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ABSTRACT: In eutrophic freshwater systems, algae often bloom due to excessive nutrients,
diminishing water quality. Areas with brackish water, where freshwater and saltwater mix, are
especially vulnerable to decreased water quality, as algal blooms interact with saltwater
estuaries or tidal creeks during a tidal flux. Freshwater algal species, therefore, are often
exposed to various salinities ranging from 10 to 30 ppt. Cultures of the toxic strain Microcystis
aeruginosa UTEX 2385 were inoculated into 0 ppt-20 ppt salinity treatments in the MWC
media. Based on the hypothesis that growth and toxin production of the harmful algal species
Microcystis aeruginosa depend partially on salinity tolerance, one would predict that increased
salinity would decrease growth and toxin production. The relationship between salinity and
growth of the algal species was evaluated over a 96 hr incubation using in vivo fluorescence to
estimate cell density. Salinity effects on toxicity were explored by measuring the toxin
concentration of disrupted cells using an enzyme-linked immunosorbent assay (ELISA). The
data and statistical analysis showed that salinity and the growth of M. aeruginosa exhibited a
significant inverse relationship (p<0.01) because increased salinity inhibited algal growth.
However, no relationship existed between salinity and toxin concentration (p>0.05) as
sonicated and naturally lysed cells released the same amount of toxin into the water. This might
present a serious ecological disruption in the saltwater systems, because algal blooms that
develop in freshwater ponds could release toxins when they enter the near-shore estuarine
environment. Possible solutions to improve the water quality of retention ponds and tidal creeks
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include controlling the phosphorus level added to soil, so that nutrient runoff would not provide
an ideal environment for the cyanobacterial species to bloom.
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1. INTRODUCTION

Retention ponds are widely used in coastal residential developments to control storm
water runoff and to decrease transport of pollutants into tidal creeks and open estuaries.
Nutrient transport into the ponds often causes cyanobacteria, or blue green algae, to bloom
(overgrow). In addition to causing water discoloration and odors, some species of cyanobacteria
can produce toxins that are harmful to humans, fish and wildlife. The most severe case of
human death caused by the toxins was confirmed in 1996, when polluted renal dialysis caused
52 deaths in Brazil [2]. After this event, the problem of water quality was greatly elevated and
gained awareness. A common freshwater toxin-producing cyanobacterial species, Microcystis
aeruginosa, occurs widely in eutrophic lakes. Most laboratory strains of this species produce a
potent toxin called microcystin, which is harmful to the aquatic system and the food web. As
many coastal retention ponds have tidal flux with estuarine waters, causing interaction between
freshwater and saltwater systems, it is important to understand the salinity range in which
cyanobacteria can grow, and what environmental conditions trigger toxin production. Research
had been conducted on the effects of salinity on other species of cyanobacteria, but few data are
available on Microcystis responses to varied salinity. Microcystis aeruginosa is the most
common microcystin producing cyanobacterial species occurring in freshwater systems, and
strain UTEX 2385 is a representative isolate that makes a suitable test culture. Since the growth
rate and toxin production of Microcystis depends on different environmental factors, the topic
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of this research was to determine the impact of salinity on the growth of cyanobacteria, as well
as on toxin production. While the reasons for cyanobacterial toxin production are still unknown,
theories include protection in the predator-prey cycle and reducing competition between other
phytoplankters (allelopathy) [3].
Eutrophication, or the overenrichment of nutrients in aquatic systems, has become an
increasingly serious problem. This is due to phosphorus and other nutrient runoff that causes
algal species to reproduce rapidly, or to bloom, resulting in wide fluctuations in the dissolved
oxygen level [4]. Eutrophication in retention ponds is especially common, as runoff containing
excess amounts of nitrogen and phosphorus from fertilizer application and pet waste pollute the
bodies of water. One of the most serious problems resulting from eutrophication is the blooms
of nuisance algae species. Among those species, some harmful algal blooms (HABs) release
deadly toxins, which can lead to fish kills and animal poisoning [4].
The algal species used in this study was a common kind of cyanobacteria, or blue green
algae, called Microcystis aeruginosa. Widespread in eutrophic lakes and reservoirs, M.
aeruginosa blooms in freshwater environments as colonies of cells [10]. It has been found that
M. aeruginosa has the highest density generally during spring and summer of normal or dry
years [10]. While natural disasters or other incidents could potentially decrease the total
biomass of the colonies, the Microcystis biomass had a positive trend during those incidents,
indicating also an increase in growth [10]. Certain strains of the species produce toxins and are
also characterized as a “harmful algal blooms,” or HAB species. Although algal blooms are
generally not harmful to humans other than through drinking water and the poisoning of
shellfish, due to its firm colonial nature, they impede certain recreation sports; pollute the
aquatic system, cause taste and odor problems in drinking water, and diminish the overall water
quality [10].
A long-term and in situ study of the toxic Microcystis aeruginosa by Reskone et al. [13]
showed the potential dangers that the toxic strains of the species could present to the
environment. In Lake Velencei, Hungary, toxicity was analyzed with microbiotest and
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high-performance liquid chromatography. Compared to other in situ experiments, the toxins in
Lake Velencei were studied over several periods from 1992 to 1998. Statistical data and
comparison among the growth rates over the years showed that the toxicity of Microcystis
aeruginosa remained constant, while the toxin concentration decreased, showing an indirect
relationship between the two [13]. The persistence of the toxicity of Microcystis aeruginosa
indicated that unless the toxicity could be decreased by chemical means such as salt
concentration and pH, the food web could still be affected because smaller organisms such as
zooplankton could absorb the toxin. The reason that drastic levels of salt concentration and pH
would change the toxicity of the algal species might be because the enzymes necessary for the
toxin production would be denatured. Biomagnification can also occur if toxin moves up
through trophic levels and accumulates in the community, consequently harming the entire
ecosystem [13].
One of the reasons that Microcystis aeruginosa is widely used in research of the
freshwater aquatic environments is its relatively stable and rapid growth. As with all
microorganisms, it starts out in the lag phase, grows exponentially in the logarithmic phase,
stabilizes in the stationary phase, and then when reaching a certain level, dies out in the death
phase, also known as the logarithmic decline phase. Under the condition of limited phosphorus,
the specific growth rate () of M. aeruginosa ranged from 0.1 to 0.8 per day [11]. Since the
rapid reproduction and increase in numbers of M. aeruginosa is triggered most significantly by
phosphorus runoff, the concentration of P in the water body has a direct relationship to the
growth [11]. Also, through the process of photosynthesis, some fixed carbon is used in
reproduction. However, as amount of fixed C is stored and utilized depending on the
phosphorus level, photosynthesis has an indirect relationship with growth [11]. The growth of
the species might also be linked to the toxin production rate.
The toxin microcystin is actually a large class of molecules that are potent inhibitors of
eukaryotic protein phosphatases. Microcystins are hepatotoxic cyclic heptapeptides, which are
be synthesized by extraribosomal peptide synthetases [5]. As microcystin is mostly intracellular,
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if cell lysis occurs, a large bolus of toxin would be released into the water. The toxicity of the
heptapeptide-producing strains varies with the isomeric structure of the hepatotoxins, and there
are about 70 different isoforms of microcystin.
Because M. aeruginosa releases microcystins, it can indirectly affect eutrophic
environments by lowering the zooplankton abundance [9]. Since the characteristics affecting
the production rate and concentration of microcystin include temperature, pH, water column
stability, turbidity, and total phosphorus, it was hypothesized that toxin production caused
inhibition of zooplankton grazing, which resulted in the change in the conditions of the water
[9]. This view, however, was not supported by all other research, because the concentration of
zooplankton was not constant in every aquatic system. Therefore, the effects of the lowered
abundance would differ, or at least decrease in its degree of severity [9]. There is a consensus
however, that nutrient levels affect the microcystin production. Investigation of growth and
toxin production rates in field blooms and culture trials demonstrated that cyanobacterial
dominance and high densities of M. aeruginosa were associated with low nitrogen to
phosphorus (N: P) ratios [9].
Downing et al. [7] noted that within a range of moderate N: P atomic ratios, two strains
of M. aeruginosa, PCC 7806 and UV027 demonstrated a positive and direct relationship
between protein concentration, microcystin production, and growth rate. While both nitrogen
and phosphorus assimilation is essential in the production of microcystin, the uptake of nitrogen
had a more direct relationship with the microcystin content. Therefore, if nitrogen
assimilation is sufficient, the microcystin content will increase with the algal growth rate [7].
Conversely, the research of Oh et al. [11] concluded that by reducing the P level, the toxicity of
eutrophic waters could be decreased, since the relative amount of N would correspondingly
increase. Vezie et al. [15] demonstrated that high levels of nutrients (N and P) favor the growth
of toxic strains over nontoxic strains [15]. Cumulatively, these data indicate that excess
nutrients, especially a high N: P ratio will increase the frequency and density of algal blooms as
well as toxin production in impacted aquatic systems [7, 11, 15].
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Albay et al. [1] performed a field study focusing on toxin production of M. aeruginosa
in the Kucukcekmece Lagoon of Turkey over a three-year period (early summer to early
autumn each year). Fish kills were most severe when bloom growth increased from mid-June to
early October [1]. Their data demonstrated that temperature; high concentrations of dissolved
nutrients, and high light intensity were related to an increase in microcystin levels [1]. From the
statistics, it was apparent that microcystin production had a direct relationship with the growth
of M. aeruginosa.
In the research of Orr et al. [12], the salt concentration of an M. aeruginosa culture from
Swan River, Australia, was elevated. Because lower salinity tolerance would increase the
toxicity of the bloom, the elevated salt concentration would result in higher salinity tolerance,
which in turn decreased the toxicity. It was also concluded from the work that the production of
microcystin would only occur when the cell density increased and that the cell division rate
correlated with toxin production [12]. If more toxic cells were present in the bloom, then less
nontoxic ones would be competitive. This proportion would be true and balanced disregarding
the cell population [12]. Because microcystins could be essentially fatal to plant and animal life,
it is important to understand the salinity tolerance because the change in concentration of salt in
a water system would be a potential way to control the growth of Microcystis aeruginosa. The
data of the research was collected by using the biomass of the strains [12].
In conclusion, the N: P ratio is one of the most important factors that affect the growth
rate and toxin concentration of the algal species, as the amount of nitrogen in the aquatic system
displayed a positive relationship with the toxin production and growth, and the amount of
phosphorus displayed a negative one. It has also been shown that toxic strains of M. aeruginosa
favor more highly eutrophic systems than the nontoxic strains. In several studies, methods of
reducing the algal population and toxin concentration as well as the toxicity of the blooms were
proposed, including changing the salinity to alter the toxin concentration. Based on knowledge
that the environmental factors, predominantly salinity and nutrient levels, which would cause
harmful algal species to bloom and possibly release toxins, water quality could significantly
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decrease in the aquatic systems with the species. The World Health Organization (WHO) has
established a microcystin guideline of <1.0g/L for drinking water and <20μg/L for
recreational exposure. Organisms such as turtles, oysters, and even alligators could possibly
accumulate cyanotoxins in the coastal retention ponds due to biomagnification.
The hypothesis of this experiment was that if the growth rate and toxin production rate
of the harmful algal species Microcystis aeruginosa depend on salinity tolerance, then salinity
would have an indirect relationship with growth and toxin production, and that increased
salinity would decrease growth and toxin production.

2. METHODOLOGY

Media

Cultures of Microcystis aeruginosa were grown in MWC (Modified Woods Hole) algal
medium. According to Guillard and Lorenzen [6], the following stock solutions were first made
per liter of deionized water: 1) 36.80 g of CaCl2.2H2O; 2) 37.00 g of MgSO4.7H2O; 3) 12.60 g
of NaHCO3; 4) 11.40 g of K2HPO4.3H2O; 5) 85.00 g of NaNO3; 6) 28.40 g of Na2O3Si.9H2O; 7)
combined trace elements, including 4.36 g of EDTANa2, 3.15 g of FeCl3.6H2O, 0.01 g of
CuSO4.5H2O, 0.022g of ZnSO4.7H2O, 0.01 g of CoCl2.6H2O, 0.18 g of MnCl2.4H2O, 0.006 g
of Na2MoO4.2H2O, and 1.00 g of H3BO3; 8) Vitamin mix Thiamine with 0.1 g of HCl and
containing 0.0005 g of Biotin and 0.0005 g of Cyanocobalamin. Then, 1.0 mL from each of the
eight stock solutions above was combined with 0.115 g dry buffer, TES, and deionized water to
make up to 1 liter of media. Finally, the media was autoclaved at 15 psi for 15 minutes.

Salinities and Culture

Using 100 mL flasks, 5 separate samples of media were prepared. To make salinity
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treatments of from 5 ppt, 10 ppt, 15 ppt, and 20 ppt, Instant Ocean salts were added to the
media. The media with no salinity, therefore, was the control. A hand-held refractometer was
used to measure the salinity of the media as salts were added, until the desired levels had been
reached.

One by one, flasks of media with different salinities were poured to bottles attached

to the sterile filter, so that bacteria would be filtered out. After sterile filtering, each treatment
of media was transferred to 3 pre-labeled replicate tubes, with each tube containing 22mL.
Overall, 15 22-mL tubes were obtained with 3 replicates for each of the 5 salinities.
The toxic strain of Microcystis aeruginosa used was UTEX 2385 (from the Culture
Collection of Algae at the University of Texas), and 3 mL were inoculated from the culture and
sterile transferred into individual tubes, making the total volume of each tube 25 mL. As safety
precautions, gloves were necessary and the sterile transfer was accomplished under an
antimicrobial laminar-flow hood. The tubes, after the transfer, were placed on an orbital shaker
at the velocity of 1500 rpm in a Revco Environmental Chamber at 25 degrees Celsius with a 16
h light 8 h dark cycle. The illumination was at 80 E/m2/s with cool-white fluorescent bulbs.
The tubes were also repositioned within the chamber daily to minimize spatial differences in
temperature and lighting.

In Vivo Fluorescence

The in vivo fluorescence method, with the Turner 10-AU fluorometer, was used to
measure the growth rate of the cultures in each tube by quantifying the fluorescence of
intracellular chlorophyll. Due to the general growth curve of microbes, for lag phase, log phase,
stationary phase, and decline, the growth rates were measured 5 continuous days with time
points of 0 h, 24 h, 48 hr, 72 hr, and 96 hr. At each time point, the fluorometer was turned on
first to allow 10 minutes of warming up and calibration. Individual samples were vortexed to
mix their contents, placed into the fluorometer, and readings were recorded after a 30-second
stabilization period. Chlorophyll concentration measured in fluorescence units (FU) is directly
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proportional to cell density and enables quick and non-destructive measurement Also, 5mL of
the sample was removed each day/time point from each tube after being Vortexed and then
frozen at -20 degrees Celsius until analysis of microcystin toxin concentration.

ELISA

The enzyme-linked immunosorbent assay (ELISA) was used to measure the
concentration of the cyanobacterial toxin microcystin-LR using an inversely proportional
colorimetric reaction. In the method, a non-toxic microcystin-LR surrogate at levels equivalent
to 0.1, 0.4, and 1.6 ppb was used for calibration. The protocol was adapted from the
EnviroGard® Microcystin Plate Kit (754000) user manual. The following materials were
provided by the ELISA kit manufacturer: 8 antibody-coated strips for 12 wells each in strip
holder, 1 vial of Negative control, 1 vial of 1.0 ppb Microcystin-LR Calibrator, 1 vial of 0.4 ppb
Microcystin-LR Calibrator, 1 vial of 1.6 ppb Microcystin-LR Calibrator, 1 vial of
Microcystin-Enzyme Conjugate, 1 vial of Substrate, and 1 vial of stop solution. Additional
materials included an Environmental chamber, SPER Scientific Sonicator (10005),
Multi-channel micropipetter (10-100 L), single-channel micropipetter (10-100 L), disposable
tips, tape, timer with the time period of 1 hour and 30 minutes, tap or distilled water, Microplate
Data Analysis Software KC Junior TM (Bio-Tek®, 1998), and absorbance plate reader. For
preparation, the samples were thawed and sonicated for 3 minutes using the SPER Scientific
Sonicator to release cell-bound microcystin. Samples were kept in the dark after extraction.
Two additional standards of 0.2 ppb and 0.8 ppb were prepared to generate a 5-point calibration
curve. For 0.2 ppb, 100 L of sterile water and 100 L of 0.4 ppb calibrator in a centrifugation
tube were mixed. For 0.8 ppb, 100L of sterile water and 100 L of 1.6 ppb calibrator was
mixed. The first strip was used for the Negative Control (NC) and the five calibrators in
replicates, and the unneeded strips were removed and stored at 4°C. One hundred microliters of
Negative Control, Calibrators 1 to 5, and thawed samples were put into their respective wells.
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Calibrators 1 to 5 (C1-C5) were 0.1 ppb, 0.2 ppb, 0.4 ppb, 0.8 ppb, and 1.6 calibrators,
respectively. The sample locations were logged for the reading of the plate in a later step. In
addition, the samples were diluted with deionized water, and the dilution factor was included in
the calculations.
After the desired wells were filled, they were covered with tape to prevent evaporation,
and were incubated at ambient temperature for 30 minutes. After incubation, the covering was
carefully removed, and 100 L of Microcystin-enzyme Conjugate was added to each well,
staring with NC and calibrators, then the samples. Then, the contents of the wells were
thoroughly and carefully mixed by moving the strip holder in a rapid circular motion on a
smooth surface. The wells were then covered again with new tape, and again incubated for 30
minutes.
After incubation, the contents of the wells were dumped into a sink, and the wells were
to be flooded completely with tap or distilled water, and shaken empty.

This wash step was

repeated four times, and with the plate inverted, excess water was tapped out gently. Then, 100
L of substrate was added to each well to start the color reactions, and the contents of the wells
were thoroughly mixed by circular motion as previously indicated. New tape was again used to
cover the wells, which were incubated for another 30 minutes. Finally, 100 L of HCl stop
solution was added to each well and was mixed thoroughly, creating a yellow solution. The
plate was read at an absorbance value of 450 nm within 30 minutes after adding the Stop
solution according to the protocol from Microplate Data Analysis Software KC Junior ™
(Bio-Tek® 1998) and the absorbance plate reader (Quant, Bio-Tek® Instruments, Inc.). The
data were then exported to MS Excel. Both the Microcystis aeruginosa growth rate data and the
toxin concentration were recorded in tables and graphed. The data were then analyzed with the
one way analysis of variance (ANOVA) test and the Tukey test.

3. RESULTS
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Growth Rate

Cultures grew in different manners in the five salinity treatments during 24 hrs, 48 hrs,
72 hrs, and 96 hrs. Significant growth occurred only in the 0ppt treatment, and the cell density
was maintained in the 5ppt treatment.

No growth was observed in the 10 ppt, 15 ppt, and 20

ppt treatments, and cell density began to decline after 48 hrs, as the cultures displayed a
complete negative growth curve (Figure 1). Microscopic observation of the cultures indicated
that cell lysis had occurred in the 10 ppt, 15 ppt, and 20 ppt treatments.

Figure 1. Growth of M. aeruginosa in various salinities over time (p<0.01).

The ANOVA test p value was 0.003687 (p< 0.01), and statistically indicated that there
was an indirect relationship between salinity and growth of M. aeruginosa cultures as predicted
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(Table 1). The Tukey HSD test was also performed (HSD [0.05] =10.18; HSD [0.01] =12.74),
which showed a significant difference (p<0.05) between the control (0 ppt) and all other salinity
treatments, indicating higher growth in 0 ppt treatment.
Table 1. ANOVA test for growth of M. aeruginosa (independent samples k = 5).

0 ppt

5 ppt 10 ppt 15 ppt 20 ppt

3.43

3.28

3.39

3.32

3.79

Fluorescent 5.24

4.15

3.27

3.41

3.01

13.57 3.50

1.91

2.50

2.34

31.40 4.72

1.85

2.65

2.53

22.40 1.85

0.44

0.65

0.55

units

Std. Dev.: 7.10

Std. Error: 1.42

P: 0.003687

Toxin Production Rate/Concentration

Toxin concentrations were determined using the calibration curve shown in Figure 2.
The calibration curve was generated using the standards (known microcystin concentrations)
that came with the ELISA kit. The known concentrations were read, giving fluorescence
values that were then graphed against the concentrations. The slope of the curve and a
regression equation were calculated, which was the equation used to plug the sample
fluorescence readings to get microcystin concentration. Then, the concentrations in ppb were
calculated using the calibration curve equation y=-47.831x +18.366, where y is the absorbance
value of the sample and x is the concentration.
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Figure 2. Calibration curve of ELISA microplate readings.

The microcystin concentrations of M. aeruginosa cultures in salinities measuring from 0
ppt to 20 ppt are shown in Figure 3. As there were three replicates for each salinity treatment,
the data indicate the means of the replicates.

Figure 3. Microcystin concentration of M. aeruginosa in various salinities over time

microcystin concentration
(ppb)

(p>0.05).
24.5
24
23.5
23
22.5
22
21.5
21
20.5
20

24h
48h
72h
96h

0ppt

5ppt

10ppt

15ppt

20ppt

salinity
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Contrary to the growth, microcystin toxin concentration did not show a clear trend in
any salinity treatments as time progressed. The calibrated data also showed no relationship
between salinity and toxin concentration of M. aeruginosa.

Cultures in different salinities had

different ranges and trends for the microcystin concentration from 24 hrs to 96 hrs. This result
was supported by the p value, which was 0.76 (Table 2). Therefore, the relationship was not
significant, and no relationship existed between salinity and microcystin concentration in
Microcystis aeruginosa.

Table 2. ANOVA test for microcystin concentration (independent samples k = 5).
0 ppt

5 ppt

10 ppt

15 ppt

20 ppt

(parts

0.427356 0.223970 0.370062 0.422617 0.178428

per

0.148802 0.348512 0.180642 0.054935 0.112211

thousand) 0.893268 0.749502 0.398919 0.662977 0.591761
0.650379 0.324382 0.439933 0.585796 0.396777
Std. Dev.: 0.226

Std. Error: 0.051

P: 0. 0.76

4. DISCUSSION

M. aeruginosa growth was found to be negatively affected by salinity. The results
showed that significant growth only occurred in the 0 ppt salinity treatment (Figure 1). As the
freshwater control, the culture inoculated in this treatment grew exponentially between 0 hr and
72 hrs, during which period the density of the cultures measured in fluorescent units increased
by 915.45%. Between 72 hrs and 96 hrs, however, the density was decreased by approximately
26.78%. Although M. aeruginosa did not grow significantly in the 5 ppt treatment, cell density
was maintained through 72 hrs, after which it declined. The cell densities of cultures from the
10 ppt to 20 ppt treatments declined gradually from the first day (Figure 1). The p< 0.01 value
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of the statistical analysis affirmed the relationship between salinity and cell density.
For the microcystin toxin concentration, the p value, which is greater than 0.05,
indicated a lack of statistical support for the hypothesized relationship. The toxin concentration,
from 0 hr to 96 hrs, fluctuated slightly but basically remained stable in all salinity treatments
(Figure 3). In the 0 ppt control, the cells grew exponentially until peaking at 72 hrs and then
declining. In the 10 ppt-20 ppt treatments, cell lysis occurred as soon as the cultures were
exposed to salinity, along with toxin release. Although the 0 ppt control had 1000X as many
cells, the toxin level was about the same for all treatments, because the cells either immediately
lysed to release toxin upon reaching a higher salinity, or they were disrupted in the first place.
Because the microcystin concentration was persistent in different salinities, the toxin level
remained constant whether growth occurred or not, and the results presented no clear
relationship between growth and toxin concentration of the species.
As cell lysis could occur and release toxin, the accumulation of toxins could have grave
impacts on the environment by causing ecological disruptions such as fish kills. However, the
stimulus for the production of toxin is still unknown. Thus, further investigations would focus
on exploring the environmental factors that trigger toxin production as well as the change in
toxicity of an algal species. Similar experiments have been conducted in the past; however, they
focused on species other than Microcystis aeruginosa, which is commonly found in coastal
retention ponds [12]. The forms of toxin released upon cell lysis would also differ among
different algal species. The results of this project could potentially affect the lives of local
people and the food web. The persistence of microcystin in the environment can result in
biomagnification, which carries higher concentrations of toxin when ascending the energy
pyramid. Not only do local people include seafood as parts of their daily diet, but brackish
creeks also attract swimmers, and microcystin could be ingested and cause severe liver damage
or even death.
Based on the salinity tolerance of the species, when tidal flux creates brackish water of
higher salinities, the few remaining cells with a better resistance to salinity survive. Due to the
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difference in the density of water, when the tide ebbs, only freshwater remains in the tidal creek
or retention ponds, and the cells with more resistance could divide and grow. In terms of
evolution, it is possible that over time, populations of this species will build up resistance to
salinity, resulting in a severe genetic drift. Their tolerance and surviving capabilities could be
far beyond the range of 0 ppt to 10 ppt. More resistance would allow the cells to survive not
only in brackish water environments, but also in the ocean. Consequently, this freshwater
species would have the potential to transform into a saltwater species, and if the microcystin
toxin is released, the saltwater environment would be harmed. Of course, this is only an
evolutionary possibility, because the growth of the species is also affected by natural predators
and other factors beside salinity.
Due to the fact that many species of cyanobacteria can perform the process of
nitrogen-fixation, excess phosphorus in the soil or applied to lawns, can cause the algae to be
abundant and possibly release of harmful toxins like microcystin. Downing et al. [4]
demonstrated that phosphorous enrichment in lakes led to a dominance of cyanobacterial
species over other phytoplankton groups. Eutrophication, harmful algal blooms, and algal toxin
production create poor water quality that may be harmful to the aquatic food web. This research
should prove be useful to environmental managers in maintaining good water quality in coastal
retention ponds and the connected estuarine ecosystems. The most practical way of preventing
excess nutrients from flowing into the water is to apply less fertilizer and chemicals (containing
either nitrogen or phosphate) to the lawn and soil. Planting vegetative buffers between
residential lawns and the water’s edge is another recommended management technique for
controlling fertilizer runoff.

5. CONCLUSIONS
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1.

The hypothesis stating that increased salinity would decrease the growth of the Microcystis
species was accepted, as the graph showed a direct relationship between the two variables
(Figure 1).

2.

Because the cell density for cultures in 0 ppt treatment increased, and was maintained in
the 5 ppt treatment, the tolerance level of the species to salinity is between 0 ppt and 10 ppt

3.

As the average salinity of an open estuary ranges between 10 ppt to 30 ppt, the algal
growth would be most likely inhibited, and cell lysis would occur.

4.

The hypothesis stating that increased salinity would also decrease the toxin concentration
of the species was rejected because no clear trend was shown in the 96 hr experimental
period that related directly or indirectly to the salinities of the treatments (Figure 3).

5.

There is no direct relationship between the growth of the cells and the concentration of
microcystin.

6.

If the species were to be carried into salinity higher than the tolerance level, the toxin
would be released after cell lysis, but the concentration of the toxin would stay constant.

7.

As the concentration of toxin does not change with growth, toxin accumulation could occur
in saltwater aquatic systems if the species are exposed, and could endanger the
environment.

6. ABBREVIATIONS AND ACRONYMS


Specific growth rate

ppb

parts per billion

ppt

parts per thousand

ANOVA

Analysis of Variance

ELISA

Enzyme Linked Immunosorbent Assay

FU

Florescent Units

HAB

Harmful Algal Blooms

HPLC-PCA

High performance liquid chromatography-Principle Component Analysis
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N: P ratio

Nitrogen: Phosphorus Ratio

NC

Negative Control
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