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Introduction

Over the course of the next decade, the rate of natural habitat conversion as a result of urbanisation may double, owing to the continued increase in human populations and the global expansion of urban sprawl [START_REF] Defries | Deforestation driven by urban population growth and agricultural trade in the twenty-first century[END_REF][START_REF] Seto | Global forecasts of urban expansion to 2030 and direct impacts on biodiversity and carbon pools[END_REF][START_REF] Mcdonald | Research gaps in knowledge of the impact of urban growth on biodiversity[END_REF].

Dependant on the scale of habitat disturbance, fragments of natural habitat found within the expanding urban matrix can shelter species, either native, thus serving as local refuges, or adapted to novel conditions created by human modification. Whilst ecological studies of urbanization effects have revealed declines in the density and/or diversity of birds, plants and fungi [START_REF] Aronson | A global analysis of the impacts of urbanization on bird and plant diversity reveals key anthropogenic drivers[END_REF][START_REF] Abrego | Fungal communities decline with urbanization-more in air than in soil[END_REF], a broad range of taxa inhabit urban or suburban areas, and their response to urbanization remains unknown, thus biasing environmental impact assessments but also the potential role of urban habitat fragments for conservation. The biota inhabiting soils provide numerous ecosystem processes [START_REF] Bardgett | Belowground biodiversity and ecosystem functioning[END_REF], and have previously been shown to persist in temperate urban forests [START_REF] Ramirez | Biogeographic patterns in below-ground diversity in New York City's Central Park are similar to those observed globally[END_REF]. Whether urban forests can conserve the soil biota in tropical regions is not known, in spite of well documented evidence that biodiversity is under threat in these regions, including that of soils [START_REF] Mcdonald | The implications of current and future urbanization for global protected areas and biodiversity conservation[END_REF]; [START_REF] Barnes | Direct and cascading impacts of tropical land-use change on multitrophic biodiversity[END_REF][START_REF] Barlow | The future of hyperdiverse tropical ecosystems[END_REF][START_REF] Franco | Amazonian deforestation and soil biodiversity[END_REF].

The reduced connectivity and isolation of forest fragments from undisturbed, continuous forests is expected to modify the ability of species to disperse, colonise and persist [START_REF] Simberloff | Refuge Design and Island Biogeographic Theory: Effects of Fragmentation[END_REF][START_REF] Saunders | Biological Consequences of Ecosystem Fragmentation: A Review[END_REF][START_REF] Tscharntke | Landscape moderation of biodiversity patterns and processes -eight hypotheses[END_REF]. It is often thought that the high forest fragmentation in urban spaces likely reduces the survival of populations and thus, should change the composition of species found in fragments, as is sometimes observed [START_REF] Ewers | Confounding factors in the detection of species responses to habitat fragmentation[END_REF]. However, the biotic response to fragmentation varies among species [START_REF] Fahrig | Is habitat fragmentation bad for biodiversity?[END_REF].

Urban environments experience modified abiotic conditions relative to undisturbed forests, exposed to increased air pollution, air temperature, and soil structural modification, with higher compaction, soil pollution such as heavy metal content and acidity, and reduced organic matter content [START_REF] Jim | Physical and chemical properties of a Hong Kong roadside soil in relation to urban tree growth[END_REF][START_REF] Mckinney | Urbanization, Biodiversity, and ConservationThe impacts of urbanization on native species are poorly studied, but educating a highly urbanized human population about these impacts can greatly improve species conservation in all ecosystems[END_REF][START_REF] Arnfield | Two decades of urban climate research: a review of turbulence, exchanges of energy and water, and the urban heat island[END_REF]. Such modifications impact on soil dwelling species, from the short-lived microscopic fungi and bacteria through to long-lived trees [START_REF] Newbound | Fungi and the urban environment: A review[END_REF][START_REF] Sinsabaugh | Phenol oxidase, peroxidase and organic matter dynamics of soil[END_REF][START_REF] Rodrigues | Conversion of the Amazon rainforest to agriculture results in biotic homogenization of soil bacterial communities[END_REF][START_REF] Hendriksen | Soil exo-enzyme activities across Europe-The influence of climate, land-use and soil properties[END_REF][START_REF] Carvalho | Land use intensification in the humid tropics increased both alpha and beta diversity of soil bacteria[END_REF][START_REF] Vieira | Green spaces are not all the same for the provision of air purification and climate regulation services: The case of urban parks[END_REF][START_REF] Abrego | Fungal communities decline with urbanization-more in air than in soil[END_REF]. The heterogeneity of abiotic conditions within forest fragments is also known to increase as a result of edge effects, resulting in smaller fragments becoming uninhabitable for inner-forest adapted species [START_REF] Laurance | Ecosystem Decay of Amazonian Forest Fragments: a 22-Year Investigation[END_REF][START_REF] Canale | Pervasive Defaunation of Forest Remnants in a Tropical Biodiversity Hotspot[END_REF][START_REF] Aerts | Conservation of the Ethiopian church forests: threats, opportunities and implications for their management[END_REF]. All these different aspects may lead to reduced diversity and biotic homogenisation through the proliferation of species that are either urbanspecific/tolerant or native pioneers in urban forests [START_REF] Mckinney | Urbanization, Biodiversity, and ConservationThe impacts of urbanization on native species are poorly studied, but educating a highly urbanized human population about these impacts can greatly improve species conservation in all ecosystems[END_REF]Lôbo et al. 2011).

Such effects remain to date unknown for the soil biota in Amazonia. Only a few studies have assessed the drivers of soil communities in Amazonian native forests (e.g. [START_REF] Ritter | Locality or habitat? Exploring predictors of biodiversity in Amazonia[END_REF][START_REF] Vleminckx | Coordinated community structure among trees, fungi and invertebrate groups in Amazonian rainforests[END_REF][START_REF] Zinger | Body size determines soil community assembly in a tropical forest[END_REF]. Some reports also suggest that agricultural conversion of forests reduces macrofauna biomass and diversity (Decaens et al. 2018), a tendency that seems to hold true for both soil meso-or micro-fauna in the few studies published thus far [START_REF] Franco | Amazonian deforestation and soil biodiversity[END_REF][START_REF] Paula | Land use change alters functional gene diversity, composition and abundance in Amazon forest soil microbial communities[END_REF]). One study reported increased bacterial diversity in agricultural sites at local scales, although these were more homogenous at larger scales due to the loss of forest taxa with restricted ranges [START_REF] Rodrigues | Conversion of the Amazon rainforest to agriculture results in biotic homogenization of soil bacterial communities[END_REF]). However, urban forest fragments do not experience the drastic land-use changes of agricultural conversion, and may respond differently.

The position of a forest fragment within an urban landscape could also promote local diversity, by providing a broader range of resources and habitats as was found for pollinators [START_REF] Sritongchuay | Forest proximity and lowland mosaic increase robustness of tropical pollination networks in mixed fruit orchards[END_REF].

Regardless of whether local diversity is above or below a baseline in urban forest fragments, changes in community composition may impact whole functional groups, and hence potentially lead to altered ecosystem functioning. Increased fragmentation and habitat disturbance promote fast-growing plants such as lianas [START_REF] Laurance | Rain Forest Fragmentation and the Structure of Amazonian Liana Communities[END_REF]Martin, Sherman & Fahey 2004;[START_REF] Magrach | Selective logging in tropical forests decreases the robustness of lianatree interaction networks to the loss of host tree species[END_REF][START_REF] Campbell | Edge disturbance drives liana abundance increase and alteration of liana-host tree interactions in tropical forest fragments[END_REF], which reduce the capacity of the forest to store carbon (van der [START_REF] Heijden | Lianas reduce carbon accumulation and storage in tropical forests[END_REF][START_REF] De Lima | The erosion of biodiversity and biomass in the Atlantic Forest biodiversity hotspot[END_REF]. Such changes lead to reduced organic matter availability in urban forest soils [START_REF] Shen | Spatial patterns and estimates of global forest litterfall[END_REF], which should reduce the abundance of detritivore organisms such as blattodea and collembola [START_REF] Fountain | Biodiversity of Collembola in Urban Soils and the Use of Folsomia candida to Assess Soil "Quality[END_REF][START_REF] Jones | Termite assemblage collapse along a land-use intensification gradient in lowland central Sumatra, Indonesia[END_REF][START_REF] Santorufo | Soil invertebrates as bioindicators of urban soil quality[END_REF] and increase organisms able to tolerate nutrientpoor soils such as arbuscular mycorrhizal (AM) fungi [START_REF] Mcgee | Determinants of Soil Bacterial and Fungal Community Composition Toward Carbon-Use Efficiency Across Primary and Secondary Forests in a Costa Rican Conservation Area[END_REF], oligotrophic bacteria and nitrogen fixing bacteria [START_REF] Rodrigues | Conversion of the Amazon rainforest to agriculture results in biotic homogenization of soil bacterial communities[END_REF][START_REF] Mendes | Land-use system shapes soil bacterial communities in Southeastern Amazon region[END_REF][START_REF] Mcgee | Determinants of Soil Bacterial and Fungal Community Composition Toward Carbon-Use Efficiency Across Primary and Secondary Forests in a Costa Rican Conservation Area[END_REF].

Functional changes may thus operate across the whole soil biota through biotic interactions, requiring simultaneous assessment which can be particularly challenging.

Environmental DNA (eDNA) metabarcoding on soil samples offers a method to assess the effects of habitat modification in tropical regions and beyond across soil trophic and functional groups [START_REF] Taberlet | Environmental DNA[END_REF]2018;[START_REF] Geisen | A methodological framework to embrace soil biodiversity[END_REF]Zinger et al. 2020a). The community assembly processes of meso-fauna and microbial communities in tropical forests can be explored by means of eDNA [START_REF] Ritter | Locality or habitat? Exploring predictors of biodiversity in Amazonia[END_REF][START_REF] Zinger | Body size determines soil community assembly in a tropical forest[END_REF], where the gaps in our taxonomic knowledge otherwise remain large. eDNA hence holds great potential for quantifying ecosystem health and perform long-term monitoring even in places where baseline biodiversity is poorly quantified [START_REF] Cordier | Ecosystems monitoring powered by environmental genomics: A review of current strategies with an implementation roadmap[END_REF].

We used DNA metabarcoding on soil samples to ask whether tropical urban forest fragments harbour levels of taxonomic and functional diversity across the whole soil biota that are comparable with those of nearby continuous forest. More specifically, we compared communities of plants, soil meso-fauna, fungi and bacteria in forest fragments within the midsized tropical city of Cayenne, French Guiana, referred to as urban forests, with nearby lowland tropical forest sites that have experienced low levels of disturbance in recent history, referred to as control forests. We hypothesised that: H1) plants and meso-fauna show a lower alpha diversity at the forest fragment scale in urban compared to control sites, due to habitat degradation and dispersal limitation, causing local extirpations. As dispersal is expected to be less limited for microbes, urban forests and control forests should exhibit similar levels of diversity, or even higher diversity in the former due to local environmental heterogeneity of the surrounding forest patches and higher sensitivity of microbes to changes in environmental conditions. H2) At the scale of the city (i.e. including all forests patches), we expected lower gamma diversity for all groups due to biotic homogenization. H3) Turnover in community taxonomic composition between control and urban forests is high for all clades, with increased turnover within urban forests compared to within control ones, as a result of urban sites experiencing increased fragmentation and more varied soil chemistry. H4) differences in the functional composition of soil biota should be observed between urban and control forests, with greater abundance of lianas, fewer detritivores due to declines in available organic matter, higher levels of AM fungi and bacteria adapted to reduced soil nutrients.

Methods

Sample sites

This study was conducted in French Guiana, an overseas territory of France of 84500 km 2 mostly covered by Amazonian tropical forest. Urbanisation of natural habitats in French Guiana is low, with a population size of 250,000, but is quickly increasing (INSEE 2016). The urban area of Cayenne (4°560 N, 52°200 W), the regional capital city of French Guiana, accounts for about half of the total population. The city is positioned on a peninsula with the Atlantic to the north, and the Cayenne and Mahury rivers to the east and west respectively. Within the city lie four substantial forest fragments (Rorota, Montravel, Montabo, Mont Bourda) positioned on outcrops with underlying metamorphic granite/diorite, which benefit from a protection status of 'zones of natural interest for the ecology of flora & fauna' (ZNIEFF). All these sites are documented as having been cleared of forest cover at some stage over the past 400 years since the first European settlement. Since that time, forest patches have recovered and include some mature trees, indicative of advanced forest recovery. The urban forest fragments vary in their overall surface area, as follows: Montabo (CAY1): 19.4ha; Mont Bourda (CAY2): 29.9ha, Mont Ravel (CAY3): 3.5ha, and Rorota (CAY4) 762.2ha.

In order to compare these with undisturbed forest, four control sites were selected near the main urban centre of Cayenne ("FOR1": Balata; "FOR2": Cambior; "FOR3": Coralie & "FOR4": Guyakaw; Supplementary 1). These sites were selected due to their proximity to Cayenne, in order to reduce climatic variation effects. Geology varies across all study sites. Soil Chemistry for the sites was determined as outlined in Supplementary 2. Analysis determined sample pH, granulometry, total Carbon and Nitrogen and the derived C:N ratio, available Phosphorus, and five major elements (Aluminium, Iron, Magnesium, Potassium, Manganese, Calcium).

Field sampling and bioinformatic processing of samples

A detailed description of sample collection, molecular and bioinformatics procedures are provided in Supplementary 3. Briefly, sampling of soils was conducted within 1 ha plots at each sample site, whereby 16 sample points were arranged on a 20 x 20 m grid. The arrangement of sites allowed for the subdivision of the grid into 4 subplots each containing four sample points (n =32), in order to account for variation in both soil chemistry and biotic communities at the plot level.

Extracellular DNA was extracted from 15 g of soil per sample, following a method shown to retrieve a similar signal to more expensive total DNA extraction protocols at a fraction of the cost (detailed in [START_REF] Taberlet | Environmental DNA[END_REF][START_REF] Zinger | Extracellular DNA extraction is a fast, cheap and reliable alternative for multi-taxa surveys based on soil DNA[END_REF]2019). PCR amplifications were then conducted for four DNA molecular markers, with primers targeting either viridiplantae (subsequently referred to as plants), eukaryotes, fungi or bacteria. Negative extraction and PCR controls were simultaneously amplified, with two replicates per PCR, and a use of a double indexing strategy of tags to enable retrieval of sequences and reassignment to their samples, including non-used combinations as sequencing controls.

Sequencing was conducted on different Illumina platforms (San Diego, CA, USA) depending on the marker considered, using paired-end technology. Bioinformatic analyses of generated sequences were performed on the GenoToul bioinformatics platform (Toulouse, France), with the OBITOOLS package [START_REF] Boyer | obitools: a unix-inspired software package for DNA metabarcoding[END_REF]). After basic sequencing data manipulation and curation, we built OTUs (Operational Taxonomic Units) using the 'sumaclust' clustering algorithm [START_REF] Mercier | SUMATRA and SUMACLUST: fast and exact comparison and clustering of sequences[END_REF]) at a set threshold of 97% for eukaryotes, fungi and bacteria, and lowered to 95% for plants to account for sequence length.

Taxonomy was assigned to each OTU using either a local database of sequences from

French

Guiana, or global databases derived from EMBL (https://www.ebi.ac.uk/ena/browser/home; release 141) using OBITOOL's ecotag programme [START_REF] Boyer | obitools: a unix-inspired software package for DNA metabarcoding[END_REF]. For bacteria and eukaryotes, the SILVA taxonomic database was used (version 1.3;Quast et al., 2012).

Datasets were subsequently filtered to remove contaminants as well as artefacts such as PCR chimeras and remaining sequencing errors, following [START_REF] Zinger | Body size determines soil community assembly in a tropical forest[END_REF] and using the metabaR R package [START_REF] Zinger | metabaR: An r package for the evaluation and improvement of DNA metabarcoding data quality[END_REF], in R version 3.6.1 (R Development Core [START_REF] Team | R: A language and environment for statistical computing[END_REF].

Upon filtering completion, the sequencing read counts of remaining PCRs were summed across technical replicates, before this total was normalized in line with all samples. This step was done to reduce potential bias caused by PCR stochasticity and differential sequencing efforts.

Standardization consisted in randomly resampling (with replacement) a number of reads that corresponded to the first quartile of the total read number for reads per samples. This returns samples with a read count equal across all samples, whilst maintaining sample specific OTU relative abundances. Finally, we sought to reduce stochastic variation of taxa across soil samples, we aggregated the four replicate samples within each subplot by summing reads (after normalisation). Soil chemistry data were also provided for bulk samples of four replicate samples within each subplot.

Assigning Functional Groups

Each dataset was processed to assign OTUs a functional group based on their taxonomy, when possible (see Supplementary 4 for a comparison between forest types). Plant OTUs were assigned a life form following [START_REF] Cardoso | Amazon plant diversity revealed by a taxonomically verified species list[END_REF]. Since life form information is only available at the species level, we considered the life form of a genus or a family to be the one that is the most common amongst its associated species. For metazoans, we used broad taxonomic clades as proxies of key functional groups in the soil. We focused on annelids for their role in soil bioturbation, on Blattodea, Nematoda, Acari, Collembola, Millipede as detritivores, on Araneae as predators (see Supplementary 5). Fungal OTUs were assigned a function by using FunGuild [START_REF] Nguyen | FUNGuild: An open annotation tool for parsing fungal community datasets by ecological guild[END_REF]. OTUs assigned to multiple guilds were removed. For OTUs without a FunGuild annotation but assigned to a species, we searched for their putative host and ecology in the literature. Some FunGuild functional groups were aggregated into the following group: Saprotroph, Parasite, AM fungi, Plant Pathogen, Ectomycorrhizal fungi. Bacterial OTUs were assigned a functional group mainly from FAPROTAX [START_REF] Louca | Decoupling function and taxonomy in the global ocean microbiome[END_REF], but also by using other resources (i.e. [START_REF] Burns | Soil enzymes in a changing environment: Current knowledge and future directions[END_REF][START_REF] Madin | A synthesis of bacterial and archaeal phenotypic trait data[END_REF][START_REF] Stein | The nitrogen cycle[END_REF]Strous et al.1999;[START_REF] De Boer | Nitrification in acid soils: micro-organisms and mechanisms[END_REF][START_REF] Wardeh | Database of host-pathogen and related species interactions, and their global distribution[END_REF]. We also assigned bacterial OTUs a growth strategy following [START_REF] Ho | Revisiting life strategy concepts in environmental microbial ecology[END_REF] in order to see whether control forests, which we expect to be richer in organic matter, are enriched in copiotrophic clades. We finally also assigned bacterial OTUs N-cycling pathways using FAPROTAX and [START_REF] Nelson | Global biogeography of microbial nitrogen-cycling traits in soil[END_REF]. Further details on the functional classification and number of assigned OTUs for each clades/kingdom are given in Supplementary 5.

Statistical analyses

All statistical analyses were conducted with R version 3.6.1.

Removal of outliers

A visual inspection of soil physiochemistry and of eDNA derived taxonomic data revealed urban forest Mont Ravel (CAY3) to be a significant outlier, displaying soil properties and communities of organisms distinct from the other urban sites. To avoid confounding the effects extreme soil chemistry variation at one site with more broader effects of urban fragmentation, this site was removed from subsequent analysis (Supplementary 2.2, 2.3, 2.4).

Alpha diversity / abundance patterns

We measured the alpha diversity of each clade/functional group in each subplot with the Shannon index. Calculations were performed using the vegan package [START_REF] Oksanen | Community ecology package[END_REF].

This index was chosen since it has been shown to best quantify diversity in eDNA metabarcoding data compared with other indices [START_REF] Calderón-Sanou | From environmental DNA sequences to ecological conclusions: How strong is the influence of methodological choices?[END_REF]. For each forest type and each of the four clades/kingdoms, we ensured that the diversity coverage was adequate by checking saturation of rarefaction curves using the metabaR package (Supplementary 6).

Gamma diversity was estimated with the iNEXT package, where input data was abundance, and the output rarefaction curve plotted the exponential Shannon index (Hill number q = 1; [START_REF] Hsieh | iNEXT: an R package for rarefaction and extrapolation of species diversity (Hill numbers)[END_REF]).

To determine whether alpha diversity or relative abundance differed between urban and control forests, we built Linear Mixed Models (LMMs) with forest type (urban vs. control) as a fixed effect, and sample site as a random effect to account for potential site specificities in the analysis that would lead to a higher similarity of subplots from a same site. Prior to model fitting, residuals were tested for normality. Significance of variation was determined by conducting a Wald chi-squared test. This was conducted with the lme4 R package (Bates et al. 2019) For visualization purposes, the influence of forest type on Shannon diversity or functional group relative abundance was also analysed using a log2-fold change approach, i.e. the log2 transformed ratio of the diversity of each of the 12 urban forest subplots over the average diversity of the control forest subplots.

Beta diversity patterns

In order to test the effect of forest type on the turnover of species, and its importance relative to sample sites, we first computed Bray-Curtis dissimilarities for each of the four clades (plant, metazoa, fungi, and bacteria) using the vegan package. Dissimilarities were computed from Hellinger-transformed community data to downweigh the effects of rarely occurring OTUs [START_REF] Legendre | Numerical Ecology[END_REF]. Principal Coordinates Analysis (PCoA) was used to visualize the effect of forest type on OTU composition. The effect of forest type, site, their interaction, and of soil chemistry (summarized by the first two principal components of a PCA, Supplementary 2)

were tested with a permutational multivariate analysis of variance (PERMANOVA, [START_REF] Anderson | Permutational Multivariate Analysis of Variance (PERMANOVA)[END_REF], using the adonis function in the vegan package.

To further determine whether patterns in beta diversity were rather due to the replacement of some species by others between samples (i.e. turnover; [START_REF] Qian | Beta diversity of angiosperms in temperate floras of eastern Asia and eastern North America[END_REF] or a reduction in richness between samples (i.e. nestedness; [START_REF] Baselga | A multiple-site similarity measure independent of richness[END_REF]), we used the beta.pair function of the betapart R package [START_REF] Baselga | betapart: an R package for the study of beta diversity[END_REF][START_REF] Baselga | Separating the two components of abundance-based dissimilarity: balanced changes in abundance vs. abundance gradients[END_REF]) and focused on the control versus urban samples comparisons (CvU). We also assessed control versus control samples (CvC), and urban versus urban samples (UvU) to test if urban forests exhibit biotic homogenization. Differences were tested for using an ANOVA. Because this analysis is based on presence/absence data, and hence potentially sensitive to remaining false positive OTUs, we made sure that rare OTUs had no effect in modifying the conclusions drawn from this analysis, by repeating it on datasets where OTUs representing less than 0.0001 -0.01% of the total read count were incrementally removed (Supplementary 7).

In each forest type, the effect of dispersal limitation in influencing community composition was tested using partial Mantel tests based on Pearson's product-moment correlation with 999 permutations, where soil chemistry effects were partialled out. The reverse was done for testing the effect of environmental filtering. Euclidean distance of normalized and scaled soil chemistry data (see supplementary 2) was calculated to generate an environmental distance matrix. Geographic distance between sample plots in km was calculated by converting sample site GPS coordinates into a sample by sample distance matrix using the rdist.earth function in the fields package [START_REF] Nychka | fields: Tools for spatial data[END_REF].

Results

Alpha and Gamma Diversity

Sequencing of eDNA from metabarcoding soils revealed that alpha diversity did not significantly differ between control and urban forests for plants and fungi. However, metazoan communities were ca. 40% less diverse in urban compared to control forests, whilst bacteria were 10% more diverse in urban compared to control forests (Figure 1a, Supplementary 8). At the scale of the study, plant, metazoan and fungal gamma diversity was higher in control forests, whilst for bacteria was higher in urban forests (Figure 1b,c,d,e). fungi and e) bacteria. For all lines, calculated standard errors are <0.1.

Beta Diversity

For all taxa, the interaction between forest type and site was the strongest effect in explaining turnover in community composition, followed by both forest type, site and soil chemistry (Supplementary 9; Figure 2). Accordingly, the turnover component of beta diversity in interforest type comparisons (i.e. CvU) was higher than intra-forest (i.e. CvC, UvU), while nestedness was low across all four clades (Figure 3). Beta diversity within each forest type, as characterised by variation in composition of a sample relative the forest type centroid, was significantly higher for fungi in urban forests, with a similar trend, albeit not significant for plants, metazoans, and bacteria (Figure 2, Supplementary 10). In contrast, the intra-forest type turnover component of beta diversity was equivalent for urban and control forests for plants and metazoans, higher in control forests for fungi, and higher in urban forests for bacteria. Nestedness was higher for plants and metazoans in urban forests, and higher in control forests for fungi and bacteria.

Further analysis revealed that bacterial and metazoan community dissimilarity patterns correlated more with environmental than geographical distances, while the opposite was found for plants and fungi. (Supplementary 11).

Functional group responses to habitat

The relative abundance of fungal functional groups did not differ between urban and control forests (Figure 4). However, plants, metazoans and bacteria did demonstrate shifts in certain groups (Figure 4; Supplementary 12). For plants, palms were 10% more common in urban forests, whilst climbers were 20% more common in control forests. For metazoans, both blattodea and acarians were more abundant in control forests. We found only a small tendency of higher abundance of copiotrophs in control forests, and of oligotrophic bacteria in urban forests. Chemilithoautotrophs were significantly more abundant in urban forests while in control forests, chemioorganoheterotrophs and phytoparasites were more abundant. Within nitrogen cycle associated bacteria, those involved in nitrification and nitrite reduction were more abundant in urban forests, whilst nitrate reducing bacteria were more abundant in control forests. 

Discussion

Alpha and gamma diversity

Our eDNA-based analysis of whole soil diversity reveals several differences between urban and undisturbed, control forests. First, urban forest fragments harboured lower alpha diversity of metazoans. Reports on soil arthropod responses to urbanization in the tropics are rare and contradicting (see review by [START_REF] Jones | Invertebrates in urban areas: A review[END_REF], but the reduction of metazoan diversity observed here could be explained by reductions in resources [START_REF] Santorufo | Soil invertebrates as bioindicators of urban soil quality[END_REF]. Indeed, the urban forests studied here were characterised by soils of lower clay and organic matter content, as observed elsewhere [START_REF] Lorenz | Biogeochemical C and N cycles in urban soils[END_REF]Cusack 2013). Plants only tended to exhibit a loss of diversity in urban fragments, as observed elsewhere with traditional survey methods [START_REF] Aronson | A global analysis of the impacts of urbanization on bird and plant diversity reveals key anthropogenic drivers[END_REF]. We explain the lack of significance to be due to (i) the fact that soil eDNA does not sample all plants (especially epiphytes, [START_REF] Zinger | Chapter Nine -Advances and prospects of environmental DNA in neotropical rainforests[END_REF], and (ii) that the sampling extent for plants was too small (plots of 1ha, with only 3 or 4 sites per forest type). By contrast, we found higher bacterial diversity in urban forests, in agreement with other reports in fragmented or disturbed tropical environments [START_REF] Rodrigues | Conversion of the Amazon rainforest to agriculture results in biotic homogenization of soil bacterial communities[END_REF][START_REF] Mendes | Land-use system shapes soil bacterial communities in Southeastern Amazon region[END_REF]Navarette et al. 2015). Bacteria are likely to respond to higher soil chemical heterogeneity and labile nutrient availability [START_REF] Vos | Micro-scale determinants of bacterial diversity in soil[END_REF], whilst macro organisms may instead respond more to declines in soil organic matter as found for termites (e.g. [START_REF] Dahlsjö | The local impact of macrofauna and land-use intensity on soil nutrient concentration and exchangeability in lowland tropical Peru[END_REF]. Scaling up to the whole study area, we observed declines of diversity for metazoa, fungi and to a lesser extent plants in urban forests. This loss could result from increasing forest fragmentation, dispersal limitation and thus higher local community drift and species extirpation risks [START_REF] Orrock | Local community size mediates ecological drift and competition in metacommunities[END_REF]. Such a hypothesis is supported by the fact that by contrast, diversity was also higher for bacteria, which have greater dispersal availability and are more sensitivity to small environmental changes. This demonstrates the power of eDNA to reveal both local and more regional scale patterns of habitat dynamics and its relevance for helping establishing conservation priorities.

Beta diversity

In addition to differing in alpha and gamma diversity, urban and control forests contained communities distinct from one another across all four taxonomic clades. The response of communities to forest type differed across clades, with bacteria in particular demonstrating the strongest levels of dissimilarity across forest types, likely matching the observed differences in alpha diversity, and their sensitivity to soil chemistry. Urban forest fragments are likely to experience long lasting legacy effects of their previous occupation and management, with greater variation of input and historic disturbance with soil conditions determining community variation across sites, as reported for plant and soil biota community composition in Amazonia and elsewhere [START_REF] Heckenberger | The legacy of cultural landscapes in the Brazilian Amazon: implications for biodiversity[END_REF][START_REF] Oliveira | Legacy of Amazonian Dark Earth soils on forest structure and species composition[END_REF][START_REF] Mennicken | Effects of Past and Present-Day Landscape Structure on Forest Soil Microorganisms[END_REF][START_REF] Borges | The evolutionary diversity of urban forests depends on their land-use history[END_REF].

Our study also demonstrates that urban forests communities are not a subset of undisturbed forest, but rather are composed of specific communities. Such a high level of turnover in diversity between control and urban forests demonstrates vulnerability of local native species to extinction, and their replacement by new arrivals of urban-adapted species [START_REF] Mckinney | Urbanization, Biodiversity, and ConservationThe impacts of urbanization on native species are poorly studied, but educating a highly urbanized human population about these impacts can greatly improve species conservation in all ecosystems[END_REF], with potential pervasive effects on remaining biodiversity as invasive species (Cadotte et al. 2016). Within forest types, the pairwise comparison of sites demonstrated that turnover contributed a much larger proportion to community dissimilarity than nestedness. The range in pairwise turnover between urban sites was greater for all four taxonomic clades, with this dissimilarity significantly correlating with differences in soil chemistry and geographic distance between sites. This was particularly the case for urban sites, in spite of the smaller distances separating them, again pointing to the effects of fragmentation potentially driving dispersal limitation between sites and promoting community drift and species extirpation risks. Furthermore, we did not observe the expected patterns of homogenization in urban forest fragments relative to controls as found in previous studies of plants and birds [START_REF] Aronson | A global analysis of the impacts of urbanization on bird and plant diversity reveals key anthropogenic drivers[END_REF]. Instead, the soil biota responded differently, with fungi in fact demonstrating significantly greater heterogeneity in urban forest soils. Fungal diversity and abundance have been shown to decline in an eDNA study of both soil and air along temperate urbanization gradients [START_REF] Abrego | Fungal communities decline with urbanization-more in air than in soil[END_REF], suggesting potential dispersal limitation in more heavily fragmented urban habitats which could contribute to the increased heterogeneity detected here. Bacteria were similarly homogeneous between forest types in spite of local increases in alpha diversity, contrary to what was observed in Amazonian forest soils converted to agriculture [START_REF] Rodrigues | Conversion of the Amazon rainforest to agriculture results in biotic homogenization of soil bacterial communities[END_REF]. Instead, these forest fragments may exhibit more variation in soil physicochemical properties between sites relative to agricultural studies due to more heterogeneous inputs within a city [START_REF] Byrne | Habitat structure: A fundamental concept and framework for urban soil ecology[END_REF]. This demonstrates the distinct response of soil biota in urban forest fragments to those in potentially more disturbed agricultural sites, highlighting the need to consider their conservation status differently. In particular, it demonstrates that urban forest fragments under continuous tree cover during extended periods, such as those in Cayenne, contain a soil biota which is unique in composition, with unique forces shaping it.

Functional Groups

Replacement in species between urban and control forests may result in a loss of ecosystem function, except if urban-related species are functionally similar. Here, we found that whilst plant communities differ strikingly in diversity and composition between control and urban fragments, their life forms are largely consistent in their relative abundance for both forest types. However, palms were found to be greater in their relative abundance in urban sites, which could correspond to either their cultivation as crops in the past, or their preference for nutrient poor, sand rich soils [START_REF] De Castilho | Variation in aboveground tree live biomass in a central Amazonian Forest: Effects of soil and topography[END_REF]. By contrast, we found greater numbers of climbers in control forests, contradicting our initial hypothesis and current global trends [START_REF] Laurance | Rain Forest Fragmentation and the Structure of Amazonian Liana Communities[END_REF][START_REF] Dewalt | Annual Rainfall and Seasonality Predict Pan-tropical Patterns of Liana Density and Basal Area[END_REF]. In a study of a lowland tropical forest national park adjacent to a city in Malaysia, liana abundance and species richness declined in areas of secondary forest which displayed increased human disturbance (Addo-Forjour et al. 2012). This could explain our results, since human disturbance in Cayenne's forest fragments is more likely, with these sites providing a much-frequented recreational space for city residents.

Within the Metazoa, only blattodea were less abundant in urban forests. The majority of OTUs in this group were identified as termites, a group known to be sensitive to forest disturbance and resulting desiccation (Woon et al. 2019). They also rely on the availability of organic matter as detritivores [START_REF] Eggleton | Termite diversity across an anthropogenic disturbance gradient in the humid forest zone of West Africa[END_REF]Davis 2002;[START_REF] Jones | Termite assemblage collapse along a land-use intensification gradient in lowland central Sumatra, Indonesia[END_REF][START_REF] Dahlsjö | The local impact of macrofauna and land-use intensity on soil nutrient concentration and exchangeability in lowland tropical Peru[END_REF]), likely to be lower in urban forest fragments which exhibited lower total C and N. Acarian mites, which represent a range of ecological strategies from fungal feeding to predation (Orgiazzi et al. 2016), were also found to be lower in urban soils, which may again reflect reductions in organic matter and leaf litter availability (Erdman et al. 2012).

For fungi, functional groups were largely equivalent between forest types due to a high intra-forest type variability. Nevertheless, we found that AM fungi tended towards being more abundant in urban forest soils, in agreement with previous reports in undisturbed and disturbed forests in Brazil, where AM fungi were more abundant in disturbed habitats [START_REF] Carrenho | Environmental degradation impact on native communities of arbuscular mycorrhizal fungi in an urban fragment of semideciduous plateau forest[END_REF]. In urban or disturbed forests, host tree plants are likely to depend to a greater extent on AM associations to survive under reduced nutrient conditions. The compositional shifts in plant taxa detected between forest types may support this hypothesis, since palms, found to be more abundant in urban forests, are reported as being associated with AM fungi (Núñez-Castillo & Álvarez-Sánchez 2003;Dreyer et al. 2009). Still, the lack of strong shifts in functional groups between urban and control forests is surprising given the substantial shifts in fungal taxonomic turnover observed here and elsewhere [START_REF] Abrego | Fungal communities decline with urbanization-more in air than in soil[END_REF]. This indicates that in spite of their isolation within the urban environment, and the high levels of species turnover experienced, that urban fragments are able to maintain a fungal community which functions in an equivalent manner.

Unlike fungi, bacterial functional groups differed between forest types, with greater abundance of chemolithoautotrophs in urban forests, and a greater abundance of chemoorganoheterotrophs in control forests. This is consistent with differences in C and N availability and potentially that of organic matter between forest types. Likewise, nitrifying and nitrite reducing bacteria were more abundant in urban forests, consistent with previous observations of higher nitrifying enzyme activity in these conditions [START_REF] Reisinger | Nitrogen-cycling process rates across urban ecosystems[END_REF]).

This may be caused by greater fertilizer use in the urban surroundings or in the past, or alternatively, to the higher oxygenation of the soils [START_REF] Enloe | Urbanization effects on soil nitrogen transformations and microbial biomass in the subtropics[END_REF], supported by our detection of a higher abundance of earthworms in urban forests. In control forests, we detected a greater relative abundance of phytoparasites, counter to a recent finding showing greater pathogen richness in disturbed forests [START_REF] Makiola | Land use is a determinant of plant pathogen alphabut not betadiversity[END_REF]. Instead, our result may reflect a wider niche space for plant pathogens in undisturbed rainforest where plant species alpha-diversity is higher.

Limitations

Although this study identifies several broad patterns, some caveats must be acknowledged. First, our study relies on a limited number of replicate sites, and we therefore lack statistical power to detect differences. Second, the DNA markers we used to identify soil organisms provide limited taxonomic resolution or may lack of records in taxonomic reference databases, preventing taxonomic assignment of certain OTUs. Markers can also bias detection towards certain taxa, although such biases should be limited with the primers selected here [START_REF] Taberlet | Environmental DNA: For Biodiversity Research and Monitoring[END_REF]. Third, our approach of classifying functional groups depends on functional databases, where tropical soil organisms, and microorganisms in particular, are likely to be under-represented (Truong et al. 2014;[START_REF] Orgiazzi | Soil biodiversity and DNA barcodes: opportunities and challenges[END_REF]. In addition, our definition of functional groups was coarse scale and may not detect fine differences between urban and control forests.

Conclusion

Isolated forest fragments within an urban matrix contain assemblages of soil organisms distinct from those of undisturbed continuous forest, a finding hitherto unobtainable using more common ecological inventory approaches. From a conservation perspective, this suggests that forest fragments play a limited role in sheltering native soil organism diversity in the face of urbanization. However, from a functional point of view, urban forest remnants harbour assemblages that do not deeply differ from those of pristine forests. Although we document differences, urban forest fragments may maintain a baseline level of functional diversity, a conservation argument that adds to the other services these ecosystems provide for human wellbeing (FAO 2016). Ultimately, eDNA metabarcoding is confirmed as a powerful method for determining multi-taxa patterns in soil biodiversity, with justified potential for future deployment in biodiversity monitoring. 

Figure 1 :

 1 Figure 1: Alpha and gamma exponential Shannon diversity of sample sites a) log-2 fold change in alpha diversity between forest types. Dots represent the mean values and error bars, their 95% confidence interval. Values tending towards -1 correspond to a diversity twice lower in urban forests as compared to control forests. Values tending towards +1 represent diversity twice higher in urban forests. Confidence interval bars indicate whether differences are significant, assessed by LMM, where asterisks represent significance levels (* indicates a p-value of <0.05, and ** p<0.01, detailed in Supplementary 7). Gamma diversity estimates rarefied (solid) and

Figure 2 :

 2 Figure 2: Dissimilarity of a) plants, b) metazoa, c) fungi and d) bacteria across samples. These are visualized with a Principal Coordinates Analysis (PCoA), with PERMANOVA statistics in the insets indicating significant differences between forest types (FT) and its interaction with site. See also Supplementary 9.

Figure 3 :

 3 Figure 3: Pairwise beta diversity characterised by a) turnover and b) nestedness for communities in Forest sites (green), in Urban sites (purple) and between Forest and Urban (grey). Significance (p-value) of Tukey HSD following ANOVA given by *** < 0.001.

  Figure 4: Log-2-fold change in the relative abundance of functional groups for a) plants, b) metazoa, c) fungi, and d-f) bacteria in urban forests relative to undisturbed forests. Legend as in Figure 1, see Supplementary 12 for statistical significance.
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