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Abstract

Cyanobacteria Limnothrix strain LmTKO01 is a recently discovered cyanobacteria in Pacific white shrimp
ponds (Litopenaeus vannamei), which causes shrimp production decrease. The morphology of LmTKO01 is similar
to cyanobacteria genus Limnothrix. The aims of this study were to investigate the effect of LmTKO1 on the survival
rate of shrimp (L. vannamei) and the factors of temperature, pH and salinity effected by LmTKO1 growth. Algae
LmTKO1 were isolated from shrimp water culture during its blooming in the shrimp ponds. Algae were stocked in
sterilization liquid BG-11 medium under light intensity 2,000 - 3,000 lux in a light: dark cycle, 12h: 12h. Different
density of LmTK01 (336.17, 703.70 and 1,390.63 ug Chl-a/L) were inoculated with 0.18 + 0.05 g of shrimp in the
individual 500 mL of seawater for 96 hours. Water quality and survival rate of shrimp were measured every 6 hours.
Results showed that shrimp died in over 50% of all treatments were inoculated with LmTKO01. Algae LmTK01 showed
the stress effect on shrimp directly and indirectly. The direct cause was algae clogging at the shrimp’s gill and
gastrointestinal tract, which interferes with the shrimp's breathing and digestion, while the indirect cause was
changing in water quality, such as an increase in the pH value. These results caused the shrimp become to
stressed, weak and eventually die. Moreover, it was found that LmTKO1 could grow well in a temperature of 28.00
°C, pH 7- 8 and salinity 0 - 30 ppt. Therefore, these results indicated that LmTKO01 showed a significantly bad effect

on the survival rate of shrimp, resulting in loss of shrimp production.

Keywords : cyanobacteria ; Pacific white shrimp ; water quality
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Introduction

Algal blooms are a worldwide problem in water resources, including in aquaculture ponds. Cyanobacteria
were found as the main group. The algae in this group such as Microcystis, Anabaena, Nostoc and Aphanizomenon,
have a negative impact on water quality, soil quality, animal health, ecosystem and economic losses (Reddy &
Mastan, 2011; Ruangrit et al., 2011; Tayaban et al., 2018). Cyanobacteria Limnothrix strain LmTKO1 is one of the
new findings that has occurred in the shrimp ponds with low shrimp productivity in Thailand. Its characteristics
include filament and no branch. The cell length of the long side is greater than the width. The morphology was like
the cyanobacteria genus Limnothrix, which can grow in a wide range of salinity, the ability to adjust the optimum
pH for growth between 8.20 - 9.63 and grows more as the phosphorus content increases (Keawtawee, 2014).

Phytoplankton growth is regulated by several factors such as light, pH, water temperature and salinity (Xing
et al., 2019). Light intensity influences the photosynthesis of the cyanobacteria (World Health Organization, 1999).
The pH value affects the solubility of nutrients, the distribution of carbon dioxide in the water and affects the physical
characteristics of algae (Rubban et al., 2014). The optimal pH range for photosynthesis of cyanobacteria is between
6 - 9. However, photosynthesis decreases when the pH is 10 or higher. When Microcystis aeruginosa bloom is the
main species, the pH in the water ranges from 7.5 - 9.5 with a peak of 10.5 (Fang et al., 2018). In addition,
Touloupakis et al. (2016) reported that dry weight, growth yield, phycocyanin and lipid content of Synechocystis
were decreased when raised to pH 11. Temperature is an important factor in the growth and metabolic activity of
algae. The high temperature of the water in the environment can increase the growth rate of cyanobacteria. The
optimum temperature for cyanobacteria growth in the genus Anabaena, Oscillatoria and Microcystis are between
25 - 35 °C, which is higher than in green algae and diatoms (Sevrin & Pletikosic, 1990). Therefore, the population
of cyanobacteria was found more than other species, especially in the summer (Davis et al., 2009). It was also
found that temperature influenced the specific growth rate and fatty acid synthesis, which was higher than that at
25 °C (Xin et al., 2011). The highest phycocyanin production and growth rate of Arthrospira platensis were found

at 28 °C with growth rate 0.095 U __ /day and 27.22 mg/L/day cell mass productivity followed by 29 °C and 30 °C

max’
respectively (Mohite & Wakte, 2011). Many microalgae are able to tolerate a wide range of salinity, which is a
biochemical mechanism that occurs in cells such in the production and accumulation of an efficient Na'/K" pump
system or the formation of intracellular vacuoles at high salinity which were created to store ions, especially Na*

and CI" (Figler et al., 2019). For example, Chaetomorpha sp. can grow at 0 - 37 ppt (Jagadeesan et al., 2012).

Salinity stress can reduce the chlorophyll and protein content of Spirulina platensis (Vonshak et al., 1996).
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Cyanobacteria blooming in shrimp ponds causes clogging of the gill and attachment to rostrums and
mouth appendages (Massaut, 2003). This is a result of shrimp weakness, leading to susceptibility to pathogenic
infection and causing off-flavor in shrimp that changes the taste of food (Newman, 2013). Several cyanobacteria
produce toxins that are toxic to aquatic organisms and human health (Keawtawee et al., 2012; Li et al., 2016).
Toxins are harmful to aquatic animals in many ways such as inhibiting the function of the nervous system that
controls muscles, irregular gill movement, inability to swim, seizures and death from respiratory arrest. It also
bioaccumulates in the muscle tissue of red claw crayfish and the visceral tissues of rainbow fish (Rodgers, 2008).

Moreover, it is also the cause of water quality problems due to dissolved oxygen reduction and pH
stabilization (Wangwibulkit et al., 2008). Photosynthesis is one of the reasons for pH increasing or decreasing that
can cause stress or death in animals (Tucker & Abramo, 2008), and deoxygenation in the water is due to bacterial
decomposition of organic material (You et al., 2018). This is an important factor affecting the growth and health of
Pacific white shrimp and other organisms in the pond (Supriatna et al., 2017). Therefore, this study was interested
in different algae densities on the survival rate of Pacific white shrimp and to study factors affecting the growth of

cyanobacteria Limnothrix strain LmTKO01 as a guideline for controlling this algae bloom in aquaculture ponds.

Methods

1. Effects of Cyanobacteria Limnothrix strain LmTKO1 at Different Densities on Pacific White Shrimp.

Pacific white shrimp 0.18 + 0.05 g were cultured with different densities of algae in 500 mL of plastic
glass, under light intensity of 2,000 - 3,000 lux in a light: dark cycle at 12h: 12h, without adding aeration and feeding.
The control and each treatment had 10 replications, one shrimp was used for each replication (10 shrimp in each
treatment). Salinity 15 ppt was divided into three chlorophyll-a concentrations as 25% of algae (T1 = 336.17 pg/L),
50% of algae (T2 = 703.70 ug/L) and 100% of algae (T3 = 1,390.63 pg/L), respectively. The mortality characteristics
of the shrimp were removed daily and observed under a stereo microscope. Water quality was measured four times
daily. Dissolved oxygen was measured with DO meter YSI Pro 2030, pH using pH meter and chlorophyll-a

concentration according to Boyd and Tucker method (1992). This was calculated using the equation 1:

Chlorophyll-a (ug/L) = 11.9 (A665 - A750) (V/L) (1,000/S) (1)

Where: A665 = the absorbance at 665, A750 the absorbance at 750, V = the acetone extractin mL, L =

the length path in the spectrophotometer in cm, S = the volume in mL of sample filtered.
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Figure 1 The characteristics and cell size of the cyanobacteria Limnothrix strain LmTKO01

under a 1000x magnification microscope (Scale bar = 20 ym).

2. Growth of Cyanobacteria Limnothrix strain LmTKO1 in Different Temperature, pH and Salinity.

Cyanobacteria Limnothrix strain LmTKO1 were cultured in liquid BG-11 medium which autoclaved at 121
°C for 15 min under light intensity 2,000 - 3,000 lux in a light: dark cycle at 12h: 12h. The factors affecting
temperature, pH and salinity on algal growth were conducted in the laboratory. LmTKO1 was cultured at controlled
temperature (28 + 1 °C) and uncontrolled temperature (31.32 °C), at pH 6, 7, 8, 9, 10 and 11, respectively. The pH
value in BG-11 medium was adjusted with hydrochloric acid and sodium hydroxide. The different salinities of water,
which was enriched with BG-11 medium, was 0, 5, 10, 15, 20, 25 and 30 ppt, respectively. Salinity concentration
was adjusted with sodium chloride and 20 mL of algae was added into 80 mL modified BG-11 medium. Algae
growth in each treatment was measured at 680 nm wavelength using spectrophotometer (Yang et al., 2012).

Statistical analysis

Statistical analysis was performed using the analysis of variance (ANOVA). The Tukey's HSD Test was
used to determine the significant differences between the means at P<0.05. All statistical evaluations were carried

out using R studio program.

Results

1. Effects of Cyanobacteria Limnothrix strain LmTKO1 at Different Densities on Pacific White Shrimp.

Results showed that, the survival rate of shrimp was 100 % at control (without algae) after 96 hours of
rearing. While shrimp survival rate in treatment 3 (100% of algae) remained 20% and all shrimp died at treatment 1

and 2 (25% and 50% of algae) after 78 hours of rearing (Figure 2-a). Results of water qualities showed that
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chlorophyll-a concentration was the highest in treatment 3, in which shrimp were cultured with 100 % of algae
(Figure 2-b). In addition, pH rang was 7.50 - 8.94 and there were no differences between treatments (Figure 2-c).
However, dissolved oxygen (DO) values were not stable in all treatments (Figure 2-d). Results of shrimp cultured
with cyanobacteria Limnothrix strain LmTKO 1 showed the shrimp molting but were not found in the control group
(without algae). The characteristics of the dead shrimp included the filament of cyanobacteria clogging on the gill
and attached to pereopod also found in stomach, intestine and feces (Figure 3). In addition, average dissolve
oxygen in treatments 1, 2 and 3 were 7.96 + 0.14,7.95 + 0.14 and 8.00 + 0.14 mg/L, respectively. These were

significantly different from the control at 7.69 + 0.06 mg/L.
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Figure 2 Survival rate of Pacific white shrimp (a) and water qualities; chlorophyll-a (b), pH (c) and dissolved

oxygen (DO) (d) cultured with cyanobacteria Limnothrix strain LmTKO1 at different density.
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Figure 3 Mortality characteristics of pacific white shrimp cultured with cyanobacteria Limnothrix strain LmTKO01
at different density; molting of shrimp (a), filament of algae clogging on gill of shrimp (b-c), attached to
pereopod (d), stomach (e) and intestine (f). Black arrowheads indicate the filament of cyanobacteria

Limnothrix strain LmTKO01 (Scale bar = 20,000 um).

2. Growth of Cyanobacteria Limnothrix strain LmTKO1 in Different Temperature. pH and Salinity.

Results of the growth of cyanobacteria Limnothrix strain LmTK01 showed the maximum density of LmTKO1
was 0.611 + 0.02 at controlled-temperature treatment (28.00 + 1 °C) on day 5 of culture (Figure 4-a). This was
significantly different (p<0.05) when compared to the uncontrolled-temperature treatment under an average room
temperature at 31.32 °C, which was 0.089 + 0.02. The result of growth showed that the maximum density of OD
was 0.950 + 0.13 at pH 8 on day 9 of culture followed by pH 7, respectively. It was found that the growth of this
algae was low at high pH (Figure 4-b). In addition, the pH of algae tests at pH 7 - 11 was adjusted to the range of
8.46 - 9.41, while the algae test at pH 6 had an average of 6.50 throughout the experiment. Growth of algae at
different salinity is shown in figure 4. The algae were grown at all salinities, but the maximum density of OD was

1.246 + 0.04 at 15 ppt on day 10 of culture (Figure 4-c).
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Figure 4 The growth of cyanobacteria Limnothrix strain LmTKO01; temperatures at 28 + 1 °C and room temperature

(a), pHate6,7,8,9, 10 and 11 (b) and salinity at 0, 5, 10, 15, 20, 25 and 30 ppt (c), respectively.

Discussion

1. Effects of Cyanobacteria Limnothrix strain LmTKO1 at Different Densities on Pacific White Shrimp.

Shrimp culturing with algae LmTK01 showed a decreased survival rate of shrimp, found the filamentous of
algae attached to the appendages, gills and digestive tract of shrimp and change in water quality. This problem
can cause disturbances in the respiratory and digestive systems. This results in shrimp weakness and increases
the risk of bacterial infection. In addition, it was reported that shrimp ponds where the predominant cyanobacteria
were found resulted in shrimp mortality, accumulation of microcystin- LR and nodularin and swelling in
hepatopancreatic tissue (Massaut, 2003 ; Galanti et al., 2013; Zimba et al., 2006). The optimal range of pH for

culture Pacific white shrimp is from 7.5 - 8.5 (Wangwibulkit et al., 2008). High pH is a common problem found at
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the surface of aquaculture ponds and filamentous algae are the main algae species. The abundance of algae
results in more CO, eliminated by photosynthesis during the day than the CO, released by plant respiration at night
(Tucker & Abramo, 2008). Moreover, high pH increases the toxicity of ammonia, hydrogen sulfide, dissolved metal
and affects the growth of aquatic animals (Tucker & Abramo, 2008; Wurts, 2003). The amount of DO in surface
waters could be related to the amount of chlorophyll-a ( Sriyasak et al., 2015). Dissolved oxygen in Pacific white
shrimp farms was 4.84 + 0.41 mg/L with a range of 3.48 - 6.90 mg/L, these optimum DO for Pacific white shrimp
culture were more than 3 mg/L. DO below 3 mg/L would cause shrimp stress, leading to susceptibility to disease,
low food consumption and slow shrimp growth (Supriatna et al., 2017). Furthermore, the population of phytoplankton
affects the balance of microbial populations. The proliferation of pathogens and the reduction of beneficial
microorganisms in the pond, which negatively affects the shrimp (Ding et al., 2021).

2. Growth of Cyanobacteria Limnothrix strain LmTKO1 in Different Temperature, pH and Salinity.

The studied of factors on the growth of algae showed that the factors affect the growth of algae. Factors
affecting the proliferation of cyanobacteria include nutrients, dissolved oxygen, salinity, temperature, light and pH
(Thipbharos, 2010; Wangwibulkit ef al., 2008). According to Xin et al. (2011) the microalgae cultured at different
temperatures showed the density of microalgae at 20, 25 and 30 °C were significantly higher than 10 °C.
Cyanobacteria Limnothrix sp. 37-2-1 estimated the phycocyanin content and found the highest phycocyanin at 28
°C and significantly the lowest at 30 °C (Patel et al., 2016). Moreover, the temperature at 25 °C or greater also
affects the processes of photosynthesis, specific respiration rate and growth rate of cyanobacteria (Robarts &
Zohary, 1987). The temperature influences the buoyancy and growth rate of algae. For example, M. aeruginosa
had the highest dispersion and growth rate at 28 and 27.5 °C, respectively (You et al., 2018), while the optimal
temperature for shrimp growth is 28 - 30 ° C. This was significantly the optimal range for survival rate and the highest
growth in Pacific white shrimp (Washim et al., 2020). However, the optimum temperature for the growth of
cyanobacteria was 20 - 30 °C (Konopka & Brock, 1978). The photosynthesis was inhibited when the pH is below 6
and higher than 9. The optimum pH in water for the growth of cyanobacteria was between 7.5 - 9.0 (Wangwibulkit
et al., 2008). During the experiment, the pH was adjusted. This is consistent with the results of Keawtawee (2014),
algae changed the pH during the experiment to the range of 8.20 - 9.63. The algae have strong buffering capacity
for pH due to carbon dioxide and nutrient metabolism (Xing et al., 2019). Cyanobacteria have processes to maintain
pH homeostasis of intracellular depending on their natural habitat and the ability of the cells internally (Buck &
Smith, 1995; Golda, 2017). Cyanobacteria can be both halotolerant and halophilic forms, such as Pseudanabaena

lonchoides, Synechocystis aquatilis and Lyngbya contorta. Hence, the cyanobacteria could not be clearly classified
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on the salinity level (Bano & Siddiqui, 2004). However, the salinity affects the physiological characteristics of algae.
For instance, the filament of Oscillatoria sp. were aggregated at a salinity higher than 15 ppt. This also affects the
disturbance of ion balance and photosynthesis of cyanobacteria (Wangwibulkit et al., 2008). Rafiqul et al. (2003)
reported that Spirulina fusiformis can grow in a wide range of salinities, which depends on the physical mechanism,
including the amount of inorganic and organic osmoregulation. The reduction of biomass and the specific growth
rate due to the process of photosynthesis and the respiratory system were inhibited, which was caused by the rapid
diffusion of sodium into cells. This is the result of the detachment of phycobillisomes from the thylakoid membranes.
The effect of different salinities on algae growth in this experiment was similar to the salinity range found in Pacific

white shrimp culture, which can grow in salinity from 1 - 40 ppt (Su et al., 2010).

Conclusions

Results indicated that, cyanobacteria Limnothrix strain LmTK01 showed a negative direct and indirect
effect on shrimp survival rate and production. It was found that shrimp died due to the molting of shrimp, and the
filament of algae attached to the appendages, gills and digestive tract. The pH value increased gradually if
cyanobacteria was blooming. This resulted in shrimp stress, weakness and eventual death. In addition,
cyanobacteria Limnothrix strain LmTK01 grew well in a wide range of pH and salinity. However, pH and temperature
were related to algae growth. The results showed that the optimal pH and temperature for the growth of algae were
at 7 - 8 and 28 °C. Therefore, results from this study can be applied as a guideline for prevention of cyanobacteria

bloom in shrimp culture in the future.
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