THEINTERPLAY OF PHOSPHORUS & TEMPERATURE ON ALGAE

RESEARCH QUESTION

What do the phosphorus and water temperature levels
in Lake Seneca, New York tell us about the presence of
toxic algae?

HYPOTHESIS

Elevated levels of phosphorus and increased
temperature will exhibit a strong correlation with the
occurrence of chlorophyll-a in Lake Seneca, NY.

BACKGROUND

There are certain
characteristics that need to
be examined when delving
into the outcomes of total
harmful algae blooms (HABs)
in freshwater lakes.
Chlorophyll-a has been
observed to correlate with
the presence of HABs and
thus can be used as a reliable

ﬁ & indicator. The presence of
phosphorus in freshwater lakes has been noted to be a
key component of plant life. However, once lakes begin to
exhibit an excess amount of phosphorus, they can
increase the process of eutrophication. Extreme growth
of algae and aquatic plant life may result in a depletion of

oxygen as aquatic life can no longer survive. Likewise,

temperature is a valued indicator when investigating the
presence of algae. An increase in temperature allows
algae to flourish in their environment. As temperatures
around the world become affected by climate change, it
is necessary to delve into a possible change in the
presence of HABs in our lakes.

METHODOLOGY

This study focused on Seneca Lake, investigating the

relationship between phosphorus levels, water temperature,
and chlorophyll-a from 2017-2021.

Phosphorus and temperature data was gathered from public
government databases. Data sets were organized into tables
by year and compared with their respective variables in the
: same time frame. :
Outliers exceeding measurements of 100 were removed from
: the chlorophyll-a data. :
Stacked area graphs for temperature and chlorophyll-a were
: created for each year. :

Stacked area graphs for all years were created to depict the
average of each variable in comparison to chlorophyll-a levels
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Fig. 2. Stacked area graph of levels of chlorophyll-a and phosphorus 2017 Fig. 3. Stacked area graph of levels of chlorophyll-a and temperature in 2017

2017- Chlorophyll-a decreases and increases similar to phosphorus levels in
Fig. 2; each month from June to September depicts a peak in phosphorus
and chlorophyll-a. The levels of chlorophyll-a and temperature do not follow
a consistent trend in Fig.3.

Levels of Chlorophyll-a and Phosphorus in 2019

Levels of Chlorophyll-a and Temperature in 2019
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Fig. 6. Stacked area graph of levels of chlorophyll-a and phosphorus 2019 Fig. 7. Stacked area graph of levels of chlorophyll-a and temperature in 2019

2019- Chlorophyll-a in Fig. 6 has a similar trend as phosphorus from June to
August; as phosphorus peaks, chlorophyll-a peaks as well. Fig. 7 has similar
trends from June to late July. This does not continue after early August.

Levels of Chlorophyll-a and Phosphorus in 2021 Levels of Chlorophyll-a and Temperature in 2021
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Fig. 10. Stacked area graph of levels of chlorophyll-a and phosphorus 2021 Fig. 11. Stacked area graph of levels of chloraphyll-a and temperature in 2021

2021- Chlorophyll-a has a similar trend as phosphorus in late June to late
July and shares a peak in early July. In early August, the rate of increase
and decrease of chlorophyll-a is not as extreme. In Fig. 11, temperature and
chlorophyll-a increased and decreased from June to late July with a
matched peak in mid-July. After early August, chlorophyll-a was steady as
temperature continued to reach peaks.
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Average Levels of Chlorophyll-a and Phosphorus in 2017 - 2021

Average Levels of Chlorophyll-a and Temperature in 2017 - 2021

LIMITATIONS
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- 9/15/19 CHLOROPHYLLA 11.106 ug/L
9/11/18 CHLOROPHYLL A 2.302 ug/L 9/17/19 CHLOROPHYLLA 13.483 ug/L
9/13/18 CHLOROPHYLL A 743.6 ug/L 10/2/19 CHLOROPHYLL A 626.1 ug/L
9/15/18 CHLOROPHYLL A 3.157 ug/L 6/8/20 CHLOROPHYLL A 4.776 ug/L

We removed chlorophyll-a values in our data (9/13/18 and
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Fig. 1. Stacked area graph of average of chlorophyll-a and phosphorus 2017-2021 Fig. 7 Stacked area graph of average of chlorophyll-a and temperature 2017-2021

Fig. 1. depicts the average levels of phosphorus from 2017 to 2021 decreasing before
2019 and increasing after 2019. Chlorophyll-a depicts a steady state until a noticeable
increase after 2019. It is possible that measures were taken to decrease phosphorus
levels before 2019. However, due to the COVID-19 pandemic, these measures were
interrupted. As the temperature increased, the trend of chlorophyll-a remained steady
throughout. In comparison to phosphorus, temperature does not seem to be the main
contributor to chlorophyll-a levels.

Levels of Chlorophyll-a and Phosphorus in 2018

Levels of Chlorophyll-a and Temperature in 2018
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Fig. 4 Stacked area graph of levels of chlorophyll-a and phosphorus Fig. 5. Stacked area graph of levels of algae and temperature in 2018
2018

2018- Chlorophyll-a increases and decreases similar to phosphorus in
Fig. 4. Phosphorus appears to match the levels of chlorophyll-a from
mid-July to early September. Chlorophyll-a and temperature do not
have a consistent trend that follows one another.

Levels of Chlorophyll-a and Phosphorus in 2020 Levels of Chlorophyll-a and Temperature in 2020
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Fig. 8. Stacked area graph of levels of chlorophyll-a and phosphorus 2020 Fig. 9. Stacked area graph of levels of chlorophyll-a and temperature 2020

2020- Chlorophyll-a has a weaker trend with phosphorus. In late June,

10/2/19) that exceeded the value of the hundred to reduce the
chance of outliers. Additionally, due to a lack of reliable data
for chlorophyll-a in January, February, March, April, May,
November, and December, the use of year-round graphs could
not be utilized. Rather than assuming the lack of data could
equate to zero findings in levels of chlorophyll-q, it was
decided to remove these months from the study.

CONCLUSION

The high levels of phosphorus and algae blooms have
been noted in previous studies. However, this study
delves into the relationship between levels of phosphorus
and temperature to the levels of harmful algae blooms,
with chlorophyll-a acting as an indicator of this variable.
Our data was successful in showing a correlation between
levels of phosphorus and chlorophyll-a in a majority of the
studied years.

« Within the years 2017 to 2019, levels of phosphorus
and chlorophyll-a followed a similar trend; as
phosphorus levels increased, chlorophyll-a levels
increased and as phosphorus levels decreased,
chlorophyll-a levels decreased. An interruption in this
trend occurs between 2019 and 2020. This is indicated
in Fig. 1 and Fig. 7. It should be emphasized that this
outlier may have been caused by possible
phosphorus-decreasing measures which were then
interrupted by the COVID-19 pandemic.

Within this study, temperature levels and chlorophyll-a
levels did not present trends as strong as our previous
variables. However, in the early summer months, it was
noted that as temperature levels increased, chlorophyll-a
levels also increased.

The results of this study present the average trend in
levels of phosphorus and temperature in relationship with

chlorophyll-a decreases while phosphorus peaks at its highest in early June.
In early July, chlorophyll-a doesn't reach phosphorus and the incline is not
extreme. In Fig. 9, chlorophyll-a and temperature see a peak in early June. In

algae blooms, using chlorop
Due to the unexpected resu

nyll-a as a reliable indicator.
ts in these averages, more

has been observed in how t

nese variables have been

July and August, chlorophyll-a and temperature increase and decrease at
similar times.
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impacted throughout recent years of societal uncertainty.

FUTURE RESEARCH

Normal Average Temperature (Deg F)
Annual (1991-2020)

The impact of
temperature on HAB
growth, using
chlorophyll-a as its
indicator, can be
further studied by
studying water bodies

in various parts of the
United States. This

data can further
analyze the phosphorus and temperature relationship

with HABs through freshwater and saltwater sites.
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