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Impacts of tree diversity on forest soil fauna remain poorly known. Two groups of functionally similar invertebrates, millipedes (Diplopoda) and woodlice (Isopoda, Oniscidea), were sampled at 61 forest plots in four European countries (Finland, Poland, Romania, Italy) in order to (1) compare the abundance and species richness of these saprophagous macroarthropods in monospecific and mixed, three-species forest stands, and (2) determine whether the influence of tree species richness depends or not on tree identity. The results showed that, in boreal forests of Finland, regional conditions (temperature, soil) proved to be very unfavourable for millipedes and woodlice, which prevented further comparisons. In the other three regions, tree species richness had no consistent effect on macroarthropod abundance but there was a clear trend towards a higher macroarthropod species richness in mixed stands compared to monospecific stands. This resulted mainly from a significantly positive response of millipedes to tree mixtures in hemiboreal forests of Poland and mountainous forests of Romania, and from a slightly positive response of woodlice in thermophilous forests of Italy. However, not all tree mixtures were equally favourable for saprophagous macroarthropods. An examination of tree identity in mixed stands showed that mixtures including hornbeam and conifers in Poland and those including beech and spruce in Romania had significantly higher macroarthropod species richness than the other mixed stands. Moreover, macroarthropod species richness was higher in these broadleaf-conifer mixtures than in monospecific stands of either component tree species, which supports the hypothesis of a greater diversity of resources for macroarthropods in these mixed stands. This hypothesis was not supported in Italy, where macroarthropod species richness was highest in monospecific chestnut stands. The positive influence of conifer presence on the species richness of saprophagous macroarthropods in Eastern European forests contrasts with results of previous studies, which calls for further research to explain those differences.

Introduction

Forest tree diversity can potentially influence the abundance and diversity of many other forest-associated taxa such as plants, vertebrates, invertebrates and microorganisms through a variety of mechanisms [START_REF] Cavard | Importance of mixedwoods for biodiversity conservation: evidence for understory plants, songbirds, soil fauna, and ectomycorrhizae in northern forests[END_REF][START_REF] Ampoorter | Tree diversity is key for promoting the diversity and abundance of forest-associated taxa in Europe[END_REF][START_REF] Stemmelen | Meta-analysis of tree diversity effects on the abundance, diversity and activity of herbivores' enemies[END_REF]. Forest stands of higher tree diversity may provide a wider range of microhabitats compared to tree monocultures, which can promote the diversity of understorey plants and animals. They also provide more varied food resources, which can increase the abundance and diversity of primary consumers and, in turn, of their predators. Moreover, tree diversity and identity affect soil moisture, temperature and pH [START_REF] Martin-Gay | Tree identity and diversity directly affect soil moisture and temperature but not soil carbon ten years after planting[END_REF], with multiple potential effects on soil organisms. Tree identity may be particularly important for these organisms because tree species that differ in their litter physicochemical properties, such as broadleaf trees and conifers, strongly influence the soil environment, with consequences for many soil species [START_REF] Reich | Linking litter calcium, earthworms and soil properties: a common garden test with 14 tree species[END_REF][START_REF] Penone | Specialisation and diversity of multiple trophic groups are promoted by different forest features[END_REF].

However, the relationships between tree diversity and soil fauna remain poorly understood, notably due to the discrepancy between the modest number of studies and the wide variety of invertebrate species occurring in forest soil. [START_REF] Korboulewsky | How tree diversity affects soil fauna diversity: a review[END_REF] reviewed the effects of tree species richness on earthworms and microarthropods and showed that, depending on the study, positive, negative or neutral effects were reported. [START_REF] Ganault | Relative importance of tree species richness, tree functional type, and microenvironment for soil macrofauna communities in European forests[END_REF] recorded a positive effect of tree species richness on the richness and diversity, but not the abundance, of 16 groups of soil macrofauna identified to coarse taxonomic levels (family, order or class). However, the same authors did not find significant effects on the abundance and species richness of a set of de 73 tritivores (earthworms, millipedes and woodlice) identified to the species level. [START_REF] Zhang | Plant diversity increases the abundance and diversity of soil fauna: a meta-analysis[END_REF] conducted a meta-analysis of data available for forests and grasslands and found that, on average, soil fauna diversity was 10% higher in plant mixtures than in monocultures. By contrast, soil fauna abundance was not significantly different in plant mixtures and monocultures, except for particularly species-rich mixtures, in which invertebrate abundance tended to be higher. Although such studies and meta-analyses that take into account large parts of the soil fauna (microarthropods, macroarthropods, earthworms) and pool different functional groups (herbivores, detritivores, predators) are certainly of interest, they provide only little insight for specific groups of invertebrates. A general relationship, positive or negative, between the diversity of plants and that of a large number of invertebrate taxa does not imply that all those taxa respond in the same way [START_REF] Ampoorter | Tree diversity is key for promoting the diversity and abundance of forest-associated taxa in Europe[END_REF]. The present study focuses on how stand-level tree species richness and identity influence the abundance and species richness of millipedes (Diplopoda) and woodlice (Isopoda, Oniscidea), two groups of saprophagous macroarthropods that are functionally similar [START_REF] David | The ecology of saprophagous macroarthropods (millipedes, woodlice) in the context of global change[END_REF]. These invertebrates that feed on dead plant material and associated microorganisms [START_REF] Zimmer | Nutrition in terrestrial isopods (Isopoda: Oniscidea): an evolutionary634 ecological approach[END_REF][START_REF] David | The role of litter-feeding macroarthropods in decomposition processes: a reappraisal of common views[END_REF][START_REF] Potapov | Feeding habits and multifunctional classification of soil-associated consumers from protists to vertebrates[END_REF] are of particular importance in ecosystems where they are abundant, due to their multifaceted roles in plant litter decomposition and nutrient cycling [START_REF] Hättenschwiler | Soil animals alter plant litter diversity effects on decomposition[END_REF][START_REF] Crowther | Top-down control of soil fungal community composition by a globally distributed keystone consumer[END_REF][START_REF] David | The role of litter-feeding macroarthropods in decomposition processes: a reappraisal of common views[END_REF][START_REF] Coulis | Leaf litter consumption by macroarthropods and burial of their faeces enhance decomposition in a Mediterranean ecosystem[END_REF][START_REF] Joly | Detritivore conversion of litter into faeces accelerates organic matter turnover[END_REF]. A better understanding of how they respond to tree species richness and identity may help to improve forest management practices and their effects on biodiversity conservation and ecosystem functioning [START_REF] Bengtsson | Biodiversity, disturbances, ecosystem function and management of European forests[END_REF].

The responses of saprophagous macrofauna to tree diversity and identity have mainly been studied in earthworms but less so in macroarthropods. However, regarding tree identity, it appears that conifers tend to have rather negative effects on saprophagous macroarthropods.

For example, [START_REF] Pontegnie | Impacts of silvicultural practices on the structure of hemi-edaphic macrofauna community[END_REF] and Peng 98 et al. (2022) collected significantly fewer millipedes and woodlice in conifer stands than in oak stands. [START_REF] Stasiov | Millipede (Diplopoda) communities in an arboretum: influence of tree species and soil properties[END_REF] found much fewer individuals and species of millipedes in spruce and larch monocultures than in alder and hornbeam monocultures. Earlier, [START_REF] Scheu | The soil fauna community in pure and mixed stands of beech and spruce of different age: trophic structure and structuring forces[END_REF] found a higher biomass of woodlice in beech stands than in spruce and mixed beech-spruce stands. The effects of tree diversity on macroarthropod abundance and species richness are more controversial than those of tree identity. [START_REF] Irmler | Changes in the fauna and its contribution to mass loss and N release during leaf litter decomposition in two deciduous forests[END_REF] observed that saprophagous macroarthropods (millipedes, woodlice and dipteran larvae) were more abundant in a mixed oak-spruce stand than in a pure beech stand, whereas [START_REF] Aubert | Effects of tree canopy composition on earthworms and other macro-invertebrates in beech forests of Upper Normandy (France)[END_REF] observed that millipedes were less abundant in a mixed beech-hornbeam stand than in a pure beech stand. However, these studies compared only one forest site of each type, making it impossible to avoid potential confounding factors. In a study comparing a greater number of native forests to nearby tree plantations, [START_REF] Bonham | Diversity and abundance of some ground490 dwelling invertebrates in plantation vs. native forests in Tasmania, Australia[END_REF] collected more millipede species in the more diverse native forests, including ten rare species that were absent from monospecific plantations. In another study, however, [START_REF] Patoine | Tree litter functional diversity and nitrogen concentration enhance litter de 569 composition via changes in earthworm communities[END_REF] found that tree litter functional diversity increased epigeic earthworm abundance but had no influence on saprophagous macroarthropods.

The aims of the present study were (1) to compare millipede and woodlouse abundance and species richness in European forests composed of either one single tree species or three co-occurring species, and (2) to determine how tree species identity modulates the effects of tree species mixtures. It has been argued that detritivores should not be very sensitive to tree diversity because many detritivore species are generalists in terms of feeding and habitat preference and should be relatively unresponsive to differences in resource quality [START_REF] Wardle | The influence of plant litter diversity on decomposer abundance and diversity[END_REF]. However, millipedes and woodlice show marked preferences for certain litter types despite feeding on a large variety of plant litter [START_REF] Carcamo | Influence of millipedes on litter decomposition, N mineralization, and microbial communities in a coastal forest in British Columbia, Canada[END_REF][START_REF] Zimmer | Nutrition in terrestrial isopods (Isopoda: Oniscidea): an evolutionary634 ecological approach[END_REF][START_REF] David | The role of litter-feeding macroarthropods in decomposition processes: a reappraisal of common views[END_REF] and it was shown that millipede abundance and species richness increased in areas covered by the most palatable leaf lit 123 ter [START_REF] Loranger-Merciris | Litter N-content influences soil millipede abundance, species richness and feeding preferences in a semi-evergreen dry forest of Guadeloupe (Lesser Antilles)[END_REF]. In addition, a substantial proportion of macroarthropod species show high microhabitat specialization in forests [START_REF] Enghoff | Macaronesian millipedes (Diplopoda) with emphasis on endemic species swarms on Madeira and the Canary Islands[END_REF][START_REF] Judd | Diversity and biogeography of terrestrial isopods (Isopoda, Oniscidea) from southwestern Australia: organic matter and microhabitat utilization in seasonally dry landscapes[END_REF]. These findings rather suggest that a higher tree species richness would be more likely to harbour a higher number of abundant macroarthropod species by providing a wider variety of food resources and microhabitats. We tested this hypothesis across a large number of monospecific and mixed forest stands in different forest types across Europe.

Material and methods

Study sites

The study, part of the SoilForEurope project (https://websie.cefe.cnrs.fr/soilforeurope/), was carried out in four European countries in the spring of 2017, successively in forests of Italy (mid-April in Tuscany), Poland (early May in the Bialowieza forest), Romania (late May in mountains of the Suceava county) and Finland (mid-June in North Karelia) (see [START_REF] Ganault | Relative importance of tree species richness, tree functional type, and microenvironment for soil macrofauna communities in European forests[END_REF] for details on the four regions). The study sites were selected from the FunDivEurope plot network [START_REF] Baeten | A novel comparative research platform designed to determine the functional significance of tree species diversity in European forests[END_REF] and represent four major European forest types: thermophilous deciduous forest (Italy), hemiboreal forest (Poland), mountainous beech forest (Romania) and boreal forest (Finland). In each region, a number of 30 x 30 m plots were selected in mature forests with either one highly dominant tree species (monospecific stands) or a mixture of three tree species (mixed stands) (Table 1). The classification into monospecific and mixed stands was based on the basal area, i.e. the cross-sectional area of all tree stems in a stand (see [START_REF] Baeten | A novel comparative research platform designed to determine the functional significance of tree species diversity in European forests[END_REF] for a detailed description of stand selection). In 'monospecific' stands, one tree species accounted for at least 82% of the basal area (range 82-100%), the rest being shared among several low-abundance species (see supplementary Table S1). In mixed stands, three tree species reached at least 12% of the basal area each, with a total of at least 80% for the three species ( 148 range 80-100%), the rest being shared among several low-abundance species (Supplementary Table S1). Two plots sampled in Poland and one plot in Italy were two-species mixtures according to the above criteria and were not included in the present study. In total, 28 monospecific and 33 mixed stands were retained.

Tree species largely differed among the four regions, with only three out of 13 species that were present in at least two regions (Table 1).

Macroarthropod sampling

This study partly reuses quadrat sample data from [START_REF] Ganault | Relative importance of tree species richness, tree functional type, and microenvironment for soil macrofauna communities in European forests[END_REF], completed by new data from pitfall traps. In each plot, three 25 x 25 cm quadrats including plant litter and topsoil down to 10 cm depth were carefully hand sorted on plastic trays and macroarthropods were preserved in 70% ethanol. Four pitfall traps were also set up within each plot. The traps consisted of plastic jars (95 mm in diameter, 115 mm deep) buried flush with the soil surface, filled with 70% ethanol, and protected from rainfall and litter fall by a small metal roof. Care was taken to place quadrats and pitfall traps within triangular areas delimited by three individual trees, composed of either the dominant species in monospecific stands or the three target species in the mixed stands. Traps remained in the field for two weeks and made it possible to collect one to four additional macroarthropod species at 28 out of 61 plots (Supplementary Tables S1 andS2). Macroarthropods were sorted in the laboratory and preserved in 70% ethanol before being identified at the species level. Due to the lack of adults in a few species, immature individuals could only be identified at higher taxonomic levels.

Data analysis

The results from the quadrats were used to estimate abundance, in number of individuals per m2, both at the regional and plot scales. The results from the quadrats and traps were pooled to estimate 173 species richness at the regional and plot scales. Given the small number of quadrats and traps per plot, it was very likely that the species richness observed at each plot was lower than the real species richness. To reduce this bias, the first-order jackknife estimator was used. The method uses information on the rare species in a community to adjust for the number of species present but not detected [START_REF] Magurran | Measuring Biological Diversity[END_REF][START_REF] Gotelli | Estimating species richness[END_REF]. Prior to calculations, data from different sampling methods can be pooled in order to maximize the number of species collected from each study plot, provided that identical sampling procedures are employed to compare all collections [START_REF] Gotelli | Estimating species richness[END_REF]. As this condition was met, there were seven sampling units from each plot (three quadrats and four traps) and, to compute the first-order jackknife, it was sufficient to know the number of 'unique species', i.e. those that were present in only one of the seven sampling units at each plot [START_REF] Magurran | Measuring Biological Diversity[END_REF][START_REF] Gotelli | Estimating species richness[END_REF].

The mixed forest stands that were the most favourable for macroarthropod species richness in each region were identified by (1) calculating the variation in the mean number of macroarthropod species per plot associated to the presence of each tree species and each group of two or three tree species in mixtures, and (2) choosing the most significant increase in species richness. In Romania, for example, the presence of Picea in mixtures strongly increased the mean species richness of macroarthropods (6.1 additional species per plot by comparison with plots where this tree species was absent), but the most significant increase was recorded in the presence of both Picea and Fagus in mixtures (6.8 additional species per plot by comparison with plots where this pair of tree species was absent).

The preferences of macroarthropods for certain tree species were assessed by calculating their relative frequency of occurrence in groups of plots defined by the presence of a tree species. The number of plots in a group where a macroarthropod species was present was divided by the total number of plots in that group -the maximum value (1.0) being reached when a macroarthropod species w 198 as present in all plots of a group. The largest value observed across all groups in a region provided an indication of the tree species with which each macroarthropod species was predominantly associated in the study sites.

Mean macroarthropod abundance and species richness were compared using either unpaired t-tests (two samples), one-way Anova (more than two samples) or two-way Anova (effects of two crossed factors), as indicated case-by-case in the results section. Due to unequal sample sizes, type-III sum of squares was used in two-way Anova [START_REF] Quinn | Experimental Design and Data Analysis for Biologists[END_REF]. Homogeneity of variances was checked prior to all analyses and, where necessary, Welch's correction was used in t-tests and Anovas were conducted on power-transformed data using exponents < 1 [START_REF] Sokal | Biometry: The Principles and Practice of Statistics in Biological Research[END_REF].

Results

Variation among regions

A total of 488 individuals belonging to 37 macroarthropod species (24 millipedes and 13 woodlice) were collected in the four regions studied (Table 2). The faunal composition was highly variable since only three species, all millipedes, occurred in more than one region: Macroarthropod abundance differed among the four regions (Table 2), with a very low abundance in Finland (no individuals in a total of 27 quadrats), and a significantly lower abundance in Poland than in Italy and Romania (one-way Anova: P < 0.001). This reflects the influence of regional factors locally unfavourable to macroarthropods, especially the cold climate in the forests of Finland. The influence of climate on the abundance of macroarthropods was confirmed in the mountain forests of Romania, the region in which between-plot differences in temperature 223 were greatest. At the two coldest plots, two north224 facing slopes above 1000m with a mean annual temperature of 4.6°C, abundance was an order of magnitude lower than at the other 14 Romanian plots where temperature was higher (5.3 ± 0 vs. 52 ± 8 individuals m-2, respectively).

Regional species richness showed a similar pattern to abundance (Table 2). In Finland, only one macroarthropod species, represented by a single individual, was caught in pitfall traps, and in Romania, only one species was collected at each of the two coldest plots, compared to a mean of 4.6 species (range 2 to 9) at the other 14 plots. Due to this heterogeneity presumably related to climate in samples from Romania, the two coldest plots above 1000m were not taken into account to compare monospecific and mixed stands.

Influence of tree species richness

In the three regions in which comparisons were possible between monospecific and mixed stands (Poland, Romania, Italy), no consistent trend was detected in terms of macroarthropod abundance. Abundance was highest in monospecific stands in Poland, in mixed stands in Romania, and nearly equal between the two types of stands in Italy, with none of the observed differences being statistically significant (t-tests: P ≥ 0.32). However, jackknife estimates of macroarthropod species richness were consistently higher in mixed stands than in monospecific stands (Fig. 1), with a significant difference in Poland (t-test: P < 0.05). This resulted primarily from a positive response of millipedes to tree mixtures both in Poland (3.9 species per plot in mixtures vs. 1.7 in monospecific stands) and Romania (6.8 species per plot in mixtures vs. 4.4 in monospecific stands) (two-way Anova: P < 0.05), and from a slightly positive response of woodlice in Italy (3.3 species per plot in mixtures vs. 2.5 in monospecific stands; non-significant).

Influence of tree identity

An examination of the identity of trees in mixed stands showed that certain mixtures had markedly higher species richness than others (Fig. 2). In Poland, the seven plots including both Carpinus and at least one coniferous species (Picea, Pinus or both) harboured more macroarthropod species than the other tree mixtures (on average 6.9 and 3.2 species per plot, respectively; t-test: P < 0.05). In Romania, the four plots including both Fagus and Picea harboured more macroarthropod species than the other tree mixtures (on average 10.2 and 3.4 species per plot, respectively; t-test: P < 0.05). Macroarthropod species richness was significantly higher in these broadleaf-conifer mixtures than in monospecific stands, both in Poland (6.9 vs. 2.9 species per plot, respectively) and in Romania (10.2 vs. 6.5 species per plot, respectively) (two-way Anova: P < 0.01). Moreover, macroarthropod species richness was higher in these broadleaf-conifer mixtures than in monospecific stands corresponding to either of the component tree species: in Poland, the 6.9 species per plot in Carpinus-conifer mixtures far exceeded the 2.4 species per Carpinus stand and the 3.2 species per conifer stand; in Romania, the 10.2 species per plot in Fagus-Picea mixtures also exceeded the 4.3 species per Fagus stand and the 8.0 species per Picea stand.

In Italy the situation was different (Fig. 2). Mixed stands including Castanea and Quercus ilex tended to have more macroarthropod species than the other tree mixtures (7.5 and 5.6 species per plot, respectively; non-significant), but two monospecific Castanea stands had even higher species richness, significantly higher than in the other monospecific stands (10.7 vs. 4.4 species per plot; t-test: P < 0.01). This suggests a positive influence of this species on the macroarthropods of Italy, whether Castanea was alone or mixed with other tree species.

Assessment of the preferences of macroarthropods for certain tree species partly confirmed the results above, at least as regards the eastern European forests (Table 3). In Poland, five of the six 273 most frequent macroarthropod species mainly occupied plots with Carpinus and/or a conifer, and, in Romania, the six most frequent macroarthropod species mainly occupied plots with Fagus and/or Picea. In Italy, however, only two of the most frequent macroarthropod species were found predominantly with Castanea (Table 3). The other four, though all present in the group of Castanea plots, occurred more often in plots with other tree species.

Finally, the forest stands with the highest macroarthropod species richness (mixtures including Carpinus and conifers in Poland; mixtures including Fagus and Picea in Romania;

Castanea monocultures in Italy) also showed a trend for higher abundances than the other stands, but none of these differences were significant.

Discussion

Regional influences on macroarthropod communities

Regional factors considerably influence the abundance and species richness of millipedes and woodlice. The cold areas of Northern Europe are unfavourable for these macroarthropods [START_REF] Kime | Trends in the ecological strategies and evolution of millipedes (Diplopoda)[END_REF][START_REF] Kuznetsova | Cartographic analysis of woodlice fauna of the former USSR[END_REF] and few species are probably able to complete their life-cycle at the mean temperature of 2°C prevailing in the boreal forests of Finland. Other regional factors may also be important, such as certain soil characteristics. In the present study, macroarthropod communities were less abundant and less species-rich in Poland than in Romania, despite a somewhat higher temperature in Poland. This may be due to soil conditions, the plots of Poland being in this respect as acidic as those of Finland (mean pH = 3.8 in Poland and 3.9 in Finland vs. 4.7 in Romania). Soil acidity is known to generally have negative effects on the abundance and species richness of millipedes and woodlice [START_REF] Ponge | Soil fauna and site assessment in beech stands of the Belgian Ardennes[END_REF][START_REF] Tajovsky | Distribution of millipedes along an altitudinal gradient in three mountain regions in the Czech and Slovak Republics (Diplopoda)[END_REF][START_REF] De Smedt | Complementary distribution patterns of arthropod detritivores (woodlice and millipedes) along forest edge-to-interior gradients[END_REF].

These differences a 298 mong regions need to be accounted for in the comparisons between monospecific and mixed forest stands, with less potential for species richness effects when climate and soil conditions become too limiting. Factors that operate at large scales of time and space necessarily constrain tree mixture effects that operate at the plot scale [START_REF] Lavelle | Diversity of soil fauna and ecosystem function[END_REF]. In the present study, in which not only climate and soil conditions but also interacting tree and macroarthropod species strongly differed among regions, it was reasonable to examine the effects of tree species richness and identity in each region separately.

Monospecific vs. mixed forest stands

This study, carried out over a single season with a limited number of quadrats and pitfall traps in each plot, could not provide an accurate picture of the millipede and woodlouse fauna at the plot scale, or even at the regional scale. More intensive trapping in many plots of the Bialowieza forest by [START_REF] Wytwer | Diplopoda communities in different forest habitats of Bialowieza primeval forest[END_REF] revealed the presence of a number of rare millipede species that were not detected in the present study. Similarly, by trapping over a longer period and in a greater number of plots in Western Europe, De Smedt et al. (2018) collected about twice as many millipede and woodlouse species as in the present study.

However, by comparing means obtained with the same sampling effort at several forest plots containing one or three tree species in each region, the study made it possible to test for possible relationships between tree species richness and macroarthropod abundance or species richness.

In terms of abundance, no trend was detected, which may be explained by the small number of tree species in the mixed stands (only three main species), which however is quite typical for most temperate and boreal forests. In the meta-analysis by [START_REF] Zhang | Plant diversity increases the abundance and diversity of soil fauna: a meta-analysis[END_REF], the effects of plant diversity on soil fauna abundance increased significantly with the number of plant species in mixtures. Also, smaller effects on abundance were detected in forest compared to grassland, w 323 here plant species richness is often much higher than in mature temperate forest.

In terms of saprophagous macroarthropod species richness, the present study clearly supports a positive effect of mixed forest stands, even at a relatively low number of three tree species per plot. The response was consistent across the three regions tested, although the difference was significant only in Poland. The most marked response was for millipedes, with a significantly higher species richness in the mixed stands of Poland and Romania. With species richness increases of 81% in mixed stands in Poland (127% increase for millipedes), 23% in Romania (55% increase for millipedes), and 7% in Italy (but reaching 30% for woodlice), the tree mixture effect was quite substantial compared to the 10% increase in soil fauna diversity reported in the meta-analysis by [START_REF] Zhang | Plant diversity increases the abundance and diversity of soil fauna: a meta-analysis[END_REF].

These results somewhat differ from those obtained at the same plots by [START_REF] Ganault | Relative importance of tree species richness, tree functional type, and microenvironment for soil macrofauna communities in European forests[END_REF], who reported a positive effect of tree mixtures on a macro-detritivore diversity index in Poland (the exponential of Shannon's diversity index for earthworms, millipedes and woodlice), but no effects on macro-detritivore species richness. The discrepancy may result from (1) the inclusion of data from pitfall traps in the present study, which has modified the number of macroarthropod species in nearly half of the plots; and (2) the inclusion of earthworms in [START_REF] Ganault | Relative importance of tree species richness, tree functional type, and microenvironment for soil macrofauna communities in European forests[END_REF] analyses, a group that may have responded to the composition of forest stands differently from macroarthropods [START_REF] De Wandeler | Tree identity rather than tree diversity drives earthworm communities in European forests[END_REF]. It is possible that a broadening of studies to increasingly diverse taxa obscures the responses of individual taxa.

Overall, our results tend to confirm those obtained for other forest-associated taxa, i.e. stronger effects of tree mixtures on species richness than on abundance [START_REF] Ampoorter | Tree diversity is key for promoting the diversity and abundance of forest-associated taxa in Europe[END_REF]. This suggests that the effects of tree species richness are largely mediated by changes in resource heterogeneity because, in animal communities, species richness is likely to be related to the diversity of food and microhabitats 348 while abundance is more likely to be related to the quantity of resources [START_REF] Penone | Specialisation and diversity of multiple trophic groups are promoted by different forest features[END_REF][START_REF] Ampoorter | Tree diversity is key for promoting the diversity and abundance of forest-associated taxa in Europe[END_REF].

Tree species richness vs. tree identity

Not all mixed forest stands were equally favourable for macroarthropod species richness. When tree species identity was taken into account in mixed stands, it became clear that only certain mixtures of tree species promoted species richness in macroarthropod communities, and specifically certain mixtures of broadleaved trees and conifers in Eastern Europe. Mixtures of three tree species including hornbeam and conifers in Poland, or beech and spruce in Romania, appeared to be the most favourable for saprophagous macroarthropods, especially for millipedes. All millipede species that were collected in Poland were present in the seven mixed stands including hornbeam and conifers; the species Polydesmus complanatus, though not being a mixed-stand specialist in the Bialowieza forest [START_REF] Wytwer | Diplopoda communities in different forest habitats of Bialowieza primeval forest[END_REF], was found only in those plots. Nearly all millipede species collected in Romania were present in the four mixed stands including beech and spruce (in fact all except Glomeris tetrasticha). Clearly, these mixtures of broadleaved trees and conifers improve the diversity of saprophagous macroarthropods.

It is important to note that, in Poland and Romania, macroarthropod species richness was higher in these mixed broadleaf-conifer stands than in monocultures of the component tree species, suggesting again that these mixtures provide a greater variety of resources to macroarthropods. This may allow either a degree of resource partitioning among different species, as suggested by De [START_REF] De Oliveira | Snail and millipede complementarity in decomposing Mediterranean forest leaf litter mixtures[END_REF], or the presence of species that need several resources for their development [START_REF] Zimmer | Nutrition in terrestrial isopods (Isopoda: Oniscidea): an evolutionary634 ecological approach[END_REF]. Conversely, in Italy, macroarthropod species richness and also abundance tended to be higher in chestnut monocultures than in any tree mixtures. This suggests that chestnut leaf litter is beneficial to the macroarthropods of Tuscany, but that its assoc 373 iation with other litter species does not increase the diversity of resources exploitable by those invertebrates. The central hypothesis underlying this study, that higher levels of tree diversity lead to higher levels of resource diversity, which should favour higher fauna diversity, appears to be supported in broadleaf-conifer mixtures of Eastern Europe but not in the mixed stands without conifers that were studied in Italy.

The chemically different litter types in mixed broadleaf-conifer stands, which also vary in decomposition dynamics [START_REF] Augusto | Influences of evergreen gymnosperm and deciduous angiosperm tree species on the functioning of temperate and boreal forests[END_REF], may account for most of the resource complementarity in these mixed stands. Additionally, microbial decomposers, which are an essential component of the diet of saprophagous macroarthropods [START_REF] Zimmer | Nutrition in terrestrial isopods (Isopoda: Oniscidea): an evolutionary634 ecological approach[END_REF][START_REF] David | The role of litter-feeding macroarthropods in decomposition processes: a reappraisal of common views[END_REF][START_REF] Potapov | Feeding habits and multifunctional classification of soil-associated consumers from protists to vertebrates[END_REF], differ markedly between the two litter types, especially with regard to fungi [START_REF] Prescott | Tree species influence on microbial communities in litter and soil: current knowledge and research needs[END_REF][START_REF] Urbanova | Composition of fungal and bacterial communities in forest litter and soil is largely determined by dominant trees[END_REF]. Therefore, it is likely that the presence of leaf and needle litter, either in distinct patches or intermixed together, provides a wider variety of food to macroarthropods than monospecific litter.

The higher species richness of saprophagous macroarthropods in mixed broadleaf387 conifer stands may also be mediated by effects of fallen dead wood. [START_REF] Andringa | Combining tree species and decay stages to increase invertebrate diversity in dead wood[END_REF] have shown that mixtures of gymnosperms and angiosperms increase the species richness of millipedes and woodlice in large decomposing logs. This may have influenced the results of the present study, particularly in pitfall traps, which can catch species associated to dead wood when they move outside this micro-habitat.

Macroarthropods and conifers in European forests

The above results contrast with the widespread opinion that conifer forests are generally unfavourable for saprophagous macrofauna, including macroarthropods [START_REF] Scheu | Linkages between tree diversity, soil fauna and ecosystem processes[END_REF]. This opinion is supported by ( 1) many examples of low abundance and species richness of millipedes and woodlice in conifer forests and plantations [START_REF] Pontegnie | Impacts of silvicultural practices on the structure of hemi-edaphic macrofauna community[END_REF][START_REF] Salmon | Changes in humus forms and soil animal communities in two developmental phases of Norway spruce on an acidic substrate[END_REF][START_REF] Stasiov | Millipede (Diplopoda) communities in an arboretum: influence of tree species and soil properties[END_REF]Peng 398 et al., 2022) and (2) the results of feeding tests that have shown that millipedes and woodlice are little attracted by needle litter [START_REF] Haacker | Deskriptive, experimentelle und vergleichende Untersuchungen zur Autökologie rhein-mainischer Diplopoden[END_REF][START_REF] Szlavecz | Needle lit 618 ter consumption by two terrestrial isopods, Protracheoniscus amoenus (C. L. Koch) and Cylisticus convexus (De Geer) (Isopoda, Oniscidea)[END_REF][START_REF] Zimmer | Nutrition in terrestrial isopods (Isopoda: Oniscidea): an evolutionary634 ecological approach[END_REF][START_REF] Joly | Litter-type specific microbial responses to the transformation of leaf litter into millipede feces[END_REF]. These effects are mostly explained by a lower pH and nutrient concentration, and a higher polyphenol concentration in litter of conifers compared to broadleaved tree species [START_REF] Scheu | Linkages between tree diversity, soil fauna and ecosystem processes[END_REF][START_REF] Augusto | Influences of evergreen gymnosperm and deciduous angiosperm tree species on the functioning of temperate and boreal forests[END_REF]. Negative effects of conifers on saprophagous macroarthropods were observed not only in monocultures, but also in broadleaf-conifer mixtures [START_REF] Scheu | The soil fauna community in pure and mixed stands of beech and spruce of different age: trophic structure and structuring forces[END_REF], in contrast with what was found in Poland and Romania.

Two main hypotheses could explain these conflicting results. (1) It is possible that different conditions of soil under similar tree communities play an overriding role. Conifers predominantly occur on nutrient-poor soil in Europe [START_REF] Farjon | A Handbook of the World's Conifers[END_REF], which generally exacerbates topsoil acidity [START_REF] Augusto | Impact of several common tree species of European temperate forests on soil fertility[END_REF], with adverse effects on most millipede and woodlouse species. However, conifers also occur on less acidic soil in limestone areas, with abundance levels and species richness of macroarthropods that can be high locally [START_REF] Tajovsky | Distribution of millipedes along an altitudinal gradient in three mountain regions in the Czech and Slovak Republics (Diplopoda)[END_REF]. The soil under beech-spruce mixtures was less acidic in Romania (pH ranging from 4.0 to 6.0) than at the sites studied by [START_REF] Scheu | The soil fauna community in pure and mixed stands of beech and spruce of different age: trophic structure and structuring forces[END_REF] in Germany (pH of ca. 3.5), which could account for differences between the macroarthropod communities of those similar tree communities. However, this explanation does not hold for the relatively higher macroarthropod species richness in the hornbeam-conifer mixtures of Poland, with a quite low soil pH (pH of ca. 3.8). ( 2) It is also possible that certain macroarthropod species are better adapted to conifer forests, as suggested by the high occupancy rates of plots with Pinus and Picea that were observed in Poland and Romania. Fauna of European forests vary tremendously among regions and it is likely that some species -or local populationsbetter tolerate needle litter than others, both in terms of soil acidity and food. Elsewhere in the world, e.g. in North America, millipedes are well adapted to needle litter, which they consume in large quantities (Carcamo e 423 t al., 2000). It would be interesting to further explore these hypotheses and to better clarify why the responses of saprophagous macroarthropods to the presence of conifers may vary that much in European forests.

Conclusion

Decision making in forest management depends upon multiple criteria but it is still difficult to take account of biodiversity conservation. Much uncertainty remains in this field, owing to the limited number of existing studies compared to the wide variety of plant, animal and microbial species that may be potentially influenced by tree species composition in forest stands. However, a number of published results have shown that mixed forests are more favourable for biodiversity than monospecific forests and the present study tends to support this conclusion for saprophagous macroarthropod communities, which are important regulators of litter decomposition and nutrient cycling. In several regions of Europe, the species richness of these macroarthropods tends to be higher in mixed forests, especially in certain mixtures of broadleaved trees and conifers, which most likely provide a greater variety of food resources and microhabitats than monospecific forests. 

Figure captions

  Ommatoiulus sabulosus in Finland and Poland; Glomeris tetrasticha and Megaphyllum projectum in Poland and Romania, and the latter represented by two different sub-species, M. projectum kochi in Poland and M. projectum projectum in Romania.

Fig. 1 .

 1 Fig. 1. Mean species richness per plot (jackknife estimates) of millipedes (dark grey) and woodlice (light grey) in monospecific and mixed forest stands in three regions of Europe.Standard errors are reported for both taxa combined. (N.S. = non-significant at the 5% level).

Fig. 2 .

 2 Fig. 2. Mean species richness per plot (jackknife estimates) of millipedes (dark grey) and woodlice (light grey) in mixed forest stands including different tree species in each of the regions studied. In Italy, the mean species richness in monospecific chestnut stands is also shown. Standard errors are reported for both taxa combined. (N.S. = non-significant at the 5% level).
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