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 1. European forests are expanding and becoming denser following the widespread 



             

and sustainability and mitigate climate change. Yet, little is known about the goods 

and services that such forests provide to people. We assessed the changes in na

ture's contributions to people (NCP) from spontaneous forest regrowth, i.e. forest 



 2. We investigated 65 forest plots in four different landscapes with contrasting ecologi



         

with intense land use and forest densification but negligible expansion. For each for

est plot, we estimated variables related to ten out of the 18 main NCP defined by the 







 3. Our results show across the cases that forest expansion and densification are gen

erally associated with greater climate regulation and energy provision. Changes in 
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Human societies have always depended on the goods and ser

vices that nature provides in terms of food, energy and shelter. 

However, current development models are having a huge impact on 

global planetary processes, transforming landscapes and affecting 

the functioning of ecosystems and their contributions to people's 

               

system integrity (De Groot et al., 2010) through land use changes, 

namely urbanisation, landscape fragmentation and deforestation 

caused by the conversion of former forest to agricultural surfaces 

                    

                  



move towards a more sustainable development model, several in

tergovernmental initiatives have arisen, including ones oriented to 

mitigate CO2 emissions (CBD, 2010; European Commission, 2019a), 

to restore green infrastructure and degraded ecosystems (ac

                  

            

Deal; European Commission, 2019b). In relation to forests, these 

initiatives range from incentives to reduce deforestation and for

est degradation (e.g. REDD , see Angelsen et al., 2012) or poli+ 

cies tackling sustainable management or  combating illegal  logging 



                

      





many parts of Europe are already undergoing active afforestation 

and spontaneous forest regrowth (Chazdon et al., 2020; Navarro & 

Pereira, 2015; Perino et al., 2019). From the nineteenth century, the 

European continent has experienced a transition from a net loss to 

a net increase in forest cover (Kauppi et al., 2018; Vallet et al., 2016; 



gaining around 0.8 million hectares annually (FAO, 2010; Forest 

Europe, 2015) and this increase is predicted to continue in the 

       

predominates in Central and Northern Europe, having been rein

     

tively supported plantings on farmlands (ENRD, 2014), spontaneous 





widespread abandonment of rural landscapes (e.g. agrarian activi

ties; Fuchs et al., 2013) and migration towards urban centres that has 

been occurring since the 1960s (Milanova, 2005).

     

expansion, by increasing the surface of novel forests established on 

former agricultural areas and (b) forest densification after the initial 

forest establishment (Cramer et al., 2008; Hobbs & Cramer, 2007; 

MacDonald et al., 2000). Both processes affect the amount and 

characteristics of the goods and services that are provided by these 



  



Contributions to People (NCP) framework (Díaz et al., 2018). NCP 

have been defined as ‘the contributions, both positive and negative, 

of living nature (diversity of organisms, ecosystems and their as

sociated ecological and evolutionary processes) to people's quality 



    

lighting more the importance of cultural and social viewpoints, it 

            



    

that people cannot readily perceive (e.g. flood prevention, erosion 

control), that of regulating NCP focuses instead on how people 

experience nature under specific conditions created by living or

   

knowledged to be more useful for policymakers as it engages the 

society more explicitly in  ecosystem  management  and conserva

tion. In this regard, the assessment of NCP changes associated with 

spontaneous forest regrowth (i.e. forest expansion and densifica

tion) informs societal perceptions of the threats and opportunities 

social perception of spontaneous forest regrowth was primarily negative in rural 



 4. Passive restoration through spontaneous forest expansion and densification can 

enhance regulating and material NCP, especially when adaptive management is  

 

in spontaneous forest regrowth, the effects of this process should be analysed in 

close coordination with local stakeholders to unveil and quantify the many and 



     

forest densification, forest expansion, passive restoration, rural abandonment, social 

perception, spontaneous forest regrowth, stakeholder
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(Queiroz et al., 2014). Forest regrowth may then be related to con

  

landscape values and heritage. For instance, this has occurred when 

the traditional agrosylvopastoral systems began to disappear, as is 

the case for the Iberian  landscapes (Fischer et al., 2012; dehesa

Plieninger et al., 2015; Rey Benayas & Bullock, 2012). Furthermore, 

unmanaged forests undergoing densification (i.e. increasing tree 

density and secondary growth) are often seen as a threat as they 

can be more prone to wildfires and the spread of exotic species 

                  

neous forest regrowth on former agricultural lands constitutes an 

opportunity for people to experience positive contributions de

rived from forest ecosystems and their biodiversity. For example, 

novel forests can act as corridors or stepping stones that facilitate 

the movement of forest species across the landscape (Rautiainen 

et al., 2011). Moreover, European forests make a relevant contri

bution to climate change mitigation, acting as natural carbon (C) 

sinks (719 million tons of C were stored in forest biomass in Europe 

between 2005 and 2015; Canadell & Raupach, 2008; Forest 

Europe, 2015) and regulating atmospheric air quality. Applying the 

NCP framework to spontaneous forest regrowth not only informs 

the society about the (dis)benefits of the novel forests, but it also 

supports policies aiming for an ecological transition towards a de

carbonised economy, such as the European Green Deal (European 

Commission, 2019b), and those addressing biodiversity conserva

    

        

the most from passive ecosystem restoration (Prach & Pyšek, 2001) 

and the spontaneous regrowth of forests on former farmlands, a 



thorough understanding of the mechanisms underlying both forest 

expansion and densification, and their relationships with the given 

                

Hence, there is a need for a careful analysis combining ecological 

and sociological investigations to disentangle the NCP net balance 

that novel forests deliver to the society, including the perceptions 

of this process by stakeholders and local populations.

       

associated with spontaneous forest regrowth, including both for

              



      

areas with extensive abandoned agricultural surfaces; the other two, 

on densely populated and prosperous areas located nearer to urban 



(a) the consequences of forest expansion for NCP (in the rural areas) 

and (b) the consequences of forest densification (in both the rural 



Our results contribute to a better understanding of the inter

connections between humans and forest ecosystem dynamics and 

provide management guidelines to optimise NCP in spontaneously 

                 

economic contexts.

 |

|



      





      

pathway identified by Rudel et al. (2005). Each case study included 

a set of spontaneously established regrowing forest stands domi

nated by the tree species that is the most abundant native forest 

tree in the surrounding landscape. Hereafter we refer to each case 

study using the name of the predominant tree species.

        

Park (1,023 km2  

    

 2; Girona province, 

                  

rienced massive population exodus since the 1950s and are today 

sparsely populated (<40 inhabitants per km2), economically marginal 





led to the recolonisation of former farmlands by the surrounding for

Juniperus thurifera

Fagus sylvatica 





similar, with Catalonia having 73% of its forest land in private hands, 



         

land, surrounding the metropolitan area of Barcelona (636 km2; 



city of Bordeaux and the Arcachon Basin (1,200 km2; Gironde prov

 

by vigorous economic activity and intensive landscape management 

for diverse purposes; the Barcelona metropolitan area has a very 

high population density (>5,000 inhabitants/km2), and the Gironde 

province a medium one (>150 inhabitants/km2

ture has decreased since the early 20th century in the Barcelona 

metropolitan area, enabling the widespread establishment and den

sification of forests of holm oak (Quercus ilex

was once largely covered by a mosaic of marshlands and broadleaf 

forests dominated pedunculate oak (Quercus robur



afforested with maritime pine (Pinus pinaster

vicultural management has also favoured a widespread spontaneous 

establishment and densification of , which is the target speQ. robur 

cies of the case study in this region.

                   

ecological contexts, they also combine distinct environmental re

F. sylvatica and  

Q. robur) are widely distributed in the Eurosiberian floristic region, 
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while the other two species (  and ) are emblematic J. thurifera Q. ilex

members of the Mediterranean Basin. All four are dominant for

est trees and foundation species (sensu Ellison et al., 2005) with 

diverse associated communities across much of their distribution 

range. Detailed descriptions of the four case studies can be found 



     for each of them (J. thurifera     

 et al., 2020a; F. sylvatica Q. ilex

    Carbayo et al., 2020a; Q. robur   

well as a comprehensive analysis of societal perceptions towards 

these systems in Frei et al. (2020).



lied on four criteria: (a) tree layer dominated by the given target 

tree species (>75% of all established trees present); (b) sufficient 

distance between stands to consider interactions among them 

negligible; (c) range of stand ages and development stages and 

(d) for novel stands, similar past land uses (to minimise confound

ing legacy effects). Note that the selection of stands for study 

and the field methodology had to sometimes be adapted to the 

constraints imposed by the specificities of a given landscape and 

         

details). Most importantly, in the two rural landscapes forest 

expansion has tended to occur over larger areas, creating larger 

                  



mpling protocols in some cases instead of an otherwise privileged 

exhaustive sampling.

 |

We studied the consequences of forest expansion in the two rural 

landscapes (the J. thurifera and F. sylvatica case studies) by comparing 



of forest densification upon NCP were studied in all four cases, the 

           

(the Q. ilex and Q. robur

sisted of novel (i.e. established after 1950s) isolated forest patches 

embedded in a different habitat matrix. We quantified forest density 

in each study plot by calculating the basal area per hectare, a con

venient combination of tree size and abundance.

 |

                

         

Young & Potschin, 2012), the NCP framework distinguishes three 

              

            

psychological aspects that underpin people's quality of life) and reg

ulating (modifying the environment and affecting the provision of 



For each of the four case studies, we collected information to esti

mate ten NCP out of the 18 defined by Díaz et al. (2018), conducting 





         

NCP were habitat creation and maintenance; pollination and dis

persal of seeds and other propagules; regulation of climate through 

biological carbon (C)  sequestration and storage; and regulation of 

             

NCP were energy; and medicinal, biochemical and genetic resources. 



        

common to all categories was the maintenance of options, reflected 





scribed in Díaz et al. (2018) because some NCP were not relevant to 

the process of spontaneous forest regrowth (e.g. regulation of ocean 

  Map including the location 

of the four case studies, two rural and two 
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acidification; formation, protection and decontamination of soils and 

sediments) or not measurable through readily observable proxies. 

Further details on the nature and classification of the NCP are given 



|

We included a total of 65 study plots and 2,837 individual trees 

J. thurifera case study 

consisted of 17 plots following a gradient of forest expansion in

            

and novel forests. In the F. sylvatica  case study, we selected 18 



ment of individual study plots to the different forest types in both 

these cases was performed based on a series of aerial photographs 

                  



            

guished in the  case thanks to the large spatial dimension J. thurifera

of its expansion, which has originated discernible ‘recolonisation 

waves’ spanning up to a few kilometres; such a distinction, how

ever, was unfeasible in the F. sylvatica  case, whose expansion has 

occurred more locally.

Q. ilex and Q. robur case stud

ies) included 15 plots. Plots in the  case are spontaneously Q. ilex

                   

Q. robur  case they are embedded in maritime pine plantations (see 



 |

We assessed four regulating NCP. Habitat creation and maintenance 

(NCP1; note that we have kept the original order for NCP than in Díaz 

et al., 2018) was calculated by computing the spatial connectivity of 



ical connectivity, which is known to enhance biodiversity by providing 

shelter and habitat for native species. Moreover, forest connectiv

ity helps attenuate climatic conditions as it provides more shaded 

areas that are preferably selected by people for outdoor activities 



                  

ing the percentage cover of broadleaved forest in a circular buffer  

(radius = 

Q. robur and Q. ilex case stud

ies because the lack of readily identifiable forest patches precluded its 

estimation for the  and J. thurifera F. sylvatica case studies.

Pollination and the dispersal of seeds and other propagules 





then forms the basis for food and feed, as well as for crop and energy 

production (Potts et al., 2016), and contributes to gene flow and eco

system restoration. We assessed this NCP by quantifying the den



this proxy is that, in forest stands, offspring that remain close to con

specifics rarely survive for a noteworthy period of time (Gerzabek 

et al., 2017). We counted all seedlings and saplings (i.e. all individuals 

smaller than a given threshold for each species, based on the diame



 Nature's Contributions to People (NCP) assessed in this study as classified according to the Common International Classification 


framework together with the proxy or procedure employed to assess each of them

        

  Regulating 

NCP

 NCP1 Habitat creation and 

maintenance

Connectivity: % of forest in a 500 m radius buffer area (only 

for forest densification in highly managed areas)

 NCP2 Pollination and dispersal of 

seeds and other propagules



  NCP4 Regulation of climate Overall C stock in biomass per hectare (kg/ha)

 NCP10 Regulation of detrimental 

organisms and biological 

processes

Percentage of herbivory (except in Juniperus thurifera system)

Provisioning  


   Material NCP EnergyNCP11 Biomass of thick and medium branches per hectare (kg/ha)

 NCP14 Medicinal, biochemical and 

genetic resources

Gene diversity per plot corrected by sample size (He)

  
NCP

  NCP15  

 NCP16 Physical and psychological 

experiences


landscape aesthetics)

  NCP17  
belonging, spiritual and religion)

   All All NCP18 Maintenance of options H−

S

  i =1
p ilogn pi), where  S

is the species richness and p
i
 is the relative abundance of the 

species
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further information) and divided them by the plot area to obtain the 

density of saplings per hectare.

Climate regulation in terms of biological C storage and seques

tration (NCP4) was estimated by the overall C stock contained in the 

trees of the study plots. Climate mitigation associated with forest 

establishment and densification has direct consequences on human 







events and improving human health (Pillay & van den Bergh, 2016). 



metric equations that combine the dbh and the height of the sam



We also calculated the C stock per tree multiplying the obtained bio

mass by the percentage of C in each species (Montero et al., 2005; 





(NCP10) was assessed  using  the percentage of invertebrate her

bivory. Herbivory affects plant biomass, regulates competition and 

modifies plant community structure with diverse consequences for 

biodiversity (see for instance Borer et al., 2014). Changes in biodi

versity (of plants, herbivores and predators) can in turn affect human 



ality that are related to primary materials, energy provision and health 

protection (Naeem et al., 2016). For all except the J. thurifera  case 

study (as this species generally experiences very little herbivory), we 

determined herbivore damages by visually estimating the percentage 



|

We assessed two material NCP. Energy provision (NCP11) was un



(Díaz et al., 2018). Plant biomass is a widely used proxy to measure 

the contributions of forests as an energy source (Porter et al., 2009). 

We estimated biomass input from thick and medium branches (i.e. 

the tree parts normally employed as fuelwood) for each tree within 

plots. Biomass input from thick and medium branches was calculated 

              



of novel forests, they are particularly productive for fuelwood, 





for energy production have recently gained recognition as a sustain

          



    

(NCP14) includes the production of plant genes and genetic infor

mation (Díaz et al., 2018). Genetic diversity has been proposed as 

a proxy to assess the value of nature conservation as a provision

ing service to preserve crop resilience to climate change (Kole 

et al., 2015) or gene pools for species breeding and reintroduction 

   

contribution of nature to food security and all goods and services 

derived from biodiversity conservation. In each plot we quantified 

gene diversity corrected for sample size ( ; Nei, 1978). For this He

purpose, all individuals were genotyped using sets of 66 to 141 

            



 |



terial NCP learning and inspiration (NCP15), physical and psycho

logical experiences (NCP16) and supporting identities (NCP17) at 

    

material NCP are clearly related to the way in which humans experi

ence nature through direct and indirect interactions. Our analysis 

was built on qualitative social science research (Yanow, 2007). A 



servation, agriculture,  forestry,  tourism,  governmental agencies, 

local populations and other social actors were undertaken by the 

European Forest Institute (EFI) across the four case studies, rang

ing from eight to 12 interviews each. As the EFI does not have an 

ethics committee, the data were collected following the principle 

    

individually  for an  interview. Interviewers explained  in detail  the 

purpose of the research project and of the interview, the expected 

duration, the further use of the data and the expected ways of dis



ners was voluntary and that they were fully informed of both the 

purpose of the research and how their input was going to be used. 







anonymised, social data are not made publicly available so that in

dividuals cannot be connected to their statements and only the EFI 

   

transcribed interviews were analysed using a coding scheme that 

referred to distinct ecosystem services. Especially relevant for the 







tourism and recreation, health, aesthetic appreciation and land

scape aesthetics (NCP16); sense of place (belonging), cultural herit

age and spiritual and religious experience (NCP17). Based on the 

coded text segments, the effects of forest expansion and densifica

 

stakeholder and each case study, and classified into positive, nega



                 

inspiration was possible to assess regarding forest expansion, but 
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 |



   

ciated with species diversity (Díaz et al., 2018). Biodiversity has 

              

cal and psychological benefits of nature (Fuller et al., 2007), hu

mans' sense of place (Hausmann et al., 2016), and health (Mills 

et al., 2017). We scored woody species richness and abundance 

                  



 |

We performed three major types of data analyses correspond

ing, respectively, to the ecological measures associated with for

est expansion and with densification, and to the social science 

data. All ecological analyses were conducted at the plot or the 

individual tree level, while the social science analyses were per

formed regionally with regards to the area in question for each 

case study.

J. thurif-

era  and F. sylvatica  cases, we tested for differences among forest 

stages. For the proxies measured at plot level (sapling and seedling 





the proxies measured at individual tree level (C storage, percentage 

of herbivory and biomass contained in thick and medium branches) 

    

error distribution using the  package  (Bates et al., 2014). R LME4

  

   

calculated with a type III ANOVA using the LMEREST  package 

(Kuznetsova, 2017). Model validation was based on visually assess

ing the normality of residuals (Zuur et al., 2009). Bonferroni post 

hoc tests were performed to identify differences among stages 



culated marginal (i.e. the proportion of variance explained by fixed 

effects) and conditional (i.e. the proportion of variance explained 

by fixed and random effects) R 2UMIN’ R 

package (Barton, 2018).



and regulating NCP, we first calculated overall C storage and biomass 

contained in thick and medium branches per hectare and the mean 

percentage of herbivory for each plot. Afterwards, we conducted 

Pearson correlation analyses between these proxies and the basal 

area per hectare of the target species within each plot. Additionally, 

we conducted Pearson correlation analyses between the same prox

ies and the forest stand age (i.e. the average age of individual trees 

in each plot), a variable that we computed as a proxy for the putative 

age of each plot. All analyses were conducted in  version 3.2.3 (R R



              



social science data.

 |

|



Forest expansion generally increased regulating NCP in both case 

studies, whereas higher provision rates were associated with older 

J. thu-

rifera

mediate and novel forests (M  ± SE: 88.2  4.18 kg vs. 45.3 ± ± 4.10 kg 

and 25.1 ± 

    F. sylvatica  forest stands than in novel ones 

 (141 ±  7.5 kg vs. 105  5.3 kg). We also detected a tendency for ±

                   

 existing ones (% herbivory ± ± SE: 5.96  0.15 vs. 4.36  0.22, re± 



                

between the two case studies. Energy did not differ between 

F. sylvatica forests, whereas it was larger 

J. thurifera forests than in the intermediate and novel 

ones ( : 49.6  3.7 kg vs. 23.9  4.07 kg and 15.2  5.36 kg, M  ± SE ± ± ±

respectively). Finally, we did not detect differences among forest 



 |



Forest densification was consistently related with an increase in 

the regulation of climate through C sequestration. Nevertheless, 

this did not entail changes in the density of recruitment of the focal 

tree species or in invertebrate herbivory in any of the case stud

 

tendency to decrease with densification in the  case study, Q. robur

while we did not detect any variation in the other case studies 



Among the material NCP, energy increased with forest den

sification across all case studies (although the trend was only 

marginally significant in the Q. robur case). In turn, gene diversity 

decreased with densification in the Q. robur case study, whereas 

we did not detect any relationships in the other case studies 



                    

maintenance of options did not change with forest densification  



Finally, the correlation analysis between the mean tree age 

per plot and the different proxies largely confirmed the previous 
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a positive correlation  between the density of the  recruitment  

and the mean tree age per plot in the  and J. thurifera F. sylvatica 

case studies. In the case of F. sylvatica, genetic diversity was also 





 |







 Changes in regulating and material NCP associated with the process of forest expansion (E) and/or densification (D). Wald 


2

(N) for Juniperus thuriferaFagus sylvatica). Different letters indicate significant differences 

among stages of the forest expansion according to Bonferroni post hoc tests. Regarding changes in NCP associated with forest expansion, 

r



  

   J. thurifera F. sylvatica Q. ilex Q. robur

          

   Regulating NCP1 ns r =

      NCP2 ns ns ns ns ns ns

 NCP4 
2     = r = 

2        = r = r = r =


a Ib Nc


a  Nb

 NCP10 
2     = 2.78· ns ns ns


b Na

  Material NCP11 
2        = r = ns r = r = r = 0.49·


a Ib Nb


a  Na

      NCP14 ns ns ns ns ns r =

       All ns ns ns ns ns nsNCP18

Note: NCP1  habitat creation and maintenance; NCP2  pollination and dispersal of seeds and other propagules; NCP4 = = = regulation of climate; 

NCP10 = = = regulation of detrimental organisms and biological processes; NCP11  energy; NCP14  medicinal, biochemical and genetic resources; 

NCP18 = maintenance of options.

 
associated either with forest expansion (E) or densification (D). Blank spaces indicate that no information is available for stakeholders, 

processes and/or case studies

    

   Juniperus thurifera Fagus sylvatica Quercus ilex Quercus robur

          


material 

NCP


inspiration 

(NCP15)

 Environmental 

  

Physical and 

psychological 

experiences 

(NCP16)

   Environmental   

   Agricultural   

  Forestry  

       

   Political  

      

 Other 


identities 

(NCP17)

    Environmental    

    Agricultural    

      Forestry      

      

    Political   

      

 Other 
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forest densification normally entailed an increase in positive 

physical and psychological experiences and supporting identi

ties, whereas in rural landscapes it was always associated with a 

negative trend in supporting identities, especially pointed out by 

              





with forest expansion in the two rural case studies. We observed 

a positive trend in both: related to ecotourism activities and envi

ronmental education in the  forests, and related to enviJ. thurifera 

ronmental conservation in the F. sylvatica

trends in physical and psychological experiences varied among 

stakeholders: environmental actors held  a neutral  point of view 

                



 |

A rapid recovery of forest cover has become a major goal of na

           

et al., 2019; Fagan et al., 2020). While active approaches are cur

rently in the spotlight in forest restoration (Holl & Brancalion, 2020; 

     



restoration programs (Chazdon & Guarigata, 2016; Crouzeilles et al., 

2020), especially when the social context is properly analysed and 

addressed. While novel forests may be valued as green infrastruc

tures and biodiversity hotspots in urban areas (Carrus et al., 2015), a 

widespread recolonisation of abandoned farmlands by woody veg

etation in economically marginal regions may have both positive and 

negative impacts for local populations (Navarro & Pereira, 2015). 

Within this greater context, our results showed that both the es

tablishment of novel forests and the densification of existing ones 





|



European forest ecosystems provide a significant amount of en



et al., 2015), serving as relevant C sinks (Bonan, 2008; Pan 

et al., 2011) as well as sources of raw materials such as timber, 

      

and densification can be expected to increase NCP related to for

est productivity (Naime et al., 2020). In line with this, our results 

showed that both processes entailed a generalised increase in 

climate regulation and energy provision through C accumulation. 

While the trend as such is unsurprising (Kuemmerle et al., 2011), 

its magnitude should be particularly high in secondary forests that 

grow on former farmlands owing to land use legacy effects, such as 



microbiome composition (Mills  et al., 2017), which considerably 

  

             

sequestration potential of secondary forests represents a social 

benefit by improving human health and mitigating climate change 

and its subsequent impact in the economies (Nowak, 2006; Nowak 

et al., 2014; Pillay & van den Bergh, 2016). Additionally, there are 

other social implications derived from C sequestration that could 

       

Cavatassi, 2004). An increasingly common example are payments 

to forest owners for ecosystem services related to C stocks that 

support new decarbonised economic models and serve as an in

centive to stop land degradation and desertification (Jayachandran 

                  

render passive restoration strategies based on spontaneous for

est regrowth a potentially powerful tool for achieving the ambi

tious reforestation goals that diverse national and international 

policy initiatives have formulated in recent years (e.g. European 

Commission, 2019a, 2019b; see also Fagan et al., 2020).







                 

contrasting observation that denser Q. robur forest patches occurred 

in areas with lower habitat connectivity is hence likely to reflect a sam

pling effect because the proliferation of novel, and still sparse, forest 



study context prevented us from performing similar analyses for the   

J. thurifera and the F. sylvatica case studies, yet field observations sug

gest that both systems follow the broadly expected trend (i.e. denser 

              

is higher).  On the other hand,  the lower genetic diversity in denser  

Q. robur forest patches is in line with expectations as it reflects an in

creasing dominance of local reproduction, and hence genetically re

lated recruits, with increasing stand age and density.

Finally, we could not confirm that woody species diversity is re

                  

 

sult suggests that those places that provide suitable conditions for the 



ones targeted by this study can also rapidly be colonised by associ

  

and functional diversity in these novel forests. On the other hand, the 

colonisation by highly specialised species and those with little mobility 

can still take a much longer time (Fuller et al., 2018; Naaf & Kolk, 2015).

 |



                

scapes regarding supporting identities can be explained by different 
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social demands to the landscape in each region, ranging from farm

ing to leisure activities (Buijs et al., 2006). Over centuries, agrarian 

activities have been the main economic source for the studied rural 

landscapes; thus, forest expansion and densification processes are 

perceived by many locals as a loss of their heritage and their own 

            



ing and inspiration showed a positive trend, whereas physical and 

psychological experiences as well as supporting identities showed 

a negative trend related to the perceived loss of cultural heritage 

in the region. While we did not systematically consider differences 

among human generations within our assessment, some interview

ees stated that younger generations are more used to the changing 

landscape and therefore their perception would be more positive.

Independent from the context, different stakeholder groups can 

perceive the effects of forest expansion and densification on NCP 



                      



such differences among stakeholder groups when dealing with man

                

et al., 2017).

Our interviews showed that forest expansion and especially den

sification is usually associated with a lack of management, which was 



management is closely related to the land ownership structure. In 

Mediterranean areas for instance, where the profitability of timber 

is low, large areas of privately owned forestland often leads to a 

  

as recreation (Weiss et al., 2019). In turn, managed forests were pos

itively commented on by most stakeholders because they potentially 

reduce risks (particularly wildfires), maintain land accessibility (e.g. 

roads and paths), deliver forest resources (e.g. timber and biomass) 

and keep landscapes more open and heterogeneous (agreeing with 

                   

identified a bias in the social perception of ecosystem services re



et al., 2012). Moreover, it is useful to integrate this local knowledge 

in management and conservation strategies (Raymond et al., 2010). 



sification on NCP could potentially be more positive regarding peo

ple's perception.

Critical social perceptions of forest expansion can jeopardise 

ideas to use this process for forest restoration and conservation. 



                  

NCP, and an integration of local stakeholders and the population 

in local landscape governance (Winkel et al., 2015) is recommend



complexity and functioning in nature's contributions to local com

        

beneficial process: by giving local people ownership in governing 

              

results is enhanced (Palomo et al., 2016; Raymond et al., 2018). 



reation and creative activities, participatory monitoring, mapping), 

as well as managing these novel areas for various NCP involving 

the local population, will increase their value for local communi

     

                  

Janzen & Hallwachs, 2020).

 |

While this comparative study involves an extensive overall sampling 

effort, its results still represent a very incomplete picture given the 

  



characteristics of each target tree species and the forests it builds 

obliged us to adapt our sampling designs to different contexts. 

Moreover, the limited number of study plots and individuals per plot 

within each investigated case study renders our empirical observa

tions susceptible to extensive background noise. We realise that 

these constraints may well have hampered a more straightforward 

identification of trends in several NCP. However, many other case 



         

study plots was driven by our specific interest in the initial stages of 

spontaneous forest regrowth, a critical phase in landscape dynamics 



Correcher et al., 2019). Given this context, the results reported here 



of particular aspects.

 |

             

  

store ecosystem functioning and to increase nature's contributions 

to people of diverse landscapes, while helping to achieve environ

mental policy goals. Our results reveal that it can represent a valu

able tool for passive restoration when the social context is properly 

addressed and considered. Different stakeholder  perceptions and 

      

dressed in order to enhance forest multifunctionality and sustain

ability. In this sense, alternative management practices could modify 

NCP, especially in rural areas where the protection of traditional 

activities and heritage  should be  as encouraged as  conservation 

policies.
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