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            Abstract
Human alterations to nutrient cycles1,2 and herbivore communities3,4,5,6,7 are affecting global biodiversity dramatically2. Ecological theory predicts these changes should be strongly counteractive: nutrient addition drives plant species loss through intensified competition for light, whereas herbivores prevent competitive exclusion by increasing ground-level light, particularly in productive systems8,9. Here we use experimental data spanning a globally relevant range of conditions to test the hypothesis that herbaceous plant species losses caused by eutrophication may be offset by increased light availability due to herbivory. This experiment, replicated in 40 grasslands on 6 continents, demonstrates that nutrients and herbivores can serve as counteracting forces to control local plant diversity through light limitation, independent of site productivity, soil nitrogen, herbivore type and climate. Nutrient addition consistently reduced local diversity through light limitation, and herbivory rescued diversity at sites where it alleviated light limitation. Thus, species loss from anthropogenic eutrophication can be ameliorated in grasslands where herbivory increases ground-level light.
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                    Figure 1: Geographic and climatic distribution of experimental sites.[image: ]


Figure 2: Mixed-effects model parameters showing average response of plots (n = 360) to 3 years of nutrient addition and herbivore exclusion by fencing.[image: ]


Figure 3: Effects of herbivore exclusion by fencing on mean grassland species richness and the mean proportion of PAR reaching ground level at 29 sites after 3 years of treatment.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Regression parameters for treatment effects.
a–c, All available data are shown for richness (a), total biomass (b) and ambient light reaching ground level (c). Error bars represent ±2 s.e.m. Treatment years and their associated sample sizes are shown in each panel. One- and two-year models represent greater spatial extent and replication, but reduced temporal extent compared to Fig. 2 in the main text. Four-year models represent longer temporal effects, but reduced spatial extent, particularly for light measurements. All models were fitted as in Extended Data Tables 2, 3, 4 and described in the Methods.


Extended Data Figure 2 Fertilization does not alter the relationship between ‘fence’ effects on light and diversity.
The log response ratio (LRR) model of the effect of fences (herbivore exclusion) on richness and light (year 3 data) demonstrates no additional effect of nutrient addition on the relationship shown in Fig. 3. The grey region indicates the 95% confidence interval around the regression. The effect of fences on ground-level light predicts changes in plot-scale species richness (P = 0.00254), whereas fertilization is not included in the final statistical model of this relationship (P > 0.05). Thus, the magnitude of the effect of grazers on richness is dependent on the magnitude of their effect on light regardless of whether a plot has been fertilized.


Extended Data Table 1 Sites contributing experimental dataFull size table


Extended Data Table 2 Statistical model for treatment effects on richness after 3 years of treatment (n = 29) as a function of fertilization by N, P and K and micronutrients, herbivore exclusion by fencing, and their interactionFull size table


Extended Data Table 3 Statistical model for treatment effects on biomass after 3 years of treatment (n = 29) as a function of fertilization by N, P and K and micronutrients, herbivore exclusion by fencing, and their interactionFull size table


Extended Data Table 4 Statistical model for treatment effects on proportion of photosynthetically active radiation (PAR) reaching ground level after 3 years of treatment (n = 29) as a function of fertilization by N, P and K and micronutrients, herbivore exclusion by fencing, and their interactionFull size table


Extended Data Table 5 Statistical model for biomass effects on ground-level proportion of photosynthetically active radiation (PAR) after 3 years of treatment (n = 29) as a function of total plot-scale biomassFull size table


Extended Data Table 6 Effects of climate, nitrogen deposition, soil nitrogen and site productivity on change in ground-level light across experimental fencing treatments after 3 years of treatmentFull size table


Extended Data Table 7 Effects of climate, nitrogen deposition, soil nitrogen and site productivity on site-level mean biomass change across experimental fencing treatments after 3 years of treatmentFull size table


Extended Data Table 8 Effects of climate, nitrogen deposition, soil nitrogen, site productivity, and change in light on change in site-level mean plant species richness across experimental fencing treatments after three years of treatmentsFull size table
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        Editorial Summary
Shedding light on grazing and biodiversity
Human activity has affected grassland biodiversity through the addition of both nutrients and grazing. Theory predicts that these factors could balance each other because they have opposing effects on light limitation, and this international collaboration across 40 experimental sites on six continents — from the 41 Nutrient Network (NutNet) cooperative — puts the theory to the test. The results demonstrate a consistent counteracting effect, with nutrient addition and herbivores jointly controlling plant diversity via light: nutrients reduce ground-level light thereby reducing plant diversity, and herbivores increase plant diversity by reducing competition for light among plants. This work will contribute towards more accurate modelling of the effects of grazing practices and nitrogen deposition on biodiversity in the world's grasslands. In a second paper in this issue of Nature, Yann Hautier et al. studied the influence of eutrophication in the NutNet grassland sites and show that the use of fertilizers is not only a threat to grassland biodiversity but also to the stabilizing effect it has on ecosystem functioning.
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