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ABSTRACT 
 

We present a computational approach for modeling and quantifying the structure and 

dynamics of the nematode C. elegans observed by time-lapse microscopy. Complex 

worm movements are expressed in terms of three primitive patterns – peristaltic 

progression, deformation, and translation. Worm shape and conformation are decoupled. 

The model has been incorporated into algorithms for segmentation and simultaneous 

tracking of multiple worms in a field, some of which may be interacting in complex 

ways. A recursive Bayesian filter is used for tracking. Unpredictable behaviors 

associated with interactions are resolved using multiple-hypothesis tracking. The 

algorithm can track worms of diverse sizes and conformations (coiled/uncoiled) in the 

presence of imaging artifacts and clutter, even when worms overlap each other. 

Performance of algorithms was measured over 16 image sequences representing wild-

type and uncoordinated mutants as a function of worm size, conformation, and the 

presence of worm overlaps. Overall detected tracking failures were 1.4%, undetected 

tracking failures were 0.4%, and segmentation errors were 1.1% of worm length. In 

cases when worms overlap, the method reduced undetected failures from 12% to 1.8%, 

and segmentation error from 12.2% to 6.4%.  The method provides the basis for reliable 

morphometric and locomotory analysis of worm populations. 

 

The overall system was motivated by the need for quantitative analysis of the 

locomotory patterns of C. elegans. To that end a total of 20 videos featuring 10 different 

mutant types, some subtly different from wild-type worms, were processed and 839 

worm tracks were extracted and quantified. A decision tree classifier was then used to 

identify the worm type. The average correct classification ratio, measured using the 

unbiased leave-one-out cross validation estimator, was 71 %. 

 

 


