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Introduction

The dramatic decline of invertebrates at a global scale is mainly driven by habitat loss and conversion to intensive agriculture and urbanization [START_REF] Sánchez-Bayo | Worldwide decline of the entomofauna: A review of its drivers[END_REF][START_REF] Habel | Mitigating the precipitous decline of terrestrial European insects: Requirements for a new strategy[END_REF]. Semi-natural habitats are of major importance for the survival of invertebrates, especially by offering them resources and overwintering habitats undisturbed by soil tillage [START_REF] Pywell | Determinants of overwintering habitat quality for beetles and spiders on arable farmland[END_REF]Mallinger et al., 2016). Indeed, ploughing significantly reduces the emergence of many invertebrates [START_REF] Holland | The impact of soil cultivation on arthropod (Coleoptera and Araneae) emergence on arable land[END_REF][START_REF] Ganser | Sown wildflower strips as overwintering habitat for arthropods: Effective measure or ecological trap? Agriculture[END_REF]. Moreover, the success of hibernation is a key factor driving the population dynamics in crops during spring and summer [START_REF] Leather | The ecology of insect overwintering[END_REF]. Thus, overwintering success of invertebrates in uncropped habitats has a direct influence on the conservation of higher trophic taxa such as birds and mammals, by conditioning resource availability. The presence of suitable overwintering habitats also has an impact on the agroecosystem functioning. It can reduce crop yields if it promotes the spillover of emerging crop pests within fields, or conversely increase crop yields if it favors the dispersal of beneficial invertebrates such as pollinators and predators of crop pests [START_REF] Blitzer | Spillover of functionally important organisms between managed and natural habitats[END_REF]. Agri-environmental measures are more and more implemented for reconciling crop production with the conservation of biodiversity and the ecosystem services it provides. For example, sown grass strips, wildflower strips and conservation headlands can take place in field margins, providing resources and overwintering habitats for invertebrates [START_REF] Smith | The value of sown grass margins for enhancing soil macrofaunal biodiversity in arable systems[END_REF][START_REF] Feltham | Experimental evidence that wildflower strips increase pollinator visits to crops[END_REF][START_REF] Ganser | Sown wildflower strips as overwintering habitat for arthropods: Effective measure or ecological trap? Agriculture[END_REF]. Although these measures reduce the surface available for crop production, it can even lead to higher yields and economic profitability by promoting the dispersal of beneficial invertebrates within crops [START_REF] Pywell | Wildlife-friendly farming increases crop yield: evidence for ecological intensification[END_REF], making production and biodiversity conservation compatible. However, if cropland dominates in the landscape, agrienvironmental measures at field edges might not be sufficient for biodiversity conservation and promotion of ecosystem service flows in cropland [START_REF] Mitchell | Reframing landscape fragmentation's effects on ecosystem services[END_REF]. Then, implementation needs to take place within fields themselves, as in the case of within-field wildflowers strips that support natural enemies of crop pests [START_REF] Hatt | Pest regulation and support of natural enemies in agriculture: Experimental evidence of within field wildflower strips[END_REF].

Agroforestry is land use practice integrating woody vegetation (trees or shrubs) with crop and/or animal production systems. Such systems have been shown to provide a wide range of ecosystem services from the same area of land, such as sustainable food, timber and biomass production, soil and water protection, biodiversity conservation and carbon sequestration [START_REF] Jose | Agroforestry for ecosystem services and environmental benefits: an overview[END_REF][START_REF] Quinkenstein | Ecological benefits of the alley cropping agroforestry system in sensitive regions of Europe[END_REF][START_REF] Torralba | Do European agroforestry systems enhance biodiversity and ecosystem services? A meta-analysis[END_REF][START_REF] Kay | Agroforestry creates carbon sinks whilst enhancing the environment in agricultural landscapes in Europe[END_REF].

In temperate regions, alley cropping agroforestry systems, in which arable crops are grown between tree rows, represent a great opportunity for the reintegration of semi-natural habitats directly within fields. Indeed, the presence of tree rows entails the growth of understory vegetation strips (UVS) that are not disturbed by soil tillage. However, only a few studies have assessed the potential of alley cropping systems for enhancing biodiversity, most of them revealing promising results [START_REF] Peng | Diversity of airborne arthropods in a silvoarable agroforestry system[END_REF][START_REF] Burgess | Effects of agroforestry on farm biodiversity in the UK[END_REF][START_REF] Stamps | Arthropod diversity in alley cropped black walnut (Juglans nigra L.) stands in eastern Missouri, USA[END_REF][START_REF] Akbulut | Effect of alley cropping on crops and arthropod diversity in Duzce, Turkey[END_REF][START_REF] Naeem | Arthropod communities in different agroforesty landscapes[END_REF][START_REF] Smits | Unexpected lack of influence of tree rows on the dynamics of wheat aphids and their natural enemies in a temperate agroforestry system[END_REF][START_REF] Varah | Enhanced biodiversity and pollination in UK agroforestry systems[END_REF], and even less have focused on the ecological functions of UVS. [START_REF] Boinot | Alley cropping agroforestry systems: Reservoirs for weeds or refugia for plant diversity? Agriculture[END_REF] showed that UVS constitute refugia for plant diversity, harboring species that are poorly tolerant to agricultural disturbances. Recent studies revealed that abundance and diversity of woodlice and millipedes [START_REF] Pardon | Gradients in abundance and diversity of ground dwelling arthropods as a function of distance to tree rows in temperate arable agroforestry systems[END_REF] and earthworms [START_REF] Cardinael | Spatial variation of earthworm communities and soil organic carbon in temperate agroforestry[END_REF] were higher in UVS than in adjacent crop alleys. Yet these results were obtained in spring and to our knowledge, no study has described the distribution of overwintering invertebrates in agroforestry systems and assessed the potential of UVS in promoting successful overwintering of a wide range of invertebrates.

The objective of this study was to investigate the importance of understory vegetation strips (UVS) associated to tree rows in promoting successful overwintering of invertebrates within agroforestry fields, as opposed to crop alleys that are disturbed by soil tillage (in nonconservation agricultural systems). We also identified families of crop pests and beneficial invertebrates that were dominant during the survey. We gave a focus on carabid communities because (i) they suffer from agricultural intensification and can be used as bioindicators [START_REF] Rainio | Ground beetles (Coleoptera: Carabidae) as bioindicators[END_REF][START_REF] Brooks | Large carabid beetle declines in a United Kingdom monitoring network increases evidence for a widespread loss in insect biodiversity[END_REF], (ii) they are common prey for other invertebrates, birds, micro-mammals, reptiles and amphibians [START_REF] Holland | The agroecology of carabid beetles. Intercepted Limited[END_REF][START_REF] Larochelle | A natural history of the ground-beetles (Coleoptera Carabidae) of America north of Mexico[END_REF], (iii) they are important predators of crop pests and weed seed consumers [START_REF] Kromp | Carabid beetles in sustainable agriculture: a review on pest control efficacy, cultivation impacts and enhancement[END_REF][START_REF] Bohan | National-scale regulation of the weed seedbank by carabid predators[END_REF] and (iv) knowledge on carabid communities in agroforestry systems is currently poor (but see [START_REF] Martin-Chave | Agroforestry has an impact on nocturnal predation by ground beetles and Opiliones in a temperate organic alley cropping system[END_REF][START_REF] Pardon | Gradients in abundance and diversity of ground dwelling arthropods as a function of distance to tree rows in temperate arable agroforestry systems[END_REF][START_REF] Richard | Alley cropping agroforestry mediates carabid beetle distribution at a micro-habitat scale[END_REF]. We hypothesized that 1) for most taxonomic groups, UVS are better overwintering habitats than crop alleys that are disturbed by soil tillage, which reduces the emergence of many invertebrates. Moreover, we hypothesize that 2) crop pests successfully overwinter in crop alleys whereas beneficial invertebrates tend to be more dependent on UVS, because so-called "r-strategist" characterized by smaller size, shorter life-cycle and higher fecundity are generally performing better than "K-strategist" in highly disturbed habitats [START_REF] Thomas | Creation of 'island' habitats in farmland to manipulate populations of beneficial arthropods: predator densities and species composition[END_REF][START_REF] Schirmel | Trait composition and functional diversity of spiders and carabids in linear landscape elements[END_REF]. Finally, we expect that 3) UVS are overwintering refugia for carabid species that are sensitive to agricultural disturbances, which are characterized by a unique overwintering stage (adult), large size and mixed diet (Table 1). On the other hand, small and exclusively carnivorous carabids that overwinter at both larval and adult stages can successfully spend the winter in disturbed crop alleys.

Materials and Methods

Study site

The study was conducted over seven agroforestry fields, in Restinclières Estate (South France, Hérault department), which is characterized by a Mediterranean climate with mild winters and warm summers. Trees were planted in 1995 on rows spaced 13 m apart (a list of tree species associated to sampled UVS can be found in Table S1 in Supplementary material, along with the area covered by UVS). Each field was cultivated by the same farmer, growing winter barley and winter wheat during the study (crop rotation is composed of winter wheat, winter barley and winter pea). Between crop harvest in summer and following sowing in autumn, crop alleys are dominated by spontaneous vegetation. A ploughing tillage was performed in October 2017, followed by one herbicide treatment and fertilization in February-March 2018. No insecticides were used and UVS, on average two meters wide, were composed of spontaneous vegetation rarely managed (one crush every five to six years).

Invertebrate sampling

Overwintering invertebrates were sampled from February 16 th to June 15 th within 0.36 m² emergence traps buried up to 10 cm in the ground. Per field, five emergence traps at least 10 m apart were set up in one understory vegetation strip and compared to five emergence traps in the adjacent crop alley (Figure 1). Due to damage caused by boars, the dataset was restricted to a total of 51 emergence traps, which were undamaged during the whole experiment (n = 26 in UVS and n = 25 in crop alleys). Each emergence trap contained an aerial trap for flying and climbing invertebrates and a pitfall trap at ground level for grounddwellers. Traps were filled with propylene glycol and collected every two weeks. All individuals found within traps (whether they were adults or larvae) were identified to the order level using the guide from [START_REF] Chinery | Insectes de France et d'Europe occidentale[END_REF]. Families of dominant crop pests and beneficial invertebrates were also recorded. Adult carabid beetles were identified to the species level using [START_REF] Jeannel | Coléoptères carabiques[END_REF], [START_REF] Jeannel | Coléoptères carabiques[END_REF], Coulon et al. (2011a) and Coulon et al. (2011b). 

Functional structure of overwintering carabid communities

We used a functional approach to describe the dominant life strategies in crop alleys vs UVS, but also to assess the nature and intensity of ecosystem services provided by carabid communities in each habitat. We described overwintering carabid communities with functional traits related to sensitivity to agricultural disturbances and ecological functions (i.e. crop pest control) (Table 1). Functional trait values were collected in databases [START_REF] Hedde | BETSI, a complete framework for studying soil invertebrate functional traits[END_REF][START_REF] Homburg | Carabids.org -a dynamic online database of ground beetle species traits (Coleoptera, Carabidae)[END_REF] and through an extensive research in literature [START_REF] Thiele | Carabid beetles in their environment: A study on habitat selection by adaptations in phisiology and behaviour[END_REF][START_REF] Ribera | A comparative study of the morphology and life traits of Scottish ground beetles (Coleoptera, Carabidae)[END_REF][START_REF] Ribera | Effect of land disturbance and stress on species traits of ground beetle assemblages[END_REF][START_REF] Woodcock | Impact of habitat type and landscape structure on biomass, species richness and functional diversity of ground beetles[END_REF][START_REF] Jaskuła | What do we know about winter active ground beetles (Coleoptera, Carabidae) in Central and Northern Europe?[END_REF][START_REF] Petit | Weeds in agricultural landscapes. A review[END_REF][START_REF] Pilon | Ground beetles (Coleoptera: Carabidae) of rice field banks and restored habitats in an agricultural area of the Po Plain (Lombardy, Italy)[END_REF][START_REF] Birkhofer | Grassy margins along organically managed cereal fields foster trait diversity and taxonomic distinctness of arthropod communities[END_REF][START_REF] Marrec | Crop succession and habitat preferences drive the distribution and abundance of carabid beetles in an agricultural landscape[END_REF][START_REF] Talarico | A synthesis of feeding habits and reproduction rhythm in Italian seed-feeding ground beetles (Coleoptera: Carabidae)[END_REF][START_REF] Hanson | Agricultural land use affects abundance and dispersal tendency of predatory arthropods[END_REF].

Community-weighted mean (CWM) and functional divergence (FDvar) of each trait were then computed for carabid communities sampled in each emergence trap, following [START_REF] Garnier | A trait-based approach to comparative functional plant ecology: concepts, methods and applications for agroecology. A review[END_REF] and [START_REF] Schleuter | A user's guide to functional diversity indices[END_REF]. Formulas are given in Table A1 in Appendix A. CWM corresponds to the average of trait values weighted by the relative abundance of each species. FDvar is an expression of the variance of trait values within a community, weighted by the relative abundance of each species. FDvar varies from 0 to 1; it is low if species and/or abundances are clustered around the mean trait value, whereas it is high if they are clustered towards one or both margins of the trait distribution. This metric is relevant for assessing to what extent functional attributes are constrained by natural or anthropogenic selection, but also for assessing complementarity between species [START_REF] Woodcock | Meta-analysis reveals that pollinator functional diversity and abundance enhance crop pollination and yield[END_REF]. Regarding biological control, it is expected that predator communities characterized by different ecological strategies (i.e. non-overlapping trait distributions) control more efficiently a wide range of crop pests.

Table 1. Carabid functional traits related to sensitivity to agricultural disturbances and ecological functions.

Data analysis

To assess hypotheses 1 and 2, we used generalized linear mixed effects models (GLMMs) and compared the total density of each taxonomic group per emergence trap between UVS and crop alleys. Fields were included as a random effect on the intercept to take into account the spatial auto-correlation between emergence traps located in a same field. To assess hypothesis 3, we described the functional structure of carabid communities with traits related to sensitivity to agricultural disturbances. GLMMs were used to compare CWM and FDvar of each trait between UVS and crop alleys. Density (individuals / m²) and species richness were assumed to follow a Poisson distribution, CWM of body length was assumed to follow a Gaussian distribution and all other variables (proportional CWM and FDvar varying from 0 to 1) were assumed to follow a Beta distribution. When proportional variables included 0 and/or 1 value(s), the transformation (Y × (N -1) + 0.5) / N was employed following [START_REF] Zuur | A beginner's guide to GLM and GLMM with R: a frequentist and Bayesian perspective for ecologists[END_REF], where Y is the response variable and N is the sample size. We used the package lme4 for fitting Gaussian LMMs [START_REF] Bates | Fitting Linear Mixed-Effects Models Using lme4[END_REF] and the package glmmTMB [START_REF] Brooks | glmmTMB balances speed and flexibility among packages for zero-inflated generalized linear mixed modeling[END_REF] for fitting Poisson and Beta GLMMs (with the link functions log and logit respectively). When Poisson GLMMs revealed over-dispersion, Conway-Maxwell-Poisson GLMMs were fitted instead as suggested by [START_REF] Lynch | Dealing with under-and over-dispersed count data in life history, spatial, and community ecology[END_REF]. All figures were built using raw data. All analyses were performed using the statistical software R 5.1 (R Core Team, 2018).

Results

Many taxonomic groups of invertebrates were found during the survey, with huge differences in abundance and relative proportion: Homoptera (n = 46441, 47%), Coleoptera (n = 13324, 13%), Diptera (n = 12466, 13%), Hymenoptera (n = 8187, 8%), Collembola (n = 7907, 8%), Myriapoda (n = 2257, 2%), Araneae (n = 1885, 2%), Isopoda (n = 1778, 2%), Stylommatophora (n = 1429, 1%). There were also other groups below 1%: Acarina (n = 785), Dermaptera (n = 762), Heteroptera (n = 528), Orthoptera (n = 354), Psocoptera (n = 323), Blattoptera (n = 239), Lepidoptera (n = 172), Opiliones (n = 75), Neuroptera (n = 21), Pseudoscorpionida (n = 19), Thysanoptera (n = 14), Thysanura (n = 5), Trichoptera (n = 4), Megaloptera (n = 2). Density differences between UVS and crop alleys could not be statistically tested for Thysanura, Trichoptera and Megaloptera because too few individuals were captured. This was also the case for Apoidae family (n = 3). Regarding carabid beetles, a total of 1538 individuals belonging to 50 species were collected. 

Overwintering invertebrates in crop alleys and understory vegetation strips

Overwintering of crop pests vs beneficial invertebrates

Crop pests (i.e. Aphidae, Elateridae and slugs) overwintered predominantly in crop alleys (Figure 3, Table 2). On the other hand, snails were more abundant in UVS. The response was less dichotomic for the families of beneficial invertebrates considered in this study.

Coccinellidae, Formicidae and Chrysopidae overwintered mostly in UVS, whereas Carabidae, Staphylinidae and Syrphidae were more abundant in crop alleys. 

Functional structure of overwintering carabid communities

There was a clear shift in the functional structure of carabid communities between habitats in agroforestry systems. UVS hosted larger carabids than crop alleys (Figure 4, Table 3). Crop alleys hosted mainly carnivorous species, such as Trechus quadristriatus, Metallina lampros and Apotomus rufus, whereas predominantly granivorous species, such as Ophonus azureus, Parophonus mendax and Harpalus dimitiatus, were clearly associated to UVS (Figure 4, Table 3, see Figure S2 in Supplementary Material for the analysis of species composition).

The response was more variable for omnivorous species; Brachinus crepitans and Scybalicus oblongiusculus were associated to UVS whereas Phyla obtusa was more abundant in crop alleys and Pseudoophonus rufipes was found equally in both habitats. Finally, CWM and FDvar of overwintering stages were respectively close to 1 and 0 in UVS, indicating that species overwintering in adult stage were strongly dependent on the presence of UVS (Figure 4, Table 3). On the other hand, species overwintering in both larval and adult stages were found in high abundances in crop alleys.

Table 3. Results of GLMMs comparing species richness and functional structure of carabid communities between crop alleys (reference level) and understory vegetation strips. 

Discussion

Our study on the distribution of overwintering invertebrates in agroforestry systems revealed that understory vegetation strips (UVS) are home to a wide range of overwintering invertebrates, as opposed to crop alleys. Crop pests overwintered predominantly in crop alleys while beneficial invertebrates were often associated to UVS. Moreover, carabid species that are sensitive to agricultural disturbances were overwintering mostly in UVS.

Understory vegetation strips provide overwintering habitats for many invertebrates

Even if UVS are surrounded by crop alleys, with potential disturbances induced by pesticides and fertilizers drifts, our results show that UVS are semi-natural habitats of major importance for invertebrate conservation. Indeed, 55% of the taxonomic groups of invertebrates found during the survey were more abundant in UVS whereas only 14% were more abundant in crop alleys. This is in line with previous studies showing that semi-natural habitats provide suitable habitats for overwintering invertebrates [START_REF] Sotherton | The distribution and abundance of predatory arthropods overwintering on farmland[END_REF][START_REF] Pfiffner | Overwintering of arthropods in soils of arable fields and adjacent semi-natural habitats[END_REF][START_REF] Pywell | Determinants of overwintering habitat quality for beetles and spiders on arable farmland[END_REF][START_REF] Geiger | Hibernation of predatory arthropods in semi-natural habitats[END_REF][START_REF] Schaffers | Successful overwintering of arthropods in roadside verges[END_REF][START_REF] Sutter | Overwintering arthropod assemblages across and within habitats of a Swiss agricultural landscape[END_REF]. Butterflies, characterized by a high degree of host-plant specialization and sensitivity to habitat degradation, are drastically declining in many European countries [START_REF] Van Strien | Over a century of data reveal more than 80% decline in butterflies in the Netherlands[END_REF].

Lepidoptera (butterflies and moths confounded) were more abundant in UVS, indicating that this habitat has higher environmental quality than crop alleys. Detritivores (Collembola, Isopoda, some Acarina and Blattoptera) were also more abundant in UVS, which is not surprising given the permanent litter quantity available at the ground level, although Myriapoda (Diplopoda and Chilopoda confounded) were more abundant in crop alleys. All Arachnida groups found during the survey (Acarina, Araneae, Opiliones and Pseudoscorpionida) were overwintering in great majority in UVS. Araneae are not able to dig into the soil to find refuges and rely on the presence of vegetation and crevices for overwintering [START_REF] Lemke | Sown weed strips in cereal fields: overwintering site and "source" habitat for Oedothorax apicatus (Blackwall) and Erigone atra (Blackwall) (Araneae: Erigonidae)[END_REF]. This seems to be the case for Opiliones too, which are favored by the presence of grassy field margins in spring and autumn (Holland et al., 2016). However, Apoidae did not seem to overwinter in UVS, neither in crop alleys. They probably preferred overwintering habitats located outside the fields, such as grasslands and scrublands, which are very diversified in Restinclières Estate [START_REF] Smits | Unexpected lack of influence of tree rows on the dynamics of wheat aphids and their natural enemies in a temperate agroforestry system[END_REF]. UVS cover about 3 to 13% of the available agricultural area and thus greatly enhance the conservation of plants [START_REF] Boinot | Alley cropping agroforestry systems: Reservoirs for weeds or refugia for plant diversity? Agriculture[END_REF] and invertebrates directly within crop fields. Moreover, trees and shrubs associated to UVS were not sampled in this study, but are very likely to offer permanent overwintering habitats for invertebrates [START_REF] Dix | Influences of trees on abundance of natural enemies of insect pests: a review[END_REF]; [START_REF] Stamps | Plant diversity and arthropod communities: Implications for temperate agroforestry[END_REF]. Further studies should assess to what extent improved plant and invertebrate resources in agroforestry systems favor higher trophic taxa such as threatened farmland species [START_REF] Donald | Agricultural intensification and the collapse of Europe's farmland bird populations[END_REF][START_REF] Fischer | Small mammals in agricultural landscapes: Opposing responses to farming practices and landscape complexity[END_REF].

Crop pests and beneficial invertebrates are not equally dependent on undisturbed habitats for overwintering

Overall, beneficial invertebrates were more dependent on UVS for overwintering, considering groups composed in majority of detritivore species (Collembola, Isopoda, Acarina, Blattoptera and Myriapoda), predators (Araneae, Opiliones, Carabidae, Staphylinidae, Syrphidae, Chrysopidae, Coccinellidae) and weed controllers (predominantly granivorous carabids and harvester ants). However, Syrphidae, Carabidae and Staphylinidae were more abundant in crop alleys. We found only two species of Syrphidae: Episyrphus balteatus and Sphaerophoria scripta. [START_REF] Raymond | Immature hoverflies overwinter in cultivated fields and may significantly control aphid populations in autumn[END_REF] showed that these aphidophagous syrphid species mainly overwinter in crop fields whereas non aphidophagous species preferred field margins. Many species of Carabidae and Staphylinidae are also major predator of aphids [START_REF] Sunderland | Aphid feeding by some polyphagous predators in relation to aphid density in cereal fields[END_REF], which could explain their higher presence in crop alleys, where aphids were overwintering. On the other hand, lacewings (aphid predators) were found in UVS. Coccinellidae, both carnivorous species such as Scymnus spp. and mycophagous ones such as Psyllobora vigintiduopunctata, also preferred UVS and often overwintered in aggregated groups. Formicidae, which can control crop pests, weeds and plant diseases depending on the species [START_REF] Offenberg | Ants as tools in sustainable agriculture[END_REF], were also more abundant in UVS.

On the other hand, crop pests overwintered predominantly in crops, which could explain higher probability of pest outbreaks when suitable overwintering habitats for predators are missing [START_REF] Bianchi | Sustainable pest regulation in agricultural landscapes: a review on landscape composition, biodiversity and natural pest control[END_REF][START_REF] Rusch | Agricultural landscape simplification reduces natural pest control: A quantitative synthesis[END_REF]. Homoptera were much more abundant in crop alleys, a result driven by aphids which probably reproduced under the emergence traps and benefited from their protection. Elateridae and slugs were also overwintering predominantly in crop alleys. [START_REF] Griffiths | Responses of slug numbers and slug damage to crops in a silvoarable agroforestry landscape[END_REF] showed that slugs were more abundant in agroforestry fields than in pure crop controls, however our results suggest that this would not be due to the presence of less disturbed overwintering habitats in agroforestry fields. Slugs might have been favored by a more suitable microclimate in agroforestry fields. Finally, snails were the only dominant crop pest more abundant in UVS.

It is likely that species overwintering in UVS are strongly dependent on semi-natural habitats for overwintering and thus poorly represented in the field core of pure crops. Indeed, many studies have shown that habitats such as hedges, wildflower strips or grassy field margins provide more suitable overwintering habitats than arable land (e.g. [START_REF] Pfiffner | Overwintering of arthropods in soils of arable fields and adjacent semi-natural habitats[END_REF][START_REF] Ganser | Sown wildflower strips as overwintering habitat for arthropods: Effective measure or ecological trap? Agriculture[END_REF]. This explains why so-called "edge-effects" or "edge-biased distribution" are frequently observed among invertebrates, resulting in decreased abundance and diversity in the field core [START_REF] Rand | Spillover edge effects: the dispersal of agriculturally subsidized insect natural enemies into adjacent natural habitats[END_REF][START_REF] Nguyen | Edge-biased distributions of insects. A review[END_REF]. The great extent and spatial configuration of UVS could promote the spillover of many invertebrates between cropped and uncropped habitats, especially regarding poorly dispersive species that hardly move between field edges and field cores, such as some Carabidae species (e.g. Amara species, Metallina lampros) and spiders of the Lycosidae family [START_REF] Holland | The within-field spatial and temporal distribution of arthropods in winter wheat[END_REF]. Then, a wide range of overwintering predators, from specialist to generalist and from grounddwelling to aerial ones, would improve biological control in agroforestry systems through a process of complementarity and additive effects [START_REF] Woodcock | Spill-over of pest control and pollination services into arable crops[END_REF]. On the other hand, if intra-guild predation or competition is enhanced, this could reduce the efficiency of predator community to control crop pests, although field studies generally contradict this hypothesis [START_REF] Woodcock | Spill-over of pest control and pollination services into arable crops[END_REF]. Finally, semi-natural habitats have also been shown to have negative impacts on the dispersal of invertebrates, especially agrobiont ones, by either acting as a sink habitat or a physical barrier [START_REF] Holland | Contrasting the farm-scale spatio-temporal dynamics of boundary and field overwintering predatory beetles in arable crops[END_REF]. Further studies are thus needed to assess the positive and negative impacts of the presence of UVS on the dispersal of a wide range of invertebrates, from emergence to the return in semi-natural habitats at the end of the season or cycle.

Understory vegetation strips are refugia for sensitive carabid species

Although Carabidae were overall more abundant in crop alleys, this varied from one species to another according to their sensitivity to agricultural disturbances. Higher density of carabid beetles in crop alleys is explained by the dominance of small carabids with higher reproductive output such as Trechus quadristriatus, Metallina lampros or Apotomus rufus. On the other hand, UVS hosted carabid species with higher sensitivity to agricultural disturbances (such as Harpalus dimitiatus, Parophonus mendax and Ophonus spp.), which are characterized by a unique overwintering stage (adult), a large body length and a predominantly granivorous diet [START_REF] Holland | Contrasting the farm-scale spatio-temporal dynamics of boundary and field overwintering predatory beetles in arable crops[END_REF][START_REF] Vanbergen | Trophic level modulates carabid beetle responses to habitat and landscape structure: a pan-European study[END_REF][START_REF] Winqvist | Species' traits influence ground beetle responses to farm and landscape level agricultural intensification in Europe[END_REF][START_REF] Da Silva | Habitat structure and neighbor linear features influence more carabid functional diversity in olive groves than the farming system[END_REF][START_REF] Baulechner | Converting arable land into flowering fields changes functional and phylogenetic community structure in ground beetles[END_REF]. This is in line with the results of [START_REF] Hanson | Agricultural land use determines the trait composition of ground beetle communities[END_REF], who demonstrated that increasing management intensity reduces the average body size of overwintering carabid beetles and the proportion of mixed feeders. Such sensitive species probably moved to undisturbed UVS after crop harvest and/or suffered from ploughing in crop alleys, which is known to greatly reduce the emergence of many invertebrates [START_REF] Holland | The impact of soil cultivation on arthropod (Coleoptera and Araneae) emergence on arable land[END_REF][START_REF] Ganser | Sown wildflower strips as overwintering habitat for arthropods: Effective measure or ecological trap? Agriculture[END_REF].Our results also confirm that overwintering stage is an important trait explaining the response of carabid beetles to agricultural disturbances. Species overwintering in both larval and adult stages are able to adapt to environmental changes by shifting their reproductive period and are also more likely to tolerate fluctuating biotic and abiotic conditions, given that they are composed of different age classes [START_REF] Nolte | Functional traits drive ground beetle community structures in Central European forests: Implications for conservation[END_REF].

A negative relationship was observed between the community-average value of body size of ground-dwelling predators and predation rates of aphids [START_REF] Rusch | Predator body sizes and habitat preferences predict predation rates in an agroecosystem[END_REF].

Presumably, smaller carnivorous species at larval stage were overwintering in crop alleys both to consume aphids and to avoid intra-guild predation by larger carabids or spiders found in UVS, which hardly tolerate tillage disturbances. Indeed, many species found abundantly in crop alleys, such as Anchomenus dorsalis, Metallina lampros and Trechus quadristriatus, are known to feed on aphids [START_REF] Sunderland | Aphid feeding by some polyphagous predators in relation to aphid density in cereal fields[END_REF][START_REF] Sunderland | A study of feeding by polyphagous predators on cereal aphids using ELISA and gut dissection[END_REF][START_REF] Hedde | BETSI, a complete framework for studying soil invertebrate functional traits[END_REF]. Given their differences in terms of phenology, body length and habitat preferences, carabids that overwinter predominantly in crop alleys and those associated to UVS can be complementary. Such complementarity could lead to enhanced biological control in agroforestry fields, whereas large carabids and mixed feeders are particularly affected by crop management in fields with high land-use intensity [START_REF] Hanson | Agricultural land use determines the trait composition of ground beetle communities[END_REF]. A successful overwintering of large carabid species within agroforestry fields could enhance the control of a wider range of prey [START_REF] Rouabah | Emergent effects of ground beetles size diversity on the strength of prey suppression[END_REF], provided that these species do disperse towards crop alleys after emergence. Moreover, the spread of granivorous and omnivorous species that overwinter in UVS should be favored in agroforestry field core, whereas these species need to cover larger distances to recolonize pure crops after emergence from adjacent habitats.

Species that consume weed seeds can help reduce weed pressure [START_REF] Menalled | Impact of agricultural management on carabid communities and weed seed predation[END_REF][START_REF] Bohan | National-scale regulation of the weed seedbank by carabid predators[END_REF]. Overall, these results suggest that carabid communities in agroforestry systems are likely to offer various and enhanced ecosystem services compared to those associated to crop fields or restricted to adjacent habitats, which are too far from the field core. This effect of agroforestry systems on the functional structure of carabid communities should be of particular interest in intensively cultivated agricultural landscapes, where seminatural habitats are missing.

Conclusions

The massive decline of invertebrates is driven by habitat loss, intensive agricultural practices and urbanization. This study revealed that understory vegetation strips are home to a wide range of overwintering invertebrates in agroforestry systems, as opposed to crop alleys. Crop pests overwintered predominantly in crop alleys while beneficial invertebrates were often associated to understory vegetation strips. Carabid species that are sensitive to agricultural disturbances were overwintering mostly in understory vegetation strips. The presence of rich invertebrate communities within understory vegetation strips could favor higher trophic taxa such as birds, mammals, reptiles and amphibians. We also expect enhanced spillover of beneficial invertebrates in agroforestry fields, due to the presence of undisturbed habitats within fields themselves, which could have strong impacts on the biological control of crop pests. To our knowledge, this is the first study to describe the distribution of overwintering invertebrate communities in alley cropping agroforestry systems, and accounting for the effects of the non-crop herbaceous strips under the tree rows. Given the context of climate change and biodiversity extinction crisis we are facing, such semi-natural habitats should be used for biodiversity conservation purposes and the enhancement of ecosystem service flows in the agroecosystem.

Appendix A.

Table A1. Single trait indices. S is total number of species, wi is the relative abundance of species i and xi is the trait value for species i. FDvar modified is used for variables that contain 0 values.

Table A2

. Functional trait values of carabid species (diet; granivorous: 0, omnivorous: 0.5 and carnivorous: 1 / overwintering stage; overwintering in both larval and adult stages: 0, overwintering in adult stage: 1). Table 1. Carabid functional traits related to sensitivity to agricultural disturbances and ecological functions.

Sensitivity to agricultural disturbances Ecological functions

Body length

Large species, characterized by lower reproductive output and longer growth time, are less tolerant to agricultural intensification such as soil tillage. Smaller carabids are unaffected, or even positively influenced by agricultural intensification [START_REF] Winqvist | Species' traits influence ground beetle responses to farm and landscape level agricultural intensification in Europe[END_REF][START_REF] Da Silva | Habitat structure and neighbor linear features influence more carabid functional diversity in olive groves than the farming system[END_REF].

The ratio between predator and prey body sizes is often considered as a good predictor of predator-prey dynamics [START_REF] Rusch | Predator body sizes and habitat preferences predict predation rates in an agroecosystem[END_REF]. The amount and range of prey consumed increase with increasing carabid body length [START_REF] Rouabah | Emergent effects of ground beetles size diversity on the strength of prey suppression[END_REF].

Diet

Predominantly granivorous species are more impacted by local agricultural intensification than carnivorous species because of reduced weed cover and thus reduced resources.

Carnivorous species usually hunt prey over larger scales and are more impacted by landscape composition and configuration [START_REF] Vanbergen | Trophic level modulates carabid beetle responses to habitat and landscape structure: a pan-European study[END_REF][START_REF] Winqvist | Species' traits influence ground beetle responses to farm and landscape level agricultural intensification in Europe[END_REF][START_REF] Baulechner | Converting arable land into flowering fields changes functional and phylogenetic community structure in ground beetles[END_REF].

Carnivorous species are important predators of crop pests and granivorous species are weed seed consumers [START_REF] Kromp | Carabid beetles in sustainable agriculture: a review on pest control efficacy, cultivation impacts and enhancement[END_REF][START_REF] Bohan | National-scale regulation of the weed seedbank by carabid predators[END_REF].

Overwintering stage

Species that hibernate in both larval and adult stages are predominantly found in arable soils whereas species that hibernate in adult stage are often found in field boundaries and need to recolonize field core after emergence [START_REF] Holland | Contrasting the farm-scale spatio-temporal dynamics of boundary and field overwintering predatory beetles in arable crops[END_REF].

Overwintering larvae in arable fields could favor early (thus more effective) regulation of crop pests [START_REF] Holland | Contrasting the farm-scale spatio-temporal dynamics of boundary and field overwintering predatory beetles in arable crops[END_REF]. 

Figure 1 .

 1 Figure 1. Emergence traps used for sampling overwintering invertebrates in agroforestry fields (Restinclières Estate, South France, Hérault department).

Figure 2 .

 2 Figure 2. Mean and standard deviation of group density (individuals / m²) in crop alleys and understory vegetation strips (UVS). Only groups showing significant differences in density between habitats were represented (see Figure S1 in Supplementary material for other groups). Stars indicate significant difference between crop alleys and UVS at 0.05 threshold based on p-values of GLMMs (* P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001).

Figure 3 .

 3 Figure 3. Mean and standard deviation of dominant crop pest and beneficial invertebrate density (individuals / m²) in crop alleys and understory vegetation strips (UVS). Stars indicate significant difference between crop alleys and UVS at 0.05 threshold based on p-values of GLMMs (* P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001).

Figure 4 .

 4 Figure 4. Functional structure of carabid communities overwintering in crop alleys vs understory vegetation strips (UVS). (a) Community-weighted mean (CWM) of body length; (b) CWM of diet (granivorous: 0, omnivorous: 0.5 and carnivorous: 1); (c) CWM of overwintering stage (overwintering in both larval and adult stages: 0, overwintering in adult stage: 1); (d) Functional divergence (FDvar) of body length; (e) FDvar of diet; (f) FDvar of

Table 2 .

 2 Results of Conway-Maxwell-Poisson GLMMs comparing invertebrate density (individuals / m²) between crop alleys (reference level) and understory vegetation strips.

Table 2 .

 2 Results of Conway-Maxwell-Poisson GLMMs comparing invertebrate density (individuals / m²) between crop alleys (reference level) and understory vegetation strips.

		Estimate	SE	d.f.	z-value	p-value
	Coleoptera (tot.)	-0.33	0.106	47	-3.160	0.002
	Carabidae	-0.33	0.148	47	-2.213	0.027
	Staphylinidae	-0.76	0.182	47	-4.180	< 0.001
	Coccinellidae	1.65	0.292	47	5.653	< 0.001
	Elateridae	-1.39	0.362	47	-3.835	< 0.001
	Diptera (tot.)	-0.27	0.158	47	-1.700	0.089
	Syrphidae	-3.29	0.847	47	-3.885	< 0.001
	Hymenoptera (tot.)	0.47	0.142	47	3.289	0.001
	Formicidae	0.71	0.221	47	3.188	0.001
	Homoptera (tot.)	-4.74	0.313	47	35.350	< 0.001
	Aphidae	-5.17	0.313	47	-16.500	< 0.001
	Neuroptera (tot.)	2.47	0.629	47	3.918	< 0.001
	Chrysopidae	2.28	0.634	47	3.599	< 0.001
	Heteroptera	3.25	0.274	47	11.857	< 0.001
	Collembola	0.56	0.114	47	4.863	< 0.001
	Dermaptera	-0.31	0.262	47	-1.201	0.230
	Psocoptera	4.57	0.515	47	8.882	< 0.001
	Orthoptera	-0.06	0.331	47	-0.182	0.856
	Lepidoptera	1.59	0.236	47	6.731	< 0.001
	Blattoptera	2.43	0.344	47	7.080	< 0.001
	Thysanoptera	-0.18	0.467	47	-0.387	0.698
	Myriapoda	-1.11	0.211	47	-5.237	< 0.001
	Isopoda	0.36	0.183	47	1.984	0.047
	Araneae	1.43	0.145	47	9.822	< 0.001
	Opiliones	2.82	0.470	47	5.997	< 0.001
	Acarina	1.49	0.279	47	5.325	< 0.001
	Pseudoscorpionida	3.12	0.740	47	4.215	< 0.001
	Stylommatophora (tot.)	-0.20	0.187	47	-1.094	0.274
	Snails	1.62	0.318	47	5.106	< 0.001
	Slugs	-1.14	0.196	47	-5.833	< 0.001

SE: standard error of the estimates, d.f.: degrees of freedom

Table 3 .

 3 Results of GLMMs comparing species richness and functional structure of carabid communities between crop alleys (reference level) and understory vegetation strips.

		Distribution Estimate SE	d.f.	z/t-value	p-value
	Species richness	Poisson	-0.11	0.098	48	-1.155	0.248
	Body length						
	CWM	Gaussian	1.54	0.429	44	3.595	< 0.001
	FDvar	Beta	0.08	0.249	47	0.316	0.752
	Diet						
	CWM	Beta	-0.52	0.241	47	-2.145	0.032
	FDvar	Beta	0.29	0.176	47	1.658	0.097
	Overwintering stage						
	CWM	Beta	1.02	0.239	47	4.245	< 0.001
	FDvar	Beta	-0.92	0.191	47	-4.841	< 0.001

SE: standard error of the estimates, d.f.: degrees of freedom

Table A1 .

 A1 Single trait indices. S is total number of species, wi is the relative abundance of species i and xi is the trait value for species i. FDvar modified is used for variables that contain 0 values.

	Name	Abbreviation	Formula		
	Community-weighted mean	CWM			
	Functional divergence	FDvar	2	5	ln -ln ²
			ln =		ln
		FDvar modified		-	²
			=		

Table A2 .

 A2 Functional trait values of carabid species (diet; granivorous: 0, omnivorous: 0.5 and carnivorous: 1 / overwintering stage; overwintering in both larval and adult stages: 0, overwintering in adult stage: 1).

	Microlestes fissuralis Trechus fulvus	1 1	2.5 4.5	1
	Microlestes fulvibasis Trechus obtusus	1 1	2.5 3.6	1
	Microlestes minutulus Trechus quadristriatus	1 1	2.7 3.6	1
	Microlestes negrita Trechus spp.	1 1	2 3.6	1
	Latin name Nebria brevicollis Zuphium olens	Diet 1 NA	Body length Overwintering stage 11.5 0 9 NA
	Acinopus picipes Ocys harpaloides	0 NA	14.5 NA	0 NA
	Acupalpus meridianus Ocys quinquestriatus	1 1	3.6 4	1 NA
	Anchomenus dorsalis Olisthopus fuscatus	1 NA	6.5 5.5	1 NA
	Apotomus rufus Ophonus azureus	1 0	4 7.8	NA 1
	Badister bullatus Ophonus sabulicola	1 0	5.3 15	0 1
	Brachinus crepitans Ophonus subquadratus	0.5 0	8.3 7.3	1 1
	Brachynidius sclopeta Paradromius linearis	1 1	5.6 4.5	1 1
	Calathus cinctus Parophonus maculicornis	1 0	7.5 6.3	0 1
	Calathus fuscipes Parophonus mendax	0.5 0	12.5 7.8	0 1
	Carterus fulvipes Philorhizus crucifer confusus	0.5 NA	10.5 2.5	NA 1
	Demetrias atricapillus Philorhizus quadrisignatus	1 NA	5 3.5	1 1
	Dinodes decipiens Phyla obtusa	NA 0.5	11.5 2.5	1 1
	Dixus capito Poecilus cupreus	0 0.5	12.5 11	1 1
	Harpalus dimidiatus Poecilus sericeus	0 1	12.5 12.8	1 1
	Harpalus oblitus Pseudoophonus rufipes	0 0.5	10 13.5	1 0
	Harpalus serripes Scybalicus oblongiusculus	0 0.5	11 11.5	NA 0
	Metallina lampros Syntomus obscuroguttatus	1 1	3.1 2.9	1 1
	Metophonus laticollis Tachyura spp.	0 NA	9.5 NA	1 NA
	Metophonus spp. Trechus aubei	NA NA	NA NA	NA NA
	Microlestes abeillei Trechus austriacus	1 1	2.6 3.5	1 0
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