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Introduction: Harmful algae blooms destroy water quality and when they decompose, they absorb excessive amounts 
of oxygen causing hypoxia and dead zones in aquatic environments. They are one of the main causes of fish kills 
(Bassett, 2014) and their toxins make water bodies unsafe for recreational use, contaminate and raise costs of drinking 
water treatment, and may cause severe illness or death in humans. With climate change increasing precipitation rates, 
more agricultural runoff and fertilizer will enter aquatic environments causing more frequent harmful algae blooms and 
eutrophication (Understanding Algae, 2018). Harmful algae blooms are a significant issue for the Great Lakes and 
other freshwater ecosystems, which are also subject to various environmental factors such as microplastics, aquatic 
microbes, decalcification, algae toxicity, and nutrient pollution. A method to treat and prevent harmful algae blooms is 
needed. My previous research (2021) identified Daphnia magna, a keystone filter-feeding species of freshwater 
zooplankton, as an excellent candidate for biomanipulation to treat and prevent harmful algae blooms. However, little 
is known about which of the species’ distinct genotypes is best suited for biomanipulation under various environmental 
conditions. I tested four genotypes of D. magna to compare their ability to reduce the levels of two different algae 
under four different environmental conditions. 

Procedures: I performed five experiments with a total of 195 tests to identify the ideal genotype of D. magna to 
biomanipulate to treat and prevent harmful algae blooms. Then, I tested the most promising genotype in different 
environmental conditions and toxicities to represent the dynamic Great Lakes ecosystems. All experiments were tested 
on two different species of algae, Chlorella fusca (non-toxic) and Microcystis aeruginosa (toxic) in three different 
ratios to vary toxicity. The first experiment tested the ability of four D. magna genotypes to reduce algae levels at the 
three ratios. The remaining experiments tested algae reduction under four environmental conditions: pond mud (aquatic 
microbes), microplastics, nutrient pollution, and calcium carbonate. Finally, I performed statistical analysis on the 
results which included normality tests and two-way ANOVAs. 

For every experiment performed, I cultured and cloned the required genotypes of D. magna and used only neonates in 
every test to ensure the most accurate results. ImageJ software was used to measure the body lengths of the neonates 
before and after each experiment. All experiments were performed for a two-week period and kept in an environment 
with a temperature of 18 °C under a hanging LED light timed for 16 hours of light and 8 hours of darkness a day. For 
Experiment Two, I used 1 mL of pond mud collected from a local pond. For Experiment Three, I used 0.1 g of crushed 
polyethylene plastic pellets. For Experiment Four, I created a 0.02 ppm stock solution of acidic high nitrate industrial 
grade fertilizer to represent the average levels of nutrient pollution of a eutrophic lake with harmful algae blooms 
which is equivalent to 20 µg/L. For Experiment Five, I created a 10 mg/L stock solution of calcium carbonate to 
represent adequate and stable levels of calcium in a lake that are well above the threshold that D. magna require for 
survival. A microscope and hemocytometer were used to perform initial algae cell counts for all three algae 
combinations for each experiment. At the end of the two-week period for each experiment, I counted the final algae 
cells of each test using a microscope and hemocytometer. Finally, at the end of the two-week period, I recorded the 
number of organisms dead and alive in each test and calculated the number of neonates reproduced.  

Results and Conclusions: D. magna genotype 4 was identified to be an excellent candidate for biomanipulation to 
treat and prevent harmful algae blooms as it had the largest algae reduction rate, reproduced the most neonates, had the 
second highest body length growth, and the highest survival rate. Genotype 4 also reduced algae levels significantly in 
all the different algae combinations. The pond mud with aquatic microbes condition yielded the largest algae reductions 
and the highest survival rates. This condition also resulted in the second best rates of reproduced neonates. This 
suggests that exposure to naturally occurring microbes and having better developed gut-microbiota improves a clone’s 
ability to digest, consume, and tolerate the toxic and non-toxic algae. Clones exposed to microplastics had the lowest 
rates of algae reduction; however, a reduction of 70% would still help freshwater ecosystems. D. magna were able to 
reproduce and live successfully in this condition demonstrating that D. magna could treat and prevent harmful algae 
blooms in lakes with plastic pollution. Clones exposed to nutrient pollution had equal average algae decreases to the 
controls (94%) and were able to grow and reproduce. This suggests that biomanipulation of D. magna could work in 
eutrophic lakes. Clones exposed to calcium carbonate had the highest rates of reproduction, significant algae reduction 
rates, and strong body length growth. This indicates that biomanipulation might be enhanced in lakes with high calcium 
content or that the technique of liming could be used to support the biomanipulation of D. magna. Additionally, the 
majority of experiments were found to have normal distribution, low standard deviations, and to be statistically 
significant. In summary, D. magna genotype 4 is a strong candidate for biomanipulation to treat and prevent harmful 
algae blooms, including in nutrient and plastic polluted environments, and that success of D. magna genotype 4 
biomanipulation may be improved through the presence or addition of calcium carbonate and naturally occurring 
aquatic microbes. 


