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Introduction

Plants constitute the vast majority of biomass in terrestrial ecosystems including highly anthropogenic ecosystems, and support directly and indirectly biodiversity [START_REF] Bar-On | The biomass distribution on Earth[END_REF].

Particularly, plants provide food, shelter and create microenvironmental conditions for other taxa in most ecological systems. Humans have been and are still transforming natural ecosystems into human-dominated biomes [START_REF] Ellis | Putting people in the map: anthropogenic biomes of the world[END_REF]. Therefore, plant species richness in urban ecosystems mainly depends on human practices [START_REF] Kühn | The flora of German cities is naturally species rich[END_REF] and on the type of built-up area [START_REF] Godefroid | Urban plant species patterns are highly driven by density and function of built-up areas[END_REF] and not only on natural processes related to dispersal, filtering and interactions [START_REF] Nielsen | Species richness in urban parks and its drivers: A review of empirical evidence[END_REF].

Planting non-native species highly contribute to more diverse woody vegetation communities in urban areasalmost half of the non-native woody species in urban ecosystems are deliberately planted [START_REF] Aronson | A global analysis of the impacts of urbanization on bird and plant diversity reveals key anthropogenic drivers[END_REF][START_REF] Kowarik | Novel urban ecosystems, biodiversity, and conservation[END_REF]. Around 40% of plant species in European cities are non-native [START_REF] Pyńek | Alien and native species in central European urban floras: a quantitative comparison[END_REF], although lower (30%; [START_REF] Salinitro | Floristic diversity in different urban ecological niches of a southern European city[END_REF]) and higher (66%; [START_REF] Rahman | Green traces from past to future: the interplay of culture and ecological processes in European historical parks[END_REF] proportions have also been reported [START_REF] Kowarik | Prevalence of alien versus native species of woody plants in Berlin differs between habitats and at different scales[END_REF][START_REF] Tsiotsiou | Woody plants in urban biotopes: studies in Patras (Greece)[END_REF]. Plant diversity provides various ecological niches for a wide variety of birds, insects, cryptogams and other biota (e.g. [START_REF] Grote | Building an Urban LTSER: The Case of the Baltimore Ecosystem Study and the D.C./B.C. ULTRA-Ex Project[END_REF]Grove et al., 2013). Also composition and structure of vegetation and landscape attributes contribute to the overall J o u r n a l P r e -p r o o f biodiversity [START_REF] Threlfall | Variation in Vegetation Structure and Composition across Urban Green Space Types[END_REF]. Higher vegetation biomass can provide greater resources for many different organisms (e.g. Großmann et al., 2020), which consequently allows for larger and thereby more viable and stable populations. A global meta-analysis on biodiversity in cities [START_REF] Beninde | Biodiversity in cities needs space: a metaanalysis of factors determining intra-urban biodiversity variation[END_REF] concluded that in addition to patch size, vegetation structure together with species richness, tree cover and vegetative biomass play significant roles in providing better habitat for other organism groups that inhabit urban green spaces.

The role of woody vegetation in urban areas is especially crucial in providing habitat for other organisms [START_REF] Baruch | Increased plant species richness associates with greater soil bacterial diversity in urban green spaces[END_REF], and ecosystem services [START_REF] Capotorti | Biodiversity and ecosystem services in urban green infrastructure planning: A case study from the metropolitan area of Rome (Italy)[END_REF]. Vegetation of UGSs provides regulating ecosystem services (ESs) such as local climate regulation and air pollution removal [START_REF] Grote | Building an Urban LTSER: The Case of the Baltimore Ecosystem Study and the D.C./B.C. ULTRA-Ex Project[END_REF][START_REF] Locosselli | The role of air pollution and climate on the growth of urban trees[END_REF], supporting and provisioning ESs (e.g. primary production and food, respectively) as well as cultural ESs (e.g. recreation activities, [START_REF] Bjerke | Vegetation density of urban parks and perceived appropriateness for recreation[END_REF]. Therefore, municipalities have the opportunity and responsibility to implement ecosystem-based management and planning strategies for providing a higher quality environment for both humans and other organisms [START_REF] Beery | Perceptions of the ecosystem services concept: opportunities and challenges in the Swedish municipal context[END_REF].

European cities share common standards in the planning of green spaces based on transforming densely built-up cities -with a scarce consideration of ecological factors in the urban design process-into more sustainable living environments [START_REF] Kohout | Green space ideas and practices in European cities[END_REF]. As part of the new EU Biodiversity Strategy 2030, cities with a minimum population of 20,000 were requested to elaborate Urban Greening Plans by the end of 2021 with a special focus on increasing biodiversity among green infrastructure elements such as UGSs (EC, 2020). Therefore, knowing J o u r n a l P r e -p r o o f the current plant diversity and functioning in UGSs is a key tool for stakeholders involved in the urban planning process.

Many urban ecology studies focus on urbanization effects on biodiversity across urban-rural gradients (e.g. [START_REF] Mckinney | Urbanization, biodiversity, and conservation[END_REF]. Other studies have typically focused on single cities or locations, mainly assessing specific applied research goals using intra-urban transects, and metaanalysis conducted at broader scale commonly use existing data from different sources [START_REF] Beninde | Biodiversity in cities needs space: a metaanalysis of factors determining intra-urban biodiversity variation[END_REF]. Systematically sampled comparable data on woody vegetation in UGSs is relatively scarce, especially on large scales and at high resolution level that would comprise data from urban settlements in different countries [START_REF] Beninde | Biodiversity in cities needs space: a metaanalysis of factors determining intra-urban biodiversity variation[END_REF]. Thus, there is a knowledge gap on the taxonomic and structural diversity of woody vegetation stemming from common standardized surveys and at fine-grained detail comprising different urban spaces at the continental scale [START_REF] Yang | The compositional similarity of urban forests among the world's cities is scale dependent[END_REF] which we aim to fulfill. Here we also follow research directions highlighted by [START_REF] Pinho | Research agenda on biodiversity and ecosystem functions and services in European cities[END_REF] aimed at enhancing our understanding on urban biodiversity and ecosystem functions and services, particularly by including several key plant traits in our study and providing high resolution urban habitat maps.

Several studies in urban areas have found positive correlation between species richness and patch area [START_REF] Cornelis | Biodiversity relationships in urban and suburban parks in Flanders[END_REF][START_REF] Shwartz | Local and management variables outweigh landscape effects in enhancing the diversity of different taxa in a big metropolis[END_REF]. Nonetheless, different patterns of diversity in urban parks and other green spaces have been found [START_REF] Talal | Plant Community Composition and Biodiversity Patterns in Urban Parks of Portland, Oregon[END_REF], suggesting that the increase in the number of woody species is not always proportional to the increase of UGS size, but other factors play a role in shaping urban biodiversity (e.g. urbanization degree, McKinney ( 2008)). UGSs tend to have lower diversity than expected from their size. Woody species J o u r n a l P r e -p r o o f density (i.e., number of species per unit area) is thus expected to be negatively correlated with UGS size. However, such analyses for urban vegetation are so far missing from the literature.

We studied 225 UGSs in 7 European cities along a SW-NE latitudinal gradient, from Portugal to Estonia. We systematically sampled and mapped woody vegetation in UGSs with different degrees of size and fragmentation, as both landscape metrics have an effect on ecological processes (e.g. [START_REF] Shanahan | The influence of patch area and connectivity on avian communities in urban revegetation[END_REF]. Our main aim was to understand the influence of UGSs size on woody vegetation features. We tested this looking at i) species richness (expecting a relatively weak positive relationship), ii) species density (expecting an overall negative relationship), and iii) tree cover and biomass (expecting a non-significant effect).

Methods

Sampling sites selection

We selected 225 UGSs belonging to 7 European cities from Lisbon (38º N) to Tartu (58º N), covering most of the climatic variability in mainland Europe (Fig. 1). Selection was based on patches classified as 'Green urban areas' category (code 1.4.1. of the Urban Atlas) in the Pan-European Urban Atlas (2012), providing high-resolution land use and land cover maps for urban areas across Europe. To avoid major management differences between sites, we also manually excluded patches that were predominantly occupied by cemeteries and zoos, which are included in the 'Green urban areas' class. Other vegetated areas such as 'Forest' class (code 3.1. of the Urban Atlas, included in natural and semi-natural areas category) and private UGSs with no public access were left out in order to minimize heterogeneity due to type and intensity of management practices. Site selection was conducted based on two independent gradients: i) size J o u r n a l P r e -p r o o f of UGSs, and ii) their structural connectivity with other green elements embedded in the urban matrix (i.e., discontinuous low density urban fabric (10-30%), discontinuous very low density urban fabric (<10%) and forests), as landscape configuration plays a role in shaping several urban taxa diversity and distribution (e.g. insects and birds). Thus considering both size and connectivity degree in our sites selection allows cities and taxa comparison. The degree of connectivity was calculated using the Proximity Index in Fragstats software within a 5 km radius from every patch. Vegetation survey was conducted between June 2018 and June 2020. The survey consisted of a field assessment in each selected UGS, and subsequent analysis based on land cover maps of UGSs. All woody species throughout the UGSs were identified (i.e., woody species richness, Table 1) and separated by provenance into native and non-native species (see Supplementary Table S1 for source information). Species-specific mean height was recorded for each woody species (i.e., mean height of woody layer, Table 1). Then, a more detailed vegetation survey was carried out in the centroid of each selected UGS (Fig. 2a). If the geometric centroid was not available for sampling (e.g. inaccessible area, water bodies, area without trees), then the closest available area was chosen. The new sampling centroid had to accomplish two criteria: i) include woody vegetation that was representative of the UGS, and ii) occur as close as possible to the original centroid. Sampling in centroids was used in order to minimize the effects of surrounding urban non-green areas. From the five 5m x 5m plots in the sampling centroid all woody species were identified, the height, diameter at breast height (i.e., diameter of the trunk at 1.3 m from the ground, only for trees, DBH, Table 1) and crown or hedge size were measured on each woody individual in each plot (Fig. 2b). Woody species richness, both at the centroid and at the site scale were compared to UGS size to determine if the same relationship among total richness and patch size was also found at the plot level (i.e., if the patch size had an effect on species richness at every level, as expected in natural systems, or it rather depends on UGS design and management). When we refer to the percentages of native and non-native species, we mean the whole woody species pool in each city (i.e., all the species recorded across the UGSs of a given city) not to its predominance among UGSs. Lisbon (size=31868.26 m 2 ), land cover map and location of the sampling centroid (38°46'13.7"N, 9°10'33.9"W) (c).
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Land cover maps

A land cover map of each sampled UGS was made by photo-interpretation of the high resolution (i.e., 0.5 m) World Imagery basemap from 2015 using ESRI ArcMap 10.4. Photo-interpretation was done at a scale of 1:600 which allowed to distinguish between the different land cover types within the UGS (Fig. 2c). Tree species types (i.e., coniferous, broadleaf deciduous and broadleaf evergreen trees) were separated by checking images provided by Google Earth Pro v.7.3.2.5776 and street view in Google Maps from different phenological stages. The resulting vegetation maps were validated during the vegetation survey. Satellite imagery does not allow to precisely classify the extent of all land cover types due to overlapping vertical layers. Therefore, our land cover maps provided accurate information about the upper layer (i.e., tree canopy cover and canopy percentage, Table 1). Tree canopy cover was used to extend the aboveground biomass results of measured trees to the entire tree cover of each UGS.

Aboveground biomass calculation

Above-ground biomass (AGB, Table 1) of trees was calculated by using species-, genus-or plant functional type-specific allometric equations (see Supplementary Table S1 for source information). Species-specific allometric equations were used, but if not available, then genusspecific models were used, or generalized equations for either broad-leaved and coniferous trees J o u r n a l P r e -p r o o f were applied. The allometric models used were based on combinations of the measured plant traits, specifically DBH and plant height and calibrated across specific ranges of these plant traits. Therefore, we considered the trees whose traits fitted such ranges. This avoided possible under-and over-estimations of AGB, but restrained the AGB results to 154 UGSs from which 139 were used for analysis (i.e., 15 UGSs were outliers, see Statistical analysis section). When more than one equation was available, the mean was used.

Statistical analysis

All analyses were conducted in R v. 3.6.1 (R Core Team, 2019) (see Supplementary Table S1 for packages source information). In order to avoid distortions in descriptive metrics and statistical tests, AGB outliers highlighted in boxplots were removed from the dataset prior to analysis. The overall variables are described in Table 1, namely: UGS size, AGB, canopy cover (both in absolute and relative terms), mean height of the woody layer, woody species richness and species density.

Linear regression models for all cities together and separately were made for exploring the response of woody species richness, woody species density (number of woody species per unit area of UGS), canopy cover and AGB (i.e., response variables) to UGS size (i.e., explanatory variable). Logarithmic transformations were applied to both response and explanatory variables to better fit linearity. Coefficients of determination are shown as R 2 . Then, we performed linear mixed effects models (LMM) of those above mentioned relationships including cities as a random factor in order to account for variation of woody vegetation features in the studied cities. 

Results

An overview of European UGSs vegetation

A total of 418 woody plant species from 76 families were identified across 225 European UGSs (Table 2 and Supplementary Table S2). Each UGS had a mean of 13 ± 0.8 species of woody plants with big differences among cities (i.e., from 6. J o u r n a l P r e -p r o o f 15 Overall, large green spaces hosted slightly more woody species (Fig. 3a). At the city level, this correlation was significant in Antwerp, Lisbon, Paris and Tartu (Fig. 3a and Supplementary Table S3). In the other cities (i.e., Poznan, Zurich and Almada), UGS size did not show significant effect on woody species richness (Fig. 3a). Centroid woody species richness was not related to the size of the UGS (p>0.05) (Supplementary Fig. S1). S3 for each city.

Woody species richness of the whole UGS was positively related to UGS size and city had a significant effect (β = 0.16, SE=0.02, t= 6.7, p < 0.0001). Woody species density was negatively J o u r n a l P r e -p r o o f correlated with the size of UGSs across all cities (R 2 =0.77) (Fig. 3b) with city having a significant effect (β = 0.98, SE=0.08, t= 11.9, p = 0.08). Within individual cities, the correlation coefficient varied from 0.72 in Zurich to 0.95 in Poznan (Fig. S3).

Tree cover and aboveground biomass

Bigger UGSs had generally more AGB and wider tree canopy cover (Fig. 4). Both correlations were significant in all the studied cities (Supplementary Table S3). The relationship between UGS size and canopy cover varied among cities (β = 1.03, SE=0.03, t= 34, p < 0.0001) (Fig. 4a), while UGS size and AGB relationship (Fig. 4b) was independent of the city (β = 0.98, SE=0.08, t= 11.9, p > 0.05). Not surprisingly, these two variables were highly correlated among them (Fig. S3), implying that wider canopies -normally belonging to bigger trees-inherently harbors more vegetative biomass. The strongest associations were observed between size and tree canopy cover, especially in Paris and Tartu (i.e., R 2 >0.90), indicating that tree cover in these cities was generally more correlated with the size of UGS than in other cities (e.g. Antwerp, R 2 =0.76). Size had also a strong effect on the amount of AGB contained in tree structure, especially in Paris (R 2 =0.76) and Almada (R 2 =0.66) compared to Lisbon (R 2 =0.43).

J o u r n a l P r e -p r o o f S3 for each city.

Table 3 displays the distribution of tree cover and AGB in the seven cities. Despite Almada displayed the lowest tree cover percentages, it had the highest mean tree biomass per UGS after Tartu. Heights of trees (i.e., woody plants higher than 3m) ranged from 8.2±0.4 m in Almada to 11.3±0.4 m in Antwerp, on average (Table 3). Tree DBH varied considerably between cities, with a mean ranging from 20 ± 2.3 cm in Zurich to 35 ± 3.3 and 36 ± 2.1 cm in Almada and Tartu, respectively.
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Discussion

We aimed to understand how different woody vegetation is in differently sized urban green spaces of seven European cities by testing species richness and density on UGSs size gradient.

Analyses confirmed our expectations -while the relationship between UGS size and woody species richness was overall positive, the relationship was weak and appeared only in certain cities (Fig 3a), while the species density had a strong negative relationship with UGS size in every studied city (Fig 3b). Bigger UGSs had more biomass and canopy cover only in absolute terms (Fig 4). Thus, woody vegetation that dominates in urban green spaces is currently managed in a way that the potential of these valuable urban areas is not by far fully realized, neither for humans nor other organisms living and visiting urban areas.

An overview of European UGSs woody vegetation

While cities tend to be more diverse in terms of plant species than the surrounding natural ecosystems (e.g. [START_REF] Kühn | Urbanization and homogenization -Comparing the floras of urban and rural areas in Germany[END_REF], a big proportion of that diversity in case of woody species is due to planting non-native specieson average 59 % in our sampled UGSs (Supplementary
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Table S2). The proportion of native and non-native species and predominance of the abundance of native species in our sample are in line with previous research from other urban areas [START_REF] Crosby | Urban street tree characteristics and benefits in city centre, Reykjavik, Iceland[END_REF][START_REF] Pauleit | Tree establishment practice in towns and cities -Results from a European survey[END_REF].

Planting woody individuals is a common practice in urban areas, but the species selection always comprises a trade-off between environmental, social and economic features. For instance, A.

platanoides, the most commonly found species in our European UGSs, has been shown to be effective in removing particulate matter (PM) and O 3 and storing CO 2 as part of its biomass [START_REF] Baraldi | An integrated study on air mitigation potential of urban vegetation: From a multitrait approach to modeling[END_REF]. Nevertheless, it can also cause damage in urban structures, mainly on kerbs and other impervious surfaces [START_REF] Scholz | Potential tree species for use in urban areas in temperate and oceanic climates[END_REF]. Another example, R. pseudoacacia, is also a widespread species among the studied UGSs. It has been planted in cities in the last decades in part due to its resistance to harsh environmental conditions and diseases, even if it is considered an invasive species, especially in Central and Southern Europe (Puchalka et al. 2020).

However, it has been shown to be less efficient than native species (Tilia cordata) in lowering temperature in cities [START_REF] Rahman | Green traces from past to future: the interplay of culture and ecological processes in European historical parks[END_REF], and it is suffering the negative consequences of climate change and urban air pollution (Wilkaniec et al., 2021). In contrast to the high abundance of R. pseudoacacia, Ailanthus altissima was only found in four UGSs in Paris. This is surprising given that A. altissima is a fast-growing N 2 -fixing tree adapted to urban conditions (i.e., it tolerates well high temperatures, drought and poor soil conditions). This species is a widespread invasive species in Europe and an important component of many urban areas across Europe (e.g. [START_REF] Casella | Ailanthus altissima (tree of heaven): Spread and harmfulness in a case-study urban area[END_REF]. Our results show that its within-city distribution may be restricted to other Woody community composition will determine the resilience and effectiveness of UGSs in maintaining urban biodiversity and providing ESs. Our results contribute to knowing the actual species composition in UGSs. This is especially important in the context of global change that will raise temperatures affecting urban ecosystems (e.g. increased climate stress, pathogen threats) and, consequently, their functions and processes that influence the health and well-being of urban residents.

Woody species richness and UGS size

The positive relationship among area and species richness in natural areas has been demonstrated

for vascular plants and other taxa also within city boundaries (e.g. [START_REF] Cornelis | Biodiversity relationships in urban and suburban parks in Flanders[END_REF].

According to our results, this correlation is weak and city-dependent suggesting that other local factors may play an important role on shaping urban biodiversity. Since both mean and median woody species richness in the centroid were four and the minimum species recorded in UGSs varied between three and four (with few exceptions), we can say that this is the minimum species richness threshold that the municipalities apply when designing and maintaining UGSs. By testing the relationship between size of UGS and species richness at two different scales (i.e., whole UGS and centroid) we confirmed that the positive relationship between species richness and UGS size did not happen at the centroid level (Supplementary Fig. S1) as expected in natural ecosystems.
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Our results suggest rather similar management practices at European scale, especially in the mean height of planted trees (between 8 and 11m height) and a preference for large trees (DBH>20cm). This is especially true for southern and northern cities (i.e., Lisbon, Almada and Tartu) where larger and older trees (i.e. mean DBH= 31-36cm) are maintained. Conserving old trees is important for ESs provision, natural heritage and cultural identity as well as for biodiversity (e.g. urban tree microhabitats, Großmann et al., 2020). Trees in Tartu displayed the biggest diameters (i.e., mean DBH = 36cm). This could be due to the increase in temperatures during the last decades (especially in urban areas, better known as urban heat island effect) that, combined with management practices that counteract some growth limiting factors, has overstimulated tree growth [START_REF] Chmielewski | Response of tree phenology to climate change across Europe[END_REF]. Also, urban trees in high latitudes are known to grow faster than their counterparts in rural areas or in warmer cities [START_REF] Smith | Live fast, die young: Accelerated growth, mortality, and turnover in street trees[END_REF]. Higher rain frequency in high latitudes, together with the urban environment (e.g. high CO 2 concentrations), might further foster tree growth rates in northern cities compared to meridional ones [START_REF] Pretzsch | Climate change accelerates growth of urban trees in metropolises worldwide[END_REF]. In warmer latitudes, climate may be a greater stressor for urban vegetation and act as a filter for plant species distribution and growth that is lessened by management.

Woody species density and UGS size

As expected, species density steeply decreased along the size gradient in all the sampled cities (Fig. 3b, Table S3), meaning that the current management policies do not use the full potential of urban parks in increasing biodiversity. Since the minimum amount of woody species used when designing and managing urban green spaces is ~4 woody species, park managers plant more species when more space is available, but only up to a certain limit that depends on the city (e.g. Using species density in urban ecosystems is so far an unexplored practice that can be used as an efficient indicator of how policy instruments have been incorporating biodiversity in UGSs. In our study we included all woody species, i.e., also shrubs when accounting for species richness and density, since they can contribute significantly to the overall diversity and also provide ESs (e.g. noise reduction) [START_REF] Moudrý | The role of the vegetation structure, primary productivity and senescence derived from airborne LiDAR and hyperspectral data for birds diversity and rarity on a restored site[END_REF].

Tree cover and aboveground biomass

Several studies have focused on how tree canopy properties in urban areas benefit city dwellers [START_REF] Doc_1&format=pdf Gillner | Role of street trees in mitigating effects of heat and drought at highly sealed urban sites[END_REF][START_REF] Pataki | Transpiration of urban forests in the Los Angeles metropolitan area[END_REF] and increase species richness of other organisms inhabiting urban ecosystems [START_REF] Moudrý | The role of the vegetation structure, primary productivity and senescence derived from airborne LiDAR and hyperspectral data for birds diversity and rarity on a restored site[END_REF]. [START_REF] J O U R N A L P R E -P R O O F Mouratidis | The impact of urban tree cover on perceived safety[END_REF] found that urban tree cover increased people's feeling of safety. One of the most studied ESs derived from urban trees is their capacity to cool the urban environment by means of evapotranspiration, canopy shadow and reflection of the solar radiation [START_REF] Venter | Linking green infrastructure to urban heat and human health risk mitigation in Oslo, Norway[END_REF][START_REF] Zardo | Estimating the cooling capacity of green infrastructures to support urban planning[END_REF]. This cooling effect increases with tree species richness [START_REF] Wang | Tree species richness and diversity predicts the magnitude of urban heat island mitigation effects of greenspaces[END_REF].

The positive correlation among UGS size and tree canopy cover in absolute terms (i.e., total extent of tree crowns) was not found when relative canopy cover (i.e., percentage of UGS covered by trees) was considered. We argue that analyzing the relative amount of canopy cover in UGSs (usually expressed in %) is misleading in case of smaller UGSs -only a few tree individuals are necessary to provide nearly 100% canopy cover in small UGSs. However it is not J o u r n a l P r e -p r o o f sufficient amount of canopy to provide habitat for diverse biota, as the other species are often specialized to certain evolutionary lineages, or woody species types (conifers vs. broadleaf trees)

and more specific traits (e.g. ridged bark). In addition, animals often tend to be highly territorial, which means that the high canopy cover percentage in an UGS does not ensure diverse biota inhabiting these UGSs. Which is why we used absolute, and not relative amount of canopy cover in our analysis (Fig. 4). However, relative canopy cover (Table 3) indicated that park designers promote non-tree land cover types (e.g. open lawns, paved surfaces) when planning and designing UGSs. All the studied cities had at least some UGSs that were fully covered by tree canopy (>90% of UGS extent), with 50 of them covering more than 75% of the entire UGS.

Percentage of tree canopy cover and vegetation structure have been proven to strongly and directly influence temperature in cities [START_REF] Chen | Roles of horizontal and vertical tree canopy structure in mitigating daytime and nighttime urban heat island effects[END_REF]. Therefore, local planning strategies should consider both horizontal and vertical components of the woody layer when designing management instruments in order to create a better urban environment.

Although large areas are slightly more biodiverse than smaller ones (Fig. 3a), increasing the size of a UGS is most probably not feasible in an already densely urbanized landscape, like in European cities. However, the strong negative relationship between species density and UGS size implicates that the existing UGSs could harbor much more species per unit area than they currently do. Planting more woody plant species that are suitable for the urban environmental condition is a cost-effective way to fulfill the demand for ESs in urban environments. Future policy regarding urban green planning should shift the focus more on community and ecosystem level functioning of UGSs, and woody vegetation is the fundamental foundation for enhancing the functionality and persistence of urban ecosystems (Hirons et al., 2019).
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The differences found among the general trends and correlations at city level indicate that other parameters not considered in the study could be influential. For instance, woody species richness displayed a positive relationship with canopy cover when considering all the UGSs together.

However, at the city scale, this correlation was only significant in Antwerp. This and other cityspecific effects can be overcome if key local factors are known (e.g. socio-economic preferences). Another possible hidden trend is that an underlying mechanism to explain the role of size in multiple vegetation parameters could rely on the influence of UGS management option, i.e., management options of the largest UGSs tend to be similar when compared to smaller sites. Moreover, the selection of the Urban Atlas as an homogeneous basis of LULC information for studied sites selection influences the type of green spaces considered in the study, as they consider different types of urban vegetated surfaces into 'Green urban areas' class.

However, since this happens in all the selected cities in comparable proportions, it probably does not imply any bias in our results. Still, we highlight that creating a continental scale comparable cartography with higher thematic classification is necessary to provide more details that allow future studies to separate the 'Green urban areas' class into sub-classes differing on the management practices or type of use.

Conclusion

Urban green spaces are multifunctional elements of the urban matrix, providing several social, environmental and economic benefits. Woody vegetation constitutes the main component of UGSs, providing valuable ecosystem services for humans, but also food and shelter for other organisms. However, there is very little comparable ecological data about vegetation in UGSs.
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This topic is of great interest not only for ecological research but also for urban planners and urban landscape designers.

Our extensive field survey in 225 UGSs with different sizes in seven European cities showed at all levels of analysis that: 1) species richness of UGS was only weakly related with UGS size;

while 2) the species density had a strong negative relationship with UGS size. Moreover, we provide a complete list of the most common species among the seven European cities. There seems to be a certain threshold of how much effort is put into management of urban green spaces in the context of woody diversity. Thus, there seems to be a so far unseized opportunity to increase species density in the largest parks by management change only. This could create more heterogeneity and thus improve conditions for both other organisms living in UGSs, but also enhance ecosystem services beneficial for humans.

The outcomes of this research will assist urban planners and policy makers through the current biodiversity in urban green spaces and their unused potential. This is especially useful in the frame of the EU Biodiversity Strategy to 2030 which calls on cities to develop Urban Greening Plans by the end of 2021, putting special attention on urban biodiversity. In addition, our findings can also be used in urban ecology research involving a variety of taxa and ecosystem services.
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Figure 1 .

 1 Figure 1. Location of the selected cities, with information on demography and climate provided.

Figure 2 .

 2 Figure 2. Sampling design (a), quadrat C is located in the sampling centroid of the urban green

  J o u r n a l P r e -p r o o f P-values for model comparison were obtained by likelihood ratio tests of the full model with the city effect against the model without the city effect.

  unit area) in UGSs per city was distributed as follows: Antwerp 4 spp./ha, Lisbon 4.7, Poznan 4.7, Almada 6.5, Zurich: 9.5, Tartu 10.6, Paris 23.2. Distribution patterns of woody species richness and density, coefficient of variation of woody plants height, mean height of the woody layer, relative canopy cover and AGB across all the studied cities are displayed in Fig.S2. The response variables (i.e., woody species richness and density, coefficient of variation of woody plants height (CV), canopy cover and AGB) accounted for 68.4% of the overall dataset variation (Fig.S3). A main trend was formed by tree cover and AGB, while CV, woody species richness and density displayed a different trend.Woody species richness and UGS sizeJ o u r n a l P r e -p r o o f 14 We found clear latitudinal differences in the predominance of species with different species being the most common in different cities (

Figure 3 .

 3 Figure 3. The relationship of UGS size with woody species richness (a) and woody species

Figure 4 .

 4 Figure 4. The relationship of UGS size with canopy cover (a) and AGB (b) per city. Both plots

  land cover types rather than to UGSs; for example, Paź-Dyderska et al., (2020) recorded the J o u r n a l P r e -p r o o f 20 species in Poznan recently, but only in paved and ruderal areas, claiming that management practices limit their ecological success.

J

  o u r n a l P r e -p r o o f the maximum species richness in a UGS was 11 in Poznan and 101 in Paris -even though the UGSs in this study were selected based on comparable size classes).

Table 1 .

 1 Description of the variables included in the analysis, their units, type of variable, scale of measure and data source.

	Variable	Description	Units	Scale	Source
	UGS size	Urban Green area extent	m 2	UGS	Urban Atlas 2012
		Tree above-ground			(see Supplementary Table
	AGB	biomass derived from	kg	Tree	S1 for source
		allometric models			information)
	Canopy cover	Absolute coverage of tree canopies	m 2	UGS	Photo-interpretation
	Canopy percentage	Relative coverage of tree canopies	%	UGS	Photo-interpretation
	Mean height woody layer	Species-specific mean height of the woody layer	m	UGS	Vegetation survey
	DBH	Diameter at breast height (~1.3m )	cm	Tree	Vegetation survey
	Woody species richness	Woody species richness	-	UGS centroid	Vegetation survey
	Species density	Amount of woody species per unit of UGA	nr. of spp./m 2 UGS	Vegetation survey

  Populusalba L. and Populus tremula L., also native in Europe, were very commonly found across the studied cities but presented a low abundance within city boundaries (i.e., they occurred in six cities in a total of 21 and 16 UGSs, respectively). In addition, the North American species Robinia pseudoacacia L., that is currently a widely-spread invasive species in Europe, was found in 55 UGSs from all the sampled cities.At city level, more than 50% of the species recorded were non-native, except in Antwerp (Table2). More than 60% of woody species in UGSs from Lisbon, Zurich, Paris and Tartu were nonnative. The woody layer (i.e., trees and shrubs) had a mean height of 8.7±0.2 m (ranging from 6.5m in Almada to 11.3m in Antwerp) and trees covered around 56% of the UGSs, ranging from 40% of UGSs in Almada and 74% in Tartu. Mean woody species density (number of species per

	1 in Poznan to 27.2 in Paris) and 9.3 species
	per hectare (9.3⋅10 -4 spp./m 2 ). The most commonly found plants were deciduous broadleaved

trees. Among them, the most widely represented species were Acer platanoides L. (occurring in 79 UGSs, 35% of the total, in five cities) and Quercus robur L. (60 UGSs, six cities). The most J o u r n a l P r e -p r o o f common conifer was Taxus baccata L. (60 UGSs, six cities) (Supplementary Table

S2

).

Table 2 .

 2 Table2). Highest woody species richness in a single UGS was found in Paris and Tartu (i.e., 101 and 48 woody species, respectively) (Table2).Mean woody species richness per UGS in Paris was 27.2±3.3 and, in the rest of the cities, it ranged from 6.1±0.3 in Poznan to 15.3±1.4 in Tartu. Woody species richness per city: total woody species (n species), mean and range (minimum and maximum) of species richness; percentage of non-native species; most predominant woody plant taxa per city; and number of UGSs investigated.

				Woody species richness	
					Non-		
					native	Most common genus	
					species	and species (n	
	City	n	Mean	Range	(%)	UGSs)	UGSs (n)
						Pinus spp. (13), Olea	
	Almada	65	9.5 ± 1	4-18	54	europaea (12)	15
						Acer spp. (25),	
	Antwerp	74	8.9 ± 0.6	1-18	40	Quercus robur (17), 35
						Pinus spp. (18), Olea	
	Lisbon	102	8.2 ± 0.6	3-19	65	europaea (17)	34
						Acer spp. (27), Taxus	
	Paris	231	27.2 ± 3.3 3-101	65	baccata (24)	36
						Acer spp. (27), Acer	
	Poznan	56	6.1 ± 0.3	3-11	54	platanoides (21)	36
						Acer spp. (28),	
						Betula pendula and	
	Tartu	116	15.3 ± 1.4 4-48	61	Quercus robur (23)	34
						Acer spp. (26),	
						Carpinus betulus	
	Zurich	137	12 ± 1.2	2-27	64	(19)	35

Table 3 .

 3 Percentage of tree canopy cover, mean above-ground biomass, mean height of the woody layer and diameter at breast height (DBH) of tree plants in the seven cities.

			Mean		
		Canopy	AGB	Mean	
	City	cover (%)	(tons)	height (m) DBH (cm)
	Almada	40	133	8.2 ± 0.4	35 ± 3.3
	Antwerp	50	120 11.3 ± 0.4	23 ± 2.5
	Lisbon	50	105	9.3 ± 0.2	31 ± 1.5
	Paris	67	111	9.8 ± 0.2	24 ± 2.6
	Poznan	45	92 10.7 ± 0.5	26 ± 1.5
	Tartu	74	148	9.8 ± 0.2	36 ± 2.1
	Zurich	56	78 10.5 ± 0.3	20 ± 2.3
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Highlights

• We recorded 418 woody species in 225 urban green spaces (UGSs) in 7 European cities • Selected cities cover a latitudinal gradient and UGSs vary in size and connectivity • Alien species were abundant ranging from 40% in Antwerp to 64% in Lisbon and Zurich • There is a strong negative correlation between UGS size and species density J o u r n a l P r e -p r o o f