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            Abstract
The tropical forests of Borneo and Amazonia may each contain more tree species diversity in half a square kilometre than do all the temperate forests of Europe, North America, and Asia combined1. Biologists have long been fascinated by this disparity, using it to investigate potential drivers of biodiversity2. Latitudinal variation in many of these drivers is expected to create geographic differences in ecological2,3,4 and evolutionary processes4,5, and evidence increasingly shows that tropical ecosystems have higher rates of diversification, clade origination, and clade dispersal5,6. However, there is currently no evidence to link gradients in ecological processes within communities at a local scale directly to the geographic gradient in biodiversity. Here, we show geographic variation in the storage effect, an ecological mechanism that reduces the potential for competitive exclusion more strongly in the tropics than it does in temperate and boreal zones, decreasing the ratio of interspecific-to-intraspecific competition by 0.25% for each degree of latitude that an ecosystem is located closer to the Equator. Additionally, we find evidence that latitudinal variation in climate underpins these differences; longer growing seasons in the tropics reduce constraints on the seasonal timing of reproduction, permitting lower recruitment synchrony between species and thereby enhancing niche partitioning through the storage effect. Our results demonstrate that the strength of the storage effect, and therefore its impact on diversity within communities, varies latitudinally in association with climate. This finding highlights the importance of biotic interactions in shaping geographic diversity patterns, and emphasizes the need to understand the mechanisms underpinning ecological processes in greater detail than has previously been appreciated.
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                    Figure 1: The median values of pairwise competition coefficients AijAji are correlated with latitude.[image: ]


Figure 2: Relationship between within-year and among-year synchrony and latitude.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Frequency distributions of AijAji for each forest community, calculated with three different approaches (columns 1â€“3).
The first column is calculated for the full-community datasets (variable number of years and species between sets), the second column for the six-year jack-knifed, full-community datasets (variable number of species), and the third column is for six-year jack-knifed, six most-sampled species datasets. See Extended Data Table 1 for sample sizes (number of species per forest).


Extended Data Figure 2 The median values of pairwise competition coefficients AijAji are correlated with latitude for three different methods of calculation.
Each combination of symbols and fitted lines corresponds to an approach for calculating AijAji, including standard error bars. Solid line and solid circles: all years in each dataset (slopeâ€‰=â€‰0.0018, R2â€‰=â€‰0.63, Pâ€‰=â€‰0.004); dashed line and â€˜Xâ€™s: repeated jack-knifing of six-year subsets of the full dataset (slopeâ€‰=â€‰0.0025, R2â€‰=â€‰0.83, Pâ€‰<â€‰0.001); dotted line and open squares: jack-knifing six-year subsets containing only the top six seedling-producing species in each forest (slopeâ€‰=â€‰0.0031, R2â€‰=â€‰0.42, Pâ€‰=â€‰0.03). See Extended Data Table 1 for sample sizes (number of species per forest).


Extended Data Figure 3 The median values of pairwise competition coefficients AijAji are correlated with growing season for three different methods of calculation.
The metric of growing season is the log of the sum of coefficients of variation (CV) for monthly solar insolation, minimum temperatures, and maximum temperatures, log(CVI + CVX + CVN) (Methods, Extended Data Table 2). Lower values correspond to a longer growing season. Symbols and fitted lines represent different methods of calculating AijAji, including standard error bars. Solid line and solid circles: all years in each dataset (slopeâ€‰=â€‰0.027, R2â€‰=â€‰0.57, Pâ€‰=â€‰0.007); dashed line and â€˜Xâ€™s: repeated jack-knifing of six-year subsets of the full set (slopeâ€‰=â€‰0.041, R2â€‰=â€‰0.87, Pâ€‰<â€‰0.001); dotted line and open squares: jack-knifing six-year subsets containing only the top six seedling producing species in each forest (slopeâ€‰=â€‰0.055, R2â€‰=â€‰0.55, Pâ€‰=â€‰0.009). See Extended Data Table 1 for sample sizes (number of species per forest).


Extended Data Figure 4 The correlation between within-year pairwise synchrony and among-year synchrony was positive for all ten forests.
Within-year and among-year synchronies are calculated as the within-year and among-year portions of the correlation (see Fig. 2, Methods). The correlation between these two scales of synchrony was also calculated using the Pearsonâ€™s correlation, given as r in the lower right corner of each panel. The median correlation across all forests was 0.28, and it ranged from 0.05 (BCI) to 0.80 (Bonanza Creek). See Extended Data Table 1 for sample sizes (number of species per forest).


Extended Data Table 1 A summary of the selected forests and available dataFull size table


Extended Data Table 2 Statistical models using CVs of four different climate variables to predict community-wide averages of within-year interspecific synchrony, among-year interspecific synchrony, and the metric AijAjiFull size table
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Forest diversity with latitude
The number of tree species that coexist on a hectare scale rises by more than two orders of magnitude from boreal to tropical forests. Jacob Usinowicz and colleagues assess the extent to which latitudinal differences in competition between species shape this gradient, using seed production and seedling recruitment data from ten forests spanning the tropics to the boreal zone. They show that the longer and more stable growing seasons in the tropics permit greater differentiation between species in terms of the seasonal timing of reproduction. This asynchrony in the timing of tree recruitment reduces the degree of competition between species in the tropics, relative to forests at higher latitudes, thereby increasing the potential for species coexistence. The findings highlight the contribution that local-scale ecological processes can make to global-scale gradients in biodiversity.
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