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            Abstract
Soils are the foundation of all terrestrial ecosystems1. However, unlike for plants and animals, a global assessment of hotspots for soil nature conservation is still lacking2. This hampers our ability to establish nature conservation priorities for the multiple dimensions that support the soil system: from soil biodiversity to ecosystem services. Here, to identify global hotspots for soil nature conservation, we performed a global field survey that includes observations of biodiversity (archaea, bacteria, fungi, protists and invertebrates) and functions (critical for six ecosystem services) in 615 composite samples of topsoil from a standardized survey in all continents. We found that each of the different ecological dimensions of soils—that is, species richness (alpha diversity, measured as amplicon sequence variants), community dissimilarity and ecosystem services—peaked in contrasting regions of the planet, and were associated with different environmental factors. Temperate ecosystems showed the highest species richness, whereas community dissimilarity peaked in the tropics, and colder high-latitudinal ecosystems were identified as hotspots of ecosystem services. These findings highlight the complexities that are involved in simultaneously protecting multiple ecological dimensions of soil. We further show that most of these hotspots are not adequately covered by protected areas (more than 70%), and are vulnerable in the context of several scenarios of global change. Our global estimation of priorities for soil nature conservation highlights the importance of accounting for the multidimensionality of soil biodiversity and ecosystem services to conserve soils for future generations.
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                    Fig. 1: Current distribution of global soil ecological hotspots.[image: ]


Fig. 2: Current distribution of the priority areas for global soil nature conservation.[image: ]


Fig. 3: Predicted changes in the total area of soil nature conservation priorities under four different future shared socio-economic pathways.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Results of the random forest analysis to identify the main environmental factors associated with soil biodiversity and ecosystem services.
Random forest analyses were done using the rfPermute function of the R package with the same name. MSE, mean square error.


Extended Data Fig. 2 Spearman correlations between environmental factors and soil biodiversity and ecosystem services.
N in Supplementary Table 1.


Extended Data Fig. 3 Spearman correlations between soil biodiversity and ecosystem services.
Total n-values in Supplementary Table 1.


Extended Data Fig. 4 Hotspot and coldspot maps for alpha diversity (left) and community dissimilarity (right).
The Getis-Ord Gi* statistic was calculated for each location (0.25x0.25 deg pixel size) in the dataset 1–3. The resulting z-scores were used to estimate if a given location has statistically high or low values and if these values are spatially clustered. This is done by assessing each location within the context of neighbouring locations. Statistically significant positive z-scores indicate clustering of high values (hotspot) and statistically significant negative z-scores the clustering of low values (coldspot). Values are plotted for both positive (hotspots) and negative (coldspots) 99%, 95%, and 90% confidence levels.


Extended Data Fig. 5 Hotspot and coldspot maps for ecosystem services: soil carbon, fertility, organic matter decomposition, pest control, mutualism and water retention.
The Getis-Ord Gi* statistic was calculated for each location (0.25x0.25 deg pixel size) in the dataset 1–3. The resulting z-scores were used to estimate if a given location has statistically high or low values and if these values are spatially clustered. This is done by assessing each location within the context of neighbouring locations. Statistically significant positive z-scores indicate clustering of high values (hotspot) and statistically significant negative z-scores the clustering of low values (coldspot). Values are plotted for both positive (hotspots) and negative (coldspots) 99%, 95%, and 90% confidence levels.
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