
Key Topics in Conservation Biology 2, First Edition. Edited by David W. Macdonald and Katherine J. Willis. 
© 2013 John Wiley & Sons, Ltd. Published 2013 by John Wiley & Sons, Ltd.

rewilding

Chris Sandom1, C. Josh Donlan2, Jens-Christian  
Svenning3 and Dennis Hansen4

1 Ecoinformatics & Biodiversity Group, Department of Bioscience, Aarhus University,  
Ny Munkegade 114, Aarhus, Denmark

2 Advanced Conservation Strategies, Midway, UT, USA and Cornell University,  
Department of Ecology & Evolutionary Biology, Ithaca, NY, USA

3 Ecoinformatics & Biodiversity Group, Department of Bioscience, Aarhus University,  
Ny Munkegade 114, Aarhus, Denmark

4 Institute of Evolutionary Biology and Environmental Studies, University of Zurich,  
Winterthurerstrasse 190, Zurich, Switzerland

introduction: in need of the wild

The natural world provides humanity with  critical 
goods and services on which people depend for 
their livelihoods and well-being. Far more than 
any other species in the history of life on earth, 
humans are altering the global environment 
by  eliminating species and drastically changing 
ecosystem function and services (Millennium 
Ecosystem Assessment 2005; Barnosky et al. 
2011). Earth is now nowhere pristine. Human 
economics, politics, demographics and chemicals 
pervade every ecosystem; even the largest pro-
tected areas require management to prevent the 
loss of biodiversity (Newmark 1995; Berger 2003). 
Conservation targets, such as the aim to reduce 

significantly the loss of biodiversity by 2010, set 
by the Convention on Biological Diversity (CBD) 
in 2002, are not being achieved (Butchart et al. 
2010). This continued degradation of the natural 
world is threatening the ecosystem services on 
which humanity depends (Millennium Ecosystem 
Assessment 2005). Furthermore, conservation 
has been characterized as a ‘doom and gloom’ dis-
cipline (Myers 2003) for acquiescing to a default 
goal of exposing and merely slowing the rate of 
biodiversity loss, minimizing excitement for 
 conservation and even actively discouraging it 
(Redford & Sanjayan 2003).

In light of these difficulties there is a growing 
consensus that biodiversity conservation must 
move away from merely managing loss and 
toward active restoration (Dobson et al. 1997; 
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‘A thing is right when it tends to preserve the integrity, stability, and beauty of the biotic community. 
It is wrong when it tends otherwise.’ 

(aldo Leopold, 1887–1948, from his Sand County Almanac, 1949)
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young 2000; Choi 2007; CBD 2010). To tackle this 
change in focus, two complementary and proac-
tive approaches have emerged over the past dec-
ade: rewilding and paying for ecosystem services 
(Costanza et al. 1997; Soulé & Noss 1998; Donlan 
et al. 2005; Naidoo et al. 2008; Benayas et al. 
2009). The latter strives to connect ecosystem 
function with human welfare, while the former 
seeks to restore ecosystem functions and services 
by reintroducing the extirpated species that drive 
these processes. Together these two approaches 
can help align human needs and conservation pri-
orities; harmony between these two areas of con-
cern will be essential for the success of any serious 
environmental initiative (Macdonald et al. 2007).

What is rewilding?  
origins and purpose

In the late 1980s, the eminent conservation 
biologist Michael Soulé collaborated with the 
wilderness activist Dave Forman to create the 
Wildlands Project,1 giving rise to the concept of 
rewilding (Soulé & Noss 1998). Rewilding was 
defined as the scientific argument for continen-
tal-scale conservation (Soulé & Terborgh 1999), 
based on the regulatory roles of keystone spe-
cies and especially large predators. There are 
three pillars of rewilding.

 • Large, protected core reserves
 • Connectivity
 • Keystone species

In relation to the third pillar, measuring the rela-
tive importance of species for ecosystem func-
tioning has progressed tremendously since the 
con cept of keystone species was first proposed by 
Paine (1969). He suggested this term for species 
which in proportion to their biomass have a 
 disproportionately large impact in an ecosystem; 
however, today there is an equally important 
focus on species as ecosystem engineers (Hastings 
et al. 2007), and topological keystone species that 

structure flows of energy or mutualistic interac-
tions in ecosystems (Jordán 2009). There fore, we 
here choose to rename the third pillar ‘species 
reintroduction to restore ecosystem functioning’.

Over the past decade, a strong scientific justifi-
cation has emerged for the restoration of ecosys-
tem function through the reintroduction of 
keystone species to regionally connected  networks 
of large protected areas, embodying the pillars of 
rewilding (Soulé & Terborgh 1999; Terborgh & 
Estes 2010; Estes et al. 2011). The socio-economic 
benefits from function ing ecosystems and the ser-
vices they provide humanity are considerable 
(Sukhdev et al. 2010). To meet biodiversity con-
servation targets and the global demand for eco-
system services, a globally distributed and 
connected network of functioning ecosystems, 
preserved in landscape-scale protected areas, is 
required (Soulé & Terborgh 1999). To achieve this 
goal, ecological restoration is required to restore 
and connect functioning ecosystems. Benayas et 
al. (2009) analysed 89 restoration projects and 
estimated that restoration typically increased the 
provision of  biodiversity by 44% and ecosystem 
services by 25%. While this return must be 
improved (Bullock et al. 2011), ecological resto-
ration  programmes promoting the three key prin-
ciples of rewilding will help conserve and restore 
 bio diversity, as well as improving the critical eco-
system services on which humanity depends.

rewilding: science and situation

Rewilding falls within the general framework of 
restoration ecology, but differs from a traditional 
view of habitat restoration and species reintro-
duction (see Chapter 22). Habitat restoration 
programmes typically seek to improve abiotic 
and biotic conditions for the benefit of specific 
threatened species (Miller & Hobbs 2007), while 
the goal in most species reintroduction pro-
grammes is to re-establish viable populations of 
target species (Soorae 2008, 2010). Both actions 
aim to aid the conservation of specific threatened 
species and so conserve biodiversity. In contrast, 
rewilding explicitly seeks to restore missing or 1 Now the Wildlands Network, www.twp.org

http://www.twp.org
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dysfunctional ecological processes and ecosystem 
function via a process of species reintroduction.

Achieving rewilding goals requires a compre-
hensive understanding of ecosystem architecture 
and ecological processes. Much of this knowledge 
can be gained from existing communities. How-
ever, as humans and their impacts now  pervade 
nearly all ecosystems, with particularly devastat-
ing effects on the vertebrate megafauna, vital 
knowledge must also be extracted by reconstruct-
ing past environments. Starting in the late 1970s, 
scientists began unravelling the ecological impli-
cations of species extirpation (Estes et al. 2011). 
However, determining the drivers behind species 
range contractions, or uncovering the causes of 
extinctions, is often complex and becomes 
increasingly so as the temporal scale increases. 
Ever since Martin (1967) implicated humans in 
the Pleistocene megafauna extinctions, potential 
rewilding baselines have stretched back over 
50,000 to > 100,000 years (Flannery 2002; 
Svenning 2002; Donlan et al. 2006).

Controversy has raged over:

 • why the mammalian megafauna (body  
mass > 44 kg) were lost primarily?

 • exactly when the Pleistocene extinctions 
occurred?

 • why the period and magnitude of extinctions 
varied between the continents, with the 
Americas and Australia suffering the worst 
effects?

 • to what extent humans or environmental 
change were the major drivers (Koch & 
Barnosky 2006)?

The fourth point of controversy is the one of 
greatest interest to us, if we want to argue that 
rewilding is essentially about mitigating anthro-
pogenic ecosystem impacts – and we firmly 
believe that the available evidence points towards 
a major human role in the majority of Pleistocene 
megafauna extinctions. The key problem with 
the alternative explanations involving environ-
mental changes is that they require the late 
Pleistocene changes to be unique in how they 
alone, and not a single one of the many earlier 
equally dramatic changes over the last 1.8 

million years, resulted in similarly widespread 
megafaunal extinctions (Barnosky et  al. 2004; 
Koch & Barnosky 2006). In contrast, the anthro-
pogenic arguments must explain how the arrival 
of a new bipedal predator, with only Stone Age 
technology, could drive so many  megafauna 
over the extinction precipice (Grayson & Meltzer 
2003). However, we note that in any case it is 
clear that the current  megafauna-poor situation 
is highly unusual on the time-scale that current 
mammal species diver sity evolved (middle to late 
Cenozoic) (e.g. Agustí & Antón 2002).

The body of evidence suggesting a strong 
anthropogenic effect in many of the continental 
and oceanic island megafauna extinctions is 
growing (Burney & Flannery 2005; Gillespie 
2008). Even in cases where environmental 
changes caused dramatic range shifts or contrac-
tions, newly appeared humans were likely the 
most important difference between this and 
 earlier periods of environmental change, and thus 
a major driver of the megafaunal demise (Koch & 
Barnosky 2006). For example, it is probably not a 
coincidence that in the higher altitudes of New 
Guinea, one of the places early  Homo species 
never reached, the megafauna survived until 
after modern humans arrived (Fairbairn et  al. 
2006; Corlett 2010), while many regional, climat-
ically similar Indomalaysian islands were defau-
nated much earlier in the presence of early Homo 
species. With this mounting evidence, it is difficult 
to ignore the cascading effects these anthropo-
genic megafaunal extinctions are likely to have 
had on ecosystem function up to today (Johnson 
2009). For instance, the ecology of many large-
seeded trees in the Americas, such as jicaro 
(Crescentia alata), is now viewed as anachronistic 
due to the 10,000-year absence of the seed- 
dispersing megafauna, such as the gomphotheres 
(Cuvieronius and Stegomastodon spp.) (Janzen & 
Martin 1982). It is furthermore beyond any doubt 
that humans have directly decimated megafaunas 
in many parts of the world during the Holocene, 
including in historic times (e.g. Vuure 2005; Elvin 
2006; Crowley 2010; Bar-Oz et al. 2011).

This extended period of anthropogenic influ-
ence and the remaining uncertainties regarding 
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the megafaunal demise (Grayson 2007) have led 
to divergent visions for rewilding. Donlan et al. 
(2006) stoked fierce debate when they intro-
duced the concept of Pleistocene rewilding, the 
reintroduction of processes and species lost within 
the Pleistocene. Critics of this approach question 
the arguments for reintroducing species and rec-
reating landscapes that have been absent for over 
10,000 years  (Rubenstein et al. 2006; Caro & 
Sherman 2009; Oliveira-Santos & Fernandez 
2010; Richmond et al. 2010). These questions are 
indeed valid for any temporal period; why should 
any lost landscapes or ecosystems be recreated?

However, rewilding is fundamentally a future-
oriented proposal that seeks to learn from the 
past rather than recreate it (Dobson et al. 1997; 
Choi 2007; Hobbs & Cramer 2008; Macdonald 
2009; Hansen 2010). For example, red deer 
(Cervus elephus) in the hills of the Scottish 
Highlands and mustang horses (Equus caballus) 
on the plains of North America, reintroduced 
to  North America after a 10,000-year absence, 
pose a conservation threat through overgrazing 
(Russell 2004; Hobbs 2009). Analysis of the 
respective ecosystem structures and their envi-
ronmental history clearly highlights the absence 
of apex consumers and recommends the reintro-
duction of the wolf (Canis lupus) to the Scottish 
Highlands and the lion (Panthera leo) to North 
America to restore top-down forcing of the graz-
ing communities (the extinct North American 
lion is a subspecies belonging to an extinct 
Holarctic subspecies of the extant African-South 
Asian lion; Burger et al. 2004; Donlan et al. 2006; 
Nilsen et al. 2007; Barnett et al. 2009; Estes et al. 
2011; Sandom et al. 2011). These actions would 
reduce the need for perpetual anthropogenic 
intervention, resulting in a naturally regulated, 
ecologically functioning and wilder landscape.

As these examples suggest, the temporal dis-
tance to which ecologists and rewilding practi-
tioners gaze into the past to learn these lessons 
should be determined on a case-by-case basis, 
depending on the conservation problem being 
tackled, the period in which the relevant func-
tional species were lost, and whether humans 
are implicated in their demise.

Developing the rewilding manual: 
putting rewilding into practice?

restoring function

Four initial steps are required to instigate a 
rewilding project:

 • identification of the issue of conservation 
concern (e.g. overgrazing by large ungulates)

 • identification of the missing ecological pro-
cesses (e.g. predation)

 • identification of the functional characteris-
tics required to restore the missing processes 
(e.g. large apex consumers)

 • selection and reintroduction of the most 
suitable species to restore the missing or dys-
functional processes.

A knowledge of complete species assemblages, 
functional community structures, and response 
to changing conditions throughout the late 
Quaternary (130,000 years ago to the present 
day) would be the gold standard as a baseline 
from which to determine which extinct taxa to 
reintroduce or replace. However, with inevitably 
imperfect empirical knowledge, theoretical ecol-
ogy can be useful. For example, network theory 
can be used to map and analyse ecosystem 
 architecture and function (Bascompte 2009), 
facilitating comparisons between dysfunctional 
ecosystems with intact extant and reconstructed 
past reference ecosystems (Egan & Howell 2001). 
Such comparisons can help identify missing 
interactions (ecological processes) and the species 
that facilitate them. Furthermore, analysis of eco-
logical networks can help identify the most effec-
tive keystone species to reintroduce (Ebenman & 
Jonsson 2005). For instance, analysis of food 
webs indicates they are relatively robust to ran-
dom extinction events, but highly susceptible to 
the loss of well-connected species (Dunne et al. 
2002; Allesina & Bodini 2004; Bascompte 2009; 
Terborgh & Estes 2010; Estes et al. 2011).

To minimize the risks associated with rewild-
ing, species recently extirpated from an 
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ecosystem would ideally be reintroduced. 
In some cases translocations of species outside 
their current biogeographical range may be 
required as taxon substitutes to ecologically 
replace a globally extinct species, e.g. Asian 
camel (Camelus bactrianus) as replacements 
for  their extinct North American counterpart 
(Camelops hesternus) or Asian elephant (Elephas 
maximus) as replacements for the extinct 
 proboscideans in Europe (straight-tusked 
 elephant, Elephas antiquus) or the Americas 
(mammoths, mastodons, gomphotheres) 
(Martin 2005; Zimov 2005; Donlan et al. 2006; 
Svenning 2007; Griffiths & Harris 2010; Griffiths 
et al. 2010; Hansen et al. 2010; Griffiths et al. 
2011). However, the threat posed by invasive 
alien species demonstrates the risks posed by 
species introductions (Long 2003; Macdonald & 
Burnham 2010) and so concern has been raised 
about the use of taxon substitutes (Rubenstein 
et al. 2006). Alien species become invasive 
when they interact strongly with the native 
ecosystem, altering function and process and 
threatening native biodiversity (Shine et al. 
2000). Efforts to reduce the economic impact of 
pest species through biological control have 
often ended in disaster as a result of unexpected 
interactions between the introduced species 
and the environment. In contrast, a well-
selected taxon substitute will interact strongly 
with the native environment but support and 
maintain biodiversity (Hansen et al. 2010). We 
note that megafaunal taxon substitutes will be 
easier to control, if needed, than many plants, 
small animals and micro-organisms.

Species reintroduction and taxon substitu-
tion present risks; however, failing to restore 
keystone interactions also risks a wave of sec-
ondary extinctions (Terborgh & Winter 1980; 
Soulé et  al. 1988). Ripple & Beschta (2006) 
observed that where cougar (Puma concolor) 
density was reduced by disturbance from tour-
ism in Zion Canyon, Zion National Park, USA, 
the deer population increased by 750%. The 
increased browsing pressure prevented wood-
land regeneration and significantly reduced the 
abundance of hydrophytic plants, wildflowers, 

amphibians, lizards and butterflies compared 
to the local North Creek that maintained stable 
cougar densities. The effects of species extirpa-
tion can also be long-lasting (Borrvall & 
Ebenman 2006). For instance, patchy distribu-
tion of various large-seeded American trees 
may be the ill effects of a 10,000-year absence 
of megafaunal seed dispersal agents (Janzen & 
Martin 1982).

Assisted colonization (assisted migration) has 
been proposed to translocate populations of 
plants and animals particularly threatened by 
climate change (Hoegh-Guldberg et al. 2008). 
As  such, assisted colonization is a ‘kindred 
spirit’ of rewilding (Hansen 2010), and there 
could even be cases where rewilding could be 
combined with assisted colonization, using 
 ‘climatic refugee’ species in one region as sub-
stitutes for extinct species elsewhere. The fear 
that taxon substitution may create new inva-
sive species is also a concern applied to the con-
cept of assisted colonization (Ricciardi & 
Simberloff 2009) (see Chapter 22) and in either 
case risks need to be carefully considered (cf. 
Morueta-Holme et al. 2010). Secondary extinc-
tions caused by ecosystem dysfunction or 
poorly considered species reintroductions or 
taxon substitutions can perhaps be best avoided 
through cautious action. Such action would 
include rigorous species selection protocols and 
geographically limited experimental transloca-
tions, followed by, if successful, carefully moni-
tored wider translocations.

Some translocations present greater risks 
than others. As such, greater degrees of caution 
need to be applied to the introduction of a 
taxon substitute replacing a species lost in 
the Pleistocene compared to the reintroduction 
of a recently extirpated species to a relatively 
intact ecosystem. Species selection must be 
approached pragmatically and on a case-by-
case basis, with a full consideration of local eco-
logical and human requirements. However, 
ultimately species selection should be driven by 
identifying which species can effectively and 
efficiently restore missing ecosystem processes 
and function, regardless of whether the 
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conservation action is a species reintroduction 
or taxon substitution.2

rewilding: scenario planning and 
ecological experiments

One method of progressing rewilding to a main-
stream management option is to test a priori 
hypotheses with quantifiable outcomes within 
rewilding projects. Scenario planning and the 
‘three horizons’ analysis (Curry & Hodgson 
2008), useful tools in conservation (Kass et al. 
2011), allow long-term rewilding projects to be 
considered in three phases:

 • first horizon: the current, functionally defi-
cient ecosystem in need of restoration

 • third horizon: a projected future scenario 
where the ecosystem is restored to a func-
tional and self-sustaining state

 • second horizon: a transition state between the 
first and third horizons.

Here we explore the proposed restoration of the 
Caledonian pine forest in the Scottish Highlands 
as an example.

First horizon

Six thousand years ago, the Caledonian pine 
forest covered 50% of the Scottish Highlands. 
Initially through natural climate change, and 
more recently through centuries of anthropo-
genic exploitation, semi-natural woodland 
cover has been reduced to just 1.7% of Scotland 
(Forestry Commission 2001; Smout et al. 2008; 
Hobbs 2009). The mammal community has also 
been heavily reduced with the loss of the entire 
guild of large carnivores – wolf (Canis lupus), 
bear (Ursus arctos) and lynx (Lynx lynx) – as well 
as many of the large herbivores including wild 

boar (Sus scrofa), aurochs (Bos primigenius) and 
European elk (moose) (Alces alces) (yalden & 
Barrett 1999). The population of the only 
remaining large mammal, the red deer, has 
expanded to carrying capacity in response to 
the loss of the large carnivore guild, reduced 
competition from an impoverished large herbi-
vore guild and favourable management prac-
tices employed by land owners (Clutton-Brock 
et al. 2004). Under high browsing and grazing 
pressure, forest regeneration is heavily restricted 
(Palmer & Truscott 2003).

third horizon

Instead of a status quo scenario where native 
pine forest habitat will continue to decline (Hobbs 
2009), we envision an alternative state achieved 
within the next 100 years, with a restored, eco-
logically functioning and self-sustaining forest at 
the landscape scale with active disturbance, 
regeneration and dispersal processes.

second horizon

To reinvigorate natural woodland regeneration, 
at least three processes must be restored:

 • seed production
 • the disturbance regime
 • top-down control of the large herbivore 
guild (Sandom et al. 2011; Sandom et al. 
2012; Sandom et al. forthcoming a).

Three species have the desired functional char-
acteristics to restore these processes, and should 
thus be the main targets for reintroduction: 
Scots pine (Pinus sylvestris), wild boar and 
wolves. Scots pine, the dominant tree species 
of  this ecosystem, is needed to re-establish a 
wider distribution of a viable seed source; the 
wild boar is an ecosystem engineer to reinvigor-
ate the patch-scale disturbance regime; and the 
wolf, the keystone top predator, would restore 
top-down forcing of the red deer population.

2 Here, when we use the word ‘reintroduction’ it 
refers specifically to ecosystem functioning rather 
than taxa.



436 c. sanDoM, c.J. DonLan, J-c. sVenninG anD D. Hansen

To determine whether the reintroduction of 
these species would be sufficient to reinvigorate 
woodland regeneration and restore the wider 
ecosystem at the landscape scale by promoting 
rapid woodland expansion, it is helpful to begin 
by experimenting with computational modelling 
and fenced areas to minimize the threat of 
unforeseen and detrimental interactions (Boyce 
et al. 2007; Manning et al. 2009). These tools can 
also provide manageable ‘stepping stone’ goals 
that make rewilding projects more viable 
(Manning et al. 2006). Fenced deer exclusion 
areas have illustrated that woodland regenera-
tion is viable under current environmental 
 conditions in the absence of any browsing pres-
sure (Gong et al. 1991). However, the lack of 
large ungulates reduces germination niche avail-
ability, limiting long-term regeneration in fenced 
exclusion areas (Warren 2009). Sandom et al 
(forthcoming a,c) quantified the rate,  distribution 
and impact of rooting behaviour by wild boar in 
a fenced Scottish Highland landscape on the 
Alladale Wilderness Reserve (see Figure  23.2). 
Rooted areas, typically created beneath a wood-
land canopy in bracken-dominated vegetation, 
recorded 3.6 times greater seedling regeneration 
than unrooted areas, reduced bracken frond 
density by 69% and significantly increased forb 
species richness. However, wild boar also pose a 
threat to sapling and mature trees through 
uprooting and bark stripping. Rooting rate was 
quantified to typically fall between 22 and 75 m2/
boar/week (Sandom et al. forthcoming b). At 
densities unlikely to exceed 4/km2 (Howells & 
Edwards-Jones 1997), rooted area will accumu-
late between 4500 and 15,600 m2/km2/year. 
Concentrated beneath a woodland canopy, wild 
boar will increase patch scale heterogeneity in 
vegetation structure, but only promote a slow 
rate of woodland expansion.

Nilsen et al. (2007) and Sandom et al. (2011) 
modelled the potential impact of a wolf reintro-
duction on the Scottish deer herd. Nilsen et al. 
(2007) concluded that a wolf reintroduction 
may result in a 50% reduction of the deer herd. 
Sandom et al. (2011) explored the predator–
prey interaction within a landscape-scale fenced 

reserve scenario, the fence proposed as a means 
to mitigate human–wildlife conflict. The limited 
space availability of such a scenario highlighted 
the importance of factors affecting maximum 
wolf population density. If, for instance, social 
interactions and intraspecific competition limit 
maximum wolf density to one pack per 200 km2, 
which is the average pack territory size at high 
deer densities (Fuller et al. 2003), predator–
prey dynamics are likely to be weak, with 
 limited effect on deer density. yet, where wolf 
density is comparable with or greater than the 
highest wolf densities recorded, e.g. 92/1000 km2 
on Isle Royale in Lake Superior in North 
America (Fuller et al. 2003), wolves have the 
potential to control a deer population at densi-
ties that would allow woodland regeneration.

These data indicate that the simple reintro-
duction of the three target species (Scots pine, 
wild boar and wolf) is unlikely to result in a 
rapid transition between the first and third 
horizons at the landscape or regional scale 
within the 100-year time period specified. 
While these species may have favourable 
impacts on restoring the key ecological pro-
cesses, the scale at which they operate is too 
small to achieve rapid forest expansion. The 
second horizon is likely to require extensive 
tree planting to re-establish and widely distrib-
ute seed source and wild boar would need to be 
initially stocked at artificially high densities in 
proposed woodland expansion zones to create 
sufficient bare ground patches to aid planting 
and natural regeneration. The total extent of 
the impact of wolves on deer density and 
behaviour remains to be seen. However, all of 
these species are likely to have a positive effect 
in meeting long-term rewilding objectives of a 
self-sustaining functional forest and this 
encourages exploration of the next step: the 
creation of a regional-scale fenced rewilding 
project. Sandom et al. (2011) suggest the crea-
tion of a 600 km2 or larger enclosed reserve, 
including populations of wild boar and wolves, 
that would represent an exciting rewilding 
opportunity (Macdonald et al. 2000; Manning 
et al. 2009; Sandom et al. 2011).
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Management requirements: 
questions of scale

Rewilding seeks ultimately to remove the need 
for anthropogenic management in conserva-
tion areas. However, even within large national 
parks management is required to prevent spe-
cies extinction (Newmark 1995; Berger 2003), 
and as the Scottish example demonstrates, the 
reintroduction of processes may not be suffi-
cient to restore heavily degraded ecosystems 
quickly and easily. As a result, rewilding 
should not only aim to restore vast wilder-
nesses, but also be seen as an appropriate 
management action in much smaller conser-
vation or restoration areas, restoring dynam-
ics, often with the specific aim of preventing 
secondary extinctions (Griffiths & Harris 2010; 
Hansen 2010). Along a spatial gradient, the 
necessary management levels are likely to 
decrease from relatively high levels in small-
scale projects to comparatively low levels for 
large-scale projects. The exact shape of these 
relationships will differ depending on the spe-
cific needs of the project. Figure  23.1a illus-
trates several such patterns. For example, for 
supplemental feeding of herbivorous mega-
fauna, we could expect management levels to 
decrease rapidly with increasing area, Wallis 
de Vries (1995) highlighted that feeding is 
often used to maintain high ungulate densities 
on reserves much smaller than 10,000 ha, the 
area thought needed to support such commu-
nities (curve a), or in a more linear fashion 
(line b), for instance when controlling a popu-
lation of introduced top predators. With regard 
to dynamics that rely on maintaining 
 populations above certain minima, for exam-
ple maintaining genetic diversity, we can 
expect relationships close to curve (c). The 
wolves confined to the 544 km2 Isle Royale 
have illustrated that a wolf population is via-
ble at this scale, but inbreeding has led to 
genetic deterioration (Räikkönen et al. 2009); 
unless the area is of a size with a carrying 
capacity above these minima, comparatively 
high management levels are required. With 

two management factors, e.g. maintaining 
genetic diversity and providing supplementary 
feeding, the relationship may be a step-wise 
one (curve d) where both are required in 
smaller areas but only maintaining genetic 
diversity is necessary in larger areas.

For temporal patterns, management trajecto-
ries are likely to vary quite dramatically, as 
 highlighted in Figure 23.1b. In an ideal case (a), 
a relatively high initial management level (intro-
ducing the substitutes) rapidly decreases and 
remains low thereafter. A variation of this trajec-
tory (b) could be induced by increasing manage-
ment again for shorter or longer periods of time 
to prevent undesirable trajectories or phase shifts. 
As for spatial patterns, many temporal manage-
ment trajectories are likely to be stepwise, with 
high initial levels that subsist until a threshold 
has been reached (c) (e.g. supplementary intro-
ductions until population establishment). 
Especially for smaller areas, some management is 
likely to be seasonally cyclic (d), e.g. off-site hus-
bandry during winter or dry seasons.

The prospect of restoring the Barbary lion 
offers a good example of a possible rewilding 
project proposing a pragmatic approach 
(Macdonald et al. 2010). The recent historical 
proximity of lions to Europe is caught in the 
observation by Ormsby (1864) that ‘… a man 
who has dined on Monday in London can, if he 
likes, by making the best use of express trains 
and quick steamers, put himself in a position to 
be dined on by a lion in Africa on the following 
Friday evening …’. The  lion Ormsby had in 
mind was the North African Barbary lion or 
Atlas lion, renowned for the males’ dark and 
copious manes. However, recent molecular 
work revealed that Barbary lions were phyloge-
netically distinct, and probably no pure speci-
mens survive in captivity (Barnett et al. 2006). If 
they were to be reintroduced, the best option as 
a step towards restoring a functioning predator 
community in the Atlas Mountains might be to 
introduce their closest living relatives, the 
Asiatic lion (P. l. persica) and closely related West 
African lion to North Africa (Barnett et al. 2007; 
Bertola et al. 2011). Indeed, between the Middle 
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and High Atlas lies a rocky mountainous area 
where green oaks dominate a landscape in 
which the endangered Barbary leopard, (P. p. 
panthera) may still survive alongside a prey base 
that could be restored. There has been talk that 
a fenced enclave, perhaps as large as 100 km2, 

could hold a managed group of lions (loosely 
similar to the fenced reserves for African wild 
dogs that Davies-Mostert et al. (2009) describe). 
Eventually, perhaps scientific planning and 
changing attitudes would allow the fence to be 
breached.

Figure 23.1 Hypothetical trajectories of required levels of human management in rewilding projects vary 
with scale, with spatial scale varying between projects, and temporal scale within a project. The specific man-
agement trajectories (denoted by small letters) are discussed in the main text.
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Where and when is rewilding 
appropriate?

rewilding to date: how successful?

In practice, rewilding provides the opportunity 
to meet conservation objectives and test theo-
retical ecology. However, because rewilding 
often requires large areas and species reintro-
duction (particularly of the much persecuted 
and still feared megafauna), putting rewilding 
into practice presents numerous challenges. 
Figure 23.2 illustrates a limited selection of pro-
jects that contain one or more of the three pil-
lars of rewilding. Covering all five inhabited 
continents as well as numerous oceanic islands, 
they offer interesting examples of how rewild-
ing can be applied to tackle problems in a vari-
ety of novel ways that we describe below.

resurrection of ecosystem functioning

Dysfunctional island ecosystems around the 
world are at the forefront of implementing the 
most controversial aspect of rewilding – taxon 
substitution. The comparatively simple island 
ecosystems, where the few, large megaverte-
brates weighed hundreds rather than thousands 
of kilograms (Hansen & Galetti 2009), and where 
many of these animals went extinct only a few 
hundred years ago, make islands prime laborato-
ries for rewilding projects (Hansen 2010).

The three Mascarene Islands in the Western 
Indian Ocean are an excellent example. Here, 
replacing recently extinct endemic giant tor-
toises has resurrected extinct seed dispersal 
interactions (Hansen et al. 2008; Griffiths et al. 
2011), and is reinstating a herbivory regime that 
is likely to benefit native plants, while control-
ling invasive alien plants (Griffiths et al. 2010).

At a larger scale, in Oostvaarderplassen, a 
6000-hectare fenced nature reserve a few hours 
outside Amsterdam, scientists have introduced 
Heck cattle, red deer and Konik horses in an 
attempt to restore the guild of large herbivores 

that were once present throughout Europe. 
The presence of a restored grazing guild at high 
densities has limited the extent of woodland 
regeneration and has challenged the long-held 
concept that a ‘wild Europe’ would be domi-
nated by a closed forest (Olff et al. 1999; Bakker 
et al. 2004; Vera 2009). Although the validity of 
the heavily grazed, half-open forest European 
landscape, proposed by Vera (2000), is still 
debated (Svenning 2002; Hodder et al. 2005), 
Oostvaarderplassen has clearly demonstrated 
impressive, positive biodiversity outcomes at the 
local to landscape scale, including the first breed-
ing pair of white-tailed eagles in The Netherlands 
since the Middle Ages (Curry 2010).

At even larger scales, the Rewilding Europe 
Initiative is seeking to restore missing species 
and function to 10 100,000-hectare core areas 
by 2020. In four of the five projects already ini-
tiated (Western Iberia, Eastern Carpathians, 
Southern Carpathians and Velebit), rural land 
abandonment has been identified as a cause of 
a reduced grazing regime that threatens 
 biodiversity conservation objectives (Rewilding 
Europe Initiative 2011). A proposed solution is 
the reintroduction of wild grazers in the form of 
horses, bison and bovid substitutes for the 
extinct aurochs (‘rewilded’ domesticated con-
specifics). Predator reintroduction may swiftly 
follow, especially if these proposed reserves 
can  be effectively connected, with particular 
attention paid towards the threatened Iberian 
(Lynx pardinus) and Eurasian lynx (Lynx lynx 
martinoi) (Macdonald et al. 2010).

In Siberia, scientists are trying to restore the 
mammoth steppe – once one of the world’s 
most extensive ecosystems – by introducing 
yakutian horses, musk ox (Ovibos moschatus), 
bison (Bison bison) and other large herbivores 
(Stone 1998; Zimov 2005). They hope eventu-
ally to introduce the endangered Siberian tiger 
(Panthera tigris altaica) and thus the important 
process of predation. This Pleistocene Park also 
has important implications for climate change 
if its concept is broadly implemented in the 
region: frozen Siberian soils lock up over 500 
gigatons of organic carbon (over twice as much 



Figure 23.2 Rewilding projects in practice. 1. Yellowstone to Yukon. 2. Paseo Pantera. 3. Area de Conservacion Guanacaste. 
4. Cerrado-Pantanal. 5. Great Limpopo Transfrontier Conservation Area. 6. Iona-Skeleton Coast TFCA. 7. Terai Arc Landscape. 
8.  Gondwana Link. 9. European Green Belt. 10. Alladale Wilderness Reserve. 11. Oostvaarderplassen. 12. Western Iberia. 
13.  Eastern Carpathians. 14. Danube Delta. 15. Southern Carpathians. 16. Velebit. 17. Mascarene Islands. 18. New Zealand. 
19. Pleistocene Park.
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as the world’s rainforests). As the permafrost 
melts, microbial activity will release these 
 carbon stores into the atmosphere, exacerbat-
ing climate change. Restoring the ancient 
grassland ecosystem could prevent permafrost 
thawing by increasing soil stability with a root 
system and increasing albedo, helping to 
 combat  climate change (Zimov 2005; Nicholls 
2006).

Large core areas and connectivity

Large core areas and well-connected ecologi-
cal networks are required for rewilding and 
the  provision of ecosystem services (see 
Chapter 21). Fraser (2009) offers an excellent 
review of numerous projects with such ambi-
tions. Establishing vast conservation areas, 
particularly those crossing national bounda-
ries, presents considerable challenges. Kruger 
National Park in South Africa covers 2 million 
hectares and is one of the largest national 
parks. yet even at this prodigious scale, it may 
be insufficient to support natural dynamics of 
a confined elephant population (van Aarde  
et al. 1999). Restricted dispersal and the pro-
vision of artificial water sources are thought 
to contribute to rapidly increasing elephant 
population densities (Slotow et al. 2005; van 
Aarde & Jackson 2007). At high densities, 
these ecosystem engineers can exert a poten-
tially harmful disturbance to vegetation struc-
ture on the landscape scale. For instance, 
Cumming (1997) illustrated that when ele-
phant density exceeded 0.5 km2 savanna 
woodland is converted to shrub- and grass-
land with an accompanying loss of biodiver-
sity. This megamammal clearly requires 
conservation management at the regional and 
continental scales to ensure a wide spatial and 
temporal distribution of its disturbance. 
Recent plans to create huge transfrontier con-
servation areas (TFCAs), which merge or link 
great conservation areas across national bor-
ders, hold great promise which so far has been 
hard to turn into reality.

A good example of this comes from south- 
eastern Africa. The proximity of Kruger National 
Park to parks in Zimbabwe and Mozambique 
prompted a proposal to remove the fences 
between them to create a transfrontier park cov-
ering 3.5 million hectares, with the ultimate 
ambition to create the Great Limpopo Transfrontier 
Conservation Area, covering an impressive 10 
million hectares (Figure 23.3a) (Wolmer 2003). 
However, despite the considerable excitement 
this proposed super-park generated when initi-
ated in 2001, little activity has taken place on the 
ground in the decade following its proposal. 
The  challenges faced involve a combination of 
political mistrust, social resentment over the lim-
ited benefits passed on to local communities, and 
anger at the uneven distribution of economic 
benefits between countries, as well as the threat 
posed by wandering megafauna in regions 
no  longer accustomed to coping with them 
(Fraser 2009).

Nevertheless, the Great Limpopo TFCA 
remains a flagship of the transfrontier park 
concept, and its advocates are certainly not 
alone in struggling with the challenges that 
these bold plans pose. Supporters of the the 
Paseo Pantera in Central America had equally 
grand ambitions, attempting to connect 600 
protected areas covering eight countries. The 
original conservation objectives were com-
bined with efforts to promote rural community 
development, but an uneven balance and 
insufficient alignment between these equally 
important objectives meant that despite the 
deployment of considerable resources, few of 
the original goals were reached (Kaiser 2001; 
Fraser 2009).

Other TFCA programmes have achieved 
more significant progress by successfully align-
ing conservation and human welfare objectives. 
The Area de Conservacion Guanacaste in 
Central America, led by the eminent conserva-
tion biologist Daniel Janzen, had as its primary 
objective to restore dry tropical forest and con-
nect it to areas of surrounding rainforest to 
restore a functioning ecosystem. Presented with 
these challenges, Janzen used novel and often 
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Figure 23.3 (a) The Great Limpopo Transfrontier Conservation Area. (Peace Parks Foundation 2011); 
(b) Yellowstone to Yukon (Yellowstone to Yukon 2011); (c) European Green Belt ( European Green Belt 2011).

(c)
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controversial approaches. The overly frequent 
fire regime was tackled by restoring domestic 
cattle to graze and reduce fuel availability 
within the landscape; cattle removal had been 
the conservation management plan until that 
point. Restoring forest to cleared regions was 
achieved by using a non-native plantation tree 
species to foster rainforest species in the shade 
beneath. Once the trees had begun to grow, 
 cattle were then removed once more. Social 
issues were addressed by providing jobs to local 
people paid for by a large endowment gener-
ated through funding raised internationally, 
which will aid running the reserve and the jobs 
it supports long into the future (Janzen 2000; 
Fraser 2009).

Other successful projects include the Iona-
Skeleton Coast TFCA. The Namibian govern-
ment has written conservation into its 
constitution and supports the establishment 
of conservation areas within local communi-
ties with considerable success, providing 
 lasting conservation and public benefits 
(Constitution of the Republic of Namibia 
1990; Fraser 2009). The Terai Arc Landscape 
in Nepal has sought to meet rewilding objec-
tives by encouraging communities to engage 
in habitat restoration to build corridors 
between protected areas. By supporting eco-
tourism, biogas facilities and sustainable live-
lihood initiatives, Nepal is able to use rewilding 
to bring about positive social change (Baral & 
Heinen 2007; Fraser 2009).

Numerous other projects are also promoting 
the conservation and community benefits of 
core areas and connectivity. The yellowstone to 
yukon Project was conceived in 1997 to help 
connect the national parks in north west North 
America and could create a conservation area 
covering 130 million hectares (Figure  23.3b). 
yellowstone National Park is already famous for 
its wolf reintroduction that has been at the 
forefront of the rewilding debate (Smith et al. 
2003; White & Garrott 2005; Beyer et al. 2007; 
Ripple  & Beschta 2007). In South America, 
the Cerrado-Pantanal ecological corridors pro-
ject is seeking to connect the last remnants of 

the savanna of the Cerrado with the wetlands 
of the Pantanal to conserve what has been 
described as the  Brazilian Serengeti. Local 
 community involvement and a dedication to 
collecting the ecological data needed to design 
an efficient network have led to the creation of 
400 km-long corridors and the establishment of 
a 2000 km2 biodiversity protection area (Klink 
& Machado 2005; Fraser 2009), perhaps the 
first step in the visionary rewilding proposed by 
Galetti (2004) to replace extinct Pleistocene 
megafauna with extant species? The European 
Green Belt is a continental-scale connectivity 
project that aims to capitalize on the green and 
wild land that was once the ‘iron curtain’ divid-
ing east and west. This corridor could connect 
as many as 3272 protected areas in 23 countries 
and could form the backbone of a European 
network of rewilded areas (Figure 23.3c Terry 
et al. 2006). The Gondwana Link in Australia is 
attempting to restore native flora and fauna 
and reinstate critical processes that prevent the 
drying out of the landscape (Jonson 2010), 
essential steps for both conservation and human 
needs.

conclusion

Rewilding is a future-oriented restoration pro-
posal that seeks to learn from the past to meet 
the conservation challenges of today, and 
secure the ecosystem resilience of tomorrow. It 
is an ambitious and proactive approach to 
inspire conservation practitioners to engage 
with the  realities of biodiversity conservation 
in the 21st century (Macdonald et al. 2000). 
Specifically and uniquely, rewilding seeks to 
achieve this through the reintroduction of 
extirpated species and the replacement of glob-
ally extinct species to resurrect ecological 
 processes – in particular top-down trophic 
effects – and thereby restore ecosystem func-
tion. Ultimately it challenges the traditional 
view of the native species by exploring historic 
species distributions when they were less 
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affected by anthropogenic environmental 
change and uses these lessons to help restore 
ecosystem function. Rewilding thus also 
directly links with the need for other contro-
versial, but potentially essential, conservation 
measures, such as assisted migration of species 
threatened by environmental change to areas 
outside their natural biogeographical ranges.

Gazing into the past to better understand 
ecosystem function reminds us that missing 
ecological and evolutionary functions that were 
present 100 or 30,000 years ago still affect 
today’s ecosystems. In this context, the implica-
tions of today’s management actions must be 
considered equally far into the future, beyond 
immediate conservation or restoration needs. 
Taking a long-term and positive view, we argue 
that rewilding is a key element to restricting the 
current, early part of the Anthropocene Era, 
with its negative biodiversity trends, to as short 
and ultimately reversible an epoch as possible.

Pragmatism must be applied to the applica-
tion of rewilding principles. As with any rein-
troduction programme, potential interactions 
between the restored ecosystem component 
and human presence within the landscape must 
be carefully considered prior to any action on 
the ground. For instance, where human– 
wildlife conflict is likely, as with the often 
 controversial measure of restoring apex con-
sumers (e.g. Quammen 2004), the use of miti-
gating strategies such as fenced reserves may be 
necessary to align conservation goals and 
human needs. Given these potential conflicts, it 
is essential to be pragmatic by applying appro-
priate resources to projects that present little 
risk and great reward while not hiding from the 
challenges posed by rewilding the human land-
scape that must be achieved for a global provi-
sion of ecosystem function and services. While 
challenges and risks are present, there are clear 
scientific, economic and social justifications for 
considering such bold conservation actions.

Rewilding seeks to inspire a generation to set 
something right and to redress the major 
wounds of past and present abusive land uses 
for a brighter and more sustainable future.
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