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ABSTRACT

Humanwildlife conflict (HWC) occurs when wild animals depredate crops and
livestock and threaten human safety, which subsequently results in retaliatory or deliberate
persecution of wildlife by farmer3he aim of my study was tstablisthow subsistence and
commercial farmers that ranched or cultivated in the same geographic area were affected by
and responded to problem animals in selected localities of-aeastiern South Africd.first
conducted @lobal metaanalysis of the scientific literature concerning HWihichrevealed
several findings. 1) Local communities contiguous with protected areas worldwide were
affected by the highest number of damageasing wildlife (49 species) compared with
subsstence farmers and commercial farmers. 2) Contrary to my prediction, subsistence farmers
did not experience the highest number of depredation incidences, instead, commercial farmers
were more prone to HWC, possibly due to a greater research focus on caxhawtpastoral
farming. 3) Consistent with the prediction that developing countries could potentially
experience regular encounters with wildlife, rural people in Africa and Asia experienced
conflict with the broadest diversity of mammals. 4) Southcafoffers a regional exemplar of
global patterns in HWC.

Subsequently, | investigated how subsistence and commercial farmers that operated
concurrently in selected localities of neghstern South Africavere affected by anchanaged
damagecausing wildife. In addition, | gauged the attitudes and opinions of subsistence and
commercial farmers to wildlife and conservation issues, and assessed the attitudes and opinions
of conservation practitioners towards people living on protected area boundaridg, Final
investigated the movement patterns of African wild ledd dog) Lycaon pictusn areas
where they are lethally persecuted, as a case study of HWC. To achieve theserapisydd
a combination of methods and approaches to acquire informatiawlirepthe demographic
and physical attributes (such as fencing and use of irrigation) of subsistence and commercial
farms, in addition to respondent attitudes and opinions that were collectively important
predictors of the scale of HWC. These included s&mictured questionnaire interviews, site
inspections o farms and subsistence gardens to verify farm attributes, geographic information
system attitude indexes (methods to visualise the spatial distribution of respondent attitudes)
and satellite or radigollared wild dog individuals.

Several variabl es, ssuemdtupant pertousghelald ous e hol

environmentarelated challenges (e.g. insect pests, soil erosion, and the absence of electrified
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fencing) exacerbated HWC, especially regagctarnivoresMaize Zea mayswas the most
frequently raided crop (by primates) on both subsistence and commercial farms. Poultry and
young livestock were most often depredated throughout the studysttesaracalCaracal
caracal wild dog and leoparBanthera parduseing the main depredators. My findings
supported the prediction that commercial farmers more readily shot and poisoned wildlife
compared to subsistence farmers. Commercial farmers most frequently persecuted sarnivore
while subsistence farmers mainly persecuted primates. Subsistence and commercial farmers
held positive and negative attitudes towards wildlife for different reasons. Collectively, positive
attitudes related to ecocentric values (concern for the ecogystieh as environmental
education, tourism and a willingness to learn abouthmaymful damage&ausing animal
control, while negative attitudes pertained to stray wildlife and resource damage, specifically to
crop and livestock depredation. Although camagéon practitioners held positive attitudes of
local human communitiggelating to communitconservation oriented values), negative
attitudes also existed (pertaining to a disinterest and indifference towards the@mwonic
needs ofocal human communitiesandpoaching). M study of wild dogs showed that although
the home range of fremnging packs intersected with letiwaintrolling commercial farmers,
one pack in the Waterbergimpopo Provincereduced potential encounters with farmers by
utilising vegetation thickets as refugia.

| concluded that subsistence farmers and commercial farmers were similarly affected by
HWC but differed in the type of farming commodity depredated. While commercial farmers
may be able to discourage depredation by ufgnging and lethal control, such resources are
unaffordable or unavailable to subsistence farmers. Instead, they utilised passive methods to
deter wildlife (e.g. chasing, guarding fields). The loss of household food to depredation coupled
with adverse enxonmental factors may compromise the food security of poor households.
Although tensions between local human communities and conservation authorities exist, the
positive attitudes and opinions of subsistence and commercial farmers towards biodiversity, as
well as the reported alacrity of conservation authorities for community conservation, may
provide the basis for future discussions on joint wildlife management. In the absence of such
collaboratons wildlife will continue to experience conflict in farmedeas, or they might

adapt by modifying their behaviour, as demonstratexhewild dogpack
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685 CHAPTER ONE
686
687 Generalintroduction
688

689  An overview of humanwildlife conflict

690 The earliest occurrences of humaitdlife conflict (HWC) can be traced back to the

691  Neolithic period (Anderson, 1997; Treves et 2006), coinciding with the development of

692 grain cultivation and the domestication of animals (Zeder, 2008). With agricultural expansion
693 came human population growth and the earliest ecological impacts of farming (e.g.

694 deforestation and soil erosion) thahde dated back to 9000 BC (Colledge, 2004; Zeder,

695 2008). Archaeological and palecological evidence also indicate that direct human

696 alteration of terrestrial ecosystems occurred with hunting of wild animals, foraging on wild
697 flora and transforming indenous landscapes for agastoral farming (Colledge, 2004),

698 eliciting conflict with wildlife.

699 | refer to HWC as any instance in which the resource demands of humans and wild
700 animals overlap, spurring competition for food, space and water and the eessiog

701 between people and wildlife authorities (Gilbert and Dodds, 2001; Woodroffe et al., 2005).
702  Humanwildlife conflict often follows when wild animals damage crops, poultry, livestock,

703 farmed game and fisheries and jeopardise human safety (Peteato2@10), frequently

704  resulting in retaliatory or deliberate persecution of conservation priority species by people
705 outside and within the boundaries of protected areas (PAs) (Graham et al., 2005; Thorn et al.,
706  2012). | refer to a protected area as aiviersity conservation area that receives protection

707  due to the presence of indigenous wild fauna and flora that have ecological value (Chape et
708 al., 2005).

709 As natural habitats become increasingly fragmented and transformed into agricultural
710 farmland to acommodate the expanding human population (Thornton et al., 2011), wild

711  animals often depredate crops and livestock, especially in rural areas (Hill, 2000). These

712 wildlife depredations can pose serious threats to people and food security and cause adverse
713 impacts on the local economy at the household level (Treves 20@6). Simultaneously,

714  wild animal populations are declining dramatically due to habitat degradation as well as

715  poaching, exploitation and lethal control (Hazzah ¢28I09; Treves et 3l2006; Woodroffe

716 et al, 2004). In many cases, seeing no value in wildlife and considering it vermin, deliberate
717 firevenge kil |l i ng-fadna(larfebadibdamainmatdy@domeccommerg a

718 (DeGeorges and Reilly, 2009; Treves et2006). These pblems warrant serious
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consideration by concerned parties, including mediatory action by conservation authorities,
government, biologists and ngovernmental organisations to minimise food insecurity due

to wildlife depredations and conserve speciesdhathreatened by anthropogenic impacts.

Anthropogenic impacts on wildlife

Today, the pressure to house and feed a rapidly growing human population is the
leading cause of encroachment onto pristine indigenous habitats (Siex and Struhsaker, 1999).
As a result, indigenous fauna and flora have been reduced substantially or displaced from
their natural geographic ranges (Woodroffe et al., 2005). Loss of indigenous habitat is a
global conservation issue that affects ecosystem integrity in several ways (ISkiegteal
2006; NaughtofTreves, 1999). For example, the oeetlection of fuel wood has led to the
conversion of wooded vegetation to open grasslands, thereby reducing or extirpating
populations of many browsgependent animals (Kideghesho et2006 NaughtorTreves,
1999). Roan antelopdippotragus equinubave disappeared from the Serengeti due to loss of
woody species aCombretun{Kideghesho et al2006). Yellowcasqued hornbills
Ceratogymna elathave been extirpated from riverine forests due to loss of tree cover
(Kideghesho et al2006). Other human impacts have reduced the blue wildebeest
Connochaetes taurinygmopulation in the Maasdilara by 75% due to transformation of
critical breeding andalving grounds into whedtriticum spp. fields (Dublin, 1995;

Kideghesho et al2006). Similar losses of insectivorous and granivorous bird diversity due to
a reduction in insect abundance through cultivation have been documented (Kideghesho et al.,
2006.

Several noteworthy impediments challenge HWC mitigation. These include the rapid
increase in the human population, which is predicted to reach 9.2 billion people by 2050
(Thornton et al., 2011; UNDP, 2008ndpressure on food production systems tagfarm
indigenous biomes into farmland and habitat destrucsioch as deforestation and fuel wood
harvesting (DeGeorges and Reilly, 2009; Ehrlich, 1995; Harvey et al., 2008). In Africa, food
production systems must be able to sustain an additional lioa people in the next 35
years (Thornton et al., 2011). The corresponding demand for livestock and crop production
will therefore be particularly significant for countriesSab-Saharan Africa (DeGeorges and
Reilly, 2009). In addition, it is anticipadehat in the next 15 to 20 years, crop and meat
production must increase by 43% and 124% respectively to meet the rapidly growing global
human population (FAO, 2009).
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Growth in dairy, red meat, egg and poultry production reflects the rapid intensification
of food production systems worldwide (FAO, 2015). According td=thed and Agricultural
Organization (FAO) (2015)populations of commercial catflaurusspp. and water buffalo
Bubalus bubalisvill reach a total projected population of 2 032 million individuals by 2050
(from a joint population of 1 045 million individuals in 1970) for worldwide meat production
for global human consumption. In addition, sh€yps ariesand goatCapraspp. are
expected to reach a total herd size of 2 930 million individuals (from a total population of 1
350 million individuals in 1970) in the next 35 years (FAO, 2015) to provide for global
human food consumption. The global commercial poultry population wikase from about
4 400 million individuals in 1970 to ~37 billion during the same time to meet global human
food consumption (FAO, 2015). It is expected that the repercussions of poultry and livestock
population growth will likely lead to ovegrazing and een desertification of grassland
biomes in Sutsaharan Africa (DeGeorges and Reilly, 2008; Millennium Ecosystem
Assessment, 2005).

According to Hiernaux (2000), the impact of cultivation of crops on soils and wild
flora is greater than that of livestockopluction. Expansion of cropland not only fragments
indigenous landscapes (Hiernaux, 2000) but also extends to natural habitat degradation
(Niamir-Fuller, 1999). For example, the conversion of savannah biomes to cropland in parts
of the SerengetMara ecogstem in East Africa, elicited a 60% decrease in resident wildlife
populations (Serneels and Lambin, 2001). In South Africa, the cultivation of Fedzeays
sorghumSorghum bicolorsugar can&accharunspp., wheatTriticum sp. and sunflower
Helianthussp. has been identified as a dominant contributor to the degradation of grasslands,
accounting for about 23% of irreversible grassland biome transformation (Fairbanks et al.,
2000).

Therefore, the sum of indigenous habitat encroachment, fragmentation and
transformation has elicited high levels of resource depletion, forcing wild animals closer to
human settlements and farms and increasing the possibility of them feeding on crops and
livestock. Thus, the escalating human population has prompted a caseadatsfe.qg.
clearing of savannahs for crop production lead to biome transformation, and eventually
indigenous habitadegradationin addition to bringing humans closer to wild animals
Serneels and Lambin, 200that is intensifying HWC.
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Impacts of human-wildlife conflict on biodiversity

Several issues have arisen because of conflict between humans and wildlife that serve

to threaten wildlife populations (Gittleman et, @001, NaughtofTreves, 1999). Human
wildlife conflict has resulted ipoaching of wildlife for bush meat (DeGeorges and Reilly,
2008), ivory and pelts (Gittleman et &Q01; NaughtotTreves, 1999) and the retaliatory

shooting, snaring, spearing and indiscriminate poisoning of wild animals (Ogada et al., 2003;

Studsrod an#Vegge, 1995). Numerous retaliatory and deliberate control methods have

emerged, for example, the deliberate modification of power lines by farmers to electrocute the

crop-raiding Asian elepharilephas maximuar the indiscriminate packing of explosives in

jackfruit Artocarpus heterophylluas bait fora variety ofcrop-raiders in India (Woodroffe et

al., 2005). In the United States, protective

1 0 8whidh constitute pouches of sodium fluoroacetate areilating illegally as a
predacide (Woodroffe et aR005). These collars are engineered to release poison when
predator attacks collared livestock with a throat bite (Woodroffe et al., 2005). Exposure
poison results in a slow death that can tgkéoul5 hours (Woodroffe et al., 2005). Despite
the banning of Compound 1080 in 1972, not every stockpile was recalled; this toxin is
reportedly being used currently to control wGHnis lupusand coyoteCanis latrans
populations (Woodroffe et al., 2005).

The impacts of lethal control extend far beyond population numbers and bear
ramifications for the population density, reproduction and genetic variability of the confli
species (Gittleman et al., 2001; Woodroffe et al., 2005). Persecution of cordb@spas
led to extirpations, as in the case of the gray @alhis lupugthroughout North America)
and geographic range shrinkages, as in the case of the prai@ydoys ludovicianus
(North America)and the cheetafcinonyx jubatugAsia and partef Africa) (Gittleman et
al., 2001; Woodroffe et al., 2005}ontrol of problem animals has also led to population
declinesin the African lion(throughoutAsia and parts oAfrica) Panthera leogrizzly bear
Ursus arctos horribiligwestern North Americaand hen harrie€ircus cyaneugthroughout
Britain) and extinction of other species such as the Tasmaniatigi&acinus cynocephalus
(Australia)(Gittleman et al., 2001; Woodroffe et al., 2005).

a
to the

ct

Secondary effects of lethal control may include disansiin animal social behaviour.

For example, the retributive killing and deliberate persecution of male conspecifics in a
chimpanzed®an trogodytes r oop by humans reportedly

off predation (Gittleman et al., 2001; Wooftfe et al., 2005). Similarly, when African wild

affect
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dogsLycaon pictusvere killed in retaliation, the removal of even a few individuals affected

the packds hunting and breeding success (Cou
may sometimes extend tmphic levels and even entire ecosystems (Gittleman et al., 2001;
Woodroffe et al., 2005), especially when keystone species such as the African elephant
Loxodonta africanare targeted (Dublin, 1995).

Control of damagecausing animals in South Africa

Historically, damageausing animals (DCAS) in South Africa were exterminated by
the indiscriminate use of poison, traps and snares rathebéitaymanagedising humaa
methodgStadler, 2006). Thiethal controlmethods were employed by largeale coloial
farmers, and episodes of conflict between colonial settlers and wild animals in South Africa
can be dated as early as 1652 (Fabricius et al., 2004; Stadler, 2006). During the 17th century
i n South Africa, the govermméehe E&Epadatedi omd
(Stadler, 2006). Vermin not only included mammalian predators but al§€apreporcupine
Hystrix africaeaustralisnd thecommonmolerat Cryptomys hottentotubat raided gardens
of early Cape settlers (Stadler, 2006). Rewandbounties were offered for the destruction of
socal |l ed O6noxi ou s 6uew® pressuredran the Agrigulturallséctor4Fabricius
et al., 2004; Stadler, 2006). Under this bounty system, many blameless species such as the
bateared foxOtocyon megalotisand the aardwolProteles cristatusvere also targeted
(Stadler, 2006) . I n 1953, the Ordinance beca
2006). Hence, the indiscriminate killing of wild animals, especially predators, continued
unreguéted for three centuries. For example, the African lion population, estimated to be half
a million in 1950 had declined to M0 in 2006, translating into a 94% drop in the lion
population with an 83% reduction in their geographic range size (IUCN, 28dé&jrding to
Stadler (2006), since 1975, about®D blackbacked jackaCanis mesomeldsave been
killed in theformerCapeProvince and since the 1940s, about 140 leopamthera pardus
were killed in the Cederberg (Western C&peavince) alongStadler, 2006). Currently, every
year, about half a million wild birds and mammals die from indiscriminate poisoning in South
Africa (Woodroffe et al., 2005).

The existing research concerning DCAs concentrates on flagship species (Balme et al.,
2010). Sub leading flagship species throughout Africa and Asia include the African lion
(Matema and Andersson, 2015; Ogutu et al., 2005), African elephant (Sitienei et al., 2014,
Whitehouse and Kerley, 2002), leopard (Millspaugh et al., 2015; Swanepoel et a).a2014

5
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853 tigerPanthera tigris(Das et al., 2012; Miller et al., 2015). Yet, problem animals that persist
854 outside PA boundarigesuch as the vervet monk&hlorocebus pygerythru$aj et al., 2001),

855 chacma babooRapio ursinusCape vultur&yps coprothere@ncidentally and deliberately

856 poisoned by livestock farmers; Margalida ef 2014) warthogPhacochoerus africanus

857  bush pigPotamochoerus larvatuand smaller mammals have received less attention. In

858 addition, the olive babooRapio anubiss an unpreditable raider that eats maize at any time
859 and destroys more than it eats (Hill, 2000), and the greater car@yahomys swinderianus
860 is a common raider of maize, accounting for a high percentage of crop loss (Nchanji, 2000).
861 According to Bragg et gl(2005), the Cape porcupine does not only depredate maize and
862 potatoSolanum tuberosurrops but also damages fences and polyvinyl chloride water pipes.
863 No attempts have been made to quantify the levels of damage by other mammals.

864 Furthermore, the impact pfeventative and deliberate killing of other mammals is also

865 unknown (Bragg et al., 2005; Priston and McLennan, 2013).

866

867 Attitudes and perceptions towards wild animals

868
869 A reliable system of identification of problem animals affdctivegovernance over
870 DCAcontr ol is required for effective HWC mitd.i

871 perception of the most destructive species is influenced by factors other than damage to crops

872  or livestock (Abram et al., 2015; Naughtdreves, 1999; Nyirenda et a2013). According

873 to Siex and Struhsaker (1999), the association of wildlife with damage is embedded so much

874  in the minds of local rural communities (human settlements contiguous with PASs) in Zanzibar

875 that they even blame beneficial species for damageeB44996) documented the attitude of

876 people living in Central African forests to elephants as antipatidegcs c r i bi ng peopl €
877 attitudesas6i ngr ai ned hostility, animosity and hat
878 Reducing the deliberate killing of wild animddg peoplehinges on improving

879 attitudes and perceptions to wildlife and conservation issues (Anthony, 2007). In South

880  Africa, negative attitudes to problem animals persist among farmers of livestock and game,

881 especially towards the African wild dog, hygbieocuta ciocuta African lion and cheetah

882 (Lindsey et al., 2005). African wild dogs 1in
883 6cruel &6 due to their hunting technigue and Kk
884 disembowelling prey (Lindsey et al., 2005; Woaife and Ginsberg, 1998). These

885 perceptions have led to the active persecution of wild dogs outside PAs even today (Davies

886 Mostert et al., 2015However, fostering trust and communication between people and
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conservation authorities has been shown to rgé@eromisingresults in improving
perceptions and transforming the attitudes and behavidacafhuman communitiga
conflict with wildlife (Madden, 2004)Therefore, future conservation efforts depend on
understanding the attitudes and changingotreeptions of people towards wildlife in
conjunction with identifying problem animals and levels of damage.

Compensation for humanwildlife -conflict-related reparations

Compensation schemes that aim to mitigate HWC are contentious (McManus et al.,
2014;Mishra et al., 2003). Stafended HWC compensation programmes are based on
offering reparations or reimbursements for wildlifepredation losses (Hemson et al., 2009).
The main objective of such programmes is not to prevent depredation of crops stothive
but to dissuade lethal control of DCAs, encourage tolerance of losses and attempt to buffer the
economic impact of such losses (Naughioaves, 1999). Governments and PA authorities,
especially of developing countries, do not have the financialroimastrative capacity to
compensate farmers adequately for damage or loss induced by wild animals (Naughton
Treves, 1999).

Compensation schemes are often criticised for being ineffective and protracted
(Hemson et al., 2009), and unrealistic expectatidbr®mpensation for wildlifeelated
depredations could lead to further enmity and negative attitudes towards wildlife (Boonzaier,
1996). When claims of damage are lodged, a process of validation is required and often in
practice, authorities attend to theene as late as two weelfterthe incident (Hemson et al.,
2009). Importantly, conservation authorities argue that compensation programmes discourage
animal husbandry and decrease herd vigilance and that farmers should be compensated for
implementing pecautionary measures rather than livestock/crop damage (Hemson et al.,
2009). Expensive fencing or employment of game guards is not always feasible, especially for
poor homesteads (Naughtdneves, 1999). The South African Cheetah Compensation Fund
is theonly programme to offer wildlifelepredation related reimbursements to commercial
livestock and game farmers in South Africa for livestock damages, which is based on a rate of
US$1,000 for every cheetah legally caught and relocated to an appropriatdligés(@D03
Johnson et al., 201Qindsey et al., 2009
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Subsistence farmers, rural livelihoods and humaswildlife conflict

Subsistence agriculture refers to farmers that cultivate sufficient food to feed
themselves and their families and igractice typical of developing countriesthout
commercial gairfDeGeorges and Reilly, 2009; FAO, 2014; Kates and Dasgupta, 2007).
Ndaeyo (2007) poses homestead/subsistence farming as one approach to meeting the
requirements of a rapidly growing human plagion without impeding ecological processes.

In Nigeria, subsistence farming contributed to food security; homestead gardens yielded 25
di fferent fruit species and 39 different veg
(Ndaeyo, 2007).

Since rural stlements are dependent on land for subsistence (Kates and Dasgupta,
2007), they are largely reluctant to surrender land to conservation authorities or tolerate the
presence of wild animals on their land (Newmark et al., 1993). Consequently, enmity by
subsstence farmers for conservation efforts is fortified by a combination of-eaoimomic
issuessuch as poverty, resource scarcity, hunting restrictions (DeGeorges and Reilly, 2009),
damage to property and depredation of crops, poultry and livestockdgmimals (Dublin,

1995). Since HWC can have fegaching soci@conomic consequences, especially for rural
communities, wildlife depredations have important impacts on such people (DeGeorges and
Reilly 2009; Fabricius et al., 2004). In addition, the ioaome and resource scarcity of
subsistence farmers serve to lower tolerance towards wildlife and increase the rate of
retaliatory killings and persecution of wildlife (DeGeorges and Reilly, 2008; Treves, 2006).

Current conservation approaches in South Africa that aim to mitigate HWC in the
agricultural sector neglect quantifying the loss of poultry, crops or livestock experienced by
the subsistence farmer. Naughifbreves (1999) determined that subsistence fasraed
rural communities are notably affected by even isolated incidences of livestock depredation or
crop raiding due to their impoverished circumstances and-scel# operations (Fabricius et
al., 2004; NaughtoiTreves, 1999)Nonetheless hie sum offood and milk loss through
livestock depredations threatdiosd security for subsistence homesteads, and repercussions
could possibly extend to the familyds nutrit
2009; NaughtofTreves, 1999; Treves et &2006).

Importantly, subsistence and rural livelihoods are particularly vulnerable to changes in
climate and environmental factors such as drought, floods and soil erosion (Kates and
Dasgupta, 2007 hese factors cumulatively threaten food security aiaderbate poverty
and hunger (FAO, 2015; Kates and Dasgupta, 2007). It is estimated that approximately 700
million people inSub-Saharan Africa live below the poverty line (i.e. live on less than
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US$1.25 per dgyrhornton et al., 2011; World Bank, 2013pd€ security is one index of
measuring poverty and is defined as access to safe, nutritious food to meet the requirements of
a household yedo-year (Ndaeyo, 2007; World Bank, 2013).

South Africa is a water scarce country and coupled with the chan§ab-Baharan
climate that are currently due to the strongest BbMivent in decades (Gan et al., 20103
resulted in belovaverage rainfall and soaring temperatures across the African continent
(Gachene et al., 201%)lthough EI Nifio is characterisday the increase in surface
temperatures of the equatorial Pacific Ocean (Gan et al., 2015), researchers maintain that the
occurrence of droughts Bub-Saharan Africa are caused by physical elements associated
with the El Nifio phenomenon thousands of kikiras away (Gan et al., 2015). The impacts
of heat stress and water scarcity are likely to be considerable in Africa because of the high
rates of poverty (Thornton et a2011) and the reliance on subsistence agriculture for
nutrition (Gachene et al., 28}, which could potentially affect health and food security
(Gachene et al., 2015; Thornton et al., 2001). South Africa in particular is experiencing severe
drought in the KwaZukNatal and the Free StaBeovinces, with sugar cane and maize crops
consequetly showing severe growth stunts (Gan et al., 2015). Approximately three million
rural subsistence households in South Africa from the Eastern Cape, Kwié&haluand
LimpopoProvinces are affected by drought (Department of Agriculture Forestry and
Fisheres, 2010). Drought intensifies the effects of wildlife depredations of farming
commodities and threatens food security at household I&waisions between farmers and
conservation authorities are expected to intensify when crops that survive abiolgerzo
(Tweheyo et al., 2005) such as drought become vulnerable to damage “bgidiag

mammals at the critical stage of harvest.

Motivation for the study

Humanwildlife conflict is of particular significance in developing countries where
approximately 700 million people are on the brink of starvation (Hill, 2000; Thornton et al.,
2011) and face adverse climatic conditions. The loss of crops and storeth grigphants,
rodents, primates, ungulates and birds, for example, further exacerbate poverty and food
insecurity (Anthony, 2006; Gilbert and Dodds, 2001; Hill, 2000). Furthermore, incidences of
HWC in South Africa and their effect on commercial farmeesiacreasingly being reported
(Thorn et al., 2012; Van Niekerk, 2010), whilst subsistence farmers have been overlooked.

Yet, little is known about how subsistence households in South Africa, an historically
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disenfranchised (Cock and Fig, 2000; Khan, 139 economically vulnerable demographic
(Armstrong et al., 2008), are affected by HWC (DeGeorges and Reilly, 2008). My research is
exceptional, the first to consider whether and how the dichotomy oefdidtthirdworld
economies in South Africa (Armsing et al., 2008), exemplified by commercial and
subsistence farmers respectively, respond to HWC. This scenario is unique to South Africa
where marginalised, rural, black subsistence farmers often farm alongside commercial
farmers amidst one of the denske®diversities in the world, and this provides an opportune
setting for this study, making it possible to consider different farming practices (subsistence
and commercial) in the same geographic location.

Aims and objectives

The broad aim of my studyasto examine how subsistence and commercial farmers
that ranched or cultivated in the same geographic area were affected by and responded to
problem animals in selected localities of nestistern South Africa (Fig. I)his broad goal
was established tuantify the similarities and differences in HWC, as experienced by
subsistence and commercial farmers, and to quantify levels of threats and vulnerabilities to
wildlife. | commenced my investigation withmetaanalysis otheoccurrence of published
scientific reports of humawildlife conflict globally and specifically in South AfriqggChapter
2), to verify whethersubsistence and commercial farmers were pertinent representatives for
developed and developing agriculture economy comparisoastheséindings were used to
shape data chapteie theremainderof the thesisl assessed the responses of subsistence and
commercial farmerasing semistructured questionnaire interviews and site inspections
(Chapters 4b). In addition, | identified leadinBCAs associated with the greatest number of
depredation incidences and investigated whatheotthese DCAs were common to
subsistence and commercial farm@sapter 5)Further, | gauged the attitudes and opinions
of subsistence and commercial farmiersvildlife and conservation issuéShapter 6)
assessed the attitudes and opinions of conservation practitioners towards people living on PA
boundariegChapter 7)and investigated farmekfrican wild-dog conflict(Chapter 8)as a
case studyto assesthe movement patterns of wild dogs in areas in which they are lethally

persecuted.

10
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Figure 1. Study site map showing respondents in the reatstern region of South Africa that
participated in the study. A map of southern Africa is provided in the inset.

Structure of the thesis

This study consists of nine chapters, including a general intiodu€&hapter 1), a
literature review presented as a gleb@taanalysis of humamildlife conflict (Chapter 2), a
general methods chapter (Chapter 3), five experimental chapters (Chapters 4 to 8) and a
general discussion chapter (Chapter 9) in which | present my findings, final arguments,
recommendations and conclusions. Each experimentalechagreestanding and self
contained for publication in an Institute for Scientific Informatindexed journal. Each
chapter is organised with an abstract, introduction, methods section (for specific procedures),
results section, discussion, list ofeefnces and supplementary material. There may be some

overlap of information in the introduction and discussion across the chapters. A separate list

11
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of references complements each chapter; hence, there is some similarity in referencing
between chapters. bkes and figures are also numbered consecutively within each chapter.
The pages for the entire thesis are numbered consecutively, while line numbers are provided

continuously within the chapters.

Glossary of terms

Apartheid. An official government policyf racial segregation formerly practised in the
Republic of South Africa that involved economic, legal and political discrimination against
black people into secordass citizens who were restricted geographically, educationally,
socially and professioiig (Khan, 1994; CoclandFig, 2000)

Commercial farmer. A farmer or enterprise that cultivates crops or produces poultry,
livestock or game for sale with the objective of making a p¢ofibrn, 2015)

Conservation practitioner. Individual employed at protected ardgame reserves, lodges,
national parks)involved in the management of ecological resources, such as university or
technikon trained individuals in the fields of Zoology, Botany, Nature Conservation or
Ecoburism Mamgement, and excludesaintenance worke(®river et al., 2012)

Crop-raiding. The feeding or destruction of cultivated food by wild animals that causes
significant loss of food and income to farm@rll, 2000).

Damagecausing animal (DCA) A wild mammalthat: i) causes losses of poultry, livestock

or game; ii) causes excessive damage to cultivated crops and orchards; and iii) poses a threat
to human safety when interacting with subsistence or commercial faf&tadter, 2006;
Woodroffe et al., 2005

Depredation. The consumption of agricultural resources (crops, livestock and game) by wild
mammalgWoodroffe et al., 2005)

Developed (firstworld) country. An industrialised country with a welleveloped economy

and advanced technological infrastructtgkative to other less industrialised countries. The
common benchmarks for evaluating the degree of economic development are the GDP, the
level of industrialisation, the amount of infrastructure and the general standard of living
(FAO, 2015; World Bank, 2IB).

Developing (third-world) country. A nation with an underdeveloped industrial base and
characterised by people with a reduced life expectancy and lower income compared with
developed nationd~AO, 2015; World Bank, 2013).

12
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Edge.A boundary or interfacbetween a protected area and a landscape element (human
settlement or farmland)yVoodroffeandGinsberg, 1998).

Food security.A state in which all people at all times have access to sufficient, safe and
nutritious food in order to maintain a healthy act\e life (FAO, 2015).

Gross domestic product (GDP)A nation's total annual fiscal activity (or the monetary value
of all the finished goods and services generated within a nation's geographic boundaries)
(World Bank, 2013)

HWC hot spot. A biogeographicegion in which significantly high incidences of

humanwildlife conflict occur(Harvey et al., 2008)

Local community. People living adjacent or contiguous to protected areas or resehaes

may or may not subsist through farmigidjll, 2000).

Problem animal. A free-living native animal whose natural behaviour, temperament or habits
bring it into conflict with humangStadler, 2006)

Protected area (PA) A biodiversity conservation area that receives protection due to the
presence of indigenous wild faa and florahat offersgreat ecological valugsraham et al.,
2005)

Subsistence farmerA farmer whose agricultural and livestock products are intended to
provide for the basic needs of the farmer and his/her family and bring no profit, allowing only
for a marginal livelihood (farming without profit from agricultural or livestock activities)

(Hill, 2000).

Wildlife. This study considered undomesticated terrestrial vertebrate and invertebrate animals
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CHAPTER TWO

A meta-analysis of humanwildlife conflict: South African and global perspectives

Abstract

Humanwildlife conflict, due to competition for shared natural resources between people and
wild animals is a contentious and complex issue in developing countries that affects a wide
variety of people from different social and economic classes. We conductedarmakyts

of the occurrence of published scientific reporihhamanwildlife conflict globally, with
reference t@Gouth Africa in particularto assess: 1) common trends in vulnerable human
communities and their farming practices in developing and developed countries; and 2)
vulnerable wildlife guilds. Institute for Scientific Informatigournalswere sourced from the
years 1994 to 2015, generating 271 papers that exclusively reported eitHmirfgee

mammals or birds in conflict with humans; while other taxonomic groups were poorly
represented. We classified vulnerable human communities inscsterice farmers,

commercial farmers and local communities. Local communities contiguous with protected
natural areas were most affected (by 49 different wildlife species globally), followed by
subsistence farmers and then commercial farmers. Additiofaibl, communities and
commercial farmers jointly experienced the highest number of hwviidiife conflict

incidences (= 93 and n= 67 respectivelyyvhencompared with subsistence farmers=(88).
Commercial farmers occupied a more prominent conflict profile, greater than that of the
presumably vulnerable subsistence farmers, posgusytothe greater research focus on
commercial farmers. Rural people in Africa and Asia experienced conitfctive widest
diversity of mammals, confirming our expectation that developing countries could potentially
experience regular encounters with wildlife. South Africa demonstrated greater numbers of
humanwildlife conflict caseghan developed regions, suaf Australia and North America.
The dichotomy between first world and third world economies in South Africa provides a
regional exemplar of global patterns in hunwaidlife conflict. Globally, carnivores and

IChapter 2will be submitted for publication at an I8idexed journalwith two coauthors.

The descriptions of the contributions of the autheegeas follows:

N. Seoraj-Pillai: Primary author, conducted data analysis, developed review concepts and tpwrite
Neville Pillay: PhD Supervisor, who provided the theoretical approach for the review and commented
on various drafts of the manuscript.
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primates were the most higlcale conflictspei es (featuring in

database, reportedly depredating on livestock, crops or people), anaréauseverely

O five

persecutedroupglobally. We concluded that developing countries experienced the highest

incidences of HWC, parti¢arly between local communities and a large diversity of

mammals. Deficiencies in the reporting of lethal control, the involvement of a wider array of

taxonomic groups and the vulnerabilities of poorer communities amefa need attention in

future.

Keywords: carnivores, higtscale conflict species, local communities, primates, subsistence

farmers

Introduction

The escalating growth of the human population has increased demands for natural

resources and fossil fuels (Boon, 2011). During tHecMtury alone, the human population

has increased from 1.65 billion to 6.5 billion people, with a potential of reaching 8 billion

people by 2025 (Thornton et al., 2011; UNDP, 2008). As a result, hdoramated
landscapes have intensified natural haliggradation and fragmentation, and wildlife
populations are now in regular competition with people for resources, thus eliciting
Ohuman dlife conflicté (HWC). In this

study,

resource demands of humans and wild atsrogerlap, spurring competition for food, space

and water and thus creating tension between people and wildlife (Peterson et al., 2010;

Woodroffe et al., 2005).

Humanwildlife conflict is a global issue in both developed and developing countries
(Treves ad Karanth, 2003; Woodroffe et al., 2005). However, characteristics of HWC

incidences are dependent on the type of resident wildlife in the region and the farming

practices that are typical for that area. Wildlife in North America and Europe has been eithe

extirpated or has experienced major geographic range collapses through hunting and

persecution by people (Woodroffe et al., 2005). In most developed countries today, HWC is

typified bylargemammalian carnivores and commercial farmers (Naughtexes e#l.,

2003; Vktersg et al., 1999) due to extant wildlife assemblages. Examples include the brown

bearUrsus arctosthe lynxLynx lynx the gray wolfCanis lupusand the wolverin&ulo gulq

all of which predominantly depredate commercially farmed skepariesand/or cattldBos

taurus(NaughtonTreves et al., 2003; Vktersg et al., 1999). Such developed countries include

Italy, Norway (Vitali 2014; Vktersg et al., 1999), the United States of America (USA)
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1397  (NaughtonTreves et al., 2003), Canada (Trevealgt2006) and Australia (Burns, 2006

1398 World Bank, 201R

1399 Developing countries, such as India (Chartier et al., 2011), Cameroon, the Central
1400 African Republic, Congo, Equatorial Guinea, Gabon (Barnes, 1996), Uganda (Hartter, 2009)
1401 and Bhutan (Sangay ancekhes, 2008), experience a wide variety of HWM@gsncompared

1402  with developed countries (Treves and Karanth, 2003). Examples include regulaaiding

1403 by northuman primates (hereafter primates), mbggbivoreglargebodied herbivores)

1404 omnivores (e.gwild boarSus scrofpand small mammals (e.g. cane Tatyonomys

1405 swinderianusBarnes, 1996; Hill, 2000). Poultry depredation by mongétespestespp.

1406 and jackalCanisspp. are typical occurrences in Tanzania (Holmern and Rgskaft, 2013).

1407 Human and livestock depredation in developing countries due to carnivores, for example,
1408 tiger Panthera tigrisand the snow leopatdncia unciain India, leopard®anthera pardus

1409 Zimbabwe,Tanzania and Pakistan and liBanthera leoare major sources of conflict (Carter
1410 etal., 2014; Kesch et al., 2015). Farmed game depredation by African wild/clgn pictus
1411  (Gusset et al., 2008; Lindsey et al., 2005) are also common in developingesosuath as

1412 Zimbabwe (Creel and Creel, 2002), Botswana (Schissr et al., 2007) and South Africa
1413 (Gusset et al., 2008; Lindsey et al., 2005). These occurrences suggest that the geographic
1414  distributions of wildlife populations together with farming gfiees are important predictors
1415 of HWC.

1416

1417  Rural poverty, protected areas, natural resources and humawildlife conflict in Africa

1418

1419 Currently, Africa has over 3 000 protected areas (PAs), with approximately 50

1420 biosphere reserves (PAs established to congkeevkiological and cultural diversity of a

1421  region). Africa houses the world's largest reservoirs of wild animal populations in terms of
1422  density and diversity compared with the rest of the world (Chape et al., 2005; DeGeorges and
1423  Reilly, 2008). Some schokabelieve that these PAs were established at the cost of local

1424  livelihoods (Anthony, 2007; Cock and Fig, 2000; DeGeorges and Reilly, 2008). In the late
1425 19" century, corresponding to outbreaks of rinderpest, unregulated hunting of wildlife and
1426  indigenous hbitat clearing for farmland (Keller and Golley, 2000), urgent efforts to conserve
1427 natural resources and establish PAs were made by colonial governments (DeGeorges and
1428 Rellly, 2008; MacKenzie, 1997). It is estimated that about 50% of PAs worldwide have bee
1429 established on land traditionally occupied and used by indigenous people (MacKenzie, 1997).

1430  Throughout Africa, thousands of indigenous people were evicted to accommodate the
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establishment of PAs (Carruthers, 1995; Cock and Fig, 2000; DeGeorges and?2Ré8ly

and compressed into impoverished communities bordering PAs, and many of these

communities exisstill today (Anthony, 2007). Currently, the livelihoods of lolsaman

communities residing on the edge of these PAs often involve the direct exptogbhatural

resources (Anthony, 2007), bringing the communities into conflict with wildlife and park

authorities.

According to the Food and Agricultural Organization of the United Nations (FAO)
(FAO, 2015), Suksaharan Africa is dominated by smallholdabsistence farms, cultivating

a mixture of crops corresponding to different soil and water regimes. Human pressure on soil

health has left a third of all soils on which crop production depeledgaded worldwide

(Roser, 2015). In SuBaharan Africa, ~I8million people are affected by land degradation

(FAO, 2015; Roser, 201%lue todamaged soils that impede crop yields. Additionally,

African pastoralist communities mostly live in remote and underdeveloped areas that are

plagued by drought and diseaseN@P, 2008); therefore, these areas are associated with high

levels of vulnerability to food insecurity (Roser, 2015). Pastoral areas in Africa occupy about

40% of Africads | and mass, with wvar.i

ati

ons

pastoral areaare less suitable for crop production, and livestock husbandry remains the most

common farming practice in arid regions of Africa (Roser, 2015).

South Africa is undergoing transition and reform with a contentious and distinct

sociceconomic and politicdlistory of racial segregation under the apartheid government

(Anthony et al., 2010; Cock and Fig, 2000). South Africa is also a unique country of dualities

in which firstworld, wealthy and stable industries and thirdrld, underdeveloped sectors

occur cacurrently, and this is exemplified in the agricultural sector that comprises

subsistence households and commercial farmers (Armstrong et al., 2008) farming within the

same geographic area. Approximately 20% (2.9 million) of all households in Southak&ica

subsistence households (Statistics South Africa, 2011) that are compressed into racially
segregated settlements in pdarming areas (Cock and Fig, 2000; DeGeorges and Reilly,

2008). Commercial farmers dominate in particular provinces within SoutteAguch as the

Free State with ~10 000 farms, the Western Cape with ~8 300 farms and the North West
Provincewith ~7 500 farms (Statistics South Africa, 2011). In contrast, Ebedes (2002)

reported that the approximately 7 000 privately owned game farms in South Africa occupy 16

million hectares of land. Importantly, while commercial agriculture generates Ri8
(~US$1.8 hbillion, where onBAR = US$0.062) in profits annually, the gaifagming

industry turnover accumulated R168llion (~US$6.5 million) in the same period. In

bill
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comparison, many of the households involved in subsistence agriculture, which tanbetn
commercial and game farms, have limited income and depend on their farming efforts to
ensure food security (Statistics South Africa, 2011).

Most of the land in South Africa is only suitable for grazing (84 million hectares) and,
due to soil aridityTurpie et al., 2002), only 13.5% can be used for crop production
(DeGeorges and Reilly, 2008). Commercial farming comprises livestock farming, game
farming, field crops and horticulture (DeGeorges and Reilly, 2008). Livestock keeping in
South Africa congts predominantly of poultry and egg production, followed by red meat and
dairy production, while crop and horticulture production predominantly consist of Zeéze
mays sugar can&accharunspp., potatoSolanum tuberosumvheatTriticum aestivumand
deciduous and citrus fruit (DeGeorges and Reilly, 2008; FAO, 2015).

In South Africa, several abiotic factors challenge farming efforts, namely decreasing
soil fertility, low rainfall, increasing soil salinity and greenhouse gas emissions from
livestock. Draught and famine have had devastating effects in southern Africa periodically
(Turpie et al., 2002). The most severe droughts for the swraiméall region of South Africa
occurred in 1982/1983, with crop loss amounting to about R2.2 million (~US$136na0),
resulting in a drop in the Gross Domestic Product (GDP) by 7%. Similar impacts on GDP
occurred in the 1992 drought (Rouault and Richard, 2003). Durasg theriods of
environmental stress, incidences of HWC also intensified. For example, the aléegade
caused by Chacma baboBapioursinusto timber plantations in South Africa increased
during the 1982/1983 droughts, when these babobinsed alternate food sources such as
commercially farmed pinBinusspp.trees. These incidences did ncoeur until the
1993/1994 droughts (Fergusson, 2005; Lamarque et al., Z2x@8)onmental and climatic
factors, therefore, increase opportunities for HWC, which manifest into crop and livestock
damage (Fergusson, 2005; Lamarque et al., 2009).

In South Afria, approximately 30% to 55% of poor, local community members
reported HWC occurrences due to problem animals from neighbouring PAs (Spenceley,
2005). Cropraiding by elepharitoxodonta africanand baboon and livestock depredation by
lion and spotted hyen@rocuta crocutavere reported (Spenceley, 2005), while sporadic
incidences involving large carnivore attacks on people were also documented (Spenceley,
2005). Frequent episodes of cnaading were associated with harvest time, the most critical
and vulneable period for thse impoverished households (Spenceley, 2005). These findings

indicate serious conservation and seetmnomic issues that warrant further investigation.
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There have been several international efforts to conserve cultural and aatergiies
in developed countries, to increase the popularity of a destination through scenery and
outdoor recreation (Thorsell and Sigaty, 2001). Wildlife densities in such developed
countries however, remain low due to historical extirpations and selardluse changes
(mining, farming, industrialisatigrtHansen and Rotella, 2001). In contrast, developing
countriesonthe African continent contain 25% of the global mammal species, including
about 80 species of antelope and > 2000 bird species. Inoaddifrica is home to 24% of
the 34 globalbiodiversity hotspots (World Resource Institute, 2088uth Africa in
particular,houses the third highest level of biodiversity globally (DeGeorges and Reilly,
2008) and presents a unique scenario to investig®&/C due to the prevalence of
commercial farmers and local subsisting communities competing with PAs for critical natural
resources.
The aim of our study was to investigate the occurrence of HWC globally and subsequently in
relation to South Africa inmaler to assess common trends in vulnerable human populations
their farming practices and vulnerable wildlife guilds (e.g. carnivanesnegaherbivores).
This was achieved through a metaalysis of published scientific literature from 1994 to
2015 indexd through the Institute for Scientific Information (ISI). Specifically, we 1)
catalogued the global distribution of HWC from scientific publications; 2) assessed the
numbers and types of HWC incidences experienced by different types of people (i.e.
subsisence farmers, commercial farmers and local communities) in developed and
developing countries; 3) identified damagpusing animals (DCg); 4) gauged the
vulnerability of DCA species. In addition, we 5) investigated the relationship between natural
feeding behaviourof DCAs and types of depredation associated with the greatest number of
HWC incidences. We made three predictid)sSubsistence farmers would experience a
higher number of depredation incidences than commercial farmers. This might be due to
subsi stence farmero6s close proximity to PA
afford wildlife-proof deterrents. 2) Megaerbivores, primates and carnivores would feature
prominently as DCAs in the literature database. This might be due to itha&d geographic
distribution and their ability to transgress PA boundaries. Although small mammals can
transgress boundaries, mdgana(largebodied mammalsjause damage that is more
noticeable over a short period. 3) Farmers in developing countridd eaffected by a
wider diversity of DCAs than farmers in developed countries. This might be due to the
prevalence of dense and diverse wildlife reservoirs in, for example Africa and Asia, and the

inability of poor communities to afford fencing for thgardens and pastures.
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CHAPTER TWO

1532  Materials and methods

1533

1534 Literature survey and sourcing of data

1535 A systematic review of the scientific literature on HWC was conducted using

1536  guidelines outlined by Pullin and Stewart (2006) and InskipZaminermann(2009) with

1537 various search engines and data sources to establish the current scientific knowledge

1538 concerning HWC on a global scale and subsequently South Africa specifically. The review
1539 involved a predefined search protocol using filters for keywordawadit search relevance

1540 and applicability (Pullin and Stewart, 2006). Literature containing the ptrassnwildlife

1541 ¢ o n f was sedrobed with Google Scholar (accessed June 2014 and July 2015). The initial
1542  search on Google Scholar alone yielded 2069#20ch results. We thereafter limited searches
1543  to published scientific articles only, using the snowball method of reference harvesting from
1544 web-based search engines, such as the University of the Witwatersvditsl €atalogue

1545  http://innopac.wits.ac.zalittp://www.jstor.org, www.elsevier.com; www.sciencedirect.com;
1546  link.springer.com/journals; and https://www.academicjournals.org. We further limited

1547  selection to published scientific articles containing two or more of the following keywords or
1548 phrases releant to HWC in the title or abstract of each publication: humgdlife conflict,

1549  mitigation, pastoralist, subsistence farming, commercial farming, communities;attomy,

1550 livestock depredation, retaliatory Killing, persecution, compensation, attitindies

1551  perceptions. This protocol ensured high levels of recall or relevance for a systematic review.
1552  In addition, given the paucity of older HWC publications (since the 1800s until 1993, only
1553 five other publications wiedmthethleofthpenr ase oO6wi |
1554  publication), we considered studies from 1994 onwards. Hence, we provided a review of the
1555 past 22 years (1994 to 2015) only, which rep
1556 conflictd in the tit80s. of the publication si
1557 Each publication that investigated a single DCA species/type (depending on detail)
1558 was recorded as a single incident per site. If the publication investigated more than one
1559 species of DCA, we considered each speasesseparate incident per sitéence, each DCA

1560 represented one data point. The collated literaturechrasologicallyorganisednto a

1561 spreadsheet and examined under the following categories: author; year of publication;

1562 keywords; location; and Global Positioning System (GPS&)rdoates of the study area

1563  (discussed later). Other categories examined included study species and conflict interfaces,
1564 that is, subsistence farms, commercial farms, pooled farms (case studies where data for

1565  subsistence and commercial farmers were pooled @incbmpared) and local communities
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(where scientific articles did not specify whether or not people living adjacent to PAs
farmed).We acknowledge that the data set may be prone to biased reporting and relate to
specific cases that have been reportederitarature usingarticularterminology. It is

possiblethat some countries may use terms, keywords and phrases that are atypical and hence
limit the findings of thenetaanalysisIn addition, the dataet could be biased towards
Englishspeaking countrie§Ve thuslimit conclusions based on the applicability of our data

set.In addition, we acknowledge that the matealysis contains datkerivedfrom articles
thatprovideoriginal observations as well as those articles with synthesliatdderived from
secondary sources and hence gassiblethat the data set could be pronestmne degreef

misinterpretation

Mapping of humaiwildlife conflict studies using geographic infaation systems

For study sites where the GB&ordinatesvere not provided, these-codinates were
obtained using an online geeferencing tool: http://www.gpsoordinates.net. In these cases,
the midpoint of a PA or study site was used to derive BB ceordinates. All GPS
co-ordinates were converted to decimal degree format with latitude and longitodeicates
captured separately for importation into Quantum GIS (QGis) 2.8.1 for geographic
information system (GIS) analysis. The shape file dained from the South African
National Biodiversity Institute (SNBI) and the Biodiversity Geographic Information System
(BGIS) database (http://bgis.sanbi.org/index.asp?screenwidth=1600). The shape file was used
as a base layer and opened first, ontactvisionflict study sites were overlaid. Hence, to
examine the historic progression of studies concerning HWC, two separate maps were
constructed to show studies from 1994 to 2000 and 2001 to 2015. To examine the distribution
of different conflict species, IS maps concerning specikevel conflict were also generated
in order to position the existing literature geographically. A separate map was also produced
to examine the different groups of wild fauna studied from 1994 to 2015 HS&hdran
Africa only. This would spatially highlight the HWC hot spots.

Gauging species vulnerability

To assess species vulnerability to conflict and to gauge the predisposition or
susceptibility of species for depredation, wildlife that appeared in the data set was divided
into low-, moderateand highconflict species. A description of how species weategorised
for vulnerability and conflict status is provided in the supplementary material

(Supplementary material: Table S1using guidelines proposed by Gittleman et(@001)
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and Inskip anZimmermann(2009). These weightings considered the levels of biodiversity
extinction vulnerability with corresponding acronyms for classifica®upplementary
material: Table S1)In theirreviewof humanfelid conflict, Inskip andZimmermann(2009)
provided guidelines for gauging the index of vulnerability and the conflict status of carnivore
pest species based on the number of times that a study species appeared in the literature
(Supplementary material: Table S2).

The cutoff levels provided in our study were adapted from Inskip Zindmermann
(2009).If a species appeared only once in the database, tategorisedad poor | vy
researchsdal er cohéwi ctdé (LSC) species and as
vulnerability ndex. Lowscale conflict species are wild animals that rarely attack people,
seldom depredate livestock or crops and experience rare retaliatory klkagaples of LSC
species include the sun bételarctos malayanydblack howler monkeylouatta caraya
European rabbi®ryctolagus cuniculysand greater flamingBhoenicopterus roseul
species appeared two to four times in the da
moder ately persecut edadc a(l MP)c oannfil malViodevateé MISNCo) d esry
scale conflict species are wildlife that rarely attack people but may frequently depredate
livestock or crops and experience frequent retaliatory killings, for example, Bigaiaphus
tragocamelusAmerican black beddrsus americanuysand Asidéic jackalCanis aureuslf
animals appeared five or more times in the data set, such species were classified as a
Owelelsear chedhfdri cGhdi gophr 6 sever el -gcalpoonflste cut ed
(HSC) species typically attack humans and eepee high retaliatory persecution. Examples
of HSC species include the African liandbrown beaiUrsus arctos|f such endangered
species did not appear in the data set but anecdotal evidence of conflict existed, they were
categorised s Ocombkl uoknestwat (SU), anafredgedrcht f utur e
required (RRxhould be conducted for such species.

A species becomes vulnerable to extinction when it displays one or more of the seven
characteristics (Gittleman et @001, Purvis et al2000). These include: 1) reduction or
severe fragmentation in its geographic rangen2all, declining or lowdensity population; 3)
low reproductive rate; 4) large homange requirements; 5) reduced genetic variability; 6)
special niche requirements;cari) harvested by people for trophies, bush meat or pelts
(Gittleman et al.2001; Purvis et al2000). According to Gittleman et a2001), these
characteristics of vulnerability are important predictors of extinction risks and levels of

species impelinent. We subsequently cressferenced our data set to that of the International
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Union for Conservation of Nature (IUCN) Red List of Threatened Species to assess the
conservation status of conflict species.

The level of taxonomic detail for species rapdrin each publication was inconsistent
among publications in the database, with some authors providing species names and others
only reporting the family name, for example, doves, family Columbidae. Hence, the detail in
which our inventory of problem amals was dependent on the level of detail provided in each
publication. Therefore, we reported the types of mammals and birds that appeared in the

review and where possible, provide the binomial scientific name.

Statistical analysis

All statisticalanalyses were performed using R statistical software version 3.1.3, (R
Core Team 2015); https://crasproject.org/bin/windows/base/old/3.1.3). Bar plots were
produced through the R software GrapheR extension versieg#i19ervé, 2011). For all
tests, ceefficient estimates, including the residual degrees of freedom (df), standard error,
Z statistic and correspondiiyvalues were generated through a GLMM fit by maximum
likelihood (with Laplace approximation) for both fixed and random effects using &h Ime
extension (Bates et al., 2015) for fitting mixefflects models. The GLMM with a Poisson
error structure is appropriate for analysing count data that do not assume a normal
distribution.

A GLMM was most appropriate to assess the impact of HWC on godygesople
(local communities, subsistence and commercial farmeesgusit is an extension to the
generalized linear model, containing random effects (e.g. location) in addition to the typical
fixed effects (e.g. subsistence and commercial farmersi1AMMs were fitted via
maximum likelihood, equivalent to the Akaike information criterion (AIC). In addition, the
GLMM is ideal as it also allows the specification of models whose response variable follows
nonnormal/error distribution (e.g. counts of fié¢ure studies (Poisson), or binary
distributions (yes/no or absent/present). Although several methods to analyskataetaist,

we have used the GLMMsit allowed us to examine differences between and within regions.

The vulnerability of people arfdrming commodities

A generalisedinear mixed mode{GLMM) with a Poisson error structuréth a log
link function (e.g.for count data: number of publications, species, locatiwas used to
establish which types of people (fixed factors: subsistemoeefa, commercial farmers

and/or local communities) were more susceptible to depredation bynmaium or high
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scale conflict species (dependent variables). The model evaluated differences between the
types of people affected by HWC and when such diffees occurred, the GLMM relevel
function showed the risk level or threat. All studies that discussed HWC management or
policy frameworks but did not mention or include a specific study species were omitted from
this analysis.

Analysinghumanwildlife conflict studies in South Africa in relation to global studies

The data of reported HWC incidences and the DCAs responsible for those incidences
of HWC were pooled for South Africa and compared with studies from the rest of Africa and
elsewhere in the worldA GLMM model was used to establish differences between
geographic areas or continents and when such differences 00di@9d015) the GLMM
relevel function evaluated the level of threat (i.e. country experiencing a greater number of
HWC incidences)Relevel functions r@rder factors of interest so that the level specified by
reference is first and the others are moved down. This technique is useful for contrasts which
take the first level as the referenEer examplefirst level factors included differences
between countriesindsecond level factors examined and reordered factors to reveal
countiesexperiencing greatest lowestnumber of HWC incidences.

Analysingfeeding behaviour and depredation diet

To investigte the relationship between natural feediabaviourof DCAs and the
type of product (e.g. crop, livestock, game or poultry) depredated, we compared the natural
feeding habits of the animals with their depredation diet. Daroagsing animals that
appeaed in the database were classified into five categories: 1) herbiveees on plant
matter, including grain, seeds, modified rhizomes, stems, leaves, buds, flowers, fruits and
lichen; 2) bulk grazer herbivores that feed on large amounts of grass 8@hlgulk feedei
herbivores that feed on large amounts of browse/euphylls or, grassombination of both;
4) carnivore feeds on animal matter mostly; and 5) omnivioemimal that feeds on fungi,
carrion, plant and animal matter. These feeding balxtre compared with the type of crop
(livestock, poultry or a combination of these) depredated during each case study in the
literature. Natural diet and feedibghaviouinformation was obtained from the
Encyclopedia of Mamma($1acdonald, 2009)The Handbook of the Birds of the Wor{Del
Hoyo etal.,2013)anBo b er t s 6 Bi r d s (Hackey e a. . 200bysthongh Af r i c a
categories B are all herbivored distinguishedetweerfeeding typed-3 because they

differ in forage quality and quantity (OwSmith, 2005) Species that only damaged property
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1701  such as fences were excluded from the feeding habit analysis but were included in the
1702  vulnerability of people and South Africa analyses.

1703

1704 Results
1705

1706  General humarwildlife conflict trends

1707 A total of 271 scientific publications concerning HWC in pemriewed journals from

1708 1994 to 2015 were consulted. The data set of scientific publications for thamnadyais

1709  constituted 220 research papers invesngaDCAs worldwide, and the remaining 51 papers
1710 contained reports, discussions, policy frameworks and recommendations regarding HWC.
1711  Examination of the published articles revealed 38 incidences affecting subsistence farms, 93
1712  incidences involving local comunities, 67 incidences affecting commercial farms and 22
1713  cases involving pooled subsistercmammercial farmer data (denoted as pooled farmer data).
1714  Under the search criteria, animals that appeared in the literature database (excluding species
1715 whose conflit status was classified as unknev@& 1 seeSupplementary material: Table

1716  S1) comprised mainly mammals, including six types of antelope, 32 types of carnivores, five
1717  types of megdnerbivores, 25 types of primates and 15 types of species classifieg@as oth

1718 mammals. There were also 14 types of birds. The literature mostly reported mammals and
1719  birds whereas other taxonomic groups were ungjgorted. A comprehensive data set or

1720 inventory is available iSupplementary material: Tables S2. We pooled infrequbn

1721  reported damageausing mammals or nespecified damageausing mammals into the group
1722 6ot her mammal s 6.

1723

1724  Vulnerability of people and farming commodities

1725 The data set showed that 45 different types of Dfefsrtedlyaffected subsistence

1726  farmers, 49 different types of DCAs affected local communities, 37 different types of DCAs
1727  reportedly affected commercial farmers and 25 different types of DCAs affected pooled

1728 farmers. A similar number of HWC cases were reporteddomeercial farmers and local

1729 communities, while a larger number of HWC cases were reported for commercial farmers
1730 compared with subsistence farmers and pooled farmers (Fig. 1; Table 1). Similarly, local
1731 communities experienced a greater number of HWC incele compared with pooled

1732 farmers and subsistence farmers, while subsistence farmers showed a higher number of
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1733 reported HWC incidences compared with pooled farmers (Table 1).
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1734

1735 Figure 1. The prevalence diigh-, low- andmoderatescaleconflict species antype of

1736  farmer or community affected froh 9 9 4 1. Bdrsldénote total number limanwildlife
1737  conflict cases generated during the matalysis. Different letters above bars (representing
1738 theP-values of the linear mixed models generated in TabBsdknote significant

1739 differences between different types of people affectelidgdy, low- andmoderatescale

1740  conflict species.

1741

1742 Table 1.Generalised linear mixadodel comparing how farmers and communities are
1743  affected byhumanwildlife conflict worldwide Model degrees of freedom, df=7.

Comparisons Farmer experiencing Std. Zvalue | P
greater number of HWC | Error
incidences
Commercial farmevs Pooled farmers Commercial 0.19 -6.27 <0.001
Commercial farmevs Local communities Similar 0.13 0.82 0.410
Commercial farmevs Subsistence farmers Commercial 0.15 -3.51 <0.001
Local communitys Pooled farmers Local community 0.19 -6.90 <0.001
Local communitys Subsistence farmers Local community 0.15 -4.28 <0.001
Subsistence farmens Pooled farmers Subsistence farmer 0.20 -3.22 <0.001

1744

1745 Table 2.Statistical comparison of lowmoderate and highscale conflict species affecting
1746  farmers and communities worldwiddodel degrees of freedom, df=8.

1747

Comparisons Dominant Std. Error Z value P
conflict species

LSCvsHSC species HSC 0.17 -10.69 <0.001

MSC vs HSC species HSC 0.13 -8.88 <0.001

LSCvs MSC species MSC 0.20 -3.37 <0.001

1748
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Cases involving higiscale conflict species were more common than modexate
low-scale conflict species (Fifj; Table 2). In addition, cases of moderstale conflict

species were more common than {sgale conflict species (Fig. 1; Table 2).

Humanwildlife conflict studies in South Africa versus global studies

South Africa (number of HWC cases per DG¥; 34)and Europer(= 28) experienced
similar trends in the number of HWC incidences in the literature (Table 3), whereags Asia (
87) and other parts of Africa & 180) showed a greater number of HWC incidences per DCA
whencompared with South Africa (Tab8. South Africa experienced a greater number of
HWC incidences per DCA compared with Austraha=(3), South American(= 13) and North
America 6 = 13) (Table 3). Megherbivores, primates and other mammals did not differ in the
numbers of HWC incidenedn the database (Table 4). Carnivores were the main causes of
damage, followed jointly by meggerbivores and primates (Table 4). Interestingly, most of the

HWC cases reported for South Africa were based around commercial farmers.

Table 3. Statistical omparisons ohumanwildlife conflict incidences pedamagecausing
animalreported from South Africa in comparison with the rest of the witloblel degrees of
freedom, df=34.

Comparisons (n= number of HWC cases per| Country experiencing Std. z P
DCA) greater number of HWC Error value
incidences
South Africa (n=34ys Asia (n=87) Asia 0.20 4,66 | <0.001
South Africavs Australia (n=3) South Africa 0.60 -4.05 | <0.001
South Africavs Europe (n=28) Similar 0.25 -0.76 | 0.450
South Africavs North America (n=13) South Africa 0.32 -2.96 | 0.003
South Africavs Other parts of Africa (h=180) | Other parts of Africa 0.19 8.95 |<0.001
South Africavs South America (n=13) South Africa 0.32 -2.96 | 0.003
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Table 4. Statistical comparison between damagesing animals at each study sitodel
degrees of freedom, df=35.

Comparisons Vertebrate causing greater | Std. z P
number of HWC Error value

Carnivorevs Antelope Carnivore 0.36 -8.91 <0.001
Carnivorevs Bird Carnivore 0.24 -9.76 <0.001
Carnivorevs Megaherbivore Carnivore 0.17 -9.25 <0.001
Carnivorevs Other mammals Carnivore 0.18 -9.30 <0.001
Carnivorevs Primates Carnivore 0.15 -8.18 <0.001
Megaherbivorevs Antelope Megaherbivores 0.39 -4.10 <0.001
Megaherbivorevs Bird Megaherbivores 0.28 -2.58 0.010
Megaherbivorevs Other mammals Similar 0.23 -0.11 0.910
Megaherbivorevs Primates Similar 0.21 1.93 0.060
Other mammalss Antelope Other mammals 0.39 -4.02 <0.001
Other mammalss Bird Other mammals 0.28 -2.48 0.013
Other mammalss Primates Primates 0.21 2.04 0.042
Primatesvs Antelope Primates 0.38 -5.28 <0.001
Primates/s Birds Primates 0.26 -4.24 <0.001

Mapping of humaswildlife conflict studies

From the distribution of reported sites of HWC (Fig. 2), there was an 87% increase in
reports of HWC in Africa and Asia from 2000 to 2015. In addition, there has been a 92%
increase in reports of HWC in South America (Fig. 2). Interestingly, accordihg toéta
analysis, HWC in South Africa was only first documented in 2005 in amdfeed journal.
Maps illustrating the distribution of conflict species were gener&epglementary
material: Figs. S15)usingdata accessed from the literature.

Vulnerability of conflict species

Six types of antelope and 14 types of birds were classified asdanwoderatescale
conflict species (Table 5). Only the family names of most birds were reported. Carnivores
comprised seven lowcale conflict species,nanoderatescale conflict species and 15 high
scale conflict species (Table 5). Melgarbivores comprised one higlsale conflict species
(African elephantoxodonta africang two moderatescale conflict species and two low
scde conflict species.

Other mrammals (bushpi@otamochoerus larvatusiholeCuon alpinusEuropean
bisonBison bonasusEuropean rabbi®ryctolagus cuniculuderal domestic pigus
domesticushoney badge¥lellivora spp., mongooséierpestesp., porcupineHystricidae

rodentsRodentia squirrelSciuridae Sulawesi warty pigus celebensisvarthog
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Phacochoerusp., wild boaiSus scrofaTable 5) contained three higlcale conflict species,

seven lowscale conflict species and five moderatale conflict species. The primates

comprised 16 lowscale conflict species, four moderatmale conflict species and five high

scale conflict species.

An assessment of the conservation status of conflict species yielded severt high

moderatescale conflict species listed on the IUCN Rest (as at 2015)Carnivores featured

prominently, posing higiscale conflict and consisting of the African lion (vulnerable),

African wild dog (endangered), brown hyddgaena brunnegnear threatened), cheetah

Acinonyx jubatugvulnerable), jaguaPanhera oncanear threatened), leopard (vulnerable),

snow leopard (endangered) and tiger (endangered). The dhole (endangered) and Himalayan

black beatJrsus thibetanugvulnerable) experienced moderatsale conflict with humans.

Megaherbivore and primatesd-listed species posing higdtale conflict in the literature

databaséncludedthe African elephant (vulnerable) and the orangiRangospp. (critically

endangered) respectively, and the Asian elepBkamthas maximu@&ndangered) showed

moderatescale conflict with humans. Although anecdotal evidence (Wikipedia, 2015;

https://en. wikipedia.org) suggests that

Beatragus hunteyithe Amur leopardanthera pardus orientaliandthe northern muriqui

(woolly spider monkeyBrachyteles hypoxanthumsay elicit conflict with people and farmers

due to competition for resources, no supporting evidence for such conflict appeared in the

published literature database.
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Figure 2. Comparison of the number of scientific publications concerhinganwildlife conflict in the database between a) 1082400 and b)
20071 2015. Red circles amgdobal positioning systemata points that represémimanwildlife conflict study sites, showing substantial increase
in publications ohumanwildlife conflict in Africa and Asia over the two time periods and in previously unelgorted South America
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1818 Table 5.Vulnerability index and conflict status of problemraals that appeared in the
1819 humanwildlife conflict literature database. The common name, species name (where
1820 available), the International Union for Conservation of Nature status for each éasnaal
1821 2015)and the number of publications in which eachralifeatureds included Bold text
1822 indicates endangered species that do not appear in the database and hence, their vulnerability
1823 index requires assessment and their conflict status is unknown.
1824
Vulnerability index
Common name
of problem Number of RR/
animal Species IUCN status | publications | PR | MP | SP | FR | Conflict status
Antelope
Eland Tragelaphus oryx Least concern| 1 X Low-scale
Critically Status
Hirola Damaliscus lunatus endangered 0 X unknown
Kudu Tragelaphus strepsicero| Least concern| 2 X Moderatescale
Musk deer Moschus leucogaster Endangered | 1 X Low-scale
Boselaphus
Nilgai tragocamelus Least concern| 2 X Moderatescale
Roan Hippotragus equinus Least concern| 1 X Low-scale
Sitatunga Tragelaphusspekii Least concern| 1 X Low-scale
Birds
Blackbird Turdus merula Least concern| 1 X Low-scale
Crane Gruidae 2 X Moderatescale
Crow Corvus 1 X Low-scale
Dove Columbidae 2 X Moderatescale
Flamingo Phoenicopterus roseus | Least concern| 1 X Low-scale
Goose Anserinae 2 X Moderatescale
Golden eagle Aquila chrysaetos Least concern| 1 X Low-scale
Green parrot Trichoglossus 1 X Low-scale
Partridge Perdicinae 1 X Low-scale
Pigeon Columbidae 2 X Moderatescale
Raptor Unspecified 2 X Moderatescale
Thrush Turdidae 2 X Moderatescale
Vulture Unspecified 1 X Low-scale
Weaverbird Ploceidae Least concern| 1 X Low-scale
Carnivores
African lion Panthera leo Vulnerable 21 X High-scale
African wild cat Felis silvestris Least concern| 1 X Low-scale
African wild dog | Lycaon pictus Endangered | 14 X High-scale
American black
bear Ursus americanus Least concern| 3 X Moderatescale
Amur tiger Panthera tigris altaica | Endangered |1 X Low-scale
Panthera pardus Critically Status
Amur leopard orientalis endangered |0 X unknown
Asiatic black bear| Ursus thibetanus Vulnerable 2 X Moderatescale
Asiatic jackal Canis aureus Leastconcern | 2 X Moderatescale
Asiatic wild
dog/dhole Cuon alpinus Endangered | 4 X Moderatescale
Black-backed
jackal Canis mesomelas Least concern| 8 X High-scale
Brown bear Ursus arctos Least concern| 7 X High-scale
Near
Brown hyena Hyaena brunnea threatened 5 X High-scale
Caracal Caracal caracal Least concern| 4 X Moderatescale
Cheetah Acinonyx jubatus Vulnerable 10 X High-scale
Common jackal | Canis aureus aureus Least concern| 2 X Moderatescale
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Vulnerability index
Common name
of problem Number of RR/
animal Species IUCN status | publications | PR | MP | SP | FR | Conflict status
Ethiopian wolf Canis simensis Endangered | 1 X Low-scale
Eurasian lynx Lynx lynx Least concern| 5 X High-scale
Ursus americanus
Florida black bear| floridanus Least concern| 1 X Low-scale
Gray wolf Canis lupus Least concern| 18 X High-scale
Grizzly bear Ursus arctos Least concern| 2 X Moderatescale
Himalayan black
bear Ursus thibetanus Vulnerable 2 X Moderatescale
Iberian lynx Lynx pardinus Endangered |1 X Low-scale
Near
Jaguar Panthera onca threatened 5 X High-scale
Leopard Panthera pardus Vulnerable 25 X High-scale
Other Carnivora 5 X High-scale
Puma Puma concolor Least concern| 6 X High-scale
Red fox Vulpes vulpes Least concern| 1 X Low-scale
Scandinavian
wolverine Gulogulo Least concern| 3 X Moderatescale
Serval Leptailurus serval Least concern| 4 X Moderatescale
Snow leopard Panthera uncia Endangered | 10 X High-scale
Spotted hyena Crocuta crocuta Least concern| 12 X High-scale
Sun bear Helarctos malayanus Vulnerable 1 X Low-scale
Tiger Panthera tigris Endangered | 17 X High-scale
Mega-herbivores
African elephant | Loxodonta africana Vulnerable 31 X High-scale
Asian elephant Elephas maximus Endangered | 3 X Moderatescale
Cape buffalo Syncerus caffer Least concern| 3 X Moderatescale
Great Indian
onehorned rhino | Rhinoceros unicornis Vulnerable 1 X Low-scale
Hippopotamus
Hippopotamus amphibius Vulnerable 1 X Low-scale
Other mammals
Aardvark Orycteropus afer Least concern| 1 X Low-scale
African civet Civettictis civetta Least concern| 2 X Moderatescale
Bush pig Potamochoerus larvatus| Least concern| 5 X High-scale
Common genet | Genetta genetta Least concern| 1 X Low-scale
European Bison | Bison bonasus Vulnerable 1 X Low-scale
Near
European rabbit | Oryctolagus cuniculus | threatened 1 X Low-scale
Feral Domestic
pig Sus domesticus Least concern| 1 X Low-scale
Feral house
mouse Mus musculus Least concern| 2 X Moderatescale
Honey badger Mellivora spp. Least concern| 3 X Moderatescale
Mongoose Herpestesp. 1 X Low-scale
Rodents Rodentia Least concern| 3 X Moderatescale
Porcupine Hystricidae Least concern| 5 X High-scale
Rice field rat Rattus argentiventer Least concern| 2 X Moderatescale
Rodent Rodentia Least concern| 1 X Low-scale
Squirrel Sciuridae Least concern| 1 X Low-scale
Sulawesi warty Near
pig Sus celebensis threatened 1 X Low-scale
Warthog Phacochoerusmp. 4 X Moderatescale
Wild boar Sus scrofa Least concern| 8 X High-scale
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Vulnerability index
Common name
of problem Number of RR/
animal Species IUCN status | publications | PR | MP | SP | FR | Conflict status
Primates
Agile mangabey | Cercocebus agilis Least concern| 1 X Low-scale
Black and white
colobus monkey | Colobussp. Endangered |1 X Low-scale
Black howler
monkey Alouatta caraya Least concern| 1 X Low-scale
Blue monkey Cercopithecus mitis Least concern| 2 X Moderatescale
Boutourlini's blue | Cercopithecus
monkey mitis ssp boutourlinii Vulnerable 1 X Low-scale
Butonmacaque | Macacasp. Vulnerable 1 X Low-scale
Chacma baboon | Papio ursinus Least concern| 2 X Moderatescale
Chimpanzee Pan troglodytes Endangered |5 X High-scale
Grey-cheeked
mangebey Lophocebus albigena Least concern| 1 X Low-scale
Kipuniji forest Critically
monkey Rungwecebus Kipuniji endangered |1 X Low-scale
Long-tailed
macaque Macaca fascicularis Least concern| 1 X Low-scale
Moloney's white | Cercopithecus
collared monkey | mitis ssp.moloneyi Least concern| 1 X Low-scale
Moustached
guenon Cercopithecus cephus | Least concern| 1 X Low-scale
Northern muriqui
(woolly spider Critically Status
monkey) Brachyteles hypoxanthuj endangered 0 X unknown
Olive baboon Papio anubis Least concern| 11 X High-scale
Critically
Orangutan Pongospp. endangered 6 X High-scale
Patas monkey Erythrocebus patas Least concern| 1 X Low-scale
Pig-tailed
macaqgue Macaca leonina Vulnerable 1 X Low-scale
Red colobus
monkey Procolobussp. 1 X Low-scale
Redtailed
monkey Cercopithecus ascanius| Least concern| 6 X High-scale
Rhesus macaque| Macaca mulatta Least concern| 2 X Moderatescale
Sclater's monkey | Cercopithecus sclateri | Vulnerable 1 X Low-scale
Thomas' leaf
monkey Presbytis thomasi Vulnerable 1 X Low-scale
Vervet monkey Chlorocebus pygerythrug Least concern| 5 X High-scale
Yellow baboon Papio cynocephalus Least concern| 3 X Moderatescale

1825
1826
1827
1828
1829
1830
1831
1832

Feeding behaviour and depredation diet

depredation; crofivestock combined depredation; crbpestockhuman combined

Overall, carnivores were the dominant feeding group associated with depredation
compared with all other feeding habits, followed by bulk feeders and herbivores (jointly) and
then omnivores (Table 6). The following categories of damage occurred (Tahlep?): c

raiding only; livestockdepredation only; poultry depredation only; ctopman combined

depredation; equitiumanlivestock combined depredation; eclikestock combined
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1833  depredation; gaméumanlivestock combined depredation; gainestock combined

1834 depredation; humalivestock combined depredation; and livestg@dultry combined

1835 depredation. In most cases, we could not assess the species of crop and livestock damaged
1836 throudh depredation due to a lack of detail reported in the literature. These deficiencies or
1837 inconsistencies in reporting prevented a livestock or crop splesielsassessment of

1838 damage.

1839
1840 Table 6.Generalised linr mixedmodel showing the dominant feedihgbit associated with
1841 depredation through paivise comparisondModel degrees of freedom, df=54.

Comparisons Dominant feeding habit Std. Error | Z P
associated with depredation value

Bulk feedervs Bulk grazer Bulk feeder 0.52 -4.08 <0.001
Bulk feedervs Carnivore Carnivore 0.19 8.71 <0.001
Bulk feedervs Herbivore Bulk feeder 041 -3.84 <0.001
Bulk feedervs Omnivore Omnivore 0.20 4.15 <0.001
Bulk grazervs Carnivore Carnivore 0.50 -7.50 <0.001
Bulk grazervs Herbivore Similar 0.62 -0.90 0.370
Bulk grazervs Omnivore Omnivore 0.51 -5.87 <0.001
Carnivorevs Herbivore Carnivore 0.38 -8.38 <0.001
Carnivorevs Omnivore Carnivore 0.13 -5.77 <0.001
Herbivorevs Omnivore Omnivore 0.39 6.20 <0.001

1842

1843 Two categories of deprde chagtdi adm,mamgaemealnyd &dri

1844 damage dominated over all other types of depredation (Table 7), accounting for the greatest
1845 number of HWC incidences.
1846
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Table 7. Statistical comparison between categories of depredation exhibited by damage
causing wildlife Model degrees of freedom, df=47.

Comparisons Greater impacted Std. 4 P
variable Error value
Cropraidingvs Crop-Human Cropraiding 0.42 -6.36 <0.001
Crop-raidingvs Crop-Livestock Crop-raiding 0.35 -6.51 <0.001
Cropraidingvs Crop-LivestockHuman Cropraiding 0.58 -5.76 <0.001
Cropraidingvs Crop-EquidHumarLivestock Cropraiding 1.00 -4.46 <0.001
Cropraidingvs Equid-Livestock Cropraiding 1.00 -4.46 < 0.001
Cropraidingvs GameHumarnLivestock Cropraiding 0.39 -6.44 <0.001
Crop-raidingvs GameLivestock Crop-raiding 0.28 -6.31 <0.001
Cropraidingvs HumanLivestock Crop-raiding 0.23 -5.70 <0.001
Crop-raidingvs Livestock Similar 0.14 1.84 0.070
Cropraidingvs LivestockPoultry Cropraiding 0.22 -5.24 <0.001
Crop-raidingvs Poultry Crop-raiding 0.58 -5.76 <0.001
Livestockvs Crop-Human Livestock 0.42 -7.04 <0.001
Livestockvs Crop-Livestock Livestock 0.35 -7.33 <0.001
Livestockvs Crop-LivestockHuman Livestock 0.58 -6.23 <0.001
Livestockvs Crop-EquidHumanLivestock Livestock 1.00 -4.73 <0.001
Livestockvs Equid-Livestock Livestock 1.00 -4.73 <0.001
Livestockvs GameHumanLivestock Livestock 0.39 -7.17 <0.001
Livestockvs GamelLivestock Livestock 0.27 -7.38 <0.001
Livestockvs HumarnLivestock Livestock 0.23 -6.99 <0.001
Livestockvs LivestockPoultry Livestock 0.21 -6.64 <0.001
Livestockvs Poultry Livestock 0.58 -6.23 <0.001
Discussion

Vulnerability of people affected by hurmmaridlife conflict

Local communities (i.e. people that might or might not farm) were affected by 49
different species of wildlife globallyending support that such communities are potentially
the most common target for a wide range of dantagesing wildlife. This was followed by
subsistence farmers and then commercial farmers, indicating that local communities and
subsistence farmerspored the most incidentsf HWC. These resultwereconsistent with
numerous other studies (Hill 2000; Siex and Struhsaker, 1999) that suggest the susceptibility
of local and subsistence communities to HWC. The findings concerning local communities
also implythat HWC undermines household food security, especially in developing countries
where farming operations are marginal and plagued by environmental crises such as
desertification and drought (Thornton et al., 2011; UNDP, 2008). Therefore, the effects of
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HWC will particularly amplify human hunger and malnourishment rates, typical of
developing countries (World Bank, 2013) that house millions of local communities on PA
boundaries.

Despite local communities reportedly incurring the highest levels of HWGtody
does not support our prediction that subsistence farmers would experience a higher number of
depredation incidences than commercial farmers. However, these findings could be attributed
to a greater research focus of HWC in literature devoted to carrahiarming industriedt
is also possible that these findings were driven by a confounding factor where HWC damage
was reportedly higher in local communities because there were many people available to
report it, rather than because they actually éepee more damagén our study, local
communities and commercial farmers experienced the highest numbers of HWC cases, which
were dominated by highcale conflict species. Our analyses of the literature did not yield any
findings where scholars directlpmpared the impact of DCAs on subsistence and
commercial farmers together. Hence, we suggest that a meticulous investigation and
comparison is requirechdiow subsistence and commercial farmergxisting in the same

geographic area are impacted by arattréo HWC.

Humanwildlife conflict in South Africa versus global studies

Our findings support the prediction that farmers in developing coumigesaffected
by a wider diversity of DCAs than farmers in developed countries. African and Asian people
experienced the highest number of HWC cases with all groups of wildlife investigated in this
review compared with the rest of the world. Developing countries contain greater
biodiversity, more densely populated wildlife species and potentially more DCG#saced
with developed countries (DeGeorges and Reilly, 2008), thus eliciting regular acts of
depredation. In addition to problem animal density, other elements that increase the
frequency of depredation include the condition of farm fences and the pravalen
deterrents (crop and livestock guards and shepherds; Woodroffe et al., 2005). Such
preventative measures are often unaffordable for farmers of developing countries, especially
poor subsistence households (Naugfifoeves 2006).

South Africa was rankkas having one of the highest numbers of HWC cases84)
caused by a distinct group of DCAs (especially carnivores, primates aneherbjéores),
when compared with the rest of the world, with the exception of Europ8) (discussed
below). SouthAfrica also houses the third richest biodiversity in the w{lldGeorges and
Reilly, 2008)and, therefore, the number of HWC cases documented could correspond to the
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species diversity of the region sinspeciesich areas could potentially be vulneratie
regular HWC compared with the rest of world.

Similarities between the number of HWC incidences in the literature for South Africa
and Europe could potentially be idiosyncratic, with novel research foci that do not extend to
other geographic areas, panlarly around HWC and commercial farming. Although the
numbers of HWC incidences were similar for South Africa and Europe, it does not
necessarily imply that this is due to similar wildlife assemblages. We believe that South
Africa and Europe have expenced similar research emphasis and reporting rates in
scientific journals, particularly for commercial farmers, which seems to be the focus of

current South African scholars.

Geographic distribution of humamildlife conflict studies
Our findings showda substantial increase in publications of HWC in Africa and Asia
since 2001. Similarly, Treves (2006) attributed the growing attention and active research
efforts in HWC from 1994 to 2015 as an indicator of how HWC issues have increased and
intensified.According to Treves (2006), both scholars and the public have paid more
attention to HWC issues during this time period. Interestingly, between 1993 and 1999,
Google Scholar returned ~3 100 hits for HWC compared with 8 060 hits between 2000 and
2007 (Trewes, 2006). Treves (2006) attributed the growing attention in HWC as an indicator
of how contentious and intensely HWC issues have developed. However, it should be noted
that our results were extracted from a rreatalysis andveresubject to reporting biaSuch
biases in the literature include model cases that focus on mammals predominantly. In
addition, geographic patterns of HWC studies indit#tat some African (including South
Africa) and South American countries received increased scientific regporii HWC from
2000 to 2015 particularly. These emergent geographic patterns of HWC studies correspond to
rising efforts by global organizations such as the IUCN to address HWC and the associated
challenges facing PA management (Madden, 2004, Treves,.20i3d)kely that in the face
of additional crises, such as global warming and food insecurity that contribute towards the
intensity of HWC, scholars have identified deficits and urgent needs associated with HWC.
Although European colosation occurredhroughout the world and shaped early
conservation ideologies (DeGeorges and Reilly, 2008), apartheid laws were distinct to South
Africa and contributed to a firstorld/thirdworld dichotomy within the country (Cock and
Fig, 2000; DeGeorges and Reilly,G8) Khan, 1994). Currently, about 3 million subsistence
households (Statistics South Africa, 2011) are contiguous with PAs (Cock and Fig, 2000;
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DeGeorges and Reilly, 2008). These communities have been marginalised from PA
management by conservation proieaist movements in South Africa (Cock and Fig, 2000;
Khan, 1994). Hence, our findings demonsuldtet the firstworld/third-world dichotomy

within South Africa, coupled with the sum of disenfranchisement of rural people (Adams et
al., 2004), could poteially intensify HWCs on the edge of PAs. Apartheid and concomitant
European ideologies existed in South Africa until at least 1994 (Cock and Fig, 2000;
DeGeorges and Reilly, 2008), we specudlat such prejudiced principles continue today in
practice but not policy. Therefore, it is plausible that the similar pattern be&oegh Africa
and Europe in HWC from 1994 to 2015 reflect idiosyncrasies aligned to European farming
practices adopted Bouth African farmers. The firstorld/third world dichotomy within

South Africa is a theoretical possibility and requires elucidation, because, according to the
findings of the metanalysis, scholars have focused mostly on the first world commercial

farmer.

Vulnerability of conflict species

Our results support the prediction in the literature and those of other studies that
carnivoresverefrequent DCAs and the most higleale conflict species globally (Inskip and
Zimmermann 2009; Potgieter et al., 281 Treves and Karanth, 2003; Woodroffe and Frank,
2005). Since higiscale conflict potentially leads to retaliation and contributes to the
vulnerability of carnivores (also supported by the vulnerability index developed in our study),
carnivores are a senady persecuted guild (Treves and Karanth, 2003).

The leopardPanthera pardusvas the leading carnivore conflict species, featuring in
the highest number of humaarnivore conflict case studies. Leopard exhibit an array of
biological andoehavioual traits that render them higimpact conflict species (Kissui, 2008;
Marker and Dickman, 2005; Woodroffe et al., 2005). This highly adaptable species occupies
the broadest geographic range (Kissui, 2008) and is better adaptdideduman
dominated environents, like farms, than other large predat@nsMinin et al., 2016
Nowell and Jackson, 1996).

The African lion, gray wolfCanis lupusand tigerPanthera tigrisalso featured
prominently in the literature with the joint second highest number of hnoawaivore
conflict incidences. Smaller carnivores, such as the seeghilurus servaand jackalCanis
spp. showed moderat¢o high-scale conflict. Similarly, Treves and Karanth (2003) reported
that carnivores (small and large) possess a-$tagding higry of competition with humans.
Since freeranging, largebodied carnivores such as the African lion have been extirpated
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1965 from farmland in South Africa (Potgieter et al., 2015; Stadler, 2006; Woodroffe and Frank,
1966  2005), they do not account for livestoadpaedation. In contrast, the leop&dnthera

1967 pardus cheetah, carac@laracal caracaland jackal frequently range freely in

1968 anthropogenikdominated landscapéavenant and Du Plessis, 2008arker and Dickman,

1969  2005;Di Minin et al., 2016 Nowell andJackson, 199&ndwerethe leading depredators of

1970 smalkmedium livestock in southern Africa (Avenant and Du Plessis, 2008; Marker and

1971  Dickman 2005.

1972 Consistent with our predictions that primates would causedugte conflicts due to

1973 their abilitytotans gr ess PA boundaries, five differen
1974  published papers in the literature. The results also demonstrated that a wide diversity of

1975 primate species showed moderate and low conflict with humans globally. Previous studies
1976 depcted baboon®apiospp. as exceptional examples that cause extensive damage to crops in
1977 Uganda and Ethiopia, and they were perceived by subsistence farmers as the greatest threats
1978 to crop yields (Hill, 2000; Quirin and Dixon, 2012). Our findings thargdaumber of

1979 primate species were main DCAs are consistent with that of Estrada et al., (2012) who

1980 showed that globally, agricultural landscapes such as orchards, crop farms and forestry

1981 plantationsvereraided by approximately 57 different primate taxagreecosystems in

1982 which PAs and forestry or fruit plantations are contiguous. High levels of forest

1983 fragmentation and agricultural infringement were implicated as the cause of-pumare

1984 conflict (Estrada et al., 2012). The ability of primates tgatiaanthropogenidominated

1985 agricultural ecosystems and their often overlapping diets with humans brings them into

1986 conflict with farmers (Bracebridge et al., 2013; Estrada et al., 2012). Additionally, our

1987 findings that primates and carnivores were ksghale conflict species, concur with several

1988 other studies (Inskip arimmermann2009; Macdonald et al., 2012; Treves and Karanth,

1989 2003; Woodroffe and Frank, 2005), that the threats facing felids, canids and primates are
1990 oftenidenticaland occur in the sae region (Macdonald et al., 2012).

1991 A large number of neghreatened to endangered carnivores, two rieghivores

1992 (vulnerable African elephant and endangered Asian elephant) and one primate species, the
1993 critically endangered orangutan, showed ksghleconflict with humans. These species are

1994 an IUCN conservation priority, which coupled with HWC, could exacerbate their extinction
1995 risk. In addition, HWC poses serious threats and challenges to conserve these species outside
1996 PAs (Treves and Karanth, 2003).

1997 Notably, of the 17 cases where 14 different types of birds featured as the main DCA,
1998 the scientific name of only two species were reported (i.e. the bladklmdais meruland
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greater flamingd®hoenicopterus rosejsAlthough vultures were implicated ime case
study, only the family name was reported, making it difficult to gauge whether vulnerable or

threatened species were involved.

Feeding behaviour and depredation diet

Overall, carnivores were the dominant feeding group associated with depredation
when compared to all groups. Previous studies have shown that carmreoegsone to
conflicts due to their large home ranges that overlap onto farmland and predatiostotkve
(Linnell et al., 2001; Patterson et al., 2004). Hurnamivoreconflict is likely to occur in
areas in which the natural habitats of carnivores have been transformed into farmland and
indigenous, natural prey species have been displaced by dolivesticck (Patterson et al.,
2004). The behaviour of some carnivores, for example spotted h§emasga crocutahat
feed nocturnally and opportunisticalnables them to exploit humaominated
environments (Holmern et al., 2007).

Interestingly, crograiding and livestock depredation jointly accounted for the greatest
portion of HWC damage. Although carnivores were the main DCAs implicated in the
literature, a large number of primate species also featured prominently in our findings. Hence,
carnivoresand primates could be the joint leading depredators responsible forrdlt€d
damage. Several other studies mention-cedging as a major problem throughout
developing continents, such as Africa and Asia (Hill, 2000; Naughtewes, 1998; Siex and
Struhsaker, 1999). In Uganda, the most prominent wildlife-caigers were African
elephant.oxodonta africangbushpigPotamochoerusp., chimpanzeBan troglodytesolive
baboonPapio anubisand redtailed monkeyCercopithecus ascanidlaughtonTreves
(1998). All five of these speciestegoriseds highscaleseverelypersecuted conflict
species in our analyses. Livestock damage as a leading category of depredation bears serious
ramifications for livestock farmers (Holmern et al., 2007; Wang and Macddz0é) and
food security since livestock provides an important source of nutrition (FAO, 2015) and
income (Sharma et al., 2015) globally.

Conclusions

We acknowledge that the data set may be biased towards Espgtigking countries

in addition to literature that uses specific terminology and not necessarily a representation of
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countries thaapplieduncharacteristic keywords and phrasésvertheless, thistudy showed
that theravereparallelsand variation@mong HWC patterns wondde. Developed
countrieswerecharactesed by fewer incidences of reported HWC and a contracted diversity
of DCAs, whereas developing countries ext@bihe highest incidences of HWC, between
local communities and a comprehensive diversity of mammaighS\frica, with its
distinctive blend of firstand thirdworld practices, provides a regional exemplar of global
trends in HWC. We showed that carnivores and primagzeprone to higkscale conflict
globally, and that they miglengendeconservatiortoncern due to retaliation and retribution
by people.

Our foundational research has provided the first global assessment of HWC. Although
in-depth information concerning the identification, location and feeding behaviour of
problem species was derivedritdhe review, gaps in the literature were apparent. The bias
in reporting for larger mammal and bird requires elucidation through further research to
account for the nature of the involvement of taxonomic groups. Reports concerning
retaliatory practices ahthe occurrence of lethal control of problem species were deficient or
omitted in many case studies. Lethal measures will severely affect species of conservation
concern. Systematic and-dlepth examinations of the most vulnerable groups of people,
identified here as local and subsistence farming communities bordering PAs, should be the
focus of future HWC research avenues to assess food insecurity that exacerbate malnutrition
on the one hand and vulnerabilities of wildlife through retaliation on the lotimet.

Glossaryof terms

Apartheid. An official government policy of racial segregation formerly practised in South
Africa, involving economic, legal and political discrimination againstwhiite individuals
into seconetlass citizens who were restricted geographically, educationally)lgaoid
professionally (Khan, 1994).

Commercial farmer. Literature regarding a farmer or enterprise that cultivates crops or
produces livestock or game for sale with the objective of making a profit (FAO, 2015).
Conflict profile . A measure ofhevulnerallity of people and farming commodities to
humanwildlife conflict based on the number of HWC cases reported in the published
literature for such groups of peopie,combination withthe number of low moderateor

high-scale conflit species that commbnaffectsuch groups of people.
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Crop-raiding. The feeding or destruction of cultivated food by wild mammals and/or birds
that causes significant loss of food and income to farmers (Woodroffe et al., 2005).
Damagecausing animal (DCA).A wild mammal or bid for which there is considerable

proof that it causes loss to livestock or game; or causes excessive damage to cultivated crops
or poses a threat to human safety (Woodroffe et al., 2005).

Depredation. The consumption of agricultural resources (cropsstvek and game) by wild
mammals and/or birds (Woodroffe et al., 2005).

Developed (first world) country. An industrialsed country with a weltleveloped economy
and an advanced technological infrastructure relative to other less indsestr@iuntries

(FAO, 2015; World Bank, 2013).

Developing (third world) country. A nation with an underdeveloped industrial base that is
charactesed by people with reduced life expectancy and lower income when compared with
developed nations (FAO, 2015; Wa Bank, 2013).

Edge.A boundary or interface between a protected area and a landscape element (human
settlement or farmland) (WoodroféadGinsberg, 1998).

Food security.The state in which all people at all times have access to sufficient, safe,
nutritious food to maintain a healthy and active life (FAO, 2015).

Gross Domestic Product (GDP)A nation's total annual fiscal activity (or the monetary
value of all the finished goods and services generated within a nation's geographic boundaries
(World Bank,2013).

High-scale conflict speciedWild mammals or birds that frequently (appear in five or more
scientific papers according to Inskip afidnmermann(2009)) attack people and/or
recurrently depredate livestock or crops, resulting in frequent retalidtiomgs.

HWC hot spot. A biogeographic region in which significantly high incidences of human
wildlife conflict occur (Woodroffe et al., 2005).

Local community. People living adjacent to protected areas or resgmhas may or may not
subsist through farmg (Anthony, 2007).

Low-scale conflict speciesNild mammals or birds that rarely (appear at least once in a
scientific publication according to Inskip addnmermann(2009)) attack people, seldom
depredate livestock or crops and rarely experience ttetalikillings.

Moderate-scale conflict speciesVild mammals or birds that rarely (appear in two to four
scientific papers according to Inskip afidhmermann(2009)) attack people but may
frequently depredate livestock or crops and experience frequalmtcaty killings.
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Problem animal. A free-living, native wild mammal or bird whose natural behaviour,
temperament or habits brings it into conflict with humans (Woodroffe et al., 2005).
Protected area (PA) A biodiversity conservation area that receivestigction due to the
presence of indigenous wild fauna and flora that offers great ecological value (Gittleman et
al., 2001).

Subsistence farmerA farmer whose products are intended to provide for the basic needs of
the farmer and his/her family with lgtsurplus for marketing, bringing no profit (i.e.

allowing for only a marginal livelihood) (FAO, 2015).

Wildlife. This study considered undomesticated terrestrial vertebrate and invertebrate

animals
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Supplementry material

Table S1.Description of categories that gauge vulnerability of humvddlife -conflict

species and severity of conflict. A description of how species gategorisedor

vulnerability and conflict status is provided using guidelines proposed by Gittleman et al.,
(2001) and Inskip andimmermann(2009). Theseategoriesdentified levels of biodiversity
extinction vulnerability with correspondingplareviationgdor suchclassification.

Category

| Description

Category

| Description

Index of vulnerability

Conflict status

Poorly researched,
data deficient (PR)

Animal appears only
once in the database

Low-scale conflict (LSC)

Wild animal rarely attacks people,
seldomdepredates livestock or crop
rarely experiences retaliatory killing

Moderately persecutec
(MP)

Animal appears two to
four times in the

database and may be
moderately persecuted

Moderatescale conflict
(MSC)

Wild animal rarely attacks peopler;
may freaiently depredate livestock ¢
crops,or experiences frequent
retaliatory killings

Severely persecuted
(SP)

Animal appears more
than four times in the
database and may be
severely persecuted

High-scale conflict (HSC)

Wild animal frequently attacks
peopleand/or recurrently depredates
livestock or crops, experiences
frequent retaliatory killings

Research required
(RR) or
Future research (FR)

No research has been
conducted on this
species

Status unknown (SU)

Anecdotal evidence of conflict is
available. No sientific evidence in
literature
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2326
2327
2328
2329

Table S2.Problem animals that affected commercial farmers, local communities, subsistence
farmers and poolethrmers (subsistence and commercial farmers). Numbers denote the
number of cases that appeared inlitieeature database.

Commercial farmers

Local communities

Subsistence farmers

Subsistence and
commercial farmers

Antelopes

Kudu (1) Eland (1) Musk deer (1)

Nilgai (1) Kudu (1)

Ungulates nospecific (1) Nilgai (1)

Roan antelope (1)
Sitatunga (1)
Birds

Birds nonspecific (8) Birds (4) Raptor (1) Birds nonspecific (1)
Flamingo (1 case) Raptor (1)

Vulture (1)

Carnivores
African lion (6) African lion (7) African civet (2) African lion (4)
African wild dog (6) African wild dog (6) African lion (4) African wild dog (2)
American black bear
American black bear (1) | Amur tiger (1) African wild cat (1) (2)
Brown bear (4) Asiatic black bear (2) Cheetah (1) Brown bear (1)
Carnivora norspecific

Caracal (4) Asiatic jackal (2) Eurasian lynx (1) (1)
Carnivora norspecific (1)| Brown bear (2) Genet (1) Hyaena (1)
Cheetah (8) Carnivora norspecific (5) Hyaena (2) Jaguar (2)
Coyote (1) Cheetah (1) Jackal (1) Leopard (1)
Eurasian lynx (3) Eurasian lynx (1) Leopard (5) Puma(1)
Hyaena (11) Florida black bear (1) Serval (1) Snow leopard (3)
Iberian lynx (1) Himalayan black bear (2) Snow leopard (1) Tiger (2)
Jackal (7) Hyaena (3) Tiger (2) Wolf (1)
Jaguar (2) Jackal (2) Wolf (1)
Leopard (9) Jaguar (1)
Puma (5) Leopard(10)
Serval (2) Red fox (1)
Snow leopard (1) Serval (1)
Wolf (11) Snow leopard (5)
Wolverine (3) Sun bear (1)

Tiger (13)

Wolf (5)

Mega-herbivores

Buffalo (1) Asian elephant (1) Asian elephant (2) Elephant (3)
Bushpig (2) OnehornedRhinocerog1) Buffalo (2)
Elephant (9) Rhinaceros(1) Elephant (8)
Porcupine (1)
Wild boar (1)
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Other mammals’Omnivorous feeders

Commercial farmers

Local communities

Subsistence farmers

Subsistence and
commercial farmers

Feralhouse mouse (2) Bushpig (2) Bushpig (1) Dhole (1)
Dhole (3) Feral domestic pig (1) Porcupine (1)
European bison (1) Honey badger (1) Wild boar (1)
European rabbit (1) Mongoose (1)
Porcupine (1) Porcupine (2)
Rodents (3) Squirrel (1)
Warthog(2) Sulawesi warty pig (1)
Wild boar (4) Warthog (1)
Wild boar (2)
Primates
Baboon (2) Baboon (9) Agile mangabey (1) Baboon (1)

Chimpanzee (1)

Black and white colobus monkey

@)

Baboon (4)

Chimpanzee (1)

Long-tailed macaque (1)

Black howlermonkey (1)

Blue monkey (1)

Primates norspecific

)

Orangutan (2)

Blue monkey (2)

Buton macaque (1)

Scl ater 6s

Red colobus monkey (1)

Chimpanzee (1)

Chimpanzee (2)

Vervet monkey (1)

Redtailed monkey (2)

Other Primates (2)

Kipunji forestmonkey (1)

Thomaso6 | eal

Patas monkey (1)

Redtailed monkey (1)

Vervet monkey (1)

Redtailed monkey (2)

Rhesus macaque (2)

Vervet monkey (3)

White-collared monkey (1

2330
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Legend

Carnivore Species Studied: ® Asiatic Black Bears ® Caracal ® Gray Wolf ® Mountain Lion ® Snow Leopard

@ African Lion @ Asiatic Jackal @ Cheetah @ Grizzly Bear ® Order Carnivora @ Spotted Hyena

® African Wild Cat © Asiatic Wild Dog/ Dhole @ Common Jackal © Himalayan Black Bear © Puma Puma © Sun Bear

® African Wild Dog @ Black-backed Jackal @ Ethiopian Wolf @ Iberian Lynx ® Red Fox O Tiger

® Amur Tiger ® Brown Bear @ Eurasian Lynx @ Jaguar ® Scandnavian Wolverine /\

@ Brown Hyaena @ Florida Black Bear @ Leopard @ Serval N
2331

2332 Figure S1.A speciedevel occurrence of published humearnivoreconflict from 1994 2015.
2333 Coloured circles arglobal positioning systemata points that show humaarnivoreconflict study
2334 sites by species.
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Legend

Primate Species Studied: © Boutourlini's Blue Monkey © Long-tailed Macaque ® Pig-tailed Macaque © Sulawesi Warty Pig

@ Agile Mangabey ® Buton Macaque @® Moloney's White-collared Monkey © Primates ® Thomas' Leaf Monkey

® Black Howler Monkey ® Chacma Baboon ©® Moustached Guenon © Red Colobus Monkey @ Vervet Monkey

® Bllack and White Colobus Monkey ® Chimpanzees @ Olive Baboon ® Red-tailed Monkey @ Yellow Baboon

® Blue Monkey ® Grey-cheeked Mangebey @ Orangutan @ Rhesus Macaque /\
© Kipunji Forest Monkey @ Patas Monkey @ Sclater's Monkey N

2335

2336 Figure S2.A speciedevel occurrence of publishéadimanprimate conflict from 19942015.
2337 Colouredcircles argylobal positioning systemata points that show humanimateconflict study
2338 sites by species.
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Legend
Mega-herbivore Species Studied: ®  Cape Buffalo

@  African Elephant @  Great Indian One Horned Rhino

(

D Asian Elephant

@®  Hippopotamus

A

N

Figure S3.A speciedevel occurrence of published humaregaherbivore conflict from 1994

1 2015.Colouredcircles argglobal positioning systemata points that show humamega
herbivoreconflict study sites.
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Legend

Other Mammals Studied: ©

® Aardvaark ®

®  AfricanCivet @
2344 o

Bushpig
Common Genet

European rabbit

Ferral House Mouse @

Rat Cricetomys sp. ©

Honey Badger ® Rice Field Rat [ ] Warthog
Mongoose ® Rodents ® Wild Boar
Porcupine ® Small mammals

A

Squirrel Sciuridae sp. N

2345 Figure S4.A speciedevel occurrence of published human and other mammal conflict from
234619941 2015.Colouredcircles argglobalpositioning systendata points that show humather

2347 mammalconflict study sites by species.

2348

2349

Legend

Studies of:
Antelope
Birds

37 Camivore

® Megaherbivore

® Other mammal

& Primates

Namibia

Botswana

.

South
Africa

2350\Figure S5.The distribution of publications concernihgmanwildlife conflict in SubSaharan Africa
2351from1 9 9 4 i1.EZdlourBdcircles argglobal positioning systemata points for wildlife involved in

2352 humanwildlife conflict.
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CHAPTER THREE

General methods

Section A: Farmer survey
Materials and methods

Study sites

This study took place at selected localitethin the provinces of KwaZuhiNatal,
Mpumalanga and Limpopo in South Africa (Fig. 1; Table 1) where conflict between farmers
and wildlife was most likely to occur due to the proximity of agricultural and conservation
areas $upplementary material: Figs.S1-S2) (Naughtofirreves, 1999). Specificallgll
sample sites included farms, homesteads and residential homes located adjacent to or near
protected areas (PAs) (game reserves, nature reserves, local game parks or national game
parks) and situated withiess than 1 m and up to 5 km from the PA boundary, depending on
the location and access to the site. Commercial farms within close proximity to subsistence
rural settlements (within alm radius) were visited during field expeditions. In total, 249
farmea surveys were conducted (n = 115 commercial farmers, n = 134 subsistence farmers)
(Table 1).

It is noteworthy that all the farmers interviewed in the Waterberg were located within
the Waterberg Biosphere Reserv23(16 to 24,66 S; 27,5 to 28,66 Exnpopo Province,
South Africa. The Waterberg is a designated biosphere reserve (a 650 000 ha area set aside to
reconcile the conservation of biodiversity and sustainable natural resource use by the United
Nations Educational, Scientific and Cultural Orgation (UNESCQO)Swanepoel et al.,
2015;De Klerk, 2003. The Waterberg Biosphere Reserve supports a host of native antelope,
giraffe, white rhinoceros and warthog, in addition to{fraeging carnivores, such as leopard
and wild dog (Swanepoel et al.,2%) De Klerk, 2003. Notably, the Waterberg Biosphere
Reserve, comprises a network of subsistence livestock and crop Berisefk, 2003
commercial crop@e Klerk, 2003 and gamdivestock farms (Thorn et al., 2013) within the
biosphere reserve, wherertlict between carnivores and livestock/game farmers are
common (Thorn et al., 2013). In addition, previous studésshown that a mixture of
subsistence pastoralists (Gusset et al., 2008) and crop farmers éalliSteele, 1994) are in
conflict with wildlife in KwaZulu-Natal Province, South Africa. In addition, both commercial
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and subsistence livestock farmers in KwaZhNlatal have expressed concerns over damages
caused by livestock depredators (Whittingflmmes 2012). All study sites were contigso
with protected areas with abundawltdlife and were therefore suitable to assess human

wildlife conflict in these sites.

Legend ‘

] Provincial Boundaries I

[ Adjoining Protected Nature Reserves oo o B il

Formal Protected Areas . S

® Subsistence Homesteads e '
Commercial Farmers

. Ezemvelo Nature Reserve ‘

. Marakele National Park 9 o
. Welgevonden Game Reserve 'S ;)

Mkhuze Game Reserve 10 ®

. Tembe Elephant Park )

Ndumo Game Reserve ® { \
Hans Merensky Nature Reserve PS )
Manombe Nature Reserve £ ‘ f
. Baobab Tree Reserve ‘ -

0. Honnet Nature Reserve

HWOONOUIAWNR

Limpopo L \ \\

Mpumalanga

A ~ 5

N > 6
0 30 60 90 120 km
[ — — g KwaZulu-Natal 4 <0

<

Figure 1. Location of subsistence farmers and commercial farmers surveyed ireastéin
South Africa showing the major proted areas only. Red and yellow circles glabal
positioning systendata points that indicate the location of sampled subsistence and
commercial farmers respectively. Other formal protected areas ap&gsptementary
material: Figs. S1S2.A map ofsouthern Africa is provided in the inset.
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Table 1. Administration of semstructured farmer interviews, listing the type and number of
farmers sampled at each site and the total number of surveys conducted. No subsistence
farmers were interviewed/samglen the Waterberg region and no commercial farmers in

Mkuze, because mixed farming practices are atypical of these areas.

Province Locality (Town or Number of Sample size | Sample size
District municipalit y surveys per site | Subsistence | Commercial
farmers farmers
Limpopo Giyani 41 30 11
Waterberg 97 0 97
Mpumalanga Komatipoort 33 28 5
KwaZulu-Natal Ndumo 54 52 2
Mkuze 24 24 0
Total farmers sampled 249 134 115

Data collection and sampling procedures

Data collection comprised sessiiructured questionnaire interviews and site
inspections to verify farm attributes (discussed later). Permission to carry out this research
was granted by the Human Ethics Research Committee (HREC), University of the
Witwatersrand, under protocol number H120807. The identity of all respondents remained
anonymous during this study as outlined in the conditions of the ethics permit. Fieldwork was
conducted from August 2012 until December 2014. | gathered signed consent from each
respondent to participate in the study prior to conducting each survey. Each survey was
conducted at each farm or homestead, after which permission was sought from each
respondent to examine various physical elements of the farm or homestead. With a sing|
visit, inspections involved: (i) the measurement of the garden or farm size; (ii) identification
of the type of crops and/or livestock and/or poultry farmed; and (iii) inspection of property
fences and their condition. Although visits occurred mainsuimmer, questions regarding
yearround farming activities were posed to respondents. A-semctured interview does
not comprise a rigorous set of questions as in the case of a structured questionnaire but
permits the interviewer to divert from a seusture. A semstructured questionnaire is open,
allowing for comments or new ideas to be raised during the interview depending on what the
respondent says. However, the interviewer possessed a framework of themes to be
investigated in the form of a quemtnaire, with informal grouping of topics and questions
that enabled the interviewer to foaus the objectives of the researtil{ite et al., 2005).

| used stratified random sampling techniques (Dickma@82® identify the
subsistence and commercialrfeers for sampling. Stratified sampling ensured that

respondents with certain characteristics (e.g. people that engaged in subsistence and
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commercial farming) were included in the sample. For this, | first identified people in the
population who had the dieed characteristics to address my research objectives (subsistence
and commercial farmers operating near PAs within the broad study area) and then selected
every second homestead or farm that was closest to a PA boundary for one visit only.
However, noevery household or farm selected by random stratified sampling meant
participation in the study. This was either due to their absence or refusal to participate or due
to time constraints (a limited number of interviews: approximately five to ten tookpmace

day). Locations of commercial farmers were identified using Google Earth (2012) and Agri
SA, (www.agrisa.co.za), a federation of agricultural organisatio8sirth Africa as well as
Wildlife Ranching South Africa (WRSA) (http://www.wrsa.co.za). Liimas of rural

settlements contiguous to PAs were identified through the Department of Rural Development
and Land Reform (2012) and Google Earth (2012).

Interview methods

Respondents were invited either to complete the questionnaire themselves or to
participate in the sermstructured interview. Since this study dealt with a diverse group of
people with different levels of English proficiency, ranging from no English comprehension
to full English comprehension, as well as different levels of educationcamdmic
backgrounds, | implemented an approach that enabled the acquisition of data efficiently with
the least amount of biase®ple with no English comprehension required a translator or
interpreter. The senstructured interview approach provided aipendents with the
opportunity to explain their views in their own words and for the interviewer and translator to
understand fully the nature and context of a particular situdbimkrfian, 2005Hunter and
Brehm, 2003). Disadvantages of sestructurednterviews include time and financial
constraints to collect and analyse large amounts of information in this manner. Another
shortcoming of semstructured interviews is biased and prejudiced data being elicited by the
vantage point of the interviewer ahg the lucidity and articulacy of the respondent
(Dickman, 2005Dickman, 2008Glastonbury and MacKean, 1991). Particular subjective
responses to anticipaiaclude the exaggeration of losskse to livestock/crop depredation
the overestimation of loss and the tendency to attribute losses to problem animals, even if
other factors such as disease, poor soil conditions, low rainfall angvieedtcontributors
(Rasmussen, 1999). Despite these limitations, in Namibia (Marker et al., 2003; Schumann et
al., 2008), Kenya (Sitati et al., 2005), South Africa (Thorn et al., 2013; Thorn et al., 2015)
and China (Allendorf et al., 2012), structured questionnaires anesseraiured interviews
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have been successfully used to assess the impacts of deausgey ammals (DCAS) on
local communities, game and livestock farm@uskman, 2005Dickman, 2008 Some
scholars suggest that fostering trust with respondents assisted with elimexagggerations
and biasness (Dickman, 20@ickman, 2008Glastonbury and MzKean, 1991).

Each household or farm was selected as the sampling unit and visited once only.
Interviews were restricted to one respondent per household or farm to avoid
pseudereplication. At each rural community, permission to conduct the survey walstsoug
from the village chief, to whom the purpose of the survey was explained. The head or most
senior member present of the subsistence household was invited to participate in the survey
and advised that he or she could decline to participate for any reagaraw at any stage
during the interview process and decline to answer any quassonwished.

No financial enticements were offered, and interviewers conducted themselves
ethically, professionally and with respect. Participants were informethéaamight report
any complaints to theluman Research (Nekdedical) Ethics Committeer to Professor
Neville Pillay, the supervisor of this study at the University of the Witwatersrand,
Johannesburg.

All interviewees were adults of 21 years old and olédrinterviews were conducted
at the respondentés farm or household, and

complete. Questions that were not answered were classified as no responses.

Capturing and coding of questionnaire data

Thequestionnaire data were captured by manually entering the paper questionnaire
responses onto an electronic data fildicrosoft Excel. The responses were coded by
assigning predetermined codes to responses for further processing and analysis. The
capturng and coding process required the creation of a worksheet/spreadsheet template. Each
interview question was captured on a separate worksheet. The template included the study
guestion with column headings indicating the participant identity number, s eetponse
and a code for the response. The participant identity number was labelled according to the
location of where the survey was conducted and whether the participant was a commercial or
subsistence farmer. For example, GIYFCO0O01 referred to awimteconducted in Giyani
(GI1Y) with a commercial farmer (FC), while GIYFS001 referred to an interview conducted in
Giyani (GIY) with a subsistence farmer (FS). The goal was to transfer manually all data from
guestionnaire intaspreadsheet, where eacbpense occupied one cell. If the response was

multivalent, responses wereligpnto separate cells in consecutive rows. For example, if a
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respondent indicated rshel o s t

on a separate row and tparticipant identity number was repeated for each split for that

respondent. | developed and defined a set of coding categories for each question in the

igameo,

i | i, eaehscategorkappeaad d

Ap ot

survey. This required detailed interrogation of questionnaire transcripts, by reading and re

reading reponses to identify and label recurrent words, themes and concepts (Lindsey et al.,

2005). A list of the codes was created with a short definition or attribute for each code.

Responses were then fitted/slotted into one of the codes within this list (Liedsk, 2005,

White et al., 2005).

Most of the questions allowed for trichotomous answers, coded as yes, no and no

response, or agree, disagree and un3ire no response was also included to assess the full

spectrum of responses of subsistence andrancial farmer so as to foster trust during

feedback interviews, as suggested by other scholars (Dickman,l2008ey et al., 2005).

Other coded categories included biographical informafdiew questions were opesnded

(Lindsey et al., 2005, White at., 2005) to permit respondents to express their opinions,
beliefs and concerns in their own words, the results of which were reported as illustrated

guotes (Lindsey et al., 2005) and translated into English, if necessary. The global positioning

systemGPS) co

collected for each questionnaire could be displayed spatially (Fig. 1).

or di

nates

Framework and entent of the farmer survey

of t he

respondent 6s

The framework of the questionnaire was developed in consultatiorbwNtichelle

Thorn, a researchémom the Endangered Wildlife Trysttho previously piloted similar

guestionnaires on HWC. Dr Thopmovided advice on several elements of HWC, such as

common DCAs, characteristics of commercial farms that potentially affect depredation rates,

prevalent retaliatory practiceand factors influencing attitudes and perceptions to wildlife

and conservation issuadopted by farmers in South AfricBhe questionaire (Appendix 1)

was designed to record (and later assess) information regarding characteristics and attributes

of the respondent, farm or garden (Chapter 4), characteristics of reportec\vildtiéen

conflict (HWC) incidences, retaliatory or persecuatractices (Chapter 5) and attitudes and

opinions of farmers towards wildlife (Chapter 6).

The questionnaire was divided into four segments to address the aims and objectives

of chapters 4 t0.6

1) Demographic and socieconomic informatiofiChapter 4)A range of

demographic

var.i

abl

€es

wer e

col

ect ed,
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educational background, tribal group or ethnicity and religious affiliation, as well as the

number of people living in the household. Questions alsodeduletails concerning

household income to place into context the
and the relative i mportance of income from
livelihoods.

2) Details of livestock depredation or crogiding incidencegChapter 5)Key issues
covered during the interviews included details of the species involved in HWC and the
number of sightings of potential DCAs on the farm or in the gafenerify whether
subsistence and commerdatmers corretty identified DCAs, they were shown a series of
photographs of the chacma babdtapio ursinusAfrican wild dogLycaon pictusvervet
monkeyChlorocebus pygerythruseopardPanthera pardushoney badgeellivora
capensisand jackalCanisspp Interspesed with the photographs of the aforementioned
specis, were photographs of exotic animals and animals that are similar in appearance that
do not occur in the study area, such as the chimpdae&oglodytesdholeCuon alpinus
and jaguaPanthera oncgSupplementary material: Fig. S3) This approach has been used
in previous stuigsto evaluate the reliability of respondents to recognise local wildlife
(Dickman, 2005Dickman, 2008 In addition, all interviewers were able to correctly identify
the speas in the photographs, which ensured that correct species were capnlyed.
correctly identified responses were included in the data analysgscientific terminology
used in the questionnaire wer e eandirthaii ned t
home language if necessary,ensure that participants understood the question.

In addition, details regarding the approximate dates of such sightings, if repeated
sightings of such DCAs occurred and estimates of crop and livestock losses dttobute
problem animals (Appendix I) were included. Additionally, methods used to identify problem
animals, descriptions of persecutions and use of lethal ankkthah control methodsvere
queried (Chapter 5).

3) Farmstead and ecological informatig€@hapter 4)Questions concerning farm and
homestead attributes considered the size and proximity of farms to reserve edges, the
composition of farm holdings (crop, livestock, poultry, game or mixed farming), whether
these farms were fenced off or notdahso, were the fences wildlHeroof (e.g. electrified).
Although several environmental and ecological characteristics were considered by recording
their presence or absence on each farm, two physical elements of each farm warranted further
inspectonde t o their i mportance in predicting
reliance on irrigation to feed crops and grazing pastures of livestock. Fencing is believed to
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be an important tool to keep out wildlife, thus promoting coexistence (Késth 2015).
Poor fence construction and maintenance has been shown to increase incidences of HWC,
especially where PAs abut neighbouring communities (Anthony, 2007). Irrigation has been
shown to attract wildlife onto farmland and thus increase oppa#gsiidgr HWC (Thouless
and Sakwa, 1995), especially on unfenced farms.

4) Attitudes and opinions of the subsistence and commercial fataveasds wildlife
(Chapter 6)A list of questions regarding values towards wildlife was posed to interviewees
to gaugehe attitudes and opinions of farmers, which were subsequently investigated.
Specific methods for this segment such as the evaluation of attitudes and the construction of a
GIS Threat Index were developed (Chapter 6).

Questionnaire responses regardingnfstead attributes and ecological information
were verified by visually inspecting the fences and types of irrigation on the farm. Details
concerning the type of crop and vegetable cultivated as well as the composition of livestock,
game or poultry were eraned. Information regarding crop harvest and lambing or birthing
periods were also recorded through the questionnaire to examine the relationships between
levels of peak crop or livestock production and conflict (Chapter 5). The questionnaire also
requestd the respondent to comment on the presence or absence of items in a list of
complementary and environmental factors that are critical for farming and that may
contribute to agricultural output and livestock production. These questions queried the
presene or absence of soil erosion, veld fires, insect pests (on crops and livestock) and frost.
Other variables recorded were the presence or absence of disease (fungus on crops or disease
of livestock or game) and theft. In this part of the questionnairesamaental correlates of
HWC damagewvere thus considered.

The data extracted from the questionnaire responses were separated to follow the aims

and objectives of the respective chapters and do not follow the sequence of Appendix I.

Section B: Conservationpractitioner survey

Materials and methods

This study took place in the same broad geographic region as the farmer survey in Section A,
and a detailed map of respondent distribution is provided in Chapter 7. In total, 49

conservation practitionergeresampledTable 2).
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Table 2. The name of the conservation authority with which the conservation practitioners
that participated in the study were employed andthmber of participating conservation
practitioners.

Parks board/authority Province Sample ste
Limpopo Tourism and Parks Board Limpopo 17
Mpumalanga Tourism and Parks Agency Board | Mpumalanga 9
Ezemvelo Nature Reserve Mpumalanga

Ndumo Game Reserve and Tembe Elephant Park KwaZulu-Natal 15
Mkuze Game Reserve KwaZulu-Natal

Phinda Gam&eserve KwaZulu-Natal

Total practitioners sampled 49

Data collection, interview methods and sampling procedures were identical to those
outlined in Section A with a few distinctions that are discussed here. This study examined a
variety of factorsaffecting wildlife monitoring, in addition to assessing the attitudes and
opinions of conservation practitioners. Conservation practitioners employed at PAs
(individuals involved the management of ecological resources, sushvassity or
technikon traied individualdn the fields of Zoology, Botany, Nature Conservation or
Ecotourism Managemerdandexcludel maintenance workersjithin the study area were
sent electronic invitations to participate in this study through professional societies such as
the South African Wildlife Management Association, the Endangered Wildlife Trust and
various tertiary institutions. Respondents were invited either to complete the questionnaire
themselves or to participate in a sestructured interview. Anticipated subjedivesponses
from participants included exaggerations of community engagement and understatements of

the transboundary movement of wildlife (Rasmussen, 1999).

Framework and content of the conservation practitioner survey

The framework of the questionnaiwas developed at thetset of this study, in
consultation with several conservation authorities from the Endangered Wildlife Trust who
provided advice regarding several elements of community conservEtiemuestionnaire
(Appendix Il) was designed gather information regarding characteristics of the respondent
and PA attributes. In addition, characteristics of interactionslagdd human communities
wildlife monitoring and attitudes and opinions of conservation practitioners towards local
people ad communities were recorded. The questionnaire was divided into four categories to

address the aims and objectives of Chapter 7
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1) Demographic and socieconomic informationnformation using the same
categories for demographic information as in the farmer survey was collected.

2) Protected area and ecological informatiddetails concerning the physical
attributes of the reserve or PA were considered, such as the size@xinuity of the reserve
to farms or local communities, whether the reserve was fenced or not, and if so, was the
perimeter fence wildlifgoroof (i.e. electrified). The questionnaire also requested the
respondent to comment on the presence or absencensfiitea list of abiotic factors that are
indicative of veld condition and carrying capacity of the reserve, such as rainfall, soil quality,
disease or parasites, heat stress and tannin toxicity. These abiotic factors could potentially
affect forage qualitynd availability, which has been shown to promote ttamsdary
movements of wildlife in search of food and water (Holmern et al., 2007). Another variable
investigated was the prevalence of poaching, which could affect attitudes of conservation
practitioners towards local people living near PA boundaries.

3) Details of wildlife diversity and wildlife monitoringhformation collected included
details and numbers of ungulate species stocked and the presence and approximate numbers
of potential DCAs. Detasdl regarding the implementation of wildkfand perimetefence
monitoring were also considered, as well as the prevalence of specific animal damizage
authorities.

4) Interactions with farmers and communiti&és this segment of the questionnaire, a
variety of interactions between conservation practitionerdamad human communities
living near PA borders were examined, sasthe frequency of communication; the
implementation of environmental education anchmunity engagement programmes; and
opinions concerning communityasednaturatresourcenanagement (CBNRM).

Environmental education (EE) programmes refer to the teaching of local people and
communities living contiguous to protected conservation areag Abw ecosystems

function and how to manage their behaviour to live sustainably, thus enhancing
environmental awareness. Community engagement programmes refer to meetings between
conservation authorities and local people and communities living near PWdraes in order

for parties to gain knowledge of the natural environment and the hardships faced by the
community, to bring awareness to the associated challenges and problems and to engage in
solutions to such problems.

The guestionnaire requested thep@ndent to comment on the presence/frequency or

absence of these programmes. A list of questions regarding values tawatdsiman
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communitiesaaround PAs and wildlife was also presented to respondents to gauge the

attitudes and opinions of conservatactitioners.

The data extracted from the questionnaire responses were separated to achieve the

aims and objectives of Chapter 7 and do not conform to the sequence of Appendix

Section C: Dataanalysis

This study presents both descriptive and quantitative analyses. Descriptive qualitative

summaries for reporting statistics concerning language, ethnicity and relrgiprovided
All quantitative analyses were performed using the statistical softwaeesin 3.1.3 (R

Core Team, 2015, https://craiproject.org/bin/windows/base/old/3.1.3/). Bar plots we

re

produced through the R software GrapheR extension versiegg#X19ervé, 2011). For all

tests, coefficient estimates, including the residual degrefeseafom, standard error, z

statistic and correspondingvRlues, were generated through a generalised linear mixed

model GLMM) fit by maximum likelihood (with Laplace approximation) for both fixed and

random effects using an Ime4 extension (Bates e2Gl5) for fitting mixedeffects models.

A GLMM is appropriate to assess the impact of HWC on the two farming groups,

becausét is an extension to the generalized linear model, containing random effects (e.g.

farm location) in addition to the typical &xl effects (e.g. subsistence and commercial

farmers). All GLMMs performed were fitted via maximum likelihood, equivalent to the

Akaike information criterion (AIC). The GLMM allows the specification of models whose

response variable follows norormal/errod i st ri buti on (e. g.

(Poisson) from the questionnaire, which can have many zeros or no responses), or

count s

binary

distributions (yes/no responses). In addition, the GLMM allowed me to examine differences

between and within farm# Poissorerror structure with a log link functiomas usedor

count datahroughout th&sLMM analy®s, except for binary data, in which case binomial

distribution was used with the log link functidmecause continuous responses could be

exaggerated.

Throughout the thesis, farmer type refers to subsistence and comifeerigis

(fixed variables)When examining regional/location variations in farming practices (for

example, when subsistence farmers were surveyed in Mkuze) this was factored into the

arnalysis by modifying the R Code (indicated by 1|Ldr)addition, | specified the script

family=binomial for the GLMM whenever the response variable was bibstailed
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information regarding the arrangement and analyses of variables and covariates; used f
each experimental chapter is included under specific melbgygland cata analysis segments
within these chapterdNotably, | refer to the following variables as covariates in the thesis:
number of respondents experiencing HWC, household size, housetuitke, the number of
farms affected by crop raiders or livestock depredators, environmental challenges, presence
or absence of irrigation, presence or absence of electrified fel@nh.model was set up
according to the fixed and random factors bemgstigated and the explanatory and

response variable was not static or the same for each investigation.

Section D: Geographic information system map constructions

The latitude and longitude awrdinates of the GP&o-ordinatedor each interview
were captured separately for importation into Quantum GIS (QGis) 2.8.1 for GIS analysis.
The shape files of major national and provincial nature reserves were obtained from the South
African National Biodiversity Institute (SANBI), Biagersity Geographic Information
System (BGIS) database (http://bgis.sanbi.org/index.asp?screenwidth=1600). The shape files
of PAs were used as a base layer and opened first, onto which interview GPS data points
from the questionnaires were overlaid to thypgHWC spatidly in north-easterrSouth

Africa.
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Appendix | T Farmer questionnaire

CONSENT FORM
UNIVERSITY OF WITWATERSRAND
SCHOOL OF ANIMAL, PLANT AND ENVIRONMENTAL SCIENCE
PhD STUDY QUESTIONNAIRE CONSENT FORM

Date :

Questionnaire Number: Location:

Hello, my name is Nimmi Pillai and | am a PhD student at the University of the Witwatersrand in Johannesburg. |
would like to invite you to participate in my research project about the interactions between farmers and wildlife
that live in this area.

This form is to confirm that you have understood what my study is about and that you are willing to participate in
it. Either you can sign your consent yourself at the bottom of the form or | can sign that you have given me
permission to proceed with the interview that will take no more than 30 minutes.

CONSENT

| hereby agree to participate in the survey study on human-wildlife conflict. | understand that | am participating
freely and without being forced in any way to do so. | also understand that | can stop this interview at any point
should | want to discontinue and that this decision will not in any way affect me negatively.

| understand that this is a research project whose purpose is not necessarily to benefit me personally.

| have received the telephone number of a person to contact should | need to speak about any issues, which may
arise in this interview.

| understand that my participation will remain confidential.

| understand that if at all possible, feedback will be given to my community on the results of the completed

research.

Signature of participant Date

Signature of researcher:

(This document and the questionnaire will be translated into the first language of the participant if required)
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INFORMATION SHEEHARMER SURVEY
UNIVERSITY OF THE WITWATERSRAND

SCHOOL OF ANIMAL, PLANT & ENVIRONMENTAL SCIENCES
HUMAN-WILDLIFE CONFLICT QUESTIONNAIRE SURVEY
Information Sheet

Hello, my name is Nimmi Pillai, a PhD student at Wits University, and | would like to invite you to participate in a
guestionnaire survey. In advance, thank you for agreeing to take part in this study- your time is appreciated! If
you belong to a rural community then you have been selected as a potential respondent as | am stopping at
every second house. If you are a commercial farmer then you have been selected from an agricultural database.
Your participation in this survey is completely voluntary and if you choose not to take part, you will not be
penalised.

The survey is part of a PhD study at Wits University. | am studying the interactions between farmers and animals.
| hope that this survey will do good to your community and help protect wildlife as well.

| want to gather information about your farm/garden, if your crop/stock is damaged by wild animals, how you
react to these damages, and how you feel about wild animals. Your answers will help find out when, where and
how often this conflict happens and how the people working for Parks can help you. The study will also tell us the
cost of this damage and how this may affect food shortage. | will also use this information to find ways to resolve
the problem.

I will be asking you some questions about the crops you plant, where you plant them and what problems you may
face with how much you are able to produce. | will also be asking some basic questions about the household to
gather information about work and income. | will ask questions about your livestock and if you experience any
loss of these animals due to wildlife. Lastly, | will ask to see your garden or farm and measure its size, as well as
the area of any damages you may have experienced during the growing season.

The survey will take about 30 minutes to complete. Should you wish to complete this survey anonymously, and
have the means, please fax the completed questionnaire to 086 653 1404. Great effort will be made to keep your
personal information confidential. Contact details are only required so that the research team can give feedback
on survey results. The research team may want information for further research studies to see any changes over
time. Contact information will only be shared within the research team. Your responses cannot be associated with
your identify. If you feel uncomfortable at any stage you may stop and this will not be a problem.

If you have any further questions about the project please feel free to contact my supervisor, Professor Neville
Pillay on (011) 717 6459; Neville.Pillay@wits.ac.za or you may call me on 072 2381404. You may also report any
complaints to the Human Research Ethics Committee at the University of Witwatersrand, Johannesburg.

Thank you very much for your help and time.

Nimmi Seoraj-Pillai
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QUESTIONNAIREARMER SURVEY

Please answer where applicable FARMER®S SU
Interviewer(s): Date:
Interviewee:

Title First name Surname

Participant information

1. What is the main use of your farm/garden? A (Commercial) / sell your crop/livestock
A (Subsistence) / Food for your family A Leisure

2. Position: A Head of household A Owner A Manager A Employee

A Other (please specify)

3. Village/ Farm name: 4. Farm Number:

5. What is your first language?

6. Postal/Email address:

7. Contact number:

8. Do you live at your village/ farm? A Yes A No

9. How long have you owned/worked at the village/ site: years months

10. What tribal group or ethnicity do you belong to?

A No response

11. What religion do you practice?

A No response

12. What is your highest level of education?

13. If you are not the head of the household, please state the a) age b) gender and c) highest level of education
for the head of this household:
a) b) c)

14. What is the total household income per month?

A <R500 A R500- R1000 A R1000- R5000 A R5000- R10 000 A >R10 000
A No response

15. How many people live at this household?

Farm attributes
16. How large is your farm/garden: mxm
17. Does your village/farm border a game park or protected area? A Yes A No

18. If yes, how often do you talk to or get communication from the conservation staff that work there?

19. Do you have a fence around your farm/garden? A Yes A No

20. Is your fence wildlife-proof? A Yes A No

21. Which crop/animal do you farm with?
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A Livestock A Game A Maize A Wheat
A Vegetable (Tomatoes/ potatoes) A Homestead garden
A Other (specify):

22. If you plant crops, when do you harvest your crops?

23. If you farm with livestock/game, what time(s) of year are the lambs born?

24. Do you use artificial irrigation or do you rely on rainfall?

25. Do you have any of the following problems on your village/ farm?

A Flooding A Bad sandy soil A Soil erosion A Veld fires
A Disease/ parasites A Insect pests A Fungus on crops A Theft
A Frost A No problems A Other

26. How much profit do you make a year?
A <R500 A R500- R1000 A R1000- R5000 A R5000- R10 000 A R10 000- R50 000

A >R50 000 A No response

Depredation, retaliatory practices & attitudes to wildlife

27. Which of the following animals were present at your farm/garden in the last year? Did you see the animal or
only its tracks/ droppings, rough dates of sightings, and numbers seen?

Species sighted Animal Tracks/ Date sighted Number sighted
sighted droppings
Baboon A A
African wild dog A A
Vervet monkey A A
Leopard A A
Honey badger A A
Jackal A A
Other (specify) A A

28. Have any of your crops/livestock/game been damaged by wild animals in the last year?

A Yes ANo

29. If yes, which animals/crops were damaged, how many/how much, estimated damage, which species you
think were responsible, and what evidence made you think so:

For Crop farming

Type of How much damage| cost of damage | Animal responsibl Evidence
crop damaged

For Livestock or Game farming

estock/ Game damage No. of animals damage{Animal sale price| Animal responsibl Evidence
(estimate)

82



CHAPTER THREE

2944  30. Did you ask anyone to help with the problem? A Yes A No. If yes, who?
2945

2946  31. Have you killed any problem animals in the last year? A Yes A No A No response

2947  32.1f no, are there any reasons why you did not kill the problem animal?

2948  33.If yes, please indicate which animals were killed, how many of each species, and method(s) used:

Animal killed Number Method

2949

2950  34. Why were they killed?
2951

2952

2953  35. How much did it cost to kill the animal (staff costs, transport, and equipment)?

2954

2955

2956  36. Did you use any ways that were not harmful to animals to protect your crops/livestock/game?
2957 A Yes A No

2958  If yes, how much did this cost?

2959  37. What do you think about the following statements? Please tick one that suites you best.

What do you think about the following? Strongly . Strongly
Agree Agree | Unsure | Disagree Disagree
A A A A A
There are good things about wild animals
: . , . . ) A A A A A
Wild animals bring tourists and this is good for our community/ farm
i ) A A A A A
| want to learn more about environmental education
i : o A A A A A
| want to see fewer wild animals in this village
. A A A A A
Problem animals cost me money
A A A A A
Problem animals are pests and take far more than they need
. . _ A A A A A
Ani mals are Godds creation and we
. : A A A A A
| want to learn more about non-harmful ways to keep wild animals away
- ) A A A A A
Wildlife should be kept only in fenced off areas
L : : : A A A A A
It does not matter if wild animals kill a few of my animals/ destroy some
of my crops
. . . A A A A A
If you remove/kill a problem animal, another one will return
- . . . A A A A A
Killing problem animals is cheaper than protecting my crops/stock
in other ways

2960  38. Are there any wild animals that you would like to see on your village or farm?
2961 A Yes A No A No Response

2962  39. Which wild animals would like to see on your village or farm?

2963

2964

2965  40. Please give a reason for your answer?

2966

2967  41. How would you like people working for Parks to help you?
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For official use:

Locality:

GPS coordinates: S

Thank you for your time!
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Appendix Il i Conservation practitioner questionnaire

CONSENT FORM
UNIVERSITY OF WITWATERSRAND
SCHOOL OF ANIMAL, PLANT AND ENVIRONMENTAL SCIENCE

PhD STUDY QUESTIONNAIRE CONSENT FORM

Date :

Questionnaire Number: Location:

Hello, my name is Nimmi Pillai and | am a PhD student at the University of the Witwatersrand in Johannesburg. |
would like to invite you to participate in my research project about the interactions between people working in
conservation and the communities that border protected areas.

This form is to confirm that you have understood what my study is about and that you are willing to participate in
it. Either you can sign your consent yourself at the bottom of the form or | can sign that you have given me
permission to proceed with the interview that will take no more than 30 minutes.

CONSENT

| hereby agree to participate in the survey study on human-animal conflict mitigation. | understand that | am
participating freely and without being forced in any way to do so. | also understand that | can stop this interview at
any point should | want to discontinue and that this decision will not in any way affect me negatively.

| understand that this is a research project whose purpose is not necessarily to benefit me personally.

| have received the telephone number of a person to contact should | need to speak about any issues, which may
arise in this interview.

| understand that my participation will remain confidential.

| understand that if possible, feedback will be given to my community on the results of the completed research.

Signature of participant Date

Signature of researcher:

(This document and the questionnaire will be translated into the 1t language of the participant if required)
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RESPONDENT INFORMATION SHEET- CONSERVATION PRACTITIONER SURVEY
UNIVERSITY OF THE WITWATERSRAND
SCHOOL OF ANIMAL, PLANT & ENVIRONMENTAL SCIENCES
HUMAN-ANIMAL CONFLICT QUESTIONNAIRE SURVEY
Information Sheet

Hello, my name is Nimmi Pillai, a PhD student at Wits University, and | would like to invite you to participate in a
guestionnaire survey. In advance, thank you for agreeing to take part in this study- your time is appreciated! You
have been selected as a potential respondent through a scientific liaison officer at your place of work or due to
your position in the field of Wildlife Conservation derived from a Professional database. Your participation in this
survey is completely voluntary and if you choose not to take part, you will not be penalised.

The survey forms part of a collaborative study between Wits University, the Endangered Wildlife Trust, the
National Research Foundation and Tshwane University of Technology. This study aims to quantify conflict
between co-existing subsistence farmers and animals. We are also investigating the experiences of commercial
farmers with problem animals. We are interviewing individuals working for Conservation organisations or Game
parks to evaluate their attitudes to and experiences with subsistence and commercial farmers. We hope that this
survey will benefit rural communities, whilst protecting biodiversity.

The aim of the questionnaire is to gather information about your reserve. The information will help us find out how
conservation managers feel about farmers/communities, and allow us to inspect their monitoring programmes,
identify conflict hot spots and find ways for conservation managers and communities/ farmers to interact and
cooperate much better. Your answers will help find out when, where and how often this conflict happens. We will
also use this information to find ways to resolve the problem.

The survey will take about 30 minutes to complete. Questionnaires answered via email can be returned to
seorajpillayn@tut.ac.za. Should you wish to anonymously return the questionnaire you may fax it to 086 653
1404. Great effort will be made to keep the information confidential. Contact details are only required so that the
research team can give feedback on survey results. In addition, the research team may want information for
further research studies to see any changes over time. Contact information will only be shared among members
of the research team. If you choose to participate in this survey, you will not be prejudiced in any way. Your
responses cannot be associated with your identify. If you feel uncomfortable, at any stage, you may stop and you
will not be penalised in any form.

If you have any further questions about the project please feel free to contact my supervisor, Professor Neville
Pillay on (011) 717 6459; Neville.Pillay@wits.ac.za or you may call me on 072 2381404. You may also report any
complaints to the Human Research Ethics Committee at the University of Witwatersrand, Johannesburg.

Thank you very much for your help and time.

Nimmi Seoraj-Pillai
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QUESTIONNAIRE- CONSERVATION PRACTITIONER SURVEY

SURVEY: PEOPLE WORKING IN

CONSERVATION
Interviewer(s): Date:
Interviewee:
1. Title First name Surname:

Participant information
2. Which conservation body do you work for?

A National Park A Game Reserve A Private Reserve A Non-governmental organisation

A Other (please specify)

3. What is your occupation?

4. What is your first language?

5. Postal/Email address:

6. Contact number:

7. GPS coordinates: S E

8. How long have you worked in conservation? years months

9. What tribal group or ethnicity do you identify with? A No response
10. What religion do you practice? A No response

11. Do you have any formal qualifications related to your position? A Yes A No
A No response
Reserve attributes

12. Total size of the site: A m2/A ha 13. Elevation: m

14. Predominant terrain: A Hilly A Flat A Other

15. Does this reserve border a rural community/village/farm? A Yes A No

A 16. If yes, how often do you interact with these people?
A Weekly A Every twee weeks A Monthly A Every 6 months
Once a year A Once every two years A Other

17. Does the reserve have a perimeter fence? A Yes A No
18. Is the perimeter fence electrified? A Yes A No

19. What is the predominant biome of the reserve?

A Grassland A Scrub A Savannah Woodland A Mixed bushveld

A Cultivated fields A Wetland A Other (specify):

20. Which of the following conditions/problems do you experience on your reserve?
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A Low/high rainfall A Flooding A Poor veld condition

A Soil erosion A Veld fires A Diseasel/ parasites
A Poaching A Tannin/alkaloid toxicity

A Other (specify):

21. Which antelope species are present on your reserve and in what numbers?

Antelope species Numbers

22. Which of the following species on your reserve?

A Baboon A African Wild dog A Vervet monkey
A Leopard A Honey badger A Cheetah

A Lion A Jackal A Hyena
A Other (specify):

23. What is the carrying capacity of the reserve?

24. Is the reserve within its carrying capacity

25. Does the reserve have enough manpower and funds to maintain perimeter fence?
A Yes A No

26. How often is your perimeter fences checked for wear and tear?

27. How much money is spent on perimeter fence maintenance?

28. Do you implement trans-boundary monitoring at the reserve? A Yes A No

Please provide a reason for your answer.

Interactions with farmers and communities

29. Do you communicate with farmers bordering your reserve?

A Yes A No

30. Do you communicate with rural communities bordering your reserve?

A Yes A No

31. If yes, how often do you liaise with farmers and rural communities bordering your reserve?
32. Does your reserve have any community engagement programmes implemented currently?
A Yes A No
33. If no, why?

34. If yes, please give details
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3114
3115
3116  35. Does your reserve have any environmental education programmes implemented currently?
3117 A YesA No
3118  36. If yes, why?
3119  37.1If no, please give details
3120
3121
3122
3123  38. What percentage of local communities is employed at the reserve?
3124
3125
3126  39. What do you think of community-based-natural-resource-management?
3127
3128
3129  40. Do you have a specific animal-damage-control authority at your reserve? A Yes A No
3130  41. If no, how do you deal with human-animal conflict issues?
3131
3132
3133
3134
3135  42. What do you think about the following statements? (Please tick one that suites you best)
What do you think about the following statements? Strongly . Strongly
Agree Agree | Unsure | Disagree Disagree
- . . A A A A A
Wildlife plays a very important part in our ecosystem
- . A A A A A
Wildlife attracts ecotourism
. . A A A A A
Agriculture wastes natural habitats
: A A A A A
Poverty is not my problem
- A A A A A
Poachers are criminals
- i . A A A A A
Rural communities should benefit from tourism revenue
. - , , A A A A A
Educating communities will benefit the reserve
. A A A A A
Rural communities can make use of natural resources from/on the reserve

3136
3137
3138

Please return electronic responses to seorajpillayn@tut.ac.za

Thank you for your timel
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3145
3146 Figure S3.Photographs used to verify the identification of wild animals listed in

3147 Question 27(photographsourced from Google imagéd3igital image. n.d. InGoogle

3148 Retrieved from: https://www.google.co.za/images. (accems€8.04.2012. Species top left
3149 to bottom right:Chacma babooRapio ursinusJaguaPanthera oncaChimpanze®an

3150 troglodytes Vervet monkeyChlorocebus pygerythru®holeCuon alpinusBlackbacked
3151 jackalCanis mesomelaseopardPanthera pardusSkunkMephitidaespp., Honey badger
3152 Mellivora capensisind African wild dod_ycaon pictus
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CHAPTER FOUR

Predictors of humanwildlife conflict on subsistence and commercial farming practices

in north -eastern South Africa

Abstract

There is anecdotal evidence that hurmaldlife conflict, combined with several
environmental and socieconomic challenges, may pose a tangible threat to subsistence
farmers compared with commercial farmers, but no studies have made direct comparisons
betveen these two farming types. | investigated how subsistence and commercial farmers
were affected by humawildlife conflict in selected agfpastoral farmland in nortbastern
South Africa. | used senrstructured questionnaire interviews and inspectigoremises to
obtain information regarding the demographic and physical attributes of subsistence
households and commercial farms that were important predictors @é¢berence andcale
of humanwildlife conflict. Of the 249 farmers interviewed, 56% @ihemercial farmers (n =
64 of 115 interviewed) and 81% of subsistence farmers (n = 109 of 134 interviewed) reported
conflict with wildlife. Subsistence farmers suffered the greatest number ctleprpdation
incidences compared with commercial farmerdlatadylocations There was no significant
difference in the number of livestodepredation incidences experienced by subsistence and
commercial farmers. However, location differences existed, with Giyani and Komatipoort
(predominantly rural areas ofetLimpopo and Mpumalangaovinces respectively)
reporting a significanthgreatemumber of livestock depredation incidences than other
sampled area&oth subsistence and commercial farmers with larger households reported a
significantly greater numbeif eicidences of humawildlife conflict than smaller
households. Consistent with my prediction, subsistence farmers reported a significantly
greatemumber of environmentaklated challenges(ch as insect pests, soil erosion and
theft) than commercialdrmers.The use of artificial irrigation was associated with
significantly higher incidences of conflict for both subsistence and commercial farmers. My
findings also indicated that the absence of electrified fences increased opportunities for
humanwildli fe conflict, especially for subsistence farmers. Huwédlife conflict appears
to affectsubsistence and commercial farmers in different ways, determined by the type of

farming commodity, i.e. crops, livestock or poultwith a particular subset of prietbrs
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exacerbating humawildlife conflict, including crop farming, large households,
environmentatelated challenges and the lack of electrified fencing.

Keywords artificial irrigation, depredators, electrified fencing, households, questionnaires

Introduction

The rapid growth of the human population has forced food production systems to
transform indigenous habitats into heterogeneous agricultural farmland, primarily for
livestock and crop production (Thornton et al., 2011) through commercialr(aeim et al.,
2008) and subsistence (Dickman, 2010) farming. These farming practices are expected to
increase in Africa to sustain an additional predicted one billion people by 2050 (Thornton et
al., 2011). In a metanalysis review of humamammal and b conflict (Chapter 2), |
showed increased reporting of hurmaihdlife conflict (HWC) in developing countries. The
findings of the metanalysis shoedthat rural Africans and Asians were more regularly
affected by encounters with damagpausing animals (DAs) and acts of crop and livestock
depredation compared with developed countries, although this could be attributed to better
reporting as opposed to increased incidences of HWC.

Humanwildlife conflict occurs when the resource requirements of humans and
wildlife (undomesticated terrestrial vertebrate and invertebrate animals) overlap, prompting
competition for food, habitat and water and the ensuing tension between people and wildlife
authorities (Woodroffe et al., 2005). Previous studies maintain \&t Fhay not
compromise commercial agricultural production (Hill, 2000) but is a tangible threat to the
marginal livelihoods of poor subsistence farmers (Hill, 2000; Silleroiri and Switzer,

2001) who additionally face seveherenvironmental and sasieconomic problems.
Degradation of cropland and pasture is severe in developing countries due to heat stress, soil
erosion, salinisation and erratic rainfall (Naseem and Kelly, 1999). In addition, disease and
insect pests (Deng et al., 2009) together withaforementioned abiotic factors markedly

impede food production (FAO, 2015; Turpie et al., 2002), and this may cascade into food
insecurity, especially for subsistence communities who have limited income to buffer the
effects of adverse environmentatfors (Kates and Dasgupta, 2007), thus aggravating HWC.

The natural habitats of many wild animal populations, for example large carnivores
(Dickman, 2010) and primates (Hill, 2000), overlap with some of the poorest subsistence

households (Dickman, 2010 addition, the close proximity of these subsistence
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3218 communities to protected areas (PAS) elicits frequent encounters between wildlife and

3219 humans, warranting the implementation of mitigation measures such as fencing and field
3220 guards (Hemson et al., 200®)protect crops and livestock from DCAs. However, wildlife
3221 proof fencing, for example, is expensive and not an option for poor homesteads (Hemson et
3222 al., 2009). Electrified fencing in particular has been shown to deter DCAs and reduce HWC
3223 incidences effetively (Hayward and Kerley, 2009; Sapkota et al., 2014). Hence, the

3224 prevalence of electrified fencing could correlate negatively with H@l@ted damage and

3225 thus increase the scale of HWC experienced by subsistence farmers compared with

3226 commercial farmers

3227 The potential consequences of HWC are exacerbated by a lack of alternate income,
3228 especially for large households of subsistence farmers (Dickman, 2010). For example, the
3229 loss of even one livestock animal through depredation can have a substantiaLipopact

3230 such households (Mishra et al., 2003). Moreover, PA authorities, especially in developing
3231 countries, do not have the capacity to compensate farmers adequately for damages induced by
3232 DCAs (NaughtorTreves, 1999). Consequently, subsistence farmers wehofin living in

3233 poverty find it difficult to accept biodiversity conservation of wildlife, particularly regarding
3234 DCAs (DeGeorges and Reilly, 2008), and have a low tolerance towards wildlife (Treves,
3235 2006). Poverty, household income and household sizemgportant sockeconomic

3236 predictors of the scale of HWC (Ogra, 2008; Treves, 2006) in addition to the scarcity of
3237 critical farming resources such as fertile soil and water, all of which serve to amplify HWC
3238 (Treves, 2006).

3239 Unique toSub-Saharan Africare game farmsyhich aredefined as places where

3240 wild ungulates are raised for hunting and venison production (Cousins et al., 2008).

3241 Currently, here are approximately 9 000 game ranches and about 15 000 mixed game
3242 livestock farms in South Africa (Cousins et al., 2008; McGranahan, 2008). Livestock losses
3243 due to humastarnivore conflict on commercial farms Sub-Saharan Africa are estimated to
3244 b e 5%f a cattlBos taurusherd per farm per year (Butler, 2000; Thorn et al., 2012), while
3245 game farmers could potentially lose up to 50% of their wild ungulate calf population per farm
3246 per year (Cousins et al., 2008). It is assumed that commercial ganmegdavould have more
3247 resilience to depredation (Butler, 2000) than subsistence farmers, but if rare or expensive
3248 game and livestock species such as the Fdppotragus equinuand stud cattlBibosspp.

3249 are predated, the economic losses to commercial mers could be substantial (Van

3250 Niekerk, 2010). This may potentially affect the scale of HWC experienced by commercial

3251 game farmers compared with subsistence farmers.
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3252 South Africa comprises a dichotomy of fusbrld and thirdworld economies

3253 occurringside by side, and coupled with one of the highest levels of biodiversity in the world,
3254  South Africa affords a unique opportunity to investigate the impacts of HWC for commercial
3255 (including livestock and game farming) and subsistence farmers. In South, Asimmercial
3256 farmers own 85% of arable farmland (Armstrong et al., 2008), while subsistence farmers
3257 occupy only 15% of arable land. Most subsistence farmers are compressed into severely
3258 degraded land (Cock and Fig, 2000; Khan, 1994) and secluded froong@cqrospects

3259 (Armstrong et al., 2008). According to Statistics South Africa (2015), in 2014, commercial
3260 farming generated R30 billion (~US$215 million) in profits. In contrast, 58% of people living
3261 in rural areas whose dominant livelihood strategy isisténce farming (Armstrong et al.,

3262 2008) live below the poverty line (US$1.25 per dByornton et al., 2011; World Bank

3263 2013).

3264 Similarities and differences between subsistence and commercial farmers in South
3265 Africa are likely to occur irthe impact ofind resilience to HWC. Although HWC has been
3266 relatively well documented in South Africa (Thorn et al., 2012), | am not aware of any

3267 studies that compare or quantify losses due to the impact of problem animals on coexisting
3268 subsistence and commercial farsi@ommercial livestock and game farmers in South

3269 Africa have received greater scientific attention (DeGeorges and Reilly, 2008), which creates
3270 an unbalanced assessment of HWC in South Africa. For example, a questionnaire survey
3271 estimated that the annualst accrued from depredation to the South Africammercial

3272 livestock and game industry collectivelyas approximately US$170 million (Van Niekerk,
3273  2010). In addition, it appears that only commercial farmers receive compensation for

3274 livestock damages iBouth Africa (e.g. South African Cheetah Compensation H@illiers,

3275 2003). Yet, little is known about how rural South Afncubsistence households, the most
3276 politically disenfranchised (Cock and Fig, 2000; Khan, 1994) and economically vulnerable
3277 groups of people, are affected by HWC (DeGeorges and Reilly 2008; Mwakatobe et al.,
3278 2014).

3279 In this study, | focus on the scale of HWC for subsistence and commercial farmers in
3280 the same geographic location to account for regional differences in exposure totdWC a
3281 DCAs and biogeographical differences in food production. This study was limited to three
3282 provinces located in norkastern South Africa, namely Limpopo, Mpumalanga and

3283 KwaZulu-Natal, which are abundant in agricultural resources (Statistics South,X0Iit).

3284 These provinces are also biodiverse (DeGeorges and Reilly, 2008) and are home to numerous
3285 PAs (Anthony, 2007).
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3286 Traditional definitions of HWC include retaliatory killings or deliberate persecution
3287 of wildlife (Thorn et al., 2012) by affected farnsgHill, 2000) due to damage to property,

3288 threats to human safety, cro@iding and livestoclandbr poultry depredation by wildlife.

3289 My study specifically reports incidences of wildlife depredation of crops and livestock that
3290 may possibly lead to retatian by peopleigniting the phenomenon of HWC.

3201 Theprimaryaim of my study was to investigate how subsistence and commercial
3292 farmers that ranched or cultivated in the same geographic area were affected by HWC in
3293 selected localities of nortbastern SouthAfrica. In addition, | investigated how

3294 environmentatelated challenges such as irrigation, electrified fencing, soil erosion, insect
3295 pests and thefaffect crop and livestock production on subsistence and commercial farms. To
3296 achieve these aims, | used sestructured questionnaire interviews of subsistence and

3297 commercial farmers and inspected various demographic and physical attributes of subsistence
3298 households and commercial farms that are important predictors of the scale of HWC. These
3299 included household size and income, use of artificial irrigation and type and condition of
3300 fences. | made two predictiork) subsistence farmers would experiemggnificantly

3301 highernumber ofincidencesegardingcrop and livestock depredation by problem animals

3302 than commercial farmers. This may be due to their impoverished circumstances, the close
3303 proximity of rural settlements to PAs and the lack of funds to taaimdequate livestock

3304 and crop husbandry containment such as fen@ngubsistence farmers would experience a
3305 greater number of environmentalated challenges that affect crop and livestock production
3306 than commercial farmers.

3307

3308 Materials and methods

3309

3310 Data for this chapter were extracted from survey responses to the questionnaire used
3311 in Chapter 3 (Appendix I), and detailed methodology concerning data collection, sampling
3312 procedures, interview methods, general statistical analysigesngtaphiaénformation

3313 system(GIS) methodology is provided in Chapter 3.

3314

3315 Data analysis

3316 Detailed quantitative statistical analysis methodology is provided in Chager 3.

3317 Poisson error structure with a log link function was used¢ount datahroughout the

3318 GLMM amalyses, except for binary data, in which case binomial distribution was used with
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3319 the log link function, because continuous responses could be exaggénatddkuze

3320 (subsistence farmer data available only) and Waterberg (commercial farmer data available
3321 only) depredation data were removed from location analyses because no comparative data
3322 was available.

3323

3324 Household size and household income analyses

3325 To compare the household size or the household income of subsistence and

3326 commercial farmers, | ran a generalised linear mixed model fit by maximum likelihood test
3327 (GLMM) from the Ime4 package. The model compared figédct parameters (subsistence
3328 and commercial farmers) ancandom factorglocality: to account for unbalanced sampling of
3329 subsistence and commercial fajraad covariatesnumber of respondents experiencing

3330 HWC, household size and household income) in a linear predécpredictor that

3331 incorporates the information about the independent/fixed variables into the GLMM model)
3332 via maximum likelihood. The GLMM model can analyse count datadthabt assume a

3333 normal distribution. | adapted the guidelines provided by Ogra (2008) for classifioation

3334 household size, where a small household contained one to four occupants or members, a
3335 medium household contained five to six members and a large household contained seven or
3336 more occupantdncome brackets were compared to assess differences between the

3337 proportion of respondents (subsistence and commercial) who claimed to earn in the poorest
3338 income group (<R500/month) and other income ranges (HBODO00/ month). In addition,

3339 | also assessed which was the most common household income per month.

3340

3341 Examindion of the number of crop and livestock depredation incidences for subsistence and

3342 commercial farmers

3343 | analysed the type of farmer (subsistence or commercial) that experienced the

3344 greatest number of crop and livestock depredation incidences using a GLMhth the

3345 fixed-effect parameters were subsistence and commercial farmers, angdnatesvere

3346 the number of farms affected by crop raiders or livestock depredators, as well as the locality
3347 of each farmefrandom factors)These factors were considd because they could account

3348 for variance in the fixed variables.

3349
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3350 Examination of complementary and environmental factors

3351 | examined two extrinsic factors using a GLMM model, the use of artificial irrigation
3352 and the prevalence of electrified fencing, which apply to both crop and livestock husbandry
3353 and may affect the scale of HWAIthough several environmental and ecological

3354 characteristics were considered in the questionnaire, by recording the presence or absence of
3355 artificial irrigation and electrified fencingn each farm, | considered these two physical

3356 elements important predictors of HWC. Fencing is a significant eodé¢ter wildlife from

3357 farms (Kesch et al., 2015). Previous studies have shown irrigation to attract wildlife onto
3358 farmland and increase opportunities for HWC (Thouless and Sakwa, 1995), especially on
3359 unfenced propertie3.he model compared fixeeffect paameters (subsistence and

3360 commercial farmers) antbvariateghat included number of respondents experiencing HWC,
3361 abiotic problems and the presence or absence of irrigation and electrified fescingll as

3362 location (random factoiip a linear predictovia maximum likelihood. These factors were

3363 considered because they could account for variance in the fixed variables.

3364

3365 Geographic information system illustrations

3366 Details regarding GIS methodology aeailablein Chapter 3. The shapefiles of PAs
3367 were used as a base layer and opened first, onto which interview GPS data points from the
3368 questionnaires were overlaid to dispfpatiallyHWC in north-eastern South Africa.

3369 Separate maps were produced to display spatially: (i) the types of farmers interviewed and
3370 their proximity to PAs; (ii) their farm holdings (livestock, poultry and/or crops); and (iii)

3371 farmers that did or did not experience HWC.

3372

3373 Results
3374

3375 Composition of farm holdings

3376 Of the 134 subsistence farmers interviewed, 71 (53%) were crop farmers, 52 (39%)
3377 were croplivestock farmers and 10 (7.5%) were livestock farmers. One subsistence farmer
3378 did not respond to the question regarding dbmposition of the farm holding. In total, 115
3379 commercial farmers were interviewed, 97 (84%) were ghwvastock farmers, 11 (10%)

3380 were crop farmers, six (5%) were livestock farmers and one (1%) was-Bverstpck

3381 farmer. Thegeographicatlistributionof farm holdings of subsistence homesteads and

3382 commercial farmers surveyed during the study in nedstern South Africa is illustrated in
3383 Fig. 1.
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3384 Characteristics of respondents

3385 Language
3386 All subsistence farmers from Giyani, Limpopo Province, South Afisted Tsonga

3387 as their first language (n = 30, 100%), whereas 25% of subsistence farmers from

3388 Komatipoort, Mpumalanga Province, South Africa were Swazi speaking (n = 7) and Tsonga

3389 speaking (n = 7). A small number of subsistence farmers in KomatipoorZwierspeaking

330 (n = 2, 7%), while the remaining subsistence
3391 their first language (& 12, 43%). All KwaZuluNatal subsistence farmers in the survey

3392 (Ndumo n =52, 100%, Mkuze n = 24,100%) listed Zulu as thwsirlinguage.

3393
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3394 s

3395 Figure 1.Location and composition of farm holdings of subsistence homesteads and
3396 commercial farmers surveyed during the study in nedstern South AfricaA map of South
3397 Africais provided in the inset.

3398

3399 The dominant first language of commercial farmers from Giyani was Tsonga (n = 8,
3400 72%), while the other commercial farmers were Afrikaans speaking (n = 1, 9%), Zulu

3401 speaking (n =1, 9%) or selected other languages (n = 1, 9%). The Waterberg (Limpopo
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Province, South Africa) farmers did not provide their first language (n = 97). Two (40%)

commercial farmers sampled in Komatipoort were Afrikaans speaking, while the remaining

commercial farmers from Komatipoort %sel ected

The two commercial farmers from Ndumo listed Zulu as their first language (n = 2, 100%).
Detailed information regarding respondent demographics is availaBlgplementary
material: S1-S3).

Ethnicity

All subsistence farmers from Giyani listed Tsaras their ethnicity (n = 30, 100%),
while the majority of subsistence farmers sampled in the Komatipoort survey did not specify
their ethnicity and selected 6éotherd (n =
Komatipoort selected Swazi (n = 6, 21,%ulu (n = 1, 4%) and no response=(fh, 4%) for
this category. All KwaZuleNatal subsistence farmers in the survey (Ndumo n = 52, 100%,
Mkuze n = 24,100%) listed Zulu as their ethnicity.

The majority of commercial farmers sampled from Giyani did netiép their
ethnicity and selected 6otherdé (n = 10, 9
white (n = 1, 9%). The Waterberg farmers did not provide their ethnicity. The majority (60%)

of commercial farmers sampled from Komatipoort were wimte 8), while the remaining

20

1 %)

commercial farmers from Komatipoort selected

their ethnicity. Commercial farmers from Ndumo listed Zulu as their ethnicity (n = 2, 100%).

Religion

The dominant religion afubsistence farmers sampled from Giyani was Christian
(n=28, 93%), and one farmer followed an African traditional religion (3%). One respondent
from Giyani claimed to practise no religion (n = 1, 3%). The majority of subsistence farmers
from Komatipoortreported Christianity as their religion (n = 21, 75%). The remaining
Ssubsistence farmers in Komatipoort chose
for this category. The majority of Ndumo subsistence farmers in the survey indicated that
they were Christians (n = 22, 42%), followed by 35% that were Zionists (n = 18). Smaller
numbers of subsistence farmers indicated that they practised the African traditional religion
(n = 3, 6%), Met hodi st religion(nEr4%). 2, 4
The remaining subsistence farmers sampl ed

for this category. The Mkuze subsistence farmers did not provide their religion (n = 24).
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The dominant religion of commercial farmers sampled from Giyasi Christian

(n=6, 55%), followed by African traditional religion (n = 3, 27%), then Dutch Reformed

(n=1, 9%). The remaining commercial farmer respondent from Giyani reported that he had

no religion (n = 1, 9%). The Waterberg farm@rs: 97) did notprovide their religion. The

majority (60%) of commercial farmers from Komatipoort were Christian (n = 3), while the
remaining commercial farmers from Komat:i

category. Commercial farmers from Ndumo listedi§tfanity (n = 1, 50%) or Methodist (n

=1, 50%) as their religion.

Characteristics of reported humanmildlife conflict incidences

Farmers experiencing humanldlife conflict

Of the 249 farmers interviewed, 173 farmers (69%) indicated that they enqastie

conflict with wildlife, with 64 of 115 (56%) commercial farmers having experienced

encounters with DCAs and 109 of 134 (81%) interviewed subsistence homesteads having

experienced HW(the geographidistributions of these farmers are illustrated ig. Rab.

A total of 81 of 173 (47%) farmers specifically reported crop loss, of which 13 (16%)
were commercial farmers and 68 (84%) were subsistence farmers. In total, 13 of 173 (8%)

farmers specifically reported livestock loss, of which four (31%) wemenoercial farmers

and nine (69%) were subsistence farmers. In total, 47 of 173 (27%) farmers specifically

reported gamdivestock loss. In total, 32 of 173 (18%) farmers experienced both crop and

livestock depredation, all of whom were subsistence farmers.
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Figure 2. Comparison bthe distribution of a) subsistence farmers and b) commercial farmers that did or did not experieneeitulifiean
conflict. Red circles arglobal positioning systemata points that represent farms that experiehaetanwildlife conflict, while blueglobal
positioning systenpoints are farms that did not experieicenanwildlife conflict. Numbers 110 indicate key protected areas, while number

11 denotes the Kruger National Park.
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Cropraiding
| examined the proportion of farmgeaffected by cropaiding by comparing the

number of farmers affected by crop depredasigainstthe total number of farms that grew
crops (separately for subsistence and commercial farmers). Overall, subsistence farms
experienced a significantly highproportion of cropdepredation incidences than commercial
farmers (Fig. 3; Table 1a). There were significant differences in the proportion of reported
crop-raiding incidences between locationandomfactors) with the exception of Komatipoort
and Giyani thajointly experiencedhigher incidencesf cropdepredatiorithan other locations
(Table 1b).

1 Nao crop-raiding
. Experience crop-raiding

o
o
|
b

o]
o
|

D
o
!

N
o
|

N
o
!

Proportion of crop farmers affected.

o

Subsistence farmers Commercial farmers

Figure 3. Proportion of subsistence and commercial crop farmers affected by crop
depredation. Bardenote proportion of crop farms affected by the occurrence of crop
depredation. * across or above bars represent two levels of interpretation, i.e. significant
differences between farmer type and presence or absence of crop depredation. Statistics are
provided in Table la.
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Table 1.a) Output of a generalised linear mixed model by maximum likelihood comparing
the proportion of subsistence and commercial farmers (fixed factors) that were affected by
crop depredatiorandb) Other parameters included to show statistical comparisons between
locations (andomfactors)

Generalised linear mixed model fit by maximum likelihood Coefficient estimates for
correlation of fixed effects
a) Fixed-effect Higher impacted Covariate df | Std. z P
parameters variable Error | value
Subsistences Subsistence farmer | Presence or 5 |0.08 3.77 | <0.001
Commercial farmer absence of crop
raiding
Cropraidingvs No crop | Presence of crep 5 011 -16.31| <0.001
raiding raiding predominated
b) Other parameter Location associated | Random variable | df | Std. Z P
comparisons with significantly Error | value | (for location
higher incidences of comparisonp
crop raiding
Giyani vs Komatipoort | No difference 521 0.10 -1.37 | 0.170
Giyani vs Ndumo Giyani Location 52(0.11 -3.47 | <0.001
Komatipoort vs Ndumo | Komatipoort 52| 0.11 -2.14 | 0.033

Livestock depredation

| examined the proportion of farmers affected by livestock depredation by comparing
the number of farmers affected by livestock depredation with the total number of farms that
farm livestock and livestoegame (separately for subsistence and commercrakfa).
Farmer type did not predict the proportion of livestock farms affected (Table 2a). However,
location differences existed. Giyani and Komatipoort experienced a higher proportion of
livestock farms affected by depredation compared with other arelle (@ia).
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1 No livestock depredation
| — Experience livestock depredation
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3492

3493  Figure 4. Proportion of subsistence and commercial livestock farmers or livegtook

3494 farmers affected by depredation. Bars denote proportion of livestock farms affected by the
3495 occurrence of livestock depredatidrabove bars represent sifjoant differences between
3496 presence or absence of crop depredation. NS demotggnificant differences between fixed
3497 factors (farmer type). Statistics are provided in Table 2a.

3498

3499 Table 2.a) Comparison of subsistence and commercial farmers (biaetneters) that

3500 experienced livestock depredation using a generalised linear mixed model by maximum
3501 likelihood, andb) Other parameters included to show statistical comparisons between
3502 locations fandomfactors)

3503

Generalised linear mixed model fit bymaximum likelihood Coefficient estimates for correlation
of fixed effects

a) Fixed-effect Farmers that Covariate df | Std. V4 P
parameters reported significantly Error value
higher incidences
Subsistences No difference Presence cabsence | 13 | 0.07 0.00 | 0.990
Commercial farmer of livestock
depredation
Livestock depredatious | Presence of livestock 13| 0.07 -4.72 | <0.001

No livestock depredatioff depredation
predominated

b) Other parameter Location associated Covariate df | Std. z P

comparisons with significantly Error value | (for location
higher incidences of comparisonp
HWC

Giyani vs Komatipoort | Komatipoort 5 (011 1.94 | 0.050

Giyani vs Ndumo Giyani . 5 [0.15 -6.90 | <0.001

Location
Komatipoort vs Ndumo | Komatipoort 5 [0.15 -8.42 | <0.001
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Household size of subsistence and commercial farms

Both subsistence and commercial farmer households fell into the large household
category i;e. more than seven occupants per househitd 5). Commercial farmer
households were significantly larger trerbsistence farmer households, and both subsistence
and commercial farmers with larger households reported significgmeierncidences of
HWC than smaller households (Fig. 5; Table 3a). Comparison of subsistence and commercial
household size per lottan showed that the largeommercial farm households in

Komatipoort, Giyani and then Ndummeported the presence of HWTable 3b).

1 Do not experience HWC
— Experience HWC

40 - %
*

= 30
=
[4h)
[72])
=
2
= 20
g *
E
=10 -

0 : :

Subsistence farmers Commercial farmers

Figure 5. Household size of subsistence and commercial farmers. Bars denote number of
occupants at each farm/househdéldcross or above bars represent two levels of
interpretation, i.e. significant differences between farmer type and occurrence of human
wildlife conflict. Statistics are provided in Table 3a.

Table 3.a) Output of a generalised linear mixed model by maximum likelihomdparing
household size of subsistence and commercial farmers (fixed factoitslogearho
experience or do not experiermanflict (covariatey

Coefficient estimates for correlation
Generalised linear mixed model fit by maximum likelihood of fixed effects
Higher
impacted Std.
a) Fixed-effect parameters variable Covariate df Error Zvalue | P
Presence or
absence of
Subsistencgs Commercial farmer | Commercial HWC 131 | 0.06 -20.47 <0.001
Farmers who
Farmers that experience HW/G experience
Farmers that do not HWC 131 | 0.08 -5.04 <0.001
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Table 3.b) Statistical omparisonshowing the relationshibpetweerfarmer type)ocation

and the presence or absencawhanwildlife conflict.

Generalised linear mixed model fit by maximum likelihood (df=104)

Coefficient estimates for
correlation of fixed effects

P
(for location

b) Fixed-effect parameters: Type of | Higher impacted Dominant Std. i
farmer at each location location Covariate Error Z value comparisons
Giyani subsistence vs Giyani

commercial Giyani commercial | Absence of HWC | 0.10 -10.77 <0.001
Giyani commercial vs Komatipoort | Komatipoort

commercial commercial Presence of HWC | 0.11 -12.8 <0.001
Komatipoort subsistences Giyani

commercial Giyani commercial | Absence of HWC | 0.09 6.44 <0.001
Giyani commercial’'s Ndumo

commercial Giyani commercial | Absence of HWC | 0.09 -7.51 <0.001
Ndumo subsistences Giyani

commercial Giyani commercial | Absence of HWC | 0.23 -2.58 0.009
Giyani subsistences Komatipoort Komatipoort

commercial commercial Presence of HWC | 0.11 -3.12 0.002
Giyani subsistences Komatipoort

subsistence Giyani subsistence | Absence of HWC | 0.11 16.86 <0.001
Giyani subsistences Ndumo

commercial Ndumo commercial| Absence of HWC | 0.09 4.78 <0.001
Giyani subsistences Ndumo

subsistence Ndumo subsistenceg Absence of HWC | 0.23 2.077 0.039
Komatipoort subsistenoes Komatipoort

Komatipoort commercial commercial Presence of HWC | 0.11 -18.21 <0.001
Komatipoort commerciats Ndumo | Komatipoort

commercial commercial Presence of HWC | 0.08 -14.73 <0.001
Ndumo subsistences Komatipoort Komatipoort

commercial commercial Presence of HWC | 0.23 -5.21 <0.001
Komatipoort subsistenoes Ndumo

commercial Ndumo commercial| Presence of HWC | 0.11 7.62 <0.001
Komatipoort subsistenaes Ndumo

subsistence Ndumo subsistencg Presence of HWC | 0.24 3.55 <0.001
Ndumo subsistences Ndumo

commercial Similar Presence of HWC | 0.23 -0.18 0.86

Household income

Interestingly farmer type did nastatisticallypredict household income (Tableist)

althoughsignificant differences between the proportion of respondents who claimed io earn

the poorest income group (<R500/month) and other income ranges (REDXO0/ month)

occurred (Table 5)The most common household income per month reportedly fell within the

R500 R5000 range (Table 4).

109




3535
3536
3537

3538

3539
3540
3541

3542

3543
3544
3545

3546
3547
3548
3549
3550
3551
3552

CHAPTER FOUR

Table 4.Income brackets with the percentage of farmers that reportedly fell within each
income bracket

Percentage of farmers that reportedly fell within each
Income bracket range
Subsistence Commercial

<R500 16 7
R500 R1 000 26 33
R1 00G R5 000 43 23
R5000' R10 000 4 0
>R10 000 3 19
No response 8 19

Table 5.Comparison of the lowest income bracket (<R500 per month) with higher income
groups

Comparison of income brackets (df= 35) Std. error Z value P
<R500/monthvys R500' R1 000/month 0.13 7.01 <0.001
<R500/monthvs R1 001 R5 000/month 0.13 8.43 <0.001
<R500/monthvs R5 001 R10 000/month 0.29 -6.11 <0.001
<R500/monthvys >R10000/month 0.16 -1.06 0.29

Table 6.Output of a generalised linear mixed model by maximum likelihoochparing the
percentage of farmers that reportedly fell within eaclome bracket

Coefficient estimates for
Generalised linear mixed model fit by maximum likelihood correlation of fixed effects

Percentage of
farmers within
Fixed-effect each income Std. z
parameters bracket Covariate 1 Covariate 2 | df | Error value | P

Proportion of subsistenc
and commercial farmers
Subsistences that reportedly fell within| Household
Commercial farmer | No difference each range income 39| 0.76 0.00 | 0.99

Complementary and environmental problems affecting subsistence and commercial farmers

Farmers reported a number of environmengédted problems. Overall, subsistence
farmers reported a significanttyreatemumber of environmentaklated challenges than
commercial farmers (Fig; Table 7).A pair-wise comparison of environmental factors
revealed that the most prominent environmental challenges experienced by subsistence
farmers were insect pests, soil eoosand theft(Fig. 6; Tables 78).
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Figure 6. A comparison of environmental problems reported by subsistence and commercial
farmers. Bars denote number of respondents reporting environmental chaltaalgmse bars
represent significant differencestiween farmer type. Statistics are provided in Table 7.
Table 7.Output of a generalised linear mixed model by maximum likelihoothparing
environmental challengésovariatespf subsistence and commercial farmers (fixed factors)
Coefficient estimates for
Generalised linear mixed model fit by maximum likelihood correlation of fixed effects
Farmers that
reported
Fixed-effect significantly Std. Z
parameters higher incidences| Covariate 1 Covariate 2 df Error value | P
Number of reports
Subsistences of environmental | Environmental
Commercial farmer | Subsistence challenges factors 63 | 0.16 10.00 | < 0.001
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3563 Table 8.A pair-wise comparison of the leading environmental challenges reported with other
3564 factors

3565
Generalised linear mixed model fit by maximum likelihood Coefficient estimates
Factor associated with
significantly higher Std. z

Comparisons incidences of HWC Error value P
Insect pesvs Disease 0.26 -6.92 <0.001
Insect pesvs Soil erosion 0.18 -4.48 < 0.001
Insect pesvs Veld fire 0.25 -6.86 < 0.001
Insect pesvs Flooding 0.25 -6.80 < 0.001
Insect pesvs Frost Insect pests 0.990 | -4.64 <0.001
Insect pesvs Fungus 0.51 -6.41 <0.001
Insect pesvs No problems 0.51 -6.41 <0.001
Insect pests Other 0.58 -6.07 <0.001
Insect pests Bad/Sandy soil 0.27 -6.97 < 0.001
Insect pests Theft 0.19 -5.37 <0.001
Soil erosiorvs Disease 0.28 -3.61 <0.001
Soil erosiorvs Fire 0.27 -3.48 < 0.001
Soil erosiorvs Flooding 0.27 -3.35 <0.001
Soil erosiorvs Frost Soil erosion 0.990 |-3.83 |<0.001
Soil erosiorvs No problems 0.52 -4.75 < 0.001
Soil erosiorvs Other 0.59 -4.64 <0.001
Soil erosiorvs Bad/Sandy soil 0.29 -3.74 <0.001
Soil erosionvs Theft Similar 0.22 -1.09 0.270

3566

3567 lIrrigation

3568 Overall, no differences were observed between farmer type and the relationship

3569 between HWC and irrigation (Fi@; Table 9). Both subsistence and commercial farmers who
3570 irrigated their farms reported higher incidences of HWC than the farmers who did not irrigate
3571 (Fig.7; Table 9).
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Figure 7. Comparisons showing how subsistence and commercial fatha¢nsse and do not
use irrigationwereaffected by incidences dlumanwildlife conflict. Bars denot@roportion
of respondents experiencihgmanwildlife conflict. * above bars represent significant
differences between presence or absence of irrigatiSrdenotes no significant differences
between fixed factors. Statistics are provided in Table 9.

Table 9.Output of a generalised linear mixed model by maximum likelihocochparing how
the number of subsistence and commercial farmers (fixed factors) that use and do not use
irrigation (covariateywere affected by incidences lmimanwildlife conflict.

Coefficient estimates for
Generalised linear mixed model fit by maximum likelihood correlation of fixed effects
Higher
impacted Std. z
Fixed-effect parameters | variable Covariate 1 Covariate 2 | df | Error value P
Percentage of
responses from Presence or
Subsistences farmers absence of
Commercial farmer No difference experiencinddWC | irrigation 9 | 0.05 0.01 0.990
Irrigation absenvs Irrigation
Irrigation present present 9 | 0.06 -11.05 | <0.001

There were no significant differences between farmers at each location who

experienced HWC and the use of irrigation (Table 10) although, for the majority of locations,

most farmers who irrigated experienced higher incidences of HWC than those who did not.

However, there were two exceptions. Giyani subsistence farmers and Ndumo commercial

farmers, despite not using irrigation, experienced higher incidences of HWC than the farmers
who irrigated their farms in the same area (Bjgrable 10).
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Figure 8. Comparisons showing the absence or presence of irrigation at each location that
experiencedhumanwildlife conflict. Bars denot@roportionof responses from farmers who

experiencedhumanwildlife conflict at each locatiort. above bars represent signifi¢an

differences betweepresence or absence of irrigati@tatistics are provided in Table 10.
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Table 10.Output of a generalised linear mixed model by maximum likelihood that shows
comparisons between subsistence and commercial farmers that expeniemesavildlife
conflict (fixed factors) at each locatiormfdomfactors)andwhich did or did not irrigate

(covariates

Generalised linear mixed model fit by maximum likelihood(df=9)

Coefficients for location

comparisons

Covariate associated P
Higher with significantly (for location
Fixed-effect parameters: Type of impacted | higher incidences of | Std. 4 comparisonp
farmer at each location variable HWC Error value
Giyani commercial’'s Komatipoort
commercial 0.14 0.00 | 0.990
Komatipoort subsistences Giyani
commercial 0.14 0.00 | 0.990
Giyani commercial’'s Ndumo commercial 0.14 0.00 | 0.990
Ndumo subsistences Giyani commercial 0.14 0.00 | 0.990
Giyani subsistences Komatipoort Presence of irrigation
commercial associated with higher| 0.14 0.00 | 0.990
Giyani subsistences Komatipoort No incidences of HWC
subsistence di 0.14 0.00 | 0.990
ifferences| . .. .
Giyani subsistences Ndumo commercial| petween | S'9nificant differences | g 14 0.00 | 0.990
Giyani subsistences Ndumo subsistence| locations between presence a.no 0.14 0.00 | 0.990
, - _ absence of irrigation:
Komatipoort subsistences Komatipoort SE 0.0087 -8.00, P
commercial <0.001 0.14 0.00 | 0.990
Komatipoort commerciats Ndumo
commercial 0.14 0.00 | 0.990
Ndumo subsistences Komatipoort
commercial 0.14 0.00 | 0.990
Komatipoort subsistenaes Ndumo
commercial 0.14 0.00 | 0.990
Komatipoort subsistenaes Ndumo
subsistence 0.14 0.00 | 0.990
Ndumo
Ndumo subsistences Ndumo commercial subsistencg Absence of Irrigation | 0.72 -4.54 | <0.001
Giyani
Giyani subsistences Giyani commercial | subsistence 0.36 3.02 | <0.001

Fencing

Subsistence farmers who did not have electrified fences around their property

reported higher incidences of HWC than subsistence farmers who possessed electrified

fences (Fig9; Table 11). Commercial farmers, despite having electrified fencing around thei

farm perimeter, reported higher incidences of HWC than commercial farmers who did not

possess electrified fencing on their property (Table 11).
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Figure 9. Comparisons showing how subsistence and commercial farmers with or without
electrified fencing were affected by incidencesofmanwildlife conflict. * across or above
bars represent two levels of interpretation, i.e. significant differences between fgpe

and prevalence of electrified fencing. Statistics are provided in Table 11.

Table 11.0utput of a generalised linear mixed model by maximum likelihooohparing

how subsistence and commercial farmers (fixed factors) were affected by incidences of
humanwildlife conflict in the presence or absence of wildifof fencing ¢ovariatg.
Coefficient estimates for
Generalised linear mixed model fit by maximum likelihood correlation of fixed effects
Farmers that
reported
Fixed-effect significantly higher Std. z
parameters incidences Covariate 1 Covariate 2 df | Error value | P
Percentage of Absence or
responsefrom presence of
Subsistences farmers electrified
Commercial farmer| Subsistence experiencing HWC | fencing 9 |0.28 6.02 | 0.020
Electrified fencing
absenws
Electrified fencing | Electrified fencing
present present 9 |0.21 -2.82 | 0.019

The absence of electrified fences was associated with signifigaetyerincidences

of conflict for subsistence and commercial farmers (Table 12) at all locations except for

commercial farmers in Komatipoort and Ndumo who, despite the presence odfietectr
fencing, reported higher HWC incidences than the farmers who had no electrified fencing in
the same areas (Fig0;1Table 12).
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Figure 10. Comparison of how subsistence and commercial farmers at each location with or
without electrified fencing were affected bymanwildlife conflict. Bars denot@roportion

of responses from farmers who experiehisgemanwildlife conflict at each locatiort. above

bars represent significant differences between presence or absence of electrified ¥Shcing.
denotes no significant differences between locatatistics are provided in Table 12.
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Table 12.0utput of a generalised linear mixed model by maximum likelihood that shows a
pairwise comparison of how subsistence and commercial farmers (fixed factors) at each
location (andomfactors) with or without electrified fencingdvariatey were affected by

humanwildlife conflict.

Generalised linear mixed model fit by maximum likelihood (df =5)

Coefficients for location

comparisons

Covariate associated P
with significantly (for location
Fixed-effect parameters: Type of | Higher impacted higher incidences of | Std. z comparisonp
farmer at each location variable HWC Error value
Giyani commerciaVs Giyani
subsistence No difference 0.09 0.01 | 0.990
Giyani commercial/'s Komatipoort
commercial No difference 0.09 0.01 | 0.990
Giyani commercial/'s Komatipoort
subsistence No difference 0.09 0.01 | 0.990
Giyani commercial’'s Ndumo
commercial Giyani commercial | Absence of electrified 9.09 | 0.01 | 0.990
Giyani commercial's Ndumo fencing associated
subsistence Ndumo subsistence | With higher 0.10 0.05 | 0.960
Giyani subsistences Komatipoort incidences of HWC
commercial No difference . 0.09 0.01 | 0.990
—— - . - Significant
Glyanl subsistences Komatipoort Komgtlpoort differences between
sqbs@ence_ subsistence presence and absend 0.09 0.01 | 0.990
Giyani subsistences Ndumo _ of electrified fencing:
commercial No difference SE 0.06, 0.09 0.01 | 0.990
Giyani subsistences Ndumo Z -2.34P<0.019
subsistence Ndumo subsistence 0.10 0.05 | 0.960
Komatipoort commercials Komatipoort
Komatipoort subsistence subsistence 0.09 0.01 | 0.990
Komatipoort subsistenoes Ndumo | Komatipoort
commercial subsistence 0.09 0.01 | 0.990
Komatipoort subsistenoes Ndumo
subsistence Ndumo subsistence 0.10 0.05 | 0.960
Komatipoort commerciats Ndumo | Komatipoort
subsistence commercial Presence of 0.20 -2.85 | 0.020
Ndumo commercials Ndumo electrified fencing
subsistence Ndumo commercial 0.20 -2.85 | 0.020

Discussion

| investigated the impact of HWC on subsistence and commercial farmers in north

eastern South Africa. My findings support the predictions that subsistence farmers would

experience significantlgreaterincidences of crop depredation than commercial farnaers

that livestock depredators equally affstsubsistence and commercial farmdéishough

subsistence farmers reported a large number of environtyergkdted challenges that could

potentially affect crop and livestock production, this finding wageth by differing number

of responses per abiotic factor which a future study with a paired sampling design of
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commercial and subsistence faroas elucidateBoth subsistence and commercial farmers
with larger householdsportedsignificantlygreaterincidences of HWC than farmers with
smaller households, and the use of artificial irrigati@sassociated with significantiyiore

conflict for both subsistence and commercial farmers.

Characteristics of respondents and their farm holdings

Language and ethnicities of both farmer types were typical for the indigenous South
African provincial demography (Statistics South Africa, 2007). Although a large number of
commercial farmers were white, Afrikaasgeaking respondents of Christian, Dutch
Reformed or Methodist backgrounds, a reasonable number of commercial farmers were
Tsonga from the Giyani area in Limpopmvince, South Africa. No respondents
(commercial or subsistence) selected English as their first language. This could indicate a
trend towards a growing number of black commercial farmers to address racially skewed land
ownership (Department of Rural Development and Land Reform, 2015).

Overall, subsistence farmers experienced significantly higher incidences of
crop-depredation than camercial farmers at every locality sampled. My findinggre
consistent with findings of studies in Uganda and Tanzania, which state that although crop
damage may not compromise commercial agricultural production, it is a tangible threat to the
insecure andnarginal livelihoods of poasubsistencéarmers (Hill, 2000; SillereZubiri and
Switzer, 2001)This is of particular concern for subsistence homesteads that exist in poor
areaf northreasterrSouth Africg suchas Giyani and Komatipoort in th@ovinces of
Limpopo and Mpumalanga respectivaelyhichareplagued with drought and land
degradation (Statistics South Africa, 2007

Characteristics of reported humanildlife conflict incidences

Contrary to my predictions, no differencgsre detected the proportion of
livestock farmers affected by depredation, but differences between the locaioinsed
The Giyani and Komatipoofarmersreported a higher proportiaf livestock depredation
compared witlfarmers in thether study locations. Giyani holds some of the lowest income
earners, compressed into areas where low rainfall, low catchment of water, sedimentation of
dams and degraded acid soils perSsatistics South Africa, 200.7)ence, both subsistence
and conmercial livestock farmers in these areas will face environmeel@ied challenges
and frequent incidences of livestedkpredation, all of which impede household food

production. Hence, under these existing adverse conditions, it is probable thatkivesto
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3681 depredation will further depress the economic prospects of farmers in Limpopo and

3682 potentially compromise food security. These findingseconsistent with a study in

3683 Tanzania wherévestock farmers reported mean losses of about 65% of their inconte due
3684 carnivore depredation (Wang and Macdonald, 2006).

3685 Household size was an important predictoabfar mer s6 vul nerabi |l ity
3686 to HWC. Both farming types with larger households reported higher incidences of HWC. It is
3687 likely that respondents from larger househal@gseunder greater pressure to provide

3688 sustenance for their families thanpesdents from smaller families. Hence, respondents

3689 from larger households could perceive wildlife as an increased threat to household food

3690 security and food production. My findinggereconsistent with a previous study in

3691 Zimbabwe that correlated largenidies with negative perceptions of wildlife and

3692 conservation (Mutanga et al., 2015). Mutanga e{20.15) postulated that larger households
3693 would require more resources and hence, develop negative perceptions towards factors that
3694 limited their livelihoal (i.e. potential DCAs and the prohibition of natural resource use from
3695 PAs).A relationship between large households and farm size might be plausible, since larger
3696 farms are difficult to manage. A correlation analysis between farm size and household size
3697 separately for subsistence and commercial farms wouldl®eant howevemot all

3698 respondents allowed their gardens to be measured. In addition, many subsistence farmers
3699 practised on communal gardens contiguous with the surrounding homes. Hence, weder the
3700 conditionsexact farm sizeould not be measureli.also plausible that no causedeffect

3701 relationship exists, buhat a third factor, such as overall education level or cultural/religious
3702 beliefs could influence both attitudes towards wildlife attdudes toward family planning

3703 Remarkably, farmer type did not predict household incorhese household income

3704  results contradict governmepublished reports (Statistics South Africa, 2007), which state
3705 that in South Africa, the majority of peopl&ing in rural areas live below the poverty line

3706 and rely heavily on subsistence farming to support their livelihoods. | believe that the

3707 findings regarding household income shouldrieeved wih caution because reporting of

3708 incomeis aparticulaty sensiive issue (Ogra, 2008) and has been shown to be subject to

3709 deliberate or inadvertent exaggerations and biases by survey respondents (Rasmussen, 1999).
3710 In addition, it is possible that commercial farmers may not actuallyeharge family

3711 groups, but thedusehold numbers reported could include the households of resident

3712  workers.

3713 Subsistence farmers reported a number of environmesigdaed issuegyith soil

3714 erosion and insect pests proved to be the dominant environmental challenges. The challenges
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of overcoming environmental and abiet®lated problemsurther intensify HWC if, for
example, crops that survive heat stress, soil erosion, fungus, diseases and veld fires become
vulnerable to croplamage by DCAs at harvest time (Tweheyo et al., 2005udysh
Kenya showed that several environmental challenges (diseases, insect pests and poverty)
when experienced simultaneously exacerbated crop losses for subsistence farmers (Deng et
al., 2009). Ths study estimated that field and storage insect pestsogted about 43% of
crop yields (Deng et al., 2009).

The use of artificial irrigation was associated with significagtlaterincidences of
HWC for both subsistence and commercial farmers compared with farmers that did not
irrigate their farmsThese ihdings corroborattthose of other studies in that the use of
artificial irrigation frequently leads to HWC because water attracts wildlife either to forage
on weltirrigated crops and pastures or to drink water and subsequently depredate crops
(Smith andKasiki, 2000; Thouless and Sakwa, 1995). In areas of low rainfall or during
drought, artificial water points outside PAs attract wildlife into the surrounding farmland
(Smith and Kasiki, 2000). Artificial irrigation is an importgracticethat appearsotamplify
opportunities for conflict and can serve to intensify the effects of HWC.

My findings indicate that the absence of electrified fences increased opportunities
for HWC, especially for subsistence farme3gbsistence households withaléctrified
fencing experienced higher incidences of HM®ichconcus with other studieshat
demonstrated thaectric fencing is an effective deterrent to reduce HWC incidences,
disease transmission and poaching (Hayward and Kerley 2009; Sapkot2@t4) and
decreases edgelated wildlife mortality of carnivores (Packer et al., 20E83)pkota et al.
(2014) showed that following the installation of electrical fencing, subsistence crop
depredation and livestock depredation were significantly etiby ~80% and 3&0%
respectively, including reductions in humaregaherbivore encounters. Furthermore, this
study showed through a cdsenefit analysis of the installation and regular maintenance costs
of electric fencing against the benefits of redgailepredations and increasing crop yields
that electric fencing not only achieved monetary benefits but also significantly improved
human safety and increased the quantity of crop yields (Sapkota et al., 20déyer,
fencing is a contentious issue, vilisadvantages such as cost of regular maintenance,
ensnarement of wildlife in unkempt fencing and theft of fencing material by local
communities to manufacture snares for poaching (Kesch et al., 2015).

Commercial farmers, despite having electrified &eperimeters, reported higher

incidences of HWC than commercial farmers without electrified fentinglephant
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3749 Loxodonta africanachacma babooRapio ursinusand leopardPanthera pardusccording
3750 to reports irmy questionnaire survey). These thepedeshavealsobeen described as

3751 habitual electrified fence transgressimrgrevious studiefHaywardet al, 2006; Sillere

3752  Zubiri and Switzer, 200IThouless and Sakwa, 199anddemonstrate the permeability of
3753 electrified fencing to certain speci@$ayward et al., 200&esch et al., 2015; Sapkota et al.,
3754 2014) The latter two species implicated in electrified fencing transgressions display
3755 substantial adjustments to anthropogenic environments like {&cthgessMeier et al., 2007;
3756  Sillero-Zubiri ard Switzer, 2001)Sapkota et al(2014) state in their study that although
3757 electrified fencesvereeffective for megéierbivore and other mammal control (the Asian
3758 elephanElephas maximuand the great Indian off@rned rhinoceroRhinoceros unicornjs
3759 theywereless effective in deterring the porcupidgstrix brachyurathe wild boaiSus

3760 scrofg the tigerPanthera tigrisand ungulates from depredation (Sapkota et al., 20t1ig).
3761 also noteworthy thaefmers without electrified fencing reporteaplementing either lethal
3762 or nonlethal control methods to deter wildlife from the faivforeover, pevious studies

3763 have shown that the type of farming commodity and availability of water will attract wildlife
3764 irrespective of electrified fencing (SmithcaKasiki, 2000; Thouless and Sakwa, 1995).
3765

3766  Conclusions

3767

3768 My study indicatd thatsubsistence and commercial farmers were affectddVMdC

3769 in different ways, determined by the type of farming commodity present, i.e. crops, livestock
3770 or poultry, in addition toseveral significanpredictors ofncidences of wildlife conflict.

3771 These predictors includdarge householdsise of irrigationabsence oélectrified fencing

3772 and environmentalelated challenges, specifically, insect pests, soil erosidrheeft. Higher

3773 than average cremiding and livestock depredation incidences were reported for Giyani and
3774 Komatipoort in the provinces of Limpopo and Mpumalanga respecimblgre farmers must
3775 overcome several environmental challenges in additioretuént incidences of depredation,
3776 all of which impede household food production. It is possible that the combination of factors
3777 could depress economic growth of local subsistence agriculture and compromise food

3778 security.My study has provided the first cparativeassessment of how subsistence and

3779 commercial farmersiereaffected by crop raiders in South Africa. My findings were

3780 consistent with the predicament of several other African counstued as Uganda, Ethiopia

3781 and Tanzaniavhereconsiderableropraiding occursegularly Thefindingsthat crop
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depredation could potentially compromise household gsmdirityand nutrition were

consistent withthe results of the globahetaanalysisof HWC (Chapter 2)concurrentwvith

several other studiegs the literatureNotably, it is also likely that the type of farmer, i.e.
subsistence versus commergcrahy be less important that the type of commodity farmed (i.e.
monoculture and mulgrop farms or livestock small stock versus cattle fariisye focuse

studies can examine the type of crops/livestock types depredated in relation to the availability
of cropsl/livestock types as well as the proximity of such farms from PA boundaries.
Moreover, broaduture research should identify leading crop and livésRXCAs associated

with the greatest number of depredation incidences. Importantly, investigations should also
consider whetheor notthese problem animals were common to subsistence and commercial

farmers.
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Supplementary material

Table S1.Demographic data regarding first languagenposition (number and percentage)
of subsistence and commercial farsatreach site

Study site Language Number %
Subsistence farmers
Giyani (n = 30) Tsonga 30 100
Other 12 43
Komatipoort (n = 28) Swazi ! 25
Tsonga 25
Zulu 7
Ndumo (n =52) Zulu 52 100
Mkuze (n = 24) Zulu 24 100
Commercial farmers
Afrikaans 1 9
Giyani (n = 11) Tsonga 8 72
Zulu 1 9
Other 1 9
Waterberg (n = 97) Di_d not prpvide Di_d not pr(_)vide
No response information information
Komatipoort (n = 5) Afrikaans 2 40
Other 3 60
Ndumo (n = 2) Zulu 2 100

Table S2.Demographic data regarding the ethniciynposition (number and percentagg)
subsistence and commercial farsiatr each site

Study site Ethnicity Number %
Subsistence farmers
Giyani (n = 30) Other 30 100
Komatipoort (n = 28) Other 20 71
Swazi 6 21
Zulu 4
No response 4
Ndumo (n =52) Zulu 52 100
Mkuze (n =24 Zulu 24 100
Commercial farmers
Giyani (n =11) Other 10 91
White 1 9
Waterberg (n = 97) No response Did not provide Did not provide
information information
Komatipoort (n = 5) Other 1 20
Swazi 1 20
White 3 60
Ndumo (n = 2) Zulu 2 100
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Table S3.Demographic data regarding the religmymposition (number and percentagg)
subsistence antbmmercial farmeyat each site

Study site Religion Number %
Subsistence farmers
African
traditional
Giyani (n = 30) religion 1 3
Christian 28 93
No religion 1 3
Christian 21 75
Komatipoort (n = 28) No response 21
Other 4
African
traditional
religion 3 6
Christian 22 42
Ndumo (n = 52) Methodist 2 4
No religion 2 4
No response 2 4
Other 3 5
Zionist 18 35
_ Did not provide
Mkuze (n = 24) No response 24 information
Commercial farmers
African
traditional
religion 3 27
Giyani (n = 11) Christian 6 55
Dutch Reformed 1 9
No religion 1 9
_ Did not provide
Waterberg (n = 97) No response 97 information
Komatipoort (n = 5) Christian 3 60
No response 2 40
Ndumo (n = 2) Christian 1 50
Methodist 1 50
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CHAPTER FIVE

The characteristics of crop, livestock and poultry depredators in subsistence and

commercial farms in north-eastern South Africa

Abstract

Retaliatory killings or deliberate persecution of wildlife by farmers due to crop,
poultry and livestock depredation dgmagecausinganimals intensify as farming practices
expand into natural habitats. My aims werédntify the most frequently depredated crops
and livestock on subsistence and commercial fasnsell as identify the common
damagecausing animals assated with the greatest number of depredation incidences.
Using semistructured questionnaire interviews, | investigated whether or not these
damagecausing animals were common to subsistence and commercial farms in selected
localities of northeastern SotitAfrica. In addition, | investigated the lethal and Hettnal
(non-harmful) control practices implemented by subsistence and commercial farmers to
mitigate depredatiorSubsistence farmers lost a significantly higher number of crop species
to depredatiothan commercial farmers, withidumo, asubsistence commugiin KwaZulu-
Natal Province, experiencing thgreateshumbers of crop species lost. Notably, maiea
maysproduced by both subsistence and commercial farmers was the most frequently raided
crop and primates were reportedly responsible foigtieateshumber of crograiding
incidences, particularly on subsistence farmland. Poultry and young livestock
(calves/lambs/kids/foals) were most frequently depredated throughout the study locations.
Joint leading depredators were cardCatacal caracal African wild dogLycaon pictusand
leopardPanthera pardusCommercial farmers comprised a significarghgatemumber of
respondents who practised retaliation compared with subsistence famasifgested as
shooting and poisoning of wildlife. Commercial farmersst frequently persecuted
carnivores, while subsistence farmers exclusively persecuted primates. In conclusion, wildlife
depredation and persecution is the result of socioeconomic and ecological issues that are
exceptionally contentious because the comitrexidepredated bear nutritional and financial
implications for human livelihoods and the conservation ofnifdife species concerned,
particularly for species that are vulnerable to extinction.
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3959 Keywords commercial farmers, damagausing animals, geedation, lethal control,
3960 retaliation, subsistence farmers

3961

3962 Introduction

3963

3964 The primary causes of conflict between farmers and wildlife include depredation of
3965 livestock and farmed game species, attacks on humans and crop raiding (Woodroffe et al.,
3966 2005).Depredation of farming commoditiesuch as crops, livestock and poulcgn occur

3967 wherever wild animals and people share the same landscapes and resources, leading to costs
3968 for both farmers and wildlife. Farmers may react with a mixture ofletral prdective

3969 methodssuch as crop and livestock guarding (Osborn and Parker, 2003), livestock and
3970 poultry enclosures (Hill, 2000; Marker et al., 2003; Treves and Karanth, 2003), or lethal
3971 control practices (Woodroffe et al., 2008)ch as shooting, poisonirtggapping, gassing and
3972 electrocution (Treves and Naughtdreves, 2005; Woodroffe et al., 2005).

3973 Crop-raiding is a major source of humuaildlife conflict (HWC), elicited by a wide

3974 range of depredators (Saj et al., 2001) from nfagaa (Barnes et al., 26Psuch as the

3975 African elephant.oxodonta africando rodents such as the rice field Rattus argentiventer
3976 (Singleton et al., 2003). In some areas, aaping can become particularly intense

3977 (Mwakatobe et al., 2014). For example, in the Luangwa Valleastern Zambia, 11

3978 mammalian species have been implicated in-cadging, while in Ruaha Tanzania, crop

3979 depredation affected about 40% of all farm crops planted (Mwakatobe et al., 2014).

3980 Depredation of cropsuch as maize (Naughtdimeves, 1997) andassavaManihot esculenta
3981 (NaughtonTreves, 1998)occurs frequently throughout Africa (Saj et al., 2001). The timing
3982 and frequency of crepaids is influenced by decreased quality and nutrient content of natural
3983 forage (Fungo et al., 2013; Osborn and BgrR003) and the abundance of preferred crops in
3984 gardens and farms (Fungo et al., 2013).

3985 Livestock depredation is a leading driver of HWC globally (Wang and Macdonald,
3986 2006) and is elicited by a wide range of wildlife. In Afrisayeral mammaliacarnivore

3987 speciessuch as African wild dog, African wild c&elis silvestris cheetalAcinonyx jubatus

3988 civetCivettictis civettagenetGenetta genetiapottedhyenaCrocuta crocutablackbacked

3989 jackalCanis mesomela$ion Panthera lepleopard and the mgooseHerpestidae illiger

3990 are reportedly responsible for killing livestock and game (Kissui, 2008; Schuette et al., 2013).
3991 Throughout Asia, leopard, tig€anthera tigris snow leopardUncia uncig dholeCuon
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alpinusand smaller catBelis spp., depredate a range of livestock ranging from calves to
mature bull8Bos taurugSangay and Vernes, 2008; Woodroffe and Ginsberg, 1998). Other
mammals, such as baboBapiospp. and honey badgkftellivora capensifiave also

contributed to livestock ahpoultry depredation (Davies and Du Toit, 2004; Holmern and
Raskaft, 2013). According to Wang and Macdonald (2006), livestock depredation by
carnivores is influenced by the type of livestock farmed, as well as the condition of livestock
husbandry enclosas (security of fences and pens) and the presence/absence of deterrents
(livestock guarding and shepherding) (Wang and Macdonald, 2006). Other factors that
increase the frequency of depredation are predator density and natural prey availability
(Holmern efal., 2007; Mishra et al., 2003; Woodroffe et al., 2005).

Costs of depredation to farmers

Cropraiding and livestock depredation are serious sources of conflict (Hill, 2000;
Siex and Struhsaker, 1999) that affect agropastoralists through the direct loss of food and
income (Butler, 2000; Holmerand Ragskaft, 2013)sborn and Parker, 2003). Fow@enple,
subsistence crop (potaBolanum tuberosumnd wheaTriticumspp.) (Rao et al., 2002) and
livestock (goaCapra aegagrus hircuand sheevis arieg losses due to damagausing
animals (DCASs) in the village of Uttaranchal, Indi@portedly amounted to US$15 300 and
US$29 200 respectively per village in one year (Rao et al., 2002). Estimates of financial
losses due to primate raiders in the village of Himachal Pradesh, India reportedly amounted
to US$200 000 and US$150 000 in aghure and horticulture respectively per village in one
year (Saraswat et al., 2015). In Tanzania, livestock farmers reported losses up to 65% of their
income due to carnivore depredation (Wang and Macdonald, 2006). Conngf2&0s)
estimated commeial livestock damages accruing to US$40 million annually in the United
States of America (USA) alone.
Indirect costs of HWC include money to purchase and maintain deterrents such as electrified
fencing and time and labour to guard or protect livestockcems (Hill, 2004; Woodroffe et
al., 2005). Hill (2004) recognised different levels of vulnerability to HWC in people based on
demographic factors (ageex ethnicity and culture), farm location in relation to wildlife
reserves, livestock, game and cagsemblages, as well as the species of problem animal

concerned.
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Costs of depredation to biodiversity

Humanwildlife conflict is one of thdeading cause of the global decline in wildlife
populations (Weber and Rabinowitz, 1996; Woodroffe et al., 2@0atening carnivore
population viability (Hemson et al., 2009) and undermining conservation initiatives (Sillero
Zubiri and Laurenson, 2001). Primates are also under threat because of retaliatory killings
due to cropraiding, including critically endagered primates such as mountain gofalarilla
beringei(CampbeHSmith et al., 2010; Hockings and Humle, 2009) and orandRaago
spp. (CampbelBmith et al., 2010; Meijaard et &2011). A study of humanrangutan
conflicts in Borneo revealed retakay killing rates of 7501 800 individuals in one year
(Meijaard et al., 2011).

Largescale lethal extirpation of DCAs using indiscriminate methods such as poisoned
bait, necksnares, legnold traps, baited explosive cyanide cartridges and unselective gassing
of dens (Bergstrom et al., 2014) has been shown to be ecologically darflagves and
NaughtonTreves, 2005) by affecting nearget species (Bergstrom et al., 2014). A striking
example occurred with the kit fokulpes macrotisind swift foxVulpes veloxn which >95%
of the total number of individuals killed since 2006re unntentionallycaught insnares set
for coyoteCanis latransoy the Wildlife Services agency, U.S. Department of Agriculture
(Bergstrom et al., 2014). Additionally, the removal of conflict species, especially carpivores
that are apex predators, has had aedjgtable negative ecological consequences (Treves and
NaughtonTreves, 2005). Selective lethal control of targeted pest species, however, buffer or
reduce depredation rates and subsequently conciliate affected farmers (Treves and Naughton
Treves, 2005).

Humanwildlife conflict involving commercial livestock farmers and carnivores in
South Africa dominate the literature (Avenant and Du Plessis, 2008; Gusset et al., 2009;
Swanepoel et al., 2014; Thorn et al., 2012; Thorn et al., 2015; Van Niekerk, 20Eboand
that commercial ranchers perceive carnivores to be a serious economic threat to animal
production (Thorn et al., 2015). Consequently, retaliatory killing and deliberate persecution
of carnivores by commercial ranchers cause carnivore populationeteulith serious
repercussionsf carnivorepopulationgSwanepoel et al., 2014). Although crapding is
well researched throughout Africa, studies in South Africa are few, with the focus being on
primates (Chapter 2).am not aware of any studies inuBlo Africa that identify and compare
crop and livestock types lost to depredation on subsistence and commercial farms, or studies

that identify DCAs and quantify the damages elicited by such DCAs on subsistence and
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4059 commercial farmsin this study, | consier the interactions of subsistence and commercial
4060 farmers with wildlife within the same geographic area in three provinces of South Africa,
4061 namely Limpopo, Mpumalanga and KwaZatal, which are dominated by subsistence and
4062 commercial farmlands that abotected areas (PAs) (DeGeorges and Reilly, 2008).

4063 The aims of this study wete: 1) identify crop species and livestock/poultry types

4064 damaged due to depredation; 2) identify the leading DCAs associated with the greatest
4065 number of crop, livestock and poy depredation incidences; and 3) establish whedtiese

4066 DCAs were common to subsistence and commercial farmers in selected localities-of north
4067 eastern South Africaussing semistructured questionnaire intervievide specific objectives

4068 wereto: 1) identify crop species and livestock/poultry tygesquently depredated by DCAs;
4069 2) identify leading DCAs associated with the greatest number of crop and livestock/poultry
4070 depredation incidences; 3) identify whether or not these DCAs were common to subsistence
4071 and commercial farmers; 4) quantify crop dindstock/poultry damages reported by

4072  subsistence and commercial farmers in monetary terms; and 5) examine the lethal and non
4073 lethal control practices implemented by subsistence and commercial farmers to deter

4074  depredators.

4075 | made two predictiond) Subsstence farmers would losegeeaterdiversity of crop

4076 and livestock species to DCA depredation compared with commercial farmers. In Chapter 4,
4077 | established that subsistence farmers experienced significantly more incidences of crop
4078 depredation than comméatfarmers. It is probable that the type and variety of crops

4079 cultivated and livestock farmed increased opportunities for HWC. 2) Commercial farmers
4080 would implement a higher number of lethal control practices in persecution of wildlife than
4081 subsistence faners. It is likely that commercial farmers can better afford weapons and other
4082 implements to controkill and deter wildlife than subsistence households.

4083

4084 Materials and methods

4085

4086 Data for this chapter were extracted from survey responses to the sanengaest
4087 as used in Chapter 3 (Appendix I), and detailed methodology concerning data collection,
4088 sampling procedures, interview methods, general statistical analysieagichphic

4089 information systen{GIS) methodology is provided in Chapter 3.

4090
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Dataanalysis

Detailed quantitative statistical analysis methodology is provided in Chagike 3.
Mkuze (subsistence farmer data available only) and Waterberg (commercial farmer data
available only) depredation data were removed from location analyses because
comparative data was availabkePoisson error structure with a log link function was used
for count datahroughoutthegeneralised linear mixed mod€&LMM) analyss, except for
binary data, in which case binomial distribution was used with thenkdunction, because
continuous responses could be exaggerated

During myinvestigationf cropraiding depredators, | pooled infrequently reported
damagecausing mammals and nspecified damage ausi ng mammal s i nto t
mammal s6. This i ncl udedPotamahoérasllaivatysi ng speci e
hippopotamuglippopotamus amphibiysioney badger, mole (familjalpidag, mongoose
Herpestespp, porcupineHystrix spp, rabbit (familyLeporidag, houserat Rattusspp. and
warthogPhacochoeruspp.

During my examination of livestock/poultry depredators, | pooled infrequently
reporteddamage ausi ng carnivores i ntasinclidedthgr oup o660t
following speciesbateared foxOtocyon megalotischeetahspottedhyena serval
Leptailurus servalstriped polecattonyx striatus genetGenetta genettand wildcatFelis
silvestris In addition, | pooled infrequently reported damagesing wild animals or nen
specified DCAs into the gsnake(pubaidedelpentes wi | dlI i f

eagles (genusAquila) and chacma babodtapio ursinus

Identification of crop spees and livestock/poultry types depredated

To analyse the damaged crop species and livestock/poultry types for subsistence and
commercial farmers, | conducted a GLMM from the Ime4 extension. In a linear predictor in
which models were validated by maximuikelihood, the model compared fixadfect
parameters, that is, subsistence and commercial farmeraraamfactors, that is, locality
(to account for unbalanced sampling of subsistence and commercial farms and locality
specific differences) and damagap species or livestock/poultry typeb addition, |
analysedhe number of depredation incidences per crop species or livestock/poultry type
(covariatey and determined whether or not these incidences differed for subsistence and
commercial farming tyes (fixed factors). These factors were considered because they could

account for variance in the fixed variables.
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4125 Identification of damageausing animals affecting subsistence and commercial farmers

4126 | identified the leading DCA#Bor subsistence and commercial farmeysanalysing

4127 the number of crop or livestock/poultry depredation incidences reported for each DCA at
4128 subsistence and commercial farms. A GLMM in a linear predictor, via maximum likelihood,
4129 was used in which the fixeeffect parameters were subsistence and commercial farmers and
4130 thecovariatesncluded number of depredation incidences per DCA.

4131

4132  Quantifying crop and livestock losses in monetary terms

4133 | analysed the livestogibultryygamedamaged due to depredatioom 2013 2014 in
4134 monetary terms (South African Rands) per species killed for subsistence and commercial
4135 farmers (fixed factors).considerednly thereplacement value of each

4136 livestockpoultry/gameindividual lost, and not selling or bartering prickesalculated,

4137 separately for subsistence and commercial livestock farmers, the unit price of each stock
4138 animal killed Supplementary material: S1) multiplied by the total number of individuals
4139 reportedly depredated per species/type. | compared the finbrssab incurred through each
4140 stock animal damageddvariatg per farming type (fixed effect) using a GLMM model.

4141 Crop loss in monetary or nutritional terms could not be evaluated due to the vague or
4142 incomplete responses and a@sponses regarding the qtity of crops that were damaged.
4143 Due to these omissions and inconsistencies in the survey responses, | could not quantify crop
4144 loss precisely.

4145

4146 Examining retaliatory methods, lethal control and-tethal control

4147 In my assessments faikmers who practisklethal and nothethal contro] none

4148 repated practising both lethal and ntethal methods of control simultaneously. | identified
4149 the farmettypeimplementing thenostretaliatory practicescpvariatey by comparing the

4150 number of respondents who practised retaliation between subsistence and commercial
4151 farmers (fixed factors). | also identified the dominant retaliatory methodassethndom

4152  factor in the analysis for subsistence and commercial faisireg aGLMM. | ran similar

4153 analysego analysdethal and noslethal control practices by comparing the number of wild
4154 animals killed per respondent (lethal control) or the number of respondents implementing
4155 nortlethal control techniques between subsistegied commercial farmers (fixed factors).
4156
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Results

Crop-raiders

Overall, subsistence farmers lost significamtigrecrop species to depredation than
commercial farmers (Fig. 1; Table 1a). There were significant differences in the number of
damaged croppecies between locatiorraifdomfactors),althoughGiyani, Komatipoort
and Ndumo, which experienced similar numbers of crop species lost (Table 1b). Ndumo
experienced theostcrop species lost when compared with the other areas (FAjtHugh
respndents from Mkuze reported a large number of crop speciedikste was removed
from the analysis, since no comparative data for Mkuagcollected. @ly subsistence

farmersfrom the Mkuze areg@articipated in the survey

1 Subsistence crops
—1 Commercial crops
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Figure 1. Comparison of the number of subsistence and commercial crop species depredated
per farm at each location. Bars denote the number of crop species depredated per farm.
above bars represent significant differences between subsistence and commercial crops.
Statistics are provided in Tableb. No comparative data for Mkuze are provided because

only subsistence farms in the Mkuze area were sampled.
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Table 1.a) Output of a generalised linear mixed model by maximum likelihooohparing
the number of crop species damaged per subsest@nd commercial farm (fixed factqrs)
andb) Other parameter comparisons included to show statistical comparisons between
locations (andomfactors)

Generalised linear mixed model fit by maximum likelihood| Coefficient estimates for correlation of
fixed effects
a) Fixed-effect Farmer Random df Std. V4 P
parameters experiencing variable Error value
significantly higher
number of damaged
crop species
Commercial vs Subsistence Location 187 | 0.23 -9.60 <0.001
Subsistence Farmer
b) Other parameter Location associated | Random df Std. Z P
comparisons with significantly variable Error value | (for location
higher incidences of comparisonp
crop depredation
Giyani vs Komatipoort| No difference 185 | 0.22 -0.45 0.650
Giyani vs Ndumo Ndumo . 185 | 0.17 6.02 <0.001
Location
Komatipoort vs Nduma Ndumo 185 | 0.18 6.34 <0.001

Overall, subsistence farmers experienced a greater number ebalom incidences

per crop species than commercial farmers (Table 2a). Maize, produced by both subsistence

and commercial farmers, was the most commonly raided crop (Table 2b).

Number of crop raiding incidences per species

[ Subsistence crop farmers *
25 7 1 Commercial crop farmers
20
15
10
W
5 |
0
Baby marrow Orange Other Maize

Figure 2. Comparison of the number of depredation incidences per crop species for

subsistence and commercial farmers. Bars denote the number-oéicliog incidences per
crop species, including baby marr@ucurbitaspp., orang€itrus spp., maiz&ea maysnd
other norspecified crops* above bars represent significant differences between subsistence
and commercial crop farmers. Statistics are provided in Takbe 2a

138



4192
4193
4194
4195
4196

4197
4198

4199
4200
4201

4202
4203

4204

4205
4206
4207
4208
4209

CHAPTER FIVE

Table 2.a) Output of a generalised linear mixed model by maximum likelihooohparing

numbe of cropraiding incidences per crop specfessubsistence and commercial farmers
(fixed factors) andb) Comparisons between leading damaged crop species (maize) and other
crop species

Generalised linear mixed model fit by maximum Coefficient estimates for
likelihood correlation of fixed effects
Std. z
a) Fixed-effect parameters Dominant variable df Error value | P
Commercial vs Subsistence Farmg Subsistence 186 | 0.23 10.70 | <0.001
b) Comparisons between leading | Crop receiving
damaged crop species (maize) and higher number of Std. Z
other crop species depredation reports | df Error value | P
Maize vs Baby marrow 184 | 1.00 -4.6 < 0.001
. Maize
Maize vs Orange 184 | 0.72 -5.14 | <0.001
Maize vs Other crops 184 | 0.13 18.34 | <0.001

Subsistence farmers experienced a greater number efaihpg incidences by all
DCAs reported in the survey (Fig. 3; Table 3a) than commercial farmers. Furthermore,
primates were reportedly responsible foritin@stcrop-raiding incidences on subsistence
farms (Table 3b). Other creiders such as medeerbivores showed no differences in the
number of cropgraids compared with antelope and birds (Fig. 3).
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Figure 3. Comparison of the number of crogiding incidences by each damaggising
animal for subsistence and commercial crop farmers. Bars represent the number of crop
raiding incidences for eactamagecausing animal above bars represent significant
differences between subsistence and commercial crop farmers. Statistics are provided in
Table 3ab.
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Table 3.a) Output of a generalised linear mixed model by maximum likelihooohparing
the number of cropaiding incidences reported per damageising animal for subsistence
and commercial crop farmers (fixed facjo@ndb) Comparisons between leading crop
depredators (primates) and otldemagecausing animals

Coefficient estimates for
Generalised Inear mixed model fit by maximum likelihood correlation of fixed effects
Farmer experiencing higher Std. z
a) Fixed-effect parameters number of raids for each DCA df | Error value | P
Commercial vs Subsistence
crop farmers Subsistence crop farmers 36| 0.23 11.70 | <0.001
b) Comparisons between DCAs implicated in the highest
leading crop depredators number of crop-raiding Std. z
(primates) and other DCAs | incidences df | Error value | P
Primates vs Antelope 33| 0.22 -9.79 | <0.001
Primates vs Birds Primates 33]0.24 -9.77 | <0.001
Primates vs Megaerbivores 331 0.25 -9.73 | <0.001
Primates vs Other mammals 33| 0.13 -6.91 | <0.001

Livestock poultry andgamedepredabrs

Overall, farmer type did not influence the numbeliv@stock/poultry species lost to
depredation (Fig. 4; Table 4a). However, location differences existed (Table 4b). Giyani and
Ndumo experienced the highest diversity of livestock/poultry loss to depredation (Fig. 4;
Table 4b)Waterberg data was removedrh the analysis because no comparative data were
available for the Waterberg area. Only commercial livesganke farms from the Waterberg

participated in the survey.
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4225
— Subsistence livestock/poultry
g — Commercial livestock/poultry
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0]
z Giyani Komatipoort Ndumo Waterberg
4226
4227  Figure 4. Comparison of the number of subsistence and commercial livestock /poultry
4228 depredated per farm at each location. Bars represent the number of livestock/poultry
4229 depredated: acrosshars represent significant differences betwleeations Statistics are
4230 provided in Table 4&. NS denotes no significant differences between farmer type.
4231 comparative data are available for the Waterberg area because only commercial fivestock
4232 game farms participated in the survey. Commercial livestock famlicereot expeence
4233 livestock depredatiom the Ndumo area.
4234
4235 Table 4.a) Output of a generalised linear mixed model by maximum likelihoochparing
4236 the number of livestock/poultry species damaged per subsistence and commercial farm (fixed
4237 factors) andb) Other parameters included to show statistical comparisons between locations
4238  (randomfactors)
4239
Generalised linear mixed model fit by maximum likelihood Coefficient estimates for correlation
of fixed effects
a) Fixed-effect Farmer experiencing higher df Std. z P
parameters number of livestock/poultry Error value
spdamaged per farm Covariate
Commercial vs No difference Number of 49 | 0.17 -0.30 | 0.9540
Subsistence Farmer livestock/poultry
b) Other parameter Location associated with species df Std. z P
comparisons significantly higher depredated per Error value | (for location
incidences of depredation farm comparisonk
Giyani vs Komatipoort | Giyani 48 | 0.33 -2.08 | <0.001
Giyani vs Ndumo Ndumo 48 | 0.11 2.04 | 0.040
Komatipoort vs Ndumg Ndumo 48 0.32 2.83 | 0.005
4240
4241 Subsistence farmers experienced a greater number of livestock/mrpngdation
4242 incidences per species than commercial farmers (Fig. 5; Table 5a). Poultry and
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calves/lambs/foals were the most frequently depredated compared with other livestock and
game (Fig. 5; Table 5b).

10 - | — Subsistence livestock farmers *
— Commercial livestock farmers

Number of depredation incidences per spftype
*
'z
[# 2]

Antelope Calves/ Cattle Goat Other Poultry Sheep
lambs/ foals

Figure 5. Comparison of the number of depredation incidences per livestock/pggaitrg

type for subsistence and commercial farmers. Bars represent the number of depredation
incidences per livestock/poulfgametype including antelope, young stock

(calves/lambs/foals), cattle, goat, other (specified livestock or game), poultry and sheep

* above bars represent significant differences between subsistence and commercial livestock
farmers. NS denotes no significant differences between covariates. Statistics are provided in
Table5ab. Where no data is illustrated for subsistence farmebsistience farmers did

participate in the questionnaire and respondents reported zero incidences of depredation for
that damageausing animal.

Generally, subsistence farmers experienced a greater number of livestdtl
depredation incidences by 8ICAs featured in this study (Table 6a) compared to
commer ci al far mer s. Il n particul ar, caracal ,
(i.e. bateared fox, cheetah, hyena, serval, striped pole cat, genet and wild cat) were the
leading depredatol&ig. 6; Table 6b). Notably, during informal discussions, respondents
reported that lion in particular were a threat to the safety of orchard workers at commercial
farms bordering the Kruger National Park (KNP), which was due to frequent lion boundary

transgressions along the Crocodile River.
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Table 5.a) Output of a generalised linear mixed model by maximum likelihooghparing
the number of reports of depredation per livestock/poultry species for subsistence and
commercial farmers (fixed factorgndb) Comparisons between leadid@magedpecies
(poultry) and other species

Generalised linear mixed model fit by maximum likelihood Coefficient estimates for correlation
of fixed effects
a) Fixed-effect parameters Dominant variable df Std. Z P
Error value
Commercial vs Subsistence Farm Subsistence 288 | 0.10 4.28 <0.001
b) Comparisons between leading | Livestock/poultry df Std. Z P
species (poultry) damaged and | receiving higher number of Error value
other crop species depredation reports
Poultry vs Antelope Poultry 283 | 0.14 -3.22 0.001
Poultry vs Calves No difference 283 | 0.14 -1.06 0.290
Poultry vs Cattle Poultry 283 | 0.12 -3.57 <0.001
Poultry vs Goat Poultry 283 | 0.17 -3.91 <0.001
Poultry vs Other Poultry 283 | 0.20 -2.28 0.023
Poultry vs Sheep Poultry 283 | 0.23 -2.46 0.014
E [ Subsistence livestock/poultry farms
"5 40 N 1 Commercial gamellivestock/pouliry farms
& %
0 ® .
B -
% 30 1 o+
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Figure 6. Comparison of the number of livestock/pouligmedepredation incidences by

each damageausing animal for subsistence and commercial farmers. Bars represent the
number of depredation incidences reporteddaenagecausing animalk above bars

represent significant differences between subsistence andexial livestock/poultry

farmers. Statistics are provided in TablebG&Vhere no data is illustrated for subsistence
farmers, subsistence farmers did participate in the questionnaire and respondents reported
zero incidences of depredation for that camnévor other wildlife.
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Table 6.a) Output of a generalised linear mixed model by maximum likelihooghparing
the number of livestock/poultfyamedepredation incidences reported per daragesing
animal for subsistence and commercial livestock/paigitipefarmers (fixed factors)yandb)
Comparisons between leading depredator (caracal) anddatinetgecausing animals.

Generalised linear mixed model fit by maximum likelihood

Coefficient estimates for
correlation of fixed effects

Farmer experiencing
higher number of
depredation incidences Std. z
a) Fixed-effect parameters for each DCA Covariate df Error value | P
Commercial vs Subsistence
farmers Subsistence 21 | 0.17 -5.97 | <0.001
b) Comparisons between DCAs implicated in the
leading depredators and other| highest number of Std. Z
DCAs incidences df Error value | P
No difference on
Caracal vs African wild dog commercial farms 16 | 0.25 -0.98 | 0.330
Caracal vs Jackal Caracal 16 | 0.29 -3.53 | <0.001
No difference on
Caracals Leopard commercial farms 16 | 0.21 -0.63 | 0.530
Number of
Caracal vs Lion Caracal depredation | 16 |0.31 -2.31 | 0.021
No difference on incidences per
Caracal vs Other carnivores commercial farms DCA 16 0.21 -0.59 | 0.550
Caracal vs Other wildlife Caracal 16 | 0.4 -4.05 | <0.001

Livestock damages for both subsistence and commercial farmers collectively amounted to R4

373063 from 2013 to 2014JS$275200 at the current rardbllar exchange rate of
1US$=R15.88]details available isupplementary material: S1). Commercial livestock
farmers experienced greater financial loss due to depredation than subsistence livestock
farmers (Table 7a). Overall, depredation of young livestock (calves/lambs/kids/foals)
incurred the greatest financial loss compaceall other livestock/poultry/game species

damaged (Table 7b).
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Table 7.a) Output of a generalised linear mixed model by maximum likelihooohparing
livestock/poultrygamelost in South African Randdue to depredation for subsistence and
commercial farmers (fixed factorgndb) Comparisons between leading livestock type
incurring greater financial loss (calves/lambs/kids/foafs) aherdamaged

livestock/poultry/game.

Generalised linear mixed moe! fit by maximum likelihood

Coefficient estimates for correlation
of fixed effects

Farmer experiencing greater

financial loss due to livestock Std. V4
a) Fixed-effect parameters depredation df Error value P
Commercial vs Subsistence
farmers Commercial 38 | 0.01 -537.8 | <0.001
b) Comparisons between Livestock type incurring Std. Z
livestock types damaged greater financial loss df Error value P
Calves/lambs/kids/foals vs
Antelope 33 | 0.001 -1395.2| < 0.001
Calves/lambs/kids/foalgs Cattle 33 | 0.001 |-597.2 | <0.001
Calves/lambs/kids/foals vs Goat| calves/lambs/kids/foals 33 | 0.004 |-878.2 | <0.001
Calves/lambs/kids/foals vs Othet
game 33 0.003 -1058.7 | < 0.001
Calves/lambs/kids/foals vs
Poultry 33 | 0.006 |-701.4 | <0.001
Calves/lambs/kids/foals \8heep 33 [ 0.006 |-575.4 | <0.001

Farmer retaliation and persecution of wildlife

Nine different types of retaliatory practices towards wildlife were reported, namely

beating with sticks and stones, hitting with sticks, mobbing and attacking with spears,

poisoning, shooting, snaring, spearing, throwing rocks and trafipigg7; Table 8a).

Although subsistence farmers practised a wider range of retaliatory methods, commercial

farmers comprised a significantly higher number of respondents who practedesdiost

(Fig. 7; Table 8a). Shooting and poisoning were jointly the leading methods of retdbation

commercial farmeréFig. 7;

Table 8a).
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Figure 7. Comparison of the number of respondents who practise retaliation for subsistence

rocks

with sticks

and commercial farmers. Bars represent the numbespbndents wheeportedlypractise
retaliation for each retaliatory methddabove bars represent significaliferences between
subsistence and commercial farmers. Statistics are provided in8gdbl®/here no data is

illustrated for commercial farmers, commercial farmers did participate in the questionnaire

and respondents did not practise those methodsabiten.

Table 8.a) Output of a generalised linear mixed model by maximum likelihoochparing

the number of respondents who pradtisstaliation for subsistence and commercial farmers

(fixed factors) andb) Comparisons between leading retaliatostimdsvs other retaliatory
methods
Coefficient estimates for
Generalised linear mixed model fit by maximum likelihood correlation of fixed effects
Farmer comprising higher
number of respondents who Std. 4
a) Fixed-effect parameters practise retaliation df Error value P
Commercial vs Subsistence farmg Commercial 69 0.22 -5.02 <0.001
b) Comparisons between leading
retaliatory methods and other Dominant retaliatory method Std. z
methods used df Error value P
Shooting vs Beating Shooting 62 1.01 -3.99 < 0.001
Shooting vs Hitting with stick Shooting 62 0.59 -4.92 < 0.001
Shooting vs Mobbing Shooting 62 1.00 -3.99 <0.001
Shooting vs Poisoning No difference 62 0.20 -1.04 0.300
Shooting vs Snaring Shooting 62 0.43 -5.17 < 0.001
Shooting vsSpearing Shooting 62 0.47 -5.15 < 0.001
Shooting vs Throwing rocks Shooting 62 1.00 -3.99 < 0.001
Shooting vs Trapping Shooting 62 1.00 -3.99 < 0.001
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4321  Lethal control

4322 Overall, 87 farmers (35% of 249) reported killing a problem anduehg 2.3/

4323 2014 (respondent 6s s pSupplerachtandmateriak HighSi)t i on av ai
4324 These comprised 60% commercial farmers (n = 52 of 87) and 40% subsistence farmers (n =

4325 35 of 87). Commercial farmers reportedly implememtexte bthal control practies than

4326  subsistence farmers (Fig. 8; Table 9a). Carnivores (excluding leopard) were the most

4327 frequently persecuted conflict species by commercial farmers. @& Table 9b). Leopard

4328 and 6ot her mammal s6 di spl ayed.8sTablebl).&nr t r ends
4329 addi ti on, ¢ .y hushpig, higpapotamus ldoney badger, mole, mongoose,

4330 porcupine, rabbit, rat and warthog) weeportedlykilled on sampled subsistence and

4331 commercial farms. Primates such as chacma baboon and vervetyn@n&ecebus

4332  pygerythrus werereportedlykilled on sampled subsistence farms only. Subsistence farmers

4333 (and not commercial farmers) persecuted primates.(8i9).
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4335  Figure 8. Comparison of the number of wild animals killed per respondent for subsistence
4336 and commercial farmers Bars represent the number and type of wildlife killed per respondent.
4337 * above bars represent significant differences between subsistence and comareneia. f

4338  Statistics are provided in Tal®exb.
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Figure 9. Distribution ofanimals reportedly killed by farmers during this studporth
eastern South Afric&Coloured squares indicate species killedobsistencéarms, while
coloured circlesepresent species killed on commercial fardsap of South Africa is

provided in the inset.

According to the map illustrating the distribution of animals reportedly killed by respondents,

carnivores were mainly killed in the Waterberg area, Limpopoifeeywhile a wide range

of wildlife, such as primates, rodents and reptiles were persecuted in KwdZial

Province(Fig. 9)
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4350 Table 9.a) Output of a generalised linear mixed model by maximum likelihoochparing

4351 the type and number of animals killed per respondent for subsistence and commercial farmers
4352 (fixed factors) andb) Comparisons between leading persecuted species (carnivores other

4353 than leopards) and other problem animals

4354
Coefficient estimates for correlation
Generalised linear mked model fit by maximum likelihood of fixed effects
Farmer practising
highest levels of lethal Std. Z
a) Fixed-effect parameters control df Error value P
Commercial vs Subsistence farmg Commercial 25 10.13 -5.62 < 0.001
b) Comparisons between leading
persecuted species and other Most persecuted Std. Z
problem animals conflict species df Error value P
Other carnivores vs Leopards 22 1 0.25 -5.11 < 0.001
Other carnivores vs Other mammg . 22 ]10.13 -8.78 <0.001
Other carnivores
Other carnivores vs Other wildlife 22 10.30 -9.13 <0.001
Other carnivores vs Primates 22 | 0.45 -6.17 < 0.001
4355

4356  Nonlethal control

4357 No farmers reported practising both lethal andlethalmethods of control

4358  simultaneouslyln total, 137 farmers (55% of 249) claimed to implement-harmful

4359 techniques to protect their livestock, poultry and crops from DCifiag kraaling (or

4360 penning) of livestock, fencing, livestock guarding, use of scarecrows and insect repellents as

4361 wildlife deterrentsSome respondents reported using a combination of wildlife deterrents to

4362  control depredatioriThese comprised 55% commercial farmers (n = 75 of 137) and 45%

4363 sSubsistence farmers (n = 62 of 137) (respond
4364 Supplementary material: Fig. S2).Farmer type did not predict ndethal control use (Table

4365 10). However, the use obnlethalcontrol dominated over the absenceaoftlethalcontrol.

4366
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4367 Table 10.Output of a generalised linear mixed model by maximum likelihooohparing
4368 the number of subsistence and commercial farmers (fixed factors) that use and do not use
4369 nontlethal, nonharmful control methodsgvariateyto control problem animals

Coefficient estimates for
Generalised linear mixed model fit by maximum likelihood correlation of fixed effects
Higher Std.
Fixed-effect impacted Erro | Z
parameters variable Covariate 1 Covariate 2 df r value | P
Number of respondents | Presence or
Commercials No implementing nodethal | absence of non
Subsistence Farmer | difference control techniques lethal control 13 | 0.13 |0.71 | 0.480
Presence of nen
lethal controlvs Presence of
Absence of nostethal | nontlethal
control control 13 |0.13 |2.12 | 0.034

4370

4371 Discussion

4372

4373 This study set out to identify crop species and livestock/poultry types damaged due to
4374  depredation; identify the leading DCAs associated with the greatest number of crop, livestock
4375 and poultry depredation incidences; and establish whidtase DCAs were common to

4376  subsistence and commercial farmdise findings of this study support the predictions that

4377  subsistence farmers ksgreatemumberof crop species to DCA depredation compdred

4378 commercial farmers, and commercial farmers regbitnplementing a higher number of

4379 lethal control practices compartmsubsistence farmers.

4380

4381 Crop-raiders

4382 Overall, subsistence farms lost a greater number of crop species to depredation than
4383 commercial farmers, with Ndumo localities experiencing the highest numbers of crop species
4384 lost when compared with other areAthough respondents from Mkuze reportedhi

4385 numbers of crop species lost, Mkuze was removed from the statistical analysis because no
4386 comparative data for that area was obtaifiéefindings thatsubsistence homesteaafs

4387 Ndumoexperienedthe highest incidences of crop depredatamroboratd with a previous

4388 study in Uganda by Hill (200@hatalsoshowedcrop damage in particular may diminish

4389 subsistence food production and is, therefore, a threat to the livelihoods of such farmers (Hill,
4390 2000). TheNdumoareawasconsidered hot spot becaushis location suffered the highest

4391 incidences of cropaiding in this study, which is of particular concern because these

4392 homesteads exist in one of the poorest and most degraded areas of South Africa (Statistics

4393  South Africa, 2007). Notably, maize proguacby both subsistence and commercial farmers
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was the most frequently raided crop. Food security of subsistence households is compromised
whenever staple crops such as maize are affected by DCAs (Weladji and Tchamba, 2003) and
hence, these findings beagmificant ramifications for subsistence livelihootisaddition,
subsistence farmers could be vulnerablaweder range of crop species loss to depredation
because they farm with moheterogeneousrop specieddence although there might be a
preferere for maize by raiderg, is also possible that depredation could be opportunistic or
related to availability of crops or proximity of crops framotected areéPA) boundaies,
which a more focused study can assegature

Primates (the chacma baboon and the vervet monkey) were reportedly responsible for
themostcropraiding incidences, particularly on subsistence farecording to numerous
authorities, terrestrial primate species are more likely to raid and damagé¢henopsboreal
folivorous species (Else, 1991; Hill, 2000; Naughiorves, 1998; Siller&ubiri and
Switzer, 2001; Tweheyo et al., 2005). Several characteristics make primates one of the most
successful groups of crapiders.Baboonsand vervet monkey am@ble to overcome
deterrents such as fencing and scarecrows (Else, 1991; Zillbno and Switzer, 2001;
Tweheyo et al., 2005) and access food storage vessels that are not accessible to most other
wildlife. Primates can quickly learn and recognise nethrapogenic behavioursuch as
raiding in the absence of crop guards (Naugfitmves, 1998; Siller@ubiri and Switzer,
2001). Not only are primates highly adaptable to different habitats, they can implement a
wide range of feeding strategies and utiiseroad variety of food sources (Sillefabiri and
Switzer, 2001; Tweheyo et al., 2005). Furthermore, due to their complex social structures,
their cooperative behaviour, their ability to consume food swiftly and to carry additional food
away, increaseshelevel of crop damage (Else, 1991; Naughitnreves, 1998; Siller@ubiri
and Switzer, 2001; Tweheyo et al., 2005). Hence, primates could potentially raid a large
guantity as well as a wide variety of crops during a single raid in a relatively shatafpac
time, as seen in several previous studies (Else, 1991; Nadgigees, 1998; Tweheyo et al.,
2005), potentially threatening food securi@mnivorous primates like baboon, also show
overlap in their dietary requirements with humans, and can depeedade range and
diversity ofhumanfoods, Kaplan et al., 2011Sillero-Zubiri and Switzer, 2001) that

potentially jeopardiseumanfood security.

Livestock poultry and game depredators
Interestingly, farmer type did not predict the number of livestock/poultry species lost

to depredation. However, location differences existed. The predominantly rural areas of
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4428  Giyani and Ndumo experienced the highest diversity of livestock/poultry ldgi@dation
4429 compared with other areas. These areas contain the most vulnerablegdave human

4430 communities in South Africa (Statistics South Africa, 2007; Chapter 4), where low rainfall
4431 and acid soils challenge livestock farming (Statistics South Af@d7). Hence, these

4432  farmers must overcome poor veld grazing conditions (Chapter 4) in addition to frequent
4433 depredation of poultry and livestock. Under such conditions, livestock depredation would
4434  probably compromise food security in Giyani and Ndumo.

4435 Podtry and young livestock (calves/lambs/kids/foals) were most frequently

4436  depredated throughout the study locations. These regeleconsistent with several other
4437  studies; for example, snow leopards in Bhutan preferred smaller livestock and were

4438 responsike for the majority of calf and foal mortalities (Sangay and Vernes, 2008). Similarly,
4439 in Norway and Sweden, the calves of larger stock species such as bovids andlcemse
4440 spp. were more susceptible to beasusspp. predation than the adults (Zimmenmat al.,
4441  2003). In pastoral areas of South Africa, biagicked jackal depredation of <8@y-old

4442 livestock accounted for the majority of livestock losses in five provinces (Van Niekerk,
4443  2010). In the same study, caracakye specifically associated Wwitnortalities of lambs, kids
4444  and older small livestocte.g. goat and sheefdyan Niekerk, 2010).

4445 Subsistence farmers were affected by a greater diversity of DCAs compared with
4446  commercial farmersThese findingsvereconsistent with the results of my metaalysis of

4447  HWOC literature (Chapter 2), in which it wakownthat local communities living adjacent to
4448 PAs were affected by 49 different species of wildlife, the highest diversity of DCAs to affect
4449 a group of peoplen the literature. The wider diversity of DCAs experienced on subsistence
4450 farms could be correlated to the practice of mixed livestock and crop farming versus the
4451  monoculture farming of commercial farmers seethacurrenstudy.

4452 Caracal, Africanwilddg, | eopar d an de.gbattaree fox, cheetam i vor e
4453  hyena serval, striped pole cat, genet and wild cat) accounted for the highest number of
4454  depredation incidences reported, followed by lion and jackal. My findings that imgdlicate
4455  carnivores asignificantdepredatorsvereconsistent with other studies (Schiddsier et al.,
4456  2007; Thorn et al., 2015). In Botswana, leopard and lion were implicated in the highest
4457  number of livestock and game losses reported in the Problem Animal Control Register f
4458 the Kweneng District over a thrgear period (Schiedgleier et al., 2007)This is consistent
4459  with survey reports in the present study, wheyeslin particular were perceived as a threat
4460 to humansafety due to freque®A boundarytransgressionsSchiessMeier et al, (2007)

4461 hypothesisethat, along”A boundaries, lion could quickly learn to hunt livestock
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sporadically in nearby farms (Schiddgier et al., 2007), supporting the reports from survey

respondents in my study.

Largebodied carnivoreare naturally built for ungulate predation (Treves and

Karanth, 2003). Hence, these predateesehighly likely to kill domestic ungulates &nd

whenthe opportunity arises (Potgieter et al., 2015; Treves and Karanth, 2008).

Machiara National ParlPakistanleopardwasthe leading depredators of goat and sheep,

accounting for ~91% of livestock losses (Dar et al., 2009). Similarly, other hcanaivore

conflict studies conducted in Bhutan and Pakistan reported leopard as the primary livestock

prechtor (Sangay and Vernes, 2008; Wang and Macdonald, 2006). As with primates, leopard

possess a number of biological characteristics that render thesmipght conflict species
(Kissui, 2008; Marker and Dickman, 2005; Woodroffe, 2008ppardoccupy a wie array
of habitats and are widely distributed throughout Africa, Asia and the Middle East (Kissui,
2008; Mizutani and Jewell, 1998). Due to their cryptic natineyadapt better than other

large predators to anthropogegicminated landscapeBi(Minin et al., 2016Nowell and

Jackson, 1996). Importantly, leopard display significant behavioural plasticity (Marker and

Dickman, 2005Dickman, 2008)n their activity patterns and prey selection that enable them

to adapt to a range of ecological settings ¢dfoffe, 2000), including anthropogenic settings
(Marker and Dickman, 200®ickman, 2008Woodroffe, 2000).

The African wild dog, caracal and jackal were the other leading carnivores frequently

depredating livestock and game. These reswdigalso constent with several other

southern African studies that assoaiteese species with allegedly high incidences of

livestock depredation (Avenant and Du Plessis, 2008; Gusset et al., 2009; Van Niekerk,

2010). Interestingly, Woodroffe et a(2005) showedhatthe endangered African wild dog

only killed livestock when their natural prey species were extremely scarce. My findings

corroboratd those ofanother questionnaire survey conducted in the North Rfesince of

South Africa that reported the blablkcked jackal andaracal to be the leading pest species

associated with livestock depredatiombd@rn et al., 2012)Some scholars suggest tttatse

predataes select livestock opportunisticallgspeciallywhen natural prey is depleted or during

periods ofigh metabolic activity such as pregnancy and lactation (Avenant and Nel, 2002;

Kamler et al., 2012).

Commercial farmers (game and livestock) incurred greater financial losses due to

depredation compared with subsistence farmers. This could be attiibtitedexpensive

unit price oflivestock andgame species that is regulatedthg Livestock Trader

organisatiorandt h e

Game

Rancher so

Averandiceiwidhtseveral .
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other studies (Thorn et al., 2015; Treves and Karanth, 2003; \ékefkj 2010; Woodroffe

et al., 2005) that report significant monetary losses to the commercial livestock industry due
to depredation. However, there is conflicting reports over financial losses incurred by
commercial farmers in South Africa (McManus et 2014). Some studies (Treves and

Karanth, 2003; Van Niekerk, 2010; Woodroffe et al., 2Gg)gesthat livestock predation

can potentially jeopardise commercial farming livelihoods, while others show minor losses to

commercial game and livestock holdin@écManus et al., 2014; Thorn et al., 2012).

Farmer retaliation, lethal control and persecution of wildlife

Predictably, commercial farmers comprised the greater number of respondents who
practised retaliation, with shooting and poisoning being the leading methods of retaliation.
These findings concur with other studies in South Africa and Zimbabwe, in which
commercial cattle farmers were intolerant of largammaliarcarnivores (Lindsey et al.,

2005). Importantly, farmed game species often occur in small populations, especially exotic
gamespecies, and are expensive to replace (Marker and Schumann, 1998}ralatingalow
wildlife tolerance from commercial game farmers (Schumann et al., 2008).

Carnivores appeared prominently in the reports of persecutory killings of wildlife,
especially théeopard. The chacma baboon and the vervet monkey were commonly
persecuted on subsistence farms, with similar numbers of mortality due to persecution as
other perceived damagausing carnivoresuch as the leopar8imilarly, Macdonald et aJ.
(2012) showed through a global maitaalysis that the overall threats facing felids and
primateswvereoften the same and often occur in the same pMgeesults regarding
carnivore persecutiowerealsosupported byindings ofWoodroffe and Ginsberg 998) and
Dickman (2010), both of whom demonstrated that-feegying carnivores in developing
countrieswereoften in conflict with rural communities, commercial farmers and game
ranchers, anthelethal controlof these carnivoreis responseverecommon(Dickman,
2010;Swanepoel et al., 201Fyeves and Karanth, 2003; Woodroffe and Ginsberg, 1998). In
South Africa, as in other parts of Africa, repercussions of carnivore persecution have
particularly important implications for the persistence of endanggrecies such as African
wild dog (Woodroffe and Ginsberg, 1998) and the vulnerable leopard (Swanepoel et al.,
2014) that are freeanging and frequently inhabit agricultural landscapes (Mills and
Gorman, 1997). Authorities also postulate that DCAs &edito thrive along the PA edges
of indigenous habitat and farms where they can access both natural food from the PAs and

cropsand livestock/poultryrom the adjacent farms (Naughtdmneves, 1998; Siller&ubiri
154



CHAPTER FIVE

4530 and Switzer, 2001)['he map illustratingtte distribution of animals reportedly killed by
4531 respondentdndicateal that carnivores were targeted in the Waterberg area, Limpopo
4532  Province, while primates, rodents and reptiles waogecommonly persecuted in KwaZulu
4533  Natal Province. Howevefor a valid comparison to be made, subsistemzcommercial
4534  farmers whaoperatewith multi-crop commoditie¢De Klerk,2003) need to be interviewed in
4535 the Waterbergo elucidatevhetherprimates and rodents present aepredation threats and
4536 importanty whetherthey are targeted by such farmers with lethal control

4537

4538  Nontlethal control

4539 Farmer type did not prediobnlethalcontrol. However, the prevalencerainlethal
4540 control outweighed its absen&everal forms ohontlethalcontrolwere practised in my
4541  study and in the literatu®lacdonald et al., 2012; Osborn and Parker, 2008rge

4542  number of respondents in my study claimed to implemerthaomful techniques to protect
4543  their farm holdings, which is promising for mitigation et for examplenon-lethalcontrol
4544  practices such as field guarding have been shown to reduceamsfpy 85% (Osborn and
4545  Parker, 2003and potentially preseiat reducedhreat to wildlife.

4546

4547  Conclusions

4548

4549 Subsistence farmers were associated with the greatest diversity of crop species lost,
4550 and although farmer type did not influence livestock/poultry depredaieasof greater

4551 than average livestock depredation were identified in two rural arélaslaimpopo and

4552  KwaZulu-NatalProvinces. | also established that maize, poultry and young livestock,

4553  important staple food security commodities, were most frequently lost to wildlife

4554  depredationConsistent with the findings of other studies that exadhweenmercial farmer
4555  carnivore conflict, my findings shadthat commercial game farmezsmprised a

4556  significant number of respondents who reported lethal control of carnivores. Furthermore,
4557  mineis the first study to provide comparative data (that subsistErmers were outweighed
4558 by lethal controlling commercial ranchers) of how people from different economic classes
4559 managed problem animals. Hencddiffe depredation and persecution are the products of
4560 socioeconomi@and ecologicaissues, which are cawtversial because the farming resources
4561 damaged bear implications foumanlivelihoods and theconservatiorspecies concerneate

4562 vulnerable For example, the African wild dog and leopgvdrceived as leading damage
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causing carnivores in this stucgreconservation priority species and are protected by
legislation (Anthony, 2007; IUCN, 201,2and the repercussions of perceived damage
causingnotorietytherefore have particularly important consequences for the survisatbf
endangered specidswould also be interesting to generate a species of conservation concern
hot spot analysis in future, with more detailed focused GIS anaiysesgoratingandscape
criteria like proximity to PAs, landiselayers and distribution of natural resouncesking at

the complexities and causes of greater than average livestdakropdepredation in certain
areasThe identification of such hot spots would help inform landscape mitigation schemes to
diminish HWC in the areas where such mitigation is most ne&adedre research should
alsoinvestigate the attitudes and perceptions of subsistence and commercial farmers that can
determine farmer tolerance to wildlife and ultimately contribute towards a conflict mitigation

plan.
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Table S1.Livestock,poultryandgameloss for both subsistence and commercial farmers at each location. Damages due to depredation are
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expressed in South African Ran@AR); R0.00 indicates no damages wereurred for this species.

Type of livestock,

Unit price (average
price derived from

ame or poult Species name 2013 Game Giyani Giyani Waterberg Komatipoort | Komatipoort | Ndumo Ndumo
gama edp b P Rancher s 6| Commercial Subsistence | Commercial Commercial Subsistence | Commercial Subsistence
9 Association and
Livestock Trader)

Blesbuck Damaliscus | g 5 gag R0.00 R0.00 R 110 721 R0.00 R0.00 R0.00 R0.00
pygargus phillipsi

Buffalo (Capg Syncerus caffer R 30 882 R0.00 R0.00 R 30 882 R0.00 R0.00 R0.00 R0.00

Bushbuck Tragelaphus R9878 R0.00 R0.00 R 49 390 R0.00 R0.00 R0.00 R0.00
sylvaticus

Calves/ lambs Sr‘i’:;a“r“y Ovis | R 5000 R 65 000 R0.00 R 1370000 | R0.00 R0.00 R0.00 R0.00

Cattle Bos taurus R 5 000 R 125 000 R 355 000 R 80 000 R0.00 R0.00 R0.00 R0.00

Common reedbuck | Redunca arundinum| R 7 299 R0.00 R0.00 R 7299 R0.00 R0.00 R0.00 R0.00

Duiker Sylvicapra grimmia | R3 831 R0.00 R0.00 R 30 648 R0.00 R0.00 R0.00 R0.00

Eland Tragelaphus oryx R 7097 R0.00 R0.00 R 63 873 R0.00 R0.00 R0.00 R0.00

Gemsbok Oryx gazella R 6172 R0.00 R0.00 R 12 344 R0.00 R0.00 R0.00 R0.00

. Giraffa

Giraffe camelopardalis R 14 846 R0.00 R0.00 R 44 538 R0.00 R0.00 R0.00 R0.00

Goat ﬁl";‘é’d‘;‘ aegagrus R 1000 R0.00 R 1000 R 32 000 R 1000 R0.00 R0.00 R 28 000

Hartebeest Alcelaphus R 4 663 R0.00 R0.00 R 79 271 RO0.00 R0.00 R0.00 R0.00
buselaphus

Horse/donkey Equus ferus caballug R 10 000 R0.00 R 40 000 R 20 000 R0.00 R0.00 R0.00 R0.00

Impala Aepyceros R 1283 R0.00 R0.00 R473 427 RO0.00 R0.00 R0.00 R0.00
melampus

Klipspringer Oreotragus R 10 000 R0.00 R0.00 R 10 000 R0.00 R0.00 R0.00 R0.00
oreotragus

Kudu Tragelaphus R 6 646 R0.00 R0.00 R 312 362 R0.00 R0.00 R0.00 R0.00
strepsmeros

Nyala Tragelaphus angasii R 10 706 R0.00 R0.00 R 535 300 R0.00 R0.00 R0.00 R0.00

Ostrich Struthio camelus R 2031 R0.00 R0.00 R 8124 R0.00 R0.00 R0.00 R0.00

Poultry R 80 R0.00 R 1 200.00 R0.00 R0.00 R 720 R0.00 R 18 160
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Type of livestock,

Unit price (average
price derived from

ame or poult Species name 2013 Game Giyani Giyani Waterberg Komatipoort | Komatipoort | Ndumo Ndumo
gama edp ry p Rancher s 6| Commercial Subsistence | Commercial Commercial Subsistence | Commercial Subsistence
9 Association and
Livestock Trader)
Sable Martes zibellina R 294 947 R0.00 R0.00 R 294 947 R0.00 R0.00 R0.00 R0.00
Sheep Ovis aries R 1250 R0.00 R0.00 R 31 250 RO0.00 R0.00 R0.00 R0.00
Steenbok Raphicerus R 6 565 R0.00 R0.00 R 39 390 R0.00 R0.00 R0.00 R0.00
campestris
Tsessebe Bi;ﬁgscus lunatus | ¢ 13 959 R0.00 R0.00 R 41877 R0.00 R0.00 R0.00 R0.00
Warthog Phacochoerusp. R 456 R0.00 R0.00 R 13 224 R0.00 R0.00 R0.00 R0.00
Kobus
Waterbuck ellipsiprymnus R 3 846 R0.00 R0.00 R 69 228 R0.00 R0.00 R0.00 R0.00
Wildebeest gﬁ’:i’r‘]‘ff;haetes R 2941 R0.00 R0.00 R 82348 R0.00 R0.00 R0.00 R0.00
Zebra Equus zebra R 4975 R0.00 R0.00 R 39 800 R0.00 R0.00 R0.00 R0.00
Total damage per R 4 373 063 R190000 | R397200 |R3737983 | R1000 R 720 R0.00 R 46 160

location
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Legend

(] Provincial Boundaries & - A

[ Adjoining Protected Nature Reserves N
Formal Protected Areas

Farmer has killed problem animals in the last year e ]
® NO \/\’\\}'Vv.\/‘/\‘v/\

® No response
® Yes

. Ezemvelo Nature Reserve

. Marakele National Park

. Welgevonden Game Reserve
. Mkhuze Game Reserve

. Tembe Elephant Park

. Ndumo Game Reserve

7. Hans Merensky Nature
Reserve

8. Manombe Nature Reserve
9. Baobab Tree Reserve
10. Honnet Nature Reservi

aaunhWN -

Limpopo ®

Mpumalanga

0 30 60 90 120 km

——— RupgtluRatsl A 3

Figure S1.Spatial distribution of farmers that reportedly killed a problem antuahg

2013 2014. Redylobal positioning systemata points represent the location of farmers who
reported implementing lethal control, while gregobal positioning systeipointsrepresent
farmers whaeportedthey did not use lethal control. A full descriptiontioé different
colouredglobal positiming systenpoints is provided in the map legend. Numbers represent
key protected areatNumber 11 denotes the Kruger National PArknap of South Africa is
provided in the inset.
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] Adjoining Protected Nature Reserves
Formal Protected Areas
Commercial non-lethal control
® No
® Yes
Subsistence non-lethal control
® No
No response
® Yes

. Ezemvelo Nature Reserve
. Marakele National Park

. Welgevonden Game Reserve
. Mkhuze Game Reserve

. Tembe Elephant Park

. Ndumo Game Reserve

. Hans Merensky Nature
Reserve

8. Manombe Nature Reserve

9. Baobab Tree Reserve
10. Honnet Nature Reserve
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Legend e
[ Provincial Boundaries v %\

\ &

Figure S2.Spatial distribution of subsistence and commercial farmersregarted using

nonlethal control methods to protect their crops and/or livegtoakltry/gameagainst

problem animals. Coloureglobal positioning systemata points represent the location of
farmers, and a full description tife different colouredylobal positioning systeipoints is

provided in the map legend. Numbers represenpketected areasvhere number 11
denotes the Kruger National PaAkkmap of South Africa is provided in the inset.
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CHAPTER SIX

Attitudes and opinionsof subsistence and commercial farmertowards wildlife in
north-eastern South Africa

Abstract

The attitudes of farmers and local communities towards biodiversity and conservation
issues arencreasingly being considered in the management of protected areas. | evaluated
the attitudes and opinions of subsistence and commercial farmers towards wildlife, using
semistructured questionnaire interviews and a geographic information system atidese i
(a method to visualise the spatial di stri
attitudes) on farmland bordering protected areas in feasitern South Africa. There were no
differences in the attitudes between subsistence and commercialsamitbrthe exception
that subsistence farmers demonstrated a significantly higher percentage of agreement to the
statement OWildlife ohduladelbsdbke Ol brilcy i v
accounted for seven of the 13 statements ngldt ecocentric attributes (concern for the
ecosystem) such as environmental education, tourism and a willingness to learn about
northarmful wildlife control. Overall, farmers were negative towards six of the 13
statements, showing a letwlerance for resurce damage, crop and livestock in particular. A
third of the respondents (38%) indicated that they elicited help with hunidirfe
conflictr el ated problems, citing the need for

but

e | fy

col

fencibregd,er compensationodo and fAmore communi C:

high positive geographic information systéata pointoverlapped in the same geographic
areas of Giyani and Ndumuural areas of the Limpopo and KwaZtMatal Provinces for

both subsistence and commercial farmers. This indicates that attitudes of people often vary
significantly depending on the individual
subsistence and commercial farmers hold positive and negative attdudeds wildlife
possiblyfor different reasond-or example, although some positive attitudes of subsistence
and commercial farmers were related to the aesthetic and economic value of wildlife,
subsistence farmers could be motivated by employment missieough ecotourism due to
their lowerincomethan commercial farmerglence, a specific set of variables and typologies
predicted the attitudes and opinions of farmers towards wil@werall, psitive attitudes
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related to employment prospects, tearirevenue and the potential for mentorship through
environmental education. Negative attitudes and opinions related {afrgiag and stray

wildlife (individuals that transgress protected area boundaries), the negative potential of wild
animals to damagfarming resources and the lack of communication with conservation

authorities.

Keywords commercial farmers, geographic information system attitude index, negative

attitudes, positive attitudes, South Africa, subsistence farmers

Introduction

Incidencesf wildlife depredation of farming resourgesich as crop and livestqak
threats to the safety of people due to possible injury by wildlife often lead to the persecution
of wild animals (Graham et al., 2009he combinednfluenceof human persecutioof
wildlife (DeGeorges and Reilly, 2008) and the spreazbohotic diseasgdlacKenzie,

1997) prompted conservation authorities together with governments to establish conservation
areas and game parks to protect biodiversity and the ecological reseithoesheir borders,
resulting in the restriction of other land uses (Bruner et al., 2001). Consequently, for farmers
living alongside conservation areas of parks, resource use in the park is restricted, while
encounters with potential damagausing amals (DCASs) are increased (DeGeorges and

Reilly, 2008; Treves et al., 2006), thus promotiggative sentimentsetween park

authorities andocal human communitiea the humarwildlife conflict (HWC) quandary. In
addition, inadequate or lack of compeimafor losses related to wildlife depredation

increases antagonism towards biodiversity (Treves et al., 2006).

The attitudes of farmers and local communities towards biodiversity and conservation
are gradually being considered in the management of pedtaceas (PAs) (Alexander et al.,
2015; Anthony, 2007). The deliberate killings of wild animals are underpinned by negative
attitudes and opinions of people towards perceived DCAs worldwide. These attitudes have
led to active persecution of wild animalanging from sporadic poisoning to government
driven extirpations (Barnes, 1996; Naughimeves, 1997; Woodroffe, 2000), even outside
PAs (Lindsey et al., 2005; Olsen et al., 2014; Woodroffe and Ginsberg, 1999). Therefore,
future conservation efforts dapd on understanding and considering the attitudes and
opinions of people towards wildlife in conjunction with identifying problem animals and

levels of damage.
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Wildlife transgressing PA boundaries is a global problem and a concern for local
humancommunitiesand PA managei$iussain, 2003; Jackson and Wangchuck, 2001).
Fragmentation of PAs by impinging local communities have had particularly adifexss
on wideranging wildlifewhich require large rangesiieawhere all the resources the animal
requires to survive and reproduce is contaivédodroffe and Ginsberg, 1998), by reducing
homerange size and PA effectiveness (Mills et al., 1998; Woodroffe and Ginsberg, 11998).
addition, ecroachmenby local communities upon PAs has been showndreaseontact
between wildlife and anthropogenic activity on PA borders, areas where high-mdnaad
wildlife mortality can be expected due to conflict.the Hemis National Park in India, local
subsistence farmers increased the retaliatory killoigke snow leopartncia unciaand
Indian wolf Canis lupus pallipef response to livestock raids apnecause of deterioration
of communication between conservation authorities and local communities (Jackson and
Wangchuck, 2001). Similarly, subsisterfaemers in the Indian Himalayas harboured
extremely negative attitudes towards the snow leopard due to the hardships the community
suffered from acts of domestic stock depredation that threatened their livelihoods (Mishra et
al., 2003) Dickman (2010) sheed that subsistence farmers in Tanzania were particularly
hostile and antagonistic towards wildlife since the potential consequences of depredation of
farming stock would be intensified by the lack of alternate income.

Madden (2004) hypothesised that HW@nmonly involves characteristically
impoverished human communities, historically disenfranchised and culturally misunderstood,
with shortfalls in trust and communication with conservation authorities regarding how to
conserve biodiversity and ensure livelihoods of people simultaneously. South Africa
provides the ideal setting to test the Madden (2004) hypothesis because subsistence farmers
living in poverty are compressed into degraded land on the edge of PAs, alongside
commercial farm#é the same gegraphical area@rmstrong et al., 2008; Khan, 1994).

Since the 18 century, wildlife in Africa has been a source for European conquest
(DeGeorges and Reilly, 2008) of ivory and pelts, whilst colonialists expropriated land for
precious minerals, castrop plantations and forest products to feed colonial capitalism
(Keller and Golley, 2000). Consequently, indigenous black Africans were dispossessed and
alienated fronthelandthey occupiedDeGeorges and Reilly, 2008; Khan, 1994). Imperial
powers excludedfrican traditional beliefs (Keller and Golley, 2000) of sustainable,
indigenous resouremanagement strategies in favour of biblical tenets to manage wildlife
(Carruthers, 1995; DeGeorges and Reilly, 2008; Keller and Golley, 2000). These religious

doctrines maintained that humans had the right to exploit natural resources as desired
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(DeGeorges and Reilly, 2008)loreover,European settlers acquired from colonial
governments the most fertile land in attractive farming climates for agriculture (DeGeorges
ard Reilly, 2008), while Africans were secluded to overcrowded anddagdaded

settlements (Cock and Fig, 2000; DeGeorges and Reilly, 2008).

No efforts were made to conserve ecological resources until the Yated@iry
(DeGeorges and Reilly, 2008), ieh corresponded with rinderpest outbreaks that nearly
eliminated most wild ungulates in S@aharan Africa (MacKenzie, 1997). Thus, hastened
efforts that excluded Africans (Cock and Fig, 2000) to shape conservation legislation and
establish PAs, such aatre reserves and game parks, were made. A protectionist
philosophy emerged that perceived indigenous people as inept in managing wildlife (Cock
and Fig, 2000), branding subsistence on wildlife as a mechanism to elude waged labour
(Carruthers, 1995). Cahial powers in government completely overlooked thewalution
of indigenous people and wildlife in Africa where the sustainable use of natural resources
occurred for approximately 10 centuries (DeGeorges and Reilly, 2008; Keller and Golley,
2000).

A large number of indigenous people were evicted throughout Africa to accommodate
the establishment of PAs (Cock and Fig, 2000; DeGeorges and Reilly, 2008) and were
compressed into impoverished communities that bordered PAs (Anthony, 2007). For
example, in thearly 1900s, approximately 3 000 people were evicted from their settlements
and lost their grazing pastures in order to establish the Kruger National Park (KNP)
(Carruthers, 1995). Hence, historical political issues such as racial segregation and
discriminatory lavs have influencegresent day perceptions of wildlife and the environment
by Africans(Khan, 1994).

In Sub-Saharan Africa, recent studies show that negative attitudes towards wildlife
existamong commerciaRarker et al., 2014;indsey et al.2005) and subsistence (Gusset et
al., 2008) farmers, especially towards carnivoRezKer et a).2014,Gusset et al., 2008;
Marker et al., 2003). In addition, negative attitudes of local communities in Limpopo
Province South Africa were associated wittadequate maintenance of PA perimeter fences,
poor problerranimal control outside the park and lack of compensation for depredation
(Anthony, 2007). Infield (1988) and Newmark et 1993) showed that diminished
household wealth negatively influentcatitudes towards wildlife in KwaZukNatal
Province South Africa andn Tanzania. Furthermore, tensions between local communities

and PA authorities globally are intensified by poor communication, lack of interaction with
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communities and inadequate finaaatompensation for HWC damages (Dickman, 2010;

Jackson and Wangchuck, 2001).

Although HWC has been widely researche&outh Africa | am not aware of any

studies that directly compare or evaluate the attitudes and opinions towards wildlife of

subsistene and commercial farmers who are farmimghe same geographic areas

Moreover,only few studies arknown about the current attitudes and opinions towards wild

animals of rural subsistence householdSanth Africa(Parker et al., 2014; Lindsey et al.,

2005) a politically marginalised and economically vulnerable group of people (DeGeorges

and Reilly, 2008; Khan, 1994). My study wamducted irthree impoverished provinces in

South Africa, where subsistence and commercial agriculture occur concumentigly the

Limpopo, Mpumalanga and KwaZuNatal provinces, which are located in the nagéstern

areas ofSouth Africa

The aim of the study was to evaluate the attitudes and opinions of subsistence and

commercial farmers towards wildlife and conservation issues usingsserciured

guestionnaire interviews and a geographic information system (GIS) attitude index (discusse

later) in selected localities of nordastern South Africa (Fig. I)otably, factors affecting

A

peopl ebs attitudes and opinions towards

difficult to quantify and investigate than others (Kellert, 1998)erefore provide clear

definitions to distinguish attitudes from opiniohslefine: (i) attitude as the manner,

Wi

disposition, feeling or position of subsistence and commercial farmers towards wild animals;

and (ii) opinion as a belief or judgementfaymers. | reported the opinions as illustrated

guotes in my results (below). Twek questionsvereposed in this stud 1) Since both
subsistence and commercial farmeas experiencelWC with wildlife, do both hold
negative attitudes to wildlife2) Do subsistence and commercial farmers tpmditive,

negative or neutral attitudéswards wildlife?

Materials and methods

Data for this chapter were extracted from survey responses to the questionnaire in
Chapter 3 (Appendix 1), and detailed general methodology concerning study site, data

collection, the framework of the questionnaire, sampling procedures and interview snsthod

provided in Chapter 3. The study was conducted in rea#itern South Africa at selected

agripastoral localities (Fig. 1; Table 1) within the provinces of KwaAdial, Mpumalanga

and Limpopo. In total, 128 farmers from the Giyani, Komatipoort atignido areas
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4951  participated in the questionnaire (n = 18 commercial farmers, n = 110 subsistence farmers)
4952 (Table 2). Farmers froitthe Mkuze and the Waterbesgeaslid not participate in this

4953  segmenbf the survey.

4954

4955 Table 1.Sites in northeastern South Africevhere selected localities within the provinces of
4956  Kwa-Zulu Natal, Mpumalanga and Limpopo were sampled. The type of farmer sampled at
4957 each site is provided with the associated protected area.

4958
Province Study site Protected area Type of farmer
Limpopo Giyani Kruger National park, Manomba Subsistence and commercia
Nature Reserve farmer
Mpumalanga Komatipoort | Kruger National park, Marloth Park | Subsistence and commercia
farmer
KwaZulu-Natal Ndumo Tembe and Ndumo game reserves | Subsistence and commercia
farmer
4959

4960 Table 2.The type and number of farmers interviewed at each site and the total number of
4961 questionnaire interviews conducted.

4962
Province Locality Number of surveys Subsistence Commercial
per site farmer farmer
Limpopo Giyani 41 30 11
Mpumalanga Komatipoort 33 28 5
KwaZulu-Natal Ndumo 54 52 2
Total farmer surveys 128 110 18
4963

4964  Assessing attitudes towards wildlife

4965 Gauging the attitudes and opinions of people towards wildlife is difficult because

4966 these often vary significantly from person to perdepending on individual experiences,

4967  culture and religion, as well as influences from friends, family, the community and social

4968 media (Kellert, 1993). The questionnaire in Chapter 3 (Appendix 1) made provision to

4969 evaluate a variety of typologies (Kellet93) (Table 3) by allowing for trichotomous

4970 responses such as agree, disagree and unsure or yes, no and unsure/no response, as suggested
4971 by Lindsey et a).(2005) and White et al(2005). In addition, responses to opEmded

4972  questions provided opportuia@s for noRprescriptive responses. Respondents were asked to
4973  give their view on a number of statements (Table 4) by selecting the one that suited best

4974  (agree, disagree or unsure). Consequently, an association with the dominant typology was
4975  distinguishedor each statement (Table 4). The responses enabled me to gauge if the attitudes
4976  and opinions of farmers were positive, negative or neutral towards wildlife and to construct a

4977 GIS attitude index.
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Figure 1. Location of subsistence homesteadsl commercial farmsurveyed in north
eastern South Africa. Major protected areas displayed Belgandyellow circles areglobal
positioning systendata points that indicate the location of subsistence homesteads and
commercial farmers respectivelyudbers indicate key protected areasnap of South
Africa is provided in the inset.

Table 3. Typologies developed to evaluate the attitudes and opinions of subsistence and
commercial farmetsising guidelines proposed by Kellert (1993)

Typology | Description

A The aesthetic and economic value of wildlife

B Damagecausing ability and the negative potential of wild animals to depredate on farming
resources

C The moralistic and humanistic interests of respondents

D The utilitarian personalities gfeople that dictate the use of lethal or #ethal retaliatory practiceg
in dealing with HWC

E Concern for the ecosystem and the relationships between wildlife and natural habitats
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