Harmful Algal Bloom Dynamics
In the Gulf of Maine

Jennifer Brown

NSF-DoD SuperMe Research Opportunity for Undergraduates
University of Maine

Alexandrium fundyense
Courtesy: Woods Hole

Introduction

In the Gulf of Maine (GoM), the phenomenon called harmful algal bloom (HAB) or
“Red Tide” is caused by the toxic dinoflagellate phytoplankton Alexandrium
fundyense. This eukaryotic algae produces saxitoxin and accumulates in shellfish
and other marine animals. HABs are responsible for Paralytic Shellfish Poisioning
when affected shellfish are consumed by humans. A. fundyense blooms occur
during the summer months, and can have a devastating effect on the New England
shellfish economy.

The Gulf of Maine

Courtesy: Gulf of Maine Council

Previous models of A. fundyense exclude the dynamics of other phytoplankton
species such as diatoms and zooplankton. Using Stella modeling software, real-time
data from the online GoMOOS database, and known values relating to the growth of
A. fundyense and other plankton species in the GoM, a simulation is produced which
includes interactions between A. fundyense and the GoM ecosystem. The Stella
model output is then compared with a 3-Dimensional version created by Dr. Fei
Chai's post-doctoral fellow, Dr. Guimei Liu, using visualizations from both models.

The Stella Model

The first version of the model was a reproduction of a GoM ecosystem model
given to me by Dr. Chai. This model included five Stella stock boxes which
represented interactions between phytoplankton, zooplankton, nutrient content,
and the light levels in the Gulf of Maine. | then added A. fundyense to the model
using species-specific parameters (McGillicuddy et al., 2005).

Real-time water temperature and salinity data from the Gulf of Maine was added
using the GoMOOS database website (gomoos.org). GoMOOS provides data to
the public that is taken at multiple buoys in the GoM.
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The complexity of the 5-box Stella model was increased, resulting in a 10-box
model. New changes included dividing the phytoplankton parameter into “large”
and “small” groups (S2 and S1), dividing the zooplankton into “micro” and “meso”
groups (Z1 and Z2), and dividing the nutrient parameter into nitrate, ammonium,
and silicate groups (above).

The Stella exhibited the same trends observed in nature:

« Regular yearly blooms. For A. fundyense, a small spring bloom is followed by a
larger fall bloom

« Peaks in Diatom blooms before peaks in A. fundyense blooms

< Nitrogen to silicate ratio approaching approximately 1.3 : 1
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3-D Model Visualization

The trends shown in the visualization created using Dr. Liu's 3-D GoM model are
very similar to those in the Stella box model. Data from Dr. Liu's “Experiment No.
9” was used; it included the same A. fundyense growth and mortality information
and sine-like light modification as the Stella box model. The 2-D and 3-D
simulations both show low levels of A. fundyense throughout the spring, leading to
a denser bloom in late August. However, a quantitative comparison of the two
models does not yet exist. | would like to address this through further research.

3-Dimensional model output for A. fundyense concentrations in cells/L on 5/21,
6/21, 7/21, and 8/21, 2007, at 10 m depth. The outline of the coast of Maine is in
violet near the top of each image.
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