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Reconciling Conflicting Paradigms 

of Biodiversity Conservation: Human 

Intervention and Rewilding

KOENRAAD VAN MEERBEEK, BART MUYS, SIMON D. SCHOWANEK, AND JENS-CHRISTIAN SVENNING

There are strong opposing views among conservationists about whether we have to intervene to safeguard our natural heritage or not. In 
the Western European tradition, human intervention has been dominating, whereas, elsewhere, rewilding aimed at restoring self-regulating 
ecosystems has often been preferred. However, cultural rather than ecological differences are at the root of these opposing paradigms, leading 
to management strategies that are not always optimal for biodiversity conservation. In the present article, we propose a framework based on 
the relationship between ecosystem dynamics and the human footprint, including land-use legacies, to guide the mixture of rewilding and 
intervention practices in order to ensure a biodiverse future. We argue that these paradigms are not conflicting but complementary and advocate 
for rewilding where possible, human intervention where needed.
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Across the globe, landscapes have been shaped    
 by a long history of human presence, which has dis-

rupted natural processes and ecosystem dynamics that drive 
diversity patterns. However, moderate anthropogenic dis-
turbances have also created or preserved landscape mosaics 
in many parts of the world, offering opportunities for dis-
turbance-dependent species. European seminatural grass-
lands (Halada et al. 2011, Feurdean et al. 2018), traditional 
Satoyama landscapes in Japan (Normile 2016), and fire-stick 
farming savannah woodlands in Australia (Bird and Nimmo 
2018) are examples of ecosystems that have been maintained 
by or resulted from traditional land-use practices. Although 
sometimes very distinct from the natural situation, these 
human-modified landscapes may have high cultural and 
ecological value. 

The role of humans in shaping European landscapes was 
recognized decades ago and is widely accepted in European 
conservation thinking. For example, the European Union 
promotes the preservation of traditional farming practices 
to manage landscapes, using agri-environment schemes 
and other environmental policies (Fischer et  al. 2012). 
As a result, European conservationists apply management 
interventions such as mowing, coppicing, and stock graz-
ing in an attempt to maintain intermediate levels of distur-
bance to preserve both biodiversity and cultural landscapes 
(Halada et  al. 2011). Although sustainable management of 
the ecosystem ensured long-term provision of resources in 
most traditional farming systems, financial-reward-based 

conservation lacks an inherent incentive and is sensitive to 
shifts in politics and socioeconomic drivers (Fischer et  al. 
2012). In contrast to the mainly Western European inter-
ventionist view on conservation, many other parts of the 
world have a dualistic view of culture and nature, although 
the notion that people had important functional roles in past 
and present ecosystems is getting wider global support (e.g., 
Australia: Bird and Nimmo 2018). As a result, human dis-
turbances are, in general, regarded as a threat to the environ-
ment (Queiroz et al. 2014). The focus of nature conservation 
is therefore on protecting or restoring natural areas, which 
are seen as the pristine state of the environment (Sutherland 
2002, Boitani and Sutherland 2015). Conservation efforts 
are framed by the idea that there are still untouched wild 
areas left or that humankind only recently modified these 
landscapes. Therefore, they can easily be restored to some 
“original” state. This view neglects the substantial influence 
of people on ecosystems for millennia in many parts of the 
world (Boitani and Sutherland 2015).

The question of whether to intervene for conservation 
purposes is not new and has been discussed for several 
decades. In Europe, recent land-use dynamics have sparked 
the debate again among academics and conservation manag-
ers (Pereira and Navarro 2015, Nogués-Bravo et  al. 2016). 
The ongoing farmland abandonment in response to socio-
economic trends is considered a big challenge for biodiver-
sity conservation. There is evidence that the cessation of 
traditional practices will lead to the loss of local disturbance 
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regimes and associated biodiversity (Halada et  al. 2011, 
Boitani and Sutherland 2015). Many conservationists stress 
the importance of intermediate human disturbances and 
advocate countering land abandonment by stimulating tra-
ditional farming practices (Halada et al. 2011). 

Others view the land-use changes as an opportunity to 
restore self-regulating ecosystems and put rewilding forward 
as an alternative conservation strategy on these marginal 
lands (Pereira and Navarro 2015). Rewilding has varied 
interpretations and versions in the literature (Corlett 2016, 
Svenning et al. 2016). In the present article, we see rewilding 
as a subcategory of ecological restoration and define it broadly 
as a type of ecological restoration aiming to (partially) restore 
self-sustaining and complex ecosystems via restoring natural 
ecological processes while minimizing human interventions 
(Perino et al. 2019). With the rise of the rewilding movement, 
the call for wilder, self-regulating ecosystems has been louder 
than ever before (Fernández et al. 2017). However, simulta-
neously, the notion that rapid environmental change needs 
to be countered by active human intervention is growing 
worldwide (Hobbs et al. 2011, Corlett 2016).

These opposing views are not solely based on ecologi-
cal differences or different land-use histories (Boitani and 
Sutherland 2015) but are also strongly culturally defined 
and depend on prevalent values and beliefs about nature 
(Sutherland 2002, Queiroz et  al. 2014). The debate about 
rewilding versus management is therefore often dominated 
by opinions (Svenning et  al. 2016). As the relationship 
between people and nature shapes regional environmental 
policies (Queiroz et al. 2014), this may lead to management 
strategies that are not always beneficial for biodiversity. 
In addition, the current literature largely fails to integrate 
the merits and pitfalls of both views and is therefore often 
unsuccessful in providing proper guidance for if, when, and 
how to intervene. We argue that these paradigms need not 
be conflicting but are complementary ecosystem manage-
ment strategies along a gradient from human management 
to ecosystem self-management (figure 1). In the present 
article, we integrate existing conservation strategies into a 
new framework. First, we combine concepts from natural 
disturbance ecology with the alternative stable states theory 
to explain how human pressure on ecosystem dynamics gives 

Figure 1. Three ecosystem states along the management continuum, a gradient from human management to ecosystem self-

management. Self-regulating ecosystems: natural processes and disturbances such as fire, flooding or trophic cascades are 

the main drivers of ecosystem dynamics. Seminatural ecosystems: species composition and ecosystem functioning are, to a 

limited extent, influenced by human activities. Anthropogenic ecosystems: abiotic and biotic conditions have been strongly 

altered by human activities. Note that these ecosystem states refer not to a certain vegetation type but to differences in 

processes driving ecosystem dynamics. Photographs: Rewilding Europe/Staffan Widstrand, Saxifraga/Hans Boll, Hans 

Dekker and Harry van Oosterhout and Martin Hermy.
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rise to different ecosystem states. Then, we complete this 
framework with practical guidelines to direct conservation 
actions along the management spectrum. Our work extends 
previous research on ecosystem thresholds and alternative 
stable states theory in restoration ecology (Suding et  al. 
2004, Suding and Hobbs 2009) and is focused on how the 
degradation cascade from self-regulating to anthropogenic 
ecosystems and the possible irreversible nature of this pro-
cess influences management decisions. With the accelerating 
environmental change and the increasing probability of a no-
analog future, the emphasis in the present article is not on 
specific species or habitats but on ecosystem functionality.

The human footprint and ecosystem states

Natural disturbances are an important component of natu-
ral systems and generate a substantial part of the observed 
ecological dynamics. However, anthropogenic activities have 
globally increasing impacts on the environment (Venter et al. 
2016), thereby altering the structure and function of ecosys-
tems and disrupting natural disturbance regimes. One could 
conceptualize the trade-off between natural processes and 
human disturbances as three ecosystem states, which can 
be distinguished by the type of processes driving ecosystem 
dynamics (figure 1). Ecological and socioecological feedback 
mechanisms stabilize ecosystems in a certain state. In self-
regulating ecosystems, containing both (near-) natural and 
restored ecosystems, natural processes play a major role in 
ecosystem structure and function. Seminatural ecosystems 
are, to a limited extent, influenced by human activities. 
Species composition is largely shaped by but not directly 
controlled by human action. However, species and habitats 
do require recurring intermediate human(-governed) dis-
turbances, because some natural disturbances are lost (e.g., 
the loss of megaherbivores). Furthermore, increasing the 

human footprint degrades the ecosystem to an anthropo-
genic state, where socioeconomic factors and human struc-
tures act as stabilizing factors. Arguably, one could equate 
these three states to how landscapes in, for example, large 
parts of Europe were organized in the Pleistocene, the late 
Holocene, and the Anthropocene, respectively (Svenning 
et al. 2016). With a shift from self-regulating to anthropo-
genic ecosystems, there is an increasing need for a specific 
human(-mediated) interference to sustain a high diversity 
(Angelstam 2002, Corlett 2016), because natural processes 
are degraded, species pools are impoverished, and ecological 
links are broken.

The human footprint is a cumulative measure of direct 
and indirect anthropogenic pressure on the environment and 
is shaped by the duration, type (direct, indirect), extent, and 
intensity of human disturbances (Venter et al. 2016). Besides 
the pervasive effect of the current human presence, past activ-
ities leave imprints on ecosystems, which persist for decades 
to centuries after they have occurred (Foster et  al. 2003). 
These land-use legacies have a major influence on current 
conditions and constrain future responses, thereby codeter-
mining the success of conservation and restoration efforts 
(Foster et  al. 2003, Schweiger et  al. 2019). Anthropogenic 
disturbances further interact with the shape of the eco-
system state curve (Hughes et  al. 2013), determining how 
the ecosystem will respond to an increasing or a declining 
human footprint (figure 2). Long-lasting and severe human 
disturbances over an extended area could cause the cross-
ing of certain biotic or abiotic system thresholds (Suding 
et  al. 2004, Hobbs et  al. 2009), inducing sudden shifts in 
ecosystem states (MacDougall et al. 2013). Conversely, biotic 
(Standish et al. 2008) or abiotic legacies (Foster et al. 2003) 
may prevent the reverse movement with decreasing human 
footprint (figure 2c, 2d). This implies that natural conditions 

Self-regulating system Seminatural system Anthropogenic system

Human footprintHuman footprintHuman footprintHuman footprint

(a)

Ec
os

ys
te

m
 s

el
f-

re
gu

la
tio

n

(b) (c) (d)

Figure 2. Ecosystem state curves show different relationships between human footprint and ecosystem self-regulation. 

The colors correspond to the management continuum from low to high ecosystem self-regulation (y-axis), the black lines 

are possible ecosystem state trajectories. (a) Small-scale and short-term human disturbances cause a gradual change 

in ecosystem state. (b) Pervasive human footprints could affect the shape of the curve to a threshold or (c) even induce 

hysteresis. (d) Finally, in totally degraded ecosystems, the complete self-regulated state cannot be restored anymore. 

Species-rich ecosystems can occur in each ecosystem state.
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can often not be restored simply by reapplying historical dis-
turbance regimes or reducing anthropogenic pressures (Cava 
et  al. 2018). The shape of the ecosystem state curve affects 
how ecosystems react to changes in human disturbances or 
restoration actions (Suding et al. 2004). Therefore, ignoring 
historical legacies and failing to understand the mechanisms 
that shaped and sustain the present ecosystem structure and 
species compositions may lead to inappropriate or unsuc-
cessful conservation actions.

Guiding conservation management decisions

Insight into the relationship between the human footprint 
and ecosystem dynamics results in practical guidelines to 
direct conservation managers and policymakers along the 
management spectrum. Importantly, we do not consider 
rewilding and human management to be mutually exclusive. 
In contrast, some authors put full nonhuman autonomy of 
the ecosystem forward as an essential end goal of rewilding 
actions (Prior and Ward 2016). However, the restoration 
of “the wilderness” ignores the pervasive human footprint 
on present ecosystems and the infeasibility of completely 
restoring natural processes in large parts of the world. Some 
authors therefore suggest using the term wildness instead of 
wilderness (Perino et al. 2019). 

The strict interpretation of rewilding is often not realistic 
and could result in ignoring the need for human manage-
ment to maintain certain species and to counteract or limit 
the effects of global change (Hobbs et al. 2011). The broader 
rewilding concept of Perino and colleagues (2019) was 
focused on the general processes more than on a specific 
compositional state at a given time and encompasses more 
specific variants such as trophic rewilding (Seddon et  al. 
2014, Svenning et  al. 2016) or passive rewilding (Navarro 
and Pereira 2012, Schnitzler 2014). Specific management 
actions to facilitate the transition to a self-regulating state 
may be needed (Svenning et  al. 2016) but depend on the 
ecological context. Some level of human intervention may, 
however, still be required after rewilding, because a fully 
self-regulating state may often be constrained by land-use 
legacies, land use in adjacent areas, and, in some cases, 
societal values (boxes 2 and 3). On the other hand, human 
management of biodiverse ecosystems is unlikely to be the 
most cost-effective solution, given the scale of the biodiver-
sity crisis (Corlett 2016), and is sensitive to shifts in politics 
and socioeconomic drivers (Fischer et al. 2012). 

Traditional conservation managers should look at rewild-
ing to supplement their toolbox in order to create large-scale, 
robust, adaptive nature. Rather than focusing on specific 

Box 1. Glossary.

Anthropogenic ecosystems. Ecosystems in which abiotic and biotic conditions have been strongly altered by human activities, often 

leading to low biodiversity. Anthropogenic biodiverse systems could be spontaneous vegetation on artificial habitats or could be man-

aged for a specific (plant) species composition (e.g., gardens, parks, green roofs).

Ecological restoration. The process of assisting the recovery of damaged, degraded, or destroyed ecosystems (SER 2004). The desired 

end-state can be defined (e.g., a historical reference state) or open or undefined (Hughes et al. 2012). Restoration can consist of rewil-

ding (e.g., reintroduction of large herbivores) or human intervention actions (e.g., reintroduction of traditional land-use practices, 

agroforestry).

Intermediate-intensity land management. Land management practices with low(er) levels of anthropogenic inputs and often also 

lower productivity. Continuation of traditional land management practices (e.g., pastoral systems, haymaking, coppice) or promoted 

by agri-environment schemes. This type of management is also termed low-intensity or extensive management in the literature.

Nature conservation management. Active human intervention in ecosystem dynamics specifically aimed at preserving or restoring 

specific species, habitats or ecosystem services. Examples include invasive species management, wildlife-friendly farming, grazing, and 

mowing management.

Reference ecosystem. Real or notional state of the landscape that serves as a target or benchmark for ecological restoration projects. 

This reference situation is often a historical state and usually represents a undegraded version of the ecosystem (McDonald et al. 2016).

Rewilding. Restoration aiming to (partially) restore self-sustaining and complex ecosystems through restoring natural ecological pro-

cesses involved in population, community, and ecosystem dynamics (e.g., predation, herbivory, fire, flooding, scavenging, ecological 

succession), while minimizing human interventions (Perino et al. 2019). If human activities suppress natural processes, they could be 

restored through active or passive management actions.

Self-regulating ecosystems. Ecosystems in which natural processes are the main drivers of ecosystem dynamics. Could be (near-)

natural ecosystems (i.e., ecosystems without or almost without human impact) or systems in which natural processes are restored.

Seminatural ecosystems. Ecosystems in which species composition and ecosystem dynamics are, to a limited extent, shaped by human 

activities. The conservation of species and habitats require recurrent intermediate human(-governed) disturbances, because natural 

processes are (partially) lost. These systems are often specifically managed to maintain a certain ecosystem state. Examples include 

European haylands and pastoral systems, coppice forests, Japanese Satoyama landscapes, and Australian fire-stick landscapes.
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Box 2. Impact of land abandonment and reforestation on biodiversity.

Forest transition theory describes a general temporal pattern in regional forest cover in four distinct stages: a high cover with low 

deforestation rates, accelerating deforestation, slowing deforestation, and after reaching a minimum, the forest cover slowly starts 

increasing again (Angelsen 2007). As a range of socioeconomic factors drive the transition, large differences in current stage, minimum 

forest cover and speed of transition are observed around the world. Some countries or regions are at early stages in this transition and 

face low (stage 1, e.g., Papua New Guinea) or accelerating deforestation (stage 2, e.g., Brazilian Amazon). Other countries show signs 

of slowing deforestation (stage 3, e.g., India), indicating the proximity of a turning point (Kanninen et al. 2007, Walker 2012). In many 

parts of Europe and North America, forest transition took place over the last centuries, with substantial afforestation (stage 4) after 

the lowest forest cover in the nineteenth century (figure 3a; Angelsen 2007). In some tropical countries, forest transition only recently 

occurred. In Costa Rica, for example, large-scale deforestation started around 1940 (figure 3a). Forest cover declined rapidly (stages 

2–3) from 80% to 25% around 1990 before recovering again (stage 4) to more than 50% in 2015 (Camino Velozo et al.  2015).

Forest transition theory describes temporal trends with little focus on the biological quality of forests. In stage 4, natural forests may 

continue to decline, with a loss that is more than compensated for by the increase in plantations. The impact of forest expansion on 

biodiversity is therefore not univocally positive (Rudel et al. 2005). In Europe, two-thirds of the studies indicate negative biodiversity 

effects of land abandonment and subsequent forest regeneration, whereas positive biodiversity effects dominate the research in Central 

and South America (Queiroz et al. 2014). Besides the difference in focus of the studies (preabandonment in Europe versus postaban-

donment in Central and South America), differing land-use histories are at the basis of this contrast. 

Human intervention for at least 4000–5000 years has disrupted natural processes and has led to the crossing of certain biotic and 

abiotic thresholds in Western European landscapes (Dupouey et al. 2002), giving rise to a hysteresis-shaped ecosystem state curve 

(figure 3b). Ceasing the human disturbance regimes without restoring the self-regulating state of the landscape (e.g., by reintroducing 

missing megafauna) could therefore have adverse effects on biodiversity (Queiroz et al. 2014). Generally, the longer the human distur-

bance regimes have existed and more pervasive they are, the stronger the negative effects of passive land-abandonment could be. In 

Costa Rica, the decreasing human footprint after land abandonment resulted in a shift toward a more self-regulating state (figure 3b). 

Natural processes could regain control with recolonization from larger remnants of old-growth forest (Zahawi et al. 2015).

Figure 3. Land abandonment on marginal lands in temperate Europe (i–ii) and on former agricultural land in 
Costa Rica (iii–iv) depicted on (a) the forest transition curve, (b) the ecosystem state curve and (c) the corresponding 
stability landscapes that show the stable ecosystem states and their basins of attraction at the different conditions 
(i–iv). Stable ecosystem states correspond to valleys, with the size depicting its stability. The land-use legacies of the 
long-term landscape management induced a hysteresis in the ecosystem state curve in parts of temperate Europe, 
hampering the restoration of self-regulating ecosystems. This partially explains the observed negative effects of land-
abandonment (Queiroz et al. 2014). The relatively short period of forest transition in Costa Rica and high cover 
at turning point (Rudel et al. 2005) minimized the human footprint on the landscape and therefore did not induce 
hysteresis. Source: Partially based on Scheffer and colleagues (2001).
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species or habitats as in traditional conservation, rewilding 
has a more functional focus. The aim to move the eco-
system on the management continuum toward ecosystem 
self-management (figure 1) sets it apart from other forms 
of conservation or restoration projects. The restoration of 
natural processes could enhance the stability of ecosystems 
in the face of rapid environmental change (Mausolf et  al. 
2018). Therefore, we advocate for rewilding where possible 
and human intervention where needed. We identified three 
steps in the process of making conservation management 
decisions: (1) Ecosystem inventory and the identification of 
the ecosystem state, (2) the determination of conservation 
goals, and (3) the design of concrete management actions 
(figure 4). Reiterations of the different steps are possible or 
could even be recommended.

Conservation goals and trajectories toward those goals 
are, in the first place, constrained by the state of the 
ecosystem. Understanding the processes that shape and 
have shaped the ecosystem is important for the success of 
management actions. The framework does not rely on the 
identification of a specific natural historical reference situ-
ation or the division among historical, hybrid, and novel 
ecosystems (Hobbs et  al. 2014), which allows us to avoid 
baseline discussions (Murcia et al. 2014). However, the his-
torical perspective aids the interpretation of the landscape. 
Knowledge about past states is invaluable to reveal eco-
system function and structure before the onset of human 
disturbance and to identify past trajectories of change 
(Sandom et  al. 2014). Therefore, knowledge about past 
land-use should be used not to restore previous conditions 

1. Identify the current state of the ecosystem: self-regulating, seminatural or anthropogenic?

Self-regulating ecosystem Seminatural ecosystem Anthropogenic ecosystem

no no yes noyes

yes

2. Determine management goals and priorities

yes

no

no

yes

no yes

no yes

no yes

yesno

yes no

no

yes

no

Identify and quantify land-use legacies and the 
degree of anthropogenic change

Identify and characterize 
present biodiversity values 

Identify current drivers of biodiversity: natural 
processes or human(-mediated) disturbances?

Are there threats or constraints 
for conservation?

Could T/C be addressed 
without need for further HI?

Could T/C be 
addressed?

Current management 
feasible and/or desired?

Current management 
feasible and/or desired?

Restoration of NP feasible 
(area, leakage, socio-ecology)?

Re-evaluate 
goals

Re-evaluate 
goals

Could T/C be 
addressed?

Re-evaluate 
goals

Could T/C be 
addressed?

Re-evaluate 
goals

(Address T/C &) 
assess necessary HI

(Address T/C &) 
maintain as is

(Address T/C &) 
maintain as is

Restore NP - apply 
necessary HI

(Address T/C &) 
maintain as is

Restore NP - apply 
necessary HI

Are there threats or constraints 
for conservation?

Are there threats or constraints 
for conservation?

Restoration of NP feasible 
(area, leakage, socio-ecology)?

3. Design management actions

Nature conservation with open-endedness approach Target-driven nature conservation aiming at specific 
landscapes, habitats, species or ecosystem services

Ecosystem self-management Human management

Figure 4. Framework to guide conservation decisions along the management spectrum. The steps are based on the 

identification of the ecosystem state (self-regulating, seminatural or anthropogenic) and human footprint including 

land-use legacies. In the third step of the framework, the effects of rewilding actions (i.e., restoration of natural processes) 

on the ecosystem state are uncertain, indicated by an arrow directed toward the ecosystem self-management end of the 

management continuum. Abbreviations: HI, Human intervention; NP, Natural processes; T/C, threats and constraints.
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Box 3. Informing conservation management decisions.

Insight into the ecosystem state curve can be used to understand the success and failure of conservation and restoration projects and 

to develop future programs. In this box, we apply the proposed framework to understand the outcome of three restoration projects. 

The Danube delta (case 1), on the border between Romania and Ukraine, is one of the largest deltas in Europe. Human interventions 

since the second half of the nineteenth century (e.g., channelization, construction of dams, land reclamation) completely altered the 

floodplain dynamics and transformed the delta from a natural to a human-controlled system (Ebert et al. 2009). After enlisting as a 

UNESCO World Heritage site in 1991, large-scale restoration works successfully restored river dynamics, resulting in the regeneration 

of vegetation, increased diversity, and enhanced water quality (figure 5a; Ebert et al. 2009). Since 2015, Rewilding Europe has been 

introducing free-roaming large grazers to create a mosaic landscape with new opportunities for other species. The rewilding efforts 

are paying off, with the comeback or increasing populations of some remarkable species, such as the beaver, the golden jackal, and the 

white-tailed eagle (Rewiding Europe 2019).

Calcareous grasslands (case 2) are among the most plant-species-rich habitats in Europe and are shaped or maintained by millen-

nia of extensive cultivation and grazing (Poschlod and WallisDeVries 2002, Feurdean et al. 2018), although the large majority of the 

constituent species are much older than these human land uses. Albeit conserving a unique habitat for many species, these anthro-

pogenic activities excluded other naturally occurring species, such as wild megafauna (Turvey and Fritz 2011). Since the end of the 

nineteenth century, land-use intensification has induced the abandonment of traditional practices on marginal lands (Poschlod and 

WallisDeVries 2002). The reduced human footprint resulted in landscape closure because of shrub encroachment and afforestation 

(figure 5b). Rare and endemic species of open habitats declined following the decrease in landscape heterogeneity. Since 1992, calcare-

ous grasslands are protected by the European Habitats directive. Restoration projects that were focused on reapplying human distur-

bances by shrub clearance and reinstallation of grazing management generally showed positive effects on plant diversity (Maccherini 

and Santi 2012).

OostvaardersplassenDanube delta Calcareous grasslands
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Figure 5. Trajectory of three examples of restoration programs on the ecosystem state curve with the relationship 

between human footprint (HFP) and biodiversity. Only relative changes in biodiversity within a project are shown. A 

comparison between projects is not valid. (a) Rewilding in the Danube Delta, Romania, with the successful restoration 

of river dynamics and species introductions. Photograph: Rewilding Europe. (b) The restoration of overgrown 

calcareous grassland in many cases entails the mimicking or reapplication of the traditional farming practices and, 

therefore, the increase of the human footprint. A population of fragrant orchids (Gymnadenia conopsea) reappeared 

on a restored grassland in the Viroin region, Belgium Photograph: Kenny Helsen. (c) Trophic rewilding with Konik 

horses in the Oostvaardersplassen, in the Netherlands. The hysteresis resulted from ecological and societal constraints 

and led to a different ecological outcome (with lower biodiversity gains) than expected. Photograph: Eva-Maria 

Kintzel and Ivo Van Stokkum (CC-BY-SA-3.0,2.5,2.0,1.0).
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(history as a template) but to identify constraints and to 
frame future management efforts (history as a guide; Higgs 
et al. 2014). 

For example, knowledge about the evolutionary base-
line serves as a guideline for restoring natural processes 
in rewilding projects. This baseline isn’t a specific point in 
time but the general ecosystem conditions over the evo-
lutionary time scales during which species have evolved 
and persisted. Land-use legacies and the degree of anthro-
pogenic change can be identified by studying site history 
and the pressure of current human activities. For Europe, a 
hemeroby map (i.e., the degree of human influence; Sukopp 
and Hejn 1990) of the landscape based on land cover, nitro-
gen input, and livestock density is available for developing 
conservation strategies (JRC 2012). In addition, the Human 
Footprint project provides a measure of human influence 
with global coverage considering eight human pressures 
(Venter et  al. 2016). Ceaușu and colleagues (2015) have 
already used a similar approach to map opportunities for 
rewilding in Europe. However, these maps only take cur-
rent pressures into account and leave out land-use legacies. 
Opposite to the human footprint and hemeroby is the bio-
diversity intactness index of the system, a measure of how 
intact the ecosystem is relative to its presumed premodern 
state (Scholes and Biggs 2005). The PREDICTS project 
developed a global data set of this index (Newbold et  al. 
2016). Although the availability of spatially explicit data 
about land-use history is growing, it may not have reached 
the required detail and resolution to inform local decision-
making. However, nowadays, several approaches are at our 
disposal to reconstruct site history, ranging from archeol-
ogy (Dupouey et al. 2002, Foster et al. 2003) and historical 
maps (Foster 2002) to soil cores, pollen diagrams, and fos-
sils (Svenning 2002).

Apart from knowledge of past human activities, it is as 
important to look at the resulting biodiversity patterns today. 
The rareness or uniqueness of species, together with their 
ecological requirements, could have important management 
implications. Field surveys are still the most accurate way 
to map current biodiversity values, but large-scale online 
databases such as GBIF (Global Biodiversity Information 
Facility) and citizen science projects are promising tools to 
provide detailed species occurrence data at larger geographic 
scales (Dickinson et al. 2012). All this information, together 

with the nature of the prevailing disturbances regimes, can 
inform managers about the shape of the ecosystem state 
curve and the position of the specific ecosystem on this 
curve (figure 2).

Conservation is about values (Meijaard and Sheil 2011), 
which determine how we perceive nature and which land-
scapes we find important. The decision on conservation 
goals in the second step of the framework is therefore, 
besides being framed by the ecological context, also a soci-
etal choice (Berkes et  al. 2000). Being embedded within 
society nature conservation projects need to take the 
socioecological context into account (Perino et  al. 2019). 
Socioeconomic trends such as land-use dynamics could 
further provide opportunities for biodiversity conservation 
(Pereira and Navarro 2015) but could also pose eminent 
threats (e.g., calcareous grasslands in box 3). Strict legal 
requirements call for target-driven conservation or restora-
tion. The protection of endangered species and the control 
of invasive species urge the adoption of species-specific 
management plans. The European Birds and Habitats 
Directives, for example, obliges its member states to protect 
more than 1400 European species, as well as 230 habitat 
types. In addition, the cultural value of the landscape can 
be subject of legislation, such as UNESCO World Heritage 
sites. In most cases, the need to achieve specific targets 
often urges active intervention. Conversely, an open‐ended 
approach to conservation and restoration acknowledges 
the inherent dynamic behavior of ecosystems and sets a 
direction of change—rather than a specific state—as the 
desired outcome (Hughes et al. 2012). Without the predica-
ment of a targeted ecological outcome, human intervention 
can be minimized, and natural processes could take over. 
Therefore, factors that call for open-endedness, such as cli-
mate change, remoteness, large project areas, and high man-
agement costs, also favor rewilding (Hughes et al. 2012).

In step 3, the characterization of threats and constraints 
to reach the goals will further determine the necessary 
and feasible management trajectory. Also at this stage, the 
socioecological context continues to influence the conser-
vation process. Human perception of and preference for a 
given landscape influences the acceptance of management 
actions and ecosystem change (e.g., the Oostvaardersplassen 
in box 3). Management costs are a practical constraint and 
are often positively correlated with the surface area and 

Box 3. Continued.

The Dutch Oostvaardersplassen (case 3), situated on land reclaimed from Lake Ijssel in 1968, is the forerunner of the European rewild-

ing movement (Smit et al. 2015). In the 1980s and 1990s, large grazers were introduced into a fenced area with the aim of restoring the 

open wood-pasture primeval landscape (Vera 2000). Besides the discussion about possible ecological constraints, the socioecological 

context of being located in a highly urbanized region poses societal constraints and induces strong hysteresis (figure 5c). The large 

impact of recent periods of scarcity on animal populations provoked protests about animal welfare and a fierce debate about the man-

agement, even among biologists (Lorimer et al. 2015). In the summer of 2018, the province abandoned the no-intervention rewilding 

strategy and decided to control herbivore populations.
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remoteness of the ecosystem but are also strongly affected by 
the national and regional labor market. 

The size of the system is further important when con-
sidering the restoration of natural processes (Kuemmerle 
et al. 2010). The smaller the considered ecosystem, the more 
important the role of the surrounding area becomes. The 
intensity of the surrounding land-use increases the risk of 
inward leakage of tourism, pollution, nutrients, or invasive 
species (Corlett 2016), which often increase the need for 
recurring management. 

After the threats and constraints have been addressed, an 
assessment must be made about the position of the ecosys-
tem on the management spectrum and the level of human 
intervention that is still required. Disturbance-dependent 
species, for example, may need continuing human interven-
tion when natural disturbance regimes cannot be restored 
(Scott et  al. 2005). The actual design of specific manage-
ment actions (step 3) is very context dependent and is left 
to the dedicated literature (e.g., Sutherland et al. 2015).

Conclusions

Despite increasing conservation efforts, we are not suc-
ceeding in slowing down the rates of biodiversity loss. We 
urgently need solutions that fit the scale and pervasiveness of 
the problem. Although the division is not strict, two largely 
opposing views form the basis of the scientific literature on 
nature conservation: Rewilding proponents aim at restoring 
self-regulating ecosystems, whereas traditional conserva-
tionists argue that human intervention is needed to main-
tain biodiversity. We have shown that rewilding and human 
intervention are not mutually exclusive but are, instead, 
complementary management strategies. Practices from the 
two paradigms should be combined to tackle the biodiver-
sity crisis. We presented a framework to guide decisions 
along the spectrum from human intervention to ecosystem 
self-management, allowing better strategic conservation 
management choices. 

Global change has altered ecosystems and will continue 
to alter them. Current solutions may not work in the future 
(Brooks et  al. 2006, Ordonez et  al. 2016). Rewilding is 
focused on the general processes more than on a specific 
compositional state at a given point in time and, as a con-
sequence, could offer a solution to the unpredictability 
of future ecosystem responses to changing conditions. 
However, because of land-use legacies and the increasing, 
pervasive human footprint, the restoration of self-regulating 
ecosystems is not always feasible. This is especially true 
in cases of threatened species with small, very sensitive 
populations—notably, if they are confined to small (semi) 
natural areas with specific ecosystem conditions. 

There may, of course, also be cases in which rewilding is 
not wanted for societal reasons—for example, because of 
the protection of certain cultural heritage. Moreover, not all 
rewilding actions completely remove the need for human 
actions. Therefore, our framework’s basis is rewilding where 
possible, human intervention where needed. 

Mutual learning can improve the implementation of both 
practices considerably. Although the focus has shifted from 
safeguarding species or habitats to the restoration of natural 
processes to achieve self-managing ecosystems, most of the 
rewilding tools are not new (Hayward et al. 2019). Therefore, 
rewilding research has much to learn from related fields, 
such as reintroduction biology, restoration ecology, and 
traditional conservation science, along with basic ecology. 
On the other hand, better insight into natural processes 
(including disturbance dynamics) can be used to improve 
and better aim human intervention. We therefore call for a 
joint research agenda, instead of a focus only on one end of 
the management spectrum.
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