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Supplementary Figure 1. Spatial and temporal variation in the diversity of 

microbial communities in the surface ocean. A detailed description of each Longhurst 

Province can be found in Supplementary Data 1. 

 



 

Supplementary Figure 2. Spatial and temporal variation in the structure of 

microbial communities in the surface ocean. A detailed description of each Longhurst 

Province can be found in Supplementary Data 1. 

 



 
Supplementary Figure 3. Spatial and temporal variation in the photosynthetic 

potential of microbial communities in the surface ocean. A detailed description of 

each Longhurst Province can be found in Supplementary Data 1. ATP: adenosine 

triphosphate. 

 



 
Supplementary Figure 4. Spatial and temporal variation in the carbon fixation 

potential of microbial communities in the surface ocean. Pta-Ack: Phosphate 

acetyltransferase-acetate kinase; 3HP/4HB: 3-hydroxypropionate/4-hydroxybutyrate. 

A detailed description of each Longhurst Province can be found in Supplementary Data 

1. 

 



 
Supplementary Figure 5. Spatial and temporal variation in the nitrogen 

metabolism potential of microbial communities in the surface ocean. ANR: 

Assimilatory nitrate reduction; DNR: Dissimilatory nitrate reduction. A detailed 

description of each Longhurst Province can be found in Supplementary Data 1. 

 



 
Supplementary Figure 6. Spatial and temporal variation in the sulfur metabolism 

potential of microbial communities in the surface ocean. ASR: Assimilatory sulfate 

reduction; DSR: Dissimilatory sulfate reduction. A detailed description of each 

Longhurst Province can be found in Supplementary Data 1. 

 

 



 

Supplementary Figure 7. Variations in ten environmental factors in the surface 

ocean. CV: coefficient of variation; PSU: practical salinity units. 

 
 



 

Supplementary Figure 8. Performance of machine learning models constructed by 

different algorithms under the best hyperparameter combinations. The random 

forest algorithm yielded the highest R2 values for all samples (overall data, n = 890) 

and test samples (20% of all samples). Different letters (a, b, c) represent significant 

differences (p < 0.05) according to the Friedman test with Nemenyi pairwise 

comparisons (paired samples). XGBoost: eXtreme gradient boosting; LASSO 

regression: least absolute shrinkage and selection operator regression. 

 



 
Supplementary Figure 9. Global distributions of the Shannon index of ocean 

microbial communities predicted under current environmental conditions (2023). 

 



 
Supplementary Figure 10. Global distributions of dominant taxa in ocean 

microbial communities predicted under current environmental conditions (2023). 

 



 

Supplementary Figure 11. Global distributions of biogeochemical potentials of 

ocean microbial communities predicted under current environmental conditions 

(2023). a, Pathways involved in photosynthesis; b, pathways involved in carbon 

fixation; c, pathways involved in nitrogen metabolism; d, pathways involved in sulfur 

metabolism. ATP: adenosine triphosphate; Pta-Ack: Phosphate acetyltransferase-

acetate kinase; 3HP/4HB: 3-hydroxypropionate/4-hydroxybutyrate. 

 



 

Supplementary Figure 12. Framework for clustering ocean samples according to 

ecological status by integrating the biogeochemical potential, structure, and 

diversity of microbial communities. This figure was visualized using BioRender 

(https://app.biorender.com/) under a Creative Commons Attribution-NonCommercial-

NoDerivs 4.0 International license (https://creativecommons.org/licenses/by-nc-

nd/4.0/legalcode.en). 

 



 

Supplementary Figure 13. Proportion of seven types of ecological status in each 

Longhurst Province in 2023. A detailed description of each Longhurst Province can 

be found in Supplementary Data 1. 

 



 

Supplementary Figure 14. Composition of environmental factors in the original 

dataset and sampled dataset. 

 
 



 

Supplementary Figure 15. Correlations between environmental factors in the 

original dataset and the sampled dataset. Heatmap exhibited the Pearson’s 

correlation. PSU: Practical salinity units. 

 



 

Supplementary Figure 16. The confusion matrix confirmed the good performance 

of the final model in the classification of ecological status. Heatmap exhibited the 

proportion of each predicted type of ecological status in each true type of ecological 

status. 

 



 

Supplementary Figure 17. The relative importance of different environmental 

factors in the classification of ecological status. MLD: mixed-layer depth. 

 



 

Supplementary Figure 18. Changes in environmental factors in 2100, compared to 

those in 2023, under the SSP1-1.9 scenario. 

 
 



 

Supplementary Figure 19. Changes in environmental factors in 2100, compared to 

those in 2023, under the SSP5-8.5 scenario. 

 
 
 



 

Supplementary Figure 20. Global mapping of ocean ecological statuses for 2100 

under different future climate change scenarios. a, Ecological status of the current 

ocean (2023). Additionally, this figure can be found in Fig. 2b. b, Ocean ecological 

status in 2100 under the SSP1-1.9 scenario. c, Ocean ecological status in 2100 under 

the SSP5-8.5 scenario. 

 



 

Supplementary Figure 21. Changes in the Shannon indices of ocean microbial 

communities in 2100 compared to those in 2023 under the SSP1-1.9 (a) and SSP5-

8.5 scenarios (b).  

 



 
Supplementary Figure 22. Changes in the abundances of dominant taxa in ocean 

microbial communities in 2100 compared to those in 2023 under the SSP1-1.9 (a) 

and SSP5-8.5 (b) scenarios. 

 



 
Supplementary Figure 23. Changes in the biogeochemical potentials of ocean 

microbial communities in 2100 compared to those in 2023 under the SSP1-1.9 

scenario. a, Pathways involved in photosynthesis; b, pathways involved in carbon 

fixation; c, pathways involved in nitrogen metabolism; d, pathways involved in sulfur 

metabolism. ATP: adenosine triphosphate; Pta-Ack: Phosphate acetyltransferase-

acetate kinase; 3HP/4HB: 3-hydroxypropionate/4-hydroxybutyrate. 

 
 



 

Supplementary Figure 24. Changes in the biogeochemical potentials of ocean 

microbial communities in 2100 compared to those in 2023 under the SSP5-8.5 

scenario. a, Pathways involved in photosynthesis; b, pathways involved in carbon 

fixation; c, pathways involved in nitrogen metabolism; d, pathways involved in sulfur 

metabolism. ATP: adenosine triphosphate; Pta-Ack: Phosphate acetyltransferase-

acetate kinase; 3HP/4HB: 3-hydroxypropionate/4-hydroxybutyrate. 

 


