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Short Summary 

 

The WILDCARD milestone M1 describes the selection of ecoregions and eco-gradients 
(including additional variables) relevant for achieving the objectives of the project.  

For the relevant eco-gradients, maps are produced indicating the connection to existing 
databases. For WP2 (‘Carbon and biodiversity development when setting aside formerly 
managed forests – proforestation’), this is the dataset of WILDCARD partners and the one of 
the network of the European Forest Reserve Initiative, which are largely overlapping. For WP3 
(‘Carbon and biodiversity development following natural rewilding of abandoned agricultural 
land’ – land abandonment), the data consist of chronosequences mainly found thorough 
literature search, which has been conducted to gather previous findings on above- and 
belowground carbon content and biodiversity in abandoned agricultural lands, as well as 
chronosequences set up by project partners in previous project or during WILDCARD’s 
implementation. 
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Introduction 

The overall aim of WILDCARD is to quantify the impact of rewilding of forests and of 
abandoned agricultural land on carbon sequestration and storage as well as on biodiversity 
conservation in different climatic and site conditions across Europe. In order to grant 
representativeness, relevant ecoregions and eco-gradients need to be selected for the 
analyses foreseen in tasks within WP2 and WP3.  

 

Selection of ecoregions 

The biodiversity of a Europe has been, in essence, determined by geology, climate, 
evolutionary history and human management over the centuries. The combination and 
interactions of those characteristics builds the basis of forming so called “ecoregions”: large 
units of land containing a distinct assemblage of biota and biomes (Olson 2001). The territory 
of Europe offers a plethora of these ecoregions, which vary depending on the level of 
delineation detail. 

Potential data sources to define ecoregions 

Potential data sources as basis for the delineation and selection of ecoregions covering the 
entire area of interest of WILDCARD are listed in Table 1. The ‘Regions Forest Europe’ map 
represents a simplified division based on the political boundaries of the European countries 
into five areas, having the advantage being compatible with the State of Europe’s Forests 
reporting and in line with the FAO Global Forest Resources Assessment. Yet, for the purpose 
of the project, these regions are too coarse and not based on ecological gradients. The ‘Digital 
Map of European Ecological Regions (DMEER)’, in contrast, delineates distinct areas in 
Europe, based on climatic, topographic and geo-botanical data leading to a highly resolved 
map with 69 classes. The map of ‘Biogeographic regions in Europe’ by the European 
Environmental Agency (EEA 2002, 2016) represents a compromise of the previous two, being 
based on the map of natural vegetation but at the same time adopting the Habitat Directive 
(Roekaerts 2002). The map represents a simplified version of ecoregions not taking into 
account local anomalies as it is intended as a framework for reporting overall results of 
conservation efforts. For this reason, the delineation of the ecoregions based on EEA (2016) 
was chosen as basis for WILDCARD.  
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Table 1. Potential data sources for the selection of ecoregions in WILDCARD. 

Data Title Description Source Owner 

Biogeographic regions in 
Europe Biogeographic regions, Europe 2016, version 1. EEA 2016 EEA 

Regions Forest Europe  
European countries are assigned to the 
following regions: North, Central-West, Central-
East, South-East, South-West. 

Forest 
Europe 
2020 

MCPFE/ 
Forest Europe 

Digital map of European 
ecological regions 

Digital Map of European Ecological Regions 
(DMEER) delineates and describes ecological 
distinct areas in Europe, on the basis of climatic, 
topographic and geo-botanical European data, 
together with the judgement of a large team of 
experts from several European nature related 
Institutions and the WWF. 

EEA-ETC, 
2003 

EEA  - 
ETC/BD 

 

Selected ecoregions 

Based on the European Environmental Agency classifications for biogeographic regions in 
Europe (EEA 2016), we have chosen the six ecoregions that effectively cover most of the 
European territory of interest for WILDCARD and provide a comprehensive framework for our 
project aims (Figure 1).  

For four of these ecoregions (Alpine, Atlantic, Continental, and Mediterranean), we have data 
either currently available or soon-to-be available during the project timeframe. For the other 
two ecoregions (Boreal and Pannonian), we possess only a few data points, but we are 
confident that we can obtain additional data through collaboration with our partners. Detailed 
descriptions of the chosen ecoregions, including their location, climate, vegetation, and soil 
types, are provided in Table 2. 

It is important to note that in some European areas, some WILDCARD WPs may have lower 
research interest or face challenges in arranging sampling sites. For example, WP2 will need 
to focus on gathering data on set-aside forests in the boreal and the Mediterranean 
ecoregions, while in the latter more data from abandoned agricultural lands are available. Also, 
the Pannonian ecoregion will be covered by WP3 only, as few datasets on proforestation are 
available there. Conversely, WP3 has no previous sampling sites in the continental ecoregion 
in western Ukraine and will need to exclude this region from the analysis due to the current 
armed conflict, which makes sampling impossible. Yet, through the EuFoRIa network, data on 
primeval forests in the western part of the Ukraine could be available for WP2 and thus could 
constitute a valuable reference for the overall analysis. In general, the foci of WP2 and WP3 
differ regarding the importance of individual ecoregions, as the processes of proforestation 
(WP2) and rewilding of agricultural land (WP3) differed in their spatial distribution patterns in 
the past. 
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Figure 1. Map of selected ecoregions based on the ‘Biogeographic regions in Europe’ by EEA version 
1, 2016. The focus of WIILDCARD project is on EU countries plus Balkan countries and western 
Ukraine. 
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Table 2. List of final selected ecoregions based on the ‘Biogeographic regions’ by EEA and their 
description with focus on climate, soil reference groups and forest types. (EEA 2002). 

Ecoregion Description  

Alpine 

 Mountain areas of Europe  
 Climate variable influences the climate of the surrounding 

regions as it serves as a wind and rain barrier 
 Leptosol is the most dominant soil reference group.  
 Around 41% of region are covered by forests; in lower 

levels are common both deciduous and coniferous 
species, but in the higher levels only coniferous  

Atlantic 

 Present in the coastline and islands bordering with the 
Atlantic Ocean and North Sea 

 Climate is mild and humid 
 Cambisols and podzols are common soil reference 

groups 
 Forests are only in 13% of region’s area, mainly 

composed of deciduous forests  

Boreal 

 Largest biogeographical region in Europe present.  
 Climate is cool and mainly continental.  
 Dominant soil reference groups are podzols and 

cambisols 
 Europe’s forest region (58% of territory), dominated by 

conifers. 

Continental 

 Second largest region in Europe, connecting almost all 
other biogeographical regions 

 Has warm summers and cold winters.  
 Dominant soil reference groups are cambisols and 

chernozems, which have naturally high fertility and are 
the main crop-producing areas in Europe.  

 Around 27% of territory covered by forests. Forests are 
naturally deciduous, but also coniferous forests dominate 
in some regions.   

Mediterranean 

 Frontier zone between Europe, Asia and Africa 
 Climate with hot summers with mild winters 
 Soils related to limestone rocks are dominating (‘terra 

rossa’, siliceous and alluvial soils) 
 Forests in 25% of the region, mainly broadleaved with 

evergreen oaks.  

Pannonian 

 Mainly present in the Great Hungarian Plain 
 Climate is influenced by the Atlantic, Continental and 

Mediterranean climate 
 Dominant soils are chernozems and paheozems 
 Forests only in 17% of the region’s area, mainly 

deciduous. 
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Selection of eco-gradients and additional variables 

We have selected five major eco-gradients and additional ecological variables that are, based 
on literature research and our experience, responsible for the potential changes in carbon 
stock and biodiversity in both the above- and below-ground pools following proforestation 
(WP2) or land abandonment (WP3). These variables are critical in understanding and 
predicting the ecological shifts that occur as these lands undergo rewilding. The list of all 
chosen variables and the related data source are described in Table 3.  

 

Table 3. List of selected biophysical and climate eco-gradients and additional variables, with information 
about data resolution, brief description, and data source. 

Category  
Explanatory 

variable  
Data 

resolution  
Description  Source  

(Bio)physical  

Elevation  25m  
European Digital Elevation 

Model (EU-DEM) - elevation 
from sea level [m]  

EC, 2012a  

Slope (and 
landform form)  

25m   
Slope inclination from 

horizontal line [degrees]  
EC, 2012b  

Climate  

Mean Annual 
Temperature  

1km  
Bioclimatic variable 01 - 

Annual Mean Temperature [°C]  
Karger et al, 

2017  

Annual 
Precipitation  

1km  
Bioclimatic variable 12 - 

Precipitation rate over one year 
[kg/m²]  

Karger et al, 
2017  

Soil  

Soil reference 
group, bedrock 

type and 
related soil 
properties  

Vector/1km 

Soils reference groups are 
classified based on diagnostic 
features (horizons, properties, 

and materials)  

Paganos et 
al. (2022), 

Mantel et al 
(2023), IUSS 

Working 
Group WRB. 

(2022). 

Soil pH  500m  
Topsoil (0–20 cm) pH of water 

in soil   
Ballabio et al, 

2016  

Vegetation Forest types  Vector/100m  

Forest cover types (broad-
leaved, mixed, coniferous 

forests) based on Corine land 
cover data.   

Detailed mapping according to 
European forest types and 

categories 

EEA, 2018, 
EEA, 2007 
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Connection to existing databases/datasets 

WP2: EuFoRIa data set 

The data set of the European Forest Reserve Initiative (EuFoRIa), a well-established network 
of organisations (www.euforia-project.org), consists of more than 500 sites in unmanaged 
forests including primary forests across 16 countries. The sites represent a wide range of time 
since abandonment in different forest types and cover various ecoregions and ecological 
gradients. On each of these sites, permanent plots (statistical sample plot inventory or single 
large plots (typically > 0.5 ha) are periodically surveyed for above-ground dendrometric data, 
often combined with data on vegetation and inventories of specific species groups.  

 

Location of proforestation sites within selected ecoregions 

 

Figure 2: Location of the proforestation sites within the EuFoRIa network (red points) and those directly 
surveyed by WILDCARD partners (black points) within the biogeographical regions (EEA 2016). In grey 
are all the areas that are not considered within the project. 
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Location of proforestation sites within selected eco-gradients 

 

Figure 3: Location of the proforestation sites within the EuFoRIa Network (red points) and those directly 
surveyed by WILDCARD partners (black points) within the elevation gradient (EC,2012a). In grey are 
all the areas that are not considered within the project. 
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Figure 4: Location of the proforestation sites within the EuFoRIa Network (red points) and those directky 
surveyed by WILDCARD partners (black points) within the slope gradient (EC,2012b). In grey are all 
the areas that are not considered within the project. 
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Figure 5: Location of the proforestation sites of the EuFoRIa Network (red points) and those directly 
surveyed by WILDCARD partners (black points) within the yearly precipitation rate gradient (Karger 
et al, 2017). In grey are all the areas that are not considered within the project. Ukraine is coloured 
white due to missing data coverage.   
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Figure 6: Location of the proforestation sites within the EuFoRIa Network (red points) and those 
directly managed by WILDCARD partners (blue points) within the annual average temperature 
gradient (Karger et al, 2017). In grey are all the areas that are considered within the project. Ukraine 
is coloured white because there were no available data.  
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Figure 7: Location of proforestation sites within the EuFoRIa Network (red points) and those directly 
managed by WILDCARD partners (black points) within the soil pH gradient (Ballabio et al. 2016). In 
grey are all the areas that are not considered within the project. 
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Figure 8: Location of proforestation sites within the EuFoRIa Network (red points) and those directly 
surveyed by WILDCARD partners (black points) on forest cover types based on CORINE Land Cover 
2018 (EEA 2018).  
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Figure 9: Location of proforestation sites of the EuFoRIa Network (red points) and those directly 
surveyed by WILDCARD partners (black points) on the Soil Reference Group map (WRB_LEV1) 
(Panagos et al. 2022). 
 
 
  



WILDCARD – Milestone M1 

17 
 

 

WP3: Newly established chronosequences and literature review sites 

A thorough literature search was conducted to gather previous findings on above- and below-
ground carbon content and biodiversity in abandoned agricultural lands. Given the variability 
in the amount and structure of available data, we sought to enhance our dataset through 
extensive collaboration and communication among work packages and partners. We 
developed an initial list of chronosequences representing a regional set of target ecosystems 
with variable ages since abandonment from agricultural management. These sites will either 
provide existing data or become the focus of new data collection efforts.  

Location of reforestation sites within selected ecoregions 

Figure 10: Locations of sampling points inside abandoned agricultural lands across selected ecoregions 
in Europe. Aboveground and belowground sampling plots, identified from previously published 
research, are marked by blue and black dots, respectively. In some instances, these dots represent 
approximate areas encompassing multiple research sites. Red points indicate the approximate 
locations of chronosequence site clusters directly surveyed by WILDCARD partners. Ecoregion data 
were sourced from the European Environmental Agency (EEA 2016). In grey are all the areas that are 
not in focus within the project. 
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Location of reforestation sites within selected eco-gradients 

Figure 11: Locations of sampling points inside abandoned agricultural lands across selected ecoregions 
in Europe. Aboveground and belowground sampling plots, identified from previously published 
research, are marked by blue and black dots, respectively. In some instances, these dots represent 
approximate areas encompassing multiple research sites. Red points indicate the approximate 
locations of chronosequence site clusters directly surveyed by WILDCARD partners. The dots are 
mapped along the elevation gradient in Europe (EC,2012a). In grey are all the areas that are not 
considered within the project. 
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Figure 12: Locations of sampling points inside abandoned agricultural lands across selected 
ecoregions in Europe. Aboveground and belowground sampling plots, identified from previously 
published research, are marked by blue and black dots, respectively. In some instances, these dots 
represent approximate areas encompassing multiple research sites. Red points indicate the 
approximate locations of chronosequence site clusters directly surveyed by WILDCARD partners. The 
dots are mapped along the slope gradient in Europe (EC,2012a). In grey are all the areas that are 
not considered within the project.  
 

 

 



WILDCARD – Milestone M1 

20 
 

 

Figure 13: Locations of sampling points inside abandoned agricultural lands across selected 
ecoregions in Europe. Aboveground and belowground sampling plots, identified from previously 
published research, are marked by blue and black dots, respectively. In some instances, these dots 
represent approximate areas encompassing multiple research sites. Red points indicate the 
approximate locations of chronosequence site clusters directly surveyed by WILDCARD partners. The 
dots are mapped along the yearly precipitation rate gradient in Europe (Karger et al, 2017). In grey 
are all the areas that are not considered within the project. Ukraine is coloured white because there 
was no available data. 
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Figure 14: Locations of sampling points inside abandoned agricultural lands across selected ecoregions 
in Europe. Aboveground and belowground sampling plots, identified from previously published 
research, are marked by blue and black dots, respectively. In some instances, these dots represent 
approximate areas encompassing multiple research sites. Red points indicate the approximate 
locations of chronosequence site clusters directly surveyed by WILDCARD partners. The dots are 
mapped along the annual average temperature gradient in Europe (Karger et al, 2017). In grey are 
all the areas that are not considered within the project. Ukraine is coloured white because there was no 
available data. 
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Figure 15: Locations of sampling points inside abandoned agricultural lands across selected 
ecoregions in Europe. Aboveground and belowground sampling plots, identified from previously 
published research, are marked by blue and black dots, respectively. In some instances, these dots 
represent approximate areas encompassing multiple research sites. Red points indicate the 
approximate locations of chronosequence site clusters directly surveyed by WILDCARD partners. The 
dots are mapped along the active soil pH gradient in Europe (Ballabio et al, 2016). In grey are all the 
areas that are not considered within the project.  
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Figure 16: Locations of sampling points inside abandoned agricultural lands across selected 
ecoregions in Europe. Aboveground and belowground sampling plots, identified from previously 
published research, are marked by blue and black dots, respectively. In some instances, these dots 
represent approximate areas encompassing multiple research sites. Red points indicate the 
approximate locations of chronosequence site clusters directly surveyed by WILDCARD partners. The 
dots are mapped on forest cover types based on CORINE Land Cover 2018 (EEA 2018). In grey are 
all the areas that are not considered in the project.  
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Figure 17: Locations of sampling points inside abandoned agricultural lands across selected 
ecoregions in Europe. Aboveground and belowground sampling plots, identified from previously 
published research, are marked by blue and black dots, respectively. In some instances, these dots 
represent approximate areas encompassing multiple research sites. Red points indicate the 
approximate locations of chronosequence site clusters directly surveyed by WILDCARD partners. The 
dots are mapped on the Soil Reference Group map (WRB_LEV1) (Panagos et al. 2022). In grey are 
all the areas that are not considered within the project.  
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