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            Abstract
Phenotypic traits and their associated trade-offs have been shown to have globally consistent effects on individual plant physiological functions1,2,3, but how these effects scale up to influence competition, a key driver of community assembly in terrestrial vegetation, has remained unclear4. Here we use growth data from more than 3 million trees in over 140,000 plots across the world to show how three key functional traits—wood density, specific leaf area and maximum height—consistently influence competitive interactions. Fast maximum growth of a species was correlated negatively with its wood density in all biomes, and positively with its specific leaf area in most biomes. Low wood density was also correlated with a low ability to tolerate competition and a low competitive effect on neighbours, while high specific leaf area was correlated with a low competitive effect. Thus, traits generate trade-offs between performance with competition versus performance without competition, a fundamental ingredient in the classical hypothesis that the coexistence of plant species is enabled via differentiation in their successional strategies5. Competition within species was stronger than between species, but an increase in trait dissimilarity between species had little influence in weakening competition. No benefit of dissimilarity was detected for specific leaf area or wood density, and only a weak benefit for maximum height. Our trait-based approach to modelling competition makes generalization possible across the forest ecosystems of the world and their highly diverse species composition.
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                    Figure 1: Assessing competitive interactions at global scale.[image: ]


Figure 2: Trait-dependent and trait-independent effects on maximum growth and competition across the globe, and their variation among biomes.[image: ]


Figure 3: Variation of maximum growth, competitive effects and competitive tolerance with wood density and SLA predicted by global traits models.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Map of the plot locations of all data sets analysed.
LPP plots are represented with a large points and NFI plots with small points (the Panama data set comprises both a 50 ha plot and a network of 1 ha plots). The world map is from the R package rworldmap131 using Natural Earth data.


Extended Data Figure 2 Average difference between interspecific and intraspecific competition predicted with estimates of trait-independent and trait-dependent processes influencing competition for models fitted for each trait.
a–c, Models were fitted for wood density (a), SLA (b) or maximum height (c). The average differences between interspecific and intraspecific competition are influenced by α0intra, α0inter and αd coefficients (see Methods for details). Negative values indicate that intraspecific competition is stronger than interspecific competition.


Extended Data Figure 3 Variation of trait-independent inter and intraspecific competition, trait dissimilarity (|tf − tc| × αd), competitive effect (tc × αe), tolerance to competition (tf × αt) and maximum growth (tf × m1) with wood density, SLA and maximum height.
a–o, Wood density (a–e), SLA (f–j) and maximum height (k–o). Trait varied from their quantile at 5% to their quantile at 95%. The shaded area represents the 95% confidence interval of the prediction (including uncertainty associated with α0 or m0). α0intra and α0inter, which do not vary with traits, are represented with their associated confidence intervals.


Extended Data Figure 4 Trait-dependent and trait-independent effects on maximum growth and competition across the globe and their variation among biomes for models without separation of α0 between intra and interspecific competition for wood density, SLA and maximum height.
a, Wood density. b, SLA. c, Maximum height. See Fig. 2 in the main text for parameters description, and see Fig. 1a in the main text for biome definition.


Extended Data Table 1 Standardized coefficient estimates from models fitted for each traitFull size table


Extended Data Table 2 Trees data descriptionFull size table


Extended Data Table 3 Traits data descriptionFull size table


Extended Data Table 4 Species traits pairwise correlationsFull size table
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