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Project Description:  This project would be one of the first to attempt to understand how coastal 
marine animals are affected by ocean acidification in a realistic tidal setting. Ocean acidification 
occurs as a direct result of the increased carbon dioxide levels in the atmosphere, driven 
primarily by the burning of fossil fuels. Unlike global warming, which is a more complex 
process, the higher amount of carbon dioxide dissolving in the water (from the atmosphere) leads 
directly to more acidic ocean water. The ecological impact of this is poorly understood, and has 
only been a focus of scientific researchers for the last 10-20 years. During this time, the bulk of 
research has tested how individual organisms respond to acidified water in tightly controlled 
settings (in glass jars, typically). However, many of the organisms that may be impacted by 
ocean acidification live on the coast, in intertidal areas where they are exposed to the air for 
several hours twice a day. No research has examined combined effects of ocean acidification and 
tidal fluctuation, and we have designed an experiment to mimic these conditions in the 
laboratory and get a more comprehensive understanding of the effects of ocean acidification.  
 
There are 3 primary questions that we are addressing with this research: 
 1.  Will mussel shell growth be negatively affected by ocean acidification? 
 2.  Will tidal fluctuations mitigate or exacerbate the effects of acidification? 
 3.  Will mussels still exhibit defensive responses to predators under acidified conditions? 
 
I have conducted a variety of ocean acidification experiments in the past, both at Moravian and 
at my previous job at the Monterey Bay Aquarium Research Institute, so I have plenty of 
experience designing these types of experiments. There is currently a computer-controlled 
system in my lab in CHOS 129 that manipulates carbon dioxide levels in a seawater tank to 
create ocean acidification conditions. The new component to this research in terms of an 
equipment perspective will be the tidal control system. This is something that I have been 
developing (along with others) for most of the year, and I am confident that we will have the 
tidal control system complete even before the summer SOAR project begins. Without getting 
into the technical details, the system will utilize a series of small pumps to raise and lower water 
levels in each tank to simulate high and low tide. These pumps will run on timers to replicate the 
actual timing of the tidal cycle on the New Jersey coast.  
 
For the actual experiment, we will acquire juvenile mussels and clams (about 2 centimeters long, 
much smaller than you would eat!) from aquaculture hatcheries where these animals are raised 



for the seafood industry. I have already reached out to several aquaculture companies and they 
will be able to supply us with the types and numbers of organisms that we need. We plan to use 
young, small mussels and clams for 4 main reasons:  they are more vulnerable than adults, eat 
less than adults, grow faster than adults, and are cheap! Most of the clams, mussels, and oysters 
that you eat are farmed, but after spending their first few months of life in a hatchery, they are 
raised on farms in intertidal coastal areas. Therefore, they are exposed to all of the same natural 
conditions that wild populations are, and ocean acidification is likely to affect them just as much. 
Therefore, if these species are vulnerable to ocean acidification, it is likely to have both an 
ecological and economic impact.  
 
We will raise the small mussels and clams in saltwater tanks in my lab (CHOS 129), with the 
conditions in each tank controlled with a computer that manipulates carbon dioxide levels. This 
will allow us to create “future” tanks with acidified conditions as well as control tanks with 
normal conditions. About 50 mussels and clams will be raised in each tank, and will be fed with 
a pre-mixed shellfish food every other day over the course of the summer. Because small 
mussels and clams grow quickly, we will be able to observe significant amounts of growth in 10 
weeks and will be able to determine if there are any impacts of acidification on growth rates or 
shell thickness. In addition, we will be conducting weekly behavioral assays to measure clam 
metabolic rates and predator avoidance (they dig to avoid predators). Some of my previous 
research, as well as research by my Honors student Maria Manz, has shown that acidification can 
interfere with the sensory abilities of marine snails, and we will be testing whether or not 
mussels and clams display a similar pattern.  
 
Roles and Responsibilities of Faculty and Students:   
Faculty Role:  I have published several papers on the responses of marine organisms to potential 
climate change, in scientific journals including Ecology, Marine Ecology, Journal of 
Experimental Marine Biology and Ecology, and Marine Ecology Progress Series, among others. 
I have a great deal of experience conducting this type of research, designing tank systems, and 
raising a variety of marine invertebrates under laboratory conditions. My current Honors student 
Maria Manz is in the final stages of a successful project utilizing the seawater system in my 
laboratory, and the lab setup is considerably more developed now than when Maria began her 
project (it was an empty room!). I have also supervised student theses on marine projects at 
Bates College, where I published multiple papers with my students, and I have conducted 
research at 20 marine labs around the US. All of this experience is useful when designing new 
systems. Where my knowledge will be especially helpful is in the experimental design and 
analysis phases, where it is valuable to know the different techniques for raising marine 
organisms in the laboratory and measuring their growth and response to predators. I will help my 
students with experimental design, literature review, data analysis, and with presentation and 
publication of their results. 
 
Student Role:  Katie will continue to work with me to design the experimental setup and the tidal 
control system, which we will be assembling this spring and perhaps the first couple weeks of 
summer. During this time, she will also be conducting background research into relevant 
scientific literature in order to gain a strong understanding of not only ocean acidification but 
also how mussels and clam growth is measured in the laboratory. They are currently taking my 
Marine Biology course, so this will be adding to their background knowledge of the subject. 



During the summer, Katie will be in charge of feeding all of the animals, performing weekly 
water changes for all of the tanks, and conducting the weekly assessments of organism growth, 
respiration rates, and predator responses. At the end of the experiment, she and I will weigh and 
measure all of the organisms in order to quantify their growth patterns under the different 
environmental conditions. At the end of the summer, in addition to the SOAR presentations, she 
will present her results at the Landmark Summer Research Conference, as well as at the Lehigh 
Valley Ecology and Evolution Symposium in spring 2019. My current student Maria Manz is 
presenting at NCUR this year, and Katie will be encouraged to do that as well. Finally, if the 
experiments go as planned, Katie will be writing up her results for publication in a scientific 
journal, but we won’t know which one or if this is a possibility until the conclusion of the 
project. 
 
Timetable:  The experimental system will be designed during spring 2018, and the experiments 
themselves will take the full 10-week period in summer 2018. I am teaching a May Term course 
(taking students to the Oregon coast), so we will not begin this project until June 4, 2018. 
 
Benefits to the Student, Faculty Member, and Moravian College: 
This is exciting and relevant research in the field of marine ecology and ocean climate change, 
and Katie will be playing a leading role in designing and conducting these experiments. She will 
not only gain a great deal of experience with experimental design and analysis, but will also 
contribute to a project that enhances our understanding of the way that climate change could 
shape coastal marine ecosystems. She will also gain invaluable experience with presenting 
research and hopefully with writing a publishable scientific research paper as well. I will 
certainly benefit from Katie contribution to this project, as I have been interested in the impact of 
tides on marine animals for a long time, but this will be the first time that I have been involved 
with a project actually testing this tidal component. Since this is my first summer and Moravian, 
I am hopeful to be able to grow a research program based around undergraduate research 
projects, and this well-developed project would be a great place to start. The Biological Sciences 
department always pushes to involve our students in hands-on research projects, as we believe it 
is an essential part of the learning process that helps develop creative and critical thinking skills. 
By presenting this research at several scientific conferences, we will be able to share some of the 
exciting opportunities that students can be a part of here at Moravian.  
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I grew up along the east coast of the Delmarva shore and have always had a strong desire 
to be a part of the solution that prevented our ocean and beaches from erosion, invasions, and the 
inevitable effects of global warming.  When I came to Moravian I had the desire to study 
Environmental Science with a focus in marine biology conservation, but until 2017 the option 
was not offered.  Dr. Lord’s arrival made the dream of a marine biology course a reality.  While I 
am not currently enrolled in this course, I am enrolled in his Invasive Species course where I 
have already learned an immense amount of information about the arrival, dispersal and 
adaptation of invasive species.  While I have not taken a marine biology course yet at Moravian, 
I have had experience in marine studies during a winter term that I spent in Xpu-Ha, Mexico. 
During this term, I studied the Caribbean Ecosystem and completed a research project on The 
Percentages of Inhabitants on Varied Substrates in Xpu-Ha Bay.  This research project in 
Mexico was small, but allowed me to dip my toes into field research and manipulative 
experiments; and a toe dip was all I needed to realize that I desired more.  Given the opportunity 
to be mentored by Dr. Lord, and discovering how ocean acidification affects mussel growth and 
defense, I would refine my research skills and develop a stronger base for my future as (what I 
aspire to be) a conservation biologist.  

I expect that this SOAR project will strongly emphasize professional development 
opportunities.  Through participation within this program I will have the ability to develop 
myself as an intellectual learner, listener and researcher.  While I have been briefly exposed to 
the effects of humans exhausting irreplaceable resources through my courses at Moravian, I have 
yet to have a hands on experience to visualize the exact effects that the human race has on other 
species.  The ecological impact of increased carbon dioxide in our atmosphere  has only been 
briefly touched on by the scientific community within the past couple decades.  While scientists 
have conducted manipulative experiments on organisms exposed to ocean acidification, they 
have been lacking the combination of multiple real world scenarios simultaneously: ocean 
acidification and tidal fluctuations.  Dr. Lords experiment does just that while incorporating 
intertidal organisms into the scenario, which let’s one see the visual effects of ocean acidification 



on organisms.  This is such a unique SOAR project that has the potential to answer the questions 
about effects that ocean acidification has on our environment.  

This opportunity will provide me fundamental research skills that are highly sought after 
in individuals who apply to graduate school, which is my first goal following college.  The 
practices that I adopt throughout this summer will be the first steps on my ladder to a successful 
career.  Scientists throughout history have never discovered something on their own.  It was only 
with the collaboration and the information passed on by their predecessors that their hypotheses 
molded over time to become theories.  I strive to be part of that chain of scientific knowledge 
and success in the world.  For without the Earth giving us the natural resources we need to 
survive, our generations to come will be finite.  By discovering the effects of our actions, 
creating a hypothesis, conducting research, and conveying scientific evidence in an 
understandable way to the public, one can begin tackling the problem of global warming.  

I am very passionate and excited about conducting research this summer.  I anticipate 
finding a correlation between increasing ocean acidification and the deterioration of intertidal 
bivalve growth and defense. Ultimately, I am anxious, yet eager to conquer my developing 
presentation skills at the Landmark Summer Research Conference and the Lehigh Valley 
Ecology and Evolution Symposium.  As said before, I believe that the ability to convey one's 
research is crucial in making scientific strides in our society.  I foresee myself using this 
experience to look further into other environmental areas.  Regardless of any outcome, 
participating in SOAR will allow me to evolve as a young scientist.  


