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Abstract
•Key message This special issue gathers articles arising from the ERA-NET BiodivERsA3 research project “Unraveling
the Potential of Spontaneous Forest Establishment for Improving Ecosystem Functions and Services in Dynamic
Landscapes (SPONFOREST)”. Using a broad spectrum of research approaches, they provide detailed insights into
how new forest stands establish and which consequences the establishment process has for their character and
functioning.
Keywords European Green Deal . landscape defragmentation . passive restauration . rural abandonment . spontaneous forest
regeneration

The situation of the world’s forests has changed dramatically
over the last decades. Extensive land use change, global
warming, and other anthropogenic drivers have caused major
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shifts in forest cover, functioning, biodiversity, and service
delivery worldwide (Trumbore et al. 2015; Johnstone et al.
2016; Curtis et al. 2018). According to FAO estimates, overall
global forest area declined from 41 million to just under 40
million km2 (3.1%) between 1990 and 2015, while planted
forests increased by ca. 1 million km2 accounting now for
7% of the world’s forests (FAO 2016). Other estimates based
on fine-scale satellite data yield disparate results: from a net
forest cover loss of 1.5 million km2 between 2000 and 2012
(Hansen et al. 2013) or even more (Tropek et al. 2014) to a net
gain of 2.2 million km2 between 1982 and 2016 (Song et al.
2018). There is, however, broad agreement that deforestation
still prevails in the tropics whereas extratropical regions tend
to gain in forest cover. Consequently, the proportion of
second-growth forests—that is, forest or woodland areas that
have re-established after a loss of the original tree cover—is
rapidly increasing across both hemispheres. In the tropics,
second-growth forests comprise already more than half of
the total forested surface (Lugo 2015).
Europe has historically faced more habitat fragmentation
than any other continent, with nearly 30% of the EU territory
being moderately to very highly fragmented (Jaeger et al.
2011). But the region was also the first to undergo a turnaround from diminishing to increasing forest cover, with several countries reaching this so-called ‘forest transition’ already
in the nineteenth century (Kauppi et al. 2018). During the last
decades, Europe has experienced the greatest recent proportional gain in tree cover of all continents: estimates range from
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8000 km2 per year since the 1990s (FAO 2011) to 28,300 km2
per year between 1982 and 2015 (Song et al. 2018). This trend
is largely a consequence of rural abandonment and the concomitant reduction of agricultural surfaces (Fuchs et al. 2012;
Potapov et al. 2015; Song et al. 2018; Buitenwerf et al. 2019),
and it is expected to continue over the next few decades
(Schröter et al. 2005; Navarro and Pereira 2015). The increment in tree cover is in line with European and national policies since forests play a key role in the EU’s Biodiversity
Strategy 2020 and the upcoming Strategy for Sustainable
Development 2030 (European Commission 2019). This engagement reflects the fact that forests are now valued as much
for their diverse ecological services and their role in mitigating
climate change as for their wood production (Gamfeldt et al.
2013; Lugo 2015; Bastin et al. 2019).
European policy has been quite committed to land conversion by means of active forest restoration and spent several
billion euros on the afforestation of agricultural surfaces
(Forest Europe 2015; Potapov et al. 2015; SantiagoFreijanes et al. 2018). The European Green Deal, a set of
policy initiatives launched in 2019 by the European
Commission with the overarching aim of making Europe climate neutral in 2050, foresees to commit further extensive
efforts to planting trees and restoring damaged or depleted
forests in Europe and beyond. However, at the same time,
policymakers have almost completely neglected opportunities
for passive restoration of agricultural lands through little managed natural forest regeneration (Navarro and Pereira 2015;
Rey Benayas and Bullock 2015). Spontaneous reforestation is
a widespread phenomenon in Europe following the rural exodus that many unproductive, economically marginal, or
sparsely populated rural landscapes have experienced during
past decades. Second-growth forests that establish spontaneously on former farmlands represent a transitional stage from
recurrently disturbed and homogeneous to more perennial and
diversified landscape elements. They are often hardly perceived as landscape units of their own by local stakeholders,
managers, and administrations, and they are usually not systematically managed. Yet, these new forest patches form a
network of habitats that act as stepping stones for biodiversity
conservation and associated ecosystem functions and services
in fragmented landscapes. There is little doubt that spontaneous reforestation can represent a very cost-efficient and politically feasible tool to foster multifunctional, diverse landscapes when active management is not possible (Navarro
and Pereira 2015; Perino et al. 2019). Yet, the phenomenon
has to date received little attention from ecological and forest
research as well as policy makers. Research has primarily
focused on habitat loss, fragmentation, forest management
practices and biodiversity of standing forests, and less on processes of autonomous habitat creation and landscape defragmentation through spontaneous forest regrowth. Politicaladministrative systems have traditionally focused on spatially
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more extensive managed forests or agricultural lands. In fact,
the establishment and expansion of woody vegetation through
secondary succession has commonly been conceptualized
rather as a challenge than as an opportunity for landscape
management and conservation (Eldridge et al. 2011;
Navarro and Pereira 2015).
A thorough understanding of forest establishment and its
underlying ecological mechanisms is critical for untapping the
full potential of second-growth forests in landscape management. Secondary forest succession is often slowed down by
diverse biotic and abiotic constraints (Cramer et al. 2008;
Cruz-Alonso et al. 2019). Tree establishment is constrained
by seed arrival from the surrounding landscape matrix and
likely to increase sharply once the founder trees start to reproduce and local seed production becomes abundant (Cramer
et al. 2008; Rey Benayas et al. 2008). Tree growth and reproduction change through time, the accompanying vegetation
develops, and the communities of associated organisms and
their interactions diversify. The establishment process also
determines the genetic and phenotypic diversity of the dominant tree species (Troupin et al. 2006; Hampe et al. 2013),
which can in turn notably influence the ecosystem functioning
of the entire forest patch. Heritable traits of so-called foundation tree species (Ellison et al. 2005) can for instance exert
significant effects on net primary production, rates of decomposition and nutrient cycling, structural complexity, or the
composition and structure of associated plant and animal communities (Whitham et al. 2006; Allan et al. 2012). On the other
hand, an uncontrolled spread of woody vegetation across the
landscape can also have numerous undesired effects, including wildfire hazards, the spread of invasive species, or the
disappearance of open landscape elements of high conservation value such as oligotrophic grasslands (Rey Benayas and
Bullock 2015). Hence, the systematic development of secondgrowth forests as a tool for landscape management hence requires a careful analysis of the ecosystem services and disservices that new forest patches can deliver and of their perception and demand by local population, stakeholders, and the
greater public.
Given the quantitative importance of second-growth forests, we still know remarkably little about the ecological processes involved in their establishment and regeneration, as
well as their consequences for forest structure, diversity, and
functioning. Interestingly, the understanding is currently far
more advanced in tropical regions (Barlow et al. 2007;
Chazdon and Guariguata 2016) than outside the tropics. The
collection of articles assembled in this special issue addresses
the biological mechanisms that accompany the establishment
of temperate second-growth forests, with a particular focus on
the dynamics of the foundation tree species. The issue
emerges from ecological and genetic research carried out in
the frame of the EU ERA-NET BiodivERsA research project
“Unraveling the potential of spontaneous forest establishment
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for improving ecosystem functions and services in dynamic
landscapes” (SPONFOREST). The project assembled eight
research teams from five European countries around five
study systems. These systems were located in rural landscapes
of South-West Europe, specifically France and Spain. These
two countries have experienced a strong expansion of their
forest surface over the past decades (France: 35% since
1945, Tissot and Kohler 2013; Spain: 25% since 1950, VilàCabrera et al. 2017). The case studies present a wide range of
ecological and societal contexts, including the highly
fragmented, suburban surroundings of the city of Barcelona
as well as very sparsely populated marginal landscapes. In
some cases, rural abandonment started already early in the
twentieth century and has now passed its peak, whereas in
others, it began several decades later and remains significant.
Some case studies concern relatively stable and effectively
managed landscapes where second-growth forests form small
and scattered habitat islands, whereas in others, intense rural
abandonment has left large surfaces to forest expansion and a
successive closure of the landscape. SPONFOREST addressed two major ecological research questions: (1) How
do new forest patches establish within fragmented landscapes?, (2) Which consequences has the establishment process for the genetic and phenotypic diversity of new forest
patches and for their functionality at ecosystem level?
The six contributions to this special issue adopt diverse yet
highly complementary perspectives to address different aspects of the two overarching questions. Palmero-Iniesta et al.
(2020) investigate spatial patterns of forest cover gain in
Europe between 1992 and 2015 and how these patterns affect
levels of habitat fragmentation and diversity at the landscape
scale. They show that the establishment of second-growth
forests (planted or spontaneously established) has promoted
forest defragmentation both in forest-dominated and nondominated landscapes. The authors also challenge the common notion of forest expansion as single major driver of decreasing landscape diversity (e.g., Marull et al. 2015; Otero
et al. 2015). Instead, they draw a more differentiated picture of
the evolution of woodland mosaics as a complex phenomenon
that involves numerous aspects of landscape composition and
location along elevational and geographical gradients across
Europe.
Three further studies investigate how patterns of tree regeneration in spontaneously established forest stands influence
different components of forest functioning. Gerzabek et al.
(2020) monitor early tree recruitment in an expanding
Pedunculate oak (Quercus robur) stand and its genetic consequences. They observe extensive recruit mortality that underlies strong habitat-dependent variation. The observed mortality patterns cause a considerable reshuffling in the reproductive success of individual mother trees but have a negligible
effect on the stand-scale genetic diversity of the recruiting
cohort. The study thus documents the ability of second-

Page 3 of 5

87

growth forests to recover rapidly from genetic founder effects
(see also Hampe et al. 2013). Villellas et al. (2020) assess
trends in tree genetic and functional trait diversity along a
broad colonization front of Spanish juniper (Juniperus
thurifera) and test for the existence of genotype-phenotype
associations. Sampling a gradient from mature to recently
established forest stands, they observe numerous differences
in forest structure and tree functional traits. These differences
are primarily explained by landscape features and spatial processes while being unrelated with the tree genotypes. Overall,
this study underpins the notion that genetic diversity tends to
represent a negligible constraint for the functional diversity of
actively expanding second-growth forests. Finally, RuízCarbayo et al. (2020) assess patterns of insect leaf herbivory
in several second-growth holm oak (Quercus ilex) stands
within a fragmented rural landscape and test whether they
are related with trees’ genetic relatedness, their spatial position
within the stand, and a series of functional traits. Contrary to
the previous study, these authors do observe an influence of
the tree genotype on levels of herbivory; this effect is, however, relatively minor compared with other features of the tree
and its ecological neighborhood. Overall, this study highlights
that the structural heterogeneity of unmanaged new forests
should enhance their function as stepping stones for insect
herbivore diversity in fragmented landscapes.
Finally, two tree growth studies complete the special issue
with a longer-term perspective upon the dynamics and performance of second-growth forests. Lamonica et al. (2020) develop a spatially explicit growth-neighborhood competition
model to investigate how variation in individual tree growth
and competition influence the dynamics of spontaneously
established forest stands. Applying their model to a tree-ring
dataset from several exhaustively sampled Pedunculate oak
forest stands in SW France, they observe extensive variation
in growth, both within and among stands. Inexistent relationships with the spatial arrangement of trees reflect the individualistic character of the investigated stands. Competition effects are size dependent and widespread but weak and probably not a major constraint for further expansion or densification. Based on the same study system, Alfaro-Sánchez
et al. (2020) assess the susceptibility of the oak forest
stands to drought episodes in order to elucidate whether
ongoing climate change could soon impair the vigorous
regional-scale expansion that Pedunculate oak has experienced during past decades. Their study reveals that
dominant, coppiced trees are least susceptible to drought
periods, suggesting that the ‘wild’ character of these
unmanaged stands, with their uneven age structure and
unsystematic exploitation for fire wood, could help enhance their resistance to a warmer and drier climate.
The set of contributions to this special issue illustrates the
great complexity and context dependence that characterize the
establishment and expansion of second-growth forests.
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European rural landscapes are being transformed at an unprecedented pace following rapid socio-economic and environmental changes that involve both continued intensification
and widespread abandonment in different parts of the area.
Spontaneous forest regrowth is a reality across Europe that
implies risks and opportunities for stakeholders, administrations, and society as a whole. A proper biological understanding of the phenomenon is a prerequisite if we wish to fully
exploit its potential as a highly feasible, nature-based solution
for restoring biodiversity and multifunctionality in the rural
and periurban landscapes of the future.
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