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Microbes are the ultimate drivers of the biogeochemical cycling of nutrients. 
Aquatic microbes are different from those in terrestrial systems mainly due to 
dispersal across habitats. The cell count of microbes in the water body may 
partially reflect the magnitude of microbial processes on carbon mineralization, 
nitrification, denitrification, etc. Meanwhile, microbial cell density can indicate 
the quality of the water body it inhabits. Therefore, understanding the microbial 
cell count in water bodies and its major controls at a regional scale can provide 
important information for understanding ecosystem health and functions. By 
examining the cell count and sampled water volume across the 34 aquatic core 
sites within the National Ecological Observatory Network (NEON), we 
examined the microbial cell density and its association with water temperature, 
conductance, and dissolved oxygen. The biogeographic pattern of microbial cell 
counts in water bodies and their environmental controls are vital information for 
better understanding microbial roles in carbon and nutrient cycling in aquatic 
ecosystems across the space under the changing climate.

Methodology – Site information
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Figure 1. Location of sampling sites from the NEON Domain
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Table 1. Description of sampling sites taken from the NEON Domain

Figure 3. Relative variation of microbial cell count at monthly 
scale for all sites.
1) There is clear seasonality in microbial cell count in aquatic 

ecosystems across the 34 NEON sites across the U.S.
2) Large variation in microbial seasonality among sites.
3) The lowest microbial cell count was in January, February, 

and March. Recovery in microbial cell count from April, 
May, to June; highest in July, August, September, and 
October; decreases in November and December.

4) A strong association between monthly temperature and 
monthly microbial cell count suggests a strong temperature 
impact at the seasonal scale, which differs from the 
temperature impact across space.

5) Average 50% to 200% of microbial cell count in different 
months, relative to the annual mean (mean across all sites).
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Methodology - Data processing
NEON collect data at 34 aquatic sites, including 24 wadeable streams, 7 lakes, 
and 3 non-wadeable rivers that are located within 19 of the 20 Domains. The 
aquatic sites were chosen to be representative of aquatic features and habitats in 
the US within each NEON Domain. Core aquatic sites are located in areas that 
are not significantly influenced by built structures, e.g., bridges, or human 
activities that may impact water quality, such as urbanization, agriculture, or 
wastewater effluent. Gradient aquatic sites are located in order to capture 
environmental gradients, such as a hydrologic continuum from headwater stream 
to large river.
Surface water microbes are collected 12 times per year in wadeable streams and 
6 times per year in lakes and non-wadeable streams (rivers) which can be 
accessed from the online NEON dataset (https://data.neonscience.org/data-
products/DP1.20138.001). A Python mini program was coded and used to 
extracted the data from NEON dataset. Based on the reported cell count and 
sampled water volume, we calculated the microbial cell density in the water 
body. Due to the inconsistent data availability across sites, the data of 2021-2022 
were used for investigating seasonal variability of microbial density and its 
controls; the annual average of microbial density was used to investigate 
biogeographic patterns of microbial density. Once the data was collected, we 
compiled the data and used a r script to analyze the relationship of 
microbial cell density with water temperature, dissolved oxygen, and specific 
conductance. Analysis with the structural equation model approach confirms 
the interplay of water temperature, dissolved oxygen, and specific conductance 
and their impacts on microbial density in water bodies. 

Figure 4. Correlation of microbial cell count with 
environmental factors, mainly specific conductance 
(a), dissolved oxygen (b), and water temperature 
(c). At a monthly scale, specific conductance and 
water temperature are major controlling factors on 
microbial cell count in aquatic ecosystems. 
Dissolved oxygen shows seasonality but is not 
correlated with microbial cell count, indicating 
dissolved oxygen has complicated impacts on 
microbial seasonality. 

A negative correlation between dissolved oxygen 
and microbial cell count was found for a few sites 
(data now shown).
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Results

Figure 2. Correlation matrix of microbial cell density, dissolved O2, water temperature, specific 
conductance, and latitude. Microbial cell count is not correlated with water temperature and latitude, 
indicating that temperature is not the dominant control across space. Specific conductance positively 
correlated with microbial cell count.
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Take home message
1) Microbial cell density shows a pattern across space, but the spatial pattern is insignificant for the 34 sites in this study.
2) Across space, the water temperature and specific conductance are major controlling factors, with specific conductance 

being stronger than water temperature.
3) At a monthly scale, specific conductance and water temperature are major controlling factors on microbial cell count 

in aquatic ecosystems. 
4) A negative correlation between dissolved oxygen and microbial cell count was found for a few sites (data now shown)
5) A relatively weak seasonal variation indicates microbial tolerance to environmental conditions over a season.
6) Research is needed to investigate the mechanism for these variations across space and over time.

Rational


