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Abstract Rewilding means returning a non-wild area back to
the wild. It implies a reduction or cessation of human control
in favour of allowing nature to take care of itself. The concept
originated in North America, where it was initially focused on
reconnecting existing wilderness areas and re-establishing
populations of large carnivores and other large vertebrates.
The modern literature is dominated by European studies, how-
ever, in which rewilding is seen as a management option for
the increasing areas of abandoned agricultural land. Although
modern rewilding looks forward to a future wildness that is
not necessarily the same as the past, evidence from past eco-
systems gives inspiration and support for a hands-off ap-
proach. Late Pleistocene ecosystems provide a major chal-
lenge since they show the irreplaceable roles of the now large-
ly extinct megafauna. Large-scale rewilding will benefit some
charismatic large vertebrates, but probably at the expense of
many disturbance-dependent species, with the overall impact
likely to differ in different regions. Other potential problems
include the loss of valued biocultural landscapes and an in-
crease in human-wildlife conflicts. Benefits may include in-
creased recreational opportunities, enhanced ecosystem ser-
vices, and greater resilience, as well as less quantifiable social
benefits and spiritual values. Rewilding science needs to catch
up with rewilding practice, and there is an urgent need for
replicated, large-scale, long-term experiments.
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Introduction

The prefix ‘re’ means ‘back’ or ‘again’ in English and many
other European languages, thus rewilding implies returning a
non-wild area back to the wild [1]. This is the definition
adopted in this review, except that I have followed normal
usage in also including increases in relative wildness, i.e.,
from less wild to more wild. Wildness in this context implies
autonomy, spontaneity, self-organization, and the absence of
human control. Within this broad definition, however,
rewilding has been used in a variety of ways, reflecting the
short history of the field and the absence of any single author-
ity, such as the IUCN provides for reintroduction and the
Society for Ecological Restoration for restoration.

The term was first used 25 years ago in North America for
the restoration of large, connected, wilderness areas that support
large, wide-ranging animals, with an emphasis on carnivores: a
concept that has been summarized as ‘cores, corridors, and car-
nivores’ [2]. When the term was adopted in Europe, however,
large carnivores were usually de-emphasized, and the absence
of sustained human intervention became the core concept [3, 4].
Indeed, rewilding in Europe can be entirely passive, the opposite
of what is implied by ‘landscape design’ [5]. Moreover, Europe
largely lacks the existing wilderness areas that form the core of
most North American rewilding proposals, while it has exten-
sive biocultural landscapes whose maintenance has been a ma-
jor focus of conservation activity. These differences in emphasis
are reflected in the ambitions of themajor organizations promot-
ing and coordinating rewilding. The Wildlands Network in
North America (www.wildlandsnetwork.org) focuses on the
creation of large protected corridors linking existing protected
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areas from Canada to Mexico, while Rewilding Europe (www.
rewildingeurope.com) is currently focusing on ten rewilding
areas, which it hopes will become models for future expansion
of the rewilding program. European studies dominate the recent
rewilding literature, with an emphasis on rewilding as a potential
management option for abandoned agricultural land. However,
the scattered studies from the rest of world often look back to the
North American origins of the concept.

This review focusses largely on the science, but it is impor-
tant to acknowledge that rewilding is not only—indeed, not
mainly—a scientific issue. Most rewilding papers in the sci-
entific literature are opinion pieces, not research outputs, and
empirical data to back up the views expressed is largely lack-
ing [6, 7]. There is a large romantic element to rewilding,
which can be used to prop up weak or incomplete science,
making it difficult to assess the robustness of predictions.
Moreover, charismatic proponents, popular books, and media
coverage have created a popular enthusiasm that has pushed
rewilding forward while leaving the science to catch up [4].

Opportunities for Rewilding

Although rewilding was first proposed for existing wilderness
areas in North America [2], the rapid growth in scientific and
public interest in the concept in recent years has been driven
largely by the expanding conservation opportunities that arise
when agricultural land (including both crop and pasture land) is
abandoned [8]. Similar land abandonment is happening in
many parts of the world for a variety of reasons that can gen-
erally be linked with economic growth favoring the concentra-
tion of agricultural activity on the most productive land [9–14].
In Europe, predictions for the amount of land to be abandoned
over coming decades vary widely, but it is clear that the land
potentially available for rewilding will be concentrated in—
although not confined to—the uplands [10, 15, 16].

Rewilding started big, with the minimum area that could be
rewilded determined by the very large area requirements of
viable carnivore populations [2]. In contrast, in the broader
definition used here, it is possible to increase the wildness of
any area, simply by reducing or removing human control.
However, the consequences and potential benefits of
rewilding are still highly scale-dependent, with the possibili-
ties generally increasing with size. Indeed, it could be argued
that smaller areas (<1000 ha?) cannot be truly rewilded, be-
cause their high edge to area ratios make autonomy from the
surrounding, managed, areas impossible.

Rewilding and Restoration

Rewilding is sometimes considered to be a special case of
ecological restoration, which can be broadly defined as

‘assisting the recovery of an ecosystem that has been degrad-
ed, damaged or destroyed’ [17]. In terms of methods and
philosophy, however, it is clearly distinct. While restoration
ecology uses human interventions to achieve pre-determined
goals that cannot be attained by other means, rewilding uses
the minimum possible human intervention in order to allow
ecosystems to develop spontaneously. In practice there is a
continuum, from high-input restoration to entirely passive
rewilding, with most applications some distance from these
extremes. To some extent the choice of approach is simply a
matter of practicality, since extreme restoration is only possi-
ble for small areas, and passive rewilding is possible on any
scale, but is more likely to produce the desired outcome—a
diverse, native-dominated, self-maintaining ecosystem—in
large, connected areas. However, differences in philosophical
framing may be decisive at scales where different intensities
of intervention are possible. Restoration has traditionally been
defined by a historically-based reference frame [18, 19], while
rewilding, despite its fundamentally nostalgic origins in North
America, usually has a clear future orientation in which the
past is more an inspiration than a template [15].

Trophic Rewilding

Much of the rewilding literature focuses more on restoring
ecological functions than on the species themselves [20].
There is increasing evidence that the loss of the largest herbi-
vores and carnivores—the megafauna—since the Late
Pleistocene has impacted ecosystems in multiple ways, from
species composition and trophic structure to biogeochemical
cycling [7]. Humans likely played a crucial role in most of
these losses [21] and restoration of megafaunal functions has
been a major theme in the arguments for rewilding. The orig-
inal ‘cores, corridors, and carnivores’ concept was based on
the idea of top-down ecological control through trophic cas-
cades: large carnivores control large herbivores and
mesopredators, while large herbivores in turn control the veg-
etation [2]. The reintroduction of wolves to Yellowstone
National Park in the USA has been the flagship for this ap-
proach [4, 22]. However, although the proposed top-down
mechanism may be true in some cases, there is little direct
evidence for its generality [22, 23]. Moreover, the trophic
cascades observed in somemodern ecosystemsmay be at least
partly an artifact of the Late Pleistocene extinctions of the
megaherbivores (>1000 kg), which are almost immune to pre-
dation as adults and can thus attain high densities without top-
down regulation [24].

In Europe, where rewilding has focused more on large
herbivores than carnivores, it has been argued that they could
maintain the biodiverse open habitats in Europe which forest
recovery would otherwise threaten [25]. However, while there
is evidence that the diverse and abundant large herbivore guild
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in the last interglacial (including extinct species of elephant
and rhinoceros >1000 kg) maintained a mosaic of closed and
open habitats, the depleted herbivore assemblage of the early
Holocene (in which the European bison and extinct auroch
were the largest species) was apparently insufficient to slow
the expansion of closed forest [26]. Similar conclusions may
apply to North America (all species >600 kg extinct [21]) and
other regions that have lost all or most of their megaherbivore
fauna, such as the Cerrado and Pantanal in South America
[27]. Model simulations suggest that the diverse and now
entirely extinct megaherbivore fauna of Late Pleistocene
South America would have reduced tree cover in the extensive
savanna ecosystems, as happens today in Africa [24]. Overall,
both modern experiments—mostly in Africa—and paleo-
records suggest that the largest herbivores would have main-
tainedmore open habitats, particularly in fertile lowland areas,
than would have occurred in their absence [28].

Pleistocene Rewilding, Taxon Substitution,
and de-Extinction

The elimination of most of the largest species of herbivores
and carnivores from the Earth’s surface in the last
100,000 years poses a dilemma for rewilding proponents. In
most parts of the world, any Holocene baseline for rewilding
represents an ecosystem that has already lost many of the
functions and processes that depended on having an intact
megafauna [26]. The proposed solution in North America
was to push the baseline back to the Late Pleistocene (c.
15,000 years ago), before the extinctions that accompanied
the arrival of humans in the New World [29]. Other dates
make more sense in areas reached by Homo sapiens earlier
or later, from around 50,000 years ago (New Guinea and
Australia) to less than 500 years ago (Mauritius). The Late
Pleistocene also differed significantly in climate from the pres-
ent day, so an argument could be made for the last interglacial
(c. 130,000-115,000 years ago) as the last time an intact fauna
existed in a modern climate [26].

Where species are only locally extinct, then reintroduction
from extant wild or captive populations is theoretically possi-
ble (e.g., the hippopotamus to the River Thames in England),
although local adaptations will have been lost. Inmany places,
however, the megafaunal extinctions were global losses. In
these cases, the only way currently available that the function-
al composition of the fauna can be restored is by taxon sub-
stitution (or ecological replacement): the introduction of a
functional replacement for the missing species [27, 29]. A
priori, an extant close relative should be preferred, if avail-
able, since relatives are more likely to share both known and
unknown ecological functions. However, where entire clades
have been lost, as with the Pleistocene South American ungu-
lates [30], this is impossible. Short-term successes for

ecological replacement have been reported for giant tortoises
on oceanic islands [4, 31, 32], though the long-term impacts of
these introductions are, as yet, unknown. Moreover, the intro-
duction of giant tortoises to islands is relatively easy, no threat
to people or crops, and potentially reversible, but this will not
be true of many other proposed introductions. Rewilding
North America or Europe with African lions or one of the
extant species of elephant, in contrast, will only ever be pos-
sible behind fences.

An increasingly plausible alternative to taxon substitution
is to recreate missing species, in appearance, function, and
potentially, genetic identity [33–35]. De-extinction of extinct
species using synthetic biology tools has gone from science
fiction to a serious prospect within the last few years, and
could transform conservation by allowing the reintroduction
of species lost decades to millennia ago. The passenger pi-
geon, heath hen, great auk, woolly mammoth, and others are
under discussion [36]. Although the re-establishment of long-
extinct species carries risks, including unexpected species in-
teractions, these risks are no greater than with other conserva-
tion interventions and probably less than with taxon substitu-
tion [33]. Additional uncertainties will arise, however, if the
(re)introduced organisms are not genetically identical to the
original species, but have been assembled from fragments of
ancient DNA sequences patched with DNA from a living
relative.

Passive Rewilding

Passive rewilding has obvious attractions, but its adoption as
conservation policy requires a willingness to accept whatever
happens. In theory, doing nothing except stopping any man-
agement activities achieves instant rewilding, since human
control ceases and the system becomes autonomous [5]. In
practice, however, there will always be leakage from adjacent
or distant managed areas, including anthropogenic changes in
atmospheric composition and climate, increased deposition of
nitrogen and other nutrients, air and water pollution, invasive
species, and emerging infectious diseases [1]. The impacts of
this inwards leakage will be relatively greater the smaller the
area that is being rewilded. There are also potential problems
with leakage outwards from rewilded areas into the surround-
ing managed landscapes, including the potentially dangerous
and damaging large vertebrates discussed below, but also in-
vasive species that may proliferate without controls.

Rewilding Novel Ecosystems

A novel ecosystem can be broadly defined as an ecosystem
that differs from the one that previously existed at the site. The
term is usually restricted to ecosystems that have been
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modified by human activities and usually implies that the new
state is self-maintaining, thus excluding agricultural crops [1,
11]. Humans can create novelty in ecosystems in many ways,
but the literature largely focuses on invasive species, particu-
larly of plants. A novel ecosystem may be rewilded in the
hope that this will control the invaders, by the formation of a
closed woody canopy or through the reintroduction of large
grazers [31]. David Bowman has proposed using ecological
replacements for Australia’s extinct megafauna to control in-
vasive aliens, particularly aggressive grasses [37]: using nov-
elty to control novelty. Australia’s previous disastrous experi-
ences with invasive vertebrates, including rabbits, cats, and
foxes, warn against adding to the list, but elephants and rhi-
noceroses would presumably be easier to control than smaller
species. Alternatively, rather than being controlled, alien in-
vaders may be accepted as permanent components of the ‘new
wildness’ [5].

Benefits of Rewilding

In most landscapes, the impacts of rewilding on biodiversity
will be mixed, with both winners and losers. In regions, such
as the humid tropics, where most native species are unable to
use anthropogenic habitats, the winners are expected to pre-
dominate, but in Europe, where many species are adapted to
open or semi-open habitats, losers often outnumber winners,
at least locally [38, 39]. The recolonization or reintroduction
of large herbivores may help to maintain some open habitats
and prescribed burning may be useful in some landscapes
[40]. The native biodiversity of Europe and other areas
persisted through the early Holocene forest maximum, but
the areas available for rewilding today do not include all facets
of the landscape and may thus not include the specific refuges
from forest closure that a particular species requires. Overall,
therefore, the biodiversity case for rewilding in Europe often
depends on the prioritization of large, charismatic vertebrate
species over smaller, disturbance-dependent plants and ani-
mals. These latter species, however, can potentially be accom-
modated in smaller areas of low-intensity agriculture managed
for this purpose.

Economic benefits from rewilding potentially include the
sustainable production of timber, firewood, and wild meat, if
these activities are allowed, and opportunities to develop eco-
tourism and nature-based recreation [41]. These potential ben-
efits are relatively minor at a national or regional scale, but can
be locally significant, as a source of both income and employ-
ment. Rewilding will also often enhance a variety of ecosys-
tem services, including the supply of freshwater, reduction in
soil erosion, flood prevention, and the removal of air pollut-
ants [41].Where rewilding increases woody plant cover, as
will usually be the case in Europe, carbon sequestration will
increase [42]. Moreover rewilding is likely to be cheaper to

establish andmaintain than efforts to preserve traditional high-
diversity biocultural landscapes [41, 42]. Where large areas
are rewilded, the combination of connectivity and species di-
versity may enhance resilience to climate change.

The social benefits of rewilding are harder to quantify, ex-
cept for those like hunting opportunities and guided nature
recreation for which users pay. The health benefits of contact
with nature are well-studied [43], but the additional benefits, if
any, derived from large and relatively remote wild areas over
those derived from tamer and more accessible sites is un-
known. The spiritual benefits of natural experiences, however,
appear to be enhanced by solitude and naturalness [44], sug-
gesting that these could be increased by rewilding, although
solitude, by definition, can only be enjoyed by a few people at
a time. The benefits from wild areas may not even require
direct contact: even for people who do not expect to see them,
knowing that wolves run free in their region can be considered
as a valuable wild experience in itself [45].Moreover, it can be
argued that both direct and indirect contact with wildness will
become more desirable and more necessary the more artificial
the human world becomes [5].

Problems and Challenges

Rewilding has attracted critics from a wide range of sources,
on scientific, legal, political, bureaucratic, emotional, econom-
ic, cultural and other grounds, leading to an unusually—for
conservation issues—vigorous public debate [3, 45, 46]. As a
conservation strategy, the minimum sustained intervention ap-
proach of rewilding faces multiple challenges in a rapidly
changing world. Wildness and lack of human control imply
the possibility of surprises, which conflicts with both the tra-
ditional preservationist-restorationist approach of conserva-
tion and the resulting audit-driven culture [8, 46]. How can
the question ‘Were the objectives achieved?’ be answered if
the objectives are unclear? Lack of control may also conflict
with alternative conservation targets, including the promotion
of particular species and the control of others.

In Europe, the biggest issue is often the loss of traditional
biocultural landscapes that are valued for both their cultural
significance and the biodiversity they support, and whose con-
tinued existence is supported by current EU policies [12, 39,
47, 48]. Similar concerns have been expressed in Japan [49].
Areas protected for their biodiversity value in Europe are rare-
ly ‘wilderness’ in the North American sense, but more often
landscapes that were created and are still maintained by hu-
man activities [50]. Others have argued, however, that pre-
serving such ‘museum landscapes’ is impractical and that
rewilding will create new opportunities for biodiversity on a
larger scale [51].

Actual or potential human-wildlife conflicts, or perceptions
of such a risk, are another big issue, particularly in North
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America, but increasingly in Europe as populations of large,
potentially dangerous vertebrates recover [4, 52–54]. Sweden
probably has more large vertebrates today than at any time in
the last 500 years and possibly much longer [55].Wolves threat-
en domesticated livestock throughout their range [53] and large
herbivores, such as the European bison, damage farm crops
[56]. Megaherbivores such as elephants are particularly danger-
ous and damaging, as farmers in Africa and Asia know from
experience [57]. Increased interactions between wildlife and
humans and domestic animals may also lead to disease trans-
mission, or at least perceptions that this is a risk [55]. In season-
ally dry climates, increased fire risk is an additional hazard,
particularly in the early stages of biomass recovery [16].

Additional challenges in many parts of the world
come from on-going economic development, even in
areas where agriculture is in decline. For example, the
high-density road network over much of Europe may
limit rewilding opportunities because avoidance of even
minor roads by many vertebrates limits range expansion
by recovering populations and reduces the effective area
for conservation [58, 59].

Another important issue, which has received relatively
little attention in the literature, is that rewilding a significant
proportion of the land implies intensified use of the rest: a
‘land sparing’ rather than ‘land sharing’ approach to con-
servation [46]. While the scientific literature generally sup-
ports land sparing as a conservation strategy [60, 61], some
critics have been dismayed at the reinforcement of a tradi-
tional nature-culture dichotomy that this implies [62].
Alternative models for conservation in Europe aim to en-
courage coexistence of people and nature in multi-use land-
scapes, rather than their separation into wild and non-wild
landscapes [63]. This is partly a question of scale, since
both models accept that there will be wild and less wild
areas, but the wilder elements in a shared landscape are
usually too small to support the more sensitive species that
benefit most from large-scale land sparing [60].

Finally, a frequent criticism of smaller-scale rewilding
efforts is that they are as planned and artificial as other
land-uses: an engineered nature that lacks the spontaneity
of the real thing [3]. This, however, is an anthropocentric
perspective, as visitors to Oostvaardersplassen in the
Netherlands can experience. From the outside, it is small
(5600 ha) area, artificially reclaimed from the sea, to
which ‘fake’ wild cattle and horses, as well as real deer,
have been introduced to recreate a semblance to a Late
Pleistocene ecosystem [64]. Inside the fence, however,
these animals live spontaneous, autonomous lives largely
free from human control, and have helped create a habitat
for native plant and animal species that are rare elsewhere.
People have set it up and continue to limit the movements
of the species that cannot cross the fence, but it is certain-
ly wild in most senses of the term.

Research Needs

In view of the large areas that are now being proposed for
rewilding projects, it is essential that the science of rewilding
is put on a sound footing. Decisions will no doubt continue to
be made largely on non-scientific grounds, but a scientific
understanding of the processes involved will help anticipate
problems and optimize any interventions that are required.
Only manipulative experiments can produce the level of sci-
entific confidence required, and these will need to be both
large-scale and long-term [28, 35]. They need to include both
enclosures and exclosures, keeping large vertebrates in or out
of fenced areas, as well as no-intervention and business-as-
usual controls. Ideally, these experiments would be replicated
in each region, and repeated across a range of different phys-
ical and natural environments. In practice, a purely experi-
mental network is unlikely because of the expense, but
planned and future rewilding projects can, if carefully de-
signed, function also as experiments. Moreover, given the
public interest in rewilding, this approach is likely to garner
considerable support.

Reintroductions of large carnivores require such large areas
that replicated experiments will normally be impractical. In
this case the best alternative is to use before-after observations
with planned or spontaneous reintroductions, controlling sta-
tistically for confounding variables [22]. The impacts of other
species, such as wild boar, can be studied in relatively small
enclosures [65], while exclosures can give useful results for
plants in small plots [66]. In addition to experiments, there is
also a need to for observational studies that focus on specific
processes, such as browsing, grazing, and seed dispersal by
megaherbivores. Parts of Africa and India provide the best
opportunities today to do this in near-intact ecosystems.

Conclusions

Rewilding efforts will undoubtedly continue to expand, since
their support is based on a strong emotional appeal rather than
any scientific arguments. Perhaps the biggest question is wheth-
er rewilding will be seen increasingly as a substitute for tradi-
tional preservationist-restorationist approaches to conservation
or only as a supplement to these. Is it one end of an intervention
continuum or an entirely separate approach? If the default be-
comes ‘allowing nature to take care of itself’, should we then
intervene when this has unexpected and undesired conse-
quences? Moreover, the concept of trophic rewilding has raised
questions that were not anticipated in the early literature.We can
probably learn to live with wolves and bison, but a complete
Late Pleistocene megafauna would almost certainly need to be
confined behind fences. Is our target for rewilding ‘all that na-
ture can be’ or just ‘all the nature we can live with’? In densely
settled landscapes, like those of most of Europe, some degree of
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compromise seems inevitable, particularly when the areas avail-
able for rewilding are small and isolated. Even in urban areas,
however, having areas that are outside on-going human control
is an attractive option. Disagreements will continue, but both
landscape ecology and conservation biology have already been
reinvigorated by these debates.
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