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Introduction 24 

Predators have considerable impacts on ecosystems and biodiversity, with many recent 25 

studies highlighting their strong top-down effects that influence ecosystem structure and 26 

function. The majority of this understanding comes from a handful of studies on large 27 

charismatic apex predators (Roemer et al. 2009; Ripple et al. 2014). Apex predators can 28 

have a large impact on ecosystems and their removal has a disproportionately disruptive 29 

influence on ecosystem structure and function (Ripple et al. 2014). However, most predators 30 

are neither large nor charismatic and consequently have received relatively little research 31 

attention compared with the small group of apex predators upon which much research time 32 

and funding are focused (Roemer et al. 2009). These small- to medium-sized predators, 33 

collectively called mesopredators, are often capable of living close to humans and can attain 34 

population densities considerably greater than that of apex predators (DeLong and Vasseur 35 

2012). Through their combined influence, small to medium sized predators have the capacity 36 

to influence ecosystems (Roemer et al. 2009). Despite this, we know very little about their 37 

ecological roles and how fluctuations in their abundance influence biodiversity.  38 

In natural ecosystems, where present, large predators can regulate the abundance and, 39 

therefore, the impact that mesopredators may have on ecosystems and biodiversity (Crooks 40 

and Soulé 1999; Morris and Letnic 2017). In the absence of apex predators, mesopredators 41 

alter their foraging behaviour and may increase in abundance through a process known as 42 

mesopredator release (Soulé et al. 1988), and are often synthetically elevated to the position 43 

of top predators in ecosystems. 44 

In human dominated landscapes, large tracts of land are being used for agriculture and 45 

human habitation, with those areas cleared for agriculture placed under varying intensities of 46 

stock and crop production (Osinubi et al. 2016). Furthermore, landscape conversions are 47 

often associated with a simplification of the faunal and floral assemblages, often in 48 

association with the loss of apex predators. Therefore, in the Anthropocene, mesopredators 49 

exist under circumstances of multiple land-use types, fulfilling a myriad of ecological roles 50 

(Prugh et al. 2009).  51 

In South Africa, this variable and context-dependent trophic status of mesopredators 52 

prevails, as some ecosystems retain large predators, some ecosystems are largely intact 53 

despite the absence of large predators, and some ecosystems are completely altered and 54 

simplified for agricultural purposes (Figure 1). In agricultural landscapes, mesopredator 55 

persecution might replace the regulatory impacts of extirpated apex predators. However, it is 56 

not fully understood how human persecution differs from top-down regulation by apex 57 

predators given the spectrum of control options used to combat problem causing animals 58 

(See Chapter 4). Considering the diverse array of land uses and the long history of problem 59 

animal persecution in South Africa (See Chapter 2), it would be reasonable to expect that 60 



 

 

ample research has been conducted on the ecological role of mesopredators across this 61 

ecosystem continuum. This is, however, far from the reality, and our current understanding 62 

of the role of these predators in various ecosystems in South Africa is poor (du Plessis et al. 63 

2015). We are only starting to understand mesopredator biology (See Chapter 7), let alone 64 

the complex interactions that mesopredators have with sympatric biota. This fundamental 65 

lack of information has hindered management; this is exemplified by the myriad of largely 66 

ineffective control measures deployed to reduce the impact by mesopredators on livestock in 67 

South Africa (Chapter 4).  68 

 69 

Figure 8.1: Graphical representation of various ecosystems in South Africa; 1) an intact 70 

ecosystem where apex predators are present and mesopredators consume a range of wild 71 

small ungulates, rodents and lagomorphs which in turn feed on vegetation, 2) an ecosystem 72 

where apex predators have been extirpated and mesopredators are released from top-down 73 

control and consume large prey along with rodents and lagomorphs which in turn feed on 74 

vegetation, 3) a modified ecosystem where apex predators have been extirpated and 75 

mesopredators are released from top-down control and consume ungulates, rodents, 76 

lagomorphs and livestock which in turn feed on vegetation, 4) a highly modified ecosystem 77 

where apex predators have been extirpated, mesopredators are persecuted by humans 78 

while feeding on a range of ungulates, rodents, lagomorphs and livestock which in turn feed 79 

on vegetation. For all scenario’s, silhouette size has no meaning and only the number of 80 

jackal silhouettes reflect abundance (greater jackal abundance expected where top-down 81 

control is lacking).  82 

 83 



 

 

In this chapter we investigate the ecological role of mesopredators in relation to their 84 

position in the food web (apex or mesopredator) and the complexity of the ecosystem 85 

(agricultural landscapes or natural ecosystems). In addition, we consider the impact that 86 

humans may play in filling the role of apex predators in ecosystems where apex predators 87 

have been extirpated. We start by identifying the ecological roles of mesopredators and then 88 

try to elucidate the functional roles of black-backed jackal Canis mesomelas and caracal 89 

Caracal caracal in South Africa. However, although basic information exists for these 90 

species’ diets (See Chapter 7), available scientific information relating to their functional 91 

roles in ecosystems is limited. We will therefore draw on available information from the 92 

functional roles of related taxa (or ecological surrogates) to infer possible additional 93 

ecological roles of mesopredators across southern African ecosystems.   94 

We therefore aim to assess the following; 95 

● What are the functional roles of mesopredators (global scale)? 96 

● What are the functional roles of black-backed jackals and caracal in South African 97 

ecosystems? 98 

● What can we learn from international canid and felid research that may be relevant to 99 

understanding black-backed jackal and caracal functional roles in South Africa? 100 

● What are the predicted / possible biodiversity implications (direct and indirect) of 101 

attempting to remove black-backed jackal and caracal from farmlands in South 102 

Africa? 103 

By highlighting these issues, we will further explore what information is needed to 104 

understand the functional role that two ubiquitous mesopredators play in South African 105 

ecosystems, namely black-backed jackal and caracal.  106 

 107 

Role of mesopredators in ecosystems 108 

Mesopredators generally weigh less than 20 kg (see Carbone et al. 2007; Prugh et 109 

al. 2009; Ripple et al. 2014; Wallach et al. 2015 for specific weight thresholds) and their 110 

populations can be regulated through top-down control by larger predators (i.e. apex 111 

predators for many mesopredators, Prugh et al. 2009; Ritchie and Johnson 2009) as well as 112 

through bottom up processes like food availability (López-Bao et al. 2010). In habitats devoid 113 

of apex predators, human persecution of mesopredators could replace this regulatory role of 114 

apex predators. However, due to mesopredators’ often wide and adaptable diet, ability to live 115 

close to humans and their capacity for high population growth rates, humans often struggle 116 

to regulate their numbers (Dorresteijn et al. 2015). Where top-down control does happen, 117 

this often limits the ecological impact that mesopredators have on ecosystems and sympatric 118 

biodiversity (Berger and Conner 2008; Ritchie and Johnson 2009). However, where top-119 



 

 

down regulation of mesopredators is absent, mesopredator release may occur, with 120 

mesopredators increasing in abundance and ultimately changing their impacts on the 121 

ecosystem (Courchamp et al. 1999; Crooks and Soulé 1999; Ritchie and Johnson 2009). 122 

Under these conditions, mesopredators become the top predators in ecosystems; however, 123 

due to allometric constraints related to prey body size their impacts may not extend to very 124 

large prey species. The resulting elevation of mesopredator to top predator status coincides 125 

with top down regulation on a range of species on parallel and lower trophic levels (Myers et 126 

al. 2007). The discussion below, on the role of mesopredators in ecosystems, includes their 127 

ecological roles in; a) intact systems where large apex predators are present and b) systems 128 

where apex predators have been lost. We conclude our discussion of mesopredator 129 

ecological roles by highlighting the roles that ecological complexity (i.e. predator and prey 130 

diversity and species richness) and productivity play in modulating the effects of 131 

mesopredator function in ecosystems.  132 

Mesopredators’ ecological roles under top-down regulation by apex predators: 133 

Mesopredators are important drivers of ecosystem function, structure and dynamics. Due to 134 

metabolic scaling (Carbone et al. 2007), mesopredators regulate prey populations that are 135 

not regulated by large predators and the latter may also regulate prey populations that 136 

mesopredators are unable to regulate. Small predators (< 20 kg) can subsist on a diet of 137 

invertebrates, plants and small vertebrate prey, whereas larger predators need to consume 138 

large vertebrate prey to meet metabolic requirements (Carbone et al. 1999). Thus, 139 

mesopredators are important predators of small vertebrates (i.e. lagomorphs, birds and 140 

rodents), including pest species (Newsome 1990), and can indirectly shape plant 141 

communities through predation on seed predators (Asquith et al. 1997; DeMattia et al. 2004) 142 

or by directly dispersing seeds themselves (Silverstein 2005; Jordano et al. 2007).  143 

Many mesopredators are facultative scavengers that provide valuable ecosystem 144 

services in the form of waste removal (Ćirović et al. 2016). Mesopredators can be important 145 

reservoirs of diseases which may negatively impact humans (e.g. bat-eared foxed Otocyon 146 

megalotis can transmit rabies) (Thomson and Meredith 1993), domestic and wild ungulates 147 

(e.g. Bovine tuberculosis spread by badgers Meles meles) (Woodroffe et al. 2006) and 148 

sympatric predators (Hennessy et al. 2015). The transmission of pathogens to the relatively 149 

smaller populations of apex predators can be ecologically devastating, as large predators 150 

may be more vulnerable to stochastic disease outbreaks (Kissui and Packer 2004). The 151 

introduction of canine parvovirus from dogs Canis familiaris into the gray wolf Canis lupus 152 

population on Isle Royale led to a decline in wolf numbers, resulting in a switch from 153 

predator regulation to food regulation of the moose Alces alces population (Wilmers et al. 154 

2006). However, mesopredators could also indirectly protect human health by reducing 155 

population size of rodent reservoirs of human disease (Ostfeld and Holt 2004). 156 



 

 

Mesopredators can be important links between ecological communities by directly thwarting 157 

or facilitating nutrient subsidies (Roemer et al. 2009). For example, river otters Lontra 158 

canadensis link aquatic and terrestrial communities through their latrines (depositing 159 

aquatically-derived nutrients on terrestrial landscapes) (Ben-David et al. 2005; Crait and 160 

Ben-David 2007).  161 

Mesopredator ecological roles without apex predator regulation: With large terrestrial 162 

mammalian carnivores having declined by 95-99% globally (Berger et al. 2001; Ripple et al. 163 

2014) we are now experiencing important changes in trophic dynamics and community 164 

organization (Ritchie and Johnson 2009). Following apex predator removal, mesopredator 165 

release often occurs. Under these circumstances, along with maintaining their functional role 166 

as described above, mesopredators can also assume the ecological role of de facto apex 167 

predators through direct predation effects and indirect fear-driven effects at multiple trophic 168 

levels when they exist (Palomares and Caro 1999; Ripple and Beschta 2004). Thus following 169 

mesopredator release, there is often an increase in predation pressure and a reduction in 170 

biodiversity (Wallach et al. 2015). One of the most studied consequences of mesopredator 171 

release is the impact that dominant mesopredators have on subordinate sympatric 172 

mesopredators. During mesopredator release, dominant mesopredators increase in 173 

abundance if they are not regulated by bottom-up processes (see ecosystem complexity 174 

below), often negatively impacting smaller predators. In contrast, when apex predators are 175 

re-established, the abundance of the dominant mesopredator often declines, cascading into 176 

the increase of smaller predators with ecosystem shifts taking place. For example, on the 177 

California Channel Islands, the island fox Urocyon littoralis was the top predator and 178 

inhibited its only competitor, the island spotted skunk Spilogale gracilis amphiala. However, 179 

following the arrival of golden eagles Aquila chrysaetos, a superior predator, island fox 180 

abundance declined which precipitated an increase in spotted skunk abundance (Roemer et 181 

al. 2002). 182 

Much ecosystem destabilisation is the direct result of anthropogenic disturbances. 183 

Considering anthropic impacts on ecosystems, mesopredators’ ascension to top predator 184 

status is likely to become more common and it is crucial to recognize this when drafting 185 

management and conservation plans. It is also important that research be designed, and 186 

implemented, to take advantage of the loss or reintroduction of apex predators to increase 187 

our understanding of the interacting roles of predators in ecosystems. The difference in the 188 

impact of mesopredators when filling the functional role of meso- vs top-level predators is at 189 

times quite stark. As mesopredators, feral cats Felis catus are predators of small prey 190 

species such as rodents, lizards and birds in many continental ecosystems (Crooks and 191 

Soulé 1999; Doherty et al. 2015). However, where cats have been introduced onto islands, 192 

they are often the top predator and can cause severe declines in prey populations (Medina 193 



 

 

et al. 2011). The ecological impact of cats is most pronounced when they are an invasive 194 

species and not regulated by apex predators. Mesopredator release also has the potential to 195 

lead to the extinction of certain prey species (Soulé et al. 1988; Palomares et al. 1995; 196 

Burbidge and Manly 2002), particularly those with low population growth rates or those that 197 

are susceptible to mesopredator predation (Courchamp et al. 1999). For example, on the 198 

Virginia barrier islands (USA), the presence of racoon Procyon lotor and red fox Vulpes 199 

vulpes are major obstacles for the recovery and conservation of beach-nesting and colonial 200 

waterbirds (Porter et al. 2015).  201 

In many agricultural systems, historic top-down regulation of mesopredators due to 202 

apex predators can partially be replaced by persecution by humans. Furthermore, 203 

mesopredator prey assemblages are supplemented with domestic animals. Top-down 204 

effects by humans seldom replicate the full suite of regulative influences that apex predators 205 

exert on mesopredators (Peckarsky et al. 2008) and prey resource supplementation through 206 

livestock husbandry may reduce bottom-up constraints. However, the addition of livestock to 207 

the system may also negatively affect wild ungulates (Ripple et al. 2015) and rodents 208 

(Eccard et al. 2000) through competition for resources and therefore lower the natural prey 209 

availability to mesopredators, possibly increasing bottom-up constraints. Agricultural 210 

landscapes are often simple linear food chains (see ecological complexity below); with either 211 

mesopredator hyper-abundance (release) or extermination likely to have pervasive 212 

ecological effects (Roemer et al. 2009). Mesopredator release may result in pest problems 213 

for both commercial and small-scale small-livestock enterprises. Across South Africa, the 214 

extirpation of large predators on farmlands, along with the expansion of agricultural 215 

practices, is thought to have led to increases in black-backed jackal and caracal populations, 216 

potentially creating bigger challenges in terms of livestock depredation (Humphries et al. 217 

2015; Kerley et al. 2017).  218 

In urban landscapes where development is intensive and humans do not regulate 219 

mesopredators, mesopredators exploit the niche space vacated by apex predators (Prugh et 220 

al. 2009). For example, in coastal southern California, most of the native sage-scrub habitat 221 

has been destroyed leading to the local decline of the most common large predator, the 222 

coyote Canis latrans (Crooks and Soulé 1999). Lower coyote abundances and increased 223 

anthropogenic food availability have resulted in release of various native mesopredators 224 

including the striped skunk Mephitis mephitis, racoon, grey fox Urocyon cinereoargenteus, 225 

domestic cat and Virginia opossum Didelphis virginiana (Crooks and Soulé 1999). The 226 

release of these predators from top-down control has led to increased mortality of prey 227 

species of these smaller predators. 228 

Ecological productivity and complexity and carnivore diversity modulating ecosystem 229 

impacts of mesopredators: In many ecosystems, untangling the relative influence that 230 



 

 

bottom-up versus top-down effects have on mesopredator abundance is difficult. Bottom-up 231 

effects can include both ecosystem productivity (i.e. resource availability) and complexity 232 

(number of links and interactions in food webs). For example, during agricultural expansion 233 

in Sweden, apex predators (wolf and Eurasian lynx Lynx lynx) numbers declined. 234 

Consequently, in productive habitats, red fox population growth rates increased considerably 235 

following the relaxation of regulation by apex predators. In contrast, in low productivity 236 

habitats, red fox population growth rates showed little change following apex predator 237 

extirpation (Elmhagen and Rushton 2007). Low productivity environments are often 238 

characterised by considerable variation in climate and resource abundance, with abiotic 239 

factors often playing a larger role in structuring ecosystems than biotic interactions (Roemer 240 

et al. 2009). In particular, rodent abundance (an important resource for many 241 

mesopredators) in arid and semi-arid regions is more strongly influenced by rainfall variation 242 

than predation (Jaksic et al. 1997), limiting the cascading impact that mesopredators could 243 

have. Therefore, ecosystem productivity may play a key role in governing the magnitude of 244 

the response from mesopredators following the removal of the regulation from apex 245 

predators.  246 

Contrasting responses and impacts of mesopredators on ecosystems may reflect the 247 

complexity of the habitat that the mesopredator occupies. Mesopredators have larger 248 

impacts in simple linear ecosystems than on complex ecosystems (Roemer et al. 2009). For 249 

example, in the diverse Atlantic forests, the loss of jaguars Panthera onca and pumas Puma 250 

concolor has resulted in the ocelot Leopardus pardalis being elevated to the highest-ranking 251 

predator in these forest patches. However, in these forest ecosystems, ocelots do not 252 

appear to have significant detrimental impacts on sympatric mesopredators (Massara et al. 253 

2016). Similarly, mesopredator release may be less prevalent in ecosystems with many 254 

competing mesopredators with overlapping niches such as in South Africa. In contrast, the 255 

introduction of cats onto islands that are characterised by simple linear food webs results in 256 

strong top-down control of the native mesopredators and prey species with observable 257 

knock-on effects for biodiversity (Medina et al. 2011). Thus, the impacts of predator 258 

rearrangement in complex systems may have greater time lags for observable ecological 259 

changes than relatively simple linear ecosystems with fewer mesopredator species. 260 

Ecosystem productivity and complexity may be important in governing mesopredator 261 

responses to reduced regulation of mesopredators in agricultural ecosystems (discussed 262 

later). It is likely that ecosystem productivity and complexity (including predator diversity and 263 

species richness), will determine the relative strength and direction of interactions among 264 

predators through food availability, habitat structure and complexity of food webs. The roles 265 

of mesopredators in ecosystems is therefore context-dependent and a result of complex 266 

interactions between top-down and bottom-up factors (Monterroso et al. 2016). 267 



 

 

Role of black-backed jackals in ecosystems  268 

Understanding the role of black-backed jackals (10.3 kg: mean weight - taken from 269 

Wallach et al. 2015) in ecosystems in southern Africa is challenging due to their elusive 270 

nature (James et al. 2015). Despite the long-standing problem of black-backed jackal 271 

predation on livestock, our understanding of their ecology has seldom extended beyond that 272 

of cursory single species investigations of diet, activity patterns, and only recently, genetics 273 

and reproduction (See Chapter 5). Single species studies hinder our ability to understand the 274 

role that black-backed jackals play in ecosystems and their impact on sympatric biodiversity. 275 

Faced with the daunting task of unpacking the ecological role of black-backed jackals, 276 

starting with the diet (the most well studied component of black-backed jackal biology – see 277 

chapter 5) seems logical.  278 

Black-backed jackals are omnivorous, with diets varying widely in relation to food 279 

availability. Across most of their range, black-backed jackals prefer smaller ungulates that 280 

hide their young while avoiding both larger ungulates that hide their young and ungulates 281 

whose young follow the parents from an early age (Klare et al. 2010; Hayward et al. 2017). 282 

Hayward and colleagues further suggest that black-backed jackal diets are influenced by 283 

both top-down (apex predator presence or absence) and bottom-up (prey size and life 284 

history pattern) processes. At high black-backed jackal densities, which can occur under 285 

conditions of high resource availability (Oosthuizen et al. 1997; Jenner et al. 2011; Yarnell et 286 

al. 2015) and reduced competition, as is also the case for golden jackal Canis aureus (Singh 287 

et al. 2016), black-backed jackals exhibiting the above preference strategy may limit 288 

populations of small ungulates that employ a hider strategy (Morwe 2013). Black-backed 289 

jackals have been seen to regulate populations of springbok Antidorcus marsupialis in the 290 

Northern Cape, South Africa (Klare et al. 2010; Morwe 2013) and blesbok Damaliscus 291 

pygargus in the Highveld of South Africa (du Plessis 1972). In contrast, in the presence of 292 

apex predators, and consequential carrion provisioning, peaks in the availability of juvenile 293 

ungulates appear to be less important for foraging black-backed jackals (Van de Ven et al. 294 

2013; Gerber 2014) potentially limiting jackal impacts. Contrasting landscapes and / or time 295 

periods with and without apex predators provide conflicting perspectives on whether black-296 

backed jackals adjust their foraging behaviour in the presence or absence of large carrion-297 

providing predators (Brassine and Parker 2012; Yarnell et al. 2013; Fourie et al. 2015; 298 

Hayward et al. 2017). Thus, it is unknown whether black-backed jackals will regulate 299 

populations of small to medium sized ungulates when additional food sources like carrion or 300 

livestock are provided.  301 

On farmlands, black-backed jackals are effective predators of livestock (Kamler et al. 302 

2012a; Humphries et al. 2016), taking advantage of the reduced anti-predator behavioural 303 

responses in domesticated species (Mabille et al. 2016). Sheep Ovies aries and goats Capra 304 



 

 

hircus can comprise up to 48% of black-backed jackal diets and their consumption tends to 305 

peak during the lambing season (Kamler et al. 2012a; Pohl 2015) and may be dependent on 306 

the farming practice employed (Humphries et al. 2015). Thus, the pattern of consumption of 307 

livestock by black-backed jackal seems to mimic the patterns exhibited when black-backed 308 

jackals consume ungulates in the absence of apex predators. However, despite their 309 

consumption of livestock, it remains unclear whether jackals select wild prey more than 310 

domestic prey (Northern Cape - Kamler et al. 2012a; Southern Free State - Pohl 2015) or 311 

domestic prey more than wild prey (Central Karoo; Drouilly et al. In Review). The relative 312 

consumption of wild versus domestic prey may however also be dependent on the 313 

composition of wild prey available to black-backed jackal.  314 

Although black-backed jackals hunt and consume small rodents (Hayward et al. 315 

2017), there is no evidence that such consumption provides viable long term pest control 316 

services where rodents are crop pests (Swanepoel et al. 2017). However, whereas most 317 

rodents have eruptive life-history characteristics, some, like mole rats (e.g. African mole-rat 318 

Cryptomys hottentotus), may have lower reproductive potential (Skinner and Chimimba 319 

2005) and therefore be more susceptible to top-down regulation. The difference in regulatory 320 

ability of black-backed jackals to rodents with slow versus fast life-history characteristics has 321 

however received no attention. Predators of rodents can be distinguished as either 322 

specialists or generalists. Generalist predators have access to and use a variety of prey. 323 

This habit characterises black-backed jackals and other larger mesopredators discussed in 324 

this chapter. Generalist predators tend to stabilise rodent prey populations, although much of 325 

the available literature on these dynamics comes from northern temperate regions 326 

(Andersson and Erlinge 1977). In contrast, specialist rodent predators like African wild cat 327 

Felis lybica (Palmer and Fairall 1988), which are often regulated by black-backed jackals 328 

(Kamler et al. 2012b) are likely to destabilize rodent populations (Andersson and Erlinge 329 

1977). Since much of the available information on predator-rodent interactions comes from 330 

northern temperate regions, it remains to be seen whether black-backed jackals stabilise or 331 

destabilise impacts on rodent populations or whether bottom-up processes are more 332 

important than predation in South Africa.  333 

In many ecosystems in South Africa, black-backed jackals are the dominant predator, 334 

especially in landscapes where apex predators have been extirpated (Klare et al. 2010). 335 

When cast in this dominant role, black-backed jackals seem to suppress populations of 336 

smaller and less competitive mesopredators including bat-eared fox Otocyon megalotis, 337 

Cape fox Vulpes chama, many mongoose species (Kamler et al. 2012b; Bagniewska and 338 

Kamler 2014), black-footed cat Felis negripes (Kamler et al. 2015) and large spotted genet 339 

Genetta tigrina (Ramesh and Downs 2014). On farms in the Kalahari where persecution of 340 

black-backed jackal is relatively high, the relative abundances of sympatric mesopredators 341 



 

 

including bat-eared fox, cape fox and small spotted-genet Genetta genetta are higher than in 342 

areas where there are lower levels of human management of black-backed jackals (Blaum et 343 

al. 2009). Along with direct mortality, black-backed jackals may influence bat-eared foxes in 344 

non-lethal ways, recent evidence suggests that bat-eared foxes are more wary in dark 345 

conditions with potential foraging implications (Welch et al. 2017). The direct link between 346 

black-backed jackal activity and the observed response from bat-eared foxes is not yet clear, 347 

but this research may begin to illuminate some of the non-lethal impacts that black-backed 348 

jackals might have on smaller carnivores. These observations were made in the absence of 349 

large predators, and whether black-backed jackals have the same impacts (lethal and non-350 

lethal) when they occur in sympatry with large apex predators is unknown.  351 

Black-backed jackals are facultative scavengers and undoubtedly play a role in 352 

carrion removal (otherwise known as waste removal as mentioned earlier) on the landscape. 353 

In African landscapes, black-backed jackals compete with potentially dominant scavengers 354 

(i.e. spotted hyaena Crocuta crocuta (Hunter et al. 2007) and brown hyaena Hyaena 355 

brunnea (Ramnanan et al. 2016)) and where they occur sympatrically with larger 356 

scavengers, black-backed jackals may be more reliant on other food sources (Ramnanan et 357 

al. 2016). Therefore, although they play important roles in waste removal, they may not be 358 

as important as golden jackals have been observed to be in Europe (see below). Both black-359 

backed jackals and side-striped jackals Canis adustus are possible reservoirs for rabies 360 

(Butler et al. 2004), with populations at high densities capable of sustaining disease 361 

outbreaks (Cumming 1982). These disease outbreaks can have societal (spread of rabies to 362 

domestic and communal land dogs - Butler et al. 2004) and conservation (spread of rabies to 363 

apex predator populations - Hofmeyr et al. 2004) implications.    364 

The limited scientific understanding of the larger ecological effects of black-backed 365 

jackals has recently come under the spotlight, with a review published in 2015 suggesting 366 

that published knowledge on black-backed jackals is limited in scope, geographic location 367 

and in most cases dated (appearing before 2005; du Plessis et al. 2015). Moreover, most of 368 

the studies that have been conducted were in protected areas, limiting the application of the 369 

findings to protected areas. Most of the questions raised by this review, however, focused on 370 

the biology of black-backed jackals and caracals and these deficiencies are addressed in 371 

chapter 7. As for many other mesopredators, the role that black-backed jackals play in the 372 

ecosystem is context-dependent (Fourie et al. 2015), based on the interaction of top-down 373 

and bottom-up forces that drive the relative availability of resources. Armed with a catholic 374 

diet and a plastic behavioural repertoire, black-backed jackals have the ability to modify their 375 

diet, limiting our ability to predict the functional response of black-backed jackals to 376 

landscape-level changes or manipulations.  377 

 378 



 

 

Additional ecosystem functions of black-backed jackal surrogates 379 

Across the globe, a number of canids occupy similar niches to black-backed jackals. 380 

In particular, we will focus on four key species, the golden jackal (11 kg), coyote (13.3 kg), 381 

dingo (16.5 kg) and red fox (4.1 kg; weights represent average weights taken from Wallach 382 

et al. 2015). It is likely that these species have similar ecological roles to black-backed 383 

jackals and we can infer potential black-backed jackal ecosystem roles from these species.  384 

Direct impacts on prey species: Canid mesopredators, in particular golden jackals 385 

and red foxes, play an important role in the regulation of small prey species such as 386 

lagomorphs and rodents (Lanszki et al. 2006; Dell'Arte et al. 2007). In Europe, golden 387 

jackals are estimated to consume 158 million crop pests a year (Ćirović et al. 2016); 388 

undoubtedly limiting the damage these species have in agricultural ecosystems. In Australia, 389 

red fox expansion has coincided with declines in populations of small- and medium-sized 390 

mammals (Saunders et al. 2010; Woinarski et al. 2015) indicating that not only do these 391 

mesopredators regulate small prey, but, under certain conditions (i.e. simplified ecosystems 392 

with low productivity and few competing carnivores), reduce prey populations. However, prey 393 

population declines in Australia may be the result of different evolutionary paths for those 394 

predators and prey. Australian prey did not evolve alongside red foxes (or domestic cats); 395 

therefore, where predator and prey have evolved together, as is the case with black-backed 396 

jackal and their prey, the impacts of predation may not be as severe. Many of these small- 397 

and medium-sized prey species in Australia are important seed predators and increased 398 

predation by red foxes have had observable impacts on the composition of the vegetation 399 

(Gordon et al. 2017 - see below). In North America, coyotes are similarly important predators 400 

of lagomorphs. In many farming areas, the persecution of coyotes has resulted in an 401 

increase in the competition between lagomorphs and cattle; with the impacts of lagomorph 402 

competition exceeding the impact that predation by coyotes would have on cattle 403 

populations (Ranglack et al. 2015). Although black-backed jackals consume many similar 404 

small prey species, the extent of their population regulatory ability remains largely unknown. 405 

Birds may form an important part of red fox, golden jackal and coyote diets across 406 

much of their range particularly during the nesting season when ground-nesting birds may 407 

be susceptible to nest and chick predation. Coyote predation on birds at certain times of the 408 

year may play an important regulatory role in bird populations (Ripple et al. 2013). Such 409 

predation and regulation has both positive and negative impacts, primarily related to human 410 

interests. Coyote impact on game bird populations is viewed negatively when hunting bags 411 

are reduced with low bird populations (Ripple et al. 2013) or coyotes consume birds of 412 

conservation value (Cooper et al. 2015; Dinkins et al. 2016). In contrast, coyote regulation of 413 

seed eating birds in agricultural landscapes benefits crop farmers (Gabrey et al. 1993). 414 

Predation on birds by black-backed jackals is predominantly opportunistic and it is unlikely 415 



 

 

that this predation will have population regulatory effects for birds. However, the presence of 416 

black-backed jackals in areas where endangered ground-nesting birds live could have 417 

conservation repercussions.  418 

Dingoes and coyotes are important predators of larger prey species (Davis et al. 419 

2015; Benson et al. 2017). In the case of the coyote, their regulatory impact on larger prey 420 

species becomes more apparent following the relaxation of regulation by apex predators 421 

(Berger and Conner 2008). Following apex predator extirpation, coyote abundance often 422 

increases and predation pressure on the juveniles of some larger prey species (i.e. 423 

pronghorn Antiocapra americana and dall sheep Ovis dalli) increases (Berger and Conner 424 

2008; Prugh and Arthur 2015). In Australia, dingoes regulate and limit populations of larger 425 

prey such as red kangaroos Macropus rufus and emus Dromaius novaehollandiae (Pople et 426 

al. 2000). It is likely that in the absence of top-down extrinsic regulation, black-backed jackal 427 

impacts mirror those of the other medium canids, although the hunting strategy of black-428 

backed jackals (preference for hider species) may lower the relative impacts in comparison 429 

to dingo and coyote that may not be limited to hider species. All four canid species are 430 

important livestock predators. Not only do dingoes have a direct effect on livestock through 431 

predation, but down-stream impacts include reduced grazing of livestock where dingoes are 432 

abundant, which has financial implications for agricultural activities (Letnic et al. 2012). 433 

Furthermore, the commercial cropping of kangaroos is not viable in areas where dingoes 434 

occur (Letnic et al. 2012). Black-backed jackals similarly play an important role in livestock 435 

predation (Kamler et al. 2012a; Humphries et al. 2016). At high jackal densities, even limited 436 

predation may have significant consequences for livestock farmers.  437 

Indirect ecosystem effects: In the position of apex predators, medium-sized canids 438 

can suppress smaller predators and modulate their impacts on sympatric biodiversity. 439 

Dingoes and coyotes in particular have considerable impacts on sympatric mesopredators. 440 

Dingoes suppress red fox and feral cat populations via direct killing, competition for 441 

resources, and through the ecology of fear (Letnic et al. 2012). The consequences are that 442 

the presence of dingoes buffers smaller prey species from predation by mesopredators 443 

(Letnic et al. 2012; Ritchie et al. 2012). Lethal control of coyotes is suggested to increase 444 

raven Corvus corax nest predation on ground-dwelling birds (Dinkins et al. 2016) and 445 

mesopredator rearrangement following coyote extirpation can have severe impacts on lower 446 

trophic levels (Crooks and Soulé 1999; Henke and Bryant 1999). Red foxes, although being 447 

suppressed by dingoes in Australia (Letnic et al. 2011), exert their own impacts on smaller 448 

Fennoscandian mesopredator species including American mink Neovison vison and dampen 449 

the impact of mink on small mammals and birds (Carlsson et al. 2010). Thus, black-backed 450 

jackal impacts on smaller mesopredators are likely to be similar to those of other canid 451 

species, with similar cascading or modulating effects through the ecosystem likely to occur.  452 



 

 

The top-down effects of medium-sized canids have further cascading impacts on 453 

ecosystems. The presence of dingoes permeates to an impact on vegetation - grazing by 454 

kangaroos was higher, and grass cover was lower, where dingoes were absent (Wallach et 455 

al. 2010). Across Australia, the presence and absence of dingoes and red foxes have 456 

cascading impacts on seed predators and therefore shrub cover (Gordon et al. 2017). This 457 

knock-on impact has not been investigated for black-backed jackals and it remains to be 458 

seen whether their top-down predatory effects are strong enough to generate landscape 459 

scale trophic cascades.      460 

Ecosystem services: Coyotes, golden jackals and red foxes all consume fruits when 461 

seasonally available (Dell'Arte et al. 2007; Melville et al. 2015), thus they all play a role in 462 

seed dispersal. Canid mesopredators will readily consume carrion, undoubtedly providing a 463 

key ecosystem service by removing animal waste from ecosystems. Recent estimates 464 

suggest that golden jackals can remove up to 13000 t of animal waste across Europe, 465 

amounting to an estimated value of 2 million € per year (Ćirović et al. 2016). Similarly, red 466 

foxes scavenge and readily accept human-derived food (Leckie et al. 1998; Contesse et al. 467 

2004). Medium sized canids may also influence the spread of diseases through complex 468 

interactions with their prey and sympatric mesopredators (Levi et al. 2012). It is unknown if, 469 

and how, black-backed jackals disperse seeds. The relative impact of black-backed jackals 470 

as waste removal agents may be dependent on the presence and density of larger obligate 471 

scavengers that limit black-backed jackal access to carrion.    472 

Conservation-related roles – Medium sized canids have considerable conservation 473 

related roles. Coyotes hybridise with both domestic canids and canids of conservation 474 

concern (Lehman et al. 1991). This hybridisation has been particularly problematic in 475 

conservation efforts aimed at restoring red wolf Canis lupus rufus populations (Adams et al. 476 

2003). In addition, domestic dogs have introgressed with other canids including coyotes, 477 

wolves and dingoes (von Holdt et al. 2016). Recently, hybridisation between golden jackal 478 

and domestic dogs has been recorded (Galov et al. 2015). Thus, although limited evidence 479 

exists of hybridisation between black-backed jackal and domestic dogs, this eventuality 480 

cannot be ruled out. Finally, since many medium sized canids have varied diets and exhibit 481 

plastic selection patterns based on prey availability, they may hamper the restoration efforts 482 

directed at rare and endangered species (Matchett et al. 2013). Since black-backed jackals 483 

have similarly varied diets and an opportunistic foraging strategy, they might limit the 484 

recovery of threatened species.  485 

 486 

Role of caracal in ecosystems 487 



 

 

Relatively little has been published on the ecology of caracal (16 kg: average weight - 488 

taken from Wallach et al. 2015), with virtually no studies of their ecological importance (du 489 

Plessis 2013). Through their interactions with other predators and / or with prey, however, 490 

they most likely play an important role across the spectrum of ecosystem types in which they 491 

occur (du Plessis 2013). From a biodiversity perspective, caracals potentially influence the 492 

structure of communities, regulate prey populations, and maintain biodiversity via the 493 

suppression of competing predators and prey populations, although much of this still 494 

remains un-investigated.  495 

The presence of caracals on the landscape influences the ecology and abundance of 496 

sympatric carnivores. Caracal abundance fluctuates inversely with black-backed jackal 497 

where these species occur sympatrically (Pringle and Pringle 1979; Ferreira 1988). 498 

However, since black-backed jackals have a negative impact on smaller mesopredators, this 499 

inverse relationship may suggest that caracal presence may result in a positive effect on the 500 

abundance of smaller carnivores. However, track counts in the Kalahari show that when 501 

caracal and black-backed jackal numbers are reduced, through predator control measures, 502 

the abundance of smaller mesopredators increases (Blaum et al. 2009). Furthermore, 503 

caracals regularly prey on smaller predators (see chapter 7, Palmer and Fairall 1988) 504 

suggesting broad scale impacts on the abundance of sympatric mesopredators. Caracals 505 

also share a prey base with many syntopic small carnivores (Bothma et al. 1984; Avenant 506 

and Nel 1997; Kok and Nel 2004; Pohl 2015) thus increasing interspecific competition for 507 

available resources and the likelihood of resource-based competitive exclusion.  508 

Few studies have been conducted on the relationship between caracal and their prey 509 

(n = 2 studies, Moolman 1986; Avenant and Nel 2002). In farming areas, caracal are 510 

considered important predators for controlling populations of small mammals (Pringle and 511 

Pringle 1979). These early observations along with numerous diet estimates provide 512 

evidence of the potential impact that caracals have on prey species. Caracals regularly 513 

consume small mammals weighing up to 10 kg, including rock hyrax Procavia capensis, 514 

springhares Pedetes capensis, rodents (mice, gerbils and molerats) (Avenant and Nel 1997; 515 

Avenant and Nel 2002; Melville et al. 2004; Braczkowski et al. 2012; Moon and Blackman 516 

2014; Pohl 2015) and could possibly play a role in ensuring healthy prey populations and a 517 

high diversity of small mammal and bird species. Many caracal prey species consume large 518 

amounts of plant material and are known to damage natural vegetation and crops, especially 519 

where these species occur at high densities (Korn and Korn 1989; Swanepoel et al. 2017). 520 

Estimations from the Karoo National Park suggest that caracals have a major impact on rock 521 

hyrax populations, removing as much as 30% of the annual recruitment (Palmer and Fairall 522 

1988). By killing small prey species it is possible that caracals impact plant communities and 523 

may be important ecosystem engineers (Ramesh et al. 2016), but this needs further 524 



 

 

investigation. The subterranean nesting behaviour of many caracal prey species may 525 

increase the risk of damage to farming equipment (e.g. vehicles) when their population 526 

densities, and, consequently, their burrow densities increase (S. Hanekom 1990 pers. 527 

comm.; N. Avenant 2012 pers. comm.).  528 

Caracal kill both adult and juvenile ungulates (Avenant and Nel 2002; Pohl 2015). 529 

However, whether this predation plays a regulating role on these prey populations is 530 

unknown. Free ranging goats avoid caracal cues, indicating that caracal presence on the 531 

landscape creates a landscape of fear (Shrader et al. 2008). It  remains to be seen what 532 

population level impact this landscape of fear creates and whether the same population level 533 

responses, as observed in northern temperate regions, emerge (Creel and Christianson 534 

2008). Although caracals seldom scavenge, instances of caracals scavenging have been 535 

reported (Avenant 1993; Avenant and Nel 2002; Drouilly et al. in Prep) and consequently 536 

they are responsible for waste removal from ecosystems, however, not to the same effect as 537 

obligate scavengers.  538 

 539 

Figure 8.2: Summary of the ecological roles of black-backed jackal and caracal in South 540 

Africa based on published information (not all publications included). 541 

 542 



 

 

Using lynx and bobcat to highlight other possible ecological roles of caracal 543 

Much like black-backed jackals, our understanding of caracals’ roles across ecosystems is 544 

limited. We therefore investigated other similarly-sized felids from across the globe to infer 545 

possible additional ecosystem roles for caracals. In particular, we focused on lynx (Eurasian 546 

– 23 kg, Iberian – 11 kg and Canada – 10.1 kg) and bobcats (8.6 kg; weights represent 547 

average weights taken from Wallach et al. 2015).  548 

Eurasian lynx Lynx lynx, the largest of the four surrogate species, was the only felid 549 

investigated that regulated ungulate prey (roe deer Capreolus capreolus) (Jedrzejewska et 550 

al. 1997; Davis et al. 2016). Furthermore, the presence and hunting strategy of lynx 551 

influenced the habitat use (Lone et al. 2017), vigilance levels (Eccard et al. 2017) and 552 

visitation rates to feeding sites (Wikenros et al. 2015) of roe deer. For medium to large 553 

cervids (red deer Cervus elephus [120-240 kg], woodland caribou Rangifer tarandus [113-554 

318 kg] and white tailed deer Odocoileus virginianus [45-68 kg]), juveniles are the 555 

predominant age-class killed by these felids, whereas, Eurasian lynx kill predominantly 556 

adults of the smaller roe deer [10-35 kg] (Mejlgaard et al. 2013; Williams and Gregonis 2015; 557 

Heurich et al. 2016; Mahoney et al. 2016). However, in the case of both the Eurasian and 558 

Canada lynx, yearlings and sub-adult lynx show greater flexibility in their diets, often 559 

selecting prey not utilised by adult lynx to avoid competition with adults for preferred prey 560 

(Mejlgaard et al. 2013; Burstahler et al. 2016). Although ungulates are consumed by 561 

caracals, we do not know whether this predation has the same regulating role as observed 562 

for Eurasian lynx and their main ungulate prey.  563 

Like caracals, all four felid species include small mammals in their diet, with the three 564 

smaller species preying predominantly on small mammals. Canada lynx Lynx Canadensis 565 

and Iberian lynx Lynx pardinus prey heavily on lagomorphs and in the case of Canada lynx 566 

their association with snowshoe hares Lepus americanus may drive the observed 9-10 year 567 

lynx-snowshoe hare cycles (Krebs et al. 2014). Importantly, Iberian lynx are reliant on 568 

European wild rabbits Oryctolagus cuniculus, and declines in this food source are postulated 569 

as a key driver for the precipitous decline of Iberian lynx (López-Bao et al. 2010). However, 570 

despite the importance of European wild rabbits in their diet, the presence of lynx has a 571 

positive effect on rabbit abundance by regulating populations of Egyptian mongoose 572 

Herpestes ichneumon (Palomares et al. 1995 - see below), a specialist rabbit predator. 573 

Caracals similarly consume small mammals, however it is not known if this predation is 574 

regulative or whether abiotic factors may be more important for the regulation of small 575 

mammal prey. Understanding the top-down and bottom-up processes governing prey 576 

species will provide a better understanding of the possible cascading roles that caracal 577 

extirpation or hyper-abundance may provide. 578 



 

 

The four surrogate felid species, like caracals, have important interactions with 579 

sympatric carnivores. This impact, however, varies between species and is greatest for the 580 

largest species, Eurasian lynx, which is typically described as an apex predator. The 581 

Eurasian lynx is an important predator, providing carrion for scavengers like wolverine Gulo 582 

gulo (Khalil et al. 2014; Mattisson et al. 2014) and red foxes (Helldin and Danielsson 2007). 583 

Despite providing food for red foxes, Eurasian lynx have a direct negative impact on red fox 584 

abundance (Pasanen-Mortensen et al. 2013) through direct intra-guild predation which is 585 

additive to natural mortality (Helldin et al. 2006). Both Iberian lynx and bobcats influence red 586 

fox activity patterns (Penteriani et al. 2013; Lesmeister et al. 2015). Bobcats, however, occur 587 

sympatrically with numerous smaller mesopredators whose space use is influenced more by 588 

habitat variables than bobcat presence (Lesmeister et al. 2015). Furthermore, some smaller 589 

omnivores like opossums obtain seasonal food supplementation from bobcat scats through 590 

coprophagy (Livingston et al. 2005). Although we know that caracals may have negative 591 

impacts on smaller mesopredators, we do not fully understand the mechanisms of these 592 

interactions. 593 

Interactions of these four felid species on agricultural landscapes are complex and 594 

often context-dependent. Canada lynx are seldom implicated in livestock predation (Mumma 595 

et al. 2014) and Iberian lynx have only recently started to impact livestock (predominantly 596 

poultry but some sheep) as their abundance increases (Garrote et al. 2013). Most of our 597 

understanding of lynx-livestock interactions comes from Eurasian lynx in Europe. Livestock 598 

predation in multi-use landscapes is varied, with contrasting findings from various studies. In 599 

some regions predation on sheep is lower in areas with high roe deer densities (Odden et al. 600 

2013) whereas in other regions predation was higher in areas with high roe deer densities 601 

(Stahl et al. 2002). Predation on sheep peaked in summer (Gervasi et al. 2014) when roe 602 

deer are not thermally or nutritionally stressed (Lone et al. 2017). Where sheep densities are 603 

low, female lynx seldom kill sheep irrespective of roe deer density whereas predation on 604 

sheep by males was generally higher at high roe deer densities (Odden et al. 2013). 605 

Furthermore, female lynx with new-born young often avoid human activity, even if high levels 606 

of prey are available near human settlements (Bunnefeld et al. 2006). In general, lynx were 607 

more likely to kill sheep when pastures were close to intact forest fragments, far from human 608 

settlements, associated with a high availability of roe deer and near to a pasture where 609 

livestock were previously attacked (Stahl et al. 2002). Lynx predation can be explained by a 610 

predictable set of habitat features that exposed sheep on certain pastures to increased risk 611 

(Stahl et al. 2002). Developing an understanding of the interaction between local wild prey 612 

and livestock may assist in understanding the relative impact that caracals could have on 613 

livestock and wild prey populations.   614 

 615 



 

 

Biodiversity implications of mesopredator removal 616 

It is clear that mesopredators are vital for ecosystem functioning and biodiversity. The global 617 

trend that the majority of research effort and funding is directed at charismatic apex 618 

predators holds true for South Africa. Furthermore, not only is the bulk of scientific inquiry 619 

aimed at this small subset of large predators (albeit those with a large ecological impact), but 620 

the majority of the research is also focused in a few select ecosystems. Moreover, until 621 

recent technological advancement in research tools, research on mesopredators was 622 

hindered by logistical constraints preventing widespread inquiry on these species. This 623 

chapter has highlighted the multitude of ecological roles that mesopredators play, however, 624 

our general understanding of these roles for black-backed jackals and caracals is limited.  625 

Both black-backed jackals and caracals are important predators of small mammals; 626 

however understanding the regulatory or population level impacts of predation by these 627 

mesopredators remains limited. Furthermore, jackals are important predators and regulators 628 

of small- to medium-sized ungulates through the selective predation of neonates that hide. In 629 

contrast, the regulatory role of caracals on ungulate populations remains un-investigated. 630 

The predatory impact of these mesopredators varies depending on prey size and life history 631 

characteristics. Unfortunately, we need a better understanding of how these mesopredators 632 

regulate prey from the prey’s perspective, rather than through more diet estimates and this 633 

should be a priority for understanding the repercussions of mesopredator management. 634 

Furthermore, the relative roles of apex predators (and their identity) on the regulatory ability 635 

of these species requires further investigation.  636 

Through understanding important prey population responses to predation by black-637 

backed jackals and caracals we will also increase our understanding of whether or not the 638 

presence of these mesopredators influences vegetation at a landscape scale. However, 639 

South Africa is characterised as semi-arid to arid with fairly low productivity. Research 640 

suggests that under this scenario biodiversity is more likely to be controlled by bottom-up 641 

than top-down mechanisms. However, both mesopredator species also occur in the more 642 

productive eastern regions of South Africa, and it is in these habitats that few studies have 643 

been conducted. Therefore, unravelling the main nutrient flows (i.e. contrasting bottom-up 644 

and top-down factors) across ecosystem gradients (of which basic data in many of these 645 

ecosystems remains lacking) will provide a good basis on which to formulate an estimate of 646 

the potential impacts of black-backed jackal and caracal extirpation or hyper-abundance. 647 

However, in contrast to the productivity theory, the extirpation or hyper-abundance of 648 

mesopredators from relatively simple agricultural ecosystems could have profound 649 

ecosystem impacts that may be dampened in more complex habitats with less linear food 650 

webs. 651 



 

 

Importantly, both black-backed jackals and caracals mirror observations on other 652 

medium sized mesopredators in that they have strong top down effects on smaller 653 

mesopredators. In many ecosystems, these regulative effects have knock-on consequences 654 

for lower trophic levels and ecosystem structure. This possible ripple effect through 655 

ecosystems in South Africa through the presence or absence of these mesopredators has 656 

not been studied.   657 

Much of what we know about the removal of these mesopredators from agri-pastoral 658 

landscapes comes from inference rather than rigorous inquiry. However, based on the above 659 

discussion, removing black-backed jackals and caracals from simple agri-pastoral 660 

environments could result in a greater abundance of small mammals (i.e. rodents) that could 661 

limit shrub regeneration through seed predation. The loss of black-backed jackals could 662 

result in small ungulate numbers increasing with a resulting increase in livestock-wild 663 

ungulate competition. However, under this scenario, the remaining black-backed jackals and 664 

caracals would have abundant prey, potentially reducing predation on livestock where wild 665 

prey are still preferentially caught (but see ideas about compensatory reproduction in 666 

chapter 5). The loss of black-backed jackals and caracals may result in an increase in 667 

population densities of bat-eared foxes, Cape foxes Vulpes chama, black-footed cats, 668 

African wild cats, genet species and many mongoose species, but may also lead to 669 

differences in their relative abundances (and subsequent losses of prey species of these 670 

specialized predators) in certain habitats. These populations may flourish if rodent numbers 671 

are high. In other ecosystems, smaller mesopredators have profound impacts on biodiversity 672 

and the same might be expected in South Africa. Unfortunately, our understanding of the 673 

roles of smaller mesopredators is even less than for black-backed jackals and caracals, and 674 

the resulting predator re-arrangement could alter entire small mammal assemblages, 675 

resulting in ecosystem scale consequences similar to those observed in simple island 676 

ecosystems.  677 

 678 

Glossary (Will be included in the global glossary) 679 

mesopredator, niche, guild, sympatric, mesopredator release, top-down regulation, apex 680 

predator, cascading effect, resource-driven competitive exclusion, ecosystem, latrine, 681 

metabolic scaling, hider species strategy, follower species strategy, hyper-abundant 682 
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• If caracal and black-backed jackal prey populations increase rapidly, 

do these species then have negative (direct and / or indirect) 

impacts on biodiversity (all wildlife) – especially if sheep are 

protected? 

• In small stock areas do black-backed jackal and caracal still 

distinguish between natural and domestic prey and how does the 

abundance of “natural” and “domestic” prey influence prey 

selection of these mesopredators? 

• Are there landscape scale trophic cascades resulting from the 

localised removal of mesopredators as seen in Australia? 



 

 

BAGNIEWSKA J.M., KAMLER J.F. 2014. Do black-backed jackals affect numbers of smaller 703 

carnivores and prey? Afr. J. Ecol. 52:564-567. 704 

BEN-DAVID M., BLUNDELL G.M., KERN J.W., MAIER J.A.K., BROWN E.D., JEWETT S.C. 705 

2005. Communication in river otters: creation of variable resource sheds for 706 

terrestrial communities. Ecology 86:1331-1345. 707 

BENSON J.F., LOVELESS K.M., RUTLEDGE L.Y., PATTERSON B.R. 2017. Ungulate 708 

predation and ecological roles of wolves and coyotes in eastern North America. Ecol. 709 

Appl. 27:718-733. 710 

BERGER J., SWENSON J.E., PERSSON I.-L. 2001. Recolonizing carnivores and naïve 711 

prey: conservation lessons from Pleistocene extinctions. Science 291:1036-1039. 712 

BERGER K.M., CONNER M.M. 2008. Recolonizing wolves and mesopredator suppression 713 

of coyotes: Impacts on pronghorn population dynamics. Ecol. Appl. 18:599-612. 714 

BLAUM N., TIETJEN B., ROSSMANITH E. 2009. Impact of livestock husbandry on small- 715 

and medium-sized carnivores in Kalahari savannah rangelands. J. Wildl. Manage. 716 

73:60-67. 717 

BOTHMA J.D.P., NEL J.A.J., MACDONALD A. 1984. Food niche separation between four 718 

sympatric Namib Desert carnivores. J. Zool. 202:327-340. 719 

BRACZKOWSKI A., WATSON L., COULSON D., LUCAS J., PEISER B., ROSSI M. 2012. 720 

The diet of caracal, Caracal caracal, in two areas of the southern Cape, South Africa 721 

as determined by scat analysis. S. Afr. J. Wildl. Res. 42:111-116. 722 

BRASSINE M.C., PARKER D.M. 2012. Does the presence of large predators affect the diet 723 

of a mesopredator? Afr. J. Ecol. 50:243-246. 724 

BUNNEFELD N., LINNELL J.D.C., ODDEN J., VAN DUIJN M.A.J., ANDERSEN R. 2006. 725 

Risk taking by Eurasian lynx (Lynx lynx) in a human-dominated landscape: effects of 726 

sex and reproductive status. J. Zool. 270:31-39. 727 

BURBIDGE A.A., MANLY B.F. 2002. Mammal extinctions on Australian islands: causes and 728 

conservation implications. J. Biogeogr. 29:465-473. 729 

BURSTAHLER C.M., ROTH J.D., GAU R.J., MURRAY D.L. 2016. Demographic differences 730 

in diet breadth of Canada lynx during a fluctuation in prey availability. Ecology and 731 

Evolution 6:6366-6375. 732 

BUTLER J.R.A., DU TOIT J.T., BINGHAM J. 2004. Free-ranging domestic dogs (Canis 733 

familiaris) as predators and prey in rural Zimbabwe: threats of competition and 734 

disease to large wild carnivores. Biol. Conserv. 115:369-378. 735 

CARBONE C., MACE G.M., ROBERTS S.C., MACDONALD D.W. 1999. Energetic 736 

constraints on the diet of terrestrial carnivores. Nature 402:286-288. 737 

CARBONE C., TEACHER A., ROWCLIFFE J.M. 2007. The costs of carnivory. PLoS Biol 738 

5:e22. 739 



 

 

CARLSSON N.O.L., JESCHKE J.M., HOLMQVIST N., KINDBERG J. 2010. Long-term data 740 

on invaders: when the fox is away, the mink will play. Biol. Invasions 12:633-641. 741 

ĆIROVIĆ D., PENEZIĆ A., KROFEL M. 2016. Jackals as cleaners: Ecosystem services 742 

provided by a mesocarnivore in human-dominated landscapes. Biol. Conserv. 743 

199:51-55. 744 

CONTESSE P., HEGGLIN D., GLOOR S., BONTADINA F., DEPLAZES P. 2004. The diet of 745 

urban foxes (Vulpes vulpes) and the availability of anthropogenic food in the city of 746 

Zurich, Switzerland. Mamm Biol 69:81-95. 747 

COOPER S.M., JHALA S., ROLLINS D., FEAGIN R.A. 2015. Nocturnal movements and 748 

habitat selection of mesopredators encountering bobwhite nests. Wildl. Soc. Bull. 749 

39:138-146. 750 

COURCHAMP F., LANGLAIS M., SUGIHARA G. 1999. Cats protecting birds: modelling the 751 

mesopredator release effect. J. Anim. Ecol. 68:282-292. 752 

CRAIT J.R., BEN-DAVID M. 2007. Effects of river otter activity on terrestrial plants in 753 

trophically altered Yellowstone Lake. Ecology 88:1040-1052. 754 

CREEL S., CHRISTIANSON D. 2008. Relationships between direct predation and risk 755 

effects. Trends Ecol. Evol. 23:194-201. 756 

CROOKS K.R., SOULÉ M.E. 1999. Mesopredator release and avifaunal extinctions in a 757 

fragmented system. Nature 400:563-566. 758 

CUMMING D. 1982. A case history of the spread of rabies in an African country. S. Afr. J. 759 

Sci. 78:443-447. 760 

DAVIS M.L., STEPHENS P.A., KJELLANDER P. 2016. Beyond climate envelope 761 

projections: Roe deer survival and environmental change. J. Wildl. Manage. 80:452-762 

464. 763 

DAVIS N.E., FORSYTH D.M., TRIGGS B., PASCOE C., BENSHEMESH J., ROBLEY A., 764 

LAWRENCE J., RITCHIE E.G., NIMMO D.G., LUMSDEN L.F. 2015. Interspecific and 765 

geographic variation in the diets of sympatric carnivores: Dingoes/wild dogs and red 766 

foxes in south-eastern Australia. PLoS ONE 10:e0120975. 767 

DELL'ARTE G.L., LAAKSONEN T., NORRDAHL K., KORPIMÄKI E. 2007. Variation in the 768 

diet composition of a generalist predator, the red fox, in relation to season and 769 

density of main prey. Acta Oecol. 31:276-281. 770 

DELONG J.P., VASSEUR D.A. 2012. A dynamic explanation of size-density scaling in 771 

carnivores. Ecology 93:470-476. 772 

DEMATTIA E.A., CURRAN L.M., RATHCKE B.J. 2004. Effects of small rodents and large 773 

mammals on neotropical seeds. Ecology 85:2161-2170. 774 



 

 

DINKINS J.B., CONOVER M.R., KIROL C.P., BECK J.L., FREY S.N. 2016. Effects of 775 

common raven and coyote removal and temporal variation in climate on greater 776 

sage-grouse nesting success. Biol. Conserv. 202:50-58. 777 

DOHERTY T.S., DAVIS R.A., VAN ETTEN E.J.B., ALGAR D., COLLIER N., DICKMAN C.R., 778 

EDWARDS G., MASTERS P., PALMER R., ROBINSON S. 2015. A continental-scale 779 

analysis of feral cat diet in Australia. J. Biogeogr. 42:964-975. 780 

DORRESTEIJN I., SCHULTNER J., NIMMO D.G., FISCHER J., HANSPACH J., 781 

KUEMMERLE T., KEHOE L., RITCHIE E.G. 2015. Incorporating anthropogenic 782 

effects into trophic ecology: predator–prey interactions in a human-dominated 783 

landscape. Proceedings of the Royal Society B: Biological Sciences 282:20151602. 784 

DU PLESSIS J.J. 2013. Towards the development of a sustainable management strategy for 785 

Canis mesomelas and Caracal caracal on rangeland. PhD, University of the Free 786 

State, Bloemfontein 787 

DU PLESSIS J.J., AVENANT N.L., DE WAAL H.O. 2015. Quality and quantity of the 788 

scientific information available on black-backed jackals and caracals: contributing to 789 

human-predator conflict management? African Journal of Wildlife Research 45:138-790 

157. 791 

DU PLESSIS S.S. 1972. Ecology of blesbok with special reference to productivity. Wildlife 792 

Monographs 30:3-70. 793 

ECCARD J., WALTHER R., MILTON S. 2000. How livestock grazing affects vegetation 794 

structures and small mammal distribution in the semi-arid Karoo. J. Arid Environ. 795 

46:103-106. 796 

ECCARD J.A., MEIßNER J.K., HEURICH M. 2017. European roe deer increase vigilance 797 

when faced with immediate predation risk by Eurasian lynx. Ethology 123:30-40. 798 

ELMHAGEN B., RUSHTON S.P. 2007. Trophic control of mesopredators in terrestrial 799 

ecosystems: top-down or bottom-up? Ecol. Lett. 10:197-206. 800 

FERREIRA N.A. 1988. Sekere aspeckte van die ekologie en die beheer van rooikat (Felis 801 

caracal) in die Oranje-Vrystaat, Bloemfontein 802 

FOURIE R.M., TAMBLING C.J., GAYLARD A., KERLEY G.I.H. 2015. Short-term foraging 803 

responses of a generalist predator to management-driven resource pulses. Afr. J. 804 

Ecol. 53:521-530. 805 

GABREY S.W., VOHS P.A., JACKSON D.H. 1993. Perceived and real crop damage by wild 806 

turkeys in northeastern Iowa. Wildl. Soc. Bull. 21:39-45. 807 

GALOV A., FABBRI E., CANIGLIA R., ARBANASIĆ H., LAPALOMBELLA S., FLORIJANČIĆ 808 

T., BOŠKOVIĆ I., GALAVERNI M., RANDI E. 2015. First evidence of hybridization 809 

between golden jackal (Canis aureus) and domestic dog (Canis familiaris) as 810 

revealed by genetic markers. Royal Society Open Science 2:150450. 811 



 

 

GARROTE G., LÓPEZ G., GIL-SÁNCHEZ J., ROJAS E., RUIZ M., BUENO J., LILLO S., 812 

RODRIGUEZ-SILES J., MARTÍN J., PÉREZ J., GARCÍA-TARDÍO M., VALENZUELA 813 

G., SIMÓN M. 2013. Human–felid conflict as a further handicap to the conservation 814 

of the critically endangered Iberian lynx. European Journal of Wildlife Research 815 

59:287-290. 816 

GERBER A. 2014. Can jackal predation on juveniles regulate warthog populations? 817 

Honours, Nelson Mandela Metropolitan University, Port Elizabeth 818 

GERVASI V., NILSEN E.B., ODDEN J., BOUYER Y., LINNELL J.D.C. 2014. The spatio-819 

temporal distribution of wild and domestic ungulates modulates lynx kill rates in a 820 

multi-use landscape. J. Zool. 292:175-183. 821 

GORDON C.E., ELDRIDGE D.J., RIPPLE W.J., CROWTHER M.S., MOORE B.D., LETNIC 822 

M. 2017. Shrub encroachment is linked to extirpation of an apex predator. J. Anim. 823 

Ecol. 86:147-157. 824 

HAYWARD M.W., PORTER L., LANSZKI J., KAMLER J.F., BECK J.M., KERLEY G.I.H., 825 

MACDONALD D.W., MONTGOMERY R.A., PARKER D.M., SCOTT D.M., O’BRIEN 826 

J., YARNELL R.W. 2017. Factors affecting the prey preferences of jackals (Canidae). 827 

Mamm Biol 85:70-82. 828 

HELLDIN J.-O., DANIELSSON A.V. 2007. Changes in red fox Vulpes vulpes diet due to 829 

colonisation by lynx Lynx lynx. Wildl. Biol. 13:475-480. 830 

HELLDIN J.-O., LIBERG O., GLOERSEN G. 2006. Lynx (Lynx lynx) killing red foxes (Vulpes 831 

vulpes) in boreal Sweden – frequency and population effects. J. Zool. 270:657-663. 832 

HENKE S.E., BRYANT F.C. 1999. Effects of coyote removal on the faunal community in 833 

western Texas. J. Wildl. Manage. 63:1066-1081. 834 

HENNESSY C., TSAI C.-C., BEASLEY J.C., BEATTY W.S., ZOLLNER P.A., RHODES O.E. 835 

2015. Elucidation of population connectivity in synanthropic mesopredators: Using 836 

genes to define relevant spatial scales for management of raccoons and virginia 837 

opossums. J. Wildl. Manage. 79:112-121. 838 

HEURICH M., ZEIS K., KÜCHENHOFF H., MÜLLER J., BELOTTI E., BUFKA L., 839 

WOELFING B. 2016. Selective predation of a stalking predator on ungulate prey. 840 

PLOS ONE 11:e0158449. 841 

HOFMEYR M., HOFMEYR D., NEL L., BINGHAM J. 2004. A second outbreak of rabies in 842 

African wild dog (Lycaon pictus) in Madikwe Game Reserve, South Africa, 843 

demonstrating the efficacy of vaccination against natural rabies challenge. Anim. 844 

Conserv. 7:193-198. 845 

HUMPHRIES B.D., HILL T.R., DOWNS C.T. 2015. Landowners’ perspectives of black-846 

backed jackals (Canis mesomelas) on farmlands in KwaZulu-Natal, South Africa. Afr. 847 

J. Ecol. 53:540-549. 848 



 

 

HUMPHRIES B.D., RAMESH T., DOWNS C.T. 2016. Diet of black-backed jackals (Canis 849 

mesomelas) on farmlands in the KwaZulu-Natal Midlands, South Africa. Mammalia 850 

80:405-412. 851 

HUNTER J.S., DURANT S.M., CARO T.M. 2007. Patterns of scavenger arrival at cheetah 852 

kills in Serengeti National Park Tanzania. Afr. J. Ecol. 45:275 - 281. 853 

JAKSIC F.M., SILVA S.I., MESERVE P.L., GUTIÉRREZ J.R. 1997. A long-term study of 854 

vertebrate predator responses to an El Niño (ENSO) disturbance in western South 855 

America. Oikos 78:341-354. 856 

JAMES R.S., JAMES P.L., SCOTT D.M., OVERALL A.D.J. 2015. Characterization of six 857 

cross-species microsatellite markers suitable for estimating the population 858 

parameters of the black-backed jackal (Canis mesomelas) using a non-invasive 859 

genetic recovery protocol. Cogent Biology 1:1108479. 860 

JEDRZEJEWSKA B., JEDRZEJEWSKI W., BUNEVICH A.N., MILKOWSKI L., KRASINSKI 861 

Z.A. 1997. Factors shaping population densities and increase rates of ungulates in 862 

Bialowieza Primeval Forest (Poland and Belarus) in the 19th and 20th centuries. Acta 863 

Theriologica 42:399-451. 864 

JENNER N., GROOMBRIDGE J., FUNK S.M. 2011. Commuting, territoriality and variation in 865 

group and territory size in a black-backed jackal population reliant on a clumped, 866 

abundant food resource in Namibia. J. Zool. 284:213-238. 867 

JORDANO P., GARCIA C., GODOY J., GARCÍA-CASTAÑO J.L. 2007. Differential 868 

contribution of frugivores to complex seed dispersal patterns. Proceedings of the 869 

National Academy of Sciences 104:3278-3282. 870 

KAMLER J.F., KLARE U., MACDONALD D.W. 2012a. Seasonal diet and prey selection of 871 

black-backed jackals on a small-livestock farm in South Africa. Afr. J. Ecol. 50:299-872 

307. 873 

KAMLER J.F., STENKEWITZ U., KLARE U., JACOBSEN N.F., MACDONALD D.W. 2012b. 874 

Resource partitioning among cape foxes, bat-eared foxes, and black-backed jackals 875 

in South Africa. J. Wildl. Manage. 76:1241-1253. 876 

KAMLER J.F., STENKEWITZ U., SLIWA A., WILSON B., LAMBERSKI N., HERRICK J.R., 877 

MACDONALD D.W. 2015. Ecological relationships of black-footed cats (Felis 878 

nigripes) and sympatric canids in South Africa. Mamm Biol 80:122-127. 879 

KERLEY G.I.H., BEHRENS K.G., CARRUTHERS J., DIEMONT M., DU PLESSIS J., 880 

MINNIE L., RICHARDSON P.R.K., SOMERS M.J., TAMBLING C.J., TURPIE J., VAN 881 

NIEKERK H.N., BALFOUR D. 2017. Livestock predation in South Africa: The need 882 

for and value of a scientific assessment. S. Afr. J. Sci. March/April:3. 883 



 

 

KHALIL H., PASANEN-MORTENSEN M., ELMHAGEN B. 2014. The relationship between 884 

wolverine and larger predators, lynx and wolf, in a historical ecosystem context. 885 

Oecologia 175:625-637. 886 

KISSUI B.M., PACKER C. 2004. Top-down population regulation of a top predator: lions in 887 

the Ngorongoro Crater. Proceedings of the Royal Society of London, B 271:1867-888 

1874. 889 

KLARE U., KAMLER J.F., STENKEWITZ U., MACDONALD D.W. 2010. Diet, prey selection, 890 

and predation impact of black-backed jackals in South Africa. J. Wildl. Manage. 891 

74:1030–1042. 892 

KOK O.B., NEL J.A.J. 2004. Convergence and divergence in prey of sympatric canids and 893 

felids: opportunism or phylogenetic constraint? Biol. J. Linn. Soc. 83:527–538. 894 

KORN H., KORN U. 1989. The effect of gerbils (Tatera brantsii) on primary production and 895 

plant species composition in a southern African savanna. Oecologia 79:271-278. 896 

KREBS C.J., BRYANT J., KIELLAND K., O’DONOGHUE M., DOYLE F., CARRIERE S., 897 

DIFOLCO D., BERG N., BOONSTRA R., BOUTIN S., KENNEY A.J., REID D.G., 898 

BODONY K., PUTERA J., TIMM H.K., BURKE T., MAIER J.A.K., GOLDEN H. 2014. 899 

What factors determine cyclic amplitude in the snowshoe hare (Lepus americanus) 900 

cycle? Canadian Journal of Zoology 92:1039-1048. 901 

LANSZKI J., HELTAI M., SZABÃ³ L. 2006. Feeding habits and trophic niche overlap 902 

between sympatric golden jackal (Canis aureus) and red fox (Vulpes vulpes) in the 903 

Pannonian ecoregion (Hungary). Canadian Journal of Zoology 84:1647-1656. 904 

LECKIE F.M., THIRGOOD S.J., MAY R., REDPATH S.M. 1998. Variation in the diet of red 905 

foxes on Scottish moorland in relation to prey abundance. Ecography 21:599-604. 906 

LEHMAN N., EISENHAWER A., HANSEN K., MECH L.D., PETERSON R.O., PETER 907 

J.P.G., WAYNE R.K. 1991. Introgression of coyote mitochondrial DNA into sympatric 908 

North American gray wolf populations. Evolution 45:104-119. 909 

LESMEISTER D.B., NIELSEN C.K., SCHAUBER E.M., HELLGREN E.C. 2015. Spatial and 910 

temporal structure of a mesocarnivore guild in midwestern north America. Wildlife 911 

Monographs 191:1-61. 912 

LETNIC M., GREENVILLE A., DENNY E., DICKMAN C.R., TISCHLER M., GORDON C., 913 

KOCH F. 2011. Does a top predator suppress the abundance of an invasive 914 

mesopredator at a continental scale? Global Ecol. Biogeogr. 20:343-353. 915 

LETNIC M., RITCHIE E.G., DICKMAN C.R. 2012. Top predators as biodiversity regulators: 916 

the dingo Canis lupus dingo as a case study. Biological Reviews 87:390-413. 917 

LEVI T., KILPATRICK A.M., MANGEL M., WILMERS C.C. 2012. Deer, predators, and the 918 

emergence of Lyme disease. Proceedings of the National Academy of Sciences 919 

109:10942-10947. 920 



 

 

LIVINGSTON T.R., GIPSON P.S., BALLARD W.B., SANCHEZ D.M., KRAUSMAN P.R. 921 

2005. Scat removal: a source of bias in feces-related studies. Wildl. Soc. Bull. 922 

33:172-178. 923 

LONE K., MYSTERUD A., GOBAKKEN T., ODDEN J., LINNELL J., LOE L.E. 2017. 924 

Temporal variation in habitat selection breaks the catch-22 of spatially contrasting 925 

predation risk from multiple predators. Oikos 126:624-632. 926 

LÓPEZ-BAO J.V., RODRÍGUEZ A., PALOMARES F. 2010. Abundance of wild prey 927 

modulates consumption of supplementary food in the Iberian lynx. Biol. Conserv. 928 

143:1245-1249. 929 

MABILLE G., STIEN A., TVERAA T., MYSTERUD A., BRØSETH H., LINNELL J.D.C. 2016. 930 

Mortality and lamb body mass growth in free-ranging domestic sheep – 931 

environmental impacts including lethal and non-lethal impacts of predators. 932 

Ecography 39:763-773. 933 

MAHONEY S.P., LEWIS K.P., WEIR J.N., MORRISON S.F., GLENN LUTHER J., 934 

SCHAEFER J.A., POULIOT D., LATIFOVIC R. 2016. Woodland caribou calf mortality 935 

in Newfoundland: insights into the role of climate, predation and population density 936 

over three decades of study. Popul. Ecol. 58:91-103. 937 

MASSARA R.L., PASCHOAL A.M.O., BAILEY L.L., DOHERTY J.P.F., CHIARELLO A.G. 938 

2016. Ecological interactions between ocelots and sympatric mesocarnivores in 939 

protected areas of the Atlantic Forest, southeastern Brazil. J. Mammal. 97:1634-940 

1644. 941 

MATCHETT M.R., BRECK S.W., CALLON J. 2013. Efficacy of electronet fencing for 942 

excluding coyotes: A case study for enhancing production of black-footed ferrets. 943 

Wildl. Soc. Bull. 37:893-900. 944 

MATTISSON J., ARNTSEN G.B., NILSEN E.B., LOE L.E., LINNELL J.D.C., ODDEN J., 945 

PERSSON J., ANDRÉN H. 2014. Lynx predation on semi-domestic reindeer: do age 946 

and sex matter? J. Zool. 292:56-63. 947 

MEDINA F.M., BONNAUD E., VIDAL E., TERSHY B.R., ZAVALETA E.S., JOSH DONLAN 948 

C., KEITT B.S., LE CORRE M., HORWATH S.V., NOGALES M. 2011. A global 949 

review of the impacts of invasive cats on island endangered vertebrates. Global 950 

Change Biol. 17:3503-3510. 951 

MEJLGAARD T., LOE L.E., ODDEN J., LINNELL J.D.C., NILSEN E.B. 2013. Lynx prey 952 

selection for age and sex classes of roe deer varies with season. J. Zool. 289:222-953 

228. 954 

MELVILLE H., BOTHMA J.D., MILLS M.G.L. 2004. Prey selection by caracal in the 955 

Kgalagadi Transfrontier Park. S. Afr. J. Wildl. Res. 34:67-75. 956 



 

 

MELVILLE H.I.A.S., CONWAY W.C., MORRISON M.L., COMER C.E., HARDIN J.B. 2015. 957 

Prey selection by three mesopredators that are thought to prey on eastern wild 958 

turkeys (Meleagris gallopavo sylvestris) in the pineywoods of East Texas. Southeast. 959 

Nat. 14:447-472. 960 

MONTERROSO P., REBELO P., ALVES P.C., FERRERAS P. 2016. Niche partitioning at 961 

the edge of the range: a multidimensional analysis with sympatric martens. J. 962 

Mammal. 97:928-939. 963 

MOOLMAN L.C. 1986. Aspekte van die ekologie en gedrag van die rooikat Felis caracal 964 

Schreber, 1776 in die Bergkwagga Nasionale Park en op die omliggende plase. MSc, 965 

Universityt of Pretoria, Pretoria 966 

MOON K., BLACKMAN D. 2014. A guide to understanding social science research for 967 

natural scientists. Conserv. Biol. 28:1167-1177. 968 

MORRIS T., LETNIC M. 2017. Removal of an apex predator initiates a trophic cascade that 969 

extends from herbivores to vegetation and the soil nutrient pool. Proceedings of the 970 

Royal Society B: Biological Sciences 284:20170111. 971 

MORWE J.B. 2013. Determining the direct impact of black-backed jackal (Canis mesomelas) 972 

on the springbok (Antidorcas marsupialis) population at Maria Moroko Nature 973 

Reserve, Fee State, South Africa. Honours, University of Free State, Phuthaditjhaba 974 

MUMMA M.A., SOULLIERE C.E., MAHONEY S.P., WAITS L.P. 2014. Enhanced 975 

understanding of predator–prey relationships using molecular methods to identify 976 

predator species, individual and sex. Molecular Ecology Resources 14:100-108. 977 

MYERS R.A., BAUM J.K., SHEPHERD T.D., POWERS S.P., PETERSON C.H. 2007. 978 

Cascading effects of the loss of apex predatory sharks from a coastal ocean. Science 979 

315:1846-1850. 980 

NEWSOME A. 1990. The control of vertebrate pests by vertebrate predators. Trends Ecol. 981 

Evol. 5:187-191. 982 

ODDEN J., NILSEN E.B., LINNELL J.D.C. 2013. Density of wild prey modulates lynx kill 983 

rates on free-ranging domestic sheep. PLOS One 8:e79261. 984 

OOSTHUIZEN W.H., MEYER M.A., DAVID J.H.M., SUMMERS N.M., KOTZE P.G.H., 985 

SWANSON S.W. 1997. Variation in jackal numbers at the Van Reenen Bay seal 986 

colony with comment on likely importance of jackals as predators. S. Afr. J. Wildl. 987 

Res. 27:26-29. 988 

OSINUBI S.T., HAND K., VAN OIJEN D.C.C., WALTHER B.A., BARNARD P. 2016. Linking 989 

science and policy to address conservation concerns about African land use, land 990 

conversion and land grabs in the era of globalization. Afr. J. Ecol. 54:265-267. 991 

OSTFELD R.S., HOLT R.D. 2004. Are predators good for your health? evaluating evidence 992 

for top‐down regulation of zoonotic disease reservoirs. Front. Ecol. Environ. 2:13-20. 993 



 

 

PALMER R., FAIRALL N. 1988. Caracal and African wild cat diet in the Karoo National Park 994 

and the implications thereof for hyrax. S. Afr. J. Wildl. Res. 18:30-34. 995 

PALOMARES F., CARO T.M. 1999. Interspecific killing among mammalian carnivores. Am. 996 

Nat. 153:492-508. 997 

PALOMARES F., GAONA P., FERRERAS P., DELIBES M. 1995. Positive effects on game 998 

species of top predators by controlling smaller predator populations: an example with 999 

lynx, mongoose and rabbits. Conserv. Biol. 9:295-305. 1000 

PASANEN-MORTENSEN M., PYYKÖNEN M., ELMHAGEN B. 2013. Where lynx prevail, 1001 

foxes will fail – limitation of a mesopredator in Eurasia. Global Ecol. Biogeogr. 1002 

22:866-877. 1003 

PECKARSKY B.L., ABRAMS P.A., BOLNICK D.I., DILL L.M., GRABOWSKI J.H., LUTTBEG 1004 

B., ORROCK J.L., PEACOR S.D., PREISSER E.L., SCHMITZ O.J., TRUSSELL G.C. 1005 

2008. Revisiting the classics: considering nonconsumptive effects in textbook 1006 

examples of predator-prey interactions. Ecology 89:2416-2425. 1007 

PENTERIANI V., KUPARINEN A., MAR DELGADO M., PALOMARES F., LÓPEZ-BAO J., 1008 

FEDRIANI J., CALZADA J., MORENO S., VILLAFUERTE R., CAMPIONI L., 1009 

LOURENÇO R. 2013. Responses of a top and a meso predator and their prey to 1010 

moon phases. Oecologia 173:753-766. 1011 

POHL C.F. 2015. The diet of caracal (Caracal caracal) in the Southern Free State. MSc, 1012 

University of the Free State, Bloemfontein 1013 

POPLE A.R., GRIGG G.C., CAIRNS S.C., BEARD L.A., ALEXANDER P. 2000. Trends in 1014 

the numbers of red kangaroos and emus on either side of the South Australian dingo 1015 

fence: evidence for predator regulation? Wildl. Res. 27:269-276. 1016 

PORTER J.H., DUESER R.D., MONCRIEF N.D. 2015. Cost-distance analysis of 1017 

mesopredators as a tool for avian habitat restoration on a naturally fragmented 1018 

landscape. J. Wildl. Manage. 79:220-234. 1019 

PRINGLE J.A., PRINGLE V.L. 1979. Observations on the lynx Felis caracal in the Bedford 1020 

district. Afr. Zool. 14:1-4. 1021 

PRUGH L.R., ARTHUR S.M. 2015. Optimal predator management for mountain sheep 1022 

conservation depends on the strength of mesopredator release. Oikos 124:1241-1023 

1250. 1024 

PRUGH L.R., STONER C.J., EPPS C.W., BEAN W.T., RIPPLE W.J., LALIBERTE A.S., 1025 

BRASHARES J.S. 2009. The rise of the mesopredator. Bioscience 59:779-791. 1026 

RAMESH T., DOWNS C.T. 2014. Modelling large spotted genet (Genetta tigrina) and 1027 

slender mongoose (Galerella sanguinea) occupancy in a heterogeneous landscape 1028 

of South Africa. Mamm Biol 79:331-337. 1029 



 

 

RAMESH T., KALLE R., DOWNS C.T. 2016. Space use in a South African agriculture 1030 

landscape by the caracal (Caracal caracal). European Journal of Wildlife Research 1031 

63:11. 1032 

RAMNANAN R., THORN M., TAMBLING C.J., SOMERS M.J. 2016. Resource partitioning 1033 

between black-backed jackal and brown hyaena in Waterberg Biosphere Reserve, 1034 

South Africa. Canid Biology and Conservation 19:8-13. 1035 

RANGLACK D.H., DURHAM S., DU TOIT J.T. 2015. Competition on the range: science vs. 1036 

perception in a bison–cattle conflict in the western USA. J. Appl. Ecol. 52:467-474. 1037 

RIPPLE W.J., BESCHTA R.L. 2004. Wolves and the ecology of fear: Can predation risk 1038 

structure ecosystems? Bioscience 54:755-766. 1039 

RIPPLE W.J., ESTES J.A., BESCHTA R.L., WILMERS C.C., RITCHIE E.G., 1040 

HEBBLEWHITE M., BERGER J., ELMHAGEN B., LETNIC M., NELSON M.P., 1041 

SCHMITZ O.J., SMITH D.W., WALLACH A.D., WIRSING A.J. 2014. Status and 1042 

ecological effects of the world’s largest carnivores. Science 343:1241484. 1043 

RIPPLE W.J., NEWSOME T.M., WOLF C., DIRZO R., EVERATT K.T., GALETTI M., 1044 

HAYWARD M.W., KERLEY G.I.H., LEVI T., LINDSEY P.A., MACDONALD D.W., 1045 

MALHI Y., PAINTER L.E., SANDOM C.J., TERBORGH J., VAN VALKENBURGH B. 1046 

2015. Collapse of the world’s largest herbivores. Science Advances 1:e1400103. 1047 

RIPPLE W.J., WIRSING A.J., WILMERS C.C., LETNIC M. 2013. Widespread mesopredator 1048 

effects after wolf extirpation. Biol. Conserv. 160:70-79. 1049 

RITCHIE E.G., ELMHAGEN B., GLEN A.S., LETNIC M., LUDWIG G., MCDONALD R.A. 1050 

2012. Ecosystem restoration with teeth: what role for predators? Trends in ecology 1051 

and evolution 27:265-271. 1052 

RITCHIE E.G., JOHNSON C.N. 2009. Predator interactions, mesopredator release and 1053 

biodiversity conservation. Ecol. Lett. 12:982-998. 1054 

ROEMER G.W., DONLAN C.J., COURCHAMP F. 2002. Golden eagles, feral pigs, and 1055 

insular carnivores: How exotic species turn native predators into prey. Proceedings of 1056 

the National Academy of Sciences 99:791-796. 1057 

ROEMER G.W., GOMPPER M.E., VALKENGURGH B.V. 2009. The ecological role of the 1058 

mammalian mesocarnivore. Bioscience 59:165-173. 1059 

SAUNDERS G.R., GENTLE M.N., DICKMAN C.R. 2010. The impacts and management of 1060 

foxes Vulpes vulpes in Australia. Mamm. Rev. 40:181-211. 1061 

SHRADER A.M., BROWN J.S., KERLEY G.I.H., KOTLER B.P. 2008. Do free-ranging 1062 

domestic goats show ‘landscapes of fear’? Patch use in response to habitat features 1063 

and predator cues. J. Arid Environ. 72:1811-1819. 1064 



 

 

SILVERSTEIN R.P. 2005. Germination of native and exotic plant seeds dispersed by 1065 

coyotes (Canis latrans) in southern California. The Southwestern Naturalist 50:472-1066 

478. 1067 

SINGH A., MUKHERJEE A., DOOKIA S., KUMARA H.N. 2016. High resource availability 1068 

and lack of competition have increased population of a meso-carnivore—a case 1069 

study of Golden Jackal in Keoladeo National Park, India. Mamm Res 61:209-219. 1070 

SKINNER J.D., CHIMIMBA C.T. 2005. The Mammals of the Southern African Subregion. 1071 

Cambridge University Press, Cambridge 1072 

SOULÉ M.E., BOLGER D.T., ALBERTS A.C., WRIGHT J., SORICE M., HILL S. 1988. 1073 

Reconstructed dynamics of rapid extinctions of chaparral-requiring birds in urban 1074 

habitat islands. Conserv. Biol. 2:75-92. 1075 

STAHL P., VANDEL J.M., RUETTE S., COAT L., COAT Y., BALESTRA L. 2002. Factors 1076 

affecting lynx predation on sheep in the French Jura. J. Appl. Ecol. 39:204-216. 1077 

SWANEPOEL L.H., SWANEPOEL C.M., BROWN P.R., EISEB S.J., GOODMAN S.M., 1078 

KEITH M., KIRSTEN F., LEIRS H., MAHLABA T.A.A.M., MAKUNDI R.H., 1079 

MALEBANE P., VON MALTITZ E.F., MASSAWE A.W., MONADJEM A., MULUNGU 1080 

L.S., SINGLETON G.R., TAYLOR P.J., SOARIMALALA V., BELMAIN S.R. 2017. A 1081 

systematic review of rodent pest research in Afro-Malagasy small-holder farming 1082 

systems: Are we asking the right questions? PLOS ONE 12:e0174554. 1083 

THOMSON G., MEREDITH C. 1993. Rabies in bat-eared foxes in South Africa. 1084 

Onderstepoort J. Vet. Res. 60:399-399. 1085 

VAN DE VEN T.M.F.N., TAMBLING C.J., KERLEY G.I.H. 2013. Seasonal diet of black-1086 

backed jackal in the Eastern Karoo, South Africa. J. Arid Environ. 99:23-27. 1087 

VON HOLDT B.M., KAYS R., POLLINGER J.P., WAYNE R.K. 2016. Admixture mapping 1088 

identifies introgressed genomic regions in North American canids. Mol. Ecol. 1089 

25:2443-2453. 1090 

WALLACH A.D., IZHAKI I., TOMS J.D., RIPPLE W.J., SHANAS U. 2015. What is an apex 1091 

predator? Oikos 124:1453-1461. 1092 

WALLACH A.D., JOHNSON C.N., RITCHIE E.G., O’NEILL A.J. 2010. Predator control 1093 

promotes invasive dominated ecological states. Ecol. Lett. 13:1008-1018. 1094 

WELCH R.J., PÉRIQUET S., PETELLE M.B., LE ROUX A. 2017. Hunter or hunted? 1095 

Perceptions of risk and reward in a small mesopredator. J. Mammal. In Press. 1096 

WIKENROS C., KUIJPER D.P.J., BEHNKE R., SCHMIDT K. 2015. Behavioural responses 1097 

of ungulates to indirect cues of an ambush predator. Behaviour 152:1019-1040. 1098 

WILLIAMS S.C., GREGONIS M.A. 2015. Survival and movement of rehabilitated white-tailed 1099 

deer fawns in Connecticut. Wildl. Soc. Bull. 39:664-669. 1100 



 

 

WILMERS C.C., POST E., PETERSON R.O., VUCETICH J.A. 2006. Predator disease out-1101 

break modulates top-down, bottom-up and climatic effects on herbivore population 1102 

dynamics. Ecol. Lett. 9:383 - 389. 1103 

WOINARSKI J.C., BURBIDGE A.A., HARRISON P.L. 2015. Ongoing unraveling of a 1104 

continental fauna: decline and extinction of Australian mammals since European 1105 

settlement. Proceedings of the National Academy of Sciences 112:4531-4540. 1106 

WOODROFFE R., DONNELLY C.A., COX D.R., BOURNE F.J., CHEESEMAN C.L., 1107 

DELAHAY R.J., GETTINBY G., MCINERNEY J.P., MORRISON W.I. 2006. Effects of 1108 

culling on badger Meles meles spatial organization: implications for the control of 1109 

bovine tuberculosis. J. Appl. Ecol. 43:1-10. 1110 

YARNELL R.W., PHIPPS W.L., BURGESS L.P., ELLIS J.A., HARRISON S.W.R., DELL S., 1111 

MACTAVISH D., MACTAVISH L.M., SCOTT D.M. 2013. The influence of large 1112 

predators on the feeding ecology of two African mesocarnivores: the black-backed 1113 

jackal and the brown hyaena. S. Afr. J. Wildl. Res. 43:155-166. 1114 

YARNELL R.W., PHIPPS W.L., DELL S., MACTAVISH L.M., SCOTT D.M. 2015. Evidence 1115 

that vulture restaurants increase the local abundance of mammalian carnivores in 1116 

South Africa. Afr. J. Ecol. 53:287-294. 1117 


