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1. Abstract  4 

Functional agrobiodiversity (FAB) has severely declined during the last decades. Current efforts to reinforce 5 

FAB are mainly focused on single-actor, parcel-based measures, whereas multi-actor landscape approaches 6 

are supposed to be more effective. In this paper, we propose a social-ecological framework that structures 7 

how different land users at both the parcel and landscape level interact with FAB as a natural resource. 8 

Furthermore, we introduce 1 m² FAB-gardens as an interactive multipurpose measurement tool to gather 9 

data on ecosystem services in collaboration with land users. The presented action research approach 10 

provides new insights on motivations and interests of different land users in FAB and how knowledge 11 

exchange can result in a higher motivation to invest in FAB. Using a case study in Flanders, we illustrate the 12 

FAB-garden concept and highlight its strengths and necessary considerations to properly complement other 13 

research approaches in this social-ecological system.  14 
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3. Introduction 18 

Since the second half of the 20th century, biodiversity loss has been particularly high in rural areas (Kleijn and 19 

Sutherland 2003; Kleijn et al. 2009), where intensification of agricultural practices has led to environmental 20 

degradation, habitat loss and fragmentation (Tscharntke et al. 2005; Knop et al. 2012; Jonsson et al. 2015; 21 

Schulte et al. 2017). 22 

More and more it is recognized that the loss of biodiversity has important consequences, as it  is known to 23 

play a key-role in the functioning of ecosystems (Cardinale et al., 2012; Duffy et al., 2017). All biodiversity 24 



influences ecosystem functioning, but here we specifically focus on the so-called functional agrobiodiversity 25 

(FAB), i.e. the biodiversity that directly supports agro-ecosystem services (ES), such as pollination, pest 26 

control, and nutrient cycling (ELN-FAB 2012). To meet their needs for feeding and shelter, FAB organisms 27 

such as bees, hoverflies, carabid beetles, depend on favourable conditions in FAB habitats such as cover crops 28 

and semi-natural habitats. The latter are defined as extensively managed, permanent features of the 29 

agricultural landscape such as hedgerows, field margins or small forest patches. Due to intensification at the 30 

landscape scale (e.g. landscape simplification, homogenization) and locally at the parcel level (e.g. increased 31 

use of agro-chemicals), semi-natural habitats including FAB habitats and organisms have disappeared with 32 

consequences for the provision of ES (Tscharntke et al. 2005; Emmerson et al. 2016). 33 

Different European policy instruments aim at halting further farmland biodiversity loss and at restoring FAB, 34 

including the EU Biodiversity Strategy and the Common Agricultural Policy (CAP), through which agri-35 

environment schemes (AES) have been implemented since 1985 (Kleijn and Sutherland 2003; Batáry et al. 36 

2015). However, the effectivity and efficiency of AES for biodiversity conservation is highly variable (e.g. Kleijn 37 

and Sutherland 2003; Tscharntke et al. 2005; Marshall et al. 2006; Batáry et al. 2015). In terms of biodiversity 38 

impact, conclusions from these studies are that in general, AES have a rather modest positive effect on 39 

species richness or abundance (Kleijn and Sutherland 2003; Batáry et al. 2015). An important remark is that 40 

these studies often concern local, parcel-based agri-environmental measures (e.g. flower strips as field 41 

borders). Yet, it has been confirmed that the effect size of parcel-based biodiversity reinforcement depends 42 

on the biodiversity level already in place in the surrounding landscape (Batáry et al. 2011; Scheper et al. 2013; 43 

Batáry et al. 2015). Also, many studies are limited to AES’ effects on biodiversity for conservation rather than 44 

FAB as a basis for provisioning of different ES (Batáry et al. 2015). 45 

Today, research focus has shifted more towards the effects of agrobiodiversity reinforcement (whether or 46 

not via AES) on both biodiversity conservation and the delivery of ES via FAB (Scheper et al. 2013; Batáry et 47 

al. 2015). Many experts further criticize the implementation of parcel-focused measures to enhance FAB-48 

supported ES without considering the broader ecological landscape context (Tscharntke et al. 2005; Batáry 49 

et al. 2011; Knop et al. 2012; Gonthier et al. 2014). Indeed, several important FAB-supported ES (e.g. 50 

pollination, pest control etc.) depend on the FAB condition already present in the surrounding landscape, 51 



such as semi-natural habitats that shape beneficial microclimates and provide suitable habitat and food 52 

source for FAB-organisms (Chaplin-Kramer et al. 2011; Winqvist et al. 2012; Kleijn 2013; Jonsson et al. 2015; 53 

Schirmel et al. 2018). Nevertheless, current measures to restore FAB are still implemented at the parcel scale, 54 

despite several authors stating that these parcel-based policies are likely to be ineffective and cost-inefficient 55 

(Tscharntke et al. 2005; Lefebvre et al. 2015; Landis 2017).  56 

When FAB-reinforcement is to be lifted up to the landscape level, we automatically come across a broad 57 

diversity of land users with various interests and roles in rural areas. This is particularly the case in densely 58 

populated and heavily urbanized regions where more claims of diverse land uses on the open space also 59 

result in a  higher pressure on and a higher fragmentation of agricultural plots (Kerselaers et al. 2013). In 60 

Flanders (northern Belgium), for example, the average productive parcel size is small (1.40 ha)(ALV 2018) and 61 

land properties are fragmented resulting in a mosaic in land use and land users. Common examples of other 62 

land uses besides agricultural production functions, are residential functions, recreational horse keeping, 63 

business parks and nature conservation (Verhoeve et al. 2015). Within each of these actor groups, the 64 

interests and priorities for land use are also divergent. Other regions both in- and outside of Europe 65 

encounter a similar evolution where substantial parts of rural areas are used by a range of different land 66 

users not always directly related to farming activities. All these actors can have an impact on FAB and, hence, 67 

need to be considered when aiming at FAB reinforcement at the landscape scale (Primdahl et al. 2013; Zasada 68 

et al. 2013; Lefebvre et al. 2015; Lescourret et al. 2015; Landis 2017; Westerink et al. 2017; Barnaud et al. 69 

2018). 70 

Considering the diverse social situation on the countryside (Kerselaers et al. 2013; Primdahl et al. 2013; 71 

Verhoeve et al. 2015), it seems inefficient to optimize FAB at the landscape scale for only a single function 72 

and one actor group (Zasada et al. 2013). Both the delivery and the utilization of ES are related to different 73 

rural actors. This advocates for coordinated, multi-actor FAB-efforts at the landscape scale. It was only since 74 

the previous CAP reform that AES compensation payments were allowed to groups of farmers, or groups of 75 

farmers and other land-managers (Westerink et al., 2017; Regulation (EU) No 1305/2013, article 28, sub-76 

clause 2). Up to date however, efforts for FAB are rarely coordinated among different land users to support 77 



ES at the landscape scale (Lefebvre et al. 2015; Lescourret et al. 2015; Prager 2015; Emmerson et al. 2016; 78 

Barnaud et al. 2018).  79 

The meta-analysis of Newig & Fritsch (2009) points out that environmental preferences of involved land users 80 

determine the environmental results of decision making. Therefore, coordinated multi-actor FAB-efforts 81 

need investigation of barriers and levers of individual land users to start collaborations. It is consequently 82 

important to start from an analysis on land users’ positions, interests and needs concerning FAB since these 83 

will influence their decision making (Renn 2006; Jackson et al. 2012). Current studies mainly focus on farmers’ 84 

financial and social incentives to participate voluntarily in AES (Lastra-Bravo et al. 2015; van Dijk et al. 2016), 85 

without an evaluation of farmers’ environmental concerns. As an answer to the narrow focus of FAB-86 

reinforcement on parcel or farm level, opportunities are recently being investigated for cooperation for FAB-87 

reinforcement between land users at the landscape level (Prager 2015; Westerink et al. 2017). However, 88 

these studies generally only consider farmer-farmer collaborations and do not include other land users. 89 

Considering the complex multi-actor trend in rural areas, inclusion of non-farmer actors into the discussion 90 

could facilitate landscape level governance of FAB resources (Newig and Fritsch 2009). 91 

With our paper we aim to deliver new perspectives on how FAB can be reinforced more effectively to support 92 

multiple ES. We involve various land users to explore opportunities for coordination of efforts at the 93 

landscape scale, using both ecological and social knowledge. We first propose a social-ecological framework 94 

with FAB as central resource. Next, a landscape observatory toolbox is presented with a citizen science 95 

measurement tool to perform transdisciplinary research within the social-ecological system, illustrated by a 96 

case study in Flanders. We conclude with a reflection on strengths and considerations of the approach. 97 

 98 

 99 

 100 



4. FAB in a social-ecological system 101 

For effective reinforcement of FAB as natural resource, a more general adoption and understanding of its 102 

resource value is needed by different land users at different scales (Bianchi et al. 2013; Lescourret et al. 2015; 103 

Landis 2017). This requires knowledge on ecosystem functioning being translated towards multiple actors on 104 

the countryside. Such processes can be facilitated by a framework that combines parcel and landscape scales 105 

in an integrated social-ecological system (Lescourret et al. 2015; Barnaud et al. 2018).   106 

Inspired by Ostrom's (2009) framework for social-ecological systems, we define our focal resource (FAB) on 107 

the interface between the ecological and social subsystem (Fig. 1). FAB bridges both subsystems because the 108 

functional, ecological component of agrobiodiversity serves human needs and consequently relates closely 109 

to the social subsystem. Land users who influence FAB and (or) draw from it via ES can decide to invest in 110 

FAB individually or collectively at the parcel or landscape scale. Similar feedback loops from beneficiaries of 111 

ES are described in comparable conceptual frameworks (Lescourret et al. 2015; Opdam et al. 2015; Maes et 112 

al. 2016). While many studies confirm that FAB reinforcement for multiple ES requires a multilevel approach 113 

(Lefebvre et al. 2015; Emmerson et al. 2016), existing social-ecological systems concerning biodiversity do 114 

not clearly distinguish between landscape or local levels (Lescourret et al. 2015; Opdam et al. 2015; Maes et 115 

al. 2016). Our proposed framework considers both levels equally in both subsystems.  116 

 117 



 118 

119 

After proposing their social-ecological framework, Lescourret et al. (2015) conclude that the research 120 

community “must design new stakeholder organizations for coordinated management planning and build 121 

practical instruments for use in participatory approaches by these groups” (p. 73) . Barnaud et al. (2018) also 122 

mention the necessity of actionable social-ecological frameworks and propose companion modeling as 123 

practical tool in an action research context. 124 

With our framework we provide a structure to link land users at two relevant levels to concrete landscape 125 

elements that shape FAB. Furthermore, in the next section, we present a toolbox to perform transdisciplinary 126 

research in this social-ecological framework illustrated with a case study in Flanders. 127 

 128 

 129 

Figure 1: Functional agrobiodiversity (FAB) situated on the ecological – social interface. FAB habitat and organisms present in semi 

natural habitats and crop systems at the parcel and landscape scale determine the functional agrobiodiversity (FAB) as a natural 

resource. FAB in its turn supports multiple ecosystem services (ES) to rural actors both at the landscape and parcel scale. Actors close 

the feedback loop when they decide to invest (or not to invest) in FAB-reinforcement via measures they take individually at the parcel 

scale or collectively at the landscape scale. 



5. A landscape observatory with FAB-gardens as social-ecological measurement tool 130 

To empirically gather data on FAB as natural resource in a social-ecological framework, we present a 131 

landscape observatory approach. Although there is no strict definition (van Herwaarden et al. 2017), the 132 

European Landscape Convention defines a landscape observatory as an approach to study and monitor the 133 

dynamics of landscapes, and to facilitate the collection, production and exchange of information and study 134 

protocols between states and local communities (Recommendation CM/Rec(2008)3). A landscape 135 

observatory is suitable to study social-ecological systems because it is able to produce data on both the social 136 

and ecological subsystem and their interactions. Landscape observatories furthermore facilitate citizen 137 

participation, which is crucial according to van Herwaarden et al. (2017). They can serve as Long-Term Socio-138 

Ecologic Research (LTSER) infrastructure which brings in time as important factor to grasp the long term 139 

dynamics of landscapes (Angelstam et al. 2019).  140 

To suit the transdisciplinary purpose, the proposed landscape observatory consists of a network of locations 141 

within a study landscape where systematic measurements and observations are conducted in collaboration 142 

with local land users. Science-based positioning of the network of locations allows to test the landscape 143 

dynamics of interest. In the case of FAB-supported ES, observation points need to (1) detect, in a standardized 144 

way, the provisioning of multiple ES supported by FAB present in the surrounding landscape and (2) trigger 145 

interests and engagement of land users to be involved in measurements. For that purpose we designed ‘FAB-146 

gardens’, which are standardized measurement tools for multiple FAB-supported ES. The gardens are each 147 

one square meter in size and are planted with a fixed set of crops of different plant families. Crop species’ 148 

selection can be based on several criteria, including sensitivity to different groups of pests, diseases and 149 

dependency on pollination (Fig. 2). The exact set-up of the crops in the gardens allows a focus on specific 150 

ecosystem processes of interest and measure, for instance, arthropod activity signs (plant herbivory, 151 

prevalence in traps, observations), observed services (natural pest control, pollination etc.) and the overall 152 

ecosystem performance (yield). An overview of possible indicators for ES assessment is given in Table 1. As 153 

described by Potschin and Haines-Young (2011) the distinction is made between “final services that 154 

contribute to people’s well-being and the intermediate ecosystem structures and functions that give rise to 155 



them” (p. 578). Although the crops composition can be adjusted to answer specific research questions, it is 156 

essential that the FAB-gardens are completely identical to allow relative differences between ES indicators 157 

in the gardens to be addressed to differences in the surrounding landscape. The growing medium and crops 158 

need to be as identical as possible, the orientation and planting methods standardized. Standardization of 159 

plant material, growing media etc. enables a reliable relative comparison between different observation 160 

points. This implies that the only varying factor is the landscape context in which the gardens are embedded, 161 

so that the latter can be used as the principal explanatory variable for the FAB-supported ES measured in the 162 

gardens. An important remark is that, due to their small size, the FAB-gardens are not meant to provide an 163 

absolute figure of ES provision at specific locations, but enable a relative comparison of ES processes between 164 

different locations.  165 

To provide sufficient statistical power, the number of FAB-gardens needs to be in line with the selected 166 

landscape parameters to be tested as explanatory variables (Pasher et al. 2013). FAB-gardens can, for 167 

instance, be installed in contrasting landscape contexts (open arable fields, adjacent to forest edges, 168 

hedgerows etc.) with sufficient replications per context (Pasher et al. 2013). Another possibility is to install 169 

the FAB-gardens along a landscape gradient, where a defined set of landscape parameters is gradually 170 

changing between measurement locations (Dainese et al. 2017; Herbst et al. 2017; Hass et al. 2019).  171 



   172 

Figure 2: Above: FAB-garden design (functional agrobiodiversity garden). Blue diamond: sensor for soil moisture and temperature. 173 

Green triangle: soil temperature sensor. Blue circles: (1) fluorescent yellow pan trap for flying arthropods (2) pitfall trap to catch soil 174 

dwelling arthropods. Brussels sprouts, Chinese cabbage and fennel are planted after early harvest of radishes, endive and lettuce. 175 

Below: hypothetical distribution of FAB-gardens (red dots) in different landscape contexts within a study landscape (red line). The 176 

yellow pixels represent forests, tree rows and other woody vegetation higher than 3 meter. The blue lines represent water streams. 177 

The red dots in this example are FAB-gardens located in conditions with a different amount of woody elements in the surroundings. 178 

 179 

 180 

 181 

 182 



Table 1: Overview of possible indicators for supporting ecosystem services and final ecosystem service provisioning. More details 183 

and relevant literature on the methodologies and protocols is given in the Electronic Supplementary Materials (Table S1). 184 
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Besides the requirements for monitoring ES, the FAB-gardens also have to trigger interests and engagement 186 

of land users to be involved. Therefore, FAB-gardens are designed to closely involve non-researchers 187 

(citizens) in the monitoring, which is a specific target in landscape observatories (van Herwaarden et al. 2017) 188 

and long term social-ecological research (Angelstam et al. 2019). In that way, the landscape observatory 189 

approach is an example of action research, because it “seeks to bring together actions and reflections, theory 190 

and practice, academic and local knowledge via active participation” (p. 478) (Reason and Bradbury 2001). In 191 

the landscape observatory, involved land users can demonstrate their knowledge and learn from other 192 

volunteers and researchers. FAB, ES and landscape contexts can be visualized in the field, making these 193 

difficult concepts more tangible. This facilitates the confrontation of the social and the ecological subsystem, 194 

because social entities act and react on elements of the ecological subsystem they encounter. The close 195 

involvement of land users (residents, farmers, nature conservationists etc.) in gathering and interpreting data 196 

will allow to explore and map FAB-stakeholders bottom-up and stimulate reflection on the roles they (can or 197 



wish to) play in reinforcing FAB at the landscape level (Fig. 1). This social interaction makes the action 198 

research approach a robust qualitative research process with opportunities for improving the current 199 

situation of FAB in the landscape (Reason and Bradbury 2001). Via participation of land users, opportunities 200 

can be explored for direct individual or collaborative implementation of FAB measures. For instance, if 201 

involved land users experience the positive effects of hedgerows on the microclimate or arthropod 202 

prevalence in their FAB-garden, they might want to invest in local FAB measures themselves, whether or not 203 

in collaboration with others.  204 

Data collection in the FAB-gardens builds upon a citizen science approach, which has become a prominent 205 

method in environmental research topics (Dickinson et al. 2012). A citizen science approach particularly suits 206 

our purposes because: (1) It enables monitoring in a substantial number of gardens (multi-site) across the 207 

whole study landscape (Pocock et al. 2014); (2) It opens up possibilities to study private lands (Dickinson et 208 

al. 2012); (3) It allows personal contact with citizens on their motivation, interest and needs; (4) It allows to 209 

make difficult concepts such as FAB and ES tangible for citizens. 210 

Local land users volunteer to grow the crops and maintain the gardens. While some tasks are performed by 211 

the participants (watering, weeding, reporting pests, harvesting), other tasks, i.e. those that require more 212 

standardization, are performed by the research team (identifying pests, estimating the degree of damage, 213 

etc.). To assure standardized data and minimize the chance of dropout, a variety of contingency measures 214 

are taken for the participant selection, communication, distribution of information and the follow-up of the 215 

data (Dickinson et al. 2012; Pocock et al. 2014). A table on contingency measures for the citizen science 216 

approach can be consulted in the Electronic Supplementary Materials (Table S2). 217 

In addition to the pool of directly involved participants, other land users can be involved to map the 218 

stakeholders with an influence on, or who are influenced by FAB in the rural landscape. Semi-structured 219 

interviews with the participants but also with local authorities, different government parties, regional NGOs, 220 

nature organizations, farmers, horse keepers etc. are conducted in this perspective (Creswell 2009). After a 221 

clear image is shaped of these FAB-stakeholders, social theories can be constructed on how knowledge, 222 

opinions, positions and needs of these different land users influence their decision making on actions for FAB 223 



(Fig. 1). Data sources are interviews together with emails and spontaneous conversations with participants 224 

and other land users. The latter are inherent to action research and often unfairly ignored because these 225 

informal interactions give important knowledge on true perspectives (Moon et al. 2019).   226 

The participatory process of the FAB-garden approach consists of a start and training phase, followed by 227 

monitoring seasons and post-project phases (Fig. 3). In the start phase, a broad group of land users including 228 

policy makers and press is involved to create support and interest in the project and select engaged 229 

volunteers. The latter are prepared in a training phase. During the field season, the research team weekly 230 

communicates news and guidelines for monitoring to the volunteers. Individual observations in the FAB-231 

gardens are frequently discussed personally in the field or via email with the principal investigator. In the 232 

weekly newsletter a compilation of results is distributed among volunteers to facilitate discussions and 233 

comparison between individual FAB-gardens (Fig. 3). Focus groups and information shared on social media 234 

facilitate peer-to-peer learning between participants. In the end, frequent contacts with local FAB-235 

stakeholders allow to guide land users with ambitions towards real actions for FAB. Researchers, or local 236 

organizations with experience in coordinating landscape processes can observe this process and identify 237 

levers and barriers that FAB-stakeholders encounter. In the short term after each growing season a collective 238 

interpretation is organized to translate the first results in conclusions and practical implications for the 239 

participants. In the long term we tend to stimulate the volunteering community and other involved land users 240 

to keep observing effects of FAB in their environment. The research team can assemble data on perspectives 241 

and motivations of stakeholders in all research phases.   242 

 243 
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 249 

Figure 3: Yellow = volunteer, brown = research team.  1: Volunteer selection from different types of land users and training phase. 2: 250 

Weekly newsletter with guidelines and information to volunteers. 3: Weekly monitoring in the individual FAB-gardens. Observations 251 

and experiences are discussed with the research team and among volunteers after which a new newsletter is compiled. 4: information 252 

from the FAB-gardens and participatory trajectory is used in conversations with other land users and policy makers in the landscape 253 

observatory to explore and stimulate individual or collective actions that benefit FAB. 5: Ambassadorship of volunteers towards the 254 

wider group land use actors to perform monitoring and reinforce FAB.  255 
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6. The ‘BEL-Landscape’- case in Flanders (northern Belgium) 262 

In this section we aim to make the abovementioned social-ecological framework and toolbox with FAB-263 

gardens more tangible, by presenting a concrete application of this approach that has been tested and 264 

operationalized in Flanders since 2018. The case study demonstrates how the proposed approach can be 265 

used in practice, and is further referred to as ‘BEL-Landscape’ (see www.bel-landschap.be).  266 

The study area covers 22 km² and 53% of the area is used for agriculture with grassland (41%), maize (29%), 267 

cereals (12%) and potatoes (8%) as major cultivation types (ALV 2018). Other land use types are (1) forests 268 

and other tree-based elements (19%, ‘high green’ or vegetation higher than 3 m), (2) road verges, natural 269 

grasslands, gardens (16%, ‘low green’ or vegetation lower than 3 m) and (3) built up surfaces (14%). The sum 270 

of low and high green is used here as a proxy for the semi-natural habitat in the study area (35%).  271 

Two other criteria for the landscape selection were considered to assure the representativeness for Flanders 272 

as a whole (Fig. 4), i.e. (1) presence of fragments of high value nature (forest patches, semi-natural grasslands, 273 

small streams; partly incorporated in the European Natura 2000 network) of which the proportion is variable 274 

across the research landscape, providing different landscape contexts and a gradient in FAB. (2) Presence of 275 

a wide range of different land users (hobbyists, residents, farmers, nature conservationists, companies etc.). 276 

http://www.bel-landschap.be/


 277 

Figure 4: The landscape observatory ‘BEL-Landscape’ in Flanders, Belgium. 40 FAB-gardens (functional agrobiodiversity gardens) are 278 

spread in a study area representative for rural Flanders with 53% agricultural land use, several small communities, fragments of high 279 

value nature and a considerable pressure on the open space from different land users. 280 

The landscape observatory BEL-Landscape consists of 40 FAB-gardens (Fig. 4) that give insight into the 281 

ecological reality by distribution along a gradient of landscape complexity.  282 

To examine the impact of FAB habitat (composition) at different scales in the landscape on local ES 283 

provisioning, the FAB-gardens were installed along a gradient of degree of semi-natural habitat presence 284 

(SNHs) in the landscape (Fig. 5). In this case study, the proportion of SNH around the FAB-gardens hence 285 

serves as explanatory variable for relative differences in ecosystem processes measured in the different FAB-286 

gardens.  287 

To select the locations for the 40 FAB-gardens we adopted the approach described by Pasher et al. (2013) for 288 

the optimization of sample selection along a landscape gradient. Doing so, three statistical pitfalls were 289 

avoided when the effects of landscape variables on ecological responses are studied, i.e. by (1) covering the 290 

widest possible range of SNHs, (2) avoiding spatial autocorrelation between measurement points, and (3) 291 

avoiding dependency between SNHs. We divided the SNHs in vegetation higher than 3 m (‘high green’) and 292 

 



vegetation lower than 3 m (‘low green’). The SNH overall is used as proxy for FAB habitat. The division of high 293 

and low green is useful because it mainly involves respectively woody and herbaceous vegetation, and thus 294 

quite distinct habitat types. For potential locations, the percentage high and low green is defined in a radius 295 

of 500 meter around each location. The locations of the FAB-gardens were chosen in such a way that the 296 

meaningful range of semi-natural habitat (sum low and high green) is covered (cf. pitfall 1) while the 297 

orthogonality between high and low green (cf. pitfall 3) is guaranteed and spatial autocorrelation is avoided 298 

(cf. pitfall 2) (Fig. 5). The orthogonality assures the possibility to disentangle effects of high and low 299 

vegetation as different FAB-habitats on local ecosystem service delivery.  300 

 301 

Figure 5: The gradient of percentage area in semi-natural habitat (green), agriculture (yellow) and other land use (orange) (Y-axis) 302 

within a 500 m radius around the location of the 40 FAB-gardens (X-axis)(functional agrobiodiversity gardens). The ‘other’ land use 303 

category largely coincides with built up area (buildings, streets, concrete surfaces, etc.). The percentage of semi-natural habitat is the 304 

sum of the percentage high green (dark green) and low green (light green) in a radius of 500 meter. The gardens were installed along 305 

a gradient of semi-natural habitat and in general, this has an inverted relation with the area percentage of agriculture. The amount 306 

of semi-natural habitat correlates negatively with the proportion cultivated land in the radius. The locations of FAB-gardens 9, 15 and 307 

18 are located in urbanized environments, explaining why there is more built-up and no agricultural land use there.  308 

In BEL-Landscape, the distribution of FAB-gardens along a gradient of SNH in the landscape allows to test the 309 

effect of landscape composition on the multifunctional ecosystem performance in the FAB-gardens (Fig. 6, 310 

left thick arrow). More specifically, proportions of ‘high green’ SNH, ‘low green’ SNH, or total SNH are used 311 

as explanatory variables.  312 



In the BEL-Landscape observatory pitfall and pan traps are used to estimate the activity density of 313 

respectively ground dwelling detritivores, carnivores and pollinators. Together with the continuous logging 314 

of the temperature, soil moisture content and the monitoring of plant herbivory and plant growth, these are 315 

indicators that measured supporting ES in the FAB-gardens. The monitoring of plant herbivory, the harvest 316 

of edible biomass, the growing degree hours or temperature buffering and the fruit set and quality of 317 

strawberries are used as indicators for ES (Table 1). The simultaneous measurement of supporting services 318 

and ES provisioning allows to hypothesize mechanisms in pre-assumed causal relationships, with abiotic 319 

conditions and activity of functional arthropods as intermediate variables (Fig. 6, left dashed arrows) using, 320 

for instance, Structural Equation Modelling (Emmerson et al. 2016). A compilation of weekly overview 321 

pictures from a participant is given to illustrate the development of one FAB-garden throughout the growing 322 

season (Fig. 7). 323 

The action research approach facilitates the mapping of diverse land users related to FAB and also to involve 324 

them in the research process. The citizen scientists in BEL-Landscape represent a first group of land users and 325 

are monitored via interviews and personal contacts. The citizen scientists involved in the BEL-landscape 326 

observatory are residents, nature organizations, farmers, researchers, health institutions, horse keepers and 327 

schools and are thus a representative sample of the multifunctional countryside. For a robust stakeholder 328 

analysis a group of FAB-stakeholders outside the volunteers are sampled as well (policy makers, residents, 329 

nature conservationists, farmers etc.). For both the citizen scientists and the wider actor-group, the FAB-330 

gardens in BEL-Landscape prove valuable to make concepts such as FAB and ES tangible and enable true 331 

identification of opinions and intentions. 332 

A thorough stakeholder analysis is important to have FAB-initiatives supported by different land users (Fig. 333 

6, right panel). As described by Reed et al. (2009), a first step is a stakeholder identification, where all actors 334 

with a relation to FAB are listed (FAB-stakeholders). A second step is to categorize these stakeholders 335 

according to their interest, demand and impact in relation to FAB. This will deliver information on why 336 

stakeholders do or do not act in relation to FAB and thus how they could be stimulated. In a classic 337 

stakeholder analysis, a third step is to investigate the relationships between different stakeholders (Reed et 338 

al. 2009). In BEL-Landscape, we deliberately focus this last step also towards practical outcomes such as the 339 



identification of barriers and levers for collaboration between stakeholders to reinforce FAB. Insights on the 340 

relations between the actors are necessary in order to be able to stimulate (multi-) stakeholder engagement 341 

for FAB. For instance, knowledge on intentions, motivations and influence of FAB-stakeholders together with 342 

knowledge of local policies and initiatives will be used to explore where existing collaborations or platforms 343 

can shape opportunities to coordinate FAB reinforcement. Enqvist et al. (2020) show, for instance, that 344 

bottom-up initiatives can improve the fit between social systems and lake systems as central natural resource 345 

in their social-ecological system. They found this fit to be stronger especially when municipal or non-346 

governmental partners are linked with citizen groups. A detailed overview of the participatory process in the 347 

BEL-Landscape observatory is provided in the Electronic Supplementary Materials (Table S3). 348 

 349 

Figure 6: Research focus in the BEL-Landscape observatory situated in the proposed social-ecological system (Fig. 1). The left panel 350 

represents the ecological hypotheses with central effects (full arrow) and the underlying mechanisms (dashed arrows).  The right panel 351 

represents the social subsystem where FAB-actors are identified (1), categorized (2) and related to each other (3).  352 



 353 

Figure 7: A time lapse of overview pictures taken from one FAB-garden throughout the growing season in 2019. Pictures are taken 354 

weekly by a participating volunteer. At defined moments during the growing season, crops are harvested and registered by the 355 

participant which explains why biomass seems to disappear from the FAB-garden. 356 

 357 



7. Discussion and conclusions 358 

In our paper we conceptualized FAB in a social-ecological framework and proposed a toolbox to study this 359 

framework using transdisciplinary research, illustrated by the BEL-Landscape observatory as case study. In 360 

this final section, we reflect on the similarities and differences between the suggested toolbox and other 361 

studies. We formulate trade-offs and important considerations for other researchers with interests in the 362 

FAB-garden approach. 363 

7.1. Innovative aspects of our approach 364 

 365 

Social-ecological frameworks are useful to put hypotheses, methods and results in perspective. In the BEL-366 

Landscape case, we structured our research questions in the social-ecological framework assisting dialogue 367 

with volunteers and keeping balance between different research disciplines (Fig. 6). Barnaud et al. (2018) 368 

also structure cases of social interdependencies of beneficiaries and providers of ES in their proposed social-369 

ecological framework. This renders clear images and consequent comparisons between different case 370 

studies. Lescourret et al. (2015) conclude that participatory instruments used on social-ecological systems 371 

need to capture “perceptions of various stakeholders and available scientific knowledge, to foster synergy 372 

between ecosystem functioning and social dynamics” (p. 73). Likewise, Barnaud et al. (2018) confirm the 373 

urgency of social-ecological frameworks to be actionable and use companion modeling as instrument. 374 

Nonetheless these methods are useful, they allow no actual experience of local stakeholders with the 375 

ecological subsystem. Our proposed landscape observatory with FAB-gardens suits as toolbox to let 376 

stakeholders experience and discuss the ecological subsystem while researchers can observe both 377 

subsystems simultaneously and is therefore especially suitable to measure in social-ecological frameworks 378 

(Lescourret et al. 2015). 379 

The approach of FAB-gardens is complementary to other research on the relation between landscape 380 

management and ES in several ways. Frequently, research on the effects of landscape complexity on 381 

ecosystem functioning focusses on one (Holzschuh et al. 2007; Winqvist et al. 2012; Karp et al. 2018), or 382 

multiple ES (Dainese et al. 2017; Dainese et al. 2019; Martin et al. 2019) in classical crop systems. For instance, 383 

Dainese et al. (2017) focus on natural control of cereal aphids and measure the activity density of pollinators 384 



to estimate the potential for pollination. Indicators for pollination success as ES provisioning are not assessed, 385 

because cereals as crop type under study do not provide the means for this at the same time and study site 386 

(Dainese et al. 2017). The installation of standardized ‘phytometers’ to measure ecosystem functions and 387 

consequent services at locations of interest is a different approach which enables relative comparisons of ES 388 

of interest between locations of interest at the same time, but is less present in the existing literature (for 389 

examples see Albrecht el al. 2012). Next to better standardization compared to field conditions, another 390 

advantage is that the combination of crops in the phytometer can be selected in such a way so as to study 391 

multiple ES at the same time, at the same place. FAB-gardens take the phytometer design towards a 392 

multipurpose-sensor for a broad spectrum of ecosystem functioning and services at locations of interest. The 393 

individual indicators and methods as described in Table 1 are common practice in studies that compare 394 

ecosystem functioning between different landscape compositions. Researchers can adopt and combine these 395 

and other existing methodologies for application in FAB-gardens or similar multifunctional phytometers, 396 

adjusted to the need for ES of local stakeholders. The key innovation of the FAB-gardens is the ability to 397 

connect land users directly to relevant, tangible ES and introduce them to scientific reasoning. Researchers 398 

can study the learning process of different profiles and identify barriers and opportunities for FAB-399 

reinforcement with different land users.  400 

7.2.  Trade-offs and considerations for application 401 

 402 

The FAB-garden toolbox is a holistic, process-oriented methodology and complements existing studies with 403 

a new, transdisciplinary point of view. To be meaningful, several considerations are to be made when 404 

adopting the approach in experiments. The time investment for action research and citizen science should 405 

not be underestimated. Inadequate communication about citizen science aspects or research findings will 406 

cause mistakes in data gathering and participants losing their motivation. The research team should carefully 407 

consider the aims of the citizen science approach and consequently which monitoring tasks are assigned to 408 

volunteers. Lakeman-Fraser et al. (2016) highlight the common trade-off between outreach goals and 409 

rigorous scientific data in citizen science projects. Whereas some projects focus on large, solid datasets 410 

(crowd sourcing), other projects are more process oriented (social learning). The BEL-Landscape case, and 411 



more generally the FAB-garden toolbox, takes on the win-win approach for both rigorous data and social 412 

learning (Lakeman-Fraser et al. 2016). In the BEL-landscape case, all tasks that ask expert knowledge are 413 

performed by the principal investigator (arthropod trapping, sensor installation, pest identification, herbivory 414 

estimation). Tasks that require no specific knowledge and can be clearly explained in guidelines, are assigned 415 

to the volunteers (watering, weeding, harvest protocols). The principal researcher frequently visits the 416 

individual FAB-gardens for the expert based monitoring and is therefore able to verify the practices of the 417 

volunteers and provide feedback and explanations. In the BEL-Landscape observatory, volunteers are 418 

nevertheless asked to observe and share their findings on prevalence and identification of pest species to 419 

stimulate learning and enthusiasm. These participant observations are helpful for the principal investigator 420 

who can consequently observe this through a standardized method. In any scientific approach that is process-421 

oriented, and especially when balancing social learning and crowd-sourcing, the principal researcher takes a 422 

non-traditional scientific role. Facilitation skills are needed to perform a role as knowledge broker between 423 

all different land users to manage the participation process. It is required to involve partners with expertise 424 

in this field of action research.  425 

The number of FAB-gardens needs consideration because it reflects a trade-off in research objectives. More 426 

gardens render more data, at a spatially larger extent. This will, however, decrease the level of volunteer 427 

involvement per measurement point. In that case, only basic monitoring can be requested from volunteers 428 

because this does not require intense follow up by the researchers (towards crowd sourcing). The latter, 429 

however, diminishes the possibility to construct social theories on peoples’ opinions on FAB, because no 430 

frequent interactions are maintained with participants. Even more, close involvement of a limited number of 431 

volunteers ensures a trust-based relationship between the researcher and citizens. In our experience, this 432 

engages volunteers to assemble at least the minimal asked dataset and alert the researchers if problems 433 

occur. Besides the intensity of the monitoring, the number of FAB-gardens should be in line with the number 434 

and type of landscape variables that will be used as explanatory variables (Pasher et al. 2013). In the BEL-435 

Landscape case we sampled 40 FAB-gardens along uncorrelated gradients of high and low green SNH. Similar 436 

sampling densities along a landscape gradient are also used in other studies. Hass et al. (2019) sampled with 437 

introduced bumblebee colonies in two fields (maize and oil seed rape) in 20 landscapes of 1 X 1 km² along 438 



uncorrelated gradients of compositional and configuration heterogeneity. Dainese et al. (2017) sampled 26 439 

field margins (three margin types) along uncorrelated gradients of arable land cover and hedgerow cover in 440 

a 1 km buffer. The advantage of sampling along a landscape gradient (Dainese et al. 2017; Hass et al. 2019) 441 

compared to replicated sampling in contrasting landscapes (Holzschuh et al. 2007) is that nuances between 442 

different landscape compositions can be better described.  443 

Given the small (1 m²) size of the FAB-gardens, no absolute values for ES but only relative differences in 444 

ecosystem indicators between FAB-gardens are observed, so as to optimize landscape scale management for 445 

multifunctional ecosystem performance. This will deliver insights in the effectiveness of landscape 446 

management for multifunctional ecosystem performance, but not on the efficiency or absolute values at field 447 

scales. The small size allows the tool to easily fit in between fields and is therefore more acceptable for land 448 

users to coexist with their current practices. The time necessary to manage the FAB-garden is rather low and 449 

allows volunteers to focus on the individual plants to recognize plant specific pest species and flowering 450 

processes. The small scale proves to be effective to get land users in touch with ES. 451 

Thoughtful use of our social-ecological framework will deliver valuable new insights on improving the 452 

effectiveness of FAB strengthening efforts in many rural areas. We therefore invite other research groups, 453 

society organizations and policy makers to test our toolbox with FAB-gardens, or derivatives thereof, in many 454 

distinct contexts. Through their social function of triggering interest, the FAB-gardens make knowledge 455 

accessible for stakeholders who are to implement research findings and thereby increase the impact of 456 

scientific work.  457 
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