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Abstract

The Africanwild dog Lycaon pictusi s one of South Afri caldess most
species has suffered massive rasiggnkagesn the past few decades and population numbers have
dropped significantlyAlong with other factors responsilfier its decline, one of the most notable
threats tahe Africanwild dog is conflict with humandhese carnivores are often persecigd
farmersfor their alleged depredation of liveskoand captivebred game speciealthoughdoubt

exists as to whether wildods are the avid depredatass suggestedly researchhereforeaimed to
investigate theonflict between people adrican wild dog focussing on livestock depredatidue

to heterogeneous farming landscapes, the history and location of protectezhdrdssendangered
status of the African wild dog, South Africa provides many opportunities to study this particular type
of humancarnivore conflictFirstly, | conducted a metanalysis ohumancarnivore conflicusing
published literature about African wild dog depredation of livestock and gatheompared these to
otherAfrican carnivores as well as ndfrican carnivoresResults indicated that African wild dog

were less avid depredators than other Africanispestich as lionRanthera leolnd spotted hyena
(Crocuta crocutq Also evident was thdtigh carnivore and livestock densities, coupled with poor
communities with poor livestock husbandry practices, npekaple and carnivores developing

regions mora/ulnerable to humanarnivore conflictsSecondly, | assessed actual African wild dog
occurrence in relation tine location ofarms, livestock density and several other anthropogenic and
natural landscape featur&his was achievedsingGPS data fromdur collared African wild dog
individuals from packs residing in tmertheastern part of South Africa aresource selection
functions.Results from these analyses suggested that, whilst African wild dog may occur in close
proximity to farms, they estakliedhome ranges in areas of low livestock density and few farms,
indicating predictive avoidance of areas where mortality may obtajor roadswvere highlightedas

a vulnerability for the African wiladlog, whilstnature reserves and vegetation were also important
predictorsof wild dog occurrence. ther anthropogenic and natural landscape features varied in
importance in determining wild dog occurrenkaeowledge about how the African wild dog selects

its resourcewvill enable us to identify vulnerabilities for these carnivores as well as areas where they
are likely to occur, aiding in conservation plannifigough African wild dog have historically been
reported to killivestock such goats and cattle, stydyseensto indicate that these carnivores are

not avid stockkillers. Given the precarious survivsthtusof the African wild dogand te food

security needs gfeople ina developing regiostrongly suggests theeed forcooperation of farmers

and theeducation of communities to aid the recovery of this uniquely African carnivore.
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Chapter 1

Introduction

Rationale

Agricul tur al |l and use makes up | arge parts of
to human livelihoods and food securitydestroys natural habitat and thus has negative repercussions
for biodiversity and wildlife conservatiogfforts (Tscharntkeet al. 2005). Agricultural landscapes are
mosaics of different cultivated products for human consumption qBesmettet al. 2006). These
mosaics can consist of tree plantations, pastures, cultivated crops and other horticultural activities
interspersed with roads, human settlements, streams and wetlands and some natural vegetation
patches (Bennett al.2006). The sermmaturalor natural vegetation patchegthin the mosaicare
excluded from human landse and can include small forests, trees scattered throughout a pasture or
human settlement, native grassland areas and dense vegetation along roads, waterways and
agricultural feld boundaries (Bennett 1990, Luck & Daily 2003). In hurabiared aregsuch as
agricultural sites, even small remnant natural areas or woodlands can provide important refuges for
native wildlife (Sogaet al.2014). These refuges can provide importasburces, such as shelter and
food, for a variety of different species, from invertebragesh as bumblebeeBdmbusspp,

McFrederick & LeBuhn 2006), small mammals (Milstesicil. 2007), large mammsabkuch as

elephantsl{oxodonta africanaHoare 1999)and carnivores (Markovchi@dicholls et al.2008).

Historically, the objectives of the agriculture sector seemed irreconcildtbl¢hat ofwildlife

conservation, as land set aside for conservation was deemed wasteful or at the cost of local

¢ o mmu nlivdlifoa sigeds (Wedt al 2006, DeGeorges & Reilly 2008). An estimated 50% of
reserves and protected areas worldwide have been founded in areas traditionally occupied by
indigenous people (MacKenzi®97). Within Africa, thousands of people were evicted from
settlements when protected areas were establifieg8gorges & Reilly 2008nd subsequently

relocated to densely populated and impoverished communities bordering the reserves and protected
areagAnthony 2007). Most of these communities still exist today and the inhabitants often exploit
the bordering natural areas for firewood, food and mediditodNgelyet al. 1995,Anthony 2007),
conflicting with wildlife park authorities and lawRé&ngarajar2003. Due to the proximity to

protected areas, wildlife may occur in agricultural ateaslering reservedound 2016), but are

t

h

often viewed as fApestso to agricultural product. i

(Atwood & Breck 2012).

Humanwildlife conflict is a global issuéTreves & Karantt2003) although conflict incidents differ
between regions due to resident wildlife species and variations in farming practices (Treves 2009). In

most countries today, most conflict events with wildéifecharacterised by mammalian carnivore
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species and commercial farmela(ghtonTreveset al.2003. Mammalian carnivores (hereafter
carnivores), especiallythe largero di ed ones ( O Wadllaclkegal (2045) gressnt r i be d |
scientists and reserve managers with one of the most difficult conservation clsallearge areas are
required to conserve carnivor@daddox 2003)These same areas are often needédfib the
livelihood needs opeople including activities such darming and minindWang & Macdonald

2006) These afrementioned activities are generally damaging to the environment antticarely
cause the disappearance of large bodied carnivores from theg®aites al. 2005) Coupled with
evergrowing human populatigare habitat modificatisyand a growing demand for ecological
services and natural resourcesch as timber and arefas the pasture of livestodiollar 2011).
Agricultural areas will cause added pressure on the envirorsimeetdemands for bioenergy
feedstocks and food reswoes increase, resulting in the loss of more grasslands and other habitats
(Daleet al.2011; Wright & Wimberly 2013).

These global expansions of anthropogenic influences have unsurprisingly increased the occurrence

and intensity of humanarnivore conflits (Treves & Karanth 2003). Humaarnivore conflicts are

defined as a perceived negative interaction between carnivores and hwasaltisg in injury or loss

to humans, often instigating retaliation (Madden 2004). Hucaanivore conflicts not only have
disadvantageoumpacts on people and their livelihoods, but the managementofassb | ed #Apr obl e
ani mal so can be detrimental to conservation effoa
leopard Panthera uncia)s listed as Endangered by the IUCNhe International Union for

Conservation of Nature) and their populations are still decreasing (IUCN 2016). Extensive

conservation efforts and monetary inputs, such as educating rural villages about husbandry practices

and raising awareness for conseiataim to increase snow leopard population

numbergMcCarthy& Chapron2003), buthey are often still persecutéat livestock depredation

(Bagchi & Mishra 2006).

Anthropogenic activities and retaliatory killings have bseggested as th@imary drive of several
large carnivore declines, including the African lidGtatthera le, tiger (Panthera tigrig and
Mexican wolf(Canis lupus baileyji(Michalskiet al.2006). Livestock predation by different
carnivore species is a major concern and causenfifatdor farmers glohlly (Van Niekerk 2010),
with only some examples including coyotafis latrans)Xepredating shee®yis arieg in
California, USA (Timm & Connolly 2001), golden jack&dnis aureuykilling cattle and calves
(Bos tauru¥in Israel(Yom-Tov et al. 1995) and brown beab¢sus arcto} and grey wolf Canis
lupis) killing sheep and goat€épra aegagrus hircush Slovakia (Rigg 2004). In Africa, major
livestock losses have been attributed to carnivores, with cat@aadal caracal and blackbacked
jackal Canis mesomelasiepredating sheep in South Africa (Thetral.2013), spotted hyena
(Crocuta crocutakilling horses Equus caballusin Ethiopia (Abayet al.2011), lion depredating
cattle in Cameroon (Tumengh al.2013) and wd dog killing goats in Keny@dWoodroffeet al.



2005a) Regardles of location or livestock targeted, it is clear that livestock depredation by
carnivores is a common problem, and that the factors that both initiate and mitigate this behaviour

must be investigated.
Livestock farming in SA

Due to low viability of crop ppductionstemming from adverse climatic conditions (Blignatal.
2009),animal agriculture is the most important and primary income generator in South Africa for
both rural and commercial farming in different climatic zones (Shack&ttah2001). Livestock
agriculture is one of the largest and fastgstving sectors in South Africa, with different livestock
subsectors consisting of dairy farming, beef farming, sheep and goat farming, poultry farming and
game ranching (commercial only) (Goldblatt 2Dl ivestock production across South Africa is not
homogenous (Cousins 2008), withthruratbasedand commercigbroduction contributing
significantly to household food security (Livestock Development Strategy for South Africa 2006). In
sub Saharan Afica, 41% of all agricultural land conssif small or very small subsistence
agricultural lands, whilst only 12% consist of large and very large commercial agricultural lands
(Samberget al.2016). When compared with commercial farms, these smallholdes f@ontribute

more food calories toward direct human consumption at a local scale (SahheR2916).

Despite the numerous subsistence farms contributing to produced calories, the success of the South
African livestock sector in relation to gross destic product (GDP) is ascribed to commercial

farming and livestock intensification to increase production numbers and turnover rate (Livestock
Development Strategy for South Africa 2006). The total production of livestock food products
(excluding norfood products such as wool or fertiliser) from commercial agricultural systems
comprises and average of 4 million tons per annum (Goldblatt 2010). South Africa produces 85% of
all its beef requirements, with extensive cattle ranches occurring mostly in th8tate, Kwazuhu

Natal and Limpopdrrovinceswith herdsmainly comprised ofhe indigenous Afrikaner or Nguni

cattle breeds (Reidflarti et al.2003). These two breeds are popular due to their tick resistance, high
fertility, low inter-calf periods and the production of tender meat (Strydbat. 2000). Sheep

farming is concentrated in theterior Cape regionand the Free Stafrovince whilstgoats are

common throughout many Proving@nowder & Duckett 2003). The Dorper sheep and the Boer goat
are both hardy, |l ocally devel oped breeds, and
goat products (Malan 2000, Snowder & Duckett 20@8ijle Merino sheep and Angora goats are

used primarily for textile products (Vissetral. 2009).Poultry production in South Africa ihe most
intensiveproducer of food products when comparetht® othemmeatproducinglivestock sectors,

with an annubpoultry meat production of 960,000 tons, with 768,000 tons consisting of broiler
chickens (Dyubelet al.2010). The remainder consists of ducks, geese, turkey and ostrich meat

(Dyubeleet al.2010).Game ranching is an increasingly prevalent commefaialing venture in
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South Africa,becausenany farmers find it more profitable than livestock farming (Bot@@@5). In
addition to income derived from sport hunting, stud breeding and tourism, breeding of rare colour
morphs has also become a popular incgererator due to rapidly escalating sale prices
(Bothma2005). The dichotomy between subsistence and commercial farming systems, coupled with
the need for food security in a developing country may make South i\facaersespecially

vulnerable to conftit with carnivoresvhen livestock and game species are depredated.
African wild dog and its decline

The wild dog, also known as the African painted dog, is a crepuscular carnivore founeSiahsun
Africa (Woodroffeet al.2005b) It is characterised by large ears, a long muarbkdistinctive black,
brown and white coat markings that are not only unique to each individual, but also bilaterally
asymmetrical on the bodyVoodroffeet al.2005b) Wild dogs weigh an average of-30 kg, are 69
75 cm tall and have an average lifespan of 11 yearatime(Estes 19911 Wild dogs are habita
genealists (Whittingtoret al.2011) but as with many other carnivores are possibly influenced or

restricted by humaaltered landscape features (Jenlghal.2015).

Wild dogs are obligate grotjving, forming permanent packs and adhering to a hierarchical,
cooperative social structure among both s€kstes 1991)A pack generally comprises of the alpha

pair, 48 adults, 511 pups and-B yearlings (Woodroffe & Ginsberg 1997). The alpha pair usually
consists of the oldest femalethre pack and a prime aged male (aged betweggears), as the older

male is usurped and forced into a more subordinate position by the younger, stronger and more fertile
male (Creel & Creel 2002l wild dogs, unlike masother groudiving carnivoressuch as wolves,

males remain in their packs of birth, while long distance dispersal occurs primarily by small groups of
related juvenile females that join existing padkseel & Creel 200Ror form new packs with

unrelated malefGirmanet al.2001) Female dispersal is therefareportantfor the genetic variation

within wild dog populationgGirmanet al.2001) The longest dispersal distarmaea wild dog

individual was recently found to be 476 ¥rbhetween Northern Tuli Game Reserve and Hwange
National Park in ZimbabwgDaviesMostertet al.2012)

Wild dogs are obligate cooperative breed®tan Den Berghet al.2012) and other pack members

help rear the pups of the alpha gaicNutt & Silk 2008) The alpha female can produce a litter -of 2

22 pups, although litter size is influenced by maternal age and paclwiizelder females in larger

packs having and successfully rearing more pups than younger females in smallepaitks &

Silk 2008. Pup survivals possibly due to older females having more experience in raising pups, and
larger packs having more lpers and more frequent, successful hultsNutt & Silk 2008. Despite

this, the average survival rate for a litter of pups, as calculated from a stumlyhiern Botswana, is

often less than 509 cNutt & Silk200§ . Juvenil es f r wrbring bapkifoedvfar o u s

the mother in the den, guarding the pups while the pack is away hunting and defending them against
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possible predators (Creel & Creel 2002). Dens are effablishedn empty termite mounds that

have previously been excavated blgastanimals, such as aardva@ycteropus afer and pups are
confined to the den fdhe first three months of lif@Mbizahet al.2014) Throughout the rest of the
year, wild dogs have largeme ranges of 428318 kni, but they change their usual wide ranging
behaviour during the denning perifud den defence and pup food provisioning (Creel & Creel 2002)
with home ranges averaging-260 kn¥ (Mbizahet al.2014) An individual wild dog can cover an
average area of 10 Krdaily (DaviesMostertet al.2012) Wild dog packs mstly hunt medium sized
antelopdike impala @epyceros melampus and T h o mp Budlorcdssthomsargby | | e (
approaching silently and then chasing the prey down at an average speed of 66 km per hour over an
avelge distance of 6 km (Estes & Goddard )9BTey is continuously bitten on the bellymp and
legs until it falls down, and is then consumed quickly by the fiditigdon 1988)

Despite extensive conservation efforts and protection und&aihign AfricanNational

Environmental Management: Biodiversity Act (NEMA 2004), wild dog populations have been
declining dramatically in the past century, and todaysgiexies is classified as Endangered by the
IUCN Red List of Threatened Species (Woodroffe & SillZrdiri 2012, IUCN 2016). Even whilst
being well protected by conservation actions and legislation, wild dogs are found at low population
densities of 27 individuals per 1000 kfracross a variety of different s<8aharan ecosystems
(DaviesMostertet al.2009, having suffered major range shrinkages in the past century (Figure 1.1)
Recent population numbers in protected areas are estimated at o8§®BD@lividuals Dr Kelly
Marnewickin litt) with one of the few viablefree ranging populations occurring in the Kruger
National ParKLindseyet al.2004). It is uncertain what the population numbers might be outside of
protected areas. One reason for this decline is the interspecific comp@&@reatet al.2004)and

direct killing of adults and pups by larger carnivores (Creel 2001), with 47% of adult and 20% of pup
deaths being caused by lifillero-Zubiri 2004) Additional reasons for decline include
kleptoparasitism of their kills by lion and hyerfeafishawe & Fitzgibbon 1993and deadly infectious
diseases such as rabies and canine distemper (Fanshawi91), with rabies contributing to the
extinction of wild dogs in the Serengeti ecosystem fl@®01991 Woodroffe & Ginsberg 1997In
2016, the Lower Sabie wild dog pack in Kruger National Park, a pack of 13 individuals, was wiped
out due tahecanine distemparirus (Dale Hes in litt) However, shrinking habitats and conflict with
humans haveden ascribed as the major reasons for the population decline of the wild dog, with
governmensanctioned killings lasting up until the late"2@&ntury(Creelet al. 2004) Today,
persecution is still an ongoing probléBwarner 2004)with 26% of a population of 196 studied wild
dogs in the Laikipia Distridin Northern Kenya dying due to shooting and poisoning by farmers
(Woodroffeet al.2005b) Mortality on roads carrying heavy traffic is anothander to these species,
with nine wild dogs killed on roads in the Greater Mapungubwe Transfrontier Conservation Area
within a threemonth period in 2012 (Collinscet al.2015).



Figure 1.1.Published Fstorical (left) and current (right) geograpaidistribution of the African wild dg throughout AfricaBoth
distributions of African wild dog were estimated and compiled by the IUCN SSC-raidgeconservation planning process for Cheetah an
African wild dog. The current geographic range compriseg amdas of known residence. Wild dogs have been virtually eradicated from
large regions of their former ranges in North and West Africa, with the largest populations remaining in southern Addiedlyesp
Botswana, Tanzania, western Zimbabwe and the ériigtional Park. Data for the historical magreobtained from
http://cheetahandwilddog.org/prosa.html, and data for the current map was obtained from the IUCN, with permission toglawrdddm,
the IUCN at 201611-20 14:10:01 UTC.

Historically, wild dogs have not garnered public sympathy compared to species that are considered
more charismatic and iconic, such as leogRahthera parduysor lion (Lindseyet al.2005)

Similarly, myths, superstitions and negative perceptions surrounding wild dogs remain prevalent in
modern timesleading to at least5 consumptive uses for wild dog body parts in traditional medicine
(Page 2014)posing a risk for the continued survival of these animals even in protecte\lp&zeh

et al.2014)

The aim ofthis dissertation wat® investigate humawildlife conflict with regards to the African
wild dog (Lycaon pictusin a global and regional context ailmdassesthe fome range characteristics
and resource selection of these carnivores to ascertain predictors of their occurrence and their

vulnerabilityto persecution by people



Dissertation layout

This dissertation comprises of four chapters. In addition to this introductory chapter (Chapter 1), there
are two data chapters (Chaptet3)2and a general discussion chapter (Chapter 4). Chapter 2 consists
of a metaanalysis of published literature onrhancarnivore conflict at a global scale, focussing on
African wild dogs and other local and global mammalian carnivores as livestock depredators. Chapter
3 investigates humagarnivorerelating to African wild dogt a regional scalépcussing orthe

predictors of their depredation by assessing their use of resources in the environment to determine
predictors of their occurrence, depredation potential and to assess their vulneifdislityo data

chapters each include an abstract, introduction, methegldfs and discussion sections. A
supplementary section is appended to Chapter 3 egfér@nce section is providatithe end of this
dissertationTables and figures are numbered in sequence for each chapter. Throughout this
dissertation, | endeavoutéo avoid repetition of information between chapters, although some

overlap in content may occur.



Chapter 2

A meta-analysis of humancarnivore conflict: South African and

global perspectives

Abstract

Humancarnivore conflict is a globgdroblem and stems from growing human populations, increased
demand for natural resources and land to graze livestock. Carnivores often depredate livestock,
leading to their persecution. This is detrimental to conservation efforts, especially that ofeeedang
species suchs the Africarwild dog. | therefore conducted a metaalysis of scientific literature to
assess humanild dog conflict in southern Africa with those of other carnivores both locally and
globally to compare common patterns of hurgarrivore conflicts including thel) livestock and
game depredated, tR¢ morphology, behaviourand ecologicatorrelatesof carnivores involved in
depredation; and the farmer type (commercial vs subsistence) experiencing depr8gatidit

focus was @ced on general patters of depredation events globally and locally, community
vulnerabilities and reaction to depredatiand carnivore species involved in livestock attacks.
Institute for Scientific Informatioscientific publications and other literatuirom scientific databases
relating to quantifiable humararnivore conflicts were sourced from 198215. This resulted in 77
publicationsreporting 33 species of carnivor@gven publications on African wild dpglepredating
13 livestock types and gee from 26 commercial and 51 subsistence communities globally. High
carnivore and livestock densities, coupled with poor communities with poor livestock husbandry
practices, make developing regions more vulnerable to haaraivore conflictsThis will

contribute to risk of persecution of carnivores, particularly the endangered African wilthdog.
addition, livestock are more vulnerable to depredation from nocturnal carnivores, whilst other
carnivore morphologies and behaviors, such as body size, htexdtigs and sociality reportedly did
not affect the likelihood of livestock depredatibeonclude thathe African wild dogs equally
damagingas aivestock depredator when compared to other caras/in a global context, butlisss

damaging than other species, such as spotted hyena and lion, in an African context.

Keywords African wild dog, carnivores, conflict, depredation, livestock, raetal/sis



Introduction

Vulnerability to depredation and mitigation methods

Humancarnvore conflict is influenced by biological, sociological and sessonomic factors, and
people from different economical classes, cultures, beliefs and attitudes can be affected differently by
livestock depredatiomdwood & Breck 2012). Subsistence agttave, practicd mostly in

developing regionssuch as Africa, Asia and India, is defined by-seifficient farming of crops and
animals (Ellis & Biggs 2001), but farmers seldom have surplus stock to sell (Waters 2006).
Subsistence farmers often struggieoroduce agricultural produatisieto poverty (Morton 2007) and
other difficulties such as theft (Tinsley 2003), droughts or floods (Seaz22008), poor soil

quality (Lal 2004) and depredation of livestock by carnivoNamfgailet al.2007) The depredation

of livestock, coupled with these other stressors, intensifies haaraivore conflict and the
persecution of carnivores (Datiko & Bekele 2013). Commercial farming involves the production of
crops and livestocfor the marke{Walford 20@), and ischaracterised by the use of specialised tools
and machines (Van Huylenbroeekal.2007) and intensive livestock husbandry practitcetuding
selective and crogwreeding (Simnet al.2005), inoculations (Hutchisagt al.2005) and specialise
nutritional supplements (Arriagat al.2009). Due to these large monetary inputs by commercial
farmers, depredation of livestock is perceived as massive financiaBidlesotZubiri et al.2007),

often leading to the indiscriminate killing of carniesr(Schumanat al.2008) and thus aggravating

humancarnivore conflict.

The perceived or monetary value of the livestock killed adds to the magnitude and type of retaliation
initiated by livestock depredatidiNamgailet al.2007) Cattle tend not only tbave a higher

monetary valu¢han smaller livestock, but alsoltdaultural value for many people, being a centre of
identity and asymbol of wealth and respebr examplen the Maasai culture, thus eliciting a strong
emotional response when killed by predatgsiowski & Holekamp 2006)In Kenya, cattle are
considered as | ive Asavingso wywhanneededaendthe ai | abl e
farmer owning the most cattle in a community is considered a good leader, as he is able to help other
families in crises (Oumat al.2003). Goats, like cattle, are a similarly important social currency in

most African countries, as they are used in the practice of paying a bride price (known as lobola), are
exchanged to or given as loans to relatives and used in ceremonies or raliggo{Brakeret al.

2002). Poor husbandry practices may contribute to htoaemvore conflict by allowing carnivores

easy access to livestock (Ogastal.2003). For example, carnivores can access livestock when there

is insufficient livestock guardinguch as the use of inexperienced herders or children tasked with
guarding (kanda & Packer 200Q8nd grazing livestock in dangerous locations known to contain

carnivores Bhattarai & Fischer 2014)

10



Farmers invariably attempt to mitigate losses to careby either acting preventatively or

reactively (Carteet al.2012). Preventative measures include the use of deterrents and repellents
(Follmannet al. 1980). Deterrents and repellents include physical barriers, projectiles, visual and
acoustic repellats, explosives and chemicals, all aimed at discouraging carnivore presence, to stop
near approach and attack (Sméthal. 2000). Deterrents can include the use of chemical substances,
such as lithiurrchloride baits for aversive conditioninGstavsoretal. 1974 or painting ear tags

and protection collars of livestock with pungent chemicals (Landa & Temmeras 1997). Visual and
acoustic repellents include frightening stimuli to prevent a predator from enteringvtieras

livestock are kept, examples ohigh include crackers (Koehlet al. 1990), alarm calls (LeFraret

al. 1987), gas exploder8(o mf or d & Q,dl&Iry bagriars (M@siardt al.2003) and guard
dogs (Markeet al.2005), while physical barriers include structures such as bomaoaats

(Ogadaet al.2003) or electric fences to safeguard livestd¢krfiu & Anderson 2006 Projectile
repellents are utilised on carnivores that have already moved into an area and been detectetd (Smith
al. 2000), such as antiot rubber bullets (®nhouse 1982), ferret seftugs Clarkson 198pand
rock-throwing (Smithet al.2000). The efficacy of many of these methods is low or dhved, as

some are too expensive for loteaym use, require constant human presamckbr predators become
habituated to adverse stimuli (Smiét al.2000) and can often only be afforded by commercial

farmers.

Farmers may resort fwe-emptivekilling of carnivoresas a preventative measure or retaliatory

killing when livestock are killed or if preventative measufail Carteret al.2012. Reactive

measures include the use of lethal substances or mechanisms that deliberately remove carnivores to
protect livestockTreves & NaughtoiTreves 200h Examples includsteeljawed or serratetboth

traps (Fisheet al.2015), poisoned bait carcasses (Berger 2006), staked pitfallaraphunting

(Daly 2006). Although considered as the cheapest and most effective method of reducing depredatio
lethal control is commonly nselective and kills notarget speciefRochlitzet al.2010, is energy
intensive and often has the unintended consequence of an influx of other replacement carnivore
species or individual€grooks & Soulé 199Ritchie & Johnson 2009T.he implementation of both
preventative and retaliatorygztices to control depredation by carnivores are also dependent on
economic factorssince poorej subsistence farmers are unable to afford economically costly
preventative measures (Thirgoetdal. 2005), in addition to paying fahe replacement dilvestock

lost to carnivoresWang & Macdonald 2006 For example, between 198896 rural villagers living

in the Nanda Devi Biosphere Reserve located in India lost US$ 29,272 in sheep and goats to Persian
leopards Panthera pardus saxicolpfRaoet al.2002). Similarly, livestock predated by snow

leopards Panthera uncigresulted in 25% loss annually of the average per capita income of villagers
in Nepal Qli et al.1994). In Web Valley, Ethiopia, pastoralists suffered a financial loss of US$

13,054 ovethree years, with depredation on cattle, sheep and goats by spotted hyena and African

11



leopard Panthera pardus pardyigAtickem et al 2010). In Namibia, subsistence farmers lost an

annual US$ 78 per household to depredating carnivores (Jones & Barfigs 200

Morphological and ecological predictors of attack

Carnivore species differ in their activity patterns, hunting techniques and sociality, each contributing
to or easing humaoarnivore conflic{Rayet al.2005) Daily activity patterns vary from exclusively
nocturnal species (e.g. caradahfacal caraca)), through crepscular(e.g.African wild dog) to

diurnal species (e.g. cheetakcinonyx jubatus Gehrtet al.2010) Carnivores employ different

hunting strategies, depending on their morphology, behaviour and type of prey th@yidwuhbx

2003) Three main types dfunting techniques are utilisegamely ambush (s#ndwait) rundown

and opportunistic (Gehdt al.2010). Ambush hunting includes stailliprey, followed by a short

rush or chase of the prey, whereasdomwn hunting involves longistance chases to tire out prey
(Rigg2004) Opportunistic carnivores generally do
but ratherselectprey in the same relative abundance as is available in the environment, feeding on
anything encountered and caught (Delibtsteoset al.2008). The red fox\(uples vulpesieeds

mostly on European wild rabbiDfyctolagus cuniculyswhen it is abundant in the environment, but
shifts its diet to other prey when rabbit abundance is gical of an opportunistic feedeBdrtel &
Knowlton 2005 DelibesMateoset al.2008.

Predator behaviour following prey capture may add to their vulnerability to haamaivore conflict
(Buchholz 2007)For example, lion are more likely to stay and defend livestock carcasses (which
invariably lead to confrontatioribat get them killed), while spotted hyena are more wary of humans
and often flee kill sites where possilffattersoret al.2004) Leopard Panthera pardusare

secretive and hide their kills and themselves thorou@dytersoret al.2004) A large proportion of

the felid family are solitary except during the breeding season, and most of the canid family display
varying levelsof groupliving, from monogamous pabyonds in blaclbacked jackal@anis
mesomelgdsto packs as occurs in grey w@Behrtet al.2010)and African wild dog I(ycaon pictus
(Estes 1991). Additional group members may offer increased protection against other carnivores
(McNutt 1996) increased hunting efficien€yreves & Karanth 2003)nd alloparental care for
offspring (Rayet al.2005). Larger groups have greater food requirements (€eal2010). Greater
food requirements possibly magecial, pacHKiving carnivores, such as the African wild dog, more

likely to experience conflicts with humans, although this hypothesis is yet to be tested.
African wild dog human conflicts

The African wild dog (hereafteriwl d dog) i s one of the worl doés
extirpated from 64% of its historical range (Fanshawe et al., 1@®nflict with humans coupled

with habitat losses have been ascribed as the major reasons for the poputiitieroflevild dog
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(Woodroffe & Ginsberg 1999), with governmesanctioned killings lasting up until the late™20
century(Creelet al. 2004) Today, persecution is still an ongoing probkSwarner 2004)with 26%

of a population of 196 studied wild dogs in the Laikipia Distriddorthern Kenya dying due to
shooting and poisoning by farmgk&/oodroffeet al.200%). In addition to myths and superstitions
that still remain prevalent, wild dogs arften blamed for livestock depredation and income loss by
farmers (Lindset al.2004a, Woodroffeet al.2005). Wild dogs have also been ranked as the least
favourite carnivore by South African ranchersen when compared to other species known to be
avid depredators such as blaukcked jacka{Canis mesomelag¢Lindsey et al.2005) Moreover,

wild dogs are often blamed for the depredatiomxgfensive trophy game, such as the golden
wildebeestalso known as the kings wildebeestcolour variant of the blue wildebeeSbfnochaetes
taurinug, leading to their extesive persecutionMbizahet al.2014).This particular type of conflict

is especially prevalent in southern Africa, where the hunting industry is thriving, with about 12000
game farms in South Africa generating approximately R7 billion through annualgbticied, cured
meat) and trophy hunt sal@gan der Merweet al.2014)

South African auction sales for wildlife species grew from US$ 5.9 million to US$ 95.2 million in

only ten years (Dry 2014 2014,a 4.5 year old bull golden wildebeest could fetch a staggering
market price of US$ 6552 (ZAR 90,000), compared to a blue wildebeest of the same size that would
cost only US$ 400 (ZAR 5,493) (Dry 20146)is therefore no surprise that the negative attiuafe

wildlife ranchers originate from the perception that potential income is lost when wild dogs predate on
wildlife on game farms, or that the mere presence of these carnivores causes trophy animals to hide or
flee, impairing hunting for humans (Fanshastel. 1991). These numerous negative perceptions may
not reflect the true impact of wild dogs, since studies in Zimbabwe have shown that fewer toé&n half
livestock attacks can be attributed to wild dogs (Rasmussen 1999). A study conducted in sguthweste
Kenya showed that wild dog kills annually were made up of 67% Thompsons gazelle, 24% impala
and 9% blue wildebeest, with no livestddked, asreported by local Maasai herdsmen, even though

a pack often encountered unattended -fozeming cattle whé hunting (Fuller & Kat 1990)

The aim of this study was to compare common patterns of haaraivore conflicts relating to wild

dog in southern Africa with those of other carnivores both locally and globally to assess the impact of
wild dog depredationn livestock in a local and global conteixtonducted ametaanalysis of

published scientific literature@ndfocussed on four different aspects. 1) Globally map human

carnivore conflicts as extracted from publications to assa#ict incidents compad to livestock

and carnivore densities. 2) Investigate the types of livestock depredateflagoshtly 3) Examine

the opportunitienf depredation (such as unattended livestock or poor husbandry techniques) and the
type and grade of retaliation by fagms (preventative or reactive). A¥certainthe African and non

African carnivore specidavolved in depredation eventsorder to ascertain whiatarnivorespecies

characteristics predicted liseckdepredation
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Materials and Methods

Metadatasourcing and review

A systematic revievef global and local humaecarnivore conflict from 1982015in order to

examine depredation events historically and currentlyaagiperformed by following thguidelines

and search methods outlinedgnt (2001) | used 1982 as the starting ddiecausehis was the

earliest pubkhed paper founith the literaturel considered humanarnivore conflict as the negative
interactions that arise between humans and wildlife resulting in loss or injury of livestock and
consequently humarviglihoods (Madden 2004). Various search engamethibliographic databases
namely Google Scholar, JSTOR, Web of Science, ScienceDirect, Springer, BioOne and Wiley Online
Library were searched for publishiititute for Scientific Informationi$l) and other publications
including technical reports, dissertations and thesataining information on humasarnivore

conflicts both in South Africa and globally. Publications from these databases were all accessible
from the University of the Witwatersrand Library Online nes@s. Web searches for relevant

literature were focused by employing logical operators and modifiers (Kent 2001), using key phrases
such as Alivestock depredati ono, ficarni vores ANL
fi ¢ a r nhiuvnoarne c odfofelpublcdtions weB downloaded, the abstract and result sections
were searched fauantifiableinformation regarding carnivore species involved in the attacks and
numbers of livestock types depredated by predator species. Publications that dit mwtystd the
aforementioned information were discarded. Alternatively, wheubdicationlisted only total

livestock numbers depredated by carnivore species without differentiating between different livestock
types lost to predators, it was still dowrdea but could only be included in the farm type,

opportunityof depredation and retaliation analysis. | acquired additional publications by cross

referencing the reference lists of each publication.

Relevant papers were downloaded and information extratieuat area of conflictGlobal

Positioning System (GPS) coordinates in decimal degreepoftedstudy site, livestock types
targeted by predators and carnivore species involved in depredation events. Additionally, |
investigated farm types involved depredationsppportunityof depredation and retaliation. | explain

these categories in detdielow.

Mapping of conflict localities

Maps were created of humaarnivore conflict localities globally, along with maps of global

livestock densities and camaire richness. GPS coordinates were obtained from publications for each
study site and converted to longitude and latitude for use in ArcMap (ArcGIS for desktop Version
10.1,Environmental Systems Research InstitB8R) Development Team). To obtain GPS

coordinates for publications that did not list the coordinatesefhartedstudy site was searched by
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its name in Google mapsétfps:/Mmapsgooglecom)) and the approximate centre of the site used to

obtain the longitude and latitude. For mapping, each publication was considered as orre human

carnivore incident, even if the publication reported multiple carnivore species involdiéitiant

livestocktype depredations, as often only one set of GPS coordinates were given per study site and

not per carnivore depredation event in that study site. All coordinates, study site information and total
depredation numbers per study site were saved in Microsodl EQ&3, and imported into ArcMap.

The basemap fADark Grey Canvaso was added direct|
but also obtainable fronmttp://www.esri.com/software/arcgarcgisonlingin order to plot the

longitudes and latitudes for continents.

Subsequently, | downloaded global predicted livestock densities for cattle, goats, sheep and poultry
from the Food and Agriculture Organisation (FAO) of the United Nations (available from:
http://www.fao.org/Ag/againfo/resources/en/glw/GLW_dens.hbataus these are the most

common livestock types kept globally for meat and other livestock products (RokirasioR014).

The GIS files of these maps are free to download thrdugkAO's GeoNetwork data repository and
are corrected for unsuitability and adjusted using the most recently available (2005) observed totals of
each livestock type to create livestockisiéy maps. This meant that the most compktajlable
livestock pgulation numbers wercollected at a regional level acohverted to livestock population
densitiegRobinson & Pozzi 2011). These densities were Hunsted according to satelkitkerived

land cover and vegetation indices that showed sufficient greasngell as areas unsuitable for
livestock farming, such as steep elevations and urbanised areas (Robinson & PozZiH2&kl).
adjusted densities are therefore accurate in showing where livestock would actually occur versus
which areas would be unsuitapnd therefore unlikely, to house livestotke GIS files for cattle,
goats, sheep and poultry were imported into ArcMap and the coordinates of-cammore

incidents overlaid on each livestock density map to show depredation incidents relatigsttakv
densities. Lastly, | downloaded the GIS file for a carnivore richness map form Biodiversity Mapping
(http://www.biodiversitymapping.ojgshowing the global distribution of native, extant carnivore

species at a 10 khresolution. The map was compiled by Jenlkihal.(2013) based on data from the
IUCN July 2013 updatdree for academic use. This map was impoitgal ArcMap and the

coordinates of humaearnivore incidents overlaid to show incidents relative to carnivore richness.
Maps were then visually compared to investigate where depredation incidents took place, which
continents suffered more incidents (bymher of GPS dots) and whether depredation was linked to

livestock densities and/or carnivore richness.
Livestock types depredated
In 1993, about 3831 different breeds of livestock existed across the world (Hall & Ruane 1993), and

that number has since ris& over 8000 breeds and 40 species kept on different farms globally (Yaro
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et al.2016). For the purpose of this study, | did not differentiate between different livestock breeds,

sincethey were often not distinguished in the literatlitbereforedefined livestock using common

namegqTable 2.1) Since depredation by carnivores were often reported as single events, | considered

each livestock type separately.

Table 2.1.Common livestock types and other vulnerable animals depredated by carnivorey gésbédted in publications, with
short descriptions, uses and average weights as listed by Etaatg2016).

Livestock common Scientific name Description and use Average

name Weight (KQg)

Calf Bos taurus Used in farming for meat production (veal)reared to 28
supplement the cattle herd.

Camel Camelus spp Used in farming for milk, meat, hair for textile goods and | 589
working animals

Cattle Bos taurus Most common type of large domesticated livestock. Used 1088
meat and dairy production, leatlggrods and as draught
animals.

Domestic dog Canis familiaris Often used in agriculture as livestock guarding or herding 45
animals or to guard property.

Donkey Equus africanus asinus Most often used as draft animals in agriculture. 499

Dzo Bos gruniiens x Bos taurus | A hybrid between cattle and yak. Is thought to be strongeg 839
and more fihardworkingo th

Game varied Refers to nordomesticated animals that are kept on farmg 131
natural conditions for either trophy or spbtnting and the | (wildebeest)
meat industry. Most common species kept in South Africa
are the blue wildebeesEénnochaetes taurinjs 138

(reindeer)

Goat Capra aegagrus hircus One of the oldest domesticated species. Used in the 140
production of meatnilk, cheese, and textile products.

Horse Equus caballus Used in leisure activities, as transport animals and as drg 997
animals. Also used for meat for both human and animal
consumption.

Lamb Ovis aries or Capra aegagrug Used to supplemettihe herd, meat production and raised f| 4

hircus meat and wool/ textile products.

Pig Sus scrofa domesticus Most commonly used for meat production. 358

Poultry: include Chicken, Gallus domesticu#nas Refers todomesticated fowl of different types typically fron 2

Duck, Turkey PlatyrhynchosMeleagris the ordeiGalliformes used in the production of feathers,
eggs and meat. Chickens are the most commonly kept.

Sheep Ovisaries Typically used for the production of wool and meat 130

Shoat Ovis ariesor Capra aegagrus | Term used when publications did not distinguish betweer] 135

hircus sheep and goats because these animals are often kept i
mixed herds.

Yak Bos grunniens A long-haired domestic bovid adapted to higititude areas.| 589

Used in the production of meat, milk, textile products and
draft animals.
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Farm typeopportunity for depredatiaa retaliation

| recordedhe farm typegeither subsistence or commercial) experientnegarnivore attacks,

chance of livestock depredation and retaliation by farmers. When farm types were not explicitly stated

in a publication, it was assumed that a farm was commdr¢ied total livestoclstated in the
publication was O 200 head of Iivestock and subs
Galanopoulo®t al. (2006). | defined the ease of predator access to livestock leading to a predation

event (her@pportunityof depredabn) by characterisinghe reasons stated in publications for the

depredation of livestock into a high and a low category (Table 2.2). | defined retaliation as what type

of action a farmer took after or before a depredation event occurred. Retaliatied fianmg non

violent to violent measures (Table 2.3).

Table 2.2.Selfdefined classification for chance of livestock depredat@ategories were created using events mentioned in
publications, where the opportunities of possible predation were either lbigh. Events stated in publications for the Low categ
indicate possible reasons of depredation, whereas events stated in publications for the High category were givencaedsfingi\
for livestock depredation.

Opportunity of Criter ia for classification

depredation

Low No or few guard dogs used

Juvenile herders tasked with guarding
Poor corralling practices

No livestock safeguarding at night
Livestock left to wander

High Livestock grazed in dangerous (predator rich) locations such as in/alongside reserves or na
parks

Vulnerable animals such as sickly/ young animals

Natural or anthropogenic reasons for a decrease in the numbers of the native wild herbivore
cause an increase in livestock depredation (decline in prey)

Increased predation events due to seasonal increases in livestock densities such as during

calving/ foaling times (seasonal)
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Table 2.3.Selfdefined types of retaliation by subsistence and commercial farmers involved in cainivaae conflictsgraded
from O (none stated) to 3 (reactjv€riteria for classifications were created using events mentioned in publications relating to a
taken against depredating carnivores.

Retaliation

Grade of retaliation

Criteria for classification

None stated

0

Publication did not list whether action was taken against a livestock depredat
carnivore

None

No action was taken by farmers due to:
Compensation schemes paying for killed livestock
Strict conservation legislation, offenders are known to be prosecuted

Preventative

Carnivore attacks were forestalled by:

Livestock intensificatiori better corralling practices, better trained/ more guard
dogs, more herdsmen

Herdsmen shouting and waving sticks to scare off carnivores before predatio
place

The use of deterrents or repellents (visual, aboos chemical)

Reactive

Carnivores were persecuted for killing livestock by:
Poison

Shot with a firearm

Poaching (when protected carnivores are killed illegally)
Lethal traps (steghwed, staked pitfall, wire snares)
Hunted with large hunting dogs

Assessment of humaarnivore conflicts and reported depredators

In order to investigate which livestotypes were targeted most frequertiyywhich species of

carnivore, the number and types of livestock kills per carnivore species per year wetecdkinat

each of the publications. In the instances where publications listed only grand totals and percentages

of livestock depredated by carnivore, the values per carnivore species were calculated using the

formula

00aaDAiT QAQABWDR & VOEFO—— 0 ¢ i QiX MO RQADNO 'QQ

| created a list of the morphological, behavioural and ecological characteristics of the main carnivore

species depredating on Iateck (Table 2.4)Carnivoreswereclassified by body weigtds small (2

19 kg), medium (2219 kg) and large (> 50 kg) using a modification of defining categories used by

Macdonald (2001jTable 2.4) Feral dogs were classified as having a variable average weight,

because fathe range in weights by breed compaosition of packs. Carnivore sociality was defined as

solitary (occurs alone throughout the year except during mating season), social (forrk®iibose

groups or monogamous pair bonds) or highly social (forms packs/mritedistincthierarchies). |

also considered activity periddiurnal, crepuscular and nocturnaf)d hunting modéun-down,

ambush and opportunistidjo obtain a standard estimate of ldssréaftetivestock mass

equivalency), | calculated per kilagn loss of livestock and game animals depredated by different

carnivore species per livestock type per publication using the following formula:
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Where 140 is the mass of a standsimd livestock type in kilograms (goat). Weights for young
animals (calves and lambs) were taken as the average weight at birth, weights Bosdgnutiniens

x Bos tauru$ were calculated by averagingetiveight of cattleBos tuaruy and yak Bos grunnienks
and weights for shoats were taken as the average of sheisa(ied and goatCapra aegagrus

hircus) weights.The average weight of a broiler chick&sa{lus domesticysvas used for poultry
weight (Robinsoret al.2014). As types of African game depredated were not specified in
publications, | took the average weight of a more commonly kept game type in South Africa, blue
wildebeest Connochaetes taurinjighat is hurgd for both meat and trophies (Hoffman & Wiklund
2006).
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Table 2.4.Carnivore specievolved in livestock attacksy common name, species name, their predator codes (used in analys
graphs), activity pattern, body size, sociality and hunting mBddy size was defined as small (S), medium (M) and large (L).

Carnivore common name | Scientific name Predator Activity period Body size | Sociality Hunting mode
codes

African leopard Panthera pardus AL Nocturnal M Solitary Opportunistic
African wildcat Felis silvestris lybica AW Nocturnal S Solitary Ambush
African wild dog Lycaon pictus AWD Crepuscular M Highly social Run down
American grey wolf Canis lupus AG Nocturnal M Highly social Run down
Asian black bear Ursus thibetanus AB Diurnal L Solitary Opportunistic
Asian grey wolf Canis lupus AS Nocturnal M Highly social Run down
Black-backed jackal Canis mesomelas BB Crepuscular S Social Opportunistic
Caracal Caracal CA Nocturnal S Solitary Ambush
Cheetah Acinonyx jubatus CH Diurnal M Solitary Run down
Coyote Canis latrans Cco Crepuscular S Social Opportunistic
Dhole Cuon alpinus DH Diurnal S Highly social Run down
Eurasian brown bear Ursus arctos EB Nocturnal L Solitary Opportunistic
Eurasian lynx Lynx EL Crepuscular M Solitary Ambush
European grey wolf Canis lupus EG Nocturnal M Highly social Run down
Feral dog Canis lupus familiaris | FD Diurnal Variable | Social Opportunistic
Golden jackal Canis aureus GJ Crepuscular S Social Opportunistic
Grizzly bear Ursus arctos ssp GB Nocturnal L Solitary Opportunistic
Himalayan brown bear Ursus arctos isabellinus HB Nocturnal L Solitary Opportunistic
Himalayan wolf Canis himalayensis HW Nocturnal L Solitary Opportunistic
Iberian lynx Lynx pardinus IL Nocturnal S Solitary Ambush
Iberian wolf Canis lupus signatus Iw Nocturnal M Highly social Run down
Jaguar Panthera onca JA Nocturnal L Solitary Ambush

Lion (African) Panthera leo LI Nocturnal L Highly social Ambush
Mountain lion Pumaconcolor ML Nocturnal L Solitary Ambush
Persian leopard Panthera pardus PL Nocturnal M Solitary Ambush

saxicolor

Red fox Vulpes RF Crepuscular S Social Opportunistic
Serval Leptailurus serval SE Nocturnal S Solitary Ambush
Sidestriped jackal Canisadustus SS Nocturnal S Social Opportunistic
Snow leopard Panthera uncia SL Crepuscular L Solitary Ambush
Spotted hyena Crocuta SH Nocturnal L Social Opportunistic
Tibetan wolf Canis lupus chanco TW Diurnal M Social Opportunistic
Tiger Panthera tigris Tl Nocturnal L Solitary Ambush

Statistical analysis

All statistical analyses for were performed usikfgtudio Desktogoftware Yersion 0.99.902R

Studio Development Core Team. 201Data were first tested for normality using the Shajsifitk

Normality test. Next, mixed effeslogistic regression weperformed using the package Im&ates

et al.2015 on the dataLinear mixed effect regression models (denoted Imer) were created fo
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datasets, as these types of models acdoubbth fixed and random effecBolker et al.2009. | ran

three sets of analyses. | first analyfieestock vulnerability and losses incurred by depredation using
livestock type fixed effec) depredated by livestock mass equivalency (response vaiigtiedion

of depredatiorfrandom effegt Next,in order to analyse the predictors of livestock attack and the

type and grade of retaliation by farmers, anolimeiar mixed effect regression naldvas created

using the total number of livestock depredated per publication (response variable), farm types, grade
of retaliation (GOR) and opportunity for depredation (OFD) (fixed effects) and region of depredation
(random effect), also testing for indetions between farm type and GOR and farm type and OFD.
Finally, | investigated the 33 different carnivore species implicated in livestock and game attacks by
predator type, predator body size class, activity period, sociality and hunting mode (adffiects)

by livestock mass equivalen@yesponse variable). The regions of the depredation incidents were
again included as a random effect in both modeised the Differences of Least Squares Means
(diffsmeans) to conduct posthoc tests formod&ls. si gni fi cance | evels were
Wald ChiSquared statistic was used to repeviapues for all features tested. Boxplots and bar graphs
were created for data visualisation usingphekage ggplot2 (Wickham 2009).

Results

General finding

A total of 77 publications reported quantifiable hureannivore conflicts by 33 carnivore species
relating to livestock and game from 198@15. Of these, 52 publications distinguished between
different types of livestock numbers depredated per camivdrile 25 only provided totals of

livestock depredated per carnivore species without mentioning different livestock types. Only two
publications provided numbers depredated for game, one from Africa (€halr2012) and one

from North America (Trevest al.2002), while 15 publications reported depredation of domestic
dogs by carnivore®ecausalomestic dogs are not valued as livestock, they were not included in
analysesThe percentages of depredated livestock types (calculated as the number aflitestock
type was reported per publication) ranged from mostly cattle (79%) and sheep (71%) to goat (58%),
horse (37%), donkey (28%), poultry (20%), pig (14%), yak (15%), shoat (7%), dzo (2%) and camel
(2%). Several carnivores were involved in livegtattacks, most notably six species of wolf, four of

bear, three of leopard, three of jackal, two of lynx, one species of lion, spotted hyena and wild dog.
Conflict localities

Different publications on humararnivore conflictsr{ = 77) reported livestoclepredation events

that occurred on six continents by a variety of different mammalian carnivore species, with only seven
publications reporting depredation by wild dog (Figure 2.1). Aloawedhe highest number of
depredation events £ 29),with Asia reportingthesecond highesn(= 24) and Europthethird
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highest ( = 10) (Figure 2.2). Publications reported that North America experi¢hedtird lowest

(n=19), South Americghesecond lowestn= 4) and Australia reported only one depredativent

(Figure 2.2). North Africa reportedly experienced the highest total number of livestock losses, with
7845 livestock animals depredated by carnivores in the past 33 years. Asia reported the second
highest number of livestock losses with 4214 livesttiknals depredated asduthern Africa was

third highest with 3949 livestock animals depredated. North America reported a loss of 1931 livestock
animals and Europe 1774 livestock animals. Australia reported the secondriomestof livestock

lost with 330 livestock animals depredated and South America was lowest with 148 livestock animals
reported. Africaceportedly suffered the highesimber of higkhgradelivestock depredatioincidents

than other regionaith between 10183346 livestock depredated in four depredation events (Figure
2.2).

AWD depredations

o Depredation events

Figure 2.1.GPS points showing global livestock depredation events by African wild dog (AWD) and other mammalian carnivores as
reported by 77 publications dated 198215
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Figure 2.2 GPS points showing global livestock depredation events graded from low to high numbers of livestock depredated dxyrej
77 publications dated 198015.

Cattle weraeported as the heaviest Isteck type depredated aatk the second most popular

livestock type kept by farmers, numbering at 1.4 billion globalo6d and Agriculture Organisation

of the united nation statisti@)11). Cattle occur in high densitipsr knt throughout Europe, India,

North America, South America and South Africa (Figure 2.3a). Goats were reportedly the second

highest depredated livestock type, and high densities of goats are kept in thegonssuch as

India and Africa (Figure .3b). High densities of sheep are found throughout Europe, Asia and

southern Africa, and occur in especially high densities in Australia (Figure 2.3c). Although reported

as the fourth highest depredated | livesocktypec k t ype,
with 19 billion chickens worldwide (The Economist Online 2011), with the highest densities

occurring in Asia (Figure 2.3d). Unsurprisingly, most of the livestock depredation incidents fell

within the high livestock density areas.
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Figure 2.3 Global livestock density maps downloaded and modified from the FAQO, a) cattle density, b) goat density, c) sheepddénpitylany densityYellow circles are GPS points that
represent carnivore depredation eventenffublications dated1982015. Dark grey areas indicate high livestock densities p&rihile light areas indicate low livestock densities pef km
(Robinsoret al.2014).
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Figure 2.4Global carnivore richness per 10 kark blue aeas indicate a high number of different carnivore species per 1@kange

In Africa and Asia, there are higher numbers of carnivore species gariban on any of the other
continents, with Australia having no large native carnivore species (Figure 2.4). Europe, North
America and South America have low densities of carnivoresr@@d). For all other regions
excluding Africa and parts of Asia, deglation incidents occurred outside of areas of high carnivore
richness, while in Africa anshdonesiaall depredation incidents occurred within the high species

richness areas (Figure 2.4).

circles represent GPS points of depredation events as extracted form publications dail 598he map represents only extant, native
species. Carnivore species that wereoitticed to continents, such as dingos (Australia), were ignored. Map data were obtained and
modified fran BiodiversityMapping.org and atesed on data from the IUCN 2013 updadenkinset al.2013).

Livestock depredated

From the 7publications downloaded, 20,164 livestock individuals were repadddpredated

globally, constituting 7294 tons of livestock lost to carnivores from 298%. From publications,

Africa reportedly experienced the most depredation, constituting 60% ofthor | dds mas s
livestock compared to the combined loss of 40% in other continents. Thirteen livestock types were the
targets of depredation by carnivores, along with game, with sheep ranking as the highest number of
depredated livestodipe (by individual head countylobally with 5442 individuals depredated. Goats
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were second highest with 3794 individuals depredated. Cattle were third with 3460 individuals
depredated and poultry fourth with 2119 individuals depredated. In terms of total masstotk

lost, cattle, the heaviest livestock type, constituted 51% of tons lost globally. Mass lost in goats were
second highest with 15% of tons lost, and sheep third with 12% of tons. Livestock type was a
significant predictor of livestock individuals pledated & (13) =242.68, p < 0.001), with cattle
constituting the highest amount of mass lost and calves, lambs and poultry constituting the lowest
mass lost (Figure 2.5) .
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Figure 2.5.Different livestock types and game depredated by carnivoresligiblydogged livestock mass equivalency values and 95¢
Cl. Boxplots show medians (dark horizontal bar§)afd 3¢ interquartiles (boxes), 95% CI (whiskers) and outliers (dti&rmation
was extracted and modified from 77 scientific publications concerning huaaraivore conflicts, from 1982015.

Farm typeopportunity for depredatia$a retaliation

Of 77 publications downloaded, results did not indicate a difference in the number of livestock lost to

carnivore depredation by subsistence (number of publication§,1) and commerciah(= 26)
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farmers (Table 2.5\Grade of retaliation did not diffen the 77 publications, natid the opportunity

for depredatior{Table 2.5) indicating that these factors do not explain why some livestock types are
depredated more than othe®sudies involving commercial farmers most frequently failed to state
whether or not they retaliated, with only a small number specifically stating grades of retaliation
(Table 2.5). Studies involving subsistence farmers stated more frequently that ttiegg@nao

retaliation with few stating the use of other grades of retaligliable 2.5). It is possible that
subsistence farmers are more likely to offer predators a high chance of encountering littastock,
resulting in higher levels of depredatios,the statistical test showed a trend toward significance
(Table 2.5).

Table 2.5 Results of Linear mixed effect regression model comparing farm type (commercial or subsistence), grade of retali
(GOR) andopportunity for depredati¢@FD) and the inteactions between farm types and other factors (shown by : ) for farms
involved in humarcarnivore conflict worldwidgas extracted from 77 publications dathefweenl9822015. GOR was defined as
none stated (0), none (1), preventative (2) and reactivOf) was defined as high and low. Bolded values denote statistical
significance and values that show a trend toward significance are indicated with an asterisk (*).

Comparisons and interactions Outcome Factor Estimate | Std. Error P-value

Commercial vsSSubsistence farmers No difference / 0.05 0.17 0.761
Different categories of GOR No difference / 0.05 0.62 0.933
Different categories dDFD No difference / -0.13 0.62 0.824
GOR : Subsistence farmers No difference 0 0.45 0.80 0.569
GOR : Subsistendarmers Difference 1 1.02 0.42 0.018
GOR : Subsistence farmers No difference 2 0.47 0.60 0.429
GOR : Subsistence farmers No difference 3 0.39 0.56 0.488
GOR : Commercial farmers Difference 0 -0.67 0.34 0.047
GOR : Commercial farmers No difference 1 -0.55 0.56 0.330
GOR : Commercial farmers No difference 2 -0.59 0.56 0.296
GOR : Commercial farmers No difference 3 -0.05 0.17 0.761
OFD: Subsistence farmers No difference High 0.63 0.36 0.082 *
OFD: Subsistence farmers No difference Low -0.26 0.29 0.372
OFD: Commercial farmers No difference High 0.31 0.46 0.497
OFD: Commercial farmers No difference Low 0.26 0.29 0.372

From 77 publications, southern Africa reportgdatedosses in average livestock mass equivalency
(total summed livesttk mass equivalency per regibnumber of épredation incidents per regjon

than northern Africa (Figure 2.6). Wild dog were reportedly only involved indepredation

incidents in southern Africa and seven incidents in northern Afioeth and Souttimerica reported
fewer livestock mass loss than other regionw/hilst Australia reported the highest average livestock

mass lost in only one depredation incident (Figure 2.6).
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Figure 2.6. Average livestock mass per number of depredation incidents (humbers above bars) lost due to dapnédaton globally
per regionaffected Information was extracted and modified from 77 scientific publications concerning raamanore conflicts fom
19822015.

Carnivores involved in depredation events

From 77 publications, African carnivore species contributed 48%6349) to global predation
incidents As reported in sevepublications, wild dogs were involved in 12 livestock depredation
incidents, accouirtg for 3% of global livestock depredation, and were responsible for only 1% of

local livestock mass lost. Fourteen publications quantified 56 spotted hyena incidentstingdor

16% of global livestock depredation and 46% of local livestock mass lost. Lions were invoB&d
incidents reported in 10 publications, accounting for 10% of global livestock depredation and for 33%
of local livestock mass lost. African leapla were implicated in 23 predation incidents in eight
publications, and accounted for 6% of global predation and 6% of local livestock mass lost. Predator
species was a significant predictor of livestock depredatfoi82) = 90.39, p < 0.001), with défent
species causing different amounts of damage in terms of livestock mass lost to depredation (Figure
2.6). African carnivore species were not reported to be worse livestock depradeocompared to
carnivore species on other continerfs(1) = 460, p= 0.110), with African species causing similar
amounts of livestock mass lost to depredation tharAidoan species (Figure 2.7).
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Figure 2.7.Differentcarnivore speciesy predator code) involved in livestock and game depredation inciglehizlly by logged livestock
mass equivalency values and 95% Bbxplots show medians (dark horizontal bar&)add 3¢ interquartiles (boxes), 95% ClI (whiskers) and
outliers (dots) and bars without boxes show small sample sidesnationwas extracd and modified from 77 scientific publications
concerning humaiarnivore conflicts from 1982015. Coloured boxes show African carnivore species (in yellow}Afiacan species (in
blue) and African wild dog (in dark brown) as a standalone for compariso

When compared amongst themselves, African carnivores were responsible for different amounts of
livestock mass lost due to depredatigh({0) = 21.24, p = 0.019), and wild dog (AWD) caused less
livestock mass losses than lion (LI) and spotted hyena (SH) (Figure 2.8). Wild dog were reported to
depredate cattle (number of times reported depredate@) and goatsn(= 3) and caused higher

losses in livestock mass for goats than cattle (Figure 2.3). Wild dog were also reported to depredate
game (= 1), sheepr(= 1) and shoat(= 1), although mass lost due to wild dog depredation for

these three types of animalsswvaegligible (Figure 2.8). Spotted hyena depredated more types of
livestock, and were the only species to target camels and horses (Figure 2.8). Lion and spotted hyena
were jointly responsible for more mass lost for donkeys and pigs (Figure 2.8). Chamtadiated

only goats, and caused the least amount of mass loss of all the African carnivores (Figure 2.8)
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Figure 2.8.Different African carnivorespecies (by predator code) involved in livestock and game depredation incidents in southern an
northernAfrica by logged livestock mass equivalency values and @6%Boxplots show medians (dark horizontal bar&and 3¢
interquartiles (boxes), 95% CI (whiskers) and outliers (dots) and bars without boxes show small sample sizes. Inf@asretioacte and
modified from 77 scientific publications concerning hurtannivore conflicts from 1982015. Variable box widths are due to differing
sample sizes and coloured boxes represent different carnivore species by predator code. Wild dogs shownhnoiive daldur, and are
reported only in the cattle and goats depredation categories.

Carnivore body size was not a predictor of livestock depredai@B)(= 4.19, p = 0.241), with
carnivores of medium body size (including wild dog) causing similar amounts of livestock mass losses
compared to carnivores with large or small body sizes (Figure 2.9). Feral dogs (with variable body

sizes) caused negligiblenaunts of livestock mass losses (Figure 2.9).
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Figure 2.9. Carnivores with different body sizes involved in global livestock and game depredatlon incidents by logged livestock mas
equivalency values and 95%.®oxplots show medians (dahiorizontal bars), tand 3¢ interquartiles (boxes), 95% CI (whiskers) and
outliers (dots) and bars without boxes show small sample sizes. Information was extracted and modified from 77 sclamatifanpub
concerning humawarnivore conflicts from 1982015. Variable box widths are due to differing sample sizes. Coloured boxes represent I
(light blue), medium (golden yellow), small (dark blue) and variattéel( brown) body sizes. Wild dogs fall within the medium body size
category.

Carnivore activity period was a significant predictor of livestock depredatiq@)(= 6.14, p =

0.046), with diurnal carnivores (such as dhole and cheetah) causing less livestock magslosses
nocturnalcarnivoreqsuch as spotted hyena and leaf) (Figure 2.10). Wild dog (with a crepuscular
activity period) caused simildevelsof livestock mass losses compared to carnivores of diurnal and

nocturnal activity periods (Figure 2.10).
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Log-livestock mass equivalency

Sociality was not a predictor of livestock depredati@n(Z) = 3.47, p = 0.176), with highly social
carnivores (such as wild dog) causing similar amounts of livestock mass losses compared to social
(such as blackacked jackal) and solitary (such as leopard) carnivores (Figure 2.11). Social carnivores

reportedy targeted fewer livestock types than either highly social or solitary carnivores (Figure 2.11).
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Hunting mode was not a significant predictor of livestock depredatiq@)(= 1.12, p = 0.545), with

run down hunters (such as the wild dog) causing equal livestock mass losses compared to ambush
hunters (such as lion) or opportunistic hunters (such as golden jackal) (Figure 2.12). Run down hunters
reportedly targeted feweawestock typesr(= 8) than either ambush or opportunistic carnivores

(Figure 2.12).
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Figure 2.12.Carnivores that employ different hunting modes involved in global livestock and game depredation incidents by loggéd i
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concerning humawarnivore conflicts dating from 1982015. Variable box widthare due to differing sample sizes. Coloured boxes repre
highly carnivores that employ ambush (light blue), opportunistic (golden yellow) and run down (dark blue) tactitegWild dogs fall
within the highly run down hunting category.

Discussion

This metaanalysis aimed to assess common patterns of hgaraivore conflicts relating to wild dog
in southern Africa with those of other carnivores Hottally and globally, to compare the impact of
wild dog depredation on livestock in a local and global context. | specifically focussed on mapping
depredation events from publications to assess depredation incidents compared to livestock and
carnivore desities. | examined whether commercial or subsistence farming practices and certain
husbandry techniques elicited depredatand investigated the types of livestock targetedthed
masdost due to depredation. | investigated the carnivore species @voi\depredations and
compared wild dog to African and ndtirican carnivores. | also considered whether body size and

speciedypical behaviourand ectogy were predictors of depredation.
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Humancarnivore conflict is a historical and current global problem for livestock farmers (Treves &
Karanth 2003). The global farming communigporteda loss of 7294 tons of livestock by 33

different carnivorespecies, including wild dog, from 1982 to1Z0) Africa and Asia experienced the
highest number of depredation incidents, possibly because these two continents house some of the
highest densities of livestock per k(@00-250 individuals, Robinsoet al.2014),as well as the

highest carnivoréichness per 10kA(24-33 individuals, Jenkinet al.2013). Specifically, Africa
experienced the highest number of highde depredation incidents, with higher numbers of livestock
depredated per incident than other regions, especially wimapared toifst world regionssuch as

North America. Not surprisingly, Africa is the continent with one of the highest number of
persecutions of carnivores due to depredation incidents (Ripple2014). Livestock is still an
exponentially growing subsector of agiture in developing regiormich as Africa and Asia

(Thornton 2010) and coupled with high carnivore densities and growing and expanding human
populations (Hollar 2011), this may create widespread opportunities for depredation events and

therefore humaicarnivore conflicts.

Southern Africa was one of the regions that experienced the highest number of enasdgst per
depredation incident. As mentioned previously, farmers in poorer, developing areas often do not have
the funds to pay for expensivedistock safeguarding devices or practices (Setitl.2000), and

would therefore be more vulnerable to livestock depredation. Conversely, North America suffered
fewer losses imass of livestocko depredators. In addition to having more funds and tdatically
advanced methods available to safeguard livest®ekdhta & Ripple 2009)the USA and Europe

have historically huntedative carnivoreto extirpation Rippleet al.2014), explaining why these
continents have low carnivore densities per 16.lor examplelte gr ey wol f 6s over al
decreased by a third, having been hunted and extirpated from most of its former range throughout
Western Europe and the Unit8thtesof America(Rippleet al.2014). Hunting has also reduced

mountain lion dstributions throughout the USA, extirpating them from most of their former ranges
(Laliberte & Ripple 2004).

Culling carnivores should however not be viewed as a solution for regions housing high densities of
livestock and carnivores such as southerricAfrCarnivore culling would not only be detrimental to
conservation efforts on endangered species (Atwood & Breck 2012) such as the wild dog, but may
have the unintended consequence of an increase in population numbers of other carnivore species
(Ritchie & Johnson 2009) and increasedhefbivores opest species on farms such as rodents (Miller
et al.2001), thus aggravating farmer lossespulation declines of grey wolf in the early"2@ntury

in Yellowstone Park lead to increases in elk abundance, that in turn lead to vegetation structure
changes due to more herbivory by elk (Mikgral.2012). Similarly, coyote numbers increased and
their distributions expanded, which lead to incesagredation on a wider variety of prey (Pragtal.

2009). This released smaller prey such as rodents from coyote predation pressure, leading to increases
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of rodent numbers (Milleet al.2012). Killing carnivores may thus aggravate conflicts instead of
solving them in addition to incurring other losses from rodent and herbivore damages to crops. It
should therefore be recognised that manipulating the population numbers of carnivore species in
isolation leads to unexpected and cascading ecological effiatisnpacts not only biodiversity and

the natural ecosystem, but livestock keepers and their livelihoods (Retsalo2011).

Livestock type was a predictor of depredation, and of the 13 livestock types and game examined, cattle
and goats were reportéal constitute the highestasdost to carnivores. Results show that cattle and

goats are some of the most populous livestock types kept throughout the world, meaning high numbers
of animals per krand thus greateiikelihood that carnivores would enamter and depredate these
livestock types. Higher stocking densities often lead to increases in livestock depredation by
carnivores (Hebblewhite 2011, Suryawansthal. 2013).Goats are kept in particularly high densities

in developingegions,such as Afica and India, indicating that this is an important resource for poorer
communities. Thigould be because goats are hardy and adaptable to many climates and conditions,
are easier to keep on small areas of land than larger livestock (such as catdepanud variety of

plants often indelible to other livestock such as cattle or sheep (Devendra 2001). Unlike other

livestock types, they require low amounts of resource inputs for moderate levels of meat and milk
production and are prolific reproduceratimature antireed early (Lebbie 2004). This addsheir

popularity with subsistence or rural farmers that often do not have the funds to provide additional feed
or other livestock intensification practices (Tilmetral. 2002).

Loss of livestock to aaivores means less food available for a community (Twetrah2014), loss of
financial security (Oumat al.2003), loss of nofiood products (such as organic fertiliser, wool,

feathers, hides and bones, Sansoucy 1995) and econoni€ éwsmals that would have been sold or
used to bolster herd numbers (Garrote 2013). Additionally, many African cultures regard livestock
such as cattle and goats as a status symbol (Beaké&r2002, Kolowski & Holekamp 2006) and loss

of these animals toeghredation may therefore be culturally damaging, particularly to subsistence
communities. Although subsistence and commercial farms suffered similar livestock masg losses

my researchthese results may not reflect true loss, because while the losggfeacow means

monetary loss for commercial farmers, it means a livelihood loss for subsistence farmers who often
depend on multiple products and services from a single animal (Jeatradt@011). Additionally,
subsistence farmers do not have furmdseplace livestock logWang & Macdonald 20Q&or do they
havefunds for livestock guarding (Thirgoa al. 2005). This may indicate why results showed that
predators possibly have a greaipportuityof encountering and depredating livestock in a womity

that practices subsistence farming. Publications report that subsistence farmers were more likely not to
retaliate against depredators, possibly because many types of preventative and reactive methods are

costly to implement and upkeeprgithet al.2000).Publications reported that commercial farmers

36



were more likely not to state what type of retaliation they practised, perhaps fearing legal

repercussions such as firesd legal repercussiof@ohannesen 2006

The order Carnivora is diverse and goises over 280 different specieMacdonald 200y, with

similar and dissimilar physiognomy, activity patterns, hunting techniques and sociality ¢Galhrt

2010). These factors may be predictors of depredation and can either contribute to or ease human
carnivore conflic{Rayet al.2005) In my research, 33 different carnivore species, including wild dog,
were responsible for varying livestock losses globally, with no singular carnivore ranking as the worst
depredator. Logically, this is due to different people in different areas exgiagatifferent

economic, social, agroecological (ecological processes that determine agricultural production) and
demographic conditions (Steinfedd al.2013). Similarly, various livestock types are kept under

different conditions and in different numbkeand densities around the world (Thorn¢éo@l.2007).

Although African carnivores contributed heavily to livestock (cattle, goat and sheep) losses generally,
these were comparable to carnivores from other continents. Wild dog were less avid deqredators
lion or spotted hyena, #&lse lattertargeted heavier livestock types (cattle, donkeys and pigs) than wild
dog. Multiple other studies have shown that lions are often the primary depredators of cattle (Bauer &
longh 2005, Ikanda & Packer 2008), wtslgotted hyenas are often accountable for shoat depredation
(Manoa, & Mwaura 2016).

Published research about wild dog depredation on livestock and game species is scant, with only seven
publications providing quantifiable depredation events of differeastock types. My metanalysis

of scientific literature has shown that wild dog caused more mass tdsgeets, a mediurveight
livestock type (140 kg, Portet al.2016), than for cattle, calves, game or sheep. One previous study
on wild dog prey chaie has shown that prey are chosen in a body mass rang@atkgtor 126140

kg, possibly due to the smaller likelihood of being injured when hunting (Hayatval.20060. In

Kenya, wild dog depredation on livestock was uncommon where natural prepuvataat, but was

high in areas where natural prey was severely depleted (Woodt@fe00%). Similarly, a study in
Zimbabwe showed that the diet of wild dog consisted mostly of greater Keafye(aphus
strepsicero}(22%), with only negligible numberof livestock depredated (0.7%) (Pole 2004).
Although my study showed that wild ddgpredategame species kept on farms, véitye evidence

of this has been provided, with only a single publication quantifying game losses by wild dog (Thorn
et al.2012).

Because published reports, including Thetral.(2012), did not statthe species of game lost to
carnivores, | benchmarked game loss against blue wildebeest, which is commonly kept in South Africa
for both meat and trophy hunting¢ffman & Wiklund2006. Although nota particularly heavy game
type,the golden wildebeest, can fetch exorbitant market prices of US$ 6552 (ZAR 90000) (Dry 2014).
Similarly, a standard impal#&é&pyceros melampuswe fetches US$ 584 (ZAR 8000), whereas the
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black colour vaant would fetch a staggering US$ 2555 (ZAR 35000) in compariatidi{fe

Trading 201%. The perceived value of a trophy game animals increases exponentially with either
increased size or rarityghnsoret al.2010, setting a higher market price. Game ranching is one of

the fastest growing industries in southern Africa, with game numbers increasing fr&&GiA3.964

(Du Toit 2007)to more than 18.6 million in 201(%an Hoven 2015), with private owned commercial
ranches comprising approximately 17 million hectares (Taylor & Van Rooyen 2016). Not surprisingly,
carnivores such as wild dog are therefore prosecuted for depredating these expensive game species
(Mbizahet al.2014). Hence, it is clear that further intigation is needed in order to quantify

depredation incidences by wild dog to assisssontribution to game depredation.

Carnivore morphology was not a predictor of depredation, with mebdadied carnivores causing

similar livestock mass losses stval andlarge sized predators. Large predators, such as lion, are able
to take down large prey (Emmerson & Raffaelli 2004), gorge themselves and then do not have to feed
for several days, although kill frequency increases with group size (Lehehah2008. In contrast,

small predators are commonly not able to take down prey much larger than themselves (Radloff & Du
Toit 2004), but would depredate multiple numbers of smaller livestock types per depredation incident,
such as the Iberian lynx depredatingaarrage of nine lambs per predation incident (Garrote 2013).

This means that small, medium and large predators may be equally damaging in terms of livestock
depredation, as the loss of one cow to a large or medium predator might equate to the losal of sever

lambs to a smaller carnivore.

Livestock suffered fewer attacks from exclusively diurnal carnivores such as cheetah and dhole, than
nocturnal carnivores such as African leopard and crepuscular carnivores such-aatitackjackal

or wild dog. Nocturnahctivity is an ancestral pattern of mammals (Heesy & Hall 2010). Of extant
mammal species, about 44% are nocturnal, 29% are crepuscular and 26% are diurnatl &ones

2009). Livestoclkare mainlydiurnal with some crepuscular activity (Gregosial. 2006). This

means that livestock are more vulnerable during Highd hours and, because most carnivores are
nocturnal (Donget al.2011) and humans are diurnal and less vigilant at night (Wellar2014), at

a higher risk of depredation at night ttduring the day

Carnivores with different social organisation (solitary, social and highly social) caused similar
amounts of livestock damage, suggesting that sociality is not a predictor of livestock depredation.
Highly social carnivores, such as manglinspecies and wild dog, have larger home ranges and cover
great distances to find fodMladenoffet al.1999) increasing the possibility of encounters with
farmland and livestock (Pomiliet al.2015) therefore increasing thepportunity for depredation

events. Solitary carnivores, such as leopard, are cryptic and stash kills to be eaten later (étaatward
2006). This secretive behaviour makes leopard difficult to find (Pattexsah2004) and if they

become habitual livestock killers are capalfleausing large amounts of damage to livestock herds
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(Wang & Macdonald®006. Small, social carnivores such as blaeicked jackal are often more
abundant in agropastoralist landscape than natural @asajret al.2019, thus increasing their
contactwith livestock. Therefore, even though different carnivore spéeiesdifferent social
structures, each type can equally contribute to human carnivore conflict througiptudésspecific

behaviours.

Different carnivore species employ different hagtstrategies (Maddox 2003), namely ambush, run
down and opportunistic (Gelet al.2010) My results indicated that hunting strateggsnot a

predictor of livestock depredation, indicating that livestock are generally vulnerable to depredation by
carnivores.Livestockin subsistence communitiesuch as cattle and gegdre often left to wander

freely (Wang & Macdonald 2006, Hemsehal.2009), and spend more than half of their time during
the day feeding (Niaogo & Thomas 2004). Unlike frelving African ungulates that tend to recognise
and avoid dangerous areas with dense cover (Kie 1889%tock such asattle can spend up to 30%

of their time browsing in dense areas and goats as much as 82%gdN&Mhomas2004). Livestock
therefore occur closer tand spend more time,iforest or shrubandmay therefore be at a higher

risk of being predated upon by ambush predators while hindering hunting opportunities for run down
carnivores. Domestic livestock lack theti-predator behaviours that are instinctive for natural prey
species, such as recognising dangerous areas or carnivores, and are therefore much easier to kill than
wild prey of a similar size (Sikt al.2010). These hypotheses may however not fullyaéxphe

complex interactions between predator hunting mode and livestock depredation, and require further

exploration.

It must be noted that the findings of this study are from a-amedidysis of scientific literature, and

may therefore be subject to add of reporting bias. For example, a global problem with human

carnivore conflict studies is that pastoralists may often exaggerate livestock losses by carnivore
depredation in the hope of receiving compensation from government or other authoritiesiilédime

al. 2007, Namgaiét al.2007, Lagendijk & Gusset 2008, Guseetl.2009, Aryalet al.2014).

Similarly, missing livestock may be reported as depredated without hae@rgonfirmed (Rigg

2004). An additional issue faced is the frequent misideatibn of depredating carnivores, especially

in areas of multiple sympatric carnivore occurrences (Page 2014) and a bias for predators sighted near
homesteads or farms (Gese 20Q45stly, | acknowledge that, because the reports | sourced were only

in Endish, reports and publications fronon-English speaking areas mag underrepresented in this

study.
Conclusion

This metaanalysis study of published scientific literature form 2825 has shown that, in a global
context, wild dog are equally damagimgterms of livestock depredatedmpared to carnivores from

other regionsbut are less damaging when comparely to otherAfrican carnivores Many
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carnivores are involved in humaarnivore conflicts globally and African carnivores compared to
nonAfrican carnivores in relation tmassof livestock lost, although lion and spotted hyena were
worse depredators than African wild doigan African scale. Some livestock types, specifically
goats, are more often depredated by most species of carnivoresthehdepredation of heavier
livestock such as cattle constitute the most damage in terms of livestock mass lost, ardlyoten
greater financial loss. Howevercamprehensive searcii scientific literaturdailed to deliver

literature quantifying will dog depredation on livestock and game, and may therefore have influenced
results. A review of literature indicates that carnivore activity period maypbedicta of livestock
attack, while carnivorenorphology socialityand hunting modenay not be irportant in this regard.
Reports indicate that subsistence farmers are more likely to suffer high chances of depredation
occurring, andnost likelydo not have the funds to safeguard their livestock. A global and local
comparison of conflickhowed that dealoped regionare characterised by low carnivore densities and
low depredation incidents, whereas developgwjons like southern Africa, are characterised by high
carnivore densities and high livestock depredation incidents. Thitbpomakes develdpg regions

more prone to humagarnivore conflict. This study has shown the importance of finding a solution to
humancarnivore conflict, as effective wildlife management in th& @&ntury must account for the
conservation needs of carnivores, partidylthat of the African wild dog, as well as the sustained

livelihoods of people
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Chapter 3

Spatial and temporal space uspatterns and resource selection of

the African wild dog pertaining to human-wildlife conflict

Abstract

For animalgprone to humaiarnivore conflicts, such as the endangered African wild dog, it is
important to understand which features drive occurrence, as selection or avoidance of these features
would influence the effectiveness of management and conservationissatege, | investigated
humancarnivore conflict relating to wild dog at a regional scale, particularly focussing on comparing
the spatial and temporspace uspatterns and resource selection of four packs of African wild dog in
Limpopo and Mpumalangarovinces, South Africa. Data were collected from one collared individual
per pack occurring in the Waterberg, Skukuza, Orpen and Bluebank&rea&/aterberg and

Bluebank packs occurred outside of the Kruger National Parkashdccess to multiple areagh

farmland, whilst the Skukuza and Orpen packs occurred within the boundaries of the Kruger National
Park.l ascertained wild dog home ranges and assessed their occurreaeerianthropomorphic and
natural landscape features using GIS analyses asdurRce Selection Functions. The Waterberg and
Orpen packs jointly displayed the largest 95% home ranges (84ankh848 kriirespectively),

whilst the Skukuza pack displayed the second largest 95% home range @addrie Bluebank

pack displayed thensallest home range (220 RmThe Waterberg pack occurred in close proximity to
the area with the highest number of game farms, hunting lodges andusixégame and domestic
livestock) farms and along with the Bluebank pack, occurred in close proxinateas housing

moderate to high densities of cattle and gdatsvever, the core home ranges of these two packs did
not overlap areas of high cattle and goat densitieaddition to potential conflict with farmers,
occurrence on roads with fasioving raffic and road mortality was highlighted as a concerrHigre

of thewild dog packs.Other anthropogenic and natural landscape featsmehl as agricultuta

landscape features and riveegied in importance as predictors of wild dog occurrence. Ty s

showed that whilst wild dog packs may occur in close proximity to farms and areas that house
livestock, packs establish home ranges in areas with few farms and low livestock densities, pointing to

avoidance of areas where hur@arnivore conflict andesulting mortality may occur.

Keywords African wild dog, humascarnivore conflict, occurrence, resource selectipace use
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Introduction

Heterogeneity of resources within a habisaén important contributdo the survival of animal

species (Smitlet al.2013). Variation in a habitat incluslenvironmental gradients (Flesch & Steid|

2010), natural boundaries, such as mountains (Rettais2006), and anthropogenic modifications

(Bennettet al. 2006). These variations in landscape structures iméeithespace useatterns of the

animals that occupy that environment (Mcintyre & Wadi999). Differences in movement (space use)
patterns may have repercussi onsetél.aoos8),shestrucureéi vi du a
and dynamics of papations and communities (Johnsatmal. 1992), and ultimately ecosystems

(Roshieret al.2008). Understanding the reasons and meshanof animal space uisetherefore

essential for developing management strategies for conservationgrasthet & Apdlonio 2003).

The definition of animaspace useatterns differ to that of dispersal, as the animal does not move
away from its home range to occupy a different habitat, but remains and travels between different
areas within the home range (Bastleuseauet al.2016).Space usenay be classified at several
different temporal and spatial scal&@a¢kulicet al.2011). Space uspatterns can be studied at a
coarse temporal scale, such as annually, and may be classified in terms of broad stratetjies inclu
migration and nomadism (Morales al.2004). At a vey fine temporal scale, space usay be

classified as changes between different behavioural states such as foraging, resting, grooming or
interacting with objects in the environment (Sireglal. 2012, BastilleRousseaet al.2016). Animals
that occupy unmodified, stable or resouriod environments tend to move on relatively small scales
(Mitchell & Powell 2004) Alternatively, n altered, resouregoor or unpredictable environments,
animals tend to move at broader scales to meet theirtelnorineeds, reflecting search strategies to
find widely distributed resources (Fauchatdal. 2000). Whether at a broad ofiae scale, an

ani mal 0 swithirpaa engironmeng is a result of behavioural and physiological adaptations
(Horneet al.2008). Factors that may affect the use of speitiin an area include the location of
conspecifics or competitors (Wautertsal. 2000), the loation and distribution of resources and the
physiological needs of the animal (such as the need to rest) (Leone & Estevez 2008) and the tendency

for site fidelity (territoriality) and the establishment of home ranges (Tweald2003).

Generally, two aproaches are used when studying animal space use. One uses a mechanistic approach
to model animal space use using diffusamvection models based on hypothesised animal

behaviours, such as the attraction to home range core areas or aversion to fonesgiVeoecroft &

Barnett 2008). The second approach uses estimates of relevant model parameters fit to observed
animal location or telemetry data in order to determine resource selection (Baj@006). Due to

the ultimate association with cover, watnd food resources, resource selection is generally assessed

using environmental characteristics suchegetation type and structufidorneet al.2008)
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Resource selection

All animal populations require sufficient quantities of resources, definadtassumable factor (e.g.

food, water, shelter) that leads to an increased-goolyth rate, reproductive rate, and ultimately
fitness(Tilman 1982) When an animal selects a resource, it does so on a continuum starting at the
large scale of a geographic area, such as different species of migratory birds selectiscppdatinet
contains areas of forest in Ontario, Can@et@aemark &erriam 1986) Animals then select an

individual home range within that geographic area, and different habitats within the home range down
to the smakscale selection of particular elements, such as feeding sites and nesting/den sites in the
habitat(Manly et al.2007) An animal will decide to use these different resodiltad areas within

habitats, also known as patches, by interacting with the different resources that it encounters in these
areaqOrians & Wittenberger 1991)

The resource selection of an animal describes the quantity of a particular resource used versus the
availahlity of that resource in the habitatiénly et al.2007). Resource selection is influenced by

multiple extrinsic factors such as time constraints, social pressures (such as population density),
territoriality, competition, predation, habitat patch sizd amerpatch distancéManly et al. 2007)

Intrinsic influences onasource selection include the body size and condition of the animal, how much
energy is available for expenditure versus how energy depleted the animal is, and how far the animal
is able to travel to explore patch@oyce 2006) An ani mal 6s tr avel ability
ability to explore patches, but is not alute and would be subject to internal and external factors. For
example, a smaller bodied animal such as a wibited mouseReromyscus leucopusan travel an
average distance of 422 metres a n{yherriam & Lanoue 199Q)while a grey wolf{Canis lupi is

able to cover an average distance of 50 kilometres a daypvbgis abundariMladenoffet al.

1999)

The initial decisiorof exploring a patch or searching for another is usually made quickly and is based
on general features in the environment, such as the presence of risk, competition with other species or
conspecifics, or the perceived value of available food reso(@ems & Wittenberger 1991)

Animals would rather move to a differerdtph with poorer resources that is darigee, than remain

in a patch where the resource quality is better but has a high risk factor (Brown 1999, Let@bhuar

2012). For example, foraging grey squisrgdciurus carolinens)savoid areas within a cifyark

where domestic dog€anis lupus familiarisand catsKelis catu$ are often found, even if those

areas contain high numbers of acoflisna et al. 1985) The risk of competition or predation can
therefore significantly (8bekhrisetah2013pBy altetiaditdé s s pat i a
space usean animal may avoid potentially costly encounters with others species or cbhospduen

utilising areas of low risk, called refuges, or altering their habitat use and pradaigdance

behaviours, as risk is not homogenously distributed in the landé8egekhuiset al.2013)
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Responses to risk majtherber eact i ve, based on atimedskiormal 6s know

predictive, with animals takinpreventative measures to avoid areas or habitats where previous risk
encounters occurrg¥aleix et al.2012) These risk response behaviours are commonly seen in
predatosprey interactiongBrown et al. 1999) as observed with ellCgrvus canadengisn

Yellowstone Park choosing coniferous forest over grasskiad are associated with grey wolf

predation riskCreelet al.2005) Coyotes (Canis latran3, although more numerous than grey wolves,
adjust their behaviour spatially and temporally to avoid areas used by Bbrger & Gese 2007)

In another example, cheetah utilize the same areas as lion and hyena, but show reactive risk responses
because predictive responses lead to missed kill opportunities and are tharefgatically costly
(Broekhuiset al.2013) The same study showed ticheetah resource selection is therefore a

hierarchical process, driven primarily by resource acquisition and thereafter by risk avoidance
(Broekhuiset al.2013) Risk response behaviours are also observed in preutatator Broekhuiset

al. 2013 as well in humaspredator Valeix et al.2012) interactions. For example, Botswana, lion
(Panthera lep mostly avoid cattle posts, but when they did use these areas, they avoided the times of
day when humans were most active and travelled at high speeds in order to reduce time spent in these
areaqValeix et al.2012)

The African wild dog ILyaon pictugis mediumsizedcarnivore (20 30kg) occurringin avariety of
different subSaharan ecosysterti3aviesMostertet al.2009. It is under severe threat alisted as
Endangered, with populations declining due to interspecific competilimre( 2001,

kleptoparasitism (Fanshawe & Fitzgibbon 1993), deadly infectious diseases (Woodroffe & Ginsberg
1997), shinking habitats Creelet al.2004) and conflict with humansSfvarner 2004 Space ushas

rarely been resgched in the African wild do@lthough some studies have shown that wild dogs are
able to travel average distances of 8065 kilometres daily whin their territories, with minimum

travel distances of-b kilometres daily. (Fuller & Kat 1990, Pomil@ al.2015). Wild dog packs on

the hunt are capable of covering 2 kilometres in 30 minutes (Fuller & Kat 1990) and wilithdogs
another study wasbserved to travel up to 40 kilometres in one day (Pomiila. 2015). Wld dogs

have been shown to avoid human settlements, activities and livestock predMtabtyroffe 2011)
Hence, it is importartb investigate whether actual space paterns of wild dog packs reflect their
supposed livestock depredating bdabaw, as well as which landscapmsatures determine their
occurrencgpatterns. Such knowledge could contribute to conserving these carnivores. The aim of this
study was therefor® assess humasarnivore conflict relating to African wild dogs at a regibna

scale, particularly focussing on comparihg spatial and temporal space pa#terns and resource
selection of four packs, two inside and two outside of Kruger National Park in South Africa. There
were 2 objectives. 1Ascertainthe home ranges of tiieur wild dog packsassesshe size of home
ranges anevhether the packisside the Kruger National Parkoved out of the protected arie#o

agricultural areas/ high livestock density areas where they would potehgadyposed ttivestock
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and humang?) Assess \ether the packs used areas characterissgdyific landscape features
(predictors of occurrence) such as vegetation typester sources (such as rivers) avoiding

potentially dangerous areas suchmagorroads. Imade thre@redictiors. 1) The two @cksinside of

the Kruger National Pankill not avoid roads as traffic on these roads is slow moving andetioal,
whereas packs outside reserves will avoid roads with heavy trafficabad potential to be letha). 2

The two @cksoutside reserves will encounter more huradirred landscape features and would

possilty avoid these areas and be found more ofterataral laadscapes, whereas packs inside of

Kruger National Parkvill encounter natural areas with small, irjeersed huamaltered areas.)3

Packs outside of reserves are free roaming and should thus have larger home ranges than the packs

inside of reserves that are tréted by wildlife fences.
Materials and Methods

Study sites

Data were collected from GPS fixes of four individuals in each of four p@bkstour wild dog packs
werelocatedand collaredn the Limpopo and Mpumalanga Provinces in the most northern part of
South Africa (Figure 3,1showing location only The Skukaa and Orpen packs oceced within the

Kruger National Brk, and the Bluebank and Waterberg packs outside of national parks in biosphere
reserves (described below; Figure 3.1). The Limpopo and Mpumalanga provinces are mostly
dominated by savanna grasslarsigeet Lowveld Bushveld and Mixed Lowveld Bushveld vegetation
types (Figure 3.2) and experience mainly summer rainfall, with a hot and humid climate throughout
the summer months (Newbould 2003, Mucina & Rutherf@d6). Limpopo Province is ideal for

catle farming and game ranching, and many types of crops, such as tropical fruits, peanuts, tea and
coffee, and there are commercial forests in the province (Mucina & Ruth20é). The most

common agricultural activities within the Waterberg BiosphereeResand surrounding areas are

game farming, involving the breeding and keeping of plains game, and domestic livestock production
(De Klerk 2003). Due to profitability, farmers in this area often combine these two agricultural land
uses (Bothma 2005). Lingpo Province also has a thriving tourism industry, with four provincial
reserves, several luxury private game reserves as well as the Kruger National Park (KNP), a formally
protected area (Dubin 2011). Formal protected areas such as the KNP are cleantatism

geographic areas set out specifically for conservation purposes, where no human interference activities

(such as wood or animal harvesting) are allowed by law (Pimbert & Pretty.1997)

The KNP also forms a | ar ge weringanareafof 2000 knhhaddanga o s
is a popular tourist destination for wildlife viewing safaris (Kruger & Saayman 2010). More than 68%

of the rest of Mpumalanga Province is used for agriculture, including forestry products, citrus,

tobacco, cattle, goatnd poultry farming (Dubin 2011). The primary vegetation types in the southern

half of Kruger (from Orpen downward) is thorn trees and red-lukdw veld, along with Knob
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thorn and Marula veld, providing ample grazing areas for herbiyGedenbach 1983Yhe park is

home to several large mammals, many speciegad antelope, amphibians (Braack 2006) and many
species of reptiles and invertebratigsuger & Saayman 2010T he majority of the park remains

fenced to stop dangerous animals from entering human inhabited areas and to keep poachers out
(Kruger & Saayman 2010However t he 150 km | ong f enboedsratdet ween
Mozambique were removed in 2002 in order to establish the Great Limpopo Transfrontier Park,

enabling wildlife to reestablish old migratory routes, and thus ensuring their persistence

(Ramutsindela 2005). Bull elephants are culprits of damdgimzes, and some of the fences are old

and not electrified, therefore making the fences on the western side of KNP porous to animal
movementgFergusoret al.2012)

Biosphere reserves differ from formal national reserves as they promote environmental and livelihood
solutions, combining the conservation of natural aagastheexistinganimals with the sustainable

use of the land by people requiring natural resources, such as firewood and medicinéDplgsés

2004) The Kruger to Canyons biosphere reserve encompasses a total size of 2.5 million hectares,
which includes the Kruger National Park, the Blyde River Canyon and the Wolkbayg, nebich is

a floral hotspot (Coetzest al.2010). The central area of the reserve lies between the Letaba and Sabie
Rivers, and is made up of savanna woodlands, Afromontane forest and grassland veld types (Coetzer
et al.2010).

The KNPhas a high nundr of large mammal species, such as elephaniodonta africanp white
rhinoceros Ceratotherium simumgiraffe Giraffa camelopardalis predators including lion and
leopard(Panthera parduk antelope species such as common tses8gbadliscudunatug, sable
(Hippotragus nigey, and roanKlippotragus equinys along with a total of 140 endemic species of
plants, birds, reptiles, invertebrates and amphibians (Casita€2010). The Waterberg biosphere
reserve i417, 406 hectares in size (Merk 2003). Veld types in the biosphere reserve include sour
bushveld, mixed bushveld, mountainous sourveld and arid sweet bushveld (De Klerk 2003). Animal
species found in this region includes imp@iapyceros melamplyskudu {Tragelaphus strepsicerps
klipspringer Oreotragus oreotragysgiraffe, warthogRhacochoerus africanjiswhite-backed

vultures Gyps africanusand predators such as leopard, lgmttedhyena(Crocuta crocutaand

wild dogs (De Klerk 2003).
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Figure 3.1.The location ofour wild dog pack in the Limpopo and Mpumalanga Provinces, South Affiago packs, Skukuza
and Orpen, were found within Kruger National Park, while the Waterberg pack were located within the Waterberg Biosphere
Reserve (BR) and the Bluebank pack osawithin the Kruger to CanyonBR. A map of South Africa is inset, not to scale.
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Figure 3.2.Vegetation types found in the Limpopo and Mpumalanga Provinces as used in the SAFARI 200@Qipdejeaken by the

National Botanical Institute as imported from ArcGIS online. A map of South Africa is inset, not to scale.



Collaring and GPS tracking

Collaring of four wild dog individuals was done with the assistance of the EWT (Endangered Wildlife

Trust) and the SoutAf r i ¢ an

Nat i

on al

Par kos

Vet eri

nary

opportunistically. A dose of 10 mg Neltrexine administered via tranquiliser dart was used to

immobilise one dog per pack to fit collars and collect blood and tissues samples fosdnabtkiers.

While sedated, body condition of each individual was evaluated by examining gum and dental

condition, skin health and tick loads, where a scored on a 5 point scale from poor to excellent body

condition. The wild dogs were then revived after finocedure using 6.26g Antisedan. Two Iridium
GPS collars (satellite) and two Ukhigh frequency (UHF) GPS collars were fitted to four individual

wild dogs from four different packs (TalBel) located in Skukuzarpen, Waterberg and Bluebank.
Wild do g
Conservation Programme is a registered project with the South African National Parks (SANParks)

packs

Wi

henceforth

be re

ferred

and ethical permission to collar the four individuals was granted umel@némorandum of
understanding between the EWT and SANParks

to usi

Table 3.1.Collaring location and individual information of four wild dog individuals and their packs in Limpopo and

Mpumalanga, South Africa

Ser vi

ng

Wild dog | Type of | Age Body Adult Number | Date collared Number of Number of
Wild dog status collar condition | pack of pups days occurrence
Pack location| and sex fitted size monitored fixes
Skukuza Alphal UHF 3 Average 4 5 2013/11/22 79 304
GPS
Orpen Alphall Satellite | 4 Excellent 17 15 2015/01/27 150 588
Waterberg Alphall | UHF 1 Average 7 unknown | 2013/11/21 110 399
GPS
Bluebank Alphall Satellite | 3 Poor 6 unknown | 2014/05/03 389 1456

Sampling fixes for collars were set ahdur intervals per day, because this allows for an adequate

sample size foa species that can travel great distances daily (Woodroffe & Ginsberg 1998), and in

order to avoid autocorrelation (here defined as short sampling intervals between fixes that cause biases

when estimatig home ranges and other occurreacealyses) as pene guidelines of Gannon & Sikes

(2007). Satellite Iridium collars (model G5C 275 D, manufactured by Sirtrack Ltd) were used to collar

the Bluebank and Waterberg individuals. The collars transmitted and relayed the GPS fixes via a

satellite to a central recding beacon on Earth. The fixes were then available for download directly
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from the Sirtrack website. GR3HF collars (VERTEX PLUS model, manufactured by VECTRONIC
Aerospace) were used to collar the Skukuza and Waterberg individuals. The fixes wemnsaved

SIM (Subscriber Identity Module) card within the collar. A UHF Handheld Terminal was used to
download the data from the collar SIM using the proximal download method, requiring the user to be
within 1.5 to 2 km of the collared individual, dependinglom landscape and surrounding vegetation.
The Handheld Terminal was then plugged into a computer for data transfer, and therefore no
download costs or animal immobilisation were involved. These two types of collars were used due to
funding constraints ahe time.Duplicate entes (fixes with identical dat¢ime stamps) were

removedand the data saved as.als sheet (Excel 92003 Workbook), later to be imported into

ArcMap versionl0.1 (ESRI development team).
Home range analysis with-ToCoH

Wild dog GPS data were imported into RStudio, the projection and time formats defined and tested for
autocorrelationWild dog home ranges and occurrepegterns were analysed using the R package T
LoCoH (Time Local Convex Hull). This package utilisesoaparametric Lagrangian method for

calculating utilization distributions from GPS data by aggregating Minimum Convex Polygons

(MCPs) constructed for each data point into isopleths (Lgbak 2013).l usedthe kmethod, which

identifies the K nearest aighbour for each spatial data point and then constructs a local convex hull
(Getz &Wilmers 2004), and the time parameter was set to. $ selected thedknethod as it is simple

and intuitive, selecting for the smallest values of k that created hufighéiieashumberof holes in

the core areas (Lyons 20145opleths (10%, 50%, 95% and 100% ) for the Waterberg, Skukuza,

Orpen and Bluebank wild dog packs were created in accordance with guidelines set out in the T
LoCoH for R Tutorial and Users Guideyons 2014), and isopleth area sizes were calculated using

the field calculator in ArcMapl he 95% and 50% isopleths are standardly used in home range studies
as it represents the areas within the home range most used by #Biingéset al. 2006). Although

10% and 100% home ranges are not commonly used, | includedrtmeganalyse# order to

includeareas that argghtly used(Powell 2000)The 100% home range includes outlier points that

are regarded as 6 o 000)aHoweven, ot an sndainderedkspedies (ike theweld | 2
dog that is still persecuted on farms, these occasional sallies could bring them into contact with farms,
possibly leading to mortalitysimple calculation of MCPs, although a popular method still tcsdaly,

is highly biased during home range estimation and is unable to differentiate internal space use once the
simple MCP has been constructed (Burgman & Fox
more suitable for concave geometries and usespieutipicentres of activity (as shown by GPS

points) to estimate density distributions while ignoring outlying pdidgsnleret al.2012) KDE®G s
show the areas within the home range that are utilised most often by an individu@Hgadoret al.

2005) butstruggles to account for unused areas due to unsuitable terrain or boundaries, such as rocky
outcrops (Getet al.2007).
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In order b compare pack home rangexording to seasons, theailabledata for the four wild dog

packs were partitioned into the four different seasons for South Avviwere applicablejs obtained

from the South AfricamNational Weather Service (Spring: 1 Septenib8® NovemberSummer: 1
Decembeii 28 February, Autumn: 1 Mardh31 May and Winterl June 31 August). This allowed

me to investigate whether packs inside and outside of reserves changaddtwispagaccording to
seasonsDue toavailable dataonly the Bluebank pack was monitored for all four seasbims Orpen

pack was monitored for autumn, summer and winter, the Waterberg pack was monitored for autumn,

spring and summer and the Skukuza pack wastored for spring and summer.
Resource selection

Wild dog pack occurrenda Limpopo and Mpumalanga were analysed using Resource Selection
Functions. Resource Selection Functions (RSFs) are mathematical models used to estimate the
probability of a resoursunit being used by a spec{@ogerset al.2007) and is used as a proxy for

habitat suitability (Boycet al.2002). The resource units (pixels of land) that are selected by animals
have associated predictor resource variables for presence (such as water sources), mortality (such as
major roads) or cariates of resources, such as anthropogenic landscape alteration éBalyce

2002). The RSF analysis as well as the underlying assumptions depend on the study design. My study
follows the Design 2 pattern as outlined by Maethal. (2007). With this dagn, individual animals

are identified by raditracking collars and their use of resources, as obtained from aerial imagery, are
measured for each individual animal, although resource availability can be extrapolated to population
level. Using real locatin datas more usful than modetreated dataas inferences about resource
selection are dependent on the random sampfing@ n  a n itimeaotcarence, and hot model

based occurrendbat relies on the selected statistical model being correctiyhaal. 2007).

Odds ratios (ORs) are used for binary data as measures of association when comparing an exposure
and an outcome (Bland & Altman 2000). ORs represent the chance that a specific exposure will lead
to an outcome, versus the chance of anratgsef that exposure creating an outcome (Bland & Altman
2000). When OR = 1.0, the chance of either outcome occurring is equally likely (leipait2991).

When OR < 1, the chance thfe outcome occurring is less likely and when OR > 1 the chance of the
outcome occurring is great (Lipsig al. 1991). Hence for my study, if OR = 1.0, the odds of
occurrence or neoccurrence of the wild dog pack at a feature (either natural or anthropogenic) was
equal. When OR < 1, the odds of occurrence of a wild dok glea feature was low, and if OR > 1,

the odds of occurrence at a feature was high. It must be noted that, as mentioned previeusly, non
occurrence may not mean absence, as the animal may have been undetected and not truly absent
(Manly et al.2007).
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Mappng & analysis

To obtain accurate distance measurements from GPS fixes to environmental features, it is critically
important to use a projected coordinate system in addition to a geographic coordinate system (usually
WGS 1984) when mapping GPS points imapping program such as ArcMap (Maher 2013). The
Universal Transverse Mercator (UTM) projection is an internationally used projection system that is
highly accurate and divides the globe into 60 zones, edelgr@esvide (Karney 2011). For this

study,|l used the WGS 1984 UTM Zone 36S projection for all subsequent map analyses. All terrain
features, excluding livestock density and agricultural landskesgeresvere downloaded directly

from ArcGIS online (a standard tool in the ArcMap program that alfowdirect import of maps

without needing to access the ESRI website first). Global livestock densities, as used in Chapter 2,
were downloaded from the Food and Agriculture Organisation (FAO) of the United Nations (available

from: http://www.fao.org/Ag/againfo/resources/en/giw/GLW _dens Jitemd clipped to the Limpopo

and Mpumalanga Provinces for convenience. Due to zero raster values in areas of pack occurrence,
sheep were omit from the analyses. Farm data were obtained from a previous study byPsiteiraj
(2016), and | added to this file by searching farms, hunting lodges and game farms in google maps and

exporting the GPS coordinatesa Microsoft Ecel spreadsheet

GPSpoint files saved as .xIs were imported into ArcMap and converted to shapefiles (a geospatial
vector data format specifically for GIS software). Home range sq{dRS)were then generated

using the square polygon tool. These squares encompassedaihbtion points for each wild dog

pack, and théiRS of each pack was saved as a separate shapefile. | then imported these shapefiles

into the Geospatial Modelling Environment (GME) software (Beyer 2001, Version 0.7.2.RC2)

command builder to geerate randomoints for each home range squasing the same number of

points as the original number of observations for each pack at a 1:1 ratio. This random point

generation method is standard approach in RSF analysis because it requires presence/available data or
presence/absence data; true absence is almost impossible to quantify accurately, as the organism might
have been undetected and not truly absent (Metrdy.2007). The generated random points were

therefore a measure of available resources for eactdagigback within its home range, whereas the

original points represent true presence at the resource within the home rangeeMar2907). A

HRS is used rather thardinimum Convex PolygonMICP) as per the guidelines and parameters of

the GME softwaréBeyer 2001). HRS provides a standardized and stratified sampling design (Beyer
2001, encompass all of the locatipnoi nt s (unl i ke MCP6s) and all ow f
points are generated, thus allowing for potéhtimoreavailable areas of usethin the home range,

which would no be the case when using a MBpplementary material: Figure S1)

The generated random points were then imported into ArcMap angl &ith the original point data

andwere used to conduct neatersect and extraanalyses foanthropogenic andatural features
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and their subclass¢Supplementary material:able S). Near analysis was used for all shapefiles,
except for vegetation (as it represents continuous features) and determines thdisgaiggiance (in
metres) from each location point to the closest environmental feature. Inserasiscomputes the
geometric intersection of the input features where overlap occur, and was used for determining in
which vegetation types the packs occurred compardtetedgetation types available in the
environment. For the raster files (Isteck density, | used the extract values to points tool to extract
the values of the raster based on the input preseratiologoints and random poinisll output

attribute tabes were exported to Microsoft Excaahd saved for use insiidio.
Statistical analysis

| performed all statistical analyskso r  RsthfRB8Idio Desktogoftware Yersion 0.99.902R

Studio Development Core Team. 2018pme range data were remalysed statisticallgs TLoCoH
provides robusgstimates of animdlome range(Lyons 2014) RSFdata sets were first tested for
normality using the Shapi@/ilk Normality test. | performed randomization (permutation) tests,

logistic regression and cailated confidence intervals and odds ratios for all datafSetdy, random
permutation tests were conducted to analyse whether presence and available data were located at
significantly different distances from each of the environmental features eoeidere. Pairwise

random sampling without replacement was performed using 1000 iterations, as per standard practice
(Golland & Fischl 2003). The permutation tests calculated the mean difference between the observed
and randomized datan@ generated prvalue. Next, logistic regression was performed using the
glmmsr package (Ogden 2016) ahenvironmental features for all four wild dog patdsassess

whether or not a wild dog pack selected a fealDve to occurrence within the Kruger National Park,

the Skukuza and Orpen packs were not analysed for proximity to nature reserves and only results for
the Waterberg and Bluebank packs (occurdatside of the KNP) wengresentedA generalised

linear model (denoted glm) followirguastlikelihood estimation was created for each feature, as it
accounts for data that are oxdispersed and is used for grouped binary (here presence and available)
data (Hardiret al.2007).

Due to the nature of the outputs for intetsdadata in ArcMap, vegetatiatata did nobhave

associated numerical valuegegetation data were paal according to vegetation categ¢®pur

Lowveld Bushveld, Forest, Grassland, Mixed Lowveld Bushveld, Mopane Bushveld and Sweet
Lowveld Bushveldifor each wild dog pacgerdifferentseason Counts were thefere created using

the number of times a vegetation category was bgedwild dog paclperseasorand werghen

modelled using a generalised linear modible Wald ChiSquared statistic was used to repevijues

for all features testeddds ratios and 95% confidence intervals were then calculated and plotted for
all features per wild dog pack in order to assess the change in probability of wild dog occurrence in

relation to anthropogenic and natural landscape features. | did ndi@lORs on a logarithmic scale,
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as is often the convention (Eggaral. 1997), since the arithmetic scale preserves proportionality and
is therefore visually less misleading than the log scale (Rotletr@n2011). All significance levels
wer e s=@.05. Bogplotehnd bar plotsvere createdor each RSKfeature and seasopgr pack
using the package ggplot2 (Wickham 2Q09)

Results

Overview

Results for home ranges as calculated hyToH are given as home range isoplsizes organised

in a table Maps were drawn to depict the locations of pack home ranges in relation to the Kruger
National Park and biosphere reserves, as well as Waterberg, Skukuza and Bluebank pack home ranges
in relation to agricultural landscape features and cattle and godiatenss the Orpen pack did not

occur close to agricultural landscape features or areas with any livestock densities (see below), maps
for this pack are not showBecause the poultry density map for the study sites showed only < 10
chickens per kiland o other densitiesmaps for poultry are not shown, although values are reported

under the RSF results.

Results from RSFs based on proximity to environmental features were organised into three graphs per
pack per feature tested: 1) presence versus aailialh for each of the subclass within the feature

tested; 2) presence versus available data per season for the feature tested; anci3) éaldsach

wild dog pack occurrence per feedsubclass (Supplementary material: Tablp SGdmparisons were

made between presence and available data for each feature subclass, between presence data for each
different feature within each subclass, and betw@esence data per season. Sevaefronmental

features were evaluated for each wild dog pack to assesls inflienced the occurrence of wild dogs
within Limpopo and Mpumalanga Provinc&8aterbergSkukuza, Orpen and Bluebank wild dog

packs are reported in sequence for each of the anthropogenic and natural landscape features tested.
Occurrence at a resourcelandscape feature would be indicated by close proximity to that resource

or feature (< 5 km) and may then be indicative of possible mortality (for dangerous landscape features)
or the importance of that resource or feature to wild dogs. Odds ratioyilot85% CI are presented

per pack for each feature subclass.
Home ranges

T-LoCoH calculated home range sizes indicated that the Waterberg and Orpen packs jointly occupied
large 95% home range (generally accepted as the true home range sizestMagB07, Lyons

2014) isopleths of 847 khand 848 krhrespectively (Table 3)2The Skukuza pack occupied the next
largest 95% home range, with a total area of 49%) kmd the Bluebank pack had the smallest 95%

home range of 220 khTable3.2). The Waterberg pack occurradthin the Waterberg biosphere

reserve(top left, Figure3.4a) wi t h t he packds home range spannin

53



reserves, including Pearson, Alem, Hen Nel, Belanie, Innes Mellet, Kindjie, Wyn van Staglen, Le

Brown and Pierre Fourie private nature reserves Waterberg 95% isopleth remained mostly within

the biosphere reserve, although a small area of approximately 2¢22@ of the total 95% isopleth)
occurredoutside of the biosphere reserve (top lefjure 3.4a)T he Wat er ber g packdés 1
range did not overlap any reserves (top left, Figure 3da)e S kukuza packodés 100% h
extended slightly outside the border of KNP, comprising an area of only 2,5vkimthe remainder

of the home rangeemaining completely within the borders of KNP (bottom right, Figure 3.4a). GPS

fixes indicated that the Skukuza pack made few eskons outside the park bounddpgercentage of

total fixes, 1.3 %)T-LoCoH calculated the Skukuza pack 50% home rangeras separate isopleths

compared to the continuous areas of the other packs (bottom right, Figurd4a). Skukuza pack

10% homeange was located close to thmthwestern border of the KNP (bottom right, Figure 3.4a).

The Orpen packds 10 Oyweverteedprders dfithe Embavatimdiwedressnle,i g h t
with an area of only 8.38 km2 falling outside of both Timbavati and the Klaserie nature reserve (top

right, Figure 3.4a)GPS fixes indicated that the Orpen pack nmiageexcursions outside the
Timbavatiboundary(percentage of total fixes,£%). In total, Timbavati makes up 221 kior 26%)

of the Orp®m W hoknés ramigal | sopl eth, completely wi
(top right, Figure 3.4al he Or pen packdés 10% home range occurrtr
Figure3.4a)The Bl uebank packds home range I|Reservavit hin |
(bottom left, Figure 3.4agnd stretched across Kapama Game Reserve and several private nature

reserves, including the P.W. Willis, Eden, Bluebank, Welverdiend, Amsterdam, Vienna, Brussel and

York. The Bl uebank pa c(bdtan lettbigare B.4apie notroeerag any nature

reserves

Table 3.2 Total local convex Hu(LoCoH) area sizes (kf) for the 10%, 50%, 95% and 100% home range isopleths
the Waterberg, Skukuza, Orpen and Bluebank wild dog packs occurring in Limpopo and Mpumalanga Provinces

Africa.

LoCoH isopleth (%) | Waterberg Skukuza Orpen Bluebank
10 13 9 11 5

50 147 120 446 113

95 847 490 848 220

100 2132 819 1071 589
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Figure 3.4a.Maps showing the 10%, 50%, 95% and 100% home ranges as local convex hull (LoCoH) polygons created frasopketisgyf four wild dog packs fitted with GPS and satellite coll
occurring in Limpopo and Mpumalan@aovinces South AfricaWaterberg (top left), Orpen (top right), Bluebank (bottom left) and Skukuza (bottom right) pack home ranges are inttidated wi
isopleths, to show that home ranges extend outside of protected areas or overlap multiidei@rteaspace constraintmly a section of the Klaserie Game Reserve is shown (top right).



The Wateberg pack occurred in an area with the highest numbgegra#rafarms, game farms and

hunting lodges in the surrounding area, whilst the Skukuza pack occurred close to qepnenad

farm that bordered the Kruger National Park (Figure 3.4b). The Bluebank pack occurred in an area that
contained only fruit farms, antdé Orpen pack did not occur in an area that contained any agricultural

@) Fruit farms

© Game farms o
@
(] °
©  Huntlng lodges . é .{
()
® Farms s ofe
Kruger National Park o) %
o o o "
|:| 100% home ranges O¢ ©
V0O e
:’ Province borders ®e o
N

| (]
0 37.5 75 150 Kilometers
T I I

Figure 3.4b.Map depicting 100% home range isoplefbisick) of four wild dog packsas local convex hull (LoCoH) polygonseated from
density isopleths within Mpumalanga and Limpdpovinces South Africa All four wild dog packs and their locations are shown relative tc
different agricultural landscape features, namely fruit farms (orange), gan®e(fe@thow), hunting lodge (light green) and gener@rms
keeping different combinations of game and livestock (purple).

The Waterberg 100% home range isopleth overlapped several farms, although the 95% home range
only overlapped twéarms, and overlapped areas of low to moderate cattle densities (Figure 3.4c). The
packoés 10% home range over |l appFbure34e)alee of | ow de
Waterberg packés 95% home range O&(FigureB4adpped areas
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Figure 3.4c TheWaterbergp a ¢ k08,550%, 95% and 100% home range isopleths as local convex hull (LoCot
polygons created from density isopleths in relation to farms, hunting lodges and cattle density Gattkendensity
was downloded and modified as a raster file frétmod and Agriculture Organisation (FAO) of the United Nations.

O  Hunting lodges °

® General farms

Goat density (km2)
- High : 557 ® .

0 5 10 20 Kilometers
N I A

Figure 3.4d. TheWaterbergp a ¢ k08 s50%, 95% and 100% home range isopleths as local convex hull (LoCoH) polygons «
from density isopleths in relation to farms, hunting lodges and goat density peBdat density was downloaded and modified a
raster file fromFood and Agriculture Organisation (FAO) of the United Nations.
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The Skukuza 100% home range did not overlap a farm outside the border of Kruger, although the

100% isopleth did overlap withreas of moderate cattle density (Figure 3.4e).

# General farm

[ | krugernational Park

Cattle density (km2)
- High : 4374
- Low: 0
1
0 475 95 19 Kilometers

Figure 3.4e.The Skukuzap a ¢ k080,s50%, 95% and 100% home range isopleths as local convex hull (LoCoH) polygons created fi
density isopleths in relation togenerafarm and cattle density per KnThe zoomed in area shows that the 100% home range does not
overlap with the farm. Cattle density was downloaded and modified as a raster filedoohand Agriculture Organisation (FAO) of the
United Nations. Due to the nature of a raster file (squadg)i some cattle densities may appear to occur within the borders of Kruger,
which is not the case (see inset).

The Skukuza packds 100% home range did not over|l

with higher goat densities occurring only to the

58



®  General farm

I:l Kruger N ational Park

Goat density (kmz2)
g Hioh : 557

0 510 20 Kilometers
Levolrial]

Figure 3.4f TheSkukuzap a ¢ k080s50%, 95% and 100% home range isopleths as local convex hull (LoCoH) polygons cre
from density isopleths in relation to farms, hunting lodges and goat density peB&at density was downloaded and modifisca
raster file fromFood and Agriculture Organisation (FAO) of the United Nations. Due to the nature of a raster file (square pixels’

some goat densities may appear to occur within the borders of Kruger, although these areas of overlap arediathatdsation,
and will be ignored.

The Bluebank packds 100% home range overl apped a
cattle, although the 95% home range only overlapped a small area of low to moderate cattle densities
(Figure 3.4g). Three fruit farms fell within the 95% home range, with one also occurring within the
boundaries of the 50% home range (Figure 3.4g). Thedpack 1 0 % home range overl a
zero densities of cattle per kiffFigure 3.4g).
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Figure 3.4g TheBluebankp a ¢ k08 s50%, 95% and 100% home range isopleths as local convex hull (LoCoH) polygons create
density isopleths in relation to farms, hunting lodges and cattle density peChiti2. density was downloaded and modified as a raster



The Bluebank packdés 100% home range overl apped a
the 95% home range overlapped only areas of low goatderfsiitéss gur e3. 4h) . Again, t

home range encompassed an area of zero densities of goats fieigkine 3.4h).

O Fruit farms

__________

Goat density (km2)
- High : 557

0 35 7 14 Kilometers
I T I I I

Figure 3.4h.Bluebank 10%, 50%, 95% and 100% home range isopleths as local convex hull (LoCoH) polygons created fro
density isopleth@ relation to farms, hunting lodges and goat density per. K2t density was downloaded and modified as a
raster file fromFood and Agriculture Organisation (FAQO) of the United Nations.

Resource selection

Out of the sevefeatures tested, randomizatimst results identified fivihat were significant
predictors of occurrence for all four wild dog packs, namely livestock density, rtaadan land use,
nature regerves and vegetation (Table)3 Agricultural landscape féares were significant predictors
of occurrence of the Waterberg, Orpen and Bluebank packs tiltenS8kukuza pack (Table 3.3
Rivers were a significant predictor of occurrence for the Orpen and Bluebank packs, but not the
Wateberg or Skukuza packs (Tla8.3.
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Table 3.3 Results of randomization tests and mean differences in distance to environmental features tested for the Waterberg, Ski
Orpen and Bluebank wild dog pacl&ignificant values are shown in bold and values that show a trend tagmificance are indicated

with anasterisk Features marked with indicate possible sources of mortality for wild dogs.

General farm

Goat farm

Hunting'; lodge

Figure 3.5a.TheWaterberg wild dog pac ddsstance of
occurrence (km) and available distances from different
agricultural features in Limpop@rovince South Africa
Boxplots show medians (dark horizontal bar§)and 3

interquartiles (boxes), 95% CI (whiskers) and outliers (dots).

Waterberg Skukuza Orpen Bluebank
Feature Mean Randomizatio | Mean Randomization | Mean Randomization | Mean Randomizatio
difference | ntest pvalue | difference | test pvalue difference | test pvalue difference n test pvalue
Agricultural 4.520 <0.0001 0.132 0.841 34.283 <0.0001 8.053 <0.0001
landscape featureé
Livestock densityd | 8.227 <0.0001 22.294 | <0.0001 0.828 <0.0001 4.866 <0.0001
Roads 6 1.814 <0.0001 7.876 <0.0001 0.413 0.011 0.515 <0.0001
Human land use 5.205 <0.0001 1.207 0.011 0.809 0.009 5.360 <0.0001
Nature reserves 2.425 <0.0001 5.613 <0.0001 1.331 0.006 3.169 <0.0001
Rivers 0.277 0.088 * 0.221 0.054 * 7.876 <0.0001 7.880 <0.0001
Vegetation 0.436 0.001 0.217 0.001 0.744 0.001 0.035 0.001
Anthropogenic landscape features
Agricultural features
The Waterberg pack occurred significantly closer to agricultural landscape fahame®re
available in the environment?((1) = 7.9.21, p < 0.001).he Waterbergack occurredh closer
proximity to general farms than hunting loddge’(2) = 335.14, p < 0.001Figure 3.5a). ©currences
at the goat farms wetew. Distances to agricultural landscape featfioepresencelatawere closer
duringsummer than spring or auturdata(c? (2) = 95.98, p = 0.009) (Figure 3.5b).
40+ i 40+ ;
g 301 g 30+
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Figure 3.5b. Seasonal differences the Waterberg wd dog paclkh s
distance of occurrence (km) and available distances from different fa
types in LimpopdProvince South AfricaBoxplots show medians

(dark horizontal bars),s1and 3% interquartiles (boxes), 95% Cl

(whiskers) and outliers (dotdyresene data are indicated by coloured

Presence data are indicated by coloured boxes. Lines withot poxes.
boxes indicate low occurrence at features.
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TheWattber g packébés odds of occurrence at agricul tur
with equal odds of occurrence or noocurrence at hunting lodges (Figure 3.5¢). The odds of wild
dog pack occurrence at the goat farm was low (Figure 3.5¢).

QOdds Ratio & 95% CI

General farm Goat farm Huntiné lodge

Figure 3.5¢.0dds (£ 95% CI) of the Waterberg wild dog paosccurrence based on distances, at different agricultural lands
features in Limpop®rovince South Africa.OR=1 indicates equal chance of occurrence, OR< 1 indicates low chance of
occurrence and OR> 1 indicates high chance of occurrence.

The Skukuza pack occurred in different proximities to agricultural landscape faatmesere
available(c® (1) = 7.03, p = 0.008)he Skukuza pack occurred further away from the poultry farm
than the generdarms @ (11) = 158.71, p < 0.001),ith thepack occurring-10 km fromgeneral
farmsand > 20km from poultry farms (Figure 3.6a3kukuza packresence at agricultural landscape
features differed during the spring and sum(eé(l) = 134, p < 0.001), occurrirfgrther away from
featuresduring summer than spring (Figure 3.6b)
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Figure 3.6a.The Skukuza wild dog padk distance of Figure 3.6b.Seasonal differencesinh e Skukuza wi
occurrence (km) and available distances from different distance of occurrence (km) and available distances from different
agricultural features in Mpumalangaovince South Africa agricultural features in Mpumalangaovince South Africa
Boxplots show medians (dark horizontal bar§)afd 3 Boxplots showmedians (dark horizontal bars¥t and 3
interquartiles (boxes), 95% CI (whiskers) and outliers (dot interquartiles (boxes), 95% CI (whiskers) and outliers (dots).
Presene data are indicated by coloured boxes. Presence data are indicated by coloured boxes.

The Skukuza packds odds of occurrence were great
game farms and loweof fruit and nut farms and genefatms (Figure 3.6¢).

1.8

1.61

Odds Ratio & 95% CI

1.0

 Generalfam  Fruits & nuts Game farm Poultr'y farm

Figure 3.6¢c Odds (+ 95% CI) of the Skukuza wild dog paosccurrence based on distances, at different agricultural landsci
features in Mpumaland@rovince South Afria. OR=1 indicates equal chance of occurrence, OR< 1 indicates low chance of
occurrence and OR> 1 indicates high chance of occurrence.

The Orpen wild dog pack occurred significantly further away from agricultural landscape features than
were avaihble in the environment{(1) = 1720.06, p < 0.001), with available data indicatingsjise

occurrence at distances Xk#, and presence data indicating occurrence at distances > 40 km (Figure
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Distance to feature (Km)

3.7a). Similarly, the pack occurred sificantly further avay frompoultry farns thanfruit farms @

(3) =56.36, p < 0.001Prpen paclpresence differed at agricultural landscape features during seasons
(6®(2) = 49.97, p < 0.001), occung further away during winter (>04&m) and closer during summer

(> 20 km) (Figure 3.7b).
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Figure 3.7aTheOrpen wild dog padk distance of Figure 3.7b.Seasonal differencesthe O pen wi |l d do

occurrence (km) and available distances from different  distance of occurrence (km) and available distances from different
agricultural features in Mpumalan&aovince South Africa  agricultural features in Mpumalan@aovince South Africa

Boxplots show medians (dark horizontal bar§)afad 3 Boxplots show medians (dark horizontal bar§)and 3
interquartiles (boxes), 95% CI (whiskers) and outliers (dc interquartiles (boxes), 95% CI (whiskers) and ieusl (dots).
Presence data are indicated by coloured boxes. Presence data are indicated by coloured boxes.

Orpen pack odds of occurrence at agricultural landscape features were greatest at poultry farms, but

were low at fruit farms (Figure 3.7c.).
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Figure 3.7c.0dds (+ 95% CI) of the Orpen wild dog péckccurrence based on distances, at different agricultural landscap
feature, namely fruit farms and poultry farms s in Mpumaldgeince South Africa OR=1 indicates equal chance of
occurrence, OR< fhdicates low chance of occurrence and OR> 1 indicates high chance of occurrence.



Distance to feature (Km)

30+

20+

10+

The Bluebank wild dog pack occurred éfoserproximity to fruit farms compared to available data (
(1) = 1485.29, p < 0.001). Presence at features diffef¢@)(= 100.73, p < 0.001) with ngack
occurrenceelose to game farms (Figure 3.8B)uebank pack occurrence wesser to fruit farms for
all seasons compared to available dat¢3) = 100.73, < 0.009), especially in autumn (Figure 3.8Db).
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Figure 3.8a.TheBluebank wild dog padk glistance of Figure 3.8b.Seasonal differences the Bluebank wild dog padk s
occurrence (km) and available distances from different  distance of occurrence (km) and available distances from different
agricultural features in Limpop@rovince South Afrca agricultural features in Limpoperovince South AfricaBoxplots
Boxplots show medians (dark horizontal bar8)aad 3 show medians (dark horizontal bars},ahd 3¢ interquartiles

interquartiles (boxes), 95% CI (whiskers) and outliers  (poxes), 959 CI (whiskers) and outliers (dot§resence data are
(dots).Presence data are indicated by coloured boxes. indicated by coloured boxes.

The Bluebank packds odds of occurrence at differ

game farms and low for fruit farms (Figure 3.8c)
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Livestock densitv (km?)
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Figure 3.8c Odds(x 95% ClI) of the Bluebank wild dog patleccurrence based on distances, at different agricultural landsc
features, namely fruit farms and game farmkimpopo ProvinceSouth AfricaOR=1 indicates equal chance of occurrence,
ORc< 1 indicates low chance of occurrence and OR> 1 indicatesimégite of occurrence.

Livestock density

Livestock density was a significant predictor of wild dog pack occurrence. The Waterberg pack
occurred in areas of lower livestock density fkthan were available in the environmestt({l) =

132.25, p €0.001). Wild dog presence was higher near areas of higher poultry densities than goat or
cattle densitiesef (2) = 702.92, p < 0.001) (Figure 3.9a). There was no difference between presence
and available data for livestock densities during differentoseag? (2) = 2.58, p = 0.275) (Figure

3.9Db).
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Figure 3.9a TheWaterberg wild dog padk presence and Figure 3.9b Seasonal differences ihe Waterberg wild dog paéks
available data in areas of differing livestock typet{eagoats occurrence and available data in areas of differing livestock typtée(ca
and poultry) densitie§perkm?) in LimpopoProvince South goats and poultry) densiti¢gerkm?) in LimpopoProvince South
Africa. Boxplots show radians (dark horizontal bars}! and Africa. Boxplots show medians (dark horizonkars), #and 3
3dinterquartiles (boxes), 95% CI (whiskers) and outliers interquartiles (boxes), 95% CI (whiskers) and outliers (dd®sgsence

(dots). Presence data are indicated by coloured boxes. data are indicated by coloured boxes.



The Waterberg wild dog packds odds of occurrence
for areas that housed cattle, and lower for areas that housed poultry (Figure 3.9¢). The odds of

occurrence were low in areas that contained goagsi(&i3.9c).

t
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Cattle Goat Pofjltry
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Figure 3.9c.0dds(+ 95% CI) of the Waterberg wild dog pdcleoccurrence in areas of different livestock type (cattle, goats ¢
poultry) densitiegperkm?), LimpopoProvince South Africa OR=1 indicates equal chance of occurrence, OR< 1 indicates low
chance of occurrence and OR> 1 indicates high chance of atcerre

Presence and available data for livestock densities for the Skukuza wild dog pack showed a trend
toward significanced (1) = 3.71, p = 0.054). Similarly, there was no difference of occurrence for the
Skukuza pack near areas hogsattle, goats or poultrng{(2) = 1.69, p = 0.428) (Figure 3.10a). Pack
presence in livestock areas also did not differ significantly between different sesgdns=(0.41, p

= 0.519) (Figure 3.10Db).
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Figure 3.10a The Skukuza wild dog padk gresence and Figure 3.10b.Seasonal differences the Skukuza wild dog padk s
available data in areas of differing livestock typet(eagoats occurrence and availkbdata in areas of differing livestock typetfts

and poultry) densitie@perkn?) in MpumalangaProvince goats and poultry) densiti¢serkm? in Mpumalang#rovince South
South Africa Boxplots show medians (dark horizontal bars’ Africa. Boxplots show medians (dark horizontal bar§)and 3
1stand 3 interquartiles (boxes), 95% CI (whiskersida interquartiles (boxes), 95% CI (whiskers) and outliers (d&®®nce

outliers (dots)Presence data are indicated by coloured bo> data are indicated by coloured boxes.

The Skukuza packds odds of

areas that contained cattle (Figure 3.10c). Qdda&currence were low in areas containing poultry,

occurrence

and even lower in areas that contained goats (Figure 3.10c).
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Figure 3.10c Odds (*x 95% CI) of the Skukuza wild dog paaticcurrence in areas of different livestock type (cattle, goats ar
poultry) dersities(perkm?), Mpumalangarovince South Africa OR=1 indicates equal chance of occurrence, OR< 1 indicates

low chance of occurrence and OR> 1 indicates high chance of occurrence.
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Livestock density (km?)

No livestock density plots or ORs were available for thee@npack, as these wild dogs remained

within the boundaries of the Timbavati reserve, and the occurrences outside of the borders were in

areas of supposed zero livestock density.

The Bluebank wild dog paatccurred in areas of lower livestock density tkthan were available in

the environmen(c® (1) = 13.64, p < 0.001Y.he pack occurred in areas loigher cattle densities than

goat densities, but did not occur in areasmftaining poultry(c (2) = 356.49, p < 0.001Figure

3.11a) There was signifint influence of seasor?(3) = 8.17, p = 0.042), with packs occurring in

areas of higher livestock densities in autumn and winter than were available in the environment

(Figure 3.11Db).
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Figure 3.11a.TheBluebank wild dog padk presence and
availabledata in areas of differing livestock type ftey, goats
and poultry) densitiegperkm?) in LimpopoProvince South
Africa. Boxplots show medians (dark horizontal bar§)atd
3dinterquartiles (boxes), 95% CI (whiskers) and outliers
(dots). Presence data are indicated by coloured boxes.
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Figure 3.1lhSeasonal differences 1in

occurrence and available data in arefadiffering livestock type
(cattle, goats and poultrgensitiegperkm?) in LimpopoProvince
South Africa Boxplots show medians (dark horizontal bar&and 3¢
interquartiles (boxes), 95% CI (whiskers) and outliers (dd®sgsence
data are indidad by coloured boxes.

Odds of occurrence of the Bluebank pack in areas of different livestock type densities were highest in

areas that contained cattle (Figure 3.11c). Odds of occunwredower in areas that contained

poultry, and lowest in areas that contained goats (Figure 3.11c).
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Figure 3.11c Odds (+x 95% CI) of the Bluebank wild dog pécccurrence in areas of different livestock type (cattle, goats i
poultry) densitiegperkm?), LimpopoProvince South Africa OR=1 indicates equal chance of occurrence, OR< 1 indicates low
chance of occurrence and OR> 1 indicates high chance of occurrence.

Roads

The Waterberg pack occurréatther from roads than were available in the environmer(tlj =

55.58, p < 0.001). There were no differences betwehne Wat e r fresence atmifferektdoad

types or availability of these road types in the environn@r{®f = 9.84, p = 0.83), with occurrences

at > 9km (Figure 3.12a). The pack occurred at road types differently during different se@g@hs-(

30.07, p <0.0001), occurring furthewvay from roads during autumn (>kgn) and was losest to roads

during summer (> Rm) (Figue 3.12b).
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Figure 3.12a.TheWaterberg wild dog paék glistance of occurrence
(km) and available distances from different road types in Limpopo
Province South AfricaBoxplots show medians (dark horizontal bar
1stand 3 interquartiles (boxes), 96 Cl (whiskers) and outliers (dots
Presence data are indicated by coloured boxes.
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road types in Limpop@&rovince South Africa Boxplots show
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ClI (whiskers) and outliers (dotspresence data aredicated by
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The Waterberg packods odds of occurr espeeccroadsh mot or
were high, but were low on primary, trunk and trdimk roads (Figure 3.12c). The odds of occurrence

on residentiafoads (moderatepeed roads) were high, but odds of occurrence on secondary roads

were low. The odds of occurrence on roads carrying-shawing traffic (tertiary, track and

unclassified) were low (Figure 3.12c).
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Figure 3.12c.0dds(+ 95% Cl)of the Wderberg wild dog padk eccurrence based on distances, at different road types in
Limpopo Province South Africa Roads that carry fashoving traffic (80 120 km/h) are indicated in dark red, roads that carry
moderate speed traffic (880 km/h) are indic&d in orange and roads that carry simaving traffic (040 km/h) are indicated in
green. OR=1 indicates equal chance of occurrence, OR< 1 indicates low chance of occurrence and OR> 1 indicates hig

The Skukuza pacticcurred significantly closer to roads within Kruger National Park than available in
the environmentd? (1) = 47.03, p <0.0001), occurring at distances < 5km (Figure 3.13a). The pack
occurred different distances to different road tymé$4) = 36.51 p €0.001), occurring jointly closer

to seondary and unclassified roads (krh) than tertiary or track roads (Figure 3.13a). The pack also
occurred different distances to roads during different seasb(ly & 8.60 p =0.003), occurring closer

to roads dung summer than spring (Figure 3.13b)
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Figure 3.13a.The Skukuza wild dog pack distance of occurrence ~ Figure 3.13h Seasonal differencesinh e Sk ukuza wi
(km) and available distances from different road types in distance of occurrence (km) and available distances from different
MpumalangaProvince South Africa Boxplots show medians road types in Mpumalang@rovince South Africa Boxplots show
(dark horizontal bars),*1and3 interquartiles (boxes), 95% CI medians (dark horizontal bars}ftdand 3" interquartiles (boxes), 95%
(whiskers) and outliers (dotsPresence data are indicated by CI (whiskers) and outlisr(dots) Presence data are indicated by
coloured boxes. coloured boxes.
The Skukuza packédés odds of -mevingitrafficétertmry andtnackf oads t F

were high, but odds of occurrence or ramcturrence on unclassified roads were equal (Figure 3.13c).

The odds of occurrence on moderate speed roads (secowdagyipw (Figure 3.13c).
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Figure 3.13c Odds(+ 95% Cl)of the Skukuza wild dog pabkoccurrence based on distances, at different road types in
Mpumalang&Province South Africa Roads that carry moderate spéedfic (50-60 km/h) are indicated in orange and roads that
carry slowmoving traffic 040 km/h) are indicated in gree@R=1 indicates equal chance of occurrence, OR< 1 indicates low
chance of occurrence and OR> 1 indicates high chance of occurrence.
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Distance to feature (km)

There was no difference between available and presence data on roads for the Orgrilack (

0.33 p =0.566), but this pack showed a trendte types of roads utilised?(9) = 16.04, p =0.066).

The wild dogs showed equal presence at secondary, track and unclassified roads, although they may
have shown greater presence at unclassified roads (Figure 3.14a). The pack occurred at roads at
different distances during different seas@i$2) = 183.42, p <0.QD), being closer to roads in

summer than autumn or winter (Figure 3.14b).
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Figure 3.14a The Orpen wild dog padk slistance of occurrence

Figure 3.13h Seasonal differences in t¥penwild dog pack s
distance of occurrence (km) and available distances from differer

(km) and available distances from different road types in road types in Mpumalangdarovince South Africa Boxplots show
MpumalangaProvince South Africa.Boxplots show medians medians (dark horizontal bars}tand 3" interquartiles (boxes), 95%
(dark horizontal bars),*1and 3% interquartiles (boxes), 95% CI CI (whiskers) and outliers (dotdjresence data are indicated by
(whiskers) and outliers (dotfyresence data are indicated by coloured boxes.

coloured boxes.

The Orpen wild dog packds odds of -noangtraffic ence wer
(motoway, motorway link, primary and trunk link), except for trunk roads (Figure 3.14c). Odds of
occurrence for moderatpeed roads were high on residential road types, but were low secondary road
types (Figure 3.14c). Pack occurrence on slow moving road wereslow for tertiary and track

roads, but high for unclassified roads (Figure 3.14c).
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Figure 3.14c Odds(x 95% Cl)of the Orpen wild dog paékoccurrence based on distances, at different road types in Mpumalanga
Province South Africa Roadsthat carry fastmoving traffic (80 120 km/h) are indicated in dark red, roads that carry moderate speed tr
(50-60 km/h) are indicated in orange and roads that carry-sioving traffic 040 km/h) are indicated in green. OR=1 indicates equal
chanceof occurrence, OR< 1 indicates low chance of occurrence and OR> 1 indicates high chance of occurrence.

The Bluebank pack occurred significantly closer to roads than available in the enviroehiiEnt (
40.31, p < 0.001), although the pack dat occur closer to certain road types than oth@rdQ) =
16.61, p = 0.083), with presenaerbads occurring at distances kr (Figure 3.15a). The pack
occurred significantly different distances to roads during different seagdB$ £ 14.89, p= 0.001),

occurring closer to roads during winter and autumn than spring or summer (Figure 3.15b).
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Figure 3.15a TheBluebank wild dog padk slistance of Figure 3.15b.Seasonal differencesinh e Bl uebank v

occurrence (km) and available distances from different road tyg distance of occurrence (km) and available distances from different
in LimpopoProvince South Afria Boxplots show medians (dark road types in LimpopProvince South Africa Boxplots show
horizontal bars), tand 3% interquartiles (boxes), 95% ClI medians (dark horizontal bars}!dand 3¢ interquartiles (boxes), 95%
(whiskers) and outliers (dots). Presence data are indicated by ~ Cl (whiskers) and outliers (dotfjresence data are indicated by
coloured boxes. coloured boxes.



The odds of occurrence or noncurence for the Bluebank pack were equally likely for the motorway
road type, but were high for all other higheed road types (motorway link, primary and trunk)
(Figure 3.15c¢). Odds of occurrence were high on modspded road types (residential and
secomlary) and high for all slovgpeed road types (path, tertiary, track and unclassified), except for

footway road types (Figure 3.15c).
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Figure 3.15c.0dds (= 95% @ of the Bluebankvild dog pack soscurrence based on distances, at different road types in Limpopo
Province South Africa Roads that carry fashoving traffic (80 120 km/h) are indicated in dark red, roads that carry moderate speed
traffic (50-60 km/h) are indicated iorange and roads that carry skawoving traffic 040 km/h) are indicated in greeBR= 1.0 indicates
equal chance of occurrence, OR< 1 indicates low chance of occurrence and OR> 1 indicates high chance of occurrence.

Human land use

The Waterberg pack occurred significantly further away from human land use landscape tieatures
were available in the environmerf (1) = 43.93, p < 0.001), although there was no difference
between occurrence at different types of human land use featti(&4)(= 21.87, p =0.081). Pack

presence near features were further away during autuanreither spring or summes? (2) = 20.40,

p < 0.001).
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Figure 3.16a The Waterberg wild dog pack slistance of Figure 3.16b.Seasonal differences the Waterberg wild dog padks
occurrence (km) and availabtlistances from different human landlistance of occurrence (km) and available distances from different
use types in LimpopBrovince South Africa Boxplots show human land use types in Limpopoovince South Africa Boxplots

medians (dark horizontal bars}tand 3" interquartiles (boxes),  show medians (dark horizontal bars},ahd 3 interquartiles (boxes),
95% CI (whiskers) and outliers (dots). Presence data are indicaf&Po Cl (whiskers) and outliers (dotdpresence data are indicated by
bv coloured boxes. coloured boxes.

The Waterberg packo6 s-ocoudahce athidmaroland use typesmwere equakfor n o n

industrial sites, and almost equal for cemetegynmercial, recreational and reservoir sites (Figure

3.16c¢). Odds of occurrence were high for landfill and residential sites, and low for military, quarry,

railway and retail sites (Figure 3.16¢).
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Figure 3.16¢c Odds(+ 95% Cl)of the Waterberg wild dogaclkd ccurrence by distance, in areas of different human land use ty
Limpopo Province South Africa.OR=1 indicates equal chance of occurrence, OR< 1 indicates low chance of occurrence and OR> 1
indicates high chance of occurrence.



The Kukuza pack occurred significantly different distances away from human land use features that
were available in the environmerf (1) = 14.79, p = 0.0001), although no differences existed
between pack proximity to the different types of human land @serts ¢ (14) = 18.57, p = 0.182)
(Figure 3.17a). The pack remained further away from human land use features in both spring and
summer ¢ (1) = 1.17, p = 0.278) (Figure 3.17b).
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Figure 3.17a. The Skukuzavild dog pack distance obccurrence  Figure 3.17. Seasonal differences in the Skukwad dog pack s
(km) and available distancé®m different human land use types  distance obccurence(km) and available distancé&®m different

in Mpumalang&Province South Africa.Boxplots show medians human land use types in Mpumalarjavince South Africa.
(dark horizontal bars),1and 3¢ interquartiles (boxes), 95% ClI Boxplots show medians (dark horizontal bar§)aad 3°
(whiskers) and outliers (dotdjresence data are indicated by interquartiles (boxes), 95% CI (whiskers) and outliers (dots).

coloured boxes. Lines without boxes indicate low occurrence at  Presence data are indiedtby coloured boxes.

features.

The Skukuza packds odds of occurrence at human |
(Figure 3.17c¢). Odds of occurrence were high for commercial, industrial, military, quarry, recreational,
reservoir andetail sites (Figure 3.17c). Odds of occurrence were low for cemetery, landfill and

residential sites (Figure 3.17c).
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Figure 3.17¢ Odds(+ 95% CI)of the Skukuza wild dog pabkeccurrence by distance, in areas of different human land use types
Mpumalangd&rovince South Africa.OR=1 indicates equal chance of occurrence, OR< 1 indicates low chance of occurrence and Ol
1 indicates high chance of occurrence.

There was a significant difference between the available human landscape tradutespresence of

the Orpen packsf (1) = 12.80, p = 0.0003), with the pack occurring close to residential and reservoir

areas € (14) = 24.43, p = 0.040) (Figure 3.18a). The Orpen pack occurred different distances to

human landscape features duririfledent seasonssf (2) = 24.43, p < 0.001), occurring closer in

winter than autumn (Figure 3.18b).
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Figure 3.18a TheOrpen wild dog padk glistance of occurrenc Figure 3.18b.Seasonal differencesinh e Or pen wi | d
(km) and available distances from different human land use 1 distance of occurrence (km) and available distances from different
in MpumalangaProvince South Africa.Boxplots show medians human land use types in Mpumalaiavince South Africa.

(dark horizontal bars),*1and 3" interquartiles (boxes), 95% CI Boxplots show medians (dark horizahbars), #and 3¢

(whiskers) and outliers (dotdjresence data are indicated by interquartiles (boxes), 95% CI (whiskers) and outliers (dots).
coloured boxes. Presence data are indicated by coloured boxes.



The Orpen packds odds of occurrence were high fo
residential and tail sites (Figure 3.18c). Odds of occurrence or-aoturrence were almost equal for

quarry sites, and odds of occurrence were low for cemetery, landfill and railway sites (Figure 3.18c).
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Figure 3.18c Odds (+ 95% CI) of the Orpeanild dog pack ccurrere by distance, in areas of different human land use types
MpumalangaProvince South Africa. OR=1 indicates equal chance of occurrence, OR< 1 indicates low chance of occurrence anc
1 indicates high chance of occurrence.

TheBluebank pack occurred significantly closer to human landscape features than were available in
the environmentc (1) = 401.42, p < 0.001), occurring close to military sites but not resered(ts (

= 97.10, p < 0.001) (Figure 3.19a). Occurrence atsieayok features differed during seas@i$3) =

17.89, p = 0.0004), occurring further away in spring than autumn, summer or winter (Figure 3.19b).
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Figure 3.19a.TheBluebank wild dog padk slistance of
occurrence (km) and available distances fdifferent human lan
use types in Limpopo ProvingeSouth AfricaBoxplots show
medians (dark horizontal bars}!and 39 interquartiles (boxes),
95% CI (whiskers) and outliers (dot®resence data are indicate
by coloured boxes.

Figure 3.19h Seasonadifferences irthe Bluebank wild dog padk s
distance of occurrence (km) and available distances from different
human land use tygen LimpopoProvince South Africa Boxplots
show medians (dark horizontal bars},ahd 3¢ interquartiles (boxes),
95% CI (whiskers) and outliers (dotdpresence data are indicated by
coloured boxes.

The Bluebank packds odds of occurrence at human
at military sites (Figure 3.19c).
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Figure 3.19¢ Odds(+ 95% Cl)of the Bluebank wild dog paékeccurrence by distance, in areas of different human land use type:
Limpopo Province South Africa OR=1 indicates equal chance of occurrence, OR< 1 indicates low chance of occurrence and OR>
indicates high chance of oatence.
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Natural landscape features

Rivers

The Waterberg pack occurred further away from rivers tharawaitablein the environmente? (1) =

5.95, p = 0.014), although there was no difference between occurrence at perenniat@are maal

rivers G® (1) = 1.16, p = 0.280) (Figure 3.20a). The pack occurred closer to rivers during autumn than
summer, but not spring(2) = 11.36, p = 0.003) (Figure 3.20b).
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Figure 3.20a.The Waterberg wild dog pack slistance of Figure 3.20h Seasonal differences ihe Waterberg wild dog padks
occurrence (km) and available distas from different river distance of occurrence (km) and available distances from different
types in LimpopdProvince South AfricaBoxplots show river types in LimpopdProvince SouthAfrica. Boxplots show
medians (dark horizontal bars¥tand 3¢ interquartiles medians (dark horizontal bars}!and 3¢ interquartiles (boxes), 95%
(boxes), 95% CI (whiskers) and outliers (doBdesence data ClI (whiskers) and outliers (dots). Presence data are indicated by
are indicated by coloured boxes. coloured boxes.

The Waterberg packds odds of s, butlowatnomperecon@a wer e hi
rivers (Figure 3.12c).
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Figure 3.20c Odds (+ 95% CI) of the Waterbevgld dog pack eccurrere by distance, at different river typ&smpopo Province
South Africa. OR=1 indicates equal chance of occurrence, ORgicates low chance of occurrence and OR> 1 indicates high chance
of occurrence.

The Skukuza pack did not ocdurther away from rivers than were available in the environn@nt (
(1) = 3.66, p = 0.055), and did not occur different distances from perennial aipemeomial rivers

(¢ (1) = 0.31, p = 0.573) (Figure 3.21a). Similarly, there were no differences of occurrence during
spring and summer{ (1) = 0.81, p = 0.366) (Figu&21b).
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Figure 3.21a.The Skukuza wild dog pack slistance of Figure 3.21h Seasonal differences ihe Skukuza wild dog padk s

occurrence (km) and available distances from different rivel distance of occurrence (km) and available distances from different
types in MpumalangRrovince South AfricaBoxplots show  human land use types in Mpumalariyavince South Africa Boxplots

medians (dark horizontal bars¥dnd 3¢ interquartiles show medians (dark horizontal bars},ahd 3¢ interquartiles (boxes),
(boxes), 8% CI (whiskers) and outliers (dotsPresence data 95% ClI (whiskers) and outliers (dots}resene data are indicated by
are indicated by coloured boxes. coloured boxes.
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The Skukuza packodés odds of occurr epaennialvieerse hi gh
(Figure 3.21c).
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Figure 3.21c.0dds(x 95% Cl)of the Skukuza wild dog pabksccurrence by distance, at different river types, Mpumal&ngaince
South Africa.OR=1 indicates equal chance of occurrence, @QRwdicates low chance of occurrence and OR> 1 indicates high chance
of occurrence.

The Orpen pack occurred closer to rivérart were available in the environmeeft (L) = 187.15, p <
0.001), but occurred similar distances from4p@nennial and perennial rivers® (1) = 2.32, p =
0.128) (Figure 3.22a). Ocaence distance to rivers were X (Figure 3.22a). The pack occudre
closer to rivers during winter than autumn or summs&(l) = 8.077, p = 0.01) (Figure 3.22b).
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Figure 3.22a The Orpen wild dog padk slistance of Figure 3.22h Seasonal differences ihe Orpen wild dog padk s
occurrence (km) and available distances from different river distance of occurrence (km) and available distances from different
types in MpumalangRrovince South Africa Boxplots show human land use types Mipumalangarovince South Africa Boxplots
medians (dark horizontal bars}!and 39 interquartiles show medians (dark horizontal bars¥,ahd 3¢ interquartiles (boxes),
(boxes), 95% CI (whiskers) and outliers (dot®resence data 95% CI (whiskers) and outliers (dots)ata are indicated by coloured
are indicated by coloured boxes. boxes.




Distance to feature (km)

The Orpen packs odds of occurrence\adrs were high for perennial rivers, and low for non

perennial rivers (Figure 3.22c).
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Figure 3.22c Odds(+ 95% Cl)of the Orpen wild dog paékeccurrence by distance, at different river types, Mpumal&ngeince
South Africa.OR=1 indicates equal chance of occurrence, OR< 1 indicates low chance of occurrence and OR> 1 indicates high chal
of occurrence.

The Bluebank pack occurred closer to rivers than were available in the envirophfght=(376.12, p
<0.0001), with the available data indicating possible occurrence at distances > 2 km (Figure 3.23a).
The pack occurred closer to perennial rivers thanpeeannial ¢ (1) = 8.65, p =0.003), occurring at
perennial rivers at distances < 1 knig{ife 3.23% The pack occurred at rivers at different distances
during different seasons?(3) = 19.92, p < 0.001), occurring closer to rivers during autumn and

spring than summer or winter (Figure 3.23b).
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Figure 3.23a.TheBluebank wild dog padk slistance of Figure 3.23h Seasonal differences tihe Bluebank wild dog padk s
occurrence (km) and available distances from different river distance of occurrence (km) and available distances from different
types in LimpopdProvince South Afrca Boxplots show human land use types in Limpopoovince South Africa.Boxplots
medians (dark horizontal bars}tdnd ¥ interquartiles show medians (dark horizontal bars},ahd 3 interquartiles (boxes),

(boxes), 95% CI (whiskers) and outliers (dotByesence data 95% CI (whiskers) and outliers (dotsPresence data are indicated by
are indicated by coloured boxes. coloured boxes.



The Bl uebank pacé&wes highda gerermnifal rivers, and fow ferraerennial
rivers (Figure 3.23c).
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Figure 3.22c Odds(+ 95% Cl)of the Bluebank wild dog paékeccurrence by distance, at different river types, LimpBpavince
South Africa OR=1 indicates equal che@ of occurrence, OR< 1 indicates low chance of occurrence and OR> 1 indicates high c
of occurrence.

Nature reserves

The Waterberg pack occurred closer to nature reserves than were available in the envigdiib)ent (
=10.90, p = 0.0009). The pack occurred significantly different distances to different nature reserves
(¢® (13) = 286.73, p < 0.001), occurring within Alem, Belanie, Hen Nel and near Innes Mellet, Pearson
and Pierre Fourie private nature reservesyféi@.24a). The pack occurred at different nature reserves
differently during different seasons’(2) = 22.13, p < 0.001), occurring closer to reserves in autumn

and spring than summer (Figure 3.24b).
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Figure 3.24a.TheWaterberg wild dog paékdistance of Figure 3.24b.Seasonal differences the Waterberg wild dog padks
occurrence (km) and available distances from different distance of occurrence (km) and avhitadistances from different
privateowned nature reserves in Limpopeoovince South privateowned nature reserves in Limpopeoovince South Africa
Africa. Boxplots show medians (dark horizontal bar§)atd Boxplots show medians (dark horizontal bar§)and 3¢ interquartiles
39 interquartiles (boxes), 95% CI (whiskers) and outliers (boxes), 95% CI (whiskers) and outliers (dot$resence data are
(dots). Presence data are indicated by coloured boxes. indicated by colourefloxes.

The Waterberg packdés odds of occurrence were hig
Rousseau and Van Heerden private nature reserves (Figure3.24c). Odds of occurrence were low for

Alem, Belanie, Hen Nel, Ons Toekoms, Pearsond&and Wyn van Staden private nature reserves

(Figure 3.24c). Occurrence or noncurrence was almost equal at Geelhoutkop private nature reserve

(Figure 3.24c).
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Figure 3.24c Odds(+ 95% Cl)of the Waterberg wild dog paékoccurrence by distance, at different river types, LimpBpuvince
South Africa. OR=1 indicates equal chance of occurrence, OR< 1 indicates low chance of occurrence and OR> 1 indicates high ct
of occurrence.
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The Bluebank pack occurred sificantly closer to nature reserves than available in the environment
(6® (1) = 672.58, p< 0.0001). The pack occurred at different distances to different resefi@s £
1236.39, p< 0.0001), occurring within Amsterdam, Brussel, Maroelanie and Thadnnytbeste

nature reserves and close to the Bluebank, Klaserie and Vienateprature reserves (Figure 325
Occurrence at reserves differed during seasg@(8) = 20.98, p = 0.0001), occurring closer to

reserves during summer than autyrspring owinter (Figure 3.2B)

Distance to feature (km)
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Figure 3.25. The Bluebank wild dog padk slistance of Figure 3.2%. Seasonal differences ihe Bluebank wild dog padk s
occurrence (km) and available distances from different distance of occurrence (km) and available distances from different
privateowned nature reserves in LimpoPoovince South privateowned nature reserves in LimpoPeoovince South Africa
Africa. Boxplots show medians (dark horizontal bar§)atd Boxplots show medians (dark horizontal bar§)and 3% interquartiles
39 interquartiles (boxes), 95% CI (whiskers) and outliers (boxes), 95% CI (whiskeyand outliers (dots)Presence data are
(dots).Presence data are indicated by coloured boxes. indicated by coloured boxes.

The Bluebank packds odds of occurrence were high

Bluebank, Lissabon and Welverdiend jatir nature reserves (Figure 5

87



201
O
o
X 15
()]
o
i=l @
© 10 ® ®
[72]
=]
3 ®
[ ]
51 ¢ *
0 T
; (o)
o o O o W o e o™
P\({\‘b\e \\)6‘0 \\!0\ %(\)5 \1\999 \{\\95 56‘80“\9‘06\? : \N .\Si‘(\o (0‘0 \[\30{\;\‘@\\!6‘6 ‘{O(

Figure 3.25. Odds(+ 95% Cl)ofthe Ble bank wi | d d o g bygiatankebas differencriver types; langpoPmvince
South Africa.OR=1 indicates equal chance of occurrence, OR< 1 indicates low chance of occurrence and OR> 1 igtlicates h
chance of occurrence.

Vegetation types

The Waterberg pack occurred in areas consisting of different vegetation types than were available in
theenvironment @ (1) = 4.02, p = 0.045) (Figure 3.2%. The pack utilised different vegetation types
differently @ (3) = 41.35, p < 0.001), especially utilising the Waterberg Moist Mountain Bushveld
vegetation type more than other vegetation types including Clay Thorn Bustiisedd, Bushveld and
Sweet Bushue vegetation types (Figure 326 The pack utilised different vegetation types during
different seasonss{ (2) = 17.27, p < 0.001), with the Waterberg Moist Mountain Bushveld utilised
more during summer than e@hautumror spring (Figure 3.28).

Vegetation Type Count

88
Figure 3.26. Counts of vegetation types for the Waterberg wild dog pack for presence an available vegetation types available in tl
Limpopo province, South Africa/egetation types are as definedibyhe SAFARI 2000 project undertaken by the National Botanical
Institute, imported from ArcGIS online.


































































