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ABSTRACT OF DISSERTATION 

Applications of Digital Holographic Imaging Towards Characterization of Marine Plankton Distributions and Biophysical Interactions  
 
Characterization of the distribution and biophysical interactions of oceanic planktonic organisms is crucial to address fundamental science 
questions associated with climate change, marine ecology, pollution, and ocean optics. Thus, development of instrumentation techniques for 
monitoring plankton at high spatial and temporal resolutions is important. This dissertation deals with the advancements made in applying digital 
holography – a 3-D non-intrusive, freestream imaging technique – to address three different applications associated with marine plankton 
monitoring and ecology.  In the first project, an autonomous inline digital holographic microscope was successfully deployed for rapid in situ 
detection of the harmful dinoflagellate, Karenia brevis in the coastal Gulf of Mexico. Monitoring K. brevis abundance and distribution are crucial for 
early warning systems and implementing preventative measures to limit potential damage. The holographic system was successfully paired with a 
convolutional neural network for automated data processing to ensure rapid and accurate K. brevis detection. In the second project, field 
experiments with an in situ holographic imaging system and observations on a thin layer (vertically limited aggregation) of a mixotrophic planktonic 
ciliate in the Atlantic Ocean's Delaware shelf are reported. Ciliate abundances were up to 6 times higher than documented in prior literature, and 
the ciliate layer was highly correlated with the location and intensity of the subsurface chlorophyll a maximum. This study highlighted the potential 
for substantial underestimation of an important group of organisms to the planktonic biomass as well as the importance of pairing in situ imaging 
systems with standard sensors in marine ecosystem studies. In the third project, holographic microscopy was used to characterize the growth and 
orientation of colonial diatoms under laminar and turbulent flow regimes in a temperature and light controlled environment in the lab. For all 
species and replicates, mean colony lengths were higher in laminar flow, indicating turbulence limited colony size. Clear preferential orientation in 
the mean flow direction was observed under laminar flow conditions, albeit with differences based on mean aspect ratios of different species. 
Together, these three studies encompass important observations, demonstrating the value of digital holography towards diverse laboratory and 
field-oriented applications in marine ecology and plankton monitoring.  
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