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Summary 

The composition and configuration of agricultural landscapes and the associated functional 

agrobiodiversity (FAB) have changed significantly in recent decades. As the landscape composition 

is expected to influence the interrelated microclimate and arthropod community at different scales, 

these changes might have led to a decline in multiple agroecosystem services, with potential 

impacts for the growth of crops with different demands from the environment. FAB as natural 

resource could offer solutions to increase the sustainability of agricultural production and the 

resilience of our landscapes, for instance by creating a climate adaptive environment. 

Reinforcement has not been successful this far because too often a one actor-one parcel approach 

is used. To effectively reinforce agrobiodiversity, we need a landscape lens that should be used to 

look at two dimensions. First, considering ecological questions, we need to know what land uses 

and associated agrobiodiversity are needed at what scales to support a resilient agroecosystem. 

Second, considering the social issues, in densely populated areas, urban land use mixes with rural 

land use, so that agricultural landscapes do not belong only to farmers and peri-urban landscapes 

with multiple actors emerge. We need to know who those actors are, what their role is and how to 

mobilise them to ensure an integrated approach to strengthening agrobiodiversity. In this thesis we 

present a social-ecological framework and a unique citizen science tool which we used in two typical 

peri-urban landscapes we often find in Flanders. 

Our first objective was to develop a framework and tools to collect ecological data related to 

different land uses, reach key actors and facilitate experimentation with agrobiodiversity. 

Therefore, in chapter 2, we discuss functional agrobiodiversity as a central resource in the social-

ecological agroecosystem considering both the landscape and the local scale. In addition, we 

designed an innovative toolbox to experiment with agrobiodiversity in collaboration with local land 

users using a citizen science approach. The toolbox takes the form of a landscape observatory with 

small, 1m²-gardens distributed as monitoring points in agricultural landscapes. The 1m²-gardens 

were fully standardised with a fixed set of ten crops, microclimate sensors and invertebrate traps to 

fulfil a dual purpose. A first purpose was to collect data on pollinators, predators (natural enemies), 

temperature, soil moisture, leaf herbivory and performance of the crop species and relate these 

indicators for agroecosystem processes to FAB in the surrounding landscape. A second purpose of 

the 1m²-gardens was to involve local land users such as rural residents and farmers to build the 

ecological dataset, and learn about agrobiodiversity and possible advantages thereof. The learning 
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process during the immersive citizen science approach could facilitate transformative learning 

towards pro-environmental behaviour for functional agrobiodiversity.  

Our second objective was to implement the 1m²-garden toolbox in Flanders and gain more insights 

in the relationships between land use composition and agroecosystem processes through the data 

collected in the 1m²-gardens, together with local land users. In chapter 3 we describe the BEL-

Landscape case where we sampled with 41 1m²-gardens in Melle, Merelbeke, Oosterzele (East 

Flanders, Belgium) in 2018 and 2019. During both field work seasons there was extreme drought 

and several heat waves. We found no clear relationship between the crops in the 1m²-gardens and 

the landscape composition in the 500-metre radius surroundings. We found that high green 

vegetation in the landscape (trees, hedges) buffered both temperature and soil moisture variation 

while microclimate variation was increased in arable conditions. Both pollinators and ground 

dwelling predators were most active in agricultural landscapes with arable land. Furthermore, non-

agricultural land uses defined by domestic gardens, public green and built-up areas were negatively 

related to both pollinators and predators. These landscape-induced abiotic and biotic pathways did, 

however, not explain variation in crop performance. So, we found evidence that high green 

vegetation in the landscape buffers the microclimate and that beneficial arthropods are most active 

in arable areas, but no benefits of the multi-crop performance from neither a stable microclimate 

or higher activity of functional invertebrates. 

Our third objective was to check whether the results and relationships found in the first case can be 

extrapolated to similar peri-urban contexts. In chapter 4 we present a replication of the previously 

described experiment with 25 1m²-gardens in a spatially independent peri-urban landscape in the 

Campine region in Laakdal, Geel (province of Antwerp) in 2021. This second landscape observatory 

is named Merode and weather conditions during this season were opposite with average 

temperatures and the most summer precipitation since registration began. We found that 

relationships between landscape composition and ground dwelling predators were more consistent 

than for pollinators. The latter might be more dependent on weather conditions or differences 

between ecoregions such as soil or forest types. More specific, we found that positive relationships 

between ground dwelling predators and both valuable low green vegetation (e.g. road verges) and 

arable areas were consistent in both cases. Built-up areas were consistently negatively related to 

the activity of both functional invertebrate groups in both cases. The capacity of high green 

vegetation to buffer the microclimate was also consistent, yet more pronounced in seasons with 

heat and drought waves. In BEL-Landscape, arable land use aggravated microclimate extremes while 
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Nederlandstalige samenvatting 

De samenstelling en configuratie van agrarische landschappen met de bijbehorende functionele 

agrobiodiversiteit (FAB) is de afgelopen decennia sterk veranderd. Aangezien de samenstelling van 

het landschap naar verwachting het onderling samenhangende microklimaat en de 

geleedpotigengemeenschap op verschillende schalen beïnvloedt, kan deze verandering hebben 

geleid tot een afname van meerdere agro-ecosysteemdiensten, met mogelijke gevolgen voor de 

groei van gewassen die verschillende eisen stellen aan de omgeving. FAB als natuurlijke hulpbron 

zou oplossingen kunnen bieden om de duurzaamheid van de landbouwproductie en de veerkracht 

van onze agrarische landschappen te vergroten, bijvoorbeeld door een klimaat-adaptieve omgeving 

te creëren. Versterking is tot dusver niet succesvol geweest omdat te vaak een één-actor-één-

perceel aanpak wordt gehanteerd. Om de agrobiodiversiteit effectief te versterken, hebben we een 

landschapsbril nodig waarbij naar twee dimensies wordt gekeken. Ten eerste, gezien de ecologische 

kwesties, moeten we weten welke vormen van landgebruik en bijbehorende agrobiodiversiteit op 

welke schaal nodig zijn om een veerkrachtig agro-ecosysteem te ondersteunen. Ten tweede, wat 

sociale kwesties betreft, in dichtbevolkte gebieden vermengt stedelijk landgebruik zich met landelijk 

landgebruik, zodat landbouwlandschappen niet alleen aan landbouwers toebehoren en er peri-

urbane landschappen ontstaan met meerdere actoren. We moeten weten wie deze actoren zijn, 

wat hun rol is en hoe we ze kunnen mobiliseren voor een geïntegreerde aanpak om de 

agrobiodiversiteit te versterken. In deze thesis presenteren we een sociaal-ecologisch kader en een 

unieke citizen science tool die we gebruikten in twee typische peri-urbane landschappen die vaak 

voorkomen in Vlaanderen 

Onze eerste doelstelling was het ontwikkelen van een kader en toolbox om ecologische gegevens 

over verschillende vormen van landgebruik te verzamelen, actoren te bereiken en experimenten 

met agrobiodiversiteit te vergemakkelijken. Daarom bespreken we in hoofdstuk 2 functionele 

agrobiodiversiteit als een centrale hulpbron in het sociaal-ecologische agro-ecosysteem, rekening 

houdend met zowel het landschap als de lokale schaal. Daarnaast hebben we een innovatieve 

toolbox ontworpen om te experimenteren met agrobiodiversiteit in samenwerking met lokale 

landgebruikers via een citizen science benadering. De toolbox heeft de vorm van een 

landschapsobservatorium met kleine 1m²-tuintjes die als meetpunten in agrarische landschappen 

zijn verspreid. De 1m²-tuintjes werden volledig gestandaardiseerd met een vaste set van tien 

gewassen, microklimaatsensoren en vallen voor ongewervelden om een dubbel doel te vervullen. 

Een eerste doel was het verzamelen van gegevens over bestuivers, predators (natuurlijke vijanden), 
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temperatuur, bodemvocht, blad-herbivorie en prestaties van de gewassoorten en het relateren van 

deze indicatoren voor agro-ecosysteemprocessen aan FAB in het omliggende landschap. Een 

tweede doel van de 1m²-tuintjes was het betrekken van lokale grondgebruikers zoals 

plattelandsbewoners en landbouwers bij het opbouwen van de ecologische dataset, en het leren 

over agrobiodiversiteit en mogelijke voordelen daarvan. Het leerproces tijdens de meeslepende 

citizen science aanpak zou transformatief leren kunnen vergemakkelijken richting aanpassing van 

gedrag ten voordele van functionele agrobiodiversiteit. 

Onze tweede doelstelling was om de 1m²-tuintjes in Vlaanderen te implementeren en meer 

inzichten te krijgen in de relaties tussen de samenstelling van het landgebruik en agro-

ecosysteemprocessen via de gegevens die in de 1m²-tuintjes worden verzameld, samen met lokale 

landgebruikers. In hoofdstuk 3 beschrijven we de BEL-Landschap studie waarbij we in 2018 en 2019, 

41 1m²-tuintjes bemonsterd hebben in Melle, Merelbeke, Oosterzele (Oost-Vlaanderen, België). 

Beide veldwerkseizoenen kenden extreme droogte en verschillende hittegolven. We vonden geen 

duidelijke relaties tussen de gewassen in de 1m²-tuintjes en de omgeving in een straal van 500 

meter. We vonden dat houtachtige vegetatie in het landschap (bomen en hagen) zowel 

temperatuur- als bodemvochtvariatie bufferde, terwijl microklimaatvariatie hoger was met meer 

akkerbouw in de omgeving. Zowel bestuivers als predators waren het meest actief in 

akkerbouwlandschappen. Bovendien was er een negatief verband tussen niet-agrarisch 

landgebruik, gedefinieerd als tuinen, openbaar groen en bebouwde gebieden, en zowel bestuivers 

als natuurlijke vijanden. Deze landschap-specifieke abiotische en biotische mechanismen 

verklaarden geen variatie in de groei van de gewassen. Wij vonden dus aanwijzingen dat houtige 

vegetatie in het landschap het microklimaat buffert en dat nuttige geleedpotigen het meest actief 

zijn in gebieden met akkerland, maar geen voordelen hiervan voor meervoudige gewasprestaties 

door een stabiel microklimaat of een hogere activiteit van functionele ongewervelden. 

Onze derde doelstelling was om na te gaan of de resultaten en relaties die in BEL-Landschap 

gevonden werden, geëxtrapoleerd kunnen worden naar gelijkaardige peri-urbane gebieden. In 

hoofdstuk 4 presenteren we een replicatie van het eerder beschreven experiment met 25 1m²-

tuintjes in een ruimtelijk onafhankelijk landschap in de Kempen in Laakdal, Geel (provincie 

Antwerpen) in 2021. Dit tweede landschapsobservatorium heet Merode en de 

weersomstandigheden tijdens dit seizoen waren tegengesteld met gemiddelde temperaturen en de 

meeste zomerse neerslag sinds het begin van de metingen. We vonden dat relaties tussen 

landschapssamenstelling en predators consistenter waren dan voor bestuivers. Deze laatste zijn 
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wellicht meer afhankelijk van weersomstandigheden of verschillen tussen ecoregio's zoals bodem- 

of bostypes. In beide gevallen vonden we positieve relaties tussen natuurlijke plaagbestrijders en 

zowel waardevolle kruidachtige vegetaties (bv. wegbermen, extensief beheerde graslanden) als 

akkerbouwgebieden. Bebouwde gebieden waren consistent negatief gerelateerd aan de activiteit 

van beide functionele ongewervelde groepen in beide landschappen. Het vermogen van houtige 

vegetatie om het microklimaat te bufferen was ook consistent, maar meer uitgesproken in 

seizoenen met hitte- en droogtegolven. In BEL Landschap verergerde het gebruik van akkerland de 

microklimaatextremen, terwijl ze in Merode werden veroorzaakt door bebouwde gebieden. Deze 

inconsistentie zou te wijten kunnen zijn aan verschillen in de bemonsterde gradiënten van de 

landschapssamenstelling. We vonden, opnieuw, geen directe relaties tussen 

landschapssamenstelling en gewasprestaties, en de bestudeerde abiotische en biotische variabelen 

droegen niet bij tot de verklaring van de variatie in gewasprestaties ten opzichte van de omringende 

samenstelling van het landgebruik. In onafhankelijke peri-urbane contexten die sterk op elkaar 

lijken wat betreft de druk op landbouwgrond door meerdere actoren, blijven bepaalde trends met 

betrekking tot ongewervelden en microklimaat bestaan ondanks volledig tegengestelde 

weersomstandigheden en verschillende ecoregio's. 

Onze vierde doelstelling was om te onderzoeken of verschillende actoren in peri-urbane gebieden 

tijdens de citizen science projecten leerden of hun gedrag veranderden ten gunste van 

agrobiodiversiteit.  Hoewel het doel niet was om het leren te vergemakkelijken, resulteerde de 

aanpak gericht op gemotiveerde en betrokken burgerwetenschappers in transformatief leren. In 

hoofdstuk 5 hebben we een kwalitatieve analyse uitgevoerd van een vragenlijst na afloop van het 

project, die werd verspreid onder respectievelijk 84 en 28 burgerwetenschappers in BEL Landschap 

en Merode. Met de transformatieve leertheorie als analytisch kader hebben we de leerresultaten 

gerelateerd aan de voorkennis van de deelnemers en de leermogelijkheden die tijdens het 

burgerwetenschapsproject werden geboden. We stelden vast dat alle deelnemers iets leerden. De 

meesten leerden over instrumentele aspecten zoals insecten en gewassen en, in mindere mate, 

over de invloed van de deelnemers zelf of anderen op de functionele agrobiodiversiteit in hun 

omgeving. Ongeveer de helft veranderde hun visie op agrobiodiversiteit of hun aandacht voor de 

omgeving, terwijl 31% en 12% in respectievelijk BEL Landscape en Merode hun gedrag ten gunste 

van agrobiodiversiteit veranderden. Deelnemers gingen bijvoorbeeld minder vaak hun gazon 

maaien omdat ze meer beseften hoe belangrijk deze handeling is voor functionele 

agrobiodiversiteit. De voorkennis van de deelnemers verhinderde het leren niet, maar verminderde 

de kans op een transformatieve verandering. Herhaaldelijk opeenvolgend lezen van informatie in 
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nieuwsbrieven, experimenteren in de 1m²-tuintjes en informele discussie met de onderzoeker 

bevorderden het leren en transformatieve verandering ten aanzien van functionele 

agrobiodiversiteit. 

Als vijfde doelstelling keerden we in hoofdstuk 6 terug naar het sociaal-ecologisch systeem en 

combineerden we ecologische inzichten uit de hoofdstukken 3 en 4 met sociale inzichten uit 

hoofdstuk 5 om een geïntegreerde analyse te maken door in te zoomen op een specifieke 

voorbeeldlocatie van de casus BEL-landschap.  Na het inzoomen hebben we ook uitgezoomd en 

beide cases uit dit proefschrift vergeleken met drie andere agrarische landschappen in Vlaanderen 

om de representativiteit van ons werk te begrijpen. In hoofdstuk 7 bespraken we de mogelijke rol 

van individuele actoren, overheden op verschillende niveaus en de rol van landschapsorganisaties 

bij het coördineren van individuele inspanningen voor functionele agrobiodiversiteit. Ten slotte 

bespraken we hoe de toolbox van 1m²-tuinen kan worden verbeterd en aangepast aan specifieke 

onderzoeksbehoeften, rekening houdend met zowel ecologische als sociale vereisten. 
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Multi-actor trends in peri-urban areas 

In addition to the loss of FAB due to the simplification of landscape structure and intensification of 

agricultural land use, diversification of land use actors occurred with respect to non-agricultural land 

use in rural areas under pressure from urban expansion (urbanization). The land usages introduced 

by these non-agricultural actors somehow diversified the landscape structure, but not by the 

reintroduction of original agrobiodiversity found in hedgerows or field margins or by increasing crop 

rotation. In densely populated areas, agricultural land was transferred to domestic gardens, 

recreational land uses (e.g. horse keeping), nature conservation (e.g. species-rich grassland 

restauration) and associated infrastructure such as roads, railways and industry zones (Bomans et 

al. 2010; Bomans et al. 2011; Zasada 2011; Kerselaers et al. 2013; Primdahl et al. 2013; Verhoeve et 

al. 2015). This is a typical feature of peri-urban areas with disorganised urban sprawl into the rural 

matrix (Opitz et al. 2016). Although there is no commonly agreed spatial definition for peri-urban 

areas (Opitz et al. 2016), these areas are defined as locations where farming competes with, and 

suffers from non-agricultural land uses related to nearby urban regions (Zasada 2011; Opitz et al. 

2016). In Flanders, which is an example of a very densely populated region (488 inhabitants/km², 

Statbel 2021; Verbeek and Tempels 2016), there is a very high pressure of multiple land uses on the 

open space. Between 2013 and 2019, Flanders lost 5.1 ha remaining open space per day and in 2021, 

already 15% of Flanders was built-up with sealed surfaces (Fig. 1.2, Pisman et al. 2021).  

Figure 1.2: Space occupation in 2013 compared to 2019 in Flanders. Space occupation is the space occupied through 

settlements: housing, commercial purposes etc. Between 2013 and 2019, 5.1ha of the open space (agriculture, nature 

outside settlements) was occupied per day up to 33.3% of Flanders in 2019. 45% of this occupied space is sealed surface 

of which 38% are buildings and 62% are other forms of sealing (Figure adopted from Pisman et al. 2021).  
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done by calculating indices for landscape structure. Landscape structure encompasses both 

compositional and configurational heterogeneity of land uses or habitats in the landscape (Turner 

et al. 2006; Leitão et al. 2009; Fahrig et al. 2011). Landscape structure (often referred to as landscape 

complexity) is most often characterized by the relative proportion of arable land use in a given radius 

as proxy for agricultural land-use intensity or conversely by the share of non-agricultural habitats in 

the surrounding landscape as a proxy of semi-natural habitats (Chaplin-Kramer et al. 2011; Winqvist 

et al. 2011; Tuck et al. 2014; Schirmel et al. 2018).  

However, recognising the complex social side, this might be insufficient for peri-urban areas, where 

zooming out to the scale of the landscape includes many non-agricultural land uses types in addition 

to semi-natural habitats. Domestic gardens, sealed surfaces, road verges, public parks, nature areas, 

forests fragments are examples of other land use types relevant for FAB in peri-urban landscapes. 

All these land uses involve different actors with their own interests in and influence on FAB. Working 

towards optimal landscape-scale land use composition for FAB-related agroecosystem services will 

therefore require involvement of multiple land users and some form of coordination between them 

(Herzon et al. 2021). To study the impact of landscape structure on FAB and related agroecosystem 

services such as natural pest control, pollination and microclimate regulation, a more diverse set of 

land uses needs to be considered than what is currently done in research. Therefore, below we 

illustrate how deepening and refining the concept of landscape structure can lead to better 

understanding of its impact on FAB-mediated agroecosystem services such as microclimate 

regulation, natural pest control, pollination and crop performance. We first discuss agricultural land 

use followed by semi-natural habitats and non-agricultural land uses. These forms of land use will 

be used throughout this thesis to explain variation in FAB mediated agroecosystem services and 

linked to local actors in peri-urban areas. 

 

Agricultural land use 

Arable land and productive grasslands remain the dominant land use in many peri-urban 

landscapes, despite the infiltration of many non-agricultural land uses between productive fields 

(Gerits et al. 2021). Together they create the agricultural land use component of peri-urban areas 

(Fig. 1.4). The agricultural land is furthermore divided into individual fields belonging to different 

farmers. These farmers often rotate different crops (potato, wheat, grassland, maize, barley, cover 

crops etc.) on their own fields, but do often not coordinate with neighbouring farmers who 

collectively define the crop diversity in the rural landscape. Existing research suggests mainly 
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negative effects of landscapes with high shares of intensively managed arable lands on functional 

invertebrates because they shape an unfriendly environment due to high inputs of crop protection 

and fertilisers, leaving less space for non-crop habitats (Le Provost et al. 2022). In contrast to arable 

land, productive, temporary grasslands are not often considered separately from other types of 

grasslands to explain variation in local agroecosystem functioning. 

Figure 1.4: Images of both categories of agricultural land: productive temporary grassland with intensively managed 

and fertilised grasses for fodder production (left) and arable crops (here potato and maize) (right). Drone images 

provided by ILVO. 

Semi-natural habitats 

Landscape-scale semi-natural habitats between agricultural fields often involve a combination of 

high green vegetation such as hedgerows, wood rows, lane trees, forest fragments and low green 

vegetation with ecological value such as permanent grasslands, field margins or road verges rich in 

wild flora. The way these habitats are included as explanatory variables for local agroecosystem 

processes or service provision varies widely. In their study, Duflot et al. (2015) stress the need to 

consider different semi-natural habitats separately and to separate high green habitats from low 

green ones. Within these low green habitats, a separation is also needed between temporary, 

species-poor and intensive grasslands and other permanent and species rich grasslands (Herzon et 

al. 2021; Le Provost et al. 2022). The former could, in terms of ecological value, resemble arable 

crops more than biologically valuable low green vegetation (Fig. 1.4). Yet, today the characterisation 

of  landscape structure related to semi-natural habitats is often too general and misses important 

distinctions between these ecologically different habitats (Duflot et al. 2015).  

The design and management of semi-natural habitats is often not the same when a functional 

objective is given to it or when species conservation is sought (Bianchi et al. 2013). For example, 
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wildlife organisations may consider hedgerows for the conservation of sensitive or protected 

species (Vanneste et al. 2020), while other actors like farmers might want to optimise natural pest 

control, pollination (Dainese et al. 2017) or microclimate buffering (Alford et al. 2018) as functions 

in agricultural landscapes. In general, researchers agree that flower rich and extensive managed 

habitats provide food (nectar and pollen) and shelter for functional invertebrates (Bianchi et al. 

2013). Therefore, it is relevant to separate habitats with or without ecological value when 

considering agroecosystem services involving arthropods, such as natural pest control, pollination, 

nutrient cycling, etc. On the other hand, if microclimate buffering is considered as regulatory 

agroecosystem service, the separation of high green vegetation from other low green semi-natural 

habitats seems crucial, while the ecological value considering floral resource, alternative food or 

shelter provisioning is less relevant. 

Figure 1.5: Images of different semi-natural habitats in the peri-urban matrix. On the left, permanent species-rich 

grassland managed for biodiversity conservation. Forest fragment on the right. Drone images provided by ILVO. 

Non-agricultural land uses 

As we mentioned before, non-agricultural land uses such as domestic gardens, recreational land use 

and associated built-up areas are infiltrating the rural areas in peri-urban landscapes (Zasada 2011; 

Kerselaers et al. 2013; Primdahl et al. 2013). Domestic gardens or public green areas (parks) are a 

well-represented non-agricultural land use and can contain high green vegetation and ecologically 

valuable or less valuable low green vegetation (Dewaelheyns et al. 2016). Intensively managed 

domestic gardens often contain a shortly mown and heavily fertilised lawn with very few species 

and borders of alien plants, of which some are invasive (Dewaelheyns et al. 2016). Other, more 

naturally managed gardens contain vegetation that resembles semi-natural habitats which were 

once abundant in the rural landscape and with recognised value for several agroecosystem services. 
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intensification. Landscape compositional heterogeneity is defined as the prevalence of proportions 

of various land uses (both agricultural and non-agricultural). As described above, with agricultural 

diversification we point to spatial and/or temporal crop diversification. With actor diversification 

we point to expansion of urban land uses into rural areas, leading to peri-urban areas.  

New ways of research on functional agrobiodiversity in peri-urban landscapes 

The above shows that the single-actor, single-field approach needs to be transformed into a multi-

actor landscape approach to strengthen FAB (Westerink et al. 2017a). However, current policies 

aimed at strengthening  agrobiodiversity and supporting agroecosystem services still focus on 

promoting actions taken by individual actors (mainly farmers) on individual plots (Tscharntke et al. 

2012a; Landis 2017). The regional translation of the Common Agricultural Policy (CAP) to Flanders 

provides a wide range of voluntary actions that farmers can take on their fields to promote 

agrobiodiversity (Gerits et al. 2023). In addition, conditionalities for farming practices attempt to 

reclaim a place for agrobiodiversity in agricultural landscapes. The shortcomings of these policies 

are discussed further in the second chapter of this thesis and in the recently published book chapter 

by Gerits et al (2023). Although highly necessary, taking the scale of the landscape into account has 

implications. Peri-urban actors demand many different services from their environment and may 

not be aware of their role in the landscape to support their land-use choices. Food production has 

an important role in peri-urban areas (Opitz et al. 2016) so the landscape composition with 

associated FAB should support multiple crops. A landscape approach is thus complex and the issue 

of strengthening FAB for multiple agroecosystem services becomes challenging.   

A recent example of progressive landscape scale research is provided by Le Provost et al. (2022), 

who assessed the impact of biodiversity at both local and landscape scales on no less than 16 

ecosystem services in grassland agroecosystems. Moreover, they identified several local grassland 

actors: local residents, conservation organisations, agriculture and tourism. Yet, they only assessed 

the demand side of the social system and not what these actors themselves could contribute to the 

landscape as a whole by adjusting their land use. Including the supply side of the social system in an 

interdisciplinary approach could open up opportunities for FAB. More specifically, a holistic systems 

approach can link the ecological to the social subsystems in peri-urban areas. This is also advocated 

by Wanger et al. (2020) and Herzon et al. (2021) who state that recognising the social-ecological 

complexity inherent to multi-stakeholder, multiscale processes could support biodiversity 

conservation and agroecosystem services. A social-ecological lens has been proposed to improve 
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Research objectives and outline of this thesis 

The overall objective of this thesis is to understand how FAB at the landscape scale supports 

multiple agroecosystem services for multiple crops, with multiple actors. The overarching 

assumption is that zooming out to the landscape scale provides new insights on how FAB associated 

with peri-urban land use relates to agroecosystem functioning and service provision. Moreover, 

when we look at the landscape scale in peri-urban areas, multiple actors with different interests and 

motives appear to be involved in FAB. We divide the general objective into five specific research 

objectives that will be addressed in the next five chapters of this thesis (Fig. 1.7). 

As a first specific objective, we want to describe FAB as a natural resource within multi-actor peri-

urban areas in an understandable way using an interdisciplinary method. Therefore, in Chapter 2, 

we develop a social-ecological framework linking the agroecosystem and its actors with FAB as a 

central resource. Furthermore, we develop an interdisciplinary measurement tool that we apply in 

this framework in the other chapters of this thesis. Specifically, 1m²-gardens fulfil a dual role as a 

measurement point to investigate the effects of FAB at the landscape scale and engage local actors 

by experimenting with their garden. We apply the 1m²-garden toolbox for three years in two regions 

in Flanders (Belgium) using an immersive citizen science approach.  

As a second specific objective, we want to investigate how land use composition at different scales 

affects a range of agroecosystem services relevant to multiple crops. Therefore, in Chapter 3, in 

2018 and 2019, a first experiment with 41 m² gardens was carried out along a gradient of landscape 

composition in a typical peri-urban area in the province of East Flanders, Belgium. The hypothesis 

was that in an environment with merely cropland and productive grasslands, a less suitable 

microclimate and less functional arthropods would lead to reduced agroecosystem processes 

related to microclimate buffering, pollination, natural pest control and services related to crop 

performance. A greater proportion of semi-natural habitats such as high green vegetation and 

roadside verges in the landscape could improve microclimate regulation, natural pest control, 

pollination and related crop performance services. Infiltration of non-agricultural land uses (such as 

residential gardens) and its associated buildings in the rural matrix could also improve or worsen 

the functioning of the agroecosystem.   

As a third specific objective, we want to investigate the generality of the relationships between 

land use composition and agroecosystem services when comparing peri-urban areas in different 

ecoregions and weather conditions. To verify whether the relationships from Chapter 3 hold in an 

independent peri-urban area in Flanders, we repeat the 1m²-garden experiment in the province of 
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Antwerp in Chapter 4. The growing seasons in 2018 and 2019 (Chapter 3) were extremely dry and 

hot, while the summer conditions for replication in 2021 were the wettest since measurements 

began. This allowed the hypotheses to be tested whether the found relationships between 

landscape composition and agroecosystem indicators hold in peri-urban areas experiencing similar 

pressures from multiple actors on the agroecosystem, despite differences in weather conditions and 

ecoregions. 

As a fourth specific objective, we want to explore the suitability of our immersive citizen science 

approach to reach different rural land users and encourage engagement in FAB as a possible first 

step towards collaborative governance. Therefore, in Chapter 5, we use qualitative data from a 

post-project questionnaire from both cases to assess whether our immersive citizen science project 

contributes to learning and pro-environmental behaviour. In addition, we want to examine which 

peri-urban actors we reach with the 1m²-garden project and whether profiles and backgrounds of 

participants determine their learning trajectories. For this, we will use transformative learning 

theory as an analytical framework and investigate whether individual learning can act as a stepping 

stone to pro-environmental behaviour for FAB as a natural resource. The hypotheses are that 1m²-

gardens as a tactile learning tool in an immersive setting lead to individual learning. We further 

hypothesise that prior knowledge, frequent (informal) interactions and experimentation of 

participants influence their individual learning trajectories.  

As a fifth specific objective, we want to combine the findings related to the previous objectives 

into practical social-ecological guidelines relevant to peri-urban areas. Therefore, in chapter 6 of 

this thesis, we combine the findings from all previous research chapters and discuss their relevance 

by analysing a spatially explicit example case. Using our social-ecological framework (Chapter 2), we 

project both our ecological (Chapters 3, 4) and social findings (Chapter 5) to the most agricultural 

measurement site in this thesis. We then zoom out from our two case studies and compare them 

to other agricultural areas in Flanders. In the last chapter of our thesis (Chapter 7) we reflect on our 

approach, look beyond the set of agroecosystem services in this thesis and explore pathways to 

combine individual learning trajectories into collaborative FAB management. Finally, we draw on 

our socio-ecological framework (Chapter 2) to highlight new knowledge gaps and outline avenues 

for future research. 
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Figure 1.7: Schematic overview of this thesis. Chapter 2: social-ecological framework and toolbox with 1m²-gardens. 

Chapter 3: ecological data from 2018 and 2019 of first case study BEL-Landscape. Chapter 4: ecological data from 2021 

of replication experiment in second case study Merode. Chapter 5: presenting qualitative data on learning process and 

outcomes towards pro-environmental behaviour during citizen science projects in both cases. Chapter 6: synthesis of 

social-ecological insights and application to a specific example case. Chapter 7: general discussion on future pathways 

for peri-urban landscapes and the 1m²-garden citizen science toolbox. 
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et al. 2013; Batáry et al. 2015). Many experts further criticize the implementation of parcel-focused 

measures to enhance FAB-supported ES without considering the broader ecological landscape 

context (Tscharntke et al. 2005; Batáry et al. 2011; Concepción et al. 2012; Gonthier et al. 2014). 

Indeed, several important FAB-supported ES (e.g. pollination, pest control etc.) depend on the FAB 

condition already present in the surrounding landscape, such as semi-natural habitats that shape 

beneficial microclimates and provide suitable habitat and food source for FAB-organisms (Chaplin-

Kramer et al. 2011; Winqvist et al. 2012; Kleijn 2013; Jonsson et al. 2015; Schirmel et al. 2018). 

Nevertheless, current measures to restore FAB are still implemented at the parcel scale, despite 

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

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

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

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

case in densely populated and heavily urbanized regions (peri-urban regions) where more claims of 

diverse land uses on the open space also result in a  higher pressure on and a higher fragmentation 

of agricultural plots (Kerselaers et al. 2013). In Flanders (northern Belgium), for example, the 

average productive parcel size is small (1.40 ha)(ALV 2018) and land properties are fragmented 

resulting in a mosaic in land use and land users. Common examples of other land uses besides 

agricultural production functions, are residential functions, recreational or horse keeping, business 

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

interests and priorities for land use are also divergent. Other regions both inside and outside Europe 

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

land users not always directly related to farming activities. All these actors can have an impact on 

FAB and, hence, need to be considered when aiming at FAB reinforcement at the landscape scale 

(Primdahl et al. 2013; Zasada et al. 2013; Lefebvre et al. 2015; Lescourret et al. 2015; Landis 2017; 

Westerink et al. 2017a; Barnaud et al. 2018). 

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

2013; Verhoeve et al. 2015), it seems inefficient to optimize FAB at the landscape scale for only a 

single function and one actor group (Zasada et al. 2013). Both the delivery and the utilisation of ES 

are related to different rural actors. This advocates for coordinated, multi-actor FAB-efforts at the 

landscape scale. It was only since the previous CAP reform that AES compensation payments were 

allowed to groups of farmers, or groups of farmers and other land-managers (Westerink et al., 2017; 

Regulation (EU) No 1305/2013, article 28, sub-clause 2). Up to date however, efforts for FAB are 
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Figure 2.2: Above: 1m²-garden design. Blue diamond: sensor for soil moisture and temperature. Green triangle: soil 

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

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

Below: hypothetical distribution of 1m²-gardens (red dots) in different landscape compositions within a study landscape 

(red line). The yellow pixels represent forests, tree rows and other high green vegetation higher than 3 metre. The blue 

lines represent water streams. The red dots in this example are 1m²-gardens located in conditions with a different relative 

proportion of high green vegetation in the surroundings. 
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collaborative implementation of FAB measures. For instance, if involved land users experience the 

positive effects of hedgerows on the microclimate or arthropod prevalence in their 1m²-garden, 

they might want to invest in local FAB measures themselves, whether or not in collaboration with 

others. It is therefore key that land users can compare results from their own observations to other 

locations with other landscape compositions. This can be organised by the research team via guided 

tours, sharing the location of all 1m²-gardens and frequent visual communication of results from 

sites in contrasting locations. 

Data collection in the 1m²-gardens builds upon a citizen science approach, which has become a 

prominent method in environmental research topics (Dickinson et al. 2012). A citizen science 

approach particularly suits our purposes because: (1) It enables monitoring in a substantial number 

of 1m²-gardens (multi-site) across the whole study landscape (Pocock et al. 2014); (2) It opens up 

possibilities to study private lands (Dickinson et al. 2012); (3) It allows personal contact with citizens 

on their motivation, interest and needs; (4) It allows to make difficult concepts such as FAB and ES 

tangible for citizens. Local land users volunteer to grow the crops and maintain the 1m²-gardens. 

While some tasks are performed by the participants (watering, weeding, reporting pests, 

harvesting), other tasks, i.e. those that require more standardisation, are performed by the research 

team (identifying pests, estimating the degree of damage, etc.). To assure standardised data and 

minimize the chance of drop-out, a variety of contingency measures are taken for the participant 

selection, communication, distribution of information and the follow-up of the data (Dickinson et 

al. 2012; Pocock et al. 2014). A table on contingency measures for the citizen science approach can 

be consulted in the appendices (Table A2). 

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

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

structured interviews with the participants but also with local authorities, different government 

parties, regional NGOs, nature organizations, farmers, horse keepers etc. are conducted in this 

perspective (Creswell 2009). After a clear image is shaped of these FAB-stakeholders, social theories 

can be constructed on how knowledge, opinions, positions and needs of these different land users 

influence their decision making on actions for FAB (Fig. 2.1). Data sources are interviews together 

with emails and spontaneous conversations with participants and other land users. The latter are 

inherent to action research and often unfairly ignored because these informal interactions give 

important knowledge on true perspectives (Moon et al. 2019).   
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The participatory process of the 1m²-garden approach consists of a start and training phase, 

followed by monitoring seasons and post-project phases (Fig. 2.3). In the start phase, a broad group 

of land users including policy makers and press is involved to create support and interest in the 

project and select engaged volunteers. The latter are prepared in a training phase. During the field 

season, the research team weekly communicates news and guidelines for monitoring to the 

volunteers. Individual observations in the 1m²-gardens are frequently discussed personally in the 

field or via email with the principal researcher. In the weekly newsletter a compilation of results is 

distributed among volunteers to facilitate discussions and comparison between individual 1m²-

gardens (Fig. 2.3). Focus groups and information shared on social media facilitate peer-to-peer 

learning between participants. In the end, frequent contacts with local FAB-stakeholders allow to 

guide land users with ambitions towards real actions for FAB. Researchers, or local organisations 

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

and barriers that FAB-stakeholders encounter. 

In the short term after each growing season a 

collective interpretation is organised to 

translate the first results in conclusions and 

practical implications for the participants. In 

the long term we tend to stimulate the 

volunteering community and other involved 

land users to keep observing effects of FAB in 

their environment. The research team can 

assemble data on perspectives and 

motivations of stakeholders in all research 

phases.   

 

Figure 2.3: Yellow = volunteer, brown = research team.  1: Volunteer selection from different types of land users and 

training phase. 2: Weekly newsletter with guidelines and information to volunteers. 3: Weekly monitoring in the 

individual 1m²-gardens. Observations and experiences are discussed with the research team and among volunteers after 

which a new newsletter is compiled. 4: information from the 1m²-gardens and participatory trajectory is used in 

conversations with other land users and policy makers in the landscape observatory to explore and stimulate individual 

or collective actions that benefit FAB. 5: Ambassadorship of volunteers towards the wider group land use actors to 

perform monitoring and reinforce FAB.  

 



http://www.bel-landschap.be/
http://www.bel-landschap.be/
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furthermore classified as biologically valuable by a habitat assessment (Vriens et al. 2011). The SNH 

overall is used as proxy for FAB habitat. The division of high and low green is useful because it mainly 

involves respectively woody and herbaceous vegetation, and thus quite distinct habitat types (as 

discussed in chapter 1). For potential locations, the percentage high and valuable low green is 

defined in a radius of 500 metre around each location. The locations of the 1m²-gardens were 

chosen in such a way that the meaningful range of semi-natural habitat (sum valuable low and high 

green vegetation) is covered (cf. pitfall 1) while the orthogonality between high and valuable low 

green (cf. pitfall 3) is guaranteed and spatial autocorrelation is avoided (cf. pitfall 2) (Fig. 2.5). The 

orthogonality assures the possibility to disentangle effects of high and low green vegetation as 

different FAB-habitats on local agroecosystem service delivery. After selection of the 1m²-garden 

locations along the landscape compositional gradient we coupled the interested citizen scientists 

that reacted to an open call for participants to these locations. 

 

Figure 2.5: The landscape compositional gradient of relative proportion in semi-natural habitat (green), agriculture 

(yellow) and other land use (grey) (Y-axis) within a 500 metre radius (scale) around the location of the 41 1m²-gardens 

(X-axis). Semi-natural habitat is the sum of high green (dark green) and valuable low green (light green) in a radius of 

500 metre. The amount of semi-natural habitat correlates negatively with the proportion cultivated land in the radius. 

The locations of 1m²-gardens Witte Wijk, Atheneum Merelbeke and HoGent are located in urbanised environments, 

explaining why there is more built-up and no agricultural land use there.  
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relationships between different stakeholders (Reed et al. 2009). Insights on the relations between 

the actors are necessary in order to be able to stimulate (multi-) stakeholder engagement for FAB. 

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

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

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

instance, that bottom-up initiatives can improve the fit between social systems and lake systems as 

central natural resource in their social-ecological system. They found this fit to be stronger especially 

when municipal or non-governmental partners are linked with citizen groups. A detailed overview 

of the participatory process in the BEL-Landscape observatory is provided in the appendices (Table 

A3). 

Figure 2.6: Research focus in the BEL-Landscape observatory situated in the proposed social-ecological system (Fig. 2.1). 

The left panel represents the ecological hypotheses with central effects (full arrow) and the underlying mechanisms 

(dashed arrows).  The right panel represents the social subsystem where FAB-actors are identified (1), categorised (2) 

and related to each other (3).  
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Figure 2.7: A time lapse of overview pictures taken from one 1m²-garden throughout the growing season in 2019. 

Pictures are taken weekly by a participating volunteer. At defined moments during the growing season, crops are 

harvested and registered by the participant which explains why biomass seems to disappear from the 1m²-garden. 
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Given the small size of the 1m²-gardens, no absolute values for ES but only relative differences in 

ecosystem indicators between 1m²-gardens are observed, so as to optimise landscape scale 

management for multifunctional ecosystem performance. This will deliver insights in the 

effectiveness of landscape management for multifunctional ecosystem performance, but not on the 

efficiency or absolute values at field scales. The small size allows the tool to easily fit in between 

fields and is therefore more acceptable for land users to coexist with their current practices. The 

time necessary to manage the 1m²-garden is rather low and allows volunteers to focus on the 

individual plants to recognise plant specific pest species and flowering processes. The small scale 

proves to be effective to get land users in touch with ES. 

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

the effectiveness of FAB strengthening efforts in many rural or peri-urban areas. We therefore invite 

other research groups, society organisations and policy makers to test our toolbox with 1m²-

gardens, or derivatives thereof, in many distinct contexts. Through their social function of triggering 

interest, the 1m²-gardens make knowledge accessible for stakeholders who are to implement 

research findings and thereby increase the impact of scientific work. In the following chapters of 

this thesis we describe detailed applications of the approach in two independent case studies and 

the social-ecological results and implications thereof. 
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The relative proportion of arable land use and residential green (< 3 m high) is, respectively, 

positively and negatively related with the activity-density of predators and pollinators. The growth 

of different crops responded differently to higher temperature ranges and we found no relation 

between predators and leaf herbivory. In conclusion, these abiotic and biotic pathways did not 

relate to an overall relationship between landscape composition and yield. These outcomes indicate 

that high green vegetation can be implemented both at the local and the landscape scale to buffer 

soil moisture and temperature variation. Furthermore, optimisation of the landscape composition 

helps to stimulate local activity of arthropods. Yet high arthropod activity is no assurance for 

arthropod mediated ecosystem service delivery nor is microclimate buffering an assurance for 

higher crop yields. 

Introduction 

Landscape structure encompasses both compositional and configurational heterogeneity in land use 

types (Fahrig et al. 2011; Haan et al. 2021) and influences ecosystem services such as pollination, 

natural pest control and yield (Tscharntke et al. 2012b; Dainese et al. 2019b; Martin et al. 2019; 

Haan et al. 2021). Loss of compositional structure of landscapes is reported worldwide due to the 

decreased variation in crop types, larger plots and lower relative proportions of semi-natural 

habitats (Landis 2017). The resulting larger scale landscapes with reduced crop variety often cope 

with persistent pests, diseases and require intensive input of chemical pest control and fertilisation 

(Tscharntke et al. 2012a). The use of these external inputs can be reduced by increasing the 

landscape structure and its related floral and arthropod Functional Agrobiodiversity (FAB) (Bianchi 

et al. 2013). Increasing the relative proportion of semi-natural habitats such as spontaneous wild 

flower patches, hedgerows and forest fragments can support microclimate regulation (Alford et al. 

2018), natural pest control (Karp et al. 2018) and pollination (Dainese et al. 2017).  

There is an increasing body of literature on the effect of crop and non-crop compositional landscape 

structure on agroecosystem services, most often pollination, natural pest control and yield, 

sometimes supplemented with nutrient cycling, carbon storage, water quality regulation and 

microclimate regulation (Tougeron et al. 2016; Dainese et al. 2017; Landis 2017; Birkhofer et al. 

2018; Dainese et al. 2019b; Martin et al. 2019). Dainese et al. (2017), for instance, show that a higher 

relative proportion of hedgerows in the landscape increase aphid parasitism and potential 
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pollination in cereal fields. Sutter et al. (2017) also show that landscape scale greening improves 

both pollination and pest control in oilseed rape fields. Birkhofer et al. (2018), on the other hand, 

found no relation between landscape structure and multiple ecosystem services for spring barley as 

focal crop and suggest that there are trade-offs between services. Karp et al. (2018) synthesised 

data on multiple crops and reported inconsistent responses of natural pest control to the relative 

proportion of semi-natural habitat in the surroundings. Although research including microclimate 

variables is less common, intensively farmed, structurally homogeneous landscapes are known to 

have higher average temperatures and temperature variations (Suggitt et al. 2011; Tougeron et al. 

2016; Alford et al. 2018). Furthermore, these microclimatic conditions influence the local arthropod 

community, especially for flying arthropods which require minimum temperatures to forage 

(Sgolastra et al. 2016; Tougeron et al. 2016; Alford et al. 2018; Caselles et al. 2019).  

However, it is not clear how the landscape mediated microclimate regulation relates to other 

ecosystem services such as pollination, natural pest control or crop growth, since it has not yet been 

looked at together in landscape scale experiments. Another research gap is related to the fact that 

crop species have different needs from the environment. More specific, crops have different 

requirements from the environment considering temperature and soil moisture (Jackson et al. 

2011). Also, the crop species influences the response of pest species to non-crop habitats in the 

landscape (Tamburini et al. 2020). Furthermore, for some crops, non-crop habitats in the 

surroundings could provide more resources for pests than for their predators (Tscharntke et al. 

2016). The current focus on crop specific knowledge has to be extended with multi-crop 

experiments to study which land use compositions support microclimatic conditions and arthropod 

communities for a sustainable production of a wide range of crops, less dependent on external 

agrochemicals.  

Multi-crop data has not yet been assembled together with a microclimate and arthropod pathway 

in an experiment along a landscape composition gradient. Therefore, in this chapter, we apply the 

presented 1m²-garden approach in the BEL-Landscape case. As a general objective of this chapter 

we aim to simultaneously assess the impact of landscape composition on the microclimate, on the 

abundance of specific functional arthropod groups, on pollination and pest control, and ultimately 

on crop performance through this set of interrelated abiotic and biotic pathways. We hypothesise 

that (Figure 3.1), in landscapes with a higher relative proportion of non-crop land use types 
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 (H1) the multi-crop yield increases, 

 (H1a) through increased buffering of temperature and soil moisture content; 

 (H1b) and increased activity-density of predators and pollinators and decreased crop herbivory; 

     (H1c) while the importance of these pathways and net effects on yield depend on the crop being 

studied. 

Figure 3.1: Data blocks and hypothesised relationships. Black boxes represent the groups of variables. Arrows indicate 

the hypothesised relationships with their colours being in line with the hypotheses.  

Material and methods 

In this section, we build on the introduction of the BEL Landscape case in the previous chapter and 

deepen the methodological principles needed to understand and interpret the results of this first 

1m²-garden experiment. 
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Landscape composition  

We determined the relative proportion of six land use categories around each 1m²-garden at 10, 50, 

125, 250 and 500 metre radius (scale), using 1 m resolution thematic maps (Informatie Vlaanderen 

2015; INBO 2020), the agricultural parcel identification system (Department of Agriculture and 

Fisheries 2020) and the Spatial Analyst toolbox in ArcGIS Desktop (ESRI 2011) (Table 3.1). In a first 

phase, landscape data was used to sample 41 locations for 1m²-gardens along a gradient of relative 

proportion of non-crop habitats in a buffer of 500 metre. Non-crop habitats include all vegetation 

that is no productive grassland or arable land, being high green vegetation and both biologically 

valuable and non-valuable, residential low green vegetation. We used the 500 m scale because of 

its relevance for the wide variety of response variables included in the study. Also, in Flanders, 500 

m is the largest radius that allows selection of sites that are surrounded merely by agricultural land 

use. If radii are larger, forest fragments or built-up areas are included. A remark is that several 

invertebrate species forage at radii wider than 500 m. The land use composition at 500 m radius can 

be found in the appendices (Fig. B6). Land use types are typically correlated (Grab et al. 2018; Billaud 

et al. 2020), therefore, for the analysis, we reduced the land uses in two orthogonal principal 

components (Table 3.1 and appendices Fig. B7, Fig. B8). There was overlap between the landscape 

buffers surrounding the 1m²-gardens, with increasing overlapping areas from 10 to 500 metre radii 

(appendix Table B2, Table B3). At three locations there were two 1m²-gardens at close spatial 

proximity to have a replication of those three locations. Yet, overlapping buffers are shown to not 

be causing statistical dependency or spatial autocorrelation if a robust spatial design is used, 

avoiding the influence of exogeneous environmental factors (Zuckerberg et al. 2012; Zuckerberg et 

al. 2020). The robust design (see previous chapter for more details) was validated by an analysis of 

spatial autocorrelation in the model residuals for all response variables (Dormann et al. 2007; Kühn 

and Dormann 2012; Zuckerberg et al. 2020) (appendix Table B4). We found no significant 

autocorrelation except for the model of multi-crop herbivory in 2019 (not in 2018), which could 

potentially be attributed to exogeneous factors (e.g. pesticide usage) causing unexplained spatial 

correlation.    
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Table 3.1: Six land use categories measured around each 1m²-garden and interpretation of the two principal components 

(PCA 1 and 2) explaining respectively 46% and 22% of the variation at 500 m radius. 

Land use Description of the habitat 

High green vegetation Woody vegetation higher than 3 m (forests, solitary trees, hedges) 

Valuable low green 

vegetation 

Vegetation lower than 3 m that is classified as biologically valuable or managed for 

nature conservation and is flower rich (extensive grassland, road ditches etc.) 

Arable land Productive cropping systems (maize, wheat, potato etc.) 

Productive grassland Productive grassland managed as meadow or grazing areas. Not managed for 

nature and typically species poor. 

Non-valuable low 

green vegetation 

Residential vegetation lower than 3 m that is not classified as biologically valuable 

(private gardens, public park areas etc.)  

Built-up area Surfaces that contain no vegetation (buildings, roads, concrete surfaces etc.) 

PCA 1 Productive grassland and arable land (+) versus built-up and non-valuable low 

green and high green vegetation (-) 

PCA 2 High green vegetation and valuable low green (+) versus built-up and non-valuable 

low green (-) 

Abiotic factors: soil temperature and soil moisture 

We used hourly measurements of HOBO Pendant 8T sensors (-10 cm in centre of 1m²-garden) from 

May 25th until September 29th in 2018 and 2019. Temperatures were integrated in daily maxima, 

minima and means and further aggregated to average daily maxima, minima and means (Zellweger 

et al. 2019). Furthermore, the difference between the third and first quartile of the hourly 

temperatures is determined as proxy for temperature range (temperature interquartile range, 

TIQR). Because of high correlation between daily max, daily mean and inter quartile range we only 

use the latter in further analysis. Additionally, in 2019, TOMST data loggers (Wild et al. 2019) 

continuously measured soil moisture content. At the end of the second season, fresh soil samples 
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were taken to determine the gravimetric soil moisture content and chemical parameters (pH, CEC, 

N, P etc.) to check for unwanted local influences (e.g. nutrient inflow).  

 

Biotic factors: invertebrate community  

Arthropods were sampled using pitfall traps and yellow pan traps and grouped into functional 

groups based on the dietary needs of the majority of the species in these taxonomic groups (Table 

3.2) (Billaud et al. 2020): 

Table 3.2: Arthropods caught with two trapping systems, the taxonomic name and the functional group.  

 

The fluorescent yellow pan traps were 10 cm in diameter filled with 400 ml water and a drop of 

detergent. The pitfall traps were 10 cm in diameter filled with 450 ml ethanol-glycogen holding anti-

freeze (approx. 50% ethylene glycol and 50% water) and a drop of detergent. The traps were 

covered by aluminium roofs to prevent precipitation to enter. A gap of at least 3 cm between the 

trap and the roof allowed arthropods to enter. The exact setup and fluid of pitfall traps influences 

the composition of specimens, so comparisons with other studies is difficult (Skvarla et al. 2014). 

Traps were installed in the middle of the 1m²-gardens both in 2018 and 2019 in May, July and August 

for 14 days. Arthropods were sorted to groups (Table 3.2) and counted. Carabids were further 

identified to the species level to determine their diets. At least 72% of the caught individuals were 

carnivorous (18% omnivorous). Thus, 90% have other insects at least as part of their diet and 

therefore the trapped carabid community can be considered as possible pest control group. We 

summed abundance data over different periods within each group. Models with arthropod count 

data were based on negative binomial distributions to account for overdispersion in count data 
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The relationship of landscape composition with (a)biotic factors at different scales 

Considering the first two sub hypotheses, we found positive relationship between the relative 

proportion of arable land at all scales (all radii) and the activity-density of both predators, pollinators 

(Fig. 3.3). This means that the relative proportion of arable land use in 10, 50, 125, 250 and 500-

metre radius around the 1m²-gardens correlated positively with the activity-density of both 

pollinators and predators. For all scales there was no relationship between productive grassland, 

high green vegetation and both arthropod groups. Valuable low green vegetation at 10, 50 and 125 

metres related with predators but not with pollinators. Non-valuable low green vegetation (urban 

low green, Table 3.1) related consistently negative with pollinators, while only at 10, 250 and 500 

metres for predators. Built-up area related consistently negative with predators at all scales and 

only at 125 and 250 metre for pollinators. For the soil moisture interquartile range (SMIQR) we 

found a consistent positive relationship with arable land, which was only significant at 500 metres 

for the temperature interquartile range (TIQR) (Figure 3.). Productive grassland related only 

positively with TIQR at 50 metres. At 10, 50 and 500 metres, biologically valuable low green related 

with SMIQR. A consistent negative relationship was found between both TIQR and SMIQR and high 

green vegetation (not 10 m radius). At the 500 m radius, non-valuable low green related negatively 

to the TIQR. Built-up area did not relate to the TIQR or SMIQR for all scales. Plots with the different 

land uses grouped as PCA1 and PCA2 as explanatory variables for the activity-density of different 

taxonomic groups and the TIQR for multiple scales can be found in the appendices (Fig. B13, Fig. 

B15). We also provide visualisations of the data and models for PCA1 explaining the activity-density 

of the considered taxonomic groups and the TIQR separately for 2018 and 2019 to visually explore 

the consistency of the results over both years (Fig. B12, Fig. B14). 



51 

Figure 3.3: The effect size (model estimate) of landscape composition (relative proportion of arable, productive 

grassland, biologically valuable low green, high green, non-valuable low green, built-up) in five different scales on the 

abundance of predators (spiders, carabids and rove beetles), pollinators (hoverflies and bees). Model estimates and 

95% confidence intervals are calculated with a generalised mixed effect model with, next to the landscape variable, year 

as fixed factor and location as the random term. Significance levels are given in the corresponding scale colour (p < 

0.001= ***, p < 0.01 = **, p <0.05= *, p < 0.1 = ^). Predator-models have 4 estimates (k), based on 70 observations (n), 

in 39 plots (random term) resulting in 65 residual degrees of freedom (n-k-1). For pollinators there were 71 residual 

degrees of freedom (76-4-1). R²m values for individual models can be found in the appendices (Table B6, B7).   
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Figure 3.4: The effect size (model estimate) of landscape composition (relative proportion of arable, productive 

grassland, biologically valuable low green, high green, non-valuable low green, built-up) at five different scales on the 

square root transformed interquartile temperature range (TIQR) and the interquartile soil moisture range (SMIQR). For 

TIQR, model estimates and 95% confidence intervals are calculated with a linear mixed effect model with, next to the 

landscape variable, year as fixed factor and location as the random term. For SMIQR, estimates are made with linear 

models (only 2019 data available). Significance levels are given in the corresponding scale colour (p < 0.001= ***, p < 

0.01 = **, p <0.05= *, p < 0.1 = ^). TIQR -models have 4 estimates (k), based on 75 observations (n), in 40 plots (random 

term) resulting in 70 residual degrees of freedom (n-k-1). SMIQR- models have 34 residual degrees of freedom (37-2-1). 

R²m values for individual models can be found in the appendices (Table B9, B10).   

The independent sensors for soil moisture and soil temperature showed similar trends, although 

these variables were not correlated (appendix Fig. B18). The gravimetric soil moisture content, 

measured at the end of the 2019 season, correlated negative with Tmax, Tmean, TIQR and SMIQR 

and therefore further confirms this trend. Considering these correlations and since the SMIQR data 

is only available for 2019, we continue with the temperature interquartile range in the Structural 

Equation Models.  
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Figure 3.5: Piecewise SEM of the determinants of multi-crop yield. PCA1 correlates positively with arable- and 

grassland and negatively with build-up area, non-valuable low green- and high green vegetation. PCA2 correlates 

positively with high green vegetation and biologically valuable low green vegetation and negatively with build-

up area and non-valuable low green vegetation. There is no link hypothesised between pollinator activity-density 

and multi-crop yield as the latter is mainly not pollinator-dependent. Coloured standard estimates in the figure 

indicate significant pathways (negative = red, positive = green, p < 0.001= ***, p < 0.01 = **, p <0.05= *, p < 0.10 

= .). All non-significant standard estimates are in grey. The marginal and conditional R² are given for all 

component models. The overall goodness of fit is P=0.62 with 8 degrees of freedom. The data is resulting from 

33 and 35 1m²-gardens in respectively 2018 and 2019, which is a reduced dataset due to missing values in the 

compiled citizen science dataset. Year is included in the SEM as fixed term and location as the random term. 

 

Discussion  

We found that the multi-crop yield is not related to landscape composition at a 500 m radius, 

thereby rejecting the first hypothesis. In line with the first two sub hypotheses, the results 

support that landscape composition influences both the microclimate and the activity-density 

of arthropods. The direction of the latter was partially to the expectations from other studies. 

More specifically, the higher activity-density of pollinators in open, agricultural areas is not 

supported by the literature (Shackelford et al. 2013; Dainese et al. 2017; Kleijn et al. 2018; 

Hass et al. 2019). Neither of the two mechanisms, however, explain the variation in yield of 






















































































































































































































































































