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2. PROJECT STATE 

2.1 ANNUAL PROJECT MEETINGS 

2.1.1 KICK OFF MEETING SoilForEUROPE, BORDEAUX 

On the 1st and 2nd of February 2017 a SoilForEUROPE kick off meeting was held in Bordeaux, 

France. All members of the project were invited to participate. The aim of the meeting was to 

present the different work packages of the project to the project members and to have a 

discussion on the best way to approach the different tasks in the project. An agenda of the 

meeting and the meeting minutes are included in Appendix A. The meeting minutes contain a 

list of the project members that attended the meeting, an overview of the information given 

in the different presentations of the work packages and an overview of the discussion and 

some important decisions. Our work consists of a socio-economic analysis of forest soil 

biodiversity and is represented in work package 5. The promotor and leader of work package 

5, Prof. Liesbet Vranken, gave a presentation on the aim of this work package and the methods 

to perform the socio-economic analysis. 

 

2.1.2 KICK OFF MEETING BiodivERsA, BRUSSELS 

On the 4th of April 2017 a BiodivERsA kick off meeting was organized in Brussels, Belgium. The 

aim of the meeting was twofold: 

(1) Present the 26 projects funded through the BiodivERsA 2015-2016 call, of which 

SoilForEUROPE is part of 

(2) Present administrative and reporting modalities during the projects’ lifetimes. 



The SoilForEUROPE project coordinator, Dr. Stephan Hättenschwiler, attended this meeting 

and presented a poster on the SoilForEUROPE project. A draft of the meeting agenda and a 

copy of the poster can be found in Appendix B. 

 

2.1.3 ANNUAL MEETING SoilForEUROPE, MONTPELLIER 

The first annual project meeting was held from the 9th of April, 2018 until the 11th of April, 

2018 in Montpellier, France. During this meeting, progress in the different work packages was 

discussed. An agenda of the meeting and the meeting minutes are added in Appendix C, similar 

to the reporting on the kick-off meeting. Prof. Bart Muys represented our work package at the 

meeting. However, Prof. Liesbet Vranken and Iris Vanermen were not able to join this annual 

meeting in Montpellier. Nevertheless, they participated through a skype connection and 

presented the progress achieved in work package 5. 

 

2.1.4 ANNUAL MEETING SoilForEUROPE, AMSTERDAM 

The second annual project meeting took place from April 15th to 17th in Amsterdam, the 

Netherlands. For each work package the progress was discussed and a planning for the 

remaining work was proposed. An agenda of the meeting and the meeting minutes are added 

in Appendix D. Our work package (WP5) was represented by Bart Muys and Iris Vanermen. 

Liesbet Vranken was unfortunately not able to join, but was briefed in detail after the meeting. 

During the meeting, Iris Vanermen gave two presentations on her work for the project, 

specifically task 1 of WP5. Moreover, task 2 was discussed in a separate session guided by Bart 

Muys, which was organized as a brainstorm session with the entire group to come up with 

ideas for the dissemination and development of communication materials for the project 

output. Afterwards, all members of WP5 further elaborated on this discussion to select which 

materials to develop to communicate the project results. 

  

2.1.5 FINAL PROJECT MEETING SoilForEUROPE, FREIBURG 

The final project meeting was held from March 9th until March 12th in Freiburg, Germany. All 

members of WP5 attended the meeting, including Liesbet Vranken, Bart Muys and Iris 

Vanermen. During the first day of the meeting, the project results were presented for each work 

package. Iris Vanermen presented the main findings of her work in two presentations related 

to task 1. Moreover, we organized an internal dissemination workshop, as part of task 2, to 

extract the key messages linked to the results for each work package in the project. The output 

of this workshop was then used for the development of the communication materials (see 

section 2.3.) The agenda of the meeting and the meeting minutes are added in Appendix E. 

 



2.2 WP5 TASK 1: SOCIO-ECONOMIC ANALYSIS OF FOREST SOIL BIODIVERSITY 

The first task of work package 5 aimed to assess the socio-economic value of forest soil 

biodiversity. A first step was taken by drafting a protocol that can be found in appendix F. This 

protocol describes the aims of the work package, the methods that were intended to be used 

and a call for support from the project members. Specifically, the analysis was done in two steps. 

Firstly, forest scientists and managers were interviewed in order to assess their understanding 

of the role of soil biodiversity in forest functioning through a fuzzy cognitive mapping approach 

and its link with forest management decisions. Secondly, a standardized questionnaire was 

developed that included a discrete choice experiment which aimed to assess citizens’ 

preferences for management choices that impact soil biodiversity. The discrete choice 

experiment consisted of two rounds with a short informational video in between to study the 

effect of information transfer on preferences. Both steps of the analysis are explained in more 

detail in following sections (2.2.1 and 2.2.2), as well as the output of each step regarding 

(upcoming) publications. 

 

2.2.1 COMPARING SOIL BIODIVERSITY UNDERSTANDING OF FOREST SCIENTISTS AND 

MANAGERS 

For this first step, face-to-face semi-structured interviews were organized with forest scientists 

and managers in Belgium and Romania about their perspective on the role of forest soil 

biodiversity. Specifically, 7 Flemish scientists, 10 Flemish forest managers, 3 Romanian scientists 

and 6 Romanian forest managers were interviewed. A field trip to Romania of about one week 

was organized to gather the Romanian data. Based on the fully transcribed interviews, 

understanding was compared between forest scientists and managers, and Flemish and 

Romanian respondents, using a fuzzy cognitive mapping approach based on the R package 

cogmapr. This R package was developed by Frédéric Vanwindekens, who assisted us in the 

analysis and became a co-author of the scientific paper. Through this method, interview 

transcripts were coded in relationships between concepts and individual cognitive maps were 

constructed based on these codings. Afterwards, a social cognitive map was constructed for 

each stakeholder group by arithmetic addition of the individual cognitive maps of all members 

within a stakeholder group. The analysis involved a discussion of structural characteristics of the 

social cognitive maps, a comparison of centrality values of the concepts between stakeholder 

groups, a comparison of relationship weights between stakeholder groups, a discussion of 

detailed understanding of three clusters of relationships and an assessment of heterogeneity 

within stakeholder groups. A scientific paper on this knowledge mapping has been written and 

has been accepted for publication by the Journal of Forest Policy and Economics. The scientific 

paper is titled “What do scientists and managers know about soil biodiversity? Comparative 

knowledge mapping for sustainable forest management.” and is included in Appendix G, 

together with the confirmation of acceptance for publication. 

 



2.2.2 CITIZENS’ PREFERENCES FOR FOREST MANAGEMENT RELATED TO SOIL BIODIVERSITY 

AND THE EFFECT OF INFORMATION-TRANSFER 

The second step involved the development of an online standardized questionnaire that 

included a discrete choice experiment and a short informational video. The aim of this 

standardized questionnaire was to assess the wider public’s preferences for forest management 

related to soil biodiversity and the effect of an information transfer about soil biodiversity and 

forest management on these preferences. The online standardized questionnaire was spread in 

three European regions, following a North-South gradient which represents different forest 

types: Finland, Flanders and Italy. For the selection of attributes, or management characteristics, 

for the choice experiment, a scoring exercise was developed that was spread online within the 

institutions linked to the project consortium and used during three focus group discussions in 

Flanders. Specifically, two focus groups were organized with experts (division of bio-economics 

and division of forest, nature and landscape) and one focus group was organized with general 

citizens (friends and family). Each focus group discussion counted around 8 participants and 

lasted 1h to 1h30. Moreover, a cooperation with Prof. Roselinde Kessels of the University of 

Antwerp was set up, who is an expert in discrete choice experiment design using Jmp. The 

information transfer was constructed through a short video, in cooperation with KU Leuven’s 

media service Limel. In the three regions, the data were collected through a market research 

agency (iVOX) which allowed to apply a quota sampling approach resulting in representative 

samples based on a number of socio-demographic characteristics (age, gender, education level). 

The questionnaire was first launched in Flanders in February 2019, resulting in data collected of 

300 respondents. Then the standardized questionnaire was translated to Finnish and Italian with 

the help of project partners in each country and was launched in September 2019. In each of 

these countries (Finland and Italy) data was collected from a sample of 250 citizens. 

Based on this data collection, two to three scientific papers are or will be written. Specifically, a 

first paper has been drafted which used the data collected in Flanders to perform a detailed 

analysis of the effect of information transfer related to soil biodiversity on public preferences 

for forest management. This analysis included a detailed assessment of preference 

heterogeneity and heterogeneity in the way that citizens reacted on the information transfer. A 

draft version of this scientific paper has been added in Appendix H. A second paper is currently 

in the phase of finalizing the analysis and starting to write the manuscript. This paper focuses 

on the comparison of public preferences for forest management across the three regions 

(Finland, Flanders and Italy) and includes a comparison of the effect of the information transfer 

across these three regions. The aim is to have a first draft of this paper finished in September 

2020. A last step in the analysis would focus on the technical aspect of including an opt-out 

option in the choice experiment and the effect that his might have on the preference structure 

and the effect of the information transfer. As it would probably be too much to include this in 

the paper on the comparison of preferences across the three regions, there might be an 

opportunity to include it in a separate scientific paper, depending on the timing. Alternatively, 



this last step in the analysis could be included in the doctoral thesis of Iris Vanermen as a smaller 

separate chapter. 

The scientific work that has been performed in view of task 1 of WP5 (see sections 2.2.1 and 

2.2.2) has been presented at national (e.g. the National Symposium of Applied Biological 

Sciences on January 31st 2020 in Gembloux) and international scientific conferences (e.g. 3rd 

meeting of REECAP network on September 9th – 10th 2019 in Osnabrück), as well as during 

(internal) seminars. 

 

2.2.3 WP5 TASK 2: COMMUNICATION AND DISSEMINATION OF THE PROJECT RESULTS 

The second task of our work package involved the dissemination of project results and 

specifically the development of communication materials. While we were responsible for this 

task, it involved a cooperation with the entire project consortium and in particular with the 

colleagues that participated in the dissemination workshop which was organized during the 

final project meeting (see 2.1.5). At the beginning of the project, a logo was developed and a 

project website was set up in English (h!ps://websie.cefe.cnrs.fr/soilforeurope/).  After a 

brainstorm session organized at the annual meeting in Amsterdam (see 2.1.4), we decided to 

focus on a varied set of interesting achievable communication materials. The central platform 

to which this set of communication materials is attached, is the project website. Specifically, the 

aim was to develop a sticker with QR code that will be attached to existing information boards 

in specifically selected forests that are highly visited by citizens. The QR code leads to a 

communication materials tab on the project website that collects a digital version of all 

communication materials. The Dutch version of the sticker is added in Appendix I. Firstly, a short 

informational video was developed on the role of soil biodiversity in forest functioning and the 

influence of forest management. This video corresponds to a shortened version of the video 

that was used in the standardized questionnaire and discrete choice experiment (see section 

2.2.2). You can access this video on the website through this link: 

h!ps://websie.cefe.cnrs.fr/soilforeurope/communica)on-en/. Secondly, a leaflet has been 

developed that displays the rationale, methods and main results of the SoilForEUROPE project. 

This leaflet consists of one A4 printed on both sides and folded in three, and includes an 

overview drawing of the main project results for which we cooperated with a professional 

drawer. We are currently finalizing the leaflet of which the current last draft version has been 

added in Appendix J. Both the sticker with QR code and the leaflet have been designed by a 

professional graphical designer. In order to spread these materials in all countries linked to the 

consortium and study sites of the project, these materials and the project website were 

translated into the local languages of following countries participating in the SoilForEUROPE 

project: Finland, Sweden, Belgium/The Netherlands, Germany, France, Romania, Spain and Italy. 

For Poland, only the website was translated as the local contact person informed us that QR 

codes wouldn’t work in their local context. Lastly, a set of powerpoint slides is currently being 

developed for use in academic context. These powerpoint slides go in deeper detail into the 



rationale and methodology used in the project and include a more detailed exposition of the 

project results. The aim is to finish these powerpoint slides by September/October 2020. Once 

finalized, the powerpoint slides will be added to the communication materials tab on the 

website. These  slides will be provided in English. 

 

2.3 PLANNING 

Hence, the aim is to publish three to four scientific papers based on the analysis performed for 

task 1 of work package 5 for which we are responsible. So far, one paper has been accepted for 

publication by the Journal of Forest Policy and Economics (see section 2.2.1) and a draft version 

of the second paper is available, with the aim to submit it to a scientific journal by the end of 

August 2020. The plan is to finish a first draft of the third paper by September 2020 and assess 

at the moment the possibility for a fourth paper. Concerning task 2, the development and 

translation of the project website, sticker with QR and informational videos have been finalized. 

The development and translation of the leaflet are in the final steps and should be finished 

within one to two weeks. The development of the powerpoint slides is aimed to be finished 

around September/October 2020. 

 

3. AGREEMENT, CONTRACT & PATENT  

None of the involved partners have specific requirements on the protection of existing datasets. 

Guidelines and agreements on scientific integrity will be followed as drafted by the research 

institution. Research results produced in the framework of previous PhDs or research projects 

will be used and shared by SoilForEUROPE participants when appropriate, after achieving 

consent of the original author and with properly acknowledging the source and author of the 

data. The SoilForEUROPE partners decided that no convention was required to define the 

collaboration and data exchange between partners. Plans of publications and conference 

presentations will be communicated at each project meeting. 



4. APPENDICES 

APPENDIX A:APPENDIX A:APPENDIX A:APPENDIX A: AGENDA AND MEETING MINUTES KICK OF MEETING BORDEAUX 1-

2 FEBRUARY 2017 

    

SoilForEUROPE kick off meeting 1/2 February 2017 BordeauxSoilForEUROPE kick off meeting 1/2 February 2017 BordeauxSoilForEUROPE kick off meeting 1/2 February 2017 BordeauxSoilForEUROPE kick off meeting 1/2 February 2017 Bordeaux    

 

 

Meeting draft agendaMeeting draft agendaMeeting draft agendaMeeting draft agenda    
 
 

Wednesday, 1 FebruaryWednesday, 1 FebruaryWednesday, 1 FebruaryWednesday, 1 February    
 

 

14:00 Arrival and Introduction round   

14:20 General proposal overview of SoilForEUROPE S. Hättenschwiler 

14:40 FunDivEUROPE sites and major results M. Scherer-Lorenzen 

15:00 TreeDivNet site FORBIO K. Verheyen 

15:15 TreeDivNet site ORPHEE H. Jactel 

15:30 WP2: Assessing soil biodiversity - WP leader F. Buscot)     

 Task 1 – Soil microorganisms T. Wubet 

16:00 BREAK   

16:20 Task 2 – Soil fauna P. Kardol 

 Discussion about which fauna groups are feasible   

 depending on expertise and time   

17:00 Task 3 – Fine roots J. Bauhus, M. SchererM. SchererM. SchererM. Scherer----    

  LorenzenLorenzenLorenzenLorenzen    

17:30 WP3: Soil processes - WP leader M. Scherer-Lorenzen)  

 Task 1 – Fine root decomposition M. Scherer-Lorenzen 

 Discussion  on  how  to  link  to  available  leaf   

 decomposition data   

18:00 Task 2 – Microbial activity N. Fromin 

20:00 Diner in town   

    

    

Thursday, 2 FebruaryThursday, 2 FebruaryThursday, 2 FebruaryThursday, 2 February    



 

 

09:00 WP4: Climate change - WP leader A. Milcu)   

 Task 1 – Microbial resistance/resilience  S. Hättenschwiler 

09:30 Task 2 – Ecosystem resistance/resilience A. Milcu 

10:00 Discussion round on organizational aspects ALL 

 of soil sampling   

11:00 BREAK   

11:30 WP5: Socio-economic analysis - WP leader L. Vranken)  

 Task 1 – The economic value of forest L. VrankenL. VrankenL. VrankenL. Vranken, B. Muys 

 soil biodiversity   

12:00 Task 2 – Knowledge transfer to stakeholders L. VrankenL. VrankenL. VrankenL. Vranken, B. Muys 

12:30 Planning of the field season 2017 ALL 

13:00 Lunch   

14:00 Planning of the field season 2017 ALL 

15:00 General discussion ALL 

16:00 Administrational aspects S. Hättenschwiler 

16:15 Meeting closure    
 

  



SoilForEUROPE kick off meeting 1/2 February 2017SoilForEUROPE kick off meeting 1/2 February 2017SoilForEUROPE kick off meeting 1/2 February 2017SoilForEUROPE kick off meeting 1/2 February 2017        

Bordeaux Bordeaux Bordeaux Bordeaux  

 

MEETING MINUTES (by Matty Berg & Stephan Hättenschwiler)MEETING MINUTES (by Matty Berg & Stephan Hättenschwiler)MEETING MINUTES (by Matty Berg & Stephan Hättenschwiler)MEETING MINUTES (by Matty Berg & Stephan Hättenschwiler)    
 

Participants:Participants:Participants:Participants:    

Stephan Hättenschwiler, Hervé Jactel, Andreas NAME (representing Fernando Valladares), Nathalie 

Fromin, Silvain Coq, Johanne Nahmani, Alexandru Milcu, Olivier Bouriaud, Paul Kardol, Kris Verheyen, 

Michael Scherer-Lorenzen, Janna Wambsganss, Filippo Bussotti, Liesbet Vranken, Iris van Elm 

 

Excused:Excused:Excused:Excused:    

David Wardle (moving), François Buscot (sick), Jürgen Bauhus (teaching), Bart Muys (teaching), Thibaud 

Decaëns (moving) 

 

 

1.1.1.1. General overview (Stephan)General overview (Stephan)General overview (Stephan)General overview (Stephan)    

- Proposal overview 

There are two projects that are thematically close to SoilForEUROPE in the BiodivERsA call (SOILMAN, 

focussing on ecosystem services driven by soil biota, SOILCLIM, focussing on climate change effects on 

soil organism composition in agroecosystems). Possibility to meet with these consortia at the 

BiodivERsA kick off meeting in Brussels the 4,5 April 2017. 

 

- Administrational points and funding 

Funding: Money for 3 years. End of project max 3 months after end project (end 2019). Almost all 

groups received the money they requested. Matty is funded via subcontracting (money has been 

arrived in Sweden). Six site managers (F.Valladares Spain, F. Bussotti Italy, H. Bruelheide Germany, O. 

Bouriaud Romania, B. Jaroszewicz Poland, L. Finer Finland) associated with the project (money will be 

allocated via the budget from Gent (Kris) – needs at the respective sites need to be evaluated befor 

transfer).  

Reporting : After 18 months interim report, after 36 months final report. Additional national request? 

Database: should be made available at the end of the project. There is an action going on at the moment 

to join soil fauna databases across Europe. EU seems to be interested to contribute to this activity 

financially. This could also be part of the communication strategy. There might be a possibilities to 

associate SoilForEUROPE data bases to those established during FunDivEUROPE at iDiv Leipzig (see with 

C.Wirth, S. Ratcliffe?). 

Project website: Where? and who will be responsible?  Attach to FunDivEurope website, if we can 

allocate a little bit of money? CEFE is another option, but other options might be possible. 

 

2.2.2.2. FunDivEUROPE  (Michael)FunDivEUROPE  (Michael)FunDivEUROPE  (Michael)FunDivEUROPE  (Michael)    

- Overview of what was done 

7th framework, running for 4 years, 24 institutions, 6 countries (NS and EW gradient): exploratory 

platform: 209 plots to set up gradients of tree species richness in six different forest types. Approaches: 

observation, experimentation, modelling, i.e. experimental platforms (TreeDivNet), country-specific 



forest inventories, exploratory platforms (the six sites).  Focus on multi-functionality (bats, birds, 

vegetation, pests, herbivores, ecosystem processes) with the concept of all measurements done in all 

plots. 

All data are in the database, have been quality checked, when using data original data providers should 

be contacted and agreements concerning publications should be made. Database is not public. There 

is a website address to check what is there but data cannot be downloaded without a password. 

Experimental platforms: plantations of trees varying in species diversity and exceptionally also with 

additional climate change treatments (ORPHEE, FORBIO – the two experiments included in 

SoilForEUROPE). 

Exploratory network: Replicated gradient of tree diversity with a homogenous environment to reduce 

covariation. Allow to distinguish between species diversity and species identity effects at high, but not 

perfect evenness. Plots are 30x30m plus buffer zone, nine 5x5m subplots. Positions of all individual 

trees are mapped and their size and growth was/is documented. Trees are individually labelled (in most 

sites, if lost can be restored). Lots of logistic information available (and accommodation present). All 

the specific measurements/sampling done within plots have been carefully mapped (e.g. three 

locations within three subplots where understorey vegetation has been measured in detail). Also no-

go zones are present. There is a plot and methods paper (Baeten et al. 2013). At all sites there was 

stakeholder involvement (led by Austria team who has the details), and there exist local stakeholder local stakeholder local stakeholder local stakeholder 

boardsboardsboardsboards.  

About 40 papers have been published, still ongoing. Main results: Prevailing species identity effects, no 

single species fulfills all functions. Mixtures do not perform worse than monocultures. There are species 

diversity and functional diversity effects. Tree diversity enhances multifunctionality when moderate 

levels of functions are desired (van der Plas et al. 2016).  

 

Question:Question:Question:Question: Are there enough monoculture plots? Across species there are sufficient numbers, but for 

some species and some locations there is only one plot. Also, understorey vegetation can differ 

between monoculture plots. 

 

3.3.3.3. TreeDivNet site FORBIOTreeDivNet site FORBIOTreeDivNet site FORBIOTreeDivNet site FORBIO        (Kris)(Kris)(Kris)(Kris)    

There are actually three sites in Belgium. Site Zedegem: 1-4 species diversity, from a pool of 5 species, 

with at total of 90.000 trees. 42 plots, 42x42 meters each (800 trees). Trees planted in 2010 on former 

potato field. Trees are now 7-8 m high. Sandy soil with 8-10% silt content. Deep soil, dry to moist, no 

water stress (initial soil cores are sampled and stored). Variables on tree growth, element cycling, 

biodiversity dynamics. Additional treatments with rainfall shelters (5x5 meters, -50% exclusion, but 

same spatiotemporal pattern; together with Monique Carnol) from monoculture to 4-species with 

beech and oak as target species. Measurements in this additional treatment are tree growth, litter 

decomposition (tea bag) soil nutrient availability, soil microbial biomass. 

 

4.4.4.4. TreeDivNet site ORPHEE (Hervé)TreeDivNet site ORPHEE (Hervé)TreeDivNet site ORPHEE (Hervé)TreeDivNet site ORPHEE (Hervé)    



Location is near Bordeaux. Monocultures to 5 species mixtures, in 31 combinations. 100 trees per plot. 

Distance between trees 2 x2 m and trees have always the same neighbour species. 36 inner trees are 

measured. 8 blocks and 32 plots. Irrigation (vs non-irrigated control plots) since 3 years using sprinklers 

operating at night from March to October (3mm of rain per night) to alleviate summer drought (June 

to September).  

Start in 2007 on previous pine plantation. Stump removal, fencing, planting tree seedlings from 

nurseries on fertilized soil (PK). Replanting in 2008-2009. Mowing plots in 2008-2009 (to remove 

understorey plants. 

Collected data: dendrometry (survival, height, DHB), herbivory (insects), biodiversity (understorey 

vegetation, Carabidae (pitfall traps, also this yearpitfall traps, also this yearpitfall traps, also this yearpitfall traps, also this year----    potentially interesting to combine with macrofauna potentially interesting to combine with macrofauna potentially interesting to combine with macrofauna potentially interesting to combine with macrofauna 

datadatadatadata), birds), processes (litter decomposition (tea bag), soil biological activity, microclimate). There is a 

soil archive (9 soil cores per plot). 

 

5.5.5.5. WP2WP2WP2WP2    

Task 2: Soil fauna (Paul)Task 2: Soil fauna (Paul)Task 2: Soil fauna (Paul)Task 2: Soil fauna (Paul)    

Aims: 1. Link tree diversity  to soil fauna diversity 2. Link tree diversity to functional diversity of soil 

organisms 

Needed data: numbers and names of species and trait values (challenging) 

To get these data there is a general trade-off between number of plots, number of groups of organisms 

and depth of taxonomic precision.  

Question:Question:Question:Question: which groups/species should we include, and what taxonomic resolution should we aim for? 

Decision: Decision: Decision: Decision:     

1. nematodes: determination to feeding group level combined with life history traits and body sizes  

2. mesofauna: collembola, taxonomic level? mites will be collected, but who may identify them?  

3. macroarthropods: as many groups as possible, taxonomic level?  

QuQuQuQuestion:estion:estion:estion: how many samples and when to sample?  

Decision: Decision: Decision: Decision:     

1. Sampling should include as many groups as possible. We will see afterwards to what level of 

taxonomic resolution we can go.  

2. The FunDivEUROPE sites should be sampled in spring/early summer 2017 for all groups of 

organisms. We may later see whether it is possible/needed to sample in fall for certain groups. 

TreeDivNet sites ORPHEE and FORBIO not yet clear (spring 2018?) 

Question:Question:Question:Question: What traits and how to get them, both response and effect traits?  

DecisDecisDecisDecision: ion: ion: ion:     

1. First take traits from trait data bases, and traits that are not available should be measured. Go for 

life history groups? Needs more discussion amongst specialists.    

2. Nematodes: Functional groups, i.e. life history traits (colonizer vs persister, cp-values) + indices 

(maturity index, structure index, enrichment index), body size spectra, mouth parts (feeding group).    

Question:Question:Question:Question: Who will do what?  

Decision: Decision: Decision: Decision:     



1. nematodes: Umea 

2. mesofauna: extraction in Amsterdam, determination of collembolans? mites?  

3. macroarthropods: collections centralized in Montpellier, determination?  

Question:Question:Question:Question: Which soil layer?  

Decision: Decision: Decision: Decision:     

We will respect common protocols for the different groups of organisms, i.e. top 10 cm of soil for fine 

roots and microorganisms (fine roots additionnally at 10-20 cm and 20-30 cm soil depth), 5-6 cm for 

mesofauna, 15 cm for macroarthropods.  

Question:Question:Question:Question: What sites and what plots?  

Decision: Decision: Decision: Decision:     

FunDivEU sites:  Because of heavy work load for counting/identifying soil organisms Spain (shallow soils 

that are very difficult to sample) and Germany (species overlap with Poland and Romania and bark 

beetle induced losses of trees) will be sampled less. For the spring 2017 sampling campaign focus on 

Italy, Poland, Romania, and Finland. Monoculture and 3-species plots will be sampled, which means 

about 59 plots ( 45 more plots if 2-species plots were to be included). 

ORPHEE: 42 plots (n=3)  

FORBIO: 36 plots   

 

Task 3: Tree fine roots (Michael)Task 3: Tree fine roots (Michael)Task 3: Tree fine roots (Michael)Task 3: Tree fine roots (Michael)    

1. Spatial occupation (quantify fine root spatial arrangement –how?) 

2. Root traits: biomass, specific root length, live to dead mass ratio, branching patterns, chemical 

composition (C, N, P, Ca), mycorrhizal colonization for each tree species. Separation and 

identification of tree fine roots may be difficult in FORBIO and ORPHEE due to dense understorey 

vegetation. 

Questions:Questions:Questions:Questions:  

- What other root traits? It would be good to have some kind of thoughness traits (relevant for 

consumers): maybe lignin concentration or some kind of physical resistance?  Secondary metabolites? 

Tannins could be done in Montpellier, total phenolics protocol in Montpellier requires 0.5 g of material. 

- Possibility of combining mycorrhizal determination with molecular approaches (Halle/Leipzig)?  

- What kind of sampling design? 

Decision: Decision: Decision: Decision:     

Sampling spots within plots defined based on equal distances among tree individuals rather than 

random (see sampling protocol we discussed).  

 

6.6.6.6. WP3WP3WP3WP3    

Task 1: Fine root decomposition (Michael)Task 1: Fine root decomposition (Michael)Task 1: Fine root decomposition (Michael)Task 1: Fine root decomposition (Michael)    

The fine root decomposition study will be set up in a second time after the fine root sampling for trait 

determination in spring 2017. Perhaps in fall 2017?  

Question:Question:Question:Question: What root material to be used for decomposition?  



- The increasingly acknowledged large differences among different root orders will be difficult to 

respect in this large scale study (too laborious for separationg different root orders). Rather the 

traditional approach of fixed diameter cut off (at < 2mm)? Perhaps better to respect at least the 

same root orders across species (e.g. the first two or three orders will be taken rather than a fixed 

diameter cut off)? 

- Standard root material or plot-specific root material? 

Decision: Decision: Decision: Decision:     

Plot-specific root material will be difficult to get in sufficient quantity. Roots from each species may be 

collected at a common site (e.g. arboretum or plantations), and this same root pool may then be used 

to construct litterbags for all sites/plots the particular species occurs. Add a common garden 

experiment to tease apart root mixture effects from plot diversity effects? 

    

Question:Question:Question:Question: What mesh size for litterbags?  

Decision: Decision: Decision: Decision:     

Small enough to avoid roots growing into mesh bags: 50 m? This allows mycorrhizal hyphae to pass 

but not roots. This mesh size also then means that there is no point to extract fauna from bags, but 

nematodes?     

        

Task 2Task 2Task 2Task 2: Microbial activity (Nathalie): Microbial activity (Nathalie): Microbial activity (Nathalie): Microbial activity (Nathalie)    

Introduction of the concepts, hypotheses, and questions (see presentation). Litter chemistry affects soil 

microbial structure and respiration. Litter mixtures affect soil microbes, higher biomass and activity (but 

high variability in the data) due to increasing catabolic diversity. What about roots? Root traits respond 

to global change. Root traits also impact ecosystem processes. Root traits seem good predictors of soil 

microbial community (especially root N concentration).  

Different proxies: microbial respiration (SIR), nitrification enzyme activity (NEA), fungal biomass, PFLA, 

enzymatic activity, genetic diversity (sequencing) 

Microbial life strategy framework (high vs low nutrient content; copiotroph vs oligotroph; high vs low 

growth rate). 

Question:Question:Question:Question: What samples to be measured?  

Decision: Decision: Decision: Decision:     

We should make the measurements on the same samples like for WP2/1 (microbial diversity), WP2/2 same samples like for WP2/1 (microbial diversity), WP2/2 same samples like for WP2/1 (microbial diversity), WP2/2 same samples like for WP2/1 (microbial diversity), WP2/2 

(fauna) nematodes, WP2/3 (roots)(fauna) nematodes, WP2/3 (roots)(fauna) nematodes, WP2/3 (roots)(fauna) nematodes, WP2/3 (roots). 

 

Question:Question:Question:Question: Do we include the litter layer? We could do the basic measurements on litter in spring as 

there will be litter around. Maybe we can use a litter decomposition model, using the output variables 

as a proxy for what enters the root zone. By only using the root traits we might miss something for the 

microbial community structure/activity. Maybe we can use a crude NIRS analysis for the litter at the 

time of sampling (56 samples).  

Decision: Decision: Decision: Decision:     

The litter layer will also be sampled and air-dried at each spot of sampling (see sampling protocol 

discussion).  



Question:Question:Question:Question: Can we use proxies that can serve as response and effect traits so we can use the same 

scheme for all biotic groups? Obviously the underlying traits are difficult to measure but we could 

measure the response and effect and use these measures as the trait. 

 

7.7.7.7. WP4WP4WP4WP4    

Task 1: Microbial resistance/resilience (Stephan)Task 1: Microbial resistance/resilience (Stephan)Task 1: Microbial resistance/resilience (Stephan)Task 1: Microbial resistance/resilience (Stephan)    

As we were running late and Nathalie already exposed the general issues about microbial response 

variables, Stephan did not present this task in detail. However, a number of questions were touched on 

during general discussions. 

Question:Question:Question:Question: What is the soil material to be taken to the Ecotron and how much of it?  

Decision: Decision: Decision: Decision:     

The remaining soil from the same 0-10 cm top soil samples taken for extracting roots and for microbial 

diversity, activity and nematode measurements should be used. Is the amount sufficient? The Ecotron 

protocol needs to be determined to know the amount of soil required. If soil from the 5 sampling spots 

will be bulked, the quantity should be sufficient.    

Question:Question:Question:Question: Timing of the experiment?  

Decision: Decision: Decision: Decision:     

In the meantime there was a meeting with the Ecotron staff to discuss some details further (3 March 

2017). The incubators to be used for the experiment are available from September 2017. The soils need 

to be stored between sampling (April for Italy) and the start of the experiment (September/October). 

Air dried soil seems to be most appropriate. Isn’t this already representing a drought event?  

    

Task 2: Ecosystem resistance/resilience (Alex)Task 2: Ecosystem resistance/resilience (Alex)Task 2: Ecosystem resistance/resilience (Alex)Task 2: Ecosystem resistance/resilience (Alex)    

Presentation of the aims and the design of the proposed experiment using the Ecotron mesocosms. A 

challenge will be the collection of sufficient individuals of fauna to compose the 4 different fauna 

communities each for 2 different functional diversities (using response traits to drought based on 

Matty’s data set of temperate species) – the design is 2 fauna diversity levels x 2 watering treatments 

x 4 replicates (i.e. 4 different fauna communities that can be different based on species composition 

and relative abundance but with the same level of FD).  Trace gas fluxes will be measured  (CO2, CH4, 

N2O) with the aim to calculate the global warming potential).  

Question:Question:Question:Question: What type of soil to be used, where to be harvested? How many soil layers?  

Decision: Decision: Decision: Decision:     

One mesocosms has 1 m2 soil surface and is 1 m deep, so we will need around 25 tons of soil. As fauna 

will represent temperate forests in the Netherlands, soil could be taken from there as well. Logistically 

feasible? Or from Belgium (Kris may have a contact)? From the Cevennes (beech forests at about 1000 

m altitude) in the north of Montpellier would geographically be the closest. A relatively fertile soil would 

allow for higher diversity and abundance of fauna.  

Question:Question:Question:Question: How to treat the soil before using it in the experiment to remove fauna?  

Decision: Decision: Decision: Decision:     



Could be done with steam (CEFE is equipped), but is it efficiently excluding all fauna? Gamma radiation 

would be another possibility, but this may affect microbial communities as well, which we do not whish 

to manipulate. Perhaps a specific dose allows to kill fauna selectively without affecting microorganisms 

too much?  

Question:Question:Question:Question: How and where to collect soil fauna? Large amounts of individuals will be needed, is it 

possible to get all of them from The Netherlands?   

Question:Question:Question:Question: What type of beech seedlings, size, provenance, etc.?   

Decision: Decision: Decision: Decision:     

During the general discussion the idea came up that it would be great to use isotopically labelled litter 

to cover the soil surface (we would need 200 g m-2). This would allow to follow the label in the soil food 

web (15N and strontium as a Ca marker?). How to produce this litter? Kris mentioned the possibility of 

using some individuals of trees to be planted in two weeks in Belgium as part of a large project Kris is 

involved. Exellent idea, and Kris arranged things that 35 individuals (1.5 m tall) of each of the three 

species Fagus sylvatica, Acer pseudo-platanus, and Prunus avium) are planted in pots for an easier 

labelling. Individuals of this size will produce approximately 30 g of litter. These same 3 species should 

then also be used in the ecotron experiment (probably 2 individuals per species = 6 trees in each 

mesocosm). How big/old should they be? The same provenances as in Kris’ experiment? What about 

mycorrhiza?  

Question:Question:Question:Question: What kind of climatic conditions will be used? Do we mimic a particular site, for instance the 

conditions of the site where we select the soil from?  

QueQueQueQuestion:stion:stion:stion: How do we control soil humidity in a finite lysimeter?  

Decision: Decision: Decision: Decision:     

A reference tensiometer and using suction tubes to regulate soil water at the bottom of the lysimeters 

seems to be important, especially in the context of drought effects. Lysimeters will  have to be ordered 

quickly. We would need some field reference for soil water potential. 

Question:Question:Question:Question: Time schedule?  

Decision: Decision: Decision: Decision:     

The mesocosms will be used for another experiment in 2019, so our experiment should start in fall 

2017!  

Question:Question:Question:Question: What response variables in addition to gas flux measurements? Decomposition of leaf litter 

(important also to interpret stable isotopes), root decomposition? root growth? Introduce a 13C label? 

Pore size distribution using NMR? 

 

8.8.8.8. WP5WP5WP5WP5    

Task 1: Economic value of soil Task 1: Economic value of soil Task 1: Economic value of soil Task 1: Economic value of soil biodiversity (Liesbet)biodiversity (Liesbet)biodiversity (Liesbet)biodiversity (Liesbet)    

Presentation of the context towards ensuring proper management decisions.  Requires awareness 

about the importance of soil diversity for soil processes and associated ecosystem services. Managers 

need to be convinced that they can act and do something to enhance ecosystem resilience. And it is 

important that actions are community supported rather than pure top-down decisions. This can be 



explained by the benefit some actions has for certain services. The knowledge and literature is there, 

but the public has to be made aware.  

Task 1 is time  consuming as it requires knowledge mapping of scientist and managers to see where the 

gaps are and what can be done to close these gaps (based on surveys). Choice experiments is the 

approach to assess preferences by managers and users (presenting different forest management 

scenarios along with their consequences in terms of costs and gains) 

Question:Question:Question:Question: What type of management scenarios should be included in the choice experiment? Which 

attributes should be added to the charts?  

Decision: Decision: Decision: Decision:     

Potential attributes: tree species, timber extraction, tree density, number of thinnings, open/closed 

landscapes, labour input, costs. How much attributes do we add?    

Question:Question:Question:Question: What are the target groups for the choice experiment?  

Decision: Decision: Decision: Decision:     

Forest managers already participated in many surveys in Belgium. They may be saturated? Could it be 

adapted to other countries? By whom? Language issues... It would be very interesting to broaden the 

cultural differences for example with a comparison in Romania. This may require different attributes in 

different countries with different cultural backgrounds.  

Question:Question:Question:Question: Which information should be provided in the choice experiment? How can soil biodiversity 

be included more specifically?  

Decision: Decision: Decision: Decision:     

Perhaps with mushrooms and berries? Dead wood? 

    

    

Task 2: Knowledge transfer (Liesbet)Task 2: Knowledge transfer (Liesbet)Task 2: Knowledge transfer (Liesbet)Task 2: Knowledge transfer (Liesbet)    

In the proposal policy briefs were suggested as a mean of transferring knowledge. We discussed the 

pertinence of these and whether they are really read and if yes how much they can influence behavior. 

Perhaps personal presentations adapted to the target group would be more efficient. EU officials? 

Forest house in Brussels?  

Local stakeholder and user groups should be reached, but for this the whole consortium is required to 

participate, not just Liesbet’s group. There was recently a brochure by the GIP Ecofor on soil biodiversity 

with contributions by Thibaud. An important event for communication will be the IUFRO conference in 

Brazil in 2019. Other pre- or post-conference meetings? However, stakeholders are not on these 

meetings. Technical meetings for managers? Presentations for national agencies? A final conference?  

Question:Question:Question:Question: What is the best communication  strategy (what and how) and which policy instrument to 

increase awareness for soil biodiversity?  

 

9.9.9.9. Discussion on the organisation of sampling and planDiscussion on the organisation of sampling and planDiscussion on the organisation of sampling and planDiscussion on the organisation of sampling and planning of the field season 2017ning of the field season 2017ning of the field season 2017ning of the field season 2017    

There were different discussion blocks at different times during the meeting. Several decisions could 

be reached, which are integrated in the circulating sampling protocol.  



Main decisions:Main decisions:Main decisions:Main decisions:    

- In 2017 we concentrate on sampling in the FunDivEUROPE sites. We focus on the 4 sites in Italy, 

Romania, Poland, and Finland to keep sampling and identification efforts feasible. Sampling in 

FORBIO and ORPHEE sites in 2018.  

- At all sites (FunDIV, FORBIO, ORPHEE) we consider monocultures and 3-species mixtures only. 

There was also a discussion whether we should also include the 2-species mixtures. In the end we 

voted against it because for a regression approach to species richness it is not sufficient anyway 

and will be too much work.  

- Sampling at the plot level in FunDIV: five subsamples per plot are taken based on tree 

neighbourhoods (for meaningfull fine root sampling) trying to include: 1/ the three “understorey 

plots” of the nine official subplots, 2/ the two additional subplots along the “X”, 3/ if there are no 

convient tree neighbourhoods within these subplots, subsamples may be taken in the remaining 

four subplots or even from the buffer zone outside the plots.  

- At these 5 sampling spots, soil cores will be taken for 1/ fine root traits, 2/ microbial diversity 

(molecular analyses), 3/ nematodes, 4/ microbial activity, 5/ soil to be used in the Ecotron 

microcosm experiments (WP4, task 1).  

- Microarthropod samples (3 samples per plot in the “understorey subplots”) will be taken in 

immediate vicinity of three of the five sampling spots for roots (with special equipment provided 

by Matty).  

- Macroarthropod samples (3 samples per plot in the “understorey subplots”) consist of soil blocks 

(25 x 25 x 25 cm) taken for hand sorting of soil fauna.  

- Timing of sampling: After the KOM we decided to do the macrofauna sampling also in spring 2017, 

wich means that we will do a coordinated sampling for all groups of organisms and all 

measurements planned in spring 2017.   

- Pitfall traps are being planned at CEFE to put out during sampling campaigns in spring 2017.  

- It is important that a team representing the consortium leaves together for the different field 

campaigns in the different countries. A minimum of 4 persons should participate each time, but 5 

persons would be better. We expect that the three PhD students from Freiburg (Janna), Montpellier 

(NN) and Halle (NN) are participating in all of these campaigns. Alternatively these three groups 

designate another person (researcher or technicien) to participate. It would be good if as many 

people as possible could participate at the first field sampling in Italy in order to modify and adjust 

sampling procedures if needed.  

    

Actions required:Actions required:Actions required:Actions required:    

- Draft of sampling protocol (Stephan) 

- Agenda for field campaigns in spring 2017 (Janna, Michael) 

- List of equipment needed in the field (Janna, Michael, all) 

- Contact site managers if assistance is possible to empty pitfall traps (Stephan) 

 



 

10.10.10.10. General discussion General discussion General discussion General discussion     

MeetingsMeetingsMeetingsMeetings    

We agreed on one meeting per year for the whole consortium, and maybe additional meetings of 

subgroups depending on the topic and work package / task specific discussions. Next annual consortium 

meeting is planned for late January / beginning February 2018 in Montpellier. Let’s try to decide quickly 

on a date. 

BudgetBudgetBudgetBudget 

Kris needs a clear vision of what support is required at the different sites to construct a budget plan 

and transfer funds to site managers. Amount could be depending on the maintenance activities and 

working day costs.  Field assistant costs (via contract and hiring a specific person). If specific activity are 

needed for a specific contributor then that person should be pay for the additional costs from the 

partner-specific budget.  

FunDIV sitesFunDIV sitesFunDIV sitesFunDIV sites 

- See with site managers for potential problems in the specific plots (logging, fire, disease, ...). 

- Even if activities will be reduced at the sites in Spain and Germany, we should at least make sure 

that tree growth will be measured again during SoilForEUROPE everywhere.  

Stakeholder surveyStakeholder surveyStakeholder surveyStakeholder survey 

The consortium commits to think about possibilities to involve local stakeholders and/or user groups 

for WP 5.  

InformationInformationInformationInformation 

Bart informs the consortium that he is hosting Dr. Juan Zou as a post-doc with one objectif to run 

common analyses on already existing soil data from the FunDivEUROPE project. Could provide 

interesting interactions. 

  



APPENDIX APPENDIX APPENDIX APPENDIX BBBB:::: AGENDA KICK OF MEETING BIODIVERSA & COPY OF POSTER 

DraY agenda: 

CCCCALL ALL ALL ALL 2015201520152015----16:16:16:16:    PPPPROJECTSROJECTSROJECTSROJECTS’’’’    KICK OFFKICK OFFKICK OFFKICK OFF    
    

BiodivERsA COFUND Call on « understanding and managing biodiversity dynamics to improve 

ecosystem functioning and delivery of ecosystem services in a global change context: the cases of soils 

and sediments, and land- river and sea-scapes (habitat connectivity, green and blue infrastructures, 

and naturing cities) »    

    

ConceptConceptConceptConcept 

The aims of the Projects’ kick-off meeting are twofold: 

(i) Present the 26 projects funded through the BiodivERsA 2015-2016 call; 

(ii) Present administrative and reporting modalities during the projects’ lifetimes. 

 

 

ParticipantsParticipantsParticipantsParticipants  

Kick off meeting 

- All BiodivERsA partners willing to attend, especially the partners who contributed to fund research 

projects within the 2015-2016 COFUND Call 

- Representatives from the projects funded (preferably the principal investigators) 

- The Chair and Vice-Chair of the Evaluation Committee  

- Members of the Evaluation committee 

 

DatesDatesDatesDates    

- April 4th (PM) 2017 

    

LocationLocationLocationLocation    

BelSPO offices 

231 avenue Louise 

1050 Brussels 

Belgium 

    

Draft agendaDraft agendaDraft agendaDraft agenda 

PROJECTS’ JOINT KICK OFFPROJECTS’ JOINT KICK OFFPROJECTS’ JOINT KICK OFFPROJECTS’ JOINT KICK OFF (2-6 PM – April 4th) 

 

Closed session 

- Introduction by the Call Secretariat, presentation of key call figures, and of BiodivERsA requirements 

in terms of reporting, acknowledgement of funding, etc. by the BiodivERsA Secretariat (20 min) 

- Presentation of additional opportunities available to BiodivERsA funded projects by the SSI/SPI 

officer (20 min) 

- Presentation of the Access and Benefit Sharing legislation and what it may imply for funded research 

projects, by an ABS expert (20 min) 

 

Opening of the public kick-off (coffee break) 

- Introduction by the BiodivERsA coordinator (5 min) 

- Keynote by the Chair and vice-Chair of the Evaluation Panel (30min) 

- Keynote on Nature-Based Solutions by an EC representative (15 min) 

- Flash presentations of the 26 funded projects (60 min) 

- Funded projects’ forum (50 min) 
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APPENDIX APPENDIX APPENDIX APPENDIX CCCC:::: AGENDA AND MEETING MINUTES SOILFOREUROPE ANNUAL 

MEETING 9/11 APRIL 2018, MAS DES VIOLETTES, MONTPELLIER. 

 

SoilForEUROPE annual meeting 9-11 April 
2018, Mas des Violettes, Montpellier    

 

    

Mee\ng agendaMee\ng agendaMee\ng agendaMee\ng agenda    

 
Monday, April 9th Monday, April 9th Monday, April 9th Monday, April 9th     

 

13h to 15h Arrival at the Mas des Viole]es (see prac\cal 

informa\on) 

 

   

15h00 Beginning of the mee\ng with introduc\on of 

par\cipants 

 

15h15 General overview and administra\onal issues S. 

Hä]enschwiler 

 

   

15h30 WP2: Assessing soil biodiversity WP2: Assessing soil biodiversity WP2: Assessing soil biodiversity WP2: Assessing soil biodiversity (WP leader F. 

Buscot)  

 

      

 Task 1 Task 1 Task 1 Task 1 ––––    Soil microorganisms Soil microorganisms Soil microorganisms Soil microorganisms (task leader F. Buscot)  

 Microorganisms L. Prada Salcedo / 

 Current status and perspec\ves K. Goldmann / F. 

Buscot 

15h50 Discussion  

   

16h10 Task 2 Task 2 Task 2 Task 2 ––––    Soil fauna Soil fauna Soil fauna Soil fauna (task leader P. Kardol)  

 Macrofauna P. Ganault / JF. David / 

J. 

 Current status and perspec\ves Nahmani / S. Coq /  

T. Decaëns 

16h30 Discussion  

   

16h50 BREAK  

   

17h10 Mesofauna and nematodes L. Henneron / P. Kardol 

 Current status and perspec\ves M. Berg / D. Wardle 

 Discussion about pooling samples  

17h30 Discussion  

   

17h50 Task 3 Task 3 Task 3 Task 3 ––––    Fine root traits Fine root traits Fine root traits Fine root traits (task leader J. Bauhus)  

 Fine roots J.Wambsganss/M. 

Scherer- Lorenzen / J. 

Bauhus 

 Current status and perspec\ves 

18h10 Discussion 



   

18h30 Tree growth at FunDivEU sitesTree growth at FunDivEU sitesTree growth at FunDivEU sitesTree growth at FunDivEU sites M. Scherer-Lorenzen  

K. Verheyen / O. 

Bouriaud  

      

19h00 Microclimate at FunDivEU sitesMicroclimate at FunDivEU sitesMicroclimate at FunDivEU sitesMicroclimate at FunDivEU sites R. Matulo 

      

20h00 DINNER  

 

Tuesday, April 10Tuesday, April 10Tuesday, April 10Tuesday, April 10th th th th     

 

09h00 Con\nua\on of WP2: Assessing soil Con\nua\on of WP2: Assessing soil Con\nua\on of WP2: Assessing soil Con\nua\on of WP2: Assessing soil biodiversitybiodiversitybiodiversitybiodiversity  

      

 Task 4 Task 4 Task 4 Task 4 ––––    Diversity rela\onships Diversity rela\onships Diversity rela\onships Diversity rela\onships (task leader D. Wardle)  

 General ideas and outlook L. Henneron / P. Kardol /  

D. Wardle 

09h20 Discussion  

09h40 FunDivEU soil data synthesis ini\a\veFunDivEU soil data synthesis ini\a\veFunDivEU soil data synthesis ini\a\veFunDivEU soil data synthesis ini\a\ve J. Zuo / B. Muys et al. 

10h00 Discussion  

10h20 General wrap-up Discussion “Soil Biodiversity”     

   

11h00 BREAK  

   

11h20 WP5: SocioWP5: SocioWP5: SocioWP5: Socio----economic analysis economic analysis economic analysis economic analysis (WP leader L. Vranken)  

   

 Task 1 Task 1 Task 1 Task 1 ––––    Economic value of biodiversity Economic value of biodiversity Economic value of biodiversity Economic value of biodiversity (task leader L. 

Vranken) 

 

 Current status and perspec\ves I. Vanermen / B. Muys  

K. Verheyen / L. Vranken  

11h35 Discussion  

   

11h50 Task 2 Task 2 Task 2 Task 2 ––––    Knowledge transfer Knowledge transfer Knowledge transfer Knowledge transfer (task leader L. Vranken)   

 Current status and perspec\ves I. Vanermen / B. Muys  

K. Verheyen / L. Vranken  

12h05 Discussion  

   

12h30 LUNCH  

   

14h00 WP4: Climate change WP4: Climate change WP4: Climate change WP4: Climate change (WP leader A. Milcu)  

   

 Task 3 Task 3 Task 3 Task 3 ––––    TreeDivNet sites TreeDivNet sites TreeDivNet sites TreeDivNet sites (task leader K. Verheyen)  

 

 

 Ground beetles at ORPHEE H. Jactel 

14h15 Discussion and planning of sampling ac\vi\es  

at ORPHEE and FORBIO sites  

 

   

15h00 Task 2 Task 2 Task 2 Task 2 ––––    Ecosystem resistance/resilience Ecosystem resistance/resilience Ecosystem resistance/resilience Ecosystem resistance/resilience (task leader 

A. Milcu) 

 



 Ecotron mesocosm experiment S. Barantal / A. Milcu / 

 Status, problems, perspec\ves    Ecotron staff et al. 

15h20 Discussion  

      

15h45 BREAK  

   

16h00 Visit Ecotron  

   

19h30 DINNER  
    

Wednesday, April 11Wednesday, April 11Wednesday, April 11Wednesday, April 11th th th th     
    

09h00 Con\nua\on of WP4: Assessing soil biodiversityCon\nua\on of WP4: Assessing soil biodiversityCon\nua\on of WP4: Assessing soil biodiversityCon\nua\on of WP4: Assessing soil biodiversity  

      

 Task 1 Task 1 Task 1 Task 1 ––––    Microbial resistance/resilience Microbial resistance/resilience Microbial resistance/resilience Microbial resistance/resilience (task leader 

S.Hä]enschwiler) 

 

 Microcosm drought experiment L. Gillespie / N. Fromin / 

A. 

 Current status and perspec\ves Milcu / S. Hä]enschwiler 

09h20 Discussion  

   

09h40 WP3: Soil processes WP3: Soil processes WP3: Soil processes WP3: Soil processes (WP leader M. Scherer-Lorenzen)     

   

 Task 1 Task 1 Task 1 Task 1 – Fine root decomposi\on (task leader M. 

Scherer-Lorenzen) 

 

 Fine root decomposi\on experiment J.Wambsganss / J. 

Bauhus 

 Current status and perspec\ves M. Scherer-Lorenzen 

10h00 Discussion  

   

10h20 Task 2 Task 2 Task 2 Task 2 – Microbial ac\vity (task leader N. Fromin)  

 Microbial ac\vity at the FunDivEU sites L. Gillespie / S. Hä]en- 

 Current status and perspec\ves schwiler / N. Fromin 

10h40 Discussion  

   

11h00 BREAK  

   

11h20 General Discussion General Discussion General Discussion General Discussion (including sampling, data integra\on, publica\on  

policy, mee\ngs,…)  

   

13h00 LUNCH  

   

14h00 End of mee\ng  

SoilForEUROPE annual meeting  

9-11 April 2018, Mas des Violettes, Montpellier  
 

 



MEETING MINUTES (by Sandra Barantal & Stephan Hättenschwiler)MEETING MINUTES (by Sandra Barantal & Stephan Hättenschwiler)MEETING MINUTES (by Sandra Barantal & Stephan Hättenschwiler)MEETING MINUTES (by Sandra Barantal & Stephan Hättenschwiler)    
 

Par\cipants:Par\cipants:Par\cipants:Par\cipants:    

Sandra Barantal, Jürgen Bauhus, Jean-François David, Nathalie Fromin, Pierre Ganault, Lauren Gillespie, 

Kezia Goldmann, Stephan Hä]enschwiler, Ludovic Henneron, Hervé Jactel, Paul Kardol, Alexandru 

Milcu, Bart Muys, Johanne Nahmani, Luis Daniel Prada Salcedo, Michael Scherer-Lorenzen, Kris 

Verheyen, Janna Wambsganss, Yong Zheng. 

 

Par\al par\cipa\on via skype:Par\al par\cipa\on via skype:Par\al par\cipa\on via skype:Par\al par\cipa\on via skype:  

Liesbet Vranken, Iris van Elm 

 

Invited pInvited pInvited pInvited par\cipants:ar\cipants:ar\cipants:ar\cipants:  

Radim Matulo (Mendel Univ Brno, Czech Republic – microclima\c measurements at FunDivEU sites), 

Juan Zuo (KU Leuven, Belgium – FunDivEU soil data synthesis) 

 

Excused: Excused: Excused: Excused:     

Ma]y Berg (teaching), François Buscot (Lab evalua\on), Sylvain Coq (sabba\cal leave), Thibaud 

Decaëns (travelling), David Wardle (teaching) 

 

 

11.11.11.11. Overview and administrational issuesOverview and administrational issuesOverview and administrational issuesOverview and administrational issues    (Stephan) (Stephan) (Stephan) (Stephan) ––––    9/4/189/4/189/4/189/4/18    

 

Funding period un\l end of December 2019 with maximal possible extension of 3 months (March 

2020).  

Interim report is due in June 2018. Stephan will contact PIs and WP leaders for wri\ng this report in 

the coming 2months. A final report is due in December 2019.  

Main achievement during first year is the coordinated and very successful sampling campaign at the 

four FunDivEUROPE sites. A special thank to the excellent team of PhD students Janna, Lauren and 

Luis, who par\cipated in the sampling at all four sites between mid-April and end of June 2017 and 

assured the same sampling protocol everywhere. 

Project website: There is still no SoilForEUROPE webpage. Who would be willing to take responsibility 

and where should it be hosted? It might be a page attached to the FunDivEUROPE website or to the 

CEFE website, but other options might be possible. A SoilForEUROPE project description might also be 

implemented on Research Gate, but not all of the participants like that idea.  

Project Logo: Lauren drew a draft of a SoilForEUROPE logo based on the same European map frame 

used for the FunDivEUROPE logo. The majority liked Lauren’s proposal with some discussion whether a 

dung beetle is an appropriate representative for macrofauna. Lauren owns the photo that was used for 

the beetle drawing, which is an advantage. Perhaps a millipede or isopod would be better, but dung 

beetles have been collected with pitfall traps as well.  

Question:Question:Question:Question: May we use the same frame as was used for the FunDivEUROPE logo? 

DecisiDecisiDecisiDecisionononons:s:s:s:     



1. Lauren offers to take care of the website (she will contact people at CEFE for hosting at CEFE). 

It will be important to link it clearly with the FunDiv website (Michael and Lauren will discuss 

about that). 

2. Michael will contact the Romanian team who drew the FunDiv logo to ask about using the same 

frame for the SoilFor logo.  

 

12.12.12.12. WP2: Assessing soil biodiversityWP2: Assessing soil biodiversityWP2: Assessing soil biodiversityWP2: Assessing soil biodiversity    

    

Task 1 Task 1 Task 1 Task 1 ––––    Soil microorganismsSoil microorganismsSoil microorganismsSoil microorganisms    (talk by Luis)(talk by Luis)(talk by Luis)(talk by Luis)    

Data acquired for the top 10 cm layer so far. The sampling included three different depth (0-10 / 10-

20 and 20-30cm), and it remains to be decided what to do with the deeper layers. Microbial 

community structure determined with NGS. Data are so far analysed at the order level: with regard to 

the rela\ve abundance of the different fungal orders, there are clear differences among countries and 

very interes\ng, there is a higher fungal diversity (but not bacterial diversity) in mixtures compared to 

single-species stands.     

 

Next steps: analysis with a higher taxonomic resolu\on (genus level) and focus on some par\cular 

func\onal groups. 

 

DiscussionDiscussionDiscussionDiscussion        

• Organic layer has been excluded from the microbial sampling whereas it might be very rich in 

microorganisms. This could lead to a bias in microbial diversity, but the sampling protocol has been 

decided based on the amount of work and comparability among sites. However, dried and ground 

material from the organic layer is available at CEFE (Lauren).  

• Impossible to separate the la\tudinal gradient from the site effect but more clima\c data will be 

used as covariables. 

• Can mycorrhizae be dis\nguished in the data? If data will be analysed at the genus level it might be 

possible to have a be]er idea about mycorrhizal community structure. 

• The rela\ve propor\on of bacteria to fungal biomass would be an interes\ng and important 

informa\on (see func\onal group approach by Ludovic), but due to the different primers used for 

bacterial and fungal sequencing, this cannot really be calculated from the molecular data. Addi\onal 

PLFA analyses are considered important (see below).  

 

 

Task 2Task 2Task 2Task 2    ––––    Soil Soil Soil Soil macrofauna (talk by Pierre)macrofauna (talk by Pierre)macrofauna (talk by Pierre)macrofauna (talk by Pierre)    

All detri\vorous species (millipedes and isopods) have been iden\fied. The iden\fica\on of other 

groups is ongoing (ground beetles, spiders,..). There might be help for cen\pedes and ants, but this 

would require some budget. Staphylinidae are highly abundant in certain sites, but iden\fica\on is 

difficult; could be done with the help of specialists.    A millipede species new to science has been 

discovered in Italy!    

    

Next steps: complete the iden\fica\on and use func\onal trait from BETSI database to characterize 

func\onal diversity. 

 



Discussion  Discussion  Discussion  Discussion      

• Earthworm data must be interpreted cau\ously as the sampling was not adapted for that group. 

Earthworm data from FunDiv are available but it was not the best sampling condi\ons because of very 

dry years. 

• It would be interes\ng to use an indicator species approach such as IMDVAL (Dufrêne and Legendre 

1997, Ecological Monograph: Species assemblages and indicator species : the need for a flexible 

asymmetrical approach). 

• Use tree func\onal groups based on li]er quality in addi\on of using coniferous species propor\on.  

• Would it possible to use a neighbourhood approach? The sampling design already account for a 

neighbourhood approach as sampling has been done at equal distance of three different individual 

trees (either from the same species or from three different species). Data of tree diameter and 

distance from sampling loca\on will be very important (data with Janna).  

• It will be very relevant to communicate the discovering of a new millipede species. 

• Some discussion about sta\s\cal models emerged. We clearly need to avoid the use of different 

sta\s\cal models among the different groups.  

We should use a coherent and common sta\s\cal approach within the consor\um. A sta\s\cal 

workshop should be organized as soon as possible, preferably before the end of the summer.  

 invite former FundivEurope postdocs (Eric, Sophia, Fons, Lander?) 

 the best time for PhD students would be next summer (July) 

 

DecisionDecisionDecisionDecisions:s:s:s:     

1. Organization of statistical workshop. Michael proposes to contact former FunDiv postdocs to 

kick start the organization of the workshop. Where? For example in Frankfurt (Senckenberg 

Museum) where Fons and Eric are working. 

    

Task 2Task 2Task 2Task 2    ––––    Mesofauna and nematodes (talks by Ludovic and Paul)Mesofauna and nematodes (talks by Ludovic and Paul)Mesofauna and nematodes (talks by Ludovic and Paul)Mesofauna and nematodes (talks by Ludovic and Paul)    

Nematodes: Nematodes from all samples have been extracted. 

Iden\fica\on at the species level probably not very relevant and too \me consuming but the feeding 

groups will be iden\fied. A func\onal approach based on feeding groups, body size, life history traits 

will be used. The colonizer vs. persister (C-P value) might be interes\ng.  

 

Mesofauna/collembola: All extracted but only sites from Finland are completely iden\fied. Func\onal 

group approach (hemiedaphic/euedaphic/epiedaphic) does not allow to clearly separa\ng 

func\onally different species. Func\onal trait approach will be used based on different databases. 

 

Next steps: Both, data on nematodes and mesofauna func\onal diversity should be available in fall 

2018 the latest. 

 

Discussion  Discussion  Discussion  Discussion      

• The ques\on about how and when to sample in the experimental pladorms FORBIO and ORPHEE was 

raised (see discussion below). 

• The issue of level of replica\on (5 subplots that allow to couple across different data sets at a relevant 

local scale but are strictly speaking pseudo-replica\ons in the assessment of differences between 



monospecific and mixture plots vs. bulked samples, i.e. one true replicate per plot) was brought up. 

Nematode coun\ng (all individuals from a sample) and feeding group determina\on (from a smaller 

subsample) is extremely \me consuming and not possible to do at the subplot level (5 x 64 plots)! 

Anyway, for some data sets only bulked data will be available (molecular determina\on of microbial 

diversity and macrofauna). 

• As regard with func\onal trait based approach: the use of different databases may result in some bias 

(Pierre knows an in prep paper emphasizing that bias). 

 

DecisionDecisionDecisionDecisions:s:s:s:     

1. Determining nematode and mesofauna diversity from plot-level bulked samples. For 

nematodes: do bulking from a subsample and keep the remaining material for each sup-plot 

separately in case one wants to come back to this later.  

 

Task 3Task 3Task 3Task 3    ––––    Fine root traits Fine root traits Fine root traits Fine root traits (talk by Janna)(talk by Janna)(talk by Janna)(talk by Janna)    

The ini\al protocol was to sieve roots out of three individual cores taken per sub-plot (i.e. tree triplet) 

directly in the field and to use the soil for all other analyses. This would have been the best solu\on 

for direct comparison among the different data, but comparisons of total fine root length from these 

samples and that of an intact core (taken in all subplots as a security) from which roots were sorted 

with the tradi\onal method (water soaking), showed large differences and no clear correla\on 

between the two methods. Architectural traits would not be reliable anymore based on the field-

sorted material. Only roots from intact cores and washed in the lab will be considered.   

 

All root morphological traits based on the func\onal classifica\on (absorp\ve vs. transport fine roots) 

have been measured at the subplot level. 

 

Next steps: Analysis of nutrient and secondary metabolite content of roots will be done but 

maybe not enough material to do this at the subplot level (bulking?). 

 

DiscussionDiscussionDiscussionDiscussion    

• It is easier to iden\fy roots from different species based on morphological traits rather than based on 

chemical signature (NIRS). 

•  Mycorrhizal \ps were counted so it will be possible to es\mate mycorrhizal abundance. 

• How to proceed with deeper soil layers (10-20 cm and 20-30 cm)? Probably bulking across the 5 

subplots to keep workload reasonable.  

 

 

13.13.13.13. Microclimate measurements at FunDiv sites (talk by Radim)Microclimate measurements at FunDiv sites (talk by Radim)Microclimate measurements at FunDiv sites (talk by Radim)Microclimate measurements at FunDiv sites (talk by Radim)    

    

There is clearly a lack in informa\on and detail on microclima\c condi\ons and how they are 

affected by plant cover. Presenta\on of a new sensor designed and developed by a Czech start up 

that measures soil humidity, soil temperature and air temperature con\nuously. Data show that 

there are strong differences at very small spa\al scales, which are never captured with the 

tradi\onal approach of using data from meteorological sta\ons at low spa\al resolu\on.  



The same company also developed dendrometers that are robust, accurate and rela\vely cheap.  

DiscussiDiscussiDiscussiDiscussionononon    

• Radim’s team installed microclimate sensors in all FunDiv sites. These data could be interes\ng to 

combine with SoilFor data.  

 

 

14.14.14.14. New tree growth inventory at FunDiv sites (talk by Kris)New tree growth inventory at FunDiv sites (talk by Kris)New tree growth inventory at FunDiv sites (talk by Kris)New tree growth inventory at FunDiv sites (talk by Kris)    

    

We agreed during the Kick off mee\ng in Bordeaux last year that Olivier and his team will re-

measure all trees at all FunDiv sites with SoilFor funding provided to the Gent team. Olivier could not 

par\cipate at the mee\ng in Montpellier, and Kris presented the data.  

All diameter and height measurements have been done with the excep\on of the Polish site. This 

will soon be completed. These data will allow to calculate produc\vity for the period from 2012 to 

2016.  

Stem cores have also been take for tree ring width measurements. The whole data base will soon be 

available.  

 

15.15.15.15. Continuation of WP2: Assessing soil biodiversity Continuation of WP2: Assessing soil biodiversity Continuation of WP2: Assessing soil biodiversity Continuation of WP2: Assessing soil biodiversity ––––    10/4/1810/4/1810/4/1810/4/18    

    

Task 4Task 4Task 4Task 4    ––––    Diversity relaAonships (talk by Ludovic)Diversity relaAonships (talk by Ludovic)Diversity relaAonships (talk by Ludovic)Diversity relaAonships (talk by Ludovic)    

Link tree diversity with soil diversity and soil food web complexity by using func\onal approaches of 

tree and soil organisms diversity. Compare the rela\ve importance of leaf vs root func\onal traits in 

the explana\on of soil diversity. Use of conceptual frameworks based on site fer\lity and the 

predominance of the bacterial vs. fungal channel (evokes again the importance of reliable bacteria to 

fungi biomass data).  

    

DiscussionDiscussionDiscussionDiscussion  

• Analysis with linear mixed effect models with site as a random factor. The advantage is that noise 

related to site effects are absorbed, but some sta\s\cians warn that only four levels are insufficient 

for this approach. They recommend including at least 15 levels for using the random factor structure.  

There seems to be no consensus about that aspect, and it would be good to come back to this point 

during the sta\s\cal workshop.  

• Besides exploring rela\onships between plant and soil organisms diversity, there are different op\ons 

for syntheses across the en\re FunDiv and SoilFor data sets. Another focus for example could be on 

how soil diversity and ecosystem processes are related. Such syntheses would depend on the \ming 

of data availability.  

 

Availability of data for Ludovic’s synthesis and wrap-up discussion on soil biodiversity: 

 

Microorganisms 

- Consider func\onal groups: databases linking taxonomy and func\on especially for fungi. 



- It would be important to get the fungal/bacteria ra\o: this might be done if enough soil is leY. 

PLFA analysis would be be]er than qPCR.  

Mesofauna 

- Collembola, Nematode abundance/func\onal diversity will be available in fall 2018.  

- Mites have been extracted: Oriba\dae and Uropodidae are separated but not iden\fied at 

the species level. 

Macrofauna 

- 2 approaches TSBF (extrac\on from a soil/li]er block) vs pidall traps: how to merge the two 

data sets (TSBF accounts for less mobile species and those living within the soil matrix while 

pidall traps account for highly mobile species moving on the soil surface). Trophic group 

abundance is already available while finer taxonomic resolu\on takes more \me or won’t be 

achieved for all groups. Abundance and trophic group data are already available for all sites.  

Fine roots 

- Most of the data will be available in May 2018. This includes rela\ve root biomass of each 

species at the subplot level and root traits (at plot level?) for the top soil (0-10 cm). 

- While root traits and calculated CWM traits reflect well the sampling posi\on within the 

triangle of three individual trees, it is ques\onable whether this can be up-scaled to the plot 

level (different rela\ve abundances of the trees). With the basal are of each tree species at 

the plot level and that at the triplet level, es\mates should be ok.   

Soil characterisAcs 

- Soil texture from FunDiv samples were analysed at KU Leuven. This will be important data 

for SoilFor. 

- Soil chemistry data are incomplete from FunDiv and differ in spa\al scale and sampling 

scheme (total C and N content, pH, and humus form at the plot level are available). However, 

we did not ini\ally plan to do these analyses. Should we do some more analyses? For further 

analysis, leYover of soil samples pooled at the plot level (64 samples) might be analysed 

(ideally 100g/sample). Kris could take care of those. 

- Li]er data: leaf li]er fall (quan\ty and quality) available from FunDiv. In SoilFor we 

addi\onally sampled the li]er plus organic layer of each subplot. C and N analyses will be 

done at CEFE (Lauren). Other data needed from this? Perhaps just from pooled samples (64 

plots)? 

Understorey vegetaAon 

- Available from FunDiv data, but not at the same loc\on like the subplot tree triangles. 

 

DecisionDecisionDecisionDecisions:s:s:s:     

1. PLFA analyses need to be done at the plot level (64 samples). Lauren and Luis will check what 

frozen samples could be used for this (either “enzyme samples” at CEFE or the samples left for 

molecular analyses at UFZ). Where to analyse (prizes differ strongly among labs)? ffers to take 

care of the website (she will contact people at CEFE for hosting at CEFE). It will be important to 

link it clearly with the FunDiv website (Michael and Lauren will discuss about that). 

2. Additional soil chemistry analyses are needed. Lauren will check how much soil material is left 

after all experiments and measurements are finished (probably only possible towards the end 

of 2018). Perhaps the soils from the pilot microcosm experiment could be used?  

 

16.16.16.16. FunDiv soil data initiative (talk by Juan)FunDiv soil data initiative (talk by Juan)FunDiv soil data initiative (talk by Juan)FunDiv soil data initiative (talk by Juan)    

    



Presenta\on of the current ini\a\ve to synthesize soil data from the former FunDiv project. There 

are currently two papers planned, one evalua\ng non-addi\ve effects on soil processes and 

characteris\cs, and a second using the SEM approach to evaluate the rela\ve importance of soil 

parameters for ecosystem func\oning. 

    

DiscussionDiscussionDiscussionDiscussion    

• For the non-addi\vity approach it will be important to control the variance for comparisons with the 

same monocultures.  

• SEM model : 

- The interpreta\on of drought effects are delicate because it is based on alloca\on to roots 

within the top 10 cm of soil. Resistance to drought will be more likely determined at lower soil 

depths with deeper growing roots.  

- Might be interes\ng to run analysis for each country separately, but not enough data to run 

within country models. 

- Might be interes\ng to include herbivory measured across all FunDiv sites. 

• The FunDiv synthesis effort is sufficiently different from what is planned in SoilFor with more and 

different data on soil organisms.  

 

 

17.17.17.17. WP5: SocioWP5: SocioWP5: SocioWP5: Socio----economic analysis (talks by Iris and Liesbet)economic analysis (talks by Iris and Liesbet)economic analysis (talks by Iris and Liesbet)economic analysis (talks by Iris and Liesbet)    

    

Presenta\on of the DPSIR framework as an interview guide and explana\on of the knowledge mapping. 

The knowledge mapping is targe\ng two dis\nct groups: forest managers and forest scien\sts. So far, 

this was done in Belgium and Romania with a dis\nct outcome. The choice mapping is planned also 

for Belgium and Romania. The knowledge transfer ac\vity will be later in the project. A priori it will 

include the steps: 1) assessing the current knowledge, 2) asking about the importance of soil 

biodiversity, 3) informing, 4) assessing the newly acquired knowledge. 

     

Discussion Discussion Discussion Discussion     

• A rela\vely low number of persons are interviewed for the knowledge mapping. It seems to be 

important to broaden up within the two countries, but also to include Finland and Italy as addi\onal 

countries. Leena Finer and Filippo Bussoe could be the contact persons for the establishment of the 

two target groups and for helping with transla\on. 

• The iden\fica\on of a knowledge gap seems to be difficult. What kind of knowledge is considered as  

adequate or inadequate ? 

• There was quite some discussion about the ques\onnaire, which some of the mee\ng par\cipants 

filled out or tried to fill out. It aims at  defining the selec\on of the characteris\cs describing different 

forest management scenarios tacking into account two different objec\ves, conserva\on of soil 

biodiversity and mul\ple ecosystem func\oning. Would two different scoring tables not facilitate the 

ac\vity, because “biodiversity” and “management” could be scored independently. It is difficult to 

synthesize across the two with only one table. Two tables would also allow to be]er iden\fy trade offs 

(for example one a]ribute might be very important for ecosystem mul\func\onality but not for soil 

biodiversity). They would also see the devia\on between different objec\ves rather than the average, 

which is difficult to interpret. Another discussion point referred to the qualifica\on of “important” in 

the ques\onnaire. What does it mean exactly? Important in the posi\ve or nega\ve sense, or does 

this not ma]er? The considered scale seems also important. Some decisions are taken at the stand 



level and others at the landscape level, which might be contras\ng. It is difficult to make choice when 

different scales are confounding. 

DecisionDecisionDecisionDecisions:s:s:s:     

1. Rethink the questionnaire and maybe include two separate scoring tables and clarify the 

meaning of “important”. 

2. Enlarge the number of interviews and try to extend to Finland and Italy for a broader 

comparison with the help of the respective site managers.  

    

18.18.18.18. WP4: Climate changeWP4: Climate changeWP4: Climate changeWP4: Climate change    

    

Task 3Task 3Task 3Task 3    ––––    TreeDivNet sites (talks by Hervé and Kris)TreeDivNet sites (talks by Hervé and Kris)TreeDivNet sites (talks by Hervé and Kris)TreeDivNet sites (talks by Hervé and Kris)    

Hervé and Kris describe the ORPHEE and FORBIO sites briefly and Hervé shows some interes\ng data 

on ground beetle abundance and diversity (using pidall traps) that appears to be posi\vely affected 

by tree diversity and nega\vely by drought.  

    

DiscussioDiscussioDiscussioDiscussionnnn  

The discussion then unfolds on what kind of addi\onal measurements are feasible at the two sites 

with the restricted \me and budget. Ini\ally, we an\cipated to redo the same sampling as was done 

at the FunDiv sites in the second year of the project. In view of the amount of work related to the 

samples from 2017, this seems not realis\c. 

• The sampling scheme could be limited to monocultures and three-species mixtures like in FunDiv. The 

fact that FORBIO includes rather a dilu\on design focussing on the two target species (beech and oak), 

however, means that the designs are somewhat different at the two sites. 

• Sampling effort and following analyses could be simplified. Anyway, molecular analyses for microbial 

communi\es will be too expensive. Could PLFA be done instead? How many samples exactly? For the 

mesofauna lamina baits could be installed, which give an idea of mesofauna ac\vity (who would do 

it?). Extrac\on of mesofauna using the equipment from Amsterdam and a coarse assessment of 

collembolan and mites (by Ludovic?) might be feasible as well. Since pidall traps have already been 

used at ORPHEE, macrofauna assessment could be limited to pidall traps. A rough determina\on of 

broad func\onal groups (e.g. detri\vores vs. predators) could be done in Montpellier. The 2x2 m rain 

exclusion plots seem too small for pidall traps, but screens to concentrate trapping could be used. 

Would the catch be representa\ve for the rela\vely small surface area of rain exclusion? Roots: fine 

root biomass es\mates might be done by the consor\um (group effort). Some root survey has already 

been ini\ated at ORPHEE (project DiPTiCC). Perhaps this will suffice (Hervé is checking back with the 

colleagues doing this work at ORPHEE).  

• Timing of sampling in fall 2018 aYer the summer with rain treatment (exclusion in FORBIO and 

irriga\on in ORPHEE).  

 

DecisionDecisionDecisionDecisions:s:s:s:     

1. Aiming for the same sampling protocol as used in the FunDiv sites. Extraction and preparation 

of samples will be possible and level of identification can be seen later. The local teams at 

ORPHEE and FORBIO could assist or do these samplings. This needs to be clarified. 

2. Sampling in the monocultures and three-species mixtures exclusively. This yields 48 plots (24 

control and 24 irrigated) in ORPHEE and 36 plots (18 control and 18 rain exclusion) in FORBIO.  



3. Sampling in fall and coordinated by local staff.  

 

Task 2Task 2Task 2Task 2    ––––    Mesocosm experiment (talk by Sandra)Mesocosm experiment (talk by Sandra)Mesocosm experiment (talk by Sandra)Mesocosm experiment (talk by Sandra)    

Outline of the experiment with a special focus on the concept how to determine macrofauna 

func\onal diversity as an addi\onal treatment together with drought. The setup of the experiment 

has been very difficult, because of several logis\c problems like finding an appropriate soil or the 

defauna\on of the soil. Also, it is the very first experiment using the mesocosms and their installa\on 

and quality check s\ll need to be finalized.    

    

DiscussionDiscussionDiscussionDiscussion  

• Experimental design: in the case it is impossible to find three snail species (in the ideal case snails, 

earthworms, millipedes and isopods, each with three species, are the four low func\onal diversity 

treatments), the highest func\onal diversity treatment should also include an extreme scenario of 

high func\onal richness by including all species. This would allow a be]er balance compared to the 

“no fauna” replicate, which could be an alterna\ve to the “snail” treatment. Another possibility could 

be to split the earthworm treatment in two by considering endogeic and anecic earthworms as two 

dis\nct groups.  

• The inocula\on of the gamma-radiated soil with microorganisms was rela\vely straighdorward (but 

should be repeated a second \me using a coarser mesh to be]er include nematodes and pro\sts). 

However, establishing a natural mesofauna community is more difficult. Different approaches are 

considered. 

• The shiY to a “Mediterranean” rather than a “temperate” system also meant that plant species had 

to be replaced compared to the ini\al plan. The labelled (Sr and 15N) leaf li]er material (from Prunus, 

Acer and Fagus) produced by Kris’ team could s\ll be interes\ng. 

• Use the 13C signature to es\mate the turnover of rhizodeposit carbon (choose between short term 

pulse labelling vs long term labelling). 

• During the visit of the Ecotron and the lysimeters for the SoilFor mesocosm experiment, ants have 

been discussed as a poten\al invader problem.   

    

19.19.19.19. Continuation of WP4: Climate Change Continuation of WP4: Climate Change Continuation of WP4: Climate Change Continuation of WP4: Climate Change ––––    11/4/1811/4/1811/4/1811/4/18    

    

Task 1Task 1Task 1Task 1    ––––    Microbial resistance/resilience (talk by Lauren)Microbial resistance/resilience (talk by Lauren)Microbial resistance/resilience (talk by Lauren)Microbial resistance/resilience (talk by Lauren)    

Presenta\on of the experiment, its design and choices (intensity of drought and differences among 

countries). The exposure in the Ecotron just ended the week before and with the tremendous 

sampling effort, the data are not yet analysed.  

DiscussionDiscussionDiscussionDiscussion    

• Resilience vs recovery: There is quite some confusion in the current literature, but it seems what is 

measured here is rather recovery and not resilience (Michael knows of a recent review paper on the 

terminology of disturbance processes, reference?). It would be important to standardize 

defini\ons within the consor\um based on recent agreements. 

• It will be difficult to relate these measurements under highly controlled condi\ons to the situa\on in 

the field.   

• The problem of soil storage: Because it was not possible to work with fresh soils (sampling covered 

the long period between April and June), they had to be air-dried. This means that all soils experienced 

a storage related drought of 7 months from sampling to the start of the experiment. This may impact 

the results of drought effects. 



 

20.20.20.20. WP3: Soil processes WP3: Soil processes WP3: Soil processes WP3: Soil processes ––––    11/4/1811/4/1811/4/1811/4/18    

    

Task 1Task 1Task 1Task 1    ––––    Fine root decomposiAon (talk by Janna)Fine root decomposiAon (talk by Janna)Fine root decomposiAon (talk by Janna)Fine root decomposiAon (talk by Janna)    

This is an experiment to be installed in the FunDiv sites during the coming weeks. It aims addressing 

the mixture, environmental (excellent that the microclima\c sensors from the Czech group are 

installed – see above), and li]er quality effects on root decomposi\on. Together with the plot-

specific root material (sampled at a common site not being part of the FunDiv sites), there are also 

common substrates (Pinus sylvestris and Carpinus betulus roots, and wood s\cks). Single species root 

bags are also exposed in the mixtures for the assessment of interac\on effects. Five replicates per 

plot (same loca\ons like during sampling) yield a total of 1330 li]er bags! The func\onal 

classifica\on (see above) was chosen to take absorp\ve roots only for the decomposi\on 

experiment and a mesh size of 100 µm was chosen.      

DiscussionDiscussionDiscussionDiscussion    

•  Home field advantage issue: The species used for standard root material are present in some 

countries/sites. There are s\ll the wood s\cks!  

• Dura\on of decomposi\on experiment: Should harvest dates account for an\cipated differences in 

decomposi\on rates? The problem with less than 12 months exposure is that not all the different 

seasons (clima\c condi\ons and varia\on) will be covered. It is be]er to standardize and harvest aYer 

one year. Roots are anyway not decomposed so rapidly and there should be sufficient amounts of 

material leY.   

• If there is too much soil contamina\on within root li]erbags, it might be controlled by measuring the 

ash content instead of washing the samples (which might be too \me consuming and risks to alter 

microbial composi\on). Another possibility would be to analyse C and N and to express decomposi\on 

as C and N loss (see Handa et al. 2014).  

• It might be interes\ng to save subsamples for further analysis (e.g. microbial or microfauna community 

composi\on). Storage?  

 

DecisionDecisionDecisionDecisions:s:s:s:     

1. A 12-month exposure duration everywhere. 

 

Task 2Task 2Task 2Task 2    ––––    Microbial acAvity (talk by Nathalie)Microbial acAvity (talk by Nathalie)Microbial acAvity (talk by Nathalie)Microbial acAvity (talk by Nathalie)    

Overview of all the analyses that have been made on the air-dried soils from all sites. These analyses 

were made at the subplot level (5 x 64). There were country-specific effects on all measured 

parameters and there were also a few mixture effects. Counter-intui\vely, there appeared to be lower 

catabolic diversity in mixtures compared to mono-specific stands.  

 

DiscussionDiscussionDiscussionDiscussion    

• Another way to compare monocultures vs mixtures: use the transgressive overyielding approach by 

comparing the best monoculture to mixtures. This approach is important for foresters because they 

do not want “inferior” mixtures compared to their best monocultures.  

• Enzyma\c analysis? The samples were taken and are frozen. However, it is a large amount of work, 

which needs to be jus\fied by a clear and interes\ng hypothesis. Depending on the amount of material 

leY, choices have to be made. PLFA seems to be more important than enzyma\c ac\vity for the 

moment. 



 

    

21.21.21.21. General DiscussionGeneral DiscussionGeneral DiscussionGeneral Discussion    

 

• Next Mee\ng?Next Mee\ng?Next Mee\ng?Next Mee\ng? It would be good to have an addi\onal two general mee\ngs before the end of the 

project. The next one should then be in spring 2019 and it seems that two first weeks of April (1 to 15, 

Easter Monday will be the 22 April) are the most suitable. Amsterdam might be a central loca\on 

(Ma]y?). The final project mee\ng would then be during the first three months of 2020. 

 

• Any need for further sampling at the FunDiv sites? It doesn’t seem necessary. 

 

• Organiza\on for OPRHEE and FORBIO sampling: it is difficult to organize it now because it will depend 

how and when from the local people could assist. Anyway, the sampling should be done aYer the 

drought period at the end of summer/beginning of fall (September?).  

 

FORBIO: choose beech and oak monocultures and the 3-species mixture including oak and beech. 

 

It would be great to be able to use the same corers used for mesofauna field sampling in FunDiv sites 

(Ma]y’s – could they be sent to Kris and Hervé, respec\vely during September 2019?). 

 

Pidall traps are not perfectly adapted for the rela\vely small surface at the FORBIO site: fence around 

plots might set up and then do an exhaus\ve sampling. S\ll not ideal for carabids and araneida but it 

might be worth trying. However, this will be a lot of work.  

 

Root-related work will not be possible for the Freiburg group (too much work). However, there is a 

root ini\a\ve going on in ORPHEE in the DiPTiCC project. Hervé will make the link between the root 

group working at ORPHEE and Freiburg.   

 

Dried soil samples (before the planta\on) are available for ORPHEE. 

 

• Data sharingData sharingData sharingData sharing    

 

The key interest of the SoilFor project is to interlink the different data and to foster common 

publica\ons across teams. How to handle the database? For FunDiv there is a central database (in 

Chris\an Wirth’s lab in Leipzig) handled by a database manager (Sophia Ratcliff). The procedure was 

to go through the database manager to be able to use data from others. The advantage is that there 

is only one data set of a given parameter with some quality check, which we would need for SoilFor 

as well. Ludovic agrees to take over the responsibility to manage the database, Michael will check 

with Sophia/Chris\an whether this is possible based on the exis\ng FunDiv protocol and server or 

whether it is be]er to do it separately and elsewhere for SoilFor.  

Michael will ask FunDiv PIs whether it is ok for the SoilFor consor\um to use FunDiv data without 

compulsory co-authoring of former FunDiv people, the data will be public anyway.  

 

• PPPPublica\on policy / Publica\on policy / Publica\on policy / Publica\on policy / Paper wri\ng aper wri\ng aper wri\ng aper wri\ng     



Michael exposes how this was dealt with during FunDiv. Including data from others in a paper meant 

1) accep\ng the priority of group-specific publica\ons without necessarily the need to wait un\l 

group-specific papers are published when the presenta\on of data and the main story are different 

between the two. 2) Co-authorship of data owners.  

To facilitate involvement and discussion at a very early stage, lead authors were asked to send a paper 

proposal (a one page “ideas-page” not an en\re draY!) to the whole consor\um before wri\ng 

actually starts. This has the advantage that everybody is informed at a very early stage of the paper 

project and allows involvement from the beginning.  

Site managers were always invited to par\cipate in FunDiv papers but this prac\ce may not apply 

systema\cally any longer for SoilFor papers. Stephan will take contact with site managers to discuss 

this issue. 

Final draYs of papers should be shared with everybody from the consor\um. This helps to keep 

everybody informed about the latest insights and avoids subtle contradic\ons among papers.   

Towards the end of SoilFor, there will likely be more opportuni\es to write “mul\func\onal papers” 

including FunDiv data.  

 

 

DecisionDecisionDecisionDecisions:s:s:s:     

1. Ludovic will take the responsibility to collect and manage the different data in a common 

SoilForEUROPE data base. It remains to be discussed whether it is possible/beneficial to 

connect to the FunDiv data base. 

2. We adopt the publication policy from FunDiv, with the modification regarding the involvement 

of site managers.  

3. As a consortium effort, we should be happy with multi-author papers. PhD students and 

postdocs should be supported as first authors. 

4. To facilitate planning of papers and exchange on interesting papers, the PhD students and 

postdocs should develop their ideas for papers (thesis chapters) in the coming months. These 

ideas should be shared among all members of the consortium towards fall 2018 / end of year 

2018 the latest. This will also help in taking decision what additional parameters should be 

measured and to plan for general papers and how data are combined most efficiently. It would 

be great to organize writing workshops in a later stage. We could also use some tools such as 

basecamp (a kind of forum) to work together on general papers.   

5. Publications of consortium papers using multiple data sets should not be delayed because a 

more specific study has not been published as long as there is not critical overlap in how the 

data are analysed and presented and in the conclusions.  

6. Any paper draft will be sent to everybody before submission to make sure there are no 

conflicting conclusions among the different papers. 

7. The FunDiv papers referred to the same design paper, which should also serve as a reference 

for SoilFor papers:  

Baeten, L. et al (2013) A novel comparaAve research plaBorm designed to determine the 

funcAonal significance of tree species diversity in European forests. Perspec\ves in Plant 

Ecology, Evolu\on 15, 281-291. doi: 10.1016/j.ppees.2013.07.002. 

 



 

  



APPENDIX APPENDIX APPENDIX APPENDIX DDDD:::: AGENDA AND MEETING MINUTES SOILFOREUROPE ANNUAL 

MEETING 15-17 APRIL 2019, AMSTERDAM. 

 

SoilForEUROPE annual mee\ng SoilForEUROPE annual mee\ng SoilForEUROPE annual mee\ng SoilForEUROPE annual mee\ng 15151515----17 April 201917 April 201917 April 201917 April 2019    

VU AmsterdamVU AmsterdamVU AmsterdamVU Amsterdam 

    

MEETING AGENDAMEETING AGENDAMEETING AGENDAMEETING AGENDA    

Monday, April 15Monday, April 15Monday, April 15Monday, April 15thththth        

Arrival during late aYernoon in Amsterdam  

19h00 Dinner in town (could also be later depending on arrival \mes)  

Tuesday, April 16Tuesday, April 16Tuesday, April 16Tuesday, April 16thththth        

09h00 Welcome address  M. Berg 

09h05 General remarks  S. 

Hä]enschwiler 

 Microorganisms / Fine rootsMicroorganisms / Fine rootsMicroorganisms / Fine rootsMicroorganisms / Fine roots – FunDivEU sites 

09h20 Microbial diversity  L. Prada 

Salcedo 

09h40 Microbial ac\vity  L. Gillespie 

09h50 Fine root traits, mycorrhizae  J. 

Wambsganss 

10h10 Fine root decomposi\on  J. 

Wambsganss 

10h20 Discussion (e.g. links, missing data, difficul\es,  

 next steps, data analysis, publica\on strategies, …) 

11h00 BREAK 

 Nematodes / MesofaunaNematodes / MesofaunaNematodes / MesofaunaNematodes / Mesofauna – FunDivEU sites 

11h20 Nematodes and Mesofauna  L. 

Henneron 

11h40 Discussion (e.g. current status, next steps, 

 data analysis, publica\on strategies,…) 



 MacrofaunaMacrofaunaMacrofaunaMacrofauna – FunDivEU sites 

12h00 Macroarthropods, earthworms, others  P. Ganault 

12h20 Discussion (e.g. remaining groups to iden\fy,  

 data analysis, publica\on strategies,…) 

12h30 LUNCH 

13h30 MacrofaunaMacrofaunaMacrofaunaMacrofauna – FunDivEU sites: con\nua\on of the discussion 

Diversity rela\onshipsDiversity rela\onshipsDiversity rela\onshipsDiversity rela\onships – FunDivEU sites 

13h50 Data syntheses  L. 

Henneron 

14h10 FunDivEU soil data synthesis ini\a\ve  B. Muys 

  

14h30 Discussion (e.g. pueng data together – how, 

 which?, FunDivEU data?, publica\on strategies,…) 

15h00 WrapWrapWrapWrap----up and general discussion soil biodiversity FunDivEU sitesup and general discussion soil biodiversity FunDivEU sitesup and general discussion soil biodiversity FunDivEU sitesup and general discussion soil biodiversity FunDivEU sites        

 Need of addi\onal data, remaining iden\fica\on work, func\onal diversity  

 approach, publica\on units, \meline of publica\ons,… 

16h30 BREAK 

  Work at ORPHEE and FORBIOWork at ORPHEE and FORBIOWork at ORPHEE and FORBIOWork at ORPHEE and FORBIO        

16h50 ORPHEE/FORBIO: sampling, available data,…     L. 

Henneron   

17h10 Discussion (more data needed?, next steps, publica\on strategies,…) 

 Resistance / resilience to droughtResistance / resilience to droughtResistance / resilience to droughtResistance / resilience to drought 

17h30 Microcosm experiment: soil microbial responses  L. Gillespie 

17h50 Discussion (remaining work, publica\on strategies, 

 including diversity data from F. Buscot group?,…) 

 

19h30 DINNER 

    

Wednesday, April 17Wednesday, April 17Wednesday, April 17Wednesday, April 17thththth        



 Resistance / resilience to droughtResistance / resilience to droughtResistance / resilience to droughtResistance / resilience to drought 

09h00 Ecotron mesocosm experiment:  

 ecosystem responses  A. Milcu  

09h20 Discussion (difficul\es, current status, planned  

 measurements, larger collabora\on within the consor\um,…) 

 SocioSocioSocioSocio----economic analysiseconomic analysiseconomic analysiseconomic analysis  

09h50 Cogni\ve mapping of soil biodiversity  I. 

Vanermen 

10h15 Public’s preferences for forest management  I. 

Vanermen 

10h40 Group discussion on knowledge transfer   I. 

Vanermen 

11h00 BREAK 

11h20 Socio-economic analysis: general discussion  

 (remaining work, next steps, publica\on strategies,…) 

11h40 General DiscussionGeneral DiscussionGeneral DiscussionGeneral Discussion 

 Planning of the final year, needs of the PhD students, publica\on policy,  

 knowledge transfer ac\vity, mee\ngs, future of SoilForEU,…  

 

13h00 LUNCH and End of mee\ng 

 

 

SoilForEUROPE annual mee\ng SoilForEUROPE annual mee\ng SoilForEUROPE annual mee\ng SoilForEUROPE annual mee\ng 15151515----17 April 201917 April 201917 April 201917 April 2019    

VU AmsterdamVU AmsterdamVU AmsterdamVU Amsterdam 

MEETING MINUTES (by Paul Kardol & Stephan Hä]enschwiler) MEETING MINUTES (by Paul Kardol & Stephan Hä]enschwiler) MEETING MINUTES (by Paul Kardol & Stephan Hä]enschwiler) MEETING MINUTES (by Paul Kardol & Stephan Hä]enschwiler)  

Par\cipants: Par\cipants: Par\cipants: Par\cipants:  

Ma]y Berg, François Buscot, Sylvain Coq, Pallieter De Smedt, Pierre Ganault, Lauren Gillespie, Kezia 

Goldmann, Stephan Hä]enschwiler, Ludovic Henneron, Hervé Jactel, Séverin Jouveau, Paul Kardol, 

Alexandru Milcu, Bart Muys, Luis Daniel Prada Salcedo, Michael Scherer-Lorenzen, Iris Vanermen, 

Janna Wambsganss.  

Par\al par\cipa\on via skype: Par\al par\cipa\on via skype: Par\al par\cipa\on via skype: Par\al par\cipa\on via skype:  



Johanne Nahmani, Nathalie Fromin (didn’t work well…)  

Excused: Excused: Excused: Excused:  

Sandra Barantal, Jürgen Bauhus, Kris Verheyen, Liesbet Vranken, David Wardle  

1. Overview, general issues (Stephan) 1. Overview, general issues (Stephan) 1. Overview, general issues (Stephan) 1. Overview, general issues (Stephan)  

Project website: Thanks to Lauren for pueng up the website. It is s\ll a bit empty though. Materials 

(photos, publica\ons, news,… ) should regularly be sent to Lauren who will keep the website updated.  

Reminder for Acknowledgements: Use the ‘official’ sentence for the acknowledgements in all 

SoilForEUROPE publica\ons: « This research was funded through the 2015This research was funded through the 2015This research was funded through the 2015This research was funded through the 2015----2016 BiodivERsA COFUND 2016 BiodivERsA COFUND 2016 BiodivERsA COFUND 2016 BiodivERsA COFUND 

call for research proposals, with the na\onal funders Agence Na\onale de la Recherche (ANR, France), call for research proposals, with the na\onal funders Agence Na\onale de la Recherche (ANR, France), call for research proposals, with the na\onal funders Agence Na\onale de la Recherche (ANR, France), call for research proposals, with the na\onal funders Agence Na\onale de la Recherche (ANR, France), 

Belgian Science Policy Office (BBelgian Science Policy Office (BBelgian Science Policy Office (BBelgian Science Policy Office (BELSPO, Belgium), Deutsche ForschungsgemeinschaY (DFG, Germany), ELSPO, Belgium), Deutsche ForschungsgemeinschaY (DFG, Germany), ELSPO, Belgium), Deutsche ForschungsgemeinschaY (DFG, Germany), ELSPO, Belgium), Deutsche ForschungsgemeinschaY (DFG, Germany), 

Research Founda\on Flanders (FWO, Belgium), and The Swedish Research Council (FORMAS, Sweden)Research Founda\on Flanders (FWO, Belgium), and The Swedish Research Council (FORMAS, Sweden)Research Founda\on Flanders (FWO, Belgium), and The Swedish Research Council (FORMAS, Sweden)Research Founda\on Flanders (FWO, Belgium), and The Swedish Research Council (FORMAS, Sweden). 

» In addi\on, in any power point presenta\on or poster, use the BiodivERsA logo, as well as the funders’ 

logo. As pan-European project, we have to acknowledge all the funders of our research project and 

not only the funder of the team who is leading the publica\on!  

Funding period un\l end of December 2019 with maximal possible extension of 3 months (March 

2020).  

A final report is due in December 2019.  

Final conference: There will be a BiodivERsA final conference and workshop in Brussels, Nov 12-14. All 

projects should be represented with a presenta\on. The par\cipa\on at the workshop is op\onal. It 

is about the future orienta\on and ac\vity of BiodivERsA. Stephan is ok to a]end, but it could also be 

someone else represen\ng the consor\um or mul\ple par\cipa\on is also possible.  

2. Microorganisms , fine roots 2. Microorganisms , fine roots 2. Microorganisms , fine roots 2. Microorganisms , fine roots  

Luis: Microbial diversLuis: Microbial diversLuis: Microbial diversLuis: Microbial diversity ity ity ity  

Work on fungi is well advanced with interes\ng data (39% of fungal genera are shared among 

countries, par\cularly strong mixture effect in Romania). Most of the lab work has been completed 

and data analysis makes good progress. Bacteria are also of interest, but data not yet analysed, 

perhaps something for a student project? Tree diversity was treated at the order level (mostly Pinales 

and Fagales with one species in the Sapindales). Enzyme ac\vity seems higher with richer tree 

communi\es, and there are some preliminary PLFA data.  

Discussion Discussion Discussion Discussion  

• Important discussion on the different approaches of how to represent tree diversity. Plant orders 

with only three orders seems limited and not well distributed among the four sites. Effects of 

mycorrhizal types?  

 

 

Li]er quality (trait diversity)? More refined phylogene\c diversity (seems limited with only 13 species 

in total)? Selec\on vs. complementarity effects: can we test for this?  



• Tree species iden\ty effects could be evaluated; mixture effects remains clearly the key aspect of 

the study and the experimental design (i.e. 1 vs. 3 species).  

Next stepsNext stepsNext stepsNext steps: It will be important to define a common approach how to test for tree mixture effects. We 

should avoid that one team uses plant orders, another team evergreen vs. deciduous, or anything else.  

Lauren: Microbial acAvity Lauren: Microbial acAvity Lauren: Microbial acAvity Lauren: Microbial acAvity  

Some preliminary data on SIR, MicroResp, catabolic ac\vity, denitrifica\on, but not yet any thorough 

sta\s\cal analyses. So far, there are no strong pa]erns emerging. The evergreen-deciduous species 

dichotomy provides li]le further insight, and experimental design is not really chosen to test this 

properly. The idea is to use SEM to explain the data by including also soil data and fine root data (see 

with Freiburg team).  

Discussion Discussion Discussion Discussion  

• Logis\cal constraints required soils to be air-dried upon sampling. They stayed dry for up to 5 

months with unknown consequences for microbial communi\es.  

Next steps: Next steps: Next steps: Next steps: Finalize sta\s\cal analyses, which requires first a decision how to model tree diversity (see 

below).  

Janna: Fine root traits / decomposiAon Janna: Fine root traits / decomposiAon Janna: Fine root traits / decomposiAon Janna: Fine root traits / decomposiAon  

Paper proposal 1 on spa\al distribu\on of fine root biomass  

First data show that total fine root biomass is higher in mixtures in Finland, but lower in Poland 

compared to monocultures. Dis\nc\on between absorp\ve and transport roots was cri\cal! 

Absorp\ve roots show higher biomass in monocultures than in mixtures (Poland, Romania, Italy) and 

distribu\on is more homogeneous in monocultures. Overall weak neighbourhood effects (DBH + 

distance).  

Paper proposal 2 on fine root traits  

A lot of traits have been measured (including different nutrients). SRL oYen higher in mixtures than 

monoculture and mycorrhizal coloniza\on is also higher in mixtures. Very interes\ng data in 

combina\on with the biomass of absorp\ve roots!  

Root decomposi\on (use of 100 μm mesh):  

S\ll ongoing with two more field campaigns (Finland and Romania), but li]erbags in Italy (417 out of 

420) and Poland (347 out of 355) were retrieved.  

 

Discussion Discussion Discussion Discussion  

• For the interpreta\on of root data it would be great to have some nutrient availability and soil 

water data. Perhaps understory vegeta\on as a surrogate for fer\lity? Radim’s data for soil 

humidity?  

Next steps: Next steps: Next steps: Next steps: Complete root decomposi\on data collec\on and also the need for a finalized sta\s\cal 

protocol.  



General Discussion on microbes and roots General Discussion on microbes and roots General Discussion on microbes and roots General Discussion on microbes and roots  

• What about authorship related to previously collected data during FunDiv? Michael did check this 

with FunDiv consor\um a year ago and common agreement was that no official request is needed 

anymore. However, depending on the weight of the FunDiv data in a specific paper, it would be 

nice to ask whether ini\al data owner would like to contribute. In any case, former data owners 

need at least to be acknowledged in any paper using the data.  

• Further discussion on how to use tree species mixtures other than for the number of species. The 

dis\nc\on between evergreen and deciduous species not necessarily appropriate (unbalanced 

design) and the phylogene\c approach (or separa\ng by plant orders) suffers from very low 

numbers of species and orders. The trait dissimilarity approach seems to be a must do, but we 

need to agree on what traits to consider and how to use them in a sta\s\cal model: scores from 

PCA? An interes\ng concept paper could be about the ques\on of how “close” a trait needs to be 

to the process studied. A good approach here seems to focus on 1) li]er traits and 2) root traits 

as those influence soil organisms more directly.  

Next steps: Next steps: Next steps: Next steps: It will be very important to further discuss the common sta\s\cal model, especially the 

aspect of tree diversity (what else beyond species numbers?) and the co-variables to be included (soil, 

climate,… ).  

Decision:Decision:Decision:Decision:    Further discussion of the issue and agreement on a common sta\s\cal model required (see 

latest discussions with a note from the Montpellier group (email by Pierre 18th May 2019).  

Ludovic: nematodes and mesofauna Ludovic: nematodes and mesofauna Ludovic: nematodes and mesofauna Ludovic: nematodes and mesofauna  

A food web approach is chosen for interpre\ng the nematode data. So far about 60’000 individuals 

are counted (with 10’000 iden\fied). Grouping into feeding guilds and c-p (r-K) strategies.  

No mixture effects on total nematode abundance, with the excep\on of a rather nega\ve effect (in 

mixtures compared to monocultures) in Italy. Country effects are clear. There is an apparent 

composi\on effect though, which is not significant. Points to the direc\on that individual tree species 

may have an effect.  

Preliminary data on collembola do not show any clear pa]erns, but only Finland and Poland have been 

iden\fied so far (Italy and Romania remain to be done). There are 39 species in Finland – rela\vely 

rich but abundances are compara\vely low. A trait based approach will be chosen to characterize 

communi\es (380 species in trait data base).  

Discussion Discussion Discussion Discussion  

• Should country-specific climate data be used in the analyses? The same approach like in the 

Ratcliff et al. 2017 paper or in the Joly et al. 2017 paper could be used (both FunDiv papers). 

Perhaps the random variable of “country” already accounts for climate differences sufficiently 

well? In any case we should use the same co-variables in the different papers and avoid 

construc\ng different clima\c indices for the different papers.  

Next steps: Next steps: Next steps: Next steps: Again, a clarifica\on of the sta\s\cal approach is needed, especially in how to deal with 

climate.  

Pierre: macrofauna Pierre: macrofauna Pierre: macrofauna Pierre: macrofauna  

Paper proposal 1: macrofauna community composi\on  



Based on hand-sorted soil block samples (3 per plot) and pidall traps (4 per plot). A general linear 

model approach with a series of explanatory variables collected during FunDiv and SoilFor (including 

Lauren’s ground li]er layer data).  

PCA approach for soil variables looks very nice and promising. PCA for li]er layer data show a bit 

surprising results – perhaps because humus types are very different?  

No clear pa]erns for total abundance data in mono vs. mixtures. Biomass seems to be lowest in plots 

with a lot of evergreen species.  

Diversity profiles (Hill’s number) looks very interes\ng and may show a slightly higher diversity in 

mixed plots.  

Paper proposal 2: body size  

Focussing on responses to resource quality and habitat complexity/heterogeneity. Using the BETSI 

trait data base.  

Discussion Discussion Discussion Discussion  

• Should we use the % evergreen abundance as explanatory variable? This is not how the 

experiment was designed. Above all compare mono vs. mixture and then perhaps use a func\onal 

diversity approach in addi\on (see discussion elsewhere).  

Next steps: Next steps: Next steps: Next steps: Complement iden\fica\on of fauna (s\ll a lot of work) and figure out the common 

sta\s\cal model to be used.  

Ludovic: diversity relaAonships/data synthesis Ludovic: diversity relaAonships/data synthesis Ludovic: diversity relaAonships/data synthesis Ludovic: diversity relaAonships/data synthesis  

Conceptual framework based on leaf economics spectrum with unproduc\ve vs. produc\ve type of 

ecosystem. Plant traits that determine resource quality and soil food web structure. Tree mixing effects 

can be framed by mass ra\o vs. func\onal diversity hypotheses. Poten\al analyses include 1) effects 

of tree iden\ty on soil biodiversity, 2) effects of tree func\onal diversity on soil biodiversity, and 3) 

effects of soil func\onal biodiversity on its responses to tree func\onal diversity.  

Discussion Discussion Discussion Discussion  

• What kind of traits to be included in the assessments? Rela\ve importance of leaf vs. root traits?  

• Should tree iden\ty (based only on monocultures) and tree diversity effects be presented in two 

different papers or one bigger paper?  

• The “nested” meta-model: What variables to be included? Maybe even include the landscape 

level? Probably ma]ers less for soil biota.  

• What kind of SEM to be used? Including latent variables? Par\al Least Square (PLS) analyses? They 

would not be influenced by co-linearity.  

• Poten\al overlap with soil organism group-specific projects of papers? How to deal with 

unpublished data? Not an easy ques\on and poten\al overlap among different groups of 

organisms need to be discussed. In general, priority for the specific PhD papers before synthesis 

work, but they should proceed definitely at the same \me in parallel.  

Next steps: Next steps: Next steps: Next steps: Complemen\ng the acquisi\on of the different data sets and tes\ng different SEM op\ons.  

Bart: FunDivEU soil data synthesis Bart: FunDivEU soil data synthesis Bart: FunDivEU soil data synthesis Bart: FunDivEU soil data synthesis  



Exposure of the different paper projects based on previous FunDivEU data:  

Paper 1: Tree li]er effects on earthworm-soil interac\ons in European forests (De Wandeler et al. in 

prep). Includes leaf li]er trait ordina\on and humus characteris\cs ordina\on. SEM approach taking 

into account in par\cular the pH tresholds at <5 because of nonlinear pH-earthworm rela\onships. 

Towards a posi\ve feedback loop driven by earthworms. Alterna\ve stable states in soils?!  

Paper 2: Disentangling pathways of biodiversity effects on ecosystem func\oning (Van Meerbeek et 

al., in prep.). SEM on soil processes and their impacts on 1) forest produc\vity, and 2) temporal stability 

of tree growth. New is the use of Ellenberg values as indices for soil moisture, fer\lity, etc.!  

Paper 3: Non-addi\ve effects of tree species mixtures on soil related ecosystem func\ons (Zuo et al., 

in prep.). A tradi\onal and straighdorward analysis based on mixture effects with a large overview on 

all soil related func\ons. Juan is back in China on a permanent posi\on and paper wri\ng got some 

delay.  

Discussion Discussion Discussion Discussion  

• Very nice work on humus traits! Should they be used/included as well in SoilForEU? In what way? 

Instead of Lauren’s li]er layer characteris\cs or in addi\on?  

• The Ellenberg “Zeiger-values” are a very interes\ng approach to complement the data set with 

missing data (especially an integrated view on soil humidity is difficult to get otherwise). May be 

interes\ng to include in SoilForEU data analyses as well!  

WrapWrapWrapWrap----up discussion on Fup discussion on Fup discussion on Fup discussion on FunDivEU sites: unDivEU sites: unDivEU sites: unDivEU sites:  

• Missing data / addi\onal data to be considered: Missing data / addi\onal data to be considered: Missing data / addi\onal data to be considered: Missing data / addi\onal data to be considered:  

Climate variables Climate variables Climate variables Climate variables may be a weak part and could/should be complemented. Especially soil humidity is 

a cri\cal aspect for some of the response variables. Possibili\es include:  

Radim’s microclimate data (sensors installed at about the same \me as SoilForEU sampling took place. 

It includes con\nuous measurements of soil humidity (TDR) and temperature (10 cm depth?) as well 

as ground layer temperature (15 cm above the soils surface). Who gets in contact with him (Michael, 

Janna, Stephan?)  

Bart: NDVI data available for all plots. Surface temperatures from Landsat maybe another possibility. 

Scale? 70 x 70 m resolu\on may not be adequate for our plot size?  

The Ellenberg humidity and temperature indicators (as discussed above) could be a nice and quite 

accurate alterna\ve for the characteriza\on of microclimate integrated over \me!  

Humus type Humus type Humus type Humus type separa\on to be included? It is possible to combine the different discrete characteris\cs 

into a con\nuous variable (Bart).  

pH pH pH pH might be par\cularly important for some groups of organisms (earthworms, fungi vs. bacteria).  

• Remaining iden\fica\on work and measurements: Remaining iden\fica\on work and measurements: Remaining iden\fica\on work and measurements: Remaining iden\fica\on work and measurements:  

Ludovic, Ma]y, and Paul have a plan for mesofauna and nematodes!  

Macrofauna: S\ll requires contac\ng some specialists for certain groups.  



Microorganisms: Only fungi or will prokaryotes also be included? Probably a student thesis on 

prokaryotes to include them as well.  

Root traits: Tannin analyses would be nice, but probably there is not enough material leY. Janna will 

check and if there is enough analyses could be done in Montpellier.  

Root decomposi\on: Two sites to be sampled (Romania and Finland).  

• Database: Database: Database: Database:  

Ludovic con\nues to centralize the data. The plan is that the SoilForEU data will be integrated into the 

FunDivEU database at some point. Ludovic will try to get into contact with Sophia. NOTE: Make sure 

that all data are properly coded, so that the origin of the data (SoilFor or FunDiv) is absolutely clear! 

Also make sure that data for all countries are organized in one Excel sheet. There will be a few issues 

with plots that were allocated to different species combina\ons in SoilFor compared to FunDiv (due 

to decreasing/increasing abundances of some species that changed the species combina\ons).  

• Common sta\s\cal model: Common sta\s\cal model: Common sta\s\cal model: Common sta\s\cal model:     

Ludovic et al. con\nue the discussion on the func\onal trait approaches to determine stra\fica\on of 

different groups of traits and which traits to be included. More generally, it will be important to agree 

on a common sta\s\cal model to avoid that each group comes up with a different solu\on. Discussions 

are important to be con\nued right aYer the mee\ng! (see latest discussions with a note from the 

Montpellier group (email by Pierre 18th May 2019).  

• Publica\on policy: Publica\on policy: Publica\on policy: Publica\on policy:     

There seems to be no conflicts and communica\on is transparent. We just need to be careful with the 

different mul\variate approaches that are planned to avoid redundancy and to respect priority of the 

papers focusing on one group of soil organisms but which data are also used for the general bigger 

picture.  

    

Ludovic: Work at ORPHEE and FORBIO Ludovic: Work at ORPHEE and FORBIO Ludovic: Work at ORPHEE and FORBIO Ludovic: Work at ORPHEE and FORBIO  

Current status of analyses: Ludovic works currently on the nematode samples and preliminary data 

show some tree diversity effects on nematode abundance. The mesofauna samples s\ll need to be 

done (planned for end of summer). Root biomass samples are almost done and PLFA analyses will be 

done at SLU, but it is unclear when exactly the data will be available (before summer?).  

Addi\onal data are available, especially for ORPHE (a lot of ground beetle data).  

Discussion Discussion Discussion Discussion  

• In ORPHEE (and maybe also in FORBIO) some of the effects may be driven or at least co-

determined by the understory vegeta\on that varies a lot among tree diversity treatments.  

• Ground beetle data to be included in the same paper or separate story?  

• Should the data from the two sites be published together or not? The problem is the very different 

experimental design (fully factorial in ORPHEE and dilu\on gradient for oak and beech in FORBIO) 

and the different “drought” treatment (rain exclusion in FORBIO and watering during summer in 

ORPHEE). There is also a pseudoreplica\on issue. It will depend on what the results look like, but 



for now the consensus is that it will be best to keep the two experiments separately for their 

publica\on.  

Lauren: resistance/resilience to drought in microcosms Lauren: resistance/resilience to drought in microcosms Lauren: resistance/resilience to drought in microcosms Lauren: resistance/resilience to drought in microcosms  

Paper 2: Effects of drying/reweeng cycles on soil microbial ac\vity (CO2 and N2O fluxes).  

Strong effects of drying-reweeng but no tree mixture effects. However, there seem to be some 

interes\ng interac\ons, especially for the cumula\ve measurements.  

Paper 3: Effects of drying/reweeng cycles on func\onal diversity (the idea is to combine with Luis’ 

molecular data).  

Not too many effects so far.  

Discussion Discussion Discussion Discussion  

• The biggest issue is that for transport, storage and experimental prepara\on the soils collected in 

the field had to be stored air-dried. The soils stayed dry for 3 to 5 months before the start of the 

experiment. This could have strongly affected microbial communi\es (the molecular data indeed 

show that the communi\es were quite different compared to those collected in the field and 

immediately analysed.  

• The final sta\s\cal analysis depends on the determina\on of the common sta\s\cal protocol, 

because site-specific characteris\cs and the coding of tree diversity should be the same as for the 

field data (see above).  

Alex: resistance/resilience to drought in mesocosms Alex: resistance/resilience to drought in mesocosms Alex: resistance/resilience to drought in mesocosms Alex: resistance/resilience to drought in mesocosms  

The experiment is based on 16 lysimeter units with 2 levels of func\onal diversity of soil macrofauna 

(including isopods, millipedes, and earthworms) crossed with 2 levels of precipita\on (control vs 

drought).  

The setup of the experiment has been very difficult due to a number of technical (construc\on of the 

lysimeters and fully opera\onal mesocosms) and methodological (appropriate soil and its steriliza\on) 

issues. This caused a delay of a year.  

Measurements include: con\nuous measurements of CO2 and H2O fluxes at the ecosystem scale, 

responses of soil communi\es and plants (a total of four tree species).  

Due to the delay with the experiment, a second different experiment on transgenera\onal effects in 

drought adapta\on in Quercus ilex was combined with the SoilForEU experiment. Prac\cally this just 

means that Q. ilex seedlings that were planned anyway are now from a known seed source and that 

some of the seedlings will be harvested during the experiment.  

Discussion Discussion Discussion Discussion  

• Full fauna inventory before the start of the drought treatment? Yes, if technically possible. It would 

be good to have an idea about the presence/abundance of the added soil fauna.  

• What should be measured and when? S\ll under discussion are plant measurements and how to 

track recovery aYer drought exposure.  

• How long is it possible to run the experiment? A full growing season will be included for sure (end 

of 2019). AYer this the SoilForEU project will end, but the setup of the whole experiment was a 

massive amount of work and it would be a pity not to add at least a second year for which the 



effects are expected to be more marked. Processes like tree growth and decomposi\on also are 

slow to respond.  

• Funding of personnel is very limited. It would be good to find a possibility to hire another postdoc 

for 2020. Possibili\es might include a NOW-Rubicon proposal led by Ma]y.  

Next steps: Next steps: Next steps: Next steps: Planning the pre-treatment fauna inventory. Discussing and decision on how to implement 

the drought treatment (not trivial…). Ma]y will look into the possibility of a NOW-Rubicon grant for 

postdoc funding.  

Iris: socioIris: socioIris: socioIris: socio----economic analysis economic analysis economic analysis economic analysis ––––    cogniAve mapping cogniAve mapping cogniAve mapping cogniAve mapping  

The aim is to assess and compare stakeholders’ understanding of 1) the rela\onship between soil 

biodiversity and ecosystem services, and 2) the impact of forest management on soil biodiversity using 

fuzzy cogni\ve mapping as approach. The data are based on semi-structured interviews.  

The comparison between forest managers from Belgium and Romania (both from the public and 

private forest management) showed differences in the understanding of the importance of soil 

biodiversity.  

The comparison between scien\sts and forest managers also showed differences in the level of detail 

of understanding, but in general forest managers are aware of soil biodiversity and generally 

acknowledge its importance. It is, however, a rather diffuse knowledge.  

Discussion Discussion Discussion Discussion  

• Very interes\ng approach, but sample sizes appear rela\vely small. Iris explains that the interviews 

and their analyses is \me consuming and that the sample size is representa\ve of other work in 

this field using the same or similar approaches.  

 

Next steps: Next steps: Next steps: Next steps: Finalize the analyses, but overall the work is quite advanced.  

Iris: socioIris: socioIris: socioIris: socio----economic analysis economic analysis economic analysis economic analysis ––––    preferences forpreferences forpreferences forpreferences for    forest management forest management forest management forest management  

A discrete choice experiment based on random u\lity theory is proposed via a specialized company 

who takes care of contac\ng people and collec\ng the answers.  

With the use of an informa\on video (made by Iris), the effect of informa\on transfer is tested (choices 

before and aYer the detailed informa\on.  

Use of choice card with different a]ributes and different scenarios for the a]ributes that refer to 

mul\ple ecosystem services that can be influenced by forest management and soil biodiversity.  

The experiment is done with a panel of 300 ci\zens per country from ITA, BEL, and FIN.  

Next steps: Next steps: Next steps: Next steps: Data analysis is ongoing and more specifically there are some alterna\ve methods to be 

tested.  

Bart: knowledge transfer/outreach Bart: knowledge transfer/outreach Bart: knowledge transfer/outreach Bart: knowledge transfer/outreach  



Bart reminds the consor\um that we planned and proposed a workshop to extract key messages from 

the results of the project and to discuss and plan outreach ac\vi\es. We need to do this during a next 

mee\ng (combining with final project mee\ng? – see discussion below).  

For the outreach products we need to make choices, we cannot do a li]le bit of everything.  

Possibili\es:  

- Stakeholders’ workshop as a side event at EFI (European Forest Ins\tute). Bart is in contact with 

responsible people and they are interested in such a side event. Next possibility at their mee\ng in 

Aberdeen 2019 seems too close. Perhaps plan a ThinkForest event for 2021? EFI is par\cularly 

interested in our project as France leY the mul\donor trust fund (MDTF) of EFI, but is an important 

player in the ERANET BiodivERsA.  

- A modified, advanced version of Iris’ video, which could be translated in different languages. An 

animated ppt as an addi\onal possibility? Can we meet the standards of such material that are quite 

high today with our own capaci\es or would we need to hire a professional company for it? There are 

already some nice and illustra\ve short videos on YouTube made by Gerlinde De Deyn, Ingrid Lubbers 

and others from WUR (Michael sent the links).  

- QR codes: This could work out very well, is known by most people and would not require a huge 

investment from our side.  

- Comics: Pierre was referring to a one page comic drawn and wri]en by his sister about his PhD work. 

This could be a more personal way of communica\ng to a somewhat different audience. Popularity of 

comics is very different among countries (France has a rich tradi\on).  

Discussion Discussion Discussion Discussion  

• The planning of a workshop amongst consor\um member will be very important.  

• QR code: what should it refer to? What kind of informa\on? Just a video or a webpage with more 

in-depth info. Just a li]le hint to trigger people’s curiosity? Could work well…  

• A version of the video for teachers?  

• Ludovic men\ons GSBI (h]ps://www.globalsoilbiodiversity.org/), which seems to be a good idea 

to link our project to because they have a large network. Who can make the contact?  

• Ma]y: Some more personal videos about ourselves, who we are and what we do as researchers.  

Next steps: Next steps: Next steps: Next steps:  

Bart is taking contact with EFI to see whether a ThinkForest event is possible for 2021.  

Organiza\on of a workshop as a promised project deliverable is important.  

General Discussion General Discussion General Discussion General Discussion  

The general discussion was short since we discussed the important scien\fic issues well during the 

mee\ng. It was focusing mainly on when and where to plan the next and final project mee\ng. We all 

agreed that the mandatory workshop mandatory workshop mandatory workshop mandatory workshop on outreach materials should be combined with the final project 

mee\ng rather than planning it as an event on its own.  

We discussed that it would be nice to also combine the final mee\ng with some (op\onal) social 

ac\vity, for example a hike, excursion, or winter ac\vity if it is planned during winter somewhere in 

the mountains.  



Possibili\es for a mee\ng loca\onmee\ng loca\onmee\ng loca\onmee\ng loca\on: Black Forest near Freiburg (Michael knows a winter sport training 

center where we could meet). Some ONF (French forestry agency) housing that is typically remote 

somewhere in a forest (different loca\ons throughout France (Sylvain was men\oning this and could 

look into this in more detail). Some adventurous op\on in nature would be great, but we need to make 

sure that the accessibility in winter is not a problem and that travelling to get there from the different 

parts of Europe will not take too long.  

Dates? March 2020 Dates? March 2020 Dates? March 2020 Dates? March 2020 seems as a good op\on, which then would point towards some winter ac\vity for 

the social part. It seems ok from the 8th onwards. The only difficulty is that some of the na\onal 

funding ends at the end of 2019, which could make funding of the mee\ng a]endance difficult for 

some colleagues. Also, some of the PhD and postdoc contracts end before that date and we need to 

make sure that it does not compromise the par\cipa\on of PhDs/postdocs.  

We agreed on a mee\ng with 3 nights at least, including 1 day to present the principal findings and 

discuss publica\ons, 1 day of workshop on outreach materials, and 1 day of some social ac\vity.  

Next steps: Next steps: Next steps: Next steps:  

Find an appropriate mee\ng loca\on (Michael, Sylvain, Stephan).  

Define the exact mee\ng dates.  

THANK YOU MATTY FOR ORGANIZING THE LOGISTICS OF THE MEETING (IT WAS GREAT IN 

AMSTERDAM!)  

THANK YOU ALL FOR THE PRODUCTIVE MEETING AND EXCELLENT COLLABORATION! 

  



APPENDIX E:APPENDIX E:APPENDIX E:APPENDIX E: AGENDA AND MEETING MINUTES SOILFOREUROPE FINAL 

MEETING 9-12 MARCH 2020, FREIBURG. 

 

SoilForEUROPE annual mee\ng SoilForEUROPE annual mee\ng SoilForEUROPE annual mee\ng SoilForEUROPE annual mee\ng 9999----11112222    March 2020March 2020March 2020March 2020    

FreiburgFreiburgFreiburgFreiburg 

    

MEETING AGENDAMEETING AGENDAMEETING AGENDAMEETING AGENDA    

 

Program for Tuesday, March 10Program for Tuesday, March 10Program for Tuesday, March 10Program for Tuesday, March 10thththth    

09h00 Welcome address M. Scherer-

Lorenzen 

09h05 Project overview S. Hä]enschwiler 

Soil biodiversity in tree species mixturesSoil biodiversity in tree species mixturesSoil biodiversity in tree species mixturesSoil biodiversity in tree species mixtures 

 

09h20 Abundance, func\onal traits and decomposi\on of tree roots J. Wambsganss et 

al. 

09h40 Func\onal responses of soil microbial communi\es L. Gillespie et al. 

10h00 Bacterial and fungal diversity  L. Prada Salcedo 

et al. 

10h2010h2010h2010h20    BREAKBREAKBREAKBREAK    

10h40 Abundance and trophic group composi\on of nematodes L. Henneron et al. 

11h00 Soil macrofauna abundance and diversity P. Ganault et al. 

Interac\ons with climate changeInterac\ons with climate changeInterac\ons with climate changeInterac\ons with climate change 

11h20 Soil fauna responses to altered precipita\on in planted tree species mixtures  

   L. Henneron et al. 

11h40 Resistance and resilience of microbial ac\vity to drought  L. Gillespie et al.  

12h00 Interac\ve effects of drought and func\onal diversity of macrofauna on ecosystem 

 func\oning  

   N.N.  

12h2012h2012h2012h20    LUNCHLUNCHLUNCHLUNCH    

 

 



SocioSocioSocioSocio----economic analysis of soil biodiversityeconomic analysis of soil biodiversityeconomic analysis of soil biodiversityeconomic analysis of soil biodiversity  

14h00 What do people know about soil biodiversity? I. Vanermen et al. 

14h20 Preferences for forest management I. Vanermen et al. 

General DiscussionGeneral DiscussionGeneral DiscussionGeneral Discussion 

14h40 Integra\ve data syntheses L. Henneron et al. 

15h00 The near future of SoilForEUROPE and the field sites   

15h2015h2015h2015h20    BREAKBREAKBREAKBREAK    

16h00  Departure for Feldberg 

 

Program for Wednessday March 11Program for Wednessday March 11Program for Wednessday March 11Program for Wednessday March 11    

Agenda WorkshopAgenda WorkshopAgenda WorkshopAgenda Workshop: : : : Developing Developing Developing Developing communica\on materialscommunica\on materialscommunica\on materialscommunica\on materials    

 

09h00 Introduc\on:  

- Communica\on strategy SoilForEUROPE  

- Plan for today 

I. Vanermen / 

L. Vranken / 

B. Muys / 

K. Verheyen 

   

09h20 Extrac\ng key messages of the project 

- Based on the inputs delivered by the partners 

in advance, 1 or 2 key messages per WP will be 

extracted. 

 

- Par\cipants will be divided 

in 4 groups, 1 per WP.  

- Each group should contain 

at least 1 person from the 

WP and 1 person from 

another WP 

   

10h30 Presenta\on of key messages per WP + 

discussion (5 to 10 min. per WP) 

- Each group presents the 1 or 2 key messages 

that they extracted. 

- En\re group together 

   

11h00 BREAK  

   

11h15 Developing content of Introduc\on and Methods 

- Based on the input on breakthroughs delivered 

in advance, the most important elements for 

introduc\on are selected. 

- Another group writes out the crucial steps of 

the methods that were applied in the 

- Par\cipants will be divided 

in 2 groups, 1 will focus on 

introduc\on and the other 

on methods. 

- Ideally, one person per WP 

in each group. 



SoilForEUROPE project, based on the 

informa\on extracted from the website and 

protocol. 

   

12h10 Presenta\on of Introduc\on and Methods + 

discussion (10 min. each) 

- En\re group together 

   

12h30 LUNCH  

   

13h30 Development of communica\on materials 

- Leaflet (A4, two-sided) 

- (Animated) powerpoint slides 

- Policy brief 

- Par\cipants will be divided 

in 3 groups, one per 

communica\on material. 

- If possible, at least one 

person of each WP per 

group 

   

15h30 Presenta\on of what was created so far and 

discussion (10 min. each) 

- En\re group together 

   

16h00 BREAK  

   

16h15 Final discussion on communica\on tools and 

future planning 

- Distribu\on of s\ckers with QR code? 

- Joint ThinkForest discussion forum? 

- … 

- En\re group together 

   

16h45 Closing of the day I. Vanermen / 

L. Vranken / 

B. Muys / 

K. Verheyen 

 

SoilForEUROPE annual mee\ng SoilForEUROPE annual mee\ng SoilForEUROPE annual mee\ng SoilForEUROPE annual mee\ng 9 9 9 9 ––––    12 12 12 12 March 2020March 2020March 2020March 2020    

FreiburgFreiburgFreiburgFreiburg 

MEETING MINUTES (by Stephan Hä]enschwiler) MEETING MINUTES (by Stephan Hä]enschwiler) MEETING MINUTES (by Stephan Hä]enschwiler) MEETING MINUTES (by Stephan Hä]enschwiler)  

Par\cipants: Par\cipants: Par\cipants: Par\cipants:  

Pierre Ganault, Lauren Gillespie, Kezia Goldmann, Stephan Hä]enschwiler, Ludovic 

Henneron, Paul Kardol, Bart Muys, Luis Daniel Prada Salcedo, Michael Scherer-Lorenzen, Iris 

Vanermen, Kris Verheyen, Liesbet Vranken, Janna Wambsganss.  



Excused: Excused: Excused: Excused:  

Sandra Barantal, Jürgen Bauhus, Ma]y Berg, François Buscot, Sylvain Coq, Thibaud Decaëns, 

Nathalie Fromin, Alex Milcu, Johanne Nahmani, David Wardle.  

 

1. PresentaAon of results 1. PresentaAon of results 1. PresentaAon of results 1. PresentaAon of results  

The major results of all work packages and tasks are presented in a “symposium-style” event 

at the University of Freiburg (see mee\ng program) with a live stream for colleagues who 

could not a]end and all other poten\ally interested people.  

The progress in data analyses and evalua\on in general, and since last year’s mee\ng in 

par\cular, is impressive.  

Discussion Discussion Discussion Discussion  

• The microclima\c data measured by the Czech group (Radim Matulo, Mendel Univ Brno) 

at all FunDivEUROPE sites and all plots is available, and will be uploaded (by Michael) to 

the data portal soon.  

• There is s\ll the open ques\on how microclima\c variables may be integrated in the 

models evalua\ng mixing effects among sites and plots. The Czech measurements 

covered the \me period aYer our sampling and are maybe not enough integra\ve over 

longer \me periods. Bart men\oned the very good experience they made by using 

indicator values (Ellenberg and maybe others outside of Middle Europe) for understory 

vegeta\on. This could be a powerful way of including microclima\c condi\ons.  

• Kris reminded that some soil parameters are also affected by tree (plant) communi\es 

and that the SEM run for example by Lauren should probably include an addi\onal 

connec\on from tree mixtures to soil parameters (integrated as PCA axes).  

• Stephan noted that the interes\ng approach of redundancy analysis used by Ludovic to 

assess soil micro food webs places fungi and bacteria differently compared to the 

respec\ve trophic groups of nematodes, which is a bit surprising. Paul notes that a 

difficulty might be the combina\on of different types of data (e.g. biomass vs 

abundance) and that the units need to be checked.  

• The terminology used is s\ll too heterogeneous. We need to be careful that the 

defini\ons and terms used are the same across the different papers (to be clarified by 

Lauren, Pierre, Luis and Ludovic over their Slack channel?).  

2. General Discussion 2. General Discussion 2. General Discussion 2. General Discussion  

The general discussion was shiYed to the evening aYer geeng to the Feldberg.  

• Stephan informs about the final report final report final report final report expected by BiodivERsA for the end of May 2020. 

Stephan will prepare the document by mid-April the latest and send it around to all PIs 

for specific contribu\ons to the different items. In addi\on, all PIs should check the 

guidelines and deadlines for repor\ng back to their naAonal funding agencies.  

• Are SEMs the most per\nent way of analysing all data in an integrated way? Most 

importantly, we need to determine clear hypotheses that are possible to test with SEMs. 

An alterna\ve is variance par\\oning which may provide clearer and more easily 

understandable data (see example Ratcliff FunDivEU paper – Ecology Le]ers 2019)  

• There is also all the FunDivEU data available for poten\al inclusion in data syntheses that 

could be useful for specific hypotheses to test.  



• It is challenging to bring together all the different data sets. One way could be PCAs 

across all groups of organisms, but the ques\on how to deal with different units will be 

important.  

• A poten\al ques\on for an integra\ve paper could be how soil diversity across different 

groups of organisms affect ecosystem processes with an approach that also includes 

FunDivEU data.  

• Paper wri\ng and authorship: Kris reminded that we should not forget to keep the site 

managers in the loop and informing them systema\cally about the manuscripts we are 

working on. This means also to include them in the mailing list when a manuscript is 

being sent around for comments/contribu\ons. Owners of specific FunDivEU data sets 

should also be informed when these data cons\tute a component to the specific paper.  

• Michael: all data sets produced during SoilForEU should eventually be uploaded on the 

FunDivEU data portal (h]ps://fundiv.befdata.biow.uni-leipzig.de/). The responsibility for 

this upload is with the person/group that produced the data. There is a new person 

responsible for managing the FunDivEU data base: claas-thido.pfaff@uni-leipzig.de  

• Lauren: The SoilForEU webpage should be kept up to date, please don’t forget to send 

the reference of poster presenta\ons, oral presenta\ons and papers to Lauren and later 

to Stephan (who will take over the management of the web page when Lauren leY 

CEFE).  

• Lauren: What soil samples are available from the field sampling in 2017? Frozen, air-

dried soil samples?  

Decisions: Decisions: Decisions: Decisions:  

1. Uploading of SoilForEU data in the FunDivEU database by each data owner/producer. The 

deadline for doing so is when the paper using the respec\ve database is accepted for 

publica\on. Michael is crea\ng several new “projects” within the SoilForEUROPE “phase” in 

the data portal. These projects correspond to the different Tasks within SoilForEUROPE. All All All All 

data sets should have the suffix data sets should have the suffix data sets should have the suffix data sets should have the suffix ““““SoilForEU_exampleSoilForEU_exampleSoilForEU_exampleSoilForEU_example” ” ” ” and must be linked to these projects. and must be linked to these projects. and must be linked to these projects. and must be linked to these projects. 

The PhD students agreed to develop a checklist for data quality and metadata, that should 

be completed before data upload.  

2. Establish a list of remaining soil samples (frozen and air-dried) and where and under what 

condi\ons these are stored. Janna, LaureJanna, LaureJanna, LaureJanna, Lauren, Luis, Ludovic please check if and what kind and n, Luis, Ludovic please check if and what kind and n, Luis, Ludovic please check if and what kind and n, Luis, Ludovic please check if and what kind and 

what quan\ty of soil samples remain and provide the info to Stephan. what quan\ty of soil samples remain and provide the info to Stephan. what quan\ty of soil samples remain and provide the info to Stephan. what quan\ty of soil samples remain and provide the info to Stephan. These samples are 

eventually available to others, but the consor\um should be informed before giving away 

any samples.  

3. DisseminaA3. DisseminaA3. DisseminaA3. DisseminaAon workshop (11,12/03/2020) on workshop (11,12/03/2020) on workshop (11,12/03/2020) on workshop (11,12/03/2020)  

The Belgian team (Iris, Liesbet, Bart, Kris) organized the workshop to discuss and prepare 

dissemina\on items (see specific workshop program).  

The following products are suggested:  

- The exis\ng SoilForEU webpage SoilForEU webpage SoilForEU webpage SoilForEU webpage translated into different languages including those spoken 

in the countries of the consor\um members and the field sites.  

- The informa\on video informa\on video informa\on video informa\on video Iris made and which is already available on the project webpage 

should also be translated into these languages. Beyond being accessible on the webpage, 

the video should also be distributed more widely at different fieng occasions.  



- QR code s\ckers QR code s\ckers QR code s\ckers QR code s\ckers with a small introductory text in the country-specific language with the QR 

code linking to the language-specific webpage.  

- Leaflet Leaflet Leaflet Leaflet with complete, but easily understandable informa\on about the project.  

- Animated slides: Animated slides: Animated slides: Animated slides: A series of slides that encapsulate all the important informa\on, results 

and take-home messages in a synthe\c way. The idea is to have a slide show at hand to 

share amongst the members of the consor\um allowing presenta\ons on the whole project 

for different occasions (conferences, teaching, informa\on for an informed public,…). The 

slides will also include an oral presenta\on by a spoken voice allowing self-explana\on of 

the slides.  

- (Policy brief Policy brief Policy brief Policy brief in the BiodivERsA format.)  

During two sessions of work in three subgroups we prepared the basic elements for the 

dissemina\on products. During the first session, we were focussing on key messages about 

the three groups of organisms, namely tree roots, microorganisms, and soil invertebrates. In 

the second session, we dealt with messages for climate change impacts, 

consequences/recommenda\ons for forest management, and methodological aspects. AYer 

each work session, the materials were presented to the whole group and discussed.  

In two groups we then worked on the specific content of the two items “leaflet” and 

“animated slide” during the evening of 11/03 and the morning of 12/03.  

Discussion Discussion Discussion Discussion  

• TranslaTranslaTranslaTransla\on of web page\on of web page\on of web page\on of web page: The web page will be maintained at CEFE beyond the funding 

period. For the transla\on the idea is to work with a plug-in allowing to share all 

graphical material except text among the different language-specific web pages. Lauren 

has currently no \me to take care of this, but will plan to see into this together with 

Stephan and the responsible technical person at CEFE aYer the end of the month. The 

aim is to have the url-link of the language-specific webpages as soon as possible to be 

able to create the QR codes rapidly even if it takes a bit more \me to create the contents 

(transla\ons).  

• Informa\on videoInforma\on videoInforma\on videoInforma\on video: There are already a few colleagues who agreed to translate the 

spoken text for the video. Iris will put together the text in a Word file as support for the 

translators.  

• QR code s\ckerQR code s\ckerQR code s\ckerQR code s\cker: The proposi\on made by Lauren and Iris looks very good and we all 

agreed to proceed with this version. The very few words of text also need a country-

specific transla\on (same people who translate webpage text and video?).  

• Animated slidesAnimated slidesAnimated slidesAnimated slides: Iris, Ludovic, Michael, Lauren and Stephan worked on the content of 

the slides on 11,12/03. The targeted public is the group of people with basic knowledge 

and general interest in the topic (bachelor and master level). The slide show should tell 

the whole story of SoilForEUROPE with an introduc\on, the general context, purpose 

and aim, major results from the project and some wider conclusions. The major part of 

the discussion was focussing on the results from SoilForEUROPE. The challenge is to 

present the results in a balanced way, also men\oning that some responses were not 

significant, but s\ll telling a compelling and clear story without entering in too much 

detail.  

• LeafletLeafletLeafletLeaflet: Janna, Pierre, Luis and Paul worked on the content of the leaflet on 11,12/03. 

The targeted public is the group of people involved in forest management aiming to 



distribute the leaflet in forest management offices, mee\ngs, etc. The leaflet should 

transmit the essen\al message from SoilForEUROPE, with also providing some very basic 

background informa\on and the usual references to partners of the project and funders. 

Much of the discussion was about the focus of the results, whether it should be more on 

tree species mixing or on the influence of evergreen (coniferous) species. Forest 

managers may be more readily connec\ng to the evergreen influence, but we decided 

that we should stay in line with the core ques\on of the project and focus on mixture 

effects.  

• Policy briefPolicy briefPolicy briefPolicy brief: We did not discuss the policy brief in detail. This should be done in \ght 

collabora\on with the BiodivERsA office anyway, if they support the ini\a\ve. We should 

focus first on the other items, with a poten\al policy brief to be considered only later.  

DecisionsDecisionsDecisionsDecisions: : : :  

1. Iris will put together a Word file with the text of the SoilForEU webpage and send it to the 

country-specific translators. Targeted date: First half of AprilTargeted date: First half of AprilTargeted date: First half of AprilTargeted date: First half of April.  

2. Iris will put together a Word file with the text of the informa\on video and will send it out 

to the country-specific translators. Targeted date: Together with the webpage text in the first Targeted date: Together with the webpage text in the first Targeted date: Together with the webpage text in the first Targeted date: Together with the webpage text in the first 

half of Aprilhalf of Aprilhalf of Aprilhalf of April.  

3. Lauren and Stephan will work out the URLs for the webpage in the different languages to 

enable the crea\on of the QR codes. Targeted date: First week of April Targeted date: First week of April Targeted date: First week of April Targeted date: First week of April (Covid-19 related 

confinement in France renders the delivery date unsure, but first week of April will not be 

possible).  

4. Ordering of QR code s\ckers by Iris. Targeted date: midTargeted date: midTargeted date: midTargeted date: mid----April April April April (see difficulty with planning 

ahead in previous point).  

5. Animated slides: Stephan will send the unfinished template produced during the 

workshop to Liesbet, Bart and Kris for further planning of the work. Targeted date: second Targeted date: second Targeted date: second Targeted date: second 

half of Marchhalf of Marchhalf of Marchhalf of March. We decided to keep the main focus on tree species mixing, but also to include 

the importance of func\onal group composi\on (i.e. the importance of evergreen species).  

6. Leaflet: Most of the discussion during the morning of 12/03 was about what and how to 

present the SoilForEU results in the leaflet. We decided to produce a drawn figure showing 

the main results in the form of a drawing with only li]le text. This will be the core of the 

leaflet. Because of the importance of the quality of the figure, we decided to involve a 

professional drawer. Janna and Pierre will contact two different persons who might be 

interested in this work. Targeted date for drawer engagement: End of of March. Targeted date for drawer engagement: End of of March. Targeted date for drawer engagement: End of of March. Targeted date for drawer engagement: End of of March. As a team we 

worked on the content of this figure and Pierre established a list of the important messages 

that should be captured with this figure. In addi\on to this main figure, Paul will add the 

results of ORPHEE and FORBIO. These results will be included through bullet points (the use 

of a graph was discussed but this was expected to overload the leaflet in combina\on with 

the main figure on mixture effects).  

We split the further work on par\cular parts of the leaflet amongst us (Stephan: \tle part 

with proposi\ons of a photo, Michael & Ludovic: general context part, Ludovic & Paul: take 

home message, Lauren: contact info, Paul: climate change effects, Pierre, Janna: results 

figure). A more advanced version of the leaflet based on this further work will then be sent 

to Liesbet, Bart and Kris for further planning. Ludovic agreed to collect the different parts of 



the leaflet to put it together before sending it to Liesbet, Kris & Bart). Targeted date for the Targeted date for the Targeted date for the Targeted date for the 

more advanced version: End of Marchmore advanced version: End of Marchmore advanced version: End of Marchmore advanced version: End of March. 
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1. Purpose 

1.1 ScienAfic context and relevance 

The soil is one of the most vital natural resources on earth but currently, the pressure on soils increases. 

An important soil component is the soil biodiversity. Soils comprise about ¼ of the global biodiversity 

and hence are an important sink for life sustaining the delivery of multiple ecosystem services. 

Nevertheless, soils, and specifically soil biodiversity, are often overlooked and undervalued. 

In forests, soil fauna are essential to create a healthy soil that is able to sustain a productive 

multifunctional forest. Forest management can impact tree and soil biodiversity directly or indirectly 

since both are linked through plant-soil feedbacks. Hence, management could influence the delivery of 

ecosystem services. 

This research wants to focus on the socioeconomic value of forest soil biodiversity. Forests can fulfill 

multiple functions but mostly not at the same time. Preferences for functions and their adapted 

management scenarios differ between forest stakeholder groups. Although management influences 

soil biodiversity, it is often not taken into account when decisions are made. Provision of information 

may contribute to an increased understanding and changing preferences towards a more sustainable 

forest management, taking soil biodiversity into account. 

Evaluating what forest users, including managers and the wider public, really know about and how they 

value soil biodiversity and its relation to ecosystem services, is of high priority for the development of 

information strategies and decision making. 

1.2 ObjecAves and hypothesis 

This research wants to assess the current knowledge on the role of soil biodiversity, held by forest 

scientists, forest managers and the wider public. By comparing the knowledge possessed between 

these groups, the flow of knowledge will be assessed. Moreover the effect of tradition, culture and local 

context will be investigated by collecting data in multiple countries, following a gradient from North to 

South Europe. We will test following hypothesis using face-to-face interviews and standardized 

questionnaires: 



Hypothesis 1:::: Despite the available scientific literature on the role of soil biodiversity in providing forest 

ecosystem services, this knowledge is limited among  forest users and managers and could lead to 

inappropriate management decisions. 

 

Additionally, we will look at preferences for management scenarios of the forest managers and general 

public and how these preferences change when information on soil biodiversity is provided. Again, the 

effect of tradition, culture and local context will be assessed by comparing data from multiple countries. 

We will test following hypothesis using choice experiments: 

Hypothesis 2: The wider public as well as forest managers do not take soil biodiversity properly into 

account to express preferences for management scenarios because they are not aware of its role. 

Information transfer about this topic will alter preferences to sustainable management scenarios, 

supporting soil biodiversity. 

 

Based on the findings of this research, country specific communication strategies and policy 

instruments will be identified to provide sound scientific information to policy makers and the wider 

public.  

 

2. Methods 

2.1 RaAonale 

Data will be collected covering two gradients: a spatial gradient and an expertise gradient. The spatial 

gradient corresponds with the extended network of study sites used in the SoilForEurope project, 

covering the major European forest types and a wide climatic gradient. The expertise gradient classifies 

forest stakeholders according to expertise level, ranging from forest experts (forest scientists and 

managers) to laymen (wider public). 

In each study site, the knowledge on soil biodiversity and its role, held by the different groups of forest 

stakeholders, will be compared to study the flow of knowledge. The methods used will be adapted to 

the stakeholder type: the knowledge held by forest scientists and managers will be mapped explicitly 

and a standardised questionnaire will be used for the forest managers and the general public. Next, the 

influence of information transfer about the role of soil biodiversity on preferences for management 

scenarios will be assessed among the forest managers and wider public using a choice experiment that 

will be incorporated in the standardized questionnaire. By comparing the results from the study sites, 

the influence of tradition, culture and local context will be assessed. Lastly, communication strategies 

and policy instruments will be identified to support a change in behaviour. 

The data collection will start in Belgium and will be expanded to the remaining study sites depending 

on the support available. 

 

 

 

 



2.2 Conceptual framework 

The DPSIR framework (Smeets & Weterings, 

1999) will be used in the face-to-face 

interviews as a methodological framework to 

delineate the subject. The core of this 

framework is depicted in figure 1.  The 

framework is developed by the European 

Environment Agency (EEA). The DPSIR 

framework was used to demonstrate and 

analyze the relations between human and 

environmental systems. Driving forces exert 

pressure on the environment which alters its 

state. This leads to impacts on the human and 

environmental system that may elicit 

responses on all previous components. 

 

 
Figure 1: DPSIR framework (developed by EEA (European Environment 

Agency)) 

In this project, the DPSIR framework is adapted to investigate the role of forest soil biodiversity (figure 

2). The framework offers a structure to assess the relationships between the topics studied: soil 

biodiversity, its impact on the delivery of ecosystem services through ecosystem functions and the 

impact of forest management with  a focus on the relation with aboveground tree diversity. By building 

up the interview according to this framework, it will be easier to define and respect the system 

boundaries. This will result in a better understanding and overview of the system in which soil 

biodiversity plays a crucial role. 

 

Figure 2: DPSIR framework adapted to study the role of soil biodiversity in forests 

 

 

 



2.3 Forest experts: ScienAsts and Managers 

The current knowledge held by forest scientists and managers about the role of soil biodiversity will be 

assessed using a mixed-method approach. In the first stage a qualitative method using face-to-face 

interviews will be applied, whereas in the second stage a quantitative method using standardised 

questionnaires will be used. For forest scientists, the second stage will only be adopted if the first stage 

does not yield sufficient information. 

2.3.1 Knowledge mapping based on expert interviews 

In the first stage, the current knowledge will be mapped through semi-structured face-to-face 

interviews with a limited number of forest scientists and managers (minimal 2-3 per type). Ideally, a 

(visual) knowledge map will be created based on these interviews using the AKT51  software. This 

knowledge map depicts the current knowledge on soil biodiversity and the relationships between the 

topics present in the knowledge map. An iterative process with repeated interviews will be used to omit 

contradictions and create a valid knowledge map. An example of a knowledge map constructed with 

the AKT5 software, can be found in appendix A. However, if the construction of a knowledge map is not 

feasible (because it takes too much time or results are not meaningful), the face-to-face interviews will 

still be useful to build up the standardised questionnaire in stage 2. 

In Belgium, we will start by interviewing two forest scientists and four managers. The managers will be 

selected in the region of the Zedelgem site of the Forbio experiment in Flanders. In particular, we aim 

to interview the forest ranger of the site, the regional manager, the forest manager of the region to 

which the Zedelgem site belongs and a forest ranger of an adjacent forest without participation in 

scientific experiments. If the knowledge maps shows inconclusive results, additional interviews will be 

conducted. The variation in knowledge across countries possessed by the scientific community is 

assumed to be small (all scientists have access to similar international literature). The forest managers, 

on the contrary, possess local, context dependent knowledge. Therefore, we aim to conduct the face-

to-face interviews with forest managers in all countries present in the network of study sites (Poland, 

Romania, Italy, Finland, Belgium and France). By constructing a knowledge map for each expert type, 

the knowledge held by both groups will be compared. Additionally, the knowledge possessed by forest 

managers will be compared across countries. 

2.3.2 Assessment of management preferences based on quan\ta\ve surveys 

In a second stage, the knowledge obtained from the face-to-face interviews in the knowledge map will 

be verified using online quantitative standardised questionnaires spread among a large sample of forest 

managers (and scientists) (general public: see further). Additionally, the standardised questionnaire 

distributed among forest managers, will analyse the determinants of a change in attitude and stated 

behaviour concerning forest management. For this, we will rely on the Protection Motivation Theory 

(Maddux & Rogers, 1983; Rogers, 1975). According to this theory, adaptive behaviour is a function of a 

threat appraisal, focusing on the source of the threat, and a coping appraisal, focusing on the ability to 

cope with the threat (figure 3). The threat appraisal consists of three components: severity, 

vulnerability and rewards. Applied to this research, the severity corresponds with the degree to which 

soil biodiversity state is threatened (by climate change, etc.). The vulnerability is the probability that 

                                                             

 

1 http://akt.bangor.ac.uk/ 



your forest will experience harm. Thirdly, rewards refer to the benefits obtained by the current practice 

and state of the soil biodiversity. The coping appraisal, on the other hand, comprises the response 

efficacy, the self-efficacy and the response costs. In this research, the response efficacy points to the 

extent to which, according to the respondent, measures can be taken to offset a declining soil 

biodiversity (e.g. change in forest management). The self-efficacy focusses on the extent to which the 

respondent considers him/herself able to execute these measures. Lastly, the response costs depict the 

costs associated with this change in behaviour to improve soil biodiversity.  

 
Figure 3: Overview Protection Motivation Theory (from: Bockarjova & Steg, 2014) 

 

A two-stage choice experiment will be added to the quantitative standardized survey distributed among 

the forest managers. This choice experiment will assess preferences for management scenarios and the 

effect of information transfer on these preferences. The transfer will include information on the role of 

soil biodiversity in the provision of ecosystem services and will be provided through short videos 

(knowledge clips).  

Multiple choice cards, each depicting a limited number of management scenarios, are offered to the 

respondents. Based on the attributes and their levels, respondents choose one of the alternatives. The 

most important attributes and realistic levels, adapted to the research question, need to be used to 

obtain meaningful results. A focus group session will be held with forest scientists, managers and forest 

users (i.e. wider public) to decide on the attributes and levels. Some examples of potential useful 

attributes are: cost price, soil biodiversity, visual characteristics and goods or services provided by the 

forest. The visual aspect is likely very important for the general public since they mostly use the forest 

directly to recreate. This will influence the nature value and soil biodiversity of forests (e.g. presence of 

dead wood), often in an unintended negative way leading to a decrease in ecosystem services. 

 

2.4 Laymen: Wider public 

2.4.1 Knowledge assessment based on quan\ta\ve survey 

The knowledge possessed by the wider public will be assessed using online standardized questionnaires 

spread among a large sample. These questionnaires are based on the information retrieved from the 

experts’ knowledge maps. The construction of a knowledge map for the wider public using face-to-face 

interviews is not feasible since it is impossible to select a representative sample of a limited number 

respondents.  

2.4.2 Assessment of management scenario preferences based on quan\ta\ve survey 



A two-stage choice experiment will be added to the quantitative standardized survey, similar to the 

choice experiment presented to the forest managers. In this way, preferences for management 

scenarios and the effect of information transfer on these preferences will be assessed. The information 

transfer about the role of soil biodiversity in the provision of ecosystem services and the attributes and 

levels used in the choice experiment will be adapted to be relevant and   understandable for the wider 

public. 

2.5 Timing 

We will start the data collection in Belgium (Flanders). Simultaneously, the method will be developed 

and refined. Depending on the support and infrastructure available, the remaining countries will be 

sampled in the following months/years. 

3. Call for support 

To be able to analyse the effect of tradition, culture and local context on knowledge and preferences 

for management scenarios and compare these between countries, support of other project participants 

would be highly appreciated. We aim to conduct the face-to-face interviews with forest managers and 

quantitative surveys among forest managers and users using standardised questionnaires (including 

the choice experiment) in the countries with project study sites. Specifically, following support is 

needed: 

For the face-to-face interviews: 

1. Input on which forest managers to interview 

2. Interpreter(s) (if managers are not familiar with English) 

For the standardised surveys, we would like to enquire whether we could rely on local support to: 

1.  spread the surveys to a representative sample of forest users and managers through internet 

if internet is sufficiently available among the stakeholders. 

2.  translate the survey into the local knowledge. 

3. conduct face-to-face interviews for the quantitative survey if internet is insufficiently available 

among stakeholders. This would mainly imply that additional manpower (enumerators or 

interviewers) is needed. 

Both for the face-to-face interviews as well as for the internet survey, manpower is needed. We would 

also like to enquire whether it would be possible to involve master and/or PhD students in the data 

collection process.  

The planning will depend on the support available and the speed of the data collection in Belgium. In 

each country, about 1 to 2 weeks are needed to conduct the face-to-face interviews with forest 

managers. 

 

In conclusion, we would like to ask :In conclusion, we would like to ask :In conclusion, we would like to ask :In conclusion, we would like to ask :    

1.1.1.1. to which extent you can support the socioto which extent you can support the socioto which extent you can support the socioto which extent you can support the socio----economic data collection with semieconomic data collection with semieconomic data collection with semieconomic data collection with semi----structured facestructured facestructured facestructured face----totototo----

face interviews and standardised surveys in your country face interviews and standardised surveys in your country face interviews and standardised surveys in your country face interviews and standardised surveys in your country (provision of manpower, translation of the (provision of manpower, translation of the (provision of manpower, translation of the (provision of manpower, translation of the 

survey, etc.).survey, etc.).survey, etc.).survey, etc.).    

2.2.2.2. in which month/season/year the data collection would be feasible in your country.in which month/season/year the data collection would be feasible in your country.in which month/season/year the data collection would be feasible in your country.in which month/season/year the data collection would be feasible in your country.    
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Example of a knowledge map, build using the AKT5 software (Cerdan et al., 2012) 
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Highlights: 
• Forest managers are aware of the crucial role of soil biodiversity, but do not consider it 

as an explicit management goal. 
• Improved information for forest managers should focus on ecosystem processes and 

functions. 
• This information should also be tailored towards managers’ socio-economic and forest 

management context. 
• Scientists have more in-depth understanding, that is, however, also affected by their 

context.  
• Policy design should enhance conditions for knowledge exchange about soil 

biodiversity. 

 

 

 

 

 



Abstract:  

Soil biodiversity is crucial for maintaining forest health and safeguarding forest ecosystem 
services delivery, but it is under increasing human pressure. Forest management puts pressure 
on soil biodiversity, but has also the potential to support soil biodiversity recovery, depending 
on which decisions forest managers make. These decisions are highly influenced by managers’ 
perception and understanding. Nevertheless, insights into forest managers’ understanding of 
soils and their biodiversity are largely lacking. This paper addresses this gap by studying 
private and public forest managers’ understanding of soil biodiversity and comparing their 
level of knowledge with scientists’ knowledge. In addition, this paper assesses the effects of 
context on understanding by comparing between two regions (NW of Flanders, Belgium, and 
NE of Romania). Specifically, knowledge was elicited using semi-structured interviews based 
on an integrated framework. The interviews were coded and analyzed using a Fuzzy Cognitive 
Mapping approach. In total, 24 interviews were conducted after selecting respondents using a 
purposive sampling design. Our results indicate that forest managers are aware of the crucial 
role of soil biodiversity and possess practical and context-specific understanding, but lack in-
depth knowledge related to ecosystem processes and functions and soil state variables, 
compared to scientists. In addition, managers did not seem to explicitly consider soil 
biodiversity in their management decisions, but instead seemed to treat soil more as a black 
box. While scientists had a more detailed understanding, their understanding also depended on 
their background as researchers and mostly overlooked practical, site-specific implications. 
Moreover, we found that local context influenced respondents’ understanding, especially 
related to drivers and pressures that affect soil biodiversity. Hence, communication strategies 
oriented towards forest managers seem suitable to maximize adoption of adaptive management 
practices that support soil biodiversity. These strategies should go beyond awareness raising 
and specifically explain ecosystem processes and functions linked to forest soil biodiversity to 
improve managers’ in-depth understanding, while taking their socio-economic and forestry 
context into account. Further, policy design should enhance conditions for knowledge 
exchange and discussion about soil biodiversity. The methodology presented in this study 
might help such knowledge integration of scientists and forest managers in order to combine 
in-depth understanding of soil biodiversity and applicability of management practices in 
specific forest contexts. 

 
Key words: Social-ecological system; soil biodiversity; sustainable forest management; 
fuzzy cognitive mapping; knowledge comparison; context dependency 
 

1. Introduction 

Forests form the most widespread terrestrial ecosystem in the EU, covering about 38% of its 
total area (Eurostat, 2015). Forests are highly valued for the numerous ecosystem services that 
they deliver such as timber production, carbon sequestration and recreation space (Brockerhoff 
et al., 2017; MEA, 2005). This delivery of forest ecosystem services crucially depends on the 
forest’s capacity to sustain ecosystem functions, which results from the forest’s biophysical 
structure. This chain is referred to as the ‘ecosystem service cascade model’ (Haines-Young 



and Potschin, 2010). An essential component of the biophysical structure is forest biodiversity 
through its effect on ecosystem functioning (Brockerhoff et al., 2017; Cardinale et al., 2012; 
MEA, 2005). While, in the past, research mainly focused on aboveground biodiversity and tree 
species richness in particular, belowground biodiversity has received increasing attention 
during the last decade. Specifically, awareness has raised on soil as a non-renewable resource 
and the soil’s crucial role in ecosystem functioning and global cycles (Bardgett and Van Der 
Putten, 2014). Soils host immense biological diversity in the form of a highly complex soil 
food web in which a range of key forest ecosystem functions such as nutrient and carbon 
cycling and soil formation are fulfilled (Nielsen et al., 2015). Moreover, soil biodiversity is 
linked to aboveground biodiversity through plant-soil feedbacks and hence supports also 
aboveground ecosystem services (Adhikari and Hartemink, 2016; Korboulewsky et al., 2016). 

Nevertheless, forest soils and their biodiversity are being threatened by soil degradation 
processes such as acidification and soil compaction. Soil degradation is mainly caused by 
human-induced processes like atmospheric deposition, intensive recreation and forest 
management (Hartmann et al., 2014; Jones et al., 2011). Currently, there is broad agreement 
on the need for sustainable soil management to durably improve soil quality, including soil 
biodiversity (Juerges and Hansjürgens, 2018). Nevertheless, soil degradation continues and 
clear strategies for sustainable soil management are largely lacking. Additionally, soil 
biodiversity is generally not explicitly considered in forest management decisions, which leads 
to unintentional pressures, such as organic matter removal and soil compaction during harvest 
(Addison et al., 2019; Prager and Curfs, 2016). This lack of attention is largely caused by the 
soil’s poor visibility due to its location belowground, slow rates of change and complex 
interactions between biotic and abiotic components (Prager and Curfs, 2016). Moreover, forest 
management faces the challenge of slow changes and a long time span between management 
decisions and results obtained, which hampers accurate evaluation and mitigation actions 
(Meyfroidt, 2013). Research efforts have started to increase, resulting in reliable data on spatial 
and temporal distributions of soil organism groups and their role in processes (Orgiazzi et al., 
2016). Nevertheless, a standardized procedure to measure soil biodiversity, a holistic overview 
of the belowground system and precise insights on the effect of management on soil 
biodiversity are still missing (Bardgett and Van Der Putten, 2014; Cambi et al., 2015; 
Lemanceau et al., 2015). 

Despite these challenges, forest management has to preserve soil biodiversity to safeguard 
future delivery of forest ecosystem services (Lukac, 2017; Thees and Olschewski, 2017). 
Mismanagement of ecosystems may cause increasing losses in ecosystem services that are very 
hard to recover (Birgé et al., 2016). To achieve this objective, forest managers’ understanding 
and perception of forest soil, its biodiversity and the interaction between the human and 
ecological system, are crucial (Baveye et al., 2016; Lamarque et al., 2014). This perception 
determines the attitude that a manager adopts towards soil biodiversity and eventually what 
management decisions are taken (Prager and Curfs, 2016; Yousefpour et al., 2017). As such, it 
is essential to assess whether and where improvement in soil biodiversity understanding is 
needed (Kontogianni et al., 2012). These insights allow the design of effective policies and 
communication strategies oriented towards facilitating adoption of conservation strategies. 
Research has shown that awareness does not automatically lead to implementation, especially 



concerning soil protection, and stressed the need for knowledge and information strategies to 
translate perception into action (ElSawah et al., 2013; Juerges and Hansjürgens, 2018; Sousa-
Silva et al., 2018). Furthermore, environmental and social context, attitudes, values and beliefs 
influence interpretation of information and understanding, referred to as selective perception, 
and should therefore be taken into account (Carnol et al., 2014; Gray et al., 2014; Ingram et al., 
2010; Prager and Curfs, 2016). In this perspective, some studies have investigated the 
differences and similarities in understanding between countries or regions, although being 
relatively scarce. For example, Ingram et al. (2010) compared farmers and scientists’ 
understanding of soil across three case studies in different European countries. They found that 
similarities existed in the type of understanding of scientists versus managers over the three 
case studies, as well as in understanding within specific groups over the case studies. On the 
other hand, Van Der Sluis et al. (2018) concluded that fundamental differences existed in 
perspectives on landscape change processes across six European countries, which requires 
specific policies instead of a one size fits all approach. This contrasting conclusions point at a 
need for further insights in the effect of regional context on understanding. Moreover, insights 
in forest stakeholders’ understanding of soil biodiversity are still lacking, as well as information 
on how to communicate taking the needs of different groups into account (Lähtinen et al., 
2017). Insights in which factors (for example related to regional context) cause differences in 
understanding are expected to facilitate harmonization across groups, and hence improve 
decision making (van den Broek, 2018). 

Recently, mental models are gaining interest to study stakeholders’ understanding, but 
applications in soil degradation research remain limited (Lamarque et al., 2014; Prager and 
Curfs, 2016). Mental models are defined as internal representations, constructed by the human 
mind, of external reality. In order to visualize and study such models, fuzzy cognitive mapping 
(FCM) is widely applied. This methodology creates cognitive maps that are physical constructs 
depicting directed and weighted causal relationships between concepts, or variables, of a 
system (Özesmi and Özesmi, 2004). During the last two decades, FCM has been increasingly 
applied in a wide variety of disciplines, including environmental management and modelling 
(Jetter and Kok, 2014). However, consensus on the detailed steps to construct fuzzy cognitive 
maps and translation into specific tools is still lacking (Jetter and Kok, 2014). Vanwindekens 
et al. (2013) extended the original approach of Özesmi & Özesmi (2004) and applied FCM to 
study ‘systems of practices’ by developing the tool CMASOP (Cognitive Mapping Approach 
for analyzing Systems Of Practices) and the R package ‘cogmapr’ (Vanwindekens et al., 2019). 
In their work, they used the tool to study management of grassland-based livestock farming 
systems. Their approach can be easily extended to other topics related to environmental 
management, such as forest management and its relationship with soil biodiversity 
(Vanwindekens et al., 2013). 

To evaluate forest managers’ level of understanding, scientists can serve as a benchmark, while 
acknowledging the relevance of both groups as different but complementary local knowledge 
sources (Jabbour et al., 2014; Prager and Curfs, 2016; Raymond et al., 2010). The impact of 
changing soil biodiversity levels and the effect of management are difficult to observe and 
mostly felt in the long run. Additionally, the links within the ecosystem services cascade are 
often not clear in real life due to confounding factors. Therefore, it is hard for managers to 



understand these linkages between management and soil biodiversity, while scientists are 
expected to have a better understanding as they mostly control environmental factors in 
experimental studies on soil biodiversity that may test the effect of alternative management 
practices (Gray et al., 2014).  

The objective of this paper is to explore forest scientists’ and private and public forest 
managers’ understanding of the role of soil biodiversity in forest functioning and of the effect 
of management decisions on soil biodiversity. We aim to assess the similarities and differences 
in knowledge related to soil biodiversity between forest scientists and managers, and 
investigate the type of understanding that both groups adhere. Furthermore, we study the effect 
of ecological and socio-economic context on this understanding by comparing two contrasting 
European regions: Flanders (Belgium) and Romania. To achieve these objectives, we apply an 
FCM approach based on CMASOP using semi-structured interviews to study forest scientists’ 
and private and public forest managers’ understanding of soil biodiversity. These results can 
serve the development of communication strategies to safeguard and improve forest soil 
biodiversity through sustainable forest management. 

 

2. Conceptual framework 

Forests and their soils are complex and dynamic systems, that include multiple feedback loops 
between the human and natural system through forest management, soil degradation and 
ecosystem services delivery. These systems are referred to as social-ecological systems (Berkes 
et al., 2008; Meyfroidt, 2013). In order to facilitate knowledge elicitation and representation of 
such complex systems using CMASOP and semi-structured interviews, we adapted the 
approach of Müller and Burkhard (2012), integrating three frameworks: (i) the ecosystem 
service cascade (ESC) model (Haines-Young and Potschin, 2010), (ii) the driver-pressure-
state-impact-response (DSPIR) framework (Smeets and Weterings, 1999) and (iii) the adaptive 
management cycle (Figure 1). (i) The ESC model connects human and environmental systems 
through ecosystem functions and ecosystem services, as explained in section 1. Specifically, 
the biophysical structures and processes that underpin ecosystems, such as soil biodiversity, 
deliver ecosystem services to society through the ecosystem functions that they fulfill. These 
ecosystem services are valued by society and hence can benefit human well-being. Through 
valuation of ecosystem services and their perceived benefits to society, humans decide upon 
their behavior, such as management, that then affects the biophysical ecosystem structure. The 
interested reader is referred to Haines-Young and Potschin (2010) for a detailed explanation of 
this cascade. (ii) The DPSIR framework is a problem structuring framework for complex causal 
interactions that allows categorization and better understanding of the different aspects of a 
problem. Specifically, the framework includes socio-economic and environmental “drivers” 
that exert “pressures” on soil biodiversity and hence intentionally or unintentionally alter the 
soil’s “state”. This state causes “impacts” on forests and society. Human “responses” react on 
these “impacts” by taking measures targeted at one of the previous components (Baldwin et 
al., 2016). The interested reader is referred to the original publication of Smeets and Weterings 
(1999) for further explanation. (iii) Adaptive forest management is one example of such a 
response that can be undertaken by forest managers (Yousefpour et al., 2017). In adaptive 



management, decision making relies on monitoring, learning and feedback to respond to 
uncertainty. A detailed description can be found in Lawrence and Gillet (2011). 

 
Figure 4: Integrated ecosystem services cascade (ESC), Driver, Pressure, State, Impact, Response (DPSIR) and 
adaptive management cycle framework to structure the complexity of social-ecological systems. Adapted from 
Müller and Burkhard (2012). 

Although being widely used for its transparency and ability to simplify complex systems, the 
DPSIR framework is also criticized for inconsistent use of definitions and terminology, and its 
one-to-one and unidirectional relationships (Bell, 2012; Gari et al., 2015). Therefore, 
suggestions were made to integrate the framework in a multi-methodology approach (Bell, 
2012; Mehryar et al., 2017). This paper intends to meet these suggestions by combining the 
integrated framework with an FCM approach for analysis. 

 

3. Methods 

3.1 Case study 

The study was carried out in two contrasting regions in a European context: the North-West 
(NW) of Flanders (Belgium) and the North-East (NE) of Romania. These regions differ in 
topography, forest area, forest ownership, forest policy and governance, and socio-economic 
characteristics, while climate (temperate), soil fertility (low to medium) and tree species 
composition (deciduous or mixed) are more or less similar. The most important differences are 
listed in detail in table 1. Generally, the NW of Flanders is flat, has a low forest cover (6%) 
and forest patches are scattered and small in area. Forest ownership is approximately equally 
distributed between public and private, and public forest management is a regionalized (i.e. 
non-federal) matter, executed by the Flemish administration “Agentschap Natuur en Bos”. The 
Flemish study region has a high human population density and is considered a knowledge 
region, investing in innovation and scientific research (Castellacci and Archibugi, 2008). The 
NE of Romania is located at the transition between a hilly region and the Suceava river valley. 



It has a low human population density, a high forest cover (66%) and forests are large and have 
often been present for centuries. Forests are mostly publicly owned. Forest regulation is state-
centered and top-down regulated, including a set of compulsory rules (Nichiforel et al., 2018). 
The autonomous administration governing public Romanian forests is called ROMSILVA. So 
far, it has placed less focus on advanced knowledge exchange, partially due to the top-down 
regulation hindering knowledge creation amongst forest experts (Castellacci and Archibugi, 
2008; World Bank, 2009). In addition, both regions are connected to the FunDivEUROPE 
network (Baeten et al., 2013) that was set out as a platform to study tree species diversity in 
European forests and is currently being used in the SoilForEUROPE project to study the 
relationship between tree diversity and soil biodiversity. Our study is part of the 
SoilForEUROPE project and relies on the presence of such network to sample forest managers 
that are familiar with scientific experiments, as well as managers that have no direct contact 
with science, as will be explained in section 3.2.1.1. Specifically, the Flemish region is situated 
around the FORBIO site in Zedelgem, whereas the Romanian region is located around Râşca 
in Suceava County. A detailed description of these sites can be found in Verheyen et al. (2013) 
for the FORBIO site in Flanders and in Baeten et al. (2013) for the Romanian site near Râşca. 

Table 1: Summary of the most important socio-economic and environmental characteristics between the case 
study regions (North-West of Flanders and North-East of Romania) 

 Belgium: North-West of Flanders Romania: North-East of Romania 

Climate Temperate-maritime Temperate-continental 
Topography Lowlands (5-20 m.a.s.l.) Low mountains (400-1000 m.a.s.l.) 
Soil type Mainly Cambisol, Luvisol and Retisol Brown soils (Eutric Cambisol and 

Dystric Cambisol on 89% of the area) 
Population density 444 inhabitants/square km 24 inhabitants/square km 
Forest cover 6% 66% 
Forest type Mainly deciduous forests (Lowland oak-

beech forest) 
Mixed forests (49% coniferous, 41% 
beech, 10% other deciduous species) 

Forest ownership 40% State owned, 60% Privately owned 100% State owned 
Forest policy and 

governance 

Regionalized: Flemish administration 
“Agentschap Natuur en Bos” 

State-centered: Autonomous 
administration “ROMSILVA” 

Total area of the region 4000-5000 km² 10.00-15.0 ² 

 

3.2 Methodological approach 

The method used in this study comprises five steps and is based on the CMASOP approach 
developed by Vanwindekens et al. (2013), taking recommendations of Olazabal et al. (2018b) 
into account. 

3.2.1 Step 1: Data collection 

3.2.1.1 Respondent selection 

A limited number of key forest stakeholders was selected to gather in depth data through 
interviews, using a purposive sampling technique following the scheme in Table 2 (Robinson, 
2014). Forest scientists were selected at universities and research institutes, and gender and 
experience were used as selection criteria. Concerning the selection of forest managers, a 
distinction was made between regional and local managers, as well as between public and 
private managers. Three groups of managers were included: regional public managers, local 
public managers and local private managers. The first two groups are paid employees 



responsible for public forests, owned by public organizations (state), at regional or local level 
respectively. Whereas regional level refers to a level comparable to provinces, local level 
reflects a lower level, comparable to a set of municipalities. Local private managers, on the 
contrary, possess a forest of their own or manage a forest owned by a private person or 
organization. Furthermore, direct contact with science was taken into account for the selection 
of forest managers through the FunDivEUROPE network. As explained in section 3.1, this 
network encompasses sites in which scientific experiments were conducted in the past, bringing 
managers into contact with the scientific world (e.g. Jucker et al., 2015). As scientific contact 
might have influenced managers’ knowledge on forest ecosystem functioning, the presence of 
this network was used for sampling forest managers. Specifically, the regional and local public 
manager of the study site were interviewed, as well as the regional and local public manager 
of an adjacent region with similar climatic and soil conditions, but without previous 
involvement in experimental scientific studies. Local private managers were contacted through 
a cooperative association that was active in the same area as where the publicly managed forests 
were located. This association unites private forest owners and managers and provides them 
training, advice and assistance. In order to reflect the ownership situation, local private 
managers were only interviewed in Flanders (Belgium). The respondent selection resulted in 
26 stakeholders sampled in 24 interviews, of which 10 Belgian forest managers, 7 Belgian 
forest scientists, 6 Romanian forest managers (in 4 interviews) and 3 Romanian forest 
scientists. In the remainder of this paper, ‘N’ refers to the number of respondents while ‘NI’ 
refers to the number of interviews. Additionally, the general term ‘managers’ will be used to 
refer to both private and public managers. 

 

 
 
Table 2: Scheme for selecting forest scientists and managers in Flanders and Romania using purposive sampling. 
Number of respondents per group sampled are included, as well as the main selection criteria. 
 Forest scientists Forest managers 

 Regional 
(~ province) 

Local 
(~ one or multiple municipalities) 

Public Public Private 

Selection 
criteria 

institute, gender, 
experience 

location, scientific 
experience 

location, scientific 
experience 

institute, location 

Flanders 7 3 4 3 

Romania 3 1 5 / 

 

3.2.1.2 Semi-structured interview 

As soil biodiversity is considered to be generally poorly known, we are interested in eliciting 
more generic mental models to better understand fundamental differences and similarities 
between groups (Jones et al., 2014). In order to organize the complexity of the forest soil 
biodiversity system and set boundaries to the system for knowledge elicitation, the integrated 
ESC-DPSIR-Adaptive management cycle framework, explained in section 2, was used for the 
semi-structured interviews. This framework can help respondents to structure and express their 



understanding of the forest soil system, as is also mentioned by Lewison et al. (2016). Based 
on a literature screening, the framework was reconstructed and applied to forest soil 
biodiversity and its role in ecosystem services delivery. The final framework served as a basis 
for the interview guide that included five sections:  

(i) “state” with a focus on the definition of soil biodiversity, physical, chemical and biological 
soil quality and their relationship. Amongst others, following questions were asked: “What 
does soil biodiversity mean to you?”, “Which chemical factors or processes do you think 
determine soil quality?”,  

(ii) “impact” focusing on ecosystem services delivery and ecosystem functions connecting 
“state” and “impact”. An example question is: “Where can soil biodiversity be useful for in 
your opinion?”,  

(iii) “drivers” and “pressures” of human and natural origin that impact forest soils and their 
biodiversity. This section included questions such as: “Which driving factors do you think 
cause pressures on forest soil and its biodiversity?”, 

(iv) “response” focusing on soil biodiversity state, interventions to support soil biodiversity 
including forest management and current forest management practices in view of soil 
biodiversity. Example questions are: “Does forest management influence soil biodiversity in 
your opinion?” and “Which management interventions do you think influence soil 
biodiversity?”, 

(v) Lastly, a fifth section was added in which the relationship between soil biodiversity and 
tree biodiversity was discussed, for example through following question: “Do you think that 
soil biodiversity and aboveground tree biodiversity are connected?”. 

A detailed outline of the questions that were used during the semi-structured interviews is 
added in appendix A. All interviews were executed by the same researcher. Specifically, the 
sections were introduced at the start of the interview, but interviewees were informed that they 
could change the order of the sections or bring up new topics whenever they wanted. Each 
section included open questions that asked about the specific aspects of the framework such as 
ecosystem functions, environmental pressures or drivers. The first question of the interview 
asked for a definition of soil biodiversity, after which an additional explication was provided 
in case of an incomplete answer. This ensures a shared understanding of the concept soil 
biodiversity across interviewees before proceeding the interview. Interviewees were 
encouraged to express their full knowledge and examples of related fields were provided upon 
request. Furthermore, the interviewer could ask additional questions to pursue deeper 
understanding, which increased flexibility and improved elicitation. Such probing questions 
were asked in multiple situations, mostly to clarify an answer or get more information if 
interviewees remained rather superficial and general in their answers. Moreover, interviewees 
were asked regularly if they had anything to add to a specific topic or section that was 
discussed. Respondents’ informed consent was verbally obtained and recorded at the start of 
the interview and respondents’ anonymity was ensured. 

In Romania, the interviewer was accompanied by a translator for the interviews with forest 
managers. This translator was a local expert in forest and nature management with an academic 



background and an excellent level of English. Up front, the interviewer informed the translator 
on the questions of the semi-structured interview and clarifications were provided to make sure 
the translator correctly interpreted the questions. During the interviews, the translator directly 
translated the questions in Romanian and directly translated the answers back to English. The 
interviewer noted the most important information and asked additional questions if needed. 
Moreover, the translator asked interviewees for further explanation in case he was unsure if his 
interpretation of their answers was correct. The entire interview was recorded and the English 
sections were fully transcribed. Moreover, the recordings allowed consulting the original 
Romanian answers in case of vagueness. Nevertheless, this was not needed as the translator 
felt sure about his translations, which is probably linked to the general level of knowledge 
elicitation and the background of the translator. While the use of a translator was unavoidable, 
we acknowledge that it might have impacted knowledge elicitation, because of the interference 
of an additional person compared to interviews in Flanders and interviews with Romanian 
scientists. Additionally, Romanian scientists were interviewed in English, which omits the 
possible effect of a third-person. Nevertheless, the use of English might still have affected 
knowledge elicitation as Flemish participants were interviewed in their native language. We 
acknowledge the implications of the knowledge elicitation language when discussing the 
results. 

3.2.2 Step 2: Transcript coding 

The interview recordings were fully transcribed using a basic word processor. Next, the 
transcriptions were coded by manually identifying concepts and linking them through 
relationships in the open source and freeware R-package qcoder 0.1.0 (Duckles et al., 2007). 
One researcher performed the coding, in line with the approach of Vanwindekens et al. (2013). 
The manual coding could affect the results through the researcher’s interviewing and mapping 
skills, and her own perception and preferences (ElSawah et al., 2013; Jones et al., 2011; 
Mehryar et al., 2017; Vanwindekens et al., 2013). Nevertheless, this influence is partly 
mediated by the relatively straightforward structure of the interviews which limits the need for 
interpretation (Vanwindekens et al., 2013) and the comparative focus of the analysis as 
explained in section 3.2.5. Moreover, a list of 58 concepts was predefined based on the 
integrated framework that was reconstructed from literature, a thorough reading of the 
transcripts and iterative expert consultations. This bounds the freedom of interpretation during 
the coding process and hence allows the coding process to be more standardized. Specifically, 
the concepts that were included in the integrated ESC-DPSIR-Adaptive Management Cycle 
framework reconstructed for soil biodiversity from literatire were listed. Next, the interview 
transcripts were read through once to identify recurring missing concepts. Experts were 
consulted iteratively to discuss the names and definitions of concepts and assess the need for 
merging or splitting concepts. Moreover, concepts could still be added during the coding 
process. Whenever a possible new concept appeared during the coding, the definitions of the 
predefined concepts were checked and if the concept could not be added to an existing concept, 
a new concept was defined. This procedure resulted in a total set of 62 concepts, that are listed 
in Appendix B (Table B.1). The use of the framework that served as an umbrella for the 
interview and the general level of knowledge elicitation made it easier to detect overlapping 
concepts and synonyms, both within and between languages. As a result, the coder did not 



encounter any significant problems in deciding whether respondents were discussing similar 
concepts. In addition, the researchers attributed each concept to one of following classes, based 
on the integrated framework: driver, pressure, soil characteristic, ecosystem function, 
ecosystem service or management practice. In order to allow for aggregation of cognitive maps 
per group, interviewed participants were categorized, based on stakeholder type (forest scientist 
or forest manager) and region (Flanders or Romania).  

No weighting of relationships based on importance was implemented, as interviewees were 
generally unsure about these values. Instead, presence or absence of a relationship was coded, 
corresponding with a weight of 1 or 0, respectively. In this way, each interview was 
transformed into an adjacency matrix that places the 62 concepts in rows and columns and 
depicts the weight of the relationship (0 or 1) on the cross-section. 

To increase reliability of the manual coding, a double check was executed after the manual 
coding by the main researcher. Firstly, two interview transcripts were coded twice by the same 
researcher at the start and end of the coding process to detect possible issues linked to changes 
in interpretation of particular recurring sections throughout the entire coding process. Secondly, 
two randomly selected interview transcripts were coded independently by a second researcher 
which gives an indication on the robustness of the initial codings. For both checks, the share 
of identical concepts was calculated, as well as the share of identical individual relationships. 
The first check resulted in a relatively high agreement. Specifically, on average over both 
interviews, 94% of concepts were shared and 86% of the relationships. These figures were 
somewhat lower for the second check, but are still considered acceptable. In particular, the 
share of identical concepts between the independent coding of both researchers was on average 
85%, whereas the share of identical relationships was on average 64%. Relationships that were 
different between the codings of both researchers often involved related concepts, for example 
acidification  soil organisms, versus pH  soil organisms.  

3.2.3 Step 3: Individual cognitive mapping 

Using the coded relationships, an individual cognitive map (ICM) was constructed per 
interview using the open source and freeware Rpackage cogmapr 0.9.1 (Vanwindekens et al., 
2019). The ICM is a graphical network in which concepts are nodes that are linked by arrows 
or relationships. The package uses the adjacency matrix to construct the ICM. More 
information on this procedure can be found in Vanwindekens et al. (2013). 

3.2.4 Step 4: Social cognitive mapping 

Next, the ICM were aggregated into social cognitive maps (SCM) per group by an arithmetic 
addition of the individual adjacency matrices. In this way, the ‘weight’ of a relationship in the 
SCM corresponded with the number of respondents having discussed the relationship. These 
SCM give information on the knowledge content and structure of a group, aggregating 
individual perceptions. 

3.2.5 Step 5: Data analysis 

FCM can be analyzed using a wide variety of techniques and approaches, but to date there is 
no general agreement on which metrics to use and their interpretation (Yoon and Jetter, 2016). 
In this study, a comparative analysis was performed in order to compare understanding between 



groups, focusing on a comparison of knowledge between scientists and managers (Yoon and 
Jetter, 2016). By focusing on the SCM, the role of the coder in performing the transcript coding 
is reduced.  

In order to assess if sample sizes were sufficiently large, accumulation curves were 
reconstructed based on the number of new relationships, following the method described in 
Vanwindekens et al. (2013). These curves were calculated for the four groups that are analyzed 
in this study (scientists, managers, Flemish forest stakeholders and Romanian forest 
stakeholders) and are included in Appendix C (Figure C.1). A saturation was found for forest 
scientists, forest managers and Flemish forest stakeholders, indicating sufficiently large sample 
sizes for these groups. While no saturation occurred for Romanian forest stakeholders, the 
curve seemed to be levelling off, which suggests that the Romanian sample size is still 
adequate. Moreover, the sample sizes are comparable to sample sizes used in other studies 
where no saturation curves were constructed or saturation curves were constructed for the entire 
sample (e.g. Bosma et al., 2017; Olazabal et al., 2018a; Vuillot et al., 2016). In addition, the 
application of a framework in this study might lower sample size needs by offering respondents 
a structure (Bosma et al., 2017; Gray et al., 2012; Jetter and Kok, 2014). Nevertheless, because 
of the implications that the limited sample size might have, we focus on the comparison 
between scientists and managers and acknowledge that caution is needed when interpreting the 
results of the comparison between Flanders and Romania. 

The SCM were analyzed and compared based on their structure and content. The structural 
analysis relied on the number of concepts and relationships, as well as graph theory indicators 
defined by Özesmi & Özesmi (2004). Specifically, these indicators include the link-node ratio, 
a concept’s indegree and outdegree, which determines receiver or transmitter nature, as well as 
a concept’s centrality. Definitions and formulas of these indicators are included in Table 3. The 
content analysis focused on the SCM. Specifically, a condensed version of the SCM was 
constructed by including only relationships that were mentioned by at least half of the sample. 
To ease comparison between groups, nodes that were shared between SCM, were placed at 
more or less the same location. In addition, concepts’ centrality values were calculated and 
normalized by dividing the centrality values by the sample size of each group, represented by 
the number of interviews. Hence, normalized centrality values reflect the total weight, or 
number, of relationships coming in to and going out from a concept, as would be mentioned 
by one average member of each group. These normalized centrality values were also used as 
the node size in the condensed SCM, while the arrow sizes in the condensed SCM reflected 
relationship weights. Furthermore, an explorative comparative analysis was performed on the 
relationship weights. The aim of this explorative analysis was to asses which relationships 
deserve further investigation in follow-up research rather than concluding true significance. 
Specifically, relationship weights were compared between groups, through a contingency table 
and Fisher Exact Tests that are suited for low sample sizes, as explained in Vanwindekens et 
al. (2014). Nevertheless, caution should be taken when interpreting the results of these tests for 
the assessment of the context dependency effect because of the relatively large difference in 
sample size between Flanders (NI = 17) and Romania (NI = 7) and the rather low sample size 
for Romania. Lastly, findings on concepts’ centrality and relationship weights were combined 



to get deeper insights in clusters of relationships and detailed analysis of these clusters was 
performed using the quote-retrieving module that is part of the Rpackage cogmapr. 

Whereas the analysis focused on the comparison of soil biodiversity between groups, 
heterogeneity within groups was also assessed using the ICM. This analysis calculated the 
mean and standard deviation of the graph theory indicators (see formulas in Table 3) based on 
the ICM within each group. In addition, a dissimilarity matrix was constructed for each group, 
that depicts the degree of dissimilarity in included concepts between each pair of ICM in that 
group. This matrix was calculated through the ‘dist’ function in R and relied on the Jaccard 
Similarity Index, which is equal to the intersection of concepts between a pair of ICM divided 
by the union of concepts in that pair of ICM (Olazabal et al., 2018a). The R function ‘dist’ of 
the stats package transform this similarity index (S) in a dissimilarity index (D) by subtracting 
the similarity index from 1 (� = 1 − �) (Borcard et al., 2011). 
Table 3: Formula and definition of main graph theory indicators for analysis of CM structure. Adapted from Yoon 
& Jetter (2016) and Özesmi & Özesmi (2004). 

Indicator Formula Definition 

Number of 

concepts 
N 

- Total number of concepts 
articulated in a map. 

Indegree ��� =  
|�
�|
�


��
 

- Sum of weights of all 
relationships arriving at a node 
or concept.  

- Cumulative strength of 
relationships (�
�) through which 
a concept is affected by other 
concepts. 

Outdegree ��� =  
|��
|
�


��
 

- Sum of weights of all 
relationships (��
) departing 
from a node or concept. 

- Cumulative strength of 
relationships with which a 
concept influences other 
concepts. 

Transmitter � (���  ≠ 0 ��� ��� = 0)  
- A concept is a transmitter if it 

only influences other concepts 
(i.e. forcing variables or tails). 

Receiver � (��� =  0 ��� ���  ≠  0)  
- A concept is a receiver if it is 

only influenced by other 
concepts (i.e. utility variables or 
heads). 

Ordinary � (��� ≠ 0 ��� ��� ≠ 0) 
- A concept is ordinary if it is 

influenced by and also influences 
other concepts. 

Centrality �� = ��� + ���  

- Degree to which a concept is 
connected to other concepts 
expressed as the sum of all 
relationship weights coming in to 
or going out from that concept. 

Number of 

relationships 
C 

- Total number of connections, 
linking two concepts, in a map. 

Link-node 

ratio 
C/N 

- Degree of connectivity between 
concepts. Higher ratio indicates 
that connections between 
concepts are denser. 

 



4. Results 

Prior to the cognitive mapping analysis, the integrated framework was reconstructed per group 
based on the individual interview transcripts and focusing on the most frequently mentioned 
concepts. The results of this step are added in Appendix D and will not be further discussed 
here. In total, 1604 quotations were coded as relationships between two concepts. The number 
of quotations per individual ranged from 23 to 146 with an average of 65.9 and a standard 
deviation of 33.0. An example of an individual cognitive map, including an example of the 
coding process, is added in Appendix E. 
 

4.1 Comparison of soil biodiversity understanding between scientists and forest 

managers 

This section compares the social cognitive maps (SCM) of scientists and managers, of which 
a condensed version is shown in Figure 2, taking together Flemish and Romanian respondents 
and depicting only relationships that are mentioned by at least half of the sample for both 
groups. Scientists seemed to share a higher number of relationships between at least half of 
their sample, compared to managers. All concepts present in managers’ condensed SCM were 
also included in scientists’ SCM, except for the forest ecosystem services water regulation and 
carbon sequestration. Ten concepts were present in the scientists’ condensed SCM and not in 
the managers’ condensed SCM. 



 
Figure 2: Condensed social cognitive maps (SCM) related to forest soil biodiversity of forest scientists (A) 
(NI=10) and forest managers (B) (NI=14). Only relationships being mentioned by at least half of the sample are 
shown, corresponding with a minimal weight of 5 and 7, for scientists and managers respectively. Node size 
reflects concepts’ centrality, normalized for sample size, and arrow size reflects relationship weight. Nodes 
present in both SCM are placed at more or less the same location to facilitate comparison. 

Scientists included 62 concepts and 238 relationships, whereas managers mentioned 58 
concepts and 209 relationships (Table 4). Lastly, the link-node ratio was similar for scientists 
(3.84) and managers (3.60), which reflects comparable connectivity for both groups. 

Table 4: Graph theory indicators of social cognitive map for forest scientists and managers. 

 Forest scientists Forest managers 

No of individual maps 10 14 
No of concepts 62 58 
No of transmitter concepts 14 18 
No of receiver concepts 7 7 
No of ordinary concepts 41 33 
No of relationships 238 209 
Link-node ratio  3.84 3.60 

 



The centrality values are included in Appendix F (Table F.1), while the concepts with highest 
centrality values, selected over all groups, are depicted in a radar chart in Figure 3. As expected, 
soil biodiversity had highest normalized centrality, which can be linked to the interview format 
that focused on soil biodiversity as the central component of the framework. Therefore, this 
concept will not be taken further into consideration. The normalized centralities for this set of 
concepts ranged from 1.3 to 5.6. Scientists included nutrient cycling as the most central 
concept, followed by vegetation, soil compaction, tree species choice, trophic interactions and 
humus. On the other hand, managers attributed highest centrality to vegetation, followed by 
nutrient cycling, tree species choice, soil compaction, harvesting and timber production. 
Centrality values were at least one unit higher in scientists’ SCM for soil compaction, nutrient 

cycling, atmospheric deposition, soil structure, acidification, humus and trophic interactions. 
Only harvesting and recreation had a slightly higher normalized centrality in managers’ SCM, 
although this difference seems negligible. Hence, whereas the four most central concepts 
corresponded between both groups, scientists seemed to attribute higher importance to 
processes, such as trophic interactions and acidification, and concepts describing specific soil 
related characteristics, such as humus and soil structure. Moreover, as can be derived from 
Table 4, scientists included four concepts that were absent in the managers’ SCM. Two of them 
describe “ecosystem functions” (gas exchange and soil forming processes), whereas the other 
two are “ecosystem services” directly delivered by soil (heritage appreciation and soil 

conservation). 

 
Figure 3: Radar chart of normalized centrality values of concepts with overall highest centrality for forest 
scientists and managers. Centrality values are normalized for different sample sizes by dividing them by the 
number of interviews in each group (NI, scientists=10; NI, managers=14). Normalized centrality values reflect the total 
weight, or number, of relationships coming in to and going out from a concept, as would be mentioned by one 
average member of each group. 

Using a significance level of 0.05, seven relationships had a higher weight in scientists’ SCM 
and one relationship had a higher weight in managers’ SCM (Table 5).While p-values are rather 
high to conclude true significance, they give an indication on which relationships potentially 
encompass differences in knowledge. Scientists seemed to include more relationships linked 
to process concepts in their SCM, such as nutrient cycling, soil compaction, soil mixing and 
eutrophication. These process concepts belong to the framework sections “driver”, “pressure” 
or “ecosystem functions”. In addition, they seemed to incorporate more often relationships with 



descriptive soil “state” concepts such as nutrient content, pH and soil structure. Scientists also 
seemed to value the direct or inherent value of soil biodiversity more, as suggested by the 
relationship between soil biodiversity and biodiversity conservation. On the other hand, 
managers seemed to attribute higher weights to a direct relationship from recreation to soil 

biodiversity, stressing the pressure that recreation puts on soil biodiversity. 

Table 5: Significantly different relationships between forest scientists and managers based on relationship weight, 
taking different sample sizes into account (Fisher Exact test, α=0.05, ranked by p-value). NI represents the number 
of interviews or maps per group. 

  
  

Scientists Managers p-value Significance 

NI = 10 NI = 14   

Soil biodiversity  Biodiversity conservation 4 0 0.020 S>M 
Nutrient cycling  Nutrient content 4 0 0.020 S>M 
Soil compaction  Soil biodiversity 10 8 0.024 S>M 
pH  Soil biodiversity 7 3 0.035 S>M 
Soil biodiversity  Soil mixing 8 5 0.047 S>M 
Eutrophication  Soil biodiversity 5 1 0.050 S>M 
Soil mixing  Soil structure 5 1 0.050 S>M 

Recreation  Soil biodiversity 1 8 0.033 S<M 

Based on the most important differences found at broader level, three clusters of relationships 
were selected to study in detail (Figure 4). Focusing on soil structure and soil mixing, a cluster 
of relationships was drawn as shown in panel A of Figure 4. Whereas managers mainly referred 
to soil structure through a direct link from soil biodiversity, scientists further specified this 
relationship through the process of soil mixing. Furthermore, soil structure served as a 
connection between soil biodiversity and water regulation in scientists’ SCM, whereas 
managers mainly reported a direct link between soil biodiversity and the ecosystem service 
water regulation. Looking at the quotations, managers referred to soil structure mostly from 
an observational perspective, using vocabulary such as “hard”, “soft”, “air”, “water”, “wet”. 
On the other hand, scientists generally adopted scientific terminology such as “soil porosity”, 
“water retention capacity” and “bulk density”. 

Secondly, we focused on atmospheric deposition, acidification and tree species choice (Figure 
4.B). Whereas managers mostly mentioned a direct relationship between atmospheric 

deposition and soil biodiversity, scientists seemed capable of providing further explanation of 
this relationship through the processes acidification and eutrophication. Nevertheless, 
managers were generally aware of the effect of acidification on soil biodiversity. Scientists 
linked tree species choice directly to acidification, as well as through atmospheric deposition, 
whereas managers only included the direct effect of tree species choice on acidification. 
Examining the quotations, scientists explained that specific tree species are more susceptible 
to capturing atmospheric deposition than others. This capturing effect would influence soil 
biodiversity by its effect on acidification. Managers did not mention this relationship between 
tree species choice and atmospheric deposition in their SCM. 

Lastly, Figure 4.C highlights the relationship between soil biodiversity and timber production, 
encompassing the central concepts nutrient cycling and trophic interactions for both groups. 
Whereas managers focused on the direct link between soil biodiversity and timber production, 
and the link through nutrient cycling, scientists explained this relationship through both 



nutrient cycling and trophic interactions. Furthermore, scientists linked the functions nutrient 

cycling and trophic interactions to other ecosystem services than timber production, namely 
carbon sequestration and biological control, while these relationships were not mentioned by 
managers. Similarly, nutrient cycling was linked to two soil “state” concepts, nutrient content 

and soil structure, only by scientists. In addition, detailed understanding of the relationship 
between soil biodiversity and nutrient cycling differed between both groups, assessed through 
the quotations. Scientists demonstrated more detailed knowledge of this relationship by 
including links between a higher number of concepts, focusing on the inherent soil 
characteristics and using numbers and scientific terminology. On the other hand, managers’ 
understanding of the relationship seemed to remain at a general level and referred directly to 
aboveground services and observations. 

 

 
Figure 4: Three clusters of relationships (A, B and C) selected around concepts with high centrality and/or 
relationships that differed significantly between forest scientists and managers in the explorative Fisher Exact 
tests. Cluster A is built around soil structure and soil mixing, cluster B around concepts linked to atmospheric 

deposition and acidification, and cluster C around nutrient cycling, trophic interactions and timber production. 
Values correspond to relationship weight, normalized for the sample size of each group. The top values in bold 
reflect relationship weights of scientists (Sc.) and the bottom values reflect relationship weights of managers 
(Man.). The size of the arrows reflects these normalized relationship weights for scientists (dark grey solid line) 
and managers (blue dashed line). Concepts with high centrality are shown in bold and relationship weights that 
are significantly different are highlighted by a square. Moreover, for significant relationships, the arrow with the 
highest weight is indicated by a green arrow, while the arrow with the lowest weight is indicated by a red arrow. 

 



4.2 Context dependency of soil biodiversity understanding 

This section compares the SCM of Flemish and Romanian respondents, combining scientists 
and managers. The condensed SCM related to each region is shown in Appendix G and depicts 
only relationships that are mentioned by at least half of the sample (Figure G.1). Flemish 
interviewees shared concepts and relationships more intensively among themselves, compared 
to Romanian interviewees. In general, concepts present in the Romanian condensed SCM were 
also included in the Flemish condensed SCM, except for soil profile disturbance and pH. In 
contrast, the condensed SCM of Flemish respondents included atmospheric deposition, 
acidification, recreation, humus, soil mixing, agriculture, biocide use and land use history that 
were absent in Romanian respondents’ condensed SCM. 

A comparison of the graph theory indicators between the Flemish and Romanian SCM is added 
in table G.1 (Appendix G). Flemish respondents mentioned 62 concepts and 293 relationships, 
compared to Romanian respondents that reported 47 concepts and 114 relationships. The 
diverging number of concepts largely stems from a difference in ordinary or intermediate 
concepts, namely 41 for Flemish respondents compared to 25 for Romanian respondents. 
Lastly, the link-node ratio seems considerably higher for the Flemish SCM (4.73) compared to 
the Romanian SCM (2.43).  

The analysis in this section focuses on the normalized centrality values that are listed in 
Appendix F and of which the radar chart is shown in Figure 5. The centrality values for this set 
of concepts ranged from 0 to 4.6 and were in general higher in the Flemish SCM than in the 
Romanian SCM. Flemish interviewees attributed highest centrality to nutrient cycling, 
followed by vegetation, tree species choice, soil compaction and soil structure. On the other 
hand, nutrient cycling was the most central concept in the Romanian SCM, followed by 
vegetation, climatological conditions, trophic interactions and soil profile disturbance. The 
largest gap in centrality between both regions was present for atmospheric deposition, with a 
value of 3.1 for Flanders compared to 0 for Romania, indicating that this concept was absent 
in the Romanian SCM. In addition, soil compaction, tree species choice, recreation and 
acidification had a centrality value that was more than one unit higher in the Flemish SCM 
compared to the Romanian SCM. In contrast, Romanian interviewees connected a higher 
centrality to climatological conditions and soil profile disturbance, compared to Flemish 
interviewees. The Flemish SCM included 62 concepts, compared to 47 in the Romanian SCM. 
Focusing on the concepts with highest centrality for Flanders, following concepts were absent 
in the Romanian SCM: atmospheric deposition, agriculture, nutrient imbalance, liming and 

fertilizing, water level regulation and eutrophication. 



 
Figure 5: Radar chart of normalized centrality values of concepts with overall highest centrality for Flemish and 
Romanian interviewees. Centrality values are normalized for different sample sizes by dividing by the number of 
interviews in each group (NI, Flanders=17; NI, Romania=7). Normalized centrality values reflect the total weight, or 
number, of relationships coming in to and going out from a concept, as would be mentioned by one average 
member of each group. 

The results of the explorative Fisher-exact tests for comparing relationship weights between 
Flanders and Romania are shown in Appendix G (Table G.2). Half of the relationships with 
significant differences in weight involved concepts that were only present in the Flemish SCM 
such as atmospheric deposition  acidification, agriculture  atmospheric deposition and 

atmospheric deposition  soil biodiversity. In addition, the relationship in both directions 
between soil biodiversity and recreation had significantly higher weight in the Flemish SCM. 
On the other hand climatological conditions  soil profile disturbance had a significantly 
higher weight in the Romanian SCM (α=0.05). 

 

4.3 Comparison of soil biodiversity understanding within groups 

In addition to the comparison between groups that was described in sections 4.1 and 4.2, the 
heterogeneity within groups is described in this section based on the ICM. Firstly, table H.1 of 
Appendix H shows the mean and standard deviation for the graph theory indicators calculated 
based on the ICM for each group. Substantial heterogeneity was found for all indicators in all 
groups. The average number of concepts and relationships was highest for scientists, followed 
by Flanders, managers and Romania. Secondly, the dissimilarity matrix was calculated for all 
groups and is displayed in Fig H.1 of Appendix H. This matrix presents the dissimilarity in the 
presence of concepts between each pair of ICM within each group. Darker cells correspond 
with higher rates of dissimilarity. Dissimilarity between ICM is lowest for Flemish respondents 
and scientists whereas it is highest for managers. For Romanian interviewees, dissimilarity 
seems at an intermediate level. This suggests that the concepts included in managers’ ICM are 
most different from each other, which can be linked to the working landscape that is highly 
diverse over managers operating in their own environment. On the other hand, dissimilarity is 
lower for scientists that operate at a more general level executing similar experiments, are in 
closer contact and have similar access to international literature. Moreover, the low 
dissimilarity for Flemish interviewees could indicate the importance of context in determining 



which concepts are included in the ICM. Whereas this is not entirely confirmed by the 
intermediate level of dissimilarity for Romanian respondents, this could also be due to the 
relatively small sample size and the use of a translator for Romanian managers versus 
elicitation in English for Romanian scientists. 

 

4.4 Forest management and soil biodiversity 

Harvesting and tree species choice were among the most important concepts overall. Both 
scientists and managers referred to them as “response”, as well as “driver”, indicating that they 
can influence soil biodiversity both positively and negatively. Specifically, interviewees 
articulated that tree species choice negatively impacts soil biodiversity through using 
monocultures and exotic tree species whereas it can have a positive effect by favoring mixed 
and native species stands with a diversified structure. Similarly, interviewees, especially in the 
Flemish case study, mentioned that harvesting results in the pressure soil compaction through 
use of heavy machinery throughout the entire forest, while machines with adjusted tires that 
are only allowed to drive on fixed logging roads with additional protection, could protect soil 
biodiversity. Nevertheless, scientists attributed higher importance to biocide use, integrated 

soil recovery and liming & fertilizing. Scientists mostly referred to the latter two as subjects of 
scientific experiments with potential, but currently not (yet) applicable at large scale while 
biocide use was usually reported as a “pressure” that has recently been dealt with and is 
generally not applied anymore. Managers, on the other hand, focused on the most common 
practices harvesting, tree species choice and dead wood removal. 

Managers articulated taking soil biodiversity inexplicitly into account in their management 
decisions, by considering soil as an umbrella concept. Soil was seen as a crucial component 
for the delivery of ecosystem services and therefore needed to be taken care off, but 
examination was rather superficial without soil monitoring or sampling. Managers paid only 
limited attention to specific soil components such as soil structure and soil biodiversity. 
Management decisions were primarily based on aboveground goals such as timber 
production. Despite managers’ interest in increasing their knowledge on soil biodiversity, 
many believed that indirect consideration in management would already be beneficial for soil 
biodiversity. The following quotations illustrate some of these findings: 

“I think we take soil biodiversity indirectly into account in our management, but not as primary focus. 

We see, this soil is now too compacted to realize a regeneration of trees, then we see it as a problem. 

But if it is not visible, we will not really take it into account.” (Public forest manager, Belgium) 

“I would say, this function of soil is addressed [in management], not necessarily linked to soil 

biodiversity but linked to preservation of soil to provide better quality of timber.” (Forest scientist, 
Romania) 

Additionally, reasons for low consideration of soil biodiversity in their forest management 
decisions were discussed. Soil’s hidden character and slow rates of change were amongst the 
major reasons. Furthermore, the complexity of soil food webs and the lack of easy techniques 
to measure soil biodiversity were put forward as barriers to consider soil biodiversity explicitly 
in their management decisions. Additionally, managers addressed the need for translating and 
simplifying scientific knowledge into practical knowledge and location-specific management 



recommendations. Scientists agreed, but also acknowledged that scientific knowledge is not 
yet complete and managers should be more engaged. Soil biodiversity might be increasingly 
considered by strengthening awareness and understanding, using for example exhibitions, 
excursions and participatory actions. Some of these findings are illustrated by the following 
quotations: 

“Yes, but it is also, well, it is poorly known, I’ll put it like this, it is not very visible. When you do an 

intervention and new plants start to grow or other plants disappear, you directly observe it. But if 

your soil is compacted … you don’t see the direct consequences of that, so you will be less triggered 

to take measures.” (Public forest manager, Belgium)  

“An important reason, I think, causing limited attention currently, is that everyone knows that it is 

important but it is very difficult to prove and to measure. It is not like you drill a hole in the soil or 

you take a soil sample and perform a cheap analysis. It doesn’t work that way, it is difficult to 

measure, the soil biodiversity. It is also not visible, it is all hidden belowground.” (Forest scientist, 
Belgium) 
 

5. Discussion 

This study uses a double check to reduce the effect of manual coding by a single researcher on 
the findings. While this double check increases reliability of the findings, the possible effect of 
a single principal coder should be kept in mind when interpreting the results. Specifically, the 
rate of agreement on concepts was relatively high for both checks (94% and 85%), indicating 
robustness in the included concepts. On the other hand, the interrater agreement on individual 
relationships was acceptable, but somewhat lower (64%). Nevertheless, this study focuses on 
the social cognitive maps, and specifically the centrality values and clusters of relationships 
that use values normalized for different sample sizes. Therefore, the effect of differences in 
individual relationships is somewhat reduced as the value of this relationship (“1”) is divided 
by the number of respondents per group in the social cognitive map. Moreover, the study 
focuses on a comparison across groups, using a framework to facilitate knowledge elicitation. 
The consistency in coding found over time (check 1) suggests sufficient robustness. 

 

5.1 Comparison of soil biodiversity understanding between scientists and forest 

managers 

In general, scientists and managers selected a comparable set of concepts and relationships as 
most important. This finding is supported by previous studies, comparing mental models on a 
wide range of topics (Ingram et al., 2010; Lamarque et al., 2011; Vasslides and Jensen, 2016). 
Nevertheless, the structure of the condensed SCM and lower level of within group dissimilarity 
suggested that scientists had more knowledge in common with their peers. Specifically, the 
condensed SCM of scientists included a higher number of concepts and relationships compared 
to the condensed SCM of managers. In addition, scientists’ (condensed) SCM covered a 
broader range of concepts and relationships. They included most concepts that were mentioned 
by managers in their condensed SCM, but added 10 concepts (out of 25). Managers’ knowledge 
seemed to differ more between individuals, probably linked to their specific forest and 
management conditions, but also included practical considerations on forest management. In 



addition, scientists typically used specific terminology, referred to soil’s intrinsic value and 
included management practices outside of what is currently widely performed. Scientists also 
explained relationships in more detail, especially related to “driving processes”, “ecosystem 
functions” and soil “state” concepts, even for concepts that were important in both scientists’ 
and managers’ SCM, such as nutrient cycling. In contrast, managers mostly did not mention 
the soil’s intrinsic value, focused on feasible improvements of the main current management 
practices and emphasized direct relationships, for example between soil biodiversity and 
“ecosystem services”, without disclosing “ecosystem functions”. Similar conclusions were 
drawn by Ingram et al. (2010), when they compared understanding of soil management 
between farmers and scientists. Specifically, they refer to deep but broad understanding of 
scientists as “know-why”, whereas the practical knowledge of managers is categorized as 
“know-how” (Prager and Curfs, 2016). Furthermore, our findings can be related to differing 
objectives and personal experience, as was also suggested by Jabbour et al. (2014), Lamarque 
et al. (2011), Vasslides & Jensen (2016) and Wagner (2007). Scientists typically work with 
experimental set-ups to understand complex soil functioning and processes, and answer 
specific research questions, while managers mainly focus on successful “production” through 
site-specific and cost-efficient management practices, relying on both personal experience and 
that of co-workers. So, while we found that scientists have more detailed knowledge of soil 
biodiversity, the understanding of both scientists and managers depends on the environment or 
context in which they act. This context dependency is also related to “problem frames” that 
reflect how problems and goals are defined and perceived by different stakeholder groups 
(Juerges & Hansjurgens, 2018). These “problem frames” often differ between managers and 
scientists, but are both valid perspectives of a common problem. For example, managers may 
reason from an aboveground perspective as a related domain that they are familiar with, that 
they perceive as similar and that is the main focus of their daily activities (Jones et al., 2011). 
Scientists, on the other hand, may reason from the belowground system and are often very 
knowledgeable on a specific component of that system. However, they might overlook the 
general system at a landscape level in which managers have to make their decisions and for 
which knowledge of scientists with different specialties has to be merged. 

Despite general understanding of the effect of forest management on soil biodiversity, 
especially related to tree species choice, harvesting and dead wood removal, results suggested 
that managers’ decisions were mostly made to safeguard aboveground productivity and 
diversity, treating soil as a black box. Our results indicated that this focus on aboveground 
forest functioning seems to be mainly caused by the soil’s hidden location belowground and 
lack of detailed understanding of belowground forest functioning. The latter was also detected 
as a main factor influencing mental models related to multiple topics in past research (Jones et 
al., 2011; Wagner, 2007). The concept ‘adaptive management for soil ecosystem services’, and 
more specifically ecosystem functions, is lately gaining more attention and seems promising to 
increase the consideration of soil biodiversity in forest management (Birgé et al., 2016; Juerges 
and Hansjürgens, 2018). As we found that managers mostly focus on ecosystem services, 
approaching sustainable forest management through these services could trigger managers to 
consider soil and soil biodiversity more explicitly. Additionally, linking ecosystem services to 
ecosystem functions in this management concept, might facilitate uptake of information on 



“ecosystem functions” and soil “state” variables, which we found to be lacking in managers’ 
understanding. Similarly, Hartmann et al. (2014) mention that management mostly impacts soil 
processes and hence denotes these processes as crucial for future delivery of ecosystem 
services, instead of soil biodiversity per se, stressing the need for a good understanding of these 
processes and functions.  

 

5.2 Context dependency of soil biodiversity understanding 

The comparison between two contrasting regions revealed differences in understanding at the 
broader level of concepts, particularly related to “drivers” and “pressures”. Despite these 
differences, both regions also included similar concepts and relationships linked to “ecosystem 
functions”, “ecosystem services” and the soil’s “state”. 

Whereas Flemish respondents stressed the importance of atmospheric deposition, soil 

compaction, recreation and related concepts, Romanian respondents put more emphasis on soil 

profile disturbance. These findings could be related to the social and forestry context of both 
regions. The Flemish case study is densely populated (444 inhabitants/square kilometer) and 
industrialized with few forests (6% forest cover), that are fragmented and often relatively 
young (Campioli et al., 2012). There is high competition for land leading to environmental 
“pressures” such as atmospheric deposition, causing acidification and eutrophication, and soil 

compaction due to amongst others, excessive recreation (VMM, 2018). In contrast, the 
Romanian region has a large forest cover (66%), experiences less environmental pressure, and 
hosts some primary forests (Knorn et al., 2012). These forests are often located on hilly terrain 
(400-1000 m.a.s.l.) making them relatively inaccessible. Specifically, about 6% of the total 
forest area in the Romanian region is conserved because it is located in a soil-sensitive area 
due to slopes higher than 30 degrees and another 2% that is conserved because of sensitivity to 
soil erosion and landslides (APM, 2020). These topographic characteristics could explain the 
importance of concepts related to soil profile disturbance (and topography) in the Romanian 
SCM. Similar to our findings, Dumitrascu and Stefanescu (2018) concluded that Romanian 
interviewees perceived erosion as the main threat for soil protection. Focusing on management 
practices, Romanian forest managers need to follow strict guidelines limiting their tree species 

choice (Nichiforel et al., 2018), which might explain why Romanian interviewees attributed 
less weight to this concept in our study, compared to Flemish interviewees. Furthermore, 
Flemish interviewees included water level regulation, while this concept was absent in the 
Romanian SCM. This difference might be linked to the case study area in Flanders, in which 
drainage systems were installed in the past to evacuate excessive water. While not being used 
anymore, these systems still influence water movement and level. Moreover, the hilly terrain 
of the Romanian case study more easily evacuates excess water resulting in no need for water 

level regulation. Similar to our findings, the influence of contextual factors, such as location, 
soil type, socio-economic and political factors on individual understanding and management 
decisions is widely acknowledged in previous research (e.g. Carnol et al., 2014; Goldmann et 
al., 2015; Hartmann et al., 2014). In particular, Feliciano et al. (2017) detected different forest 
management paradigms between Western and Eastern Europe, linked to the socio-political 
system and history. While Western Europe mostly stresses the importance of forest as 



ecosystems, Eastern Europe focuses more on forests’ economic aspect, narrowing its attention 
compared to Western Europe. Lastly, Romanian respondents included 15 concepts less than 
Flemish respondents in our study (47 versus 62, respectively). This difference could be due to 
the specific context of each region, but could also suggest more limited knowledge of forest 
ecosystem functioning for Romanian respondents. The lower level of knowledge could then be 
linked to the strict and compulsory regulatory policy-making in Romania that hinders 
knowledge formation and exchange (Blujdea, 2005; Sousa-Silva et al., 2018). Nevertheless, 
the need for a translator in Romanian interviews with forest managers and the lower Romanian 
sample size might also have affected these results, as explained in sections 3.2.1.2 and 3.5. 

 

5.3 Further research 

This study was confronted with three main challenges, for which specific actions have been 
taken to limit their effects on the findings, as explained in the methodology description (section 
3.2). Nevertheless, further research could improve our approach. As mentioned in section 
3.2.1.2, respondents could also draw the cognitive map themselves instead of using semi-
structured interviews, which was for example used by Gray et al. (2012). As soil biodiversity 
suffers from low visibility due to its location belowground, we considered knowledge mapping 
through semi-structured interviews the best approach. Nevertheless, respondents could be 
asked to draw a cognitive map of forest soil biodiversity at the end of the interview to 
summarize the discussion or could be contacted for feedback on the maps constructed through 
the coding process (Cunha et al., 2016; Gray et al., 2014). Secondly, the study could benefit 
from increased sample sizes, although this would require additional time and expense. Larger 
sample sizes could allow further in-depth analysis of knowledge both between and within 
groups. In addition, relationships could also be weighted for their strength, which would allow 
scenario analysis such as the effect of decreased removal of dead wood on soil biodiversity 
(e.g. Mehryar et al., 2017). Thirdly, this paper reports a small post hoc interrater agreement test 
performed after the transcript coding (see section 3.2.2). Ideally, this would be an iterative 
procedure in which two (or more) researchers code a limited number of interview transcripts 
independently at the start of the coding process, followed by discussion and alignment of 
differing interpretation in a number of cycles (McAlister et al., 2017). Therefore, future 
researchers are recommended to follow such approach to increase replicability of the codings 
and reliability of the findings. Moreover, while the differences in interview language were 
unavoidable, future research could strengthen the translation process by having the original 
translations back-translated by an independent researcher. This would especially add value in 
case of more complex topics. Lastly, through the integrated framework we tried to map the 
entire social-ecological system around forest soil biodiversity. Therefore, we were only able to 
compare understanding at a relatively broad level. By focusing on specific components of the 
system, for example related to effects of specific tree species, more detailed and practical 
knowledge could be obtained, which would probably differ between scientists and managers. 

 

 



5.4 Policy implications 

Despite an overall increasing attention for and awareness about soils and their biodiversity, soil 
is mostly indirectly implemented in (forest) policy and management causing continued soil 
issues (Montanarella and Lobos Alva, 2015). For example, no specific regulation on soils is 
present at EU-level, despite attempts starting from the Soil Thematic Strategy (Commission of 
the European Communities, 2006). This shortcoming is mainly caused by incomplete 
knowledge and suboptimal recognition of the crucial role of soils in the delivery of services 
and the current soil degradation issues (Montanarella and Lobos Alva, 2015). Nevertheless, 
forest management needs to take soil biodiversity into account in order to safeguard future 
delivery of crucial forest ecosystem services. Previous research found that managers often state 
the lack of information as main barrier to close the attitude-behavior gap concerning sustainable 
management (Juerges and Hansjürgens, 2018; Lähtinen et al., 2017; Sousa-Silva et al., 2018). 
Moreover, differences in mental models can be problematic for collaboration (van den Broek, 
2018). To ensure effectiveness and uptake, past research considers it essential to integrate 
formal instruments, such as communication strategies, with insights into perceptions and 
knowledge of stakeholders through a bottom-up approach (Juerges and Hansjürgens, 2018; 
Kontogianni et al., 2012). Such approach was targeted in this paper through cognitive mapping 
of scientists’ and managers’ knowledge of soil biodiversity which can guide the development 
of information campaigns. We identified differences in understanding between scientists and 
managers, and Flanders and Romania, on which communication and conservation campaigns 
are recommended to rely, as tailoring messages to the target audience has been found to be the 
most effective (van den Broek, 2018). Specifically, results indicated that managers lack 
detailed information on the intrinsic value of soils, including specific soil characteristics such 
as soil structure, “ecosystem functions” such as soil mixing and nutrient cycling, and driving 
processes such as eutrophication. Moreover, managers had limited insights in detailed 
explanations of the relationships between concepts, in particular between soil biodiversity and 
management practices. Therefore, administering information on soil biodiversity could 
potentially increase adoption of forest management that supports soil biodiversity, but such 
information transfer should go beyond awareness raising and providing general information. 
The communication strategies should also be tailored towards the social and forestry context 
of managers, especially concerning “drivers” and “pressures” that influence soil biodiversity. 
Whereas Flemish managers were largely confronted with the threats of atmospheric deposition, 
acidification and eutrophication, Romanian managers worried more about erosion and issues 
with steep slopes. Additionally, the Romanian policy context that regulates forest management 
decisions more strictly might limit the range of management decisions considered. 

While developing such communication strategies requires joint input and effort from scientists, 
policy makers and managers, there is an important role for policy makers to enhance conditions 
for knowledge exchange and discussion about soil biodiversity. Past research concluded that 
forest and soil policies should apply an inclusive approach to be effective, due to their dynamic 
and complex nature and the trade-offs involved between the diverse functions that forests are 
requested to fulfil (e.g. wood production, recreation, biodiversity conservation) (Šūmane et al., 
2018). Such an approach comprises engagement of all stakeholders and integration of their 
knowledge to obtain a more inclusive and flexible governing (Adhikari and Baral, 2018; Carnol 



et al., 2014; Mendoza and Prabhu, 2006; Raymond et al., 2010). Conflicting perceptions and 
lack of consideration of implication issues may lead to low adoption of policy instruments (Rist 
et al., 2015). As can be concluded from our study, integrating scientists’ in-depth knowledge 
of ecosystem functioning and managers’ local knowledge of drivers, pressures and feasible 
management practices could result in a more coherent picture of the situation. In addition, the 
framework and method used in this study facilitate an inclusive and adaptive approach that can 
better handle uncertainties of management outcomes (Birgé et al., 2016; Šūmane et al., 2018). 
Specifically, the ESC-DSPIR-Adaptive management cycle framework allows consideration of 
ecosystem services and functions in parallel with recent developments in adaptive forest 
management (see figure 1 and section 5.1). In addition, the FCM approach could be used as a 
communication tool to facilitate integration of stakeholders’ knowledge by detecting areas of 
similarity and dissimilarity in inexplicit mental models as was also concluded in previous 
studies (Christen et al., 2015; Kontogianni et al., 2012; Prager and Curfs, 2016). While areas 
of dissimilarity point at knowledge opaqueness and might prevent effective communication 
and policy design, areas of similarity could be a starting point for discussion and integration 
(Drescher and Perera, 2010; van den Broek, 2018). An area of dissimilarity could for example 
be the use of fixed skid trails that scientists consider essential to avoid soil compaction and its 
related effects on soil biodiversity, while managers often think that entering a forest with heavy 
machinery only once is not harmful (Ampoorter et al., 2012). Particularly in forest planning, 
such methodology was found to be little applied (Khadka et al., 2013), which highlights the 
potential of our approach to improve forest planning processes.  

 

6. Conclusion 

Our study contributes to an emerging research field that aims to combine ecological and social 
constructs and methodologies in order to increase insights in social perspectives of ecological 
systems, specifically focusing on forest soil biodiversity through an exploratory analysis. 
Despite a general awareness of soil biodiversity, differences in understanding of soil 
biodiversity between scientists and forest managers were found, as well as between contrasting 
regions. Managers seem to lack in-depth knowledge, indicating the potential of communication 
strategies to improve forest management via increased managers’ capacity. Specifically, our 
results suggest that these strategies should focus on the intrinsic value of soils, ecosystem 
functions and processes. In addition, regional socio-economic and forestry context should be 
taken into account by focusing on context-specific aspects, especially concerning management 
and drivers and pressures impacting soil biodiversity. Forest managers state that they take soil 
biodiversity indirectly into account, considering soil as a black box for the delivery of 
aboveground services. As adaptive forest management is currently moving towards 
management for ecosystem functions and services, improved knowledge on functions 
delivered by soil biodiversity might result in better soil biodiversity conservation efforts. 
Furthermore, policy design should offer opportunities for knowledge exchange and discussion 
related to soil biodiversity throughout the forest planning process, by bringing various 
stakeholder groups together. Our approach that combines a problem structuring framework 
with Fuzzy Cognitive Mapping could be used to foster such knowledge exchange and 



discussion. This approach could improve adoption of sustainable management practices and 
could contribute to a flexible and adaptive management process. 
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Outline of questions from the interview guide:  
Knowledge of forest experts on the role of forest soil biodiversity in forests 
 
[INTRODUCTION] 
 
1.  STATE /  SOIL BIODIVERSITY 



S 
State of 

forest soil 

1. What does soil biodiversity mean to you? 
2. Which physical factors or processes do you think determine soil quality?  
3. Which chemical factors or processes do you think determine soil quality? 
4. Which biological factors or components do you think determine soil quality?  
5. Do you think that some or all of these soil components interact? What is the nature of their 

relation in your opinion? How do they interact with soil biodiversity? Which groups of soil 
fauna do you think are responsible for these relations? 

 

2.  IMPACT /  ECOSYSTEM SERVICES 

I 
Impact 

6. Where can soil biodiversity be useful for in your opinion?  
7. What are the most relevant ecosystem services, or goods and services that are useful for 

humans, that forests deliver in your opinion? 
8. Which of these ecosystem services do you think are supported by soil biodiversity? 
9. Which aspect of soil biodiversity is, in your opinion, most important for this provisioning of 

ecosystem services?  
10. Which mechanisms and processes (performed by soil fauna) are leading to these ecosystem 

services, in your opinion?  

 

3.  PRESSURE AND DRIVING FACTORS 

P 
Pressure 

11. Which processes do you think exert a pressure on the forest soil, and specifically on soil 
biodiversity in forests? 

D 
Driving 
forces 

12. Which driving factors (forces) cause pressures on forest soil and its biodiversity, in your 
opinion?  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.  RESPONSE /  MANAGEMENT 

R 
Response 

13. How can you best describe the state of soil biodiversity in [country/region] forest? And 
compared to the European situation? Do you think that there is a need to intervene? 

14. Which interventions or measures can be taken to obtain an optimal soil biodiversity in 
forests?  

15. Does forest management influence soil biodiversity in your opinion?  
16. Which management interventions do you think affect soil biodiversity? In which direction do 

they influence soil biodiversity (improve, deteriorate, no idea)?  
17. Do you feel that you are able to execute some of these management interventions in practice 

in your forest? Why (not)? Which interventions? 

18. Do you feel that these management interventions can be executed in practice in 
[country/region] forests? Why (not)? Which interventions? 

19. Is soil biodiversity in your opinion sufficiently accounted for in current forest management? 
(Why not?)  

 
 

5.  LINK WITH ABOVEGROUND/TREE BIODIVERSITY 



Link with tree 
biodiversity 

20. Do you think that soil biodiversity and aboveground tree biodiversity are connected?  
21. How would you describe this relation? (positive, negative, etc.) In which direction does 

it flow? (which one is the cause and which one is the consequence?) 
22. In your opinion, is it an effect solely caused by the number of trees, irrespectively of 

which species are combined, or is the specific species combination important? 

23. Which mechanisms and processes do you think cause this relationship between both?  

 
24. Do you still want to add something? Do you have further questions or remarks? 
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Table B.1: List of concepts and definitions developed by reconstructing the integrated framework based 
on literature and thorough reading of the interview transcripts. This list was established before transcript 
coding. For the definitions, experts were consulted and online encyclopedia were used. DPSIR refers 
to the Driver-Pressure-State-Impact-Response framework (Smeets and Weterings, 1999). 
 

No. Concept Definition Category DPSIR 

1 Atmospheric deposition 
Phenomenon through which pollutants, including gases and 
particles, are deposited from the atmosphere on the earth’s 
surface, in the form of dust or precipitation. 

Driver 

2 Acidification 
Change in natural chemical balance caused by an increase in 
the concentration of acidic elements. 

Pressure 

3 Eutrophication 
Process by which pollution causes a water body to become 
overrich in organic and mineral nutrients so that excessive 
growth of plants and algae cause oxygen supply depletion. 

Pressure 

4 Soil compaction 
Process in which a stress applied to the soil increases the 
density of soil. 

Pressure 

5 Climate change 
Change in global or regional climate patterns, attributed 
largely to the increased levels of atmospheric carbon dioxide 
produced by the use of fossil fuels. 

Driver 

6 
Climatological 
conditions 

The composite weather conditions of a region, as 
temperature, air pressure, humidity, precipitation, sunshine, 
cloudiness, and winds. 

Pressure 

7 Forest fire A large destructive fire that spreads over a forest. Driver 

8 Species dominance 
Degree to which a taxon is more numerous than its 
competitors in an ecologcial community, or makes up more 
of the biomass. 

Driver 

9 Forest fragmentation 
Breaking of large, contiguous forested areas into smaller 
pieces of forest. 

Driver 

10 Land use history Past uses of a plot of land. Driver 

11 Land use 
Series of operations on land, carried out by humans, with the 
intention to obtain products and/or benefits through using 
land resources. 

Driver 

12 Population increase 
An increase in the number of people that reside in a country, 
state, county, or city. 

Driver 

13 Policy regulations 
Governamental rule or mechanisms that limits, steers or 
controls social behaviour. 

Driver 

14 Transport System of vehicles for getting from one place to another. Driver 

15 Agriculture 
Practice of farming, including cultivation of the soil for the 
growing crops and the rearing of animals to provide food, 
wool and other products. 

Driver 

16 Nutrient imbalance 
Excess or deficiency of nutrients in the soil. Difference 
between the nutrient inputs and the nutrient outputs. 

Pressure 

17 Soil profile disturbance Process that redistributes the original layering of the soil. Pressure 

18 Texture 
Soil property that indicates the relative content of particles of 
various sizes, such as sand, silt and clay. 

Soil characteristic 

19 Soil structure 
Soil property that describes the arrangement of the solid 
parts of the soil and of the pore space located between them. 

Soil characteristic 

20 Soil profile 
A vertical section of the soil from the ground surface 
downwards to where the soil meets the underlying rock. 

Soil characteristic 

21 pH 
Chemical property expressing the acidity or alkalinity of the 
soil on a logarithmic scale. 

Soil characteristic 

22 Nutrient content 
Amount of subtances that provide nourishment to plants and 
animals, present in the soil. 

Soil characteristic 

23 Base saturation 
Extent to which the exchange sites of the soil’s adsorption 
complex are occupied by exchangeable basic cations. 

Soil characteristic 



24 Pollutant content 
Amount of substances in the soil that contaminates the 
environment. 

Soil characteristic 

25 Soil biodiversity 
(Diversity of) living organisms present in soil such as 
bacteria, fungi, a wide variety of larger soil fauna and larger 
organisms. 

Soil characteristic 

26 Dead wood Part of a tree or entire tree that is dead, standing or falling. Soil characteristic 

27 Plant and tree roots 
Part of trees or plants that typically lies below the surface of 
the soil. 

Soil characteristic 

28 Humus 
Dark organic material in the soil, formed by the 
decomposition of leaves and other plant material. 

Soil characteristic 

29 Nutrient cycling 
Process that describes the use, movement and recycling of 
nutrients in the environment. 

Ecosystem 
function 

30 Water filtration 
Process through which particles and pollutants are removed 
from the water while passing through the soil. 

Ecosystem 
function 

31 Flow mediation 
Process through which the water flow is directed through the 
soil. 

Ecosystem 
function 

32 Trophic interactions 
Feeding interactions between trophic levels which 
correspond with the position that an organisms occupies in a 
food chain. 

Ecosystem 
function 

33 Soil forming processes 
Processes through which soil layers are formed. Ecosystem 

function 

34 Soil mixing 
Process that restructures soil, by human or soil organism 
activity. 

Ecosystem 
function 

35 Root exchange 
Process through which particles, gases and other substances 
are exchanged between roots and their environment. 

Ecosystem 
function 

36 Gas exchange 
Diffusion of gases from an area of higher concentration to an 
area of lower concentration. 

Ecosystem 
function 

37 
Biodiversity 
conservation 

Conserving live on earth in all its forms and keeping natural 
ecosystems functioning and healthy. 

Ecosystem service 

38 Heritage appreciation 
Appreciation for the inheritance value for artifacts present in 
the soil. 

Ecosystem service 

39 Water regulation 
Process through which the amount and content of water is 
regulated in soil such as water filtration or water storage.  

Ecosystem service 

40 Carbon sequestration 
Process through which greenhouse gasses are stored in the 
soil.  

Ecosystem service 

41 Timber production Production of timber through growing trees. Ecosystem service 

42 
Production of non-wood 
forest products 

Production of products delivered by the forest, other than 
timber, such as mushrooms or berries. 

Ecosystem service 

43 Biological control 
Activities of predators and parasites in ecosystems that act to 
control populations of potential pest and disease vectors. 

Ecosystem service 

44 Local climate regulation 
Ability of an ecosystem to influence local climate and air 
quality by for example providing shade. 

Ecosystem service 

45 Soil conservation 
Ability of an ecosystem to prevent soil erosion and ensure 
soil fertility. 

Ecosystem service 

46 Liming & fertilizing 
Action of adding and spreading lime or fertilisers through a 
plot of land. 

Management 
practice 

47 Dead wood removal 
Action of removing dead branches and standing or felled 
trees from a forest. 

Management 
practice 

48 Integrated soil recovery 
Action encompassing multiple practices to improve soil 
before planting, including inoculation and local/precise 
fertilizer application. 

Management 
practice 

49 
Rules and restrictions on 
recreation 

Policy measures to restrict (open) access to forest for citizens 
to recreate. 

Management 
practice 

50 
Forest structure 
diversification 

Varying layering in the forest canopy through specific 
management actions such as thinning. 

Management 
practice 

51 Tree species choice 
The choice of tree species to plant and/or favor as part of 
forest management. 

Management 
practice 

52 Harvesting 
The process of felling trees and preparing them for transport. Management 

practice 



53 Thinning 
The process of removing the smaller, weaker trees in order to 
favor good quality quality trees to grow. 

Management 
practice 

54 Litter removal 
The process of taking away litter to use it for example in 
botanic applications. 

Management 
practice 

55 Soil restoration 
The process of enhancing compacted soils to improve soil 
porosity. 

Management 
practice 

56 Biocide use 
The application of a substance to destroy or inhibit the 
growth of (harmful) living organisms. 

Management 
practice 

57 Clear-cutting 
The process of removing all trees in an area of forest. Management 

practice 

58 Water level regulation 
All management practices that regulate the level of the 
ground water table such as the installation and maintenace of 
dikes.  

Management 
practice 

59 Recreation Activity done for enjoyment, outside of work, in the forest. Ecosystem service 

60 Pollution 
The presence in or introduction into the environment of a 
substance which has harmful or poisonous effects. 

Driver 

61 Vegetation The plant cover in a forest. Driver 

62 Topography 
The physical shape of a particular area, including its hills, 
valleys and rivers. 

Driver 
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Figure C.1: Accumulation curves generated following the approach of Vanwindekens et al. (2013) to 
assess sample size requirements based on the number of new relationships for the four groups assessed 
in this study: forest scientists (A), forest managers (B), Flemish forest stakeholders (C) and Romanian 
forest stakeholders (D). 
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Table D.1 shows the reconstruction of the integrated ESC-DPSIR-Adaptive management cycle 
framework based on the individual interview transcripts. Specifically, all concepts that were 
mentioned by at least 50% of all respondents within a group are listed. Per group (Flemish 
forest scientists – NI=7, Flemish forest managers – NI=10, Romanian forest scientists – NI=3, 
Romanian forest managers – NI=4) concepts that were quoted by at least 75% of respondents 
are indicated by a cross (X), while concepts stated by 50-74% of respondents are shown using 
a circle (O).  

Firstly, Flemish scientists shared the highest number of concepts among at least 50% of their 
sample and most of these concepts even among more than 75%. Overall, the categories 
“drivers” and “pressures” comprised the highest share of concepts with harvesting and 
climatological conditions being mentioned by at least 75% of respondents in all groups. In 
addition, species dominance and climate change were also shared among groups, albeit to a 
lower extent, and soil compaction and acidification were shared by at least 50% of respondents 
for three out of four groups. Topography was only present for at least 50% of Romanian 
respondents and also soil profile disturbance was more frequently mentioned by Romanian 
respondents. On the contrary, solely Flemish respondents shared atmospheric deposition, 
agriculture and recreation between at least half of their sample, whereas land use history, 
forest fragmentation, nutrient imbalance and eutrophication were only revealed by at least half 
of Flemish scientists. In general, the description of “physical soil quality”, “chemical soil 
quality” and “biological soil quality” was comparable across groups mainly referred to by 
texture and soil structure, nutrient content and pH, and soil biodiversity for these three quality 
indicators respectively. Nevertheless, base saturation was only included by at least 50% of 
Flemish forest scientists and pollutant content only for Flemish respondents. Nutrient cycling 

and trophic interactions were two ecosystem functions shared by at least half of respondents 
in all groups, whereas soil mixing and water filtration were solely mentioned by at least 50% 
of Flemish scientists. In all groups at least half of the respondents included timber production, 
water regulation and carbon sequestration as ecosystem services in their frameworks. Lastly, 
tree species choice and harvesting were highly present as a “response” for all groups, whereas 
dead wood removal was only lacking for Romanian forest managers. Liming & fertilizing, 
integrated soil recovery, restrictions on recreation and soil restoration were solely mentioned 
by at least half of Flemish scientists while water level management was only included by at 
least 50% of Flemish forest managers. Harvesting, tree species choice and water level 

regulation were referred to as both a “pressure” and “response”, suggesting a crucial role of 
forest management in maintaining soil biodiversity. 
 
 
 
 
 
 
 
 
 
  



Table D.1: Comparison of the most frequently mentioned concepts related to the integrated ESC-
DPSIR-Adaptive management cycle framework between four groups: Flemish forest scientists (NI=7), 
Flemish forest managers (NI=10), Romanian forest scientists (NI=3) and Romanian forest managers 
(NI=4). Concepts that were mentioned by at least 75% of respondents are indicated by a cross (X), while 
concepts that were quoted by 50-74% of respondents are indicated by a circle (O). 
 

 Flemish 
scientists 

Flemish 
managers 

Romanian 
scientists 

Romanian 
managers 

 (NI=7) (NI=10) (NI=3) (NI=4) 
1 Harvesting  X X X X 

2 Tree species choice X  O  

3 Atmospheric deposition X O   

4 Agriculture X X   

5 Climate change X X O O 

6 Species dominance X O O O 
7 Land use history X    

8 Clear-cutting X  O  

9 Topography   X O 

10 Water level regulation  O   

11 Recreation O O   

12 Land use  O O O 
13 Forest fragmentation O    

14 Forest fires    O 
15 Climatological conditions X X X X 

16 Acidification X O  O 

17 Soil compaction X X O  

18 Nutrient imbalance X    

19 Eutrophication X    

20 Soil profile disturbance O  O X 

21 Texture X X X O 

22 Soil structure X X X O 

23 Soil profile O  O O 

24 Nutrient content X X O X 

25 pH X X X X 
26 Base saturation X    

27 Pollutant content O O   

28 Soil biodiversity X X X X 

29 Plant and tree roots O O O  

30 Humus O  O O 

31 Dead wood    O 

32 Nutrient cycling X O X X 

33 Soil mixing X    

34 Trophic interactions X O O O 

35 Water filtration X   O 

36 Timber production X X X X 

37 Production of non-wood forest 
products 

O  O  

38 Water regulation X O O O 

39 Carbon sequestration X O O O 

40 Local climate regulation  O   

41 Biological control O    

42 Tree species choice X X O O 

43 Liming and fertilising X    

44 Harvesting X X X X 

45 Dead wood removal X X X  

46 Water level regulation  O   

47 Integrated soil recovery O    

48 Restrictions on recreation O    

49 Soil restoration O    
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Figure E.1: Example of an Individual Cognitive Map (ICM) (Public forest manager, Flanders). The 
central concept Soil biodiversity is highlighted. 
 

 
Table E.1: Example of the coding process in qcoder, showing part of the relationships linked to the 
ICM in Figure E.1 of this appendix. 
 

Relationship 
Interviewee’s quotation 

Nr From concept … To concept … 

1 Soil biodiversity Soil structure “Because it is the soil life that brings air and structure in the soil.”  

2 

Soil biodiversity Soil structure 
“Soil life specifically improves the pore volume of your soil and 
thus the water storage capacity. And thanks to this, trees will 
grow better and if trees grow better, more CO2 will be captured 
and so on.” 

Soil biodiversity Soil mixing 
Soil mixing Water regulation 
Water regulation Timber production 
Timber 
production 

Carbon sequestration 

3 
Water level 
regulation 

Soil biodiversity 

“Also a big pressure [on soil biodiversity], I think, and it is a 
dangerous one because you can’t see it, drought, general drought 
because of lowering ground water levels etc. And increasing 
water levels at other places … due to dikes that are no longer 
managed.” 

4 Recreation Soil biodiversity 
“Recreation is, at some places, also a pressure on soil 
biodiversity.” 

5 Harvesting Nutrient cycling 
“And I also won’t do things such as forest milling and shredding, 
because that is a very unnatural speed of recycling food in the 
ecosystem and that is not very good.”  

6 

Harvesting Vegetation “… that trees are stripped on the logging roads and that machines 
drive on these. Because, you drive on a sort of mattress of those 
branches. That brings a lot of resilience, literally, that makes that 
the soil pressure is largely distributed. And also, the system’s 
nutrient balance evolves in the good direction.” 

Harvesting Nutrient imbalance 

Harvesting Soil compaction 

7 Harvesting Soil compaction 
“ … that you are obliged to take out trees with horses. Or with a 
winch, if those trees don’t allow for heavy machinery.” 



8 
Tree species 
choice 

Humus 
“Planting the right trees, to ameliorate the humus quality.” 

9 
pH Soil biodiversity “I also think if your pH is much higher and also you humus 

content, that you will have a much more active soil life that can 
recover quicker.”  Humus Soil biodiversity 

10 Soil biodiversity Soil mixing 
“Especially bioturbation, from insects to miles, rabbits, I don’t 
know, but everything that causes bioturbation, mixing of soils, is 
important.” 

11 
Climate change 

Climatological 
conditions 

“… temperate climate but it is so disturbed that there are long 
periods of drought, heavy rainfall, …, I think that this will change 
soil biodiversity a lot.” Climatological 

conditions 
Soil biodiversity 
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Table F.1: Centrality values of the concepts with highest centrality, selected over all groups. Scientists 
and managers are compared in the left hand side of the table, while Flemish and Romanian interviewees 
are compared in the right hand side. The value reflects the centrality, divided by the number of 
interviews in a group to normalize for sample size. In bold, the five concepts with highest centrality are 
shown for each group. Between brackets, the nature of the concept is shown relative to receiver and 
transmitter type, respectively, on a scale from 0 to 1 (see table 3 for definitions of receiver and 
transmitter). 

 Scientists (NI=10) Managers (NI=14)  Flanders (NI=17) Romania (NI=7)  

Soil biodiversity 27.8 (0.67-0.33) 21.6 (0.71-0.29) 26.6 (0.69-0.31) 18.3 (0.69-0.31) 
Vegetation 4.6 (0.57-0.43) 4.1 (0.68-0.32) 4.4 (0.64-0.36) 4.0 (0.69-0.31) 
Soil compaction 3.9 (0.54-0.46) 2.6 (0.53-0.47) 3.6 (0.53-0.47) 1.9 (0.54-0.46) 
Tree species 

choice 
3.8 (0.13-0.87) 2.9 (0.20-0.80) 3.8 (0.18-0.82) 1.9 (0.08-0.92) 

Nutrient cycling 5.6 (0.43-0.57) 3.7 (0.63-0.37) 4.6 (0.51-0.49) 4.1 (0.59-0.41) 
Harvesting 1.9 (0.11-0.89) 2.4 (0.27-0.73) 2.4 (0.22-0.78) 1.7 (0.17-0.83) 
Atmospheric 

deposition 
2.8 (0.36-0.64) 1.8 (0.40-0.60) 3.1 (0.38-0.62) - 

Soil structure 3.6 (0.64-0.36) 1.9 (0.59-0.41) 3.4 (0.63-0.37) 0.9 (0.50-0.50) 
Timber 

production 
2.5 (0.92-0.08) 2.2 (0.90-0.10) 2.5 (0.88-0.12) 1.9 (1.0-0.0) 

Recreation 1.7 (0.53-0.47) 1.9 (0.42-0.58) 2.4 (0.45-0.55) 0.4 (0.67-0.33) 
Acidification 3.2 (0.62-0.38) 1.7 (0.46-0.54) 3.1 (0.58-0.42) 0.6 (0.25-0.75) 
Humus 3.6 (0.47-0.53) 1.9 (0.44-0.56) 2.9 (0.48-0.52) 1.9 (0.38-0.62) 
Trophic 

interactions 
3.8 (0.39-0.61) 1.7 (0.42-0.58) 2.6 (0.36-0.64) 2.6 (0.5-0.5) 

Soil profile 

disturbance 
1.8 (0.61-0.39) 1.3 (0.39-0.61) 1.1 (0.42-0.58) 2.4 (0.59-0.41) 

Climatological 

conditions 
2.9 (0.31-0.69) 2.0 (0.29-0.71) 2.2 (0.35-0.65) 2.9 (0.20-0.80) 
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Figure G.1: Condensed social cognitive maps (SCM) related to forest soil biodiversity of Flemish 
respondents (A) (NI=17) and Romanian respondents (B) (NI=7). Only relationships being mentioned by 
at least half of the sample are shown, corresponding with a minimal weight of 9 and 4 respectively. 
Node size reflects concepts’ centrality, normalized for sample size, and arrow size reflects relationship 
weight. Nodes present in both SCM are placed at more or less the same location to facilitate comparison. 
 
 
 
 
 
 
 
 
 



Table G.1: Graph theory indicators of social cognitive map for Flemish and Romanian respondents. 
 Flanders Romania 

No of individual maps 17 7 
No of concepts 62 47 
No of transmitter concepts 14 14 
No of receiver concepts 7 8 
No of ordinary concepts 41 25 
No of relationships 293 114 
Link-node ratio  4.73 2.43 

 

 
Table G.2: Significantly different relationships between Flemish and Romanian respondents based on 
relationship weight, taking different sample sizes into account (Fisher Exact test, α=0.05, ranked by p-
value). NI represents the number of interviews or maps per group. 

  
  

Flemish 

respondents 
Romanian 

respondents 
p-value Significance 

NI = 17 NI = 7  

Atmospheric deposition  Acidification 11 0 0.0059 B>R 
Agriculture  Atmospheric deposition 11 0 0.0059 B>R 
Humus  Soil biodiversity 13 1 0.0088 B>R 
Atmospheric deposition  Soil biodiversity 10 0 0.019 B>R 
Soil biodiversity  Recreation 9 0 0.022 B>R 
Recreation  Soil biodiversity 9 0 0.022 B>R 
Climatological conditions  Soil profile 

disturbance 
1 4 0.014 B<R 

 
 
 
 

  



Appendix H 
 
 
Table H.1:Mean ± standard deviation of the graph theory indicators for each group (scientists, 
managers, Flanders and Romania), calculated based on the Individual Cognitive Maps (ICM). Number 
of concepts and relationships is highest for scientists, followed by Flemish respondents, managers and 
Romanian respondents. 

 Forest scientists 

NI = 10 
Forest managers 

NI = 14 
Flanders 

NI = 17 
Romania 

NI = 7 

No of concepts 35.40 ±8.59 27.07 ± 6.43 33.59 ± 7.43 23.14 ± 5.49 

No of transmitter concepts 12.80 ± 2.44 11.86 ± 2.88 13.24 ± 1.99 9.86 ± 2.79 

No of receiver concepts 6.80 ± 3.19 4.64 ± 1.28 5.88 ± 2.80 4.71 ± 1.11 

No of ordinary concepts 15.80 ± 5.92 10.57 ± 4.54 14.47 ± 5.35 8.57 ± 4.31 

No of relationships 56.4 ± 20.37 38.36 ± 14.72 51.65 ± 18.36 31.86 ± 13.64 

Link-node ratio 1.55 ± 0.24 1.38 ± 0.25 1.50 ± 0.24 1.34 ± 0.26 

 
 
 

 
Figure H. 1: Dissimilarity matrices for included concepts between each pair of ICM within each group 
(scientists, managers, Flemish respondents and Romanian respondents). The matrix is calculated based 
on the Jaccard similarity index as explained in the manuscript. Darker colors indicate higher 
dissimilarity between ICM. Dissimilarity is lowest for Flemish respondents and scientists, followed by 
Romanian respondents and lastly managers.  
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Abstract 

Despite its essential role in the delivery of ecosystem services, soil biodiversity is mostly 
overlooked in forest management, partly due to a conflicting public opinion. Nevertheless, this 
public opinion is mostly ignorant of soil biodiversity. To foster adoption of soil biodiversity 
friendly management practices, this study investigates the effect of information transfer related 
to soil biodiversity on public preferences for forest management. We used a two-stage discrete 
choice experiment with a representative sample of 299 Flemish citizens. Results showed that 
the information transfer significantly increased preferences for higher shares of old trees and 
dead wood and strengthened preferences for soil biodiversity friendly levels of biodiversity 
and practices related management attributes. A latent class analysis revealed preference 
heterogeneity before and after the information transfer with one class outperforming in terms 
of desired behavior for both stages. In addition, information transfer decreased the differences 
between classes. Lastly, individuals that attached higher value to the ecological role of forests 
and were more knowledgeable of soil biodiversity, reacted in the most desired way to the 
information transfer. 
 
1. Introduction 

During the last decades, the insight has grown that ecosystems are inherently linked with social 
systems. This gave rise to the definition of ‘social-ecological systems’ that regards humans as 
an integral part of nature (Berkes, Folke, & Colding, 1998; Meyfroidt, 2013). Forests are such 
social-ecological system that take up circa 40% the European Union’s land area (Eurostat, 
2015). Forests are crucial for human well-being because of their essential role in carbon, 
nutrient and water balances, and the variety of ecosystem services that they deliver, including 
provisioning, regulating and cultural services (Brockerhoff et al., 2017; Mori, Lertzman, & 



Gustafsson, 2017). Conversely, humans affect forests directly, through forest management, and 
indirectly, through for example greenhouse gas emissions causing atmospheric deposition of 
pollutants (Hartmann et al., 2014). 
 
Soils are being increasingly recognized for their essential role in the delivery of forest 
ecosystem services (Bardgett & Van Der Putten, 2014; Lukac, 2017). This role occurs largely 
through the ecosystem functions that are executed by the diversity of organisms present in soils. 
These soil organisms interact in a complex soil food web in which each species fulfills a 
particular function and participate in global biogeochemical cycles (Nielsen, Wall, & Six, 
2015). Despite their crucial role, soil biodiversity and soil biological functioning are generally 
under pressure, especially in agricultural areas (Orgiazzi et al., 2016). While forest soil 
biodiversity experiences mostly moderate risks,  it is crucial to maintain and optimize the 
current forest soil biodiversity level as forests are believed to play an essential role in climate 
change mitigation and future delivery of ecosystem services, that are needed for human 
existence (Gardi, Jeffery, & Saltelli, 2013; Lukac, 2017). In addition, past research discovered 
that management practices have the potential to damage or support soil biodiversity, depending 
on the management decisions taken (Lukac, 2017). In order to prevent loss of soil organisms 
due to management activity, forest managers should thus consider soil biodiversity in their 
management decisions. Close-to-Nature forest management regimes have received increasing 
attention during the last decades (Puettmann et al., 2015). These regimes are oriented towards 
conservation and sustainable provisioning of multiple ecosystem services, and take 
aboveground diversity into account, but mostly overlook specific soil characteristics and lack 
wide adoption. Similarly, Lukac et al. (2017) pointed out that forest management currently 
treats soil as a black box, overlooking the importance of soil biodiversity. 
 
Forest management is complicated due to the relatively long rotation lengths and the high 
number of factors and objectives to consider (de Bruin, Hoogstra-Klein, Mohren, & Arts, 2015; 
Lukac, 2017; Smith, Siderelis, Moore, & Anderson, 2012). De Bruin et al. (2015) studied forest 
managers’ perception of the complexity of forest management in the Netherlands and found 
that ‘public opinion’ was amongst the most relevant factors influencing decision making. 
Moreover, ‘public opinion’ was considered to be uncertain, which means that it is little 
predictable and hence contributes to the complexity of forest management. Preferences for 
forest management of the general public often differ from those of forest managers which can 
generate conflicts among stakeholders (Kearney, Tilt, & Bradley, 2010; Nordén, Coria, 
Jönsson, Lagergren, & Lehsten, 2017; Referowska-Chodak, 2019). In order to prevent such 
conflicts to occur, it is crucial to integrate perceptions and preferences of the wider public into 
the forest management decision making process (Paletto, De Meo, Cantiani, & Maino, 2013; 
Referowska-Chodak, 2019). Previous research mainly used structured questionnaires and 
stated preference techniques to elicit public preferences for forest management related to 
recreation, aesthetics and forest attractiveness, including aboveground biodiversity and 
structural characteristics (Ciesielski & Stereńczak, 2018; Mikołaj Czajkowski, Bartczak, 
Giergiczny, Navrud, & Żylicz, 2014; Edwards et al., 2012; Giergiczny, Czajkowski, Zylicz, & 
Angelstam, 2015; Juutinen, Kosenius, Ovaskainen, Tolvanen, & Tyrväinen, 2017). More 
recently, the insight has grown that forests need to be valued for the multiple ecosystem 
services that they deliver and that might trade-off against each other (Mori et al., 2017; Sing, 
Metzger, Paterson, & Ray, 2018). While the wider public was believed to be primarily 
interested in recreation and aesthetics, recent studies found that public interest and preferences 
for other ecosystem services (such as carbon sequestration, water regulation and air quality 
regulation) and the ecological-environmental forest function are gaining importance (Grilli, 
Jonkisz, Ciolli, & Lesinski, 2016; Vegard Gundersen & Helge Frivold, 2011; Smith et al., 



2012). Nevertheless, few studies elicited preferences for forest management by integrating a 
wide range of specific forest management characteristics and ecosystem services in a stated 
preference method (e.g. Varela, Jacobsen, & Mavsar, 2017; Varela et al., 2018). Such approach 
allows to better cover multiple ecosystem services forest management and to investigate the 
relative importance of both types of characteristics. Moreover, public preferences for forest 
management have not yet been studied from a soil biodiversity perspective, despite its crucial 
role in delivering the forest ecosystem services that are highly valued by the wider public.  
 
In addition, insights in how to steer public opinion and preferences are of high value to policy 
makers and forest managers. This allows to better match public preferences and optimal 
management decisions from an ecological and environmental forest perspective. Previous 
research found that information significantly changed willingness-to-pay for environmental 
goods when respondents were unfamiliar with the good, while no significant effect was found 
on willingness-to-pay for respondents that were familiar with the good (Brahic & Rambonilaza, 
2015; Hasselström & Håkansson, 2014; Needham, Czajkowski, Hanley, & LaRiviere, 2018). 
Hence, soil biodiversity might benefit from preference guiding through information transfer 
due to limited knowledge and low public awareness of soil biodiversity which is in contrast 
with its crucial role in the delivery of ecosystem services to society (Keesstra et al., 2016; Turbé 
et al., 2010; Xylander & Zumkowski-xylander, 2018). Moreover, by making the general public 
aware of soil biodiversity, public opinion could reinforce adoption of soil biodiversity friendly 
management practices by forest managers. The impact of information transfer on public 
preferences related to forest management has been studied previously in a number of 
publications that generally found positive or insignificant individual-specific effects. For 
example, Gundersen et al. (2017) investigated the effect of different types of information on 
visual preferences for dead wood in Norway and found that, overall, information about the 
ecological role of dead wood increased public support for dead wood in forests. Rambonilaza 
and Brahic (2016) encountered that part of their sample valued biodiversity in public forests in 
France higher after information was provided on the ecological processes behind forest 
management. Nevertheless, this effect was heterogeneous with no significant difference for 
part of the sample. 
 
In this paper, we want to contribute to this literature by focusing on two aspects that have 
received limited attention in literature. Firstly, we aim to investigate public preferences for a 
diverse set of forest management characteristics oriented towards multiple ecosystem services 
delivery from a soil biodiversity perspective through a choice experiment approach. Secondly, 
we aim to study the effect of information transfer related to soil biodiversity and forest 
management on these preferences, which is of particular interest to policy making. Based on 
previous research, such information is expected to increase preferences for soil biodiversity 
friendly management practices, at least for part of the sample. To address these objectives, we 
use Flanders (Belgium) as a case study. 
 
2. Methods 
2.1 Case study 

Flanders is a densely populated area with high urbanization rates, a high pressure on land and 
a low forest cover of about 13% (De Valck et al., 2014). Due to fragmentation, forest patches 
are small and scattered and experience negative effects of neighboring land uses such as 
atmospheric deposition and agricultural management (Decocq et al., 2016).  These 
developments have put pressure on soil biodiversity and ecosystem services delivery, but at the 
same time have led to an increase in societal demand for forests and a diversity of ecosystem 



services that they deliver. Therefore, Flanders is an interesting case study to assess public 
preferences for multiple ecosystem services forest management. 
 

2.2 Choice experiment method: Theory 

The choice experiment method is a widely applied stated preference method that combines the 
characteristics theory of value (Lancaster, 1966) and the random utility theory of McFadden 
(1974). Lancaster’s characteristics theory articulates that individuals derive utility from a 
service based on the characteristics that describe that service, rather than from the service as 
such. McFadden’s random utility theory considers individuals to be rational and to maximize 
their utility when choosing from a set of alternative specifications of a service. By integrating 
these two theories, the utility that individual �  derives from choosing an alternative 
specification � of a good or service out of a total set of � alternative specifications can be 
expressed by following equation: 

��� =   �� + !�� =  ∑ #�
  $��
%
�� +  !��   (1) 

Specifically, this utility consists of a deterministic component ( ��) and an unobserved random 
error term that is assumed to be an independently and identically distributed extreme value (!��) 
(Hauber et al., 2016; Hole, 2007). The deterministic component includes a vector of & 
observed alternative-specific variables ( $��
 ) that are the characteristics, or attributes, 
describing the service. A vector of parameters (#�
) expresses individual preferences for each 
of these characteristics. In this study, we apply the choice experiment method to assess public 
preferences for forest management. Section 2.2 describes the study design and data collection, 
while section 2.3 outlines the econometric approach for the data analysis. 

2.3 Study design and data collection 

Figure X displays the methodological approach that was used for designing this study and 
collecting data. Specifically, four stages were completed starting with the selection of 
attributes, that were used in the design of the choice experiment. Then, the survey was 
developed and responses were collected.  Following sections explain each of these four stages 
in more detail. 



 

Figure 5: Methodological approach for the design and data collection 

 

2.3.1 Attribute selection 

The first step in the study design was to select characteristics or attributes that describe forest 
management oriented towards multiple ecosystem services. For this purpose, we used an 
attribute selection process adapted from Jeanloz et al. (2016). Specifically, a list of 38 forest 
management related characteristics was developed based on literature screening. Then, a 
scoring exercise was generated, that contained two tables in which participants had to score the 
38 attributes according to their relevance for a multiple ecosystem services forest management 
and for soil biodiversity. This scoring exercise was used in two workshops with academic 
experts in bio-economics (N=7) and forest and nature management (N=10), respectively. After 
a short introduction and explanation of the exercise, participants were asked to fill in the scoring 
exercise. During a short break, the 15 attributes with highest average score were extracted 
based on the individual exercises for further discussion. Next, participants were asked to 
collectively select a final set of six or seven attributes, including one cost attribute, by merging 
and eliminating attributes from the top-15 list. Based on these two workshops, a set of ten 
attributes was selected. For each of these attributes, levels where set through internal discussion 
between the scientists conducting this study.  Lastly, the set of ten attributes and levels was 
reviewed for clarity and interpretative problems by citizens in two focus group discussions 
amongst technical staff and friends and family (N1=N2=8). The final set of attributes and levels, 
is shown in table 1 and includes nine categorical variables and one continuous variable related 
to the cost attribute. The categorical variables were dummy coded with the base level set equal 
to the least preferred level from a soil biodiversity perspective. 



Table 1:  Overview of the attributes and their levels that are used in the choice experiment. Categorical variables are dummy coded. Base levels are set equal to the least 
preferred levels from a soil biodiversity perspective. 

Attribute Description to respondents Levels  Merged attribute Levels 

Forestry 

system a 

Method used to replace old trees with new trees. In clear-cutting 
the entire forest stand is replaced at one moment on 100% of its 

stand area. In group cutting groups of trees are replaced 
consecutively. In selective cutting individual trees are regularly 

replaced. 

1. Clear-cutting 
2. Group cutting 
2. Selective cutting Forestry 

system – 

Understory 

& shrub 

layer 

1. Clear-cutting – Even aged without understory 
[base level] 

3. Clear-cutting – Even aged with understory 
3. Group cutting – Uneven aged without 

understory 
4. Group cutting – Uneven aged with understory 
5. Selective cutting – Uneven aged without 

understory 
6. Selective cutting – Uneven aged with understory 

Understory 

& shrub 

layer a 

Extent to which smaller trees and a shrub layer are present. In an 
even-aged forest stand, all trees belong to the same age class, 

whereas in an uneven aged forest stand, trees belong to different 
age classes and hence are of different height. 

1. Even aged without understory  
2. Even aged with understory 
3. Uneven aged without understory 
4. Uneven aged with understory 

Old trees and 

dead wood 

Share of old trees (=remarkably old for its species) and dead 
wood (=dead and dying (parts of) trees), expressed relative to the 

total timber stock. 

1. No old trees and dead wood (<1% of total timber stock) [base level] 
2. Few old trees and dead wood (2-5% of the total timber stock) 
3. Many old trees and dead wood (≥10% of the total timber stock) 

Tree species 

diversity 

Extent to which tree species are mixed. In a slightly mixed stand 
one of the species is dominant, while in an intensively mixed 

stand all species are present in comparable numbers 

1. Monoculture (1 tree species) [base level] 
2. Slightly mixed (2 to 3 tree species) 
3. Intensively mixed (minimum 4 tree species) 

Tree logging 

Method used for logging of the wood. Specialized machines are 
used for logging and skidding the trails in which the use of fixed 
roads restricts machines to only ride on these marked strips and 

protection can be used to limit soil compaction. 

1. Mechanical logging without fixed logging roads [base level] 
2. Mechanical logging with fixed logging roads 
3. Mechanical logging with fixed logging roads and additional protection (such as steel plates or a bed of 

branches) 

Carbon 

storage 

Amount of CO2 stored per 100 ha of forest, translated into yearly 
CO2 emissions of a number of citizens. This process can mitigate 

climate change. 

1. Low carbon storage (equivalent to yearly emissions of 250 citizens) [base level] 
2. Moderate carbon storage equivalent to yearly emissions of 350 citizens) 
3. High carbon storage (equivalent to yearly emissions of 450 citizens) 

Water 

retention 

Rate at which (rain)water flows through the forest ecosystem, 
affecting water quality and storage through purifications and 
buffering. The slower the water flows, the higher the water 

quality and storage. 

1. Rapid water flow (low water quality and storage)  [base level] 
2. Moderate water flow (moderate water quality and storage) 
3. Slow water flow (high water quality and storage) 

Recreation 

Possibility to recreate, expressed by the number of paths, the 
extent to which different user groups are allowed to access the 

paths and the extent to which motorized traffic is allowed. 

1. Many paths, open to all user groups and motorized traffic [base level] 
2. Many paths, open to all user groups 
3. Many paths, user group specific 
4. Few paths, open to all user groups 
5. Few paths, user group specific 

Mushroom 

and berry 

picking 

Availability of mushrooms and berries. 
1. No mushrooms and berries available for picking [base level] 
2. Moderate availability of mushrooms and berries for picking 
3. Many mushrooms and berries available for picking 

Contribution 

to a fund 
Compulsory yearly contribution per household to a forest fund 

specifically oriented towards forest maintenance. 
€5, €20, €50, €100, €150 

a  The attributes “Forestry system” and “Understory and shrub layer” were merged into one new attribute with 6 levels for the design and analysis because of restrictions on the combinations 

of the levels of these attributes.



2.3.2 Choice experiment design 

After selecting the attributes, the choice experiment was designed using a Bayesian D-efficient 
design in the JMP 14 Pro software. Because of strong restrictions on the combination between 
the attributes ‘forestry system’ and ‘understory and shrub layer’, these attributes were merged 
into one attribute with 6 levels for the design and analysis of the choice experiment. 
Nevertheless, both attributes were presented separately in the choice cards for clarity and ease 
of understanding. Specifically, an even-aged forest structure can only appear with clear-cutting, 
whereas an uneven-aged forest structure cannot appear with clear-cutting. Hence, the design 
and analysis of the DCE uses 9 attributes: the combined attribute forestry system – understory 
and shrub layer, old trees and dead wood, tree species diversity, tree logging, carbon storage, 
water retention, recreation, mushroom and berry picking, and contribution to a fund. In total, 
48 choice cards were created, that were blocked in 8 blocks of 6 choice cards. Each choice card 
presented two alternative forest management scenarios, that were characterized by the nine 
attributes representing management choices. In order to reduce the cognitive burden on 
respondents that would result from varying all attributes simultaneously, a partial profiles 
design was adopted, keeping five out of nine attributes fixed per choice card (Kessels, Jones, 
& Goos, 2015). This set of fixed attributes varied between choice cards in order to maximize 
the information that could be extracted from the total set of choice cards. The Bayesian design 
relied on prior estimates of the mean and standard deviation for each parameter, that were set 
by internal discussion between the experts conducting this study. Each of these experts 
individually reported the expected sign  of each parameter (-,0,+), the expected relative 
importance of the attributes (-- to ++) and the expected level of preference heterogeneity (-- to 
++). After integration of the individual perspectives and internal discussion, a final set of prior 
estimates for mean and standard deviation was agreed upon and translated into numbers which 
were added in the choice experiment design. An example of a choice card in Dutch is shown 
in Figure 2. 

 

Figure 6: Example of a choice card with the varying attributes of the partial profiles design highlighted in green 
(translated to English). 

 

 



2.3.3 Survey development 

In order to assess the effect of information transfer related to soil biodiversity on individual 
preferences, the choice experiment was organized in two rounds. In each round respondents 
answered six choice cards and a short self-made informative animated video related to soil 
biodiversity was shown in between. The video included a short description of soil biodiversity, 
its relevance for society through ecosystem functions and services and its relationship with 
forest management. The survey consisted of six sections and lasted about 30 minutes in total. 
First, after an introduction and informed consent, socio-demographic and attitudinal questions 
related to nature and forests were asked. Next, the choice experiment was introduced and 
attributes and levels were explained in detail (included in Appendix A). This was followed by 
the first round of the choice experiment in which each respondent answered one random block 
of six choice cards whose order was randomized. After the choice cards, follow-up questions 
were included on relative attribute importance. The third section questioned respondent’s 
knowledge of soil biodiversity and encompassed questions related to the Protection Motivation 
Theory and subjective norms. This section was included to test their relationship with 
preference heterogeneity. Next, information on soil biodiversity and forest management was 
transferred through the short animated video. In order to control for the effect of the informative 
video on knowledge of soil biodiversity, section three and four were inverted for half of the 
sample. This was followed by the second round of the choice experiment, analogous to the first 
round. Lastly, the survey was concluded by thanking the respondent for their participation and 
offering them the possibility to provide feedback and comments upon request. Ethical approval 
for this survey was obtained at the Social and Societal Ethics Committee (SMEC) of the KU 
Leuven. 

2.3.4 Data collection 

Respondents were sampled through a market research agency (iVOX) using a quota sampling 
approach (Rambonilaza & Brahic, 2016). A representative sample of 300 Flemish citizens was 
obtained using age, gender and place of residence as criteria, and taking education level and 
income into account. The survey was coded using the online tool Socratos and responses were 
gathered in February 2019. Based on data cleaning, one respondent was omitted from the 
sample because of uninformative responses that followed a clear pattern over the entire survey. 
Hence, the sample that was maintained for analysis counted 299 respondents. 

2.4 Data analysis 

2.4.1 Econometric framework 

Based on the observed choices, preferences can be studied by expressing the probability of an 
alternative forest management scenario to be chosen through a logistic distribution. Several 
models exist that differ in their assumptions and the extent to which they account for preference 
heterogeneity. The basic model is a conditional logit model that assumes preferences across 
individuals to be homogeneous (Hauber et al., 2016). Nevertheless, preferences mostly differ 
among individuals and assuming homogeneity can lead to biased estimates (Hauber et al., 
2016). Preference heterogeneity can be taken into account through the mixed logit model which 
assumes that preference weights across the sample can be represented by a (normal) 
distribution with density defined as '(#|() and ( the parameters of the distribution (Hauber et 
al., 2016; Hole, 2007). The probability that respondent � chooses alternative � in choice card ) 
is then given by following expression, conditional on knowing #�: 

*��+(#�) =  ,-./012.,4./05

∑ ,-.6072.,4.6089
6:;

      (2) 



Through this formula, we can see that the probability of choosing alternative � is a function of 
the attribute levels of alternative �, as well as the attribute levels of all other alternatives within 
the choice card. Based on this expression, the probability of the sequence of choices over all 
choice cards for individual �  can be calculated, again conditional on knowing #� , using 
following formula: 

��(#�) = ∏ *��(�,+)+(#=)>
+��     (3) 

with �(�, )) the alternative that has been chosen by individual � in choice card ). Lastly, the 
unconditional probability for the observed sequence of choices can be obtained by integrating 
the conditional probability over the distribution of #, using the density function '(#|(): 
*=(() =  ? �=(#) '(#|()�#  

Alternatively, the latent class finite-mixture model assumes that individuals can be grouped 
into a finite number of classes (Greene & Hensher, 2003; Hauber et al., 2016; Pacifico & Yoo, 
2013). While preferences are expected to differ between classes, they are assumed to be 
homogenous within each class. Therefore, the latent class model estimates preference weights 
within each class through a conditional logit model, based on following expression for the 
probability that individual �  chooses alternative �  in choice card ) , conditional on being a 
member of class @: 

*��+|A =  ,-./0|B(2B,4./0|B)

∑ ,-.60|B(2B,4.60|B)9
6:;

     (4) 

where  ��+|A(#A , C��+|A)  is the deterministic component for alternative �  in choice card ) , 
conditional on being member of class @,  � is the alternative chosen out of a set of � alternatives 
and the denominator takes into account the deterministic component over all alternatives � 
within a choice card. Similar to the mixed logit model, the probability for the observed 
sequence of choices over all choice cards can then be calculated through following formula, 
again conditional on being a member of class @: 

��|A = ∏ *��(�,+)+|A
>
+��    (5) 

However, the class assignment and hence class probability are unknown up front. Therefore, 
the prior probability for individual � to be in class @  (class assignment probability) can be 
calculated using this expression following a fractional multinomial logit: 

D�A =  ,E.FB

�G ∑ ,E.FHIJ;
H:;

    (6) 

With K�  a set of observable socio-demographic characteristics of the individual that can be 
included through the class membership option, (A the class membership model parameter for 
class q and (L  normalized to 0 to allow identification. In this paper, we did not include 
individual specific covariates which means that the only element in K�  is the constant term. By 
consequence, the prior class probabilities are constants that sum to one and thus the same for 
all agents. This class assignment probability ( D�A ) is then used to calculate the choice 
probability that individual � chooses alternative � in choice card ) by taking the sum over all 
classes of the product of D�A and expression 4. 

2.4.2 Model estimation 

The analysis was performed using Stata16. Firstly, a mixed logit model (mixlogit) allowing for 
preference heterogeneity was ran on the entire dataset, including observations before and after 
the information transfer. To assess the effect of information transfer, interaction effects were 
added between the attribute parameters and an information transfer dummy, that equals one for 



observations after the information transfer and zero for observations before the information 
transfer. Stata16 allows a maximum of 20 random parameters in the mixed logit model, while 
our model included 22 (main effects) parameters. Hence, different specifications were tested 
and compared, and results of these different models were found to be very similar. The model 
with the highest (or least negative) log likelihood was therefore selected. This model keeps the 
monetary attribute fixed (contribution to a fund), as well as the variable linked to the attribute 
level ‘even aged with understory – clearcut’. Moreover, all interaction effects between the main 
effects and the dummy for the information transfer were kept fixed.  

Next, preference heterogeneity and its relationship with socio-demographic and attitudinal 
characteristics was further investigated through a latent class model (lclogit). This model was 
run on the data before and after the information transfer separately to identify classes in 
preferences for both rounds separately after which switching patterns between rounds before 
versus after the information transfer were investigated. In order to choose the optimal number 
of classes, goodness-of-fit-measures were compared between a limited number of model 
specifications that differed in the number of classes specified (AIC, CAIC, BIC) (Pacifico & 
Yoo, 2013). Moreover, different seed values were tested to investigate the effect of starting 
values on the results. The best model was then chosen based on the log likelihood and 
meaningful interpretation of the latent classes. After the estimation, individuals were assigned 
to classes by calculating individual class probability for each class based on an individuals’ 
sequence of choices (see Pacifico & Yoo, 2013). Then, switching patterns between classes 
before and after the information transfer were investigated as both rounds of choice cards were 
answered by the same individuals. Based on these patterns, the most desired switching behavior 
with respect to soil biodiversity and forest management was detected. Lastly, we investigated 
to what extent socioeconomic and attitudinal characteristics differed between individuals that 
reacted more and less desirably to the information transfer, using two-sided t-tests. 
 
3. Results 
3.1 The effect of information transfer on preferences through interaction effects 

Table 2 contains the results of the mixed logit model, that was run on the entire dataset and 
included interaction effects between the attribute levels and an information transfer dummy. In 
general, all parameter estimates were significantly different from zero, with soil biodiversity 
friendly levels being positively preferred over levels that are least favorable for soil 
biodiversity. Except for the attribute ‘old trees and dead wood’, for which no significant effect 
was found for its highest share. Nevertheless, a significant positive effect was found for the 
interaction effect between the information transfer and this level, which indicates a significant 
increase in preferences for higher shares of old trees and dead wood compared to no old trees 
and dead wood after the information transfer. In addition, significant positive interaction effects 
were found for both levels of tree species diversity, both levels of tree logging and the presence 
of few recreation paths that are user group specific. These significant interaction effects do not 
involve a change in the sign of the main effect but point at a significant increase in relative 
importance of these attribute levels to explain choice behavior. In this way, they comprise more 
extreme preferences for these attribute levels after the information transfer, especially for the 
attributes ‘tree species diversity’ and ‘tree logging’. Furthermore, a positive significant 
interaction effect with the information dummy was present for the monetary attribute. This 
suggests that respondents were significantly less averse for higher prices of forest management 
scenarios after the information transfer. 

By comparing the relative magnitude of the parameters coefficients of categorical attributes, 
the relative attribute importance in explaining choices was derived.  Before the information 



transfer, the attribute ‘forestry system – understory and shrub layer’ was the most important 
attribute, followed by the attributes ‘recreation’ and ‘tree species diversity’. After the 
information transfer, the attributes ‘tree species diversity’, ‘old trees and dead wood’ and ‘tree 
logging’ increased most in relative importance, at the expense of ‘forestry system – understory 
and shrub layer’, ‘recreation’ and ‘mushroom and berry picking’. Nevertheless, the attribute 
‘forestry system – understory and shrub layer’ remained the most important in explaining 
choices, also after the information transfer. 

Table 6: Estimation results of mixed logit model, combining data before and after the information transfer with 
a fixed interaction effect for each parameter and an information dummy (equaling 1 for observations after the 
information transfer). 

Attribute Level 
Main effect 

Interaction 

effect a 

M SD M 

Forestry – 

Understory 

& shrub 

layer 

Clear-cutting - Even-aged without understory [base level] [base level] 

Clear-cutting – Even-aged with understory 0.188 fixed -0.054 

Group cutting – Uneven-aged without understory 2.021**** -0.359 -0.471 

Group cutting – Uneven-aged with understory 2.219**** 0.287 0.296 

Selective cutting – Uneven-aged without understory 3.000**** -0.686* -0.331 

Selective cutting – Uneven-aged with understory 3.334**** 1.808**** -0.115 

Tree 

species 

diversity 

Monoculture [base level] [base level] 

Slightly mixed 0.805**** -0.354* 0.471** 

Intensively mixed 1.107**** 0.257 0.847*** 

Old trees 

and dead 

wood 

None [base level] [base level] 

Few 0.446*** 0.027 0.062 

Many 0.015 0.598*** 0.569*** 

Tree 

logging 

Without fixed logging roads [base level] [base level] 

With fixed logging roads 0.295** 0.066 0.481** 

With fixed logging roads and additional protection 0.611**** 0.509*** 0.445* 

Carbon 

storage 

Equivalent to yearly emissions of 250 citizens [base level] [base level] 

Equivalent to yearly emissions of 350 citizens 0.051 0.006 0.264 

Equivalent to yearly emissions of 450 citizens 0.631**** 0.676*** -0.166 

Water 

retention 

Rapid water flow [base level] [base level] 

Moderate water flow 0.420*** -0.078 0.179 

Slow water flow 0.684**** -0.001 0.083 

Mushroom 

& berry 

picking 

Few [base level] [base level] 

Moderate 0.344** 0.019 -0.258 

Many 0.580**** 0.517** -0.248 

Recreation 

Many paths, open to all user groups and motorized traffic [base level] [base level] 

Many paths, open to all user groups except motorized traffic 1.293**** 0.840*** -0.495 

Many paths, user group specific except motorized traffic 1.287**** 0.450 0.066 

Few paths, open to all user groups except motorized traffic 1.561**** -0.807** 0.102 

Few paths, user group specific except motorized traffic 1.505**** 1.378**** 0.700** 

Contribution to forest fund -0.012**** (fixed) 0.005** 

n (observations) 7176 

Log likelihood -2027.222 

Note: Significant coefficient estimates are indicated with * p<0.1, ** p<0.05, *** p<0.01 or **** p<0.001 
a Interaction effects of each variable with an information dummy that equals 1 for observations after the information 

transfer and 0 for observations before the information transfer 

In addition to these general findings on average values for the parameter estimates, the mixed 
logit model suggested heterogeneity in preferences across respondents. This presence of 
heterogeneity can be seen from the significant subject standard deviations for about half of the 
main effects parameters, distributed over seven attributes. Only for the attribute ‘water 
retention’ no heterogeneity in preferences was found for none of both levels, while the 
monetary attribute was set fixed. An alternative specification of the mixed logit model in which 
the interaction effects with the information transfer dummy were allowed to vary across 



respondents, also suggested heterogeneity in the effect of information transfer on preferences 
across respondents (results not included). In order to gain insights in this heterogeneity, a latent 
class logit model was estimated, of which the results are discussed in section 3.2. 

3.2 Studying preference heterogeneity by detecting segments before and after the 

information transfer 

First, a latent class model was run on the choice data before the information transfer to detect 
segments in the sample that include respondents with similar preferences. Then, the change in 
preferences was studied for these segments by running separate conditional logit models on 
each segment using the choice data after the information transfer. Lastly, a latent class model 
was estimated on the choice data after the information transfer to detect the optimal 
distribution of respondents in segments. By studying the switching patterns of respondents 
between segments before and after the information transfer, those respondents that react in 
the most desired way to the information transfer can be detected and characterized. 

3.2.1 Model estimation results 

The results of the latent class estimation ran on the choice data before the information transfer 
are shown in column 1 and 2 of Table 3. A model with two latent classes, or segments, 
outperformed a model with three classes based on the Bayesian Information Criterion (BIC) 
and the Consistent Akaike Information Criterion (CAIC). The data did not support a model 
with more than three latent classes as the estimated variance matrix failed to converge. 
Moreover, different starting values for the algorithm were tried, yielding results that were 
slightly different in class shares and significance of parameter estimates. Finally, the best model 
was selected based on the information criteria, log likelihood and meaningful interpretation of 
the latent classes or segments. 

 



Table 3 : Parameter estimates and significance for latent class model on data before the information transfer (column 1 and 2), conditional logit models on the data after the 
information transfer using the two classes found before the information transfer (column 3 and 4), and latent class model on data after the information transfer (column 5 and 6). 

Attribute Level 

Before information transfer After information transfer After information transfer 

Latent class logit Conditional logit Latent class logit 

Class 1_before Class 2_before Class1_before Class2_before Class 1_after Class 2_after 

Forestry 

system- 

Understory 

& shrub 

layer 

Clear-cutting – Even aged without understory [base level] [base level] [base level] 
Clear-cutting – Even aged with understory -3.173* 0.838** 0.569 -0.091 0.410 0.134 
Group cutting – Uneven aged without understory 3.319*** 2.059**** 1.746**** 1.066**** 2.774**** 0.251 
Group cutting – Uneven-aged with understory 2.963*** 2.044**** 2.418**** 1.888**** 4.018**** 0.740 
Selective cutting – Uneven-aged without understory 3.482**** 2.881**** 2.531**** 2.068**** 4.556****  0.991** 
Selective cutting – Uneven-aged with understory 1.341* 3.069**** 2.646**** 2.275**** 4.468**** 1.611*** 

Tree 

species 

diversity 

Monoculture [base level] [base level] [base level] 
Slightly mixed 3.792**** 0.272 1.244**** 0.976**** 1.939**** 0.268 
Intensively mixed 6.022*** 0.393 1.864**** 1.571**** 2.649**** 0.701* 

Old trees 

and dead 

wood 

None [base level] [base level] [base level] 
Few 1.640*** 0.198 0.419** 0.391*** 0.552** 0.137 
Many 0.588 -0.090 0.434* 0.531*** 0.710** 0.490* 

Tree 

logging 

No fixed logging roads [base level] [base level] [base level] 
Fixed logging roads 2.723*** -0.192 0.639** 0.652**** 1.068**** 0.281 
Fixed logging roads and additional protection 1.604*** 0.301* 0.917*** 0.788**** 1.085**** 0.737* 

Carbon 

storage 

Equivalent to yearly emissions of 250 citizens [base level] [base level] [base level] 
Equivalent to yearly emissions of 350 citizens 1.309** -0.035 0.232 0.307** 0.584** 0.212 
Equivalent to yearly emissions of 450 citizens 2.657*** 0.402* 0.730*** 0.475*** 0.753** 0.609** 

Water 

retention 

Rapid water flow [base level] [base level] [base level] 
Moderate water flow 3.261*** -0.125 0.353 0.500**** 1.032**** -0.279 
Slow water flow 3.915*** 0.246 0.531* 0.547*** 1.691**** -0.643 

Mushroom 

& berry 

picking 

Few [base level] [base level] [base level] 
Moderate 0.046 0.221 -0.052 0.106 0.626 -0.520** 
Many 0.503 0.620*** 0.262 0.341* 0.418 0.310 

Recreation 

Many paths, open to all user groups and motorized traffic [base level] [base level] [base level] 
Many paths, open to all user groups 5.602** 0.775*** 0.963** 0.481** 0.614* 0.896 
Many paths, user group specific 3.035** 1.225**** 1.539**** 0.845**** 0.848*** 1.634*** 
Few paths, open to all user groups 3.284** 1.510**** 1.800**** 0.966**** 1.394**** 1.518** 
Few paths, user group specific 6.612*** 0.691*** 1.748**** 1.416**** 2.160**** 1.264*** 

Contribution to forest fund -0.022***  -0.010**** -0.009**** -0.005*** -0.003 -0.012*** 
Class probability 33.1% 66.9% 33.1% 66.9% 67.2% 32.8% 
Membership function constant 0.895 *** / / -0.597 
n (observations) 3588 1188 2400 3588 
Log likelihood -1006.3703 -319.2498 -668.1083 -983.5183 
BIC 2269.2605 794.2601 1547.4470 2223.5565 
AIC 2102.7406 682.4995 1420.2170 2057.0365 

Significant coefficient estimates are indicated with * p<0.1, ** p<0.05, *** p<0.01 or **** p<0.001 



Before the information transfer (column 1 and 2), differences between both classes seemed to be 
mainly linked to attributes related to biodiversity (‘tree species diversity’, ‘old trees and dead 
wood’), one pure management practice (‘tree logging’), regulating ecosystem services (‘carbon 
storage’, ‘water retention’) and the cultural ecosystem service ‘mushroom and berry picking’. The 
first class included about 33% of the total sample and had significant preferences for most of the 
parameters with levels that support soil biodiversity generally preferred over levels that are less 
favorable from a soil biodiversity perspective, except for the attributes ‘old trees and dead wood’, 
for which only the highest level was significant, and ‘mushroom and berry picking’, for which 
preferences were insignificant. Therefore, the preferences of this class generally encouraged forest 
management choices that support soil biodiversity, considering a wide range of characteristics. On 
the other hand, the second class comprised about 67% of the respondents and seemed to attach 
more importance to forest aesthetics and cultural ecosystem services, as witnessed by the 
significant parameter estimates for the attributes ‘forestry system – understory and shrub layer’, 
‘recreation’ and a high availability of mushrooms and berries. Nevertheless, this class also 
expressed a significant positive preference for the highest levels of the attributes ‘carbon storage’ 
and ‘tree logging’. In general, the results suggest that members of class 2 care most about 
recreation and visual attractiveness through layering and the extent of open patches in the forest, 
while members of class 1 additionally attach equal importance to biodiversity aspects (except for 
the highest level of ‘old trees and dead wood’), tree logging techniques and regulating ecosystem 
services. This observation can be deducted from the significance of parameter estimates as well as 
the relative magnitude of the parameter estimates over attributes within one class. Hence, class 1 
seems to align best with management that supports soil biodiversity, while it includes only the 
minority of respondents. We defined class 1 members as environmentalists, while members of 
class 2 were described as recreational users. 

In order to investigate how the preferences of these two segments (environmentalists and 
recreational users) changed after the information transfer, conditional logit models were ran of 
which the estimation results are shown in column 3 and 4 of table 3. By comparing column 1 and 
3, it can be seen that the information transfer had limited effects on the preferences of the first 
segment (environmentalists). Specifically, the environmentalists expressed a significant positive 
preference for the highest level of old trees and dead wood after the information transfer, while 
this was insignificant before the information transfer. Moreover, they preferred only the highest 
levels of the regulating ecosystem services carbon storage and water retention after the information 
transfer, while they also positively preferred intermediate levels before the information transfer. 
On the other hand, differences in preferences before versus after the information transfer are more 
pronounced for the second segment (recreational users). While before the information transfer they 
had significant preferences for a limited set of attributes mostly related to forest aesthetics and 
cultural ecosystem services, they expressed significant positive preferences for all attributes after 
the information transfer. The largest differences are linked to the attributes ‘tree species diversity’, 
‘old trees and dead wood’ and ‘water retention’ of which both levels become highly preferred after 
the information transfer, relative to their base levels. Moreover, preferences increase in 
significance for the attributes ‘tree logging’ and ‘carbon storage’. Hence, the information transfer 
seemed to have a large effect on the preferences of the second segment, leading to enlargement of 
attention to all attributes, including biodiversity related management characteristics, pure 
management practices and regulating ecosystem services. 
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Analogous to the procedure described for the latent class analysis before the information transfer, 
the optimal number of segments after the information transfer was chosen based on the information 
criteria, log likelihood and interpretation of the segments. A model with two latent classes, or 
segments, was also found to be optimal after the information transfer (column 5 and 6) with class 
1 comprising 67% of the respondents and class 2 including 33% of the respondents. Similar to 
what was observed before the information transfer, class 1 after the information transfer 
encompassed significant estimates for most of the parameters, except for even-aged forests with 
understory and clear-cutting (compared to even-aged forests without understory and clear cutting), 
both levels of the attribute ‘mushroom and berry picking’ and the monetary attribute ‘contribution 
to a fund’. The latter indicates that members of class 1 seemed indifferent to the cost of the forest 
management scenarios. Conversely, members of class 2 expressed preferences that only included 
the highest levels of nearly all attributes, except for the ecosystem services ‘water retention’ and 
‘mushroom and berry picking’. For the latter, a significant negative preference was found for the 
intermediate level. This indicates that members from class 2 after the information transfer 
generally only value an increase from the lowest to the highest level with respect to support for 
soil biodiversity of most attributes. Moreover, class 2 revealed a highly significant negative 
preference for the monetary attribute, in contrast to class 1. Lastly, the relative magnitude of the 
parameter estimates between attributes within one class indicates that class 1 attaches highest 
importance to the attributes ‘forestry system – understory & shrub layer’, ‘tree species diversity’ 
and ‘recreation’, followed by ‘tree logging’ and ‘water retention’. On the other hand, class 2 seems 
to value the attributes ‘forestry system – understory & shrub layer’ and ‘recreation’ the most, 
followed by ‘tree species diversity’, ‘tree logging’ and ‘water retention’. Hence, similar attributes 
were considered the most important for both classes, but ‘tree species diversity’ was valued more 
important for class 1 compared to class 2. However, the relative importance of the monetary 
attribute in class 2 cannot be directly assessed from the parameter estimate and is hence not taken 
into account in this ranking. Based on these findings, differences between both classes with respect 
to soil biodiversity seemed more limited after the information transfer compared to what was found 
before the information transfer. Nevertheless, class 1 seemed to be most favorable from a practical 
soil biodiversity perspective as preferences were generally significant at higher levels and mostly 
included the intermediate levels, which are considered more feasible to forest managers and could 
hence facilitate adoption. Moreover, the most important attributes in explaining choices remain 
‘forestry system – understory and shrub layer’ and ‘reaction’ in both classes, while class 1 
additionally attaches comparable importance to ‘tree species diversity’. Hence, we described 
members of class 1 as environmentalists, similar to before the information transfer, but with 
increased preferences for higher shares of old trees and dead wood and insignificance towards the 
monetary cost. On the other hand, we characterized class 2 members as critical and economic 
environmentalists that preferred only the highest attribute levels from an environmental and soil 
biodiversity perspective and that indicated high attention for the cost of forest management, 
compared to class 1. 

3.2.2 Characterization of segments before the information transfer  

By running conditional logit models using choice data after the information transfer on the two 
segments that were detected before the information transfer, the information transfer was found to 
have the largest desired effect on respondents from class 2, namely recreational users. To study 
how respondents from this class differed from respondents from class 1 (environmentalists), two-
sided t-tests were executed on a wide range of socio-economic, attitudinal, behavioral and 
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knowledge-related characteristics. Table 4 displays the characteristics that were found to differ 
significantly between both segments. Specifically, respondents that belonged to the segment 
‘recreational users’ attached significantly less importance to the forest function biodiversity and 
visited forests significantly less for nature observation. Furthermore, a significant smaller share 
indicated to have considered soil biodiversity while answering the DCE before the information 
transfer. Members of the segment ‘recreational users’ also agreed significantly more that science 
has insufficient knowledge on forest soil biodiversity to take it into account in forest management 
and significantly less indicated that forests give them a sense of well-being. Moreover, they agreed 
significantly more that increasing the variation in forest structure decreases forest soil biodiversity, 
while generally the opposite is true. Lastly, a significantly smaller share of respondents belonging 
to this segment were members of a nature organization, while a significantly higher share had an 
educational level of secondary or lower. 

Table 4: Comparison of socio-economic, attitudinal, behavioral and knowledge related characteristics using two-
sided t-test between class 1 (environmentalists) and class 2 (recreational users) before the information transfer. 

 Environmentalists 
(N = 99) 

Recreational users 
(N = 200) 

Significance 
(p-value) 

Forest_function_biodiversity a 4.02 (0.099) 3.71 (0.074) ** (0.015) 

Activity_nature_observation a 2.29 (0.133) 1.89 (0.078) *** (0.005) 
Considered soil biodiversity in DCE (%) 77.8% 58.0% **** (0.0007) 
“Until now, science has insufficient 
knowledge on forest soil biodiversity in 
order to be taken into account in forest 
management.” a 

2.09 (0.143) 2.43 (0.111) * (0.072) 

“Forests provide me with a sense of well-
being.” a 

4.38 (0.071) 4.18 (0.060) ** (0.036) 

“The higher the variation in forest 
structure, the lower the forest soil 
biodiversity.” a 

2.86 (0.259) 3.55 (0.169) ** (0.031) 

Member of nature organization 27.3% 14.0% *** (0.005) 
Maximum secondary education 41.4% 54.0% ** (0.041) 

Significant coefficient estimates are indicated with * p<0.1, ** p<0.05, *** p<0.01 or **** p<0.001 
a Mean score (and standard error) based on a 5-point likert scale with 1 item (with 1 = not important at all/disagree to 5 = very important/agree) 

 

3.2.3 Characterization of switching patterns between segments before and after the 

information transfer 

Because the same individuals answered both rounds of the choice experiment (before and after the 
information transfer), we were able to investigate how individuals reacted on the information 
transfer. Figure 3 shows the switching patterns of individuals between the latent class before and 
after the information transfer, expressed by the share of total respondents. As mentioned before, 
preferences were in general more in favor of soil biodiversity after the information transfer, but 
class 2 expressed preferences that were more critical as they only valued an increase from a low 
to a high level and expressed a significantly negative preference for the monetary variable. 
Therefore, we defined class 1 after the information transfer as the most preferred from a soil 
biodiversity perspective. Hence, individuals that switched from class 2 before the information 
transfer to class 1 after the information transfer are considered to react best on the information 
transfer. This group included about 45% of the total sample which is the highest share of all 
switching patterns. In addition, respondents that stayed within class 1 after the information transfer 
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(22%) also responded as desired to the information, but showed only small changes in their 
preferences, related to ‘old trees and dead wood’ and the monetary attribute. On the other hand, 
respondents that were part of class 1 before the information transfer, but switched to class 2 after 
the information transfer were considered to respond in the least desired way, as they did not 
significantly value an intermediate increase anymore for most attributes than respondents that 
stayed within class 1. This group was however the smallest with only 11% of the total sample. 
Moreover, an alternative explanation for this observation could be that these respondents 
considered the monetary attribute the most important and hence ended up in class 2 after the 
information transfer as this attribute was no longer significant in class 1. Lastly, about 22% of the 
respondents stayed within class 2 after the information transfer. While the most desired pathway 
would have been to change to class 1, switching to class 2 after the information transfer still 
encountered an improvement in preferences from a soil biodiversity perspective, by significantly 
valuing more attributes than aesthetics and recreation and by focusing on the highest levels.  

 

 

Figure 7: Pattern of switching between latent classes before and after the information transfer, expressed by the 
share of total respondents (N = 299). The latent classes are based on the latent class analysis that was described in 

section 3.2.1 

Lastly, we investigated to what extent socio-economic, attitudinal and knowledge related 
characteristics determined the differences in switching patterns. For this purpose, we compared 
individuals that reacted on the information transfer in the most desired way with those that behaved 
less desirably. Thus, individuals that ended up in class 1 after the information transfer 
(environmentalists – 22.4% + 44.8%) were compared with those that ended up in class 2 (critical 
and economic environmentalists – 10.7% + 22.1%) using t-tests. The results of this comparison 
are shown in table 5. None of the socio-economic characteristics (age, gender, income, etc.) was 
found to be significantly different between both groups. Contrarily, respondents that reacted best 
to the information transfer (environmentalists) valued the forest functions biodiversity, 
environmental regulation and conservation higher. In addition, they more frequently visited forests 
for nature observation and mushroom and berry picking, and included a significant higher share 
of respondents that visited forests more than 19 times in the past year. Moreover, they scored lower 
on a scale that represented a human-centered attitude towards forests. This attitude specified that 
forests should mainly serve humans and that human intervention in forests is beneficial for 
biodiversity and its functioning. Furthermore this group of respondents attached significantly more 
importance to the available forest area, forest functioning, biodiversity and soil biodiversity which 
was represented by a single score. Lastly, the respondents in this best behaving group scored 
significantly higher on the knowledge questions related to soil biodiversity, forest functioning and 
management. 
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Table 5: Comparison of socio-economic, attitudinal and knowledge related characteristics using two-sided t-test 
between the group of respondents that reacts best on the information transfer from a soil biodiversity perspective (= 
environmentalists (after information transfer): 22.4% + 44.8%) and the group that reacts in a less desirable manner (= 
critical and economic environmentalists (after information transfer): 10.7% + 22.1%). 

 
Environmentalists 

(N = 201) 
Critical & economic 

environmentalists 
(N = 98) 

Significance 
(p-value) 

Function_biodiversity a 3.95 (0.072) 3.54 (0.104) *** (0.002) 

Function_environmental regulation a 4.20 (0.067) 3.67 (0.119) **** (0.000) 
Function_conservation a 4.23 (0.063) 3.90 (0.111) *** (0.008) 
Activity_nature_observation a 2.11 (0.088) 1.82 (0.108) ** (0.050) 
Activity_picking a 1.31 (0.057) 1.12 (0.047) * (0.081) 
Human-centered attitude b 2.63 (0.049) 2.89 (0.078) *** (0.003) 
Forest visits [>19 times/past year] (%) 23.9% 15.3% * (0.086) 
Importance b d 4.07 (0.054) 3.83 (0.078) ** (0.013) 
Knowledge c d 8.51 (0.311) 7.48 (0.457) * (0.061) 

Significant coefficient estimates are indicated with * p<0.1, ** p<0.05, *** p<0.01 or **** p<0.001 
a Mean score (and standard error) based on a 5-point likert scale with 1 item 
b Mean score (and standard error) based on a 5-point likert scale with multiple items (Homo_centric_attitude (4), Importance (4)) 
c Score (and standard error) on 10 based on 14 knowledge items that were scored on a 5-point likert scale (disagree  - agree) 
d Including only respondents that answered the knowledge questions before watching the informative video (N = 104 and  
N = 52, for group 1 and group 2 respectively) 
The item(s) for each of these variables is (are) lined out in the questionnaire that is available upon request. 
 
 

4. Discussion 

In general, we found that Flemish citizens preferred environmentally and soil biodiversity friendly 
levels of forest management related characteristics already before information transfer on soil 
biodiversity. Except for the attribute ‘old trees and dead wood’ of which lower shares were 
preferred. A limited amount of dead wood in forests was also found to be preferred in a review 
study that combined 109 publications of European studies on public forest preferences (Ciesielski 
& Stereńczak, 2018). Nevertheless, the information transfer in our study significantly increased 
preferences for the highest shares of old trees and dead wood. Similarly, Gundersen and Frivold 
(2011) found that Norwegian citizens preferred photographs of forests with no or little dead wood, 
but that including a short text on the ecological benefits of dead wood, significantly increased the 
probability of a photo to be preferred. In a follow-up study that extended the information treatment 
by including different types of information, Gundersen et al. (2017) found that ecological 
information had the highest effect and that this effect continued to exist even when the information 
was left out in consequent pictures. The topic of dead wood has received increasing attention in 
the Flemish forestry planning during the last decades. Maintaining dead wood has been included 
in the management goals which has resulted in increasing shares of dead wood in forests (Govaere, 
2020). This has come along with changes in forest aesthetics, that could potentially have led to 
societal conflicts with recreational users and citizens. Our results highlight the potential of short 
simple informative videos to counteract these conflicts and ensure societal harmony between 
recreational users and forest managers. Moreover, our study indicated that recreation and the 
aesthetic value of forests through layering and open patches following tree logging are still 
considered the most important forest management attributes for citizens, both before and after the 
information transfer. Nevertheless, biodiversity related aspects and pure management practices 
significantly increased in importance, while this was not found for regulating ecosystem services. 
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Looking further into preference heterogeneity, we found two latent classes both before and after 
the information transfer. While these latent class models revealed some interesting findings, the 
results presented here do not represent the global optimum, but a local optimum, selected based 
on the log likelihood value and a meaningful interpretation. Nevertheless, it does represent a way 
to divide the sample of 299 respondents into classes that have homogeneous preferences within a 
class, but heterogeneous preferences between classes. Differences between classes were more 
pronounced before the information transfer with the largest class focusing on aesthetics and 
recreation, at the expense of regulating ecosystem services, biodiversity components and the pure 
management practice tree logging. This complies with the focus in forest valuation literature on 
public preferences for recreation, aesthetics and structure related forest characteristics (e.g. 
Ciesielski and Stereńczak, 2018; Edwards et al., 2012; Giergiczny et al., 2015). In addition, similar 
to our results, these studies mostly encountered preferences for layered, uneven-aged forests and 
opposition against large areas of clear-cuts. 

Furthermore, we found that the group of respondents that reacted best on the information transfer 
from a soil biodiversity perspective, mostly included individuals that valued environmental aspects 
of forests higher, had higher soil biodiversity knowledge and were more often regular forest 
visitors. On the other hand, they adhered less to a human-oriented vision on forests. These findings 
match the conclusions of previous studies on public forest preferences in several European regions. 
For example, Brahic and Rambonilaza (2015) and Rambonilaza and Brahic (2016) investigated 
the effect of information on public preferences for preservation of forest biodiversity in France. 
They found that mainly environmental sensitiveness and forest use explained higher willingness-
to-pay values for forest biodiversity and that only individuals that were knowledgeable about 
biodiversity and regularly use forests expressed higher preferences for less known aspects of 
biodiversity such as dead wood. In addition, Grilli et al. (2016) found that valuing non-productive 
ecosystem services of forests resulted in a higher probability of preferring mixed forests over 
monocultures in a Polish context, while no effect was found of socio-economic characteristics. 
Lastly, Czajkowski et al. (2014) identified effects of recreational forest use on preferences for 
forest attributes amongst Polish citizens with frequent visitors having higher preferences for 
ecological attributes and levels such as the highest increase in area of protection of ecologically 
valuable forests. 

Lastly, our results indicate that information transfer on soil biodiversity has the potential to 
strengthen preferences of Flemish citizens towards biodiversity friendly management practices on 
the short term. Nevertheless, we acknowledge that our approach does not allow to derive strong 
conclusions on the long-term effect of information transfer. However, the presence of a short-term 
effect should encourage researchers to investigate the long-term effect of information transfer by 
retaking the questionnaire at a subsequent point in time, as was done for example by Czajkowski 
et al. (2016) to investigate stability of willingness-to-pay and preferences for forest management 
over time. 
 
5. Conclusion and policy recommendation 

In this study, we investigated the effect of information transfer related to soil biodiversity on 
preferences of Flemish citizens for forest management. We found significant effects for some 
management characteristics, mainly technical and biodiversity related, that revealed strengthening 
support for the highest levels after the information transfer, that support soil biodiversity most. In 
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general, the information transfer was found the have the largest effect on preferences for higher 
shares of old trees and dead wood. Furthermore, this level was significantly preferred by both 
preference classes after the information transfer, while no significance for this level was found for 
the two classes before the information transfer. While the information transfer was found to have 
largest effect on citizens that attach higher value to ecological forest functions and are 
knowledgeable on soil biodiversity, both classes after the information transfer expressed 
preferences that support soil biodiversity at least to some extent. Based on our study, we encourage 
policy makers in Flanders to use short informational videos related to the importance of soil 
biodiversity in forests, with a focus on old trees and dead wood. By increasing public support for 
soil biodiversity friendly management practices, forest managers could be encouraged to take soil 
biodiversity into account in their decision making. Nevertheless, policy makers should be aware 
that environmentally-oriented citizens are expected to alter preferences in the most desired way. 
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8. Appendices 

Appendix A: Information on attributes and levels provided to respondents before 
the discrete choice experiment 
 

The third part of the questionnaire contains a choice-experiment in which a number of visual choice cards 

are presented to you. Each card contains two options between which you will have to choose. The two 

options each depict a forest management scenario, defined by ten management choices shown in the table 

below. The first column of the table contains the name of the management choice including a short 

definition. The second column provides additional explanation. In the third column, the levels that define 

the management choice are presented. These levels will be depicted in the choice cards using the 

pictograms in column 4. Please read the table below carefully. 

 

Management choiceManagement choiceManagement choiceManagement choice    ExplanationExplanationExplanationExplanation    LevelsLevelsLevelsLevels    Pictogram/Picture 

Understory and shrub Understory and shrub Understory and shrub Understory and shrub 

layerlayerlayerlayer    

= Extent to which 

smaller trees and a 

shrub layer are present. 

 

EvenEvenEvenEven----agedagedagedaged forest stand = 

all trees belong to the 

same age class.  

UnevenUnevenUnevenUneven----agedagedagedaged forest 

stand = trees belong to 

different age classes and 

hence are of different 

height within one stand. 

Even-aged without 

shrub layer  
 

Even-aged with shrub 

layer 
 

Uneven-aged without 

shrub layer 
 

Uneven-aged with 

shrub layer 
 

Old trees and dead Old trees and dead Old trees and dead Old trees and dead 

woodwoodwoodwood    

= Share of old trees and 

dead wood, relatively 

to the total timber 

stock.  

Old tree =Old tree =Old tree =Old tree = remarkably old 

for its species.  

Dead wood =Dead wood =Dead wood =Dead wood = dead and 

dying trees, or parts of 

trees.  

 

None 

(<1% of the total 

timber stock)       

Few 

(2-5% of the total 

timber stock)  

Many  

(≥ 10% v of the total 

timber stock)  

Tree species diversityTree species diversityTree species diversityTree species diversity    

= Extent to which tree 

species are mixed. 

 

MonocultureMonocultureMonocultureMonoculture = only one 

tree species.  

Slightly mixedSlightly mixedSlightly mixedSlightly mixed = mixture 

of 2 to 3 tree species of 

which one species is 

dominant. 

Intensively mixedIntensively mixedIntensively mixedIntensively mixed = 

mixture of minimum 4 

species. All species are 

present in comparable 

numbers. 

Monoculture  

(1 species) 

 

Slightly mixed  

(2 to 3 species) 

 

Intensively mixed 

(minimum 4 species) 
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Forestry systemForestry systemForestry systemForestry system    

= Replacing old trees 

with new trees 

 

ClearClearClearClear----cuttingcuttingcuttingcutting    ==== entire 

forest stand is replaced 

at one moment on 100% 

of the total stand area. 

Group cuttingGroup cuttingGroup cuttingGroup cutting = groups of 

trees are replaced 

consecutively, step by 

step.  

Selective cuttingSelective cuttingSelective cuttingSelective cutting = 

individual trees are 

regularly replaced. 

Clear-cutting  

Group cutting  

 

Selective cutting 

 

Tree loggingTree loggingTree loggingTree logging    

= Way in which wood is 

logged. 

 

MechanicalMechanicalMechanicalMechanical = use of 

specialized machines for 

logging and skidding the 

timber. 

Fixed logging roads Fixed logging roads Fixed logging roads Fixed logging roads = 

during logging, the 

machines are only 

allowed to ride on these 

marked strips.  

AdditionalAdditionalAdditionalAdditional    protectionprotectionprotectionprotection = 

the use of methods to 

limit soil compactation 

(by driving only on steel 

plates or over a bed of 

branches) 

 

Mechanical without 

fixed logging roads 

 

Mechanical with fixed 

logging roads 

 

Mechanical with fixed 

logging roads  and 

additional protection 

(by steel plates or  a 

bed of branches) 
 

Carbon storageCarbon storageCarbon storageCarbon storage    

= Storage of carbon in 

the forest soil. 

 

This process can mitigate 

climate change and is 

expressed as the amount 

of CO2 that is stored per 

100 ha of forest, 

translated into yearlyyearlyyearlyyearly COCOCOCO2 2 2 2 

emissions of a number of emissions of a number of emissions of a number of emissions of a number of 

citizens.citizens.citizens.citizens. 

Equivalent to the 

yearly emissions of 

250 citizens  

Equivalent to the 

yearly emission of 

350 citizens  

Equivalent to the 

yearly emissions of 

450 citizens  

Water retentionWater retentionWater retentionWater retention    

= Rate at which 

(rain)water flows 

through the forest 

ecosystem. 

 

Forests contribute to 

water quality and water 

storage through 

purification and 

buffering. The slower the 

water flows, the higher 

the water qualitywater qualitywater qualitywater quality and the 

higher the water storagewater storagewater storagewater storage. 

Slow water flow;  

high water quality 

and storage   

Moderate water flow; 

moderate water 

quality and storage  

Rapid water flow;  

low water quality and 

storage   
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RecreationRecreationRecreationRecreation    

= The possibility to 

recreate. 

Distinction in the number 

of paths (few few few few ––––    manymanymanymany), 

the extent to which 

different user groups 

(walker, horse rider, etc.) 

are allowed to access the 

paths (whether or not whether or not whether or not whether or not 

user group specificuser group specificuser group specificuser group specific) and 

the extent to which 

motorized trafficmotorized trafficmotorized trafficmotorized traffic is 

permitted on the forest 

paths. 

Few paths, user 

group specific except 

motorized traffic 

Few paths, open to 

all user groups except 

motorized traffic 
 

Many paths, user 

group specific except 

motorized traffic 

Many paths, open to 

all user groups except 

motorized traffic 
 

Many paths, open to 

all user groups and 

motorized traffic 

 

Mushroom and Mushroom and Mushroom and Mushroom and berries berries berries berries 

pickingpickingpickingpicking    

= Availability of 

mushrooms and 

berries. 

 

 

Many 

 

Moderate 

 

Few 

 

Yearly contribution to a Yearly contribution to a Yearly contribution to a Yearly contribution to a 

fundfundfundfund    

= Compulsory yearly 

contribution per 

household to a forest 

fund specifically 

oriented towards forest 

maintenance.  

 

A householdhouseholdhouseholdhousehold is defined as 

a group of people living 

together under one roof 

and jointly organizing 

their household. 

 

€5 per family per year 
 

€20 per family per 

year 
 

€50 per family per 

year 
 

€100 per family per 

year 
 

€150 per family per 

year 
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APPENDIX APPENDIX APPENDIX APPENDIX IIII:::: STICKER WITH QR CODE THAT LEADS TO THE PROJECT WEBSITE (Dutch 

version)  
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APPENDIX J: PROVISIONAL DRAFT VERSION OF THE LEAFLET WHICH CONTAINS 

MAIN PROJECT RESULTS (English version)  

 

Outer face:  
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Inner face:  

 

 

 


