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 Fear of predation can have major impacts on the behaviour of prey species. Recently the concept of the ecology of fear 
has been defi ned and formalised; yet there has been relatively little focus on how these ideas apply to large carnivore spe-
cies which, although not prey sensu stricto, also experience fear as a result of threats from humans. Large carnivores are 
likely also subject to a Landscape of Fear similar to that described for prey species. We argue that although fear is generic, 
 ‘ human-caused mortality ’  represents a distinct and very important cause of fear for large carnivores, particularly terrestrial 
large carnivores as their activities overlap with those of humans to a greater degree. We introduce the idea of a  ‘ Landscape 
of Coexistence ’  for large carnivores to denote a subset of the Landscape of Fear where suffi  cient areas of low human-caused 
mortality risk are present in the landscape for long term coexistence of large carnivores and humans. We then explore 
aspects of terrestrial large carnivore behavioural ecology that may be best explained by risk of human-caused mortality, and 
how the nature of a Landscape of Coexistence for these large carnivores is likely to be shaped by specifi c factors such as 
habitat structure, wild and domestic prey base, and human distribution and behaviour. Th e human characteristics of this 
Landscape of Coexistence may be as important in determining large carnivore distribution and behavioural ecology as the 
distribution of resources. Understanding the Landscape of Coexistence for terrestrial large carnivores is therefore important 
for their biology and conservation throughout large parts of their remaining ranges.   

 Historically, the ecology of predator – prey relationships has 
focused on direct consumptive interactions (Rosenzweig and 
MacArthur 1963). More recently, ecologists have begun to 
consider that many eff ects of predators are mediated by non-
lethal, fear-driven behavioural responses of prey animals to 
the risk of predation, referred to as the ecology of fear (Sih 
1980, Lima and Dill 1990, Brown et   al. 1999, Laundr é  et   al. 
2001, 2010). We defi ne fear in this context as an emotion 
in response to a perceived threat to life ( ‘ risk ’ ) that causes 
an individual to change its behaviour in order to avoid that 
threat. Th e ecology of fear, shown for diverse taxa, often 
manifests as costs to various fi tness-enhancing activities such 
as foraging, and animals face a tradeoff  between minimising 
the risk of predation against optimising nutritional intake 
(Sih 1980, Brown and Kotler 2004). For example, prey 
that perceive a higher risk of predation have been shown to 
spend increased time in safer habitats, although such 
habitats are not necessarily the most nutritionally rich and 
spending time in them can reduce overall diet quality (Sih 

1980, Hern á ndez and Laundr é  2005). As a result, the con-
sequences of fear can extend to negatively impacting prey 
population dynamics (Preisser et   al. 2005). Th e presence of 
predators in an ecosystem, therefore, aff ects prey directly 
through mortality and evolutionary selection, and indi-
rectly as a result of fear and the associated anti-predatory 
responses, which result from perceived risk of predation 
translated into behavioural adjustments. 

 Risk of predation, as well as animals ’  perception of this 
risk, is neither spatially uniform (e.g. habitat structure has 
been shown to aff ect the risk-aversion behaviour of a variety 
of prey species  –  Mao et   al. 2005, Liley and Creel 2007, 
Laundr é  et   al. 2014), nor temporally uniform (e.g. avoid-
ance of high risk areas varies in response to diurnal changes 
in predator activity  –  Valeix et   al. 2009a). Laundr é  et   al. 
(2001) fi rst used the term  “ Landscape of Fear ”  to describe 
the peaks and troughs of predation risk and associated anti-
predator behavioural responses that can be overlain on any 
heterogeneous landscape. Th is landscape of fear may be as or 
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more important in infl uencing the distribution of prey than 
any of the other  ‘ landscapes ’  such as resource availability or 
habitat structure (Willems and Hill 2009, Laundr é  et   al. 
2010, Th aker et   al. 2011). 

 Th e behavioural eff ects of predation risk have typically 
been considered for prey species, which are subject to the 
top – down eff ects of predators. Although predation risk as 
a potential driver of behavioural change in carnivores sub-
ject to intraguild predation and competition with larger 
carnivores has received some attention (Durant 1998, 
2000, Hunter et   al. 2007, Pangle and Holekamp 2010a, b), 
the eff ects of predation risk on apex carnivores (e.g. Afri-
can lion  –   Panthera leo , tiger  –   Panthera tigris , grey wolf  –  
 Canis lupus , brown bear  –   Ursus arctos , polar bear  –  
 Ursus maritimus ) have rarely been considered explicitly. 
Humans are the main predator of apex carnivores, and direct 
human-caused mortality in retaliation for perceived threats 
to human life and livelihood (e.g. in response to livestock 
predation) is a major threat to the survival of large carnivore 
populations throughout the world (Weber and Rabinowitz 
1996). Given the  “ clear and present danger ”  that humans 
thus pose (Treves and Karanth 2003) large carnivores are not 
only top – down players in the landscape of fear experienced 
by herbivores and smaller carnivores, but aspects of their 
own behavioural ecology are also signifi cantly infl uenced 
by risk of human-caused mortality. Risk of human-caused 
mortality has been shown to have greater behavioural eff ects 
on herbivore species than risk of predation by other species 
(Ciuti et   al. 2012). We argue that the behavioural adjust-
ments made by large terrestrial carnivores in response to 
human-caused mortality risk have been underappreciated 
and need to be taken into consideration when explaining the 
density, distribution and behaviour of these large carnivores 
throughout much of their remaining range. 

 First we introduce the concept of a  ‘ Landscape of Coex-
istence ’  to denote a sub-set of the Landscape of Fear where 
spatio-temporal variations in predation risk provide enough 
areas of low predation risk to ensure long term coexistence 
between predators and prey. We then apply this specifi cally 
to large carnivores sharing the landscape with humans. Th e 
current literature on the ecology of fear for large carnivores 
is reviewed and, as there is a dearth of literature on this 
subject, we explore how the current theory on the ecology 
of fear for large herbivores and carnivores at risk of preda-
tion by larger carnivores might inform our understanding 
of large carnivore behaviour in a Landscape of Coexistence 
shared by humans. We predict that the behavioural eff ects 
of human-caused mortality risk in large carnivores should 
be broadly the same as those shown by other guilds of mam-
mals in response to predation risk, albeit modifi ed by some 
factors unique to large carnivores. Th e potential behavioural 
eff ects of human-caused mortality risk on large carnivores 
is outlined, noting where there are already studies demon-
strating these eff ects, and where further research is likely to 
be fruitful. In so doing we emphasise the key variables char-
acterising a Landscape of Coexistence for terrestrial large 
carnivores and their consequences for large carnivore behav-
ioural ecology, and highlight the need to take into account 
individual variability and diff erent spatio-temporal scales. 
Finally, we discuss population and ecosystem consequences 
of a Landscape of Coexistence for terrestrial large carnivores 

and argue that consideration of behavioural responses to 
human-caused mortality risk is critical for understanding 
the full range of anthropogenic impacts on these species, 
and for planning their conservation in human-dominated 
landscapes.   

 Characterization of the Landscape of Coexistence 

 Here the term  ‘ Landscape of Coexistence ’  is used to denote 
a subset of the Landscape of Fear which represents the sec-
tion of the continuum (from high percents of high pre-
dation risk habitat to high percents of low predation risk 
habitat) where the proportion of high versus low risk habi-
tat is such that favours long term coexistence of the  ‘ prey ’  
and the  ‘ predator ’ . Although fear is a generic phenomenon, 
 ‘ human-caused mortality risk ’  represents a very important 
sub-set of the ecology of fear that applies to many animals, 
and is particularly relevant to large terrestrial carnivores. 
Th e Landscape of Coexistence for large terrestrial carni-
vores emerges from the interaction between the type and 
level of human disturbance (e.g. human densities, distribu-
tion of human activities, settlements and other manmade 
structures such as major roads, human behaviours such as 
human activity levels (e.g. awake or asleep), and attitudes 
towards conservation in general, and carnivores in particu-
lar), carnivore behavioural ecology (e.g. social structure, 
habitat use, foraging patterns and behavioural plasticity 
with regards to all of these factors), and environmental 
attributes (e.g. landform, vegetation structure, light levels 
and wild prey densities). 

 Key factors characterizing the Landscape of Coexistence 
for large terrestrial carnivores, such as livestock husbandry 
practices, human settlement, road networks, and tolerance 
of carnivores, are directly linked to human behaviours, and 
therefore have the potential to be managed. Th e Landscape 
of Coexistence for large terrestrial carnivores, its description, 
the processes that generate such a landscape, and the resul-
tant large carnivore behavioural adjustments are, therefore, 
extremely relevant to understanding large carnivore behav-
ioural ecology as well as important in facilitating better coex-
istence with humans.  

 The ecology of fear: from its current applications to 
development for large carnivore ecology  

 Spatial avoidance 
 Avoidance of high risk areas (as well as high perceived risk 
areas) is a common response to the threat of predation. Allo-
cating more time to areas with low predator densities is a 
tactic used by both large herbivores (Valeix et   al. 2009b, 
Th aker et   al. 2011) and carnivores (Mills and Gorman 1997, 
Durant 1998). Similarly, areas, locations and linear features 
on the landscape (e.g. major roads) characterised by high lev-
els of human activity are largely avoided by both herbivores 
(Stankowich 2008, Sawyer et   al. 2006, Polfus et   al. 2010, 
Lian et   al. 2011, Ciuti et   al. 2012) and carnivores (for brown 
bear  –   Ursus arctos  see Elgmork 1978, Nellemann et   al. 2007, 
Northrup et   al. 2012a, Proctor et   al. 2012; for cougar  –  
 Felis concolor  see Dickson et   al. 2005, Wilmers et   al. 2013; for 
spotted hyaena  –   Crocuta crocuta  see Boydston et   al. 2003; 
for grey wolves  –   Canis lupus  see Whittington et   al. 2005). 
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However, animals may not totally avoid high risk areas and 
features, as they may contain valuable resources such that 
complete avoidance would result in a substantial foraging 
cost. Prey species may even be attracted to human locations 
as an anti-predatory response during vulnerable periods. For 
example, moose  Alces alces  in Yellowstone shift their birth 
sites towards roadsides to avoid traffi  c-averse grizzly bears 
(Berger 2007). Large carnivores in Landscapes of Coexis-
tence minimise large-scale spatial avoidance of human-caused 
mortality risk by modifying behaviours such as selecting 
for specifi c habitat structures, temporal partitioning of 
activities, or increased vigilance (Table 1) thus allowing them 
to at least partially utilise resources in high risk areas (see 
Oriol-Cotterill et   al. 2015 for an African lion example).   

 Habitat shift 
 Th e nature of habitat can modify predator-prey encounter 
rates and the ultimate outcome of an encounter (Brown and 
Kotler 2004). Predator hunting success can be so strongly 

infl uenced by environmental factors that distinct hunting 
grounds and prey refugia are created (Kauff man et   al. 2007), 
and the relative availability of the two will determine a Land-
scape of Coexistence for predators and prey. What might 
constitute a refuge habitat depends on the characteristics 
of both the prey and the predator, and may vary seasonally 
depending on changes in predator, prey and environmental 
factors (Mao et   al. 2005). Selection for safer habitat struc-
tures is a common response to increased risk of predation 
among mammalian herbivores (Hern á ndez and Laundr é  
2005, Creel et   al. 2005, Wirsing et   al. 2007). Carnivores 
increase their use of habitat refugia in response to risk 
of intraspecifi c and intraguild predation and competition 
during vulnerable activities e.g. when concealing young 
(Fernandez and Palomares 2000), resting (Switalski 2003), 
or feeding on a carcass that might attract the attention of 
larger carnivores (Hunter et   al. 2007). 

 It is hunting success, not the avoidance of predation risk 
that is commonly considered the major driver in habitat 

  Table 1. Summary of predictions for the behavioural effects of human-caused mortality risk on large carnivores in Landscapes of 
Coexistence.  

Risk of human-caused mortality

High Low

Spatio-temporal use of 
the landscape

Explained primarily by human factors; densities, 
distribution and activities

Explained primarily by the distribution of resources 
and competition with other carnivores

Vigilance Increased during times and places where people 
are active, particularly when feeding and/or 
accompanied by young.

Linked primarily to foraging activities, or 
competition with other carnivores.

Habitat selection Primarily driven by the need to fi nd refuge from 
people during times when people are active e.g. 
habitat structures with low visibility, and low 
permeability to people and livestock

Primarily driven by hunting success, or physical 
comfort at all times NB exceptions include 
females with tiny young

Movement patterns Primarily infl uenced by human presence and 
activities

Primarily infl uenced by the distribution of resources 
and competition with other carnivores

Foraging patterns Temporal shifts in foraging activities to overlap less 
with human active periods

Temporal foraging patterns maximise hunting 
success and/or energetics

Prey selection Not explained by normal foraging models. Livestock 
may be selected as prey in smaller proportions than 
expected from their abundance and/or vulnerability. 
NB Only where enough wild prey is available as an 
alternative prey source to livestock

Prey species selected in proportion to abundance 
and/or vulnerability

Feeding behaviour Prey carcasses more likely to be abandoned or moved 
to refuge habitats in response to human activity

Prey carcasses only abandoned in response to 
competition with larger or more dominant 
carnivores

Group size (social 
carnivores)

Smaller than explained by resource abundance. 
Potential fi ssion-fusion dynamics

Primarily limited by resource abundance

Sub-adult dispersal Sub-adult dispersal occurs at an earlier age than 
expected from resource availability or hostility from 
conspecifi cs

Dispersal determined by resource availability, 
sub-adult age and condition, and/or hostility from 
conspecifi cs
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2013a, 2014, Cristescu et   al. 2013, tigers  –  Carter et   al. 
2012, wild dog  –   Lycaon pictus  Rasmussen and Macdonald 
2012). Lions in Laikipia, Kenya utilise areas closer to live-
stock enclosures more at times when people are least likely to 
be active i.e. between 23:00 – 04:00 h (Oriol-Cotterill et   al. 
2015). Likewise, wolves show spatio-temporal avoidance of 
human activity by utilising areas closer to people at times 
when they are least active (Hebblewhite and Merrill 2008). 
Brown bears approach and cross busy roads at times when 
there is less traffi  c (Northrup et   al. 2012a), as well as restrict 
their active periods to night time and twilight hours in areas 
and at times of the year when humans are most active (Ordiz 
et   al. 2012, 2014, Cristescu et   al. 2013). 

 Group-living carnivores such as lion and spotted hyaena 
kill large prey and are particularly conspicuous when they 
hunt and feed at times when people are active. Th e longer a 
large carnivore feeds when people are active, the more likely it 
is to be discovered by humans. Giving up densities are often 
used as a measure of perceived risk for prey species (Brown 
and Kotler 2004) and the premature abandonment of kills 
may be an indication of the same for carnivores (see Smith 
et   al. 2015 for an example of the eff ect of human proximity 
on prey consumption in cougars). It stands to reason that 
where the risk of human-caused mortality is high, large car-
nivores should allocate greater foraging eff ort to times when 
people are least active, abandon unfi nished carcasses before 
dawn or move carcasses to dense cover when humans are 
active, and may ultimately select smaller prey species in order 
to decrease the time spent feeding on any carcass (Table 1). 
Foraging when humans are least active, potentially forcing 
carnivores to hunt during sub-optimal times, endure greater 
interspecifi c competition, and abandon a percentage of kills 
early, could pose signifi cant costs in human dominated land-
scapes, and potentially limit some carnivores ’  ability to coex-
ist with people (Rasmussen and Macdonald 2012).   

 Vigilance 
 In many studies of herbivores and carnivores, the behavioural 
response to risk of predation is measurable as an increase 
in vigilance (Hunter and Skinner 1998, Hochman and 
Kotler 2006, Pays et   al. 2012). Species, age, sex and indi-
vidual characteristics are likely to infl uence the eff ect of 
predation risk on vigilance; females with young generally 
show a much greater vigilance response to predation risk than 
males or females without young (Liley and Creel 2007). Her-
bivores at the periphery of a herd spend more time vigilant 
than do their central conspecifi cs (Blanchard et   al. 2007), 
and species with smaller body size often show an increase 
in vigilance compared to larger ones (Hunter and Skinner 
1998). Other factors such as habitat structure and forage 
quality also aff ect vigilance for both herbivores (Pays et   al. 
2012) and carnivores at risk of predation by larger carnivores 
(Hunter et   al. 2007) with an increase in forage quality and 
visibility both reducing an animal ’ s investment in vigilance. 

 Th e primary role of vigilance in carnivores is tradition-
ally interpreted as maximising hunting success (Leyhausen 
1979). In carnivores, however, an increase in vigilance is 
also a behavioural response to risk of predation by larger 
carnivores, and other threats such as humans. For example, 
Pangle and Holekamp (2010a, b) found that spotted hyaena 
vigilance levels were linked more to interspecifi c threats that 

selection for large carnivores (Hopcraft et   al. 2005, Balme 
et   al. 2007). However, any habitat structure that is little used 
by people, or reduces the probability of people detecting car-
nivores, for example rocky, steep or thick bush areas, could 
act as refugia in a Landscape of Coexistence. Dickson et   al. 
(2005) demonstrated the importance of riparian woodlands 
to cougars moving through a landscape mosaic in California. 
Similarly, spotted hyaena in southern Kenya were shown to 
favour thicker bush when in parts of their range used more 
intensively by people and livestock (Boydston et   al. 2003, 
Kolowski and Holekamp 2009), particularly during vulner-
able activities such as nursing young (Pangle and Holekamp 
2010a). Lions signifi cantly increase their use of thicker bush 
cover when seasonal movements of people and livestock 
bring them into closer proximity (Schuette et   al. 2013) and, 
brown bears also have been shown to select day bed sites that 
off er greater horizontal cover when resting nearer areas of 
higher perceived human-mortality risk (Ordiz et   al. 2011, 
Cristescu et   al. 2013). It is likely that habitat structures that 
provide good cover and are less permeable to people on foot 
or in vehicles will play an important role as refugia, and large 
carnivores in a Landscape of Coexistence will show the great-
est selection for refuge habitat structures when utilising parts 
of their range where human-caused mortality risk is high-
est (Table 1). Th is pattern of small scale spatial avoidance 
will likely be most pronounced when carnivores are most 
vulnerable, e.g. when resting, feeding or concealing young. 
While selection for refuge habitats could represent a tradeoff  
between nutritional intake and minimising predation risk, 
especially for carnivores that would normally have greater 
hunting success or less intraguild competition in more open 
habitats, the presence of habitat refugia is likely to be key to 
a Landscape of Coexistence. Human conversion of habitats 
could represent a two-fold problem for carnivores by reduc-
ing the number of wild prey supported in an area and reduc-
ing a carnivore ’ s ability to avoid detection by people.   

 Temporal avoidance 
 Th e most eff ective way in which animals might avoid preda-
tion but still utilise high risk areas or features is by showing 
temporal changes in activity patterns and using more risky 
areas at times when predators are the least active (reviewed 
by Kronfeld-Schor and Dayan 2003). For instance, many 
herbivores shift the timing of their visits to waterholes to 
avoid the time when their predators are most likely to be 
hunting (Valeix et   al. 2009a, Crosmary et   al. 2012). Th e tim-
ing of foraging activities might be particularly infl uenced by 
predation risk since foraging is often associated with being 
conspicuous and vulnerable. Cheetah  Acinonyx jubatus  are 
believed to hunt in daylight to avoid competition from hyae-
nas and lions (Durant 1998, but see Cozzi et   al. 2012) and 
forage less after hearing recordings of lion and spotted hyaena 
(Durant 2000). Coyotes  Canis latrans  show temporal separa-
tion of foraging activities to avoid the threat of wolves (Arjo 
and Pletscher 1999). Such temporal adjustments will alter 
an individual ’ s chance of encountering predators without 
totally avoiding a particular part of the landscape or habitat 
type. Similarly, many carnivores in human occupied areas 
appear to shift the timing of active periods to show a greater 
preference for darkness (e.g. cougars  –  Van Dyke et   al. 1986, 
brown bears  –  Knick and Kasworm 1989, Ordiz et   al. 2012, 
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rates and outcomes in diff erent ways. Large groups may be 
easier to spot but the likelihood of detecting an approaching 
predator is higher (the  “ many eyes eff ect ”   –  Pulliam 1973) 
and the principle of dilution reduces each individual ’ s chance 
of being caught (Foster and Treherne 1981). Although there 
is much research suggesting that the vulnerability of an indi-
vidual to predation decreases in large groups (Krause and 
Ruxton 2002), in some circumstances prey species may 
opt to follow a strategy that reduces their chance of being 
detected by the predator, rather than one that reduces vul-
nerability once detected (Creel and Winnie 2005). 

 Although carnivores are inherently fl exible in life history 
traits, the stability and integrity of a group is important to 
social carnivores, and even solitary carnivores are dependent on 
social structures for population functioning (Macdonald 1983, 
Creel and Creel 1995). Human-caused mortality risk impacts 
both group size and social stability directly when the rate of 
individuals killed by people is faster than replacement rate 
(Loveridge et   al. 2007) or possibly indirectly through behav-
ioural responses. Th ere is a paucity of information on the latter 
but in a Landscape of Coexistence the advantages aff orded to 
social carnivores by forming groups may be outweighed by the 
greater risk of detection. Humans often hunt carnivores with the 
intention of reducing their numbers, and have weapons or poi-
sons that allow them to kill multiple individuals. Additionally, 
energetic constraints on large carnivores may mean that they 
have limited ability to form groups large enough for the many 
eyes eff ect (Pulliam 1973) or the principle of dilution (Foster and 
Treherne 1981) to off er a signifi cant advantage. Th us, for carni-
vores sharing the landscape with humans, behavioural responses 
that may benefi t individual survival once detected are likely to be 
less important than avoiding an encounter by remaining com-
pletely undetected. In contrast with general trends among large 
herbivore species, we predict that large social carnivores in Land-
scapes of Coexistence may become more solitary than expected 
from resource availability in parts of their range where there is 
an increase in the risk of human-caused mortality (Table 1), 
and smaller group size may confer costs such as the loss of co-
operative hunting advantages, and less eff ective defence of kills, 
territory, and young. Maintaining a smaller group size may 
have other costly eff ects such as encouraging the dispersal of 
sub-adults from the natal group at an earlier age (see Elliot et   al. 
2014a for costs associated with early age dispersal in the African 
Lion). In order to minimise such costs, we further predict that 
social groups might exhibit fi ssion – fusion dynamics (Dolrenry 
pers. comms.), with core groups temporarily splitting at high 
risk times or in high risk areas and later regrouping when con-
ditions are less risky or rewards are higher.    

 Future research directions  

 Measuring the effects of a Landscape of Coexistence on 
carnivore behaviour 
 Lethal eff ects of humans on wildlife are traditionally 
measured at the population level, e.g. changes in the over-
all population density (Loveridge et   al. 2007) or general 
changes in territoriality and ranging behaviour (Tuyttens 
and Macdonald 2000, Davidson et   al. 2011). Behavioural 
eff ects, however, will be best revealed by changes individuals 
make on a fi ner spatio-temporal scale as they move through 
a Landscape of Coexistence. 

have a high risk of mortality (e.g. attacks by lion or humans), 
than intraspecifi c threats or other functions such as searching 
for mates or prey. Hence even apex carnivores in a Landscape 
of Coexistence might be expected to increase their vigilance 
in response to an increase in human activity. Current  ‘ Land-
scape of Fear ’  theory leads us to predict the highest vigilance 
levels amongst adult females with young, in small groups, 
at times when people are most active, and when carrying 
out conspicuous activities such as feeding on a carcass. An 
increase in vigilance may allow large carnivores to avoid 
humans on a fi ne spatial scale but there may be a tradeoff  
between maximising food intake and reducing predation risk 
through increased vigilance.   

 The ultimate foraging choice 
 Current foraging theory for large carnivores suggests that 
prey abundance (Van Orsdol et   al. 1985, Palomares et   al. 
2001) and/or vulnerability (Hopcraft et   al. 2005, Balme 
et   al. 2007) are the key variables in determining where and 
what a carnivore kills. Even where good management and 
husbandry are practiced, livestock ’ s need to graze outside 
of protective enclosures, and the abilities of lions, leopards 
 Panthera pardus  and tigers to breach most enclosures, leaves 
livestock potentially vulnerable to depredation. Outside pro-
tected areas, livestock are typically much easier to catch as 
well as more numerous than wild prey, so foraging theory 
would predict that carnivores in human-dominated land-
scapes should focus on domestic livestock. Th e few examples 
of carnivore foraging decisions in Landscapes of Coexistence, 
however, do not support such a prediction. For example, 
lions in Botswana have been shown to take livestock less than 
would be expected based on their abundance and vulner-
ability (Hemson et   al. 2009). Similarly, wild dogs have been 
found to shift their diet towards smaller wild prey species in 
pastoral areas in Kenya, allowing them to maintain energy 
requirements without killing livestock, despite reduced den-
sities of wild prey (Woodroff e et   al. 2007). Similarly, humans 
themselves rarely form an important part of large carnivore 
diets despite the fact they are often easy prey and numer-
ous. Exceptions to this are generally cases where carnivores 
have been able to hunt humans with relative impunity and 
therefore experience little fear of them (see Packer et   al. 
2011 for an example in African lion). Th ese examples sug-
gest that carnivores are making complex foraging decisions 
that simultaneously account for variation in prey abundance, 
vulnerability, and risk of human-caused mortality. Risk of 
human-caused mortality may, therefore, infl uence large car-
nivores in their choice of hunting strategy where humans, 
livestock and wild prey are available. Th ese examples support 
the prediction that large carnivores in Landscapes of Coex-
istence will select livestock (and humans) less than expected 
from current foraging models where wild prey are available 
as an alternative prey source (Table 1). Th is foraging plas-
ticity, although not energetically optimal for the carnivore, 
might also give hope for carnivore coexistence with people 
and livestock given adequate wild prey densities and protec-
tion of livestock.   

 Group size 
 Th e relationship between group size and predation risk is not 
clear cut and group size can aff ect predator – prey encounter 
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the premature abandonment of kills under less experimen-
tal conditions may also provide a measure of perceived risk 
in carnivores (Smith et   al. 2015). Ultimately, measuring the 
energetics (calories consumed versus calorie expenditure) 
for carnivores as they navigate a Landscape of Coexistence 
could provide an accurate measure of the costs associated 
with avoiding human-caused mortality (see Williams et   al. 
2014 for an example of how this might be done).   

 The importance of scale: spatio-temporal variations in the 
perception of fear 
 Th e spatio-temporal scale at which behavioural adjustments 
are measured is also important to consider. Spatial variation in 
predation risk can occur over large scales, i.e. broad diff erences 
in habitat structure and predator densities, or small scales, i.e. 
the middle versus the edge of a herd (Laundr é  et   al. 2001, 
Blanchard et   al. 2007). Scale is also important when consider-
ing temporal variations in risk (Brown and Kotler 2004). It is 
often hard to distinguish whether animals are utilising longer 
term knowledge of an area, or are being infl uenced by more 
recent experiences in other areas they have travelled through, or 
are responding to very recent, local signs of predators. Among 
herbivores, information about the current whereabouts of a 
predator often causes diff erent behavioural eff ects than does 
long term knowledge of risk based on experience (Creel and 
Winnie 2005, Liley and Creel 2007, Valeix et   al. 2009a, b). 
For carnivores, cheetah have been shown to utilise areas where 
densities of their main competitors (lions and spotted hyae-
nas) are lowest (Durant 1998) but the scale of avoidance is 
small, with cheetah responding reactively to the immediate 
threat of lion and spotted hyaena rather than showing large 
scale avoidance of areas preferred by these competitively dom-
inant species (Durant 2000, Broekhuis et   al. 2013). Lions, 
however, show some general avoidance of high risk areas on 
a land-use scale and also respond reactively to actual human 
locations and human activity levels on a small scale (Oriol-
Cotterill et   al. 2015). Brown bears also show some larger scale 
avoidance of human activities but minimise this through 
reactively avoiding encounters with people on a smaller scale 
(Ordiz et   al. 2011, Cristescu et   al. 2012, Moen et   al. 2012). 
Th e tradeoff  between avoiding predation and maximising for-
aging success may also vary with the activity level and satia-
tion of predators, and changes in levels of light (Packer et   al. 
2011, Ordiz et   al. 2011, 2013a, Christescu et   al. 2012, Moen 
et   al. 2012, Oriol-Cotterill et   al. 2015); seasonally e.g. with 
changes in predator and prey condition and breeding status, 
vegetation growth, snow cover etc. (Liley and Creel 2007, 
Ordiz et   al. 2011, Cristescu et   al. 2012, Moen et   al. 2012, 
Wilmers et   al. 2013, Oriol-Cotterill et   al. 2015); or over years 
due to climatic variability (Riginos 2015). Th e temporal and 
spatial scales of risk may signifi cantly infl uence the magnitude 
of behavioural eff ects, and subsequent use of the landscape 
(Werner and Peacor 2003). Th e Landscape of Coexistence 
thus needs to be conceived as a dynamic landscape that can be 
described at diff erent spatial and temporal scales.    

 Implications of a Landscape of Coexistence for large 
carnivores 

 Because large carnivores share a signifi cant percentage of 
their remaining range with humans and/or livestock, the 

 Changes in vigilance levels in large carnivores due to fear 
of humans may be hard to demonstrate for most species. In 
many Landscapes of Coexistence, large carnivores co-occur 
with humans in low densities, are often nocturnal, and have 
been shown to utilise thicker habitats when under threat 
from humans, making them hard to observe. Even when 
feeding or resting, changes in vigilance are likely to be hard 
to measure simply because the presence of human observers 
is likely to bias any vigilance measures. Comparative stud-
ies using video cameras set up at carcasses in both protected 
areas and Landscapes of Coexistence might reveal diff erences 
in vigilance while feeding. 

 Spatio-temporal diff erences in habitat use and activity 
patterns in response to diff erent levels of human-caused 
mortality risk may be best detected using GPS collar data. 
If a less invasive approach is preferred, camera trapping can 
be used to predict important factors infl uencing habitat 
selection (e.g. using an occupancy modelling approach 
MacKenzie et   al. 2006). Movement patterns reveal how an 
animal partitions its activities and can provide an under-
standing of an animal ’ s perception of risk beyond that 
gained from analysis of simple use versus availability of dif-
ferent habitats in an animal ’ s environment (Northrup et   al. 
2012b). A faster, straighter path may indicate a desire to pass 
quickly through an area or a habitat in which an animal per-
ceives a greater degree of risk (see Douglas-Hamilton et al. 
2005, Graham et   al. 2009, Wall et   al. 2013 for examples in 
African elephant). For instance, lions have been shown to 
speed up when approaching guarded livestock enclosures in 
Botswana (Valeix et   al. 2012), and speed up and follow a 
straighter path when approaching guarded livestock enclo-
sures or when moving through higher risk land-use types in 
Kenya (Oriol-Cotterill et   al. 2015). Likewise cougars travel 
faster when moving through areas of intense human activity 
in California (Dickson et   al. 2005). Patterns in movement, 
activity and habitat selection used as a proxy for perception 
of risk, in combination with other factors such as prey choice 
and characteristics of den sites and daytime rest or feeding 
sites, may reveal the importance of human-caused mortality 
risk as a determinant of behaviour, and help to identify areas 
and resources of special importance for large carnivores in a 
Landscape of Coexistence. 

 Giving up densities (GUDs) are commonly used as 
the best measure of spatial and temporal variations in the 
tradeoff  animals make between optimal foraging and safety. 
In any given foraging patch, behavioural adjustments to pre-
dation risk, such as vigilance levels and time spent in risky 
versus less risky habitats, combine to result in a reduction 
in food intake where the risk of predation is perceived to 
be higher (Brown and Kotler 2004). Th e use of GUD ’ s has 
allowed more accurate mapping of the landscape of fear for 
small mammals (e.g. Cape ground squirrels  –   Xerus inau-
ris , van der Merwe and Brown 2008) and larger herbivores 
(e.g. Nubian ibex  –   Capra nubiana , Iribarren and Kotler 
2012 a, b). Similar experiments where carcasses are placed 
in diff erent situations, and carnivore vigilance and feeding 
times recorded, might be useful in measuring perceived risk 
by large carnivores that commonly scavenge, although such 
an approach would not work for carnivores that rarely scav-
enge (such as African wild dog). Investigating adjustments 
in prey selection and the foraging opportunity lost through 
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et   al. 2004), dispersing juveniles, or old and decrepit animals 
(Rabinowitz 1986) may change their perception of risk and 
utilize riskier habitats or even engage in high risk activities 
such as killing livestock. Individual specialisation could also 
infl uence a carnivore ’ s selection for livestock over wild prey 
(Elbroch and Wittmer 2013). Individuals that have devel-
oped a preference for livestock in part of their range where 
tolerance to livestock loss is high, may exhibit that preference 
in other areas where tolerance for livestock loss is low. Even 
short term changes in environmental conditions that reduce 
success in hunting wild prey, such as bright moonlight levels 
or improved prey body condition during wet periods, may 
aff ect the tradeoff  large carnivores make between maximis-
ing fi tness versus minimising risk of human-caused mortality 
(Oriol-Cotterill et   al. 2015). Th e magnitude of the behav-
ioural versus lethal eff ects of humans on large carnivores, 
thus the potential for their coexistence, may vary with sex, 
age, breeding and social status, behavioural syndromes, pre-
vious experience, nutritional state and condition of an indi-
vidual, potentially resulting in diff erences in what construes 
a Landscape of Coexistence between diff erent segments of a 
population.   

 Species variability 
 Carnivores display fl exible behaviour and life history traits 
(e.g. plasticity in foraging behaviours and habitat require-
ments) that confer resilience to environmental conditions 
and disturbance, demographic compensation in response 
to exploitation, and dispersal patterns that provide con-
nectivity among fragmented populations (Macdonald 
1983). Ability to adjust group size or hunting behaviour in 
human-dominated areas may confer greater resilience for 
fl exible species than more obligatorily social ones, such as 
wild dogs which are subject to an Allee eff ect (Courchamp 
et   al. 2002). Ambush predators such as lions, tigers and 
leopards may suff er less foraging tradeoff  from spending 
more time in dense vegetation, whereas coursing preda-
tors, such as cheetah, wild dog and wolves, despite fl ex-
ibility in habitat selection, may experience greater foraging 
costs when excluded from open habitats in response to 
human pressures. Likewise, predominantly nocturnal car-
nivores might experience less cost from avoiding humans 
than crepuscular species. For instance, wolves experience 
a tradeoff  between minimising predation risk by humans 
and increased hunting success during twilight hours and 
show less temporal partitioning with people when hunting 
wild prey than they do when hunting livestock (Th euerkauf 
2009). Diff erent species of carnivore are, therefore, likely 
to show diff erent suites of behavioural adjustments to risk 
depending on the tradeoff s they face, and will suff er the 
costs of these tradeoff s to diff erent degrees. While there 
will be some commonalities between what represents 
a landscape of coexistence for one carnivore species and 
another, species specifi c requirements need to be consid-
ered in the conservation of carnivore guilds outside of pro-
tected areas.  

 Ecosystem implications 
 Top down impacts of large predators are increasingly rec-
ognized as having major eff ects on structuring ecosys-
tems through both direct (density-mediated) and indirect 

Landscape of Coexistence concept is applicable to most 
remaining large carnivore populations. Th e possible popu-
lation and ecosystem consequences of the ecology of fear 
for large carnivores are here highlighted, and it is suggested 
that understanding the behavioural, as well as lethal, conse-
quences will lead to new insights for better large carnivore 
management and conservation.  

 Population consequences 
 Th e lethal eff ects of humans on carnivore populations have 
received considerable attention: they can signifi cantly aff ect 
carnivore population structure and functioning, including 
causing local or global extinction (Tuyttens and Macdon-
ald 2000, Woodroff e and Frank 2005). Th ere is growing 
consensus that indirect, behavioural eff ects of fear of pre-
dation can also exact great fi tness consequences for prey 
populations (Werner and Peacor 2003, Preisser et   al. 2005), 
by infl uencing foraging patterns and energy intake (Chris-
tianson and Creel 2010), demography (Creel et   al. 2007, 
2011), and ultimately the structure of herbivore communi-
ties. Th is is especially the case when humans are seen as the 
main predation threat (Cuiti et   al. 2012). Th is raises the 
potential that carnivores also suff er fi tness or population 
level consequences due to fear of human-caused mortality; 
see also Schuette et   al. (2013) for an example of lions being 
displaced from water sources, and Rasmussen and Mac-
donald (2012) for an example of wild dogs being forced 
to hunt at times when interspecifi c competition is much 
greater by the presence of humans on the landscape. Here 
we have predicted that the fear of human-caused mortality 
is likely to cause carnivores to exhibit several behavioural 
adjustments such as foraging in sub-optimal habitats or at 
sub-optimal times, maintaining higher levels of vigilance, 
abandoning kills early, or moving kills to habitat refugia 
when people are active, or even sub-adults dispersing from 
the natal pride at an early age. Th ese are all likely to alter 
energy budgets, individual fi tness and ultimately demo-
graphic parameters (e.g. losing the benefi ts of group living 
may decrease the survival of young i.e. an anthropogenic 
Allee eff ect  –  see Courchamp et   al. 2002 for a description 
of the Allee eff ect in wild dogs; also dispersing at a younger 
age decreases the probability of survival for African lions 
 –  Elliot et   al. 2014a).    

 Individual variability 
 Behavioural adjustments to the fear of humans are likely 
to aff ect individuals diff erently. For example, females with 
young are likely to be most sensitive to risk and, therefore, 
show the greatest behavioural changes in response to human-
caused mortality. Further, dispersing individuals are charac-
terized by very large home ranges and are often excluded 
from important areas of low human-caused mortality risk by 
more dominant animals, bringing them into recurrent con-
tact with humans (Stander 1990, Elliot et   al. 2014b). Th ey 
are more likely, therefore, to suff er greater exposure to the risk 
of human-caused mortality and what represents a Landscape 
of Coexistence for more dominant territorial animals may 
not be so for dispersing animals. Hunger may also aff ect how 
an individual will use a  “ risk-prone ”  versus a  “ risk-averse ”  
foraging strategy (Gilby and Wrangham 2007). Nutrition-
ally stressed animals such as females with young (Wydeven 
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help large carnivores avoid the lethal eff ects of confl ict with 
people (Schuette et   al. 2013), even though these areas may 
be too small to include an entire home range. Such a small 
scale reserve network may also help to recover wild prey 
populations and reduce the predation pressure on livestock 
in human dominated rangelands, as well as doubling as 
grazing  ‘ banks ’  for livestock during extreme climatic events. 
Research showing the distance at which humans infl uence 
carnivore behaviour (see Oriol-Cotterill et   al. 2015 for an 
example in African lions) could provide guidance to zon-
ing on a landscape level to cluster human habitation and 
livestock enclosures such that the behavioural adjustments 
made by carnivores in response to people are minimised, and 
the ability of the same people to communally protect their 
livestock from carnivores is maximised. 

 Better understanding of their behaviour in human domi-
nated landscapes may also infl uence the scale at which man-
agers approach the conservation of large carnivores, which is 
traditionally viewed from the perspective of protecting areas 
big enough to support viable populations (Lande 1988). 
Although smaller protected areas are more vulnerable to the 
lethal eff ects of confl ict with people and other stochastic pro-
cesses (Woodroff e and Ginsberg 1998), and large protected 
areas supporting viable populations of carnivores are without 
doubt crucial to the survival of these species, the examples 
given above show that also focusing at smaller scales may 
help make sub-optimal habitats more viable for large car-
nivores. Th is could be a valuable conservation approach in 
buff er zones surrounding protected carnivore populations, 
or corridors linking them, thus improving the viability of 
smaller, disjunct protected areas over the long term. While 
Packer et   al. (2013) suggest that fencing remaining lion 
populations might be the most appropriate conservation 
approach in areas where habitat conversion is making large 
regions unsuitable for large carnivores (see Riggio et   al. 2012 
for an in-depth look at this problem for the African lion), a 
counter argument for continued connectivity between exist-
ing populations (Creel et   al. 2013), determined by move-
ments of dispersing males and females (Dolrenry et   al. 2014, 
Elliot et   al. 2014b) may be key to their persistence. We sug-
gest that better management of key buff er zones and corri-
dors shared with people and livestock can create Landscapes 
of Coexistence thus meaningfully contribute to the conser-
vation of large carnivores in many areas.      
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(behaviourally-mediated) impacts on herbivores (Werner 
and Peacor 2003, Ripple and Beschta 2004, 2007, Schmitz 
et   al. 2004, Riginos and Grace 2008). Th ere is growing evi-
dence that behaviourally mediated trophic cascades may 
aff ect ecosystem processes as diverse as the dynamics of 
fi re, carbon sequestration, disease transmission, spread of 
invasive species, stability of riverine systems, and biogeo-
chemical cycling (Estes et   al. 2011). 

 In their 2004 synthesis, Schmitz et   al. suggested that 
in freshwater systems  ‘ where penultimate predators medi-
ate interactions between top predators and herbivores, the 
penultimate predators should display behaviours similar to 
herbivores ’ . In a Landscape of Coexistence, similar cascades 
may be mediated by carnivores ’  fear of people, with large car-
nivores being the penultimate, not the top predator (Ripple 
and Beschta 2008, Ordiz et   al. 2013b). By changing aspects 
of their behavioural ecology to minimise risk from humans, 
large carnivores may no longer play the role of apex predator 
on the landscape as they once did (Ordiz et   al. 2013b), thus 
indirectly aff ect the behaviour of herbivores (Muhly et   al. 
2011), which may in turn impact the vegetation and other 
ecosystem processes. Th e prevalence and magnitude of such 
multi-trophic cascading eff ects, however, are poorly under-
stood and merit further investigation.     

 Conclusion: implications for large carnivore 
conservation 

 Th resholds for human – carnivore coexistence will vary due 
to the human, carnivore and habitat characteristics of the 
landscape. Th e greatest cost to carnivores of the behavioural 
eff ects of human-caused mortality risk may be expected to 
arise from a combination of factors such as high competi-
tion for resources (e.g. less than ideal livestock husbandry), 
low tolerance for carnivores, high level of willingness or 
ability to act on a lack of tolerance (i.e. high propensity 
to kill carnivores), widely distributed settlements, large 
overlaps in human and large carnivore active periods, low 
behavioural plasticity in the carnivore concerned, low 
wild prey densities, and a lack of habitat refugia. Some 
factors determining a Landscape of Coexistence for large 
terrestrial carnivores co-occuring with humans cannot be 
managed directly (e.g. carnivore life history traits, weather 
and light levels) but understanding the behavioural as well 
as the lethal eff ects generated by changes in these factors 
can facilitate the design and implementation of mitigation 
techniques. Other characteristics of such a Landscape of 
Coexistence could potentially be managed given suitable 
incentives; e.g. wild prey densities, refuge habitat struc-
tures, and the distribution and behaviours of people and 
livestock on the landscape. 

 Informed management of a Landscape of Coexistence for 
large carnivores sharing the landscape with people should 
strive to meet two goals: 1) provide adequate areas of low 
human-caused mortality risk for carnivores to ensure long 
term persistence of the population, and 2) help people to 
minimise the costs of sharing the landscape with carnivores. 
Th ese goals may not be mutually exclusive. For example 
the creation of a network of relatively small  ‘ reserve ’  areas, 
chosen for carnivore refugia characteristics, within land use 
classes that do not have any offi  cial protection status may 
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