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1. Introduction 

The global impact of human activities on biodiversity is more and more documented, leading 

researchers from diverse fields to refer to our current epoch as to the Anthropocene (Zalasiewicz et 

al. 2010; Steffen et al. 2011), a term originally forged by Nobel-rewarded Paul J. Crutzen in papers 

firstly published about two decades ago (Crutzen 2006; Crutzen 2016). Humans are hereby succeeding 

to the Holocene and therefore can be considered as a geological force through their industrial 

activities. Indeed, the current extinction rate of species around the globe is around 1,000 times higher 

than normal, undoubtedly due to anthropogenic activities (Pimm et al. 2014; Ceballos et al. 2015), 

leading to talk about the sixth mass extinction of the Earth life history (Dirzo et al. 2014; Ceballos and 

Ehrlich 2018). 

Nowadays agriculture is one major threat to biodiversity, through its intensive practices and its impact 

on landscape (Bianchi et al. 2006; IPBES 2018a). Indeed, farming activities contribute to degrade and 

fragment natural habitats, causing the decline of wildlife (IPBES 2018b). As farmland occupies 70 % of 

Europe, it therefore substantially impacts on biodiversity. Agricultural fields are subject to recurrent 

and frequent disturbances, which shape the ecological communities living in agricultural landscapes 

(Duelli et al. 1999; Fahrig et al. 2011). 

Agriculture intensification led to higher crop yields (Bowler 1986), but the need for mechanization and 

the specialization of agricultural regions simplified the landscapes, with the reduction of crop diversity, 

the enlargement of fields and the removal of natural and semi-natural areas (Benton et al. 2003; 

Tscharntke et al. 2012a; Gámez-Virués et al. 2015). This pronounced human management of landscape 

drove to a strong simplification and has had dramatic ecological impacts (Stoate et al. 2009) and insects 

are among its first and major victims (Sánchez-Bayo and Wyckhuys 2019). 

Among these endangered or already extinct arthropods, many are providing ecosystem services, such 

as biological control of pests and weeds, crop pollination, nutrient recycling or soil stabilization (Altieri 

1999; Emmerson et al. 2016; Dainese et al. 2019). The whole diversity of arthropods is threatened, 

from ground-dwellers to flying groups. Hence, it is the whole agroecosystem sustainability which is 

threatened by intensive farming (Sánchez-Bayo and Wyckhuys 2019; Dainese et al. 2019). 

There is a strong need to change the ways to produce food. A major concern is thereby to know how 

to organize and manage the agricultural landscapes in order to enhance their biodiversity, including 

the beneficial one, so it supports agriculture with ecosystem services and consequently also  

contributing to reduce the amount of synthetic inputs (Sánchez-Bayo and Wyckhuys 2019; Sirami et 

al. 2019). 
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1.1. Intensification of agriculture and landscapes 

1.1.1. Intensification during the European Post-War and modernization of 

agriculture 

Agricultural intensification describes a process in which the inputs are increased in order to obtain 

higher outputs (Bowler 1986). This means that, while intensifying their practices, farmers use higher 

amounts of fertilizers, pesticides, fungicides, herbicides, oil fuel (through mechanization), in order to 

get higher productivity of their work and fields, hence yields. In this part, we are going to explore how 

and when the agricultural intensification occurred in Europe and France, what concrete changes it had 

in agricultural practices, and finally, how it impacted on the rural landscapes. 

In order to stabilize the global food production agriculture has known its own “Green Revolution” 

during the 20th century in Western countries. This modernization of agriculture followed the trends of 

public policies and technological advances. 

In France, the modernization of agriculture occurred mainly after the World War II. The aim of its 

policies was to find a third way between the liberal capitalism of the United States of America and the 

social revolution of the Soviet Union (Allaire 1988). The aim of the modernization of agriculture was 

not so much to improve the living standard of the rural populations but to improve the economic 

situation of the system overall (Daucé 2000). The intensification of agriculture thereby occurred as the 

industrialization of agriculture, thus its integration in the agri-food industry, which hence meant an 

autonomy loss for the farmers (Allaire 1988). 

More advanced farming education then aimed at teaching the farmers how to enact new techniques, 

such as the use of chemical fertilizers and pesticides, agronomic practices or genetic improvement 

(Daucé 2000). This phenomenon was even enhanced since it was funded through the Marshall Plan, 

which as well accelerated the mechanization of farms. 

Then, the agricultural intensification aimed at providing to the French nation the highest amount of 

food at the lowest price, supported of course by important campaigns of public policies to help its 

development (Gerbaux and Muller 1984). The number of farmers decreased substantially, being 

selected through the processes of public policies and the granting of loans (Figure 1a). As the number 

of farms decreased, their mean size went higher (Figure 1b). 
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(a) 

 

(b) 

 

Figure 1. Evolution of (a) number of farms in France and (b) the mean farm utilized agricultural surface in France 

(source: Agreste, 2016). 

The role of the Common Agricultural Policy (CAP) has been important in the modernization of 

agriculture in European Union (Emmerson et al. 2016). Indeed, the CAP first aimed at increasing the 

agricultural production in order to stabilize the food supply in the Post-War era, as the Treaty of Rome 

settled in 1957. Three protectionist mechanisms were then operated to favor the development of 

European agricultural production, such as the support of price, so that the producers can live from 

their work, high import tariffs, in order to prioritize domestic producers, and finally encourage export 

with proper subsidies. This risk-free environment gave agriculture a much higher profitability than 

before, and secured the farmers into investing in more technologically-advanced equipment and 

buying or renting new land for enlargement (Bowler 1986).  

The intensification of agriculture also resulted in the specialization of farms and agricultural regions 

(Allaire 1988). Specialization can be defined as the focus of the production of a farm, region or country, 

towards a little diversity of products, or outputs (Bowler 1986). A specialized farm, where a narrow 

range of products is made, is the opposite of a diversified farm, where products of different natures 

are made. On one hand, the use of chemical fertilization freed the cultivators from organic fertilization, 

which came from livestock manure for the most (Mazoyer and Roudart 2006). On the other hand, the 

high availability of cheaper food for cattle, such as cereals or protein crops coming from specialized 

cropping farms, allowed the breeders to feed their cattle without self-sufficiency. 

At some point, farmers could not avoid specialization since they concentrated their capital investments 

in new equipment, which was specialized itself: for example, croppers bought larger tractors and 

combine harvesters whereas dairy farms got milking machines. Economies of scale then drove farmers 

to orient their production towards the more profitable activity (Bowler 1986). Agri-food industry then 
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developed according to the comparative advantages of every region. In Europe, this regional 

specialization can be observed at the country level, e.g. with France and United Kingdom showing focus 

towards cereal production, and Netherlands and Ireland having increased their dairy production. 

Specialization is also observed at the regional scales of countries: in France, intensive livestock for meat 

production has developed in Brittany, while Normandy focused on grass-based dairy production, 

northern regions are important producers of sugar beet and potatoes, and mountain areas are 

oriented towards extensive livestock (Bowler 1986). This organization is even more pronounced 

nowadays, where specialization is organized at a global scale. For example, the protein crops which 

feed European cattle, such as soybean, are massively imported from the United States of America and 

South America. This specialization therefore contributed to develop the agri-food industry at the mass 

consumption era. 

Since agriculture now occupies 70 % of Europe’s lands, and 59 % of France (Desriers 2007), it has strong 

impacts on biodiversity and its practices rule on wildlife (Hails 2002). This impact is now so considerable 

that it questions the sustainability of farmed ecosystems, hence the sustainability of food production 

(Stoate et al. 2001). 

Despite a few authors already observing and informing about the decline of biodiversity due to the 

intensification of agriculture (Carson 1962; Dorst 1965), western countries stayed on the path of 

industrialization, leading the food production towards productivity and competition on global markets. 

Indeed, clear patterns relate agricultural intensification to the decline of farmland biodiversity since 

1950’s Green Revolution (Chamberlain et al. 2000; Robinson and Sutherland 2002; Emmerson et al. 

2016). This loss can be linked both to farming practices and landscape simplification (Matson et al. 

1997; Stoate et al. 2001; Butler et al. 2007; Stoate et al. 2009). 

1.1.2. Intensification of agricultural practices and their impact 

Intensification of agriculture happened at the farm and landscape levels (Emmerson et al. 2016). 

Agricultural practices are highly dependent on the context they are used in. A practice can be optimal 

in one context though it is only mismanagement in another situation (Strijker 2005). Meeting the needs 

of high yield varieties requested new management practices (Robertson and Swinton 2005). Therefore, 

farmers relied increasingly on higher inputs of pesticides, herbicides, fungicides or synthetic fertilizers. 

The raw productivity of every farm worker has thus been enhanced a hundredfold, since the beginning 

of 1950’s (Mazoyer and Roudart 2006). The main objective of intensification has been to increase 

strongly the farming productivity. 
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Mechanization has been one of the most obvious form of the practice intensification, and was first the 

replacement of animal power by fossil fuel power in tractors (Mazoyer and Roudart 2006). Then, 

mechanization took a central place in the farming activities and outdated all other form of work 

(Binswanger 1986). Newer tractors became more and more powerful: nowadays engines are more 

than 10 times more powerful those from the 1950’s. Progressively, new farming activities were 

mechanized, with for example the expansion of the combine harvester. Breeding also knew its 

mechanization, with the use for example of milking machines. The impact of mechanization on 

productivity is substantial, since the average area per worker rose from 1 ha before the 1950’s to 200 

ha nowadays. 

One important step in the intensification in agriculture has been the selection of high yielding varieties. 

In order to meet the needs of newly selected varieties, the use of chemical or mineral fertilizers 

appeared more efficient than organic ones. The development of the extraction and the proceeding 

industry increased dramatically the availability of mineral fertilizers. (Mazoyer and Roudart 2006). The 

application of mineral fertilizers played a major role in the growth of yields (Strijker 2005). Since the 

beginning of the twentieth century, the wheat yields have indeed been multiplied by 7, while the 

nitrogen fertilization has doubled. 

The intensification increased the cropping costs by capital amortization, since important amounts is 

invested in the seeds of selected varieties, in the depreciation of mechanized equipment or in the 

necessary mineral fertilization. Hence, farmers had to take as little risk as possible and secure the 

higher yield they can. The preventive and curative sprayings of pesticides, herbicides and fungicides 

thus become systematic in order to avoid the losses due to insects, weeds or disease. 

 Tillage 

Tillage, as a pre-sowing mechanical weed control, can be considered as an intensive practice only when 

its depth is around 30 cm. In this case, it shall be named conventional, intensive or traditional tillage, 

as opposed to more modern tillage, such as the superficial and agronomic ones. Anyhow, it still 

concerns a high share of cropped lands across Europe, we shall study its effects on biodiversity as an 

intensive practice. 

Tillage has a major impact on soil biodiversity, and cannot be neglected for agroecosystems (Giller et 

al. 1997; Kladivko 2001; Stoate et al. 2001). Tillage impacts not only on below ground, but also on 

ground-dwelling arthropod populations. Indeed, carabids can be exposed to predation or desiccation, 

physically hurt or even buried (Holland and Reynolds 2003). Moreover, the burying of crop residues by 

tillage reduces the diversity of saprophytic fauna, on which carabids could prey after the harvest 

(Hatten et al. 2007). It also simplifies the habitat of epigeal fauna, leaving less refuges against predation 
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or abiotic changes. Finally, deeper tillage can induce higher mortality in carabid communities than 

more superficial tillage (chisel plowing) or no-till at all (Shearin et al. 2007).  

 Crop fertilization 

The application of fertilizers has importantly augmented during the Green Revolution. The input of 

mineral nitrogen and phosphorus fertilization has multiple ecological effects. The deposition or leaking 

of fertilizers on the vegetative boundaries of cropped fields benefits the most opportunistic species: 

the nitrophilous annual weed species (Boatman et al. 1994; Marshall and Moonen 2002). This results 

in the modification of the plant composition of the edges. Indeed, the more a field is managed 

intensively, the more it tends to homogenize the plant community in its vicinity towards more weed 

species (Boutin and Jobin 1998; Willi et al. 2005). Furthermore, a reduction of the botanical diversity 

of grassy field margins and surroundings leads to a lower diversity in gamma arthropod community 

(Thomas and Marshall 1999; Bengtsson et al. 2005; Guerrero et al. 2010). Intensive mineral fertilization 

is also thought to contribute to the decline of butterfly and bee diversity through the reduction of floral 

diversity (Maes and Dyck 2005; Le Féon et al. 2010). 

 Pest and weed control 

Overall, pesticides have a negative effect on biodiversity. This impact has been found consistently all 

across Europe (Geiger et al. 2010; Emmerson et al. 2016). Geiger et al. (2010) found persistent declines 

of diversity among plant species due to herbicides and insecticides, carabid species due to insecticides 

and bird species due to fungicide applications. In intensively farmed areas, the reduction of botanical 

diversity due to herbicides has a negative impact on weed eating arthropods diversity (Clough et al. 

2007). The danger of neonicotinoids on bees has also been assessed and shown (Goulson 2014; van 

der Sluijs et al. 2015; Kessler et al. 2015). 

Moreover, pesticides can involve contamination at large spatial scales due to the drift of active 

substances across landscape (Gove et al. 2007; Tuck et al. 2014). This impacts on mobile species such 

as butterflies, bees and birds, by affecting not only the species, but the whole food web (Donald et al. 

2000; Chamberlain et al. 2000; Benton et al. 2002; Emmerson et al. 2016). For example, organic 

farming with no herbicides conserves or augments the floral diversity which favors bumblebee 

diversity, even in a intensively farmed landscape context (Rundlöf et al. 2008). If we consider the bird 

diversity, higher insecticide applications lead to a reduction of the richness and abundance of 

arthropods in the whole landscape, and thus reduce the food availability of predatory arthropods, such 

as carabids or spiders, and birds, hence reducing their diversity (Benton et al. 2002; Hallmann et al. 

2014). Finally, higher insecticide applications tend to homogenize bird communities towards the 

dominance of generalist species over specialists (Chiron et al. 2014). 
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1.1.3. Intensification at landscape scale through simplification 

Before heading to the description of a landscape, it is important to start with the notion of landscape. 

Indeed, while the landscape can be intuitively imagined in everyone’s mind. Turner and Gardner (2015) 

suggest: “A landscape is an area that is spatially heterogeneous in at least one factor of interest.” 

This wide definition deserves to open the definition of the landscape, particularly to the notion of 

scales, which can of great interest for ecology. Indeed, different taxa have different perceptions of a 

landscape; hence, what is a landscape for a peculiar taxon, is only a habitat patch for a taxon whose 

mobility is wider. This definition is more practical related to this thesis than the one of the European 

Landscape Convention (Déjeant-Pons 2006) : “Landscape means an area, as perceived by people, 

whose character is the result of the action and interaction of natural and/or human factors.” 

We can observe here the common differences between the landscape definitions of the American and 

European schools of landscape ecology. Although the American school focuses on the natural value of 

a landscape, i.e. its fundamental biotic and biotic components, the European school is more concerned 

about the interactions between the ecological and anthropogenic processes. Both perceptions are of 

interest related to this thesis. Indeed, there is a need of a definition which can fit various scales of 

ecological interpretations, and another one which can reintegrate the ecological landscape in its 

anthropogenic use background. This is particularly important for agricultural landscapes. 

 Landscape heterogeneity: composition and configuration 

Landscapes can be defined through two kinds of heterogeneities: compositional and configurational 

(Fahrig et al. 2011), sometimes more simply brought as composition and configuration (Figure 2). 

Though Duelli (1997) refers to habitat diversity and heterogeneity, the notions are quite similar. The 

compositional heterogeneity of a landscape is its number of different land cover types. In agricultural 

landscapes, it will be reflected by the diversity of crops and non-cropped covers, such as grazed 

grasslands, hedgerows or woody groves. Compositional heterogeneity can although be weighed by the 

relative area covered by every of its land cover type, the same way the notion of evenness is applied 

to biodiversity. It is indeed the kind of ponderation made by the Shannon diversity index with 

biodiversity, though it is now commonly applied to landscape compositional heterogeneity as well. 

Configurational heterogeneity refers to the spatial arrangement of cover types in the landscape (Fahrig 

et al. 2011). The configurational heterogeneity is thus measured by indicators referring to the 

geometric patterns and shapes of the patches in the landscape, some of the most basic being the mean 

patch size or the edge density. The notion of patch is then important, and can be defined as the 

continuous and homogeneous area 
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Figure 2. Landscape configurational and compositional heterogeneities (source: Fahrig et al., 2011) 

 

 

Figure 3. Different perceptions of the landscape according to the taxon 

(source: Henle and Kaule, 1991) 
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The notion of scale then appears important, as another dimension of landscape, as an research object 

(Bailey et al. 2007). Scale itself is defined by two parameters: grain and extent (Turner and Gardner 

2015). The grain corresponds to our smallest spatial resolution; the extent is the size of the study area. 

The grain and extent are crucial and shall be different considering the study of various living organisms, 

since their perception of the landscape is different. The notions of homogeneity or the grain of a patch 

are not the same when we consider the dispersion ability and the mobility of different taxa (Figure 3). 

 Agricultural landscape simplification 

Intensification of agriculture led to the reduction of crop diversity, the cropping or the abandonment 

of former grasslands and the removal of semi-natural elements, such as grassy strips, hedgerows or 

woody groves. This translates in the crude reduction of landscape compositional heterogeneity. By 

enlarging the field sizes, and thus regrouping them, landscape configurational heterogeneity has also 

been reduced through agricultural intensification. The regional specialization of agriculture 

homogenized the landscapes on a regional basis. Indeed, the focus on some specific productions has 

driven to the dominance of a low variety of them in the landscape. Both configurational and 

compositional heterogeneities were reduced in agricultural landscapes by the intensification of the 

Green Revolution. Hence, it is commonly admitted that the agricultural intensification led to the 

simplification of rural landscapes, as observed across Europe (Robinson and Sutherland 2002; 

Tscharntke et al. 2005a; Emmerson et al. 2016). The simplification of agricultural landscapes can also 

be considered in a temporal scale with the shortening and simplification of rotations. 

1.1.4. Impacts of landscape simplification on biodiversity 

The intensification of agricultural practices impacted on the landscapes in various ways. The 

development of crop specialization of some agricultural regions has been a major driver in the 

modification of rural landscapes. In crop dominated regions, lots of grasslands were turned into 

cropland, since the breeding activities were abandoned little by little (Strijker 2005). In Europe, the 

decline of permanent grasslands represents 30 % of the areas they covered in 1960 (Peyraud et al. 

2012). In France, this resulted in the loss of 3 million ha of permanent grasslands, which is 23 % of the 

areas they covered in 1970 (Huyghe 2009). However, the decline of grasslands also affected 

agricultural regions specialized in livestock breeding, since some of them where replaced with silage 

maize. Whereas it was almost absent in 1965, it now represents 83 % of the 1.7 Million ha of annual 

forage crops. Sown grassland areas saw an important decline, falling from 3 Million ha in 1960 to less 

than 0.5 Million ha in 2005. 
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During the agricultural intensification, the specialization of farms in cropping led to a radical reduction 

of crop diversity: nowadays, only three crops (wheat, maize and rice) produce 57 % of the global 

energetic food bowl, if we add soybean, it is 64 % of the global calories production (Ray et al. 2012). 

This reduction of crop diversity is also observed at the genetic level among the cultivars of a same 

species (Roussel et al. 2005; van de Wouw et al. 2010; Peres 2016). Hence, this resulted in 

homogenization of crops with shorter and simpler rotations (Stoate et al. 2001; Pointereau and Bisault 

2006; Mudgal et al. 2010), whose more acute example is mono-cropping, due to the extension of cash-

crop and mechanization. 

Mechanization has also led to the enlargement of fields, in order to make them more practical for 

agricultural machines and benefit from downscaling economies. This was also the consequence of the 

enlargement of farms and the reduction of their number, when more productive farms assimilated 

smallest and less competitive ones (Stoate et al. 2001). In France, it took the form of a public policy: 

the reparcelling (remembrement). Multiple reparcelling rounds occurred between 1945 and the 

2000ies (Philippe and Polombo 2009). The objective of this policy is explicitly to ease the agricultural 

work by combining parcels. It resulted in the increase of the average cropped parcel size. 

 

Figure 4. Evolution of the total permanent grassland area in France (source: Agreste, 2016). 

The enlargement of parcels resulted in the decline of hedgerows and other semi-natural linear 

elements (Husson and Marochini 1997; Marshall et al. 2001; Pointereau 2002). Since they were on the 

boundaries between fields to be merged, they were removed and assimilated in the cropped enlarged 

parcels. Furthermore, woody groves were also cut down and turned into cropland. Finally, agricultural 

intensification led to the abandonment of former farmlands (Stoate et al. 2001). Thereby, grasslands 
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were cropped or abandoned (Figure 4). Parcels which could not be mechanized or which did not take 

part into reparcelling policies. The abandoned fields then get encroached by shrubs. 

 Composition and configuration 

Landscape configurational heterogeneity benefits biodiversity (Fahrig et al. 2015). Batáry et al. (2017) 

indeed compared agricultural landscapes formerly separated by the Iron Curtain through central 

Germany: eastern landscapes had been simplified with the reparcelling and removal of hedgerows, 

whereas these changes did not occur in the West. They found higher plant and ground-dwelling 

arthropod diversity in western small-scaled landscapes, with higher edge density and smaller fields, 

than in eastern large-scaled ones, independently from farming practices intensity. The beneficial effect 

of smaller field size is consistent with other studies (Sirami et al. 2019). 

Compositional heterogeneity also favors biodiversity at multiple trophic levels: plants, carabids, 

spiders, bees, hoverflies, butterflies and birds (Devictor and Jiguet 2007; Sirami et al. 2019). In 

agricultural landscapes, compositional heterogeneity is highly linked to the crop diversity. Indeed, 

increasing the number of crop types in the landscape enhances biodiversity by varying the food 

resource and promoting different specialist species (Sirami et al. 2019). This result emphasizes the fact 

that both landscape and field heterogeneities need to be taken into consideration to enhance 

biodiversity. Moreover, the beneficial effect of crop diversity is stronger when it is paired with a higher 

semi-natural coverage: this gives evidence that crop diversity provides a continuous food resource 

(Schellhorn et al. 2015), while semi-natural covers are both stable habitats for food and shelter 

(Schneider et al. 2016; Duflot et al. 2017; Gallé et al. 2018a) . 

The temporal crop diversity, i.e. rotation variety and length, benefits biodiversity (Stoate et al. 2001). 

This is the case for carabids, whose diversity is enhanced by compositional and configurational 

heterogeneities (Billeter et al. 2008; Fahrig et al. 2015) as well as spatiotemporal (Bertrand et al. 2016). 

Indeed, different crops offer a variety and continuity of food and habitat resource for non-pest species, 

though they can also host pest species (Benton et al. 2002). 

 Grasslands and semi-natural elements: essential factors of diversity 

Non-cropped habitats favor a higher biodiversity, including natural enemies, such as carabids, rove 

beetles, hoverflies and spiders (Dauber et al. 2005; Purtauf et al. 2005; Bianchi et al. 2006; Sirami et al. 

2019) as well as pollinators (Weibull et al. 2000; Barbaro and Halder 2009). Grassy-crop adjacencies 

have been pointed out to enhance carabid diversity (Duflot et al. 2017). Indeed, semi-natural habitats 

provide alternative hosts and preys to natural enemies, or floral food resource to adult pollinators 

whose larvae are natural enemies, such as hoverflies or chrysopids. Finally, semi-natural habitats can 
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be over-wintering refuges for natural enemies (Thorbek and Bilde 2004; Schirmel et al. 2016). It has 

been shown that natural enemies which overwintered in neighboring semi-natural habitats spill over 

back into the croplands in spring and are effective to struggle against pests (Bianchi et al. 2006). This 

migration of natural enemies between cropland to more stable semi-natural habitats is included in the 

process of “cyclic colonization pattern” (Duelli et al. 1990; Wissinger 1997; Lee et al. 2001a) (Figure 5). 

Semi-natural covers, such as grass strips, can also shelter carabids and protect them from insecticide 

sprays, then improving the biological control (Lee et al. 2001a). 

 

Figure 5. Illustrated example of cyclic colonization for a carabid species which would overwinter as an 

adult in permanent grasslands and move back to crops in spring. 

Concerning grasslands, extensive grazing is associated with higher diversity of insects (Kruess and 

Tscharntke 2002; Grandchamp et al. 2005; Lyons et al. 2017). In European agroecosystems, since there 

is no consensus on the depletion of intensive grazing depletes the vegetal diversity of grasslands, this 

lower insect diversity is attributed to the depletion of the food availability. Populations of low 

abundance or of small dispersal abilities are more affected, since they are likely to move to neighboring 

habitats (Kruess and Tscharntke 2002). 

Furthermore, ungrazed grasslands host higher insect diversity, though not higher plant diversity. The 

vegetational resource being higher is thereby architecturally more complex and enhances insect 
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richness and abundance. When eventually mowed, sequential cuts of smaller areas depletes less 

carabid diversity (Cizek et al. 2012). Since they imply different disturbance in time and space, 

associated with diverging habitat heterogeneity, grazing and mowing lead to different carabid 

communities (Grandchamp et al. 2005). Other studies point out the decreasing diversity of carabids in 

abandoned grasslands (Schirmel et al. 2015). The impact of landscape on permanent grasslands 

carabids has been lowly investigated. 

Permanent grasslands are high quality habitats for pollinators since they offer wide range of food 

resource with floral diversity as well as nesting sites (Steffan-Dewenter et al. 2002; Le Féon et al. 2010). 

Moreover, intensive grazing pressure is detrimental to bee communities and diversity. 

There is no mystery whether the species with higher conservation preoccupation are those related to 

grasslands and shrublands (Duelli and Obrist 2003a; Barbaro and Halder 2009), emphasizing the 

decline of these habitats in agricultural landscapes. 

 Other semi natural elements: hedgerows, grass strips and woodlands 

Most linear semi-natural elements, be they hedgerows or grass strips, are located on field margins 

(Marshall and Moonen 2002). Being the ecotone between two habitats, the margins are ecologically 

richer than the areas they separate (Kovář 1992), resulting from the mixture of the diversities of both 

habitats as well as species which are particular to the margin . Linear semi-natural elements are refuges 

for farmland wildlife, including plants (Thomas and Marshall 1999; Marshall et al. 2001; Marshall and 

Moonen 2002). They can be forage resource for pollinators, with floral and insect diversities being 

related (Thomas and Marshall 1999),or shelter habitats for natural enemies (Thomas et al. 1994; 

Marshall and Moonen 2002). 

Hedgerows are forage resource for pollinators with the additional plant diversity they bring to the 

landscape (Morandin and Kremen 2013; Sardiñas and Kremen 2015). Furthermore, more complex 

hedgerows, meaning with higher plant richness and more architectural stages, support more diverse 

pollinators species (Garratt et al. 2017). Higher floral diversity can thereby provide food resource 

continuously to pollinators. Higher abundance of pollinators is found on hedgerows in intensive 

landscape context, meaning that these linear elements are important food provisions in simple 

landscapes. This indicates that hedgerows can support the preservation of pollinators communities in 

intensively farmed contexts (Morandin et al. 2016; Garratt et al. 2017). 
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1.2. Beneficial insects in agricultural landscapes 

1.2.1. Ecosystem services provided by biodiversity 

In order to be sustainable, agriculture needs to rely and use ecosystem services provided by 

biodiversity, like biological control of pests and weeds, crop pollination, nutrient recycling or soil 

stabilization (Altieri 1999; Moonen and Bàrberi 2008; Emmerson et al. 2016). The species supporting 

these services are referred to as functional, or beneficial, (bio)diversity. The modification of 

ecosystems by agricultural intensification impacts on the beneficial species, hence endangering the 

ecosystem services they provide (Altieri 1999; Tscharntke et al. 2005a). As we could see above, species 

composition of agricultural landscapes is highly determined by the intensity of farming practices and 

habitat quality as well as spatial organization (Moonen and Bàrberi 2008). Hence it is possible to 

organize the agricultural landscape in order to favor species with traits which are considered beneficial 

for farming activities. 

We will focus on the two ecosystem services provided by above-ground insects, biological control 

through pest predation, and pollination, and see how the landscape impacts on them. 

1.2.2. Landscape, ground-dwelling insects and biological control 

Populations of all species are controlled by interactions with other organisms, such as predators, 

parasites or diseases: this is natural control (Hajek and Eilenberg 2018). Biological control is the 

application of natural control to benefit farming activities through the use of living organisms to reduce 

pest populations. It is exploited by humans in farming activities in order to reduce the pests’ damages 

to crops and increase the yields. Biological control can be used against all kinds of pests, including 

invertebrates and weeds. 

Since the Green revolution, the systematic answer to pests and weeds has been through chemical or 

mechanical methods, though there is a need for economically viable as well as environmentally 

sustainable alternatives. Indeed, the use of chemical pest control raised more and more side-effect 

issues about human health and ecological impacts (Hajek and Eilenberg 2018). Many above-ground 

insect species can provide biological control in croplands, among which carabids and spiders have been 

highly investigated (Kromp 1999; Sunderland and Samu 2000; Nyffeler and Sunderland 2003; Bianchi 

et al. 2006). 

Landscape heterogeneity, considering both compositional and configurational aspects, enhances 

ecosystem services of biodiversity towards agriculture (Bianchi et al. 2006; Emmerson et al. 2016). 
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Biological control is enhanced by higher landscape complexity (Rusch et al. 2013b; Lindgren et al. 

2018), meaning higher coverage of semi-natural areas and smaller fields. 

Pest populations tend to benefit from agricultural intensification, having high quantity of host plants 

(Thies et al. 2011). Aphids’ life cycles are for example closely related to their hosts, they hence benefit 

from landscape intensification where crops dominate. On the contrary, the higher level of pest control 

in more complex landscapes is due to a more continuous and higher availability of food resources, such 

as alternative preys, pollen and nectar, as well as refuge and overwintering habitats (Landis et al. 2000; 

Östman et al. 2001a; Woodcock et al. 2016). Indeed, natural enemies need more than their prey or 

host to survive, since cropped habitats only provide high amounts of prey resource at certain times of 

the year (Coll and Guershon 2002; Wäckers et al. 2005). 

To be maintained, biological control hence needs alternative preys and shelter habitats to conserve 

natural enemies: this is conservation biological control (Tscharntke et al. 2007; Jonsson et al. 2008). 

Alternative preys can be found in adjacent patches, be they natural, semi-natural or sown (for instance 

grassy or flower strips). Many predatory natural enemies find overwintering habitats in hedgerows, for 

example. Hence, their abundance and diversity benefit from reduced management of hedgerows 

(Altieri et al. 2018). Moreover, the spraying of herbicides in adjacent fields negatively affects the 

hedgerow bottom flora, hence the insects which harbor there, also contributes to reduce the diversity 

of natural enemies. Conservation biological control thus aims at promoting practices which favor 

natural enemies by conserving and enhancing their already present populations in farmlands 

(Tscharntke et al. 2007). 

 Carabids: pest and weed regulators 

Carabids are important biological control providers (Kromp 1989; Kromp 1999; Moonen and Bàrberi 

2008). They are ground dwellers and colonize field crops such as cereal and maize, mainly preying on 

aphids. Larger species, such as Abax parallelepipedus are also known to forage on slugs and snails. 

Most predatory carabids are generalist, meaning they do not forage on specific preys, whereas the few 

specialists feed on collembolans. Other phytophagous species, in the genera Amara or Harpalus for 

instance, feed on weed seeds. Hence, by their diversity, carabids can provide a wide range of biological 

control to farming activities through pest and weed seed predation. Carabids’ efficiency in pest 

predation is due to their voracious behavior: they consume almost the equivalent of their own body 

mass every day. 

Polyphagous species, feeding on both weed seed and aphids, are known to be efficient natural enemies 

in fields crops (Ekbom et al. 1992; Moonen and Bàrberi 2008). These species are favored by higher 

configurational heterogeneity, meaning higher vicinity to a diversity of habitats (Östman et al., 2001). 
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Carabid species indeed also benefit from higher compositional diversity in agricultural landscapes. 

However, polyphagous species can have various needs in terms of habitats around the cropped fields. 

Pterostichus melanarius for instance needs the proximity of cropland and woodland as the adults 

reproduce in the first and dwell in the second. 

Furthermore, farmland carabid species richness and density decrease with larger fields and with fewer 

semi-natural habitats in their vicinity (Baranová et al. 2013). The proximity of grasslands and 

hedgerows is indeed an important factor to enhance carabid diversity (Purtauf et al. 2005; Duflot et al. 

2017; Holland et al. 2017). In simpler cropped landscapes, the assemblages tend to be dominated by 

a reduced number of species (Baranová et al. 2013; Bertrand et al. 2016), being selected by their 

tolerance to anthropogenic disturbance due to farming activities (Thiele 1977; Luff 1996; Kromp 1999). 

Some farming practices have negative effects on carabid populations, mainly intensive ones. In 

general, ground-dwelling invertebrates, among them carabids, are affected by tillage, since it alters 

the amount of surface residues and the weed diversity (Kromp 1999; Menalled et al. 2007). Thus, no- 

or conservation tillage conditions have proved to benefit carabid diversity. The use of herbicides and 

insecticides have respectively indirect and direct effects on carabid diversity, either by killing the 

individuals, or by reducing their food resource, be they prey insects or weed (Chiverton and Sotherton 

1991; Menalled et al. 2007) 

Concerning the fertilization, organic fertilization enhances carabid species richness and density by 

favoring micro-arthropods activity on the ground surface (Pfiffner and Luka 2003). On the contrary, 

comparative studies showed lower carabid diversity in fields with mineral fertilizer (Kromp 1999). Crop 

rotations, though determined by agricultural practices, are also markers of spatiotemporal 

heterogeneity of landscapes. Carabid communities are indeed more diverse in agricultural mosaics 

with more heterogeneous rotations (Bertrand et al. 2016). Carabids are then able to find a continuity 

of suitable habitats across time. More diversified crop rotations also tend to favor more generalist 

species, such as P. melanarius or Poecilus cupreus. 

However, the gap in carabid diversity between intensive and more diversified cropping systems is not 

observable anymore in heterogeneous landscapes, with smaller fields to facilitate the movement of 

carabids, and semi-natural elements to shelter them in case of disturbance (Kromp 1999). Within-field 

mixed crops favor higher carabid diversity, for the same reason as denser and more diverse vegetative 

weeds within-field cover (Kromp 1989; Pfiffner and Luka 2003). 
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 Other ground-dwelling beneficial insects and weed regulators 

Carabids are not the only ground-dwelling family that support biological control: spiders and rove 

beetles can also prey on pests, notably aphids (Sunderland et al. 1986; Ekschmitt et al. 1997; Schmidt 

et al. 2003; Moonen and Bàrberi 2008). Numerous spider families can contribute to biological control: 

wolf spiders (Lycosidae), money spiders (Linyphiidae) are the most encountered in fields, often making 

up to the whole spider fauna in cropped fields. Wolf spiders are a cursorial hunting family, meaning 

they wait for ambushing their preys. On the contrary, money spiders are sheet-web weavers: their 

foraging strategy consists in waiting hung underneath their sheet-web, which they pull to trap a prey 

(Ekschmitt et al. 1997). Spiders are generalist insect predators, feeding mostly on collembolas, aphids, 

thrips and small flies, which makes turns them into polyvalent pest regulators, even though most of 

their preys are aphids in Europe (Nyffeler and Sunderland 2003).  

Rove beetles are one the largest family among the Coleoptera. They are generalist, fast and agile 

predators, particularly for Staphylininae, Paederinae and Steninae, which prey on a variety of pest 

invertebrates such as nematodes, mites or even other Coleoptera, either adults or larvae (Ekschmitt 

et al. 1997; Bohac 1999; Moonen and Bàrberi 2008; Frank and Thomas 2016). However, small-bodied 

families, i.e. Tachyporinae, are polyphagous, feeding on both small invertebrates and fungi, though 

they also contribute to the recycling of the soil organic matter. 

Like carabids, wolf spiders and rove beetles are negatively affected by tillage (Ekschmitt et al. 1997; 

Sunderland and Samu 2000), though money spiders appear to be more resilient. To a certain point, 

mineral fertilization can benefit ground-dwelling natural enemies, providing more numerous 

populations of preys. Although high doses of mineral fertilizers appeared to be harmful, mainly by 

decreasing the soil humidity (Ekschmitt et al. 1997). Organic fertilization is beneficial for rove beetles, 

like it is for carabids, reflecting an increase in the prey resource (Bohac 1999). Spiders and rove beetles 

are affected by pesticide applications the same way than carabids: directly by killing of individuals as 

well as indirectly by reducing their food resource. The harvest season is a critical period for spiders, 

whose eggs are destroyed while laid in the ground or in cereal stems. However, spiders can recolonize 

cropped fields from adjacent fields, hence they need the vicinity of more stable, uncropped, semi-

natural habitats (Ekschmitt et al. 1997). Indeed, higher spider diversity is found in landscapes with 

higher density of hedgerows and field margins (Sunderland and Samu 2000). More interestingly, wolf 

spiders tend to be more abundant at the field edges, from which they can emigrate easily into the 

neighboring habitats in case of anthropogenic disturbance. Contrarily, money spiders are more 

abundant in the field center, since they are aeronaut, thus less impacted by farming activities. Higher 

compositional heterogeneity favors the dispersal of aeronaut spider species, offering the continuous 

vegetative cover they need to move (Sunderland and Samu 2000). 
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Rove beetles are highly affected by the presence of dark and shaded habitats and micro-habitats, 

hence insolation is one major determinant of their diversity (Dauber et al. 2005) . Moreover, rove 

beetle diversity is enhanced by more complex landscapes, mainly in presence of hedgerows, smaller 

fields and wood covers (Bohac 1999). Thus, they benefit from the presence of trees in hedgerows 

where they can find refuge from daylight as well as overwinter (Garratt et al. 2017). Simpler landscapes 

tend to show rove beetle assemblages dominated by a few ubiquitous species. 

1.2.3. Landscape, insects and pollination 

Agricultural landscapes pollinators regroup a wide range of taxa, including bees (Apoidae), butterflies 

(Lepidoptera), hoverflies (Syrphidae) being among the most important (Moonen and Bàrberi 2008; 

Ollerton 2017). Even though butterflies are the most diverse taxon, bees and hoverflies have the higher 

pollination rates, having more plant species directly depending on them to ensure their reproduction. 

They are essential to a wide range of cross-pollinated entomophilous crops such as oil and protein 

crops, as well as fruits and vegetables (Winfree et al. 2011). All of these pollinators taxa have been 

declining since the beginning of agricultural intensification in Europe (Ollerton 2017). 

They are highly related to floral diversity since they need to find a continuous food resource across 

time (Le Féon et al. 2010; Cole et al. 2017). Summer appears to be a crucial period for their survival 

since it is impoverished in floral diversity: semi-natural habitats, including road sides and riparian 

buffer strips, are good providers of continuous floral richness across time (Cole et al. 2017). Bee species 

richness and abundance is indeed lower in simpler landscapes, with fewer semi-natural habitats and 

habitat diversity (Steffan-Dewenter et al. 2002). Furthermore, bees are more diverse in mixed farms 

landscapes, associated with extensive livestock management and diversified cropping systems (Le 

Féon et al. 2010). 

In homogenized landscapes, pollination mainly relies on species with wide foraging range, such as 

bumblebees and honeybees. Larger pollinators, with better flight abilities, thereby show less sensitivity 

than smaller ones to crop homogenization and intensive practices. Their higher mobility allow them to 

move from one crop to another and find more easily the food resource they are searching for (Le Féon 

et al. 2010). Nonetheless, Happe et al. (2018) found that bumblebees richness is positively affected by 

higher configurational heterogeneity. Indeed, bumblebees highly forage in field boundaries, and small-

scale agriculture enhances the floral diversity and the density of field boundaries. 

Solitary wild bees are more dependent on the vicinity semi-natural habitats and are less mobile, they 

are thereby more impacted by the intensification of agricultural landscapes. Therefore, solitary wild 

bees are more responsive to small-scale landscapes than bumblebees or honeybees. Moreover, the 
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decline of the diversity and specialization of pollinators in simple landscapes can also cause the long 

term loss of floral diversity, since many plants rely on specialized solitary bees (Kearns et al. 1998). 

Higher landscape heterogeneity favors bumblebee and butterfly diversity, in organic as well as in 

conventional farming contexts (Rundlöf and Smith 2006; Rundlöf et al. 2008). Compositional 

heterogeneity especially enhances butterfly diversity (Perović et al. 2015) 

Furthermore, the presence of organically managed fields in the landscape favors higher solitary and 

bumblebee species (Holzschuh et al. 2008; Kennedy et al. 2013). Indeed, organic farming favor higher 

floral diversity, and hence can attract more diverse bee species. Wild bees are also favored by the 

vicinity of semi-natural areas in the landscape (Kennedy et al. 2013). 

Hoverflies are of double interest for agriculture, since their larvae can be aphid predators or 

decomposers, according to the species (Moonen and Bàrberi 2008; Moquet et al. 2018). Hence, the 

availability of foraging resources for both adults and larvae are necessary to hoverflies. Larvae indeed 

need a diversity of microhabitats, even fragmentary woody areas, at the landscape scale, whereas 

adults need floral diversity at the plot scale (Moquet et al. 2018). Moreover, hoverflies tend to feed on 

understory plants of hedgerows, while more complex hedgerows are foraged by higher bumblebee 

richness (Garratt et al. 2017). 

We observed that agriculture affects beneficial entomofauna in many ways, both through practices 

and landscape context, sometimes through the interaction of the twice. The ecological theory anyhow 

supports these impacts of agriculture on biodiversity and can help explaining them. 

1.3. Landscape functional heterogeneity 

1.3.1. Limits of the fragmentation model 

Since the 1970’s, the fragmentation model has offered a useful conceptual framework for conservation 

biologists and landscape ecologists. It relies on three main assumptions (Haila 2002): (i) the island 

analogy, (ii) the acute contrast between suited habitats and the surrounding matrix, and (iii) the 

uniformity of natural conditions. The fragmentation model therefore focused on the biodiversity 

decline due to the destruction and fragmentation of natural habitats, or biodiversity reserves, in a 

matrix of hostile anthropogenic environment. Furthermore, natural habitats can be linked together by 

corridors that allow the move and dispersion of wildlife through the hostile anthropogenic matrix 

(Figure 6). The fragmentation model took form in the ecological connectivity (Baudry and Merriam 

1988) and the patch-matrix-corridor representations (Forman 1995). 
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Figure 6. Patch-corridor-matrix representation inherited from the fragmentation model 

(Source: Fischer and Lindenmayer, 2007) 

However, the notion of hostile anthropogenic matrix meets empirical limitations. Many species have 

wide range of habitat suitability, and thus are not impacted the same way and at the same levels by 

habitat fragmentation (Haila 2002). Moreover, it has been pointed out that it is not necessarily the 

mere occurrence of one habitat that is needed by some species, but also its size. More importantly, 

the uniformity assumption failed to take into consideration the role of environmental heterogeneity, 

spatial as well as temporal, into the determination of ecological communities composition and richness 

(Haila 2002). In response to this criticism, Fahrig (2003) helped refining the fragmentation framework. 

A clear distinction was then made between habitat fragmentation and habitat loss, and the size of the 

patches matters. Nonetheless, one major issue remained: the binary perception of the landscape 

mosaic between suitable habitats in a hostile matrix. 

Consequently, the continuum model emerged as a complementation (Fischer and Lindenmayer 2006) 

and predicts that species have peculiar requirements of environmental gradients: food, shelter, space 

and climatic conditions (Figure 7). The continuum model allows to consider the landscape in gradients, 

but its limitation is in the species-specific point of view that it addresses, which can be an obstacle to 

the study of communities. Moreover, even though the continuum model is more complex than the 

fragmentation model, it fails to include the interspecific relationships, as well as cross-scale effects 

(Fischer and Lindenmayer 2006). 



  
 

21 
 

 

Figure 7. Continuum model illustration (Source: Fischer and Lindenmayer, 2006) 

Nevertheless, the continuum and fragmentation models both show strong limitations for applied 

research (Fischer and Lindenmayer 2007). On one hand, the fragmentation model, being highly 

pattern-oriented, is highly attached to the human perception of landscape and land covers to infer 

ecological causalities. This can lead to amalgamate ecological and species processes (Fischer and 

Lindenmayer 2007). On the other hand, the continuum model is highly species-oriented and the 

quantification of every gradient can be tedious and complex (Fischer and Lindenmayer 2006; Fischer 

and Lindenmayer 2007). Moreover, it fails to find patterns between landscape and species distribution. 

Therefore, Fischer and Lindenmayer (2007) emphasized the need to have complementary approaches 

between species-oriented and pattern-oriented, taking also in consideration the ecological processes. 

1.3.2. Landscape functional heterogeneity, an intermediate framework 

 Functional heterogeneity 

The landscape functional heterogeneity is an ecological framework which makes compromises 

between the fragmentation and continuum models and has been originally formulated by Fahrig et al. 

(2011). Indeed, it keeps a simple landscape categorization of land cover types like in the fragmentation 

model. Although, it is not so binary: the land cover categories correspond to the level of ecological 

functions that the type can provide to a certain species group. Species are thereby grouped by the land 

cover type they need to meet their needs for resource. The resource term is to be taken at a wide 

sense, it includes food, shelter, nesting or reproduction habitats etc. Hence, some species can need 
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the same habitat, though they use different resource it provides (Fahrig et al. 2011). Since the 

functional heterogeneity considers the resource needs of species, it also draws inspiration from the 

continuum model. The fact that the species groups are formed from the land cover types or habitats 

they use to meet their resource needs is the reason why the landscape heterogeneity is perceived as 

functional in this model. 

When applied to agricultural landscapes, the functional heterogeneity framework gives interesting 

advantages. In the first land cover dichotomy, Fahrig et al. (2011) differentiate natural land covers and 

production covers. However, these two kinds of land covers are not clear-cut, since there are many 

gradients to go from full-natural to full-production covers, mostly differentiated by the level of primary 

production which is consumed by humans. Natural areas, such as woodland, are then considered as 

an extreme end of this dichotomy, though hedgerows or herbaceous field edges are as well. At the 

opposite end, we would find intensively cropped fields, even if there is always a part of their primary 

production which feeds wild species such as pests or weed. Then, semi-natural grasslands are 

considered halfway between natural and production covers. 

As shown in 1.1.4, non-cropped habitats are highly important to enhance biodiversity in agricultural 

landscapes. However, they are of no or little economic interest for farmers (at least not directly visible), 

since they cannot directly benefit from them. Natural and semi-natural areas nevertheless can provide 

ecosystem services which in the end benefit to agriculture. One main point is thereby to balance 

agricultural landscapes between natural and production covers (Fahrig et al. 2011), in order to provide 

both food for human consumption and ensure the sustainability of ecosystem services that farming 

activities can benefit from. 

 Landscape complementation 

Landscape complementation is an implication of the functional heterogeneity model. As said before, 

a resource can take multiple forms: food, shelter or even breeding site. Landscape complementation 

is considered when the two habitats are neighboring, allowing the species to efficiently benefit from 

the resources of each of them (Dunning et al. 1992): the presence of the resource in one habitat patch 

is complemented for the given species by the presence of the other habitat patch. Landscape 

complementation is analogous to Tilman's (1982) resource complementation, though its scale is wider. 

Then, landscape complementation suggests that higher landscape heterogeneity enhances the 

richness of species needing multiple habitats to meet their needs (Figure 8). 
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Figure 8. Illustrated effect of landscape complementation on biodiversity (Source: Fahrig et al., 2011) 

Common illustration of landscape complementation is in Choquenot and Ruscoe’s (2003) study on wild 

boars (Sus scrofa). Two different habitats were identified to be important for wild boars’ biological 

cycle: riverine woodlands as refuge and pastures as foraging resource. Choquenot and Ruscoe then 

demonstrated that the further distant the two habitats were, the lower the foraging efficiency was in 

the pasture. Their conclusion is finally that wild boar populations need landscapes where the two 

habitats are distant by less than 10 km. Landscape complementation has also been observed for 

habitat generalist such as ravens (Corvus corax) (Mueller et al. 2009). Raven populations decline was 

noticed over 16 years where woody habitats were modified by the reduction of ungulate densities. 

Indeed, tough the nesting sites of ravens were mostly in coniferous forests, their reproductive success 

was higher in small pine forests which were complemented by deciduous forests as well as open areas. 

It has then been shown that deciduous and open habitats provided higher food supplies to ravens.  

Landscape supplementation is an inference of landscape complementation, and applies when the 

original habitat of a species is destroyed or substantially disturbed, or in the case that their habitat 

patches are too far away to allow any dispersal (Dunning et al. 1992). A good illustration of landscape 

supplementation can be found in Miyashita et al. (2012). They studied the spider communities of 

grasslands and found that spider species richness and abundance were higher when there was both 

forest and paddy fields in the surrounding landscape. They concluded that grassland spiders use forest 

margins as refuge habitats during grassland mowing and, moreover, that paddy fields and forests 

provide foraging resource to stabilize the spider community. Interestingly, they also deducted that 

prey species may also benefit from landscape complementation between grasslands and forests for 

alternative food. 
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Though landscape complementation was prior to the questioning of the fragmentation concept, it has 

the qualities of an intermediate way between species-oriented and pattern-oriented approaches 

(Fahrig et al. 2011). It allows pattern-oriented approaches, giving depth to the impact of landscape 

heterogeneity on species distribution by considering the interactions between various habitat patches. 

Thereby, Fahrig et al. (2011) extends the notion of suitable habitat, inherited from the fragmentation 

model, to the one functional cover type. The functionality of a cover type is related to the provision of 

resource to a set of different species. Beneficial cover types provide one or more resource, while 

neutral cover types do not, even though they can be moved through without risk. Finally, dangerous 

cover types are avoided by the concerned set of species, since they do not furnish any resource and 

are dangerous to move through. 

1.3.3. Implications for biodiversity at local scale 

Landscape complementation therefore explains that the diversity of two different habitats in vicinity 

is higher than the sum of their proper diversities (Figure 8). Indeed, some species need a variety of 

habitats to fulfill their biological cycle, for example to find both foraging and shelter resources. 

Landscape complementation thereby postulates that the correlation between biodiversity and 

landscape heterogeneity is not linear. 

Magura et al. (2017) studied the case of natural forest edges within agricultural landscapes. They 

observed that forest edges could enhance local carabid and spider diversity by the provision of multiple 

resources such as food, shelter, nesting or overwintering habitats. This was particularly true in the case 

of semi-natural field edges. They therefore host species from the communities of adjacent habitats, as 

well as proper species needing this ecotone. 

In their work about skylarks (Alauda arvensis) in agricultural landscapes, Miguet et al. (2013) 

demonstrated that these birds would rather nest in temporary grasslands, mainly sown alfalfa, in 

landscapes with a diversity of neighboring crops. Moreover, the presence of both winter and spring 

crops benefits to skylark density, which points out a complementation effect. Indeed, while grasslands 

offer a quite stable nesting site, cereal and spring crops can provide a continuous foraging resource, 

invertebrates in the case of skylarks, all throughout the breeding season. Furthermore, when nesting 

in crops, skylarks appeared to switch their nesting site to spring crops when the cereal crop canopy 

becomes too high, around May. 

Landscape complementation processes can also favored by higher configurational heterogeneity 

(Brotons et al. 2004; Fahrig et al. 2011). Highest edge density between complementary habitats can 

enhance the multi-habitat diversity needing both habitats. Ecotones are thereby obvious examples of 



  
 

25 
 

complementation between two habitat patches, which explains why landscape configurational 

heterogeneity also plays a role in functional heterogeneity. 

1.3.4. Implications for biodiversity at the landscape scale 

Firstly, landscape complementation indicates that increasing semi-natural coverage and diversity 

enhances biodiversity in agricultural landscapes (Fahrig et al. 2011). Semi-natural areas are more stable 

habitats, hence fauna can spillover in case of disturbance of their original farmed habitat, like during 

the harvest or mowing period. They indeed can provide complementary resources from cropland, such 

as refuge or alternative food (Lee et al. 2001a; Devictor and Jiguet 2007; Schirmel et al. 2016). Empirical 

evidence shows that higher semi-natural coverage benefits to faunal diversity as it is the case for 

carabids (Aviron et al. 2005; Fusser et al. 2017), or ground-dwelling and flying arthropods, birds and 

plants (Billeter et al. 2008). 

Secondly, increasing crop diversity enhances biodiversity (Fahrig et al. 2011). This differs from the 

classical landscape fragmentation model where the arable land covers are only perceived as a hostile 

matrix for faunal species (Haila 2002). Large bodies of evidence have been brought to support this 

implication of landscape complementation (Benton et al. 2003). For example, Jonsen and Fahrig (1997) 

found that herbivorous arthropods were more diverse and abundant in landscapes with higher crop 

diversity, thus they move from crop type to another whenever they need to find new resources. 

Carabids (Östman et al. 2001b) and spiders (Sunderland and Samu 2000) are also sensible to crop 

diversity, since they can move from one crop to another to find forage resources or shelter to 

overcome the disturbances which are typical to farmed areas. 

Thirdly, small-scale farming benefits biodiversity through landscape complementation (Fahrig et al. 

2011; Fahrig et al. 2015). Smaller field sizes allow more interdispersion and juxtaposition between 

various farmed land cover types. Small-scale landscapes therefore augment possibilities of fauna to 

find various resources from different cover types by increasing the boundaries density between 

different habitats. Agricultural biodiversity, including multitrophic levels such as plants, birds, 

butterflies, hoverflies, bees, carabids and spiders, appears to respond positively to smaller fields 

(Fahrig et al. 2015).  

In accordance with all these implications, Sirami et al. (2019) found that the combination of these three 

factors consistently enhances the diversity of seven multitrophic taxa, including plants, bees, 

butterflies, hover flies, carabids, spiders and birds, across eight European and North American regions. 

They indeed observed that the multitrophic diversity was higher with higher semi-natural coverage, 

more diverse crops and smaller fields. Accordingly, to landscape complementation, they concluded 
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that species would find temporal continuity in a more diverse crop matrix, as well as stable resources 

in semi-natural habitats, while smaller fields ease the mobility from one land cover type to another. 

1.4. Scope of the thesis 

1.4.1. Knowledge gaps 

Landscape context is an important driver of arthropod biodiversity in agricultural landscapes (Stoate 

et al. 2009; Dainese et al. 2019). Even though species can have various individual responses, higher 

compositional and configurational heterogeneity enhance overall farmland diversity (Fahrig et al. 

2011; Sirami et al. 2019). Besides crop diversity, semi-natural areas, such as permanent grasslands play 

a major role in the enhancement of farmland biodiversity (Dauber et al. 2005; Purtauf et al. 2005; 

Bianchi et al. 2006; Sirami et al. 2019). Functional heterogeneity, through landscape complementation 

between croplands and grasslands, legitimately explains such biodiversity enhancement, through the 

provision of continuous resource in close cropped and non-cropped habitat patches (Thorbek and Bilde 

2004; Schirmel et al. 2016). Furthermore, carabids are an interesting family to study: they are well 

known in the northern hemisphere, notably in agricultural landscapes, and they provide important 

ecosystem services through the predation of pests (Kromp 1999; Sunderland and Samu 2000; Nyffeler 

and Sunderland 2003; Bianchi et al. 2006). As they are ground-dwelling, carabids dispersal ability is 

more likely to be affected by the adjacency between grasslands and croplands (Purtauf et al. 2005; 

Duflot et al. 2017; Holland et al. 2017). They appear to be good witnesses of the effect of the vicinity 

between these two land cover types in farmlands. However, other beneficial species can be of interest 

as well, such as spiders, some of which are also ground dwellers and positively affected by the vicinity 

of grasslands (Ekschmitt et al. 1997). Pollinators such as hoverflies and lacewings are also positively 

influenced by the vicinity of grasslands and crops, as some species’ larvae feed on crop aphids, while 

the adults need a floral diversity, hence semi-natural habitats, to find forage resource (Moquet et al. 

2018). 

Therefore, better knowledge about the similarities between the carabid communities from adjacent 

cropland and grassland would be of great interest. This would provide better understanding of the 

carabid abundance and richness which can be concerned by the landscape complementation provided 

by grasslands to cereal crops communities, or vice versa. These two land cover types each represent a 

different level of anthropogenic disturbance due to farming activities, and can show contrasting effects 

on arthropod communities, even when closely located. Moreover, since the landscape context impacts 

on farmland carabid communities, we lack information about how it impacts on the beneficial 
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arthropod diversity of these grasslands and croplands, and on the carabids species they share. Higher 

knowledge about the occurrence of carabid life traits providing ecosystem services for agriculture is 

needed. Finally, further understanding of the impacts of field and landscape parameters would be 

needed on the abundance or richness of other beneficial arthropods, both ground-dwelling, like 

spiders, and flying, like hoverflies and lacewings, since these groups can also benefit from the vicinity 

of crops and grasslands. 

1.4.2. Frame of study 

This PhD thesis was funded by the European Union and the Region of Auvergne Rhône-Alpes through 

the European Regional Development Fund (reference RA RA0015616). The research program 

“Ecological permeability of agricultural areas” took place in the frame of the SRCE Rhône Alpes, the 

regional ecological consistency scheme, which aims at the identification, cartography, preservation 

and restoration of ecological connectivity. 

Being funded by public funds this thesis aims at contributing to the enhancement of applied 

agroecological knowledge, relevant for stakeholders such as farmers, land planners or policy makers, 

for conservation and best management of biodiversity in agricultural landscapes by increasing or 

assuring connectivity between habitats and for functional biodiversity. In the case of this thesis, it looks 

more specifically on the question of revalorization of grasslands or semi-natural landscape elements 

for functional biodiversity, but also the potential contribution from cropped fields and the role 

diversified farming systems can play. 

1.4.3. Research question and hypotheses 

The core objective of this PhD is to deepen the knowledge about the carabid communities and other 

selected natural enemies and pollinator groups of two important farmland cover types: permanent 

grasslands and winter cereal fields in taking into account the landscape context. We aim at answering 

to the following research questions.  

Research question 1: How similar are carabid assemblages from neighboring permanent grasslands 

and cereal fields? 

Habitat is one major determinant of carabid assemblages (Thiele 1977; Kromp 1999; Dauber et al. 

2005). However, carabids can move between adjacent cropped fields and grasslands, and some species 

can hereby occupy both land covers and highlight the landscape complementation process (Dunning 

et al. 1992; Fahrig et al. 2011). We here hypothesize that the carabid assemblages from the two land 

cover types have carabid species in common and neighboring fields share more common species than 
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more distant ones (hypothesis 1), which would give evidence to the potential resource 

complementation between these two land cover types. 

Moreover, a functional analysis of carabid assemblages would help to find out whether the species 

found in both adjacent grasslands and cereal crops contain traits beneficial for agriculture (Kromp 

1989; Kromp 1999; Holland 2002). We hypothesize that the common species to both land covers are 

rather generalist, being more mobile and polyphagous (hypothesis 2). Indeed, polyphagous species can 

provide pest control as well as benefit from a refuge habitat, such as grassland (Symondson et al. 2002). 

Research question 2: How does the landscape context influence the carabid diversity of paired 

adjacent permanent grasslands and cereal crops? 

Many studies have documented the importance of the landscape context to enhance farmland carabid 

richness. However, most of them have focused on only one habitat, being cropland (Purtauf et al. 2005; 

Holland et al. 2017), grassland (Grandchamp et al. 2005; Batáry et al. 2007) or field margins (Thomas 

and Marshall 1999; Alignier and Aviron 2017). When carabids were sampled in multiple habitats, their 

diversity was considered altogether in order to study the multi-habitat gamma species richness (Duflot 

et al. 2017). Overall, past studies show that landscape heterogeneity enhances carabid diversity in 

farmland (Sirami et al. 2019). Here we hypothesize that higher compositional and configurational 

landscape heterogeneity foster carabid diversity in both cereal crops and permanent grasslands 

(hypothesis 3). Moreover, we expect that higher semi-natural landscape elements coverage in the 

surrounding landscape enhances carabid diversity in both cereal crops and permanent grasslands 

(hypothesis 4) 

Since we hypothesized that the common species in both adjacent cereal crop and grassland will be 

explained by the landscape complementation process, we hereby hypothesize that closer adjacency 

and higher rate adjacency between cereal crops and grasslands in the surrounding landscape enhances 

the ratio of common species in adjacent fields (hypothesis 5).  

Finally, as both landscape and habitat drive carabid functional traits occurrence (Duflot et al. 2014; 

Magura et al. 2015; Gámez-Virués et al. 2015), we assume that grassland carabids are more 

phytophagous and less mobile, while cropland are more predatory and more mobile (hypothesis 6). 

Moreover, we expect to find more mobile species in carabid communities of low-heterogeneity 

landscapes (hypothesis 7). Indeed, simpler landscapes tend to favor carabids with higher dispersal 

ability, since they need to adapt rapidly to the change of distribution of resource (Duflot et al. 2014) 
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Research question 3: What are the influences of field and landscape parameters on the grassland 

and cereal field communities of other beneficial arthropods such as spiders and pollinators? 

Spiders benefit from diverse landscapes, with a variety of crops and non-cropped habitats. They can 

indeed find shelter from the anthropogenic disturbance of farming activities in this heterogeneity of 

land cover types (Ekschmitt et al. 1997; Sunderland and Samu 2000). Thereby, we expect to find higher 

spider richness and abundance in landscapes with higher grassland coverage and higher landscape 

compositional heterogeneity (hypothesis 8). 

Pollinator diversity, like hoverflies and lacewings, is enhanced by higher floral diversity, since they are 

highly dependent on a continuous forage resource (Le Féon et al. 2010; Cole et al. 2017). Therefore, 

semi-natural covers, such as grasslands can provide them complementary floral resource from 

croplands and enhance their diversity (Cole et al. 2017). In this regard we hypothesize that more 

lacewings and hoverflies are found with higher grassland coverage in the surroundings of cereal fields 

(hypothesis 9). 

1.4.4. Thesis plan 

In order to answer to these research questions and verify our hypotheses, this thesis is organized 

through one chapter presenting the material and methods, and four chapters presenting results, 

among which three are original articles (either in press, under review or still in preparation). Then, we 

finish with discussing our findings and observations. The following four results chapters consist of: 

3. Complementarity of grasslands and cereal fields ensures carabid diversity in French 

agricultural landscapes (Article 1) 

This chapter aims at assessing the carabid diversity using both different indicators and developing 

assemblage similarity analyses in neighboring pairs of grasslands and cereal fields. Carabids were 

sampled in 104 pairs of cereal fields and grasslands in three agricultural landscapes of southeastern 

France. Carabid diversity was measured through species richness (α, β and γ), evenness and activity-

density. We further tested with multivariate analysis different local and regional parameters and the 

correlations between assemblage similarities and geographical distance of sampled cereal fields and 

grasslands. 

4. Landscape diversity and field border density enhance carabid diversity in adjacent 

grasslands and cereal fields (Article 2) 

In this chapter, we disentangle the effects of different landscape indicators in radii from 200 to 500 m 

around sampled sites in three agricultural landscapes in France on carabid diversity from bordering 
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cereal crops and permanent grasslands. We study the carabid richness from each of these two land 

cover types as well as the global gamma diversity from both in relation to landscape composition and 

configuration. 

5. Functional traits of carabid assemblages in adjacent grasslands and cereal fields (Article 3) 

In this chapter, we aim at differentiating life traits of carabids which are found exclusively in paired 

grasslands or cereal crops, or common to both land cover types. We also disentangle the influence of 

the landscape context on the selection of carabid life traits in cereal crops and permanent grasslands.  

6. Influence of the landscape context on pollinators and spiders 

This chapter focuses on providing a wider view of the effects that we observed on carabids in the 

previous chapters. We hereby study the diversity of other ground-dwelling natural enemies in looking 

at spiders and two pollinator groups, in pairs of neighboring cereal fields and grasslands. Both the 

landscape context and habitat parameters are analyzed. 
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2. Material and methods 

In this chapter, we will present a broad overview of the study regions, our sampling methods and 

protocol and statistical analyses. Adequate and deeper details will be given about every of these points 

in the concerned results chapter. 

2.1. Study regions 

Our study took place in three agricultural plains of the Auvergne Rhône-Alpes region in southeastern 

France (Figure 9 and Figure 10a, Figure 10b and Figure 10c) which consist of cropland, grassland, and 

woodland, but also some urban land and road infrastructure. The Bièvre and Rovaltain study regions 

are characterized by the dominance of crops such as maize, wheat, and oilseed rape. In Forez, livestock 

systems with use of permanent grasslands are more present than cropped areas. Our three study 

regions are representative of a gradient of grassland coverage: they represent 3 % of the whole area 

in Rovaltain, 16 % in Bièvre and 27 % in Forez (Table 1). Average field size was 2.0 ha in Bièvre study 

region, 2.1 ha in Rovaltain and 2.9 ha in Forez. Rovaltain and Forez have about the same woody area 

relative share, whereas in Bièvre it is slightly higher, mostly due to the north and south foothills which 

border the agricultural plain. 

 

Figure 9. Study regions locations in France and Auvergne Rhône-Alpes region 
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Table 1. Land cover characteristics of the three study regions in southeastern France. 

Study region 
Whole 

study region 
Farmland Winter cereals Spring crops 

Other 
farmlanda 

Permanent 
grasslands 

Woodlandb 

  ha % ha % ha % ha % ha % ha % ha % 

Rovaltain 23,030 100 15,550 68 6,070 26 5,010 22 3,873 17 597 3 2,672 12 

Bièvre 23,949 100 15,363 64 4,389 18 4,034 17 3,153 13 3,787 16 3,779 16 

Forez 25,002 100 15,555 62 2,428 8 2,634 11 3,745 15 6,749 27 2,729 11 

a By importance of area: temporary grasslands, rapeseed, orchards and vineyards 

Annual precipitations are around 650 mm in Forez with two peaks in early and late summer. In Bièvre, 

yearly rainfall is around 960 mm, with peaks in early summer and autumn, and in Rovaltain around 880 

mm with peaks during late spring and autumn. Soils in Forez are mostly sandy-loamy, with some clayey 

areas and alluvial soils on the banks of the Loire river. The Rovaltain study region is bordered by one 

major French river, the Rhône, and one of its affluent, the Isère; the plain results from the melting of 

glaciers, forming up today alluvial silty soils. The Bièvre plain is our only study region which is not 

bordered by a major river and results from the withdrawal of a glacier, hence its moraine soils are 

mostly alluvial and gravel nature, with a dominance of silty soils on the western third of the study 

region. Forez and Bièvre have temperate semi-continental climate, whereas Rovaltain is influenced by 

both semi-continental and Mediterranean climate. 

Like in other parts of France, crops are tilled (mostly between 20 and 25 cm deep) (Labreuche et al. 

2011), chemically fertilized, as well as preventively protected through the application of pesticides, 

fungicides and herbicides (Butault et al. 2011). Winter cereals are typically sown in fall and harvested 

in June and July while spring crops are sown in April and May and harvested during late September 

and October. One precautionary application of herbicides is commonly applied to cereals, before or 

after winter. One preventive spraying of fungicides is applied during spring to avoid common fungal 

diseases with the increase of temperature and moisture. The use of pesticides can be more intense 

and is variable according to annual and local climate conditions. Permanent grasslands are mainly 

mown two to three times, and sometimes grazed. 

The three study regions were also chosen because of the commitment to the SRCE project by the local 

actors, including farmers, public institutes, such as territorial authorities or chambers of agriculture, or 

even naturalist NGOs. 
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(a) 

 

(b) 

 

(c) 

 

(d) 

 

(e)  

Figure 10. Photographs of the three study regions (a) Bièvre, (b) Forez and (c) Rovaltain, (d) pitfall trap 

and (e) flight trap in a winter cereal field. 
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2.2. Sampling methods and protocol 

For the sampling of carabids and other insects, we selected two contrasted agricultural land cover 

types in the different agricultural landscapes studied corresponding to different intensities of 

management and inputs: winter cereals and permanent grasslands. We thereby selected pairs of 

sampling sites where cereal and grasslands fields were adjacent or in close vicinity, thus also having 

almost identical landscape context.  We tried though to use as few as possible grazed grasslands since 

cattle could damage the traps we set. We chose winter cereals since they were the most common 

crops overall in the three study regions. They respectively occupy 26 %, 18 % and 8 % of the whole 

study region in Rovaltain, Bièvre and Forez (Table 1). Sampled cereal fields were primarily cropped 

with wheat and barley and in fewer cases with triticale and rye. They were for the most fields tilled 

and synthetic inputs were used for fertilization and crop protection. Permanent grasslands were 

another important agricultural land cover in the studied landscapes, especially for livestock farming. 

In order to sample insect biodiversity, we used pitfall and flight traps (Figure 11), which were always 

set together at each sampling site. Trap sets were placed with at least 30 m to the land parcel border 

to limit edge effects. For sampling ground-dwelling insects, carabids and spiders, we placed one pitfall 

trap per cereal field and grassland (McCravy 2018) (Figure 10d).The pitfall traps had 10 cm diameter 

and were half-filled with a 50 % propylene glycol solution. A drop of detergent was added to reduce 

surface tension and thus prevent the escape of lighter carabid species. Polystyrene roofs (22 cm 

diameter) were set about 5 cm above each trap to prevent flooding of traps during rainfall events. 

In order to sample flying insects, we set flight sticky traps (Figure 10e). We wanted our trap to be 

neither attractive nor directional, though most traps used to sample pollinators cumulate both 

characteristics. The transparent interceptor trap is the best to sample pollinators such as hover flies or 

bees (Muirhead-Thompson 2012). We thereby modified the classic transparent interceptor trap in 

order to fit our sampling objectives, plus having a lighter design to prevent destruction from 

agricultural practices. Interceptors were transparent sheets (A3, 42 cm wide and 59.4 cm high) rolled 

into cylinders in order to catch insects coming from any direction. Transparency of the interceptor 

responded to the necessity of non-attractivity. The sheet was coated with glue to trap insects. 
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Figure 11. Paired flight and pitfall traps 

In 2017, 84 sites were sampled, with 43 cereal fields and 41 nearby grasslands. In 2018, there were 

122 sites sampled with 61 cereal fields and 61 grasslands. We had two more samples in cereal fields 

than in grasslands due to the destruction of two traps by cattle. Overall, we sampled insects in 205 

different fields, always in pairs of grassland-cereal crop Figure 12. Each year, two field surveys were 

carried out with sampling periods of seven days. First period was between late April and early May, 

and second between late May and early June so that we could catch the most representative samples 

of spring breeding carabids. Each trap was thus open seven days twice per year. Species identification 

followed the keys of Jeannel (1942, 1941) and Coulon et al. (2011). Identification of spiders followed 

the keys of Nentwig et al. (2017). Hover flies and lacewings were identified at the family level following 

Villenave-Chasset (2017).
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2.3. Statistical analyses 

2.3.1. Biodiversity indicators 

 Carabid diversity and abundance 

We selected three different species diversity indicators (DeJong 1975): (i) species richness, determined 

by the number of different recorded species in each field, (ii) activity-density, which is the headcount 

of every individual sampled per field, and (iii) evenness through Pielou’s index. In order to investigate 

carabid data, we used common species richness indicators: α, β and γ. Alpha diversity represents the 

number of carabid species within each sampling site, whereas gamma diversity is related to the total 

number of species in each of the three study regions (Whittaker 1972). Beta diversity describes the 

common species ratio between paired cereal and grassland sampled sites (Whittaker 1972). We used 

Sørensen similarity index as beta diversity (Cardoso et al. 2009) with 𝛽 =  
2𝑐

𝑆1+ 𝑆2
 where c is the common 

species richness between the two paired sampled sites, and S1 and S2 the species richness of each site, 

in our case paired cereal field and grassland. Evenness was quantified using Pielou’s index: J’ = H’/H’max 

where H’ is the observed Shannon diversity index and H’max is the maximum value of Shannon, given 

the number of species per sample, meaning that all the sampled species were equally distributed: 

𝐻′𝑚𝑎𝑥 = ln 𝑆, where S is the species richness. Shannon diversity index is calculated as follows: 𝐻′ =

 − ∑ 𝑝𝑖
𝑛
𝑖=1 ln 𝑝𝑖  where pi

 is the proportional activity-density of the ith taxon among the n species of the 

assemblage. For determining Pielou’s evenness, samples where none or only one species had been 

caught were removed from the analysis, since the evenness indicator only relevant when there are at 

least two species. We grouped the sampling data of the first and the second sampling period in order 

to summarize the whole diversity of carabids present each year in spring. 

 Other sampled arthropod diversity and abundance indicators 

For spiders, we studied the per trap family richness and activity-density we sampled in the permanent 

grasslands and in the cereal crops. Concerning pollinators, we counted the abundance of hover flies 

and lacewings caught on the sticky flight trap per field. We grouped the sampling data of the first and 

the second sampling periods in order to summarize the whole diversity of carabids present each year 

in spring. 
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2.3.2. Field and landscape parameters 

The sampled field was described through three parameters: its land cover type, cereal crop or 

permanent grassland, its size and its shape index (Table 2). The shape index was computed as the ratio 

between the actual perimeter of the field and the perimeter of a square that would be the same size. 

Table 2. Parameters used to describe the sampled fields in the statistical analyses 

Variable Type Values / Metric 

Land cover type Qualitative Winter cereal crop (WC) / Permanent grassland (PG) 

Field size Continuous Hectares (ha) 

Complexity shape index Continuous Double 

All the landscape parameters are the results of field recording within a radius of 500 meters around 

every sampled site. We processed our data through ArcGIS 10.4 (Esri 2015) in order to obtain different 

landscape indicators for three different landscape radii (200, 300, 500 m) around the sampling points 

(Figure 13). To analyze the compositional heterogeneity of the landscape we applied the Shannon 

diversity index. It is calculated as follows: 𝐻′ =  − ∑ 𝑝
𝑖

𝑛
𝑖=1 ln 𝑝

𝑖
 where pi

 is the proportional area of the 

ith land cover among the n land covers in the corresponding radius areas around the sampling points. 

The land cover types which were considered for the Shannon index are presented in (Appendix A). The 

field border density, called in the following edge density, was measured by extracting the edges 

between land parcels and summing their total length in the three different radii areas. The winter crop-

grassland edge density was obtained the same way, though it only considered the edges between 

adjacent parcels of winter crops and permanent grasslands. 
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Figure 13. Different landscape context radii around the pairs of sampling points. 

We performed a preliminary principal component analysis (PCA) with different landscape variables for 

the 200, 300 and 500 m radii areas around sampling points to determine the most explanatory 

variables as well as their correlation to other variables (Table 3). The PCA (Figure 14) then allowed the 

identification of a set of five variables which described best the landscape context (Appendix B and 

Table 3). 

Table 3. Landscape parameters included in the preliminary PCA. 

Landscape parameter Formula (always applied within the landscape radius) 

Annual winter crop coverage ratio Annual winter crop area / landscape radius area 

Annual spring crop coverage ratio Annual spring crop area / landscape radius area 

Permanent grassland coverage ratio1 Permanent grassland area / landscape radius area 

Woodland coverage ratio Woodland area / landscape radius area 

Hedgerow coverage ratio1 Hedgerow area / landscape radius area 

Crop diversity Number of different crops 

Landscape Shannon diversity1 𝐻′ =  − ∑ 𝑝𝑖
𝑛
𝑖=1 ln 𝑝𝑖  including all land cover types2 

Crop Shannon diversity 𝐻′ =  − ∑ 𝑝𝑖
𝑛
𝑖=1 ln 𝑝𝑖  including only crop cover types2 

Mean field size Mean of the sizes of all fields 

Mean field complexity 
For all fields: mean of 
actual field perimeter / same-sized square field perimeter 

Overall edge density1 Edge density between all the fields 

Winter crop / grassland edge density1 Edge density between winter crops and permanent grasslands 

1 Parameters retained for the GLM analyses 
2 The land cover types accounting for landscape Shannon index are presented in Appendix A 
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Figure 14. Preliminary PCA on landscape parameters first and second axes. 

2.3.3. Generalized linear models (GLM) 

We applied generalized linear models to study various diversity indicators, such as activity-density, 

species richness and evenness (Guisan et al. 2002; Bolker et al. 2009). Species richness models were 

fitted with Poisson distribution errors, activity-density with negative binomial distribution errors to 

account for overdispersion (Hoef and Boveng 2007; Lindén and Mäntyniemi 2011) and evenness with 

Gaussian distribution errors. When studying the commonness or exclusiveness of species, we fitted 

our models with binomial distributions errors (1 = common species, 0 = exclusive species).  

Mixed effect was added when we analyzed both permanent grassland and cereal crops samplings. 

Indeed, the pair random effect was then added to the intercept to account for dependent covariations 

of biodiversity parameters between paired permanent grassland and cereal crop. 

We used the Akaike Information Criterion corrected for small sample size (AICc) to select models 

offering the best compromise between fit and simplicity (i.e., the most parsimonious model) (Symonds 

and Moussalli 2011). In order to select the most parsimonious models, i.e. whose ΔAICc was inferior to 

2 (Burnham and Anderson 2002; Burnham and Anderson 2004) and averaged them in order to retain 

as much information as possible on the significant explanatory variables (Burnham and Anderson 2002; 
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Johnson and Omland 2004). We always checked the null model ΔAICc to verify the significance of our 

model selection (a ΔAICc lower than 2 involved no significant effect of explanatory variable). We used 

R lme4 1.1-18-1 package (Bates et al. 2014) and the R MuMIn 1.42.1 package (Burnham and Anderson 

2002; Barton 2018) for the multimodel inference procedure. 

2.3.4. Mantel correlograms: spatial correlations of carabid assemblages 

We applied Mantel correlations to compare the carabid assemblages of cereal crops and grasslands 

and analyzed them through Mantel correlograms (Legendre et al. 2005; Borcard and Legendre 2012). 

For all the Mantel correlograms analyses, we used R vegan 2.5-3 package (Oksanen et al., 2018). 

Mantel correlograms allowed to check the correlations of carabid assemblages between ecological 

distances and geographical distances. Assemblages from cereal crops were only compared to 

permanent grasslands, but not to other cereal sites, to assess similarity or dissimilarity between the 

two land cover types. 

In order to estimate the ecological distances between our sampling sites, we first standardized our 

contingency tables according to Hellinger (Legendre and Gallagher 2001). We then applied classical 

Euclidean distances calculations to obtain the ecological distances matrix. Compared to Jaccard or 

Bray-Curtis distances, Hellinger offers the advantage to lower dissimilarity in case of rare species. 

Moreover, we determined geographical distances which were measured as the Euclidean distance 

between Lambert 93 coordinates of the sampled traps location. We only compared the samples from 

the same year in order to avoid any dissimilarity due to annual carabids assemblage variation. 

2.3.5. Species distribution, traits and landscape context: RLQ multivariate analysis 

In order to disentangle the relationship between landscape context, species distributions and life traits, 

we performed RLQ analyses (Dolédec et al. 1996; Dray et al. 2003; Kleyer et al. 2012). RLQ provides 

double ordination between three datasets: R (landscape context), L (carabids abundance contingency 

table) and Q (species traits). We standardized our abundance contingency tables according to Hellinger 

(Legendre and Gallagher 2001) and then applied classical Euclidean distances calculations to obtain 

the ecological distances matrix. Compared to Jaccard or Bray-Curtis distances, Hellinger offers the 

advantage to lower dissimilarity in the case of rare species (in the whole dataset). 

RLQ recommends to firstly analyze all the tables separately with the appropriate multivariate 

ordination method: covariance analysis (CA) for the carabid contingency table. Secondly, principal 

correspondence analysis (PCA) was performed for the landscape context table. Thirdly, multiple 

correspondence analysis (MCA), by Hill-Smith PCA was driven for the trait table, weighing columns 



  

42 
 

with the previous PCA species scores. Finally, the RLQ analysis provides a combination of all three 

independent analyses. To test the robustness of the RLQ, we performed two Monte-Carlo 

randomization tests (Model 2 and 4, 9,999 permutations and α = 0.05). For the first test, the null 

hypothesis was that species are distributed randomly across the sampled pairs, for the second test the 

null hypothesis was that species are distributed randomly, irrespectively to their traits (Dray and 

Legendre 2008; Duflot et al. 2014). We used the R ade4 1.7-13 package for the RLQ analysis (Dray et 

al., 2018). 
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3. Complementarity of grasslands and cereal fields ensures 
carabid regional diversity in French farmlands 

Damien Massalouxa*, Benoit Sarrazina, Anthony Roumea, Vincent Tolona, Alexander Wezela 

a Isara, Agroecology and Environment research group, 23 rue Jean Baldassini, 69364 Lyon, France 

This result chapter is currently under revision for a publication in Biodiversity Conservation. 

3.1. Introduction 

Farmland is the major land use in Europe and therefore strongly influences its biodiversity (Robinson 

and Sutherland 2002; Benton et al. 2003; Andersen 2017). Since the 1950’s agricultural intensification 

and specialization have taken place (Robinson and Sutherland 2002; Bianchi et al. 2006). In western 

Europe, this resulted in the simplification of farmed landscapes with a reduction of land cover diversity, 

the enlargement of field size, and the removal of semi-natural landscape elements such as: hedgerows, 

vegetation strips, and woodland. Alongside this simplification, grasslands in agricultural areas have 

decreased as well, being abandoned or turned into croplands (Peeters 2012). Furthermore, because of 

the increase of meat production, grassland areas were also replaced by more intensive annual forage 

crops, such as silage maize (Huyghe 2009). 

Current landscape context (composition and configuration) are linked to farming system changes, with 

intensification, specialization, and mechanization (Benton et al. 2003; Flohre et al. 2011; Tscharntke et 

al. 2012a; Gámez-Virués et al. 2015). Therefore, agricultural landscapes are more influenced by human 

management which impacts the diversity and abundance of wildlife, including the beneficial species 

or groups that provide ecosystem services for farming activities. This results in a negative effect on 

biodiversity and ecosystem services such as biological control, pollination and nutrient recycling 

(Donald et al. 2000; Benton et al. 2002; Tscharntke et al. 2012a; Emmerson et al. 2016; Dainese et al. 

2017a). 

The relationship between agricultural landscape contexts and biodiversity of beneficial entomofauna 

has been broadly studied, and a significant number focused on carabids (Mauremooto et al. 1995; 

Östman et al. 2001a; Aviron et al. 2005; Fahrig et al. 2015). Whereas they are part of ordinary 

biodiversity, meaning most of them are considered neither endangered nor rare, carabids (ground 

beetles) are important ecosystem services providers for crop production. Indeed, they contribute to 

pest regulation via biological control (DeBach and Rosen 1991; Kromp 1999; Bianchi et al. 2006; 

Dainese et al. 2017b) and weed regulation via consumption of weed seeds (Menalled et al. 2007; 
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Jonason et al. 2013; Trichard et al. 2013). These studies give evidence that landscape diversity has a 

positive impact on carabid diversity (Fahrig et al. 2011). 

For this reason, grasslands are particularly important contributors to carabid diversity in cropland 

systems (Purtauf et al. 2005; Duflot et al. 2017; Holland et al. 2017). Since crops are annually harvested, 

the spatial and temporal continuity of resource availability can be endangered in farmland. There is 

thereby a need for less disturbed land covers for carabids in agricultural landscapes to ensure shelter 

or forage (Roume et al. 2011; Gallé et al. 2018a). Although habitat is one major determinant of carabid 

assemblages (Thiele 1977; Kromp 1999), further knowledge on the convergence of carabid 

assemblages between neighboring non-crop and arable areas is still required. Such dispersal of 

carabids would highlight the landscape complementation theory (Dunning et al. 1992; Fahrig et al. 

2011) as well as the cross-habitat spillover hypothesis (Tscharntke et al. 2012b) and recommendations 

could be deduced for relevant stakeholders such as farmers, land planners and/or policy makers, 

creating a revalorization of grasslands or semi-natural open land cover, typical of diversified farming 

systems. 

In this study, we evaluated the occurrence of carabid species in winter cereal and grassland fields from 

three agricultural plains. In these study regions the land cover was characterized by different levels of 

permanent grassland cover, inversely related to winter cereal cover. We investigated these two land 

cover types in neighboring paired fields. This protocol allowed us to look for spatial correlation of 

carabid assemblages despite contrasted sampled farmland cover types. 

After an overall presentation of the carabid diversity, activity-density and evenness in the cereal crops 

and grasslands we sampled, we then focused on two objectives. First, we disentangled the relative 

effects of land cover types on carabid diversity and activity-density from local factors such as the size 

and shape of sampled fields, also including differences between the study regions. Secondly, we 

compared the similarity between carabid assemblages on cereal fields and grasslands, according to 

geographic distance. In this paper, we present the results of these analyses and discuss the 

complementarity of carabids assemblages between cereal crops and grasslands. 

3.2. Material and Methods 

3.2.1. Study regions 

Our study was carried out in three agricultural plains of the Auvergne Rhône-Alpes region in 

southeastern France. The three study regions, Forez, Bièvre and Rovaltain are dominated by 
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conventional farming. Like in other parts of France, crop management is characterized by tillage 

practices (mostly between 20 and 25 cm deep) (Labreuche et al. 2011), chemical fertilization, as well 

as preventive application of pesticides, fungicides and herbicides (Butault et al. 2011). On arable land, 

spring crops and winter cereals occupy almost the same proportion. However, the three study regions 

had various proportions of grassland and winter cereal field (Table 4 The Forez study region is covered 

by 27% of permanent grasslands, while Bièvre by 16% and Rovaltain by only 3%. The major winter 

cereals were wheat and barley. Spring crops were maize, sunflower and soybean. Average field size 

was 1.96 ha in Bièvre study region, 2.06 ha in Rovaltain and 2.89 ha in Forez. Typically, winter cereals 

are sown in fall and harvested in June and July while spring crops are sown in April and May and 

harvested during late September and October. Winter cereals are cropped with at least one 

precautionary herbicide spraying, before or after winter, and one fungicide during spring. The use of 

pesticides can be more intense and variable according to annual and local climate conditions. 

Permanent grasslands are mowed two or three times in summer and sometimes also grazed. Relative 

woodland coverage is almost the same in Rovaltain and Forez, whereas in Bièvre it is slightly higher. 

Table 4. Land cover characteristics of the three study regions in southeastern France. 

 Study 

region 
Whole 

study region 
Farmlandb Winter cereals Spring crops 

Other 
farmlanda 

Permanent 
grasslands 

Woodlandc 

  ha % ha % ha % ha % ha % ha % ha % 

Rovaltain 23,030 100 15,550 68 6,070 26 5,010 22 3,873 17 597 3 2,672 12 

Bièvre 23,949 100 15,363 64 4,389 18 4,034 17 3,153 13 3,787 16 3,779 16 

Forez 25,002 100 15,555 62 2,428 8 2,634 11 3,745 15 6,749 27 2,729 11 

a By importance of area: temporary grasslands, rapeseed, orchards and vineyards 
b Including temporary and permanent grasslands 
c Forests, woods and groves 
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Figure 15. Locations of (a) the three study regions in the Auvergne Rhône-Alpes region, France, (b) 

sampling points (either cereal field or grassland) in the Rovaltain study region, and (c) example of 

sampling sites in neighboring paired cereal fields and grasslands. 

3.2.2. Site selection and carabid sampling 

We selected two contrasting agricultural land cover types corresponding to different intensities of 

management and inputs: winter cereals and permanent grasslands. Winter cereals were the most 

among croplands when considering the three study regions (Table 4). Sampled cereal fields were 

primarily cropped with wheat and barley and in a few cases with triticale and rye. Most fields were 

tilled and farmed with synthetic inputs. Another important agricultural landscape in this study were 

permanent grasslands, these are especially important for livestock farming. For analyzing carabid 

occurrences, we placed one pitfall trap per cereal field and grassland.  

As we wanted to study similarities of species assemblages in the two contrasted land covers, we 

selected couples of sampling sites where cereal and grassland fields were adjacent or in close vicinity, 

the distance between paired samples ranging between 60 and 300 m with a median of 90 m. This 

vicinity allowed for similar landscape context. In 2017, 84 sites were sampled, with 43 cereal fields and 

41 nearby grasslands. In 2018, there were 122 sites sampled with 61 cereal fields and 61 grasslands. 

We had two more samples in cereal fields than in grasslands due to the destruction of our traps by 

cattle; in this case, they were removed from any paired analysis. Carabids were sampled with pitfall 

traps (10 cm diameter) half-filled with a 50% propylene glycol solution. A drop of detergent was added 

to reduce surface tension and then prevent the escape of light carabid species. Polystyrene roofs (22 

cm diameter) were set about 5 cm above each trap to prevent flooding of traps during rainfall events. 

The traps were set with at least 30 m to the field border to limit edge effects. Each year, two field 

surveys were carried out with sampling periods of seven days. The first period was between late April 

and early May, and the second was between late May and early June. Our sampling effort gave priority 
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to a higher number of sample sites per study region to get larger diversity of situation of carabids in 

pairs of cereal fields and grasslands, on the restriction of only two dates to be sampled per plot. 

However, the sampling of carabids in winter cereal is commonly done in spring and early summer 

(Hatten et al. 2007; Batáry et al. 2008; Anjum-Zubair et al. 2015; Bertrand et al. 2016), so that it 

corresponds to the high vegetational period of cereal crops. Therefore, we are not aiming at 

determining any peak of carabids activity-density per plot nor full representativeness of population, 

but at giving larger insight about the differences between cereal and grassland carabid assemblages. 

Species identification followed the keys of Jeannel (1941, 1942) and Coulon et al. (2011). 

3.2.3. Data analysis 

 Carabid diversity and activity-density indicators 

For data analysis, we selected three different species diversity indicators (DeJong 1975): (i) species 

richness, determined by the number of different recorded species in each field, (ii) activity-density, 

which is the headcount of every individual sampled per field, and (iii) evenness through Pielou’s index. 

In order to investigate carabid data, we used common species richness indicators: α, β and γ. Alpha 

diversity represents the number of carabid species within each sampling site, whereas gamma diversity 

is related to the total number of species in each of the three study regions (Whittaker 1972). Beta 

diversity describes the common species ratio between paired cereal and grassland sampled sites 

(Whittaker 1972). We used Sørensen similarity index as beta diversity (Cardoso et al. 2009) with 𝛽 =

 
2𝑐

𝑆1+ 𝑆2
 where c is the common species richness between the two paired sampled sites, and S1 and S2 

the species richness of each site, in our case paired cereal field and grassland. Evenness was quantified 

using Pielou’s index: J’ = H’/H’max where H’ is the observed Shannon diversity index and H’max is the 

maximum value of Shannon, given the number of species per sample, meaning that all the sampled 

species were equally distributed: 𝐻′𝑚𝑎𝑥 = ln 𝑆, where S is the species richness. Shannon diversity 

index is calculated as follows: 𝐻′ =  − ∑ 𝑝𝑖
𝑛
𝑖=1 ln 𝑝𝑖  where pi

 is the proportional activity-density of the 

ith taxon among the n species of the assemblage. For determining Pielou’s evenness, samples where 

none or only one species had been caught were removed from the analysis, since the evenness 

indicator only relevant when there are at least two species. We grouped the sampling data of the first 

and the second sampling period in order to summarize the whole diversity of carabids present each 

year in spring. 

 Statistical analyses 

Statistical analyses were conducted using R 3.5.0 (R Development Core Team 2018). We first compared 

the distributions of the three carabid richness indicators between winter cereal crops and permanent 
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grasslands. We drove a Whitney-Mann-Wilcoxon non-parametric test to compare indicator means and 

a variance test (Bradley-Ansari) to compare their dispersion. Spearman’s rank tests were run between 

species richness in cereal crops and grasslands to show any possible covariations between the two land 

cover types among sites. 

Second, in order to deepen the per sample variability, analysis of carabid species richness, activity-

density and evenness, we tested the correlation of sampled field and land cover type parameters 

(Table 2) using mixed-effect generalized linear model inference (Guisan et al. 2002; Bolker et al. 2009). 

We computed the field size and a shape index as the ratio between the actual perimeter of the field 

and the perimeter of a square that would be the same size. These two continuous geometric variables 

were not significantly correlated (Spearman’s rank correlation p-value > 0.1 and rho = 0.11), therefore, 

both were kept in our model sets. 

For every indicator, twenty-one different generalized linear models were fitted. The full model 

included additive terms of the three explanatory parameters (Appendix B), to which we added the 

interactions of land cover type with the sampled field size, study region and year respectively. 

Concerning the study region and the year of sampling, they could not be included in the models as 

random effects, since they had too few different levels. Thereby, we computed this two parameters as 

fixed effects (Bolker et al. 2009). A sampling pair site random effect was finally systematically added 

to the intercept to account for dependent covariations of biodiversity parameters between paired 

permanent grassland and cereal crop. The null model included only the study region, the year and the 

pair site random effect. Species richness was fitted with Poisson distribution errors, activity-density 

with negative binomial distribution errors to account for overdispersion (Hoef and Boveng 2007; 

Lindén and Mäntyniemi 2011) and evenness with Gaussian distribution errors. 

We used the Akaike Information Criterion to correct for the small sample size (AICc) and select models 

offering the best compromise between fit and simplicity (i.e. the most parsimonious model) (Symonds 

and Moussalli 2011). For each biodiversity indicator we selected the most parsimonious models, i.e. 

whose ΔAICc was inferior to 2 (Burnham and Anderson 2002, 2004; Burnham et al. 2011) and averaged 

them in order to retain as much information as possible on the significant explanatory variables 

(Burnham and Anderson 2002; Johnson and Omland 2004). We always checked the null model ΔAICc 

to verify the significance of our model selection (a ΔAICc lower than 2 involved no significant effect of 

explanatory variable, Appendix C). 
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 Spatial correlations of carabid assemblages between the two land covers 

We applied Mantel correlations to compare the carabid assemblages of cereal crops and grasslands 

and analyzed them through Mantel correlograms (Legendre et al. 2005; Borcard and Legendre 2012). 

For all the Mantel correlograms analyses, we used R vegan 2.5-3 package (Oksanen et al., 2018). 

Mantel correlograms allowed to check the correlations of carabid assemblages between ecological 

distances and geographical distances. Assemblages from cereal crops were only compared to 

permanent grasslands, but not to other cereal sites, to assess similarity or dissimilarity between the 

two land cover types. 

In order to estimate the ecological distances between our sampling sites, we first standardized our 

contingency tables according to Hellinger (Legendre and Gallagher 2001). We then applied classical 

Euclidean distances calculations to obtain the ecological distances matrix. Compared to Jaccard or 

Bray-Curtis distances, Hellinger offered the advantage to lower dissimilarity in the case of rare species 

(in the whole dataset). Then, we determined geographical distances which were measured as the 

Euclidean distance between Lambert 93 coordinates of the sampled traps location. We only compared 

the samples from the same year in order to avoid any dissimilarity due to annual carabids assemblage 

variation. We applied the Mantel correlograms to the three study regions together, and then to every 

region individually. 

3.3. Results 

3.3.1. Species richness in winter cereal and permanent grassland 

A total of 115 different carabid species (Appendix D) were caught with 5,644 individuals (Table 5). In 

cereal fields, 82 different species were sampled and 95 in grasslands. Although the Forez region was 

the least sampled area, it had the highest relative species richness with 90 species compared to the 

other two study regions. Species exclusively found in cereal fields were 20, for grasslands it was 33 

species. Mean species richness and activity-density were lower in Rovaltain than in the two other study 

regions. 

Overall species richness was higher in all permanent grasslands compared to all cereal crops, but we 

did not sample more species in grasslands per site (Table 5). According to variance analysis through 

Ansari-Bradley tests, species richness values were more dispersed among grassland samples than 

among cereal ones. Carabids activity-density between paired sites showed a significantly higher 

activity-density in cereal fields than in permanent grasslands. The variance analysis, however, showed 
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that dispersions of activity-density and evenness were not different between the two land covers 

(Table 5). 

Common species richness in paired cereal fields and grasslands consisted of about 24% of the species, 

the rest were species only found in one of the paired land covers (Table 5). Rovaltain showed fewer 

common species and a lower percentage between paired sites than Bièvre or Forez. Beta diversity was 

also lower in Rovaltain. Although there were similar numbers of exclusive species in both land covers 

in Rovaltain and Forez areas, it was different in Bièvre area where more species were found in cereal 

fields than grasslands. 
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Table 5. Species richness of carabid beetles in winter cereal and permanent grasslands in three 

agricultural areas of southeastern France. 

 

Number of 

sampled 

sites 

Total 

species 

richness (γ) 

Species 

richnessa per 

site 

(α)b 

Common  

species 

of paired sites 

Exclusive 

species 

in paired sites 

β diversity of 

paired sites 

Total 

activity-

densitya 

(individuals)

in sites 

Activity-

densitya per 

site 

Evennessa per 

site 

   Mean ± SD Mean ± SD Mean ± SD Mean ± SD  Mean ± SD Mean ± SD 

All study regions       
 

  
   

             

Winter cereal 104 82 7.0 ± 3.4   
 

5.4 ± 2.7     3,612 35 ± 35 0.75 ± .16 

Perm. grassland 102 95 6.5 ± 4.4 1.6 ± 1.8 4.9 ± 3.5 0.2 ± .2 2,032 20 ± 31 0.87 ± .14 

Overall 206 115 6.8 ± 3.9   
 

- 
 

    5,644 27 ± 34 0.81 ± .16 

Rovaltain 

  

  
 

  
   

             

Winter cereal 41 44 4.9 ±2.7   
 

4.1 ± 2.4     755 18 ± 17 0.79 ± .15 

Perm. grassland 41 49 4.7 ± 3.7 0.8 ± 1.0 3.9 ± 3.1 0.2 ± .2 661 16 ± 41 0.88 ± .17 

Overall 82 69 4.8 ± 3.2   
 

- 
 

    1,416 17 ± 31 0.83 ± .17 

Bièvre 

  

  
 

  
   

             

Winter cereal 33 48 8.1 ± 3.1   
 

6.1 ± 2.8     1,646 50 ± 45 0.73 ± .15 

Perm. grassland 32 52 6.9 ± 3.9 2.0 ± 1.9 4.8 ± 3.4 0.3 ± .2 663 21 ± 22 0.87 ± .12 

Overall 65 70 7.5 ± 3.6   
 

- 
 

    2,309 36 ± 38 0.80 ± .15 

Forez 

  

  
 

  
   

             

Winter cereal 30 61 8.7 ± 3.1   
 

6.4 ± 2.4     1,211 40 ± 30 0.73 ± .16 

Perm. grassland 29 70 8.7 ± 4.9 2.3 ± 2.2 6.4 ± 3.8 0.2 ± .2 708 24 ± 23 0.85 ± .11 

Overall 59 90 8.7 ± 4.0   
 

- 
 

    1,919 36 ± 38 0.79 ± .15 

Ansari Bradley testc  *    Ansari Bradley testc p > 0.1 p > 0.1 

Paired Mann Whitney Wilcoxon testd p > 0.1   Paired Mann Whitney Wilcoxon testd *** *** 

a summed over twice sampling per year 
b average value per sampling site 

c between permanent grassland and cereal crop distributions 
d between paired grassland and cereal crop samples 

  



  

52 
 

Table 6. Most abundant species in (a) winter cereal crops, and (b) permanent grasslands in the 

three study regions of southeastern France. 

(a) 

Species Rank 
Activity-
density 

(%) 

Cumulative 
activity-

density (%) 
Poecilus cupreus 1 37 37 

Anchomenus dorsalis 2 26 63 

Trechus quadristriatus 3 5 68 

Metallina lampros 4 4 72 

Pterostichus melanarius 5 3 75 

Harpalus affinis 6 3 79 

Carabus auratus 7 2 80 

Harpalus distinguendus 8 1 82 

Harpalus dimidiatus 9 1 83 

Harpalus tardus 10 1 84 
 

(b) 

Species Rank 
Activity-
density 

(%) 

Cumulative 
activity-

density (%) 

Harpalus dimidiatus 1 9 9 

Harpalus anxius 2 8 17 

Amara aenea 3 8 25 

Metallina properans 4 8 32 

Anchomenus dorsalis 5 6 39 

Poecilus cupreus 6 5 44 

Poecilus versicolor 7 5 48 

Metallina lampros 8 4 53 

Amara fulvipes 9 3 56 

Harpalus serripes 10 2 58 
 

 

The evenness of species in grasslands were higher than in cereals. Only two species were necessary to 

reach 50% of individuals sampled in cereal fields, and five to reach 75% (Table 6). Poecilus cupreus 

represented almost 37% of the individuals sampled in cereal fields, but only 5% in grasslands. In 

contrast to cereal fields, eight species were necessary to reach 50% of total activity-density in 

grasslands (Table 6). 20 species were necessary to reach 75% of all sampled individuals in grasslands, 

indicating a much less pronounced dominance of some species compared to the cereals. Harpalus 

dimidiatus, the most abundant species in grasslands, represented 9% of the total, and three other 

species, H. anxius, Amara aenea, Metallina properans, were almost just as numerous. 

Considering both land cover types, assemblages were dominated by five species: P. cupreus, A. 

dorsalis, H. dimidiatus, M. properans and Trechus quadristriatus (Appendix E). They were always the 

top ten most abundant species of every study region. P. cupreus and A. dorsalis were always the two 

most sampled species per study region. We did not sample any vulnerable nor endangered species 

according to the International Union for Conservation of Nature’s Red List of Threatened Species (IUCN 

French Committee 2019). 

3.3.2. Carabid diversity: study region context and field parameters combined effects 

The mixed effect generalized linear model analysis showed that species richness was only significantly 

explained by the study region, evenness by land cover type, where activity-density was described by a 

more complex model with the important factors of: study region, land cover type, and sampling year 

(Appendix F). Rovaltain showed the lowest levels of species richness per sampled site and no significant 
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difference appeared through the multimodel inference between Bièvre and Forez (Figure 16a). The 

generalized model analysis confirmed that activity-density was higher in cereal crops; though it 

showed that this was less the case in the Rovaltain study region (Figure 16b). Activity-density was 

higher in small cereal fields compared to grasslands, then became more similar in fields larger than 10 

ha (Figure 16c). Finally, a significant difference for evenness was found in the carabid assemblages, 

being more evenly distributed in grasslands than in cereal crops (Figure 16d). 

(a) 

 

(b) 

 

(c) 

 

(d) 

 

Figure 16. Significant parameters and interactions effects of multivariate model analysis in the three 

study regions: (a) species richness explained by study region, (b) study region and land cover type, 

(c) permanent grassland and field size, and (d) evenness. 

Note: In boxplots, symbols are: middle line=median; open rectangle=25-75% quartile; vertical bar=non-outlier range; black 

points=outliers. In line chart 2d, area around the curve is the 0.95 margin error. 
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3.3.3. Spatial correlation of carabid assemblage in differentiated land covers 

Assemblages of carabid species in cereal crop and grassland were more likely to be similar when their 

site locations were closer and in the same study region. The Mantel correlograms showed correlations 

between ecological and geographical distances by distance categories per study region (Table 7). Both 

Bièvre and Forez presented significant similarities between paired cereal fields and grasslands for a 

distance less than to 0.3 km, whereas this was not the case for Rovaltain. Furthermore, the similarity 

was confirmed under 1 km distance for the Forez area, however, we noticed also significant 

dissimilarity between 1 to 3 km. 

Table 7 Mantel correlation between permanent grasslands and cereal fields carabid assemblages. 

Distance 
categories 

(km) 

Rovaltain Bièvre Forez 

Mantel 
signature 

signif. 
Mantel 

signature 
signif. 

Mantel 
signature 

signif. 

0 - 0.3 + ns + ** + ** 

0.3 - 1 + ns + ns + * 

1 - 3 + ns - ns - * 

3 - 4 - ns + ns - ns 

4 - 5.5 - ns + ns - ns 

5.5 - 7 + ns - ns - ns 

7 - 8.5 + ns - ns + ns 

8.5 - 10 - ns - ns - ns 

10 - 13 - ns - ns + ns 

13 - 22 + ns + ns - ns 

Note: not only assemblages of paired sites were compared (except of 0 - 0.3 km), e.g. a cereal field assemblage was compared 

to those of all other grassland sites located in a given distance category. 

Mantel signature: positive means similarity; negative means dissimilarity. ns = non-significant. 

When we considered only distance classes where the Mantel correlation was significant (Figure 17), 

grasslands and cereal crops showed a decrease of Sørensen beta diversity when the distance between 

them became higher. Closely located paired grasslands and cereal crops had a mean beta diversity of 

0.2, whereas beta diversity between a cereal field and other grassland sites was lower. 
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Figure 17. Sørensen beta diversity of cereal field and grassland in all three study regions per class of 

distance. 

Note: comparison is for paired sites (0 - 0.3 km), between a cereal field and other grassland sites located in the same study 

region (0.3 - 22 km), and with another study region (> 22 km). 

3.4. Discussion 

In this study, we analyzed carabid diversity and the activity-density of cereal fields and grassland, 

sampled as neighboring pairs in three agricultural plains. Lower species richness and activity-density 

were found in the study region with lower grassland coverage. More carabids were sampled in cereal 

fields smaller than 10 hectares. Evenness of carabid assemblages was higher in grasslands. We also 

observed that assemblages were slightly but significantly more similar when cereal crops and 

grasslands were located closer to each other, up to a distance of 4 km. 

3.4.1. Grassland and cereal crop carabid assemblages 

Our results showed many differences between the carabid assemblages of cereal fields and grasslands. 

Despite similar per site species richness in the two land cover types, we found an overall higher species 

richness in permanent grasslands than in cereal fields. This is contrasting with other results (Dauber et 
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al. 2005; Vician et al. 2015). We sampled more grasslands, in larger study regions, which were located 

farther from one another. Hence, the grasslands we sampled were more likely to be heterogeneous, 

being under more various pedoclimatic conditions. This variety of conditions also involves different 

management practices (Taugourdeau et al. 2012), impacting the  grassland plant species composition 

as well (Plantureux et al. 2012). This increases heterogeneity among the grasslands, which could result 

in an overall higher carabid species richness in this land cover type (Melnychuk et al. 2003; 

Grandchamp et al. 2005; Schaffers et al. 2008), whereas ecological conditions are more homogeneous 

in cereal fields. 

Carabid assemblages were more evenly distributed in grasslands than in cereal crops. Such land cover 

type is less disturbed and offers a wider range of habitats (Schaffers et al. 2008; Garcia-Tejero and 

Taboada 2016) as compared to more intensified and standardly-managed cereal crops. These features 

of grasslands can enhance their suitability for species with different levels of tolerance to disturbances 

and different habitat requirements. The lower evenness in cereal crops we found were mainly due to 

the dominance of P. cupreus and A. dorsalis, also observed by Bertrand et al. (2016) in western France 

and Baranová et al. (2013) in Slovakia. These two species are known to be dominant in arable land 

during spring (Baranová et al. 2013; Bertrand et al. 2016; Lemic et al. 2017). In cropland, it is common 

to find assemblages mainly dominated by a few species, which share a high tolerance to anthropogenic 

disturbances (Thiele 1977; Luff 1996; Kromp 1999). 

The strong dominance of these two species mainly accounted for the higher activity-density observed 

in cereal crops. This became more evident in fields up to 10 ha large. The lower activity-density in 

larger cereal fields, compared to grasslands, could be related to more intense practices therefore, 

reducing the habitat suitability for carabids (Holland and Luff 2000). Larger cropped fields are typical 

for simplified agricultural landscapes where semi-natural elements have been removed and these 

semi-natural elements are beneficial to carabids (Dauber et al. 2005; Purtauf et al. 2005; Burel and 

Baudry 2005; Duflot et al. 2017). Furthermore, smaller crop fields host higher diversity (Fahrig et al. 

2015), giving higher access to their borders, easing the movement of organisms between different 

habitats. Larger grasslands with a size above 10 ha have on the contrary higher activity density. They 

can provide a wider diversity of microhabitats suited for rarer species and thus increase the grassland 

assemblage (Garcia-Tejero and Taboada 2016). 

Dauber et al. (2005) and Vician et al. (2015) also recorded a higher activity-density in cereal crops than 

in grasslands. However, it is known that pitfall traps efficiency is lower when the herbaceous cover is 

denser (Lang 2000), which could potentially underestimate the actual species richness and activity-

density in grasslands, more than in crops (Melbourne 1999; Koivula et al. 2003). 
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We found no significant relationship between the field shape and the area of carabid species richness 

and evenness. This might be related to our sampling design. It would be more precise to sample in 

different locations on the field for example, in the center and near different borders, to check the 

effects of field shape and area. 

3.4.2. Similarities in carabid assemblages between cereal fields and grasslands 

Our first objective was to evaluate the extent in which neighboring cereal and grassland assemblages 

show similarities. Within each study region, species composition showed significant similarity between 

the two land cover types up to 4 km distance. Similarities between grasslands and cereal crops 

assemblages can be due to an ecological filtering of species at the landscape level (Duflot et al. 2014; 

Magura and Lovei 2019). Ecological filtering is the process where species are determined by habitat, 

environmental factors and ecological interactions (Magura et al. 2015), as opposed to random 

processes (Pausas and Verdú 2010). Hence, ecological filtering means that the similarity between 

grassland and cropland assemblages is not random but due to environmental factors. We found higher 

similarity in assemblages in grasslands and cereal crops within a 4 km radius. This demonstrates a 

change in the species pool when sampled grasslands and cereal fields are further than 4 km, this could 

be due to significant differences in landscape and/or pedoclimatic conditions. When the cereal field 

and the compared grasslands were not in the same study region, we observed a significant lower 

similarity between their assemblages indicating that carabid species pools are pre-determined at the 

regional level through pedoclimatic conditions, landscape composition and configuration, but also 

potentially by differences in farmland management. 

3.4.3. Carabid assemblages and regional differences 

Another objective of our study was to explain carabid diversity and activity-density by local factors, but 

also looking at differences between study regions. The regional context seems to influence species 

diversity, especially in Rovaltain the region with lowest per site species richness and activity-density. 

Furthermore, Rovaltain is the study region where we have the lowest proportion of grasslands and 

other semi-natural elements and higher proportions of arable lands. This relates well to other findings 

showing that a simpler farmland context and lower landscape heterogeneity negatively impacts 

carabid diversity (Dauber et al. 2005; Purtauf et al. 2005; Burel and Baudry 2005; Duflot et al. 2017). 

We found the highest species richness for the Forez region, whereas Rovaltain and Bièvre had almost 

the same overall numbers. Forez have the highest percentage of grassland of all study regions. 

However, Forez semi-natural woody areas have the same percentages as in Rovaltain; both relatively 

lower than in Bièvre. Woodlands of Bièvre and Rovaltain are concentrated on foothills, whereas in 

Forez they are scattered across the study region, increasing the heterogeneity of the landscapes. 
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Therefore, our findings support that the heterogeneity of the landscape mosaic benefits to regional 

species richness as reported by Barbaro and Halder (2009); Diekötter et al. (2008); and Duflot et al. 

(2016), relying on the mutually beneficial relationships between the carabid assemblages of cropland, 

grassland and woodland (Magura and Lovei 2019). 

The overall 82 different species richness we found in cereal fields in the three study regions is higher 

than what was seen in similar research works: 68 in Baranová et al. (2013) and 58 in Bertrand et al. 

(2016). Our study regions’ size is very similar to the whole sampling areas of these studies. When 

considering both land cover types, overall, we found 115 species. Rovaltain and Bièvre had 69 and 70 

species, respectively, which was similar to 73 in Cole et al. (2002), while it was much higher with 90 in 

Forez. Nevertheless, Cole et al. (2002) sampled 61 different sites in a study region eight times larger 

than our three sites. Some other research shows higher species richness in cropped fields than ours, 

which might be explained by a much stronger sampling intensity through time (Diekötter et al. 2008; 

Duflot et al. 2017). 

3.4.4. Complementarity and discrepancy of grassland and cropland in terms of 

carabid assemblages 

We found beta diversity was at its highest in paired sampled sites, which could be explained by multiple 

factors. Firstly, it is possible that species which were common to both land cover types have larger 

habitat range, thus being suited to both habitats. P. cupreus and A. dorsalis are examples of such 

species. Secondly, carabid populations are known to migrate between cropland and grassland and vice-

versa. When preys are lacking after crop harvest, there is a spillover of carabids from arable fields into 

neighboring grasslands (Schneider et al. 2016), where some of them overwinter (Holland et al. 2005; 

Gallé et al. 2018a) and eventually recolonize cropland in spring when conditions become suitable. 

Thirdly, some common species may need both cereal crop and grassland habitats for resource 

complementation (Fahrig et al. 2011; Duflot et al. 2017). 

However, our results showed that mean beta diversity, the Sørensen similarity index, was only around 

0.2 between paired cereal crops and grasslands, which is a relatively low value (Jost et al. 2011). 

Assemblages from the two land cover types thus remain strongly distinct, even when they are 

neighboring and statistically similar by Mantel correlations. This is further shown with a relatively large 

number of species found exclusively in either cereals or grasslands, 24% and 35% respectively. These 

results are in line with the common finding that habitat is one essential determinant of carabid 

assemblages, in particular between cropland and grassland (Thiele 1977; Luff 1996; Kromp 1999). The 

discrepancy between species composition of the two land cover types show that cropland and 
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grassland each have their own affiliated species. Hence, conservation of carabid diversity in farmland 

cannot depend only on the conservation of grasslands as some species are relying strongly on 

croplands. Here, management of the cropland plays a crucial role. Therefore, there is a need for 

beneficial farming practices for carabid diversity (Dainese et al. 2017b; Chabert and Sarthou 2017) in 

terms of soil tillage (Hatten et al. 2007; Shearin et al. 2007; Boscutti et al. 2015), organic farming 

practices (Melnychuk et al. 2003; Purtauf et al. 2005; Eyre et al. 2012; Gallé et al. 2018b; Djoudi et al. 

2019), reduction of pesticides, (Lee et al. 2001b; Geiger et al. 2010) and implementation of flower and 

grass strips within a field (Menalled et al. 2001; Tschumi et al. 2015). 

3.5. Conclusion 

Our study shows complementarity of cereal fields and grasslands when it comes to enhance carabid 

richness, assemblages, and activity-density, both locally and regionally. Overall, a high number of 

species were found (115). Each of the two land cover types shelters a particular carabids assemblage, 

thus both cereal and grassland fields contribute to carabid diversity in farmland. The conservation and 

enhancement of carabid diversity thereby appears to be dependent on both cropped and semi-natural 

land cover types in agricultural landscapes. Their complementarity is spatiotemporal: they provide 

different and continuous resource to carabids, throughout the year. 

Hence, to take advantage from the complementarity and differences of carabid diversity in cereal crops 

and grasslands in agricultural areas, farming activities, public policies and land planning need to 

consider abundance and spatial distribution of these two land cover types, hence allowing benefits for 

carabid biodiversity conservation in agricultural landscapes. 
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4 Landscape diversity and field border density enhance 
carabid diversity in adjacent grasslands and cereal fields 

Damien Massalouxa, Benoit Sarrazina, Anthony Roumea, Vincent Tolona, Alexander Wezela 

a Isara, Agroecology and Environment research group, 23 rue Jean Baldassini, 69364 Lyon, France 

This chapter is an original paper currently under review after revision at Landscape Ecology. 

4.1 Introduction 

Biodiversity is decreasing dramatically worldwide with land use change and degradation being among 

its major causes (Foley et al. 2005; IPBES 2018b). In Europe, this biodiversity loss is strongly related to 

the intensification of agriculture since the 1950’s (IPBES 2018a). The intensification of agriculture took 

different forms: the increase of mono-cropping (Power and Follett 1987; Mudgal et al. 2010), the 

intensive use of insecticides, herbicides and fungicides as well as the specialization of farms (Robinson 

and Sutherland 2002; Mazoyer and Roudart 2006; Bianchi et al. 2006). Intensification of agriculture 

has also led to the homogenization of landscapes where only a few crops dominate, generally 

accompanied with an increase of field size (Benton et al. 2003; Flohre et al. 2011; Tscharntke et al. 

2012a; Gámez-Virués et al. 2015). Natural and semi-natural landscape elements, such as hedgerows, 

vegetation strips and groves were thus withdrawn, while more and more grasslands were being 

cropped or abandoned (Peeters 2012). 

The loss of biodiversity is indeed affecting ecosystem services in farmlands, such as biological control, 

pollination or nutrient recycling (Tscharntke et al. 2012a; Emmerson et al. 2016; Dainese et al. 2017a; 

Landis 2017). Carabids (ground beetles) provide biological control through predation of aphids, slugs 

and snails (Kromp 1999; Bianchi et al. 2006; Dainese et al. 2017b), and weed regulation in consuming 

their seeds (Menalled et al. 2007; Jonason et al. 2013; Trichard et al. 2013). 

Higher landscape heterogeneity, meaning both compositional, the diversity of land covers, and 

configurational, the complexity of patch shapes, increases carabid diversity (Fahrig et al. 2011; Fahrig 

et al. 2015; Madeira et al. 2016). In cropland, the proximity of grasslands and hedgerows is an 

important factor to enhance carabid diversity (Purtauf et al. 2005; Duflot et al. 2017; Holland et al. 

2017). 

For grasslands, the impact of landscape heterogeneity on carabid species richness has been less 

investigated so far. Batáry et al., (2007) analyzed the influence of landscape parameters on carabid 
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species traits though not on carabid diversity They indeed focused on the habitat specialization trait 

of carabid species and found that the generalist diversity decreases with increasing grassland coverage, 

whereas grassland specialists increased. Most research works studied the impact of the management 

practices in grasslands on carabid species diversity, considering both grazing and mowing (Kruess and 

Tscharntke 2002; Grandchamp et al. 2005; Lyons et al. 2017). 

In herbaceous or shrubby field margins, carabid species richness is higher with increased plant species 

diversity (Thomas and Marshall 1999). However, in field margins, the landscape context around 

impacts on carabid species but rather on community composition and abundance than on richness 

(Gallé et al. 2018a). The presence of more heterogeneous surroundings indeed favors spring- breeding 

species by providing them overwintering refuge habitats.  

As croplands are disturbed habitats due to farming activities, their carabid communities may spillover 

into neighboring habitats, such as grasslands or other crops (Schneider et al. 2016), or even also 

migrate into grasslands for overwintering (Holland et al. 2005; Gallé et al. 2018a). Grasslands and 

croplands  are major components of agricultural landscapes; moreover, grasslands can provide 

resource and habitat complementation to cropland carabid assemblages (Dunning et al. 1992; Pfiffner 

and Luka 2000; Fahrig et al. 2011). 

Since the focus of most studies has been put on the carabid communities in one targeted habitat or on 

the gamma diversity from numerous habitats, compared carabid communities from crops and 

grasslands has been less investigated, as well as the relative influence of landscape heterogeneity on 

the carabid diversity of these two land cover types. Indeed, since grasslands are enhancers of carabid 

diversity in croplands and in a context of general grassland area decline (Peeters 2012), there is a need 

to enhance the knowledge about the potential synergistic interactions between grasslands and cereal 

crops concerning beneficial biodiversity for agriculture such as carabids. 

We thereby focused our work on three agricultural plains where the farmlands are structurally 

important in the landscape (between 60 and 70 % of the study region). Thus, we aim at contributing 

to applied agroecological knowledge, relevant for stakeholders such as farmers, land planners or policy 

makers. 

In this study, we analyzed the influence of the landscape context, with different land uses and semi-

natural landscape elements, on carabid communities and species richness in bordering cereal crops 

and grasslands from three different agricultural plains. We also focused on the gamma species 

richness, meaning sampled in the two paired fields from both land cover types. Our first hypothesis is 

that higher landscape heterogeneity, both compositional and configurational, enhances both crop and 
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grassland carabid species richness. We further investigated the effect of landscape composition and 

configuration on common species of the two land covers, as well as on their exclusive occurrence. 

Since the literature points out to the habitat and resource complementation between grasslands and 

crops for carabid communities, our second hypothesis is that we find more common species between 

paired fields when there is higher adjacency in the landscape between these two land cover types. In 

our case, higher adjacency would mean higher edge density through which the individuals can move 

from grasslands to croplands. As we studied three different agricultural plains, with three grassland 

coverage gradients, we finally analyzed the consistency of the landscape effect from one study region 

to another. 

4.2 Material and Methods 

4.2.1 Study regions and landscape characteristics 

We studied the carabid assemblages and their landscape context in three agricultural plains of the 

Auvergne Rhône-Alpes region in southeastern France (Figure 18). They are all dominated by 

conventional intensive agriculture. The Bièvre and Rovaltain study regions are characterized by the 

dominance of crops such as maize, wheat, and oilseed rape. In Forez, livestock systems with use of 

permanent grasslands are more present than cropped areas. Our three study regions are 

representative of a gradient of grassland coverage: they represent 3 % of the whole area in Rovaltain, 

16 % in Bièvre and 27 % in Forez (Massaloux et al. under review). 

Like in other parts of France, crops are tilled (mostly between 20 and 25 cm deep) (Labreuche et al. 

2011), chemically fertilized, as well as preventively protected through the application of pesticides, 

fungicides and herbicides (Butault et al. 2011). Winter cereals are typically sown in fall and harvested 

in June and July while spring crops are sown in April and May and harvested during late September 

and October. One precautionary application of herbicides is commonly applied to cereals, before or 

after winter. One preventive spraying of fungicides is applied during spring to avoid common fungal 

diseases with the increase of temperature and moisture. The use of pesticides can be more intense 

and is variable according to annual and local climate conditions. Permanent grasslands are mainly 

mown two to three times, and sometimes grazed. 
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Figure 18. Spatial locations of (a) the three study regions in the Auvergne Rhône-Alpes region, France, 

(b) location of sampling points (either in cereal field or grassland) in the Rovaltain study region and (c) 

example of neighboring sampling location in paired cereal fields and grasslands. 

4.2.2 Site selection and carabid sampling 

For the sampling of carabids, we selected two contrasted agricultural land cover types in the different 

agricultural landscapes studied corresponding to different intensities of management and inputs: 

winter cereals and permanent grasslands. We tried though to use as few as possible grazed grasslands 

since cattle could damage the traps we set. Winter cereals were the most common crops overall in the 

three study regions. They respectively occupy 26 %, 18 % and 8 % of the whole study region in 

Rovaltain, Bièvre and Forez (Massaloux et al. under review). Sampled cereal fields were primarily 

cropped with wheat and barley and in fewer cases with triticale and rye. The fields were for the most 

tilled and synthetic inputs were used for fertilization and crop protection. Permanent grasslands were 

another important agricultural land cover in the studied landscapes, especially for livestock farming. 

For analyzing carabid occurrences, we placed one pitfall trap per cereal field and grassland. Traps were 

set with at least 30 m to the land parcel border to limit edge effects. As we also wanted to study 

similarities of species assemblages in the two contrasted land covers, we selected pairs of sampling 

sites where cereal and grasslands fields were adjacent or in close vicinity, thus also having almost 

identical landscape context. 

In 2017, 84 sites were sampled, with 43 cereal fields and 41 nearby grasslands. In 2018, there were 

122 sites sampled with 61 cereal fields and 61 grasslands. We had two more samples in cereal fields 

than in grasslands due to the destruction of two traps by cattle. Carabids were sampled with pitfall 

traps (10 cm diameter) half-filled with a 50 % propylene glycol solution. A drop of detergent was added 

to reduce surface tension and thus prevent the escape of lighter carabid species. Polystyrene roofs (22 

cm diameter) were set about 5 cm above each trap to prevent flooding of traps during rainfall events. 
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Each year, two field surveys were carried out with sampling periods of seven days. First period was 

between late April and early May, and second between late May and early June so that we could catch 

the most representative samples of spring breeding carabids. Each trap was thus open seven days 

twice per year. Species identification followed the keys of Jeannel (1941, 1942) and Coulon et al. 

(2011). 

4.2.3 Data analysis 

4.2.3.1 Carabid diversity indicators 

For data analysis, we selected different carabid diversity indicators in order to describe the 

communities. We studied the per trap species richness we sampled in the permanent grasslands and 

in the cereal crops. We also analyzed the gamma species richness we found in the pairs of grassland 

and cereal crop field, as well as the species which were common to both land cover type in every pair, 

or exclusive to each of them. We grouped the sampling data of the first and the second sampling 

periods in order to summarize the whole diversity of carabids present each year in spring. 

In order to have a first indication of the common species between the two land cover types, we 

calculated the Sørensen similarity index (Cardoso et al. 2009) with 𝛽 =  
2𝑐

𝑆1+ 𝑆2
 where c is the common 

species richness between the two paired sampled sites, and S1 and S2 the species richness of each site, 

in our case paired cereal field and grassland. 

4.2.3.2 Landscape parameters 

All the landscape parameters are the results of field recording within a radius of 500 meters around 

every sampled site. We processed our data through ArcGIS 10.4 (Esri 2015) in order to obtain different 

landscape indicators for three different landscape radii (200, 300, 500 m) around the sampling points 

(Figure 19). To analyze the compositional heterogeneity of the landscape we applied the Shannon 

diversity index. It is calculated as follows: 𝐻′ =  − ∑ 𝑝
𝑖

𝑛
𝑖=1 ln 𝑝

𝑖
 where pi

 is the proportional area of the 

ith land cover among the n land covers in the corresponding radius areas around the sampling points. 

The land cover types which were considered for the Shannon index are presented in Appendix A. The 

field border density, called in the following edge density, was measured by extracting the edges 

between land parcels and summing their total length in the three different radii areas. The winter crop-

grassland edge density was obtained the same way, though it only considered the edges between 

adjacent parcels of winter crops and permanent grasslands. We tested the Spearman’s rank correlation 

between the different landscape variables in every study region (Appendix G), in order to interpret 

more confidently our results. 
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Figure 19. Different landscape context radii around the pairs of sampling points. 

We performed a preliminary principal component analysis (PCA) with different landscape variables for 

the 200, 300 and 500 m radii areas around sampling points to determine the most explanatory 

variables as well as their correlation to other variables (Table 8).The PCA thus allowed the identification 

of a few variables which described best the landscape context (Table 9). 

Table 8. Landscape parameters included in the preliminary PCA 

Landscape parameter Formula (always applied within the landscape radius) 

Annual winter crop coverage ratio Annual winter crop area / landscape radius area 

Annual spring crop coverage ratio Annual spring crop area / landscape radius area 

Permanent grassland coverage ratio Permanent grassland area / landscape radius area 

Woodland coverage ratio Woodland area / landscape radius area 

Hedgerow coverage ratio Hedgerow area / landscape radius area 

Crop diversity Number of different crops 

Landscape Shannon diversity 𝐻′ =  − ∑ 𝑝𝑖
𝑛
𝑖=1 ln 𝑝𝑖  including all land cover types* 

Crop Shannon diversity 𝐻′ =  − ∑ 𝑝𝑖
𝑛
𝑖=1 ln 𝑝𝑖  including only crop cover types* 

Mean field size Mean of the sizes of all fields 

Mean field complexity 
For all fields: mean of 
actual field perimeter / same-sized square field perimeter 

Overall edge density Edge density between all the fields 

Winter crop / grassland edge density Edge density between winter crops and permanent grasslands 

* Presented in Appendix A. 
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4.2.3.3 Analysis of carabid diversity 

Statistical analyses were conducted using R 3.6.0 (R Development Core Team 2019). We tested the 

impact of landscape variables (Table 9) with generalized model comparison (Guisan et al. 2002). We 

used the “MuMin” package for the multi-model inference analyses (Barton 2018), “ade4” for the 

multivariate analyses (Dray et al. 2018). For every landscape radius, we fitted a set of 15 different 

models altogether. Each of the 15 models was the combination of two landscape parameters, among 

the five we retained from the preliminary PCA (Table 9), with their interaction with the study region 

and the additive effect of the sampling year. Concerning the study region and the year of sampling, 

they could not be included in the models as random effects, since they had too few different levels. 

Thereby, we computed this two parameters as fixed effects (Bolker et al. 2009). Models with more 

than two explanatory variables were beforehand tested, but none was more parsimonious than those 

we retained for the final analysis.  

Since we observed a higher significant correlation between the winter crop – permanent grassland 

edge density and the common species richness, compared to the correlation with overall edge density, 

it was used in the models sets. The null model included the additive effects of the study region and the 

sampling year. 

Table 9. Selection of significant landscape parameters selected to analyze carabid species richness with 

generalized linear models comparison. 

Parameter 
Abbreviation 

in graphs 
Type Values / Metric 

Grassland coverage ratio grasslands Continuous Percentage of area 

Hedgerows coverage ratio hedgerows Continuous Percentage of area 

Landscape Shannon diversity indexa Shannon Continuous Double 

Edge density ED Continuous m.ha-1 

Winter crop – permanent grassland 
edge density 

WC-PG ED Continuous m.ha-1  

 a The land cover types accounting for landscape Shannon index are presented in Appendix A. 

All the species richness models were fitted with Poisson distribution errors. Common species richness 

models were fitted with binomial distribution errors (1 = common species, 0 = exclusive species). We 

used the Akaike Information Criterion corrected for small sample size (AICc) to select models offering 

the best compromise between fit and simplicity (i.e., the most parsimonious model) (Symonds and 

Moussalli 2011). For each explained variable we selected the most parsimonious models, i.e. whose 

ΔAICc was inferior to 2 (Burnham and Anderson 2002; Burnham and Anderson 2004). When there was 

more than one model, we averaged them in order to retain as much information as possible on the 
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significant explanatory variables (Burnham and Anderson 2002; Johnson and Omland 2004). We 

always checked the null model ΔAICc to verify the significance of our model selection (a ΔAICc lower 

than 2 involved no significant effect of explanatory variable). 

4.3 Results 

4.3.1 Major landscape and species differences between the three study regions 

All the results were tested for the 500, 300 and 200 m radii landscapes around the sampling points in 

our generalized linear models sets. However, the 200 m radius always appeared to be the most 

parsimonious one to explain all the studied species richness. Thus we will focus on this radius. 

The landscape context and the land cover percentages in the 200 m radius areas around the sampling 

points in winter crops and grasslands showed important differences between the three study regions 

(Table 10). Average coverage with annual winter crops, cereals and rapeseed, was higher in Rovaltain 

and Bièvre, with respectively 35 % and 32 % of the areas, though this was much lower in Forez with 

only about 19 %. Annual spring crops, maize, sunflower and soybean, were similar in all three study 

regions, with 15 % in Rovaltain and Bièvre and 12 % in Forez. Other crops were scarce with no more 

than 2 %. We noticed two levels of grassland coverage in the studied 200 m areas. It was the highest 

in Forez, with an average of 36 %, Bièvre was close with 32 %, and Rovaltain was the lowest with only 

20 %. Two land cover types had low average values in the three study regions in the 200 m areas: 

hedgerows with 3 %, and woodland with about 8 % in Rovaltain, and 5 and 6 % respectively in Bièvre 

and Forez. The landscape diversity was equivalent in Rovaltain and Bièvre, where the crops had a 

higher coverage and their diversity was higher, though it was substantially lower in Forez where the 

grasslands were more important in the landscape. Rovaltain had the lowest mean edge density with 

48 m.ha-1, Forez was intermediate with 75 m.ha-1 and Bièvre was the highest with an average of 94 

m.ha-1. We observed a lower winter crop-grassland edge density in Rovaltain (11 m.ha-1) than in Forez 

(17 m.ha-1) and Bièvre (20 m.ha-1). 
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Table 10. Landscape characteristics in the 200 m radius area around sampling points in the three study 

regions. 

 
Annual 

winter crop 
(%) 

Annual 
spring crop 

(%) 

Other cropsa 
(%) 

Permanent 
grassland 

(%) 

Hedgerows 
(%) 

Woodland 
(%) 

Landscape 
Shannon 

index 

Edge density 
(m.ha-1) 

WC-PG 
edge density 

(m.ha-1) 

 Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD 

Three 
study regions 

29 ± 16 14 ± 13 2 ± 4 29 ± 17 4 ± 5 6 ± 8 1.29 ± .23 70 ± 39 16 ± 14 

Rovaltain 35 ± 14 15 ± 14 2 ± 4 20 ± 14 3 ± 4 8 ± 9 1.30 ± .22 48 ± 20 11 ± 12 

Bièvre 32 ± 18 15 ± 12 2 ± 5 32 ± 18 4 ± 4 5 ± 6 1.32 ± .24 94 ± 42 20 ± 17 

Forez 19 ± 9 12 ± 12 1 ± 2 36 ± 16 4 ± 6 6 ± 8 1.23 ± .23 75 ± 39 17 ± 11 

Anovab 
(R²|p-value) 

.18 <.001 .01 0.49 .04 .15 .18 <.001 .01 0.53 .01 .49 .02 .32 .28 <.001 .07 .023 

a Orchards, vineyards and protein crops other than soybean, oilseed crops, market gardening and horticulture 

b One-way Anova between landscape parameter and study region 

Note: WC = winter crop, PG = permanent grassland. 

Table 11. Carabid species richness in the three different study regions. 

 
Gamma 
species 
richness 

Winter cereal 
species 
richness 

Permanent 
grassland 
species 
richness 

Common 
number of 

species 

Sørensen 
similarity 

index 
Sampled 

traps 

Sampled 
traps in 
winter 

cereal crops 

Sampled 
traps in 

permanent 
grasslands 

 Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD 

Three study 
regions 

12.0 ± 5.3 7.1 ± 3.4 6.5 ± 4.4 1.6 ± 1.8 0.20 ± .18 206 104 102 

Rovaltain 8.8 ± 4.4 4.9 ± 2.7 4.7 ± 3.7 0.8 ± 1.0 0.14 ± .16 82 41 41 

Bièvre 13.2 ± 4.2 8.4 ± 3.1 7.0 ± 3.9 2.1 ± 1.9 0.25 ± .20 65 33 32 

Forez 15.1 ± 5.3 8.7 ± 3.2 8.7 ± 4.9 2.3 ± 2.2 0.23 ± .17 59 30 29 

 

In Rovaltain only, the winter crop-grassland edge density was correlated to the grassland coverage (the 

significant correlations between landscape variables within the 200 m radius are presented in 

Appendix G). In Bièvre, we found more diversity in the landscape when there was higher edge density. 

In Forez, we found lower grassland areas when the 200 m radius areas were more diverse. In Rovaltain 

and Bièvre, the edge density was significantly correlated with the winter crop-grassland edge density. 

Mean gamma species richness of paired sites, from both land cover types, was lower in Rovaltain, with 

about 9 species, than in the two other study regions with 13 and 15 (Table 11). In cereal crops, we 

sampled fewer species per trap in Rovaltain than in Bièvre and Forez, where the richness was similar. 

We observed three different levels of carabid species richness in permanent grasslands: it was the 



  

70 
 

lowest in Rovaltain, higher in Bièvre and the highest in Forez, though it was also more dispersed in the 

latter. Generally, the number of species in cereal crops was slightly higher than in grasslands. The 

number of species which were common to both grassland and winter cereal in the study regions was 

higher in Rovaltain, with 41 species, than in the two other study regions with 33 and 30, respectively. 

Sørensen similarity was the lowest in Rovaltain though it had similar levels in Bièvre and Forez. 

4.3.2 Gamma species richness, from both land cover types 

The multivariate analysis showed that the gamma carabid species richness was best explained by 

landscape Shannon diversity and edge density in the 200 m radius, both interacting with the study 

region (Appendix H.1). Gamma species richness was higher for the Bièvre study region when the 

landscape in the 200 m radius was more diverse, though it was lower in Forez and was not impacted 

by this variable in Rovaltain (Figure 20a). The edge density showed a positive relationship with the 

gamma carabid species richness in Rovaltain and Forez, whereas it was not the case for Bièvre (Figure 

20b). 

(a) 

 

(b) 

 

Figure 20. Significant variables and interactions effects of multivariate model analyses of the gamma 

species richness in the three study regions and land use in the 200 m radius, explained by: (a) landscape 

Shannon diversity index, (b) overall edge density. 

Note: The area around the curve is the 0.95 margin error. 

4.3.3 Permanent grassland and winter cereal crop species richness 

The multivariate analyses showed that only the landscape Shannon diversity index had a significant 

correlation with carabid species richness in grasslands, though the effect was different from one study 

region to another (Appendix H.2). In Bièvre, we observed a higher species richness in grasslands with 

increasing landscape diversity within a 200 m radius around the sampling points (Figure 21). On the 
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contrary, grassland carabid species richness was lower when the landscape was more diverse in Forez. 

No clear effect was found for Rovaltain. 

 

Figure 21. Significant interaction effect of the permanent grassland species richness and the landscape 

Shannon diversity index in the three study regions for the 200 m radius land use. 

Note: The area around the curve is the 0.95 margin error. 

In winter cereal crops, no landscape variables significantly explained species richness. Only the study 

region did with the carabid species richness of cereal crops being lower in Rovaltain than in Bièvre and 

Forez (Appendix H.3 and Table 11). 

4.3.4 Common species richness 

The ratio of common species between the land cover types is also best explained with the 200 m radius. 

Both landscape Shannon diversity and winter crop-grassland edge density were interacting with the 

study region (Appendix H.4). We found an overall higher ratio of common species when there was a 

higher edge density (Figure 22a), but not specific significant differences for the different study regions. 

The proportion of common species was also higher with increasing percentage of grassland in the 200 

m radius for two study regions. The increase of grassland coverage positively influenced the ratio of 

common species between the sampled pair of grassland and cereal crop, but only in Rovaltain (Figure 

22b). 
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(a) 

 

(b) 

 

Figure 22. Significant variables and interactions effects of multivariate model analysis of the common 

species richness ratio in the three study regions in the 200 m radius explained by: (a) winter crop – 

permanent grassland edge density, (b) grassland area percentage. 

Note: The area around the curve is the 0.95 margin error. 

4.4 Discussion 

We analyzed different carabid species richness indices from two neighboring land cover types and their 

relation to different landscape indicators (Table 12). Landscape diversity and edge density explained 

gamma species richness; though different effects were observed from one study region to another. As 

expected, we found a higher species richness in grasslands surrounded by more diverse landscapes 

(Bièvre study region), whereas in Forez grassland species richness was higher with lower landscape 

diversity. In winter cereal crops, the tested landscape parameters showed no significant effect on 

species richness. Finally, the common species were more numerous among the assemblages of both 

land cover types when there was a higher winter cereal – permanent grassland edge density, or where 

there were more grasslands in the surroundings in Rovaltain. 
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Table 12. Summary of significant effect of landscape variables on carabid species richness and in 

relation to study regions. 

Species richness Landscape variable Study region(s) Effect signature 

Gamma Landscape Shannon 
diversity 

Bièvre + 

 Forez - 

 Edge density Forez and Rovaltain + 

Grassland Landscape Shannon 
diversity 

Bièvre + 

 Forez - 

Common ratio WC-PG edge density All + 

 Grassland ratio Rovaltain + 

 

4.4.1 Landscape diversity and edge density explain carabid species richness 

We hypothesized that both configurational and compositional landscape would enhance the carabid 

richness found in cereal fields, grasslands and in both land cover types. This hypothesis was not verified 

in every study region. We mostly found that both landscape Shannon diversity and edge density had 

positive significant correlations with gamma carabid species richness. This is relevant to previous works 

which show that landscape diversity is known to enhance carabid richness of both cereal crops and 

semi-natural grasslands (Weibull et al. 2003; Hendrickx et al. 2007; Billeter et al. 2008). 

We observed though that the effect of landscape diversity on gamma and grassland species richness 

is negative in one study region (Forez), the one where the grasslands coverage is the highest. In fact, 

we found more grasslands where the landscape compositional diversity is lower in this study region 

since these two variables were highly negatively correlated (Appendix G). Batáry et al. (2007) observed 

as well this negative correlation between landscape diversity and grassland coverage. They 

furthermore saw that grassland carabid communities become less diverse when the surrounding 

grassland coverage is decreasing, hence when the landscape is more heterogeneous with other types 

of land use. They argue that this lower carabid diversity is explained by lower specialist species richness 

when the grassland coverage is lower (higher landscape diversity). On the contrary, habitat generalists 

benefit from higher landscape diversity (Jonsen and Fahrig 1997; Batáry et al. 2007). Hence, the gamma 

and grassland species richness are higher when there is more grassland coverage in the surroundings 

because specialist species are favored by this important grassland mosaic. 
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Higher edge density increased the gamma species richness in two study regions, which converges with 

a recent study (Gallé et al. 2018b). Indeed, field edges generally host semi-natural elements with 

herbaceous covers which can host species that would not dwell within the field (Thomas et al. 2001; 

Marshall et al. 2001). Parcel edges can as well shelter carabids (Thorbek and Bilde 2004; Schirmel et 

al. 2016), preventing them from dying in case of perturbation of the cropped habitat, like tillage for 

example. Moreover, Jowett et al. (2019) showed that in-field carabid species richness decreased when 

the sampling went further from the parcel boundary into the field, which argues in favor of the role of 

edges for enhancing carabid diversity. 

However, there was no significant effect of edge density on gamma diversity in Bièvre as well as for 

landscape Shannon diversity on permanent grassland and gamma species richness, whereas there was 

no influence of landscape parameters on cereal field carabid richness. This thereby implies that the 

effect on the gamma richness is mainly due to the grassland carabid community. Hence, it is possible 

that we did not find the same positive influence of edge densities on the gamma diversity as compared 

to the two other study regions. 

4.4.2 Landscape parameters impact on carabid richness in grasslands but not in 

cereal crops 

In our study we found that landscape parameters impact on carabid richness in grasslands but not in 

cereal crops. This is in contrast with other studies which could show that there is a relation between 

cropland carabid richness and landscape heterogeneity (Fahrig et al. 2011; Fahrig et al. 2015; Madeira 

et al. 2016) or the proximity of semi-natural elements (Purtauf et al. 2005; Burel and Baudry 2005; 

Duflot et al. 2017; Holland et al. 2017). However, some other research also pointed out that species 

richness of cropland carabid communities was not influenced by landscape heterogeneity (Winqvist et 

al. 2011). In agricultural landscapes, carabid diversity is strongly determined by the land cover in which 

it is sampled (Dauber et al. 2005; Ng et al. 2018). 

One explanation may be that in our study carabid species richness in cereal crops may have been 

strongly impacted by farmers’ management. Almost all the cropped fields we sampled were 

conventionally farmed. We guess that conventional practices may have stronger impacts on carabid 

communities than landscape context. Indeed, more intensive practices are known to lower the species 

richness of phytophagous and polyphagous species (Winqvist et al. 2011). The impact of farming 

practices has been pointed out in multiple ways. First, insecticides are usually decreasing carabid 

diversity (and abundance), both directly by killing the individuals themselves or indirectly by reducing 

dramatically their prey number. Second, as carabids are ground-dwellers and many during winter 
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underground, tillage has an impact on their diversity by physical destruction or consistent disturbance 

of their habitat. Indeed, no-till or reduced tillage with no soil inversion are less destructive for carabid 

communities (Holland and Luff 2000; Holland and Reynolds 2003; Hatten et al. 2007). Third, herbicides 

are indirect threats, either by reducing the ground vegetation cover and with this food resources for 

certain species (Kromp 1989; Pfiffner and Luka 2003; Geiger et al. 2010). Finally, higher fertilization 

increases the canopy density, then altering the ground surface micro-climate, and therefore reducing 

the occurrence of xero-thermophilous carabid species. The type and amount of fertilization can also 

have an impact with for example organic fertilizers increasing epigeal arthropods diversity (Pfiffner 

and Luka 2003). 

Otherwise, a second explanation can be that the cereal fields we sampled were not or rarely sprayed 

with insecticides, hence giving a rather stable habitat to their carabid communities. Indeed there is 

some evidence that carabids can be relatively tolerant to non- or low- insecticidal conventional farming 

managements (Navntoft et al. 2006; O’Rourke et al. 2008). Moreover, cropland carabids are usually 

dominated by opportunistic xero-thermophilous species, which are used to open habitats and tolerate 

some disturbance (Burel and Baudry 1995; Fournier and Loreau 1999; O’Rourke et al. 2008). Semi-

natural habitat communities are on the contrary composed with a wider variety of species, of which a 

substantial number is attached to habitat stability of perennial and dense vegetation (Thiele 1977; Luff 

1996). Semi-natural habitat species are thereby slower colonizers than cropland ones (Burel and 

Baudry 1995). Then, after an insecticide spray, the cropland species can definitely outcompete the 

ones from semi-natural habitats in the recolonization of a field (Holland and Luff 2000; Lee et al. 

2001b). Thereby, the carabid communities we sampled in cereal fields may have been so adapted to 

this habitat and its disturbance that they are not or little influenced by the neighboring landscape and 

hereby preventing other species which could potentially disperse from adjacent habitats. 

4.4.3 Adjacency between winter crops and grasslands drives common species 

richness 

We expected higher adjacency between grassland and cropland to enhance the number of common 

species between the communities of these two land cover types. Indeed, our study suggests that a 

higher grassland-cropland edge density enhances the common species ratio between cropland and 

grassland communities. Furthermore, we found more common species in sampling sites of Rovaltain 

where the surroundings had higher grassland coverage. Indeed, edges between grasslands and crops 

enhances multi-habitat carabid gamma diversity (Batáry et al. 2012; Duflot et al. 2017). This can be 

due to food resource complementation (Dunning et al. 1992; Fahrig et al. 2011; Duflot et al. 2017) or 

habitat complementation for overwintering (Holland et al. 2005; Gallé et al. 2018a). Moreover, it 
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supports carabids spillover in two ways: after harvest, when preys are lacking, they move from 

croplands into neighboring grasslands (Schneider et al. 2016). They move back into the croplands after 

winter when the conditions suit them again. Our findings support that habitats between cropland and 

grassland seem not be a barrier for some carabid species and might allow migration between cropland 

and grassland.  

4.4.4 Landscape radii level explains species richness 

Among the three radii tested, the 200 m radius landscape was the best to explain the gamma carabid 

richness, the species richness in grasslands as well as the common species ratio. This is related to 

previous works (Weibull et al. 2003; Schweiger et al. 2005) which also show the importance of close 

field edges and landscape diversity for carabid species richness. Thomas et al. (2001) showed that 

closer located landscape elements, such as hedgerows or the occupation of adjacent fields, are 

important features to host species diversity. They observed that some carabid species only dwell along 

the field boundaries, for example in vicinity of a hedgerow or grassland, or in certain areas where 

herbaceous plant cover is higher. Finally, the close landscape, i.e. the field and its adjacency, can act 

as a filter for species composition and diversity (Thomas and Marshall 1999). In particular, some 

predatory species need to migrate to neighboring fields to find prey during certain periods in the year 

or their life-cycle, hence their diversity directly relies on the diversity of the closer landscape (Fusser 

et al. 2017). 

4.4.5 Consistency of the landscape effect between study regions 

Our last objective was to evaluate the consistency of the landscape effect on the different species 

richness parameters studied. We observed diverse responses of gamma and grassland carabid species 

richness to landscape diversity and edge density among study regions. Gamma species richness was 

differently explained by landscape diversity and edge density according to the study region, whereas 

the effect of landscape diversity on grassland richness was different in Forez compared to the two 

other study regions (Table 4). Common species were not influenced the same way by grassland 

coverage in different study regions. We observed that the relationship between carabid species 

richness with landscape surroundings can be inconsistent from one region to another because of 

differences in local farm managements or environmental conditions (Karp et al. 2018). Further, 

regional scales are an essential factor to explain species composition (Schweiger et al. 2005). Many 

regional abiotic factors, such as soil type, pH or clay, water and organic contents are explanatory of 

carabid diversity (Holland and Luff 2000). And these characteristics are directly linked to the regional 

pedoclimatic conditions. Moreover, Tscharntke et al. (2005) observed that in agricultural regions 
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where biodiversity is already high, the beneficial effect due to low management intensity is less 

important. They argue that more complex landscapes generally host higher biodiversity, then the 

impact of beneficial anthropogenic management is lower than in simple landscapes dominated by 

arable fields. In a meta-analysis, Tuck et al. (2014) indeed observed that the beneficial effect of organic 

farming for biodiversity was more important in intensive landscapes. 

All these explanations can enlighten the sometimes diverging landscape effects between study areas. 

Indeed, Bièvre, Rovaltain and Forez have different pedoclimatic conditions. The annual rainfalls are of 

650 mm in Forez, 880 mm in Bièvre and 960 mm in Rovaltain. Soils in Forez are mostly sandy-loamy, 

with some clayey areas, Rovaltain is mostly covered with silty soils and Bièvre with moraine soils. Forez 

and Bièvre have temperate semi-continental climate, whereas Rovaltain is more influenced by both 

semi-continental and Mediterranean climates. The farming intensity in the three study regions can 

only be differentiated through their coverage gradient between permanent grasslands, which are 

extensively managed, and crops, which are intensively managed. 

4.4.6 The role of permanent grasslands and landscape diversity for the management 

of carabid species 

Our observations in Bièvre converges with previous findings which emphasized the importance of crop 

diversity for enhancing carabid species richness (Schweiger et al. 2005). Indeed, cropland carabids 

move along diverse crops for foraging (Marrec et al. 2017). Thus, they need a complex compositional 

mosaic in order to find resource and habitat complementarity. In the absence of crop diversity, 

carabids can as well disperse into neighboring grasslands (Schneider et al. 2016) where they also find 

overwintering shelters (Kromp 1999; Holland et al. 2005; Gallé et al. 2018a). That is probably what we 

observed in Forez. Accordingly, non-cropped semi-natural areas are recurrently pointed out as 

important drivers for carabid diversity in agricultural landscapes (Tscharntke et al. 2005a). Knapp and 

Řezáč (2015) observed that even small sized semi-natural habitats efficiently enhance carabid richness 

of arable fields. For example, grass and flower strips give more resilience to carabid communities from 

adjacent cropped fields where insecticide was sprayed and hence can potential improve biocontrol 

(Lee et al. 2001b; Menalled et al. 2001; Marshall et al. 2001).  

Based on the different findings of our study and literature, several recommendations could be made 

to policy makers and farmers to support occurrence of carabids and enhance their functional role as 

biocontrol agents. Our research emphasizes the potential of permanent grasslands to enhance carabid 

diversity in the adjacency of croplands, even in intensively cropped landscapes, combined with 

adapted farming practices in order to enhance potential of conservation biological control by carabid 
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beetles. More generally, farmland mosaic needs a variety of crops as well as semi-natural elements. 

Then, grasslands, even if small, can provide refuge habitats to beneficial fauna. In a much wider study 

on multiple regions and multitrophic species, Sirami et al. (2019) pointed out the consistent 

importance of semi-natural coverage, small field size and crop diversity to enhance general diversity. 

There is indeed a need for policies which favor this arrangement of agricultural landscapes. Bringing 

back permanent grasslands into regions dominated by crops would also benefit cropping systems 

through biological control conservation (Chaplin-Kramer et al. 2011; Landis 2017). Moreover, extensive 

grazing indeed is a beneficial management to maintain both farming activities and carabid diversity 

(Gustavsson et al. 2007; Dostálek and Frantík 2008; Römermann et al. 2009). Reshaping the agricultural 

landscapes is another way to enhance conservation biological control, the enhancement of natural 

enemies abundance and diversity by the provision of the resources they need (Barbosa 1998; Fiedler 

et al. 2008), by down-sizing the fields, which has the consequence to increase the edge-density. Small-

scale farming indeed is known to enhance carabid and spider diversity (Fahrig et al. 2015; Sirami et al. 

2019). 

4.5 Conclusion 

Our research suggests that there is a complementarity between grassland and cereal carabid 

communities. The vicinity of semi-natural habitats, like permanent grasslands, which also provide 

complementation of resources or habitat, must be an asset for some species which can move, 

especially in case of agricultural disturbance of the field. Our research points out the need for 

preservation or restoration of a grassland mosaic along with more diverse cropped landscapes to 

enhance carabid beetles and consequently increase the potential of conservation biological control 

which is important for future agricultural production with less or no pesticides. 
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5. Functional traits of carabid assemblages in adjacent 
grasslands and cereal fields  

Damien Massalouxa, Benoit Sarrazina, Anthony Roumea, Vincent Tolona, Alexander Wezela 

a Isara, Agroecology and Environment research group, 23 rue Jean Baldassini, 69364 Lyon, France 

This chapter is an original article still under preparation. 

5.1. Introduction 

Since the 1950’s, agricultural intensification led to a dramatic loss of biodiversity in Europe (Stoate et 

al. 2009; IPBES 2018a). Intensive agriculture drove to the development of mono-cropping (Power and 

Follett 1987; Mudgal et al. 2010) as well as the intensive use of insecticides, herbicides, fungicides or 

fertilizers (Robinson and Sutherland 2002; Mazoyer and Roudart 2006; Bianchi et al. 2006). 

Intensification has also been responsible for the simplification of farmed landscapes, with the 

dominance of a few crops along with enlarged fields (Benton et al. 2003; Flohre et al. 2011; Tscharntke 

et al. 2012a; Gámez-Virués et al. 2015). Further, many grasslands were progressively turned to 

cropland or abandoned (Peeters 2012). By negatively impacting biodiversity, intensive agriculture also 

threatens ecosystem services, even the ones from which it benefits (Costanza et al. 1997; Emmerson 

et al. 2016) such as biological control, pollination and nutrient recycling. Agroecology suggests to 

replace synthetic inputs, typical of intensive agriculture, by ecosystem services (Wezel et al. 2014; 

Altieri et al. 2018). This would serve two goals: reduce the negative impact of farming activities on 

biodiversity, as well as improve the efficiency or enhancement of different ecosystem services, among 

them biological control (Altieri et al. 2018). 

Carabids are important biological control providers in cereal fields (Kromp 1989; Kromp 1999; Moonen 

and Bàrberi 2008). Most species are aphidophagous, though larger ones can also prey on slugs and 

snails (DeBach and Rosen 1991; Dainese et al. 2017b; Altieri et al. 2018). Other species are 

phytophagous and forage also on weed seeds (Menalled et al. 2007; Bretagnolle et al. 2012; Trichard 

et al. 2013). Since carabids are natural enemies of pests and weed seeds reducers, they can be of great 

benefit for farming activities. 

Carabid species composition is majorly determined by type and quality of habitats (Thiele 1977; Kromp 

1999; Tuck et al. 2014). A broad variety of carabids can be found in agricultural landscapes, where they 

live in cropland, grassland, woodland or even semi-natural elements such as hedgerows. Although 

woodland carabids are rather confined to their original habitat (Duflot et al. 2014), species in crops 
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and grasslands can eventually need to move between these habitats. As croplands are disturbed 

habitats due to farming activities, their carabid communities may spillover into neighboring habitats, 

such as grasslands or other crops (Schneider et al. 2016). Furthermore, carabids can also migrate into 

grasslands to overwinter (Holland et al. 2005; Gallé et al. 2018a). 

Carabids from cropland and grassland show some differences in their traits. Indeed, species occurring 

in cereal crops are often more mobile than in grasslands as they need to be able to migrate in case of 

disturbance of their habitat by agricultural activities (Ribera et al. 2001; Pakeman and Stockan 2014). 

Three carabid traits are well studied and inform about the biological control potential as well as the 

mobility of the individuals: the adult diet, the size and the wing status (Kromp 1989; Kromp 1999; 

Holland 2002). 

Carabid species also tend to be smaller in croplands than in grasslands, since they are more exposed 

to impacts of soil tillage which can be lethal to larger individuals (Kromp 1999). Furthermore, since 

cropland carabids live in a disturbed habitat which provides both vegetative and invertebrate food 

resources, they are for the most generalist species. Grassland carabids species indeed are more 

phytophagous species or even generalist species. 

The landscape is also known to act as an important trait filter for carabids. Ecological filtering is the 

process through which species are determined by habitat, environmental factors and ecological 

interactions (Magura et al. 2015), as opposed to random processes (Pausas and Verdú 2010). 

Agricultural intensification leads to the homogenization of species traits (Duflot et al. 2014; Gámez-

Virués et al. 2015) through two synergistic processes: the reduction of landscape heterogeneity and 

the disturbance with farming practices. Lower landscape compositional heterogeneity selects against 

specialized traits, and then favors generalist or opportunistic species. Small species are more often 

found within a dominance of croplands, while in grassland areas the diversity of large and specialized 

carabids is enhanced. Moreover, many species found in grasslands depend on the landscape context. 

In landscapes dominated by grasslands, carabid species are mostly grassland specialists, whereas they 

are more generalists when the landscape is covered by cropland (Batáry et al. 2007). 

Although the influence of the habitat and landscape context on carabid life traits are well-known in 

agricultural landscapes, the assemblages in adjacent grasslands and cereal crops have been little 

studied so far. Most studies have either focused on one of the two habitats (Purtauf et al. 2005; 

Hendrickx et al. 2009; Wamser et al. 2012), or on multiple habitats analyzed altogether (Duflot et al. 

2014). Yet, cereal crops and grasslands are two major components of agricultural landscapes, and their 

vicinity can provide refuge habitats and food resources for carabids (Dunning et al. 1992; Pfiffner and 

Luka 2000; Fahrig et al. 2011).  
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In this study, we aimed at disentangling the effects of land cover type and landscape on the carabid 

life traits of two different farmland covers. Our first objective was to evaluate the probability that 

paired grassland and cereal crop share carabid species according to three of their functional traits: size, 

diet and wing status. We hence hypothesized that more generalist and mobile species, meaning 

polyphagous and/or macropterous carabids, would be more likely to be sampled in both paired cereal 

crop and grassland (hypothesis i). 

Our second objective was to find out whether functional traits are influenced by the field of landscape 

parameters. Then, we hypothesize that phytophagous and carnivorous, meaning polyphagous and 

predatory, species would be more likely to be caught respectively in grasslands and cereal crops 

(hypothesis ii). We also suggest that more mobile species, meaning larger and/or macropterous would 

be more caught in cereal crops than in grasslands (hypothesis iii). 

Finally, our third objective was to analyze whether the landscape context influence is the same way 

carabid communities in permanent grasslands and cereal crops. Therefore, we expected higher 

landscape heterogeneity to lower the specialization, meaning phytophagy and absence of wings, of 

carabids found in grasslands, while this parameter would have no effect on cereal crops carabids 

(hypothesis iv). 

We present the results of these analyses and discuss their implication to enhance functionality of 

landscapes for carabids in farmland. This includes to look at the landscape complementation theory, 

applied to carabid traits, in the perspective to formulate potential recommendations for farmers, 

landscape planners and policy makers about the agroecological value of grasslands in agricultural 

landscapes for conservation biological control. 

5.2. Material and Methods 

5.2.1. Study regions and landscape characteristics 

We studied the carabid assemblages and their landscape context in three agricultural plains of the 

Auvergne Rhône-Alpes region in southeastern France (Figure 23). They are all mostly dominated by 

conventional intensive agriculture. The Bièvre and Rovaltain study regions are characterized by the 

dominance of crops such as maize, wheat, and oilseed rape, whereas in Forez livestock systems with 

use of permanent grasslands are more present than cropped areas. Bièvre and Forez have temperate 

semi-continental climate, whereas Rovaltain is influenced by both semi-continental and 

Mediterranean climates. 
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Like in other parts of France, crops are tilled (mostly between 20 and 25 cm deep) (Labreuche et al. 

2011), chemically fertilized, as well as preventively protected through the application of pesticides, 

fungicides and herbicides (Butault et al. 2011). Winter cereals are typically sown in fall and harvested 

in June and July while spring crops are sown in April and May and harvested during late September 

and October. One precautionary application of herbicides is commonly applied to cereals, before or 

after winter. One preventive spraying of fungicides is applied during spring to avoid spread of fungal 

diseases with the increase of temperature and air moisture. The use of pesticides can be more intense 

and is variable according to annual and local climate conditions. Permanent grasslands are mainly 

mown two to three times, and sometimes grazed. 

 

Figure 23. Spatial locations of (a) the three study regions in the Auvergne Rhône-Alpes region, France, 

(b) location of sampling points (either in cereal field or grassland) in the Rovaltain study region and (c) 

example of neighboring sampling location in paired cereal fields and grasslands. 

5.2.2. Site selection and carabid sampling 

We selected two contrasted agricultural land covers corresponding to different intensities of 

management and inputs: winter cereals and permanent grasslands. Winter cereals have the higher 

share among croplands when considering the three study regions: they respectively occupy 26%, 18% 

and 8% of the whole study area in Rovaltain, Bièvre and Forez. Furthermore, our three study areas are 

representative of a gradient of grassland coverage: they represent 3% of the whole area in Rovaltain, 

16% in Bièvre and 27% in Forez. 

Sampled cereal fields were primarily cropped with wheat and barley and in fewer cases with triticale 

and rye. They were for the most part tilled and farmed with chemical inputs. Permanent grasslands 

were another important agricultural land cover in the studied landscapes, especially for livestock 

farming. For analyzing carabid occurrences, we placed pitfall traps in cereal fields and grasslands, with 

agreement of farmers. Traps were placed with at least 30 m to the land parcel border to limit edge 
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effects. As we wanted to study similarities of species assemblages in the two contrasted land covers, 

we selected couples of sampling sites where cereal and grasslands fields were adjacent or in close 

vicinity, thus also having identical landscape context.  

In 2017, 84 sites were sampled, with 43 cereal fields and 41 nearby grasslands. In 2018, there were 

122 sites sampled with 61 cereal fields and 61 grasslands. We had two more samples in cereal fields 

than in grasslands due to the destruction of two traps by cattle. Carabids were sampled with pitfall 

traps (10 cm diameter) half-filled with a 50% propylene glycol solution. A drop of detergent was added 

to reduce surface tension and thus prevent the escape of lighter carabid species. Polystyrene roofs (22 

cm diameter) were set about 5 cm above each trap to prevent flooding of traps during rainfall events. 

Each year, two field surveys were carried out with sampling periods of seven days. First period was 

between late April and early May, and second between late May and early June so that we could catch 

the most representative samples of spring breeding carabids. Each trap was thus open seven days 

twice per year. Species identification followed the keys of Jeannel (1941, 1942) and Coulon et al. 

(2011). (2011). In addition, species were classified into life traits (diet, wing status, size) with the use 

of available literature (Jeannel 1941; Jeannel 1942; Lindroth 1992; Ribera et al. 2001). We chose to 

group the sampling data of the first and the second sampling period in order to summarize the whole 

diversity of carabids present each year in spring. 

5.2.3. Data analysis 

 Carabid life traits 

We identified three different carabid life traits which were associated with two vital functions: diet 

and mobility (Table 13). All the 115 sampled species were associated with a value of the three life traits 

(Appendix D). The adult diet was categorized into three values: phytophagous, for seed-feeders, 

predatory entomophagous species and polyphagous for species which can feed on both resource types 

(Table 13). Wing status relates to the development of wings on adults: apterous do not have wings, 

macropterous species that have fully developed wings, and dimorphic present both phenotypes on 

adults (Kromp 1999). The size has been divided into four categories very small, small, medium and 

large. Both size and wing status inform about the species mobility. 
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Table 13. Carabid life traits categories used in the generalized linear mixed models (GLMm) and RLQ 

analyses. 

Carabid life trait GLMm RLQ 

Adult diet Phytophagous  

 Polyphagous  

 Predatory  

Wing status Apterous 0  

 Dimorphic 1  

 Macropterous 2  

Size Continuous (mm) 

Logarithmic 

Very small (< 6 mm) 

  Small (>6 – 8 mm) 

  Medium (>8 – 10 mm) 

  Large (> 10 mm) 

 

 Effects of life traits on carabid exclusiveness or commonness in the paired contrasted 

land cover types 

Statistical analyses were conducted using R 3.6.0 (R Development Core Team 2019). One sample of a 

given species was considered shared when it was sampled in both paired cereal field and grassland. 

On the contrary, a sampled species was considered as exclusive when it was only sampled in one of 

the two paired land covers, and then considered as exclusive to the land cover it was found in. 

We performed two sets of generalized mixed models (GLM) (Guisan et al. 2002; Bolker et al. 2009) to 

analyze the relationship between the life traits incidence to their exclusiveness or commonness to both 

land covers of each paired site. One model compared the incidence of traits which were shared and 

exclusive; another the incidence of traits which were only exclusive according to their land cover. Since 

our answer variables were qualitative and binomial, our model distributions were both binomial-fitted. 

The tested parameters were carabid life traits, as presented in Table 13. The wing status has been 

transformed into a continuous variable (), in order to be integrated in the models. The size has been 

standardized. We retained in our models the interactions of diet or wing status related to size of 

carabids. Size-diet interaction informs about the type of prey, whereas wing status-size interaction 

about the mobility of the species (Cole et al. 2002) . We also kept the year of sampling as a parameter. 

This resulted in the comparison of 14 different models, including null one. 

Corrected Akaike information criterion (AICc) allowed to estimate the relative quality of every model 

in our sets (Symonds and Moussalli 2011). For each set, we selected the most parsimonious models, 
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i.e. whose ΔAICc was inferior to 2 in multimodel inference (Burnham and Anderson 2002; Burnham and 

Anderson 2004). When there was more than one model, we averaged them in order to retain as much 

information as possible on the significant explanatory variables (Burnham and Anderson 2002; Johnson 

and Omland 2004). We always checked the null model ΔAICc to verify the significance of our model 

selection (a ΔAICc lower than 2 involved no significant effect of explanatory variable). We used the R 

lme4 1.1-18-1 package (Bates et al. 2014) and the R MuMIn 1.42.1 package (Burnham and Anderson 

2002; Barton 2018) for the multimodel inference procedure. 

 Relationship between species distribution, traits and landscape context 

In order to disentangle the relationship between landscape context, species distributions and life traits, 

we performed RLQ analyses (Dolédec et al. 1996; Dray et al. 2003; Kleyer et al. 2012). RLQ provides 

double ordination between three datasets: R (landscape context), L (carabids abundance contingency 

table) and Q (species traits). We standardized our abundance contingency tables according to Hellinger 

(Legendre and Gallagher 2001) and then applied classical Euclidean distances calculations to obtain 

the ecological distances matrix. Compared to Jaccard or Bray-Curtis distances, Hellinger offers the 

advantage to lower dissimilarity in the case of rare species (in the whole dataset). 

RLQ recommends to firstly analyze all the tables separately with the appropriate multivariate 

ordination method: covariance analysis (CA) for the carabid contingency table. Secondly, principal 

correspondence analysis (PCA) was performed for the landscape context table. Thirdly, multiple 

correspondence analysis (MCA), by Hill-Smith PCA was driven for the trait table, weighing columns 

with the previous PCA species scores. Finally, the RLQ analysis provides a combination of all three 

independent analyses. To test the robustness of the RLQ, we performed two Monte-Carlo 

randomization tests (Model 2 and 4, 9,999 permutations and α = 0.05). For the first test, the null 

hypothesis was that species are distributed randomly across the sampled pairs, for the second test the 

null hypothesis was that species are distributed randomly, irrespectively to their traits (Dray and 

Legendre 2008; Duflot et al. 2014). We used the R ade4 1.7-13 package for the RLQ analysis (Dray et 

al., 2018). 

 Landscape parameters 

All the landscape parameters are the results of field recording within a radius of 500 m around every 

sampled site. We processed our data through ArcGIS 10.4 (Esri 2015) in order to obtain different 

landscape indicators for three different landscape radii (200, 300, 500 m) around the sampling points 

(Figure 23). To analyze the compositional heterogeneity of the landscape we applied the Shannon 

diversity index. It is calculated as follows: 𝐻′ =  − ∑ 𝑝
𝑖

𝑛
𝑖=1 ln 𝑝

𝑖
 where pi

 is the proportional area of the 

ith land cover among the n land covers in the corresponding radius areas around the sampling points. 
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The land cover types which were considered for the Shannon index are presented in Appendix A. The 

field border density, called in the following edge density, was measured by extracting the edges 

between land parcels and summing their total length in the three different radii areas. The winter crop-

grassland edge density was obtained the same way, though it only considered the edges between 

adjacent parcels of winter crops and permanent grasslands. We tested the Spearman’s rank correlation 

between the different landscape variables in every study area Appendix G, in order to interpret more 

confidently our results. 

 

Figure 24. Different landscape context radii around the pairs of sampling points. 

We performed a principal component analysis (PCA) with different landscape parameters for the 200, 

300 and 500 m radii areas around sampling points to determine the most explanatory variables as well 

as their correlation to other variables. The PCA allowed the identification of a set of variables which 

described best the landscape context (Table 14). The variables included in the PCA were both 

configurational and compositional: coverage ratios of annual winter crops, annual spring crops, 

permanent grasslands, temporary grasslands, woodlands, linear semi-natural elements, hedgerows; 

compositional diversity measures such as number of different crops, the landscape Shannon diversity, 

and the crop Shannon diversity; and finally configurational indicators such as the mean field area, the 

mean field complexity index, the overall edge density and specific winter crop-grassland and winter 

crop-spring crop edge densities. We also integrated in the RLQ analysis the land cover type of the 

sampled field, in order to search for the potential differentiated impact of the landscape on the 

functional communities from grasslands and winter crops. 
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Table 14. Significant landscape parameters selected to analyze carabid species richness with 

generalized linear models comparison. 

Parameter 
Abbreviation 

in graphs 
Type Values / Metric 

Grassland coverage ratio grasslands Continuous Percentage of area 

Hedgerows coverage ratio hedgerows Continuous Percentage of area 

Landscape Shannon diversity indexa Shannon Continuous Double 

Edge density ED Continuous m.ha-1 

Winter crop – permanent grassland 
edge density 

WC-PG ED Continuous m.ha-1  

 a The land cover types accounting for landscape Shannon index are presented in Appendix A. 

5.3. Results 

5.3.1. Life traits of common and exclusive species to paired cereal fields and 

grassland 

Carabid species common to the two paired land cover types appeared in 14% of the analyzed pairs. 

(Table 15a). In the cereal crops they were exclusively found in 36% of the sampled pairs, in permanent 

grassland in 40% of the cases. The predatory carabids had the highest presence among diet traits. 

Phytophagous species came in second and polyphagous ones were the least sampled. Predatory 

carabids were appeared more often in both landcover types. Phytophagous species were a bit less 

sampled in both paired cereal crop and grassland than polyphagous while they were the group the 

most exclusive to grasslands. Polyphagous species were dominantly exclusively found in cereal crops, 

although they were relatively higher in both covers compared to the other two diet traits. More than 

the half of predatory species were exclusively present in cereal crop, although almost one third could 

also be sampled exclusively in grassland. 

Concerning the wing status (Table 15b), macropterous species were the most present in numbers by 

far, whereas apterous and dimorphic species were sampled 9 and 5 times lower, respectively. Apterous 

species were relatively the most exclusive to grassland, though some of them had a low common 

presence in both land covers. Dimorphic species were the most dominant in cereal crops, whereas 

macropterous species were almost equally sampled exclusively in cereal crop and grassland. 

Large carabids were the most abundant, followed by very small and small carabids. Medium-sized 

carabids were by far the least abundant. Large carabids were relatively more common to both land 

cover types with 18%, compared to the other size categories. Very small carabids were highly found 
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exclusively in cereal crops, with 57% of their abundance, although the level of large ones was high as 

well, with 48%. Medium-sized and, to a lesser extent, small carabids were the most found carabids 

exclusively in grasslands, with respectively 63 and 47% of their total abundance. 

Table 15. Abundance of carabids in agricultural landscapes in southeastern France common or 

exclusive in grasslands and cropland in relation to traits: (a) diet (b) wing status and size. 

(a) 

 Overall Diet 

 All traits Phytophagous Predatory Polyphagous 

 n % n % n % n % 

Total 1179  399  597  399  

Common to both 164 14 36 9 89 15 36 9 

Exclusive to cereal crops 541 46 87 22 338 57 87 22 

Exclusive to grasslands 474 40 276 69 170 28 276 69 

 

(b) 

 Wing status Size 

 
 

Apterous 
 

Dimorphic 
 

Macropterous 
very small 
(≤ 6 mm) 

small 
(>6-8 mm) 

medium 
(>8-10 mm) 

large 
(> 10 mm) 

 n % n % n % n % n % n % n % 

Total 100  175  904  310  307  136  426  

Common to both 13 13 35 20 116 13 35 11 42 14 10 7 77 18 

Exclusive to cereal crop 32 32 90 51 419 46 176 57 120 39 40 30 205 48 

Exclusive to grassland 55 55 50 29 369 41 99 32 145 47 86 63 144 34 

 

5.3.2. Distribution of life traits between the two land covers 

Results from general linear mixed model inference are presented in Appendix I. Diet, and to a lesser 

extent size, of carabid species significantly explained their exclusiveness and commonness in our 

samples. When considering the exclusiveness of species to one sampled land cover, wing status and 

diet were important factors and size only mattered when interacting with one of the two other trait 

parameters. 
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(a) 

 

(b) 

 

Figure 25. Species probability of commonness according to according to life traits and size: (a) diet and size, (b) wing 

status and size. 

Note: P(exclusiveness) = 1 – P(commonness). Area around the curve is 0.95 margin error. The extremities of each curve mean no smaller or 

larger species was sampled for that peculiar trait. 

(a) 

 

(b) 

 

Figure 26. Species probability to be exclusive to one land cover type according to life traits and size: (a) diet and size, 

(b) wing status and size. 

Note: P(PG exclusiveness) = 1 – P(WC exclusiveness). Area around the curve is 0.95 margin error. The extremities of each curve mean no 

smaller or larger species was sampled for that peculiar trait. 

Polyphagous carabid species had the highest probability to be sampled in both grassland and cereal 

crop with increasing size of species, until to a certain size limit. Moreover, phytophagous tended to be 

occur more common to both land cover types when larger (Figure 25a). Dimorphic and macropterous 

species had also higher probabilities to be caught in both paired land cover types with increasing size 

of species, whereas apterous species were less common, irrespective to their size (Figure 25b). 
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Polyphagous and predatory carabids were more likely to be exclusive to cereal crops, while 

phytophagous species were highly exclusive to grasslands (Figure 26a). Apterous carabids larger than 

25 mm had higher probabilities to be found exclusively in cropland, though smaller ones are more 

exclusive to grasslands (Figure 4b). Macropterous species showed a strong change regarding size with 

smaller macropterous species are more likely to be caught in the cereal crop only, and macropterous 

larger than 9 mm more caught exclusively in the grassland. Dimorphic species had equivalent 

likelihoods to be exclusively found in grassland and cropland, but with increasing size more found 

exclusively in cropland. 

5.3.3. Landscape context influence on life traits 

The land cover type was the most explanatory parameter of the carabid life traits occurrence. 

Landscape context was secondary, with the most important factors landscape Shannon diversity, edge 

density and grassland coverage. Indeed, the projected inertia of the RLQ first axes showed that the 

first axis explained 84% of the carabid traits variance (Figure 27). The second axis and the third axis 

respectively explained 9% and 4% of the carabid traits variance; they are more related to the difference 

in the 500 m radius landscape context between the sampled fields. The first two axes thereby 

explained 93% of the trait variance. The RLQ analysis showed that species compositions significantly 

depended on sampled habitat and landscape parameters (permutation test, p-value = 0.0001). 

However, the relationship between the distribution of species and their functional traits was slightly 

over the significance level (permutation test, p-value = 0.053). 

The first axis significantly correlated with the land cover type of the sample: cereal crops or permanent 

grasslands (Figure 27). The combination of the second and third axis differentiated the 500 m 

landscape contexts through compositional and configurational heterogeneity parameters, with 

respectively landscape Shannon diversity and edge density (both overall and winter crop-permanent 

grassland). 
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Figure 27. Ordination of the landscape parameters and carabid species traits along the two first axes 

of the RLQ analysis 

Apterous species were typical of grasslands with low compositional diversity in their landscape context 

(Figure 27a). The presence of phytophagous species was related to grasslands. Very small species were 

bound to fields with a high grassland coverage in their landscape. Polyphagous presence was explained 

by cereal crops, with landscapes of relatively high grassland coverage and/or low landscape 

compositional diversity. Medium-sized species were related to grasslands in heterogeneous 

landscapes. Predatory species were bound to crop fields with high landscape heterogeneity. 

Macropterous species were not dependent of the habitat nor of the landscape context (Figure 27a and 

Figure 27b). 
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5.4. Discussion 

In this study, we aimed at disentangling the influences of the sampling land cover type from the 

landscape context on the distribution of carabid life traits. Polyphagous species tended more to be 

commonly appearing in paired grassland and cereal crop. Phytophagous species were highly exclusive 

to grasslands, while predatory and polyphagous were it in cereal crops. Small apterous carabids were 

more likely to be caught in grasslands only. Polyphagous species were related to cereal crops when in 

vicinity of high grassland coverage. Finally, macropterous species were not influenced by the sampled 

land cover type nor the landscape context. 

5.4.1. Polyphagous species are more shared by both land covers 

As we expected in our hypothesis (i), polyphagous species were more shared by both paired grasslands 

and cereal crops. Indeed, their polyphagy allows them to feed on invertebrate preys as well as weed 

seeds; they are thereby more likely to thrive in both land cover types (Thiele 1977; Luff 1996; Kromp 

1999). Also, as they can move from one to another in case of disturbance or lack of resources (Östman 

et al. 2001b), they can spillover into grasslands after the harvest of crops, where they can eventually 

overwinter (Geiger et al. 2009; Alignier et al. 2014). Moreover, we found that polyphagous species 

were bound to high grassland coverage in the cereal crop surrounding landscape. It may be due to the 

fact that after hibernation they migrated back into cereal crops during spring, when the vegetative 

cover there is favorable again. And during this season, they can indeed find many of their potential 

preys, like aphis and snails, which are more present in cereal crops than in grasslands (Schneider et al. 

2016). 

5.4.2. Trait occurrence is primarily determined by the land cover type 

Our second objective concerned the disentangling of field and landscape parameters in the 

determination of carabid traits. We thereby found that the main factor determining carabid traits was 

the land cover type, which is consistent with previous studies (Tuck et al. 2014; Caro et al. 2016; Gayer 

et al. 2019). We verified our hypothesis (ii), as carnivorous species, identified as predatory and 

polyphagous in our diet trait categories, were related to cropland, probably due to the higher 

availability of pest preys such as aphids (Bryan and Wratten 1984; Holland et al. 2004; Winqvist et al. 

2014; Hanson et al. 2016). Furthermore, we found more phytophagous species in grasslands, like 

Hanson et al. (2016), which is explained by the higher availability and diversity of vegetative food 

resource in this land cover type (Klimeš and Saska 2010; Diehl et al. 2012). 
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Small phytophagous were highly likely to be exclusive to grasslands, emphasizing their preference for 

this habitat. Indeed, we sampled in conventionally farmed cereal fields, where the weed cover was 

very low and mostly strongly controlled by herbicides (Labruyere et al. 2016). This might explain why 

fewer phytophagous species were found in cropland, since their food resource there was scarce 

compared to grasslands (Thomas et al. 2001). Yet, phytophagous are known to provide weed seed 

predation in monocrop landscapes (Jonason et al. 2013), though their assemblages are mostly 

composed of specialized species in this case (Kromp 1999). 

Since we found that carabid wing status can be explained by the land cover type, our results are 

relevant with previous research works (Kromp 1999; Ribera et al. 2001). More precisely, Pedley and 

Dolman (2014) point out the level of disturbance, or management intensity, to be correlated with the 

wing status of the carabids. Then, we observed that macropterous species, with higher mobility due 

to their flight ability, are thereby indifferently found in one land cover type or another, being able to 

migrate in case of anthropogenic disturbance (Ribera et al. 2001; Hanson et al. 2016). This denied our 

hypothesis (iii), which stated that mobile species would be more bound to crops. On the contrary, being 

less mobile, apterous are more typical to less disturbed land cover types, like permanent grasslands 

(Tilman and Downing 1994). Moreover, apterous species are known to be dominated by habitat 

specialists (Boer 1990). Since apterous carabids were caught in grasslands with high coverage of 

grasslands in their neighboring, it is likely that they were grassland specialists according to Batáry et 

al. (2007). 

Carabid species found in cropland are usually ubiquist, though some record showed that in organically 

farmed fields, species composition is closer to a grassland one (Kromp 1989; Kromp 1999). However, 

large species are known to be negatively impacted by intensive agricultural management, since their 

flight ability is limited, despite being macropterous. Hanson et al. (2016) found that emerging 

individuals after winter are affected by this selection of species of smaller size in croplands. Indeed, 

we found that smaller apterous species were more likely to be found exclusively in the grasslands. This 

can be the consequence of tillage mortality, which is higher among large carabids than smaller ones 

(Rusch et al. 2013a) or/and of overwintering of large carabids in more stable surrounding habitats 

(Wissinger 1997). However, cereal crops can host larger carabids from spring to autumn. Indeed, we 

found that macropterous species were not more sampled in grasslands than in cereal crops. This can 

be due to individuals which migrated in the cereal crops after the spring emergence (Hanson et al. 

2016). 
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5.4.3. Landscape isolation endangers grassland specialists 

The trait assemblages of carabids were secondarily determined by landscape descriptors, according to 

two gradients. The first gradient is the landscape heterogeneity, considering both compositional and 

configurational indices, respectively shown through the Shannon diversity and edge-density. Our 

second gradient is the semi-natural landscape elements coverage, including grasslands and 

hedgerows. 

We only partially confirmed our hypothesis (iv) since we found that apterous species were correlated 

with landscape contexts of low compositional heterogeneity, hence dominated by a lower diversity of 

habitats. We indeed expected to find species less specialized in grasslands from heterogenous 

landscapes, which also involved phytophagy. However, we already pointed out that apterous species 

were more typical to grassland samplings in our study. Moreover, they were not related to landscapes 

highly covered with semi-natural elements. Since apterous species are less mobile, they can face two 

different situations when they are in grasslands within homogeneous landscapes. First possibility is 

that they are surrounded by grasslands, second is that they are surrounded by a lowly diverse crop 

mosaic in an isolated grassland. 

Species with weaker flight ability, hence lower mobility are more affected by habitat fragmentation 

(de Vries et al. 1996; Henle et al. 2004; Hendrickx et al. 2007). Thus, there may be a conservation 

concern with isolated grassland and low mobility species. Indeed, in case they are surrounded by 

croplands, with no or few refuges in their neighboring environment in case of disturbance of their 

habitat, they can thereby face local extinction (Hendrickx et al. 2009). This conservation issue is even 

more pronounced since isolated grasslands are subject to the spillover of more ubiquitous species from 

neighboring arable fields, which then might but at risk specialized grassland carabids to extinction 

because of strong competition on their resource (Boer 1990; Hendrickx et al. 2009; Wamser et al. 

2012). This might be why Batáry et al. (2007) observed higher generalist species richness in grasslands 

surrounded by crops. 

On the contrary, polyphagous species were more sampled in landscapes with low heterogeneity, either 

configurational or configurational, and high grassland coverage. Since they are usually generalist 

species, polyphagous can feed on a broad variety of resources and hence can be relatively more 

present in simple landscapes than other species. This is relevant with the results of Gámez-Virués et 

al. (2015), who observed that the simplification of the landscape leads to the homogenization of 

functional traits towards generalist species, especially polyphagous diet. Marrec et al. (2017) however 
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emphasized that polyphagous species were favored by higher crop coverage due to resource 

concentration in landscapes dominated by arable fields. 

5.5. Conclusion 

Our research emphasizes the need for grassland preservation and/or restoration in farmland to 

conserve carabid trait diversity. Indeed, grasslands host specialist species whose survival depends only 

on this habitat and cannot disperse due to poor mobility ability (Wamser et al. 2012). Moreover, 

grasslands are also interesting for generalist species from neighboring crops since they can be refuge 

habitats in case of agricultural disturbance or for overwintering. There is thus a strong need for land 

use planners to consider the importance of grasslands for ordinary farmland biodiversity in agricultural 

landscapes. 
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6. Landscape and field parameters, spiders and pollinators 

6.1. Introduction 

Carabids are of great interest for biological control through pest predation, but other arthropod groups 

are important as well, like spiders, hoverflies or lacewings (Emmerson et al. 2016; Altieri et al. 2018). 

The intensification of agriculture and the resulting simplification of landscapes also impacted 

negatively on this arthropod diversity (IPBES 2018b; Dainese et al. 2019). Among all the consequences 

of landscape simplification, the decline of grasslands and other semi-natural habitats is a major one. 

Spiders are generalist insect predators, feeding mostly on collembolas, aphids, thrips and small flies, 

which makes them polyvalent pest regulators, though most of their preys are aphids in Europe 

(Sunderland et al. 1986; Nyffeler and Sunderland 2003; Moonen and Bàrberi 2008). Among the 

diversity of spider families, two dominate the farmland communities: wolf spiders (Lycosidae) and 

money spiders (Linyphiidae) (Ekschmitt et al. 1997). Higher non-crop areas in the landscape enhance 

the activity-density of these two major spider families in cropland (Schmidt et al. 2008). However, wolf 

spiders, as ground-dwelling hence low-dispersive, are less affected by the landscape context than 

money spiders, since the latter are aeronautic web-builders, thereby highly dispersive (Uetz et al. 1999; 

Schmidt et al. 2008). The species richness of spiders is though highly related to the presence of semi-

natural habitats. Indeed, non-crop habitats allow spiders to find refuges in case of disturbance as well 

as more secured nesting places than cropped fields (Concepción et al. 2012; Gallé et al. 2018a). 

Hoverflies (Syrphidae) provide multiple ecosystem services to agriculture; since their larvae can be 

aphid predators or decomposers while the adult hoverflies are pollinators only (Moonen and Bàrberi 

2008; Moquet et al. 2018). Hence, the availability of foraging resources for both adults and larvae are 

necessary to hoverflies. Larvae indeed need a diversity of microhabitats, even woody areas, at the 

landscape scale, whereas adults need floral diversity at the plot scale (Moquet et al. 2018). Moreover, 

hoverflies tend to feed on understory plants of hedgerows (Garratt et al. 2017). Pollinators are highly 

related to floral diversity since they need to find a continuous food resource across time (Le Féon et 

al. 2010; Cole et al. 2017). Summer appears to be a crucial period for their survival since it is 

impoverished in floral diversity: semi-natural habitats, including road verges and riparian buffer strips, 

are good providers of continuous floral richness across time (Cole et al. 2017). 

Like hoverflies, lacewings (Chrysopidae) provide multiple ecosystem services to agriculture. The larvae 

are generalist predators, known to be efficient in the control of aphids. Adult lacewings can be 

considered both as aphid natural enemies and pollinators, since they also feed on nectars and pollens 
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(McEwen et al. 2007). The specific relationship between landscape and lacewing communities has 

been less studied. However, there is evidence that semi-natural areas within agricultural contexts can 

favor their diversity and activity-density (McEwen et al. 2007). Indeed, according to the landscape 

complementation hypothesis, semi-natural areas provide alternative resource to croplands, such as 

complementary foraging or refuge and nesting habitats. 

Grasslands thereby are important drivers to enhance the diversity of spiders, hoverflies and lacewings 

in farmland. Then, we aimed at checking how these 3 groups communities respond to field and 

landscape parameters in paired and adjacent cereal crops and grasslands. 

In this chapter, we wanted to disentangle the influence of field parameters and landscape context on 

three different arthropod groups from neighboring pairs of grasslands and cereal crops. First, we 

focused on the spider activity-density and family richness from each land cover type. Then, we studied 

separately the activity-densities of two groups with multiple benefits for agriculture: hoverflies and 

lacewings. 

6.2. Material and methods 

6.2.1. Study regions 

Our study was carried out in three agricultural plains of the Auvergne Rhône-Alpes region in 

southeastern France (Figure 28). The three study regions, Forez, Bièvre and Rovaltain are dominated 

by conventional farming. Like in other parts of France, it is characterized by management using tillage 

(mostly between 20 and 25 cm deep) (Labreuche et al. 2011), chemical fertilization, as well as 

preventive application of pesticides, fungicides and herbicides (Butault et al. 2011). On arable land, 

spring crops and winter cereals occupy almost the same share. However, the three study regions had 

various proportions of grassland and winter cereal field (Table 16). The Forez study region is covered 

with 27% of permanent grasslands, whereas Bièvre had 16% and Rovaltain only 3%. The major winter 

cereals were wheat and barley. Spring crops were maize, sunflower and soybean. Average field size 

was 1.96 ha in Bièvre study region, 2.06 ha in Rovaltain and 2.89 ha in Forez. Typically, winter cereals 

are sown in fall and harvested in June and July while spring crops are sown in April and May and 

harvested during late September and October. Winter cereals are cropped with at least one 

precautionary herbicide spraying, before or after winter, and one fungicide during spring. The use of 

pesticides can be more intense and is variable according to annual and local climate conditions. 

Permanent grasslands are managed by mowing two to three times and sometimes grazing. Rovaltain 
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and Forez have approximately the same woody coverage relative share, whereas in Bièvre it is slightly 

higher, mostly due to the north and south foothills which border the agricultural plain. 

 

Figure 28. Locations of (a) the three study regions in the Auvergne Rhône-Alpes region, France, (b) 

sampling points (either cereal field or grassland) in the Rovaltain study region, and (c) example of 

sampling sites in neighboring paired cereal fields and grasslands. 

Table 16. Land cover characteristics of the three study regions in southeastern France. 

 Study 

region 
Whole 

study region 
Farmlandb Winter cereals Spring crops 

Other 
farmlanda 

Permanent 
grasslands 

Woodlandc 

  ha % ha % ha % ha % ha % ha % ha % 

Rovaltain 23,030 100 15,550 68 6,070 26 5,010 22 3,873 17 597 3 2,672 12 

Bièvre 23,949 100 15,363 64 4,389 18 4,034 17 3,153 13 3,787 16 3,779 16 

Forez 25,002 100 15,555 62 2,428 8 2,634 11 3,745 15 6,749 27 2,729 11 

a By importance of area: temporary grasslands, rapeseed, orchards and vineyards 
b Including temporary and permanent grasslands 
c Forests, woods and groves 

6.2.2. Site selection and insect sampling 

We selected two contrasting agricultural land cover types corresponding to different intensities of 

management and inputs: winter cereals and permanent grasslands. Winter cereals were the most 

common among croplands when considering the three study regions (Table 16). Sampled cereal fields 

were primarily cropped with wheat and barley and in a few cases with triticale and rye. Most fields 

were tilled and farmed with synthetic inputs. Another important agricultural landscape in this study 

were permanent grasslands, these are especially important for livestock farming. For analyzing spiders 

and pollinators occurrences, we placed one combined trap per cereal field and grassland.  

As we wanted to study the distinction between the communities from the two contrasted land covers, 

we selected couples of sampling sites where cereal and grassland fields were adjacent or in close 



  

100 
 

vicinity, allowing for similar landscape context. In 2017, 84 sites were sampled, with 43 cereal fields 

and 41 nearby grasslands. In 2018, there were 122 sites sampled with 61 cereal fields and 61 

grasslands. We had two more samples in cereal fields than in grasslands due to the destruction of our 

traps by cattle; in this case, they were removed from any paired analysis. Our traps were combined in 

order to sample both ground-dwelling spiders with pitfall traps as well as flying pollinators with sticky 

flight traps (Figure 29). 

 

Figure 29. Paired flight and pitfall traps 

Spiders were sampled with pitfall traps (10 cm diameter) half-filled with a 50% propylene glycol 

solution. A drop of detergent was added to reduce surface tension and then prevent the escape of 

lighter spider species. Polystyrene roofs (22 cm diameter) were set about 5 cm above each trap to 

prevent flooding of traps during rainfall events. In order to sample flying insects, we set flight sticky 

traps. We wanted our trap to be neither attractive nor directional, though most traps used to sample 

pollinators cumulate both characteristics. The transparent interceptor trap is the best to sample 

pollinators such as hoverflies and bees (Muirhead-Thompson 2012). We thereby modified the classic 

transparent interceptor trap in order to fit our sampling objectives, plus having a lighter design to 

prevent destruction from agricultural practices. Interceptors were transparent sheets (A3, 42 cm wide 

and 59.4 cm high) rolled into cylinders in order to catch insects coming from any direction. 

Transparency of the interceptor responded to the necessity of non-attractivity. The sheet was coated 
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with glue to trap insects. Identification of spiders at the family level followed the keys of Nentwig et 

al. (2017). Hoverflies and lacewings were identified at the family level following Villenave-Chasset 

(2017). 

The combined traps were set with at least 30 m to the field border to limit edge effects. Each year, two 

field surveys were carried out with sampling periods of seven days. The first period was between late 

April and early May, and the second was between late May and early June. 

6.2.3. Data analysis 

 Diversity and activity-density indicators 

For data analysis, we selected different diversity indicators in order to describe the communities. For 

spiders, we studied the per trap family richness and activity-density we sampled in the permanent 

grasslands and in the cereal crops. Concerning pollinators, we counted the activity-density of hoverflies 

and lacewings caught on the sticky flight trap per field. We grouped the sampling data of the first and 

the second sampling periods in order to summarize the whole diversity of carabids present each year 

in spring. 

 Landscape explanatory parameters 

All the landscape parameters are the results of field recording within a radius of 500 meters around 

every sampled site. We processed our data through ArcGIS 10.4 (Esri 2015) in order to obtain different 

landscape indicators for three different landscape radii (200, 300, 500 m) around the sampling points 

(Figure 30). To analyze the compositional heterogeneity of the landscape we applied the Shannon 

diversity index. It is calculated as follows: 𝐻′ =  − ∑ 𝑝
𝑖

𝑛
𝑖=1 ln 𝑝

𝑖
 where pi

 is the proportional area of the 

ith land cover among the n land covers in the corresponding radius areas around the sampling points. 

The land cover types which were considered for the Shannon index are presented in Appendix A. The 

field border density, called in the following edge density, was measured by extracting the edges 

between land parcels and summing their total length in the three different radii areas. The winter crop-

grassland edge density was obtained the same way, though it only considered the edges between 

adjacent parcels of winter crops and permanent grasslands. We tested the Spearman’s rank correlation 

between the different landscape variables in every study region (Appendix G), in order to interpret 

more confidently our results. 
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Figure 30. Example of 500 m landscape context radius around a pair of paired fields. 

We performed a principal component analysis (PCA) with different landscape variables for the 500 m 

radius area around sampling points to determine the most explanatory variables as well as their 

correlation to other variables. The PCA thus allowed the identification of a few variables which 

described best the landscape context (Table 9). The variables included in the PCA were both 

configurational and compositional: coverage ratios of annual winter crops, annual spring crops, 

permanent grasslands, temporary grasslands, woodlands, linear semi-natural elements, hedgerows; 

compositional diversity measures such as the number of different crops, the landscape Shannon 

diversity, and the crop Shannon diversity; and finally configurational indicators such as the mean field 

area, the mean field complexity index, the overall edge density and specific winter crop-grassland and 

winter crop-spring crop edge densities. Although we retained the grassland coverage from the PCA 

and not the cropland coverage, it is important to notice that both parameters were strongly inversely 

correlated (Spearman’s rank correlation p-value < 0.001 and rho = - 0.79). 

 Analysis of insect biodiversity 

Statistical analyses were conducted using R 3.6.0 (R Development Core Team 2019). We tested the 

impact of landscape variables (Table 17) with generalized model comparison (Guisan et al. 2002). We 

used the “MuMin” package for the multi-model inference analyses (Barton 2018), “ade4” for the 

multivariate analyses (Dray et al. 2018). Three different sets of 15 models were fitted altogether, one 

set for every tested radius. The full model included a combination of two additive terms from the five 

explanatory parameters to which we added their interaction with the study region and the additive 
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effect of the sampling year. Models with more than two explanatory parameters were beforehand 

tested, but none was more significant than those we retained for the final analysis. 

Table 17. Selection of significant landscape parameters selected to analyze carabid species richness 

with generalized linear models comparison. 

Parameter 
Abbreviation 

in graphs 
Type Values / Metric 

Grassland coverage ratio grasslands Continuous Percentage of area 

Hedgerows coverage ratio hedgerows Continuous Percentage of area 

Landscape Shannon diversity indexa Shannon Continuous Double 

Edge density ED Continuous m.ha-1 

 a The land cover types accounting for landscape Shannon index are presented in Appendix A. 

The spider family richness model was fitted Gaussian distribution error, whereas the spider activity-

density and pollinators activity-density models were fitted with Poisson distribution errors. We used 

the Akaike Information Criterion corrected for small sample size (AICc) to select models offering the 

best compromise between fit and simplicity (i.e., the most parsimonious model) (Symonds and 

Moussalli 2011). For each explained variable we selected the most parsimonious models, i.e. whose 

ΔAICc was inferior to 2 (Burnham and Anderson 2002; Burnham and Anderson 2004). When there was 

more than one model, we averaged them in order to retain as much information as possible on the 

significant explanatory parameters (Burnham and Anderson 2002; Johnson and Omland 2004). We 

always checked the null model ΔAICc to verify the significance of our model selection (a ΔAICc lower 

than 2 involved no significant effect of explanatory parameter). 

6.3. Results 

6.3.1. Spider family richness activity-density 

We caught 10,084 spiders from 22 different families (Table 18). We captured 4,393 individuals in cereal 

crops and 5,691 in the permanent grasslands. Although we sampled equally in grasslands and cereal 

crops in Rovaltain and Forez, we caught 1,000 more individuals in the grasslands of Bièvre than in 

cereal crops. The overall family richness we sampled were similar in Bièvre and Forez, 16 considering 

both land cover types, and was a little higher in Rovaltain with 18 different families in this region. The 

average number of caught spiders per field was higher in the grasslands than in cereal crops in both 

Bièvre and Forez, whereas in Rovaltain, we captured 54 individuals in both land cover types. 
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Concerning the average family richness per field, were about 4.5 in the crops and 5.5 in the grasslands 

in both Bièvre and Forez, though it was a little lower in Rovaltain, with 3.9 in crops and 5 in grasslands. 

Table 18. Diversity and activity-density of spiders in winter cereal fields and permanent grasslands in 

the three study regions. 

  

Number of 
sampled 

fields 

Activity-
density 

(individuals) 

Family 
richness 

Per field activity-
density 

(individuals) 

Per field 
family richness 

       Mean ± SD Mean ± SD 

All study regions  
      

Winter cereal 104 4,393 19 43 ± 25 4.3 ± 1.1 

Perm. grassland 102 5,691 21 56 ± 32 5.5 ± 1.3 

Both land cover types 206 10,084 22 49 ± 29 4.9 ± 1.4 

Bièvre  
      

Winter cereal 33 1,504 12 47 ± 21 4.6 ± 1.2 

Perm. grassland 32 2,504 15 78 ± 40 5.4 ± 1.1 

Both land cover types 65 4,008 16 63 ± 36 5.0 ± 1.2 

Forez  
      

Winter cereal 30 1,559 11 32 ± 19 4.3 ± 1.1 

Perm. grassland 29 1,563 15 40 ± 21 5.9 ± 1.4 

Both land cover types 59 3,122 16 36 ± 20 5.1 ± 1.5 

Rovaltain  
      

Winter cereal 41 1,330 16 54 ± 30 3.9 ± 0.9 

Perm. grassland 41 1,624 18 54 ± 20 5.0 ± 1.3 

Both land cover types 82 2,954 18 54 ± 26 4.5 ± 1.2 

 

Considering both land cover types, the two most sampled families were wolf spiders (Lycosidae) with 

66% of the individuals, and money spiders (Linyphiidae) with 15% (Table 19). Third most sampled 

family were the ground spiders (Gnaphosidae) with 7% and the other 19 families thereby merely 

shared 12% of the total sample. In the cereal crops, wolf spiders were highly dominant with 65% of the 

individuals, even though money spiders were rather well represented as well with 24%, whereas all 

the 20 other families share only 11% of the sampled individuals. In the grasslands, even though the 

wolf spiders are highly dominating with 66% of the activity-density, the distribution among the other 

families is quite different than in cereals, since the ground spiders come in second, with 10% of the 

individuals, just before the money spiders with 9%. 
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Table 19. Distribution of the 10 most sampled spider families by land cover type and family. 

  Both land cover types Winter cereal Permanent grassland 

  % Rank % Rank % Rank 

Lycosidae 66 1 65 1 66 1 

Linyphiidae 15 2 24 2 9 3 

Gnaphosidae 8 3 5 3 10 2 

Tetragnatidae 5 4 3 4 6 4 

Thomisidae 3 5 2 5 4 5 

Theridiidae 1 6 1 6 2 6 

Zodariidae <1 7 <1 9 1 7 

Phrurolithidae <1 8 <1 7 <1 10 

Hahniidae <1 9 <1 15 <1 8 

Philodromidae <1 10 <1 10 <1 9 

 

We observed two parameters were important to determine the spider family richness: the sampled 

land cover type and the study region (Appendix K.1). The family richness was consistently higher in 

grasslands than in cereal fields (Figure 31). However, the most parsimonious generalized linear model 

alleged that Rovaltain family richness is slightly lower than in Bièvre and Forez, this effect is so weak 

that it did not appear on our chart. No landscape parameter had influence on the spider family 

richness. 

 

Figure 31. Significant parameters and interactions effects of the spider family richness model analysis 

in the three study regions 

Note: In boxplots, symbols are: middle line=median; open rectangle=25-75% quartile; vertical bar=non-outlier range; black 

points=outliers. 

Concerning the spider activity-density, many parameters appeared to be of importance (Appendix K.2), 

including both local, regional and landscape factors. The most important parameter was the land cover 

type: we caught more spiders in grasslands than in cereal crops (Figure 32a). Moreover, the positive 
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influence of higher edge density in the 500 m landscape radius was only observable in the grasslands 

The grassland coverage in the landscape increased the number of captured individuals in both sampled 

land cover types (Figure 32b), whereas the compositional heterogeneity of the landscape had a 

negative effect only on cereal fields samples (Figure 32c). The hedgerow coverage influenced 

negatively the spider activity-density in cereal crops, but not in grasslands (Figure 32d). 

(a)

 

(b) 

 
(c) 

 

(d) 

 
Figure 32. Significant parameters and interactions effects of the spider activity-density model 

analysis in the three study regions: (a) sampled field size, (b) grassland coveragea and sampled field 

land cover type, (c) landscape Shannon diversitya and sampled field land cover type, (e) hedgerow 

coveragea and sampled field land cover type. 

a All landscape context parameters are from the 500 m radius. 

Note: In line charts, area around the curve is the 0.95 margin error. 

6.3.2. Hoverfly activity-density 

Hoverfly activity-density was mainly determined by the sampled land cover type, the study region and 

the grassland coverage in the neighboring 500 m (Appendix K.3). We caught a total of 550 hoverflies, 

among which 65% were from cereal crops and 35% from grasslands. The multimodel inference 

selection showed that both local and landscape parameters had a significant influence on the number 

of caught hoverflies (Appendix K.3). Indeed, the activity-density of hoverflies was lower in grasslands 

(Figure 33a, b and d). Moreover, the grassland coverage around the sampled field decreased the 

number of captured hoverflies from both land cover types (Figure 33a). The sampled field size 



  
 

107 
 

decreased the number of surveyed hoverflies only in permanent grasslands (Figure 33b). We observed 

a higher hoverfly activity-density in Rovaltain than in the two other study regions, moreover, whereas 

the grassland coverage in the neighboring 500 m decreased the activity-density of hoverflies in Bièvre 

and Forez, it had a positive effect in Rovaltain (Figure 33c). Finally, the configurational heterogeneity 

of the landscape had a stronger negative influence on the activity-density of hoverflies in grasslands 

than in winter crops (Figure 33d). 

(a) 

 

(b) 

 
(c) 

 

(d) 

 
Figure 33. Significant parameters and interactions effects of the hoverfly activity-density model 

analysis in the three study regions: (a) grassland coveragea and sampled field land cover type, (b) 

sampled field size and land cover type, (c) grassland coveragea and study region, (d) edge densitya 

and sampled field land cover type. 

a All landscape context parameters are from the 500 m radius. 

Note: In line charts, area around the curve is the 0.95 margin error. 

6.3.3. Lacewing activity-density 

Grasslands had a negative influence on lacewing activity-density, both as sampled land cover type and 

coverage in the neighboring 500 m, though the year of sampling had a strong influence as well 

(Appendix K.4). We captured 554 lacewings overall, among which 63% in cereal fields and 37% in 

grasslands. The grassland coverage in the neighboring 500 m negatively impacted on the sampled 

number of sampled lacewings (Figure 34a). Whereas we caught lacewings equally in the smaller fields 

of grassland or cereal crop, we captured more lacewings in larger cereal fields and fewer in larger 
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grasslands (Figure 34b). Concerning the hedgerow coverage, it increased the number of caught 

lacewings in grasslands, though it lowered it in cereal crops (Figure 34c). Finally, we sampled generally 

less lacewings in 2018 than in 2017 (Appendix K.4). 

(a) 

 

(b) 

 
(c) 

 
Figure 34. Significant parameters and interactions effects of the lacewing activity-density model 

analysis in the three study regions: (a) grassland coveragea, (b) sampled field size and land cover 

type, (c) hedgerow coveragea and sampled field land cover type. 

a All landscape context parameters are from the 500 m radius. 

Note: In line charts, area around the curve is the 0.95 margin error. 

 

6.4. Discussion 

In this chapter, we analyzed the influence of local, regional and landscape parameters on different 

spider and pollinator biodiversity indicators. We observed that the spider species richness was 

dependent of the sampled land cover type and the study region. However, the spider activity-density 

was impacted by a much broader spectrum of parameters, including both sampled field and landscape 

parameters, such as semi-natural coverages or configurational and compositional heterogeneities. 

Hoverfly sampled activity-density was mainly determined by the sampled land cover type, the study 

region and the grassland coverage in the neighboring 500 m. Finally, the number of captured lacewings 
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was lower in grasslands than in cereal fields, but also lower with higher coverage of grasslands in the 

neighboring 500 m. 

6.4.1. Spider family richness was not determined by landscape parameters 

Like in other studies (Concepción et al. 2008; Batáry et al. 2012), we observed the importance of the 

sampled field for spider richness over landscape parameters. It is possibly due to the low mobility of 

ground-dwelling species (Duelli et al. 1990). Indeed, 74% of the spiders we caught were ground-

dwellers, since the most sampled family, the wolf spiders, represented 66% of the captured individuals, 

and the ground spiders were 8%. 

However, previous studies pointed out the importance of landscape context for spider species 

richness. This can demonstrate one limit of our work, since we only identified the spiders to the family 

taxon level. It has been indeed showed that both edge type and landscape compositional 

heterogeneity are important to enhance spider species richness. Field boundaries harboring 

hedgerows and non-crop habitats in general also favor higher spider diversity (Concepción et al., 2012; 

Schmidt et al., 2005). Furthermore spider species richness is increased by both lower land-use intensity 

and higher semi-natural vicinity (Hendrickx et al. 2007). They indeed provide safe nesting places and 

overwintering habitats as well as complementary foraging resource (Dennis et al., 1994; Schmidt et al., 

2005). This can thereby explain why we sampled a higher family richness in grasslands than in cereal 

fields. 

6.4.2. Grasslands enhances the number of spiders 

We sampled more spiders in fields from landscapes with higher grassland coverage, which is relevant 

with previous works: non-crop habitats, even small ones, enhance the activity-density of spiders in 

farmland (Knapp and Řezáč, 2015; Schmidt et al., 2005). Otherwise, within field grassy strips can 

provide refuge and overwintering habitats for ground-dwelling spiders, and then help them to 

recolonize crops faster, which enhances the efficiency of the biological control they provide (Lemke 

and Poehling 2002). This observation may be extended to the adjacency of grasslands to croplands, as 

they provide the equivalent resource than grassy strips. Indeed, small-scale agriculture promotes 

cropland spider density (Gallé et al. 2018a), as well as the vicinity of semi-natural areas (Schmidt et al. 

2008). 

Moreover, the activity-density of the two most represented families in our samples, wolf and money 

spiders, is enhanced in cropped fields from landscapes with higher semi-natural coverage (Gardiner et 

al. 2010). However, wolf spider activity-density is enhanced by non-crop habitats in the surrounding 
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landscapes at much lower scales, hundreds of meters, than money spiders, up to 3 km (Schmidt et al., 

2005). Being aerial dispersers through web threads, money spiders have indeed higher mobility than 

ground-dwelling wolf spiders. 

Like Schmidt and Tscharntke (2005), we found that the domination of wolf spiders over money spiders 

is much higher in grasslands than in crops. Moreover, we observed that the second most captured 

family in grasslands were ground spiders, involving that more than 75% of the sampled spiders in 

grasslands were ground-dwellers. Aerial dispersers like money spiders are influenced by landscapes at 

much higher radii than ground-dwelling ones (Schmidt et al., 2005; Schmidt and Tscharntke, 2005b). 

The winter cereal spider density was diminished in more compositionally heterogeneous landscapes. 

In our study, compositional heterogeneity of landscapes mostly referred to the diversity of crops. It 

then means that higher landscape diversity means different crops, and possibly different vegetative 

development stages. Hence, the adjacency between winter and spring crops for instance can break the 

canopy continuity needed by money spiders to disperse properly. 

More spiders were caught in cereal fields when there was a lower hedgerow coverage in the 

surrounding landscape. Money spiders and wolf spiders benefit differently from hedgerows: the first 

one need a continuity of hedgerows, though the second ones are favored by the presence of woody 

species within the hedgerows (Garratt et al. 2017). Thereby, it is possible that the hedgerows which 

were around our sampled cereal fields were not continuous enough for money spiders, even though 

they covered quite large areas. 

One main bias of the pitfall traps is that they tend to catch more individuals when the soil is bare or 

lowly grassy, because they catch the moving individuals; that is typically why we refer to activity-

density instead of real activity-density (Sunderland et al. 1995; Lang 2000). Yet, we caught more spiders 

in grasslands than in cereal crops. It is even likely that the actual activity-density of spiders in grasslands 

has been underestimated (Lemke and Poehling 2002). 

6.4.3. Pollinators density and their landscape context 

We found that higher grassland coverage in the landscape context reduced significantly the number 

of caught hoverflies, which is consistent with former studies (Haenke et al. 2009). Higher semi-natural 

landscape coverage and landscape heterogeneity are known to enhance hoverfly species richness 

(Hendrickx et al. 2007), even though their level of floral diversity needs to be considered as well (Kleijn 

and van Langevelde 2006). Furthermore, Meyer et al. (2009) showed that hoverfly species richness 

and activity-density were reversely influenced by the landscape context. While the diversity of floral 

resource drove the species richness, the availability of macrohabitats which are suitable to the 
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development of larvae drove their activity-density. This is relevant with our results, as the grassland 

coverage is inversely correlated with the cropland coverage of the 500 m landscape radius. Hence, we 

captured more hoverflies in fields surrounded by crops. This higher activity-density of hoverflies, 

observed in both grasslands and cereal fields, is usually due to the species guild whose larvae feed on 

annual crops aphids (Sadeghi and Gilbert 2000; Meyer et al. 2009). The same process can explain why 

we found less hoverflies in larger permanent grasslands. Indeed, one major guild is the one we referred 

to before, whose larvae feed on annual crop aphids; but the other major farmland guild’s larvae are 

more related to woody habitats. Hence, grasslands do not support any of these important guilds. 

However, higher complexity is needed to enhance the pest predation by natural enemies, both at local 

and landscape levels (Chaplin-Kramer and Kremen 2012). 

We observed the same negative impact of grassland landscape coverage on the number of sampled 

lacewings. Unfortunately, there is little literature about lacewings’ response to landscape context. We 

can otherwise expect lacewings to respond quite similarly as hoverflies, since their resource need are 

close. Though the adult diet is polyphagous (McEwen et al. 2007), contrarily to hoverflies which feed 

exclusively feed on nectar juices and pollen. Then, like for hoverflies, more grasslands in the landscape 

meaning fewer crops, it is possible that we captured less individuals because of a lack of potential preys 

for the larvae. 

6.4.4. Limits of the pollinators sampling 

Although we observed significant variations due to landscape influence on hoverflies and lacewings 

activity-densities, we could see that the scope of this variation was quite narrow when we consider 

the number of individuals, only concerning less than 10 in the broader cases. 

We designed our own flight trap, inspired by those usually used (Wilkening et al. 1981; Muirhead-

Thompson 2012), though our human resource compelled us to open the traps at the same time as 

pitfall traps. This appeared to lower highly the efficiency of the trapping, since we did not synchronize 

our trapping periods to flowering periods, as it is generally the case for pollinator sampling (Gibson et 

al. 2011). 

Moreover, we did not record the floral diversity of the grasslands. However, it is a major determinant 

of pollinators species richness and activity-density. Indeed, higher floral diversity and cover provide 

higher and continuous nectar and pollen food resource throughout the year (Branquart and 

Hemptinne 2000). Furthermore, hoverflies’ activity-density is enhanced by higher floral diversity and 

cover, since their flight is highly energy-consuming (Haslett 1989; Haenke et al. 2009). Moreover, 

flower strips enhance both the species richness and activity-density of hoverflies, this effect is even 
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stronger in simple landscapes dominated by annual crops (Haenke et al. 2009). Another important 

point is the limit of studying the activity-density only. Indeed, in a recent review Dainese et al. (2019) 

showed that the impact of species richness was much more important than the one of activity-density 

on the effective pollination service which is delivered. 

Since then, the observations we made can be biased. However, they were relevant with studies found 

in the literature. We thence suggest that our sticky flight trap may be of interest for measuring flying 

insect densities, and not richness since the individuals were rather damaged by the glue. Our sticky 

trap is though a good non-directional and non-attractive alternative, as the usual transect can be quite 

time-consuming. Nevertheless, to have a more precise sampling, there should be more traps per field, 

since we only put one of them, as well as a simultaneity of the sampling periods with important 

flowering periods. The latter condition may be the biggest mistake we have done, though it was 

restrained by our field manpower: we had to synchronize our pitfall and flight traps sampling periods. 

6.5. Conclusion 

Grasslands are highly important semi-natural areas for beneficial diversity in agricultural landscapes. 

For spiders, they are major drivers of family richness and density. Indeed, just like for carabids, they 

provide complementary resource and habitats to a broad diversity, thereby strengthening the 

landscape complementation hypothesis between crops and grasslands. However, we observed that 

grassland coverage in the landscape could have negative impacts on the hoverfly and lacewing 

densities, mostly because their larvae mainly feed in crops. The pollination service is though much 

more related to the species richness of the pollinators, than to their activity-density (Dainese et al. 

2019). Finally, grasslands are important drivers of beneficial arthropod diversity in agricultural 

landscape, even though their effect needs to be complemented with other elements, to enhance the 

pollinators diversity, such as flower strips for instance. 
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7. General discussion 

7.1 Main results and hypotheses validation 

Beyond the field and farm system scales, the landscape level offers new perspectives for addressing 

the agroecological issues raised by intensive agriculture. The landscape scale indeed gives a global and 

spatial point of view and thereby is a relevant scale for both land planners and farmers to take action. 

We focused on the arthropod communities, mainly on carabids, from two farmland cover types: 

grasslands and cereal crops. The importance of the vicinity of grasslands, and more generally semi-

natural habitats, has been shown to be important for enhancing biodiversity in croplands.   Indeed, 

they provide resource complementation to the communities of croplands, which can spill-over into 

these more stable habitats in case of anthropogenic disturbance. Our work presents new insights   by 

disentangling the influence of both field and landscape parameters on the arthropod communities 

from neighboring grasslands and cereal fields. We expected to find answers whether grasslands can 

support the conservation and enhancement of beneficial arthropod communities in crops. 

Furthermore, in order to assess a potentially shared carabid species richness between the two land 

cover types, we also studied their common species richness. 

7.1.1 Neighboring grassland and cereal carabid communities have species in 

common 

We sampled a total of 115 species overall, among which 82 in cereal crops and 95 in permanent 

grasslands. The mean per trap species richness per trap were equivalent for cereal crops and grasslands 

and around 7 species. We found that the carabid assemblages from the two land cover types were 

very distinct, being much more evenly distributed among the species in grasslands, whereas 

dominated by two ubiquitous species in cereal crops. Though, beyond these differences, we found that 

the species richness shared by the grasslands and cereal cropped fields was higher when the paired 

land parcels were neighboring than when more distant. This thereby confirms our hypothesis 1, 

according to which grasslands and cereal crops share carabid species, and that neighboring fields have 

more species in common than more distant ones. Though the carabid communities from both land 

cover types were richer in landscapes with higher configurational heterogeneity, our analyses showed 

that the grassland communities were enhanced by higher landscape diversity, but only in one study 

region. However, no landscape parameters significantly explained the species richness of carabids in 

cereal crops. 
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Moreover, we observed that the ratio of common species shared by both paired cereal and grassland 

land parcels was enhanced in landscapes with higher adjacency between these two peculiar land cover 

types. Our hypothesis 3, higher landscape heterogeneity fosters carabid richness no matter the land 

cover type, and hypothesis 4, semi-natural coverage around fields enhances carabid diversity in both 

land cover types, can be only partially confirmed. Only the carabids in grasslands were influenced by 

the landscape heterogeneity or the vicinity of other grasslands, though their effects were different 

according to the study region. Nonetheless, the overall carabid richness of both neighboring grassland 

and crop field was enhanced by higher configurational heterogeneity. 

Our hypothesis 5 stated that higher adjacency between cereal crops and grasslands would enhance 

the ratio of species common to these land cover types. It can be confirmed as we sampled more species 

common to both land cover types in landscapes with higher edge density between them. 

7.1.2 Functional traits of carabids in grasslands and cereal crops 

Focusing on the functional traits of carabids, we observed that polyphagous species were more likely 

to be sampled in both land cover types, whereas phytophagous ones were highly exclusive to 

grasslands and predatory ones to cereal fields. Small and apterous species were more sampled in 

grasslands only. Considering the influence of the landscape, we observed that polyphagous species 

were more present in cereal crops with higher grassland coverage in their vicinity. 

Moreover, predatory species were more found in landscapes with higher configurational 

heterogeneity. Our hypothesis 2, suggesting that the carabid species common to both neighboring 

fields have generalist traits, is confirmed since we found more polyphagous species, more likely to be 

shared by the paired land parcels. We also confirm our hypothesis 6¸ according to which the species 

found in grasslands are more likely to be phytophagous and less mobile, while those in cereal fields 

are more predatory and mobile. Hypothesis 7, which stated that simplified landscapes filters mobile 

species is proven true. We indeed found that macropterous carabids, which are more mobile, were 

more likely to be found in low-heterogeneity landscapes. 

7.1.3 Field and landscape parameters influence on other beneficial arthropods 

Concerning spiders, our analyses showed that their family richness was not affected by landscape 

parameters, but only by the land cover type of the sampled parcel. We indeed observed higher richness 

in grasslands than in cereal crops. Their activity-density was nonetheless impacted both by field and 

landscape parameters, among which the grassland coverage was beneficial, while the compositional 

diversity of landscapes had no influence on grassland carabid communities, and a negative one on the 

cereal crop communities. 
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Our hypothesis 8, which expected higher spider richness in fields surrounded by higher semi-natural 

coverage and higher heterogeneity, is thereby mostly rejected. We captured more spiders in the 

vicinity of higher grassland coverage and thereby confirmed the importance of the vicinity of semi-

natural habitats to enhance spider diversity through their abundance. However, the richness was not 

affected by the landscape context, though it is possible that the family richness may not be a sharp 

enough indicator, compared to species richness. 

We sampled also lacewings and hoverflies in both cereal crops and grasslands. Their activity-density in 

cereal fields was lower in landscapes with higher grassland coverage. Therefore, our hypothesis 9 is 

not confirmed, as it stated that more lacewings and hoverflies would be sampled in cereal fields 

surrounded by higher semi-natural coverage. Indeed, we observed a higher activity-density of 

lacewings and hoverflies in landscapes with higher annual crops coverage. However, the activity-

density of hoverflies and lacewings may not be the appropriate indicator, since it is possible that we 

sampled fewer individuals, but higher species richness. 

7.2 Managing the landscapes for beneficial diversity conservation 

7.2.1 A mosaic of grasslands for enhanced potential biological control 

7.2.1.1 Grasslands and annual crops can offer complementation 

We observed that higher adjacency between grasslands and cereal crops involved a higher ratio of 

common species to these two land cover types. Moreover, these species were likely to be polyphagous, 

thus to potentially contribute to biological control. We sampled more spiders in both grasslands and 

cereal fields surrounded by higher grassland coverage. Grasslands indeed provide complementary 

resources and species communities to croplands (Roume 2011). Carabids and ground-dwelling spiders 

can overwinter in adjacent semi-natural habitats and colonize back the cropped fields as early as March 

in spring (Coombes and Sothertons 1986; Petersen 1999; Tscharntke et al. 2005b). Moreover, 

Labruyere et al. (2016) pointed out the positive effect of higher grassland coverage for polyphagous 

and phytophagous carabid diversity. This emphasizes that seed-eating carabids can find a continuity 

of foraging resource in neighboring grasslands when the cropped fields cannot sustain them anymore 

(Labruyere et al. 2018). Moreover, the presence of adjacent grassland facilitates the recolonization of 

cropped fields in the spring. 

Though we did not find any consistent positive effect of the semi-natural coverage on the abundance 

of hoverflies and lacewings, we already tried to explain this unexpected observation. However, 

literature shows that hoverflies and lacewings need cropland to feed their larvae with aphids, though 
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the adults mostly feed on pollen and nectar in neighboring semi-natural habitats (Hickman and 

Wratten 1996; Long et al. 1998; Tscharntke et al. 2005b). These are some practical examples of the 

usefulness of grasslands for beneficial insects in cropped landscapes. Likewise, the parasitoids of pollen 

beetle populations are enhanced by the vicinity of perennial habitat where the adults can forage, while 

the larvae are able to parasite on their hosts in the crops (Thies and Tscharntke 1999). A pan-European 

multi-taxa study, which included spiders and bees, showed that grasslands even more contribute to 

enhance local species richness if they are surrounded by higher non-cropped habitats, while cropland 

communities benefits from more adjacency with semi-natural areas (Concepción et al. 2012). 

7.2.1.2 Enhancing the complementation towards beneficial arthropods 

The heterogeneity at the landscape scale is more efficient to favor pest predation by natural enemies 

during the early season (Duelli and Obrist 2003b). It is indeed at this early period that the aphid 

predation is the most important to support better crop yields (Östman et al. 2001a). This points out 

that the provision of a pest control service mostly relies on a complex mosaic, where natural enemies 

can find resources all year through (Kleijn and van Langevelde 2006). For instance, ground-dwelling 

natural enemies, such as carabids and wolf spiders, can find high levels of forage resource in crops until 

their harvest. Since then, they need to disperse in adjacent fields, which can be either harvested as 

well, and are not fitted anymore, still cropped, or semi-natural areas (Thorbek and Bilde 2004; 

Tscharntke et al. 2005b). Semi-natural coverage in the landscape thereby can offer alternative food 

resource, as well as overwintering and nesting habitats to a broad diversity of natural enemies, which 

will then able to colonize back neighboring crop fields as soon as the early season comes (Nieto et al. 

2006). Moreover, the preservation or restoration of semi-natural areas, such as grasslands, can 

increase more efficiently the diversity of pollinators than linear elements (Duelli and Obrist 2003b; 

Kleijn and van Langevelde 2006). 

Though the carabid community from cereal crops were highly different from grasslands’ ones, we 

observed a higher ratio of carabid species shared by neighboring grasslands and cereal crops, which 

can be explained by population movements between the two land parcels. The presence of grasslands 

in cropped mosaics, even if dispersed, can thereby provide a continuity of habitats and resources to 

natural enemies in case of disturbance in the cropped field (Schellhorn et al. 2014) as suggests the 

landscape complementation process (Dunning et al. 1992; Fahrig et al. 2011). Indeed, grasslands are 

known to be refuge habitats for natural enemies when the crops cannot sustain them, be they 

harvested or disturbed due to different farming activities (Schneider et al. 2013; Schneider et al. 2016). 

Otherwise, the carabid species shared by the neighboring grassland and crop might come from very 

distinct populations. Still, it is very unlikely that such mobile and generalist species do not move 
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between the land parcels to flee eventual disturbance from agricultural activities or to find continuous 

resource after the harvest. 

Like other research works (Bretagnolle et al. 2012; Lindgren et al. 2018), we hence suggest the 

implementation of a mosaic of grasslands in farmed landscapes. According to the concept of 

conservation biological control (Fiedler et al. 2008), this is expected to enhance the overall beneficial 

entomofauna diversity as well as diversify the communities within the crops. Indeed, the 

generalization of grasslands in vicinity of crops could reinforce the resilience of agroecosystems by 

providing complementary resource and habitat to non-generalist or non-ubiquist species (Elmqvist et 

al. 2003; Bengtsson et al. 2003). We indeed observed that polyphagous, hence often generalist, were 

more likely to be sampled in homogeneous landscapes. Moreover, even when small and isolated, 

grasslands showed to contribute significantly to the enhancement of local species richness (Tscharntke 

et al. 2002; Knapp and Řezáč 2015). 

7.2.2 Taking natural enemies’ dispersal ability into account 

Even though both spiders and carabids responded positively to higher coverage of permanent 

grasslands in our study, other works made quite different observations (Elmqvist et al. 2003; Bengtsson 

et al. 2003). While spider richness and abundance seem to be generally enhanced by landscapes with 

higher coverage (Schmidt et al. 2008), only the carabid richness is increased by these parameters, 

though at a lower landscape scale (Gardiner et al. 2010). We found that macropterous carabids were 

indifferently caught in grasslands and in cereal crops, which emphasizes their mobility between the 

two neighboring land parcels. On the contrary, apterous carabids, which are less mobile, were much 

more affiliated to grasslands only. 

Generally, carabids have lower dispersal abilities of carabids, even when compared to ground-dwelling 

spiders like wolf spiders. Indeed, some of these spiders are either pioneer species or can balloon, which 

enhances their dispersal ability. This dispersal is not comparable to ballooning spiders, like money 

spiders, which is much higher (Drapela et al. 2008). Species with lower dispersal ability are less 

competitive in case of local disturbance (Tscharntke et al. 2005a): farming activities therefore select 

high-dispersal species. Moreover, the simpler the landscape, the less competitive are the low-dispersal 

species, which can eventually go extinct due to anthropogenic disturbance. 

Schmidt et al. (2008) showed spider species with high dispersal abilities were more likely to be found 

in croplands, even though this habitat is not their most favorable one. Furthermore, the spider 

communities found in cereal crops are highly dominated by immigrant species coming from 

neighboring semi-natural habitats (Gavish‐Regev et al. 2008). Indeed, we observed a higher spider 
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density in cropped fields in vicinity of higher grassland coverage. These observations emphasize the 

importance of the vicinity of both habitats in agricultural landscapes for enhancing potential biological 

control and natural enemy richness.  

Moreover, due to the limits of dispersal abilities, larger fields are harder to colonize for natural enemies 

coming from adjacent semi-natural habitats, for both natural enemies (Woodcock et al. 2016). 

Thereby, besides the vicinity of grasslands, cropped fields natural enemy communities would be 

enhanced with higher configurational heterogeneity landscapes. 

7.2.3 Small-scale and diversified farming as an opportunity for enhancing biological 

control 

In this thesis, we observed that higher adjacency between crops and grasslands could enhance the 

ratio of species both found in these two land cover types. Moreover, our finding is that these species 

could be interesting to ensure potential biological control since they are likely to be polyphagous. Our 

results showed that higher landscape compositional heterogeneity fostered the carabid diversity of 

grasslands, while higher configurational heterogeneity was beneficial to the overall carabid richness 

from both paired land parcels. Besides, higher grassland coverage in near landscape was beneficial to 

the abundance of spiders. 

Small-scale agricultural landscapes are known to enhance biodiversity, including carabids and spiders 

(Fahrig et al. 2015; Petit et al. 2017; Gallé et al. 2018b). Indeed, smaller fields ease the colonization 

from adjacent land parcels by natural enemies (Merckx et al. 2009). Higher edge density can have 

positive effects on biodiversity as well; as we ourselves observed. In this case, the mobility between 

the different land parcels is eased for the natural enemies, as they have more boundaries to cross 

between different habitats and find either complementary resource or refuge habitats when needed 

(Bianchi et al. 2006; Gallé et al. 2018a). 

We found landscape compositional diversity to enhance carabid richness, except in Forez, where the 

grasslands occupied larger areas in the landscape. In our case, compositional diversity was closely 

related to crop diversity. Indeed, carabid communities can take advantage of a broader variety of 

crops, since they can move between the fields in case of disturbance or harvest and then find a 

continuity of resource through landscape complementation and spill-over (Sirami et al. 2019).  

Our results hence suggest to enhance potential biological control through the richness and the 

abundance of natural enemies. Indeed, a mosaic of grasslands , small-scale farming as well as higher 

crop diversity are all measures which focus on the provision of complementary habitats and resource 
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to natural enemies (Gontijo 2019). We hereby prioritized the integration of ecological processes and 

ecosystem services in the implementation of agroecological practices as fundamental bricks of 

agroecosystems instead of conventional practices and solutions (Wezel et al. 2014). The integration of 

agroecology at the landscape level indeed can help agriculture to finally integrate biodiversity, hence 

enhancing it, instead of threatening it (Perfecto et al. 2010). 

7.2.4 Complementary landscape solutions 

The implementation of grasslands can nonetheless have drawbacks, by enhancing the crop seed 

predation, especially by vertebrates, while reducing the predation of pests by intraguild interference 

between natural enemies (Tschumi et al. 2018). However, the enhancement of natural enemy diversity 

has been proven to be efficient to reduce the populations of pests, intraguild interference could be 

observed (Straub et al. 2008; Holland et al. 2012). 

We did not find any influence of the landscape context on the carabid richness in cereal fields, in 

contrast to other previous studies (Fahrig et al. 2011; Fahrig et al. 2015; Madeira et al. 2016). 

Nevertheless, carabid richness in grasslands was higher when surrounded by more heterogeneous 

landscapes, except in the study region which was dominated by grasslands. Furthermore, we found 

configurational heterogeneity, through the parameter of edge density, to foster the overall carabid 

species richness of neighboring grasslands and cereal crops. 

Indeed, more heterogeneous agricultural landscapes are indeed known to foster biodiversity, even at 

multi-trophic levels (Fahrig et al. 2015; Gallé et al. 2018a; Sirami et al. 2019). This involves a more 

diverse crop mosaic as well as smaller fields. Moreover, higher crop diversity provides communities a 

wider resource availability and diversity, which consequently fosters biodiversity (Wiens et al. 1993; 

Wiens 2002; Mouquet and Loreau 2002). Crop diversity also contributes to provide continuous 

resource to natural enemies, since they can move from one field to another when winter crops are 

harvested close to spring crops, according to the landscape complementation process. Smaller fields 

ease colonization of natural enemies from adjacent fields and grasslands, since the distance individuals 

must cover is lower to get to the field core (Woodcock et al. 2016). Thereby, biological control is 

ensured by natural enemy coming back from adjacent fields on the whole surface of the field. 

Even though we did not find any significant effects of semi-natural linear elements, except to enhance 

the number of captured lacewings in grasslands, many previous studies emphasize their role for 

functional biodiversity. Linear elements can as well be of interest to enhance biological control. 

Vegetation strips (Rouabah 2015) and hedgerows (Garratt et al. 2017; Pecheur et al. 2020) can foster 

the diversity and abundance of natural enemies in neighboring crops, even more when they belong to 
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a coherent ecological network. Like grasslands, linear elements at field margins can provide 

complementary resources, either habitat or food, to natural enemies coming from croplands. The floral 

diversity found in such margins also favors hoverflies and lacewings, whose adults are pollinators, 

while the larvae feed on aphids (Ramsden et al. 2015). Schirmel et al. (2016) observed functional 

differences between the spider and predatory carabid communities from woody and herbaceous linear 

elements in agricultural landscapes. Indeed, in the woody communities these arthropods had lower 

dispersal abilities and higher foraging specialization, while communities in herbaceous strips were 

more generalist. However, the communities in woody elements were also much more sensitive to 

fragmentation between woody elements, while communities of carabids and spiders in herbaceous 

strips were only enhanced by landscape compositional diversity and local plant richness. 

7.3 Higher biodiversity may favor potential biological control 

7.3.1 Complementarity of natural enemies as an asset for biological control 

This thesis aimed at finding which field and landscape parameters could enhance natural enemies’ 

richness and abundance in cereal crops and grasslands. We observed that, overall, grassland carabid 

communities were more compositionally diverse than croplands, where a few generalist species 

occupied almost 70% of the sampled individuals. However, we mainly focused on the species richness 

of carabids, since this family provides both pest and weed control which are important ecosystem 

services for agriculture. 

Higher richness indeed enhances the provision of ecosystem services, both biological control and 

pollination (Dainese et al. 2019). Both the species richness and the abundance of the service providers 

have positive impact on the service itself, even though the direct impact of the species richness is more 

important. A broader diversity of natural enemies enhances the efficiency of pest predation (Thies et 

al. 2011; Dainese et al. 2017b). Indeed, the pest predation rate is higher due to the combined pressures 

applied by different kinds of predation. For instance, cursorial hunt, web-trapping or parasitism put a 

diversity of pressure on pests. The same can be said about the location of the pest control: in the 

canopy in the example of parasitoids or web our vegetation-dwelling spiders, on the soil for ground-

dwelling predators like wolf spiders or carabids. Moreover, aphid predation rates has been proven 

more efficient with multiple predation styles, which shows a synergistic effect between the natural 

enemies when they are more diverse (Schmidt et al. 2003). This kind of synergy between predators 

foraging in different vegetation stages has been described by Losey and Denno (1998). They observed 

that the predation rates of two natural enemies, one foliar-dwelling ladybug and one ground-dwelling 
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carabid, was more than twice their summed individual aphid predation rates when observed together 

in field. These observations emphasize a synergy among natural enemies when they are more diverse, 

which then enhances their pest control (Figure 35). 

Moreover, this kind of complementarity is thereby observable among spider families. Coherently with 

previous studies (Sunderland et al. 1986; Ekschmitt et al. 1997; Schmidt et al. 2003; Moonen and 

Bàrberi 2008), we mainly captured wolf spiders and money spiders, which altogether represented 81% 

of the total sampled individuals. These two families do not have the same predatory diet: while wolf 

spiders are ground-dwelling generalist (Nyffeler and Sunderland 2003), money spiders are web-

builders and stay in the crop canopy, where they feed for the most on aphids (Sunderland and Samu 

2000). 

 

Figure 35. Illustration of aphid predation complementarity between (a) the vegetational stage, with 

foliar dwellers, parasitoids and web spiders; and (b) the ground stage with ground dwellers. 

Among carabids, complementarity can be observed as well, although they all are ground-dwellers. For 

instance, Oberholzer and Frank (2003) observed that different carabid species could more efficiently 

reduce the populations of slugs in croplands by preying on various biological stages. While some would 

rather forage on the eggs, other focused on young individuals. Moreover, the prey spectrum of such 

species can vary, even between generalist predators. Thereby, higher carabid diversity helps to cover 

more potential preys by resource partitioning (Tscharntke et al. 2005a). Moreover, besides pressuring 

the pest populations at different development stages, higher natural enemy diversity can also have 
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complementary predation periods across time, and thereby apply a continuous pest control. Indeed, 

while carabids are the most effective at controlling aphids during the early season, their combined 

action with spiders is more efficient in mid-season (Lang 2003). 

7.3.2 Higher diversity involves higher resilience of the enemy community 

Furthermore, higher diversity among natural enemies may allow higher resilience of the whole 

community in case of disturbance. Every species may display a different level of tolerance towards 

various kinds of disturbance that farming activities can involve (Elmqvist et al. 2003). This is referred 

to as the insurance hypothesis: higher natural enemy diversity gives their community, hence the 

biological control they provide, a higher stability towards disturbance (Loreau et al. 2003; Tscharntke 

et al. 2005b). Insurance is provided by higher biodiversity only if refuge habitats are at a dispersal 

distance from the field. Indeed, it is the species general ability to elude the disturbance, hence to 

disperse, which appeared to be prior in the resilience of the ecosystem productivity (Loreau et al. 

2003). Thereby, the spatial character of the insurance hypothesis is essential, and it relies on both crop 

diversity and the vicinity of semi-natural fields such as grasslands. 

The insurance hypothesis echoes the concept of conservation biological control (Tscharntke et al. 

2007), which states that natural enemies diversity is higher in croplands when in vicinity of non-

cropped areas. In order to preserve the natural enemy which are already present in the landscape, the 

conservation biological control approach suggest preserving or restoring perennial habitats such as 

semi-natural ones. They indeed can provide to natural enemies overwintering and nesting sites, 

refuges in case of disturbance as well as complementary food resource (Landis et al. 2000; Bianchi et 

al. 2006). In order to provide these resources even to natural enemies with small dispersal abilities, 

non-cropped areas are thereby needed directly or closely next to the crops (Tscharntke et al. 2007). 

7.3.3 Limits to enhancing natural enemy diversity 

7.3.3.1 Composition rather than diversity? 

In our study, polyphagous carabids, hence generalist, were mostly sampled in cereal crops. Moreover, 

polyphagous carabids were more likely to be caught in cereal fields in vicinity of grasslands; they were 

also more likely to be shared by both paired land parcels. This gives indication that they can find 

resource complementation in grasslands and cereal crops and thereby move between these two land 

cover types. 

Some studies have proven that pest populations are significantly controlled by generalist predators 

which could switch to other non-pest preys and have higher generation times before having any 
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significant impact on the pest population (Symondson et al. 2002), while other research works point 

out to the need for both generalist and prey-specific natural enemies to improve the efficiency of 

biological control (Alhadidi et al. 2018). It would then rather be the composition, and not the diversity, 

of natural enemy community which would be decisive for biological control. 

More generally, parasitoids are generally natural enemies specialized in the parasitism of a given pest 

host. This key-characteristic makes them very efficient biological control agents, while ground-dwellers 

are generalist which can prey upon a broad spectrum of pests (Snyder and Ives 2003; Ives et al. 2005; 

Tscharntke et al. 2005b). Furthermore, generalist predators may lack efficiency in case of pest 

overcrowding.  

Thereby, the polyphagy of some abundant species can sometimes complicate the interpretation for 

biological control, since they can switch to alternative preys and not only forage on pests (Prasad and 

Snyder 2006). The generalist predatory communities of spiders and carabids have been proved to 

reduce significantly aphid populations, even more when the two groups are acting together 

(Symondson et al. 2002; Lang 2003). On the spider side this may be mostly due to money spiders, more 

than wolf spiders, as their web trap predation method is complementary to ground-dwelling and 

cursorial hunting carabids. Carabids and money spiders can hence control the pests both in the canopy 

as well as on the ground. 

7.3.3.2 Intraguild interference between natural enemies 

Pest control by natural enemies can be mitigated by intraguild predation between natural enemies 

themselves. Therefore, it is possible that higher natural enemy diversity does not enhance their overall 

predation rate, being in competition for the same resource or even feeding on each other (Holt and 

Polis 1997; Ives et al. 2005). Indeed, natural enemies of higher trophic level can potentially forage on 

other ones, hence limiting their overall benefits for farming activities. 

Prasad and Snyder (2006) for instance showed that the presence of P. melanarius, which represented 

3% of our samples, mainly in cereal crops, can have negative impacts on the predation rate of pests. 

This peculiar species occasionally feed on smaller carabids, though they are efficient pest predators 

(Prasad and Snyder 2004). Moreover, P. melanarius, and other carabid species to a lesser extent, can 

also prey on wolf spiders, and thereby have another intraguild interference (Lang 2003). P. melanarius 

has been observed to significantly reduce the parasitism rate of aphids under experimental conditions 

by Snyder and Ives (2001) by preying on Aphidius ervi, a parasitoid wasp. Though carabids can 

efficiently control the populations of aphids at early growing stages of the crop, they are no more 

efficient when the crop is higher, with aphids adopting antipredation behaviors. P. melanarius thereby 

switches to alternative preys, among which the vulnerable parasitoid pupae. 
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We caught numerous spiders in our pitfall traps, with an average of 49 individuals per trap whereas 

we captured an average of 27 carabids per trap. Nonetheless, spiders can be predatory to other spider 

species (Wise 1995; Hodge 1999; Denno et al. 2004; Finke and Denno 2004). This intraguild predation 

can diminish their potential for pest control. However, spiders rarely feed on other predatory 

arthropods, which enhances their appropriateness for biological control (Nyffeler and Sunderland 

2003). Therefore, intraguild predation can raise serious biological control issues when a specialized 

natural enemy, such as a parasitoid is preyed upon by a generalist predator (Snyder and Ives 2001; Ives 

et al. 2005; Gontijo et al. 2015). 

Furthermore, higher landscape heterogeneity reduces the importance of this intraguild predation 

between natural enemies (Finke and Denno 2002). Indeed, the diversity of habitats found in such 

landscapes allows potential intraguild preys to find refuge from their predators, which thereby reduces 

the negative influence of intraguild interference on the predation rate of pests. On the contrary, the 

density of pests is usually lower with higher non-crop habitat coverage in vicinity of farmed fields 

(Dainese et al. 2017b), mostly due to a more efficient top-down control by natural enemies. 

Finally, there is evidence that the intraguild interference between natural enemies can have variable 

effects on pest control (Tscharntke et al. 2005a). It can therefore be rather difficult to assess and 

theorize globally, depending on a broad variety of factors among which the intraguild and pest 

communities, the kind of crop, abiotic factors and even anthropic field management (Lucas 2013). 

However, field studies, rather than laboratory experiment, suggest that intraguild interference is low 

and higher natural enemy richness favors higher pest control (Straub et al. 2008; Holland et al. 2012). 

7.4 Operational recommendations, tools and public policy 

7.4.1 Public policies of landscape management 

This thesis also aims at emphasizing concrete solutions for both land planners and farmers, in the 

framework of the SRCE framework in the Rhône-Alpes region. The consideration of grasslands for 

biodiversity is important in Agri-Environment Schemes (AES) since they are levers for action. 

Permanent grasslands still represent 33 % of the utilized agricultural land of the European Union 

(Peyraud et al. 2012) and they are productive lands for farmers. Therefore, they need to be considered 

as essential parts of farmed landscape (Bretagnolle et al. 2012). 

The AES are the European Union tools, through the Common Agricultural Policy, to counter or lower 

the negative impacts of intensive agriculture on biodiversity (Arponen et al. 2013; Ekroos et al. 2014). 
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In a study concerning six European countries, Kleijn and Sutherland (2003) showed that 54 % of AES 

had a positive effect on one species at least, while 6 % presented a negative effect. The simplification 

of landscapes is a major reason for this relative failure, since the reduction of semi-natural coverage 

reduces the efficiency of environmental schemes. 

More generally, Emmerson et al. (2016) recommend the extension of AES to the landscape level, so 

they include multiple farms and fields. They suggest it would improve the efficiency of AES in the 

enhancement of biodiversity. Indeed, they observed an inconsistency of some response of biodiversity 

and the ecosystem services it provides; they explicitly relate this issue to the lack of coordination 

among farmers and landowners concerning agricultural practices and land use. 

In order to take into consideration the services that biodiversity can provide to agriculture, Ekroos et 

al. (2014) suggest two new kinds of AES in the CAP, which would target different species and express 

the best of farmlands potential for biodiversity (Altieri 1999). The first kind of scheme would then 

target all conservation purposes, biodiversity in general, whereas the second kind of scheme would 

focus on the biodiversity providing ecosystem services to agriculture. Ekroos et al. (2014) thereby 

suggest that this distinction could help to enhance the beneficial diversity, since these species would 

benefit from both conservation and ecosystem services schemes. Nonetheless, the authors admit that 

their proposition fails to consider the organization of agricultural landscapes, although the interaction 

of AES with landscape context, and its impact on biodiversity, have been assessed (Batáry et al. 2011; 

Tscharntke et al. 2012b). 

There, the work of Arponen et al. (2013) is of interest, since they accounted for the implementation of 

landscape organization into AES. More precisely, they focused on grasslands and their connectivity. 

They indeed showed that the efficiency of AES highly depends on the connectivity with other 

neighboring grasslands. The authors thus conclude that the AES should be adapted to the local context 

in which they are to be applied, which points out the difficulty to generalize the efficiency of a given 

AES measure. 

In Rovaltain, and in Bièvre to a lesser extent, there is a strong need for restoring and preserving 

permanent grasslands. Indeed, Rovaltain farmlands are highly dominated by annual crops while 

grasslands only cover 3% of the whole study region, concentrated on the foothill. Thus, we suggest the 

application of an AES which would favor the restoration or preservation in the agricultural plain, since 

it can be economically difficult for farmers to support this endeavor on their own. This 

recommendation would be also useful in the northern part of Forez, dominated by temporary 

grasslands. In all three study regions, there would be a need for enhancing crop diversity, for instance 

with legumes. We then suggest an AES for subsidizing the farmers with a broader variety of crops. 
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Moreover, local authorities could support the economic valorization of legume productions locally, 

through collective catering for instance. Another idea would be to aid the implementation of four-year 

temporary grasslands, which can help providing temporarily stable habitats in cropped landscapes. 

 

Figure 36. Social-ecological framework adapted to the management of agricultural landscapes and 

the provision of ecosystem services (Source: Lescourret et al., 2015) 

Finally, Lescourret et al. (2015) suggest a brand-new approach to involve locally all the concerned 

actors, from the land planners to the farmers. This work points out that agricultural landscapes were 

mainly managed by farmers. Even though the ecosystem services benefit highly to food production 

(Power 2010), they would favor a broad diversity of stakeholders as well. Then, this social-ecological 

framework addresses the management of ecosystem services provision in agricultural landscapes 

(Figure 36). One prior point of this framework is to give equal importance to both social and ecological 
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systems (SES), which had been failed by previous social-ecological frameworks (Binder et al. 2013). 

Furthermore, one strength of this conceptual framework is to be adaptable to different scales, from 

local agricultural regions to European Union, for instance. Then, higher scale SES include multiple 

embedded smaller scale SES. Whereas the efficiency of collective management has been proven when 

the aim is precisely targeted (Brewer and Goodell 2011; Fischer and Charnley 2012), few successful 

examples have arisen for multiple services provided by landscapes. As the achievement of 

agroecological goals and the enhancement of ecosystem services would have beneficial synergistic 

effects, there is a strong need for appropriate collective management between farmers and other 

stakeholders from agricultural landscapes. 

The establishment of such collective management between local authorities and farmers would aim 

at favoring concerted decision-making. Then, for instance, we suggest the execution of an ecological 

reparcelling, which would collectively shape the landscape. There have been multiple reparcelling 

since the 1950’s, though the latter aimed at easing the mechanization and intensification of 

agriculture. This new kind of reparcelling would aim at fitting the landscape to agroecological purposes, 

both at the landscape and practices level. The plantation of hedgerows or other implementation of 

herbaceous vegetation strips in order to bring back linear semi-natural elements as well as reducing 

the field size or the insertion of grasslands within cropped mosaic are examples of what could be 

implemented with this ecological reparcelling. 

7.4.2 At the farmers’ level 

Until a collective management of agricultural landscapes is established, farmers remain prior actors to 

enhance ecosystem services at the landscape level. We observed that most explanatory landscape 

scale for explaining carabid species richness and species traits were the smallest we analyzed, 200 m. 

Indeed, explanatory landscape scales for biodiversity can be rather small, therefore some decisions 

can be made by farmers, both individually or collectively (Weibull et al. 2003). 

At the level of their individual farm, farmers can act on both farming practices and landscape 

organization. We have already set some recommendations about landscape management, among 

which the most important one is the preservation or restoration of a mosaic of grasslands within the 

farmland mosaic. Though we are conscious this suggestion cannot rely on the farmers’ shoulders only, 

we also know that they are currently the major direct vector for such a measure. Therefore, we know 

that the individual initiative can only be partially a way to preserve or restore a grassland mosaic. Then, 

individual farmers could hardly make significant changes at the landscape level unless if they are 
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supported by appropriate public policies. Nonetheless, farmers can make significant changes at the 

practices level.  

The change of farming practices in order to enhance biological control are not the main subject of this 

thesis; however, there are some that can be of interest to enhance biological control (Rosa-Schleich et 

al. 2019). First the diversification of the crops, in case the farmer can significantly impact on the local 

landscape compositional heterogeneity with his fields only. Second, the diversification of rotation 

benefits the farmer ecologically as well as economically, since it increases it can help reducing the input 

and the pest and weed risk at long term (Wezel et al. 2014). Indeed, longer and more diversified 

rotations also can help to enhance the crop diversity in the landscape, which is beneficial to natural 

enemies. Cover crops and green manure are interesting to foster the fertility of cropped fields while 

reducing the consumption of artificial inputs. Moreover, cover crops can contribute to the continuity 

of food and habitat resource which beneficial entomofauna may need (Dabney et al. 2001). Reduced 

tillage, or no-till can have advantages for natural enemies, since a lot of them can be killed in the 

process. Thereby, the reduction of this disturbance can be of great interest to favor biological control, 

particularly by ground-dwellers or species overwintering underground. 

As it combines all the previous practices, conservation agriculture is highly interesting to enhance 

potential biological control. Indeed, conservation agriculture involves high diversity in the crop 

rotation, cover crops and reduced tillage or even no-till. Indeed, conservation agriculture seem to be 

an interesting alternative to the conventional one, as it balances the productivity and ecological 

performances (Chabert and Sarthou 2020). 

Concerning grasslands, the mowing can be done when it is interesting to force the emigration of 

carabids and spiders into neighboring cropped fields (Ekschmitt et al. 1997). Finally, the adoption of 

organic practices by some farmers can benefit the whole landscape. Indeed, organic farming is thought 

to enhance by 30% the species richness of agroecosystems (Bengtsson et al. 2005; Tuck et al. 2014). 

Moreover, organic fields with conventionally farmed mosaic can be refuge areas for species from 

conventionally managed fields (Schmidt et al. 2005a; Djoudi et al. 2019). More generally, organic 

agriculture can help the preservation and the restoration of ecosystem services in farmland, and even 

benefit of conventional farmers in their neighborhood (Sandhu et al. 2010). 

7.4.3 Applied recommendations for our study regions 

In this, part, we will focus on two of our study regions, each representing a typical case of agricultural 

landscape. First is Rovaltain, with permanent grasslands only occupy 3% of the whole study region and 

are rather concentrated on the foothills. Arable lands occupy 48% of the entire region. Moreover, 
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Rovaltain is the study region where we found both the lowest carabid richness and abundance per 

trap. As we have raised it before in the general discussion, Rovaltain would highly gain from restoring 

a grassland mosaic. Permanent grasslands would thereby bring some stable open land covers in the 

mosaic, providing a continuity of resource to cropland biodiversity. Even 4 years temporary grasslands 

in the rotations could be favorable to natural enemies, as they are relatively stable and less disturbed 

than crops. 

To achieve this objective, local authorities and professional agricultural organizations, such as 

chambers of agriculture, could help the farmers by facilitating their meeting. The aim of these meetings 

would be to set a collective landscape management, by pointing the fields that could be turned into 

permanent grasslands, making sure that they form a consistent mosaic. In this case, consistency means 

that they are as much as possible equally accessible from neighboring cropped fields. Moreover, in 

these assemblies, farmers and authorities could decide together on how to compensate for the fields 

turned into grasslands, since this concession from some farmers is beneficial to the entire community. 

Second study region is Forez, where the permanent grasslands are important, occupying 27% of the 

whole study region. Moreover, in Forez, the temporary grasslands are well included in the crop 

rotations, which is due to the importance of the livestock breeding activity. Hence, the Forez is the 

region where we found the highest general species richness of carabids, with 61 different species in 

cereal crops, 70 in grasslands and 90 overall. Our landscape recommendation would be to favor the 

implementation of permanent grasslands in the northern part of the study region. They are indeed 

rare in this area, though temporary grasslands are well integrated in crop rotations. The main problem 

in Forez is more economic than agroecological, even though progress could always be made by scaling 

down and diversifying a bit more the landscapes. Indeed, the economic sustainability of livestock 

breeding is threatened, especially for dairy farmers. The selling price of raw milk appears to be 

insufficient to maintain this activity in farms; during this thesis work some farmers we worked with 

abandoned dairy activity specifically for this reason. There is here a stake to seize for local authorities 

and chamber of agriculture, either to build local economic opportunities for raw milk, such as the 

valorization of their well-known cheese, the Fourme de Montbrison. Another opportunity would be to 

help the farmers into converting to organic farming, since the economic valorization of this agriculture 

has protected them from market fluctuations hitherto. 

7.4.4 Agricultural landscapes as a Common 

Intensive agriculture raises issues of concern about biodiversity, thereby the ecosystem services it 

provides and threatening its own sustainability. In the case of agricultural landscapes, Bretagnolle et 
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al. (2012) suggest the collective consideration of grasslands in landscapes by farmers; beyond the 

individual logic which currently dominates the management of landscapes through individual private 

property. This idea of collective decision to design and manage agricultural landscapes has also been 

raised by other research works (Lescourret et al. 2015; Dumat et al. 2018) and therefore takes an 

important place in the recommendations we formulated. 

In fact, Leopold (2014) already pointed out the need for an understanding of the concept of land as a 

community. By stating that the land is a community, he meant that human beings, and their societies 

need to insert themselves and their activities into the whole ecological community to which they 

inherently belong. He opposed to the view of land as “commodity”, mostly driven by the utilitarian 

philosophy. Leopold (2014) tried to warn that the growing power of humanity, gained through 

industrialization which by then was attaining agriculture, would eventually provoke unprecedented 

damages to ecosystems. 

Indeed, Moore (2017) argues that the human organizations and activities cannot be thought 

abstracted from ecological cycles. He came to that conclusion while studying the historical and 

economic contexts in which the current ecological crisis rose. Moreover, Moore raises the notion of 

Capitalocene, since he explains that capitalism is responsible for the ecological crisis. According to 

Moore, constant and infinite capital growth relies on Cheap Nature, meaning cheap natural resource. 

Hence, capitalism, the current development and economic system cannot sustain itself and raises 

major social-ecological issues (Moore 2017; Moore 2018). 

In order to overcome the current ecological crisis, we need to find new ways to organize humans and 

their economic activities. In the case of agricultural landscapes, we have already suggested to innovate 

with governance systems which would involve local communities in the decision-making process. An 

interesting global framework which could help to overcome the allow the consideration of the whole 

agricultural landscape is the one suggested by Ostrom (2015). Indeed, a Common can be defined as 

any resource potentially shared by a community, which is substractable, i.e. its consumption by a 

person reduces others’ consumption, and whose boundaries can be difficult to define (Ostrom and 

Hess 2007). Inspired by a variety of concrete situations throughout the world, Ostrom (2015) then 

suggests an institutional framework in which local communities could collectively manage their 

common pool of resource (Figure 37). 
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1. Define clear community boundaries. 

2. Match rules governing the use of Commons to local needs and conditions. 

3. Ensure that those affected by the rules can participate in modifying the rules. 

4. Make sure the rule-making rights of community members are respected by outside authorities 

5. Develop a system carried out by community members, for monitoring members’ behavior. 

6. Use graduated sanctions for rule violators. 

7. Provide accessible, low-cost means for dispute resolution. 

8. Build responsibility for governing the Common in nested tiers from the lowest level up to entire 

interconnected system. 

Figure 37. Elinor Ostrom’s eight principles for governing the Commons (Ostrom 2015). 

 

The Commons thereby interrogates a whole side of our social organization, which we call capitalism, 

based on private and lucrative property as well as the maximization of economic liberty (Friedman 

1963). Capitalism relies on the perpetual accumulation of capital, which involves continuous and 

infinite growth (Giraud and Renouard 2015). Therefore, the (re-)establishment of Commons in our 

society would be an important shift in our ideological relationship to the world. Moreover, Ostrom’s 

institutionalism does not question private property nor capitalism for itself, though it suggests an 

alternative way to manage resources when both private and public property fail (Ostrom 2012). 

As the use of landscape by some excludes that of others, and since landscapes cannot always be 

defined precisely as a resource, landscapes correspond to the definition of a Common (Ostrom and 

Hess 2007). Indeed, the idea of landscape as a common has been developed (Pittaluga 2013). For 

instance, the Cinque Terre region of Italy established a local collective authority whose aim was to fight 

against the ecological and economic crises which were depleting the region. The consideration of 

landscape as a Common helped diversifying the agricultural productions and created many jobs, mostly 

in agriculture and tourism. Another example quoted by Pittaluga (2013) is the experiment around the 

international network of Model Forest. Model Forests’ goal is to favor ecologically heterogeneous and 

biodiversity-friendly forests through diverse forms of management. This network involves local 

communities in the definition of their economic and ecological objectives through a participatory and 

inclusive process. Other than the protection of biodiversity, economic activities such as farming and 

their sustainability are central in the definition of the collective project. 

These examples show that considering landscape as a Common to shape a collectively defined socio-

ecological project, economically sustainable, has been experienced elsewhere. However, the 

institutionalism of Common by Ostrom (2015) does not provide any magic bullet, as it recognizes that 

every community has its own perceptions, rules, conditions and traditions. Then, on the basis of this 
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conceptual framework, it may be possible to experiment the institution of agricultural landscapes as a 

Common and thereby conciliate agricultural activities and the preservation of biodiversity through 

collective locally-based decision-making. 

7.5 Limits of the thesis 

7.5.1 Some issues regarding our data collection and sampling 

The first problem we met with our sampling protocol concerned the grazed grasslands in which we 

sampled. Indeed, it has been difficult for us to keep on sampling in this kind of grasslands since the 

cattle systematically destroyed the traps, especially the flight traps, though the pitfalls were also 

often? trampled. Therefore, we decided not to continue in sampling in grazed grassland after first 

experiences. We then captured only in mown grasslands, though we did not remove from our results 

database the few traps we already surveyed in pastures (6 grazed out of 102 grasslands sampled 

overall). There can be a small bias in our sampling, since we should have focused only on mown 

grasslands at the beginning of the study, in order to at least set this management parameter for 

grasslands. 

The second issue concerning our sampling is the design of the flight traps. However, we already 

discussed this matter the previous result chapter. The fact that our flight traps were sticky prevented 

any possibility to identify the samples to the species level. This appeared to lead to an analysis of 

moderate interest, since we could only draw conclusions about the density of our samples. 

7.5.2 Differences between study regions 

We sampled in three different study regions in order to check the consistency of the biodiversity 

responses to field and landscape parameters. We proceeded that way in order to compare these 

parameters on the beneficial entomofauna of three different coverage ratios between annual crops 

and permanent grasslands. 

Concerning the field parameters, the consistency of the answers was not so high when it was 

significant. Moreover, the answers of carabid richness or spider density were much more variable from 

one study region to another. Although these observations highlight some interesting points about 

difference of landscape influence on biodiversity under different pedo-climatic and historical 

conditions, they also show how difficult can be the observation of ecological communities in multiple 

regions. Moreover, this variation in results also shows the limits of studying given parameters while 
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other uncontrolled parameters, such as ecological history, soil or climate conditions, can also 

significantly affect the observed variable. 

7.5.3 Landscape-practices interactions towards biodiversity 

Though we did not study the impact of the agricultural practices on beneficial entomofauna, we had 

to face this question when we observed no significant influence of the landscape context on carabid 

communities in cereal crops. Both levels are indeed necessary to enhance biodiversity. Petit et al. 

(2017) for instance showed that weed seed predation by carabids was enhanced both by higher 

compositional heterogeneity and conservation agriculture practices. The positive effect of landscape 

composition is however lower in fields which have been under conservation practices for more than 

four years.  

However, both the intensification level of practices and landscape are known to have combined 

negative effects on the biodiversity (Figure 38), at every level of the trophic web (Batáry et al. 2017). 

Indeed, more complex landscapes offer a wider diversity of ecotones and habitats to biodiversity, 

hence host a broader diversity of species than more simple landscapes, typical of intensive agriculture. 

Though, within these landscapes, organic practices favor higher species diversity than conventional 

farming (Bengtsson et al. 2005; Geiger et al. 2010; Batáry et al. 2017).  

There is then substantial evidence that the effect of farming practices interacts with the influence of 

landscape context, i.e. heterogeneity (Figure 38). Organic farming is more beneficial to the diversity of 

multiple taxa in homogeneous landscapes (Rundlöf et al. 2008; Smith et al. 2010; Tuck et al. 2014). 

Nonetheless, though organic farming is sensibly more beneficial to biodiversity, Batáry et al. (2017) 

showed that small-scale conventional management supports higher diversity of plants and arthropods 

than large-scale organic farming. Even though both landscape and farming intensity parameters have 

significant effects on the determination of the biodiversity, Batáry et al. (2017) showed that the 

landscape effect comes in first. Future research works need to consider both landscape and farming 

practices (Karp et al. 2018). 
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Figure 38. Combined effects of landscape heterogeneity and farming practices on biodiversity 

(Source: Batáry et al., 2017) 

These interactions between farming practices and landscape heterogeneity can be explained in many 

ways. Firstly, it is possible that organic farming helps maintaining or restoring habitat diversity in 

homogenized landscapes (Rundlöf and Smith 2006), thus making the whole landscape more suitable 

for higher diversity (Benton et al. 2003). Secondly, since organic farming increases the spatiotemporal 

heterogeneity of the landscape (Danhardt et al. 2010) ,we would expect the impact of organic practices 

to be more important in homogenized landscapes. Thirdly, the difference between conventional and 

organic practices may be more important in simple landscapes. In more homogeneous landscapes 

dominated by crops, organic fields can thereby provide refuge habitats and compensate to some 

extent the lack of semi-natural areas (Pfiffner and Luka 2003). 

The simplification of the landscape and intensive agricultural practices also impact on the plant 

diversity. Yet, more diverse plant community enhances overall diversity and benefits agroecosystems 

(Letourneau et al. 2011) as well as faunal diversity (Pfiffner and Luka 2003; Plantureux et al. 2012). This 

relation is so strong that some authors even defined habitat as native vegetation (Andren 1994). 

However, mineral fertilization tends to homogenize the plant community towards opportunistic 

nitrophilous species, mainly weeds, even in the field margins (Solé-Senan et al. 2014). Moreover, there 

is a loss plant diversity in field edges and hedgerows due to the drift and leaking of herbicides between 
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4 and 10 meters beyond the crops boundaries (Stoate et al. 2001; Gove et al. 2007). In landscapes 

where semi-natural habitats are scarce and/or small, i.e. whose area is on average inferior to 2 ha, this 

homogenizing effect affects more than 20 % of their land cover (Boutin and Jobin 1998). 
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8. Conclusion 

In this thesis, we observed that permanent grasslands and croplands can be complementary for 

beneficial entomofauna. Indeed, carabid assemblages in cropland and grassland remained mainly 

distinct, even though neighboring ones showed significant similarity, with about 20% of the overall 

species richness in common. In grasslands, we found a higher species richness when the landscape 

compositional diversity around was increased, except in the study region where the grasslands covered 

larger areas. The overall community from adjacent crop and grasslands was positively influenced by 

higher configurational heterogeneity.  

Moreover, the common species richness sampled in both neighboring cereal fields and grasslands was 

enhanced by higher density of field borders between these two land cover types. Though the land 

cover type was by far the major determinant of carabid traits, landscape parameters also had a 

significant influence. Polyphagous species were more likely to appear in neighboring grassland and 

cereal crop. Phytophagous species were highly exclusive to grasslands, while predatory were in cereal 

crops. On the whole, mobile species were not affiliated to any of these two land cover types, and were 

more sampled in simplified landscapes. 

The spider family richness was higher in permanent grasslands, though there were more individuals 

present in cereal fields. Moreover, spider density was fostered in vicinity of higher grassland coverage. 

Both hover flies and lacewings sampled density were higher in cereal fields and lower in the 

neighboring of higher grassland coverage. 

One of our main finding is that higher adjacency between these two farmland cover types fosters the 

number of carabid species found in both, which we explain by landscape complementation. Moreover, 

these species common to grassland and cropland were able to provide potential biological control in 

cereal fields, by feeding on pests and weed seeds, as they were polyphagous and mobile. 

Given these observations and the literature, we suggested some options to enhance functional 

biodiversity. Our main idea is to implement a grassland mosaic within more crop dominated 

landscapes, which could provide complementary and stable resource to this beneficial species, which 

could thereby move from one habitat to the other easily. Furthermore, it is possible to enhance the 

crop diversity of agricultural landscapes, but also within farms, still in order to provide a wider diversity 

of resource to natural enemies, as well as avoiding an overpopulation of specialized pests. Finally, 

another option we explored was the down-scaling of agricultural landscapes: smaller fields indeed 

would ease the movement of natural enemies from one field to another, as well as the colonization of 

the whole field to its core. 



  
 

137 
 

The simplification of crop rotations leads to a dependence to herbicides, pesticides and fungicides, 

which leads to a decline of biodiversity in the cropped fields vicinity (Kleijn and Verbeek 2000; Stoate 

et al. 2009). For instance, cereal yield is directly and negatively related to bird diversity (Donald et al. 

2000). Indeed, by reducing invertebrate populations in size and diversity, intensive agriculture also 

negatively impacts on farmland bird populations (Benton et al. 2002). Moreover, the organization of 

the food industry is inefficient to end hunger despite levels of production above the needs, since one 

third of the global production is lost, either due to storage or wastage issues (De Schutter 2011; Foley 

et al. 2011), or as large areas of cropped areas are intended to feed cattle instead of people. 

Then, a more global questioning is about the difficulty of the implementation of new practices or agri-

environmental schemes, since every farmer decides on its own and can thereby take economic risks. 

Moreover, we saw that the question of economic and territorial governance highly matters since we 

consider the impact of landscape organization on farming activities (Altieri 2009; Ostrom 2015). There 

is indeed a growing need for new frameworks helping the collective decision-making by farmers and 

other stakeholders for managing agricultural landscapes, and thereby the biodiversity they host and 

the ecosystem services they provide (Martin et al. 2013; Lescourret et al. 2015). 

These new governance models could be initiated by local authorities or chambers of agriculture, in 

order to help the farmers to organize. However, the lead should be left to the farmers, since they are 

the ones who would be economically affected in case of landscape change. These assemblies would 

then be able to discuss the best ways to adapt the farmland to the ecological issues, which is here, for 

instance, the lack of stable areas such as permanent grasslands. Finally, the assembly could also find 

ways to compensate the farmers who would make concessions, for the good of all. 

All these issues lead us to consider the process of decision-making that impacts all of us but is 

constrained for economic reasons. However, we all want to have beautiful rural landscapes as well as 

food in our plates. We also want our farmers, the people feeding us, to live decently from their work, 

and, as much as possible, to work under bearable conditions. 

The whole point there may be that what should be decided under democratic decisions, not only 

national votes, but also local communities, is still largely driven by economic constraints, which 

somehow escape from people’s consent. Maybe it is time for us to question the primacy of economics 

over social-ecological matters, and then to build democracies more adapted to modern days 

challenges. 
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Appendix A 

Land cover types accounted for the landscape Shannon diversity index 

Land cover type 

Winter cereal 

Maize 

Rapeseed 

Sunflower 

Soybean 

Permanent grassland 

Temporary grassland 

Orchard 

Vineyard 

Fallow 

Other leguminous and oleaginous crop 

Other crops: market gardening, horticulture etc. 

Woodland 
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Appendix B 

Set of explanatory variables to study species richness, activity-density and evenness 

of carabids in cereal or grassland land covers from generalized linear models comparison: 

B.1 explanatory parameters and B.2 random parameters. 

B.1 

Variable Abbreviation Type Values / Metric 

Land cover type type Qualitative Winter cereal crop (WC) / Permanent grassland (PG) 

Field size size Continuous Hectares (ha) 

Complexity shape index shape Continuous Double 

 

B.2 

Variable Abbreviation Type Values / Metric 

Study region region Qualitative Rovaltain (R) / Bièvre (B) / Forez (F) 

Year of sampling type Qualitative 2017 / 2018 

Sample pair site site Qualitative Pair nomenclature 
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Appendix C 

Null model ΔAICc for every multimodel inference 

for 3. Complementarity of grasslands and cereal fields ensures carabid regional diversity 

in French farmlands 

Model Null model ΔAICc Number of models 

retained for averaging 

Species richness 31.72 4 

Activity-density 104.07 4 

Evenness 32.76 1 
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Appendix D 

Full list of sampled carabid species and their functional life traits 

Genus species Diet Wing status Mean body size (mm) 

Acinopus picipes phytophagous apterous 14.5 

Acupalpus meridianus polyphagous macropterous 3.75 

Agonum hypocrita predatory macropterous 8 

Agonum muelleri predatory macropterous 7.5 

Amara aenea phytophagous macropterous 7.25 

Amara anthobia phytophagous macropterous 6 

Amara communis phytophagous macropterous 6.5 

Amara consularis phytophagous macropterous 8 

Amara familiaris phytophagous macropterous 6 

Amara fulvipes phytophagous macropterous 10.5 

Amara kulti phytophagous macropterous 9.25 

Amara lucida phytophagous macropterous 5.25 

Amara lunicollis phytophagous macropterous 7.5 

Amara montivaga phytophagous macropterous 7.5 

Amara ovata phytophagous macropterous 9 

Amara plebeja phytophagous macropterous 6.75 

Amara similata phytophagous macropterous 8.5 

Amara strenua phytophagous macropterous 9.25 

Amara tibialis phytophagous macropterous 4.5 

Amara tricuspidata phytophagous macropterous 8 

Anchomenus dorsalis predatory macropterous 7 

Anisodactylus binotatus polyphagous macropterous 10.5 

Anisodactylus nemorivagus polyphagous macropterous 8 

Anisodactylus signatus polyphagous macropterous 12.5 

Asaphidion stierlini predatory macropterous 4.25 

Badister bullatus predatory macropterous 5.5 

Brachinus crepitans predatory macropterous 8.5 

Brachinus elegans predatory macropterous 7.75 

Brachinus explodens predatory macropterous 6.5 

Brachinus sclopeta predatory macropterous 5.75 

Calathus fuscipes predatory apterous 12.5 

Calathus melanocephalus predatory dimorphic 7 

Callistus lunatus predatory macropterous 6.5 

Carabus auratus predatory apterous 23.5 

Carabus cancellatus predatory apterous 26.5 

Carabus coriaceus predatory apterous 37 

Carabus monilis predatory apterous 27 

Carabus violaceus predatory apterous 27 

Chlaeniellus nigricornis predatory macropterous 11 

Chlaeniellus nitidulus predatory macropterous 11 

Clivina fossor predatory macropterous 6 
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Genus species Diet Wing status Mean body size (mm) 

Cylindera germanica predatory macropterous 9.5 

Demetrias atricapillus predatory macropterous 5 

Diachromus germanus phytophagous macropterous 9 

Dinodes decipiens predatory macropterous 11.5 

Dixus clypeatus phytophagous macropterous 9.5 

Gynandromorphus etruscus phytophagous macropterous 10.5 

Harpalus affinis polyphagous macropterous 10.5 

Harpalus albanicus phytophagous macropterous 8.5 

Harpalus anxius phytophagous macropterous 7.25 

Harpalus atratus phytophagous macropterous 12.5 

Harpalus dimidiatus phytophagous macropterous 12.5 

Harpalus distinguendus phytophagous macropterous 10 

Harpalus honestus phytophagous dimorphic 8.5 

Harpalus luteicornis phytophagous macropterous 6.75 

Harpalus oblitus phytophagous macropterous 10.5 

Harpalus pumilus phytophagous dimorphic 5.5 

Harpalus pygmaeus phytophagous macropterous 6.25 

Harpalus rubripes phytophagous macropterous 9 

Harpalus serripes phytophagous macropterous 11 

Harpalus tardus phytophagous macropterous 9.5 

Leistus ferrugineus predatory macropterous 7 

Leistus fulvibarbis predatory macropterous 7.5 

Licinus cassideus predatory apterous 14.5 

Loricera pilicornis predatory macropterous 7.5 

Metallina lampros predatory dimorphic 3.25 

Metallina properans predatory dimorphic 3.5 

Microlestes gallicus predatory apterous 2.9 

Microlestes luctuosus predatory macropterous 2.4 

Microlestes maurus predatory apterous 2.4 

Microlestes minutulus predatory macropterous 3.1 

Nebria brevicollis predatory macropterous 11.5 

Nebria salina predatory macropterous 11 

Notiophilus biguttatus predatory dimorphic 5.25 

Notiophilus palustris predatory dimorphic 5.25 

Notiophilus quadripunctatus predatory dimorphic 5.25 

Notiophilus substriatus predatory dimorphic 5.25 

Ocydromus callosus predatory dimorphic 3.75 

Ocydromus latinus predatory macropterous 5.5 

Ocydromus tetracolus predatory dimorphic 6 

Ophonus ardosiacus phytophagous macropterous 11.5 

Ophonus azureus phytophagous dimorphic 8 

Ophonus cribricollis phytophagous macropterous 8 

Ophonus puncticeps phytophagous macropterous 7.5 

Ophonus sabulicola phytophagous macropterous 15 

Panagaeus bipustulatus predatory macropterous 7.25 
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Genus species Diet Wing status Mean body size (mm) 

Paratachys bistriatus predatory macropterous 2.15 

Parophonus maculicornis phytophagous macropterous 6.5 

Philochthus lunulatus predatory macropterous 3.6 

Philorhizus notatus predatory dimorphic 2.75 

Phyla obtusa predatory dimorphic 2.75 

Phyla tethys predatory macropterous 3.25 

Platyderus depressus predatory macropterous 6.75 

Poecilus cupreus polyphagous macropterous 11 

Poecilus kugelanni predatory macropterous 13 

Poecilus sericeus predatory macropterous 13 

Poecilus versicolor predatory macropterous 10 

Pseudoophonus rufipes polyphagous macropterous 13.5 

Pterostichus anthracinus predatory macropterous 10.5 

Pterostichus madidus polyphagous apterous 16.5 

Pterostichus melanarius predatory dimorphic 16.5 

Pterostichus nigrita predatory macropterous 10.5 

Pterostichus strenuus predatory dimorphic 6.25 

Pterostichus vernalis predatory dimorphic 7 

Semiophonus signaticornis phytophagous macropterous 6.5 

Stenolophus teutonus polyphagous macropterous 5.75 

Stomis pumicatus predatory apterous 6.75 

Syntomus foveatus predatory apterous 3.25 

Syntomus obscuroguttatus predatory macropterous 3.25 

Syntomus truncatellus predatory apterous 3.25 

Tachyura parvula predatory macropterous 1.9 

Trechus obtusus predatory dimorphic 3.6 

Trechus quadristriatus predatory macropterous 3.6 
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Appendix E 

Rank and relative activity-density of the most abundant carabid beetle species 

in the 3 study regions of southeastern France. 

Sampling size in each study region is Rovaltain (n = 82), Bièvre (n = 65), Forez (n = 59). 

  All study regions Rovaltain Bièvre Forez 

Species  Rank 
Activity-

density (%) Rank 
Activity-

density (%) Rank 
Activity-

density (%) Rank 

Poecilus cupreus 25 1 17 2 25 2 32 1 

Anchomenus dorsalis 19 2 19 1 27 1 10 2 

Harpalus dimidiatus 4 3 11 3 5 4 0 37 

Metallina lampros 4 4 2 12 1 14 5 5 

Amara aenea 3 5 4 6 2 9 2 10 

Trechus quadristriatus 3 6 5 5 3 6 2 8 

Metallina properans 3 7 1 21 9 3 6 3 

Harpalus anxius 3 8 0 40 4 5 1 12 

Pterostichus melanarius 3 9 2 10 1 17 1 18 

Harpalus affinis 3 10 9 4 1 13 6 4 
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Appendix F 

Summary of general linear mixed models averaging 

for carabid species richness, activity-density and evenness. 

Diversity 
indicatora 

Variableb 
Importance 

(%) 

Relative 
importance 

(%) 

Multimodel estimate 
± SE 

z value p value signif. 

Species richness (Intercept)   1.992 ± .174 11.46 0.000 *** 

 Forez 60 100 0.144 ± .101 1.42 0.156  

 Rovaltain 60 100 -0.422 ± .108 3.90 < 0.001 *** 

 2018 100 100 0.089 ± .097 0.92 0.356  

 field size 60 54 0.013 ± .012 1.09 0.274  

 shape 55 48 -0.169 ± .129 1.31 0.189  

 perm. grassland 60 25 -0.079 ± .130 0.61 0.544  

 2018*perm. grassland 60 25 -0.024 ± .121 0.20 0.841  

 size*perm. grassland 15 6 0.030 ± .021 1.46 0.144  

 perm. grassland*Forez 15 3 0.157 ± .128 1.23 0.219  

 perm. grassland*Rovaltain 15 3 0.174 ± .153 1.13 0.258  

  

Activity-density (Intercept)   3.419 ± .323 10.58 0.000 *** 

 perm. grassland 64 100 -0.500 ± .234 2.14 0.033 * 

 field size 64 100 0.033 ± .089 0.38 0.706  

 shape 45 100 -0.317 ± .215 1.48 0.139  

 Forez 64 100 -0.105 ± .212 0.50 0.620  

 Rovaltain 64 100 -0.730 ± .225 3.25 0.001 ** 

 2018 100 98 0.587 ± .182 3.22 0.001 ** 

 field size*perm. grassland 18 77 0.238 ± .109 2.18 0.030 * 

 perm. grassland*Forez 18 52 0.329 ± .200 1.65 0.099  

 perm. grassland*Rovaltain 18 52 0.436 ± .218 2.00 0.046 * 

 2018* perm. grassland 64 50 -0.433 ± .196 2.21 0.027 * 

  

Evenness (Intercept)   0.773 ± .018 43.82 < 0.001 *** 

 perm. grassland 62 100 0.125 ± .018 7.01 < 0.001 *** 

  2018 100 100 -0.037 ± .020 -1.85 0.067  
a Species richness models were fitted with Poisson distribution errors, activity-density model was fitted with negative 

binomial distribution errors and evenness with Gaussian distribution errors 

b Default qualitative variables values in intercept are: land cover winter cereal, study region Bièvre and year 2017 
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Appendix G 

Significant Spearman’s rank correlations (ρ) 

between landscape variables within a 200 m radius around the sampling point 

of the three study regions 

Landscape variables ρ p-value 

Rovaltain    

Winter crop-grassland 

edge density 
Grasslands 0.48 ** 

Winter crop-grassland 

edge density 
Overall edge density 0.32 * 

Bièvre    

Winter crop-grassland 

edge density 
Overall edge density 0.40 * 

Landscape Shannon index Overall edge density 0.39 * 

Forez    

Landscape Shannon index Grasslands -0.55 ** 
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Appendix H 

Summary of generalized linear models results 

for carabid species richness in H.1 both land cover types, H.2 permanent grasslands, 

H.3 winter cereal crops and H.4 common species richness. 

a Default qualitative variables values in intercept are: study region Bièvre and year 2017 

H.1 

Variablea Estimate ± SE z value p value signif. 

Species richness ~ (Shannon + Edge density)*Study region 

(Intercept) 1.895 ± .290 6.53 < 0.001 *** 

Shannon 0.522 ± .221 2.36 0.018 * 

Edge density -0.053 ± .051 -1.05 0.296  

Study region Forez 1.445 ± .398 3.63 < 0.001 *** 

Study region Rovaltain 0.419 ± .440 0.95 0.340  

Year 2018 0.026 ± .071 0.36 0.716  

Shannon*Forez -1.073 ± .313 -3.42 0.001 ** 

Shannon*Rovaltain -0.575 ± .329 -1.75 0.081  

Edge density*Forez 0.176 ± .074 2.37 0.018 * 

Edge density*Rovaltain 0.190 ± .111 1.72 0.085   

 

H.2 

Variablea Estimate ± SE z value p value signif. 

Species richness ~ (Shannon + Edge density)*Study region 

(Intercept) 1.027 ± .420 2.45 0.014 * 

Shannon 0.657 ± .338 1.94 0.052  

Edge density 0.049 ± .070 0.69 0.488  

Study region Forez 2.587 ± .523 4.95 < 0.001 *** 

Study region Rovaltain 0.195 ± .593 0.33 0.743  

Year 2018 0.055 ± .097 0.56 0.573  

Shannon*Forez -1.968 ± .432 -4.56 < 0.001 *** 

Shannon*Rovaltain -0.389 ± .477 -0.82 0.415  

Edge density*Forez 0.118 ± .097 1.23 0.221  

Edge density*Rovaltain -0.012 ± .136 -0.09 0.931   
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H.3 

Variablea Estimate ± SE z value p value signif. 

Species richness ~ (Shannon + Edge density)*Study region 

(Intercept) 2.113 ± .096 2.20 < 0.001 *** 

Edge density -0.080 ± .061 -1.31 0.190  

Study region Forez -0.029 ± .096 -0.30 0.763  

Study region Rovaltain -0.466 ± .117 -3.98 < 0.001 *** 

Year 2018 0.071 ± .090 0.79 0.428  

Edge density*Forez 0.154 ± .092 1.67 0.095  

Edge density*Rovaltain 0.237 ± .126 1.89 0.059   

 

H.4 

Variablea Estimate ± SE z value p value signif. 

(Common, Exclusive) ~ (Edge density WG + Grasslands)*Study region 

(Intercept) -1.718 ± .236 -7.27 36.206  

Grasslands -0.183 ± .135 -1.35 0.178  

Edge density WG 0.247 ± .107 2.30 0.021 * 

Study region Forez -0.140 ± .226 -0.62 0.535  

Study region Rovaltain -0.419 ± .258 -1.62 0.104  

Year 2018 0.012 ± .223 0.05 0.959  

Grasslands*Forez 0.299 ± .207 1.45 0.148  

Grasslands*Rovaltain 0.814 ± .299 2.72 0.006 ** 

Edge density WG*Forez 0.132 ± .214 0.62 0.537  

Edge density WG*Rovaltain -0.201 ± .260 -0.77 0.440   
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Appendix I 

Incidence of carabid per wing status, size and diet traits 

according to their commonness or exclusiveness to one sampled land cover: 

summary of general linear mixed models averaging results. 

Modela Variableb 
Importance 

(%) 

Relative 
importance 

(%) 

Multimodel 
estimate ± SE 

z value p value signif. 

Species commonness and 
exclusiveness 

(Intercept) 
  

-2.92 ± 0.33 8.86 0.000 *** 

wings 57 40 -0.08 ± 0.09 0.86 0.389 
 

 
polyphagous 57 100 1.22 ± 0.34 3.60 0.000 *** 

 
predatory 57 100 0.74 ± 0.29 2.52 0.012 * 

 
size 64 74 -0.64 ± 0.40 1.61 0.107 

 

 
year 2018 100 100 0.37 ± 0.24 1.58 0.115 

 

 
size*wings 21 9 -0.04 ± 0.13 0.32 0.747 

 

 
polyphagous*size 21 59 0.69 ± 0.65 1.06 0.289 

 

 
predatory*size 21 59 0.80 ± 0.32 2.50 0.013 * 

  
Species exclusiveness 
per land cover type 

(Intercept) 
  

-1.45 ± 0.20 7.33 0.000 *** 

wings 57 100 0.42 ± 0.08 5.49 < 0.001 *** 

 
polyphagous 57 100 1.83 ± 0.26 7.08 < 0.001 *** 

 
predatory 57 100 2.04 ± 0.18 11.21 < 0.001 *** 

 
size 64 100 0.17 ± 0.23 0.75 0.452 

 

 
year 2018 100 100 -0.04 ± 0.19 0.21 0.835 

 

 
size*wings 21 99 -0.36 ± 0.11 3.18 0.001 *** 

 
polyphagous*size 21 60 -1.06 ± 0.56 1.89 0.059 . 

  predatory*size 21 60 -0.35 ± 0.21 1.72 0.086 . 

a Both models were fitted with binomial law distribution. 

b Default qualitative variables values are in intercept: phytophagous and year 2017 

  



  
 

181 
 

Appendix J 

Null model ΔAICc for every multimodel inference 

for 6. Landscape and field parameters, spiders and pollinators. 

Model Null model ΔAICc Number of models 

retained for averaging 

Spider family richness 40.150 1 

Spider activity-density 194.356 1 

Hoverfly activity-density 79.942 1 

Lacewing activity-density 57.894 4 
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Appendix K 

Summary of general linear mixed models averaging results 

for K.1 spider family richness and K.2 activity-density, K.3 hoverfly activity-density 

and K.4 lacewing activity-density. 

K.1 

Parametera Multimodel estimate ± SE z value p value signif. 

(intercept) 4.468 ± 0.235 19.027 0.000  

Rovaltain -0.504 ± 0.221 -2.28 0.025 * 

Forez 0.046 ± 0.222 0.21 0.834  

Perm.grassland 1.180 ± 0.167 7.06 < 0.001 *** 

2018 -0.092 ± 0.196 -0.47 0.639   
a Default qualitative variables values in intercept are: land cover winter cereal, study region Bièvre and year 2017 
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K.2 

Parametera Multimodel estimate ± SE z value p value signif. 

(Intercept) 3.660 ± 0.106 34.511 0.000  

Grassland coverage 0.002 ± 0.083 0.02 0.984  

Hedgerow coverage -0.436 ± 0.127 -3.43 < 0.001 *** 

Landscape Shannon 0.080 ± 0.087 0.92 0.355  

Edge density -0.172 ± 0.058 -2.96 0.003 ** 

Forez -0.384 ± 0.124 -3.09 0.002 ** 

Rovaltain -0.503 ± 0.123 -4.08 < 0.001 *** 

Perm. grassland 0.291 ± 0.022 12.96 < 0.001 *** 

Field size 0.114 ± 0.024 4.74 < 0.001 *** 

2018 0.389 ± 0.088 4.44 < 0.001 *** 

Grassland cover.*Forez 0.108 ± 0.118 0.91 0.361  

Grassland cover.*Rovaltain 0.062 ± 0.126 0.49 0.622  

Hedgerow cover.*Forez 0.294 ± 0.179 1.65 0.099  

Hedgerow cover.*Rovaltain 0.284 ± 0.131 2.16 0.031 * 

Landscape Shannon*Forez -0.271 ± 0.138 -1.96 0.050 * 

Landscape Shannon*Rovaltain -0.046 ± 0.105 -0.44 0.660  

Edge density*Forez 0.211 ± 0.091 2.31 0.021 * 

Edge density*Rovaltain -0.040 ± 0.109 -0.37 0.713  

Grassland cover.*Perm. grassland 0.094 ± 0.031 3.08 0.002 ** 

Hedgerow cover.*Perm. grassland 0.266 ± 0.030 8.92 < 0.001 *** 

Landscape Shannon*Perm. grassland 0.194 ± 0.029 6.79 < 0.001 *** 

Edge density*Perm. grassland 0.064 ± 0.022 2.97 0.003 ** 

Perm. grassland*Field size 0.002 ± 0.030 0.05 0.958   
a Default qualitative variables values in intercept are: land cover winter cereal, study region Bièvre and year 2017 
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K.3 

Parametera Multimodel estimate ± SE z value p value signif. 

(Intercept) -0.880 ± 0.408 -2.157 0.031  

Grassland coverage -0.965 ± 0.338 -2.85 0.004 ** 

Edge density 0.260 ± 0.220 1.18 0.237  

Forez 0.851 ± 0.423 2.01 0.045 * 

Rovaltain 2.781 ± 0.426 6.53 < 0.001 *** 

Perm. grassland -0.747 ± 0.126 -5.92 < 0.001 *** 

Field size -0.050 ± 0.094 -0.54 0.590  

2018 0.450 ± 0.290 1.55 0.121  

Grassland cover.*Forez 0.238 ± 0.411 0.58 0.563  

Grassland cover.*Rovaltain 1.243 ± 0.431 2.88 0.004 ** 

Edge density*Forez 0.198 ± 0.323 0.61 0.540  

Edge density*Rovaltain 0.617 ± 0.339 1.82 0.069  

Grassland cover.*Perm. grassland 0.314 ± 0.148 2.13 0.033 * 

Edge density*Perm. grassland -0.394 ± 0.128 -3.07 0.002 ** 

Perm. grassland*Field size -0.445 ± 0.188 -2.37 0.018 * 
a Default qualitative variables values in intercept are: land cover winter cereal, study region Bièvre and year 2017 
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K.4 

Parametera 
Importance 

(%) 

Relative 
importance 

(%) 

Multimodel 
estimate ± SE 

z value p value signif. 

(Intercept)   1.322 ± 0.292 4.526 0.000  

Forez 100 100 -0.393 ± 0.393 1.00 0.317  

Rovaltain 100 100 0.393 ± 0.315 1.25 0.212  

Perm. grassland 94 100 -0.676 ± 0.117 5.77 < 0.001 *** 

Field size 94 100 0.037 ± 0.090 0.42 0.677  

2018 100 100 -0.815 ± 0.243 3.35 < 0.001 *** 

Grassland coverage 50 95 -0.780 ± 0.262 2.97 0.003 ** 

Hedgerow coverage 44 89 -0.647 ± 0.385 1.68 0.093  

Landscape Shannon 44 49 -0.192 ± 0.270 0.71 0.476  

Edge density 50 36 -0.155 ± 0.181 0.85 0.393  

Grassland cover.*Forez 50 95 0.553 ± 0.426 1.30 0.194  

Grassland cover.*Rovaltain 50 95 0.828 ± 0.365 2.27 0.023 * 

Hedgerow cover.*Forez 44 89 -0.730 ± 0.673 1.09 0.278  

Hedgerow cover.*Rovaltain 44 89 0.598 ± 0.397 1.51 0.131  

Landscape Shannon*Forez 44 49 0.887 ± 0.485 1.83 0.067  

Landscape Shannon*Rovaltain 44 49 0.024 ± 0.320 0.07 0.940  

Grassland cover.*Perm. grassland 50 95 -0.192 ± 0.160 1.20 0.230  

Hedgerow cover.*Perm. grassland 50 95 0.144 ± 0.069 2.10 0.036 * 

Landscape Shannon*Perm. grassland 44 49 -0.266 ± 0.141 1.88 0.060  

Field size*Perm. grassland 94 100 -0.320 ± 0.148 2.16 0.031 * 

Edge density*Forez 50 36 0.455 ± 0.286 1.59 0.112  

Edge density*Rovaltain 50 36 0.408 ± 0.299 1.37 0.172  

Edge density*Perm. grassland 50 36 0.177 ± 0.102 1.74 0.083  
a Default qualitative variables values in intercept are: land cover winter cereal, study region Bièvre and year 2017 
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Résumé substantiel en français 

Introduction 

L’impact mondial de l’être humain sur la biodiversité est de mieux en mieux connu. Il est désormais si 

considérable que des chercheurs de diverses disciplines ont nommé notre époque Anthropocène 

(Zalasiewicz et al. 2010; Steffen et al. 2011; Crutzen 2016). En effet, le rythme d’extinction des espèces 

est aujourd’hui 1 000 fois supérieur à la normale et est largement dû aux activités anthropiques (Pimm 

et al. 2014; Ceballos et al. 2015). Ce déclin rapide de la biodiversité mondiale constitue potentiellement 

la sixième extinction de masse (Dirzo et al. 2014; Ceballos and Ehrlich 2018). 

L’agriculture industrielle contemporaine contribue à cette menace qui pèse sur la biodiversité (Bianchi 

et al. 2006; IPBES 2018a). En effet, son intensification depuis les années 50 a amené un changement 

radical de pratiques, notamment la mécanisation ou l’application systématique de fertilisants 

minéraux et de pesticides de synthèse (Mazoyer and Roudart 2006). Par ailleurs, l’intensification de 

l’agriculture a aussi engendré une spécialisation par territoire de production, notamment une 

différence nette entre zones de grandes cultures et d’élevage. 

Ainsi, de cette conjonction d’intensification des pratiques et de spécialisation territoriale a résulté la 

simplification des paysages agricoles (Robinson and Sutherland 2002; Tscharntke et al. 2005a; 

Emmerson et al. 2016). Cette simplification des paysages s’est produite tant sur le plan de 

l’hétérogénéité configurationnelle, la taille et l’agencement des éléments, que compositionnelle, la 

diversité des couvertures du sol (Fahrig et al. 2011). De fait, les parcelles agricoles ont été agrandies 

pour faciliter leur mécanisation (Stoate et al. 2001), ce qui prit en France la forme de politiques de 

remembrements par vagues successives (Philippe and Polombo 2009). De surcroît, l’intensification de 

l’agriculture a amené une réduction de la diversité des espèces et variétés cultivées (Roussel et al. 

2005; van de Wouw et al. 2010; Peres 2016), et donc la domination de seulement quelques-unes dans 

les paysages (Ray et al. 2012). Les rotations culturales devinrent plus courtes et moins diversifiées, 

dont une manifestation extrême est la monoculture. 

L’intensification de l’agriculture a engendré la destruction d’éléments naturels et semi-naturels, 

comme les haies, les bosquets ou même les prairies permanentes. Ces dernières ont en effet connu 

un net déclin en Europe, où elles ont perdu 30% de la surface qu’elles recouvraient en 1960 (Peyraud 

et al. 2012). En France, les prairies ont perdu 23% de leur surface de 1970 (Huyghe 2009). Ceci 

s’explique à la fois par la disparition des activités d’élevage dans certaines régions qui se tournèrent 

vers les grandes cultures, mais aussi par la généralisation de fourrages culturaux, comme le maïs-

ensilage.  
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Pourtant, les habitats non cultivés, et en particulier les prairies permanentes, sont essentiels pour la 

biodiversité. Cette dernière inclue les auxiliaires de l’agriculture, comme les carabes, les araignées, les 

syrphes ou les chrysopes (Dauber et al. 2005; Purtauf et al. 2005; Bianchi et al. 2006; Sirami et al. 2019) 

ainsi que les pollinisateurs (Weibull et al. 2000; Barbaro and Halder 2009). Ces habitats sont ainsi plus 

stables que les cultures car moins sujets à des perturbations anthropiques dues à l’agriculture. Par 

ailleurs, ils procurent des proies alternatives pour les espèces auxiliaires et des ressources florales 

complémentaires aux pollinisateurs. Les milieux non-cultivés peuvent aussi constituer des habitats 

refuges, lors de perturbations agricoles, ou d’hivernage pour les communautés des cultures (Lee et al. 

2001a; Thorbek and Bilde 2004; Schirmel et al. 2016). De surcroît, les prairies permanentes procurent 

des habitats de haute qualité pour les pollinisateurs, qui peuvent y trouver une ressource florale 

diversifiée (Steffan-Dewenter et al. 2002; Le Féon et al. 2010). 

Une grande diversité d’insectes fournit des services écosystémiques aux activités agricoles, 

notamment par la prédation des ravageurs ou par la pollinisation des cultures (Altieri 1999; Moonen 

and Bàrberi 2008; Emmerson et al. 2016). Pourtant, la simplification des paysages par l’intensification 

de l’agriculture met en péril la biodiversité auxiliaire et donc les services écosystémiques qui en 

dépendent. Aussi, une plus grande hétérogénéité paysagère, qu’elle soit compositionnelle ou 

configurationnelle, favorise les services écosystémiques à destination de l’agriculture (Bianchi et al. 

2006; Emmerson et al. 2016) ; des travaux ont démontré que le contrôle biologique est favorisé par un 

paysage agricole plus complexe, i.e. pourvu de parcelles plus petites et de plus importantes surfaces 

semi-naturelles (Rusch et al. 2013b; Lindgren et al. 2018). En effet, les populations de ravageurs 

apprécient des conditions paysagères simplifiées puisqu’elles sont très liées aux cultures seules (Thies 

et al. 2011). La diversité des couvertures du sol disponibles dans un paysage complexe favorise au 

contraire leurs prédateurs  en leur fournissant une continuité de ressources alimentaires, avec des 

proies alternatives, d’habitats refuges et d’hivernages (Landis et al. 2000; Östman et al. 2001a; 

Woodcock et al. 2016). 

Les carabes ne font pas exception : leur richesse spécifique ainsi que leur densité sont réduites dans 

des paysages où les parcelles sont grandes et où il y a peu d’éléments semi-naturels (Baranová et al. 

2013). Par ailleurs, la proximité de prairies est favorable à leur diversité (Purtauf et al. 2005; Duflot et 

al. 2017; Holland et al. 2017). D’une manière générale, la diversité des carabes est favorisée par des 

paysages plus hétérogènes des points de vue compositionnel et configurationnel (Östman et al., 2001). 

Pourtant, les carabes peuvent fournir un double contrôle biologique à l’agriculture (Kromp 1989; 

Kromp 1999; Moonen and Bàrberi 2008) : comme leurs régimes alimentaires peuvent varier selon 

l’espèce ils sont potentiellement prédateurs, polyphages ou phytophages. Ils peuvent donc contribuer 

au contrôle des populations de ravageurs et d’adventices. 
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Les araignées constituent un autre groupe d’arthropodes rampants qui peut contribuer à la régulation 

des ravageurs. Elles sont en effet carnivores et ont généralement une vaste gamme de proies 

potentielles, notamment les pucerons (Sunderland et al. 1986; Ekschmitt et al. 1997; Schmidt et al. 

2003; Moonen and Bàrberi 2008). Les Lycosidae et les Linyphiidae sont les familles les plus 

représentées dans les cultures et ont des modes de prédation très différents : les premières chassent 

à courre au sol, alors que les secondes piègent leurs proies dans des toiles tissées dans végétation. 

Du point de vue conceptuel, le cadre de l’hétérogénéité fonctionnelle des paysages est 

particulièrement adapté à l’analyse de l’impact du contexte paysager en milieu agricole. Effectivement, 

les espèces sont regroupées par rapport aux habitats dont elles ont besoin pour couvrir leurs besoins 

en ressources (Fahrig et al. 2011). La complémentation paysagère, découlant de l’hétérogénéité 

fonctionnelle, permet d’appréhender la nécessité pour certaines espèces de se déplacer entre les 

habitats voisins pour trouver une continuité de ressources (Dunning et al. 1992). Ainsi, les différents 

niveaux d’anthropisation des habitats entre les espaces naturels et les zones de culture procurent 

différentes ressources, complémentaires pour certaines espèces. 

Dans cette thèse, nous proposons d’approfondir les connaissances sur les similarités entre les 

communautés de carabes de céréales et de prairies adjacentes, et d’aider ainsi à la compréhension des 

densité et richesse des carabes, potentiellement influencées par la complémentation paysagère entre 

céréales et prairies. Nous souhaitons aussi apporter de nouvelles connaissances sur l’influence du 

contexte paysager sur les communautés de carabes de ces deux milieux adjacents. Par ailleurs, une 

meilleure connaissance de la répartition des traits fonctionnels des carabes entre céréales et prairies 

serait utile afin d’approcher l’intérêt de ces communautés en termes de lutte biologique. Cette 

connaissance serait également profitable dans différents contextes paysagers. Enfin, nous souhaitons 

apporter une meilleure compréhension des influences, qu’elles soient au niveau local de la parcelle ou 

paysagères, sur l’abondance et la richesse d’autres arthropodes auxiliaires, notamment les araignées, 

les syrphes et les chrysopes. En effet, ces groupes bénéficient aussi de la proximité entre céréales et 

prairies. 

Nous avons ainsi échantillonné des arthropodes dans des céréales et prairies voisines de trois 

territoires d’études. Chacune de ces plaines agricoles représente en effet un équilibre différent entre 

les couvertures du sol des céréales et des prairies : le Rovaltain est largement dominé par les grandes 

cultures, en Bièvre la domination des cultures est moins nette, le Forez, enfin, présente autant de 

prairies permanentes que de grandes cultures annuelles. 

Cette thèse propose donc de répondre à trois questions de recherche. 
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I. Quelles similarités les communautés de carabes présentent-elles entre céréales et prairies 

avoisinantes ? 

Hypothèse H1 : les communautés de carabes de parcelles voisines partagent plus d’espèces en 

commun que celles qui sont plus éloignées. 

Hypothèse H2 : les espèces communes aux deux milieux sont plutôt généralistes, i.e. mobiles 

et polyphages. 

II. Comment le contexte paysager influence-t-il la diversité des carabes de céréales et prairies 

avoisinantes ? 

Hypothèse H3 : une plus grande hétérogénéité compositionnelle et configurationnelle des 

paysages favorisent une plus grande diversité de carabes dans les céréales et prairies. 

Hypothèse H4 : une plus grande couverture du sol par des éléments semi-naturels dans le 

paysage favorise une plus grande diversité de carabes dans les céréales et prairies. 

Hypothèse H5 : une plus grande densité d’interface entre céréales et prairies dans le paysage 

améliore le ratio d’espèces partagées par les céréales et prairies voisines. 

Hypothèse H6 : les prairies accueillent plus d’espèces phytophages, alors que les céréales 

accueillent plutôt des espèces carnivores et mobiles. 

Hypothèse H7 : les espèces mobiles sont plus nombreuses dans les paysages faiblement 

hétérogènes. 

III. Quelles sont les influences de paramètres locaux et paysagers sur les communautés d’autres 

arthropodes auxiliaires ? 

Hypothèse H8 : les araignées sont plus diverses et abondantes dans les paysages dont la 

couverture en prairies et l’hétérogénéité compositionnelle sont plus grandes. 

Hypothèse H9 : Les syrphes et chrysopes sont en plus grand nombre dans les paysages où la 

couverture en prairies est plus grande. 

La complémentarité des prairies et céréales assure la diversité régionale des carabes 

Dans ce chapitre, nous avons pour objectif de déterminer les influences relatives des paramètres 

locaux, comme le milieu d’échantillonnage, la taille ou la complexité de la parcelle échantillonnée, mais 

aussi de la variabilité des communautés de carabes d’un territoire d’étude à l’autre. Nous souhaitons 

également examiner les similarités entre les assemblages de carabes de prairies et de céréales, en les 

rapportant à leurs distances d’éloignement. 

Nous avons observé des disparités importantes entre les communautés de carabes des céréales et des 

prairies : bien que les richesses spécifiques par échantillon ne soient pas significativement différentes, 

nous avons capturé plus de carabes dans les céréales que dans les prairies. Cependant, les assemblages 
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des prairies étaient sensiblement plus équitables que ceux des céréales, ce qui est cohérent avec le 

fait que nous avons échantillonné un total de 95 espèces différentes en prairies et 82 en céréales. Nous 

avons en outre observé une richesse spécifique par échantillon moindre en Rovaltain, le territoire où 

les prairies couvrent moins de surface. Les carabes étaient plus abondants dans les parcelles de 

céréales supérieures à 10 ha. Enfin, nous avons constaté que les assemblages étaient sensiblement 

plus similaires entre céréales et prairies voisines, ceux-ci présentaient des similarités significatives 

jusqu’à 4 km de distance entre les parcelles. Au contraire, les assemblages de territoire différents 

étaient significativement différents. 

D’abord, nos résultats démontrent que les assemblages des carabes de céréales et de prairies 

présentent des divergences importantes dans leur structure. En conséquence, les assemblages locaux 

n’étaient pas plus riches en espèces dans un milieu plutôt que dans l’autre ; cependant, les 

assemblages des prairies étaient plus équilibrés dans la répartition des individus entre espèces. Dans 

les céréales, deux espèces seulement, Poecilus cupreus et Anchomenus dorsalis occupent 63% des 

effectifs totaux. Il est usuel de voir ces espèces dominer les habitats cultivés en Europe (Baranová et 

al. 2013; Bertrand et al. 2016; Lemic et al. 2017) puisqu’elles sont ubiquistes et tolèrent bien les 

perturbations dues aux activités agricoles (Thiele 1977; Luff 1996; Kromp 1999). Dans les prairies, les 

cinq espèces les plus abondantes se partagent 40% des effectifs totaux. Les prairies, en effet, sont 

moins perturbées par les activités agricoles et peuvent offrir une plus grande diversité d’habitats 

(Schaffers et al. 2008; Garcia-Tejero and Taboada 2016). 

Néanmoins, les assemblages des céréales et prairies voisines étaient significativement plus similaires 

que pour des parcelles plus éloignées. Il est ainsi possible que malgré les différences importantes entre 

les deux milieux, les espèces soient filtrées par leur contexte paysager(Duflot et al. 2014; Magura and 

Lovei 2019). Qui plus est, les assemblages de carabes sont significativement différents entre les 

territoires d’étude, ce qui met en évidence des pools d’espèces régionaux pour les carabes. En effet, 

le territoire d’étude était un facteur important d’explication de la richesse spécifique. 

Il est possible que les similarités entre les assemblages de céréales et prairies voisins soient dues à des 

mouvements d’individus entre les deux milieux. Ces espèces communes sont sans doute ubiquistes, 

comme P. cupreus ou A. dorsalis ayant été échantillonnées dans les deux habitats. Ainsi, les carabes 

peuvent chercher refuge dans la prairie en cas de perturbation de la céréale, où ils peuvent trouver 

une continuité de ressources après la moisson (Schneider et al. 2016). Parfois même, ils hibernent dans 

la prairie et retourner dans les cultures voisines au printemps quand les conditions leur sont plus 

propices (Holland et al. 2005; Gallé et al. 2018a). Ainsi, céréales et prairies assurent une 

complémentation de ressources pour les communautés de carabes (Fahrig et al. 2011; Duflot et al. 
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2017). Cependant, la similarité que nous avons rencontrée dans les parcelles voisines reste 

relativement basse, avec une diversité beta de seulement 0.2 (Jost et al. 2011). Cela confirme que le 

premier déterminant des espèces de carabes reste le milieu d’échantillonnage (Thiele 1977; Luff 1996; 

Kromp 1999). Ainsi, malgré des similarités, les cortèges de carabes de prairies et céréales sont 

composés différemment. 

La diversité paysagère et la densité d’interface bénéficient à la diversité des carabes dans les prairies 

et céréales voisines 

Dans ce chapitre, nous nous intéressons aux influences de paramètres paysagers, concernant à la fois 

composition et configuration, sur la richesse spécifique des carabes dans des céréales et prairies 

voisines. L’hétérogénéité des paysages, qu’elle soit compositionnelle ou configurationnelle, favorise 

une plus grande diversité de carabes (Fahrig et al. 2011; Fahrig et al. 2015; Madeira et al. 2016). Dans 

les cultures, la proximité des prairies et des haies est aussi un facteur important (Purtauf et al. 2005; 

Duflot et al. 2017; Holland et al. 2017). En ce qui concerne les carabes des prairies, l’influence du 

paysage sur leur diversité est moins connue, même si Batáry et al., (2007) a observé qu’une importante 

couverture en prairies dans le paysage favorise des espèces spécialistes de ce milieu. 

Nos travaux ont mis en valeur que les hétérogénéités compositionnelle et configurationnelle avaient 

toutes deux un effet sur la richesse spécifique des carabes des deux habitats réunis, ce qui est cohérent 

avec les études précédentes qui démontraient aussi l’intérêt d’une plus grande diversité paysagère 

pour la richesse spécifique des carabes dans les cultures et les milieux semi-naturels (Weibull et al. 

2003; Hendrickx et al. 2007; Billeter et al. 2008). 

Toutefois, une plus grande diversité compositionnelle a eu un effet négatif pour la richesse spécifique 

des carabes dans les prairies du Forez. Ce territoire présente en effet la particularité d’être le plus riche 

en prairies permanentes. Par ailleurs, les zones largement dominées par les prairies en Forez sont 

pourvues d’une faible diversité compositionnelle, justement car les prairies y couvrent une grande 

surface. Dans des paysages similaires, Batáry et al. (2007) ont démontré que les communautés des 

prairies sont moins riches lorsque le paysage est plus diversifié, donc moins couvert de prairies. En 

effet, lorsque les prairies dominent, un plus grand nombre d’espèces spécialistes de ces milieux les 

colonisent, alors qu’en présence de cultures, les prairies sont colonisées par des espèces plus 

généralistes. 

Pour autant, nous n’avons pas trouvé d’effet du paysage sur les communautés de carabes des céréales, 

ce qui va à l’encontre des études connues, qui démontrent un effet positif de la proximité d’éléments 

semi-naturels (Purtauf et al. 2005; Burel and Baudry 2005; Duflot et al. 2017; Holland et al. 2017) ou 
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d’une plus grande hétérogénéité du paysage (Fahrig et al. 2011; Fahrig et al. 2015; Madeira et al. 2016). 

Nous expliquons principalement ce résultat par une faible utilisation d’insecticides dans les parcelles 

échantillonnées, permettant une relative stabilité des communautés, alors dominées par des 

ubiquistes (Navntoft et al. 2006; O’Rourke et al. 2008). Il en résulte une communauté très adaptée à 

cet habitat, et donc peu influencée par le contexte paysager d’où d’autres espèces pourraient provenir 

et coloniser la parcelle par compétition. 

Nos analyses ont démontré qu’une plus grande densité d’interface entre céréales et prairies dans le 

paysage alentour des deux parcelles favorise une plus grande proportion d’espèces partagées par les 

deux habitats voisins. De fait, les cultures sont des habitats régulièrement perturbés par les activités 

agricoles, la communauté de carabes peut se réfugier par spill-over dans les habitats semi-naturels 

environnants, comme les prairies (Schneider et al. 2016). Les prairies permanentes, habitats stables, 

peuvent donc assurer une complémentation et une continuité de ressources à leurs communautés des 

cultures voisines (Dunning et al. 1992; Pfiffner and Luka 2000; Fahrig et al. 2011) ou même des habitats 

d’hivernage (Holland et al. 2005; Gallé et al. 2018a). 

Nos résultats soutiennent donc la possibilité que les carabes migrent entre céréales et prairies voisines 

pour trouver une continuité de ressources par complémentation. Les prairies peuvent donc être des 

habitats importants pour les communautés des cultures adjacentes, même dans le cas de paysages 

intensivement cultivés et même si elles sont de taille réduite (Knapp and Řezáč 2015). Plus 

généralement, une diversité de cultures différentes accompagnées d’habitats semi-naturels sont 

nécessaires pour assurer une plus grande biodiversité dans la mosaïque paysagère agricole (Sirami et 

al. 2019). 

Traits fonctionnels des communautés de carabes dans des prairies et céréales voisines 

La plupart des carabes sont aphidophages, même si certaines espèces parmi les plus grandes peuvent 

aussi se nourrir d’escargots ou de limaces (DeBach and Rosen 1991; Dainese et al. 2017b; Altieri et al. 

2018). Quelques espèces de carabes sont phytophages et se nourrissent de graines d’adventices 

(Menalled et al. 2007; Bretagnolle et al. 2012; Trichard et al. 2013). Enfin, les polyphages, plus 

généralistes, peuvent se nourrir à la fois de végétaux et d’invertébrés. Dans tous les cas, les carabes 

constituent une famille intéressante pour le contrôle biologique des ravageurs et des adventices. 

L’objectif de ce chapitre est ainsi de relier les occurrences des traits fonctionnels des carabes à la 

parcelle d’échantillonnage et sa couverture du sol, mais aussi au contexte paysager alentour. Nous 

comparerons donc les communautés de carabes de cultures de céréales et de prairies voisines et nous 

concentrerons sur les traits fonctionnels liés à l’alimentation et la mobilité des carabes. Enfin, nous 
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nous intéresserons aux traits fonctionnels des espèces partagés par les céréales et les prairies voisines, 

afin d’en déduire leur éventuel intérêt pour le contrôle des adventices et ravageurs. 

Nous avons ainsi pu observer que les carabes polyphages étaient plus fréquemment communs aux 

deux couvertures du sol voisines. Leur diversification alimentaire, qui leur permet de se nourrir à la 

fois d’invertébrés et de végétaux, donc de ravageurs et de graines d’adventices, est un atout pour 

profiter des deux habitats différents (Thiele 1977; Luff 1996; Kromp 1999). Ainsi, ils peuvent migrer de 

la culture vers la prairie en cas de perturbations dues à l’activité agricole ou tout simplement si les 

ressources viennent à manquer (Östman et al. 2001b). Ils peuvent aussi se déplacer par spill-over au 

moment de la moisson et hiverner dans les prairies le cas échéant (Geiger et al. 2009; Alignier et al. 

2014). Par ailleurs, nous avons trouvé une relation positive entre l’occurrence d’espèces polyphages 

et la couverture en prairies permanentes dans le contexte paysager. Ainsi, nos analyses mettent en 

évidence l’importance de la complémentation des ressources entre céréales et prairies voisines pour 

les carabes polyphages. 

Cependant, nous avons trouvé que l’habitat d’échantillonnage est le facteur essentiel dans la 

détermination des traits fonctionnels des espèces qui le peuplent, ce qui est conforme aux travaux 

précédents (Tuck et al. 2014; Caro et al. 2016; Gayer et al. 2019). Aussi, les espèces carnivores, 

exclusivement prédatrices ou polyphages, étaient plus fréquentes dans les cultures, probablement du 

fait de la plus grande disponibilité de proies, notamment les ravageurs (Bryan and Wratten 1984; 

Holland et al. 2004; Winqvist et al. 2014; Hanson et al. 2016). En revanche, les phytophages étaient 

typiques des prairies, où ils trouvaient des ressources alimentaires végétales en plus grandes 

abondance et diversité (Klimeš and Saska 2010; Diehl et al. 2012). De fait, les carabes typiques des 

cultures sont pour la plupart des espèces ubiquistes, capables de supporter les perturbations 

anthropiques de l’agriculture ou de se déplacer vers des milieux voisins plus stables en cas de besoin 

(Kromp 1989; Kromp 1999). 

Les carabes macroptères ont été indifféremment échantillonnés dans les céréales et prairies, 

certainement car ils sont plus mobiles et donc capables de se déplacer entre les deux milieux quand ils 

en ont besoin (Ribera et al. 2001; Hanson et al. 2016). Au contraire, les petits carabes aptères, peu 

mobiles, étaient plus typiques des prairies, où ils sont soumis à des perturbations moindres et moins 

régulières (Tilman and Downing 1994). Cela expliquerait pourquoi les carabes aptères étaient plus 

fréquents dans les prairies entourées d’un paysage riche en prairies. En effet, Batáry et al. (2007) ont 

mis en évidence la prééminence des espèces spécialistes dans des prairies entourées d’autres prairies. 

En revanche, les généralistes prennent le dessus dans les communautés de prairies plus entourées de 

cultures. 
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Les populations de carabes des prairies peuvent être menacées, du fait qu’elles sont plus spécialistes 

que celles des cultures, et donc plus vulnérables à la fragmentation de leur habitat (de Vries et al. 1996; 

Henle et al. 2004; Hendrickx et al. 2007). Nous en concluons que le maintien ou la restauration d’une 

mosaïque de prairies serait utile à deux titres dans les paysages agricoles. Premièrement pour assurer 

une complémentation de ressources aux communautés des cultures, pour lesquelles un habitat de 

substitution peut être utile en cas de perturbation ou pour l’hivernage. Secondement, la préservation 

des espèces typiques des prairies nécessite la disponibilité d’autres prairies à proximité. 

Araignées, pollinisateurs et paramètres locaux et paysagers 

Les araignées peuvent constituer d’intéressants auxiliaires pour le contrôle biologique des ravageurs 

(Sunderland et al. 1986; Nyffeler and Sunderland 2003; Moonen and Bàrberi 2008). Elles sont en effet 

des prédateurs généralistes, dont les modes de chasse sont complémentaires au sein du groupe, entre 

piégeage par toile ou course, à la fois dans la végétation et au sol, en ce qui concerne les deux familles 

les plus présentes dans les cultures : les Lycosidae et les Linyphiidae (Ekschmitt et al. 1997). Leur 

abondance et leur richesse spécifiques sont toutes deux positivement influencées par la proximité 

d’éléments semi-naturels dans le paysage, où elles peuvent trouver refuge en cas de perturbation de 

la culture (Concepción et al. 2012; Gallé et al. 2018a). 

Les syrphes et les chrysopes sont des familles qui procurent des services écosystémiques doubles : les 

larves sont prédatrices des pucerons, notamment dans les cultures pour certaines espèces, alors que 

les adultes sont pollinisateurs (Moonen and Bàrberi 2008; Moquet et al. 2018). Aussi, la disponibilité 

d’habitats riches en pucerons à proximité de zones avec une diversité florale importante leur est 

bénéfique (Le Féon et al. 2010; Cole et al. 2017). La proximité de cultures avec des habitats semi-

naturels, comme les prairies permanentes, favorise ainsi leur abondance et leur diversité spécifique 

(McEwen et al. 2007). 

Dans ce chapitre, nous étudierons les facteurs déterminant la richesse familiale et l’activité-densité 

des araignées dans des prairies et céréales voisines, en nous intéressant particulièrement à des 

paramètres concernant la parcelle échantillonnée, mais aussi son contexte paysager. Ensuite, nous 

analyserons de même l’activité-densité des syrphes et des chrysopes selon les mêmes paramètres 

locaux et paysagers. 

Nos observations ont démontré que la richesse familiale des araignées n’était déterminée que par des 

paramètres locaux et non paysagers. Ainsi, les prairies offraient des diversités familiales d’araignées 

plus importantes que les cultures. Comme attendu, les échantillonnages étaient dominés par les 

Lycosidae et les Linyphiidae. Il est possible que la forte prépondérance des premières explique 
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l’importance de paramètres locaux liés à la parcelle d’échantillonnage. En effet, les Lycosidae étant 

rampantes, leur mobilité est faible (Duelli et al. 1990). Bien que cette observation soit en cohérence 

avec d’autres études (Concepción et al. 2008; Batáry et al. 2012), elle est aussi en opposition avec 

d’autres travaux qui démontrent l’importance de la proximité d’éléments semi-naturels comme des 

haies, des bandes enherbées ou des prairies pour améliorer la diversité spécifique des araignées 

(Schmidt et al. 2005a; Hendrickx et al. 2007; Concepción et al. 2012). Il est possible que cette 

divergence de nos observations soit due au manque de finesse d’un indicateur comme la richesse 

familiale, comparée à la richesse spécifique utilisée dans ces études. Cependant, nos résultats ont 

montré que la densité des araignées était plus importante dans des paysages avec une plus grande 

couverture en prairies permanentes. En effet, la proximité de prairies peut procurer des habitats de 

refuge ou d’hivernage et ainsi recoloniser les cultures plus aisément (Lemke and Poehling 2002). Cette 

observation est particulièrement vraie pour les Lycosidae et Linyphiidae, les deux familles que nous 

avons le plus capturées (Gardiner et al. 2010). 

Nous avons observé que la couverture en prairies dans le paysage influençait négativement le nombre 

de syrphes et de chrysopes échantillonnés, ce qui est en cohérence avec les observations de Haenke 

et al. (2009). En effet, alors que la richesse spécifique de ces pollinisateurs est favorisée par la proximité 

d’éléments semi-naturels dans le paysage, leur abondance est au contraire négativement influencée 

par celle-ci (Meyer et al. 2009). Ainsi, une plus grande diversité florisitique est bénéfique à un plus 

grand nombre d’espèces de pollinisateurs mais une plus grande surface en culture profite aux larves. 

Aussi, nous avons échantillonné plus de chrysopes et de syrphes dans des paysages dominés par des 

grandes cultures annuelles, milieux riches en pucerons (Sadeghi and Gilbert 2000; Meyer et al. 2009). 

Ces résultats confirment l’importance des prairies pour les communautés d’auxiliaires des cultures 

annuelles. Les prairies procurent en effet une continuité de ressources complémentaires, en cas de 

perturbation de la culture par les activités agricoles. Néanmoins, la capacité de dispersion des 

pollinisateurs ailés peut leur permettre d’être moins dépendants de la proximité de prairies, alors que 

de grandes surfaces en culture peuvent fournir une ressource dense en pucerons et favoriser un plus 

grand nombre de larves. Ainsi, les prairies peuvent être elles-mêmes complémentées par des habitats 

dont la diversité florale est plus importante, comme des bandes fleuries, et ainsi assurer des ressources 

florales à une plus grande diversité de pollinisateurs. 

Discussion générale et conclusion 

Dans cette thèse, nous avons observé que les communautés de carabes des céréales et prairies étaient 

structurées très différemment, malgré des richesses spécifiques moyennes équivalentes. En effet, dans 

les prairies, les communautés étaient distribuées de manière bien plus équitable entre les espèces. Au 
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contraire, dans les céréales, deux espèces ubiquistes dominent en nombre. Néanmoins, nous avons 

observé que la richesse spécifique partagée par les deux parcelles de céréales et prairies voisines était 

significativement plus grande qu’entre parcelles éloignées, notamment au-delà de 4 km de distance 

entre les parcelles. 

En outre, nos résultats ont démontré que la proportion d’espèces communes aux deux habitats voisins 

était supérieure quand la densité d’interfaces entre céréales et prairies augmentait dans le paysage 

alentour. La richesse spécifique des carabes des deux habitats était aussi favorisée par des paysages à 

la composition plus diversifiée, à l’exception du Forez où une plus grande diversité était corrélée à une 

moins grande couverture en prairies permanentes. L’hétérogénéité configurationnelle a elle aussi un 

impact positif sur les carabes et leur richesse cumulée dans les deux habitats. 

Concernant les traits fonctionnels des carabes, nous avons observé que les espèces polyphages étaient 

plus fréquemment capturées dans les céréales et prairies voisines, alors que les prédateurs étaient 

surtout exclusifs dans les céréales et les phytophages dans les prairies. Les carabes petits et aptères, 

peu mobiles, ont été avant tout trouvés dans les prairies, mais les espèces macroptères étaient 

indifféremment rencontrées dans les céréales et prairies. Les carabes polyphages étaient favorisés par 

des paysages avec une plus grande couverture en prairies, mais aussi une plus faible diversité 

compositionnelle. Les carabes exclusivement prédateurs étaient favorisés par une plus grande 

hétérogénéité configurationnelle. 

Nos observations ont seulement démontré une influence du milieu d’échantillonnage sur la richesse 

familiale des araignées, mais pas du contexte paysager. En effet, nous avons trouvé en moyenne plus 

de familles différentes dans les prairies que dans les céréales. La densité des araignées était en 

revanche influencée par des paramètres paysagers : une plus grande couverture en prairies à proximité 

augmentait le nombre d’araignée, alors que la diversité compositionnelle avait un effet négatif sur le 

nombre d’araignées capturées en céréales. Au sujet des pollinisateurs : nous en avons capturé moins 

dans des parcelles entourées d’une plus couverture en prairies, autant dans le cas des syrphes que des 

chrysopes. À l’inverse, la densité de ces pollinisateurs était plus grande dans des paysages dominés par 

les grandes cultures annuelles. 

Nous tâcherons maintenant de formuler un ensemble de recommandations, basées sur nos 

observations et renforcées par la littérature scientifique existante, pour améliorer les synergies entre 

agriculture, paysage et biodiversité auxiliaire. 

Notre principale préconisation concerne la nécessité de préserver voire de restaurer, une mosaïque 

de prairies permanentes dans les paysages agricoles, y compris ceux dominés par les grandes cultures 
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annuelles. Cette recommandation est d’ailleurs soutenue par d’autres travaux de recherche 

(Bretagnolle et al. 2012; Lindgren et al. 2018). En effet, les prairies peuvent fournir une continuité de 

ressources et d’habitat aux communautés provenant des cultures voisines (Roume 2011; Schellhorn et 

al. 2014)., notamment en cas de perturbations dues aux activités agricoles (Schneider et al. 2013; 

Schneider et al. 2016), comme le suggère la complémentation paysagère (Dunning et al. 1992; Fahrig 

et al. 2011). Par ailleurs, les prairies peuvent fournir des sites d’hivernage aux insectes rampants, à 

l’abri du labour (Coombes and Sothertons 1986; Petersen 1999; Tscharntke et al. 2005b). 

L’implantation d’une mosaïque prairiale dans les paysages agricoles aurait de surcroît la vertu de 

renforcer la résilience des communautés d’auxiliaires dans les cultures, en fournissant habitat et 

ressources à des espèces non-généralistes ou non-ubiquistes (Elmqvist et al. 2003; Bengtsson et al. 

2003). 

Même si nos résultats ne sont pas probants concernant l’impact bénéfique des prairies sur la densité 

de pollinisateurs, nous avons montré que nous n’avons pas été en mesure de comptabiliser leur 

richesse spécifique. Pourtant, la proximité de prairies permet aux syrphes et chrysopes de disposer de 

ressources alimentaires pour les larves, se nourrissant de pucerons dans les cultures, ainsi que pour 

les adultes, se nourrissant de nectars floraux (Hickman and Wratten 1996; Long et al. 1998; Tscharntke 

et al. 2005b). 

Afin de favoriser une meilleure complémentation paysagère pour les arthropodes auxiliaires, il est par 

ailleurs intéressant d’augmenter la diversité des cultures dans les paysages agricoles. De fait, 

augmenter la diversité compositionnelle des paysages agricoles est bénéfique pour la biodiversité 

(Fahrig et al. 2015; Gallé et al. 2018a; Sirami et al. 2019). Les auxiliaires peuvent trouver une ressource 

alimentaire en continu durant toute l’année (Kleijn and van Langevelde 2006) et mieux soutenir les 

rendements des cultures (Östman et al. 2001a). En effet, en présence d’une diversité de cultures, les 

auxiliaires rampants comme les carabes ou les araignées peuvent se déplacer entre les différentes 

cultures ou habitats semi-naturels pour trouver leurs ressources alimentaires (Thorbek and Bilde 2004; 

Tscharntke et al. 2005b; Sirami et al. 2019). 

Un paysage agricole de plus petite échelle, avec des parcelles réduites, permettrait par ailleurs de 

faciliter ce mouvement des arthropodes rampants entre les diverses parcelles. D’une part, une plus 

grande hétérogénéité configurationnelle favorise une plus grande biodiversité, notamment en ce qui 

concerne les carabes et les araignées (Fahrig et al. 2015; Petit et al. 2017; Gallé et al. 2018b). D’autre 

part, de plus petites parcelles sont plus faciles à coloniser jusqu’au cœur de la parcelle (Merckx et al. 

2009; Woodcock et al. 2016). 
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Cette thèse a pour objet de proposer des leviers d’actions à l’égard des autorités publiques, 

collectivités territoriales et de l’État, mais aussi des agriculteurs, dans l’objectif de progresser vers une 

meilleure organisation des paysages agricoles favorisant la biodiversité fonctionnelle. Nous avions 

ciblé spécifiquement les prairies permanentes car elles sont à la fois des habitats semi-naturels et des 

surfaces productives pour l’agriculture. 

A l’égard des pouvoirs publics, nous avons envisagé quelques politiques agro-environnementales qui 

permettrait de diversifier les paysages agricoles et de permettre une complémentation paysagère pour 

les arthropodes auxiliaires. Ainsi, dans le Rovaltain et en Bièvre dans une moindre mesure, nous 

suggérons la mise en place d’une mesure agro-environnementale qui favorise la préservation ou la 

restauration de prairies permanentes. L’enjeu de restauration est particulièrement important dans le 

Rovaltain, comme les prairies n’y représentent que 3% des surfaces régionales, largement concentrées 

sur le piémont du Vercors et non dans la plaine agricole. Dans les trois régions d’études, il serait aussi 

important d’augmenter la diversité des cultures, en favorisant l’implantation de légumineuses par 

exemple. Une subvention à la diversité des cultures via une mesure agro-environnementale pourrait 

ainsi être utile, accompagnée d’une aide à la valorisation économique de ces productions, par exemple 

via la restauration collective sur laquelle les collectivités territoriales ont la main. Enfin, faute de 

prairies permanentes, il pourrait être pertinent a minima d’accompagner la mise en place de prairies 

temporaires longues dans les rotations culturales car elles peuvent procurer une certaine stabilité. Une 

durée de quatre ans pour ces prairies temporaires semble acceptable. 

Concernant nos préconisations à l’égard des agriculteurs : nous sommes conscients que ces derniers 

sont fortement contraints par la valorisation économique de leur parcellaire. Les agriculteurs peuvent 

agir sur deux plans, celui des pratiques et celui des paysages. Ils peuvent ainsi décider de leur propre 

chef de préserver ou restaurer des prairies permanentes au sein de leur parcellaire, ou au moins 

d’inclure des prairies temporaires longues dans leurs rotations. En ce qui concerne le paysage, les 

pouvoirs publics devraient soutenir financièrement comme institutionnellement les agriculteurs. En 

effet, la gestion du paysage agricole reste difficile tant que chacun se limite à son propre parcellaire. 

Bien que les agriculteurs aient la main sur le paysage, ils sont soumis à de nombreuses contraintes. 

Pourtant, leur action a un impact direct sur la qualité des services écosystémiques fournis par le 

paysage agricole, et dont profitent de nombreux acteurs du territoire (Power 2010). C’est pourquoi 

Lescourret et al. (2015) proposent d’impliquer tous les acteurs locaux dans des processus décisionnels 

collectifs et participatifs. Ainsi, il est proposé de constituer des communautés décisionnelles régies par 

un cadre de travail socio-écologique, inspiré de celui des Communs et largement documenté par Elinor 

Ostrom (2008; 2012; 2015). Ces communautés permettraient alors une gestion du paysage agricole 

partagée et concertée, prenant en compte les enjeux et intérêts de chacun. Il serait alors possible 
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d’envisager, par exemple, un remembrement écologique, qui permettrait de favoriser la biodiversité 

auxiliaire sans mettre en péril les agriculteurs individuellement. 

Toutes ces considérations nous interrogent sur les processus décisionnels des agriculteurs, qui sont 

bien souvent tributaires de contraintes économiques, et sur l’impact de ces processus sur nos 

paysages. Pourtant, pour assurer une agriculture durable, il est nécessaire que nous sachions préserver 

les services écosystémiques sur lesquels elle repose. Il est tout aussi essentiel que les agriculteurs 

puissent vivre décemment de leur travail. Aussi, de nombreuses questions devraient être résolues 

démocratiquement à des échelles locales et non seulement par des votes d’envergure nationale. La 

contrainte économique fait malheureusement échapper ces enjeux au consentement démocratique : 

il est probablement temps d’en finir avec la primauté de l’économique sur des questions socio-

écologiques, et d’ainsi construire des démocraties plus adaptées aux enjeux contemporains. 

 



   

 
 

Abstract 

Title: Carabids and other beneficial arthropods in cereal crops and permanent grasslands and influence of 

field and landscape parameters 

Keywords: agricultural landscapes; agrobiodiversity; agroecology; beneficial insects; ecology; ground beetles; 

conservation biological control; natural enemy. 

Biodiversity is decreasing dramatically worldwide with land use change and habitat degradation being among 

its major causes. In Europe, this biodiversity loss is strongly related to the intensification of agriculture which 

has led to the simplification of landscapes. This resulted in the homogenization of landscapes where only a 

few crops dominate, accompanied with an increase of field size. Natural and semi-natural landscape 

elements, such as hedgerows, vegetation strips and groves were withdrawn, while more and more grasslands 

were being cropped or abandoned. Yet, grasslands are important functional biodiversity providers for crops 

in agricultural landscapes, including species that can provide ecosystem services such as pest control or 

pollination to farming activities. This PhD thesis therefore aimed at disentangling the influence of field and 

landscape parameters on the arthropod communities of adjacent grasslands and croplands of agricultural 

landscapes.  

We sampled arthropods from pairs of neighboring cereal fields and grasslands in order to compare the field 

and landscape influences on the biodiversity of these two agricultural land cover types. Our research took 

place in three study regions of southeastern France, each of them representing a different gradient between 

annual winter cereal crops and permanent grasslands. We mainly focused on carabids, though we also 

studied to some extent ground-dwelling spiders as well as pollinators such as hoverflies and lacewings. The 

landscape parameters were based on a land cover recording of cropped, grasslands and (semi-)natural areas 

and linear elements 500 m around every sampled location. 

Concerning carabids, cropland and grassland assemblages remained mainly distinct, but they showed higher 

similarity when located closer, up to 4 km from each other. Carabid activity-density was higher in the study 

regions with higher grassland coverage. In grasslands, we found a higher species richness when the landscape 

diversity around was increased, except for the study region which was strongly dominated by grassland. In 

winter cereal crops, the landscape parameters showed no significant effect on carabid species richness. 

Moreover, the common species richness in neighboring cereal fields and grasslands was enhanced by higher 

density of field borders between these two land cover types in the studied landscapes. Though the land cover 

type was by far the major determinant of carabid traits, landscape parameters also had a significant 

influence. Polyphagous species tended more to be commonly appearing in neighboring grassland and cereal 

crop. Phytophagous species were highly exclusive to grasslands, while predatory were it in cereal crops. 

Regarding other arthropod groups, we observed that the spider family richness was higher in permanent 

grasslands, though there were more individuals caught in cereal fields. Both hover flies and lacewings 

sampled density were higher in cereal fields and lower in the neighboring of higher grassland coverage. 

This thesis indicates that the preservation and restoration of a mosaic of permanent grasslands within 

diversely cropped landscapes is important for functional biodiversity. The inclusion of grasslands can enhance 

the diversity of beneficial arthropods and provide complementary resource and habitats to communities for 

pest control in crops.  



   

 
 

Résumé 

Titre : Influence du paysage et de la parcelle sur les diversités de carabidés et d’autres arthropodes en 

céréales et prairie permanentes 

Mots clefs : agroécologie ; agrobiodiversité ; arthropodes auxiliaires ; carabidés ; écologie ; ennemi naturel ; 

lutte biologique par conservation ; paysages agricoles 

La biodiversité connaît un déclin préoccupant à l’échelle mondiale, les modifications et dégradations des habitats 

en demeurent l’une des causes principales. En Europe, la perte de biodiversité est étroitement liée à 

l’intensification de l’agriculture, qui a conduit à la simplification des paysages. En a résulté l’homogénéisation des 

paysages, où une faible diversité de cultures domine, ainsi qu’un agrandissement des parcelles. Les éléments 

naturels et semi-naturels, tels que les haies, les bandes enherbées ou les bosquets, furent retirés, alors que les 

prairies permanentes furent mises en culture ou abandonnées. Les prairies sont pourtant essentielles pour la 

biodiversité auxiliaire, car elles abritent et favorisent des espèces qui peuvent fournir lutte biologique et 

pollinisation à l’agriculture. Cette thèse propose donc de distinguer les influences de la parcelle, locale, et du 

paysage sur les communautés d’arthropodes de prairies permanentes et de cultures céréalières avoisinantes. 

Nous avons échantillonné des arthropodes d’appariement de céréales et prairies voisines, afin de comparer les 

effets de paramètres locaux et paysagers sur les biodiversités de ces deux couvertures du sol typiques des 

paysages agricoles. Nous avons mené ces travaux dans trois territoires différents, tous situés en Auvergne Rhône-

Alpes. Chaque territoire était représentatif d’un gradient d’équilibre différent entre les couvertures en cultures 

annuelles et prairies permanentes. Notre intérêt s’est principalement porté sur les carabidés, bien que nous ayons 

aussi étudié, dans une moindre mesure, les araignées ainsi que des pollinisateurs volants tels que les syrphes et 

les chrysopes. Les paramètres paysagers ont été établis à partir d’un recensement manuel de toutes les 

couvertures du sol, cultivées ou naturelles, ainsi que des éléments linéaires dans un rayon de 500 m autour de 

chaque site échantillonné. 

Les assemblages de carabidés dans les prairies et céréales étaient très distincts, même s’ils ont présenté plus de 

similarités quand ils étaient plus proches, dans des parcelles distantes jusqu‘à 4 km l’une de l’autre. L’activité-

densité des carabidés était supérieure dans les territoires où la couverture globale en prairies permanentes était 

plus importante. Dans les prairies, nous avons trouvé une plus grande richesse spécifique dans des contextes 

paysager plus diversifiés, à l’exception du territoire fortement dominé par des prairies. Nos analyses n’ont pas mis 

en évidence d’effet du paysage sur la richesse spécifique des carabidés dans les céréales. Par ailleurs, la richesse 

spécifique commune aux deux couvertures du sol était plus importante dans des contextes paysagers où céréales 

et prairies partageaient plus de bordures ensemble. Bien que le type de couverture du sol fût un facteur majeur 

dans la détermination des traits de vie des carabidés, les paramètres paysagers eurent aussi leur importance.  

Ainsi, les espèces polyphages furent les plus sensibles d’être échantillonnées à la fois dans des prairie et céréale 

appariées. Les espèces phytophages ont ainsi été très souvent exclusivement échantillonnées dans les prairies, 

alors que les prédatrices l’étaient dans les céréales. 

Concernant les autres arthropodes, nous avons observé une plus grande richesse en familles d’araignées dans les 

prairies, bien qu’elles présentassent plus d’individus dans les céréales. Le nombre de syrphes et de chrysopes 

échantillonnés était plus important dans les céréales, et négativement influencé par la couverture paysagère en 

prairies. 

Notre thèse indique qu’il serait utile de préserver et restaurer une mosaïque de prairies permanentes dans les 

paysages agricoles diversifiés. Les prairies peuvent en effet améliorer la diversité auxiliaire des arthropodes et 

procurer des ressources complémentaires à leurs communautés. 


