Maria Sporbert 
email: maria.sporbert@botanik.uni-halle.de
  
Petr Keil 
  
Gunnar Seidler 
  
Helge Bruelheide 
  
Ute Jandt 
  
Svetlana Aćić 
  
Idoia Biurrun 
  
Juan Antonio Campos 
  
Andraž Čarni 
  
Milan Chytrý 
  
Renata Ćušterevska 
  
Jürgen Dengler 
  
Valentin Golub 
  
Florian Jansen 
  
Anna Kuzemko 
  
Jonathan Lenoir 
  
Corrado Marcenò 
  
Jesper Erenskjold Moeslund 
  
Aaron Pérez-Haase 
  
Solvita Rūsiņa 
  
Urban Šilc 
  
Ioannis Tsiripidris 
  
Vigdis Vandvik 
  
Kiril Vasilev 
  
Risto Virtanen 
  
Erik Welk 
  
Stephan Hennekens 
  
Borja Jiménez-Alfaro 
  
  
Testing macroecological abundance patterns: The relationship between local abundance and range size, range position and climatic suitability among European vascular plants

Keywords: Europe Taxon: Vascular plants abundance, climatic suitability, commonness and rarity, range size, realized climatic niche, resolution, species distribution models, vegetation-plot data

niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Introduction

A fundamental question in macroecology centres around what drives spatial variation in species' abundance, with species' abundance across the geographic range having recently been proposed as one of the so-called essential biodiversity variables [START_REF] Jetz | Essential biodiversity variables for mapping and monitoring species populations[END_REF]. Much effort has gone into identifying the drivers of local abundance, and there is a substantial body of literature establishing that it depends on local factors such as environmental suitability and local biotic interactions (e.g. [START_REF] Andrewartha | The distribution and abundance of animals[END_REF][START_REF] Macarthur | Density compensation in island faunas[END_REF][START_REF] Peterson | Ecological niches and geographic distributions (MPB-49)[END_REF][START_REF] Staniczenko | Linking macroecology and community ecology: refining predictions of species distributions using biotic interaction networks[END_REF]. Similarly, it has been established that the limit of species' distribution is a function of the interplay between environmental conditions and barriers affecting dispersal and evolution (Baselga, Lobo, Svenning, & Araujo, 2012). Based on metapopulation and metacommunity concepts, local and regional processes are hypothesised to be mechanistically linked [START_REF] Leibold | The metacommunity concept: a framework for multi-scale community ecology[END_REF], and relationships between species' local abundance and geographical distribution may be expected. However, supporting empirical data, especially for herbaceous plants, is lacking. In this paper, we explore whether local abundance is associated with geographic distribution in 517 European vascular plant species at broad geographic extents. Specifically, we focus on three macroecological relationships: (1) the abundance-range size relationship, (2) the abundance-range centre relationship, and (3) the abundance-suitability relationship (Table 1). To test the relationships, we interrogated existing data on the species' geographic range characteristics and local abundances, deriving range information from the Chorological Database Halle (CDH; E. Welk et al., unpublished data) and local abundance data from the European Vegetation Archive (EVA; [START_REF] Chytrý | European Vegetation Archive (EVA): An integrated database of European vegetation plots[END_REF]. The EVA data are recorded as percentage cover per plot, which we extrapolated to determine local abundance following [START_REF] Preston | The commonness, and rarity, of species[END_REF].

For the first relationship, we checked for associations between species' local abundance and the size of the respective geographic range or climatic niche and ask whether locally abundant species are generally more widely distributed, i.e. whether they have larger geographic ranges than species with relatively lower local abundance values (Table 1). Such a relationship has been widely and empirically documented [START_REF] Hanski | Dynamics of regional distribution: the core and satellite species hypothesis[END_REF][START_REF] Brown | On the relationship between abundance and distribution of species[END_REF][START_REF] Gaston | Interspecific abundance-range size relationships: an appraisal of mechanisms[END_REF][START_REF] Reif | Unusual abundance-range size relationship in an Afromontane bird community: the effect of geographical isolation[END_REF][START_REF] Gaston | Pattern and process in macroecology[END_REF], and several mechanisms have been proposed as drivers [START_REF] Gaston | Interspecific abundance-range size relationships: an appraisal of mechanisms[END_REF]. For instance, when a species can tolerate a large variability of climatic conditions across its range, it should be able to cope with local temporal climatic variability and thus perform better than local competitors with narrower climatic niches and limited plasticity, resulting in it showing higher local abundance. This mechanism relies on the assertion that a species' geographical distribution is driven by the same climatic tolerances that influence its local abundance, which may not be the case [START_REF] Guisan | Predicting species distribution: offering more than simple habitat models[END_REF][START_REF] Mertes | Disentangling scale dependencies in species environmental niches and distributions[END_REF]. [START_REF] Gaston | Interspecific abundance-range size relationships: an appraisal of mechanisms[END_REF] reviewed eight other mechanisms that could lead to this relationship, two of which were artefactual, while the others considered niche breadth, resource availability, habitat selection, dispersal limitation, metapopulation dynamics or position within the distributional range. In conclusion, the authors noted that none of the proposed mechanisms has received unequivocal support. As such, the abundance-range size relationship has seen mixed empirical support [START_REF] Gaston | Interspecific abundance-range size relationships: an appraisal of mechanisms[END_REF][START_REF] Koenker ; Köckemann | The relationships between abundance, range size and niche breadth in Central European tree species[END_REF], and there have been concerns that species' abundance and range-size were mostly analysed at completely different, or inappropriate, scales [START_REF] Thompson | Abundance-range size relationships in the herbaceous flora of central England[END_REF][START_REF] Conlisk | The shape of a species' spatial abundance distribution[END_REF][START_REF] Kambach | Of niches and distributions: range size increases with niche breadth both globally and regionally but regional estimates poorly relate to global estimates[END_REF]. For our study, on a large group of herbaceous plant and shrub species predominantly over their full distributional ranges, we expected locally less abundant species to be more narrowly distributed, and locally abundant species to be more widespread in geographic and climatic space (Figure 1a).

The second intraspecific abundance-range centre relationship tested here links local abundance values to the distance of the locality from the centre of the species' geographic range or climatic niche (Table 1). The hypothesis stems from the assumption that the environment tends to be more suitable at the centre of the range than near its edges [START_REF] Grinnell | The role of the 'accidental[END_REF][START_REF] Hengeveld | The distribution of abundance. I. Measurements[END_REF][START_REF] Brown | On the relationship between abundance and distribution of species[END_REF]. However, it has become clear that species' geographic ranges can be shaped by barriers such as mountains or coastlines [START_REF] Hargreaves | Are species' range limits simply niche limits writ large? A review of transplant experiments beyond the range[END_REF], and ecological conditions do not systematically follow geographic gradients [START_REF] Pironon | Geographic variation in genetic and demographic performance: new insights from an old biogeographical paradigm[END_REF]. Thus, the geographic distribution of suitable environment can be unrelated to the geometry of a species' range [START_REF] Manthey | A test of niche centrality as a determinant of population trends and conservation status in threatened and endangered North American birds[END_REF]. Empirical support for the positive form of this relationship in geographic space is weak (e.g. [START_REF] Gaston | Interspecific abundance-range size relationships: an appraisal of mechanisms[END_REF][START_REF] Sagarin | Moving beyond assumptions to understand abundance distributions across the ranges of species[END_REF][START_REF] Dallas | Species are not most abundant in the centre of their geographic range or climatic niche[END_REF][START_REF] Pironon | Geographic variation in genetic and demographic performance: new insights from an old biogeographical paradigm[END_REF]. While supported in theory, empirical support for the hypothesis in climatic space is mixed, with some studies finding stronger support for this relationship in climatic than in geographic space (Martínez-Meyer, Díaz-Porras, [START_REF] Martínez-Meyer | Ecological niche structure and rangewide abundance patterns of species[END_REF][START_REF] Van Couwenberghe | Can species distribution models be used to describe plant abundance patterns[END_REF]Osorio-Olvera, Yáñez-Arenas, Martínez-Meyer, & Peterson, 2020), while others finding weak or no support [START_REF] Abeli | Effects of marginality on plant population performance[END_REF][START_REF] Pironon | Do geographic, climatic or historical ranges differentiate the performance of central versus peripheral populations?[END_REF][START_REF] Dallas | Weak support for the abundant niche-centre hypothesis in North American birds[END_REF]. For our study, we therefore expected the relationship between local abundance and distance from the range centre to be weak or absent in geographic space, while to be positive in climatic space (Figure 1b).

The third abundance-suitability relationship assumes that the more suitable the climate for a species within a larger area, the higher the abundance of the species should be within local plots in that area (Table 1). By equating occurrence probability with climatic suitability, it is expected that favourable climatic conditions support higher species' abundance as a result of improved population and/or individual performance [START_REF] Araújo | Dynamics of extinction and the selection of nature reserves[END_REF]. While some previous studies have found strong support for this relationship [START_REF] Vanderwal | Abundance and the environmental niche: environmental suitability estimated from niche models predicts the upper limit of local abundance[END_REF][START_REF] Weber | Is there a correlation between abundance and environmental suitability derived from ecological niche modelling? A meta-analysis[END_REF], others failed to detect any effects [START_REF] Gomes | Species Distribution Modelling: Contrasting presence-only models with plot abundance data[END_REF][START_REF] Santini | Addressing common pitfalls does not provide more support to geographical and ecological abundant-centre hypotheses[END_REF]. As statistically significant relationships have only been recorded for a few species, a low generality of climatic suitability as a predictor of spatial patterns of abundance may be assumed [START_REF] Vanderwal | Abundance and the environmental niche: environmental suitability estimated from niche models predicts the upper limit of local abundance[END_REF].

In addition, species' responses to differing climatic conditions can be non-Gaussian (i.e. skewed, bimodal, or truncated) [START_REF] Austin | Models for the analysis of species' response to environmental gradients[END_REF]. Therefore, species' climatic niche may not show highest climatic suitability in the very centre, but somewhere closer to the edges. For this study, we expected local abundance to be positively related to the coarse-grain climatic suitability predicted for the 15 km² grid cells containing the respective vegetation plots (Figure 1c).

It is noted that there is a suite of mechanisms that can weaken or limit the above-described relationships by affecting species' local abundance but without affecting their overall geographic distribution. Examples include: environmental and demographic stochasticity [START_REF] Lande | Stochastic population dynamics in ecology and conservation[END_REF], particularly when they are temporally synchronous over large geographic extents; biotic interactions [START_REF] Dallas | Species are not most abundant in the centre of their geographic range or climatic niche[END_REF]; soil and disturbance parameters [START_REF] Vanderwal | Abundance and the environmental niche: environmental suitability estimated from niche models predicts the upper limit of local abundance[END_REF], or isolation by dispersal barriers [START_REF] Reif | Unusual abundance-range size relationship in an Afromontane bird community: the effect of geographical isolation[END_REF]. Since correlative models of climatic suitability do not integrate these factors, species might be absent or show low abundance at sites with predicted high climatic suitability [START_REF] Vanderwal | Abundance and the environmental niche: environmental suitability estimated from niche models predicts the upper limit of local abundance[END_REF]. Consequently, relationships could be absent or triangular (Figure 1b,c), which are common forms of relationship between macroecological variables [START_REF] Brown | Evolution of species assemblages: effects of energetic constraints and species dynamics on the diversification of the North American avifauna[END_REF], indicating more limiting factors at play than just a linear response of central tendency (as in Figure 1a).

Table 1 Description and references to the three tested relationships that link species' local abundance to distribution in coarse-grain geographic or climatic space.

Relationship

Description References (Interspecific) abundance-range size relationship

Locally rare species tend to be narrowly distributed, while locally abundant species tend to be more widespread in geographic or climatic space. [START_REF] Hanski | Dynamics of regional distribution: the core and satellite species hypothesis[END_REF][START_REF] Brown | On the relationship between abundance and distribution of species[END_REF][START_REF] Gaston | Interspecific abundance-range size relationships: an appraisal of mechanisms[END_REF][START_REF] Thompson | Abundance-range size relationships in the herbaceous flora of central England[END_REF][START_REF] Reif | Unusual abundance-range size relationship in an Afromontane bird community: the effect of geographical isolation[END_REF]Gaston & Blackburn, 2008 (Intraspecific) [START_REF] Brown | On the relationship between abundance and distribution of species[END_REF][START_REF] Sagarin | The 'abundant centre' distribution: to what extent is it a biogeographical rule?[END_REF]Sagarin et al Pironon et al., 2017;[START_REF] Santini | Addressing common pitfalls does not provide more support to geographical and ecological abundant-centre hypotheses[END_REF][START_REF] Osorio-Olvera | Relationships between population densities and niche-centroid distances in North American birds[END_REF] Species show lower local abundance in climatically less suitable areas but achieve higher local abundance in climatically more suitable areas.

Geographic ranges

For this study, we used existing data on the geographic ranges of European vascular plant species from the CDH (E. Welk et al., unpublished data). The study area comprised all geographical European countries as well as Turkey, Georgia, Armenia and Azerbaijan (see Appendix S1.1 and 1.2 in Supporting Information). We only included species for which digitized GIS-data were available (i.e.

range polygons and point occurrences). We excluded trees, bryophytes, lichens, fungi and algae from the vegetation-plot records to obtain a more homogeneous dataset of herbaceous species, dwarf shrubs and shrubs. Data on a total of 517 species were consequently amassed for the study, which represents approximately 10% of all Central European vascular plant species [START_REF] Meusel | Vergleichende Chorologie der zentral-europäischen Flora[END_REF].

Species' range information was processed to coarse-grain raster layers of 2.5-min resolution, which corresponded to grid cells covering approximately 15 km² each across Central Europe (see e.g. the range of Inula conyzae in Figure 2a). The measure of range size for each species then corresponded to the number of grid cells it occupied (Area of Occupancy (AOO)) (IUCN, 2019).

Climatic niches

The multi-dimensional climatic space (or climatic niche) of each geographic range was determined using principal components analysis (PCA) of 19 bioclimatic variables from WorldClim [START_REF] Hijmans | Very high resolution interpolated climate surfaces for global land areas[END_REF] at 2.5-min cell resolution (Figure 2b; climatic niche of Inula conyzae). The common European climatic space is represented by the first two PCA axes, which explain 88.0% of the data variance. Unique PCA space locations were considered and counted as grid cells in climatic space. Species' niche size was calculated as the number of occupied grid cells in climatic space (see Appendix S2.1-2.3).

Local abundance in vegetation plots

Local abundance values for a total of 744,513 vegetation plots were obtained from EVA [START_REF] Chytrý | European Vegetation Archive (EVA): An integrated database of European vegetation plots[END_REF] for the 517 study species in October 2015. For half of the plots, the recorded area was between 9 and 100 m² (25 th and 75 th percentile) with a median of 25 m². Data for subspecies were merged at the species level, and we matched synonymous species names according to: (i) a taxonomic reference list for Germany (GermanSL version 1.2, [START_REF] Jansen | GermanSL -eine universelle taxonomische Referenzliste fuer Vegetationsdatenbanken[END_REF]; and (ii) for all taxonomic reference lists available via the R package 'taxize' [START_REF] Chamberlain | taxize -taxonomic search and retrieval in R[END_REF][START_REF] Core | R: A language and environment for statistical computing[END_REF]. We only included species that occurred in at least 100 vegetation plots in the EVA dataset, and plots with geographic location uncertainty of < 10 km. The number of vegetation plots for each species ranged from 101 plots for Malva pusilla to 23,464 plots for Plantago lanceolata. For half of the studied species, the number of plots ranged between 631 and 4,531 plots (25 th and 75 th percentile), with a median of 1,863 plots (see Appendix S1.3).

Cover-abundance values compiled in EVA that were based on different scales (e.g. [START_REF] Domin | The relations of the Tatra mountain vegetation to the edaphic factors of the habitat: a synecological study[END_REF][START_REF] Braun-Blanquet | Pflanzensoziologie: Grundzüge der Vegetationskunde[END_REF] were transformed to a common percentage scale (van der [START_REF] Van Der Maarel | Transformation of cover-abundance values in phytosociology and its effects on community similarity[END_REF].

When more than one plot per species was present in a 2.5-min raster cell, we calculated mean values of abundance (%) to reduce effects of spatial autocorrelation and pseudo-replication. The percentage of grid cells with less than four plots ranged from 39.1% to 97.1% per species. For half of the studied species, the percentage of grid cells with less than four plots was between 66.7% and 77.4% (25 th and 75 th percentile) with a median of 71.5%. The percentage of grid cells with more than 10 plots ranged from 0.0% to 28.6%. For half of the studied species, the percentage of grid cells with more than 10 plots was between 2.6% and 6.1% (25 th and 75 th percentile), with a median of 4.3% (see Appendix S1.4). Information on source databases that provided vegetation plot data can be found in Appendix S1.5.

Distance from centre of the geographic range or climatic niche

To determine the centroids of each species' geographic range and climatic niche, all grid cells in which a species was indicated as present in the CDH database were considered. Geographic range centroids were calculated as the arithmetic mean of spatial central coordinates of grid cells over the species' CDH geographic range. To determine species' niche centroids, the multivariate climatic space was translated into two-dimensional space (using PCA), and species' geographic occurrences were projected into this climatic niche space. Niche centroids were determined as the arithmetic mean of PCA-coordinates of the respective species' raster cell values. Geographic distance (in kilometres) from each respective EVA vegetation plot to the respective species' CDH range centre was determined using Haversine great circle geographic distance (Figure 2c,d). We calculated Mahalanobis distance to the climatic niche centroid as a measure in climatic space (Figure 2e,f).

Mahalanobis distance is considered as a good proxy for marginality since it takes into account the covariance structure of the data (Osorio-Olvera, Soberón, & Falconi, 2019; Osorio-Olvera et al., 2020). For each species' vegetation plot position, the distance to range or niche centroid was divided by the species-specific maximum distance to the range or niche centroid (distance/distance max ). This standardization enabled and simplified comparison among the species in our study.

Coarse-grain climatic suitability

We used species distribution modelling (SDM) to obtain spatial estimates of climatic suitability within each species' geographic range. SDMs estimate occurrence probabilities based on the relationship between species occurrence and environmental (climatic) characteristics. We used occurrence data from CDH and bioclimatic variables provided by the CHELSA project [START_REF] Karger | Climatologies at high resolution for the earth's land surface areas[END_REF] SDMs estimate spatial predictions of environmental suitability from 0 (not suitable) to 1 (most suitable) (Figure 2g, h). We applied four different suitability modelling methods from the three main groups of modelling approaches (i.e. machine learning methods, statistical modelling and similarity methods). The methods we applied are 'bioclim' (similarity method), 'multivariate adaptive regression splines' (mars) (statistical modelling), 'random forest' (rf) and 'support vector machine'

(svm) (machine learning methods). We used the area under the receiver operating characteristic (ROC) curve (AUC; [START_REF] Bradley | The use of the area under the ROC curve in the evaluation of machine learning algorithms[END_REF] to calculate model accuracy, within which high AUC values (i.e.

those closer to 1) indicate a strong capacity for model discrimination [START_REF] Bedia | Dangers of using global bioclimatic datasets for ecological niche modeling. Limitations for future climate projections[END_REF]. Species distribution modelling was performed using the R package 'sdm' (version 1.0-67) [START_REF] Naimi | sdm: a reproducible and extensible R platform for species distribution modelling[END_REF]. We fitted and evaluated the four models using 10 runs of subsampling replications withholding 30 percent samples as test data.

Abundance vs range size, centrality and coarse-grain climatic suitability

We applied 'ordinary least squares' (OLS) linear regression models to examine the relationship of local abundance with range size, centrality and coarse-grain climatic suitability. We used 'linear quantile regression' to examine the relationship between centrality and coarse-grain climatic suitability to upper limits (90th quantile) of abundance values to test whether the relationships would be better described as "triangular", as illustrated in Figures 1b and1c. To estimate the overall trend across species, a meta-analysis was performed on species' slopes for each of the applied centrality and climatic suitability measures [START_REF] Borenstein | Effect sizes for continuous data[END_REF]. We conducted a mixed-effect metaanalysis on the slopes and the associated variance of each of the centrality and suitability measures to calculate a summary effect size including species as a random factor. Quantile regressions were performed using the R package 'quantreg', (version 5.38) (Koenker, 2018) and the mixed-effect metaanalysis using the function 'rma' from package 'metafor' [START_REF] Viechtbauer | Conducting meta-analyses in R with the metafor package[END_REF]. All the analyses were rerun on a subset of the dataset, for which only grid cells with a minimum number of four occurrences of each species were included. 
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Abundance vs range size and niche size

Species' range size (no. of occupied grid cells) ranged from 1,202 in Malva pusilla to 782,025 in Centaurea maculosa. For half of the species, range size was between 74,867 and 476,865 (25 th and 75 th percentile), with a median of 254,579 grid cells. Species' niche size (no. of occupied grid cells) ranged from 162 in Symphytum officinale to 9,318 in Ranunculus flammula. For half of the species, the niche size was between 1,657 and 4,614 (25 th and 75 th percentile), with a median of 3,002 grid cells (see Appendix S3.1). There was a strong significant positive relationship between species range and niche size (R 2 = 0.616, p-value < 0.001, see Appendix S4.1). Species' local abundance (mean plot cover) was significantly, yet weakly, related to range size (R 2 = 0.011, p-value = 0.020) but not to niche size (R 2 = 0.001, p-value = 0.398) (Figure 3a andb). For both relationships we found high intraspecific variation in species' abundance values, as indicated by the width of the vertical error bars in Figure 3. 

Abundance vs centrality in geographic space

Across the 517 species we found large variation in slopes of linear regressions relating abundance to the distance from the centre of geographic ranges, with species showing positive (e.g. Brachypodium phoenicoides), negative (e.g. Luzula pilosa), or no relationship (e.g. Potentilla argentea; Figure 4), ranging from -0.31 to 0.38, with a median of -0.03 (Figure 5a). Similarly diverse results were obtained using quantile regressions (90 th quantile used to determine the upper limit of a triangular abundance-range centre relationship), with positive but also negative relationships ranging from -1.0 to 1.0, with a median of -0.08 (Figure 5b). For 13.5% of the species, quantile regression revealed slopes not significantly different from 0 (Table 2). When we summarized the slopes of both linear and quantile regressions with a mixed-effect meta-analysis, we found that the overall mean slope across 517 species was slightly negative and significantly different from 0 in both OLS linear models and linear quantile regressions, with values averaging -0.04 and -0.10, respectively (Table 3). This indicates that the distance of the plot location to the centre of the species' geographic range is a weak and variable predictor of local abundance.

Abundance vs centrality in the climatic niche

Similar to the above-described analysis involving geographic space, we found large variation in regression slopes for the relationships between abundance and distance from the centre of climatic niches (Figure 5c,d). Slopes from linear models ranged from -0.30 to 0.29 with a median of -0.02, while slopes from the quantile regression ranged from -1.00 to 0.89 and had a median of -0.01. For 24.1% of the species, quantile regression slopes were not significantly different from 0 (Table 2). Summarized in a mixed-effect meta-analysis, the overall mean slope was slightly negative and significantly different from 0 in both linear models and quantile regressions, with means of -0.03 and -0.08 respectively (Table 3). Again, this points to a weak and considerably varying relationship.

Abundance vs coarse-grain climatic suitability

The four SDM techniques ('bioclim', 'mars', 'rf', 'svm') predicted similar maps of coarse-grain climatic suitability (Figure 2g,h). According to AUC scores, all techniques had high success rates, with AUC values averaged over 517 species being 0.947, 0.930, 0.916 and 0.718 for 'bioclim', 'mars', 'rf', and 'svm', respectively. Importantly, when predicted climatic suitability was used as a predictor of abundance, we found no general relationship, irrespective of the SDM technique used. Specifically, both OLS linear regression and linear quantile regression showed a number of relationships with both positive and negative slopes, as well as no relationship. For some of the species, linear quantile regression revealed no relationship (slope=0) between abundance and climatic suitability (Table 2, Figure 5e, f and Appendix S4.2). Summarized in a mixed-effect meta-analysis, the overall mean slope was slightly negative for all applied SDM methods in OLS linear regression models and linear quantile regressions. The overall mean slope was significantly different from 0 for 'bioclim', 'svm' and 'rf' based predictions in OLS linear regressions and for all models in quantile regression, indicating a slightly negative trend in local plot abundance with increasing coarse-grain climatic suitability, which again points to a weak and heterogeneous relationship. The analyses were rerun on a subset of the dataset that included only grid cells with a minimum number of four occurrences for each species, which revealed similar results (see Appendix S4.3 and 4.4). Figure 4 Examples of herbaceous species having positive (Brachypodium phoenicoides, left column), nearly absent (Potentilla argentea, middle column), and negative (Luzula pilosa, right column) relationships between local abundance and properties derived from distributions in the coarse-grain geographic and climatic space. Scatterplot and regression coefficients from OLS linear regression models (ols) and linear quantile regressions (qr, 90 th quantile) between abundance and centrality in geographic space (a-c), centrality in climatic space (d-f), and predicted climatic suitability from model 'random forest' (rf) (g-i). Bold lines represent the 50 th quantile regression (regression from linear model); the dashed line represents the 90 th quantile regression. Table 3 Slopes of the mixed-effect meta-analysis for linear models and quantile regressions (90th quantile) between species' local abundance and the six measures for distance and suitability applied For (1), we found no empirical association between species' local abundance and the size of the species' geographic range or the size of its climatic niche estimated at a coarse spatial grain. For (2), contrary to some of our expectations, we found that, on average, species' local abundance was not related to distance with respect to the centre of its geographic range or climatic niche; however, a generally weak and slightly negative relationship indicates substantial variation, with many species having strong positive or strong negative forms of the relationship. For (3), we again unexpectedly found species' local abundance to be nearly unrelated to its predicted climatic suitability, notwithstanding the weak negative trend and, again, considerable variation. As such, despite the significant statistical associations discussed below, most of the relationships were weak and highly variable. While this finding contradicts some early macroecological propositions [START_REF] Brown | On the relationship between abundance and distribution of species[END_REF], it accords with some more systematic and data-intensive empirical evaluations that often showed similarly noisy and weak relationships [START_REF] Gaston | Interspecific abundance-range size relationships: an appraisal of mechanisms[END_REF][START_REF] Koenker ; Köckemann | The relationships between abundance, range size and niche breadth in Central European tree species[END_REF][START_REF] Dallas | Habitat suitability estimated by niche models is largely unrelated to species abundance[END_REF].

Whereas our study tested the relationships on a large group of herbaceous plant and shrub species predominantly over their full distributional ranges, many other studies focused on popular taxa and functional species groups (e.g. trees and amphibians, [START_REF] Vanderwal | Abundance and the environmental niche: environmental suitability estimated from niche models predicts the upper limit of local abundance[END_REF]mammals and trees, Dallas & Hastings, 2018;birds, Osorio-Olvera et al., 2020), or they were restricted to specific geographic regions (e.g. Australian rainforest, VanDerWal et al., 2009;China, Ren et al., 2013).

Overall, we offer two general and plausible explanations for our results. First, that processes driving species' local abundance can differ from those driving occupancy across their geographic or climatic space [START_REF] Shmida | Biological determinants of species diversity[END_REF][START_REF] Wiens | Spatial scaling in ecology[END_REF][START_REF] Bradley | Predicting abundance with presence-only models[END_REF][START_REF] Mertes | Disentangling scale dependencies in species environmental niches and distributions[END_REF]. Continental-scale presence or absence of species may be primarily shaped by broad-scale environmental conditions (e.g. climate), historical factors [START_REF] Brändle | Distribution, abundance and niche breadth of birds: scale matters[END_REF] and long-distance dispersal limitation. In contrast, species' abundance at the local scale may be more influenced by abiotic microhabitat characteristics such as soil or microclimatic conditions [START_REF] Koenker ; Köckemann | The relationships between abundance, range size and niche breadth in Central European tree species[END_REF][START_REF] De Frenne | Microclimate moderates plant responses to macroclimate warming[END_REF], or the prevailing disturbance regimes or successional stages [START_REF] Meurant | The ecology of natural disturbance and patch dynamics[END_REF][START_REF] Morris | Biotic and anthropogenic forces rival climatic/abiotic factors in determining global plant population growth and fitness[END_REF]. Furthermore, biotic interactions may strongly influence local species' abundance [START_REF] Moeslund | Using dark diversity and plant characteristics to guide conservation and restoration[END_REF][START_REF] Dallas | Habitat suitability estimated by niche models is largely unrelated to species abundance[END_REF].

The second explanation emphasizes the central role of temporal scale and short-term stochasticity [START_REF] Lande | Stochastic population dynamics in ecology and conservation[END_REF], which can particularly disrupt patterns of local abundance, thereby disconnecting them from coarse-grain occurrence patterns, which are driven by long-term average conditions. This acknowledges that vegetation plots only reflect abundance at any one point in time (and thus vary within and across years, e.g. due to stochasticity), while species' coarse-grain occurrence patterns, and any derived assumptions on their climatic niches, represent long-term averages.

We consider both explanations to be plausible as that they can explain results associated with the three examined relationships, and because the grain of the vegetation plots is particularly small and thus potentially highly sensitive to both local spatial variation of microhabitats and short-term stochasticity. This is also supported by the observed high variation of abundance values around the determined relationships (see Figure 4).

Our results have several important practical implications: The first concerns the interpretation of SDMs, which have become an essential tool in conservation planning and assessment [START_REF] Peterson | Ecological niches and geographic distributions (MPB-49)[END_REF] and have been used to identify priority species and regions [START_REF] Hoffmann | The impact of conservation on the status of the world's vertebrates[END_REF].

Species' coarse-grain occurrence and local abundance do not frequently display similar patterns, and they often do not even correlate well [START_REF] Mi | Combining occurrence and abundance distribution models for the conservation of the Great Bustard[END_REF]. In a study by [START_REF] Johnston | Abundance models improve spatial and temporal prioritization of conservation resources[END_REF], locations that had been prioritized for conservation by SDMs based on species' occurrence only showed 10-58% overlap with locations prioritized by Species Abundance Models (SAMs) based on species' abundance. They conclude that SDMs do not typically identify locations of highest abundance that are crucial for the conservation of populations. Our results support this conclusion as we found no clear correlation between coarse-grain climatic suitability predicted by SDMs and local species' abundance. Since most conservation strategies are implemented at the local scale, we highlight the need to check predictions made at a global or regional scale and their transferability to the local scale, as previously proposed by [START_REF] Guerrero | Scale mismatches, conservation planning, and the value of social-network analyses[END_REF].

Another practical implication concerns rarity as a proxy for threat or conservation status. Our results indicate that for European plants, range size, especially when used as the only proxy for local abundance, seems to be a weak predictor of local rarity. Species with small ranges may be locally abundant, while those with large ranges may be locally rare. Thus, we argue that range size and local abundance should be independently considered when developing conservation measures for species or habitats.

In conclusion, we found conflicting evidence for some of the hypothesized links between species' coarse-grain distribution and local abundance, which may be due to the nature of dispersal barriers across Europe. In addition, we note that the size of the vegetation plots used can make species' abundance values more or less sensitive to local microhabitat variation and stochasticity. These results call into question any assumptions made on species' abundance at the local scale, particularly where predictive SDMs on coarse grain occurrence data were used. As such, we recommend that further detailed investigations of the processes driving species' local abundance in relation to their geographic range are required, particularly to better inform conservation measures.

Figure 1

 1 Figure 1 Hypothesized relationships between local abundance and: (a) the range or climatic niche derived at the coarse grain; (b) the vegetation plot centre) within the species' range in of a grid cell within which a local plot is situated in

  at 2.5 minresolution as explanatory variables to build SDMs. The distribution range data of CDH are pointpolygon maps covering the complete distribution of the recorded species. Apart from isolated or fragmented single occurrences (points), the areas outside the range polygons are proven to be 'absence areas' by accumulated regional expert knowledge, as documented in national to regional floristic atlases, floras or floristic inventories. Thus, pseudo-absences were sampled from bordering regions in geographical and climatic space. The general sampling approach is based on a climatic prestratification of the species' geographic range into differing climatic regions. A fixed number of presence and pseudo-absence samples were drawn randomly from each climatic region, irrespective of the size of the respective climatic region. As recommended by[START_REF] Barbet-Massin | Selecting pseudo-absences for species distribution models: how, where and how many?[END_REF], we kept the number of selected pseudo-absence samples equal to the number of presence samples for all models respectively (see Appendix S2.4 and 2.5).

Figure 2

 2 Figure 2 Range of Inula conyzae (grey) and locations of vegetation plots (blue dots) from EVA in (a) geographic and (b) climatic space. Centrality and predicted climatic suitability for Inula conyzae illustrated in blue (low centrality/suitability) to red (high centrality/suitability). The distance to range centroid in (c) geographic and (d) climatic space refers to the abundance-range centre relationship. The distance to niche centroid in (e) geographic and (f) climatic space refers to the abundance-range centre relationship. The predicted climatic suitability from the model 'random forest' (rf) in (g) geographic and (h) climatic space refers to the abundance-suitability relationship.

Figure 3

 3 Figure 3 Absence of a relationship between species' mean abundance with (a) range size and (b) niche size at coarse (2.5-min) raster grain. Points indicate species' mean abundance values; grey error bars are standard deviations, and black solid lines are linear regressions.

Figure 5

 5 Figure 5 Frequency distributions for 517 vascular plant species of slopes from OLS linear regressions (ols) (left) and linear quantile regressions (qr; 90 th percentile) (right) between mean species local abundance and distance to range centroid (a,b); distance to niche centroid (c,d), and climatic suitability predicted from model 'random forest' (rf) (e,f). Green bars represent significant slope values. The dotted line represents slope=0; the dashed line represents the average slope.
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  distance to range centroid, distance to niche centroid, predicted climatic suitability from 'bioclim', 'mars', 'rf' and 'svm'); summary effect size (SE) is given in brackets; p-values: *= p < 0.05, ** = p < 0.01, *** = p < 0to link species' local abundance to their distribution at coarse resolution and broad extents in geographic and climatic space we tested for three macroecological relationships: (1) the abundance-range size relationship, (2) the abundance-range centre relationship, and (3) the abundance-suitability relationship.

  

Table 2

 2 Regression slopes derived from OLS linear regression models and quantile regressions (90th quantile) between species' local abundance and the six measures for distance and suitability applied (distance to range centroid, distance to niche centroid, predicted climatic suitability from 'bioclim', 'mars', 'rf' and 'svm') for 517 vascular plant species. The percentage of all 517 species included in this study showing significant (p < 0.05) positive, negative or no slope.

		Slope OLS linear regression	Slope linear quantile regression
					(90th quantile)	
	Measure	[+] slope	[-] slope	[+] slope	[-] slope	no slope
	Geographic centrality	6.2	54.0	6.2	45.8	13.5
	Climatic centrality	3.9	32.5	4.3	23.4	24.1
	Suitability bioclim	13.0	34.6	10.4	29.0	17.7
	Suitability mars	17.2	22.8	11.8	18.8	14.7
	Suitability rf	13.5	24.2	8.5	17.6	20.9
	Suitability svm	10.8	28.0	7.4	22.6	14.6

[START_REF] Vanderwal | Abundance and the environmental niche: environmental suitability estimated from niche models predicts the upper limit of local abundance[END_REF][START_REF] Weber | Is there a correlation between abundance and environmental suitability derived from ecological niche modelling? A meta-analysis[END_REF][START_REF] Dallas | Habitat suitability estimated by niche models is largely unrelated to species abundance[END_REF][START_REF] Gomes | Species Distribution Modelling: Contrasting presence-only models with plot abundance data[END_REF][START_REF] Santini | Addressing common pitfalls does not provide more support to geographical and ecological abundant-centre hypotheses[END_REF] Hypothesized relationships between local abundance and: (a) the size of the geographic range or climatic niche derived at the coarse grain; (b) the vegetation plot position (i.e. distance to the species' range in either geographic or climatic space; and (c) the climatic of a grid cell within which a local plot is situated in the species' range in climatic space.[START_REF] Brown | On the relationship between abundance and distribution of species[END_REF][START_REF] Sagarin | The 'abundant centre' distribution: to what extent is it a biogeographical rule?[END_REF][START_REF] Sagarin | Moving beyond assumptions to understand abundance distributions across the ranges of species[END_REF][START_REF] Pironon | Geographic variation in genetic and demographic performance: new insights from an old biogeographical paradigm[END_REF] Santini et -Olvera et al., VanDerWal et al., 2009;[START_REF] Weber | Is there a correlation between abundance and environmental suitability derived from ecological niche modelling? A meta-analysis[END_REF] Dallas & Hastings, s et al., 2018;[START_REF] Santini | Addressing common pitfalls does not provide more support to geographical and ecological abundant-centre hypotheses[END_REF] of the geographic (i.e. distance to either geographic or climatic space; and (c) the climatic suitability
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