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            Abstract
Studies of experimental grassland communities1,2,3,4,5,6,7 have demonstrated that plant diversity can stabilize productivity through species asynchrony, in which decreases in the biomass of some species are compensated for by increases in others1,2. However, it remains unknown whether these findings are relevant to natural ecosystems, especially those for which species diversity is threatened by anthropogenic global change8,9,10,11. Here we analyse diversity–stability relationships from 41 grasslands on five continents and examine how these relationships are affected by chronic fertilization, one of the strongest drivers of species loss globally8. Unmanipulated communities with more species had greater species asynchrony, resulting in more stable biomass production, generalizing a result from biodiversity experiments to real-world grasslands. However, fertilization weakened the positive effect of diversity on stability. Contrary to expectations, this was not due to species loss after eutrophication but rather to an increase in the temporal variation of productivity in combination with a decrease in species asynchrony in diverse communities. Our results demonstrate separate and synergistic effects of diversity and eutrophication on stability, emphasizing the need to understand how drivers of global change interactively affect the reliable provisioning of ecosystem services in real-world systems.
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                    Figure 1: Relationships of temporal stability of ANPP (upper row) and species asynchrony (lower row) with species diversity.[image: ]


Figure 2: Relationships between temporal stability of ANPP (natural log transformed) and species asynchrony in 41 grassland sites of the Nutrient Network.[image: ]


Figure 3: Relationships of temporal mean and standard deviation of ANPP (natural log transformed) to species diversity in 41 grassland sites of the Nutrient Network.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Locations of the 41 Nutrient Network sites included in this study.
Numbers correspond to the ‘site code’ column in Extended Data Table 1.


Extended Data Figure 2 Effect of fertilization-induced changes in diversity on changes in stability of ANPP and changes in species asynchrony.
a, Changes in stability of ANPP (slope and 95% confidence intervals: 0.009 (−0.048 to 0.030)); b, changes in species asynchrony (0.012 (−0.004 to 0.027)). Neither was related to changes in species richness caused by fertilization. Flat lines represent the overall non-significant mean effects. Nutrient-induced changes were calculated as the average difference per block between fertilized and unmanipulated Nutrient Network plots. Colours correspond to the ‘colour code’ column in Extended Data Table 1. Points are values for individual plots (n = 117).


Extended Data Table 1 Additional information on the 41 Nutrient Network study sitesFull size table


Extended Data Table 2 Multiple regression evaluating the influence of plant diversity and key biotic and abiotic factors, productivity and climate, on stability of ANPP in our 41 grasslandsFull size table
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        Editorial Summary
Grassland biodiversity and ecosystem stability
In a study from the Nutrient Network (NutNet) international collaboration, Yann Hautier et al. analyse the relationship between plant species diversity and ecosystem stability in 41 grasslands across five continents and examine the influence of eutrophication — the accumulation of nutrients that support an abundant plant life at the expense of oxygen supply for animal life. They find that eutrophication decreases stability by a combination of diversity-dependent effects on species asynchrony and on the temporal variation of productivity. This work suggests that the use of fertilizers is not only a threat to grassland biodiversity but also to the stabilizing effect it has on ecosystem functioning. In a second paper in this issue of Nature, Elizabeth Borer et al. study the counteracting effects of nutrients and herbivores in the NutNet grassland sites.
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