject-flow of the analysis. 
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CHAPTER 4: PERCEPTIONS OF RISKS 
TO CROP YIELDS 

4.1 Introduction  
Following on from the previous chapter, where I documented the values that study farmers hold 

of the natural environment and the ambiguous nature of their relationship with baboons, I will 

now discuss the problems that farmers must overcome to successfully harvest crops in the study 

area, and their perceptions of wildlife crop raiding. I conclude the chapter with a discussion of 

the findings relating to crop raiding mitigation implications. See Chapter 2, section 2.2.1 for the 

methods used to obtain information and the previous chapter, section 3.2 for participant 

profiles. 

4.2 Analysis and Discussion  of Interviews : Emergent 

Themes 
Four major themes emerged from interviewing crop farmers: attitudes towards nature, 

perceptions of baboons, risks to crop yields, and the nature of crop raiding. The first two were 

discussed in the previous chapter, revealing the complexity of farmer attitudes towards nature 

and baboons in particular.  I will now discuss the latter two (Figure 4.1). 
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What are the problems that 

limit crop yield? 

Risks to crop yields 

Weather and insects 

Raiding causes less damage but 
provokes more concern 

Perceptions of control 

A priori questions 

Attitudes of crop farmers about risks to crop yields and baboon crop raiding  

Emergent themes  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.2.1 Risks to crop yields  

Damage by wildlife is not the only yield-limiting factor a crop farmer has to cope with; many 

other factors play a role. Not exhaustively, these include influences such as weather, fire, soil 

quality, water, access to land, crop diseases, illnesses and fungi, pests such as insects and weeds, 

costs of and access to labour and equipment such as pesticides and fertilisers, operational 

procedures and planting strategies, and human thieves (Tweheyo et al. 2005; Webber 2006; 

Linkie et al. 2007; Priston 2008; Arlet & Molleman 2010; Bal et al. 2011; Nyirenda et al. 2011).  

Farmers were asked to freely talk about all the problems that limit their crop yields, without 

being offered a list of examples to discuss. Once they had finished providing this information 

they were asked to rank these factors in order of which cause the biggest limitation to crop 

Why do animals raid? 

How often are crops raided? 

Which crops are raided? 

How much loss is tolerable? 

Baboon Crop Raiding 
Why raid 

Raiding frequency 

Crop type 

Raiding strategies 

Control 

Farmer tolerance 

Figure 4.6: Thematic framework of major emergent themes arising from interviews. Headings in 
each bubble are provided in the text; sub-themes guide the subject-flow of the analysis. 
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CHAPTER 5: PRIMATE CROP RAIDING 

BEHAVIOUR 

5.1 Introduction  
Knowledge of crop raiding patterns of wildlife is essential for planning, implementing and 

monitoring mitigation techniques, which should include a detailed understanding of the 

underlying factors, patterns and processes associated with crop raiding (Nyirenda et al. 2011). 

Effective management of crop raiding is hindered in the absence of reliable information 

(Naughton-Treves 1998; Sillero-Zubiri & Switzer 2001; Wang et al. 2006). Long-term 

management of conflict must therefore not only be based on an understanding of local 

perceptions from the affected human communities, but also an improved understanding of 

wildlife behavioural ecology (Treves & Karanth 2003; Anthony et al. 2010). 

Crop raiding by wildlife is a problem for commercial crop farmers in the study area (Chapter 4, 

section 4.2.2), and primates rank amongst the most problematic of the species that forage on 

crops (Hill 2002; Tweheyo et al. 2005; Campbell-Smith et al. 2010, see also Chapter 6, section 

6.3.2). Baboons are often cited as the most damaging of all primate crop raiding species (Hill 

1997; Naughton-Treves 1997; Hill 2000; Tweheyo et al. 2005); I will determine whether baboons 

cause more damage than vervet monkeys within the study area. Primates are highly intelligent 

and adaptable (Conover 2002; Wang et al. 2006) and as a consequence are the most challenging 

of all the larger crop raiding mammals to control As a result, farmers often have little success 

preventing crop damage by primates (Mason 1998; Warren 2008; Pahad 2011; Mackenzie & 

Ahabyona 2012). Their intelligence is a reason given by many farmers for baboons being so good 

at crop raiding (Chapter 3, section 3.3.2) and is believed to be the reason that they are so 

difficult to control (Chapter 4, section 4.2.2). However, the lack of success in controlling primate 

raiding may partially stem from a lack of knowledge of how and why they raid. 

5.1.1 Factors influencing  primate crop raiding patterns  

Data on crop raiding can be collected through behavioural observations and in this study I 

employ a technique of distinguishing between crop raids (actual raiding of crop fields) and farm 

visits (primate groups visiting the vicinity of the farm, which may include multiple raids, a single 

raid or no raids at all; see Chapter 2, section 2.2.2.1 for full definitions). Most research on crop 

raiding discusses crop raids only, rarely making reference to the amount of time wildlife spends 
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Figure 5.1: Amount of damage caused by two primate species throughout the crop season and during 
each month. The median is indicated by the bold line, edges of the box indicate the quartile values. 
Whiskers represent the distribution of spread and outlying points represent data more than 1.5 times 
the upper quartile value. Plots show Wilcoxon rank sum test scores and P values, indicating whether 
there is a significant difference between species in each graph, using day as the sample unit. 

(a) 

(b) (c) 

(d) (e) 
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5.3.2 Which raiding parameter best estimates damage?  

Number of individuals involved in raiding is the best predictor of damage (as measured by the 

number of crop items removed from the field) for both primate species (Table 5.1, Figure 5.2), 

accounting for over 96% and 79% of the variance in damage for baboons and vervets 

respectively. However, highly significant positive relationships also exist between both raiding 

frequency and raid duration and crop damage for both species. Raid duration correlates better 

with the number of individuals raiding than frequency of raids for both species (Table 5.2, Figure 

5.3), suggesting that, if information on number of individuals raiding is not available, duration is 

the better estimate of number of individuals involved and therefore damage caused.  

Table 5.1: Linear regression output assessing the influence of i) successful raid frequency, ii) raid 
duration and iii) number of individuals involved in raiding on the amount of crop damage sustained 
(number of items removed from the field). Bold values indicate significance. 

 Parameter R2 Estimate SE t df P Lower CI Upper CI 

B
ab

oo
n Frequency 0.525 0.965 0.137 7.043 43 <0.001 0.689 1.242 

Duration 0.733 0.617 0.056 11.022 43 <0.001 0.504 0.730 

Individuals 0.960 0.950 0.029 32.453 43 <0.001 0.891 1.010 

V
er

ve
t Frequency 0.365 0.150 0.029 5.238 45 <0.001 0.093 0.208 

Duration 0.396 0.439 0.080 5.519 44 <0.001 0.279 0.599 

Individuals 0.787 0.741 0.057 13.087 45 <0.001 0.627 0.855 

   

 

Figure 5.2: Relationship between the number of individuals involved in raiding and the damage caused 
per day by (a) baboons and (b) vervets. Both variables are logged. Dashed line shows the linear 
regression, dotted lines show the confidence intervals for the slope estimate. 
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Figure 5.5 shows the pattern of primate crop damage across NDVI values, using a smooth curve 

fitted to a scatter plot in R. Vervet damage starts to increase as NDVI decreases, until baboon 

damage increases significantly, at which point vervet damage starts to decline, suggesting that 

while NDVI appears to have no effect on vervet raiding, this may be due to the presence of 

baboons. I therefore tested the effect of baboon presence around the farm and session on 

vervet raiding. 

 

 

 

Figure 5.4: The relationship between baboon (a) farm visit duration and NDVI, (b) raid duration and 
NDVI, and (c) damage and NDVI. Dashed line shows the linear regression, dotted lines show the 
confidence intervals for the slope estimate. (d) Effect of session on baboon damage, using day as the 
sample unit. The median is indicated by the bold line, edges of the box indicate the quartile values. 
Whiskers represent the distribution of spread and outlying points represent data more than 1.5 times 
the upper quartile value.  





105 
 

Table 5.4: Multiple regression output assessing the influence of baboon presence and session on (a) 
farm visit duration, (b) raid duration and (c) amount of damage. Bold values indicate significance. 

(a) Influence of baboon presence and session on vervet (V) farm visit duration. 

 Predictor Estimate SE Z P Lower CI Upper CI 

V 
Baboon -0.00005 0.00004 -1.28 0.202 -0.00013 0.000029 

Session 0.766 0.466 -1.64 0.101 -1.680 0.148 

 

(b) Influence of baboon presence and session on vervet (V) raid duration. 

 Predictor Estimate SE Z P Lower CI Upper CI 

V 
Baboon -0.00009 0.00005 -1.87 0.062 -0.00019 0.000006 

Session 0.349 0.614 -0.57 0.570 -1.551 0.0854 

 

(c) Influence of baboon presence and session on vervet (V) damage. 

 Predictor Estimate SE Z P Lower CI Upper CI 

V 
Baboon -0.00007 0.00002 -2.59 0.010 -0.00012 -0.00002 

Session 0.200 0.319 -0.63 0.529 -0.8246 0.0424 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.6: Simple linear regression to demonstrate the relationship between vervet damage and the 
presence of baboons at the farm (baboon farm visit duration), using day as the sample unit. Dashed line 
shows the linear regression, dotted lines show the confidence intervals for the slope estimate. 
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Figure 5.10: Plots showing the effect of guard response on baboon (a) damage and (b) number of 
individuals involved in raiding and (c) number of vervets involved in raiding, using day as the sample 
unit. Median values are indicated by bold lines, edges of boxes indicate quartile values. Whiskers 
represent distribution of spread and outlying points represent data greater than 1.5 times the upper 
quartile values. 

Table 5.6: Multiple regression output assessing the influence of whether or not the guard responds on i) 
damage sustained per raid, ii) duration of raid and iii) number of individuals involved. Bold values 
indicate significance. 

 Response  Estimate SE Z/t P Lower CI Upper CI 

B
ab

oo
n Damage 0.572 0.101 5.643 <0.001 0.376 0.775 

Duration 0.327 0.212 1.543 0.134 -0.100 0.737 

Individuals 0.568 0.086 6.584 <0.001 0.376 0.775 

V
er

ve
t Damage 0.244 0.187 1.310 0.190 -0.132 0.606 

Duration 0.482 0.266 1.808 0.075 -0.047 0.994 

Individuals 0.561 0.151 3.712 <0.001 0.259 0.859 
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Figure 5.11: The relationship between (a) baboon damage and guard delay, (b) number of baboons 
involved in raiding and guard delay, (c) number of baboons raiding and primate delay, (d) vervet damage 
and guard delay, and the number of vervets involved in raiding and (e) guard delay and (f) primate delay, 
all using day as the sample unit. Dashed line shows the linear regression, dotted lines show the confidence 
intervals for the slope estimate. 
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Table 6.1: Ranks assigned to crop raiding species by 15 crop farmers. Equals sign illustrates where more than one species was given the same rank. 

Farm B B B B C D F G H I A J K L M 
Farmer F01 F02 F03 F04 F05 F06 F07 F08 F09 F10 F11 F12 F13 F14 F15 
Baboon 3 1 1 1 1 1 1 1 1= 1 1 1= 3 1= 3 
Warthog 1= 3= 2= 2= 3= 5 3 3 1= - 4 7 4 1= - 
Bushpig 1= 3= 2= 2= 3= 4 4 2 - 4 6 5= - - 2 
Vervet 8 2 5 5 2 2 6 9 1= 3 3 3 - - - 
Porcupine 4 5 6= 4 - 3 - 4 - 5 5 - 2 - 1 
Bushbuck 5 8= 4 6= - - - - - - 2 1= - - - 
Common duiker - 8= 6= 6= 5= - 5 5 - - - 5= - - - 
Helmeted guineafowl 6 - - - - - 2 - 4 2 - - - - - 
Steenbok - 8= 8 6= 5= - - - - - - 4 - - - 
Rats and mice 7 7 - - 7= - - 8 - - - 8 - - - 
Scrub Hare - - - - - - - 6 - - - - 1 - - 
African civet 9 6 - - - - - - - - - - - - - 
Birds - - - - - - - - - - - - - - 4 
Black-backed jackal 10 - - - - - - 7 - - - - - - - 
Impala - - - - - - 7= - - - - - - - - 
Banded mongoose - - - - 7= - - - - - - - - - - 
Kudu - - - - - - 7= - - - - - - - - 
Francolin 11 - - - - - - - - - - - - - - 
Waterbuck 12 - - - - - - - - - - - - - - 
No. species cited 12 10 8 8 8 5 8 9 4 5 6 8 4 2 4 
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Table 6.2: The number of times each species received each rank. Table also shows species relative rank, its rank based on the relative rank, the number of  
times it was cited as a crop raider, the number of ranks it received (including not being mentioned as a raider = N), and the range of ranks. 

Species 
Rank Relative 

Rank Rank 
Number 
of times 

cited 

Number 
of ranks 
assigned 

Range 
of 

Ranks 1 2 3 4 5 6 7 8 9 10 11 12 N 

Baboon 12 0 3 0 0 0 0 0 0 0 0 0 0 0.078 1 15 2 1-3 

Warthog 3 2 4 2 1 0 1 0 0 0 0 0 2 0.398 2 13 7 1-7 

Bushpig 1 4 2 3 1 1 0 0 0 0 0 0 3 0.465 3 12 7 1-6 

Vervet 1 3 3 0 2 1 0 1 1 0 0 0 3 0.500 4 12 8 1-9 

Porcupine 1 1 1 3 3 1 0 0 0 0 0 0 5 0.607 5 10 7 1-6 

Bushbuck 1 1 0 1 1 1 0 1 0 0 0 0 9 0.747 6 6 7 1-8 

Common duiker 0 0 0 0 4 2 0 1 0 0 0 0 8 0.793 7 7 4 5-8 

Helmeted guineafowl 0 2 0 1 0 1 0 0 0 0 0 0 11 0.833 8 4 4 2-4 

Steenbok 0 0 0 1 1 1 0 2 0 0 0 0 10 0.872 9 5 5 4-8 

Rats and mice 0 0 0 0 0 0 3 2 0 0 0 0 10 0.900 10 5 3 7-8 

Scrub Hare 1 0 0 0 0 1 0 0 0 0 0 0 13 0.904 11 2 3 1-6 

African civet 0 0 0 0 0 1 0 0 1 0 0 0 13 0.944 12 2 3 6-9 

Black-backed jackal 0 0 0 0 0 0 1 0 0 1 0 0 13 0.961 13 2 3 7-10 

"Birds" 0 0 0 1 0 0 0 0 0 0 0 0 14 0.983 14= 1 2 4 

Impala 0 0 0 0 0 0 1 0 0 0 0 0 14 0.983 14= 1 2 7 

Banded mongoose 0 0 0 0 0 0 1 0 0 0 0 0 14 0.983 14= 1 2 7 

Kudu 0 0 0 0 0 0 1 0 0 0 0 0 14 0.983 14= 1 2 7 

Francolin 0 0 0 0 0 0 0 0 0 0 1 0 14 0.989 18 1 2 11 

Waterbuck 0 0 0 0 0 0 0 0 0 0 0 1 14 0.994 19 1 2 12 
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The number of farmers citing a species significantly correlates with the number of ranks it 

receives (estimate±SE: 2.440±0.196, t = 12.46, P = <0.001). Baboons are again an outlier, being 

cited by all 15 farmers but receiving only two ranks. Among other species, those that receive 

fewer ranks are perceived as the least important raiders because most farmers agree on their 

status as non-raiders, with only a minority labelling them crop raiders. Those that are commonly 

mentioned by farmers are given many different ranks, indicating large variation among farmers 

in perceptions of crop raiders (Figure 6.2).  

Variation in farmer ranks is also seen within the same farm (Table 6.1). One study farm is owned 

by a family in which four farmers play an active and daily role on the farm. Between the four 

farmers, 14 species are labelled as crop raiders, with lists ranging from eight to 12 species. Only 

six of these species are mentioned by all four farmers, while four are mentioned by only one 

Figure 6.2: Number of farmers that cited the species against the number of ranks assigned to each 
species. Dashed line shows the linear regression with baboons removed as an outlier, dotted lines 
show the confidence intervals for the slope estimate. 
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farmer. Despite variation amongst other species, baboons are again most often cited as the top 

raider, with only one farmer assigning the top rank to a different species (jointly between 

warthog and bushpig). 

6.3.2 Camera detection of crop raiding species 

Across all farms, a total of 1,947 field visits involving 24 animal species were captured on camera 

traps, amounting to 264 hours 12 minutes that wildlife spent within the crops surveyed (Table 

6.3) from a total of 12,552 camera trap observation hours. Bushbuck visited considerably more 

often and with greater duration than any other species (Figure 6.3). 
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 Table 6.3: Number of field visits and average duration of visits per seven days for each species in each survey crop field and the average for all 
fields. Red boxes highlight the most frequent or longest crop visitor for each field. Species in grey are those previously established as non-crop 
damaging visitors. 
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(a) 

(b) 

Figure 6.4: (a) Number of visits and (b) average duration of visits per 7 days for each species between 
the three farms surveyed. Where no bars are visible species were not recorded visiting the farm in 
question. 
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Given the results from Chapter 5, section 5.4.2, average species group size multiplied by 

duration of raiding could be used as a proxy for the amount of damage caused by each raiding 

species. When using this measurement as a proxy for damage, it appears that farmers are fairly 

accurate in estimating which species cause most damage. There are however instances when 

farmers clearly over- or underestimate how much damage a species causes. Warthog, bushpig 

and porcupine appear to be overestimated in farmer perceptions of how much damage they 

cause, whilst bushbuck, guineafowl and baboons appear to be underestimated (Figure 6.7). 

 

 

 

 

 

 

 

 

Figure 6.6: Relative farmer ranks against (a) frequency of crop visits and (b) total duration of crop visits 
when average species group size is taken into account in both instances. Dashed lines show the linear 
regression and dotted lines display confidence intervals. 

Figure 6.7: Relative farmer rank against damage estimate for each species. Dashed line shows linear 
regression model while dotted lines show confidence intervals. Species falling outside confidence 
intervals are interpreted as being under- (above CIs) or overestimated (below CIs) by farmers. 
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features, including the river, trust lands or other crop farms (see Chapter 2, section 2.2). These 

factors may lead to variation in raiding species between farms and so explain some of the 

variations in perceptions. However, if the spatial difference in raiding species across farms was 

the sole explanation for variable perceptions, farmers from the same farm would be expected to 

agree on ranks. When exploring the responses of four farmers working on one farm, rankings 

also differed between these farmers suggesting that there are other reasons for variations in 

farmer perceptions.  

Despite farmer rankings of most crop raiders being highly variable, there is very little variation 

when discussing baboons. 80% of interviewed farmers state that baboons are the worst crop 

raiders, including three of the four farmers on the same farm. Although farmers were asked to 

list animals that they have problems with, even a farmer who did not suffer crop damage by 

baboons ranked them as the worst crop raiding species. This follows the pattern of many other 

crop raiding studies: wherever baboons are involved in raiding crops, they are consistently cited 

as the worst raiding species (Hill 1997, 2000; Naughton-Treves 1997; Tweheyo et al. 2005; 

Webber 2006; Wallace 2010; McLennan & Hill 2012). The reasoning behind this is often because 

baboons are in fact responsible for most damage (Naughton-Treves 1997; Hill 2000), but where 

they are not the worst culprits, perceptions of baboons are influenced by their perceived ability 

to harm or even kill humans, their reportedly strategic raiding behaviour and their 

destructiveness to crops, destroying more than they eat (Hill 1997; Hill & Webber 2010). 

Camera trap surveys from this study reveal that while bushbuck visit more frequently and with 

longer duration than baboons, when taking into account the number of individuals raiding, 

baboons potentially cause higher amounts of damage than any other species (as shown in Figure 

6.7). Under these circumstances, farmers accurately rank baboons as the most damaging crop 

raiding species. The fact that farmers who do not suffer baboon raiding still report them as the 

worst crop raiders suggests there is a rhetoric within this community on the extent of their 

raiding, leaving baboons with a notorious reputation. Baboons certainly have a reputation within 

the community, with many people, and not only crop farmers, expressing negative perceptions 

of this species. 

6.4.2 What affects farmer perceptions of crop raiding species?  

Frequency and group size alone do not significantly correlate with farmer perceptions, whereas 

duration alone explains 49.7% of farmer perceptions. When frequency of raids and raid duration 

are combined with group size, these combinations explain 63.5% and 70.6% of farmer 

perceptions respectively. The size of a raiding species group has been documented to affect 

farmer perceptions (Hill 1997, 2000; Knight 1999; Lee & Priston 2005; Nahallage et al. 2008; 















143 
 

The implementation of mitigation techniques requires knowledge of not just how much crop loss 

occurs, but also where damage occurs. Many studies reveal spatial patterning of crop raiding, 

with a number of factors impacting on this, including the species involved, farm location and 

size, number of neighbouring farms, surrounding land use, crop type and mitigation methods 

already employed (Maples et al. 1976; Naughton-Treves 1997, 1998; Naughton-Treves et al. 

1998; Hill 2000; Priston & Underdown 2009). These studies examine patterns within the 

subsistence farming context, there are no descriptions of crop raiding patterns on commercial 

crop farms. 

The distance from which crops are planted to the nearest natural habitat is one of the most 

influential factors determining the intensity of wildlife crop raiding; most studies report that 

crop losses decrease with increasing distance from wild areas (Anthony et al. 2010; Sekhar 1998; 

Wang et al. 2006; Hill 1997; Studsrød & Wegge 1995; Linkie et al. 2007; Agetsuma 2007; Rao et 

al. 2002; Chhangani et al. 2008; Kagoro-Rugunda 2004; Hill 2000; Naughton-Treves 1997b; 

Naughton-Treves 1998; Priston 2008; Saj et al. 2001; Prasad et al. 2011; Lemessa et al. 2013; Hill 

2005; Priston 2009). Hill (2000) found that most farms suffering crop raiding are located within 

100 m from the forest boundary, while no damage was recorded further than 450 m from the 

forest edge. Naughton-Treves (1997) reported almost all crop loss around Kibale National Park, 

Uganda was confined entirely within 200 m of the national park, with animals only occasionally 

damaging crops beyond 450 m.  

The majority of recorded primate crop raids occur within 100 m of wild areas (Hill 1997; Saj et al. 

2001; Tweheyo et al. 2005; Wallace 2010). Wallace (2010) states that when farms are at least 

100 m in length a farm with another farm between itself and a natural area will probably 

experience little raiding compared to the farm next to the wild area. This same principal can be 

used on commercial farms for describing crop fields. Given that the smallest crop fields on 

commercial farms in the study area are at least 100 m x 100 m, then fields bordering natural 

areas are likely to receive more damage than those bordering other crop fields.  

Distances that primates travel into farms when crop raiding varies between studies. Priston 

(2005) reported the vast majority of primate raids in Buton, Sulawesi occur within 10 m of forest 

areas. Later, Priston (2009) recorded primates in the same area to travel up to 30 m into farms 

from forest edges, while Wallace (2010) described over 75% of raids occurring up to 30 m into 

the farm and only 10% of raids involving animals travelling beyond 50 m in western Uganda. 

These results imply that while farms nearest the forest edge are most heavily raided, so too are 

the edges of those crop fields that are within 10-50 m of the forest-farm edge. I will test whether 
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Table 7.1: Estimates of economic loss via crop damage per field obtained from farmer reports and field 
transects with percentage overestimated by farmers; estimates of the number of damaged butternuts 
per field obtained from transects and rapid damage assessments. 

 

Table 7.2: Colour scale for Table 7.1. 

 

 

 

 

 

 

Field 
 

Farmer 
Estimate of 

Damage 

Transect 
Estimate of 

Damage 

% 
Overestimate 

by Farmer 

Transect 
Estimate of 
Number of 
Damaged 
Butternuts 

Rapid Damage 
Estimate of 
Number of 
Damaged 
Butternuts 

A6-5 R0 R311-355 -100% - - 
A6 - R116-132 - 26 0 
A5 - R195-223 - 45 8 

A10-9 R1,500 R1,084-1,238 +21.2-38.4% - - 
A10 - R214-245 - 49 2 
A9 - R869-993 - 199 117 

A12-11 R2,000 R5,721-6,538 -65.0-69.4% - - 
A12 - R5,175-5,914 - 1183 128 
A11 - R546-642 - 125 17 

A13 R2,000 R2,553-2,918 -21.7-31.5% 584 56 
A16-15 R2,000 R3,595-4,108 -44.4-51.3% - - 

A16 - R3,375-3,857 - 771 114 
A15 - R220-251 - 50 18 

A17 R2,500 R4,696-5,367 -46.8-53.4% 1073 236 
A19 R1,500 R869-993 +51.1-72.6% 199 24 
A22 R2,500 R1,208-1,380 +81.2-107.0% 276 78 
B03 R0 R351-401 -100% 80 18 
B04 R0 R439-502 -100% 100 12 
B05 R0 R707-808 -100% 162 87 
B06 R0 R1,043-1,192 -100% 238 32 
B07 R0 R235-269 -100% 54 48 
B08 R0 R2,183-2,495 -100% 499 131 
B09 R0 R2,559-2,924 -100% 585 84 
B10 R0 R667-762 -100% 152 26 
B11 R0 R349-399 -100% 80 13 
B12 R0 R560-640 -100% 128 16 
B13 R0 R1,289-1,473 -100% 295 59 
C1 R100 R1,352-1,545 -92.6-93.5% 309 116 
C2 R100 R3,366-3,847 -97.0-97.4% 769 268 
      

Total ZAR14,200 ZAR35,134-
40,153 

-59.6-64.6% 8,031 1,708 

Colour Scale 
R5,000+ 
R4,000-4,999 
R3,000-3,999 
R2,000-2,999 
R1,000-1,999 
R0-999 
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habitat the natural log of damage increases by 0.012. The distance with which the field is located 

from the river has no significant effect on damage (estimate±SE = -0.0001±0.001, t = -0.124, P = 

0.903), nor does block (B estimate±SE = -1.049±1.333, t = -0.787, P = 0.441; C estimate±SE = -

1.724±0.985, t = -1.750, P = 0.095). 

Figure 7.7 shows patterns of damage using the rapid damage estimation method. There is a 

highly significant correlation between rapid damage estimations and estimates of damage 

obtained from transects (linear regression: intercept = 339.378±290.552, estimate = 

18.542±2.999, t = 6.183, P = <0.001, Figure 7.8). 
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Figure 7.3: Diagram illustrating location of crop damage in block A. Left graphic shows the total number of butternuts (damaged and undamaged) remaining in each 
field just prior to harvesting. Lighter fields represent those with fewer butternuts remaining in the field, the assumption being because of a higher number of crop 
items removed by wildlife. Unfortunately it was not possible to collect these data for all fields, as some fields were harvested earlier than expected. Right graphic 
shows where crop damage occurs when items are not removed, darker red patches indicate higher levels of damage in these areas. Text bubbles show the economic 
cost of damage calculated from transect data for each field with the farmer estimate of loss in brackets. 
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Figure 7.4: Diagram illustrating location of crop damage in block B. Top graphic shows the total 
number of butternuts (damaged and undamaged) remaining in each field just prior to harvesting. 
Lighter fields represent those with fewer butternuts remaining in the field, the assumption being 
because of a higher number of crop items removed by wildlife. Bottom graphic shows where crop 
damage occurs when items are not removed, darker red patches indicate higher levels of damage 
in these areas. Text bubbles show the economic cost of damage calculated from transect data for 
each field with the farmer estimate of loss in brackets. 
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Figure 7.5: Diagram illustrating location of crop damage in block C. Top graphic shows the total 
number of butternuts (damaged and undamaged) remaining in each field just prior to harvesting. 
Lighter fields represent those with fewer butternuts remaining in the field, the assumption being 
because of a higher number of crop items removed by wildlife. Bottom graphic shows where crop 
damage occurs when items are not removed, darker red patches indicate higher levels of damage in 
these areas. Text bubbles show the economic cost of damage calculated from transect data for each 
field with the farmer estimate of loss in brackets. 
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Figure 7.7: Diagrammatic display of crop damage as assessed by the rapid damage estimation 
method. 
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Conversely, these calculations could be overestimating damage. Counts of damaged butternuts 

included crop items of all sizes, but only large butternuts are sent to market. Calculating 

economic loss based on damaged butternuts of all sizes could therefore be an overestimate. 

However, butternuts that are damaged when small may have grown to a harvestable size had 

they not been damaged; it is therefore difficult to say whether transect estimates are likely to be 

under- or overestimated based on this issue. 

Lastly, this research was carried out on a single farm and would need to be replicated many 

times to confirm whether the study farming community as a whole underestimate crop losses to 

wildlife. It has been demonstrated time and again that losses are not always equal across farms 

(Besser & Brady 1986; Wywialowski 1994; Naughton-Treves 1997; Jonker et al. 1998; Naughton-

Treves 1998; Siex & Struhsaker 1999; Hill 2000; Chhangani et al. 2008), so it is important that 

damage to more than one farm be estimated before firm conclusions are made. Nevertheless, 

the current study provides the first evidence that commercial crop farmers may underestimate 

crop damage sustained by wildlife. 

7.4.2 Location of damage is accurately identified  

Many crop raiding studies report that most wildlife crop damage occurs at the farm-forest edge 

(Naughton-Treves 1997; Rao et al. 2002; Linkie et al. 2007; Priston 2009), and this is certainly 

true in this study. The length of field exposed to natural vegetation has a significant effect on 

damage, with fields that have a greater length of exposure receiving higher amounts of damage. 

Fields that are buffered by crops on every side receive very little damage.  

Distance from the river, which provides prime habitat and sleeping sites for primates, does not 

appear to affect damage. Given the extensive literature that states damage decreases with 

increasing distance from natural areas, it could be assumed that farmers who plant their crops 

along the river will sustain higher levels of damage than those who plant further from the river. 

However, the river provides irrigation for crops, and so most crop farms are positioned alongside 

a river to increase yields; farmers therefore have little choice in positioning crops. Fortunately, 

these results suggest that distance from the river is not as important as whether fields are 

buffered by other crops. Farmers therefore need to worry less about where they locate their 

crops (which is perhaps very good news, as they have little choice but to plant near rivers in 

order to irrigate) and more about what is immediately surrounding their crops. 

In fields that sustain particularly high amounts of crop loss there is also a pattern of damage 

along non forest-farm edges, such as between fields A13 and A17, and A16 and A12. This is likely 

due to crops being depleted at the forest-farm edge and wildlife consequently using pathways 

between fields to move further into the crops. We then see damage limited along these path 
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Observations occurred for eight hours per day. Working hours were varied on a 06:00-14:00, 

08:00-16:00 and 10:00-18:00 cycle, to ensure that all daylight hours were observed. Data 

collection and definitions followed the protocol for crop raiding behaviour (see Chapter 2, 

section 2.2.2.2). Videos were coded to provide information on duration of raid, number of 

raiding individuals, number of crop items taken from the field as per these methods, with the 

additional information of timing of bell rings, guard response to bells and guard response to 

raiding.  

Data analysis  
Guard response to vervet raids was tallied for bells-on and bells-off days (using raid as the 

sample unti). Statistical analysis was not possible due to the small sample sizes. Raiding 

(a) (b) 

(c) 

Figure 9.1: (a) Location of the early warning alarm system trial. The black star indicates the 
experimental site location; black lines demarcate farm boundaries, Farm L is highlighted in blue, red 
line shows the main road, blue line indicates the river. (b) Illustrates the set-up of the experimental 
site. The green square indicates the observer hide, purple circle the location of the guard activities, 
black triangles indicate where the bells were installed. Highlighted crop fields indicate those planted 
with butternuts at the time of testing; all other fields have no crops. (c) Set-up of bells attached 
along a section of the fence line. 
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Figure 10: Amount of available bait that was eaten by baboons for each day of the trial (by category: 1 - no bait taken to 5 - all bait taken), 
for baseline (dark green) and experimental (light green) phases. 
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(a) (b) 

(c) (d) 

Figure 13: (a) Fence is 2.4m high. (b) Five electrified wires at the top (identified by the black 
plastic insulators on the droppers), each separated by a non-electrified wire. (c) One 
electrical wire offset at a 45o angle to the fence. (d) Three electrified wires at a 45o angle to 
the fence, each separated by a non-electrified wire. 
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The use of an electric fence appears to be effective at keeping most crop raiding wildlife away 

from crops. Electrical fencing has rarely been recommended for crop protection because its high 

cost renders it unfeasible as a mitigation method for subsistence farmers (Osborn & Hill 2005). 

Commercial crop farmers however do not have the same limitations. Although the start-up costs 

are very high, the savings made through the protection of large areas of high value crops on 

commercial farms make the electric fence a feasible long-term solution. Many of the commercial 

farmers in this study were concerned about the high costs of installing an electric fence, but with 

the potential that they underestimate their crop losses (Chapter 7, section 7.3.1) these opinions 

may change given accurate estimates of their crop losses. Some study crop farms already use 

electric fencing, but with little success. This suggests that recommendations on the correct 

specifications for using electric fencing to protect crops from wildlife needs to be published and 

made available for these farmers. 

However, albeit very effective, the electric fence does not exclude all wildlife; it cannot prevent 

birds from entering crops. Once again a combination of methods is required. As discussed in 

Chapter 6, section 6.4.2, the use of a deterrent method such as scarecrows may prevent crop 

damage from birds. Although not sufficient at deterring primates, it may be effective at 

deterring birds, particularly if a pop-up mechanism or noise maker was included (Marsh et al. 

1992; Gilsdorf et al. 2004; Richardson 2014). Again, further investigation is required to 

determine the combination of these techniques. 
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finding an effective deterrent method against crop raiding by wildlife all the more necessary and 

urgent. Farmer perceptions of baboon group sizes were also underestimated during the study, 

where data were available for comparisons (Chapter 3, section 3.3.2). 

10.2.5 Deterrent methods  

Guarding  
Guards are used by almost all commercial crop farmers that participated in the study. Chapter 5, 

section 5.3.5 reveals that field guards respond to baboons far more often than vervets, 

suggesting there is a detection problem with vervets. Guards were also found to respond more 

often to raids that involved more individuals, which are likely to be easier to detect. Guard 

delays in responding to primate raids have a significant effect on crop damage. Baboons appear 

to be less fearful of guards than vervets. When chased by guards baboons take a longer time to 

vacate the crops than do vervets. Furthermore, as it is currently performed, chasing appears to 

have no effect on whether primates return to crop fields to undertake subsequent raiding after 

being chased out. Guards responded more often to raids occurring in the morning than the 

afternoon, implying that guard fatigue may be reducing response rates. The data collected on 

field guarding led to a number of suggestions being made on ways to improve the effectiveness 

of guarding (see section 10.3.2.2). 

Early warning alarm system  
Chapter 9, section 9.2 reveals that bells were not successful at providing an early warning alarm 

system that alerted guards to vervet raiding. Although they functioned as an alarm system, 

ringing when the fence was disturbed and could be heard by the field guard, vervets were able 

to cross the fence carefully without ringing the bells. A more comprehensive alarm system, that 

vervets are not able to circumnavigate, would be more appropriate. Further research is required 

into developing such a system. 

Motion -activated acoustic repellent  
The use of sounds as a deterrent significantly reduced the frequency of baboon raiding and the 

amount of crop they consumed (Chapter 9, section 9.3). However, habituation occurred after 

about a three week period. The use of such a method may work alongside field guarding. 

Guarding could reduce habituation by reinforcing the danger perceived from the sounds (Belant 

et al. 1996; Koehler et al. 1990), while the sounds could provide a useful alarm system to alert 

guards to raiding animals (Hill & Wallace 2012). Future research should test this combination of 

techniques. 
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the electric fence without providing an estimate of how much farmers underestimate real crop 

losses, and therefore savings, may not have had the same effect.  

Furthermore, one data set helps to inform the other, subsequently leading to better results. Had 

I conducted the mitigation workshop without the knowledge I obtained through observing 

primate raiding behaviour, I would not have suggested the use of an alarm system. The 

biological data suggests that, provided with an appropriate alarm system, this method may well 

improve guard effectiveness and subsequently reduce crop damage. Without this knowledge 

this method would have been immediately dismissed. Conversely, biological data suggest that an 

effective deterrent may be the use of bear bangers. Without farmer input, this method may 

have been suggested, and even trialled. This would not only have been a waste of time, because 

it is not an acceptable method within the region, but it may have also frustrated farmers, to be 

recommended a method which they cannot use.  

Although crop raiding on commercial farms occurs under very different circumstances from 

subsistence farm raiding, there are nevertheless similarities between the two. Both sets of 

farmers suffer with the inability to control raiding wildlife, and despite numerous attempts have 

not found an acceptable and effective method of control. Both groups of farmers also have to 

deal with disappointments from the authorities, both have expectations that are not being met 

and both feel the authorities are not well enough informed to make the decisions regarding crop 

raiding that they do. Both feelings of lack of control and unfulfilled expectations have been 

shown to reduce farmer tolerance, increase perceptions of risk and increase conflict (De Boer & 

Baquete 1998; Hill 2005; Costa et al. 2013).  

Lastly, these commercial farmers appear to be dealing with this human-wildlife conflict alone. 

The sharing of knowledge and ideas between these farmers would likely benefit all involved. 

Farmers were very keen to come to both the workshop and the final presentation I gave before I 

left South Africa, and many were keen to be involved in my research. Each month farmers in the 

local area get together to conduct an agri-meeting, but to my knowledge, wildlife crop raiding is 

not discussed here. The establishment of a group where farmers can share their frustrations, 

and the failures and successes regarding deterring crop raiders would have a positive impact on 

all involved. 
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Appendix 5: Invitations promoting Mitigation Workshop   
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