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Aquatic Microbial Ecology through a Molecular Biological Looking Glass 
OVERVIEW 
Microbes are fundamental drivers of ecological processes. Both physiologically and phylogenetically 
diverse, microorganisms drive biogeochemical cycling throughout terrestrial and aquatic ecosystems. They 
also facilitate macro-scale diversity and community structure as agents of disease and/or through synergistic 
relationships. My research seeks to understand bacterially-mediated processes and viral impacts in aquatic 
environments, and I’m excited to pursue new work that examines the interactions between these microbial 
communities and toxic metal cycling. With the rapidly decreasing cost of sequencing, we have uncovered 
novel characteristics about the ecology and evolution of Earth’s unknown microbial majority. In my work 
I pair cutting-edge molecular biological and bioinformatic tools with classical ecological techniques and 
modeling to understand fundamental aspects of bacterial and viral ecology across a continuum of aquatic 
environments. Sequencing-based efforts opened the floodgates of discovery-based research into these 
microbial communities, and in turn galvanized my efforts to perform in-depth, hypothesis-driven research. 
Training undergraduate students has played a large role in my research efforts. Student involvement, both 
in the field and in the lab, is critical to my research program moving forward. Below I outline my past and 
present research, followed by my vision for future research efforts at Middlebury College.  
 
PAST AND PRESENT CONTRIBUTIONS 
Metal-oxidizers in desert varnish 
My passion for microbial ecology was catalyzed through undergraduate research at Hampshire College 
focused on microbial communities in desert varnish, in which I elucidated microbes associated with metal-
oxide deposition. For my undergraduate thesis I applied to, and was awarded, an American Society of 
Microbiology Undergraduate Research Fellowship to carry out this desert varnish research. I then 
communicated my findings at the ASM national meeting. This experience made it clear to me how valuable 
engaging undergraduate students in research can be. Undergraduate research opportunities develop skills 
related to lab design, practical research methods, scientific communications skills, and foster scientific 
curiosity which can last a lifetime. 
Life in the Dead Zone: Understanding community-level bacterioplankton processes in Chesapeake Bay 
My doctoral dissertation focused on aquatic microbial communities, both bacterial and viral, in rivers, 
estuaries, and the open ocean. My initial work examined microbial communities over a seasonal oxygen 
gradient in Chesapeake Bay, colloquially referred to as “Life in the Dead Zone.” Utilizing a 
metatranscriptomic approach to capture snapshots of the active microbial communities, we revealed both 
broad changes in the communities over the oxygen transitions, as well as smaller scale trends in specific 
genes related to respiratory processes (Writing Sample1). By looking both at total community level 
processes, as well as hypothesis-driven, curated gene database analyses, I was able to show patterns of gene 
expression that don’t always match the redox state of the overall water column. These data suggests that 
niches within the environment are present that allow various microbial respiration pathways to take place, 
in addition to the processes that more canonically reflect the water column redox chemistry. This was a 
collaborative effort I helped lead with my PhD advisor, and research teams from Oregon State University 
and the University of Maryland. In conjunction with this project, I wrote and won a grant from the 
Biogeochemistry Environmental Science and Sustainability IGERT (at Cornell University), to pursue a 
similar study on four rivers that feed into the Chesapeake Bay, in which the aim was to determine if 
microbial activity upstream of the bay was similar to the processes that occurred in the main estuary 
channel.  
Pelagiphage of the Atlantic Ocean 
Another component of my doctoral dissertation (Writing Sample 2), examined the abundance and predicted 
impacts of two types of bacteriophage that infect the most dominant bacteria populations on Earth, thriving 
in the surface waters of the open ocean. This study was the result of a major collaboration between 14 
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research groups at Woods Hole Oceanographic Institute and seven other research institutions, spearheaded 
by Dr. Liz Kujawinski. By utilizing publically available sequence data I developed molecular probes to 
quantify two of the recently described pelagiphage populations in samples collected on the 45 day 
latitudinal transit from Uruguay to Barbados. We characterized the differences in population dynamics, 
likely related to host ecotype biogeography and resistance to infection. These data analyses were supported 
by physicochemical data from other research cruise participants, and I look forward to a synthesis project 
with the research group who characterized bacterial communities to analyze direct connections between the 
pelagiphage and their hosts. Future work with these phage populations will help us understand the impact 
these viruses have on their dominant host, and the implications for nutrient cycling in the open ocean. 
Mercury-methylating sulfur-reducing bacteria in St. Lawrence River wetlands 
My current research, in collaboration with Dr. Michael Twiss at Clarkson University, aims to identify the 
microbial community members with the genetic capacity to methylate mercury. These organisms are likely 
responsible for increasing the bioavailability and toxicity of mercury in wetlands along the St. Lawrence 
River (SLR). Plan 2014 from the International Joint Commission, which oversees US and Canadian policy 
on the SLR, implemented changes to water level control at the Moses-Saunders Power Dam. The initiative 
is meant to restore ecosystem health to pre-dam conditions. However, at present SLR wetlands have nearly 
monotypic cattail stands which store mercury and other nutrients. We aim to determine if changes in 
wetland water levels will also result in increased activity of sulfate reducing bacteria, and others, that are 
capable of mercury methylation, and ultimately increased methyl-mercury in the wetlands and river. 
 
FUTURE GOALS  
Envisioning the next 5-10 years of innovations in sequencing capability and discovery is exhilarating. We 
will generate vast quantities of data at relatively low costs. One challenge of my future research will lie in 
the development of innovative methods to process and analyze these data to continue my pursuit of 
understanding microbial ecological processes. Curated gene-databases worked well for my dissertation 
research, but I aim to develop more streamlined methods for big data analyses. I see a natural opportunity 
to collaborate with Dr. Michael Linderman, in Computer Science, on these research efforts. 
Creating relevant stories from a sea of data 
One exciting aspect with regard to microbial bioinformatics is that there is an ever-increasing amount 
publically available data. In conjunction with my own research datasets, these data present myriad 
opportunities to engage undergraduate students in inquiry-based research. Drawing on my expertise in 
database curation methods and molecular probe design, I will work with students to design their own unique 
projects utilizing this wealth of data. The major benefit of this type of study is that because the data already 
exist, a student need only generate good questions and a testable hypothesis before jumping in to the 
research. These are relatively inexpensive projects that can exploit a wealth of underutilized data, and allow 
my lab to hit the ground running. 
Toxic metals in aquatic systems 
My recent research has compelled me to start asking questions at the nexus of microbial respiratory 
processes and the cycling of toxic metals. I will continue to investigate the ways in which differences in 
active microbial communities lead to mobilization of biologically relevant toxic metals. I see the 
opportunity at Middlebury College to collaborate across disciplines with Dr. Peter Ryan (Geology) and Dr. 
Molly Costanza-Robinson (Environmental Studies) on questions related to trace metals and anthropogenic 
contaminants, and the roles microbes play on their fate in the environment. Viruses play a key role in 
regulating both prokaryotic and eukaryotic communities. By studying the activity of the microbial 
communities, their consumers, and the role of viruses play in controlling these communities, I hope to 
answer key questions underpinning the fate of toxic metals in a variety of freshwater and coastal 
environments. Understanding the broader context, and the mechanisms that control these communities, will 
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help inform models of biogeochemical cycling in these systems. Ultimately, communication of these results 
to appropriate regulatory government groups will help to inform policy changes. 
Research vessel access 
My research questions often necessitate access to ship time onboard research vessels. This summer I was 
trained and served as the Chief Scientist onboard the R/V Blue Heron. I have been actively pursuing other 
early-career training on this front, and look forward to including ship time through the University-National 
Oceanographic Laboratory System (UNOLS) fleet and other programs in upcoming grant proposals. Most 
immediately I would like to access ship time to follow up on research questions related to pelagiphage 
communities and their hosts. Writing collaborative proposals that answer questions with a wide scope can 
be quite fruitful. Toward that end, I see wonderful possibilities to collaborate with faculty in the Department 
of Biology, specifically Dr. Sallie Sheldon. 
 
COLLABORATIONS AND FUNDING 
Interdisciplinary collaborations have been paramount in my work so far, and I look forward to continuing 
and starting new collaboration efforts. I find that this approach leads to better experimental design, higher 
caliber research questions and hypotheses, and more successful funding outcomes. Above I mention a few 
Middlebury faculty who I see as a great fit for new research collaborations. I look forward to the opportunity 
to work with many members of the Department of Biology, as well as inter-departmental research efforts. 
The Middlebury Faculty Professional Development Fund seems like a good resource for simple research 
needs and travel expenditures. Additionally, my research is well aligned with two of the NSF funding 
divisions: Environmental Biology and Biological Oceanography. Given the increasing number of 
applicants, and static total NSF budgets, I recognize that I will need to pursue other avenues of research 
funding. Further public funding mechanisms I anticipate applying for include the DOE Biological & 
Environmental Research division, and state-specific grants through the Vermont Department of 
Environmental Conservation. Private institutions such as the Simons Fellows Program for Collaboration on 
Ocean Processes and Ecology, the Keck Foundation, the Ford Foundation, and the Agouron Institute 
provide additional potential for financial support. Investigating these funding options, and others, will be 
important as I start my own research program in molecular microbial ecology.  
 


