
 

 

 

Global Environmental Science 

www.sciltp.com/journals/ges 

  

 

Copyright: © 2025 by the authors. This is an open access article under the terms and conditions of the Creative Commons Attribution (CC 
BY) license (https://creativecommons.org/licenses/by/4.0/). 
Publisher’s Note: Scilight stays neutral with regard to jurisdictional claims in published maps and institutional affiliations. 

Supplementary Materials 

Microbial Community Dynamics in the Surface Water-
Groundwater Interaction Zone of the Upper Miyun  
Reservoir Basin 
Zhaoxin Li 1,2, Wenzhi Zhang 1,3, Junxiong Huang 1,*, Zhaoyong Bian 2,*, Lei Li 1, Wanlai Xue 1  
and Wei Xiu 3,* 
1 Beijing Water Science and Technology Institute, Beijing 100048, China 
2 College of Water Sciences, Beijing Normal University, Beijing 100875, China 
3 State Key Laboratory of Biogeology and Environmental Geology, China University of Geosciences Beijing, Beijing 100083, China 
* Correspondence: hjx@bwsti.com (J.H.); bian@bnu.edu.cn (Z.B.); xwsuron@cugb.edu.cn (W.X.) 

How To Cite: Li, Z.; Zhang, W.; Huang, J.; et al. Microbial Community Dynamics in the Surface Water-Groundwater Interaction Zone of the Upper Miyun 
Reservoir Basin. Glob. Environ. Sci. 2026, 2(1), 23–37. https://doi.org/10.53941/ges.2026.100002 

 

Figure S1. Spearman correlation of surface-water versus groundwater at the same sampling sites for (a) TN; (b) NO3−-N; 
(c) δ15N-NO3−; (d) δ18O-NO3−; (e) TDS; (f) HCO3−; (g) F−; (h) Cl−; and (i) SO42−. 
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Figure S2. Rarefaction curves for wet-season samples (a) and dry-season samples (b). 

 

Figure S3. Relative abundance of the top bacterial genera across habitats and seasons: Stacked bar charts display the ten 
most abundant genera at each site, (a) surface water—wet season; (b) groundwater—wet season; (c) sediment—wet 
season; (d) surface water—dry season; (e) groundwater—dry season; (f) sediment—dry season. 

 

Figure S4. Beta-diversity patterns of bacterial communities across habitats: Nonmetric multidimensional scaling (NMDS) 
ordinations within surface water (a); groundwater (b); and sediment (c) between the dry and wet seasons. 
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Figure S5. Modified Stochasticity Ratio (MST) across habitats and seasons. Box-and-whisker plots show MST values (mean 
± SD) for surface water (SW), groundwater (GW), and sediment (SED) during the wet (WS) and dry (DS) seasons. 

 

Figure S6. Comparison between the observed microbial community network and the E-R random network model. 

 

Figure S7. Differences in network node degree between wet-season and dry-season networks (a) and their degree 
distributions (b,c). The meanings represented by different asterisks. *** p < 0.001. 
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Figure S8. Correlations between network connectance and physicochemical variables: the relationship between 
connectance and (a) temperature (T); (b) dissolved oxygen (DO); (c) pH; (d) bicarbonate (HCO3−); (e) nitrate-N (NO3−-N); 
(f) nitrite-N (NO₂−-N); (g) δ15N-NO3; (h) sulfate (SO42−). 

Table S1. Results of Wilcoxon tests for differences in α-diversity indices among groups. 

 Shannon_p. Richness_p Simpson_p 
DS_GW vs. DS_SED 3.77 × 10−7 0.000000245 0.00000632 
DS_GW vs. DS_SW 0.822 0.854 0.581 
DS_GW vs. WS_GW 0.286 0.015 0.552 
DS_GW vs. WS_SED 3.15 × 10−7 0.0000057 0.000000164 
DS_GW vs. WS_SW 0.009 0.049 0.008 
DS_SED vs. DS_SW 7.80 × 10−9 4.16 × 10−8 0.0000112 
DS_SED vs. WS_GW 1.12 × 10−9 9.9 × 10−7 0.00000217 
DS_SED vs. WS_SED 0.822 0.049 0.14 
DS_SED vs. WS_SW 5.19 × 10−5 9.45 × 10−7 0.006 
DS_SW vs. WS_GW 0.008 0.000344 0.012 
DS_SW vs. WS_SED 7.80 × 10−9 6.55 × 10−8 7.28 × 10−9 
DS_SW vs. WS_SW 3.00 × 10−6 0.004 0.0000328 

WS_GW vs. WS_SED 2.97 × 10−9 2.55 × 10−8 7.28 × 10−9 
WS_GW vs. WS_SW 4.41 × 10−8 3.81 × 10−6 7.95 × 10−7 
WS_SED vs. WS_SW 2.67 × 10−5 0.0000508 0.0000181 

Table S2. Coefficient of variation (CV) of α-diversity indices across different seasons and habitats. 

 WS-SW DS-SW WS-GW DS-GW WS-SED DS-SED 
richness 0.22 0.31 0.44 0.49 0.24 0.18 
shannon 0.09 0.13 0.18 0.29 0.09 0.10 
simpson 0.01 0.03 0.07 0.11 0.008 0.02 

Table S3. Results of Wilcoxon tests for differences between different sample types. 

Type1 Type2 p.adj p.adj.signif Type1 Type2 p.adj p.adj.signif 
DS-GW DS-SED 7.39 × 10−17 **** DS-SED WS-SW 1.30 × 10−22 **** 
DS-GW DS-SW 2.66 × 10−31 **** DS-SW WS-GW 0.195 ns 
DS-GW WS-GW 6.79 × 10−30 **** DS-SW WS-SED 1.07 × 10−5 **** 
DS-GW WS-SED 9.00 × 10−38 **** DS-SW WS-SW 3.06 × 10−10 **** 
DS-GW WS-SW 2.44 × 10−42 **** WS-GW WS-SED 0.005 ** 
DS-SED DS-SW 1.46 × 10−6 **** WS-GW WS-SW 3.61 × 10−6 **** 
DS-SED WS-GW 4.95 × 10−8 **** WS-SED WS-SW 0.049 * 
DS-SED WS-SED 7.39 × 10−17 ****     

The meanings represented by different asterisks. **** p < 0.0001; ** p < 0.01; * p < 0.05. 


