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ABSTRACT

Freshwater eutrophication degrades water quality and poses severe harm to ecological and
human health. Bivalves are filter feeders that could be used for controlling the algae blooms
associated with eutrophication by grazing on the phytoplankton and removing excess nutrients.
This study conducted two laboratory microcosm experiments to investigate the capability of a
widely spread bivalve, the Asian clam (Corbicula fluminea), to remediate freshwater
eutrophication. The water was collected from two natural lakes. By the end of the first
experiment, the values of turbidity, nitrate, ammonium nitrogen, and phosphate were
significantly lower than the controls for water from both lakes, indicating a remarkable
improvement of water quality by the stock of the Asian clams. The Asian clams displayed no
differentiated performance in eutrophication mitigation between the two types of water since
the trends of changes of the water parameters between measurements did not reflect
inconsistency in distinct water bodies. In another experiment, the Asian clams’ ability to tackle
eutrophication was tested across three volumes of water. The result indicated that the Asian
clams were fully capable to bear a remediation load of 5L to 6.7L water per individual and
implied a considerably larger threshold volume for their mitigation capacity. Overall, under the
selected conditions and densities, the Asian clams demonstrated their robust filtration
capability to mitigate eutrophic water. With further complementing studies to obtain a more
comprehensive understanding of their ecological functioning and impacts in freshwater
ecosystem, it is plausible to develop a biotreatment solution of eutrophication based on the
bivalve.
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INTRODUCTION

Algae blooms associated with eutrophication have become a prominent water pollution
issue worldwide. Eutrophication is generally caused by extensive input of nutrients, especially
nitrogen and phosphorus, which stimulates the phytoplankton biomass in the water body to
grow to an abnormal level. Threats posed by such algae blooms to freshwater bodies include
oxygen depletion, water quality degradation like high turbidity and unpleasant odor,
biodiversity loss, and food web structure alteration (Moustaka-Gouni and Sommer 2020, Wang
et al. 2016, Carpenter et al. 1999). While cutting down nutrient loading into the water bodies
is a priority for controlling eutrophication, the ecological resilience within water ecosystem
often delays the accomplishment of actual clear water. Excess nutrients accumulated previously
in sediment, especially the phosphorus compounds, may still be released. Thus, additional
approaches of eutrophication remediation are needed to reinforce the transition to clear water
(Jeppesen et al. 2012). On the other hand, chemical treatment like the algaecides had previously
been proposed as a solution to harmful algae blooms. However, algaecides cause environmental
concerns since besides residual of the drugs themselves, lysis of the algae cells in this process
often releases stored toxins into water body, which can harm the fish and birds (Silva et al.
2020, Carpenter et al. 1999). In response to these issues, scientists have turned to
bioremediation to seek more efficient restoration tools of eutrophication.

Much research has shown that filter-feeding organisms may be effective in algae
removal under appropriate water conditions. Generally, such organisms pass water through a
specialized filtering structure in their feeding apparatus to trap the fine particles, organic
materials, phytoplankton, and zooplanktons in the water column as food. Mechanical variations
in specific filtering methods may present among different animal species, but the overall
principle holds the same. Many filter feeders can help maintain the phytoplankton community
composition and biomass at a healthy state to the ecosystem by consistently grazing on them.
They allow desirable algae cells to produce the appropriate amount of oxygen and organic
matters into water body (Mueller et al. 2004). Filter-feeding fish like silver carps, tilapia, and

bighead carps possess considerable reliance on phytoplankton in their diet and can consume
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the algae directly to control their biomass (Wang et al. 2016, Lin et al. 2020). Many bivalve
species including zebra mussels, blood clams, and Asian clams have also demonstrated
remarkable filtration ability in water body. Besides the blooming algae, bivalves can remove
suspended particles in water body as well. They transfer floating organic matters from water
column into the sediment and thus reduce the excess nutrient concentration (Vaughn and
Hoellein 2018). Nonetheless, filter feeders still exhibit different shortcomings on effectiveness
in actual control of eutrophication and improvement of water quality because of their food
selection and living habit. For instance, while consuming algae biomass, bighead carps were
observed to produce excrement rich in phosphorus nutrients that enhance growth of the
phytoplankton in return (Huang et al. 2016). For bivalves, the problem is that they usually
prefer to feed on algae smaller than 20 micrometers, which leaves considerable portion of
phytoplankton (Shen et al. 2020). The coexistence of both advantages and drawbacks
contributes to the controversial results from previous studies about effect on controlling algae
biomass and nutrient content by filter feeding organisms (Huang et al. 2016, Wang et al. 2016,
Lukwambe et al. 2020, Lin et al. 2020).

The attempt to introduce filter feeders for eutrophication mitigation should be
conducted on a context-dependent basis. The living and foraging habits of the filtering
organisms could have varied consequences based on conditions in target water bodies (Sousa
et al. 2009). In this paper, the focus falls on a widespread bivalve in many water ecosystems
around the world: the Asian clam (Corbicula fluminea). It is a well-known invasive species in
the United States and was thought to be brought to the Pacific coast by Chinese immigrants in
the 1920s as a food resource. The Asian clam was later found present in South America and
Europe in the 1970s (Sousa et al. 2008). The high filtration rate of the organism (Sousa et al.
2008, Silva et al. 2020) makes it suitable for an exploration of its effectiveness in remediating
eutrophic freshwater bodies within a relatively short period. Considering the common presence
of the Asian clam in rivers and lakes around the world, it is worthwhile to dig its potential for
building a preliminary restoration method for eutrophic freshwater body.

Building on top of previous work, this paper intends to investigate the efficacy of

eutrophication treatment by the Asian clams. Because of the context-based feature of the
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mitigation effort by filter feeders, to obtain a meaningful result, the study would be conducted
with locally collected water from Lake Anza and Lake Temescal in Berkeley, California. Asian
clams have been demonstrated by previous studies to be effective in algae removal and nutrient
concentration control overall, but differentiated effects were reported for certain water
parameters like the concentration of phosphorus compounds (Shen et al. 2020, Silva et al. 2020,
Sousa et al. 2009). The study first investigated plainly the Asian clams’ performance in
eutrophication treatment in the collected water through one experiment. In the meantime, I
made a comparison between the performance in the two types of lake water to understand if
the bivalves’ mitigation efficiency changes among the different water. The study proceeded
with the water in which the clams worked more efficiently. A second experiment was then
conducted to explore the Asian clams’ efficiency in remediating different volumes of the
selected lake water. Consequently, the greatest amount of water under current eutrophic level
that the clams can effectively clean may be obtained. The result of the study may provide
indicative information for the suitability of applying Asian clams to eutrophication remediation

in water bodies of similar environmental properties and conditions.

METHODS

Study site and organisms

I conducted this study at UC Berkeley from March 16th to April 14th. The water used
for this study were collected from Lake Anza and Lake Temescal in Berkeley, California. Both
lakes are freshwater lake in the East Bay Regional Parks. Lake Anza is located at 37.89-degree
North, 122.25-degree West, with an altitude of 242m. I collected water samples at the northwest
shore. I used a filter to filter away the covering azolla on lake surface and large, suspended
particles. Lake Temescal is located at 37.84-degree North, 122.23-degree West. The altitude is
132m. I collected water samples from the beach at northeast side of the lake. Lake Temescal
did not have azolla covered, but a filter was still needed to get rid of large particles. In addition,

I also collected sediment from shallow water region near shore of both lakes. Their containers
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were covered tightly all the time before running the experiment to maintain the original wetness.

I collected the Asian clams from an aquaculture pond. The selected individuals had
healthy body condition with no obvious injuries. The average weight of the Asian clams was
5.22 £ 0.24g. The average shell size was 2.10 + 0.3cm. I raised the clams in four 2.75-liter
buckets with the collected water and sediment for a week as a quarantine. Water was changed
every two days. This process allowed them to adapt to the water condition and get rid of

potential pathogens and parasites from the previous pond (Shen et al. 2020, Silva et al. 2020).

Microcosms for experiment 1: treatment efficiency of Asian clams and performance

across water bodies

To assess the mitigation efficiency of Asian clams, I built a set of microcosms up for
each lake water. I used five-gallon food-grade buckets as the microcosms. They were made of
polyethylene and had very low light penetration on side and bottom, which can better simulate
a natural underwater environment. I filled 14L eutrophic water into each microcosm, with
approximately 1.5cm of sediment sprayed evenly at the bottom. The initial biomass of Asian
clams in each bucket was controlled at 16g to 18g, corresponding to three or four clams
depending on the sizes. Each set of microcosms included four replicates and one control

without clams. The lighting period followed a 16-hour daylight to 8-hour darkness pattern.

Water parameters and sample collection

To track the eutrophication level throughout the experiment, the water parameters |
monitored included dissolved oxygen (DO), turbidity, chlorophyll a (chl a), nitrate, ammonium
nitrogen (ammonium-N), and phosphate. Additionally, I recorded the temperature to ensure a
constant condition among treatment groups during the experiment. The experiment ran for nine
days. I measured DO and temperature daily directly from water with a DO meter. Turbidity
was measured daily using a turbidity meter. In each measurement, [ took a 250ml water sample

from 10cm below surface and Scm above sediment and mixed thoroughly. Then, I transferred
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10ml of the water sample into a vial for turbidity measurement.

I conducted chl a and nutrient concentration measurements at the 1st, 5th, and 9th days
during the experiment period. I sampled the water in the same way as above. For chl a, I took
50ml of mixed water from each microcosm for centrifugation and then used a
spectrophotometer to test for concentration in the concentrated samples. I measured the nutrient
concentrations with the corresponding semiquantitative test kits. After sample mixing, I took
two Sml samples for ammonium-N. A 2.5ml sample and a 5Sml sample was used for nitrate and

phosphate testing respectively according to the procedures of the test kits.

Data analysis for exploring treatment efficiency and performances across water bodies

Graph processing for water quality parameters

I took an average between the four replicates for the measurements to obtain nine data
points for temperature, DO, and turbidity and three data points for chl a and nutrient
concentrations. To visualize the trend of each parameter during the experiment period, I

graphed its data against time in unit of day, along with the control trend for comparison.

Statistical analysis

I used an analysis of variance for repeated measurement (rANOVA) to explore the
significance of mitigation for each water parameter between time points at the 1st, Sth, and 9th
day. The alternative hypothesis was that the values obtained at each time point were different
from that of the previous one. A significant change would support that there was an effective
improvement of water quality in the time interval. I also used a two-sample t-test to test for the
difference in percentage changes of each water parameter at each measurement for the two
types of water. The mean changes should have statistically significant difference if the Asian
clams performed differently between water bodies. I set the significance level at p < 0.05. 1

performed the statistical analysis in RStudio 4.0.2.
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Microcosms for Experiment 2: Threshold volume of eutrophic water for effective

purification

Based on the previous experiment, I selected the lake water where the clams showed
advanced treatment performance to run experiment two. I set up microcosms filled with
increasing water volumes: 10L, 15L, and 20L, and again sprayed the sediment evenly at 1.5cm
thickness. Each volume had three replicates. As before, I put 16g-18g of Asian clams into each
microcosm. In a 7-day period, I tracked the water parameters in the same way as the first

experiment.

Data Analysis for exploring the threshold volume for mitigation

I graphed trends of the water parameters in the same manner as above experiment. I
used an analysis of variance (ANOVA) to test for difference in mean percentage change of each
water parameter between every measurement through the period among water volumes. The
changes would display statistically significant difference if the Asian clams’ treatment
effectiveness varied across water volumes. As before, I used an analysis of variance for
repeated measurement (rANOVA) to explore the changes of water parameters between time
points at the 1st, 4th, and 7th day. I set the significance level at p < 0.05 and conducted the

analysis in RStudio 4.0.2.

RESULTS

Experiment 1: Treatment efficiency among water bodies

Physical Water Parameters: DO, Turbidity, and Temperature

Plot of the temperature trend is shown in figure 1.1. The average temperature over the
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period was 20.34 + 0.24 Celsius degree for Lake Temescal water and 20.38 + 0.28 Celsius
degree for Lake Anza water. No significant difference was detected in temperature among

treatments during the experiment period (p > 0.05).
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Figure 1.1. Trends of temperature of the two water groups. The graph shows temperature of the treatments in
the 9-day experiment period together with the controls. The temperature in Celsius degree is on y-axis, while the

time measured in day is on x-axis.

I plotted the trends of dissolved oxygen (DO) in both lake water in figures 1.2. The
dissolved oxygen for both water bodies experienced an increase followed by a decrease. For
Lake Anza water, the DO values rose by 8.1% through the first three days and then decreased
by 5.9% through the fifth day. It fluctuated at a higher value than the control since then.
Throughout the complete period the treatment groups had significantly higher DO values on
average than the control (p < 0.05). For Lake Temescal water DO increased by 8.5% in three
days; after that it dropped by 8.2% through the fifth day and fluctuated around the initial value
for the rest of the period. On average DO in treatment groups was still higher than the Temescal
control during the experiment (p < 0.05). On the other hand, there was no significant difference
in mean percent changes of DO throughout the experiment between the two water bodies (p >

0.05).
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Figure 1.2. Trends of DO of the two water groups. The plots display the DO values during the experiment
period in comparison to the control. The left graph shows DO for Lake Anza water and the right graph is for Lake

Temescal water. On both plots, DO measured in mg/L is on y-axis and time in unit of day is on x-axis.

Changes in turbidity for the two water bodies over time were plotted in figure 1.3.
Turbidity in both types of water had a significant response to the stock of Asian clams. In the
Anza group, the decrease between the 1st, Sth, and the 9th days was significant (F = 1850, p <
0.05). The turbidity at the end of experiment was 67.5% lower than the Anza control. In Lake
Temescal water, a significant drop was observed too between the same time points (F = 1515,
p < 0.05). The final turbidity was 74.3% lower than the Temescal control. No significant

difference in turbidity percent changes were observed between the two water bodies (p > 0.05).
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Figure 1.3. Trends of turbidity of the two water groups. The graphs show turbidity values of treatments through
the 9-day period in comparison to the control. The left plot shows turbidity trend of Lake Anza group while the
right one shows the trend of Lake Temescal group. Turbidity in NTU unit is on y-axis, against the time measured

in day on x-axis.

Biological Water Parameters: Chlorophyll a concentration
9
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The measurement of chlorophyll a was inconclusive for both water bodies. The results
were negative numbers, meaning that the chl a concentration in the water samples were too low
for the spectrophotometer to detect. The water quality report provided by the East Bay Regional
Park suggested an on-site chlorophyll a concentration of 5.1 microgram/L for Lake Anza and
5 microgram/L for Lake Temescal. The values were out of the measurement range of the
spectrophotometers accessible. Therefore, chlorophyll a was excluded from the consideration

of eutrophication treatment efficiency in this project.

Chemical Water Parameters: Nitrate, Phosphate, and Ammonium Nitrogen

The trends of nitrate and phosphate concentrations for both lake water were displayed
in figure 1.4. Significant responses to Asian clams’ presence were observed for nitrate and
phosphate. In Lake Anza water, there was a significant drop throughout the experiment for both
nitrate and phosphate (F = 54.6, p <0.05; F = 88.2, p <0.05). At end of the experiment, nitrate
and phosphate concentration was 33.3 % and 50% lower than the control respectively. A
significant decrease in nitrate and phosphate was also observed in Lake Temescal water (F =
61, p < 0.05; F = 18, p < 0.05). Their final values were 38.1% and 33.3% lower than the
Temescal control respectively. For both compounds, there was no significant difference

detected in concentration percentage change between Anza water and Temescal water (p <

0.05).
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Figure 1.4. Trends of nitrate and phosphate of the two water bodies. The graphs display the values of nitrate
and phosphate concentrations on the 1st, 5th, and 9th day of the experiment period: (a) nitrate of Anza water, (b)
nitrate of Temescal water, (c) phosphate of Anza water, (d) phosphate of Temescal water. In all plots, the y-axis is
concentration in ppm. The x-axis is time in day. The measurements from the control are also shown alongside for

comparison.

For ammonium nitrogen, the final values for both lakes were already at the test kit’s
lowest testable value (0.13ppm). In Figure 1.5, these values were recorded as less than 0.13ppm.
Ammonium nitrogen concentration for both lakes likely had experienced a significant decrease
in the experiment period and reached a level significantly lower than the controls at the end,

but this could not be confirmed through a statistical test.
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Figure 1.5. Trends of ammonium-N of the two water bodies. The plots show the concentration of ammonium
nitrogen measured on days 1, 5, and 9. The left graph is ammonium-N concentration for Lake Anza water, while
the right graph shows the measure for Lake Temescal water. Concentration in unit of ppm is on the y-axis. Time
in unit of day is on the x-axis. The final values in treatment groups on both graphs are recorded as less than 0.13

ppm since the value was out of the lowest testable range of the ammonium-N test kit.

Experiment 2: Threshold water volume for efficient purification
11
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Lake Anza water was used for this experiment because its higher initial values in
turbidity and nutrient concentrations could potentially be more indicative in Asian clams’

capability of eutrophication remediation.

Physical Water Parameters: DO, Turbidity, and Temperature

Temperature of all the water volumes were graphed in figure 2.1. Average temperature

was 20.20 + 0.54, 20.20 £ 0.64, and 20.4 + 0.66 Celsius degree for 10L, 15L, and 20L groups

respectively during the experiment. There was no significant temperature difference among

volumes during in the experiment period (F =0.17, p > 0.05).
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Figure 2.1. Trends of temperature across water volumes. The graph shows the temperature of three water
volumes throughout the 7-day experiment period. Temperature in Celsius degree is on y-axis and time in day is

on x-axis.

DO trends of all water volumes were plotted in figure 2.2. For the 15L group, the DO
value increased through the first four days and decreased to a range close to the initial level in
the rest of the period. The DO for 20L group increased through the initial three days. It
fluctuated around a medium level compared to the other two groups since then. The final DO

value was 3.5% higher than the initial. For the 10L group, DO only increased in the first day
12
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and then decreased to a significantly lower range than the other volumes. The final value was
3.7% lower than the initial. The mean DO through the experiment period was significantly
different among the volumes (F = 7.05, p < 0.05). Nevertheless, no significant difference in

DO percentage change was detected between the treatments (F = 1.80, p > 0.05).
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Figure 2.2. Trends of DO across water volumes. The plot is the DO values of the three volumes during the

experiment period. The y-axis shows DO in mg/L, against the x-axis showing time in day.

Turbidity trends over time were plotted in figure 2.3. Significant responses to the stock
of Asian clams were detected in all water volumes. Turbidity dropped by 40.4%, 50.5%, and
54.5% in the 10L, 15L, and 20L groups respectively. The turbidity difference between the time
points (day 1, day 5, and day 7) were significant for all three groups (F =493, p < 0.05; F =
662, p <0.05; F =686, p <0.05). The mean percent change in turbidity through the period also

had significant difference among the three volume groups (F = 7.64, p < 0.05).

13
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Figure 2.3. Turbidity trends across water volumes. The graph displays the values of turbidity in the three water
volumes throughout the experiment. Turbidity is measured in NTU unit and corresponds to the y-axis. On x-axis

it is time measured in unit of day.

Chemical Water Parameters: Nitrate, Phosphate, and Ammonium Nitrogen

All measurements of nitrate and phosphate concentrations for the three water volumes
were shown in figure 2.4. For all three water volumes, nitrate concentration decreased
significantly throughout the experiment (F = 8.0, p <0.05; F =49, p <0.05; F =50, p <0.05).
The nitrate concentration reduction was 12.5% for 10L, and 37.5% for the 15L and 20L groups.
Significant difference was detected in mean percentage changes of nitrate among the volumes
(F = 6.03, p < 0.05). Significant drop in Phosphate concentration through the period was
observed in all three treatments as well (F =32, p <0.05; F =76, p <0.05; F =109, p <0.05).
Phosphate concentration decreased by 42.9%, 42.9%, and 50% for 10L, 15L, and 20L
respectively. There was no significant difference observed in mean percentage changes among

volume groups though (F = 2.06, p > 0.05).
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Figure 2.4. Trends of nitrate and phosphate across water volumes. The plot shows nitrate and phosphate

concentrations of the three volumes on the 1st, 4th, and 7th day of experiment. Nitrate is on the left graph and

phosphate is on the right one. Both graphs have concentration in unit of ppm on the y-axis and time in unit day

on the x-axis.

Trends of ammonium-N concentration were displayed in figure 2.5. Only the 10L group

had the final ammonium-N level within the testable range of the test kit (0.13ppm). The end

value was 42.9% lower than the initial. The decrease between time points was significant (F =

8.31, p < 0.05). For the 15L and 20L groups, the end measurements were recorded as lower

than 0.13ppm. It was likely that Ammonium nitrogen had decreased based on the observation,

but the result couldn’t be tested by a statistical method.
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Figure 2.5. Trends of ammonium-N across water volumes. The graph displays the ammonium nitrogen values

measured on days 1, 4, and 7. The y-axis is concentration in ppm and x-axis is time in day. The ammonium-N

measurements at the end for the 15L and 20L groups are shown as less than 0.13 because they are lower than the
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lowest testable value of the ammonium-N test kit.

DISCUSSION

The study intended to explore the efficiency of Asian clams (Corbicula fluminea) in
freshwater eutrophication remediation. I ran two microcosm experiments. Experiment one
directly investigated the Asian clams’ capability to purify eutrophic water collected from Lake
Anza and Lake Temescal in Berkeley, California. Meanwhile, I also compared the clams’
performance between the two types of water to understand if the bivalve worked more
efficiently in one water body than the other. I set up experiment two to study the performance
of the Asian clams in three volumes of Lake Anza water and seek a maximum volume of water
that the clams can effectively purify. Result of experiment one fitted my expectations that the
Asian clams can effectively mitigate eutrophication by improving the water quality parameters
in the collected lake water. Their performance did not vary between Lake Anza and Lake
Temescal water. Result of experiment two suggested that the 16 to 18g of Asian clams, typically
corresponding to three to four individuals, were fully capable of remediating 20L water from
Lake Anza. These outcomes demonstrated the strong filtration capability of the Asian clams to
deal with eutrophication. The organisms had the potential to act as the central part of a solution
to freshwater eutrophication, though there were still gaps to be filled to obtain a comprehensive

enough proposal.

Analysis of the Asian clams’ performance within and cross water types

In experiment one, significant changes in all water quality parameters between the
beginning, middle, and final time points during the experiment period were detected. The
controls were maintained in same conditions as the treatments throughout the period except for
the absence of clams in them. While all the water parameters displayed no significant changes
in the control of both water types, there was obvious improvement in turbidity and
concentrations of the three nutrients in all the treatments, suggesting the enhancement of water

quality by the stock of Asian clams. The enhanced turbidity was consistent with the suggestions
16
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from previous studies over the use of bivalves to mitigate eutrophication. However, they
obtained the result primarily through studying the decrease in algae biomass or shift in
phytoplankton community, which were aspects not included in this study due to the limitation
in equipment (Lukwambe et al. 2020, Sousa et al. 2009, Li et al 2010). The confirmable
perspective from this study was that the clams’ transfer of floating nitrogen and phosphorus
particles into the sediment indeed helped improve clarity of the water column (Vaughn and
Hoellein 2018). DO in Lake Anza was maintained at a level higher than the control. For Lake
Temescal, although the DO mean through the period was significantly higher than the control,
it was likely caused by the large rise and drop observed during the first four days. The DO level
in the second half of the experiment was not significantly different from the control. Thus, such
result can suggest that the clams might have risen the DO in Lake Anza water by a small amount,

but their impacts on DO in Lake Temescal water was unclear.

The decrease in nitrate and ammonium also fitted the results obtained by previous
studies, supporting that the Asian clams can reduce the nitrogenous nutrients available in water
column to suppress algae growth (Li et al. 2010, Shen et al. 2020). For phosphate, though my
study showed an effective removal of phosphate in the lake water, there were previous cases
suggesting both increase (Shen et al. 2020) and decrease (Lukwambe et al. 2020, Li et al. 2010)
of the measure. A possible explanation could be that as the bivalves are always going to produce
feces, which would return a portion of phosphorus compounds into water, their net effect on
phosphorus in water column remained dependent on factors like the bivalves’ own population,
presence of other organisms, water flow, and the sediment component (Jeppesen et.al 2012).
Thus, further studies into the Asian clams’ interaction with more kinds of phosphorus
compounds may provide more solid understanding on the conditions under which they would
be able to effectively control the amount of phosphorus in freshwater bodies. Despite the
conflict of results from different studies on phosphorus compounds, it was widely accepted that
controlling the phosphorus and nitrogenous compounds were able to effectively limit the
nutrient supply to phytoplankton and thus constrain their growth (Shen et al. 2020, Sousa et al.

2009, Lukwambe et al. 2020). An efficient mitigation of excess nutrient would always be
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crucial in tackling freshwater eutrophication.

The significant decrease in nutrient concentrations and turbidity demonstrated an
effective removal of eutrophication by Asian clams in both lakes” water. While the situation
was controversial for dissolved oxygen, the overall study result can still reasonably support the
conclusion that the Asian clams had performed an effective improvement of the water quality
based on their high efficiency in reducing other parameters. Between the two types of water
bodies, the Asian clams did not show differentiated performance as changes of the water
parameters along the timeline did not convey inconsistency in the two water groups. The
average final levels were also close between the water groups, indicating that the Asian clams
were able to filter the available nutrient particles efficiently to these levels in the given time

frame.

Analysis of the Asian clams’ performance across Lake Anza water volumes

Result of experiment two was consistent with my expectation that there would a
differentiated treatment effect among the water volumes. The stock of Asian clams was fully
capable of remediating 20L water from Lake Anza. I observed a significant difference in mean
percent changes for turbidity, nitrate, and ammonium, where the final levels of these parameters
of the 20L group were lower than those of the 10L group and comparably close to their values
of the 15L group. Only the percentage change of phosphate concentration did not show
significant differences and the final values of all three volumes were the same. The 20L group
had the highest level of DO at the end, while the 10L group experienced a clear DO drop to the
lowest level among the volumes. These observations can all support that Asian clams still had
high mitigation efficiency in the largest 20L water volume in this experiment, corresponding
to a 5L to 6.7L per individual. Though the clams could release some of the nutrients they took
in, the nutrients had not accumulated to a level to degrade water quality and enhance
eutrophication in the 20L group (Lukwambe et al. 2020, Sousa et al. 2009). Therefore, the real

threshold volume of Lake Anza water would probably be larger than 20L considerably.
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Overall, responding to my general theme to explore the Asian clams’ efficiency in
freshwater eutrophication mitigation, this project was sufficient to demonstrate that filtration
by the Asian clams can effectively remediate eutrophication. In the water environment set up
in the experiment, the clams enhanced water clarity and decreased nutrient concentration in the
water column significantly. For my question in their performance across water bodies, they
answered with a stable treatment efficiency in water from both Lake Anza and Temescal.
Regarding the last point I seek in this study: a threshold treatment volume of Lake Anza water,
there wasn’t a complete answer because the Asian clams’ performance reflected that they were
likely capable of remediating a remarkably larger water volume than the 20L in the experiment

I conducted.

Limitations and future implications

Due to the accessibility of equipment and feasibility of environment set-up, there were
some limitations on this study to increase the difficulty of obtaining a more comprehensive
result. It was unfortunate that more accurate measurement methods for chlorophyll a and the
nutrient concentrations were not approachable for the study. Advanced testing methods and
equipment would provide stronger support to the evaluation of Asian clams’ performance. In
addition, obviously, lab scale experiment could not fully represent the natural water conditions
and nutrient dynamics. The collected wet sediments can only partially represent the physio-
chemical environment in benthic zone. Benthic plants would play an important role in nutrient
cycle in natural water bodies (Shen et al. 2020). The microcosms setting cannot completely
simulate the hydrodynamic either, which is another crucial perspective in interaction between
filter feeders and algae (Vaughn and Hoellein 2018). Future studies should try to construct a
water system that can better simulate the benthic conditions of the targeted lakes in order to
make the result more applicable to the real eutrophic water bodies. Also, besides the more
accurate measurement of chlorophyll a and the algae biomass, an analysis of the phytoplankton
community of the water body throughout the experiment could help understand the selectivity

in the bivalves’ feeding and the algae’s response to grazing (Mueller et al. 2004, Minaudo et al.
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2021, Silva et al. 2020). These aspects would also be highly indicative knowledge when

constructing a potential solution for eutrophication with the suitable bivalves.

A highly noteworthy point prior to application of the Asian clams for eutrophication
mitigation is their invasive nature. Their wide invasion into Europe and the Americas had
triggered severe negative impacts on local biodiversity and ecosystem functioning (Crespo et.al
2015). Degradation in the water environment and the investment for controlling the clams had
also caused heavy economic loss in these regions (Rosa et al. 2011). Such invasive history of
the Asian clams reflects that they should never be applied to natural water bodies currently
without them. The regions of Asian clams’ native origin (Asian) may have a better potential
and lower risk for applying them for remediation use (Silva et al. 2020, Crepso et al. 2015).
Still, deeper understanding of the clams’ interaction with water ecosystem is necessary.
Modeling on the relation between the Asian clams’ abundance and environmental factors, as
well as the manipulative studies over the ecological processes through which the Asian clams
affect the ecosystem can both be useful for evaluating the suitability to apply them to a
eutrophic water body (Sousa et al. 2018). In another perspective, the use of Asian clams in
artificial and industrial water bodies may be more acceptable. There are studies investigating
the application of Asian clams in industrial use for water cleaning. The bivalves’ impacts on
freshwater related industry were mild and it was possible to develop a positive economic model
where the cost in dealing with biofouling by the clams could be offset by the profit from their
treatment capacity (Domingues et al. 2020, Rosa et al. 2011). Heavy caution must be placed on
the industrial water’s connection and possible transportation to other water ecosystems to

prevent undesirable invasion.

CONCLUSION

In this study, the Asian clams (Corbicula fluminea) had demonstrated outstanding
filtering capability in water column and the associated efficient improvement in the water

quality parameters related to eutrophication. They controlled the crucial nutrients for algae
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growth and enhanced water clarity. The clams maintained their high performance in both water
bodies and across water volumes in the experiment. The volume of Lake Anza water that can
be remediated by three to four individual clams was beyond the considered 20L volume in this
study, further showing the strong mitigation capability of the clams. In terms their ability, Asian
clams possess the potential to become a useful eutrophication remediator. However, as one of
the most important invasive species, their ecological impacts must be more deeply understood
prior to application. Construction of a practical proposal for eutrophication mitigation still
require more comprehensive field studies on the Asian clams’ interactions with biotic and

abiotic factors within the freshwater ecosystem.
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