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Large carnivores are frequently presented as saviours of biodiversity and eco-

system functioning through their creation of trophic cascades, an idea largely

based on studies coming primarily out of relatively natural landscapes. How-

ever, in large parts of the world, particularly in Europe, large carnivores live in

and are returning to strongly human-modified ecosystems. At present, we lack

a coherent framework to predict the effects of large carnivores in these

anthropogenic landscapes. We review how human actions influence the

ecological roles of large carnivores by affecting their density or behaviour

or those of mesopredators or prey species. We argue that the potential for

density-mediated trophic cascades in anthropogenic landscapes is limited to

unproductive areas where even low carnivore numbers may impact prey

densities or to the limited parts of the landscape where carnivores are allowed

to reach ecologically functional densities. The potential for behaviourally

mediated trophic cascades may be larger and more widespread, because

even low carnivore densities affect prey behaviour. We conclude that

predator–prey interactions in anthropogenic landscapes will be highly con-

text-dependent and human actions will often attenuate the ecological effects

of large carnivores. We highlight the knowledge gaps and outline a new

research avenue to study the role of carnivores in anthropogenic landscapes.
1. Introduction
The last decade has seen a strong increase in research on the ecological effects of

apex predators, the results of which suggest that apex predators regulate ecosys-

tem structure and functioning through both density-mediated and behaviourally

mediated trophic cascades (figure 1) [1–3]. This research is being actively used to

promote carnivore conservation and restoration efforts, including in Europe,

where carnivores are rapidly recolonizing their former ranges [4]. Large carni-

vores are frequently presented as saviours of biodiversity and ecosystem

functioning [5–7], an idea largely based on studies coming primarily out of rela-

tively natural landscapes, especially North American national parks (figure 1). In

large parts of the world, however, and in Europe in particular, large carnivores

live in, or are returning to, ecosystems that are intensively modified or shaped
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Figure 1. Evidence for large-carnivore-induced trophic cascades is biased towards a few study systems, as indicated by a search on the string ‘trophic cascade’ on
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by humans. For example, wolves (Canis lupus) and brown bears

(Ursus arctos) in Sweden inhabit landscapes that are shaped

through intense forestry activities and some of the highest

hunting pressures on the carnivores’ ungulate prey in the

world. These landscapes are heavily modified by human

activities, even though human population density is generally

low. In Germany, wolves are returning to areas with some of

the highest human population densities in the world and

they inhabit landscapes with fine-scale mosaics of different

types of human land use. A key question emerging from the

observed recovery of large carnivores in parts of Europe and

North America [3,4] is what role large carnivores play in

these anthropogenic landscapes. Are they able to create trophic

cascading effects as strong as those in more natural landscapes,

or do various human impacts create paws without claws?

In this paper, we review how human actions may alter the

ecological function of large carnivores in anthropogenic land-

scapes. We investigate what we know about the direct and

indirect effects of humans on the number and behaviour of

carnivores and their prey, as well as the food resources that

both depend on. Integrating humans in a food web structure

in this way is necessary if we are to better understand

predator–prey interactions and their cascading effects in

human-dominated landscapes [8,9]. We highlight the gaps

in our knowledge and outline a new research avenue. Our

approach is somewhat Europe-centric. This continent, with

its large cultural, political and economical diversity, is experi-

encing a rapid large-scale recovery of large carnivores [4].

Europe therefore presents interesting examples of functioning

of large carnivores in a variety of anthropogenic landscapes.

This knowledge is relevant for other densely populated

regions or areas devoid of wilderness where large carnivores

coexist with humans [10].
2. Carnivores increase even in human-dominated
parts of Europe

While large carnivores are still rapidly declining in most of the

world [3], some species are now showing remarkable recovery

across large parts of Europe [4] and North America [3]. Three

large terrestrial carnivore species occur widely throughout

Europe and are increasing in number: brown bear, Eurasian

lynx (Lynx lynx) and grey wolf. In addition, the golden jackal

(Canis aureus) is increasingly observed outside its original

southeastern European range, with confirmed observations in
central and northern European countries [11]. Most European

countries now have a permanent and reproducing population

of at least one of these carnivore species [4]. The increases in car-

nivore populations coincide with strong range expansions and

recolonization of former ranges largely outside protected

areas. Importantly, during this process, large carnivores now

enter novel landscapes that have been dramatically altered by

humans during the last century or more following their extinc-

tion. Wolves have been particularly successful in settling and

persisting in landscapes with relatively high human densities

[4]. Numerous reproducing wolf packs have recently colonized

areas near centres of human activity in countries such as

Germany, France, western Poland, western Finland and south-

central Sweden, with two packs now also confirmed present

in Switzerland. Moreover, single wolves increasingly settle or

roam in highly transformed areas in western Germany, Den-

mark and the Netherlands, suggesting that this expansion is

continuing. These developments challenge the traditional view

that human settlements and activities generally prevent the

establishment of large carnivores [12,13]. In fact, public attitudes

towards carnivores and the effectiveness of legal protection [4]

may be stronger predictors of carnivore presence and recoloniza-

tion pattern than human density and activity per se [14]. If

current trends continue, large carnivores will become increas-

ingly common across Europe’s anthropogenic landscapes in

the future. In the following section, we use a simple food web

as a framework to illustrate how humans affect the ecological

role of large carnivores in these anthropogenic landscapes.
3. Anthropogenic effects on trophic interactions
Large carnivores may influence ecosystems by directly affect-

ing the number or behaviour of their herbivore prey, thereby

influencing vegetation dynamics (‘tritrophic cascades’), and/

or by affecting mesopredators and thereby their prey [3].

Such trophic cascades can be conceptualized in a simple food

web diagram, including interactions between large carnivores,

mesopredators, herbivores and lower trophic levels (veg-

etation). Humans commonly exert a direct influence on large

carnivores, mesopredators or prey in anthropogenic land-

scapes (figure 2) by impacting their densities (‘anthropogenic

density-mediated effects’) or their behaviour (‘anthropogenic

behaviourally mediated effects’). Humans may also indirectly

modify the potential for trophic cascades by changing the

resource landscapes or ‘foodscapes’ on which prey and their

predators depend (‘anthropogenic bottom-up effects’). This
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framework allows us to include humans in trophic cascade

theory [8,9] in a simple and informative way. In the following,

we briefly review what we currently know about these

anthropogenic effects.

(a) Anthropogenic top-down density-mediated effects
Despite the recovery of carnivores in Europe and parts of North

America, humans clearly still have a major impact on carnivore

numbers through legal hunting, poaching and traffic accidents

[15]. In many anthropogenic landscapes, there is some level of

legal harvest of carnivores to reduce human–carnivore conflict

[16] or an increasing discussion about re-introducing such con-

trol [17]. Examples of strict carnivore control can also be found

in Australia [18], where control of dingo (Canis lupus dingo) is

particularly strict in regions with extensive sheep farming [19].

Arguably more severe than legal control, however, is the

effect of poaching on population recoveries, and the genetic

diversity and vital rates of small and recovering populations

of large carnivores [20,21]. For example, Liberg et al. [20]

showed that the Swedish wolf population would be four

times as large without poaching. This suggests that in

many human-dominated landscapes, the size of large carni-

vore populations is likely to be far below the potential as

determined by the availability of prey [21,22]. It is question-

able whether such greatly reduced carnivore populations

can numerically limit or regulate prey species [16,23,24]. In

social species such as wolves and dingoes, even a small

reduction in the population can disrupt social stability

[25,26] and reduce their functional role more sharply than

would be expected based on their numbers alone [27].

The potential for numerical effects of large carnivores on

prey populations is also influenced by strong numerical effects

of human hunting on the same prey populations in many
anthropogenic landscapes [28]. The results of this interaction

between human- and carnivore-induced numerical effects are

rather unclear and complex. First, hunting pressure varies

widely across cultural and demographic contexts and may

not always limit ungulate [29] or mesopredator populations

[30], especially in more productive environments. Sometimes,

hunting pressure may even increase population growth rate

[31,32]. Second, the direction and magnitude of numerical

effects probably differ greatly among predator–prey constella-

tions. In Scandinavia, harvest of moose (Alces alces) strongly

outweighs the demographic impacts of wolf and bear preda-

tion [31] (see also [33]), whereas lynx predation on roe deer

(Capreolus capreolus) had at least as much impact as human

hunting. The explanation for this difference was that lynx

often prey on adult roe deer, whereas wolf and brown bear

mainly prey on young moose individuals, which contribute

less to future population growth. This reflects a more gene-

ral difference among human hunters and various large

carnivore species: the extent to which they target individuals

from different sex or age classes [33,34]. Third, when large

carnivores return, hunters may either reduce their harvest to

limit the total mortality [35] or not change their harvest.

In the latter case, the additive effect of predators and hunters

may result in reduced ungulate densities [36]. Whereas

the predator-induced mortality on prey might be similar in

both cases, the potential for carnivores to affect ungulate abun-

dance can be reduced or reinforced by changes in human

hunting practices.

These complexities make it difficult to predict the numerical

effects of recolonizing carnivores on prey densities (including

mesopredators) in the presence of significant human hunting,

and call for studies that compare demographic effects of large

carnivores and human hunting in the same system.

http://rspb.royalsocietypublishing.org/
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(b) Anthropogenic top-down behaviourally mediated
effects

The potential of recolonizing large carnivores to create behav-

iourally mediated trophic cascades in human-dominated

landscapes will be strongly modified by the effects of

humans on the behaviour of large carnivores and their prey.

These include indirect effects through changes in the landscape

in which predator and prey interact, and direct effects on the

behaviour of predator and prey.

Landscape features, particularly vegetation structure, are

the main determinants of spatial patterns of predation, hunting

success and the resulting predation risk [37]. Habitat openness

is an important driver of perceived risk. Prey feel safer in open

or closed habitats depending on the hunting strategy of their

main predators (cursorial versus ambush) and their own

escape tactics [38,39]. In human-dominated landscapes, habitat

openness is primarily determined by activities such as agricul-

ture, forestry and urban activities. Recently emerging studies,

indeed, suggest that such human modifications to the land-

scape affect ungulate responses to predation risk cues (see

[40,41]). For example, Sahlén et al. [41] showed that fallow

deer (Dama dama) reduced their visits to plots with brown

bear scent in a forest-dominated landscape, except when the

habitat was opened up through human activities. We are, how-

ever, only beginning to understand how human modifications

to landscapes affect predator–prey interactions.

The direct effects of human activity on the behaviour of car-

nivores and their prey have been subject to more studies,

showing that both generally avoid human activity in space

and time [42]. There is abundant evidence that several large car-

nivore species strongly avoid humans and change their activity

and foraging patterns in areas of human activity [42–47], some-

times at fine spatio-temporal scales [48]. Because ungulates

seem to be less sensitive to human activity than carnivores

[42], they can reduce predation risk by increasing their use of

areas of human activity, the well-known ‘human shield effect’

[49–51]. Does this mean that in anthropogenic landscapes

large carnivores are ‘downgraded to become penultimate pre-

dators’ [24]? They might be so in some cases [52], but the

opposite may also occur. Smith et al. [53] showed that female

pumas (Puma concolor) left kills more frequently and spent

less time on kills as human housing density increased. To com-

pensate for this reduced prey consumption time, pumas in

high-housing-density areas increased the number of deer they

killed compared with kill rates in areas with little residential

development. In this case, human-induced fear in carnivores

led to stronger effects on prey populations and potentially

stronger trophic cascading effects.

The picture becomes even more complex when we consider

the effects of hunting by humans. Hunting strongly affects

ungulate prey behaviour and spatial distribution [54–56].

When carnivores return to anthropogenic landscapes, prey will

have to respond to the risk created by both carnivores and

human hunters. Human hunting is often associated with differ-

ent environmental factors than those associated with large

carnivores [34,57]. As a result, ungulates may be squeezed

between the risks imposed by apex predators and humans [57].

Thus, hunting may cancel out (at least during part of the year)

the aforementioned human shield effect, although this remains

to be studied. Moreover, these effects may either be further miti-

gated or reinforced by the human impacts on landscape features

as discussed above. The full implications and impacts of the
interactive effects of human hunters and large carnivores on

ungulate prey behaviour in anthropogenic landscapes remain

to be explored. Ungulates are likely to show the largest response

to the most predictable and strongest risk, which in human-

dominated landscapes would be hunting. However, hunting

is typically spatially and temporally limited to fixed hunting

periods and locations [54], and ungulates may learn to adjust

their behaviour only during the risky times and in the risky

places [58,59]. Therefore, whereas the effects of hunting on ungu-

late behaviour might overrule those of large carnivores during the

hunting season [60], their importance is likely to decrease during

the non-hunting season and in areas with less intense hunting.

A critical unresolved issue, highly relevant when consider-

ing behaviourally mediated effects in human-dominated

landscapes, is the matter of prey naivety towards returning

large carnivores. In most parts of Europe and North America,

large carnivores have been extirpated one or more centuries

ago. Several authors have suggested that prey may have lost

costly antipredator behaviours towards their natural predators,

after these predators were absent for centuries [40,61–63]. This

is especially thought to be possible where hunting by humans

presents strong, and quite different, selection pressures [64].

For example, Sand et al. [62] noted that wolves recolonizing

Scandinavia had higher moose-hunting success than North

American wolves and that this was associated with less effec-

tive antipredator behaviours in the Scandinavian moose. We

do not know how common this form of prey naivety is. There

are clear examples of prey maintaining strong antipredator

responses even after a century or more of predator absence

[41,65,66]. Hunting by humans probably plays a role in this vari-

ation, because hunting still largely dominates large carnivore

mortality in many areas where carnivores are returning. Under

these conditions, it will take a long time for antipredator beha-

viours to be selected for, as hunting can select against this [62].

It is interesting to note that the above-cited studies, in which

prey were not naı̈ve, either hunting did not occur [65,66] or the

study was performed outside the hunting season [41].

Considering the above, an important and open question is

under what conditions ungulate prey maintain or lose success-

ful antipredator behaviours after the local extinction of their

natural predators—and how quickly, if at all, they recover

those behaviours when large carnivores return. Experiments

in Australia suggest that some prey species remain naive 150

years after introduction of non-native predators, whereas

others adapted to this new threat [67].
(c) Anthropogenic bottom-up effects via food resources
In anthropogenic landscapes, humans strongly affect food

resource abundance and quality for prey, mesopredators and

apex predators. In fact, during recent decades, the amount of

food consciously or unconsciously provided by humans (so-

called food subsidies) has increased greatly [68,69]. Humans

have largely increased the productivity of systems used by

ungulates through increased agricultural nitrogen subsidies

and by planting nutrient-rich crops. Similarly, forestry may

increase forage availability and quality by fertilization and by

creating clear-cuts or other canopy gaps with a high recruitment

of attractive forage species [70]. However, forestry may also lead

to a reduction in forage quality and abundance by replacing

high-quality deciduous species with low-quality conifers [71].

Supplementary feeding during winter is also a common prac-

tice in ungulate management across large parts of Europe

http://rspb.royalsocietypublishing.org/
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[28]. These food subsidies can weaken density-mediated effects

of carnivores [72], especially when carnivore numbers are

limited by factors other than food availability in human-

dominated landscapes (see below). Food subsidies are

considered one of the main factors behind the increasing abun-

dance of several ungulate species in North America and Europe

[28,73]. For example, it was estimated that moose density

increased fivefold in response to forestry-related changes in

landscape composition in boreal North America [74].

Like their ungulate prey, large carnivores also receive increas-

ing food subsidies from humans, including easy-to-catch prey in

the form of livestock [75], human waste [68] and slaughter

remains, for example from hunting activities [76]. This increased

resource abundance has the potential to support larger carnivore

populations than would be possible based solely on wild

prey populations [69]. However, a strong response of carnivore

populations to increased food availability is unlikely to occur

in most anthropogenic landscapes. Human attitudes towards

large carnivores are likely to set limits to carnivore population

sizes below what their resources allow [16,24]. So, unless

human attitudes change dramatically, food subsidies will lead

to stronger increases in ungulate populations than in the popu-

lations of their carnivores in most kinds of anthropogenic

landscapes. Moreover, theory suggests that carnivores should

kill a smaller proportion of the prey population in systems

where prey (and alternative resources) occur at high density,

which means that prey may be mainly regulated by their

food [77]. We predict that as a consequence of these respon-

ses, food subsidies to both carnivores and ungulate prey in

anthropogenic landscapes will be likely to lead to a reduced

potential for top-down density-mediated effects of carnivores

on prey population size, and thus also reduced potential for

trophic cascades. These effects of food subsidies may be particu-

larly relevant for systems with low productivity, because the

top-down potential of carnivores seems to be especially limited

in highly productive systems [78]. However, there may be unex-

pected consequences from food subsidies. A recent study from

Australia suggested that food subsidies by humans can alter

the dietary preferences of large carnivores [79], as illustrated by

the dingo’s preference for small mammals in areas with food

subsidies and reptiles in areas without such subsidies. The

authors suggest that this may lead to unexpected ecological

cascading effects, a possibility which remains largely unexplored.
4. Effects of carnivores in human-dominated
landscapes: where and when?

We have discussed how humans influence large carnivores, their

ungulate prey and the lower trophic levels (the resource base) in

complex ways. The above-mentioned review suggests that the

potential for density-mediated trophic cascades in human-

dominated landscapes is rather limited for a number of reasons.

First, in these landscapes, carnivore numbers are limited by other

factors than prey availability alone. Their populations will thus,

in many cases, not reach ecologically functional levels in terms of

regulating or significantly impacting prey and mesopredator

populations [16,23,24]. This potential for top-down control is

further reduced because in many human-dominated landscapes,

human practices increase resource abundance for the carni-

vore’s prey. These practices include extensive nutrient

subsidies in agriculture and silviculture in combination with

wildlife management practices, such as supplementary
feeding. This resource abundance allows prey populations

to grow even further beyond the carnivore’s control [72].

Density-mediated effects in human-dominated landscapes

may be limited to less productive areas, without human food

subsidies, where even relatively low carnivore numbers may

impact prey densities, or to the parts of the landscape where

carnivores are allowed to reach meaningful densities and

human interference with ungulate prey is minimal, such as

large national parks or perhaps military training areas.

Following the reasoning outlined above, we suggest that

the potential for behaviourally mediated trophic cascades in

human-dominated landscapes may be larger and more wide-

spread than density-mediated effects. The effects of large

carnivores on prey behaviour have been noted even at rela-

tively low densities [80], and such effects can theoretically

be decoupled from predator density [1]. Fine-scale behaviour-

al responses of ungulates to predators [41,51,81] and

landscape-level responses affecting patterns of browsing

[82] have been observed in landscapes with moderate

human presence. In other studies at larger scales, however,

changes in moose habitat selection in response to recoloniz-

ing wolves were not detected, and this was attributed to

overriding effects of human hunting [63]. In addition, several

studies have found that humans more strongly affect the

spatial distribution of carnivores than of the ungulate prey

[42,49,50]. Human presence may thus redirect predator–

prey interactions to parts of the landscape that are farthest

away from human activities [51,52]. In general, the preda-

tor–prey interactions in human-dominated landscapes will

be highly context-dependent. Prey distribution and behav-

iour will depend on the combined risk landscape generated

by predators and humans, which in turn depends on the

predator hunting mode, prey escape tactics and the spatial

configuration of the landscape. Thus, in contrast with den-

sity-mediated effects, it is currently difficult to synthesize a

general conclusion about the current or future effects of

predators on prey behaviour in anthropogenic landscapes.
5. A research agenda for studying predator –
prey interactions in anthropogenic landscapes

The current recolonization of European and North American

landscapes by several large carnivore species provides unique

research opportunities to study predator–prey interactions in a

variety of anthropogenic systems. These landscapes contain

gradients in carnivore recolonization time and extent, human

density, degree of landscape modification and productivity.

This provides a unique basis for carrying out ‘natural exper-

iments’ to test how and to what extent these factors affect the

functional role of carnivores (figure 3). In this section, we suggest

a number of avenues for research that are urgently needed to

clarify the role of carnivores in anthropogenic landscapes.

(a) Interactions between wildlife management and
large carnivore impact

A key question is how ungulates deal with recolonizing

large carnivores in the light of intense wildlife management

practices, hunting in particular. As described above, hunting

strongly influences prey response and it remains unclear

under what conditions and to what extent it may cancel

out carnivore effects. In this situation, prey face varying
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spatio-temporal patterns in the risk created by different types

of predators: humans and large carnivores. How do prey

species deal with a variety of landscapes of contrasting or over-

lapping risk in areas where both human hunters and large

carnivores are present (see [57])? How do different human

hunting methods interact with different carnivore types

(ambush versus coursing predators)? To what extent does

hunting explain variation in prey naivety to returning large car-

nivores? Because human hunting is generally more predictable

than predation [34], would carnivore-induced risk effects be

more pronounced outside the hunting season? To study

these questions, one would need better and more detailed

data on how human hunters, predators and their shared prey

species use human-dominated landscapes, both spatially and

temporally. Finally, we need to develop a better understanding

of how human hunters and carnivores change their functional

responses in relation to each other’s presence or to human

activity in general. Preliminary data suggest that both hunters

[35] and carnivores [53] do respond, but the effects of

these altered functional responses on more complex trophic

cascades have been largely unexplored in research and wildlife

management to date.
(b) Ecosystem productivity and large carnivore impact
in anthropogenic landscapes

The impact of carnivores on prey populations depends to a

large extent on the productivity of the landscape, which deter-

mines the growth rates and abundance of prey populations

[85]. Thus, human management regimes, and human-

mediated food subsidies in particular, could be expected to

interact with the impact of carnivores on prey populations

[86]. The current recolonization of large carnivores in Europe

occurs along large-scale gradients in productivity, human den-

sity and land-use intensity (figure 3). Demographic studies [78]

on single prey species along these large-scale gradients could

clarify the impact of predation relative to other factors regulat-

ing prey species abundance, as well as showing how the

functional role of predators is modified under the varying

levels of resource conditions. The interactive effects between

human-induced productivity and ‘natural’ productivity

deserve attention, because these may be key factors determining

carnivore impact in anthropogenic landscapes.
(c) Human density and large carnivore impact
Using humans as a shield, prey species can reduce predation

risk by moving closer to areas with higher human presence,

and which carnivores avoid [42,49]. Humans have the potential

to exclude predators (and their impact) from certain habitats or

parts of the landscape [51]. However, as discussed above, pre-

dators can also profit from higher prey densities in more

densely populated areas [10,87] or the predation rate might

increase because of higher disturbance at kill sites [53]. The

presence of humans can therefore either decrease or increase

large carnivore impact on prey populations through effects

on carnivore behaviour, but we currently have poor under-

standing of what drives the variation in these effects.

Simultaneous GPS-collaring of both large carnivores and their

prey species in contrasting landscapes (more natural versus

highly anthropogenic) will be an important methodology to

quantify carnivores’ kill rates, use of prey, cause-specific prey

mortality and impact on prey behaviour in these contrasting

landscapes of human presence.
(d) Landscape configuration and predator – prey
interactions

Another urgent question is how human modifications to the

landscape shape the ecological effects of large carnivores.

Human-modified landscapes across the world now contain

new mixtures and mosaics of different types of land uses,

including intensive and less intensively managed forestry

and agriculture, networks of linear features, urban areas,

less impacted natural areas and so on. Human actions can

tend to make landscapes more heterogeneous or more homo-

geneous, depending on the location and the specific nature of

the anthropogenic practices. For example, forestry practices

may create more openness in previously homogeneous for-

ests or the opposite when trees are planted in previously

open habitat. These human practices reshape the risk and

resource landscapes for ungulate prey. We need to learn

more about how these kinds of variability and change in

landscape configuration influence predator–prey interactions

and the resulting trophic cascades. Detailed studies of animal

movement patterns have the potential to reveal how carni-

vores respond to changes in the landscape and whether

will they change their hunting techniques. Are prey species
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better able to escape from predators or is it more difficult to

escape predation because of the lack of refuge areas?

(e) Trophic cascading effects of large predators in
anthropogenic landscapes

We found very few studies that investigated cascading effects

of large carnivores on lower trophic levels in anthropogenic

landscapes. Whereas a growing number of studies show how

carnivores can affect the numbers and behaviour of herbivores

and mesopredators in these landscapes, there are virtually no

studies of what this means for lower trophic levels. The few

studies that do exist [82,85] come from areas with relatively

low human density. Future studies should address the poten-

tial for trophic cascading effects, using the recently proposed

gold standard approach [88], in more intensively used anthro-

pogenic landscapes, explicitly including humans as part of the

food web and as agents altering the functional role of large car-

nivores. The return of large carnivores in anthropogenic

landscapes may or may not mitigate human–wildlife conflict.

It could, for example, reduce ungulate browsing damage or

increase prey abundance by suppressing mesopredator control.

( f ) Human dimensions of carnivores in anthropogenic
landscapes

The suitability of landscapes for large carnivores is generally

predicted based on their habitat requirements in their areas

of current distribution [12,13]. However, the current recoloni-

zation by large carnivores of anthropogenic landscapes in

parts of Europe indicates that carnivores may have more flex-

ible habitat requirements than was previously thought. The

future distribution and numbers of large carnivores in anthro-

pogenic landscapes may therefore be driven more by variation

in acceptance by humans [10,24] than by habitat composition

and prey availability. People from urbanized areas tend to

have a more positive attitude towards large carnivores [89],

suggesting that these areas might provide the most suitable

areas for future recolonization by carnivores; however, those

positive attitudes might change dramatically when conflicts

with recolonizing carnivores emerge. Indeed, anti-wolf senti-

ment is increasing again in some areas where wolves have

recovered [89], resulting in local acceptance of poaching of car-

nivores across a wider sector of the population [90]. Whether or

not a certain level of legal, protective hunting of large carni-

vores contributes to increased public acceptance of the
carnivores is also a matter of intense debate [17,21,91]. Because

variation in acceptance levels may be the strongest determi-

nant of the magnitude of carnivore effects in anthropogenic

landscapes, one can hardly understate the importance of

understanding its drivers.
6. Closing remarks
In general, we can make much better use of the (semi-)natural

experiments that are currently arising in human-modified

landscapes. As highlighted in the introduction (§1), we argue

that the rapid recolonization by different large carnivore

species, and strong contrasts in culture, politics, economy

and anthropogenic impacts across relatively short distances,

make Europe a great system to study carnivore effects in

anthropogenic landscapes, as a model for human-modified

landscapes elsewhere. We emphasize that both the direct

and indirect predator–prey interactions, and ultimately the

ecological effects of large carnivores, will undoubtedly be

very different in anthropogenic when compared with more

natural landscapes. Many kinds of human actions will

attenuate the ecological impacts of large carnivores. It may

therefore be important not to romanticize the overall ecological

role of large carnivores [6,7], particularly in anthropogenic

landscapes, as the scientific support for this is currently limited.
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Schmidt K, Jędrzejewska B, Nowak S, Mysłajek RW.
2010 Habitat suitability, corridors and dispersal
barriers for large carnivores in Poland. Acta Theriol.
55, 177 – 192. (doi:10.4098/j.at.0001-7051.114.2009)

14. Linnell JDC, Swenson JE, Andersen R. 2001
Predators and people: conservation of large
carnivores is possible at high human densities if
management policy is favourable. Anim. Conserv. 4,
345 – 349. (doi:10.1017/S1367943001001408)

15. Nowak S, Mysłajek RW. 2016 Wolf recovery and
population dynamics in Western Poland, 2001 –
2012. Mammal Res. 61, 83 – 98. (doi:10.1007/
s13364-016-0263-3)

16. Ordiz A, Bischof R, Swenson JE. 2013 Saving large
carnivores, but losing the apex predator? Biol. Conserv.
168, 128 – 133. (doi:10.1016/j.biocon.2013.09.024)

17. Treves A. 2009 Hunting for large carnivore
conservation. J. Appl. Ecol. 46, 1350 – 1356. (doi:10.
1111/j.1365-2664.2009.01729.x)

18. Ritchie EG, Elmhagen B, Glen AS, Letnic M, Ludwig
G, McDonald RA. 2012 Ecosystem restoration with
teeth: what role for predators? Trends Ecol. Evol. 27,
265 – 271. (doi:10.1016/j.tree.2012.01.001)

19. Johnson CN, Isaac JL, Fisher DO. 2007 Rarity of a top
predator triggers continent-wide collapse of mammal
prey: dingoes and marsupials in Australia. Proc. R. Soc.
B 274, 341 – 346. (doi:10.1098/rspb.2006.3711)

20. Liberg O, Chapron G, Wabakken P, Pedersen HC,
Hobbs NT, Sand H. 2012 Shoot, shovel and shut up:
cryptic poaching slows restoration of a large
carnivore in Europe. Proc. R. Soc. B 279, 910 – 915.
(doi:10.1098/rspb.2011.1275)

21. Kaltenborn BP, Brainerd SM. 2016 Can poaching
inadvertently contribute to increased public
acceptance of wolves in Scandinavia?
Eur. J. Wildl. Res. 62, 179 – 188. (doi:10.1007/
s10344-016-0991-3)

22. Fuller TK. 1989 Population dynamics of wolves
in north-central Minnesota. Wildl. Monogr. 105,
3 – 41.
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