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Dilemma in Quantitative Sciences

“Sometimes, what’s
counted doesn’t count;

And what really counts,
can’t be counted!

…Albert Einstein

A major challenge in microbial ecology is to develop computing tools that can extract ecologically important information from digital images of microbial populations and 
communities at single cell resolution, and analyze their structure in situ without cultivation. Several microbial ecologists, mathematicians and computer scientists are addressing 
this challenge by developing a software package called CMEIAS (Center for Microbial Ecology Image Analysis System). CMEIAS v1.27 (available at <http://cme.msu.edu/cmeias/>) 
applies pattern recognition algorithms to classify microbial morphotypes with 97% accuracy. A CMEIAS-IT v3.10 upgrade is being developed to analyze microbial (i) richness and 
abundance of morphological diversity related to the database of currently known bacteria; (ii) abundance (cell density, biovolume, biomass carbon, biosurface area, cumulative 
length); (iii) metabolic activity, autecology and phylogeny using color segmentation of fluorescent molecular probes, and (iv) in situ patterns of spatial distribution during surface 
colonization. CMEIAS-IT v3.10 includes plugins with many new object analysis  / classification features, new tools to help edit images before analysis (Object Separation, Color 
Segmentation, Photoshop Actions), Excel Add-Ins that compile, tabulate, analyze and plot CMEIAS data, a fractal dimension analyzer, new exploratory cluster analysis tools to 
optimize the decision boundaries for classification of the operational morphological units with unlimited morphological diversity, and a Quadrat Maker tool for spatial distribution 
analyses of microbial colonization. CMEIAS is currently being used to analyze spatial patterns of microbial colonization on plant roots, shifts in vaginal microflora in health and BV 
disease, freshwater biofilms on pebbles and surface polymers on glass, and in situ spatial scale of bacterial cell-to-cell communication at single cell resolution.  

CMEIAS-3 OMU Classifier & Edit Feature
Classifies morphotypes, subclassifies each morphotype according to any combination

of 55+ user-specified measurement attributes of size, shape, luminosity, & location

Results window of output data; copy to Excel
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Usage: select size border preference (default is based on Bergey’s 
database, user-defined is optimized for the specific community under 
study); run the CMEIAS-3 OMU Classifier, export classification data to 
Excel for ecological statistics.

Edit Classification

Ecological Succession of a Complex Microbial 
Community Perturbed by a High Nutrient Shock
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Does diversity beget stability? Not necessarily... 
Highly diverse communities were less resilient in 
recovery following environmental perturbations.

Community resilience
Following perturbation

Microbial Community Analysis Using the
CMEIAS Morphotype Classifier

Anaerobic Bioreactor Italian Alpine Lake Biofilm
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analysis 1-d analysis 

Why is Microscopy So Important
in Microbial Ecology?

• Ecological processes change with the spatial scale at 
which they are observed and measured.
• Thus, knowing how scale influences our observations 

and measurements is critical
• Many interactions between individual microbes and 

their physical, chemical and biological environment 
occur at µm spatial scales  
• Understanding the significance of spatial scale is an 

important challenge that will likely explain much of the 
diversity found in situ in microbial communties.  

Mission Statement:
Provide scientific community with comprehensive, 

innovative PC computing tools of image analysis 
software designed to strengthen quantitative, 
microscopy-based approaches for understanding 
microbial ecology, at spatial scales relevant to the 
individual microbes and their ecological niches.

CMEIAS
v. 1.27
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F. Dazzo, M. Schmid & A. Hartmann 2007. In Manual of Environmental 
Microbiology, 3rd Ed. Chapt. 59, pp. 712-733 ASMicrobiology Press 

CMEIAS In situ Spatial Distribution Analysis: Immunofluorescence of 
Rhizobium leguminosarum bv. trifolii 0403 on a white clover rhizoplane  
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Human Vaginal Microflora: “Normal” vs. Bacterial Vaginosis
The marked changes in microbial community structure revealed by light microscopy make this an ideal model
system for exploring medical microbiology applications of CMEIAS computer-assisted microscopy software.

“Normal” Bacterial Vaginosis
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Morphological Diversity/Adaptations 
Local Community Dynamics 
Bacteriovory Stress / Refuge 

Perturbation / Succession / Stability 

Spatial Abundance 
2-D & 3-D 

 Architecture 

Eco-Physiology 
Allometry/Metabolism 
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Local Cell-Cell Interactions 

In Situ Spatial 
Patterns  

Colonization  
Behavior 

Biogeography 
Spatial 

Autocorrelation 

• Segments foreground 
objects of interest from 
backgrounds in complex 
RGB images
• Interactive multiple 
sampling to define the full
range of RGB values for 
the foreground object 
pixels
• Uses region-growing 
algorithms for color space 
and spatial location to find 
the microbial cell 
boundaries, overall 
accuracy of 99+%
• Creates a new RGB 
image for analysis of 
foreground objects 
differentiated by color, 
e.g., metabolic activity, 
autofluorescence, 
live/dead cell integrity, 
molecular probes 
(fluorescent antibody, 
FISH), etc.

Reddy et al. 2002
Reddy et al. 2004
Gross et al. 2010

CMEIAS Object Separation Tool
Provides automatic splitting and manual editing of touching objects

Before ~1 second After

Major Microbial Morphotypes Classified by CMEIAS 
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In situ CMEIAS Analysis of Cell-to-Cell Communication by Rhizobacteria
during Root Colonization (Gantner et al. 2006 FEMS Mic. Ecol. 56:188-194)

• In situ rhizobacterial cell communication via 
extracellular N-Acyl Homoserine Lactone (AHL)

• Reporter strains: red fluorescent [AHL]-source); 
green fluorescent (AHL-sensor),tomato & wheat

• Confocal laser scanning microscopy, CMEIAS 
color recognition / nearest neighbor / quadrat-
based image analysis at single cell resolution,um
scale, geostatistical modeling of spatial patterns 

• Results: Rhizobacteria conduct cell-to-cell 
communication on roots with a minimum 
quorum requirement of 2 cells & an in situ
calling distance of up to 78 µm (equivalent to
≈2 people talking up to 400 ft [90 m] apart).
• Individual bacteria in small clusters communicate 

with each other even when separated from dense 
populations by very long-range distances

• Conclusion: In situAHL-mediated cell-to-cell 
communication is governed more by the spatial 
proximity of cells within AHL gradients than by a 
quorum requirement of high population density.

CMEIAS Analysis of Dynamic Seasonal Changes in 
Microbial Communities in Steambed Epilithic Biofilms

Simultaneous analysis of microbial 
community dynamics and populations 
of individual bacterial morphotypes. 
Fuduka et al. 2006 Mic. Ecol. 52:1-9.

Parameter Measured Value Obtained
Image Area Analyzed 10,434 u m2

Cell Count 136
% Substratum Area Covered by Microbes 2.70%

Total Microbial Biovolume 259.0 u m3

Total Microbial Biomass Carbon 51.8 pg
Total Microbial Biosurface Area 1,126.6 u m2

Spatial Density 13,034 cells / mm2

Mean 1st Nearest Neighbor Distance 3.9 + 2.4 u m
Mean 2nd Nearest Neighbor Distance 5.7 + 2.9 u m

Spatial Randomness Index 0.88 (clustered)
Variance: Mean Ratio 1.796 (clustered)

Morista's Dispersion Index 1.996 (clustered)
Negative Binomial K Index 0.950 (clustered)

Lloyd's Mean Crowding Index 1.595 (clustered)
Lloyd's Patchiness Index 1.995 (clustered)

Holgate's A Index 0.536 (clustered)

Geostatistics of Pioneer Rhizobacterial Colonization
(white clover seedlings germinated 2-d in soil, optimized wash, acridine orange,

CLSM, CMEIAS spatial pattern analysis (cluster index Zvariate), geostatistics)

F Dazzo 2004 In A. Varma et al. (ed.) Plant Surface Microbiology, pp. 503-550, Springer-Verlag

CMEIAS
Cluster Index

1/1st NND
Z-variate

Abundance measured by cell biovolume significantly 
Impacts on computed community diversity, dominance 
and evenness (CMEIAS data, anaerobic methanogenic 
Bioreactor Chemostat Communities; J-evenness = 0.65 
using cell #, 0.81 using # weighted by biovolume. 

http://cme.msu.edu/cmeias/
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