





    
      Skip to main content
    

        
      
    
  
    
  
        
            
        [image: bioRxiv]      

                

          



  
    
  
                
    
      	Home
	About
	Submit
	ALERTS / RSS

    

  



  
                
    
      
  
    
  
      
  
  
    
  Search for this keyword 
 







  


  
  



  
      
  
  
    Advanced Search  


  
  



  



    

  


  


  

  
  
  	      

    
      
    
      
        
    
  
    
                        
  
                
    
      
	  
  
		
		
			
			  
  
      
  
  
    

      
        New Results    
  
        Deterministic influences exceed dispersal effects on hydrologically-connected microbiomes
  
       View ORCID ProfileEmily B. Graham,  View ORCID ProfileAlex R. Crump, Charles T. Resch, Sarah Fansler,  View ORCID ProfileEvan Arntzen, David W. Kennedy,  View ORCID ProfileJim K. Fredrickson,  View ORCID ProfileJames C. Stegen

  
      doi: https://doi.org/10.1101/088518 

  
  
  

Emily B. Graham 
1Biological Sciences Division, Pacific Northwest National Laboratory, Richland, WA USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Emily B. Graham
	For correspondence: 
emily.graham@pnnl.gov


Alex R. Crump 
1Biological Sciences Division, Pacific Northwest National Laboratory, Richland, WA USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Alex R. Crump


Charles T. Resch 
2Geochemistry Department, Pacific Northwest National Laboratory, Richland, WA USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Sarah Fansler 
1Biological Sciences Division, Pacific Northwest National Laboratory, Richland, WA USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Evan Arntzen 
3Environmental Compliance and Emergency Preparation, Pacific Northwest National Laboratory, Richland, WA USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Evan Arntzen


David W. Kennedy 
1Biological Sciences Division, Pacific Northwest National Laboratory, Richland, WA USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Jim K. Fredrickson 
1Biological Sciences Division, Pacific Northwest National Laboratory, Richland, WA USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for Jim K. Fredrickson


James C. Stegen 
1Biological Sciences Division, Pacific Northwest National Laboratory, Richland, WA USA

	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	ORCID record for James C. Stegen




  


  
  



  
      
  
  
    	Abstract
	Full Text
	Info/History
	Metrics
	Supplementary material
	 Preview PDF


  


  
  



  
      
  
  
    [image: Loading]

  
    
  
      
  
  
    Summary
Subsurface groundwater-surface water mixing zones (hyporheic zones) have enhanced biogeochemical activity, but assembly processes governing subsurface microbiomes remain a critical uncertainty in understanding hyporheic biogeochemistry. To address this obstacle, we investigated (a) biogeographical patterns in attached and waterborne microbiomes across three hydrologically-connected, physicochemically-distinct zones (inland hyporheic, nearshore hyporheic, and river); (b) assembly processes that generated these patterns; (c) groups of organisms that corresponded to deterministic changes in the environment; and (d) correlations between these groups and hyporheic metabolism. All microbiomes remained dissimilar through time, but consistent presence of similar taxa suggested dispersal and/or common selective pressures among zones. Further, we demonstrated a pronounced impact of deterministic assembly in all microbiomes as well as seasonal shifts from heterotrophic to autotrophic microorganisms associated with increases in groundwater discharge. The abundance of one statistical cluster of organisms increased with active biomass and respiration, revealing organisms that may strongly influence hyporheic biogeochemistry. Based on our results, we propose a conceptualization of hyporheic zone metabolism in which increased organic carbon concentrations during surface water intrusion support heterotrophy, which succumbs to autotrophy under groundwater discharge. These results provide new opportunities to enhance microbially-explicit ecosystem models describing hyporheic zone biogeochemistry and its influence over riverine ecosystem function.
Originality-Significance Statement Subsurface zones of groundwater and surface water mixing (hyporheic zones) are hotspots of biogeochemical activity and strongly influence carbon, nutrient and contaminant dynamics within riverine ecosystems. Hyporheic zone microbiomes are responsible for up to 95% of riverine ecosystem respiration, yet the ecology of these microbiomes remains poorly understood. While significant progress is being made in the development of microbially-explicit ecosystem models, poor understanding of hyporheic zone microbial ecology impedes development of such models in this critical zone. To fill the knowledge gap, we present a comprehensive analysis of biogeographical patterns in hyporheic microbiomes as well as the ecological processes that govern their composition and function through space and time. Despite pronounced hydrologic connectivity throughout the hyporheic zone—and thus a strong potential for dispersal—we find that ecological selection deterministically governs microbiome composition within local environments, and we identify specific groups of organisms that correspond to seasonal changes in hydrology. Based on our results, we propose a conceptual model for hyporheic zone metabolism in which comparatively high-organic C conditions during surface water intrusion into the hyporheic zone support heterotrophic metabolisms that succumb to autotrophy during time periods of groundwater discharge. These results provide new opportunities to develop microbially-explicit ecosystem models that incorporate the hyporheic zone and its influence over riverine ecosystem function.


Footnotes
	Data accessibility statement: Upon acceptance for publication, all data will be made publically available, and the DOI will be provided in-text.
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