
In past-years, mahogany-colored algal blooms, likely due to harmful dinoflagellate 
species Prorocentrum minimum, have been observed in Santee Basin at the United 
States Naval Academy in late February through April. In this study, water column 
parameters, including temperature, salinity, light penetration, and nutrients, were 
collected and evaluated against existing peer-reviewed literature. The objective of this 
study was to determine if the late winter-to-early spring water column conditions 
in Santee Basin are conducive to foster a bloom of the harmful dinoflagellate 
species, Prorocentrum minimum.

ABSTRACT

STUDY AREA & METHODS

Figure 1. Left: ArcGIS map of project sampling location within Santee Basin of the United States Naval Academy, 
Annapolis, MD. Yellow star depicts precise sampling point where data collections were made. Blue-dashed box indicates 
the location of an observed phytoplankton bloom on March 4th. Green-dashed line indicates location of plankton tow 
conducted during an observed mahogany-hued bloom on March 24th. Upper right inset shows the Chesapeake Bay with 
the Annapolis region highlighted in red; Right: A reddish-brown hued “Mahogany Tide” hypothesized to be caused by 
Prorocentrum minimum in Santee Basin photographed during the early-Spring of 2021

RESULTS
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Figure 4. Nutrient Concentrations in the Santee Basin collected every Tuesday and Thursday within the project 
collection period: January 31st thru March 24th. The black dotted lines illustrate spikes in nutrients.
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An increase in temperature from 2°C to 8°C and decrease in salinity from 10 
PSU to 6 PSU at the surface occurred during March when both blooms were 
observed. Salinity was homogenous throughout the water column throughout 
the duration of the project. Photosynthetically active radiation (PAR) 
consistently decreased with depth – often from 600 mmol s-1 at surface to 0 
mmol s-1 at bottom (Figure 3). On February 28th and March 24th there were 
increases in nutrients at the surface of the water column with minimal 
concentration changes at the bottom depths of Santee Basin (Figure 4). 

Figure 3. PLOTS: YSI EXO2 multiparameter sonde vertical profile plots of temperature (TOP) and salinity 
(MIDDLE) and LI-COR LI-1500/LI-193 light sensor profile plot of photosynthetically active radiation (BOTTOM). 
Dotted black lines were observed blooms. IMAGES: Observed bloom on March 4th: Melosiraceae with pennate 
diatoms and rotifer (A); Coscinodiscus sp. diatom cell (B); ciliated protozoa with chain diatoms (C); Asplanchidae
rotifer (cf. Monogononta species) with diatom-filled gut tract (D). Observed bloom on March 24th: 1 mL fraction of 
bulk 200 meter plankton tow sample (E); purple microplastic particle amongst rotifers and barnacle 
(Amphibalanus sp.) nauplii (F); gravid Harpacticoida copepod and Amphibalanus nauplii (G); project target 
species dinoflagellate Prorocentrum minimum (H).

DISCUSSION
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Table 1. Growth rate equations for Prorocentrum minimum as published in 
Zhang et al. 2021. Growth Rate is reported as the change over a day. 

Based on research 
conclusions established in 
Zhang et al. 2021, growth rate 
models for this study were 
modeled from the equations 
listed in Table 1. The growth 
rate of Prorocentrum 
minimum, shown in Figure 5, 
indicates that the March 24th 
bloom was twice as high as 
the predicted growth rate. 
Calculated temperature growth 
rate appears to have a strong 
influence on P. minimum
growth rate (Figure 5). 

Elevated levels of NH3 on 
March 24th may have 
suggested additional factors 
contributing to the mahogany-
hued color of Santee Basin. A 
plankton tow sample 
contained large numbers of 
barnacle nauplii (Amphiascus
sp.) indicating a potential 
spawning event (Figure 6).

According to Zhang et al. 2021, parameters that are conducive to Prorocentrum 
minimum blooms include temperature, growth rate, cell density, phosphorus and 
nitrogen concentrations, and mortality rates due to grazing and respiration. Using these 
parameters as a baseline, this study sampled and analyzed similar factors in Santee 
Basin (Figure 1). A YSI EXO2 multiparameter sonde was deployed to collect vertical 
water quality parameters (temperature, salinity, chlorophyll, fDOM, pH, dissolved 
oxygen) from surface to bottom. A SonTek Castaway CTD was utilized to improve 
confidence in water quality results. A LI-COR LI-1500/LI-193 light logger and sensor 
was used to measure underwater light attenuation from surface to bottom using a 
spherical quantum sensor (Figure 2). Surface and bottom water nutrient samples were 
collected and filtered through a Luer tip syringe 0.7 µm glass fiber filter. A Hach DR 
6000 was then used to measure NO3

-, NH3, and PO4
3- concentrations using a split 

beam spectrophotometer. Plankton samples were collected using a Van Dorn Bottle at 
surface and bottom and preserved in a 10% Lugol Solution for cell counts. On days 
where there was an observed bloom, a 200-meter 60-µm plankton surface net tow was 
conducted along Santee Basin seawall. 

Figure 2. Left to Right MIDN Blackwell, Orama, Ryser, and Lang display sampling equipment used during the project; MIDN 
Blackwell and Orama prepare Van Dorn water sample for nutrient filtering; MIDN Blackwell deploys LI-COR light sensor 
while MIDN Orama and Lang deploy water quality sondes.

GROWTH RATE EQUATION
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Figure 5. Growth rates of Prorocentrum minimum, nutrients, PAR, and 
temperature in Santee Basin as calculated from equations published in 
Zhang et al. 2021.
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A large amount of water was 
released from the Conowingo 
Dam from February 24th thru
March 1st (USGS 2022) which could have 
coincided with changes in water quality 
parameters (Palinkas et al. 2019) – specifically 
with a temperature increase and a salinity 
decrease (Figure 3) – and an observed bloom 
in Santee Basin on March 4th (Figure 4). 
Additionally, two major rain events on March 
17th and March 23rd coincided chronologically 
with an increase in nutrients (surface and 
bottom NO3

- on March 2nd and surface and 
bottom NO3

- and surface NH3 and PO4
3- on 

March 24th), growth rates, and observed blooms 
on March 4th and 24th (Figures 3-5). 

Figure 6. 1 mL fraction of bulk 200 meter plankton 
tow sample conducted March 24th. Identifications: 
dinoflagellate Prorocentrum minimum (   ); rotifers 
(   ); copepods (   ); centric and chain diatoms (   ); 
barnacle nauplii (   ); microplastics (   ).

CONCLUSIONS & FUTURE WORK
• Santee Basin has optimum parameters for the growth of Prorocentrum

minimum in late-Winter to early-Spring.

• The mid-March to early-April time frame is ideal for the start of algal growth 
due to a rise in temperature, photosynthetically active radiation, and 
nutrient levels such as nitrate, ammonia, and phosphate at the water’s 
surface. 

• Temperature was the most important factor in this study that contributed to 
the growth rate of P. minimum in Santee Basin.

• Future studies should collect daily samples to improve accuracy.
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