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Abstract

The restoration of degraded ecosystems has become a chal-
lenge for our societies in the 21st century. In order to assist 
the recovery of degraded, damaged, or destroyed ecosystems 
towards the enhanced provision of ecosystem services, a 
broad set of measures are nowadays applied, which range 
from doing nothing up to a heavy impact with technological 
measures. With the application of those measures that, in 
other cases, strongly contributed and contribute to ecosys-
tem degradation worldwide (e. g. the application of pesti-
cides) it seems as if the restoration targets have absolute 
priority, no matter what measure applied to achieve them. 
Accordingly, we want to critically debate the application of 
certain measures by focusing on pesticide application, top-
soil removal, and prescribed burning. We hereby assessed 
the ecological impact as well as the impact on humans by 
means of environmental ethics. It turns out that measures for 
the restoration of ecosystems have to undergo not only an 
ecological and socio-economic assessment but also have to 
be grounded on ethical considerations. Approaches such as, 
e. g. multi-criteria decision or ecological impact assessment 
provide tools for theory and practice of restoration. Based 
on our critical reflection, we suggest an implementation of 
environmental ethics into the definition and guiding objec-
tives of ecosystem restoration. 

Keywords: environmental pragmatism; prescribed burning; 
resource protection; restoration measures; strong sustain-
ability; topsoil removal

Zusammenfassung

Die Renaturierung degradierter Ökosysteme ist eine 
Herausforderung des 21. Jahrhunderts. Um die Ökosystem- 
(dienst)leistungen degradierter, beschädigter oder zerstörter 
Ökosysteme wiederherzustellen, werden sehr verschiedene 

Maßnahmen angewendet, die vom Nichtstun bis hin zu 
umfangreichen technologischen Maßnahmen reichen. Mit 
der Anwendung solcher Maßnahmen, die weltweit zu einer 
Degradation von Ökosystemen beigetragen haben (z. B. 
Ausbringung von Pestiziden), scheint es, als hätten die 
Renaturierungsziele absolute Priorität, unabhängig davon, 
welche Maßnahmen zu ihrer Erreichung angewendet wurden. 
Wir stellen hier deshalb die Anwendung bestimmter Rena-
turierungsmaßnahmen auf den Prüfstand und fokussieren 
hierbei auf Pestizide, den Oberbodenabtrag und kontrol-
liertes Brennen. Wir beleuchten einerseits die ökologischen 
Auswirkungen dieser Maßnahmen aus der Sicht der Natur-
wissenschaften und andererseits bewerten wir diese aus der 
Sicht der Umweltethik. Wir heben hervor, dass Maßnahmen 
zur Renaturierung von Ökosystemen nicht nur einer öko-
logischen und sozioökonomischen Bewertung unterzogen 
werden müssen, sondern auch auf ethischen Erwägungen 
beruhen müssen. Ansätze wie z. B. Multikriterienanalyse oder 
die ökologische Folgenabschätzung bieten Werkzeuge für 
Theorie und Praxis der Renaturierungsökologie bzw. Ökosys-
temrenaturierung. Basierend auf unserer kritischen Reflexion 
schlagen wir eine Implementierung ethischer Erwägungen in 
der Definition und den Zielen der Ökosystemrenaturierung 
vor.

Schlüsselwörter: Umweltpragmatismus; kontrolliertes Bren-
nen; Ressourcenschutz; Renaturierungsmaßnahmen; starke 
Nachhaltigkeit; Oberbodenabtrag

1 Introduction

1.1 Ecosystem restoration on the world’s 
environmental agenda

Worldwide, natural and cultural environments have been 
degraded by strong and unsustainable human interferences. 
This means that the degree of human impacts has increased 
up to grades that impair ecosystem functions from which 
humans and non-human organisms benefit via ecosystem 
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services (provisioning, regulating, cultural). Therefore, the 
restoration of degraded ecosystems has become a challenge 
for our societies in the 21st century in order to restore eco-
system services. Ecosystem services to restore comprise, 
in accordance with the Millennium Ecosystem Assessment 
(MEA 2005), production (e. g. timber, crops, non-timber 
products), regulation (e. g. water, soil fertility, carbon seques-
tration, erosion protection), and cultural services (e. g. for 
recreation, tourism, environmental education). Restoration is 
one guideline in the field of nature conservation that deserves 
close societal and political interest. Walder (2018: p1) rightly 
states that it is “one of the most important steps we can take 
to ensure that people can continue to survive, and thrive, on 
Planet Earth”. The UN recently declared the next Decade on 
Ecosystem Restoration (2021–2030). Among global restora-
tion initiatives stated by Gann et al. (2019) are the United 
Nations Sustainable Development Goals (DSDG 2020), the 
Convention on Biological Diversity (CBD 2016), the United 
Nations Convention to Combat Desertification (Orr et al. 
2017), and the Bonn Challenge, launched by the Government 
of Germany and the International Union for Conservation of 
Nature (IUCN 2011). 

1.2 Restoration ecology: concepts, aims, 
approaches

Restoration ecology is considered to take ground as a dis-
cipline of ecology since the 1930ies with the “restoration” 
of the Curtis Prairie at the University of Wisconsin-Madison 
Arboretum (WeGener et al. 2008), although it was not car-
ried out on a reproducible scientific basis (andersOn 2009) 
and has more the character of a foundation myth (JOrdan III 
& lubIck 2011, p. 75). Since then, restoration ecology has 
rapidly emerged and has been continuously developed with 
its concepts, approaches, and measures on the international 
level (e. g. SER 2004; andel & arOnsOn 2012; Zerbe 2019). 
A large number of ecosystem restoration projects on the 
local up to the landscape level have been carried out (e. g. 
for river restoration projects in the USA, see bernhardt et al. 
2005). Experiences in practical restoration throughout the 
past decades have been gathered for many terrestrial eco-
systems, including lakes and wetlands as well as rivers with 
their floodplains. Additionally, there is growing interest in the 
urgently needed restoration of marine ecosystems (e. g. böhm 
& Ott 2019). Besides the numerous single projects which 
were documented in scientific journals and through other 
dissemination sources (e. g. FaGúndeZ 2013 for the restoration 
of heathland), a high number of textbooks and comprehen-
sive general overviews of restoration ecology or focusing on 
specific ecosystems or land-use types, respectively, have 
been published since the 1980ies, one of the first ones by 
bradshaW & chadWIck (1980). 

The international Society for Ecological Restoration (SER) 
defines ecological restoration as “the process of assisting the 
recovery of an ecosystem that has been degraded, damaged, 
or destroyed” (cleWell et al. 2002; Gann et al. 2019). This 
rather broad and unspecific definition was specified by Zerbe 
et al. (2009) with focusing on the restoration of ecosystem 
services and structure against the background of the current 
ecological and socio-economic conditions. “Degradation” is 
a term which is used in manifold different contexts, defined 
very differently by various sources, and often ambivalent. 
lund (2009), for example, compiled more than 50 different 
definitions for “forest degradation”. The WHO (2017) relates 

land degradation to the loss of ecosystem services. Accord-
ingly, the large-scale use of synthetic pesticides in agriculture 
leads to the loss of biodiversity and might negatively affect 
human health (see chapter 2). Hereby, degradation can be 
measured with indicators such as, e. g. number of plant and 
animal species, functional groups of plants, Red-List species, 
etc. From an ethical perspective, the term “degradation” has 
evaluative connotations, as it suggests a loss of natural-
ness. If restoration ecology is about “ecological upgrading” it 
intends a reversal of former degradation. Such terms strongly 
indicate the interface between ecology and ethics. Concepts 
as degradation point to the epistemic problem that some 
crucial concepts in restoration ecology are so-called hybrids 
within which factual and evaluative meaning blend. Hybrids 
are nothing special to restoration ecology but occur in other 
disciplines as well (as “health” in medicine). We propose an 
analytical attitude to hybrid concepts. Such attitude commits 
not to confuse facts and values but to clarify meaning. The 
concept of damage is at its core evaluative and implies some 
normativity. A damage should, if possible, be fixed, repaired 
or compensated. The concept of degradation denotes a 
deviation from a desirable state which serves as benchmark. 
Benchmark concepts as “integrity”, “naturalness”, “health”, 
and “wilderness” are, however, contested (kIrchhOFF 2016). 
The benchmark, against which a degradation is stated, 
should be scientifically credible. Franke et al. (2020) propose, 
for instance, a credible interpretation of “ocean health”. In any 
case, the existence of hybrids positively indicates that ethics 
is inherent to a discipline. 

In order to assist this recovery of degraded, damaged, or 
destroyed ecosystems or land-use systems, a broad set of 
measures are nowadays applied (Tab. 1), which range from 
doing nothing (= passive restoration; e. g. Prach & hObbs 
2008) up to a heavy impact with technological measures, 
often adapted from ecological engineering, for example 
for restoring natural river or coast dynamics by opening or 
removing dykes (e. g. rOman & burdIck 2012) or changing 
the hydro-morphology of rivers (e. g. darby & sear 2008). 
Restoration measures also comprise well-known agricultural 
practice (e. g. mowing, grazing) as well as the practice of 
habitat management for nature conservation purposes. As 
Table 1 indicates, restoration often is a rather interventionistic 
and “hands-on” strategy full of ambivalences which should 
be reflected from the perspective of environmental ethics. 
Given this interventionistic dimension, it does not surprise 
that restoration has found both supporters as well as critics 
among environmental ethicists (katZ 1996; ellIOt 1997). 
Irrespectively of this ethical controversy, it seems beyond 
doubt that restoration ecology has an ethical dimension since 
it never can be completely value-free (caIrns 2003, eGan et 
al. 2011). 

1.3	 Are	all	restoration	measures	justified?
Studies and practical restoration projects are carried out in 
which measures are applied which have led and still lead in 
other cases to ecosystem degradation. Thus, for example, 
pesticides are applied in various ecosystems such as, e. g. 
forests, grasslands, and wetlands in order to get rid of certain 
invasive plant species or influence the species assemblages 
according to certain restoration objectives. Glyphosate, for 
instance, as one of the synthetic pesticides applied (cOrnIsh 
& burGIn 2005) is highly contested within the legal bodies 
of the EU because of severe concerns about health risks 
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Tab 1: Measures of ecosystem restoration according to the restoration objectives with examples of ecosystems and land-use types, res-
pectively (compiled from Zerbe 2019).

Tab 1:	 Maßnahmen,	die	entsprechend	der	gesetzten	Ziele	in	der	Ökosystemrenaturierung	Anwendung	finden,	mit	Beispielen	von	Lebens-
räumen bzw. Landnutzungstypen (Zusammenstellung nach Zerbe 2019).

Restoration measures Objectives Examples of restored ecosystems and 
land-use types

Doing nothing (passive 
restoration)

Ecosystem restoration without any further 
direct anthropogenic impact (protection 
of ecological processes; e. g. in national 
parks) 

Near-natural forests, former open-cast 
mining sites as well as near-natural peat-
land, rivers, coastal marshes 

Mowing Re-opening of anthropogenic grassland 
by removing perennial herbs and shrubs, 
removal of nutrients by continuously 
removing biomass

Wet, dry, and mesophytic meadows, 
heathland, traditional agroforestry systems 

Grazing Re-opening of anthropogenic grassland, 
development of traditional grassland-
forest-mosaics, nutrient extraction, 
zoochorous diaspore transfer, re-introduc-
tion of traditional livestock species

Dry, wet, or calcarous grassland, 
pastures, heathland, forest pasture, silvo-
pastoral agroforestry systems, coastal 
salt grassland, sub-alpine and alpine 
grassland 

Artificial diaspore transfer 
with seeds, hay, etc. 

Restoration of target plant communities, 
enhancing biodiversity, re-introduction of 
threatened or key plant species, protec-
tion against erosion, accelerate vegetation 
development

Dry, wet, or calcarous grassland, pas-
tures, heathland, former mining sites, 
waste deposits 

Re-introduction of certain 
animal species with repro-
ductive individuals 

Re-introduction of extinct species into the 
local or regional species pool or stabiliza-
tion of populations of threatened, key or 
umbrella species, enhancing biodiversity 

On principle, all terrestrial, limnic or 
marine ecosystem; also, land-use types in 
the cultural landscapes 

Cultivation of certain plant 
species (crops)

Nutrient extraction after eutrophication or 
extraction or de-mobilization of pollutants 
(phytoremediation)

Arable land, nutrient-poor grassland, 
waste or mining deposits, urban-industrial 
sites 

Topsoil removal Nutrient removal after eutrophication or 
contamination 

Arable land, nutrient-poor grassland, 
heathland, lowland mires, waste or mining 
deposits, urban-industrial sites

Topsoil coating Transfer of humus with diaspores and 
mycorrhiza spores or fungi, transfer of 
nutrient-poor topsoil on eutrophicated soil 

Dry sandy grassland, sub-alpine and 
alpine grassland, waste or mining depos-
its, urban-industrial sites

Ploughing or topsoil 
inversion 

Nutrient reduction in the topsoil on eutro-
phicated sites, creation of safe sites for 
the germination of target species 

Arable land, dry sandy grassland 

Controlled burning Prevention of succession towards woody 
vegetation, nutrient reduction in the top-
soil, reduction of deadwood in forests

Heathland, forests, grassland

Extraction of sediment or 
sludge, respectively, from 
water bottoms

Extraction of nutrients or pollutants Lakes, coastal areas (e. g. harbors)

Applying precipitants such 
as, e. g. Fe or Al salts

Reduction of, in particular, phospho-
rous in the water body through artificial 
sedimentation 

Lakes

Liming Increasing the pH value in heavily acidic 
open waters (e. g. after after brown coal 
open-cast mining) 

Lakes

Re-wetting, including open-
ing or removal of dykes

Restoration of the natural water dynamics 
or balance, respectively 

Peatland, wet meadows, traditional urban 
sewage fields, coastal or inland salt 
grassland 
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(myers et al. 2016). Additionally, topsoil removal is nowa-
days widely accepted as a restoration measure in order to 
remove nutrients from the restoration site (e. g. GIlhaus et al. 
2015). It has been applied in recent years more and more 
also on peatland sites with the removal of a shallow layer of 
the upper peat (klImkOWska et al. 2015). In particular, for the 
conservation and restoration of traditional land-use types in 
Europe and other parts of the world, intentional burning is 
recommended as a restoration measure (PaGe & GOldammer 
2004). Controlled burning, also, is increasingly discussed 
for forest management and restoration (artmann et al. 2001; 
aGee & skInner 2005). Although, forest fires can be part of 
the natural ecosystem dynamics (e. g. in the Mediterranean 
region), those fires have to be considered as extreme events 
by which a high damage on wildlife occurs. Thus, intentional 
burning is ambivalent at best.

With the application of those kinds of measures which also 
strongly contributed and contribute to ecosystem degrada-
tion worldwide, it seems as if the restoration targets have 
absolute priority, no matter what measure being applied to 
achieve them. In fact, the definition of the SER (see above) 
sets no constraints on measures being taken, thus blurring 
the boundaries of ecosystem restoration and ecological 
engineering or even conventional agriculture by applying 
pesticides. These measures run counter to intuitions and 
convictions of conservationists and ordinary lay persons. 
How can one justify the use of glyphosate in ecosystem res-
toration if it should be banned in agriculture? One may answer 
this specific question in terms of human food security, but the 
underlying generic question about means-end relations and 
ends deserves close attention. These worrisome means-end 
relations in restoration ecology has never been analyzed. 

Accordingly, we want to critically discuss the application of 
certain measures, thus contributing to the debate of sustain-
ability and nature conservation. Our leading questions is 
whether ends justify all means. Consequently, we address 
the overall relation of means, ends, side-effects, and risks. 
Mean-end-relations are often not purely technical but entail 
ethical questions. Clearly, the selection of ends is also based 
on value-judgements. The article supposes that ends of 
restoration projects are ceteris paribus acceptable as they 
reverse degradation. We focus on the mean-end-relation. 
The general problem is this: If means look morally repugnant 
(or nasty), some people may drop the end while others may 
accept the mean for the sake of the end. Debates about such 
contested mean-end-relations are ethical, not technical. 

We base our analysis of restoration measures on the practice 
and theoretical work done so far in restoration ecology and 
ecosystem restoration by focusing on pesticide application, 
topsoil removal, and prescribed burning as measures applied 
in order to reach the restoration objective. Ethical consider-
ations are derived from general basics of ethics as well as, 

in particular, environmental ethics. For our argumentation 
and the recommendations derived for theory and practice of 
ecosystem restoration, we cite the most relevant literature. 
Accordingly, merging ecology with environmental ethics our 
approach has to be considered inter- and transdisciplinary 
(cp. schOlZ & steIner 2015). Practical implications for the 
selection of those restoration measures which meet the 
objectives of sustainability and are grounded on ethical con-
siderations are discussed. As we shall see in detail, devices 
as multi-criteria decision analysis (MCDA) and environmental 
impact assessment (EIA) are grounded in environmental 
ethics.

2 Critical assessment of restoration 
measures

2.1 Pesticides 
Pesticides for the restoration of ecosystems have been 
applied so far in forests (baer & GrOnInGer 2004; nakamura 
et al. 2008), wetlands and open water bodies (cheshIer et al. 
2012; martIn & blOssey 2013; haZeltOn et al. 2014), heath-
land (snOW & marrs 1997) and grassland (lulOW et al. 2007; 
yOunG & claassen 2008; rOkIch et al. 2009). Applied are, for 
example, the pesticides glyphosate (cOrnIsh & burGIn 2005), 
metsulfuron-methyl (baer & GrOnInGer 2004), rotenone 
(FInlaysOn et al. 2000), fluazifop-P-butyl (rOkIch et al. 2009) 
and tebuthiuron (OlsOn & WIthsOn 2002). The application of 
pesticides in ecosystem restoration refers often to unwanted 
species which should be suppressed or eradicated. These 
unwanted species, for example, are non-native species 
which should be removed in favor of native species. In the 
US, wetlands with a European genotype of reed (Phragmites 
australis), which is considered invasive, are treated with the 
herbicide glyphosate and imazapyr (cheshIer et al. 2012; 
haZeltOn et al. 2014). This has to be reflected against the 
background that wetlands with a dominance of reed, in other 
parts of the world such as, e. g. Central Europe, are con- 
sidered as very important with regard to the manifold eco-
system services they provide (e. g. köbbInG et al. 2013/2014). 
Accordingly, the same ecosystem (Phragmites reed) is valu-
ated positively for their ecosystem services it provides and 
negatively for their ecosystem disservices (for the concept 
of “ecosystem disservices”, see e. g. lyytImäkI 2015), both 
referring to different evaluation schemes.

Despite the fact of many studies which point to the negative 
impact of many synthetic pesticides on plants and animals 
(e. g. schOlZ et al. 2012; brühl et al. 2013; GOulsOn 2014) as 
well as on human health (e. g. bassIl et al. 2007; mnIF et al. 
2011; nIcOlOPOulOu-stamatI et al. 2016), there is hardly any 
critical reflection on the application of pesticides in ecosystem 
restoration. WaGner & nelsOn (2014), for example, state a 
negative impact of the pesticides aminopyralid and picloram 

Change of the hydro-mor-
phology of rivers

Restoration of the natural water dynamics 
and thus the respective species assem-
blages and water retention capacity 

Rivers and their floodplains, oxbow lakes 

Revegetating of open soil by 
the transplantation of sods 

Protection against erosion, enhancing 
natural succession

Open-cast mining sites, waste and mining 
deposits, degraded skipistes, slopes and 
river banks 

Pesticides Removal of certain non-target organisms Meadows, forests, wetlands, lakes
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applied for the restoration of grassland on the diaspore soil 
seedbank of target species. knaPP & mattheWs (1998) point 
on the lethal effect of rotenone on amphibians, zooplankton 
and invertebrates of the benthos when applied for the man-
agement of the fish populations in North American lakes. On 
the short term, rotenone has, in general, a negative impact 
on the overall water quality (CDFG 1994). 

In many regions of the world, an increase of the application 
of pesticides is observed (WIlsOn & tIsdell 2001; FAO 2002; 
alavanJa 2009). The negative impact of synthetic pesticides on 
environmental resources (soil, water), biodiversity and certain 
target species or species groups, respectively, has been well 
proofed in the past decades (GeIGer et al. 2010; beketOv et al. 
2013; GOulsOn 2013). Cynically speaking, this may count as 
collateral damage. From an environmental ethics perspective, 
however, lethal effects on plants and animals count morally. 
Given such lethal collateral damage, the burden of proof falls 
upon the persons who wish to perform such restoration activi-
ties. Ethical questions emerge: Is there an obligation to reach 
the end or might the end be just nice to have? The difference 
matters since obligations, but not wishes may legitimate 
specific means. If neobiota are combated, a series of value 
questions emerge. What’s so awfully wrong with non-native 
species (cp. sImberlOFF 2015)? What counts as invasiveness? 
What kind of damage does a specific species cause? In any 
case, it seems mandatory to address the overall relation of 
means, ends, side-effects, and risks. If so, an environmental 
impact analysis of restoration projects might be needed.

2.2 Topsoil removal 
There is a general agreement in many countries worldwide 
to treat heavily contaminated soils and restore unpolluted 
sites in order to protect human health, in particular in urban-
industrial areas and on mining sites. In the European Union, 
for example, sites contaminated with heavy metals are moni-
tored (for lead, see tóth et al. 2016) and environmental policy 
defines thresholds, which call for action if the thresholds are 
exceeded (e. g. for Germany, UBA 2003). In order to restore 
those sites, they can be treated by phytoremediation (PulFOrd 
& WatsOn 2003; GOmes 2012; dadea et al. 2017) or topsoil is 
removed, cleaned (e. g. by means of biodegradation) or stored 
as hazardous waste.

However, topsoil removal is often applied in ecosystem 
restoration as a measure to reduce nutrients on strongly 
eutrophicated sites in a fast and efficient way. In particular, 
topsoil is removed on grassland, heaths, peatland, and arable 
land in order to significantly reduce nitrogen and phospho-
rous (e. g. klImkOWska et al. 2007; GIlhaus et al. 2015). In the 
broadest sense, the extraction of sediments or sludge from 
the bottom of open waters also has to be considered as a 
kind of topsoil removal (demars et al. 1995; bJörk 2014). Not 
only because the year 2015 was declared by the UN as the 
“International Year of Soils” there are considerations which 
have to be critically taken into account when applying topsoil 
removal as a measure to reduce soil nutrient loads:

Tab. 2: Approximate displacement of soil organisms caused by erosion; as soil erosion is usually measured in tons per hectare and year, 
values were converted to take the approximate abundance of soil organisms displaced within 1 ton of soil (right column); for this 
conversion, a mean bulk density value of 1.5 g/cm was assumed (adapted from OrGIaZZI & PanaGOs 2018).

Tab. 2: Geschätzter Verlust von Bodenorganismen durch Erosion. Da die Bodenerosion üblicherweise in Tonnen pro Hektar und Jahr 
angegeben	wird,	wurden	die	Werte	entsprechend	umgerechnet,	um	die	ungefähre	Häufigkeit	von	Bodenorganismen	aufzuzeigen,	
die mit einer Tonne Boden abgetragen werden (rechte Spalte); hierfür wurde eine mittlere Lagerungsdichte des Bodens von 1,5 g 
pro cm angenommen (Daten nach Orgiazzi & Panagos 2018).

Soil organisms Approximate abundance

Estimated in untouched soil1 Estimated to be displaced by runoff 
of 1 ton of soil

Prokaryotes (cells) 4–20 × 109/cm3 2.7–13.3 × 1015

Fungi (metres of hyphae) 100/g 100 × 106

Arbuscular mycorrhizal fungi (metres 
of hyphae)

81–111/cm3 5.4–7.4 × 107

Protists (individuals) 104–107/m2 6.7 × 109–1012

Nematodes (individuals) 2–90 × 105/m2 1.3–60 × 1,011

Enchytraeids (individuals) 12–31.1 × 103/m2 8–20.7 × 105

Collembola (individuals) 1–5 × 104/m2 6.7–33.3 × 105

Mites (Oribatida – individuals) 1–10 × 104/m2 6.7–66.7 × 105

Isopoda (individuals) 10/m2 667

Diplopoda (individuals) 110/m2 7,330

Earthworms (Oligochaeta 
– individuals)

300/m2 20,000

1 estimated according to bardGett & van der Putten (2014)
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With the removal of the topsoil and thus often the com- ●
plete organic layer, nearly the whole soil seed bank is 
removed. kIss et al. (2017), for example, quantifies the 
amount of seeds in the upper 10 cm of the soil on dry 
grassland on 1 m2 with up to more than 50.000, klIm-
kOWska et al. (2010) and valkó et al. (2011) on wet 
grassland even up to more than 90.000 seeds. 

Together with the soil seed bank, all organisms in the  ●
topsoil are removed. Although, the variety of abiotic 
conditions of soils with respect to water, soil texture, pH, 
nutrients, etc. influences the species assemblages very 
differently, the amounts of soil organisms on 1 m2 of the 
upper 30 cm layer of an unspecified Central European 
soil stated by JedIcke (1989) give an impression of how 
many soil animals and microorganisms might be 
removed from the site with topsoil removal, i. e. 1012 
bacteria, 1011 flagellates, one million nematodes, 300 
quadrupeds, 80 earthworms, and 50 snails, besides 
numerous other soil organisms. More specifically and 
with regard to the worldwide problem of soil erosion, 
OrGIaZZI & PanaGOs (2018) estimate similarly high fig-
ures of organisms removed from the respective site 
(Tab. 2). 

As an interaction of chemical, physical, and biological  ●
processes, the rate of soil development has to be con-
sidered as a very slow process. JOnes et al. (2012) 
quantify it for permanent grassland under Central Euro-
pean temperate climate with only 1–2 cm per 100 years, 
thus considering soil as a non-renewable natural 
resource. Adding the yearly loss of soil due to erosion, 
which amounts in Europe yearly for 10 t per ha (JOnes 
et al. 2012), topsoil removal for the restoration of eco-
systems becomes even more doubtful. 

As the removed soil has to be transported to deposits  ●
or to sites where it is used for other purposes, high costs 
arise for the whole process of removal, transport, and 
deposition (e. g. török et al. 2011; klImkOWska et al. 
2010). harnIsch et al. (2014) assess a restoration sce-
nario for 1 ha and 50 cm topsoil removal which would 
account to about 6,000 m3 soil; this means about 225 
tours of a 40-tons truck for the transport. 

Together with all other ecosystem compartments such  ●
as, e. g. vegetation and roots, soil as a natural capital 
contributes to the provision of ecosystem services. If 
the soil is removed certain ecosystem services get lost, 
e. g. the provision of habitats for antagonists for pests 
in agriculture and forestry, a production site for bio-
mass, a carbon sink, an archive for landscape history 
as well as an objective for research and environmental 
education (daIly et al. 1997; dOmInatI et al. 2010; rObIn-
sOn et al. 2012; adhIkarI & hartemInk 2016).

2.3 Prescribed burning 
Since humans became able to control fire, burning has 
become common practice as a land-use measure all over 
the world. Still today, slash-and-burn farming is commonly 
practiced in the tropics, even increasing in some regions in 
order to gain permanent grassland (tInker et al. 1996; Gay‐
des‐cOmbes et al. 2017). In particular in Europe, prescribed 
burning is suggested and practiced for the management and 
restoration of open cultural landscapes and traditional land-

use types. Under focus of this measure are heaths (keIenburG 
et al. 2004), grassland (mOOG et al. 2002; PaGe & GOldammer 
2004), dunes (vOGels 2009), former military training areas 
(GOldammer et al. 2012) and traditional vineyards (bylebyl 
2009). Thus, succession to shrubs and forests is pushed 
back, a dense and tamping litter layer is removed, and the 
site conditions for the germination and establishment of 
target species is favored. Also, for the restoration of forests 
in the temperate and boreal climate zone prescribed burning 
is considered (kuuluvaInen et al. 2002; stanturF et al. 2014; 
bernes et al. 2015). Besides the often documented failures of 
this landscape and ecosystem management measure (see 
overview by valkó et al. 2014), there are many reasons which 
should be considered before practicing prescribed burning as 
a restoration or habitat management measure: 

In comparison to climates where fire is a natural and  ●
frequent element of vegetation and landscape dynamics 
such as the Mediterranean, sub-tropical, and tropical 
regions (bOOysen & taIntOn 1984; myers 2006), in tem-
perate zones fires are exceptional events. Most fires 
today, and even in the Mediterranean region with its 
frequent natural fires (e. g. Secretariat of the Convention 
on Biological Diversity 2001), are man-made, acciden-
tally or intended. In Germany, for example, in the year 
2015 proofed man-made fires accounted to 44 % and 
only 5 % had natural causes e. g. by lightning (UBA 
2016; for Europe, see EC 2017). Based on a literature 
survey, thOmas et al. (2017) estimated the economic 
burden of wildfire for the United States considering (1) 
intervention costs, (2) prevention/preparedness, mitiga-
tion, suppression, and crosscutting, (3), and into direct 
and indirect wildfire related losses. Accordingly, the 
annualized economic burden from wildfire is estimated 
to be between 71.1 to 347.8 billion US Dollars ($2016 
US). 

Man-made fires and the related damages for the environ- ●
ment and socio-economy belong to the most important 
environmental problems in the world with regard to bio-
diversity, release of greenhouse gasses and in particular 
CO2, as well as human health. WerF et al. (2010) quantify 
the global carbon emissions by fire in the period 1997–
2009 with 2 gigatons (= 1,000,000,000,000 kg) per year, 
fires on grassland and savannas contributing to this with 
44 %, forest fires in the tropics with 36 %, forest fires 
outside the tropics with 15 %, and the burning of agri-
cultural waste and peat fires, respectively with 3 % 
(GOldammer et al. 2009). Global warming with longer 
drought periods and extraordinary weather events will 
increase the probability of fires in many regions of the 
world (stOcks et al. 1998; WesterlInG et al. 2006; mOrItZ 
et al. 2012). Burning as a nature conservation and res-
toration measure contributes to the greenhouse gas 
release and is counterproductive, in particular, on those 
ecosystems and land-use systems, respectively, which 
can contribute significantly to climate change mitigation 
as a carbon sink such as, e. g. heathland (evans et al. 
2006; vrIes et al. 2009).

Worldwide and throughout the various climate zones,  ●
the burning of agricultural and municipal waste has 
been practiced for centuries and still nowadays is com-
mon practice (bOWman & JOhnstOn 2005; GOldammer et 
al. 2009; JOhnstOn et al. 2012; bOWman et al. 2013; Red-
dington et al. 2015). On a global level, 8-11 % of fires 
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are related to agricultural land-use (kOrOntZI et al. 
2006). GOldammer et al. (2009) review the character, 
magnitude, and role of pyrogenic gaseous and particle 
emissions from vegetation fire emissions on human 
health and lay special emphasis on radioactive emis-
sions generated by fires, burning in peatlands and on 
terrain contaminated by radionuclides. The smoke from 
vegetation fires may contain respiratory irritants, 
asphyxiants, carcinogens, mutagens, and systemic 
toxins as toxic compounds. Accordingly, GOldammer et 
al. (2009) call for the development of international poli-
cies to address the underlying causes for avoiding 
excessive fire application, and to establish sound fire 
and smoke management practices and protocols of 
cooperation in wildland fire management. 

Fire may have positive effects on certain target organ- ●
isms for the restoration of ecosystems, however, has 
negative effects on other organisms. For example, after 
prescribed burning on heathland in NW Germany many 
bryophytes and most lichens (mainly the genus Clado-
nia) were damaged or vanished completely (keIenburG 
et al. 2004), among them Red-List species such as, e. g. 
Cetraria aculeata, Cladonia ciliata, and Ptilidium ciliare 
(FOttner et al. 2004). This negative effect of prescribed 
burning on heathland is also documented for animal 
populations such as, e. g. the butterfly Coleophora jun-
cicolella which nearly completely vanished (schmIdt & 
melber 2004). In particular on isolated habitats, a natu-
ral re-population by animal species with a low 
colonization capacity is improbable. Accordingly, the 
question arises which should be the „winner“ and which 
the „looser organisms“ (cp. mOrettI et al. 2004)? 

Through fire, a high amount of nitrogen from vegetation  ●
and soil might be released and end up in the groundwa-
ter (PIlkInGtOn et al. 2007). On heathland in NW 
Germany, for example, 80–90 % of the nitrogen in the 
above-ground vegetation was released after a pre-
scribed burning event (keIenburG et al. 2004). chaPman 
(1967) quantified the release of about 170 kg nitrogen 
per ha with the burning of heathland in Southern Eng-
land. Against the background of the high eutrophication 
and its related negative impact on ecosystems and the 
socio-economy in many industrialized regions of the 
world (for Europe, see EEA 2016), these additional 
amounts through the “restoration” of ecosystems have 
to be considered very critical. 

Given all these side-effects and collateral damages, the 
burden of proof shifts, as in the case of the above discussed 
restoration measures. If forest fires prima facie count as dis-
service and if intentionally causing a forest fire (e. g. camPbell 
2017) should be punished as a criminal act, it seems perfectly 
fair to shift the burden. It might be argued, that periodical for-
est fires are necessary to renew specific tree species and that 
this renewal outweighs the collateral damage. 

To sum up: Our three cases at hand, i.e. pesticide application, 
topsoil removal, and intentional burning point to underlying 
patterns of environmental reasoning. By describing these 
cases, we already identified some topics of such reasoning, 
as mean-end-relations, burdens of proof, standards of justifi-
cation, assessment of collateral damage, service-disservice 
ambivalencies, and ethical ideas about the practice of eco-
system restoration. We wish to address these topics in the 

next section in a systematic way. By doing so, we wish to 
stimulate debates rather than criticizing persons who engage 
in specific restoration activities.

3 Principles, means, and ends in envi-
ronmental ethics 

As our cases of pesticide application, topsoil removal, and 
prescribed burning strongly indicate, the mean-end-rela-
tionships within ecosystem restoration are highly contested. 
Perhaps, this controversy goes, on reflection, as deep as 
attitudes towards restoration as such. Therefore, one should 
not address the sophistications of mean-end-relationships in 
restoration ecology simply case by case without having an 
ethically informed understanding of the very practice of eco-
system restoration as such. Any substantial human practice 
rests on some ethical ideas (macIntyre 1984). This generic 
truth also holds for restoration. Therefore, we wish to frame 
our case studies with a comprehensive view on the ethics 
of ecosystem restoration. Restoration has a more scientific 
(“restoration ecology”) and a more practical side (“ecological 
restoration”). Both sides are united under some axiological 
(= value-oriented) suppositions. 

Restoration supposes that it is possible to act on behalf of 
nature. Acting on behalf of nature via restoration means to 
give assistance and support to (semi)-natural systems (or 
single species) to recover from degradation and damage. In 
principle, restoration might be regarded as a type of action 
which can be performed out of care or even out of respect to 
nature even if it interferes within nature. Means should be in 
accordance with this type of action. Note, that the “re” within 
“restoration”, “recovery” or other “re”-words does not mean 
that restoration shall “re-turn” to a previous state of affairs. 
The meaning of “re” is rather a “re-gaining” of some valuable 
features and items of nature which have been lost in the 
past (cp. Zerbe 2019). Humans restore, nature recovers, and 
humans (and animals) regain some benefits which might be 
spelled out in terms of ecosystem services. “Acting on behalf 
of nature” is the basic idea within the practice of ecological 
restoration. This idea leaves it open whether such acting on 
behalf of nature ultimately is performed in the interests of 
humans only. Humans can act on behalf of nature for the sake 
of humans, either for themselves or for other humans. They 
can also act on behalf of nature for the sake of natural beings. 
The very idea of restoration as such does not commit anyone 
to a specific solution of the demarcation problem (Ott 2008). 
Thus, the term “for the sake of” points to the beneficiaries of 
restoration. Now, we can give the formal agency structure of 
restoration practices as “acting against a benchmark within a 
mean-end-relation on behalf of nature for the sake of human 
and/or	 non-human	 beneficiaries”. This structure implies 
that the beneficiaries either are entitled to or deserve such 
actions. Restoring on behalf of nature and for the sake of 
beneficiaries, however, may not allow any means. One can 
discard means because they are a) ineffective, b) too costly, 
or c) forbidden on legal or moral grounds. In interhuman 
ethics, there are many cases in which it is prohibited to act 
on behalf of X for the sake of Y if such actions violate other 
obligations, impose harm upon others, or may impair the 
self-esteem of the agent. Given such cases, we have to apply 
the problem onto man-nature interferences. The mean-end-
relation will be differently perceived according to underlying 
general ethical theories. Kantians (deontologists) are far more 
reluctant against nasty means than consequentialists and 
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teleological ethics who are focusing on desirable end states. 
Would you kill an innocent person in order to save five endan-
gered lives (so-called Trolley-problem)? Kantians would say 
No. If one counts lives by numbers, however, the sacrifice 
of one life might be legitimated by five survivals. There are 
hundreds of such “hard cases” in the ethical literature. It is 
safe to argue that most ethicists deny that valuable ends jus-
tify all means. Without further debate, we adopt a moderate 
Kantian approach suggesting that means and ends should 
be arranged in such ways that means are in accordance 
(in moral equilibrium) with ends and the ethical idea upon 
which a practice rests. One can modify means-end relations 
in many different ways to reach such equilibrium. The idea 
of ecological restoration is now specified to this Kantian 
equilibrium approach: Acting against a benchmark on behalf 
of nature for the sake of beneficiaries in an equilibrium of 
means and ends. Equilibria require accordance between the 
topics of our formal agency structure (as benchmark, sake 
of nature, motives, and beneficiaries) and the overall ethical 
background. 

Our framework in environmental ethics is discourse-oriented 
environmental pragmatism (nOrtOn 2005). The idea of acting 
on behalf of nature for the sake of beneficiaries in an equilib-
rium (accordance) of means and ends can be embedded in 
the paradigm of environmental pragmatism. Environmental 
pragmatism wishes to get an in-depth understanding of 
the values being implicitly present in different man-nature 
relations (as farming, hunting, shipping, pet keeping, hiking, 
diving, restoring etc.). From the lens of environmental prag-
matism, one has to ask for the many values and attitudes by 
which persons are actually motivated to engage in restorative 
activities. To pragmatism, it is clearly possible to restore 
nature out of joy as a kind of a commonly shared “focal 
practice” (hIGGs et al. 2000; JOrdan 2006; sPencer 2007). 
Restoration, then, is rather interaction with nature than 
interference. This approach can integrate symbols, works 
of art, rituals, and festivities (barau et al. 2016). Restoration 
as focal practice not only modifies nature, but it also shapes 
humans in terms of attitudes, virtue, and character. Some 
means, as spraying pesticides, may negatively affect or even 
corrupt the “spirit” out of which a focal practice is performed. 
Pragmatism can apply the approach to single cases not in a 
schematic, but in a learning way. Ecological restoration can 
learn case by case how to reach an equilibrium of means and 
ends under the idea to act on behalf of nature for the sake 
of beneficiaries.   

Pragmatism can adopt the prominent ecosystem service 
approach distinguishing providing, regulating, and cultural 
services (MEA 2005). All of these values can, in principle, 
be enhanced by restoration, but in reality there are often 
trade-offs. Total economic value of nature (TEV) includes 
existence value and bequest value (randall 1987). The mere 
existence of a species or a landscape might be delightful. If 
one regrets the loss of an ecosystem type and opts for res-
toration, one often supposes existence value. If one wishes 
to restore in order to bequeath specific ecosystems to future 
generations, one supposes bequest value. Cultural services 
and existence value belong to a specific category of envi-
ronmental values which have been called eudemonic values 
(“eudaimonia” = good and flourishing life; see Ott 2016). This 
category is internally complex, including transformative value 
(nOrtOn 1987), the ethics of place (berthOld-bOnd 2000), 
natural beauty (seel 1998), cultural heritage (knIGhts 2014), 

environmental virtue ethics (caFarO 2001), and biophilia 
(kellert & WIlsOn 1993). Recognition of the plurality of non-
exclusive eudemonic values, virtues, and focal interactions 
with nature result in “deep” anthropocentrism (harGrOve 
1992; Ott 2016). Given this, the mean-end-relationship of 
restoration activities must be compatible with deep anthropo-
centrism, including focal practices (bOrGmann 1984). A focal 
attitude to restoration sees restoration as an intrinsically 
valuable practice being performed for its own sake. Acting 
on behalf of nature is performed rather out of joy than out of 
duty. If acting on behalf of nature is seen as focal practice 
one might be reluctant to use specific means. In such cases, 
the agents who perform restoration activities are ipso facto 
among the beneficiaries.

If one sees deep anthropocentrism as one source of nor-
mativity that underlies the ethical idea of sustainability, a 
reasonable choice can be made in favor of strong sus-
tainability (daly 1996; nOrtOn 2005; Ott 2014). Strong 
sustainability emphasizes a constant natural capital rule. 
Within this set of rules, there holds a so-called investment 
or restoration rule: If stocks and living or non-living funds of 
natural capitals have been depleted, degraded, and dam-
aged in the past (for whatever reasons), there is a prima-facie 
duty for present and future generations to invest prudently 
in such stocks and funds. Thus, strong sustainability adds 
a rule that there should be ecological restoration in order 
to regain stocks and services of natural capital. Given the 
depletion and degradation of natural systems in past and 
present times, it becomes mandatory to act on behalf of 
nature up to a specific benchmark being determined in terms 
of natural capital.

What counts as investment in economic parlance, turns out 
to become restoration in practice. This generic restoration 
rule (RR) substantiates the practice of restoration but, in 
isolation, it leaves much leeway of how to perform restora-
tion activities and projects, and requires open debates which 
measures, tools, and devices (not) to choose if one wishes 
to act on behalf of nature. If one, however, does not wish to 
split environmental ethics into isolated slices, RR should be 
followed in ways which are coherent with other environmen-
tal values and virtues. If so, there are obligations to follow a 
rule to act on behalf of nature looking for an equilibrium of 
means and ends in order to regain stocks and services of 
natural capital. Restorationists are free to follow the rule in 
a focal attitude. 

Environmental pragmatism and strong sustainability can har-
bor aldO leOPOld’s (1949) famous guideline how to act with 
respect to land and its biotic communities: “A thing is right if 
it tends to preserve the integrity, stability, and beauty of the 
biotic community. It is wrong if it tends otherwise” (leOPOld 
1949, p. 224-225). This guideline is not a supreme moral 
principle but belongs to the rules of strong sustainability. It is 
a corollary to the constant natural capital rule. We also wish 
to resolve the guideline from Leopold’s convictions about 
“sick” and “healthy” land because the concept of health 
can’t be literally applied to ecosystems (see Franke et al. 
2020). Leopold’s guideline, however, needs a conceptual 
update because its ecological background has shifted since 
the days of Clements and Tansley (GOlley 1993). Following 
neumann et al. (2017), we propose the following statement: 
“Use land (and sea) in ways only which preserve or enhance 
the fertility (productivity), resilience, and diversity (richness) 
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of bio-geocoenoses. Don’t act otherwise. If fertility, resilience, 
and diversity have been impaired in the past, try to restore 
them fully.” This guideline is in line with Leopold’s personal 
attempt to restore prairies. It remains doubtful, whether 
spraying pesticides or burning in ecosystem restoration is in 
accordance with Leopold’s updated guideline. The following 
result emerges: Following the restoration rule in a Leopoldian 
spirit of acting on behalf of nature for the sake of beneficiaries 
in a Kantian equilibrium (accordance) of means and ends. 
By specifying the very idea, we have determined a “spirit” of 
restoration which is willing to learn from case studies how to 
reach the equilibrium and which is open for focal practices. 
At the level of personal attitudes, an idea becomes a spirit. 
Such “spirit” can be made explicit also from an environmental 
virtue ethical perspective. A nasty mean might be detrimental 
to such “spirit” of restoration. 

Environmental ethics is, however, not restricted to anthro-
pocentrism. The idea of ecological restoration leaves the 
demarcation problem (sOber 1995; Ott 2008) so far open. 
The topic “for the sake of beneficiaries” and the mean-end-
relation can be specified accordingly. An analysis of how 
the agency structure must be interpreted from sentientism, 
biocentrism, ecocentrism, and holism is beyond the scope 
of this article. It must suffice to note that restorative means 
shouldn’t be lethal, harmful and disrespectful to any member 
of an enlarged moral community. Sentientism and biocen-
trism would be prohibitive against aggressive means because 
they cause much collateral damages among members of the 
moral community. 

To wrap up the ethical analysis: Ethics has provided some 
outlooks for orientation within restoration ecology. It gives a 
formal agency structure open for further analysis, it demands 
an accordance between means and ends, it embeds resto-
ration within a strong sustainability paradigm, it proposes a 
Leopoldian principle, and it points at a spirit, out of which 
restoration should be performed. If so, there is a remark-
able convergence against the use of pesticides between a 
deep Kantian equilibrium approach, a pragmatic reading of 
Leopold, and strong sustainability on the one hand, and sen-
tientism and biocentrism on the other hand. Such practical 
convergence generally counts as strong rationale in applied 
ethics. This sets the bars higher for meeting the burden of 
proof. All rules only hold “prima facie” and can be trumped 
by reasons why an exception should be made in a specific 
case. The use of pesticides, topsoil removal, and burning in 
ecosystem restoration requires substantial reasons. 

4 Discussion 
In the recently published “International principles and stan-
dards for the practice of ecological restoration”, Gann et al. 
(2019: p.3) state that ecological restoration when combined 
with conservation and sustainable use, “is the link needed 
to move local, regional, and global environmental conditions 
from a state of continued degradation, to one of net positive 
improvement”. Interestingly, they do not address a limitation 
of practical measures or even a critical assessment of mea-
sures applied for ecosystem restoration. Taking the example 
of pesticide application in ecosystem restoration, topsoil 
removal, and prescribed burning we have shown that nega-
tive environmental and socio-economic trade-offs might not 
justify the end. 

This brings us finally back to the mean-end-relationship, 

asking which tools, measures, and devices are in accordance 
with respectful and healing restoration or not. Our ethical 
approach as outlined in the previous section does not cat-
egorically ban specific means. It rather stimulates discourse 
about specific mean-end-relations within the broader agency 
structure. 

From our ethical perspective, pesticide application, topsoil 
removal, and prescribed burning are quite drastic measures. 
If so, the burden of proof fairly falls upon agents who propose 
such harsh measures. Such initial burden can be met by 
demonstrating that one faces an specific or even exceptional 
situation. Topsoil removal in order to combat eutrophication is 
a strategy to reach the goal quickly (however, often only with 
short-term effects) but topsoil loss counts as environmental 
damage. There are, of course, strategies which reduce eutro-
phication rather slowly from an ecosystem. Choices in favor 
of a “quick fix” have alternatives. Why can’t one try to reduce 
eutrophication slow by slow via reducing intakes, biomass 
yields, and grazing? Why there must be a fire that always 
has collateral damages? This clearly is a plea for standards 
that favor “soft” measures. According to dudley (2011: p.177, 
Table 8.1), “soft” measures may include cutting some trees 
in order to ensure a mixed age stand, introduce grazing ani-
mals to regain patchy structures in agroforestry, create new 
corridors in order to make species trespass, restore natural 
flow regimes in coastal zones, and the like. The virtue of 
patience might play a much stronger role in restoration. Such 
virtue might also result in “wait and see” -strategies. Acting 
on behalf of nature includes omissions. Restoration by com-
binations out of actions and omissions might be a topic for 
another article. 

For theory and practice of interdisciplinary restoration 
ecology and ecosystem restoration, respectively, tools are 
available for a careful decision of measures which are in 
accordance with sustainability and are based on ethical 
ground. Applied for design and monitoring of restoration 
projects for example by cOnvertInO et al. (2013), multi-criteria 
decision analysis (MCDA) can also be used for the assess-
ment of restoration measures. MCDA is a decision-making 
analysis based on decision science theory (keeney & raIFFa 
1976) that can evaluate alternatives with respect to defined 
criteria and the relative importance of those criteria (lInkOv 
& mOberG 2011). MCDA is open to define criteria which are 
important to find solutions in nature conservation, restoration, 
and land-use development (e. g. FOntana et al. 2013; esmaIl 
& GenelettI 2017). MCDA can also assist decision making 
by clarifying trade-offs (cOrsaIr et al. 2009). Criteria stem 
from principles or rules. It would require another article to 
derive criteria from our ethical approach, but MCDA should 
incorporate ethical reflections of how criteria are generated 
and weighed.

Environmental impact assessment (EIA) assesses the 
impacts of a planned activity on the environment in advance, 
thereby allowing for alternative measures to be taken follow-
ing the paradigm “prevention is better than cure” (Ott et al. 
2011; GlassOn et al. 2012). Formally established in the USA 
in 1969, it entered environmental policy and practice on the 
international level in Europe with the EC Directive on EIA in 
1985 (EC 2011). EIA has been applied for restoration projects 
in river systems (neGreI et al. 2017), is recommended before 
re-introducing species within restoration projects (buIssOn et 
al. 2018), and can support the assessment of the effective-
ness of ecological restoration efforts when performed before 
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and after a restoration project (Zhu et al. 2017). Accordingly, 
ecosystem restoration can be the consequence of EIA, for 
example through mitigating a strong environmental impact but 
can also be object of EIA before deciding and implementing 
a restoration project with its measures and objectives. The 
interdisciplinary team for the EIA suggested by burGer (2008) 
should also integrate the social sciences, e. g. environmental 
ethics. We suggest to perform EIA within ecological restora-
tion under an ethical perspective as outlined in this article. 
Given the contest over means and ends, EIA should become 
part of restoration projects. By doing so, the topics, principles, 
and proposals being made in this article may become criti-
cally refined.

Consequently, we suggest to integrate ethics into the defini-
tion of ecosystem restoration which is of relevance to the 
debate on principles and standards in ecological restoration 
as well as for practical ecosystem restoration (Box 1). 

Box 1: Proposal of an updated definition of ecosystem 
restoration

References
adhIkarI, k., hartemInk, a.e. (2016): Linking soils to ecosys-

tem services – A global review. Geoderma 262: 101-111. 
aGee, J.k., skInner, c.n. (2005): Basic principles of forest fuel 

reduction treatments. For. Ecol. Manage. 211: 83-96. 
alavanJa, m.c.r. (2009): Pesticides use and exposure exten-

sive worldwide. Rev. Environ. Health 24 (4): 303-309. 
andel, J. van, arOnsOn, J. Eds. (2012): Restoration ecology: 

The new frontier. 2nd ed., Blackwell, Oxford.
andersOn, r.c. (2009): History and progress of ecological 

restoration in tallgrass prairie. In: taylOr, c., taFt, J., War-
WIck, c. (Eds.): The Past, Present, and Future of Biological 
Resources in a Changing Environment. Illinois Natural 
History Survey Special Publication 30: Champaign. pp. 
217-228.

artman, v.l., sutherland, e.k., dOWnhOWer, J.F. (2001): 
Prescribed burning to restore mixed-oak communities 
in southern Ohio: effects on breeding-bird populations. 
Conserv. Biol. 15: 1423-1434. 

baer, s.G., GrOnInGer, J.W. (2004): Herbicide and tillage 
effects on volunteer vegetation composition and diversity 
during reforestation. Restor. Ecol. 12 (2): 259-267. 

barau, a.s., strInGer, l.c., adamu, a.u. (2016): Environ-
mental ethics and future oriented transformation to 
sustainability in Sub-Saharan Africa. J. Clean. Prod. 135: 
1539-1547.

bassIl, k.l., vakIl, c., sanbOrn, m., cOle, d.c., kaur, J.s., 
kerr, k.J. (2007): Cancer health effects of pesticides. 
Systematic review. Can. Fam. Physician 53: 1704-1711.

beketOv, m.a., keFFOrd, b.J., schäFer, r.b., lIess, m. (2013): 
Pesticides reduce regional biodiversity of stream inverte-
brates. PNAS 110 (27): 11039-11043. 

bernes, c., JOnssOn, b.G., JunnInen, k., lõhmus, a., mac-
dOnald, e., müller, J., sandström, J. (2015): What is the 
impact of active management on biodiversity in boreal and 
temperate forests set aside for conservation or restora-
tion? A systematic map. Environ. Evid. (4): 25.

bernhardt, e.s., Palmer, m.a., allan, J.d., alexander, G., 
barnas, k., brOOks, s., carr, J., claytOn, s., dahm, c., 
FOllstad-shah, J., Galat, d., GlOss, s., GOOdWIn, P., hart, 
d., hassett, b., JenkInsOn, r., katZ, s., kOndOlF, G.m., 
lake, P.s., lave, r., meyer, J.l., O‘dOnnell, t.k., PaGanO, 
l., POWell, b., sudduth, e. (2005): Synthesizing U.S. river 
restoration efforts. Science 308: 636-637. 

berthOld-bOnd, D. (2000): The Ethics of ‘Place’: Reflections 
on Bioregionalism. Environ. Ethics 22 (1): 5-24.

bJörk, S. (2014): The fine art of restoring aquatic ecosystems. 
Knowledge and management of aquatic ecosystems. 
Schweizerbart, Stuttgart.

böhm, F., Ott, K. (2019): Impacts of ocean acidification. Mar-
burg: Metropolis.

bOOysen, P.v. de, taIntOn, N.M. Eds. (1984): Ecological 
effects of fire in South African ecosystems. Ecol. Stud. 
48: 1-428.

bOrGmann, A. (1984): Technology and the character of con-
temporary life. University of Chicago Press.

bOWman, d.m.J.s., JOhnstOn, F.h. (2005): Wildfire smoke, 
fire management, and human health. EcoHealth 2 (1): 
76-80.

Ecosystem restoration assists, with ethically acceptable 
measures and by activating or re-activating natural pro- 
cesses, the development of an anthropogenically degraded 
ecosystem or land-use type towards a state which 
provides the target ecosystem services (provisioning, 
regulating, cultural) based on a functioning ecosystem, 
thus enhancing natural capital against the background 
of strong sustainability. It takes into account the trans-
formative dimension of restoration seen as human-nature 
interaction. Ecosystem restoration gives priority to the 
conservation of certain desired species and and habitats 
at selected sites as well as resource protection and/or the 
conservation of the cultural landscape.



Ökosystemrenaturierung und nachhaltiges Management

Waldökologie, Landschaftsforschung und Naturschutz 20 (2021) 69

AFSV

bOWman, d.m.J.s., O’brIen, J.a., GOldammer, J.G. (2013): 
Pyrogeography and the global quest for sustainable fire 
management. Ann. Rev. Environ. Res. 38 (1): 57-80.

bradshaW, a.d., chadWIck, m.J. (1980): The restoration 
of land: The ecology and reclamation of derelict and 
degraded land. University of California Press, Berkeley.

brühl, c.a., schmIdt, t., PIePer, s., alscher, A. (2013): 
Terrestrial pesticide exposure of amphibians: An under-
estimated cause of global decline? Scientific Reports 3: 
1135. 

buIssOn, e., Jaunatre, r., reGnery, b., marthe, l., alIGnan, 
J.F., heckenrOth, a., muller, I., berneZ, I., cOmbrOux, I., 
mOussard, s., Glasser, t., Jund, s., lelIèvre, s., malaval, 
s., vécrIn‐stablO, m.-P., Gallet, s. (2018): Promoting eco-
logical restoration in France: issues and solutions. Restor. 
Ecol. 26 (1): 36-44.

burGer, J. (2008): Environmental management: integrating 
ecological evaluation, remediation, restoration, natural 
resource damage assessment and long-term steward-
ship on contaminated lands. Sci. Total Environ. 400 (1-3): 
6-19.

bylebyl, K. (2009): Historische Weinbaustandorte aus Sicht 
der Botanik. Lebensräume, Arten und Möglichkeiten für 
den Erhalt bzw. die Wiederherstellung. Regensb. Land  
2: 183-194.

caFarO, P. (2001): Environmental Virtue Ethics. Phil. Con-
temp. World 8 (2): 1-3. 

caIrns, J. (2003): Ethical issues in ecological restoration. Eth-
ics in Science and Environmental Politics 50-61.

camPbell, R. (2017): Intentional fires. National Fire Protection 
Association. Available online: https://www.nfpa.org//-/
media/Files/News-and-Research/Fire-statistics-and-
reports/US-Fire-Problem/Fire-causes/osintentional.pdf 
(accessed 12. Jan. 2020).

CBD – Convention on Biological Diversity. Available online: 
https://www.cbd.int/convention (accessed on 20 Dec. 
2019).

CDFG (1994): Rotenone use for fisheries management. 
Programmatic environmental impact report. California 
Department of Fish and Game. Inland Fisheries Division 
and Environmental Services Division, Sacramento.

chaPman, S.B. (1967): Nutrient budget for a dry heath ecosys-
tem in the south of England. J. Ecol. 58: 445-452.

cheshIer, J.c., madsen, J.d., Wersal, r.m., Gerard, P.d., 
Welch, M.E. (2012): Evaluating the potential for differen-
tial susceptibility of common reed (Phragmites australis) 
haplotypes I and M to aquatic herbicides. Invas. Plant Sci. 
Manage. 5: 101-105. 

cleWell, a., arOnsOn, J., WInterhalder, K.: The SER primer 
on ecological restoration. Society for Ecological Restora-
tion Science & Policy Working Group. Available online: 
www.ser.org/ (accessed on 12 Jan. 2020).

cOnvertInO, m., baker, k.m., vOGel, J.t., lu, c., suedel, b., 
lInkOv, I. (2013): Multi-criteria decision analysis to select 
metrics for design and monitoring of sustainable ecosys-
tem restorations. Ecol. Ind. 26: 76-86.

cOrnIsh, P.s., burGIn, S. (2005): Residual effects of Gly-
phosate herbicide in ecological restoration. Restor. Ecol. 
13 (4): 695-702. 

cOrsaIr, h.J., ruch, J.b., ZhenG, P.Q., hObbs, b.F., kOOnce, 
J.F. (2009): Multicriteria Decision Analysis of stream 
restoration: Potential and examples. Group Decis. Negot. 
18: 387-417.

dadea, c., russO, a., taGlIavInI, m., mImmO, t., Zerbe, S. (2017): 
Tree species as tools for biomonitoring and phytoremedia-
tion in urban environments: a review with special regard to 
heavy metals. Arboriculture & Urb. For. 43 (4): 155-167.

daIly, G.c., matsOn, P.a., vItOusek, P.M. (1997): Ecosystem 
services supplied by soil. In Nature services: Societal 
dependence on natural ecosystems, Daily, G.C., Ed. 
Island Press, Washington, DC, pp. 113-132.

daly, H. (1996): Beyond growth. Beacon Press, Boston.
darby, s., sear, D. Eds. (2008): River restoration: Manag-

ing the uncertainty in restoring physical habitat. Wiley, 
Chichester.

demars, k.r., rIchardsOn, G.n., yOnG, r.c., chaney, R. Eds. 
(1995): Dredging, remediation, and containment of contam-
inated sediments. ASTM International, Philadelphia, USA.

dOmInatI, e., PattersOn, m., mackay, A. (2010): A framework 
for classifying and quantifying the natural capital and eco-
system services of soils. Ecol. Econ. 69 (9): 1858-1868. 

DSDG – Division for Sustainable Development Goals. 
Available online: https://sustainabledevelopment.un.org 
(accessed on 01 Sept. 2020).

dudley, N. (2011): Authenticity in Nature. Earthscan, London, 
New York.ec dIrectIve 2011/92/EU of the European Par-
liament and of the Council of 13 December 2011 on the 
assessment of the effects of certain public and private 
projects on the environment Text with EEA relevance. 
Available online: https://eur-lex.europa.eu/ (accessed 3. 
March 2020).

EC European Forest Fire Information System (EFFIS). 
European Commission. Available online: http://effis.jrc.
ec.europa.eu/ (accessed 22. June 2020).

EEA Eutrophication. European Environment Agency. Available 
online: https://www.eea.europa.eu/publications/92-9167-
205-X/page014.html (accessed 12. June 2020).

eGan, d., hJerPe, e.e., abrams, J. (2011): Human dimensions 
of ecological restoration: Integrating science, nature, and 
culture. Island Press, Washington, DC.

ellIOt, r. (1997): Faking nature: The ethics of environmental 
restoration. Environmental Philosophies Series. Rout-
ledge, London, New York.

esmaIl, b.a., GenelettI, D. (2018): Multi‐criteria decision 
analysis for nature conservation: A review of 20 years of 
applications. Meth. Ecol. Evol. 9: 42–53.

evans, c.d., caPOrn, s.J.m., carrOll, J.a., PIlkInGtOn, m.G., 
WIlsOn, d.b., ray, n., cressWell, N. (2006): Modelling 
nitrogen saturation and carbon accumulation in heathland 
soils under elevated nitrogen deposition. Environ. Poll. 
143: 468-478.

FaGúndeZ, J. (2013): Heathlands confronting global change: 
drivers of biodiversity loss from past to future scenarios. 
Annals of Botany 111 (2): 151-172.

FAO (2002): World agriculture: towards 2015/2030. Summary 
report. Food and Agriculture Organization of the United 
Nations (FAO), Rom.

https://www.nfpa.org//-/media/Files/News-and-Research/Fire-statistics-and-reports/US-Fire-Problem/Fire-causes/osintentional.pdf
https://effis.jrc.ec.europa.eu/


 Ökosystemrenaturierung und nachhaltiges Management

Waldökologie, Landschaftsforschung und Naturschutz 20 (2021)70

AFSV

FInlaysOn, b.J., schnIck, r.a., caIlteux, r.l., demOnG, l., 
hOrtOn, W.d., mcclay, W., thOmPsOn, c.W., tIchacek, 
G.J.: Rotenone use in fisheries management: administra-
tive and technical guidelines manual. American Fisheries 
Society, Bethesda, Maryland. Available online: http://
www.fisheriessociety.org/rotenone/Rotenone_Manual.
pdf (accessed 20 Febr. 2020).

FOntana, v., radtke, a., bOssI FedrIGOttI, v., taPPeIner, u., 
tasser, e., Zerbe, s., buchhOlZ, T. (2013): Comparing 
land-use alternatives: Using the ecosystem services 
concept to define a multi-criteria decision analysis. Ecol. 
Econ. 93: 128-136.

FOttner, s., nIemeyer, t., sIeber, m., härdtle, W. (2004): Zur 
kurzfristigen Vegetationsentwicklung auf Pflegeflächen in 
Sand- und Moorheiden. NNA-Ber. 17 (2): 126-136.

Franke, a., blenckner, t., duarte, c.m., Ott, k., FlemInG, l.e., 
antIa, a., reusch, t.b.h., bertram, c., heIn, J., krOnFeld-
GOharanI, u., dIerkInG, J., kuhn, a., satO, c., van dOOrn, 
e., Wall, m., schartau, m., kareZ, r., crOWder, l., keller, 
d., enGel, a., hentschel, u., PrIGGe, e. (2020): Operation-
alizing ocean health: Toward integrated ocean health and 
recovery research to achieve ocean sustainability. One 
Earth 2 (6): 557-565. 

Gann, G.d., mcdOnald, t., Walder, b., arOnsOn, J., nelsOn, 
c.r., JOnsOn, J., hallett, J.G., eIsenberG, c., GuarIGuata, 
m.r., lIu, J., hua, F., echeverría, c., GOnZales, e., shaW, 
n., decleer, k., dIxOn, k.W. (2019): International principles 
and standards for the practice of ecological restoration. 
Second edition. Restor. Ecol. 27: S1, S1-S46. Gay‐des‐
cOmbes, J.m., sanZ carrIllO, c., rObrOek, b.J.m., Jassey, 
v.e.J., mIlls, r.t.e., arIF, m.s., FalQuet, l., FrOssard, e., 
buttler, A. (2017): Tropical soils degraded by slash‐and‐
burn cultivation can be recultivated when amended with 
ashes and compost. Ecol. Evol. 7 (14): 5378-5388.

GeIGer, F., benGtssOn, J., berendse, F., WeIsser, W.W., emmer-
sOn, m., mOrales, m.b., cerynGIer, P., lIIra, J., tscharntke, 
t., WInQvIst, c., eGGers, s., bOmmarcO, r., Part, t., bre-
taGnOlle, v., PlanteGenest, m., clement, l.W., dennIs, c., 
Palmer, c., Onate, J.J., GuerrerO, I., haWrO, v., aavIk, t., 
thIes, c., FlOhre, a., hanke, s., FIscher, c., GOedhart, 
P.W., InchaustI, P. (2010): Persistent negative effects of 
pesticides on biodiversity and biological control potential 
on European farmland. Basic Appl. Ecol. 11 (2): 97-105. 

GIlhaus, k., vOGt, v., hölZel, N. (2015): Restoration of sand 
grasslands by topsoil removal and self-greening. Appl. 
Veg. Sci. 18: 661-673. 

GlassOn, J., therIvel, r., chadWIck, A. (2012): Introduction to 
Environmental Impact Assessment. 4th ed., Routledge.

GOldammer, J.G., brunn, e., held, a., JOhst, a., kathke, s., 
meyer, F., Pahl, k., restas, a., schulZ, J. (2012): Kont-
rolliertes Brennen zur Pflege von Zwergstrauchheiden 
(Calluna vulgaris) auf munitionsbelasteten Flächen: 
Problemstellung und erste Erfahrungen im Pilotvorhaben 
im Naturschutzgebiet „Heidehof-Golmberg“ (Landkreis 
Teltow-Fläming). Natursch. Biol. Vielfalt 127: 65-95.

GOldammer, J.G., statherOPOulOs, m., andreae, M.O. (2009): 
Impacts of vegetation fire emissions on the environ-
ment, human health, and security: a global perspective. 
Develop. Environ. Sci. 8: 3-36. 

GOlley, F.B. (1993): A history of the ecosystem concept in 
ecology. Yale University Press, New Haven.

GOmes, H.I. (2012): Phytoremediation for bioenergy: challenges 
and opportunities. J. Environ Technol Rev 1 (1): 59-66.

GOulsOn, D. (2013): An overview of the environmental risks 
posed by neonicotinoid insecticides. J. Appl. Ecol. 50: 
977-987. 

GOulsOn, D. (2014): Ecology: pesticides linked to bird declines. 
Nature 511: 295-296. 

harGrOve, E.C. (1992): Weak anthropocentric intrinsic value. 
The Monist 75 (2): 183-207. 

harnIsch, m., Otte, a., schmIede, r., dOnath, T.W. (2014): 
Verwendung von Mahdgut zur Renaturierung von Auen-
grünland. Ulmer, Stuttgart.

haZeltOn, e.l.G., mOZdZer, t.J., burdIck, d.m., kettenrInG, 
k.m., WhIGham, D.F. (2014): Phragmites australis man-
agement in the United States: 40 years of methods and 
outcomes. AoB Plants 6, plu001. 

hIGGs, e., lIGht, a., strOnG, D. Eds. (2000): Technology and 
the good life? University of Chicago Press, Chicago.

IUCN. Bonn Challenge. Restore our future. Available 
online: https://www.bonnchallenge.org/content/challenge 
(accessed on 25 Aug. 2020).

JedIcke, E. (1989): Boden: Entstehung, Ökologie, Schutz. Otto 
Maier, Ravensburg.

JOhnstOn, F.h., hendersOn, s.b., chen, y., randersOn, J.t., 
marlIer, m., deFrIes, r.s., kInney, P., bOWman, d.m.J.s., 
brauer, M. (2012): Estimated global mortality attributable 
to smoke from landscape fires. Environ. Health Perspec. 
120: 695-701.

JOnes, a., PanaGOs, P., barcelO, s., bOuraOuI, F., bOscO, c., 
deWItte, O., GardI, c., erhard, m., hervás, J., hIederer, 
r., JeFFery, s., lükeWIlle, a., marmO, l., mOntanarella, l., 
OlaZábal, c., Petersen, J.e., PenIZek, v., strassburGer, t., 
tóth, G., van den eeckhaut, m., van lIedekerke, m., ver-
heIJen, F., vIestOva, e., yIGInI, Y. (2012): The state of soil in 
Europe. European Commission, European Environment 
Agency, Joint Research Centre, Luxemburg.

JOrdan III, W.R. (2006): Ecological restoration: Carving a 
niche for humans in the classic landscape. Nat. Culture 
1 (1): 22-35.

JOrdan III, W.r., lubIck, G.M. (2011): Making nature whole: 
A history of ecological restoration. Island Press, Wash-
ington, DC.

katZ, E. (1996): The problem of ecological restoration. Envi-
ron. Ethics 18: 222-224. 

keeney, r.l., raIFFa, H. (1976): Decision with multiple objec-
tives: Preferences and value tradeoffs. John Wiley & 
Sons, New York.

keIenburG, t., Prüter, J., härdtle, W., kaIser, t., kOOPmann, 
a., melber, a., nIemeyer, F., schalteGGer, S. (2004): Feuer 
und Beweidung als Instrumente zur Erhaltung magerer 
Offenlandschaften in Nordwestdeutschland – Zusammen-
fassende Aspekte eines Verbundforschungsvorhabens. 
NNA-Ber. 17 (2): 3-12.

kellert, s.r., WIlsOn, E.O. Eds. (1993): The Biophilia hypoth-
esis. Island Press, Michigan.

kIrchhOFF, t. (2016): Die Konzepte der Ökosystemgesundheit 
und Ökosystemintegrität. Zur Frage und Fragwürdigkeit 
normativer Setzungen in der Ökologie. Natur und Land-
schaft 91 (9–10): 464-469.



Ökosystemrenaturierung und nachhaltiges Management

Waldökologie, Landschaftsforschung und Naturschutz 20 (2021) 71

AFSV

kIss, r., valkó, O., tóthmérésZ, b., török, P. (2017): Seed 
bank research in Central European grasslands – an over-
view. In: murPhy J. (Ed.): Seed banks: Types, roles and 
research. Nova Science Publishers, New York, pp. 1-34.

klImkOWska, a., dIGGelen, r. van, bakker, J.P., GrOOtJans, 
A.P. (2007): Wet meadow restoration in Western Europe: 
A quantitative assessment of the effectiveness of several 
techniques. Biol. Conserv. 140: 318-328. 

KlimKowsKa, a., Dzierża, P., BrzezińsKa, K., KotowsKi, w., 
męDrzycKi, P. (2010): Can we balance the high costs of 
nature restoration with the method of topsoil removal? Case 
study from Poland. J. Nat. Conserv. 18 (3): 202-205.

klImkOWska, a., van der elst, d.J.d., GrOOtJans, A.P. (2015): 
Understanding long-term effects of topsoil removal in 
peatlands: overcoming thresholds for fen meadows res-
toration. Appl. Veg. Sci. 18: 110-120. 

knaPP, r.a., mattheWs, K.R. (1998): Eradication of non-native 
fish by gill netting from a small mountain lake in California. 
Restor. Ecol. 6 (2): 207-213. 

knIGhts, P. (2014): Cultural landscapes, ecological restoration 
and the intergenerational narrative. In: drenthen, m., keu-
lartZ, J. (Eds.): Old World and New World Perspectives in 
Environmental Philosophy. IPS Springer, pp. 93-108.

köbbInG, J.F., thevs, n., Zerbe, S. (2013/2014): The utilisation 
of reed (Phragmites australis): a review. Mires and Peat 
13: 1-14.

kOrOntZI, s., mccarty, J., lObOda, t., kumar, s., JustIce, C. 
(2006): Global distribution of agricultural fires in croplands 
from 3 years of Moderate Resolution Imaging Spectro-
radiometer (MODIS) data. Global Biogeochem. Cycl. 20, 
GB2021. 

kuuluvaInen, t., aaPala, k., ahlrOth, P., kuusInen, m., lInd-
hOlm, t., sallantaus, t., sIItOnen, J., tukIa, H. (2002): 
Principles of ecological restoration of boreal forested 
ecosystems: Finland as an example. Silva Fennica 36: 
409-422.

leOPOld, A. (1977): A sand county Almanac. 1949. Reprint 
Oxford University Press, Oxford.

lInkOv, I., mOberG, E. (2011): Multi-criteria decision analy-
sis: Environmental applications and case studies. CRC 
Press.

lulOW, m.e., yOunG, t.P., WIrka, J.l., andersOn, J.H. 
(2007): Variation in the initial success of seeded native 
bunchgrasses in the rangeland foothills of Yolo County, 
California. Ecol. Restor. 25: 20-28. 

lund, H.G. (2009): What is a degraded forest? Forest Infor-
mation Services, Gainesville, USA.

lyytImäkI, J. (2015): Ecosystem disservices: embrace the 
catchword. Ecosyst Serv 12: 136.

macIntyre, A. (1984): After Virtue: A Study in Moral Theory. 
University of Notre Dame Press.

martIn, l.J., blOssey, B. (2013): The runaway weed: costs and 
failures of Phragmites australis management in the USA. 
Estuar. Coasts 36: 626-632. 

MEA (2005): Millenium Ecosystem Assessment. Avail-
able online: https://www.millenniumassessment.org/ 
(accessed on 11 June 2020).

mnIF, W., hassIne, a.I.h., bOuaZIZ, a., barteGI, a., thOmas, O., 
rOIG, B. (2011): Effect of endocrine disruptor pesticides: a 
review. Int. J. Environ. Res. Public Health 8: 2265-2203. 

mOOG, d., POschlOd, P., kahmen, s., schreIber, K.-F. (2002): 
Comparison of species composition between different 
grassland management treatments after 25 years. Appl. 
Veg. Sci. 5: 99-106. 

mOrettI, m., ObrIst, m.k., duellI, P. (2004): Arthropod biodi-
versity after forest fires: winners and loser in the winter fire 
regime of the southern Alps. Ecography 27: 173-186. 

mOrItZ, m.a., ParIsIen, m.-a., batllOrI, e., kraWchuk, m.a., van 
dOrn, J., GanZ, d.J., hayhOe, K. (2012): Climate change and 
disruptions to global fire activity. Ecosphere 3 (6): 1-22.

myers, J.P., antOnIOu, m.n., blumberG, b., carrOll, l., 
cOlbOrn, t., everett, l.G., hansen, m., landrIGan, P.J., 
lanPhear, b.P., mesnaGe, r., vandenberG, l.n., vOm saal, 
F.s., WelshOns, W.v., benbrOOk, C.M. (2016): Concerns 
over use of glyphosate-based herbicides and risks asso-
ciated with exposures: a consensus statement. Environ. 
Health 15: 19. 

myers, R.L. (2006): Living with fire-sustaining ecosystems 
and livehoods through integrated fire management. The 
Nature Conservancy, Tallahassee.

nakamura, a., catterall, P.c., kItchInG, l.r., hOuse, P.n.a., 
burWell, J.C. (2008): Effects of glyphosate herbicide on 
soil and litter macro-arthropods in rainforest: Implica-
tions for forest restoration. Ecol. Manage. Restor. 9 (2): 
126-133. 

neGreI, c., cracIun, a., tudOr, M. (2017): The modelling of 
the environmental impact for the ecological restoration 
of polders in the Danube delta. J. Environ. Prot. Ecol. 17: 
1592-1602.neumann, b., Ott, k., kenchInGtOn, R. (2017): 
Strong sustainability in coastal areas: a conceptual inter-
pretation of SDG 14. Sustain. Sci. 12: 1019-1035. 

nIcOlOPOulOu-stamatI, P., maIPas, s., kOtamPasI, c., stama-
tIs, P., hens, L. (2016): Chemical pesticides and human 
health: the urgent need for a new concept in agriculture. 
Frontiers Public Health 4: 148. 

nOrtOn, B.G. (2005): Sustainability. Chicago University 
Press, Chicago and London.

nOrtOn, B.G. (1987): Why preserve natural variety? Princeton 
University Press, Princeton.

OlsOn, r.a., WhItsOn, T.D. (2002): Restoring structure in late-
successional sagebrush communities by thinning with 
Tebuthiuron. Restor. Ecol. 10 (1): 146-155. 

OrGIaZZI, a., PanaGOs P. (2018): Soil biodiversity and soil 
erosion: It is time to get married. Adding an earthworm 
factor to soil erosion modelling. Global Ecol. Biogeogr. 
27: 1155-1167.

Orr, b.J., cOWIe, a.l., castIllO sancheZ, v.m., chasek, P., 
crOssman, n.d., erleWeIn, a., lOuWaGIe, G., marOn, m., 
metternIcht, G.I., mInellI, s., tenGberG, a.e., Walter, 
s., WeltOn, S.: Scientific conceptual framework for 
Land Degradation Neutrality. A report of the Science-
Policy Interface. United Nations Convention to Combat 
Desertification, Bonn, Germany. Available online: https://
www.unccd.int/publications/scientific-conceptual-frame-
work-landdegradation-neutrality-report-science-policy 
(accessed on 05 May 2020).

Ott, K. (2008): A modest proposal about how to proceed 
in order to solve the problem of inherent moral value in 
nature. In: Westra, l., bOsselmann, k., Westra, r. (Eds.): 
Reconciling human existence with ecological integrity. 
Earthscan, London, pp. 39-60. 



 Ökosystemrenaturierung und nachhaltiges Management

Waldökologie, Landschaftsforschung und Naturschutz 20 (2021)72

AFSV

Ott, K. (2014): Institutionalizing strong sustainability: A Rawl-
sian perspective. Sustainability 6: 894-912. 

Ott, K. (2016): On the meaning of eudemonic arguments for a 
deep anthropocentric environmental ethics. New German 
Critique 128: 105-126. 

Ott, k., mOhauPt, F., ZIeGler, R. (2011): Environmental Impact 
Assessment. In: Encyclopedia of Applied Ethics, Chad-
wick, R. Ed. Elsevier, pp. 114-123.

PaGe, h., GOldammer, J.G. (2004): Prescribed burning in 
landscape management and nature conservation: The 
first long-term pilot project in Germany in the Kaiserstuhl 
viticulture area, Baden-Württemberg Germany. Internat. 
For. Fire News 30: 49-58.

PIlkInGtOn, m.G., caPOrn, s.J.m., carrOll, J.a., cressWell, 
n., PhOenIx, G.k., lee, J.a., emmett, b.a., sParks, T. 
(2007): Impacts of burning and increased nitrogen depo-
sition on nitrogen pools and leaching in an upland moor. 
J. Ecol. 95: 1195-1207. 

Prach, k., hObbs, R.J. (2008): Spontaneous succession ver-
sus technical reclamation in the restoration of disturbed 
sites. Restor. Ecol. 16: 363-366. 

PulFOrd, I.d., WatsOn, C. (2003): Phytoremediation of heavy 
metal-contaminated land by trees – a review. Environ. Int. 
29 (4): 529-540. 

randall, A. (1987): The total economic value as a basis for 
policy. Trans. Am. Fish. Soc. 116 (3): 325-335. reddInG-
tOn, c.l., butt, e.W., rIdley, d.a., artaxO, P., mOrGan, 
W.t., cOe, h., sPracklen, D.V. (2015): Air quality and 
human health improvements from reductions in defores-
tation-related fire in Brazil. Nat. Geosci. 8: 768-771. 

rObInsOn, d.a., emmett, b.a., reynOlds, b., rOWe, e.c., sPur-
GeOn, d., keIth, a.m., lebrOn, I., hOckley, N. (2012): Soil 
natural capital and ecosystem service delivery in a world 
of global soil change. In: Hester, R.E., Harrison, R.M. 
(Eds.): Soils and food security. RSC, London, pp 41-68.

rOkIch, d.P., harma, J., turner, s.r., sadler, r.J., tan, 
B.H. (2009): Fluazifop-p-butyl herbicide: implications for 
germination, emergence and growth of Australian plant 
species. Biol. Conserv. 142: 850-869.

rOman, c.t., burdIck, D.M. (2012): Tidal marsh restoration: 
A synthesis of science and management. Island Press, 
Washington, DC.

schmIdt, l., melber, A. (2004): Einfluss des Heidemanage-
ments auf die Wirbellosenfauna in Sand- und Moorheiden 
Nordwestdeutschlands. NNA-Ber. 17 (2): 145-164.

schOlZ, n.l., FleIshman, e., brOWn, l., Werner, I., JOhn-
sOn, m.l., brOOks, m.l., mItchelmOre, c.l., schlenk, D. 
(2012): A perspective on modern pesticides, pelagic fish 
declines, and unknown ecological resilience in highly 
managed ecosystems. BioScience 62 (4): 428-434. 

schOlZ, r.W., steIner, G. (2015): The real type and ideal type 
of transdisciplinary processes: part I – theoretical founda-
tions. Sustain. Sci. 10 (4): 527-544. 

secretarIat OF the cOnventIOn On bIOlOGIcal dIversIty (2001): 
Impacts of human-caused fires on biodiversity and 
ecosystem functioning, and their causes in tropical, tem-
perate and boreal forest biomes. Montreal, SCBD. CBD 
Techn. Ser. 5: 1-42. 

seel, M. (1998): Aesthetics of nature and ethics. In: Kelly, M. 
(Ed.): Encyclopedia of Aesthetics 3. Oxford University 
Press, New York.

SER. The SER international primer on ecological restoration. 
Society for Ecological Restoration International (SER). 
Tucson, Arizona. Available online: http//:www.ser.org 
(accessed on 25 June 2019).

sImberlOFF, D. (2015): Non-native invasive species and novel 
ecosystems. F1000Prime Rep 7: 47. 

snOW, c.s.r., marrs, R.H. (1997): Restoration of Calluna 
heathland on a bracken Pteridium-infested site in north-
west England. Biol. Conserv. 81: 35-42. 

sOber, E. (1995): Philosophical problems for environmental-
ism. In: ellIOt, r. (Ed.): Environmental Ethics. Oxford 
University Press, Oxford, pp. 226-247.

sPencer, D. (2007): Restoring earth, restored to earth: 
Towards an ethic for reinhabiting places. In: kearns, l., 
keller, C. (Eds.): Ecospirit. Fordham University Press, 
New York, pp. 415-432.

stanturF, J.a., PalIk, b.J., dumrOese, K.R. (2014): Contem-
porary forest restoration: A review emphasizing function. 
For. Ecol. Manage. 331: 292-323.

stOcks, b.J., FOsberG, m.a., lynham, t.J., mearns, l., WOt-
tOn, b.m., yanG, Q., JIn, J.-Z., laWrence, k., hartley, G.r., 
masOn, J.a., mckenney, D.W. (1998): Climate change 
and forest fire potential in Russian and Canadian boreal 
forests. Climatic Change 38: 1-13.thOmas, d., butry, d., 
GIlbert, s., Webb, d., FunG, J. (2017): The costs and 
losses of wildfires. A literature review. Nat. Inst. Stand. 
Techn. Spec. Publ. 1215: 1-72.

tInker, P.b., InGram, J.s.I., struWe, S. (1996): Effects of 
slash-and-burn agriculture and deforestation on climate 
change. Agr. Ecosys. Environ. 58 (1): 13-22.

török, P., vIda, e., deák, b., lenGyel, s., tóthmérésZ, B. 
(2011): Grassland restoration on former croplands in 
Europe: an assessment of applicability of techniques and 
costs. Biodiv. Conserv. 20: 2311-2332. 

tóth, G., hermann, t., sZatmárI, G., PásZtOr, L. (2016): Maps 
of heavy metals in the soils of the European Union and 
proposed priority areas for detailed assessment. Sci. 
Total Environ. 565: 1054-1062.

UBA Waldbrände. Umweltbundesamt (UBA). Available 
online: https://www.umweltbundesamt.de/daten/land-
forstwirtschaft/forstwirtschaft/waldbraende#textpart-1 
(accessed 12 May 2020). 

UBA Zulässige Grenzwerte (Richtwerte) für Schadstoffe in 
Klärschlamm und Boden. Umweltbundesamt. Available 
online: http://www.umweltbundesamt.at/fileadmin/
site/umweltthemen/boden/_bersicht_Richtwerte.pdf 
(accessed on 13. June 2020).

valkó, O., török, P., deák, b., tóthmérésZ, B. (2014): 
Prospects and limitations of prescribed burning as a 
management tool in European grasslands. Basic Appl. 
Ecol. 15 (1): 26-33. 

valkó, O., török, P., tóthmérésZ, b., matus, G. (2011): 
Restoration potential in seed banks of acidic fen and 
dry-mesophilous meadows: Can restoration be based on 
local seed banks? Restor. Ecol. 19: 9-15.

vOGels, J. (2009): Fire as a restoration tool in the Netherlands 
– First results from Dutch dune areas indicate potential 
pitfalls and possibilities. Int. For. Fire News 38: 23-35.



Ökosystemrenaturierung und nachhaltiges Management

Waldökologie, Landschaftsforschung und Naturschutz 20 (2021) 73

AFSV

vrIes, W. de, sOlberG, s., dObbertIn, m., sterba, h., laub-
hann, d., OIJen, m. van, evans, c., Gundersen, P., krOs, J., 
WamelInk, G.W.W., reInds, G.J., suttOn, M.A. (2009): The 
impact of nitrogen deposition on carbon sequestration 
by European forests and heathlands. For. Ecol. Manage. 
258: 1814-1823.

WaGner, v., nelsOn, C.R. (2014): Herbicides can negatively 
affect seed performance in native plants. Restor. Ecol. 
22 (3): 288-291.

Walder, B. (2018): SER News 32 (2): 1.
WeGener, m., Zedler, P., herrIck, b., Zedler, J. (2008): Curtis 

Prairie: 75-year-old restoration research site. Arboretum 
Leaflets 16: 1-4.

WerF, G.r. van der, randersOn, J.t., GIGlIO, l., cOllatZ, G.J., 
mu, m., kasIbhatla, P.s., mOrtOn, d.c., deFrIes, r.s., JIn, 
y., leeuWen, t.t. van (2010): Global fire emissions and 
the contribution of deforestation, savanna, forest, agri-
cultural, and peat fires (1997-2009). Atmos. Chem. Phys. 
10: 11707-11735. 

WesterlInG, a.l., hIdalGO, h.G., cayan, d.r., sWetnam, t.W. 
(2006): Warming and earlier spring increase western US 
forest wildfire activity. Science 313: 940-943.

WHO. Climate change and human health: Land degradation 
and desertification. World Health Organization (WHO). 
Available online: http://www.who.int/globalchange/eco-
systems/desert/en/ (accessed on 03 May 2020).WIlsOn, 
c., tIsdell, C. (2001): Why farmers continue to use pes-
ticides despite environmental, health and sustainability 
costs. Ecol. Econ. 39 (3): 449-462. 

yOunG, s.l., claassen, V.P. (2008): Native perennial grasses 
in highway medians: pre- and postplant techniques for 
establishment in a Mediterranean climate. Invas. Plant 
Sci. Manage. 1: 368-375. 

Zerbe, S. (2019): Renaturierung von Ökosystemen im Span-
nungsfeld von Mensch und Umwelt. Ein interdisziplinäres 
Fachbuch. Springer, Heidelberg. 

Zerbe, s., WIeGleb, G., rOsenthal, G. (2009): Einführung in 
die Renaturierungsökologie. In: Zerbe, s., WIeGleb, G., 
(Eds.): Renaturierung von Ökosystemen in Mitteleuropa, 
Springer Spektrum, Heidelberg, pp. 1-21.

Zhu, Z.-x., ZhaO, k.-k., lIn, Q.-W., QureshI, s., rOss FrIedman, 
c., caI, G.-y., WanG, H.-F. (2017): Systematic Environmen-
tal Impact Assessment for non-natural reserve areas: A 
case study of the Chaishitan Water Conservancy Project 
on land use and plant diversity in Yunnan, China. Frontiers 
Ecol. Evol. 5: 1-14.

submitted:  24.09.2020 
reviewed: 15.01.2021  
accepted: 22.02.2021

Address of authors:

Stefan Zerbe 

Faculty of Science and Technology 
Free University of Bozen-Bolzano 
39100 Bozen, Italy

corresponding author: 
E-Mail: stefan.zerbe@unibz.it

Konrad Ott 

Philosophical Seminar 
University of Kiel 
24118 Kiel, Germany

E-Mail: ott@philsem.uni-kiel.de

 

https://www.who.int/news-room/questions-and-answers/item/climate-change-land-degradation-and-desertification

