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The role of niche differences and competition is invoked when one finds coexisting species to be more dissimilar in trait composition than expected at random in community assembly studies. This approach has been questioned as competition has been hypothesized to either lead to communities assembled by similar or dissimilar species, depending on whether species similarity reflects fitness or niche differences, respectively. A current problem is that the arguments used to draw relationships between competition and species similarity are based on pairwise theoretical examples, while in nature competition can occurs among a constellation of species with different levels of versatility in resources used. By versatility we mean the documented ability of some species to escape competition for commonly used resources by changing for marginal and unused resources. Thus, a versatile species will have the ability to decrease niche overlap with all other species when facing strong competitors.

When these species are embedded in multiple interactions the role of pairwise niche and fitness differences could be reduced due to indirect effects and thus competition would not be detectable. Here we developed a coexistence theory where competition occurs simultaneously among multiple species with different levels of versatility and then used it in a simulation to unravel patterns of species similarity during community assembly. We found that simulated communities can be assembled by species with more, less or equal similarity compared to a null model when using a mean distance based metric (SES.MPD). However, contrasting these varied results, we consistently found species overdispersion using a nearest neighbor-based metric (SES.MNTD), even when species differences reflected more directly their competitive abilities than their niche differences. Strong tendency to overdispersion emerged when high ecological versatility promoted large niche differences and enabled coexistence. This is because versatility to use marginal resources compensates possible fitness differences among species. Our findings provide mounting evidence of the important role of minimum niche differences and versatility in resource consumption for species embedded in multiple direct and indirect interactions.

INTRODUCTION

It has become common practice in community ecology to assume that communities composed of more dissimilar species than expected at random (hereafter species overdispersion) are predominantly assembled by interspecific competition [START_REF] Weiher | Assembly Rules, Null Models, and Trait Dispersion: New Questions from Old Patterns[END_REF][START_REF] Webb | Exploring the phylogenetic structure of ecological communities: an example for rain forest trees[END_REF][START_REF] Hillerislambers | Rethinking Community Assembly through the Lens of Coexistence Theory[END_REF][START_REF] D'andrea | Challenges in linking trait patterns to niche differentiation[END_REF]. This inference is grounded on [START_REF] Macarthur | The Limiting Similarity, Convergence, and Divergence of Coexisting Species[END_REF] limiting similarity hypothesis, which claims the existence of a limit to the resource use overlap between species for their stable coexistence. Accordingly, communities composed of similar species (hereafter species clustering) are seen as evidence for relaxed competition for resources and strong abiotic filtering selecting phenotypes well adapted to the environment [START_REF] Weiher | Assembly Rules, Null Models, and Trait Dispersion: New Questions from Old Patterns[END_REF].

After years of intense application of this approach, [START_REF] Mayfield | Opposing effects of competitive exclusion on the phylogenetic structure of communities[END_REF] challenged it by explaining that species clustering can also be the result of interspecific competition if species similarities (e.g. calculated using morphologic, behavioral, metabolic traits) reflect their competitive hierarchy (see also [START_REF] Hillerislambers | Rethinking Community Assembly through the Lens of Coexistence Theory[END_REF][START_REF] Adler | Trait-based tests of coexistence mechanisms[END_REF][START_REF] D'andrea | Challenges in linking trait patterns to niche differentiation[END_REF][START_REF] Cadotte | Should Environmental Filtering be Abandoned?[END_REF]. This happens because, in contrast to the traditional view, not all species differences should promote coexistence.

According to Chesson (2000), species coexistence depends on two kinds of interspecific differences. First, stabilizing niche differences (hereafter niche differences) favor coexistence by reducing the overlap in resource use between species in time or space, making intraspecific competition more intense than interspecific competition [START_REF] Chesson | A need for niches?[END_REF].

Second, species-level average fitness differences (hereafter fitness differences) determine which species will outcompete others in absence of niche differences (Chesson 2000). A balance between niche and fitness differences determines stable coexistence and the pairwise coexistence condition is that niche differences must overcome fitness differences (Chesson 2000). So, if species similarities relate to their fitness equalities, then one could expect to find species clustering around an optimum trait value when competition rules the assembly [START_REF] Mayfield | Opposing effects of competitive exclusion on the phylogenetic structure of communities[END_REF].

Understanding how differences in species morphology, behaviors and strategies influence niche and fitness differences between them is a complex challenge [START_REF] Godoy | Phylogenetic relatedness and the determinants of competitive outcomes[END_REF][START_REF] Herben | Community assembly by limiting similarity vs. competitive hierarchies: Testing the consequences of dispersion of individual traits[END_REF][START_REF] Kraft | Plant functional traits and the multidimensional nature of species coexistence[END_REF][START_REF] D'andrea | Challenges in linking trait patterns to niche differentiation[END_REF]. Several traits can impact both niche and fitness differences, even if the net impact on one is higher than on the other [START_REF] Kraft | Plant functional traits and the multidimensional nature of species coexistence[END_REF]. For example, two animal species competing for different prey can have distinct preferences for prey size and taxonomic identity of prey. Differences in taxonomic preferences could favor coexistence through resource partitioning but size preferences could lead to competitive asymmetry given that feeding on larger animals may improve species fitness. Thus, differences in taxonomic and size preferences would contribute to both niche and fitness differences. Therefore, it is not clear whether analyzing together traits that drive stabilizing and equalizing mechanisms simultaneously should give clustered, segregated or random patterns.

Beyond the importance of niche and fitness differences for competitive outcomes, two characteristics of species competition are usually overlooked in community assembly studies.

First, competition generally happens between several species in nature [START_REF] Pianka | Niche overlap and diffuse competition[END_REF], not only in pairwise situations, as commonly considered in conceptual and experimental examples [START_REF] Mayfield | Opposing effects of competitive exclusion on the phylogenetic structure of communities[END_REF][START_REF] Chu | Large niche differences emerge at the recruitment stage to stabilize grassland coexistence[END_REF]. The addition of a third (or more) species to a community composed of two species modifies the competitive network. This happens because three species can experience indirect effects of each other [START_REF] Levine | Competitive interactions in ecosystems[END_REF][START_REF] Lawlor | Direct and indirect effects of n-species competition[END_REF]. For example, let us consider species A, B and C: species A has a direct effect on species B by directly competing for resources, but also has an indirect effect by competing with the third species C, which is a common competitor of species A and Bthus the full impact of species A on B would be the sum of the direct and indirect effects. Given that, the pairwise coexistence conditioni.e. niche differences must exceed fitness differences (Chesson 2000) is not the only determinant of species coexistence, as it is also influenced by the other species that compose such a community.

Second, one of the most used models of species competition considers that competition occurs over a linear array of resources and each species have a trait that makes them able to consume a range of this array of resources (the MacArthur's consumer-resource model, 1970). In this case, trait differences determine the resource use overlap and thus the interaction strength among species (see Fig. 1). However, competition in nature can happens in a different way. In other documented cases, all species will be able to consume one common resource (in general an abundant resource), but they may vary in the ability to consume other resources, changing their dependency on this common resource when facing competition [START_REF] Liem | Adaptive significance of intra-and interspecific differences in the feeding repertoires of cichlid fishes[END_REF]1990;[START_REF] Bellwood | Functional versatility supports coral reef biodiversity[END_REF]. For example, [START_REF] Liem | Adaptive significance of intra-and interspecific differences in the feeding repertoires of cichlid fishes[END_REF] found that morphological differentiation in mouth apparatus in cichlids determine the ability of species to escape competition for common preys (by changing for a different resource) in the presence of strong competitors. In this case, differences in traits impacts their versatility and thus could determine niche differences with all other species simultaneously using the coexistence framework (see Fig. 1 for a schematic explanation of the differences between MacArthur's model and our model considering species versatility).

So, based on the potential impact that multispecies competition and species versatility may have on community assembly, we investigated the strength of commonly used metrics of species dispersion (e.g. mean pairwise and nearest neighbor metrics, [START_REF] Weiher | Assembly Rules, Null Models, and Trait Dispersion: New Questions from Old Patterns[END_REF][START_REF] Webb | Exploring the phylogenetic structure of ecological communities: an example for rain forest trees[END_REF] to detect signatures of competition under a mechanistic model of competition. We first developed the underlying theory of competition considering species versatility upon Chesson's (2000) coexistence theory and then used it within a simulation based on sequential colonization from a species pool. We observed the emergence of species clustering, overdispersion and random patterns in simulated communities fueling the ongoing discussion on the use of species dispersion metrics to infer assembly processes.

METHODS

Theory development

We used a model to simulate community assembly based on modern coexistence theory and under multispecies competition (see Appendix S2 in Supporting Information for a detailed version of the model and proofs). We aimed a reference model that respects Chesson's (2000) following to the long-term low-density growth rate of a species i in a multispecies system (Eq. 4 in Chesson 2000):

(1)

where n is the number of species in the system, the ks are measures of fitness of individual species, is the average fitness of the competitors of i, is a measure of niche overlap, and D is a positive constant. This equation is composed of an equalizing term

(2) and a stabilizing term

(3)

In this kind of community model, a set of species is said to coexist if all individual species can grow from low density in the community made of the other species at equilibrium (i.e. community feasibility).

We started with MacArthur's consumer-resource model where species compete for resources (Eqs. 1 and 2 in Chesson 1990):

(4

)
where i is a consumer species; X i is population density; R l is the density of food resource l; w l is the value of one unit of resource l to the consumer; c il is the rate at which consumer species i captures resource l per unit abundance of resource l; m i is the total value of resource that must be harvested per capita for the growth rate to be exactly 0; b i is a factor converting the resource excess into the per capita growth rate; r l is the growth rate and K l the carrying capacity for resource l.

Assuming a separation of time scales between resource and consumer dynamics yields (see Appendix S2):

(5)

where and are rescaled quantities corresponding to and from equation (4), is a rescaled quantity corresponding to in equation ( 4) and is a rescaled interaction coefficient between species i and j, comprised between 0 and 1, which corresponds to a resource overlap between the two species (in particular ).

Consider species at low density, and assume that the other species can coexist. Then all the other species harboring their equilibrium density (second subscript " " meaning "in the absence of species "). Then the long-term growth rate at low density of species , , is obtained by neglecting and setting the s to s in ( 5):

(6)

To derive an equation for the long-term low-density growth rate of a species in the form of Chesson's approximation for multispecies system (Eq. 1), we considered a particular type of interactions among species that reflect species versatility: for all pairs of species , we assumed that , where is a vector of positive real numbers between 0 and 1. In particular, . Empirically, can be a measure of resource use restriction or versatility (e.g. [START_REF] Bellwood | Functional versatility supports coral reef biodiversity[END_REF] used the species distance to the centroid of a multidimensional space of species distances as a measure of versatility). High values of means that a species will depend mostly on the common resource all species can consume, while species with low will be those with the versatility to use marginal resources when facing competition (see Fig. 1).

Importantly, we show in Appendix S2 that any set of interactions of this type can be obtained by adjusting the basic parameters of the model (resource renewal dynamics and consumption vectors), as long as the number of resource types is equal or greater than the number of species. As similar to the MacArthur's model, resource types can be anything that can vary and can be depleted for other species, i.e. seed size ranging from 1 to 100 cm can be considered 100 resources for birds if each size encompasses a resource that provide niche differences and can be limiting:

(7)

We now seek to decompose equation ( 7) into stabilizing and equalizing terms as in Chesson's (2000) framework. To find the stabilizing term, we first looked at the long-term growth rate at low density when all the species have the same fitness . In this case, only the stabilizing should act on coexistence. When all species have equal fitness, (7) becomes:

(8)

We now search for the corresponding equalizing term in an additive decomposition as in Chesson's (2000) framework (Eq. 1 above). Starting from (7), we obtained (see Appendix S2

for detailed proofs) the following final expression for the long-term growth rate of a species:

where We thus retrieved in (9) a stabilizing term with a form consistent with Chesson's (2000) equation (Eq. 1).

The main difference with Chesson's (2000) framework is that is not a simple arithmetic mean of the fitness values but a weighted mean, where weights ( ) depend on some interaction effects with other species. Changing interactions among species thus changes the . Our theory provides a multispecies extension of the pairwise Chesson's theory in the case when interactions strength among species simultaneously affects in the same direction the competition with all the other species. This is because all species can consume a common resource, but vary in their versatility to consume other resources (see Fig. 1).

Simulation description

To simulate community assembly, we created a species pool with 100 species. For each species we settled values of and θ ithe parameters of species in our coexistence model (Eq. 9). The values of these species parameters determine niche and fitness differences and thus both are necessary to determine coexistence in communities using equation (Eq. 9).

Biologically, would be related to one or several morphological, behavioral or other traits that influence species competitive ability. Theta, however, represents a synthetic measure of ecological versatility indicating the extent to which a species depends on a common resource that all other species can consume (see Fig. 1). We calculated fitness differences and niche differences resulting in two species distance matrix, one that represented species niche overlap (1-) (from 0 to 1) and another that represented competitive differences

). Subsequent analyses of species similarity were based on these two species distance and not on s and θ i s directly. So, species competitive ability determines competitive exclusion in the lack of niche differences, while species versatility determines the niche overlap among species.

We simulated values for parameters and θ i using the beta distribution, which is a continuous probability distribution defined on [0, 1] with two positive parameters: α and β.

We used α and β to control the means of and θ i values and their variation. It is important to stress that low α values for θ i means that, overall, species are highly versatile. Controlling the α and β parameters in the beta distribution allowed us to simulate various scenarios for the distribution of fitness and niche differences in the species pool (Fig. 2). Differences between the parameters of the beta distribution (Fig. 2) are due to differences in the way fitness and interaction strength interfere in the model, fitness in an additive manner and interaction strength in a multiplicative manner.

Once the species pool was defined, we built the model to simulate community assembly. The model requires a given a priori number of colonization events to occupy a community. The species pool is unchanged so that a single species can try to invade a community several times. The first species is randomly selected from the pool and occupies a community. Then, the model randomly selects a second species to invade the community and applies the coexistence condition (Eq. 9) to decide whether the first and the second species can coexist in that community. If these species can coexist, the next (third) invader would be tested using the multispecies coexistence condition (Eq. 9). Subsequent colonizing species are tested for the coexistence condition with all species that already coexist there. The process of assembly ends when all the colonization events defined a priori were done. We also simulated scenarios where species have different colonization probabilities depending on their and θ i , one with a colonization-competition trade-off and another where species that rely mostly on a common resource have higher chance to colonize new patches. However, these simulations provided highly similar results to the random dispersal approach. Thus, these are only described in Appendix S3.

In this model, when the coexistence condition was not satisfied and the long-term growth rate of the invader was negative, then the invader was excluded. If the coexistence was not satisfied and the long-term growth rate of the invader was positive, then the species with the minimum long-term growth rate was excluded and the coexistence condition was tested in the new resulting community. This process was repeated until the coexistence condition was satisfied. We relied on previous work [START_REF] Tregonning | Complex systems which evolve towards homeostatis[END_REF][START_REF] Wilson | Biodiversity and the Lotka-Volterra theory of species interactions: open systems and the distribution of logarithmic densities[END_REF] to assume that the iterative removal of species with negative growth rates provides a reasonable approximation of the equilibrium community.

We defined a simulation as each round starting from simulating the species pool to the assembling of 100 communities. So, each simulation has one singular species pool to assemble 100 communities. A simulation thus ends with a set of 100 communities assembled under the same conditions.

Community metrics

To analyze the communities, we calculated species richness, beta diversity (Jaccard dissimilarity) and two metrics of species dispersion. Among species dispersion metrics, we used the standardized effect size of mean pairwise distances (SES.MPD) and that of the mean distance to the most similar species within communities (SES.MNTD , [START_REF] Webb | Exploring the phylogenetic structure of ecological communities: an example for rain forest trees[END_REF]. We used the 'taxa shuffle' null model that randomizes 1,000 times the rows and columns of the species distance matrix. An additional metric of functional dispersion was also calculated. However this metric provided very similar results from SES.MNTD and SES.MPD, so we included these results in Appendix S3.

As a first step, we ran 100 simulations, with 100 invasions in each community, for each combination of fitness and niche distributions (Fig. 2). In these simulations, we first applied the species dispersion metrics (SES.MNTD and SES.MPD) to each assembled community, but separately to fitness distances and niche distances. Next, we applied the dispersion metrics to a combined niche and fitness-based distance between species named 'overall species distance' and defined as: , where maxima are over all species pairs in the species pool. Finally, to simulate studies gathering traits more related to niche or fitness differences among species (see [START_REF] Kraft | Plant functional traits and the multidimensional nature of species coexistence[END_REF], we modified the way we defined overall species distances as:

, where maxima also are over all species pairs in the regional species pool and a and b are positive parameters. This simulation represents studies gathering different number of traits related to niche differences (larger values of b) and fitness differences (larger values of a), or also simulates studies where one singular trait relates to both niche and fitness differences but with different weights (e.g. [START_REF] Godoy | Phylogenetic relatedness and the determinants of competitive outcomes[END_REF][START_REF] Kraft | Plant functional traits and the multidimensional nature of species coexistence[END_REF]. In a second step, we varied the number of colonization events per community considering 30, 50, 100, 300 and then 500 colonization events.

RESULTS

When communities were assembled by 100 colonization events, we found a positive trend in species richness by increasing the niche differences (and versatility) and the fitness values at the species pool scale (Fig. 3a). Beta diversity was high on average, independently of niche differences and species fitness at the species pool scale (Fig. 3b).

Considering the species dispersion metrics, when species distances were calculated using niche differences only, we found consistent overdispersion (Fig. 3c,d). With larger niche differences and higher fitness at the species pool scale, overdispersion tended to be more evident. When species distances were calculated using fitness differences only, we found clustering for most simulations (Fig. 3e,f). The exceptions were a tendency to randomness when mean species k were low at the species pool scale (Fig 3c first boxplots within each color) and when niche differences were high at the species pool scale for the SES.MNTD metric (Fig. 3e, yellow boxplots). When overall species distances were calculated, we found a strong tendency towards overdispersion using the SES.MNTD metric (Fig. 3g), especially when niche differences at the species pool scale were large (species where highly versatile) (Fig 3g yellow boxes). The only exception happened when the species pool had small ks values (Fig. 3g, first blue box).

When using the SES.MPD metric, results were more variable: 1) overdispersion when species had large niche differences at the species pool (Fig. 3h, yellow boxes) or similarly high ks at the species pool (Fig. 3h, third boxes within each color); 2) a tendency to clustering when species ks had a U-shaped distribution (Fig. 2h, forth blue and red boxes); 3) random patterns when species had low or medium k and/or niche differences at the species pool (Fig. 3h, first and second blue and red boxes).

When varying the weights of niche differences and fitness differences in species overall distance (i.e. varying the parameters a and b when calculating overall distances), we found that the weights strongly impacted dispersion metrics, independently of the species pool properties. For brevity, we only show the results when species have medium niche differences and medium ks values at the species pool scale. We found that SES.MNTD was overdispersed even when we gave more weight to fitness differences than niche differences (Fig. 4a). There was a tendency towards randomness and clustering when fitness differences were four to five times more important than niche differences (Fig. 4a). Using SES.MPD, we found random patterns when the weights of niche and fitness differences was the same, but clustering and overdispersion when there were more weights to fitness and niche differences, respectively (Fig. 4b).

Varying the number of sequential colonization events led to the same general conclusions (Fig . 5). For brevity, we only show the results obtained with medium niche differences and fitness values at the species pool scale. Community richness increased with more colonization events, but stabilized after some point (Fig. 5a). Beta diversity decreased with increasing colonization reaching very low levels after 300 and 500 colonization events (Fig. 5b). We found consistent niche overdispersion and fitness clustering (Fig. 5c,d,e,f).

Using overall species distance we found overdispersion using SES.MNTD with a minimum of 50 colonization events and only randomness using SES.MPD (Fig. 5g,h). Overall, dispersion patterns became more evident with increasing number of colonization events.

DISCUSSION

Community assembly studies have the ambitious aim of inferring processes by analyzing similarities in traits or in evolutionary history among species in a given community [START_REF] Weiher | Assembly Rules, Null Models, and Trait Dispersion: New Questions from Old Patterns[END_REF][START_REF] Webb | Exploring the phylogenetic structure of ecological communities: an example for rain forest trees[END_REF]. We show, however, that such approaches can suffer from two types of Achilles' heels when linking patterns to processes. The first is when different processes result in the same pattern. We found that communities containing very similar speciesa pattern used to infer environmental filtering [START_REF] Weiher | Assembly Rules, Null Models, and Trait Dispersion: New Questions from Old Patterns[END_REF][START_REF] Webb | Exploring the phylogenetic structure of ecological communities: an example for rain forest trees[END_REF])can also be the result of competition alone [START_REF] Mayfield | Opposing effects of competitive exclusion on the phylogenetic structure of communities[END_REF]). The second is when one process leads to different patterns. We found that competition can result in communities containing very distinct species (i.e. an overdispersed pattern, as predicted by the traditional framework), but also in communities with clustered (as predicted by Mayfield and Levine 2010) and even random structure. These problems likely arise because we simulated communities with the inclusion of two scenarios rarely considered in previous studies: simultaneous competition among multiple competitors (e.g. [START_REF] Godoy | Intransitivity is infrequent and fails to promote annual plant coexistence without pairwise niche differences[END_REF]) and species with different levels of versatility to exploit marginal resources. These results bring concerns to the use of the traditional community assembly approach, but enabled us to do a step forward in understanding recurrent patterns of communities in nature.

Here, we introduced an extension of the pairwise theory of coexistence using a variation of the MacArthur's consumer-resource model (Chesson 1990) that considers species versatility to determine the interaction strength among species. This new model differs in important points from the traditional view of competition (Fig. 1) but yield concordant patterns with previous inferences on the impacts of ecological versatility in community assembly. For example, species richness increased with species versatility in the community and in the species pool scale [START_REF] Bellwood | Functional versatility supports coral reef biodiversity[END_REF][START_REF] Belmaker | Global patterns of specialization and coexistence in bird assemblages[END_REF]. Additionally, we found that versatility provides important niche differences and promotes coexistence when competitors from the pool are very strong (high fitness), as already suggested for empirical communities (e.g. cichlids, [START_REF] Liem | Adaptive significance of intra-and interspecific differences in the feeding repertoires of cichlid fishes[END_REF]. Overall, these concordances from theory and data emphasize the important role that versatility may play in the assembly of natural communities.

Our findings indicate that empirical studies able to separate niche from fitness traits (e.g. [START_REF] Kraft | Plant functional traits and the multidimensional nature of species coexistence[END_REF] could have found species overdispersion if species distances reflected niche differences, but clustering if it reflected fitness differences. However, in the case traits impact both fitness and niche differences [START_REF] Adler | Trait-based tests of coexistence mechanisms[END_REF][START_REF] Kraft | Plant functional traits and the multidimensional nature of species coexistence[END_REF], our results

suggest that MPD metrics can also be random. Previous empirical studies indeed found clustering and overdispersion using different traits with an overall species clustering, but the interpretation relied on the opposing effects of environmental filtering and limiting similarity (e.g. [START_REF] Swenson | Opposing assembly mechanisms in a Neotropical dry forest: implications for phylogenetic and functional community ecology[END_REF]. Here, we demonstrated how these same patterns can arise due to competition only, when fitness have a U-shaped distribution (Fig. 3h). The U-shaped distribution is the only bimodal distribution we used and it demonstrated to promote different patterns compared to when fitness has unimodal distributions. Empirically, traits with bimodal distribution are recurrent in nature (e.g. marine zooplankton and stream biotas with bimodal size distribution [START_REF] Warwick | Species size distributions in marine benthic communities[END_REF][START_REF] Poff | Size structure of the metazoan community in a Piedmont stream[END_REF]). So, as these patterns can be found in nature, it is likely that clustering in some traits (related to competitive ability) and overdispersion in others (related to species versatility) are also possible when competition rules the assembling.

The distributions of niche and fitness differences in the species pool had pivotal effects in determining the level of species dispersion, especially in SES.MPD. With large niche differences in the species pool (i.e. species are highly versatile), overdispersion emerged consistently when using overall species distances. This is likely the result of a possible coexistence when most species have large niche differences, independently of their fitness differences [START_REF] Chu | Large niche differences emerge at the recruitment stage to stabilize grassland coexistence[END_REF]. A strong tendency towards overall overdispersion also emerged with high fitness at the species pool scale. This contradicts the idea that communities dominated by strong competitors should have clustered patterns [START_REF] Mayfield | Opposing effects of competitive exclusion on the phylogenetic structure of communities[END_REF], at least when species vary in their dependency for a common resource.

Actually we found that, in these cases, species would tend to be high versatile to overcome possible large fitness disadvantages. In a more conservative case, when the species pool has medium fitness values and medium niche differences, overall distance was in most cases random (Figs. 2h and4h). Given the commonness of a bell-shaped distribution of traits in nature (e.g. traits evolving under a Brownian motion commonly result in normal distributions around an ancestral trait value, [START_REF] Kraft | Trait evolution, community assembly, and the phylogenetic structure of ecological communities[END_REF]), it is not surprising that most studies to date have observed random patterns when analyzing mean distance-based metrics (82% according to a review by [START_REF] Götzenberger | Ecological assembly rules in plant communities--approaches, patterns and prospects[END_REF]). Thus, we support recent studies cautioning the inference of stochastic processes, e.g. random variation in birth and death rates, as the main processes governing communities with random dispersion patterns [START_REF] Gallien | Intransitive competition and its effects on community functional diversity[END_REF].

Besides the cautionary notes, we found one consistent result across most model variations: consistent overdispersion when using the SES.MNTD metric. This finding supports the importance of minimum niche differences between species in stable multispecies communities [START_REF] Godoy | Intransitivity is infrequent and fails to promote annual plant coexistence without pairwise niche differences[END_REF]. This is likely because a high ability to escape competition for a common resource will help overshadow the competitive differences with all other species (e.g. [START_REF] Liem | Adaptive significance of intra-and interspecific differences in the feeding repertoires of cichlid fishes[END_REF]). After years of criticism [START_REF] Mayfield | Opposing effects of competitive exclusion on the phylogenetic structure of communities[END_REF][START_REF] Adler | Trait-based tests of coexistence mechanisms[END_REF]; Gallien 2017), we add new evidence that the signature of pairwise niche differences in communities assembled by multispecies competition is the same overdispersion hypothesized by [START_REF] Weiher | Assembly Rules, Null Models, and Trait Dispersion: New Questions from Old Patterns[END_REF], even when indirect effects due to multiple interactions could act to weaken such pattern [START_REF] Godoy | Intransitivity is infrequent and fails to promote annual plant coexistence without pairwise niche differences[END_REF]. It is also important to note that Godoy et al ( 2017) used a different model of competition (an annual plant species model, [START_REF] Godoy | Phylogenetic relatedness and the determinants of competitive outcomes[END_REF]), but also found the similar pattern of overdispersion. This highlights the general importance of minimum niche differences even when considering competition in different ways.

In this recent study, [START_REF] Godoy | Intransitivity is infrequent and fails to promote annual plant coexistence without pairwise niche differences[END_REF] also discussed the role of niche differences and intransitivity (rock-paper-scissor dynamic) in maintaining multispecies communities, explaining that both would give similar empirical signals of overdispersion. However, for intransitive competition to promote coexistence, species need to differ in their ability to compete for different resources, thus making possible that a superior competitor for resource A is worse when competing for resource B [START_REF] Gallien | The effects of intransitive competition on coexistence[END_REF]). However, this scenario cannot arise in our model as competitive ability is a general characteristic, not related to each specific resource; i.e. we would never have a species with k=10 being outcompeted by a species with k=5. In our model, the coexistence of species with larger differences than expected at random is not related to possible intransitivity but specifically to stabilizing versatility in resources used. So, by using a model that isolates the role of niche differences, we are able to support the idea that intransitivity emerging from multispecies competition should not be pivotal for species coexistence in the absence of sufficient pairwise niche differences [START_REF] Godoy | Intransitivity is infrequent and fails to promote annual plant coexistence without pairwise niche differences[END_REF].

Finally, we must punctuate some limits of our approach. First, our model is an interaction chain, where a species A has an indirect effect on species C by also competing with the common competitor B. Another type of multispecies competition considers higher order interactions, where pairwise competition changes in the presence of a third competitor, so that the impact of A on B is different when in pairwise or in triplets. The distinction between interaction chains and higher-order interactions is determined by whether the indirect effect emerges from a change in competitor density (interaction chain) or a change in the per capita competitive effects (higher-order interaction). As we did not consider such dynamics in our model, we cannot anticipate the impacts that these would have on the patterns we found (see [START_REF] Levine | Beyond pairwise mechanisms of species coexistence in complex communities[END_REF]. Second, in our study, we did not explicitly include temporal or spatial variation mechanisms of coexistence. With more varying niche dimensions, it is possible that local differences in resource use became less important and thus local overdispersion may become weaker [START_REF] Kraft | Plant functional traits and the multidimensional nature of species coexistence[END_REF]. Third, our model is strongly deterministic, not including neutral population dynamics that could modify community patterns. Studies on these dynamics have shown that removing niche differences can have strong impacts on species coexistence. For example, D'Andrea and Ostling (2017)

found that neutral cases can even harbor larger number of coexisting species than niche based scenarios, especially if the number of available niches is limited. So, a way forward would be to investigate how such dynamics would modify the patterns found here.

Concluding, here we introduced a new model of competition where species versatility promotes niche differences. This model proved to be an interesting variation of the MacArthur's consumer-resource model when species vary in their dependency for a commonly exploited resource. Competition in nature is complex and should happen, not only in both ways, but also in many other ways. Besides this high complexity, we found that overdispersion using nearest neighbor metrics was a recurrent pattern and thus could signalize a master role that competition plays during community assembly. After some years of debate, our model and results highlight the role of species versatility and niche differences and bring new perspectives for those aiming to infer the role of competition in molding community patterns. would be the case when all species of birds can eat a common seed or insect, but not all species are dependent on these items. Some species have a more distinct beak morphology that enables them to also eat other items. In this case, the interaction strength and thus niche overlap are determined by how much a species depends on this common resource. for species pools with average low niche differences, red boxplots for medium niche differences and yellow for high niche differences. Within each color, the first boxplot is when species have low fitness at the species pool scale, the second when species have medium fitness values, the third when species have high fitness values and the forth when species have a U-shaped distribution. We first applied indices SES-MNTD and SES-MPD separately to niche distances and fitness distances between species and then to the overall functional distances which combines niche and fitness as defined in the main text. Weights of fitness:niche distances in overall species distance calculation This corresponds to bell-shaped distributions for interaction strength and for fitness.

scenario_1_res_10_5_2_2 <-scenario_1_multispecies(a=100, 10,5,2,2, nsim=100)

# The result of the first simulation scheme (from the definition of a unique species pool to the simulations of the 100 communities) can be obtained with the following instruction:

scenario_1_res_10_5_2_2 boxplot(scenario_1_MNTD, ylim=c(-8,8), ylab="SES.MNTD", xlab="Nb of fitness:niche traits", names=c("5:1","4:1","3:1","2:1","1:1","1:2","1:3","1:4","1:5")) abline(h=0) boxplot(scenario_1_MPD, ylim=c(-8,8), ylab="SES.MPD", xlab="Nb of fitness:niche traits", names=c("5:1","4:1","3:1","2:1","1:1","1:2","1:3","1:4","1:5")) abline(h=0)

Duplication of Figure 4 of the main text. Result of species dispersion metrics when species distance is calculated using different weights for niche and fitness differences. Community assembly was performed using a species pool with medium niche differences and medium fitness values at the species pool scale. scenario_2_res_10_1_1_5 <-scenario_2_multispecies(a=100, 10,1,1,5, nsim=100)

Weights of fitness:niche distances in overall species distance calculation scenario_2_res_10_1_05_05 <-scenario_2_multispecies(a=100, 10,1,0.5,0.5, nsim=100) scenario_2_res_10_1_2_2 <-scenario_2_multispecies(a=100, 10,1,2,2, nsim=100) scenario_2_res_10_1_5_1 <-scenario_2_multispecies(a=100, 10,1,5,1, nsim=100) scenario_2_res_10_5_1_5 <-scenario_2_multispecies(a=100, 10,5,1,5, nsim=100)

scenario_2_res_10_5_05_05 <-scenario_2_multispecies(a=100, 10,5,0.5,0.5, nsim=100)

scenario_2_res_10_5_2_2 <-scenario_2_multispecies(a=100, 10,5,2,2, nsim=100)

scenario_2_res_10_5_5_1 <-scenario_2_multispecies(a=100, 10,5,5,1, nsim=100)

scenario_2_res_1_1_1_5 <-scenario_2_multispecies(a=100, 1,1,1,5, nsim=100)

scenario_2_res_1_1_05_05 <-scenario_2_multispecies(a=100, 1,1,0.5,0.5, nsim=100)

scenario_2_res_1_1_2_2 <-scenario_2_multispecies(a=100, 1,1,2,

# For example, with a distribution beta(10, 5) for θ i 's values and beta(2,2) for s, the result of the first simulation schemes (from the definition of a unique species pool to the simulations of the 100 communities, with 100% of niche range) can be obtained with the following instruction:

scenario_2_res_10_5_2_2 # The following scripts led to Figure 3 of the main text vecD =c("10_1_1_5", "10_1_05_05", "10_1_2_2", "10_1_5_1", "10_5_1_5", "10_5_05_05","10_5_2_2", "10_5_5_1", "1_1_1_5", "1_1_05_05", "1_1_2_2", "1_1_5_1") scenario_2_res <-list( scenario_2_res_10_1_1_5,scenario_2_res_10_1_05_05, scenario_2_res_10_1_2_2,scenario_2_res_10_1_5_1, scenario_2_res_10_5_1_5, scenario_2_res_10_5_05_05, scenario_2_res_10_5_2_2,scenario_2_res_10_5_5_1, scenario_2_res_1_1_1_5, scenario_2_res_1_1_05_05, scenario_2_res_1_1_2_2, scenario_2_res_1_1_5_1) scenario_2_MNTDniche <-lapply(scenario_2_res, function(v) as.vector(unlist(lapply(v, function(x) x["SES.MNTDniche"])))) scenario_2_MNTDfitness <-lapply(scenario_2_res, function(v) as.vector (unlist(lapply(v, function(x) x["SES.MNTDfitness"])))) scenario_2_MNTDoverall <-lapply(scenario_2_res, function(v) as.vector (unlist(lapply(v, function(x) x["SES.MNTDoverall"])))) scenario_2_MPDniche <-lapply(scenario_2_res, function(v) as.vector (unlist(lapply(v, function(x) x["SES.MPDniche"])))) scenario_2_MPDfitness <-lapply(scenario_2_res, function(v) as.vector (unlist(lapply(v, function(x) x["SES.MPDfitness"])))) scenario_2_MPDoverall <-lapply(scenario_2_res, function(v) as.vector (unlist(lapply(v, function(x) x["SES.MPDoverall"])))) scenario_2_richness <-lapply(scenario_2_res, function(v) as.vector (unlist(lapply(v, function(x) x["richness"])))) scenario_2_beta <-lapply(scenario_2_res, function(v) as.vector (unlist(lapply(v, function(x) x["beta"])))) par(mfrow=c(2,4)) boxplot(scenario_2_richness, ylim=c(0,100), names=vecD, las=3, ylab="Richness", col=c(rep("blue", 4), rep("red", 4), rep("yellow", 4))) boxplot(scenario_2_beta, ylim=c(0,1), names=vecD, las=3, ylab="Beta diversity", col=c(rep("blue", 4), rep("red", 4), rep("yellow", 4))) boxplot(scenario_2_MNTDniche, ylim=c(-10,10), names=vecD, las=3, ylab="SES.MNTD niche distance", col=c(rep("blue", 4), rep("red", 4), rep("yellow", 4))) abline(h=0) boxplot(scenario_2_MPDniche, ylim=c(-10,10), names=vecD, las=3, ylab="SES.MPD niche distance", col=c(rep("blue", 4), rep("red", 4), rep("yellow", 4))) abline(h=0) boxplot(scenario_2_MNTDfitness, ylim=c(-10,10), names=vecD, las=3, ylab="SES.MNTD fitness distance", col=c(rep("blue", 4), rep("red", 4), rep("yellow", 4))) abline(h=0) boxplot(scenario_2_MPDfitness, ylim=c(-10,10), names=vecD, las=3, ylab="SES.MPD fitness distance", col=c(rep("blue", 4), rep("red", 4), rep("yellow", 4))) abline(h=0) boxplot(scenario_2_MNTDoverall, ylim=c(-10,10), names=vecD, las=3, ylab="SES.MNTD overall distance", col=c(rep("blue", 4), rep("red", 4), rep("yellow", 4))) abline(h=0) boxplot(scenario_2_MPDoverall, ylim=c(-10,10), names=vecD, las=3, ylab="SES.MPD overall distance", col=c(rep("blue", 4), rep("red", 4), rep("yellow", 4))) abline(h=0)

Duplication of Figure 3 of the main text. Variation in species richness, Jaccard dissimilarity and species dispersion metrics when simulating community assembly using different species pools. Blue boxplots are results for species pools with average low niche differences, red boxplots for medium niche differences and yellow for high niche differences. Within each color, the first boxplot is when species have low fitness at the species pool scale, the second when species have medium fitness values, the third when species have high fitness values and the forth when species have a U-shaped distribution. We first applied indices SES-MNTD and SES-MPD separately to niche distances and fitness distances between species and then to the overall functional distances which combines niche and fitness as defined in the main text.

Legend:

Blue= Niche differences are high Red=Niche differences are medium where i is a consumer species; X i is population density; R l is the density of food resource l; w l is the value of one unit of resource l to the consumer; c il is the rate at which consumer species i captures resource 1 per unit abundance of resource 1; m i is the total value of resource that must be harvested per capita for the growth rate to be exactly 0; b i is a factor converting the resource excess into the per capita growth rate; r l is the growth rate and K l the carrying capacity for resource l.

Assuming a separation of time scales between resource and consumer dynamics, one obtains the quasi-static equilibrium of resources:

(Eq.

S2)

Introducing (Eq. S2) in the consumer dynamics presented in (Eq. S1) yields:

(Eq. S3)

(Eq. S3) can be written using vectors (in bold letters) and matrices (in bold capital letters) as follows:

(Eq. S4)

where is a diagonal matrix such as and is the corresponding Euclidean norm. Then, we can define the "standardized density" so that (Eq. S4) yields:

(Eq.

S5)

where we have defined the standardized parameters:

Importantly, and the Cauchy-Schwartz inequality ensures that when .

Consider species at low density, and assume that the other species can coexist. Then all the other species harboring their equilibrium density (second subscript " " meaning "in the absence of species "). Then the long-term growth rate at low density of species , , is obtained by neglecting and setting the s to s in (Eq. S5):

(Eq.

S6)

Note that this is reminiscent of equation ( 58) of [START_REF] Chesson | Multispecies competition in variable environments[END_REF], but in a standardized formulation of the system.

We now consider species in competition. We define the matrix of standardized interaction coefficients among species ( ). Then for any pair of species , taking the equilibrium of in the species system where is absent in equation (Eq. S5) yields:

(Eq. S7)

where we use the convention that , we define and a diagonal matrix with unknown coefficients. (Eq. S7) implies that:

(Eq.

S8)

Without making any assumptions on the coefficients of , combining (Eq. S6) and (Eq. S7)

yields:

(Eq.

S9)

can be computed by considering the coefficient in (Eq. S8) and using that :

(Eq. S10)

Using (Eq. S10) in (Eq. S9) yields:

(Eq. S11)

We now consider a broader class of interaction matrices with the following form:

(Eq.

S12)

where:

is a vector of positive real numbers such as for all , ;

is a diagonal matrix such as for all .

(Eq. S12) implies that for all . We develop in the next section how such interaction matrices naturally emerge from competition for resources among species.

If verifies (Eq. S12) then:

(Eq.

S13)

Using (Eq. S13) in (Eq. S11) yields:

(Eq. S14)

We now seek to decompose equation (Eq. S14) in stabilizing and equalizing terms as in Chesson's (2000) framework. To find the stabilizing term, we first looked at the long-term growth rate at low density when all the species have the same fitness . In this case, only the stabilizing should act on coexistence. When all the fitnesses are equal, (Eq. S14) becomes:

(Eq. S15)

We now search for the corresponding equalizing term in an additive decomposition as in Chesson's (2000) framework (Eq. 1 above). Starting from (Eq. S14), we obtained the following final expression for the long-term growth rate of a species:

(Eq. S16)

where

We thus retrieve in (Eq. S16) a stabilizing term with a form consistent with Chesson (2000;equation (4)). Note that changing affects but not , which is a desirable property of the equalizing/stabilizing decomposition. The main difference with Chesson's (2000) framework is that the is not a simple arithmetic mean of the fitnesses but also has to include some interaction effects of other species. Changing interactions among species thus changes the s even of fitnesses are maintained constant. 
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  is a list of two vectors: the first one for metric MNTD, the second one for metric MPD. In each of the vector, the first value is the average metric value (either SES MNTD or SES MPD) over the 100 simulated communities when the fitness was given 5 times more weight than niche when calculating functional dissimilarities among species; the second value is the average metric value (either SES MNTD or SES MPD) (scenario_1_res_10_5_2_2, function(x) x$SES.MNTD["niche1.fitness2"])) scenario_1_SES.MNTD_niche1.fitness1 <-unlist(lapply(scenario_1_res_10_5_2_2, function(x) x$SES.MNTD["niche1.fitness1"])) .fitness4, scenario_1_SES.MPD_niche1.fitness3, scenario_1_SES.MPD_niche1.fitness2, scenario_1_SES.MPD_niche1.fitness1, scenario_1_SES.MPD_niche2.fitness1, scenario_1_SES.MPD_niche3.fitness1, scenario_1_SES.MPD_niche4.fitness1, scenario_1_SES.MPD_niche5.fitness1) par(mfrow=c(2,1))

## Scenario 2 #

 2 We considered 3 sets of parameters for the beta distributions of the θ i 's values and and 4 for the beta distributions of the s as specified in the main text.

  las=3, xlab="Colonization intensity", ylab="SES.MNTD overall distance") abline(h=0) boxplot(scenario_3_MPDoverall_10_5_2_2, ylim=c(-9,9), names=vecC, las=3, xlab="Colonization intensity", ylab="SES.MPD overall distance") abline(h=0)Duplication of figure 5 of the main text. Results of richness, Jaccard dissimilarity and species dispersion metrics when we varied the number of sequential colonization events during community assembly. Community assembly was performed using a species pool with medium niche differences and fitness values at the species pool scale. We first applied indices SES-MNTD and SES-MPD separately to niche distances and fitness distances between species and then to the overall functional distances which combines niche and fitness as defined in the main text.

Figure S2 .

 S2 Figure S2.Results of richness, Jaccard dissimilarity and species dispersion metrics when we varied the number of sequential colonization events during community assembly in the restricted/versatile scenario. Community assembly was performed using a species pool with medium niche differences and fitness values at the species pool scale. We first applied indices SES-MNTD and SES-MPD separately to niche distances and fitness distances between species and then to the overall functional distances which combines niche and fitness as defined in the main text.

  

  

  

  

# Example of application with a distribution beta(10, 5) for θ i 's values and beta(2,2) for s. This corresponds to bell-shaped distributions for interaction strength and for fitness.

  Yellow=Niche differences are lowFor a given color, left=positive skewed fitness values (most species have low fitness, a few species have high fitness); middle left=U shaped distributed fitness values (many low and high fitness, less medium fitness values); middle left=Bell-shaped distributed fitness values (many medium fitness values); right=negative skewed fitness values (most species have high fitness, a few species have low fitness);

	## Scenario 3			
	scenario_3_res_10_5_2_2 <-scenario_3_multispecies(nsim=100, 10,5,2,2)
	# The result of the first simulation can be obtained with the following instruction:
	scenario_3_res_10_5_2_2[[1]]
	$richness			
	10	50	100	300	500
	4.46 10.43 12.87 14.74 14.91
	$beta				
	10	50	100	300	500
	0.95226597 0.77407196 0.57021583 0.11711865 0.02511381
	$SES.MNTDniche		
	10		50		100	300	500
	0.3396579 1.4632582 2.4961132 3.8562099 3.6711381
	$SES.MPDniche			
	10		50		100	300	500
	0.4070142 1.6855537 2.5470740 3.0385411 3.1551790
	$SES.MNTDfitness		
	10		50		100	300	500
	-1.007009 -1.894202 -2.162191 -2.399947 -2.419053
	$SES.MPDfitness		
	10		50		100	300	500
	-1.289755 -2.456777 -2.815547 -3.365079 -3.337911
	$SES.MNTDoverall		
	10	50	100	300	500
	-0.4096832 0.9330254 1.9980024 2.7822315 2.6177442
	$SES.MPDoverall		
	10	50	100	300	500
	-0.7978737 -0.8030256 -0.4172586 -0.4110750 -0.5757312
	# scenario_3_res_10_5_2_2[[1]	

] is thus a list of eight vectors: the first gives the average richness in the 100 simulated communities, the second one the average beta diversity among the 100 communities (pairwise Jaccard dissimilarity), then the other vectors provide indices SES MNTD and SES MPD as specified calculated with the niche trait, the fitness or both. For example, $SES.MPDoverall gives the SES MPD value applied to both niche and fitness and averaged over the 100 simulated communities, while $SES.MNTDniche gives the SES MNTD value applied to niche only and averaged over the 100 simulated communities. The names attributed above each value of a vector indicate the numbers of colonization events used in the model. # scenario_3_res_10_5_2_2 [[i]] and scenario_3_res_10_5_2_2 [[j]] for any i different from j correspond to distinct species pools. # The following scripts led to Figure 5 of the main text

  

	abline(h=0)
	boxplot(scenario_3_MNTDfitness_10_5_2_2, ylim=c(-9,9), names=vecC,
	las=3, xlab="Colonization intensity", ylab="SES.MNTD fitness distance")
	abline(h=0)
	boxplot(scenario_3_MPDfitness_10_5_2_2, ylim=c(-9,9), names=vecC,
	las=3, xlab="Colonization intensity", ylab="SES.MPD fitness distance")
	abline(h=0)
	boxplot(scenario_3_MNTDoverall_10_5_2_2, ylim=c(-9,9), names=vecC,
	vecC = as.character(c(10, 50, 100, 300, 500))
	scenario_3_MNTDniche_10_5_2_2 <-lapply(vecC, function(v)
	unlist(lapply(scenario_3_res_10_5_2_2, function(x)
	x$SES.MNTDniche[v])))
	scenario_3_MNTDfitness_10_5_2_2 <-lapply(vecC, function(v)
	unlist(lapply(scenario_3_res_10_5_2_2, function(x)
	x$SES.MNTDfitness[v])))
	scenario_3_MNTDoverall_10_5_2_2 <-lapply(vecC, function(v)
	unlist(lapply(scenario_3_res_10_5_2_2, function(x)
	x$SES.MNTDoverall[v])))
	scenario_3_MPDniche_10_5_2_2 <-lapply(vecC, function(v)
	unlist(lapply(scenario_3_res_10_5_2_2, function(x)
	x$SES.MPDniche[v])))
	scenario_3_MPDfitness_10_5_2_2 <-lapply(vecC, function(v)
	unlist(lapply(scenario_3_res_10_5_2_2, function(x)
	x$SES.MPDfitness[v])))
	scenario_3_MPDoverall_10_5_2_2 <-lapply(vecC, function(v)
	unlist(lapply(scenario_3_res_10_5_2_2, function(x)
	x$SES.MPDoverall[v])))
	scenario_3_richness_10_5_2_2 <-lapply(vecC, function(v)
	unlist(lapply(scenario_3_res_10_5_2_2, function(x) x$richness[v])))
	scenario_3_beta_10_5_2_2 <-lapply(vecC, function(v)
	unlist(lapply(scenario_3_res_10_5_2_2, function(x) x$beta[v])))
	par(mfrow=c(2,4))
	boxplot(scenario_3_richness_10_5_2_2, ylim=c(0,100), names=vecC,
	las=3, xlab="Colonization intensity", ylab="Richness")
	boxplot(scenario_3_beta_10_5_2_2, ylim=c(0,1), names=vecC, las=3,
	xlab="Colonization intensity", ylab="Beta diversity")
	boxplot(scenario_3_MNTDniche_10_5_2_2, ylim=c(-9,9), names=vecC,
	las=3, xlab="Colonization intensity", ylab="SES.MNTD niche distance")
	abline(h=0)
	boxplot(scenario_3_MPDniche_10_5_2_2, ylim=c(-9,9), names=vecC, las=3,
	xlab="Colonization intensity", ylab="SES.MPD niche distance")
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Appendix S1 Manual to use functions of community assembly included in DataS1

## Usage scenario_1_multispecies(a, t1, t2, f1, f2, nsim, tol=1e-8) scenario_2_multispecies(a, t1, t2, f1, f2, nsim, tol=1e-8) scenario_3_multispecies(nsim, t1, t2, f1, f2, tol=1e-8)  a is the number of invasions (a numeric, integer);  nsim is the number of times the simulations are repeated: from the definition of the species pool to the calculation of the indices SES-MPD and SES-MNTD (a numeric, integer);  t1, t2, f1, f2, are the parameters, bounded between 0 and 1, and used for beta distribution. t1 and t2 are respectively the α and β parameters of the beta distribution used for θ i 's values. f1 and f2

are respectively the α and β parameters of the beta distribution used for 's values. We considered various distributions for s and θ i 's values as indicated in the main text..



tol is a tolerance threshold for null values: a value lower than tol is considered as null (a numeric)

Value

In function scenario_1_multispecies we varied the relative weight given to niche versus fitness traits in overall functional distances when calculating SES.MNTD and SES.MNTD (Figure 3 of the main text).

In function scenario_2_multispecies we calculated all diversity indices for a fixed number of colonization events: richness; beta diversity; and SES.MNTD and SES.MNTD, applied to niche distances, fitness distances and overall functional distances with even weight given to niche versus fitness traits (Figure 2 of the main text). In function scenario_3_multispecies we also calculated all diversity indices but varying the number of colonization events (Figure 4 of the main text).

All functions end up with a list. Each value of the list contains the result of a simulation, where simulation means that a pool of species has been obtained, 100 communities have been obtained by colonization from the species pool as described in the main text and metrics have been calculated on each community (species richness, beta diversity, and SES MNTD, SES MPD using niche traits, fitness or both) and averaged over the 100 communities. A simulation thus corresponds to a particular species pool.

All functions calculate all metrics (species richness, beta diversity, and SES MNTD, SES MPD using niche traits, fitness or both) except scenario_1_multispecies where only SES MNTD, SES MPD on both niche and fitness are calculated.

When calculating averaged SES MNTD and averaged SES MPD over the 100 simulated communities, communities, if any, with a single species were discarded.

Example of applications (to obtain similar figures as in the main text)

Comments are in bold letters following #. where n is the number of species in the system, the ks are measures of fitness of individual species, is the average fitness of the competitors of i, is a measure of niche overlap, and D is a positive constant. This equation is composed of an equalizing term and a stabilizing term .

## Scenario

We started from the resource consumption model (equations 1 and 2 in Chesson 1990):

(Eq.

S1)

Making explicit the resource competition model underpinning the choice

We note

In any resource competition multispecies model, , the consumption vectors of species can be written as follows:

(Eq. S17)

Where is a component of the consumption vector which is shared among all the species and is a component of the consumption vector which is specific to species . (Eq. S17) implies that the interaction coefficients verify:

(Eq. S18)

(Eq. S18) implies that choosing the s such as: for all , (Eq.

S19a)

for all , (Eq.

S19b)

yields:

(Eq. S20)

where . (Eq. S20) is the form of interaction coefficients we chose in our model.

A family of vectors verifying (Eq. S19a,b) always exists as long as the dimension of the resource space verifies . In words, there must be a number of resource types at equal or superior to the number of competing species.

Biologically speaking, (Eq. S18) and (Eq. S19a,b) makes competition among species happen as follows: all the species share the same basic needs captured by . In addition to these basic needs, each species has some specific additional needs captured by , which differentiate its ecological behavior (and its niche) from the others'.

What makes our model not absolutely general is imposing (Eq. S19b), which states that differences among species in their resource consumption must be orthogonal according to .

We believe that this particular case is a fruitful and simple starting point for the study multispecies competition models.

Appendix S3 Supplementary results

Additional scenarios considering different dispersal strategies

First, we included a colonization-competition trade-off, where species chance to disperse was inversely proportional to their ks. So, species that are strong competitors are poor dispersers (as already shown by empirical studies, as [START_REF] Cadotte | Concurrent niche and neutral processes in the competitioncolonization model of species coexistence[END_REF]. Second, we simulated a restricted/versatile scenario, where species chance to disperse is proportional to their thetas.

In this case, species with higher dependence to common resources (generalists with high thetas) would come first and late colonizers would be those with specialized resource requirements [START_REF] Bonte | Low propensity for aerial dispersal in specialist spiders from fragmented landscapes[END_REF]. This simulates the case where the resources for generalist species are available more quickly (as would be expected if a similar species already occurs in that community). As high theta means that a species competes for the common resource, it makes sense that this species would reach a patch more quickly, because its resources would always be available [START_REF] Reinhardt | Low dispersal ability and habitat specificity promote extinctions in rare but not in widespread species: the Orthoptera of Germany[END_REF]. So, in this case, marginal and specialized species would come late in the colonization sequence. distances between species and then to the overall functional distances which combines niche and fitness as defined in the main text.

Additional results using different functional diversity metrics

We calculated the Functional Dispersion (distance to centroid). We did that calculating FDisp (Laliberté and Legendre 2010) and then using a randomization approach (Independent swap by [START_REF] Gotelli | Swap algorithms in null model analysis[END_REF] Sampling niche traits will always lead to trait oversdispersion, fitness traits will be prone to show clustering and random pattern and overall species distance, calculated using both niche related and fitness related traits will tend strongly to overdispersion.