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Abstract Wilderness is a multidimensional concept that has evolved from 
an aesthetic idea to a science-based conservation approach. We analyze here 
several subjective and ecological dimensions of wilderness in Europe: human access 
from roads and settlements, impact of artificial night light, deviation from potential 
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natural vegetation and proportion of harvested primary productivity. As expected, 
high wilderness in Europe is concentrated mainly in low primary productivity areas at 
high latitudes and in mountainous regions. The use of various wilderness metrics also 
reveals additional aspects, allowing the identification of regional differences in the 
types of human impact and a better understanding of future modifications of wilder-
ness values in the context of land-use change. This is because farmland abandonment 
in the next decades is projected to occur especially at intermediate wilderness values 
in marginal agricultural landscapes, and thus can release additional areas for wild 
ecosystems. Although the subjective wilderness experience will likely improve at a 
slower pace due to the long-term persistence of infrastructures, the ecological effects 
of higher resource availability and landscape connectivity will have direct positive 
impacts on wildlife. Positive correlation between megafauna species richness and 
wilderness indicate that they spatially coincide and for abandoned areas close to high 
wilderness areas, these species can provide source populations for the recovery of 
the European biota. Challenges remain in bringing together different views on rewil-
ding and in deciding the best management approach for expanding wilderness on 
the continent. However the prospects are positive for the growth of self-regulating 
ecosystems, natural ecological processes and the wilderness experience in Europe.

Keywords Wilderness · Human footprint · Artificial light · Potential natural 
vegetation · Harvested primary productivity · Megafauna · Farmland abandonment

2.1  The History and Value of Wilderness

Wilderness is a comprehensive measure of conservation value capturing both the 
subjective human experience, and the ecological dimension of minimally impacted 
ecosystems (Cole and Landres 1996; Hochtl et al. 2005). But the concept of wilder-
ness has gone through dramatic historical changes in terms of both the context and 
connotation in which the term was used. During the centuries of exploration and 
colonization of new territories, wilderness was perceived negatively as a land that 
is unfavourable for human habitation and should be altered and tamed (Nash 2001).

“Wilderness” gradually entered the North American language of conservation in 
the nineteenth century after the end of the frontier exploration, especially promoted 
by the hunting community. It developed as an aesthetic and ethical concept related 
to the protection of pristine nature in the face of galloping technological progress 
and rapid disappearance of natural environments. Thus wilderness became synony-
mous with freedom, natural beauty, sanctuary and retreat from everything that was 
perceived as overwhelming in the modern lifestyle (Nash 2001).

Some have argued that past landscape modifications by human populations and 
pervasive human impacts across scales make the idea of wilderness inconsequential 
(Heckenberger et al. 2003). Wilderness also attracted considerable controversy in 
North America, particularly raising questions relating to equity and the rights of hu-
mans living in, or next to, areas allocated to wilderness protection (Nash 2001). The 
same issues were raised on all other continents that were colonized by European 
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settlers. The establishment of protected parks and hunting reserves in South Africa 
was accompanied by the relocation of native populations and social strife (Car-
ruthers 1995). Australia has also experienced some controversy surrounding the 
definition of wilderness and its disconnection from the culture and lifestyle of ab-
original populations (Mackey et al. 1998).

Such developments gave “wilderness” the impetus to evolve towards a more 
relevant concept for the twenty-first century, incorporating both human dimen-
sions and needs as well as new research results from areas such as paleoecology 
or climate science (Gillson and Willis 2004). A science-based understanding of the 
human influence on ecosystems informs presently one of the main current conser-
vation approaches (Brooks et al. 2006; Kalamandeen and Gillson 2007). In this 
context, wilderness represents one extreme of the gradient of human presence and 
impact across the landscape. While still retaining an aesthetical element and an 
existence value among growing numbers of enthusiasts in the Western industrial-
ized countries, wilderness also refers to the biophysical reality of natural processes, 
ecological communities, and the resulting ecosystems that develop in the absence of 
human management. Therefore, wilderness is of major importance both for research 
and management in the areas of ecosystem services (ES) (Naidoo et al. 2008, see 
Chap. 3), biodiversity conservation (Watson et al. 2009), and the establishment of 
ecosystem baselines (Vitousek et al. 2000).

Appreciation of European wilderness has had a different path from that on other 
continents due to the long history of human occupation, agriculture and landscape 
management. Many of the species that used to dominate the landscape in the dis-
tant past have been hunted to extinction or have been driven away from the most 
favourable habitats (Barnosky 2008, see Chaps. 4, 8) and natural vegetation cover 
has been cut or burnt down to make space for farmland. Thus both laymen and natu-
ralists have come to regard and appreciate this new state as the natural biodiversity 
of the continent. As a result of a shifting baseline syndrome, traditional agricul-
tural landscapes have become the benchmark against which biodiversity change 
was measured (Papworth et al. 2009). However, a growing movement in Europe 
advocates now for wilderness protection and recognition, and policy steps have 
been taken in this direction, including a resolution of the European Parliament on 
wilderness in Europe (Martin et al. 2008; European Parliament 2009). Research 
has also been undertaken in order to identify and map wilderness on the continent 
(Fritz et al. 2000; Carver 2010). In this favourable context, rewilding of abandoned 
farmland can gain momentum as a way of expanding the areas that provide both in-
creased opportunities for wilderness experience and more extensive self-regulating 
and self-sustaining ecosystems (Rey Benayas et al. 2007; Munroe et al. 2013, see 
Chaps. 1, 11).

Considering the diversity of possible definitions, we approach wilderness in this 
chapter from several points of view. In the next section we review the literature on 
wilderness mapping and to identify some of the most important ecological and aes-
thetical aspects of wilderness in Europe. We then map and discuss the spatial agree-
ment between wilderness based on (a) human access from roads and settlements, 
(b) impact of artificial light, (c) deviation from potential natural vegetation, and 
(d) proportion of primary productivity harvested by humans, as metrics of wilder-
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ness value over space. We further explore the health of trophic chains by looking at 
megafauna species and their spatial concurrence with wilderness. Megafauna such 
as the large herbivores, apex predators and birds of prey have an important role in 
maintaining and returning ecosystems to a higher naturalness state through estab-
lishment of natural trophic cascades (see Chaps. 4, 5, and 8). As such we also map 
the distribution of high body mass species across Europe and discuss the overlaps 
with high-wilderness quality and farmland abandonment areas. We then explore the 
possible spatial and temporal dynamics of wilderness in Europe over the next few 
decades in the context of farmland abandonment and rewilding. We examine how 
aspects of wilderness could increase due to agricultural abandonment and we sug-
gest means to maximize the potential success of rewilding efforts.

2.2  Measuring and Mapping Wilderness—A Brief Review 
of Metrics and Methods

Wilderness has been mapped and analysed across scales, from global to local level. 
The methodologies generally make use of available spatial data on human infra-
structures, land cover, area size of ecologically intact regions, etc. as proxies for 
wilderness quality, but also employ expert knowledge on degree of naturalness and 
ecosystem modification. Despite the obvious challenges of mapping a multidimen-
sional concept such as wilderness, studies using relevant indicators at a similar ex-
tent and resolution offer highly congruent results, likely because they share a com-
mon perception of the attributes and values of wilderness.

At the global level, Mittermeier et al. (2003) used a combination of human pop-
ulation density, intactness, and area size of the intact areas to define wilderness 
areas. Much of their assessment was based on literature and expert opinions. The 
wilderness areas identified coincided with the areas of the lowest human footprint 
identified by Sanderson et al. (2002) although the two studies used largely different 
metrics. The map of the human footprint at the global level used human population 
density, the transformation of land through the building of settlements, roads and 
railroads, and measures of human access. Power infrastructures were also quanti-
fied, using satellite night maps (Sanderson et al. 2002). Despite data limitations, 
these global studies reveal a fairly consistent big picture of the overall pattern and 
magnitude of human impact on the biosphere, both for terrestrial and marine eco-
systems (Halpern et al. 2008).

In Australia, the Heritage Commission’s National Wilderness Inventory used 
four metrics for defining wilderness: remoteness from settlements, remoteness from 
access, biophysical naturalness and apparent naturalness (Lesslie et al. 1995). In this 
case, thresholds were defined for minimum levels of these metrics that would char-
acterize wilderness. Other approaches emphasize a wilderness continuum across 
the landscape (Fritz et al. 2000). Building on the Heritage Commission’s National 
Wilderness Inventory research, Carver et al. (2002) added remoteness from national 
population centres and altitude in order to map wilderness in the United Kingdom. 
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Remoteness from national population centres was a measure of the accessibility to 
the whole British population in addition to the accessibility to the local population 
in the calculation of wilderness. The authors used multicriteria evaluation (MCE) 
and explored public perceptions of wilderness through the use of interactive tools 
by allowing the user to change the weights of the wilderness metrics. As expected, 
resulting wilderness maps were not radically different, but allowed for insights on 
what affects the perceptions of wilderness (Carver et al. 2002). This approach was 
further detailed at the level of the Cairngorms National Park, and the Loch Lomond 
and The Trossachs National Park in Scotland (Carver et al. 2012) at a resolution of 
20 m and later expanded to cover the whole of Scotland in a study by the Scottish 
Natural Heritage (Scottish Natural Heritage 2012).

At lower spatial extents the indicators of wilderness and human footprint remain 
the same but higher quality data are usually available making the mapping and 
modelling process more reliable and accurate. For example, Woolmer et al. (2008) 
rescaled the human footprint methodology of the Sanderson et al (2002) for the area 
of approximately 300,000 km2 of the Northern Appalachian ecoregion. They used 
ten datasets compiled from several sources: population density, dwelling density, 
urban areas, roads, rail, land cover, large dams, watersheds, mine sites, utility corri-
dors for the electrical power infrastructure. The general patterns of human footprint 
were maintained when comparing the map based on 90 m2 resolution data at ecore-
gional scale with the map derived from the global analysis of Sanderson et al (2002) 
conducted with 1 km2 resolution data. However, the Spearman rank correlation co-
efficients between the two sets of human footprint data steadily decreased with the 
scale, reaching 0.41 ( p < 0.001) at 0.1 % of the Northern Appalachian ecoregion. 
The difference in the human footprint scores is that the ecoregion calculation com-
pared with the global calculation leads to a reduction in the area with low levels of 
human footprint (46 % ecoregion extent vs. 59 % global extent) and an increasing of 
the area with moderate or high levels of human footprint (34 % ecoregion extent vs. 
21 % global extent), evening out more the distribution of human footprint scores. A 
key finding was also that three parameters models add the most information to the 
calculation of human footprint while the model incorporating human settlements, 
roads and land-use was the best approximating model from all combinations of the 
ten datasets considered.

In Europe, an increased wilderness momentum has led to efforts by different 
actors to protect wilderness and advance a progressive wilderness research agenda 
(Jones-Walters and Čivić 2010). A continental level map of wilderness continuum 
has been produced using population density, road and rail density, linear distance 
from the nearest road and railway line, naturalness of land cover and terrain rug-
gedness (Carver 2010). This analysis identified wilderness areas concentrated in 
the Scandinavian Peninsula and the mountainous regions of Europe, revealing a 
strong positive altitudinal and latitudinal relationship. The same pattern was main-
tained even if terrain ruggedness was eliminated from the calculation. Beside the 
Scandinavian mountains and arctic areas, the Pyrenees, The Eastern Mediterranean 
islands, the Alps, the British Isles, the south-eastern Europe and the Carpathians 
also had significant areas of wilderness (Carver 2010) but one has to temper this 
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with the knowledge that the current spatial data often misses historical information 
on local land use management such as past deforestation, drainage and grazing by 
domestic livestock. Currently, the wilderness mapping is being updated through the 
project of the European Wilderness Registry, which will record the most important 
wild sites, thus facilitating priority setting for protection.

2.3  Wilderness Metrics

The set of metrics used in the wilderness mapping literature can be divided into two 
major dimensions of defining wilderness: the subjective or perceived wilderness 
experience and ecological intactness. Most wilderness metrics attempt to describe 
both aspects. For example, the presence of roads and human settlements indicate 
both easiness of access, visual impact, and the ecological impact of these infrastruc-
tures. Yet some indicators address the two dimensions separately as it is the case 
with apparent naturalness and biophysical naturalness (Lesslie et al. 1988). For the 
purposes of this chapter, we chose a series of four metrics: two that describe both 
the subjective human experience of wilderness and the ecological impact, and two 
that have mainly an ecological dimension. The metrics used here quantify human 
impact thus wilderness increases with the decrease of the metrics.

Remoteness from roads and human settlements is an important dimension in 
the feeling of solitude intrinsic to the wilderness experience. However, roads and 
other human access infrastructure have also a strong impact on wild populations 
and ecosystems. The most obvious impact is road mortality, shown to affect mam-
mals (Philcox et al. 1999; Seiler 2005; Grilo et al. 2009), birds (Orlowski 2005), 
reptiles (Iosif et al. 2013) and amphibians (Patrick et al. 2012). But impacts of 
roads, traffic and human access can be much more profound, affecting popula-
tion and community structure (Habib et al. 2007), trophic interactions (Kristan III 
and Boarman 2003; Whittington et al. 2011), ecosystem functioning and structure 
(Christensen et al. 1996; Hansen et al. 2005; Rentch et al. 2005), and environmental 
conditions through high pollution levels (Hatt et al. 2004). Roads can favour the 
expansion of invasive species (Jodoin et al. 2008; Vicente et al. 2010), and of exotic 
and human-favoured predators (Alterio et al. 1998). They also expose forest habi-
tats to edge effects (Tabarelli et al. 2004). These ecological impacts of roads and 
human settlements alter a range of ecological conditions compared with the context 
that would exist without these human infrastructures. Here we evaluate human ac-
cess from roads and settlements by calculating the cost distance to paved roads and 
settlements according to the Naismith’s rule which assumes differentiated relative 
traveling times depending on terrain, land cover, and river networks (Carver and 
Fritz 1999). We extracted the data on paved roads from the Eurogeographics Road 
database and the Open Street Map database, land use data from Corine Land Cover 
2000 and 2006, and terrain ruggedness data from the Shuttle Radar Topography 
Mission (SRTM) at 1 km resolution. The range of the human access score values 
is expressed from 0 to 1. In Europe, the mountainous areas, the Iberian Peninsula, 
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the Balkans, Scotland, and Scandinavia are the least accessible regions and the least 
impacted by roads and settlements (Fig. 2.1a).

Artificial night light has a similar dimension in the definition of wilderness. 
Light pollution has been decried for its impact on the visibility of the natural night 
sky (Cinzano et al. 2000), diminishing the night wilderness experience. But arti-
ficial light has also strong ecological impacts (Longcore and Rich 2004; Navara 
and Nelson 2007; Hölker et al. 2010b; Gaston et al. 2013), affecting invertebrates 
(Davies et al. 2012, see Chap. 6), fish (Becker et al. 2013), mammals (Boldogh 
et al. 2007) and bird populations (Montevecchi et al. 2006). Direct mortality (Hölk-
er et al. 2010b), impacts on trophic relations and community structure (Perkin et al. 
2011), disruption of migratory routes (Gauthreaux Jr et al. 2006) by night light lead 
to profound modifications of ecosystems functions (Hölker et al. 2010a). Nocturnal 
species such as bats and moths (see also Chap. 6) receive the brunt of the impact. 
We assess the impact of artificial light on ecosystems and wilderness experience 
by using the satellite data of the upwards emitted and reflected artificial light with 
a spectral range of 0.5–0.9 μm in Europe from the Visible Infrared Imaging Ra-
diometer Suite (VIIRS) of the Soumi National Polar-orbiting Partnership (SNPP) 
for the year 2012 (NOAA National Geophysical Data Center 2012) with a resolu-
tion of 15 arc sec (approximately 450 m). We apply a kernel function to distribute 
the impact over a radius of approximately 10 km (Fig. 2.1b) as a conservative ap-
proximation meant to cover the night glow effects reported in the literature (Kyba 
et al. 2011) along with the direct ecological impacts (Longcore and Rich 2004). In 
each pixel, the light impact score is the sum of all the impact scores from the sur-
rounding light sources and it represents a relative measure aimed at encompassing 
both the ecological aspect and the impact on the subjective wilderness experience 
(Fig. 2.1b).

The last two metrics that we consider here are qualitative and quantitative mea-
sures of the human modification of ecosystems and thus they convey mainly, al-
though not exclusively, an ecological significance. Anthropogenic change of natural 
habitat is one of the major drivers of biodiversity loss (Pereira et al. 2010) and it 
has been studied extensively for a large range of taxa (Bolliger et al. 2007). The 
most conspicuous element of habitat loss is the change in vegetation, and intact 
vegetation cover has been used before as a wilderness indicator (Bryant et al. 1997). 
Human changes in vegetation tips the balance in favour of species benefiting from 
human presence and impacts habitat-sensitive ones (Leu et al. 2008). Therefore 
we use here the deviation from potential natural vegetation (dPNV) as a qualita-
tive measure of the human impact on the landscape. We used the potential natural 
vegetation (PNV) classes of the map developed by Bohn et al. (2000). We calculate 
the similarity of current land cover to PNV by estimating the probability that the 
CORINE 2000 land cover class in any one location in Europe belongs to the local 
PNV type (Bohn et al. 2000). The probability of agreement was classified in four 
classes with different scores: assumed = 1, most probable = 0.75, probable = 0.5 and 
possible = 0.1. The resulting map was combined with the grazing density data from 
Food and Agriculture Organization, which was previously linear transformed to a 
scale from 0 to 1, where 1 represents a density of 20 heads/km2 or more. We used 
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Fig. 2.1  Wilderness areas according to four metrics. a Access from roads and human settlements. 
b Artificial night light. c Deviation from potential natural vegetation. d Proportion of harvested 
primary productivity out of the potential primary productivity. Wilderness value increases with the 
decrease of the metrics
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grazing density to account for human transformations in semi-natural grasslands. 
We expressed the dPNV value by subtracting from 1 the score calculated according 
to the described methodology. (Fig. 2.1c).

Through agriculture, hunting, fishing and forestry, humans are removing sig-
nificant quantities of biomass from the ecosystems. Primary productivity (PP) is 
the foundation of trophic networks and it influences the structure and functions of 
ecosystems in a domino effect across trophic levels (Haberl et al. 2004). Humans 
have reduced drastically the PP available to other species and this has changed the 
composition of the ecological communities (Barnosky 2008; Pereira et al. 2012). 
We map the proportion of human harvested PP out of the total potential PP in Eu-
rope as another indicator of wilderness and using the data analysed in Haberl et al. 
(2007). We calculated the harvested PP by extracting net PP remaining in ecosys-
tems after harvest from the net PP of the actual vegetation. We then calculated the 
proportion of harvested PP by dividing net harvested PP by net PP of the potential 
vegetation. The data are calculated based on country-level statistics of the Food and 
Agriculture Organization (Haberl et al. 2007) while potential PP is estimated using 
the Lund-Potsdam-Jena dynamic global vegetation model (Sitch et al. 2003). Some 
abnormalities can be noticed in the harvested PP map which are due to the assump-
tions of the model and the FAO national level data. The map has to be interpreted 
with this limitation in mind (Fig. 2.1d).

The four resulting maps based on the selected metrics show a common pattern 
of high human footprint in the lowlands of central Europe (Fig. 2.1). The most un-
altered values of all metrics occur in high mountainous areas and Scandinavia. But 
the differences at intermediate values of wilderness provide a key signal to what 
are the strongest determinants of human footprint at regional level in Europe. For 
example, although the dPNV is very low in almost all of Scandinavia (Fig. 2.1c), the 
proportion of harvested PP is comparatively higher, consistent with high forestry 
harvest in the Nordic countries (Fig. 2.1d). The reverse pattern is noticeable in the 
Iberian Peninsula where although the drier climate restricts high harvesting of PP, 
the current vegetation is quite far from PNV as measured in our map and consis-
tent with the degradation of the Mediterranean habitats (Myers et al. 2000). In the 
same region, the significant differences between the inland and coastal values of the 
night light impact and human access (Fig. 2.1a and b) indicates the high difference 
between the human population densities inland compared with the coastal regions. 
These differences in the distribution of human populations are masked in the PNV 
score and harvested PP maps (Fig. 2.1c and d). The map of artificial light (Fig. 2.1b) 
also points out to a discrepancy in the relative wilderness values in East and South-
East Europe compared with the dPNV score map for example (Fig. 2.1c). The lower 
economic activity in this area results in lower light impact although the level of 
vegetation change is very high (Doll et al. 2006).

The lowest wilderness areas in Europe have usually low scores for all the wilder-
ness dimensions considered, and they represent mainly areas of high human densi-
ties and intense economic activity. Conversely, high wilderness areas are the wildest 
from all the points of view taken here. But the areas of intermediate wilderness 
values are strongly impacted by only one or two metrics with very low wilderness 
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values. Especially dPNV and harvested PP have a farther reach, affecting even eco-
systems where infrastructure and artificial light impacts are reduced. These indica-
tors are connected with more extensive land-uses such as agriculture and forestry, 
and less with high human population densities and infrastructure.

The synergies and interactions between the different elements of our wilder-
ness mapping emphasize even further their ecological significance. In areas of high 
habitat quality the road mortality can be higher in absolute terms because it affects 
more abundant populations (Patrick et al. 2012) while road lighting can increase the 
impact of the road itself on the local ecological communities by favouring certain 
types of predation (Rich and Longcore 2005) or providing additional perches for 
improved hunting efficiency of raptors such as kestrels (Sheffield et al. 2001).

2.4  Wilderness Conservation

The designation, coverage and implementation of protected areas and Natura 2000 
sites vary widely across European countries. However, looking at the continental 
map, we discern some regional patterns in wilderness protection. Many mountain-
ous areas in the Pyrenees, the Apennines, the Massif Central and the Carpathians are 
covered by Natura 2000 sites and, to a lesser extent, by nationally designated pro-
tected areas (Fig. 2.2) (European Environment Agency 2012a, b). Large protected 
areas included both in the Natura 2000 network and in the national networks protect 
the Scandinavian mountains. As already pointed out in the literature (Gaston et al. 
2008), many of the designated areas overlap because countries have co-designated 
under Natura 2000 and their own national systems. However, important differences 
between the two protected areas systems can also be noticed (Fig. 2.2). For ex-
ample, the Iberian Peninsula and South-Eastern Europe seem to have a much larger 
area under protection by the Natura 2000 network than from nationally designated 
protected areas. Conservation seems to have benefitted in these areas from a push 
from the European conservation policies (European Council 1979, 1992). Mean-
while, Germany and France have smaller and fewer terrestrial protected areas under 
the Natura 2000 network than under the national network.

It has been suggested in the literature that the designation of protected areas has 
been done opportunistically and thus that they are more likely to cover low produc-
tivity, high altitude, wilderness areas (Pressey et al. 1993; Margules and Pressey 
2000). Although largely lacking continental coordination, Natura 2000 network has 
some features common with systematic conservation planning and aims to protect 
species and habitats threatened at continental level (Gaston et al. 2008). Surpris-
ingly however, the terrestrial Natura 2000 sites have a lower continental average 
proportion of harvested PP than nationally designated protected areas: 26.7 % for 
Natura 2000 sites against 34.3 % for the nationally designated protected areas. The 
continental average values for the impact of artificial night light in Natura 2000 
sites is 38 while in nationally designated protected areas network is 31, showing the 
same pattern as in the case of harvested PP. However, we have to keep in mind that 
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Fig. 2.2  Protected territory in Europe under the Natura 2000 network and nationally designated 
protected areas
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there are big regional differences between the patterns of wilderness in protected 
areas in Europe. For instance, analysis concentrating on Germany as a case study 
demonstrated that the Natura 2000 areas in Western Germany largely fail to protect 
the roadless and the low-traffic areas, whereas in former East Germany a better 
congruence was achieved (Selva et al. 2011).

Indicative of higher resource availability, we verified that higher species richness 
of megafauna species coincides with high wilderness. We selected the mammals 
with an adult bodyweight of an average of 10 kg or more (Jones et al. 2009) from 
the data of the Atlas of European Mammals (Mitchell-Jones et al. 1999). These in-
clude species of large herbivores and apex predators such as the wolf ( Canis lupus) 
and the lynx ( Lynx lynx). We also selected the bird species with an adult bodyweight 
of an average of 5 kg or more (Myers et al. 2013; Tacutu et al. 2013) using data from 
the atlas of the European Bird Census Council (Hagemeijer and Blair 1997). These 
species include several birds of prey as well as other species such as the great white 
pelican ( Pelecanus onocrotalus) or the great bustard ( Ardeotis nigriceps). In the 
end, we obtained a megafauna list of 30 mammal species and 13 bird species dis-
tributed in a grid of 50 × 50 km2 covering the European territory. At a visual exami-
nation, the highest species richness areas in terms of megafauna coincide with high 
wilderness areas in Europe such as the Carpathians, the Apennines and the Pyrenees 
(Fig. 2.3). We calculated rank correlations between the megafauna species richness 
and average values per grid cell of the four wilderness metrics. The results suggest 
that wilderness and megfauna populations spatially coincide in Europe (ρ = 0.18, 
p < 0.0001 for access from roads and settlements, ρ = − 0.28, p < 0.0001 for light im-
pact, ρ = 0.34, p < 0.0001 for dPNV score, ρ = − 0.26, p < 0.0001 for harvested PP). 
There are several mechanisms that could underlie this pattern such as the direct 
persecution of carnivores and birds of prey countered by conservation programs 
in areas of lowest social conflict (Valkama et al. 2005; Enserink and Vogel 2006). 
This pattern could also be related to a phylogenetic bias determined by the strong 
predominance of a few bird and mammal orders in our selection which could be 
limited to certain habitats only based on their common evolutionary history. We 
also did not consider the possible spatial autocorrelation in our datasets. However, 
from the perspective of abandonment, the spatial concurrence between megafauna 
species richness and high wilderness is important because it means that abandoned 
farmland closer to high wilderness areas will have a better chance of being repopu-
lated by these species. This will lead to a quicker recovery of trophic networks and 
natural ecological processes.

2.5  Farmland Abandonment as Opportunity 
for Wilderness Expansion

Farmland abandonment in Europe is a result of the economic and social changes at 
national, continental and global levels. Abandonment happens especially in areas 
where land productivity is not sufficiently high to sustain an adequate income for 
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Fig. 2.3  Farmland abandonment in Europe projected for the year 2040 by the Dyna-CLUE model 
based on four VOLANTE scenarios. We indicate in how many of the four scenarios land abandon-
ment is found significant across the continent
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farmers, even with the support of subsidies (Rey Benayas et al. 2007, see Chap. 1). 
These land-use changes raise challenges in terms of lifestyles, social structure and 
biodiversity (Munroe et al. 2013). Thus, predicting these changes has received con-
siderable importance in recent research. We map the areas in Europe where farm-
land abandonment is projected to take place based on the Dyna-CLUE model (Ver-
burg and Overmars 2009) (Fig. 2.3). For the projections of the social and economic 
drivers driving farmland abandonment, we used four VOLANTE scenarios describ-
ing different development paths towards the year 2040 (Paterson et al. 2012). These 
scenarios are loosely based on the Special Report on Emission Scenarios (SRES) of 
the Inter-governmental Panel on Climate Change (Nakicenovic et al. 2000) and they 
cover the range of socio-economic conditions across the axes of regionalization 
versus globalization, and willingness versus reluctance against sustainable lifestyle 
changes at the societal level. We indicate here in how many of the four scenarios 
land abandonment is found significant across Europe (Fig. 2.3).

How will farmland abandonment affect wilderness value? The answer to this 
question depends on where farmland abandonment takes place. Many areas of 
abandonment can be found around mountainous regions such as the Apennines, the 
Massif Central, the Carpathians, the Balkans, areas of higher altitude and lower pro-
ductivity that have already experienced abandonment in the past decades (Fig. 2.3). 
These areas have a low density of human population and a low level of infrastruc-
ture development. As the human density will decrease even more, the use of arti-
ficial light will decrease as well, but the physical infrastructures will withstand for 
longer than the outmigration of people albeit with lower intensity of use. Spurred 
by the already existing infrastructure, many abandonment areas might also see a 
surge in tourism, biofuels cultivation and renewable energy industries, replacing the 
agricultural activities (Laiolo and Tella 2006).

From an ecological point of view, farmland abandonment will directly lead to a 
decrease in harvested PP as grazing and cultivation are projected to drop. This will 
increase the resources available to wild populations and ecosystems, and vegetation 
cover will evolve towards a more natural state (Rey Benayas et al. 2007). Previous 
studies have showed that increased availability of biomass and reduced presence 
of humans lead to growing numbers of wild herbivores in south Asia (Madhusu-
dan 2004). The recovery of ecosystems to a wilderness state depends on rebuilding 
natural trophic cascades and networks that are both resilient to natural disturbances 
and able to sustain key ecosystem functions. In these networks, megafauna and 
apex predators have a fundamental role, especially in the depleted conditions of the 
current European biota (Schmitz 2006; Sekercioglu 2006; Johnson 2009; Ritchie 
and Johnson 2009). For the natural recovery of ecosystems and the return of these 
species, the presence of source populations is paramount and adjacency to existing 
core wilderness areas will be a key driver (see Chaps. 4, 8).

We explore the chances for a natural recovery of European fauna by mapping 
the distribution of megafauna (Fig. 2.4). The results are encouraging for many ar-
eas of future agricultural abandonment: megafauna richness is high in the adjacent 
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areas and many wild populations have already begun to recover, especially in the 
case of mammals (Enserink and Vogel 2006). In the case of birds, the literature re-
ports significant changes in the community patterns due to abandonment, especially 
negative effects on populations of farmland birds with narrow habitat preferences 
(Sirami et al. 2008). The correlation between the number of mammal species and 
the percentage of projected abandoned area in a grid cell is ρ = 0.14 ( p < 0.001) 
whereas for bird species it is negative at ρ = − 0.15 ( p < 0.001). Thus megafauna 
mammal species might be in a better position to take advantage of the new resourc-
es and space made available by farmland abandonment. We did not consider here 
the possible spatial autocorrelation of the data because we were interested only in 
the spatial coincidence between abandonment and megafauna.

However, some of the future abandoned areas have been affected by invasive 
species, fire suppression practices, and missing trophic links during thousands of 
years of human use (Proença et al. 2010; Wehn et al. 2011). Thus abandonment may 
not be sufficient to return these areas to a vegetation close to PNV in a short term 
without management actions (see Chap. 8). But even in these areas the abandon-
ment will have immediate positive effects on wildlife by reducing human distur-
bance, increasing landscape connectivity, and releasing ecological processes from 
human control and thus increasing the wilderness value of the land (see Chap. 1).

Aplet et al. (2000) describe the two dimensional space defined by the axes of 
freedom and naturalness as a framework for wilderness management. Freedom is 
understood as the absence of human control over ecological processes (i.e self-
willed) while naturalness is the degree to which ecosystems are close to an accepted 
ecological benchmark. Such a framework is readily usable for mapping the trade-
offs related to human management in areas affected by invasive and exotic species, 
thus increasing naturalness but decreasing freedom (Landres et al. 2000; Sydoriak 
et al. 2000), but also the current views on rewilding as some advocate for serious 
management commitments in order to achieve a certain perception of wilderness 
(Donlan et al. 2006). However, we consider that the ultimate aim of rewilding is 
not to recreate some image of pre-human ecosystems, but to facilitate new, self-
regulating systems that appear naturally out of the current conditions. A realistic 
expectation is that in the absence of human management, the new rewilded areas 
will form novel ecosystems that share elements with the pre-human past but also 
integrate current factors. Minimum human management and this new wilderness of 
natural and self-sustaining ecosystems should be the goal of rewilding.

2.6  Conclusions

Wilderness in Europe has been pushed into the high altitude areas of the mountain 
ranges and into the high latitude areas of Scandinavia. The metrics we use here agree 
on the general patterns of European wilderness but regional differences between our 
metrics emphasize the different factors that affect wilderness values regionally and lo-
cally (Fig. 2.1). New opportunities for wilderness expansion have appeared in Europe 
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Fig. 2.4  Species richness of European megafauna. We calculate it as the number of species of 
mammals with adult body mass equal or higher than 10 kg and birds with adult body mass equal or 
higher than 5 kg in each grid cell
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due to farmland abandonment and a decrease of human presence can lead to a drop 
in several human footprint indicators and a recovery of natural trophic networks. Al-
though management trade-offs have to be made in some places between intervening 
for a faster recovery and stepping back for an unrestrained adaptation of ecosystems, 
we favour an approach of minimum intervention and self-regulating ecosystems.

The next few decades are crucial for how wilderness will evolve in Europe. New 
research is necessary on how different dimensions of wilderness will change as a 
result of land use changes and what will be the effects on ecosystems and wildlife. 
Moreover, research is need on how to restore not only ecosystems but also the col-
lective memory to encompass what wilderness may have been like, what it is and 
what it may or should be. This would help consolidate the crucial link between 
research on one hand, and management and policy on the other, an area that still 
requires substantial work (see Chap. 11). Challenges remain in bringing together 
rewilding views, and negotiating diverging social and economic interests. A focus 
on the benefits of natural ecosystem for the society at large can ease the tensions be-
tween different stakeholders in continental policy-making. From a global perspec-
tive, Europe will continue to be at the lower end of the wilderness continuum (Mit-
termeier et al. 2003) but favourable opportunities are arising at continental level to 
improve ecosystem functions and we should seize them wisely.

Acknowledgments PV acknowledges funding from FP7 project VOLANTE and OPERAs under 
which the scenario runs of land abandonment were performed. SC had a doctoral grant from Funda-
ção para a Ciência e a Tecnologia (FCT) (SFRH/BD/80230/2011) until September 30, 2013. We 
thank Societas Europaea Mammalogica and Tony Mitchell-Jones for sharing and allowing the use 
of the data on European mammals and Michiel Van Eupen for providing assistance with the Wilder-
ness Register data. We also thank Carlos Teixeira for suggesting sources on bird life traits and Guy 
Pe’er, Christoph Plutzar and Laetitia M. Navarro for comments on earlier drafts of this chapter.

Open Access This chapter is distributed under the terms of the Creative Commons Attribution 
Noncommercial License, which permits any noncommercial use, distribution, and reproduction in 
any medium, provided the original author(s) and source are credited.

References

Alterio, N., Moller, H., & Ratz, H. (1998). Movements and habitat use of feral house cats Fe-
lis catus, stoats Mustela erminea and ferrets Mustela furo, in grassland surrounding Yellow-
eyed penguin Megadyptes antipodes breeding areas in spring. Biological Conservation, 83, 
187–194.

Aplet, G., Thomson, J., & Wilbert, M. (2000). Indicators of wildness: Using attributes of the land 
to assess the context of wilderness. Proceedings: Wilderness Science in a Time of Change. 
Ogden (UT): USDA Forest Service, Rocky Mountain Research Station. Proc. RMRS-P-15

Barnosky, A. D. (2008). Megafauna biomass tradeoff as a driver of quaternary and future ex-
tinctions. Proceedings of the National Academy of Sciences, 105, 11543–11548. doi:10.1073/
pnas.0801918105.

Becker, A., Whitfield, A. K., Cowley, P. D., et al. (2013). Potential effects of artificial light associ-
ated with anthropogenic infrastructure on the abundance and foraging behaviour of estuary-
associated fishes. Journal of Applied Ecology, 50, 43–50.



42 S. Ceaușu et al.

Bohn, U., Gollub, G., Hettwer, C., et al. (2000). Karte der natürlichen Vegetation Europas, 
Maßstab 1: 2,500,000.[Map of the Natural vegetation of Europe. Scale 1: 2,500,000]. Bonn: 
Bundesamt für Naturschutz.

Boldogh, S., Dobrosi, D., & Samu, P. (2007). The effects of the illumination of buildings on house-
dwelling bats and its conservation consequences. Acta Chiropterologica, 9, 527–534.

Bolliger, J., Kienast, F., Soliva, R., & Rutherford, G. (2007). Spatial sensitivity of species habitat 
patterns to scenarios of land use change (Switzerland). Landscape Ecology, 22, 773–789.

Brooks, T. M., Mittermeier, R. A., da Fonseca G. A., et al. (2006). Global biodiversity conservation 
priorities. Science, 313, 58.

Bryant, D., Nielsen, D., & Tangley, L. (1997). Last frontier forests: Ecosystems and economies on 
the edge. Washington, D. C.: World Resources Institute, Forest Frontiers Initiative.

Carruthers, J. (1995) The Kruger National Park: A social and political history. Pietermaritzburg: 
University of Natal Press.

Carver, S. (2010). Mountains and wilderness. European Environment Agency (2010) Europe’s 
ecological backbone: Recognising the true value of our mountains. European Environment 
Agency, Copenhagen, pp. 192–201.

Carver S., Evans AJ., Fritz S. (2002). Wilderness attribute mapping in the United Kingdom. 
International Journal of Wilderness 8, 24–29.

Carver, S., & Fritz, S. (1999). Mapping remote areas using GIS. Landscape character: Perspectives 
on management and change Natural Heritage of Scotland Series, HMSO, pp. 112–126.

Carver, S., Comber, A., McMorran, R., & Nutter, S. (2012). A GIS model for mapping spatial pat-
terns and distribution of wild land in Scotland. Landscape and Urban Planning, 104, 395–409.

Christensen, D. L., Herwig, B. R., Schindler, D. E., & Carpenter, S. R. (1996). Impacts of lake-
shore residential development on coarse woody debris in north temperate lakes. Ecological 
Applications, 6, 1143–1149.

Cinzano, P., Falchi, F., Elvidge, C. D., & Baugh, K. E. (2000). The artificial night sky brightness 
mapped from DMSP satellite Operational Linescan System measurements. Monthly Notices of 
the Royal Astronomical Society, 318, 641–657.

Cole, D. N., & Landres, P. B. (1996). Threats to wilderness ecosystems: Impacts and research 
needs. Ecological Applications, 6, 168–184.

Davies, T. W., Bennie, J., & Gaston, K. J. (2012). Street lighting changes the composition of inver-
tebrate communities. Biology Letters, 8, 764–767.

Doll, C. N., Muller, J.-P., & Morley, J. G. (2006). Mapping regional economic activity from night-
time light satellite imagery. Ecological Economics, 57, 75–92.

Donlan, C. J., Berger, J., Bock, C. E., et al. (2006). Pleistocene rewilding: An optimistic agenda for 
twenty-first century conservation. The American Naturalist, 168, 660–681.

Enserink, M., & Vogel, G. (2006) The carnivore comeback. Science, 314, 7476–7749.
European Council. (1979). Council Directive 79/409/EEC on the conservation of wild birds.
European Council. (1992). EU Habitats Directive (92/43/EEC). Consolidated Text. Office for Of-

ficial Publication of The European Union. CONSLEG: 1992LOO43-01.05-2004.
European Environment Agency. (2012a). Natura 2000 data-the European network of protected 

sites. http://www.eea.europa.eu/data-and-maps/data/natura-3. Accessed 5 July 2013.
European Environment Agency. (2012b). Nationally designated areas (CDDA). http://www.eea.

europa.eu/data-and-maps/data/nationally-designated-areas-national-cdda-7. Accessed 5 July 
2013.

European Parliament. (2009). Resolution on Wilderness in Europe.
Fritz, S., Carver, S., & See, L. (2000). New GIS approaches to wild land mapping in Europe. 

Proceedings of the Wilderness science in a time of change conference. USDA Forest Service, 
Missoula, Montana, pp. 120–127

Gaston, K. J., Jackson, S. F., Nagy, A., et al. (2008). Protected areas in Europe. Annals of the New 
York Academy of Sciences, 1134, 97–119.

Gaston, K. J., Bennie, J., Davies, T. W., & Hopkins, J. (2013). The ecological impacts of nighttime 
light pollution: A mechanistic appraisal. Biological Reviews, 88, 912–927.



432 European Wilderness in a Time of Farmland Abandonment

Gauthreaux, S. A., Jr., Belser, C., Rich, C., & Longcore, T. (2006). Effects of artificial night 
lighting on migrating birds. In C. Rich & T. Longcore (Eds.) Ecological Consequences of 
Artificial Night Lighting (pp.67–93). Washington D.C.: Island Press.

Gillson, L., & Willis, K. J. (2004). As earth’s testimonies tell: Wilderness conservation in a chang-
ing world. Ecology Letters, 7, 990–998.

Grilo, C., Bissonette, J. A., & Santos-Reis, M. (2009). Spatial-temporal patterns in Mediterra-
nean carnivore road casualties: Consequences for mitigation. Biological Conservation, 142, 
301–313.

Haberl, H., Schulz, N. B., Plutzar, C., et al. (2004). Human appropriation of net primary produc-
tion and species diversity in agricultural landscapes. Agriculture, Ecosystems & Environment, 
102, 213–218.

Haberl, H., Erb, K. H., Krausmann, F., et al. (2007). Quantifying and mapping the human appro-
priation of net primary production in earth's terrestrial ecosystems. Proceedings of the National 
Academy of Sciences, 104, 12942.

Habib, L., Bayne, E. M., & Boutin, S. (2007). Chronic industrial noise affects pairing success and 
age structure of ovenbirds Seiurus aurocapilla. Journal of Applied Ecology, 44, 176–184.

Hagemeijer, W. J., & Blair, M. J. (1997). The EBCC atlas of European breeding birds: Their dis-
tribution and abundance. London: T. & AD Poyser.

Halpern, B. S., Walbridge, S., Selkoe, K. A., et al. (2008). A global map of human impact on ma-
rine ecosystems. Science, 319, 948–952.

Hansen, A. J., Knight, R. L., Marzluff, J. M., et al. (2005). Effects of exurban development on bio-
diversity: Patterns, mechanisms, and research needs. Ecological Applications, 15, 1893–1905.

Hatt, B. E., Fletcher, T. D., Walsh, C. J., & Taylor, S. L. (2004). The influence of urban density and 
drainage infrastructure on the concentrations and loads of pollutants in small streams. Environ-
mental Management, 34, 112–124.

Heckenberger, M. J., Kuikuro, A., Kuikuro, U. T., et al. (2003). Amazonia 1492: Pristine forest or 
cultural parkland? Science, 301, 1710–1714.

Hochtl, F., Lehringer, S., & Konold, W. (2005). “Wilderness”: What it means when it becomes a 
reality-a case study from the southwestern Alps. Landscape and Urban Planning, 70, 85–95.

Hölker, F., Moss, T., Griefahn, B., et al. (2010a). The dark side of light: A transdisciplinary re-
search agenda for light pollution policy. Ecology and Society, 15(4): 13.

Hölker, F., Wolter, C., Perkin, E. K., & Tockner, K. (2010b). Light pollution as a biodiversity 
threat. Trends in ecology & evolution, 25, 681–682.

Iosif, R., Rozylowicz, L., & Popescu, V. D. (2013). Modeling road mortality hotspots of Eastern 
Hermann’s tortoise in Romania. Amphibia-Reptilia, 34, 163–172.

Jodoin, Y., Lavoie, C., Villeneuve, P., et al. (2008). Highways as corridors and habitats for the 
invasive common reed Phragmites australis in Quebec, Canada. Journal of Applied Ecology, 
45, 459–466.

Johnson, C. N. (2009). Ecological consequences of Late Quaternary extinctions of megafauna. 
Proceedings of the Royal Society B: Biological Sciences, 276, 2509–2519.

Jones, K. E., Bielby, J., Cardillo, M., et al. (2009). PanTHERIA: A species-level database of life 
history, ecology, and geography of extant and recently extinct mammals: Ecological Archives 
E090-184. Ecology, 90, 2648–2648.

Jones-Walters, L., & Čivić, K. (2010). Wilderness and biodiversity. Journal for Nature Conserva-
tion, 18, 338–339.

Kalamandeen, M., & Gillson, L. (2007). Demything “wilderness”: Implications for protected area 
designation and management. Biodiversity and Conservation, 16, 165–182.

Kristan, W. B. III, & Boarman, W. I. (2003). Spatial pattern of risk of common raven predation on 
desert tortoises. Ecology, 84, 2432–2443.

Kyba, C. C., Ruhtz, T., Fischer, J., & Hölker, F. (2011). Cloud coverage acts as an amplifier for 
ecological light pollution in urban ecosystems. PLoS ONE, 6, e17307.

Laiolo, P., & Tella, J. L. (2006). Fate of unproductive and unattractive habitats: Recent changes 
in Iberian steppes and their effects on endangered avifauna. Environmental Conservation, 33, 
223–232.



44 S. Ceaușu et al.

Landres, P. B., Brunson, M. W., Merigliano, L., et al. (2000). Naturalness and wildness: The di-
lemma and irony of managing wilderness. Proceedings RMRS-P-15Proceedings RMRSP-15, 
5, 377–381.

Lesslie, R. G., Mackey, B. G., & Preece, K. M. (1988). A computer-based method of wilderness 
evaluation. Environmental Conservation, 15, 225–232.

Lesslie, R. G., Maslen, A., Commission AH. (1995). National Wilderness Inventory Australia: 
Handbook of Procedures, Content, and Usage. Australian Government Pub. Service

Leu, M., Hanser, S. E., & Knick, S. T. (2008). The human footprint in the west: A large-scale 
analysis of anthropogenic impacts. Ecological Applications, 18, 1119–1139.

Longcore, T., & Rich, C. (2004). Ecological light pollution. Frontiers in Ecology and the Environ-
ment, 2, 191–198.

Mackey, B. G., Lesslie, R. G., Lindenmayer, D. B., et al. (1998). The role of wilderness in nature 
conservation. Australia: Canberra.

Madhusudan, M. D. (2004). Recovery of wild large herbivores following livestock decline in a 
tropical Indian wildlife reserve. Journal of Applied Ecology, 41, 858–869.

Margules, C. R., & Pressey, R. L. (2000). Systematic conservation planning. Nature, 405, 243–253.
Martin, V. G., Kormos, C. F., Zunino, F., et al. (2008). Wilderness Momentum in. Europe. Interna-

tional Journal of Wilderness, 14, 34–38.
Mitchell-Jones, A. J., Amori, G., Bogdanowicz, W., et al. (1999). The atlas of European mammals. 

London: Academic.
Mittermeier, R. A., Mittermeier, C. G., Brooks, T. M., et al. (2003). Wilderness and biodiversity 

conservation. Proceedings of the National Academy of Sciences, 100, 10309.
Montevecchi, W. A., Rich, C., & Longcore, T. (2006). Influences of artificial light on marine 

birds. In C. Rich & T. Longcore (Eds.) Ecological Consequences of Artificial Night Lighting 
(pp.94–113). Washington D.C.: Island Press

Munroe, D. K., van Berkel D. B., Verburg, P. H., & Olson, J. L. (2013). Alternative trajectories of 
land abandonment: Causes, consequences and research challenges. Current Opinion in Envi-
ronmental Sustainability, 5, 471–476.

Myers, N., Mittermeier, R. A., Mittermeier, C. G., et al. (2000). Biodiversity hotspots for conserva-
tion priorities. Nature, 403, 853–858.

Myers, P., Espinosa, R., Parr, C. S., et al. (2013). The Animal Diversity Web (online). http://an-
imaldiversity.org. Accesssed 10 July 2013.

Naidoo, R., Balmford, A., Costanza, R., et al. (2008). Global mapping of ecosystem services and 
conservation priorities. Proceedings of the National Academy of Sciences, 105, 9495.

Nakicenovic, N., Alcamo, J., Davis, G., et al. (2000). Special report on emissions scenarios: A 
special report of Working Group III of the Intergovernmental Panel on Climate Change. Pa-
cific Northwest National Laboratory, Richland, WA (US), Environmental Molecular Sciences 
Laboratory (US).

Nash, R. (2001) Wilderness and the American mind. London: Yale Nota Bene.
Navara, K. J., & Nelson, R. J. (2007). The dark side of light at night: Physiological, epidemiological, 

and ecological consequences. Journal of pineal research, 43, 215–224.
NOAA National Geophysical Data Center EOG. (2012). VIIRS Nighttime Lights—2012.
Orlowski, G. (2005). Factors affecting road mortality of the Barn Swallows Hirundo rustica in 

farmland. Acta Ornithologica, 40, 117–125.
Papworth, S. K., Rist, J., Coad, L., & Milner-Gulland, E. J. (2009). Evidence for shifting baseline 

syndrome in conservation. Conservation Letters, 2, 93–100.
Paterson, J., Metzger, M., & Walz, A. (2012). Deliverable No: 9.1—The VOLANTE scenarios: 

Framework, storyline and drivers.
Patrick, D. A., Gibbs, J. P., Popescu, V. D., & Nelson, D. A. (2012). Multi-scale habitat-resistance 

models for predicting road mortality “hotspots” for turtles and amphibians. Herpetological 
Conservation and Biology, 7, 407–426.

Pereira, H. M., Leadley, P. W., Proença, V., et al. (2010). Scenarios for global biodiversity in the 
21st century. Science, 330, 1496.

http://animaldiversity.org
http://animaldiversity.org


452 European Wilderness in a Time of Farmland Abandonment

Pereira, H. M., Navarro, L. M., & Martins, I. S. (2012). Global biodiversity change: The bad, the 
good, and the unknown. Annual Review of Environment and Resources, 37, 25–50. doi:10.1146/
annurev-environ-042911-093511.

Perkin, E. K., Hölker, F., Richardson, J. S., et al. (2011). The influence of artificial light on stream 
and riparian ecosystems: Questions, challenges, and perspectives. Ecosphere, 2, art122.

Philcox, C. K., Grogan, A. L., & Macdonald, D. W. (1999). Patterns of otter Lutra lutra road mor-
tality in Britain. Journal of Applied Ecology, 36, 748–761.

Pressey, R. L., Humphries, C. J., Margules, C. R., et al. (1993). Beyond opportunism: Key prin-
ciples for systematic reserve selection. Trends in ecology & evolution, 8, 124–128.

Proença, V., Pereira, H. M., & Vicente, L. (2010). Resistance to wildfire and early regeneration in 
natural broadleaved forest and pine plantation. Acta Oecologica, 36, 626–633.

Rentch, J. S., Fortney, R. H., Stephenson, S. L., et al. (2005). Vegetation–site relationships of 
roadside plant communities in West Virginia, USA. Journal of Applied Ecology, 42, 129–138.

Rey Benayas, J. M., Martins, A., Nicolau, J. M., & Schulz, J. J. (2007). Abandonment of agricultural 
land: An overview of drivers and consequences. CAB reviews: Perspectives in agriculture, 
veterinary science, nutrition and natural resources, 2, 1–14.

Rich, C., & Longcore, T. (2005). Ecological consequences of artificial night lighting. Washington, 
D.C.: Island Press

Ritchie, E. G., & Johnson, C. N. (2009). Predator interactions, mesopredator release and biodiver-
sity conservation. Ecology letters, 12, 982–998.

Sanderson, E. W., Jaiteh, M., Levy, M. A., et al. (2002). The human footprint and the last of the 
wild. BioScience, 52, 891–904.

Schmitz, O. J. (2006). Predators have large effects on ecosystem properties by changing plant 
diversity, not plant biomass. Ecology, 87, 1432–1437.

Scottish, N. H. (2012). Wild land policy—Scottish Natural Heritage. http://www.snh.gov.uk/pro-
tecting-scotlands-nature/looking-after-landscapes/landscape-policy-and-guidance/wild-land/
wild-land-policy/. Accessed 23 Aug 2013.

Seiler, A. (2005). Predicting locations of moose—Vehicle collisions in Sweden. Journal of Applied 
Ecology, 42, 371–382.

Sekercioglu, C. H. (2006). Increasing awareness of avian ecological function. Trends in Ecology 
& Evolution, 21, 464–471.

Selva, N., Kreft, S., Kati, V., et al. (2011). Roadless and low-traffic areas as conservation targets in 
Europe. Environmental management, 48, 865–877.

Sheffield, L. M., Crait, J. R., Edge, W. D., & Wang, G. (2001). Response of American kestrels and 
gray-tailed voles to vegetation height and supplemental perches. Canadian Journal of Zoology, 
79, 380–385.

Sirami, C., Brotons, L., Burfield, I., et al. (2008). Is land abandonment having an impact on biodi-
versity? A meta-analytical approach to bird distribution changes in the north-western Mediter-
ranean. Biological Conservation, 141, 450–459.

Sitch, S., Smith, B., Prentice, I. C., et al. (2003). Evaluation of ecosystem dynamics, plant geogra-
phy and terrestrial carbon cycling in the LPJ dynamic global vegetation model. Global Change 
Biology, 9, 161–185.

Sydoriak, C. A., Allen, C. D., & Jacobs, B. F. (2000). Would ecological landscape restoration make 
the Bandelier Wilderness more or less of a wilderness. Proceedings: Wilderness science in a 
time of change conference, pp. 209–215.

Tabarelli, M., da Silva J. M. C., & Gascon, C. (2004). Forest fragmentation, synergisms and the 
impoverishment of neotropical forests. Biodiversity & Conservation, 13, 1419–1425.

Tacutu, R., Craig, T., Budovsky, A., et al. (2013). Human ageing genomic resources: Integrated 
databases and tools for the biology and genetics of ageing. Nucleic acids research, 41, 
D1027–D1033.

Valkama, J., Korpimäki, E., Arroyo, B., et al. (2005). Birds of prey as limiting factors of gamebird 
populations in Europe: A review. Biological Reviews, 80, 171–203.

Verburg, P. H., & Overmars, K. P. (2009). Combining top-down and bottom-up dynamics in land 
use modeling: Exploring the future of abandoned farmlands in Europe with the Dyna-CLUE 
model. Landscape ecology, 24, 1167–1181.

http://www.snh.gov.uk/protecting-scotlands-nature/looking-after-landscapes/landscape-policy-and-guidance/wild-land/wild-land-policy/
http://www.snh.gov.uk/protecting-scotlands-nature/looking-after-landscapes/landscape-policy-and-guidance/wild-land/wild-land-policy/
http://www.snh.gov.uk/protecting-scotlands-nature/looking-after-landscapes/landscape-policy-and-guidance/wild-land/wild-land-policy/


46 S. Ceaușu et al.

Vicente, J., Alves, P., Randin, C., et al. (2010). What drives invasibility? A multi-model inference 
test and spatial modelling of alien plant species richness patterns in northern Portugal. Ecog-
raphy, 33, 1081–1092.

Vitousek, P. M., Aber, J. D., Goodale, C. L., & Aplet, G. H. (2000). Global change and wilderness 
science. Wilderness science in a time of change conference. RMRS-P-15-VOL-1, pp. 5–9.

Watson, J. E., Fuller, R. A., Watson, A. W., et al. (2009). Wilderness and future conservation priori-
ties in Australia. Diversity and Distributions, 15, 1028–1036.

Wehn, S., Pedersen, B., & Hanssen, S. K. (2011). A comparison of influences of cattle, goat, sheep 
and reindeer on vegetation changes in mountain cultural landscapes in Norway. Landscape and 
Urban Planning, 102, 177–187.

Whittington, J., Hebblewhite, M., DeCesare, N. J., et al. (2011). Caribou encounters with wolves 
increase near roads and trails: A time-to-event approach. Journal of Applied Ecology, 48, 
1535–1542.

Woolmer, G., Trombulak, S. C., Ray, J. C., et al. (2008). Rescaling the human footprint: A tool 
for conservation planning at an ecoregional scale. Landscape and Urban Planning, 87, 42–53.


	Part I
	The Theory of Rewilding
	Chapter 2
	European Wilderness in a Time of Farmland Abandonment
	2.1 The History and Value of Wilderness
	2.2 Measuring and Mapping Wilderness—A Brief Review of Metrics and Methods
	2.3 Wilderness Metrics
	2.4 Wilderness Conservation
	2.5 Farmland Abandonment as Opportunity for Wilderness Expansion
	2.6 Conclusions
	References







