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Introduction

Community ecology is currently being reinvigorated by the development of promising quantitative approaches which predict species abundances from plant functional traits that have been successfully filtered by the environment [START_REF] Shipley | From plant traits to plant communities: A statistical mechanistic approach to biodiversity[END_REF][START_REF] Cingolani | Filtering processes in the assembly of plant communities: Are species presence and abundance driven by the same traits?[END_REF]).These ideas led [START_REF] Mcgill | Rebuilding community ecology from functional traits[END_REF] to propose that the distribution of traits within a community could be analyzed so as to understand the mechanisms of community assembly. To fulfil that aim, a first step is to identify the traits that shape plant fitness in response to prioritized environmental factors (organismal level). A second step is to quantify the effects of environmental factors on the distribution of these traits among coexisting species (community level), a proxy for the Functional Diversity (FD) of the community [START_REF] Tilman | Functional diversity[END_REF], Diaz et al. 2007). To date, FD has been assessed with traits related to abiotic processes -e.g. resource use or response to disturbance [START_REF] Petchey | Functional diversity: Back to basics and looking forward[END_REF]Gaston 2006, Lavorel et al. 2008)-. Despite a major influence of biotic interactions, especially plant-plant interactions, on community assembly [START_REF] Fukami | Species divergence and trait convergence in experimental plant community assembly[END_REF][START_REF] Ejrnaes | Community assembly in experimental grasslands: Suitable environment or timely arrival?[END_REF][START_REF] Grime | Trait convergence and trait divergence in herbaceous plant communities: Mechanisms and consequences[END_REF], their influence on FD has not been considered yet, probably because there is no agreement concerning the traits related to competition [START_REF] Goldberg | Competitive ability: Definitions, contingency and correlated traits[END_REF][START_REF] Craine | Reconciling plant strategy theories of grime and tilman[END_REF].

To propose a general framework linking competition to FD in any kind of vegetation, two conditions need to be fulfilled. First, competition-related traits must be carefully selected [START_REF] Petchey | Functional diversity: Back to basics and looking forward[END_REF] to encompass the dual nature of FD [START_REF] Diaz | Functional diversity-at the crossroads between ecosystem functioning and environmental filters[END_REF]): traits must depict the response of plants to the filtering effect of competition and/or the competitive effect of a plant on community assembly. We propose building on the two components of competitive ability advanced by [START_REF] Goldberg | Components of resource competition in plant communities[END_REF]: the competitive effect of a plant is linked to its impact on the level of local resources available to other organisms and the competitive response is a phenotypic response of plant functioning to competition. The second condition is to investigate FD along with a gradient of competition. Indeed, competition probably has no influence on FD if it induces a change in plant performance that is much smaller than the depletion of growth due to another environmental factor. To overcome this problem, we propose to investigate the changes in FD along the gradient of importance of competition, defined as the suppressive effect of competition on plant fitness, relative to that of other environmental factors [START_REF] Welden | The intensity of competition versus its importance: An overlooked distinction and some implications[END_REF].

In this paper, we propose a conceptual framework linking competition to FD, with a specific focus on plants. We focus on competition for resources because our understanding of its impact is based on sound process-based explanations [START_REF] Tilman | Plant strategies and the dynamics and structure of plant communities[END_REF][START_REF] Berendse | Competition and nutrient availability in heathland and grassland ecosystems[END_REF][START_REF] Leibold | The niche concept revisited -mechanistic models and community context[END_REF]. As a first step, we define two categories of traits related to competition based on [START_REF] Goldberg | Components of resource competition in plant communities[END_REF] definitions and explore how they act on plant fitness. We consider their community-level distribution, with plant height in relation to competition for light as an illustration. We then propose a framework describing the relationship between competition and FD, as revealed by the distribution of competitive traits within the community, along a gradient of importance of competition. The novelty of this approach relies on the original connexion between well-known competition-related concepts originally proposed by [START_REF] Welden | The intensity of competition versus its importance: An overlooked distinction and some implications[END_REF], Keddy (1992) and [START_REF] Goldberg | Components of resource competition in plant communities[END_REF] and the more recent concept of functional diversity.

A trait-based approach to plant competition

Recognizing the filtering effect of the environment on plant species, [START_REF] Lavorel | Predicting changes in community composition and ecosystem functioning from plant traits: Revisiting the holy grail[END_REF] assessed the effects of environmental changes on community structure and ecosystem functioning by identifying response traits associated with species response to environmental factors and effect traits associated with species effect on ecosystem processes. We adapted Lavorel and Garnier's framework to plant-plant interactions by restricting changes in environment to those due to competition for resources (Fig. 1). Developing [START_REF] Goldberg | Components of resource competition in plant communities[END_REF] definitions, we define the competitive effect traits as traits related to the depletion of resources due to plant activity and the competitive response traits as traits related to the response of plants to a change in local resources due to competition. On the one hand, competitive effect traits are clearly linked to resource capture [START_REF] Goldberg | Competitive ability: Definitions, contingency and correlated traits[END_REF]. They are related to either fast resource acquisition or to large depletion of resources in relation to large plant size [START_REF] Keddy | Competition[END_REF]Shipley 1989, Silvertown and[START_REF] Silvertown | Competitive hierarchies and the structure of herbaceous plant communities[END_REF]. On the other hand, competitive response traits are related to either opportunistic acquisition of resources complementarily to that of competitors, or to tolerance to low levels of resources [START_REF] Goldberg | Competitive ability: Definitions, contingency and correlated traits[END_REF][START_REF] Keddy | A comparative approach to examine competitive response of 48 wetland plant species[END_REF]. Clearly, both types of traits can be simultaneously influenced by abiotic constraints and plant interactions. Then their current use for untangling the filtering effects of abiotic and biotic factors on community assembly, as promising as it is (Ackerly andCornwell 2007, Kraft et al. 2008), can be discussed. Therefore, we advocate to identify and use competitionspecific traits in future studies focusing on community assembly mechanisms. We suggest to use resource-related traits that explicitly include size or phenology effects, as emphasized in pioneering work on competition: (i) a plant wins when it captures more resources over time than its neighbours (high competitive effect); (ii) it tolerates the presence of neighbours by acquiring resources at others periods of time or places than the latter plants (high competitive response) [START_REF] Goldberg | Competitive ability: Definitions, contingency and correlated traits[END_REF][START_REF] Grime | Plant strategies, vegetation processes and ecosystem properties[END_REF][START_REF] Keddy | Competition[END_REF]. For example, this is the case for late-successional species that are competitive because of large body size and despite moderate growth rate [START_REF] Grime | Plant strategies, vegetation processes and ecosystem properties[END_REF]. Although less documented, phenological traits can also be used to contrast competitive species and others, as revealed for the understorey vegetation of forests [START_REF] Kikuzawa | Leaf survivals of tree species in deciduous broad-leaved forests[END_REF] or when competition is for water in Mediterranean forests (Navas et al. In Press).

Each individual in a plant community depletes local resources (competitive effect) and must tolerate the depletion of resources by others (competitive response).

Therefore, the performance of each plant depends on both its effect on and response to neighbours. Competition-depressed individual performance can be assessed with the trait-based "performance paradigm" we recently proposed in a more general context [START_REF] Violle | Let the concept of trait be functional![END_REF]) (Fig. 2): it focuses on the link between effect and response traits and on the impact of competitive response traits on components of fitness. The cascade of trait-trait relationships defined in Figure 2 is based on the assumption that competitive relationships are not symmetric between interacting plants [START_REF] Weiner | Asymmetric competition in plant populations[END_REF]): each plant must cope with the depletion in resources due to the activity of other plants, especially if it is smaller [START_REF] Schwinning | Mechanisms determining the degree of size asymmetry in competition among plants[END_REF][START_REF] Forseth | Shading by shrubs in a desert system reduces the physiological and demographic performance of an associated herbaceous perennial[END_REF][START_REF] Ramseier | Competitive effect is a linear function of neighbour biomass in experimental populations of kochia scoparia[END_REF] or at different ontogeny stage [START_REF] Eckstein | Differential effects of interspecific interactions and water availability on survival, growth and fecundity of three congeneric grassland herbs[END_REF].

Community-level distribution of competition-related traits

To detect the impact of competition on functional diversity (FD) in places where competition for resources matters, we must characterize the kind, range and relative abundance of competition-related traits within the community, as proposed by [START_REF] Diaz | Functional diversity-at the crossroads between ecosystem functioning and environmental filters[END_REF] in a more general context. Since both competitive effect and response are related to the resource acquisition / conservation trade-off [START_REF] Goldberg | Competitive ability: Definitions, contingency and correlated traits[END_REF], we propose that a single kind of traits may depict either a competitive effect or a competitive response, depending on the environment, but with different ranges of values. This idea is illustrated with the example of plant height, a size-related trait associated with competitive success [START_REF] Grime | Vegetation classification by reference to strategies[END_REF][START_REF] Gaudet | A comparative approach to predicting competitive ability from plant traits[END_REF][START_REF] Westoby | A leaf-height-seed (lhs) plant ecology strategy scheme[END_REF][START_REF] Schamp | Dispersion of traits related to competitive ability in an old-field plant community[END_REF]. Differences in plant height encapsulate differences in strategies of light interception, as demonstrated along successional gradients [START_REF] Werger | Light partitioning among species and species replacement in early successional grasslands[END_REF][START_REF] Navas | Leaf life span, dynamics and construction cost of species from mediterranean old-fields differing in successional status[END_REF][START_REF] Aan | Photon flux partitioning among species along a productivity gradient of an herbaceous plant community[END_REF]). Indeed, tall plants have a large competitive effect due to greater interception of light (Adams et al. 2007, Violle et al. In Press). In contrast, small stature is related to high competitive response for juveniles able to resume growth when a change in light is perceived [START_REF] Reich | Leaf life-span in relation to leaf, plant, and stand characteristics among diverse ecosystems[END_REF], or short species tolerating low light conditions because of adapted leaf structure or physiology (Walters andReich 1999, Werger et al. 2002). Therefore, plants with different effects on and response to light within a community (i.e. with different competitive strategies) should display different ranges of height.

The third component of FD proposed by [START_REF] Diaz | Functional diversity-at the crossroads between ecosystem functioning and environmental filters[END_REF], the relative abundance of traits, refers to the distribution of traits at the community level along the niche axis depicted by the trait. It depends on the number of strategies that are successful at the site. In crowded communities established on high-productive conditions, the predominance of competitive effects leads to the exclusion of weaker competitors (e.g. Silvertown andDale 1991, Silvertown et al. 2006). In low-productive conditions, dominant species have low resource requirements and large competitive response because they can tolerate, then displace fast-growing species [START_REF] Tilman | Constraints and tradeoffs: Toward a predictive theory of competition and succession[END_REF][START_REF] Tilman | Plant traits and resource reduction for 5 grasses growing on a nitrogen gradient[END_REF][START_REF] Liancourt | Stress tolerance and competitive-response ability determine the outcome of biotic interactions[END_REF]. Coexistence between both strategies occurs when there is some niche differentiation in relation to complementary use of resources or when plants with large competitive response also have an effect on dominant species of the community, for example by inhibiting their recruitment [START_REF] Amarasekare | Competitive coexistence in spatially structured environments: A synthesis[END_REF]. As a consequence, dominance by a single strategy should be detected by a unimodal distribution of competition-related traits whereas co-occurrence of strategies should be detected by bimodal or polymodal distribution of traits [START_REF] Mason | Functional richness, functional evenness and functional divergence: The primary components of functional diversity[END_REF]. Figure 3 illustrates this idea with the distribution of competition-related traits. In this example, two peaks of trait abundance, due to occurrence of two groups of species with distinct strategies, are recognized along the fraction of occupied niche space. For example, this happens when competition is for light and the trait is plant height: tall plants have a large competitive effect whereas shorter plants display a large competitive response (e.g. [START_REF] Werger | Light partitioning among species and species replacement in early successional grasslands[END_REF].

A general relationship between competition and functional diversity

Competition matters if it significantly acts on plant fitness. The impact of competition on plant fitness relative to that of other environmental factors, namely the importance of competition [START_REF] Welden | The intensity of competition versus its importance: An overlooked distinction and some implications[END_REF], increases with environmental favourability, i.e. when biomass accumulates as physical constraints decrease [START_REF] Pennings | Salt-marsh plant zonation -the relative importance of competition and physical factors[END_REF][START_REF] Brooker | The importance of importance[END_REF][START_REF] Gaucherand | Importance and intensity of competition along a fertility gradient and across species[END_REF][START_REF] Brooker | Importance: An overlooked concept in plant interaction research[END_REF]. Accepting this hypothesis corresponds to bring traits into the humped-back model for species diversity distribution over a biomass gradient [START_REF] Grime | Competitive exclusion in herbaceous vegetation[END_REF]) (Fig. 4). In extremely severe environments, plant interactions wane and FD is restricted because plants display similar values of traits related to environmental adversity (Weiher andKeddy 1995, Adema et al. 2005). At the opposite end of the biomass gradient, FD is also restricted with large convergence of competitive effect traits because competition is the major process controlling plant performance: plants able to obtain a disproportionate share of resources because of size or phenology advantage dominate and exclude the others. Such dynamics are documented in the Park Grass experiment begun in 1856: after exclusion of the weakest competitors, communities with the highest production of biomass are formed of a few functionally convergent species [START_REF] Silvertown | The park grass experiment 1856-2006: Its contribution to ecology[END_REF]. The coexistence of intermediate strategies occurs at all other points along the gradient. In such case, plants must cope with both intermediate levels of environmental severity and of competition.

There is no unique combination of competitive-related traits that maximizes the fitness of plants interacting with others. The resulting divergence of trait values reduces the impact of competition among neighbours (McKane et al. 2002, Stubbs and[START_REF] Stubbs | Evidence for limiting similarity in a sand dune community[END_REF][START_REF] Schamp | Dispersion of traits related to competitive ability in an old-field plant community[END_REF]. Therefore, the divergence of FD should be maximal at intermediate importance of competition (Fig. 4) because of coexistence of different strategies (Fig. 3), and minimal at each end of the gradient, in relation to occurrence of a unique strategy related to either environmental severity or competitive effect. This framework reconciles opposite views concerning the impact of competition on the trait distribution within a community: we suggest that competitive-related traits are convergent, as suggested by [START_REF] Grime | Trait convergence and trait divergence in herbaceous plant communities: Mechanisms and consequences[END_REF] when competition is the major factor acting on plant fitness, but are divergent, as suggested by [START_REF] Wilson | Trait-divergence assembly rules have been demonstrated: Limiting similarity lives! A reply to grime[END_REF] at a local scale when competition impact is balanced by other environmental factors. Consequently we predict maximal differences in relative abundance of values of competitive traitsmaximal divergence of FD -at intermediate levels of the gradient.

Testing how competition relates to FD remains a difficult empirical task. One major difficulty is to untangle the effects of different factors that can induce a similar convergence of traits at extreme ends of the gradient and divergence of traits in between. A simple case is when factors act on FD at different spatial scales. Since abiotic factors, such as soil pH or mean temperature, filter plant traits at a larger spatial scale than competition, the relative impact of abiotic and biotic factors on trait distribution can be detected by measuring traits with different sampling scales [START_REF] Belyea | Assembly rules within a contingent ecology[END_REF][START_REF] Stubbs | Evidence for limiting similarity in a sand dune community[END_REF][START_REF] Kraft | Functional traits and niche-based tree community assembly in an amazonian forest[END_REF]. Other difficulties are due to experimental constraints: trait measurement must be coupled to precise evaluation of environmental conditions [START_REF] Mcgill | A renaissance in the study of abundance[END_REF] while methods for evaluating the divergence of FD still require standardization [START_REF] Diaz | Functional diversity-at the crossroads between ecosystem functioning and environmental filters[END_REF][START_REF] Lavorel | Assessing functional diversity in the field -methodology matters ![END_REF]. Despite these difficulties, there is a need for an experimental evaluation that could provide a functional basis to the well-known humped-back model for species diversity distribution, often described but lacking convincing empirical explanation. In an attempt to fill that gap, we re-analysed data from two studies: a study by [START_REF] Werger | Light partitioning among species and species replacement in early successional grasslands[END_REF] characterizing the light partitioning among species in four grasslands with different biomass production, and a study by [START_REF] Garnier | Plant functional markers capture ecosystem properties during secondary succession[END_REF] characterizing the change in traits of species along a Mediterranean successional gradient (Table 1). Proportions of biomass and average height of most species of each community are given for the two studies. The communities are characterized by the total amount of biomass accumulated, including litter in the Mediterranean system. FD was calculated with plant height included into the Rao coefficient modified by [START_REF] Leps | Quantifying and interpreting functional diversity of natural communities: Practical considerations matter[END_REF]. This coefficient captures interspecific variability in traits by calculating dissimilarity in density probability functions for trait values of each couple of species, weighted by actual proportions of each species; it increases from 0 up to 1 with interspecific variability [START_REF] Lavorel | Assessing functional diversity in the field -methodology matters ![END_REF]. We found a hump-back response of the divergence of FD with increasing biomass. FD was maximized at the site with intermediate biomass accumulation. At sites studied by [START_REF] Werger | Light partitioning among species and species replacement in early successional grasslands[END_REF], there is no clear link between FD and stand height, as would have been predicted if competition were the sole biotic factor, because of grazing in some treatments. Despite these limitations, these results are promising and should be confirmed by further experimental surveys.

Conclusion

The framework proposed here aims at clarifying the relationships between competition-related traits and the divergence of functional diversity of communities.

We highlighted the example of competition for light, because it has been among the most intensively studied competitive interactions. However, this framework is valid for all other resources for which plants interact. It is built on three tenets: 1. Our niche-based hypothesis is that plant competition-related traits can simultaneously explain the changes in local resources due to plant activity (competitive effect traits) and the responses of plants to those environmental changes (competitive response traits).

2. Competitive effect and response traits can overlap because both are related to resource economy, coupled with size and/or phenology effect.

3. We suggest that the divergence of functional diversity varies with the importance of competition: it is minimal at each end of the gradient because of dominance of either an environmental adversity-tolerance strategy or a competitive strategy, and maximal when competition is of intermediate importance because of co-occurrence of different strategies. This framework is likely to be broadly tested along gradients of importance of competition, beyond the very simplistic test provided here. It is a first step for providing a mechanistic basis for the effect of competition on species assembly, through the quantification of divergence of functional diversity, and addressing new avenue for revisiting competition ecology.

Table 1. Functional diversity (calculated as proposed by [START_REF] Lavorel | Assessing functional diversity in the field -methodology matters ![END_REF] 
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Figure 2. The framework depicted in Figure 1 is revisited using the "performance paradigm" defined by [START_REF] Violle | Let the concept of trait be functional![END_REF].

Competitive effect traits (1 to n) modulate the local resources through plant activity. Competitive response traits which are morphophysio-phenological (M-P-P) traits (from 1 to k) modulate one or all three performance traits (vegetative biomass, reproductive output and plant survival) which determine plant performance and individual fitness. M-P-P traits may be inter-related (dashed 
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