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Abstract 

The distinction often made between active and passive restoration approaches is a false 

dichotomy that persists in much research, policy and financial structures today. We explore the 

contradictions imposed by this terminology, and the merits of replacing this dichotomy with a 

continuum-based intervention framework. In practice, the main distinction between “passive” 

and “active” restoration lies primarily in the timing and extent of human interventions. We apply 

the intervention continuum framework to forest, grassland, stream, and peatland ecosystems, 

emphasizing that a range of restoration approaches within the scope of ecological or ecosystem 

restoration are typically employed in most projects, and all can contribute to the recovery of 

native ecosystems and prevention of further degradation. As restoration is fundamentally about 

the recovery of ecosystems, eliminating human sources of degradation is essential to enable 

ecosystem recovery processes, regardless of subsequent interventions that may be needed to 

assist recovery. Our review of restoration practices involving different levels of intervention 

highlights the benefits of recognizing a broader suite of restoration interventions in the financial 

and policy frameworks that currently underpin restoration activity. Effective restoration 

interventions emerge from an understanding of nature’s intrinsic recovery potential and 

overcoming specific obstacles that limit this potential. 

 

Key words: active restoration, ecosystem degradation, ecosystem recovery, passive restoration, 

restoration strategy, succession 
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Conceptual Implications 

• In practice, the main distinction between “passive” and “active” restoration is in the timing 

and extent of human interventions 

• Interventions to repair ecosystems are often valued more than halting degradative processes 

or removing obstacles to natural recovery 

• A continuum-based intervention framework is more useful, practical, and representative of 

actual restoration practice 

• We apply the intervention continuum framework to restoration of forests, grasslands, rivers, 

and peatlands 
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Introduction 

The practice and definition of ecological restoration focus on deliberate and active interventions 

(SER 2004; Clewell & Aronson 2013). The unaided process of natural regeneration or ecological 

succession does not necessarily fall within the definition of restoration, as it can proceed without 

human agency. This logic casts the term “passive restoration” out of the ecological restoration 

lexicon, or at least places it on its periphery. The focus on restoration as human activity has 

spawned engineering and accounting approaches to restoring ecosystems. Restoration practice 

has become institutionalized as a time-bound project with explicit goals, approaches, and 

deliverables. 

The premise that restoration is an explicitly human activity stems from a worldview that 

humans are separate from and have dominion over nature. People are the agents of restoration, 

and ecosystems are the targets. People are responsible for fixing the damage they caused, and 

engagement in restoration “interventions” is a social and political act of defiance against the 

continued degradation and transformation of ecosystems. The emphasis on actions to restore 

ecosystems can overshadow the important work of halting degradative processes and assessing 

the capacity of ecosystems to recover after conversion or degradation. 

An alternative view holds that restoration is fundamentally about ecosystem recovery, a 

natural process that is an intrinsic property of ecosystems as they adapt to changing conditions 

(Chazdon 2014; Falk 2006). Biological systems at all levels of organization have evolved myriad 

mechanisms to recover from perturbations. Ecosystems do the work of restoration; people may 

guide or assist this process. The ability of ecosystems to recover following damage or destruction 

is a matter of human concern, but not of human agency. People can participate in this recovery 

process by halting degradation and enabling natural mechanisms of recovery, but are not the 
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source of recovery capacity. This view emphasizes the need to (1) identify processes and drivers 

of ecosystem degradation; (2) consider the inherent capacity for natural recovery inputs for 

decisions regarding potential restoration interventions (Prach et al. 2020); and (3) thoroughly 

assess options for ecosystem recovery during initial planning stages.  

These contrasting views underlie the persistent and false dichotomy between “passive” 

and “active” restoration. What is often dismissed as “passive restoration” actually draws directly 

on the processes by which natural systems recover when human-caused degradation is eliminated 

or significantly reduced. Unfortunately, despite how essential these processes are, they are not 

recognized or rewarded in the same way as active restoration interventions, presenting a 

significant hurdle for restoration practitioners (McDonald 2021). Ironically, the act of “fixing” a 

broken ecosystem is valued more than the work of halting degradative processes or removing 

obstacles to natural recovery. These misguided values can lead to inefficient distribution of 

limited resources and short-sighted restoration outcomes. 

Here, we examine how these terms are used today in the practice of ecological 

restoration. We expose the contradictions imposed by the terminology of “passive” vs. “active” 

restoration, and emphasize the merits of replacing this dichotomy with a continuum-based 

intervention framework that is more useful, practical, and representative of actual restoration 

practice (Prach et al. 2020). We apply the continuum framework to restoration of forests, 

grasslands, rivers, and peatlands as examples. These applications emphasize the central 

importance of ecosystem recovery processes in the conceptualization and practice of ecological 

restoration.  
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The passive-active dichotomy hinders ecological restoration  

The categorical distinction between active and passive restoration persists in much research and 

policy today, with detrimental effects on both practice and research. In many contexts, 

restoration has become synonymous with the interventions used (Chazdon et al. 2020). For 

example, most private-sector financing and government financing is oriented toward active 

restoration interventions. In forest restoration, tree planting may be undertaken without duly 

considering the natural regenerative capacity of the land and local biota and, in some cases, 

replacing early (and often messy) successional vegetation with neat rows of planted seedlings 

(Holl & Brancalion 2020). The focus on recovery of complex, natural ecosystems (that often 

include people) is easily overlooked. Land ownership and management rights also influence 

preferences for restoration interventions. The view of restoration as a “land use,” rather than as 

an approach to assist the recovery of an ecosystem and its biotic community, further 

marginalizes the role of natural recovery processes and associated indigenous management 

practices in favor of more highly managed or commercially-focused interventions. Restoration is 

often seen as an action taken to modify or “improve” land use.  

In practice, the main distinction between “passive” and “active” restoration is in the 

timing, objectives, and extent of human interventions. The actions required to eliminate human 

sources of degradation are essential for enabling ecosystem recovery processes, regardless of the 

kind of restoration interventions applied. In the case of natural recovery, the removal of human 

disturbances is the only intervention applied (Holl & Aide 2011). The “passive” phase therefore 

refers only to the post-disturbance recovery process. For example, fencing out livestock, 

fallowing cropland, removing over-abundant lianas or thinning and controlled burns in fire-

suppressed forests can be effective actions to remove effects of human disturbance in an effort to 
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re-establish natural disturbance regimes. In some circumstances, controlled livestock grazing can 

suppress invasive grasses and promote seed dispersal (Miceli-Mendez et al. 2008), stimulating 

recovery of wooded ecosystems. 

Ecosystem recovery proceeds most quickly in areas with a history of less severe or 

intensive degradation, in close proximity to propagule sources without dispersal barriers (Holl & 

Aide 2011), and in sites with moderate productivity and low levels of abiotic stress (Prach et al. 

2020). The literature on passive recovery tends to compare outcomes of active interventions with 

natural regeneration, rather than emphasize how the two approaches can be complementary (e.g., 

Crouzeilles et al. 2017; Reid et al. 2018; Holl & Brancalion 2020). The persistent dichotomy also 

fails to recognize and account for the increasing and widespread adoption of assisted natural 

regeneration as part of the spectrum of restoration interventions practiced in different contexts 

(Shono et al. 2020, Standards Reference Group 2021).  

Ecosystem recovery takes time, even under optimal conditions. As a consequence, 

relying on unassisted recovery is often viewed as too slow and uncertain to accommodate the 

timetables and performance expectations of practitioners, managers, or funding agencies (Zahawi 

et al. 2014). Active restoration approaches are often motivated by the desire or mandate to 

transform a degraded ecosystem to a restored ecosystem quickly. Such efforts can be less 

effective for achieving ecosystem recovery than allowing a more gradual progression of states. 

Intensive restoration interventions can lead to extensive mortality of naturally regenerating 

seedlings planted in the wrong place or time. By-passing early successional stages to 

“accelerate” ecosystem recovery can also negatively affect populations of early successional 

specialists. In Europe, river restoration measures are implemented and monitored within 6-year 

cycles (European Community 2000). This time period may not be sufficient to assess the 
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ecological response to restoration interventions, especially if other factors (e.g. water quality) are 

affecting the ecological community (Palmer et al. 2010). 

Rejecting this dichotomy, we posit that ecological restoration practices can be unified 

along an intervention continuum (Figure 1, Table 1). The intervention continuum concept 

recognizes that restoration interventions should be case-specific and tailored to specific 

processes that drive the degradation and recovery of focal ecosystems. We present a decision tree 

involving four steps to assist decision-making by implementers and practitioners following the 

intervention continuum framework (Box 1). We recognize that many experienced practitioners 

are already employing actions along a continuum; the concept is relevant to (1) emerging 

organizations newly engaging in restoration; (2) scientists assessing and synthesizing the 

efficacy of restoration approaches; (3) funders who are seeking to provide resources to support 

restoration activities; and (4) policy-makers and decision-makers who are delivering restoration 

strategy.    

 

Figure 1 here 

Box 1 here 

 

Ecosystem-specific frameworks based on the intervention continuum 

Forest ecosystems  

Restoration of forest ecosystems follows a wide range of approaches (Figure 1, Table 1) that 

draw from well-established practices in forest management, grounded in an understanding of 

forests as dynamic ecosystems (Binkley 2020). On publicly-owned lands, land management 

philosophy often emphasizes the retention of natural ecosystem dynamics to the greatest possible 
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extent (Christensen et al. 1996; Keeley 2009). Forest restoration practices are also driven by the 

practicalities of managing landscapes of hundreds to millions of hectares, scales at which 

micromanagement of ecosystem processes is neither feasible nor desirable (Doyle & Drew 2012; 

Latawiec et al. 2015). 

 

Table 1 here 

 

Natural recovery of forest ecosystems following large-scale disturbances is influenced by 

local site conditions and prior land uses, as well as landscape-scale factors that influence 

colonization and establishment of native species (César et al. 2021). Recovery can generally 

occur where soils have not been heavily disturbed, and patches of native forest vegetation are 

adjacent or nearby (Crouzeilles et al. 2020). In former agricultural fields, recovery typically 

begins with colonization of ruderal herbs, graminoids, and shrubs, followed by light-demanding 

tree species whose shade promotes the establishment of shade-tolerant mid- and late-

successional species (Swanson et al. 2011). These early stages of forest succession provide 

important habitats for native species of invertebrates and vertebrates that thrive in more open 

conditions. Establishment of late-successional tree species can take decades or centuries. Some 

active forest restoration interventions focus on planting seedlings of late successional tree 

species, bypassing the early successional phases. This approach overlooks the gradual 

development of ecological legacies such as soil biogeochemical processes and complex trophic 

pathways over time (Johnstone et al. 2016). 

In forest restoration, the term “assisted natural regeneration” (ANR) is often applied to 

cases where light interventions—including site protection, maintenance, and in some cases 
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strategic tree planting to encourage recovery—are employed to reduce or eliminate sources of 

degradation that impede forest regeneration or to hasten establishment of diverse native 

vegetation (Shono et al. 2020). The Society for Ecological Restoration in Australia recently 

adopted the terms “facilitated regeneration” and “combined regeneration and reintroduction” to 

describe ANR approaches (Standards Reference Group 2021). In our framework, these 

interventions are examples of “lightly assisted recovery” and “moderately assisted recovery,” 

respectively (Figure 1). Light and moderate interventions can also be used to enhance the 

regeneration of trees used for production of fodder, firewood/charcoal, fruit or timber products 

(Shono et al. 2020) while also promoting regeneration of native tree species, enhancing 

biodiversity, and supplying a wide range of ecosystem services such as soil fertility and water 

quality. Reducing effects of weedy invasive species, creating fire breaks, and fencing are 

common ways to assist natural regeneration of forests (Figure 1, Table 1).  

Moderately-assisted recovery interventions are applied widely in the restoration of post-

agricultural lands, or to restore forests affected by logging or by fire suppression. Direct seeding 

and planting seedlings are the most widely used approaches for restoring forests on post-

agricultural lands. Many conifer forests in western North America have become overstocked due 

to fire suppression and are vulnerable to insect infestation, drought-induced mortality, and 

catastrophic fires (Abatzoglou et al. 2016; Kautz et al. 2017; Keeley et al. 2019). In these cases, 

restoration interventions often focus on stand thinning and controlled burns to reduce the 

potential for extreme fire behavior, and offset drought stress (Addington et al. 2018). When land 

uses have completely removed soil or altered hydrology or landforms (as with strip-mining or 

other forms of mining), forest restoration requires intensive and costly initiatives that may 

include a progression of interventions (Figure 1). Post-mining forest restoration is a costly staged 
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process involving reapplication of retained topsoil, followed by weeding and planting native or 

exotic “nurse” trees, followed by seeding or planting seedlings of native tree species (Festin et al. 

2019).  

Restoration following large wildfires characteristically employs the full continuum of 

interventions. Intensive interventions are employed to treat areas that have burned with high 

severity effects on vegetation and soils, because these areas are the least likely to recover without 

assistance, whereas other areas are generally allowed to recover naturally (Walker & del Moral 

2009). For example, in the US, immediate post-fire actions are typically conducted under the 

Burned Area Emergency Response (BAER), which emphasizes intensively assisted recovery 

(sensu Figure 2) with a focus on stabilizing soils to reduce hillslope soil erosion and sediment 

flux into stream channels (Robichaud et al. 2000, 2009). Once hillslopes are stabilized, the 

emphasis shifts to re-establishing vegetation. Areas near (<200 m) remnant intact forest are 

typically allowed to revegetate by natural seed dispersal processes, as conifer seedlings tend to 

establish close to parent trees (Figure 2; Stevens-Rumann and Morgan 2019). Further into a 

severely burned patch, beyond natural dispersal distance, land managers may apply lightly or 

moderately assisted recovery by dispersing seeds by hand or other means (aircraft, UAVs), or 

planting established (nursery grown or wilding) seedlings. Other areas that shift into early 

successional vegetation (e.g. dominance by aspen, Populus tremuloides) will be left to progress 

along a post-fire successional sequence (Figure 2). 

 

Figure 2 here 

 

Grassland ecosystems  
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Temporal continuity of most grassland depends on repeated disturbances that suppress 

tree establishment. In natural grasslands, disturbance usually consists of fire and/or grazing by 

native megafauna (Dewar et al. 2021). In semi-natural grassland, it consists of cutting and/or 

livestock grazing (Prach et al. 2017). In addition, a modulating influence on grassland 

composition can be exerted by flooding disturbances (Toogood & Joyce 2009). Loss of regular 

disturbance and subsequent woody plant encroachment is considered a source of degradation for 

grassland ecosystems worldwide (Ratajczak et al. 2011). Grassland restoration usually requires 

reintroduction of a suitable disturbance regime, but if woody plant encroachment has occurred, 

woody vegetation must first be removed (Alford et al. 2012). If conditions exist for 

reestablishment of target species from the soil seed bank or via dispersal from nearby source 

grassland, one-off scrub removal, followed by reinstated regular disturbance may be sufficient 

(Waldén & Lindborg 2018). For natural grassland, this might mean managed disturbances such 

as controlled burning or livestock grazing (Brudvig et al. 2007; Price et al. 2020). 

Where natural recovery of grassland vegetation is not possible, this is usually due to 

dispersal or establishment limitation (Öster et al. 2009; Grman et al. 2015). Establishment of 

target species can be limited by lack of suitable mycorrhiza (Koziol & Bever 2017), competition 

by generalist species that can better exploit high soil fertility (Öster et al. 2009; Wagner et al. 

2016), and exotic species invasion (Buisson et al. 2019; Kaul & Wilsey 2021). When these 

limitations are weak, unassisted restoration can produce reasonable results within 10-20 years, as 

confirmed for some semi-natural European grassland (Ruprecht 2006; Královec et al. 2009), 

although full restoration can take substantially longer (Redhead et al. 2014). Moreover, 

unassisted restoration frequently fails to restore natural grassland if many target species establish 

poorly from seed (Buisson et al. 2019), or if exotic invasive species keep the system in an 
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alternative stable state (Damasceno et al. 2018; Kaul & Wilsey 2021). To overcome these 

limitations, restoration interventions for grasslands are available that can be graded based on 

intensity (Table 1; Figure 3). The best choice depends on the nature and strength of constraints, 

availability of financial, labor and target species propagule resources, stakeholder requirements, 

and the time considered acceptable for recovery.  

Low-intensity measures to overcome dispersal limitation include seed bank activation via 

ground disturbance, and grazing management facilitating plant colonization from nearby 

reference grassland. Another low-cost option is the sowing of low-diversity grass mixtures 

(Manchester et al. 1999), which is sufficient for restoring agricultural productivity. However, this 

practice can be counterproductive for full ecological restoration of species-rich grassland, as 

priority effects from sown grasses may prevent further target species colonization (Fagan et al. 

2008). Other approaches, such as transfer of ‘green hay’ or of brush-harvested seed, are used to 

introduce many target species at once (Kiehl et al. 2010). Sowing high-diversity native seed 

mixtures can help suppress exotic weed colonization, e.g. in prairie restoration (Kaul and Wilsey 

2021), but can be expensive, particularly when applied at larger scales (Walker et al. 2004). 

 

Figure 3 here 

 

Most restored grasslands rely on natural colonization to complement active species 

introduction, as these methods do not usually establish entire reference communities at once. 

Although green hay transfer often produces good results, species transfer rates rarely approach 

100% (Kiehl et al. 2010). With respect to seed mixtures, even in regions with a well-developed 

native seed industry, significant gaps remain regarding species availability (Ladouceur et al. 
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2018; White et al. 2018). Moreover, specialist species often fail to establish when sown during 

early restoration (Pywell et al. 2003), but may colonize later (e.g. Wagner et al. 2019).  

Plug planting, an example of moderate intervention, is usually limited to introducing only 

a few species (Table 1, Walker et al. 2004). The most intensive interventions to establish target 

vegetation are turf and topsoil transfer (Manchester et al. 1999). These interventions work well, 

at least initially (Mudrák et al. 2017; Pilon et al. 2019), but require high-quality donor sites to be 

destructively ‘harvested’ (Manchester et al. 1999). 

When restoring species-rich grassland from cropland or agriculturally improved 

grassland, both target species introduction and addressing establishment limitation resulting from 

excess soil fertility may often be required. In some instances, a gradual decline of soil fertility 

through regular management may be sufficient, but can take many years (Oomes 1990). One 

relatively low-effort approach to alleviate moderate excess soil fertility during restoration is to 

introduce hemiparasitic annual plants. For example, Rhinanthus species used in some restored 

semi-natural European grassland reduce grass dominance and site productivity, and boost target 

forb establishment (Westbury et al. 2006; Tĕšitel et al. 2017). Soil nitrogen can be immobilized 

by incorporating carbon-containing organic materials (Eschen et al. 2006), but this usually 

requires repeated application (Halassy et al. 2020). Longer-term fertility reduction is achieved by 

soil inversion by deep ploughing (Glen et al. 2017), or by topsoil removal (Manchester et al. 

1999). When dominance of invasive exotic species prevents target species establishment, weed 

control is key, usually requiring fairly intensive interventions via chemical control or targeted 

disturbance such as mowing, grazing, or controlled burning (Weidlich et al. 2020; Damasceno & 

Fidelis 2020). In some instances, restoration of a previous hydrological regime and potentially 

flooding regime may be required during grassland restoration. Suitable measures can vary in 
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intensity, ranging from limited local measures to much more costly measures to restore large 

hydrological systems (Jansen et al. 2000). 

 

River and stream ecosystems  

Naturally functioning rivers and floodplains are dynamic systems that create spatial mosaics of 

temporally varying habitats, supporting diverse ecological communities (Ward et al. 2002). 

Rivers have a great potential for recovery; the level of intervention required depends on the 

degree to which form, communities and processes have been altered (Palmer & Ruhi 2019; Wohl 

et al. 2015a). 

Unassisted recovery of ecological structure and function (i.e. ecosystem restoration) is 

possible in most rivers (Wohl et al. 2005). Flowing water drives sediment erosion and deposition 

within the channel and floodplain, producing variations in topography, soil and sediment 

characteristics, and hydrology, which are the foundation of physical habitat complexity in river 

systems (Palmer et al. 2010; Wohl et al. 2015a). The speed of change or recovery are governed 

by multiple physical factors of the river and catchment, including channel gradient, discharge, 

sediment loads, sediment grain size, and channel modifications. Upland rivers respond more 

quickly than lowland ones, because the steeper channel gradients, higher loads of coarse 

sediment, and high discharges mean that the river has a greater power to reshape the channel, 

erode banks and alter floodplain topography (Jaehnig et al. 2010). The slower geomorphic 

process rates in lowland rivers are often used as a justification for assisted recovery; however 

natural ecosystem engineers (beavers, Brazier et al. 2021; aquatic vegetation and riparian trees, 

Gurnell 2014) can speed up recovery (Figure 4). Natural recovery can restore function and 

services, but recovery of the native ecological community depends upon the local and regional 
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species pool, presence of invasive species, and pressures operating at wider scales (e.g. water 

quality) (Palmer et al. 2010; Wohl et al. 2015a). 

 

Figure 4 here 

 

Lightly assisted recovery considers factors and interventions implemented outside of the 

channel or upstream of the restoration site to influence river processes or ecology (Table 2). The 

flow regime is central to river ecosystems (Palmer and Ruhi 2019). Land cover and land use 

greatly influence the water flow and sediment regimes of a river and, in turn, its form (Vietz et 

al. 2016; Grabowski and Gurnell 2016; Palmer and Ruhi 2019). A range of sustainable drainage, 

natural flood management and soil conservation measures can be implemented to naturalize peak 

and baseflow discharges, reduce diffuse pollution and facilitate geomorphic and ecological 

recovery (e.g. Grabowski et al. 2019). Upstream dam and reservoir operations can be modified to 

naturalize the water flow and sediment regimes (Palmer and Ruhi 2019; Wohl et al. 2015b). 

Aquatic and riparian vegetation can be allowed to develop through fencing or selective thinning 

and weeding (Table 1; Figure 4). Vegetation and large wood provide important micro- and 

mesohabitats (Hasselquist et al. 2015; Muller et al. 2016), which can trigger more widespread 

changes in channel form and habitat complexity through geomorphic processes (Gurnell & 

Grabowski 2016; Gurnell 2014).  

Moderately and heavily assisted recovery are required in situations where historical 

alterations prevent or limit natural geomorphic and ecological processes from functioning. 

Moderately assisted recovery includes interventions to remove hard engineering (e.g. revetment), 

add soft engineering (i.e. wood) to initiate geomorphic processes, or targeted planting of 
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vegetation (Table 1, Figure 4). Heavily assisted recovery is the direct alteration of the form of 

channel, riparian zone and floodplain, and includes the interventions that are often associated 

with the practice of river restoration (e.g. channel re-meandering and re-profiling; Table 1). 

While these measures can be used in any river, they are truly essential only in situations where 

key elements driving geomorphic change are missing and unable to be restored, or where 

irreparable change has occurred that limits ecological recovery. A good example is a high- 

energy river that has incised down to bedrock. If the factors that caused the bed degradation 

cannot be rectified (e.g. naturalization flow and reconnection of sediment supply), there is 

limited potential for unassisted recovery. 

 

Peatland ecosystems 

Peatlands occur in perpetually wet, anoxic conditions that reduce rates of decomposition, leading 

to the accumulation of organic matter and the creation of large reservoirs of below-ground 

carbon (Parish et al. 2008; Joosten et al. 2012). Human activities have greatly reduced the areal 

extent of peatlands (Andersen et al. 2017; Harrison et al. 2020). As such, these ecosystems have 

become a key focus for nature-based solutions for climate change mitigation and ecological 

restoration (Tanneberger et al. 2021).  

The processes of peatland degradation vary geographically due to differences in initial 

vegetation, hydrology and trajectories of land-use change. In tropical peat swamp forest systems, 

logging for valuable timber species and removal of forest cover leads to reductions in organic 

inputs, increased water loss via run-off and evaporation, and consequent drying, subsidence and 

erosion of the peat (Graham et al. 2017). These actions increase vulnerability to fires, which are 

long-lasting and hard to extinguish. Tropical peatland systems are drained by networks of canals 
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and may subsequently be planted with monocultures, generating ongoing carbon losses and peat 

deterioration. High-latitude peatlands, particularly those typified by bryophyte and sedge plant 

communities, have been subject to peat-cutting for fuel and horticulture, which directly removes 

the vegetation and peat layer, and have been drained for agriculture, pasture and tree plantations 

(Andersen et al. 2017). 

Natural regeneration in degraded peatland ecosystems is considered rare. Such recovery 

may be possible in selectively logged tropical sites in close proximity to natural forest with little 

fire disturbance (Blackham et al. 2014) albeit initially with an impoverished floral composition 

(Graham et al. 2017). More commonly, alteration to a site’s hydrology is implicated in processes 

of both degradation and recovery in tropical, temperate and boreal biomes. “Rewetting” is often 

a first crucial step to initiate restoration (Table 1; Figure 5). In certain circumstances reducing 

grazing pressure and removing scrub vegetation to reduce evaporation rates can assist, but more 

often resource-intensive interventions are required: canals or ditches (originally installed to drain 

the peat) are dammed or infilled, to re-establish the environmental conditions suitable for 

endemic plant species (Joosten et al. 2012; Artz et al. 2019). Without rewetting, peatland is 

likely to undergo a transition to an alternative stable state. In the case of afforested peatlands, 

removal of non-native forest is a necessary early intervention, and continued removal of 

regrowth may be required. More involved surface reprofiling or contour bunding may be 

required to distribute and retain water in certain topographic settings and highly degraded sites to 

improve rewetting prospects (Payne et al. 2018).  

Peat rewetting is not always straightforward. Drained peat is subject to compaction and 

subsidence (Joosten et al. 2012). Changes to structure, relief and porosity cause water to behave 

differently in a degraded system, resulting in greater seasonal fluctuations that affect recovering 
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vegetation (Wösten et al. 2006). For example, in tropical peat forests, tree seedlings are unable to 

establish from seed and survive through the wet season when the peat may become submerged. 

Rewetting may be additionally challenging if deep fissures or pipes have developed, or where 

inflowing ground or surface water in fen ecosystems needs to be reconnected with their 

watershed (Chimner et al. 2017).  

Revegetation of these systems is critical for stabilizing the peat surface, recovering plant 

matter for re-establishment of peat stocks, retaining moisture, and realizing the climate change 

mitigation potential of restored peatlands. Rewetting can lead to methane emissions which 

influence the greenhouse gas balance of peatlands in restoration (Levy et al. 2012). Generally, 

little natural regeneration occurs following peat-cutting (Chimner et al. 2017). Revegetation 

strategies in high latitude peatlands include seeding, plug-planting, brash spreading and 

propagation of mosses, along with removal of newly dominant vascular species (Artz et al. 

2019). In degraded tropical peat forests, removal of ferns and ground vegetation alongside 

planting and maintaining tree seedlings of tolerant species is undertaken, but there is relatively 

little published evidence of degree of long-term efficacy in these schemes (van Eijk et al. 2009; 

Graham et al. 2017).  

Although fires are rare in natural peatland ecosystems because of their hydrological 

conditions, degraded peatlands are susceptible to fire, with dead wood and dry peat acting as 

tinder fuel. Fire adversely affects naturally regenerating vegetation and plantings; in drought 

conditions (e.g. during strong ENSO events) these fires can be particularly devastating (Gaveau 

et al. 2014). Fires can smolder undetected under the surface and later reignite making them yet 

harder to control (Joosten et al. 2012). As such, fire prevention and control are critical 
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interventions in peatland systems, particularly until the water table has been restored (Harrison et 

al. 2020).  

The perception of peatlands as “wastelands” may reduce local support for rewetting; 

drained land and the drainage canals themselves provide access and it’s not uncommon for drain 

blocks to be removed (Joosten et al. 2012). Fires may arise accidentally, or may be initiated by 

people for further land clearance. As is often the case, local social consensus is critical in 

restoration outcomes. Full involvement of local communities in restoration planning are 

required, particularly when interventions are costly and stakes are high. 

 

Conclusion: Assisting the recovery of ecosystems  

Restoration practices across different types of ecosystems lie along a continuum rather than 

within discrete categories of passive vs. active forms. Further, most restoration projects employ a 

blend of different approaches, as emphasized in the recent modifications of the National 

Restoration Standards for the Practice of Ecological Restoration in Australia (Standards 

Reference Group, 2021). We advocate that policy and financial frameworks underpinning 

restoration recognize and place value on the breadth of approaches so that practitioners are able 

to apply common-sense approaches, rather than fit the mold of specific targets. Approaches 

strategically combining diverse degrees of intervention need to count as valid, and even 

preferred, restoration approaches (McDonald 2021). We focus attention on the need to mitigate 

or eliminate sources of human-caused degradation as the first step toward restoring ecosystems 

(Box 1). In some cases, doing so (which may require non-trivial efforts of persistence) may be 

the only intervention needed, apart from protecting the site from further damage or conversion. 
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There is nothing “passive” about promoting the self-recovery and self-organization of 

ecosystems. 

Effective restoration interventions emerge from an understanding of nature’s intrinsic 

recovery potential, and overcoming obstacles that limit this potential (Box 1). Incentives for 

landowners are often needed to let natural ecosystems recover on their own, or with light or 

moderate assistance (Chazdon et al. 2020). Additional benefits from encouraging natural 

recovery of ecosystems include a significant reduction in implementation costs, the potential to 

reach larger spatial scales, favoring colonization of native locally-adapted genotypes, allowing 

natural processes to operate without human manipulation, and enhancing biodiversity through 

multi-species interactions and mutualisms during the self-recovery process.  

In an era of global change, ecological restoration interventions must consider the need to 

build resilient ecosystems (Falk 2017). Restoration is not merely a “healing” process, but also 

requires preventive measures that strengthen resilience. Such measures can include: (1) allowing 

social–environmental systems to self-organize and adapt to novel biological, environmental, and 

social conditions (Messier et al. 2015); (2) where planting is needed, increasing the levels of 

diversity of species, functional types and genotypes planted, and increase functional redundancy 

to allow for adaptation and species turnover in response to climate extremes (Tuck et al. 2016); 

(3) assessing carefully the role of translocation and assisted migration in revegetation practices 

through improved understanding of risks and benefits in given ecosystem and geographical 

contexts; (4) supporting effective adaptive management by enhancing active involvement of 

local people in monitoring ecosystem restoration to promote more linkages between human and 

natural systems and to provide timely feedbacks (Messier et al. 2015); and (5) emphasizing 

connectivity at landscape and regional scales when planning locations for restoration, to permit 
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movement and provide refuges for species. Using a stepwise, decision-tree approach to evaluate 

the potential for unassisted or lightly assisted recovery (Box 1) will enable scarce funds to be 

used most effectively, with positive outcomes for biodiversity and functions of naturally 

recovering ecosystems.  

 

Acknowledgements 

We thank Stephen Murphy and an anonymous reviewer for helpful comments on the manuscript, 

and thank Joshua Robins and Hannah Joyce from the River Restoration Centre for providing 

photos for Figure 4. We thank Katie Aspray (Environment Agency), Chris Evans (UKCEH), 

Jenny Sharman (Yorkshire Peat Partnership) and Ed Turner (Forestry and Land Scotland) for 

kindly providing photographs and site restoration details for Figure 5. LFB was supported by 

NERC Global Partnerships Seedcorn Fund (FOR-RESTOR; NE/T005092/1). RCG was 

supported by funding from the UK National Environment Research Council (NE/S01232X/1). 

DAF received support from the USGS Southwest Climate Adaptation Science Center 

(G19AC00099). We thank Tein McDonald for providing useful insights and information 

regarding the revised National Standards for Ecological Restoration in Australia. We thank the 

Royal Society for bringing us together at Chicheley Hall for the Theo Murphy Meeting on 

Restoration Science for Action in September 2019. 

This article is protected by copyright. All rights reserved.



Literature Cited 

Abatzoglou, J. T., and A. P. Williams. 2016. Impact of anthropogenic climate change on wildfire 

across western US forests. Proceedings of the National Academy of Sciences 113:11770-

11775. 

Addington, R. N., G. H. Aplet, M. A. Battaglia, J. S. Briggs, P. M. Brown, A. S. Cheng, Y. 

Dickinson, J. A. Feinstein, K. A. Pelz, and C. M. Regan. 2018. Principles and practices 

for the restoration of ponderosa pine and dry mixed-conifer forests of the Colorado Front 

Range. RMRS-GTR-373. Fort Collins, CO: US Department of Agriculture, Forest 

Service, Rocky Mountain Research Station. 121pages. 

Alford, A. L., E. C. Hellgren, R. Limb, and D. M. Engle. 2012. Experimental tree removal in 

tallgrass prairie: variable responses of flora and fauna along a woody cover gradient. 

Ecological Applications 22:947-958. 

Andersen, R., Farrell, C., Graf, M., Muller, F., Calvar, E., Frankard, P., Caporn, S. and 

Anderson, P. 2017. An overview of the progress and challenges of peatland restoration in 

Western Europe. Restoration Ecology 25: 271-282.  

Artz, R., Evans, C., Crosher, I., Hancock, M., Scott-Campbell, M., Pilkington, M., Jones, P., 

Chandler, D., McBride, A., Ross, K. and Weyl, R. (2019) The State of UK Peatlands: an 

update. Commissioned report: IUCN UK Peatland Programme’s Commission of Inquiry 

on Peatlands (https://www.iucn-uk-peatlandprogramme.org/sites/default/files/2019-

11/COI%20State_of_UK_Peatlands.pdf). 

Binkley D. 2020. Forest ecology: An evidence-based approach. Wiley-Blackwell Publishers. 

This article is protected by copyright. All rights reserved.

https://extranet.cranfield.ac.uk/sites/default/files/2019-11/,DanaInfo=www.iucn-uk-peatlandprogramme.org,SSL+COI%20State_of_UK_Peatlands.pdf
https://extranet.cranfield.ac.uk/sites/default/files/2019-11/,DanaInfo=www.iucn-uk-peatlandprogramme.org,SSL+COI%20State_of_UK_Peatlands.pdf


Blackham GV, Webb EL, Corlett RT (2014) Natural regeneration in a degraded tropical 

peatland, Central Kalimantan, Indonesia: implications for forest restoration. Forest 

Ecology and Management 324:8–15. 

Brazier RE, Puttock A, Graham HA, Auster RE, Davies KH, Brown CML (2021) Beaver: 

Nature’s ecosystem engineers. Wiley Interdiscip Rev Water 8:1–29. 

https://doi.org/10.1002/wat2.1494      

Brudvig LA, Mabry CM, Miller JR, Walker TA (2007) Evaluation of central North American 

prairie management based on species diversity, life form, and individual species metrics. 

Conservation Biology 21:864-874. 

Buisson E, Le Stradic S, Silveira FAO, Durigan G, Overbeck GE, Fidelis A, et al. (2019) 

Resilience and restoration of tropical and subtropical grasslands, savannas, and grassy 

woodlands. Biological Reviews 94:590-609. 

César, R., V. S. Moreno, G. Coletta, D. Schweizer, R. L. Chazdon, J. Barlow, S. F. B. Ferraz, R. 

Crouzeilles, and P. H. S. Brancalion. 2021. It’s not just about time: agricultural practices 

and landscape-level forest cover dictate secondary forest recovery in deforested tropical 

landscapes. Biotropica 53: 496-508. 

Chazdon, R. L. 2014. Second growth: The promise of tropical forest regeneration in an age of 

deforestation. University of Chicago Press, Chicago, IL. 

Chazdon, R. L., D. Lindenmayer, M. R. Guariguata, R. Crouzeilles, J. M. Rey Benayas, and E. 

Lazos. 2020. Fostering natural forest regeneration on former agricultural land through 

economic and policy interventions. Environmental Research Letters 15:043002; 

https://iopscience.iop.org/article/043010.041088/041748-049326/ab043079e043006/pdf. 

This article is protected by copyright. All rights reserved.

https://extranet.cranfield.ac.uk/10.1002/,DanaInfo=doi.org,SSL+wat2.1494


Chimner, R.A., Cooper, D.J., Wurster, F.C. and Rochefort, L. (2017), An overview of peatland 

restoration in North America: where are we after 25 years? Restoration Ecology 25: 283-

292.  

Christensen, N. L., A. M. Bartuska, J. H. Brown, S. Carpenter, C. D'Antonio, R. Francis, J. F. 

Franklin, J. A. MacMahon, R. F. Noss, and D. J. Parsons. 1996. The report of the 

Ecological Society of America committee on the scientific basis for ecosystem 

management. Ecological Applications 6:665-691. 

Clewell, A. F., and J. Aronson. 2013. Ecological restoration. Principles, values, and structure of 

an emerging profession, 2nd Edition. Island Press, Washington, D.C. 

Crouzeilles, R., H. L. Beyer, L. M. Monteiro, R. Feltran-Barbieri, A. C. Pessôa, F. S. Barros, D. 

B. Lindenmayer, E. D. Lino, C. E. Grelle, and R. L. Chazdon. 2020. Achieving cost‐

effective landscape‐scale forest restoration through targeted natural regeneration. 

Conservation Letters:e12709. 

Crouzeilles, R., M. S. Ferreira, R. L. Chazdon, D. Lindenmayer, J. B. B. Sansevero, L. Monteiro, 

A. Iribarrem, A. Latawiec, and B. B. N. Strassburg. 2017. Ecological restoration success 

is higher for natural regeneration than for active restoration in tropical forests. Science 

Advances 3:e1701345. 

Damasceno G, Fidelis A (2020) Abundance of invasive grasses is dependent on fire regime and 

climatic conditions in tropical savannas. Journal of environmental Management 271, 

111016. 

Damasceno G,Souza L, Pivello VR, Gorgone-Barbosa E, Giroldo PZ, Fidelis A (2018) Impact of 

invasive grasses on Cerrado under natural regeneration. Biological Invasions 20:3621-

3629. 

This article is protected by copyright. All rights reserved.



Dewar JJ, DA Falk, TW Swetnam, CH Baisan, CD Allen, and RR Parmenter. 2021. Landscape 

reconstruction of historical fire regimes of forest-grassland ecotones and grasslands in the 

Valles Caldera National Preserve, New Mexico, USA. Landscape Ecology 36: 331–352. 

https://link.springer.com/article/10.1007/s10980-020-01101-w. 

Doyle, Mary, and Cynthia Drew, eds. Large-scale ecosystem restoration: five case studies from 

the United States. Island Press, 2012. 

Eschen R, Mortimer SR, Lawson CS, Edwards AR, Brook AJ, Igual JM, et al. (2006) Carbon 

addition alters vegetation composition on ex-arabe fields. Journal of Applied Ecology 

44:95-104. 

European Community, 2000. Directive 2000/60/EC of October 23 2000 of the European 

parliament and of the council establishing a framework for community action in the field 

of water policy. Official Journal of the European Community, L327, 1–72. 

Fagan KC, Pywell RF, Bullock JM, Marrs RH (2008) Do restored calcareous grasslands on 

former arable fields resemble ancient targets? The effect of time, methods and 

environment on outcomes. Journal of Applied Ecology 45:1293-1303. 

Falk DA 2006. Process-centred restoration in a fire-adapted ponderosa pine forest. Journal for 

Nature Conservation 14: 140-151. 

Falk, D. A. 2017. Restoration ecology, resilience, and the axes of change. Annals of the Missouri 

Botanical Garden 102:201-216. 

Festin, E. S., M. Tigabu, M. N. Chileshe, S. Syampungani, and P. C. Odén. 2019. Progresses in 

restoration of post-mining landscape in Africa. Journal of forestry research 30:381-396. 

Gaveau, D., Salim, M., Hergoualc'h, K., Locatelli, B., Sloan, S., Wooster, M., Marlier, M.E., 

Molidena, E., Yaen, H., DeFries, R., Verchot, L., Murdiyarso, D., Nasi, R., Holmgren P. 

This article is protected by copyright. All rights reserved.

https://extranet.cranfield.ac.uk/article/10.1007/,DanaInfo=link.springer.com,SSL+s10980-020-01101-w
https://extranet.cranfield.ac.uk/article/10.1007/,DanaInfo=link.springer.com,SSL+s10980-020-01101-w


and Shiel, D. (2014) Major atmospheric emissions from peat fires in Southeast Asia 

during non-drought years: evidence from the 2013 Sumatran fires. Scientific Reports 4, 

6112. 

Glen E, Price EAC, Caporn SJM, Carroll JA, Jones LM, Scott R (2017) Evaluation of topsoil 

inversion in U.K. habitat creation and restoration schemes. Restoration Ecology 25:72-

81. 

Grabowski R, Gurnell A, Burgess-Gamble L, England J, Holland D, Klaar M, Morrissey I, 

Uttley C & Wharton G (2019) The current state of the use of large wood in river 

restoration and management. Water and Environ Journal 33:wej.12465. 

https://doi.org/10.1111/wej.12465. 

Grabowski RC, Gurnell AM (2016) Diagnosing problems of fine sediment delivery and transfer 

in a lowland catchment. Aquatic Sciences 78:95–106. https://doi.org/10.1007/s00027-

015-0426-3. 

Graham, LLB, Giesen, W, Page S (2017) A common-sense approach to tropical peat swamp 

forest restoration in South Eastasia. Restoration Ecology 25 (2): 312-321. 

Grman E, Bassett T, Zirbel CR, Brudvig LA (2015) Dispersal and establishment filters influence 

the assembly of restored prairie plant communities. Restoration Ecology 23: 892-899. 

Gurnell AM (2014) Plants as river system engineers. Earth Surface Processes and Landforms 

39:4–25 

Gurnell AM, Grabowski RC (2016) Vegetation-hydrogeomorphology interactions in a low-

energy, human-impacted river. River Research and Applications 32:202–215 

This article is protected by copyright. All rights reserved.



Halassy M, Kövendi-Jakó A, Szitár K, Török K (2020) N immobilization treatment revisited: a 

retarded and temporary effect unfolded in old field restoration. Applied Vegetation 

Science. (In Press). https://doi.org/10.1111/avsc.12555 

Harrison, ME, Ottay, JB, D’Arcy, LJ, Cheyne, SM, Anggodo, Belcher, C, Cole, L, Dohong, A, 

Ermiasi, Y, Feldpausch, T, Gallego-Sala, A, Gunawan, A, Höing, A, Husson, SJ, Kulu, 

IP, Maimunah Soebagio, S, Mang, S, Mercado, L, Morrogh-Bernard, HC, Page, SE, 

Priyanto, R, Ripoll Capilla, B, Rowland, L, Santos, EM, Schreer, V, Sudyana, IN, 

Taman, SBB, Thornton, SA, Upton, C, Wich, SA & Frank van Veen, FJ (2020) Tropical 

forest and peatland conservation in Indonesia: Challenges and directions. People and 

Nature 2: 4– 28. 

Hasselquist EM et al. (2015) Time for recovery of riparian plants in restored northern Swedish 

streams: a chronosequence study. Ecological Applications 25:1373–1389. 

Holl, K. D., and P. H. S. Brancalion. 2020. Tree planting is not a simple solution. Science 

368:580-581. 

Holl, K. D., and T. M. Aide. 2011. When and where to actively restore ecosystems? Forest 

Ecology and Management 261:1558-1563. 

Jaehnig SC, Brabec K, Buffagni A, Erba S, Lorenz AW, Ofenboeck T, Verdonschot PFM, 

Hering D (2010) A comparative analysis of restoration measures and their effects on 

hydromorphology and benthic invertebrates in 26 central and southern European rivers. 

Journal of Applied Ecology 47:671–680. https://doi.org/10.1111/j.1365-

2664.2010.01807.x 

Jansen AJM, Grootjans AP, Jalink MH (2000) Hydrology of Dutch Cirsio-Molinietum meadows: 

prospects for restoration. Applied Vegetation Science 3:51-64. 

This article is protected by copyright. All rights reserved.

https://extranet.cranfield.ac.uk/10.1111/,DanaInfo=doi.org,SSL+avsc.12555


Johnstone, J. F., C. D. Allen, J. F. Franklin, L. E. Frelich, B. J. Harvey, P. E. Higuera, M. C. 

Mack, R. K. Meentemeyer, M. R. Metz, and G. L. Perry. 2016. Changing disturbance 

regimes, ecological memory, and forest resilience. Frontiers in Ecology and the 

Environment 14:369-378. 

Joosten H, Tapio-Biström M-L & Tol S (2012) Peatlands - guidance for climate change 

mitigation through conservation, rehabilitation and sustainable use (Second edition). 

Mitigation of Climate Change in Agriculture (MICCA) Programme. Food and 

Agriculture Organization of the United Nations and Wetlands International. 

http://www.fao.org/3/an762e/an762e00.htm 

Kaul AD and Wilsey BJ (2021) Exotic species drive patterns of plant species diversity in 93 

restored tallgrass prairies. Ecological Applications 31: e2252; 

https://doi.org/10.1002/eap.2252 

Kautz, M., A. J. Meddens, R. J. Hall, and A. Arneth. 2017. Biotic disturbances in Northern 

Hemisphere forests–a synthesis of recent data, uncertainties and implications for forest 

monitoring and modelling. Global Ecology and Biogeography 26:533-552. 

Keeley, J. E. 2009. Ecological foundations for fire management in North American forest and 

shrubland ecosystems. US Department of Agriculture, Forest Service, Pacific Northwest 

Research Station. 

Keeley, J. E., P. van Mantgem, and D. A. Falk. 2019. Fire, climate and changing forests. Nature 

Plants 5:774-775. 

Kiehl K, Kirmer A, Donath TW, Rasran L, Hölzel N (2010) Species introduction in restoration 

projects - Evaluation of different techniques for the establishment of semi-natural 

grasslands in Central and Northwestern Europe. Basic and Applied Ecology 11:285-299 

This article is protected by copyright. All rights reserved.

https://extranet.cranfield.ac.uk/3/an762e/,DanaInfo=www.fao.org+an762e00.htm
https://extranet.cranfield.ac.uk/10.1002/,DanaInfo=doi.org,SSL+eap.2252
https://extranet.cranfield.ac.uk/10.1002/,DanaInfo=doi.org,SSL+eap.2252
https://extranet.cranfield.ac.uk/10.1002/,DanaInfo=doi.org,SSL+eap.2252


Kitzberger T, DA Falk, AL Westerling, and TW Swetnam. 2017. Direct and indirect climate 

controls predict heterogeneous early-mid 21st century wildfire burned area across 

western and boreal North America. PLoS One 12(12): e0188486. 

https://doi.org/10.1371/journal.pone.0188486 

Koziol L, Bever JD (2017) The missing link in grassland restoration: arbuscular mycorrhizal 

fungi inoculation increases plant diversity and accelerates succession. Journal of Applied 

Ecology 54:13-1-1309. 

Královec J, Pocová L, Jonášová M, Macek P, Prach K (2009) Spontaneous recovery of an 

intensively used grassland after cessation of fertilizing. Applied Vegetation Science 

12:391-397. 

Ladouceur E, Jiménez-Alfaro B, Marin M, De Vitis M, Abbandonato H, Iannetta PPM, et a. 

(2018) Native seed supply and the restoration species pool. Conservation Letters 

11:e12381 

Latawiec, A. E., B. B. Strassburg, P. H. Brancalion, R. R. Rodrigues, and T. Gardner. 2015. 

Creating space for large‐scale restoration in tropical agricultural landscapes. Frontiers in 

Ecology and the Environment 13:211-218. 

Levy, P.E., Burden, A., Cooper, M.D.A., Dinsmore, K.J., Drewer, J., Evans, C., Fowler, D., 

Gaiawyn, J., Gray, A., Jones, S.K., Jones, T., McNamara, N.P., Mills, R., Ostle, N., 

Sheppard, L.J., Skiba, U., Sowerby, A., Ward, S.E. and Zieliński, P. (2012) Methane 

emissions from soils: synthesis and analysis of a large UK data set. Global Change 

Biology 18: 1657-1669.  

This article is protected by copyright. All rights reserved.

https://extranet.cranfield.ac.uk/10.1371/,DanaInfo=doi.org,SSL+journal.pone.0188486
https://extranet.cranfield.ac.uk/10.1371/,DanaInfo=doi.org,SSL+journal.pone.0188486


Manchester SJ, McNally Sm Treweek JR, Sparks TH, Mountford JO (1999) The cost and 

practicality of techniques for the reversion of arable land to lowland wet grassland – an 

experimental study and review. Journal of Environmental Management 55:91-109. 

McDonald, T. 2021. The visible and the invisible of ecological restoration. Ecological 

Management & Restoration 22:3-4. 

Messier, C., K. Puettmann, R. Chazdon, K. Andersson, V. Angers, L. Brotons, E. Filotas, R. 

Tittler, L. Parrott, and S. Levin. 2015. From management to stewardship: viewing forests 

as complex adaptive systems in an uncertain world. Conservation Letters 8:368-377. 

Miceli-Méndez, C. L., B. G. Ferguson, and N. Ramírez-Marcial. 2008. Seed dispersal by cattle: 

Natural history and applications to Neotropical forest restoration and agroforestry. Pages 

165-191 in R. W. Myster, editor. Post-Agricultural succession in the Neotropics. 

Springer, New York. 

Mudrák O, Fajmon K, Jongepierová I, Doležal J (2017) Restoring species-rich meadow by 

means of turf transplantation: long-term colonization of ex-arable land. Applied 

Vegetation Science 20:62-73. 

Muller I, Delisle M, Ollitrault M, Bernez I (2016) Responses of riparian plant communities and 

water quality after 8 years of passive ecological restoration using a BACI design. 

Hydrobiologia 781:67–79. 

Oomes MJM (1990) Changes in dry matter and nutrient yields during the restoration of species-

rich grasslands. Journal of Vegetation Science 1:333-338. 

Öster M, Ask K, Cousins SAO, Eriksson O (2009) Dispersal and establishment limitation 

reduces the potential for successful restoration of semi-natural grassland communities on 

former arable fields. Journal of Applied Ecology 46:1266-1274. 

This article is protected by copyright. All rights reserved.



Page, S, Hosciło, A, Wösten, H, Jauhiainen, J, Silvius, M, Rieley, J, Ritzema, H, Tansey, K, 

Graham, L, Vasander, H, & Limin, S. (2009) Restoration Ecology of Lowland Tropical 

Peatlands in Southeast Asia: Current Knowledge and Future Research Directions. 

Ecosystems 12: 888–905. 

Palmer M, Ruhi A (2019) Linkages between flow regime, biota, and ecosystem processes: 

Implications for river restoration. Science 365 (6459), eaaw2087. 

https://doi.org/10.1126/science.aaw2087 

Palmer, M. A., H. L. Menninger, and E. Bernhardt. 2010. River restoration, habitat heterogeneity 

and biodiversity: a failure of theory or practice? Freshwater Biology 55:205-222. 

Parish, F., Sirin, A., Charman, D., Joosten, H., Minayeva, T., Silvius, M. and Stringer, L. (Eds.) 

2008. Assessment on Peatlands, Biodiversity and Climate Change: Main Report. Global 

Environment Centre, Kuala Lumpur and Wetlands International, Wageningen. 

Payne, RJ, Anderson, AR, Sloan, T, Gilbert, P, Newton, A, Ratcliffe, J, Mauquoy, D, Jessop, W, 

and Andersen, R. (2018) The future of peatland forestry in Scotland: balancing 

economics, carbon and biodiversity. Scottish Forestry 72: 34-40. 

Pilon NAL, Assis GB, Souza FM, Durigan G (2019) Native remnants can be sources of plants 

and topsoil to restore dry and wet cerrado grasslands. Restoration Ecology 27:569-580. 

Prach K, Török P, Bakker JD (2017) Temperate grasslands. Pages 126-141. In: Allison SK, 

Murphy SD (eds) Routledge handbook of ecological and environmental restoration. 

Routledge, London, United Kingdom. 

Prach, K., L. Šebelíková, K. Řehounková, and R. del Moral. 2020. Possibilities and limitations of 

passive restoration of heavily disturbed sites. Landscape Research 45:247-253. 

This article is protected by copyright. All rights reserved.



Price JN, Schultz NL, Hodges JA, Cleland MA, Morgan JW (2020) Land-use legacies limit the 

effectiveness of switches in disturbance type to restore endangered grasslands. 

Restoration Ecology. (In Press). https://doi.org/10.1111/rec.13271 

Pywell RF, Bullock JM, Roy DB, Warman L, Walker KJ, Rothery P (2003) Plant traits as 

predictors of performance in ecological restoration. Journal of Applied Ecology 40:65-77. 

Ratajczak, Z., J. B. Nippert, J. C. Hartman, and T. W. Ocheltree. 2011. Positive feedbacks 

amplify rates of woody encroachment in mesic tallgrass prairie. Ecosphere 2:1-14. 

Redhead, J.W., Sheail, J., Bullock, J.M., Ferreruela, A., Walker, K.J., Pywell, R.F., 2014. The 

natural regeneration of calcareous grassland at a landscape scale: 150 years of plant 

community re-assembly on Salisbury Plain, UK. Applied Vegetation Science 17: 408-

418. 

Reid, J. L., M. E. Fagan, and R. A. Zahawi. 2018. Positive site selection bias in meta-analyses 

comparing natural regeneration to active forest restoration. Science Advances 

4:eaas9143. 

Robichaud, P. R., J. L. Beyers, and D. G. Neary. 2000. Evaluating the effectiveness of postfire 

rehabilitation treatments. Gen. Tech. Rep. RMRS-GTR-63. Gen. Tech. Rep. RMRS-

GTR-63, US Department of Agriculture, Forest Service, Rocky Mountain Research 

Station, Fort Collins, CO. 

Robichaud, P. R., S. A. Lewis, R. E. Brown, and L. E. Ashmun. 2009. Emergency post-fire 

rehabilitation treatment effects on burned area ecology and long-term restoration. Fire 

Ecology 5:115-128. 

Ruprecht, E. (2006) Successfully recovered grassland: a promising example from Romanian old-

fields. Restoration Ecology 14: 473-480. 

This article is protected by copyright. All rights reserved.

https://extranet.cranfield.ac.uk/10.1002/,DanaInfo=doi.org,SSL+eap.2252
https://extranet.cranfield.ac.uk/10.1002/,DanaInfo=doi.org,SSL+eap.2252


SER (Society for Ecological Restoration, Science and Policy Working Group). 2004. The SER 

Primer on Ecological Restoration; http://www.ser.org/. 

Shono, K., R. Chazdon, B. Bodin, S. J. Wilson, and P. Durst. 2020. Assisted natural 

regeneration: harnessing nature for restoration. Unasylva 252 71:71-81. 

Singleton, M. P., A. E. Thode, A. J. S. Meador, and J. M. Iniguez. 2019. Increasing trends in 

high-severity fire in the southwestern USA from 1984 to 2015. Forest Ecology and 

Management 433:709-719. 

Standards Reference Group, SERA (2021) National Standards for the Practice of Ecological 

Restoration in Australia. Edition 2.2. Society for Ecological Restoration Australasia. 

Available from URL: www.seraustralasia.com  

Stevens-Rumann, C. S., and P. Morgan. 2019. Tree regeneration following wildfires in the 

western US: a review. Fire Ecology 15:15. 

Swanson, M. E., J. F. Franklin, R. L. Beschta, C. M. Crisafulli, D. A. DellaSala, R. L. Hutto, D. 

B. Lindenmayer, and F. J. Swanson. 2011. The forgotten stage of forest succession: 

early‐successional ecosystems on forest sites. Frontiers in Ecology and the Environment 

9:117-125. 

Tanneberger, F., Appulo, L., Ewert, S., Lakner, S., Ó Brolcháin, N., Peters, J., and Wichtmann, 

W. (2021) The power of nature‐based  solutions: How peatlands can help us to achieve 

key EU sustainability objectives. Advanced Sustainable Systems 5, 2000146.  

Tĕšitel J, Mládek J, Horník J, Tĕšitelová T, Adamec V, Tichý L (2017) Suppressing competitive 

dominants and community restoration with native parasitic plants using the hemiparasitic 

Rhinanthus alectorolophus and the dominant grass Calamagrostis epigejos. Journal of 

Applied Ecology 54:1487-1495. 

This article is protected by copyright. All rights reserved.

https://extranet.cranfield.ac.uk/,DanaInfo=www.ser.org+


Toogood SE, Joyce CB (2009) Effects of raised water levels on wet grassland plant 

communities. Applied Vegetation Science 12: 283-294. 

Tuck, S. L., M. J. O'Brien, C. D. Philipson, P. Saner, M. Tanadini, D. Dzulkifli, H. C. J. 

Godfray, E. Godoong, R. Nilus, and R. C. Ong. 2016. The value of biodiversity for the 

functioning of tropical forests: insurance effects during the first decade of the Sabah 

biodiversity experiment. Proceedings of the Royal Society B: Biological Sciences 

283:20161451. 

van Eijk P, Leenman P, Wibisono ITC, Giesen W (2009) Regeneration and restoration of 

degraded peat swamp forest in Berbak National Park, Jambi, Sumatra, Indonesia. 

Malayan Nature Journal 61:223–241. 

Verdonschot RCM, Kail J, Mckie BG, Verdonschot PFM (2016) The role of benthic 

microhabitats in determining the effects of hydromorphological river restoration on 

macroinvertebrates. Hydrobiologia 769:55–66. 

Vietz GJ, Walsh CJ, Fletcher TD (2016) Urban hydrogeomorphology and the urban stream 

syndrome. Progress in Physical Geography: Earth and Environment 40:480–492. 

https://doi.org/10.1177/0309133315605048 

Wagner M, Bullock JM, Hulmes L, Hulmes S, Peyton J, Amy SR, et al. (2016) Creation of 

micro-topographic features: a new tool for introducing specialist species of calcareous 

grassland to restored sites? Applied Vegetation Science 19:89-100. 

Wagner M, Fagan KC, Jefferson RG, Marrs RH, Mortimer SR, Bullock JM, Pywell RF (2019) 

Species indicators for naturally-regenerating and old calcareous grassland in southern 

England. Ecological indicators 101:804-812. 

This article is protected by copyright. All rights reserved.



Waldén E, Lindborg R (2018) Facing the future for grassland restoration - What about the 

farmers? Journal of Environmental Management 227:305-312. 

Walker KJ, Stevens PA, Stevens DP, Mountford O, Manchester SJ, Pywell RF (2004) The 

restoration and re-creation of species-rich lowland grassland on land formerly managed 

for intensive agriculture in the UK. Biological Conservation 119:1-18. 

Walker, L. R., and R. del Moral. 2009. Lessons from primary succession for restoration of 

severely damaged habitats. Applied Vegetation Science 12:55-67. 

Ward JV, Tockner K, Arscott DB, Claret C (2002) Riverine landscape diversity. Freshwater 

Biology 47:517–539. 

Weidlich EWA, Flórido FG, Sorrini TB, Brancalion PHS (2020) Controlling invasive plant 

species in ecological restoration: a global review. Journal of Applied Ecology 57:1806-

1817. 

Westbury DB, Davies A, Woodcock BA, Dunnett NP (2006) Seeds of change: the value of using 

Rhinanthus minor in grassland restoration. Journal of Vegetation Science 17:435-446. 

White A, Fant JB, Havens K, Skinner M, Kramer AT (2018) Restoring species diversity: 

assessing capacity in the U.S. native plant industry. Restoration Ecology 26:605-611. 

Wohl E, Bledsoe BP, Jacobson RB, Poff NL, Rathburn SL, Walters DM, Wilcox AC (2015b) 

The natural sediment regime in rivers: Broadening the foundation for ecosystem 

management. BioScience 65:358–371. 

Wohl E, Lane SN, Wilcox AC (2015a) The science and practice of river restoration. Water 

Resources Research 51:5974–5997. 

This article is protected by copyright. All rights reserved.



Wohl, E., P. L. Angermeier, B. Bledsoe, G. M. Kondolf, L. MacDonnell, D. M. Merritt, M. A. 

Palmer, N. L. Poff, and D. Tarboton. 2005. River restoration. Water Resources Research 

41. 

Wösten, J. H. M., Van Den Berg, J, Van Eijk, P, Gevers, G. J. M., Giesen, W. B. J. T., Hooijer, 

A., Aswandi Idris, Leenman, P. H., Dipa Satriadi Rais, Siderius, C., Silvius, M. J., 

Suryadiputra, N. & Iwan Tricahyo Wibisono (2006) Interrelationships between 

Hydrology and Ecology in Fire Degraded Tropical Peat Swamp Forests. International 

Journal of Water Resources Development 22: 157-174. 

Zahawi, R. A., J. L. Reid, and K. D. Holl. 2014. Hidden costs of passive restoration. Restoration 

Ecology 22:284-287. 

This article is protected by copyright. All rights reserved.



Table 1. Continuum of interventions as applied to practices of ecological or ecosystem restoration in four 

ecosystem types. These are not discrete categories but reflect a continuous spectrum of restoration 

practices from unassisted (Natural or self-recovery) to intensively-assisted recovery. Within each 

assistance category, interventions are listed from less to more intensive. 

Type of 

ecosystem 

Unassisted 

(natural) 

recovery 

Lightly-assisted 

recovery 

Moderately- 

assisted 

recovery 

Intensively-assisted 

recovery 

Forests No interventions 

other than 

monitoring 

trajectory of 

recovery and 

prevent further 

site degradation 

Exclusion of exotic 

grazers; protection 

from 

uncharacteristic fire 

or other disturbances 

and prescribed 

reintroduction of 

suitable fire regime 

weed control; 

protection from 

harvesting/hunting; 

enhancement of seed 

dispersal; 

pruning resprouted 

trees; enrichment 

planting; moderate 

Stand thinning 

and controlled 

burning; local 

site preparation 

and direct 

seeding; local 

site preparation 

and partial or full 

tree planting; 

topsoil 

amendment and 

full tree planting 

  

Terracing or other 

major landform 

modification; topsoil 

replacement; major 

hydrological 

modification; 

assisted migration 
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post-fire erosion 

control 

Grasslands 

(dispersal 

limitation) 

Monitoring 

unassisted 

colonization 

Seed bank 

activation; assisted 

colonization; low 

diversity seed mixes; 

re-establish natural 

disturbance regime 

(e.g. prescribed fire) 

Transfer of brush 

harvested seed or 

green hay; high-

diversity seed 

mixes; plug 

planting 

Turf or soil 

translocation 

Grasslands 

(establishment 

limitation) 

Re-establish 

natural or semi-

natural 

disturbance 

regime (e.g. 

prescribed fire, 

grazing or hay 

making) 

Pre-sowing ground 

disturbance; 

Hemiparasitic 

plants; mycorrhizal 

inoculation; nutrient 

cropping 

Scrub removal; 

nutrient 

immobilization; 

invasive species 

control; 

restoration of 

suitable site 

hydrology 

Soil inversion; 

topsoil removal 

This article is protected by copyright. All rights reserved.



Rivers Eliminate source 

of degradation, 

and monitor 

trajectory of 

recovery and 

prevent further 

site degradation 

Weed control; 

selective thinning of 

riparian trees; 

fencing to prevent 

livestock access to 

channel; creating 

riparian buffer strips; 

soil conservation 

measures; 

sustainable drainage 

and natural flood 

risk management; 

renaturalization of 

flow regime 

Local site 

preparation and 

tree planting; soft 

engineering to 

kickstart 

geomorphic 

processes; 

Removal or 

modification of 

hard engineering 

Gravel addition; 

sculpting 

topographical 

features in 

floodplain; channel 

remeandering or 

reprofiling; new 

channel created 

  

Peatlands Natural recovery 

in lightly 

degraded 

(undrained) 

systems with 

proximal seed 

sources. Accept 

an alternative 

stable state of 

vegetation cover 

Seedling release 

(e.g. fern removal); 

fire prevention and 

control; reducing 

evaporative water 

loss through scrub 

removal and reduced 

grazing pressure  

Re-wetting 

through drain 

blocking to allow 

natural recovery; 

removal of non-

native trees; 

revegetation (e.g. 

through plug 

planting, 

seeding, brash 

Intensive site 

preparation 

including surface re-

profiling or contour 

bunding 
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without 

rewetting; 

monitor 

conditions and 

prevent further 

degradation and 

carbon losses, 

particularly run-

off and peat layer 

erosion 

spreading or 

planting native 

tree species) 
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Box 1. Four steps to apply the intervention continuum to restoration decision-making 
The first step in applying the 
continuum of interventions 
framework is to decide where 
restoration is relevant and 
possible, based on a wide range of 
social and ecological factors. This 
decision should be made by a team 
of stakeholders, practitioners, and 
scientific and technical advisors 
who understand the local context 
and who are accountable for their 
decisions and actions. The second 
step is to evaluate whether natural 
recovery can proceed, and whether 
it will fulfill the expected 
progression of outcomes over 
time. This step requires identifying 
and removing sources of 
degradation and then observing 
how the ecosystem responds. 
Often the observational step is 
skipped, as active interventions are 
assumed to be the default 
approach. If natural recovery 
occurs, the area under restoration 
should be considered as any other 
area undergoing restoration with 

respect to monitoring baseline conditions, evaluating outcomes, and adaptive management. This 
process requires an assessment of the factors that impede recovery, which can be based on local 
experience, traditional knowledge, or scientific research. Ecosystem-specific indicators of natural 
recovery potential can be developed and applied to inform this step. If natural recovery is not 
possible or will not deliver expected outcomes or rates of change, the third step is to determine 
which obstacles to natural recovery need to be overcome and in what temporal progression. In 
some cases, obstacles may be overcome with a “light,” one-time intervention, whereas other 
cases may require intensive, repeated, or progressive interventions. In any case, all interventions 
will require monitoring to assess recovery responses and to determine if follow-up actions are 
needed. The fourth step in decision-making involves a determination of the condition or stage 
when ecosystem recovery can proceed without further interventions. This decision is based on 
monitoring data and requires a set of indicators distinct from those used to signal the potential for 
initiation of self-recovery. Depending on the circumstances, this stage can be at a relatively early 
or a late phase of ecosystem recovery.  
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Figure Legends 

Figure 1. Continuum of interventions as applied to forest restoration.  See Table 1 for application 

of the framework to additional ecosystems. Restoration may require one-time or repeated 

interventions as illustrated in the decision tree in Figure 2. Most restoration projects will employ 

a combination of approaches across this spectrum. 

 

Figure 2. Examples of unassisted post-disturbance forest regeneration. (A) and (B) Ponderosa 

pine (Pinus ponderosa) recruitment three years post-thinning treatment, Monument Canyon 

Research Natural Area, Santa Fe National Forest, Jemez Mountains,  New Mexico. Seedling and 

sapling density 107 stems ha-1. (C) Wave-front tree recruitment into burned patch from the 2000 

Jasper Fire, Black Hills, South Dakota (photo courtesy Paula Fornwalt, Rocky Mountain 

Research Station, US Forest Service. (D) Aspen and conifer tree regeneration in 2017 following 

the 2000 Hi Meadow Fire, CO (photo courtesy Robin Chazdon). 

 

Figure 3. Restoration interventions in grasslands. Natural recovery: (A) Reintroduced bison 

grazing in restored tallgrass prairie (Nachusa Grasslands, Illinois, USA) (Photo – © Dee Hudson, 

TNC). Lightly assisted recovery: (B) Bare ground creation by harrowing prior to target species 

sowing (Bedfordshire, UK) (Photo – © Lucy Hulmes, UKCEH). Moderately assisted recovery: 

(C) Nutrient immobilization by sawdust application (Movelier, Switzerland) (Photo – © René 

Eschen, CABI). Moderately assisted recovery: (D) Green hay spreading using a manure spreader 

(Buckinghamshire, UK) (Photo – © John Redhead, UKCEH). Moderately assisted recovery: 

Plug planting of target species involving (E) extraction of a soil core the size of the seedling 

plug, followed by (F) planting and watering (Bedfordshire, UK) (Photos – © Lucy Hulmes, 
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UKCEH). Moderately assisted recovery: (G) Fire management of Brazilian Cerrado to control 

the invasive grass Melinis minutiflora (Itirapina, São Paulo, Brazil) (Photo - © Alessandra 

Fidelis, Universidade Estadual Paulista). (H) Intensively assisted recovery: Topsoil inversion to 

bury nutrient-rich topsoil and replace it with nutrient-poor subsoil to create suitable soil 

conditions for restoration (Norfolk, UK) (Photo – © Damian Young, Plantlife). Intensively 

assisted recovery: (I) and (J) Blocks of turf cut from chalk grassland destroyed by construction 

are relocated (East Sussex, UK) (Photo (I) - © Dawn Brickwood, WMP & S 

(www.highwealdlandscapetrust.org) , photo (J) - Ted Chapman, © RBG Kew). 

 

Figure 4. Restoration interventions in rivers. Natural recovery: (A) An over-widened low-energy 

chalk river recovers via (B) natural vegetation establishment and geomorphic processes in the 

River Frome (Dorset, UK) (Photo – R. Grabowski). Moderately assisted recovery using willow 

spilling showing how (C) heavy shading inhibits natural stabilization of marginal sediment by 

aquatic vegetation to (D) narrow the channel of the low-energy River Chess (Buckinghamshire, 

UK) (Photo – RRC). Moderately assisted recovery: (E) Upstream facing trees placed into the 

banks of the lowland River Avon to increase hydraulic variability and mobilize the gravel bed 

(Wiltshire, UK) (Photo – Natural England). Intensively assisted recovery: (F) The over-deepened 

and historically straightened Swindale Beck (England) was (G) remeandered and reconnected to 

the floodplain by bank reprofiling and reuse of coarse sediment in the channel (Photos - Lee 

Schofield RSPB). 

 

Figure 5. Restoration interventions in peatland ecosystems. (A) Bare peat pan in Nidderdale, 

Yorkshire, UK, revegetated by heather brashing, seeding with dwarf shrubs and grass mix, and 
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planting with cotton grass (photo credit Jenny Sharman, Yorkshire Peat Partnership). (B) Gully 

blocking with coir rolls to rewet and reduce peat erosion on a site in the Yorkshire Dales, 

delivered by Yorkshire Wildlife Trust through the Pennine Peat LIFE project and Yorkshire Peat 

Partnership, Yorkshire, UK (photo credit Katie Aspray, Environment Agency). (C) Canal 

blocking to rewet degraded and burnt tropical peatswamp forest, Kalimantan, Indonesian Borneo 

(photo credit Chris Evans, UK Centre for Ecology & Hydrology). (D, E) Early-stage and post 

restoration photographs at South Corries, Scotland, UK involving removal of non-native forest 

cover, trench back-filling and ground smoothing and brash mats (photo credits Ed Turner, 

Forestry and Land Scotland). 
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