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Abstract. Vibrio sp. and plankton are important microorganisms in shrimp pond ecosystems. The research aims 

to predict the dynamics of Vibrio sp. and plankton abundance in intensive shrimp pond ecosystems based on causal 

model analysis. The research method used is an ex-pose facto causal design concept with quantitative descriptive 

data analysis using causal dynamic modeling. The results showed the water quality in the pond has a high 

correlation, except Vibrio sp. and alkalinity. In the pond ecosystem 24 genus of plankton from 6 classes. Chlorella 

sp. is the dominant plankton genus with an abundance of 1.00E+05-4.00E+05 cells/ml. Vibrio sp. abundance in 

ponds ranged from 1.38E+03 - 1.31E+05 CFU/ml. Based on the results of dynamic modelling, the growth pattern 

of Vibrio sp. lasted for 30 weeks which was divided into 4 growth phases. The conclusion of this study is that 

Vibrio sp. will dynamically experience a pure growth rate for 30 weeks with details of the initial growth phase (1-

7 weeks), logarithmic growth phase (8-14 weeks), exponential phase (15-21 weeks), and growth declination phase 

(22-30 weeks). The growth phase of Vibrio sp. has a high degree of similarity to the growth pattern of plankton in 

the pond water ecosystem correlatively. The novelty of this research lies in the discovery of an estimation model 

for the abundance of Vibrio sp. and plankton during the shrimp farming cycle. This finding can serve as a 

fundamental reference for farmers to optimize feeding processes and conduct regular siphoning during the peak 

abundance of Vibrio sp. and plankton. 
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INTRODUCTION 

Vibrio sp. is a pathogenic microorganism 

commonly found in shrimp pond ecosystems 

(Purgar et al., 2023; Prakash et al., 2023). Vibrio 

sp. bacteria are toxic because they can cause stress 

in shrimp and lead to disease (Imtiyaz et al., 2023). 

Several diseases in shrimp associated with high 

abundance of Vibrio sp. include AHPND (Acute 

Hepatopancreatic Necrosis Disease), EMS (Early 

Mortality Syndrome), and WFD (White Feces 

Disease) (Wechprasit et al., 2019; Chandran et al., 

2023; Kangze et al., 2024). Based on their 

characteristics, some of these diseases are 

preceded by co-infection between Vibrio sp. and 

other pathogenic organisms (Zhu et al., 2022; Saha 

et al., 2023). These diseases also exhibit similar 

symptoms in infected shrimp, including damaged 

hepatopancreas, stunted growth, abnormal feces, 

physical fragility, and a drastic decrease in 

appetite (Ariadi et al., 2023; Kangze et al., 2024). 

The abundance of Vibrio sp. bacteria is also 

correlated with the presence of plankton 

communities. Intense plankton blooms will impact 

the increased abundance of Vibrio sp. after the 

bloom (Xu et al., 2022). This occurs because post-

bloom, there is an accumulation of lysis waste 

from plankton (klekap) in the pond ecosystem 

(Soeprapto et al., 2023). This waste triggers an 

increase in organic matter and suspended 

materials in the pond water (That and Hoang, 

2024). Intense accumulation of organic waste 

correlates with an aggregated increase in the 

population of Vibrio sp. (Mardiana et al., 2024). 
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This means that effective management of plankton 

is necessary to maintain stable water conditions. 

The research conducted by Ariadi et al., 

(2019) indicates that Oscillatoria sp. abundance 

affects the intensity of Vibrio sp. population 

growth in shrimp ponds. A similar finding was 

reported by Linayati et al., (2024), stating that the 

blooming of Chlamydomonas sp. correlates with 

the Vibrio sp. toxicity in fish ponds. Plankton 

blooms impact changes in the pond ecosystems 

and the dynamics of aquatic microorganism 

abundance. Both plankton and Vibrio sp. are 

aquatic microorganisms that are highly resistant to 

changes in nutrient availability in pond 

ecosystems (Dien et al., 2018). 

Ecologically, the plankton community in the 

pond also affects the growth patterns of shrimp 

(Soeprapto et al., 2023). This is closely related to 

the availability of natural feed for shrimp in the 

pond. We can control plankton dominance if we 

can consistently stabilize the N:P ratio in the pond 

(Lemonnier et al., 2010). Vibrio sp. can be 

controlled by consistently managing the C: N ratio 

in the pond water (Zhao et al., 2023). Some studies 

have examined the correlative relationship 

between the plankton abundance and the toxicity 

levels of Vibrio sp., however, research related to 

the simulation analysis of Vibrio sp. and plankton 

growth in shrimp ponds is still rare. The aim of this 

study is to predict the dynamics of Vibrio sp. and 

plankton abundance in intensive shrimp pond 

ecosystems based on causal model analysis. 

METHODS 

This research was conducted in the intensive 

shrimp ponds of Krapyak Village, Pekalongan, 

from June to August 2024. A total of 3 pond plots 

were used, each with a stocking density of 110 

shrimp/m². The research method employed was a 

causal ex-post facto design, with data analysis 

conducted descriptively and quantitatively. To 

predict the dynamics of Vibrio sp. and plankton 

abundance, a dynamic modeling analysis was 

performed. 

Research Parameters 

The parameters observed in this study 

included water quality parameters such as pH, 

salinity, dissolved oxygen, turbidity, temperature, 

alkalinity, phosphate, nitrite, Total Ammonia 

Nitrogen, and Total Organic Matter. Additionally, 

the abundance of Vibrio sp. bacteria and plankton 

was also measured. The parameters of pH, 

salinity, dissolved oxygen, turbidity, temperature, 

and alkalinity were measured periodically every 

day in the morning and afternoon. Alkalinity, 

phosphate, nitrite, Total Ammonia Nitrogen, Total 

Organic Matter, and the abundance of Vibrio sp. 

and plankton were measured every seven days. 

Data Analysis 

The pH was analyzed using a pH ecotest, 

salinity was measured with an ATAGO AT311 

refractometer, dissolved oxygen, and temperature 

were measured using a YSI550i DO Meter, and 

turbidity was assessed using a Secchi disk. 

Phosphate, nitrite, and Total Ammonia Nitrogen 

were analyzed using spectrophotometry. 

Alkalinity and Total Organic Matter were 

determined using titrimetry. To count the 

abundance of Vibrio sp. the Total Plate Count 

method was used on TCBS agar media. The 

abundance of plankton was counted using a 

Neubauer hemocytometer under an Olympus 

CX23 microscope. The plankton population 

abundance was calculated by the formula: 

 

N = Z x 
𝒙

𝒚
 x 

𝟏

𝒗
 

Note: 

N : plankton abundance in a haemocytometer 

(ind/lt) 

Z : plankton individual number 

x : water sample filtered (40 ml) 

y : water drop volume (0.06 ml) 

v : water filtered (100 l) 

Dynamic Modeling Analysis 

The dynamic modeling analysis in this study 

was conducted using the software Stella ver. 9.02. 

The data used in the dynamic modeling analysis 

includes water quality data, Vibrio sp. abundance, 

and plankton, which are presented in a causal loop 

model. To determine the correlation between 

parameters, a correlation test was conducted using 

IBM SPSS software ver. 23. 

RESULTS AND DISCUSSION 

The results of the pond water quality 

parameter measurements over the 60-day study 

period are described on average in Table 1. The 

average concentration of water quality parameters 

in the ponds is quite good and meets the quality 

standards for shrimp farming. There are no 

significant differences in each parameter across 

the different ponds. This indicates that the 

ecosystem conditions in the ponds tend to be 

uniform and stable. The uniformity of water 
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quality is attributed to the same standard operating 

procedures in aquaculture, which influence the 

water quality profile. 

The turbidity value in the research ponds is 

categorized as relatively clear (51-55 cm). This is 

influenced by weather conditions, the abundance 

of organic materials, and the dynamic fluctuations 

in plankton abundance. Unstable weather can 

affect the intensity of sunlight exposure in the 

water (Chirdchoo et al., 2024). The plankton 

abundance and the solubility of organic materials 

will impact the turbidity level of the water 

(Setiabudi et al., 2016; Guo et al., 2022). Shrimp 

tend to prefer turbidity, as such conditions can 

accelerate the development of chromatophores in 

shrimp (Fitri et al., 2017; Best et al., 2023). 

 

The Correlation of Water Quality Parameters 

The results of the multi-parameter correlation 

test in this study are presented in Table 2. Based 

on the description in Table 2, it can be explained 

that only the alkalinity parameter and Vibrio sp. 

abundance do not show a correlation with the 

other parameters (parameter lines that are not 

bold). The other physicochemical parameters 

exhibit varying degrees of correlation. This 

finding aligns with the opinion of Ariadi et al. 

(2023), which states that water quality parameters 

in shrimp ponds have dynamic causal 

relationships among them. This causal 

relationship is related to trends in fluctuations and 

the dynamics of changes in the physicochemical 

conditions of water in the pond ecosystem 

(Linayati et al., 2024). 

The lack of correlation between alkalinity 

and Vibrio sp. is attributed to the dynamic variance 

and fluctuations in the data. The concentration of 

alkalinity in the ponds is influenced by the 

solubility of CO3, HCO3, and OH⁻ (Ayini et al., 

2014; Li et al., 2024). The population of Vibrio sp. 

in the ponds is triggered by an increase in waste 

load and a high C:N ratio occurring correlatively 

(Panigrahi et al., 2018). Some of these parameters 

were not measured in this study, which is why 

alkalinity and the abundance of Vibrio sp. do not 

correlate with the other parameters. 

The dynamics of water quality parameters in 

the pond ecosystem will affect the performance of 

shrimp life. Shrimp biologically have an 

osmoregulation system related to the level of salt 

solubility in water (Anand et al, 2023). In addition, 

excessive solubility of oxygen and carbon dioxide 

will also cause hypoxia and hypercapnia 

conditions in the physiological functions of the 

shrimp body (Cruz-Moreno, 2024). The shrimp 

immune system is also influenced by dynamic pH 

fluctuations (Zhang et al, 2006). Likewise, other 

water quality parameters will indirectly provide a 

stimulus effect on the shrimp life cycle in ponds 

(Mardiana et al, 2023). 

 

Table 1. Pond water quality parameters 

Parameters Ponds 

A B C 

pH 8.10.31 

(7.5-8.9) 

 

8.00.27 

(7.5-8.7) 

8.00.26 

(7.4-8.8) 

Salinity (gr/L) 282.15 

(23-30) 

 

281.85 

(24-31) 

272.30 

(23-31) 

Dissolved 

Oxygen (mg/L) 
5.360.41 

(4.18-6.28) 

5.400.46 

(4.18-7.15) 

5.390.41 

(4.25-6.24) 

Brightness (cm) 5524.59 

(30-120) 

5121.46 

(30-120) 

5423.85 

(30-120) 

Temperature (oC) 30.100.72 

(28.00-31.80) 

30.200.75 

(28.30-32.00) 

30.000.69 

(28.20-31.60) 

Alkalinity 

(mg/L) 
1095.55 

(100-116) 

1066.39 

(100-116) 

1096.21 

(104-116) 

Nitrite (mg/L) 0.2590.24 

(0.000-0.682) 

0.0720.07 

(0.004-0.199) 

0.0540.04 

(0.005-0.127) 

TAN (mg/L) 0.0630.04 

(0.000-0.123) 

0.0570.07 

(0.000-0.214) 

0.0550.06 

(0.000-0.182) 

Organic Matter (mg/L) 75.1832.19 

(0.000-98.14) 

84.7812.54 

(68.26-101.12) 

82.1514.02 

(63.94-101.12) 

Vibrio Count (CFU/mL) 1.45E+05  2.0E+05 

(5.00E+03 – 6.81E+05) 

1.38E+03  1.31E+06 

(4.00E+01 - 4.12E+03) 

1.86E+03  2.45E+05 

(5.00E+01 – 7.71E+03) 
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Table 2. The correlation tests of water quality parameters in pond ecosystems 
Variable pH Salinity DO Temperature Brightness Alkalinity Nitrite TAN TOM TVC 

pH 1 -.577** .297* .429** -.058 -.296 -.083 -.167 -.476 .239 

Salinity -.577** 1 -.282* -.514** -.398** .346 .396 .803* .557 .018 

Dissolved 

Oxygen 

.297* -.282* 1 .306* -.191 -.409 -.314 -.895** -.609 .152 

Temperature .429** -.514** .306* 1 .067 -.284 -.408 -.594 -

.742* 

-.274 

Brightness -.058 -.398** -.191 .067 1 -.373 -.715* -.602 -.646 -.357 

Alkalinity -.296 .346 -.409 -.284 -.409 1 .040 -.101 .290 .195 

Nitrite -.083 .396 -.314 -.408 -.715* .040 1 .355 .066 .568 

TAN -.167 .803* -

.895** 

-.594 -.602 -.101 .355 1 .485 -.067 

TOM -.476 .557 -.609 -.742* -.646 .290 .066 .485 1 -.063 

TVC .239 .018 .152 -.274 -.357 .195 .568 -.067 -.063 1 

Note: *correlation is significant at 0.05 confidence level; **correlation is significant at 0.01 confidence level; TVC 

(Total Vibrio Count); TAN (Total Ammonia Nitrogen); TOM (Total Organic Matter) 

 

Table 3. The plankton genus in the shrimp pond ecosystem  

 during the research period 

Plankton genus 
Abundance (cell/ml) 

A1 A2 A3 

Chlamydomonas sp. 2.00E+04 5.00E+04 2.00E+04 

Chlorella sp. 1.00E+05 3.60E+05 4.00E+05 

Chodatela sp. 1.00E+04 1.00E+04 1.00E+04 

Oocystis sp. 2.00E+04 1.00E+04   

Gleocystis sp.      1.00E+04 

Anabaena sp.     1.00E+04 

Chroococcus sp.     1.00E+04 

Gomphosphaeria sp.     1.00E+04 

Microcystis sp. 1.00E+04     

Oschillatoria sp. 3.00E+04 3.00E+04 9.00E+04 

Amphora sp. 1.00E+04     

Cerataulina sp.     3.00E+04 

Chaetoceros sp.     1.00E+04 

Coscinodiscus sp.   5.00E+03   

Cyclotella sp.   2.50E+03 1.00E+04 

Nitzchia sp.     1.00E+04 

Streptoteca sp. 1.25E+04     

Euglena sp.  1.00E+04     

Alexandrium sp.   2.50E+03   

Chryptomonas sp.   1.00E+04   

Gymnodinium sp.   5.00E+03   

Noctilluca sp. 1.00E+04 2.00E+04   

Prorocentrum sp. 9.00E+04 1.00E+04   

Actinophrys sp.   1.00E+04   

 

The Plankton Abundance  

The average abundance of plankton in the 

research ponds is presented in Table 3. The study 

identified 24 genera of plankton present in the 

pond water ecosystem. The most dominant genera 

in the pond ecosystem are Chlamydomonas sp., 

Chlorella sp., and Chodatela sp. These three 

genera were found in each pond (Table 3.) The 

highest abundance of plankton is observed in the 

genus Chlorella sp., with values ranging from 

1.00E+05 to 4.00E+05 cells/ml. The dominance of 

Chlorella sp. indicates that the water conditions in 

the ponds are highly fertile. 

In the pond ecosystem, the presence of 

plankton is crucial as a source of live feed and for 

oxygen production through photosynthesis (Seto 

et al., 2013; Tulsankar et al., 2021). The presence 

of certain plankton genera, such as 

Chlamydomonas sp. and Chlorella sp., plays an 

important role in photosynthesis (Soeprapto et al., 

2023; Soeprapto et al., 2023). Plankton also serve 

as environmental biomonitoring agents (Aryawati 
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et al., 2016). The dominance of plankton in the 

pond waters reflects the conditions of that water in 

relation to nutrient load status (Lu et al., 2023). 

The Plankton Dominance 

The results of the plankton dominance index 

analysis from shrimp pond water samples at the 

research site are presented in Figure 1. The results 

of the study indicate that the class Chlorophyceae 

has a very high percentage of dominance 

compared to other classes (Figure 1). This 

suggests that in the pond ecosystem, green algae 

are significantly more dominant than other types. 

The dominance of green algae is attributed to the 

cultivation cycle occurring during the dry season, 

as they tend to grow massively in warm water 

conditions (Binet et al., 2022). 

Additionally, the high solubility of nutrients 

also greatly influences the dominance of certain 

plankton species (Luthfi et al., 2019; Zabbey et al., 

2024). High nutrient levels enable several genera 

of plankton, such as Chlorophyceae and 

Cyanophyceae, to grow optimally (Narayana et 

al., 2020; Soeprapto et al., 2023). Some genera of 

plankton are also dependent on the salinity levels 

of the ponds (Pimentel et al., 2023). Stable salinity 

will affect the growth patterns and grazing cycles 

of plankton (Yang and Fan, 2023). The short 

shrimp cultivation cycle also impacts the 

dominance of plankton genera because the life 

cycles of plankton are relatively short (Soccodato, 

2016). 

Vibrio sp. Abundance  

The results of the average Vibrio sp. 

abundance from each pond during the study period 

are presented in Figure 2. Based on the illustration 

in Figure 2, shows that the abundance of Vibrio sp. 

in the ponds ranges from 1.38E+03 to 1.31E+05 

CFU/ml. The highest abundance is found in Pond 

A, while Ponds B and C have relatively low levels. 

The high abundance of Vibrio sp. in Pond A 

correlates with the elevated concentrations of 

nitrite and Total Ammonia Nitrogen (TAN) in that 

pond. This indicates an excess of toxic nutrient 

levels in the pond. Vibrio sp. thrives in poor 

ecosystems, such as those with high solubility of 

toxic compounds (Kalvaitienė et al., 2023). 

 

 
Figure 1. Dominance of plankton classes in pond ecosystems 

 

 
Figure 2. Vibrio sp. abundance in pond aquatic ecosystem 
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Figure 3. The organic matter solubility level in aquatic ecosystems 

 
The high nutrient concentration in Pond A not 

only affects the abundance of Vibrio sp. but also 

correlates with the plankton population (Ljubesic 

et al., 2024). The plankton population in Pond A 

is denser compared to Ponds B and C. Aquatic 

microorganisms utilize the abundance of nutrients 

as single-cell proteins (Jones et al., 2023). This 

suggests a positive correlation: when the water has 

high nutrient levels, it impacts the abundance of 

diverse aquatic microorganisms. 

The Organic Matter Concentrations 

The average organic matter solubility level in 

shrimp ponds during the research period is 

presented in Figure 3. The concentration of 

organic matter solubility in the pond water tends 

to be relatively the same across the observed 

cultivation ponds. The concentration ranges from 

75.18 to 84.78 mg/L (Figure 3). The short shrimp 

cultivation cycle and the regular implementation 

of siphoning significantly affect the solubility 

levels of organic matter. The flushing water from 

siphoning activities contributes to a significant 

decrease in the solubility of organic matter 

(Mardiana et al., 2023). 

The solubility of organic matter also 

influences the abundance of Vibrio sp. The Vibrio 

sp. bacteria tend to grow massively in turbid pond 

ecosystems (Prakash et al., 2023). This can be 

observed from the high levels of dissolved organic 

matter and suspended particles in the pond 

ecosystem. Intensive cultivation ponds are very 

susceptible to increases in organic matter, which 

impacts the fertility of the water (Satanwat et al., 

2023). One way to manage organic matter levels 

in the pond environment is through siphoning and 

the application of efficient feeding management 

(That and Hoang, 2024). 

The primary sources of organic matter in 

pond water come from feed waste and shrimp 

feces (Islam et al., 2024). Additionally, there is 

shrimp shell waste, plankton lysis, and the 

carcasses of dead shrimp.  Cumulatively, the 

dissolved and non-dissolved waste forms an 

abundance of organic material in the water (Ariadi 

et al., 2019; Yamsomphong, 2025). Good pond 

water is characterized by a concentration of 

dissolved organic matter <90 mg/L (Ariadi et al., 

2019). 

Shrimp Biomass Harvest 

The results of the shrimp harvest biomass 

over the 60-day shrimp farming period in the 

research ponds are shown in Figure 4. The shrimp 

biomass resulting from the cultivation activities 

over 60 days ranges from 2,108 to 2,792 kg per 

pond. The highest production was observed in 

Pond C (Figure 4). The difference in shrimp 

biomass is not very significant due to the similar 

stocking density and cultivation duration. Ponds 

with longer cultivation periods tend to have higher 

tonnage. Under normal conditions, shrimp can 

convert feed biomass at a rate of 1.5 g/day (Nunes 

et al., 2022). 
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Figure 4. Total shrimp biomass harvest in research ponds 

 

Additionally, the differences in shrimp 

biomass are influenced by the metabolic 

conditions of the shrimp being raised (Alam et al., 

2021). Shrimp have an effective feed conversion 

capability when their physiological digestive 

conditions are good (Pazmino et al., 2024). This 

condition is also affected by environmental factors 

and the quality of the feed provided. The ideal 

proportion of feed formulation and appropriate 

feeding amounts will result in better biomass 

conversion efficiency (Nunes et al., 2022). This 

condition is often referred to as demand feeding. 

The effectiveness of feed provision for 

biomass growth can be assessed through feed 

conversion ratios and consumption rates in the 

ancho (Ariadi et al., 2023). Hungry shrimp will 

readily consume feed in all areas of the pond. This 

result can be represented by the ancho media 

installed in the pond (Madusari et al., 2022). The 

amount of feed in the ancho represents the 

quantity that should be consumed by the shrimp 

(Ariadi and Wafi, 2020). The ancho also serves as 

a medium for monitoring the health conditions of 

the shrimp in the pond (Ariadi et al., 2023). 

Collapsed (abnormal) shrimp will rise to the top of 

the ancho as a physiological response (Best et al., 

2023). 

The Causal Loop of Vibrio sp. and Plankton 

Abundance in Ponds 

The conceptual model illustrating the 

relationship between the abundance of Vibrio sp. 

in the pond water ecosystem is described in Figure 

5. It shows that the population of Vibrio sp. is 

influenced by salinity levels and the dominance of 

Vibrio sp. itself. A high abundance of Vibrio sp. 

will impact the oxygen consumption levels in the 

pond ecosystem (Purgar et al., 2023). 

The abundance of Vibrio sp. also affects the 

existence of plankton abundance in the ponds. 

This plankton dominance is attributed to the 

stability of water quality parameters and nutrient 

solubility levels (Saha et al., 2023). Thus, the 

causal loop model indicates a connection between 

the abundance of Vibrio sp. and plankton. 

 

 
Figure 5. The Causal loop model of the abundance of Vibrio sp and plankton 
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The Abundance of Vibrio sp. Relative to 

Dissolved Oxygen Concentration 

The results of the dynamic modeling 

simulation can be mapped to the predicted 

abundance levels of Vibrio sp., as described in 

Figure 6. From weeks 1 to 7, the abundance of 

Vibrio sp. in the pond is shown to continuously 

increase in an aggregate manner (Figure 6.). This 

condition is closely correlated with the oxygen 

consumption levels in the pond water (Ariadi et 

al., 2023). The increase in Vibrio sp. is similarly 

related to the increase in organic matter. By weeks 

1 to 7, the abundance of Vibrio sp. is predicted to 

reach 1.50E+03 CFU/ml. The abundance will 

continue to rise during weeks 8 to 14, reaching 

3.00E+03 CFU/ml. It will continue to increase 

gradually during weeks 15 to 21, with an 

abundance of 3.50E+03 CFU/ml. However, the 

abundance of Vibrio sp. will decrease during the 

shrimp cultivation cycle from weeks 22 to 30. 

This indicates four phases of Vibrio sp. 

population spread in the pond ecosystem: week 1-

7 (phase 1), week 8-14 (phase 2), week 15-21 

(phase 3), and week 22-30 (phase 4). Phase 1 

represents the early growth of Vibrio sp. in the 

pond ecosystem. Phase 2 marks the logarithmic 

growth stage of Vibrio sp. Phase 3 is the peak 

(exponential) growth stage of the Vibrio sp. 

population spread in the pond. Phase 4 is the 

decline phase of the Vibrio sp. distribution cycle 

in the shrimp pond ecosystem. The optimum 

growth phases are found in phases 2 and 3, or 

between weeks 8 and 21. This occurs because the 

bacteria have a stable growth cycle that progresses 

through the logarithmic, exponential, stationary, 

and decline phases in sequence (Jarvio et al., 

2021). 
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Figure 6. The modeling results of Vibrio sp. abundance in the shrimp pond during weeks 1-7 (top left  

 image), weeks 8-14 (top right image), weeks 15-21 (bottom left image), and weeks 22-30  

 (bottom right image). 

 
The analysis of this modeling also reveals 

that the normal growth cycle of Vibrio sp. in the 

pond ecosystem lasts a considerable length of time 

(30 weeks). Vibrio sp. are gram-negative bacteria 

whose life cycle is influenced by both biotic and 

abiotic environmental factors. The maximal 

growth pattern of Vibrio sp. during weeks 8 to 21 

(phases 2 & 3) is also affected by high waste loads 

in the pond during that period. High levels of 

organic waste in the water significantly impact the 

massive growth of Vibrio sp. (Ariadi et al., 2019). 

Additionally, stable temperature and salinity 

levels in the water also influence the abundance of 

Vibrio sp. throughout the cultivation cycle (Zhu et 

al., 2022). 

From the predictions generated by the 

dynamic modeling system, methods can be 

developed to suppress the Vibrio sp. population 

when the shrimp cultivation reaches 8 weeks. This 

allows for effective control of the logarithmic 

growth cycle of Vibrio sp. Increased siphoning 

activity can also be performed intensively during 

the cultivation period of 8 to 21 weeks (Vinasyiam 

et al., 2024). Techniques for suppressing the 

Vibrio sp. population may include introducing 

beneficial bacterial communities into the pond 

ecosystem during weeks 8 to 21 (Intriago et al., 

2024). Partial harvesting and effective feed 

management also impact the accumulation of 

waste compounds in the pond ecosystem, which 

triggers the growth of Vibrio sp. (Dumont et al., 

2023). 

The Prediction of Plankton Abundance 

The abundance of plankton populations in the 

ponds is influenced by nutrients and biotic factors 

in the water (Soeprapto et al., 2023). In terms of 

trends, the predicted abundance of plankton in the 

ponds follows a cycle similar to that of Vibrio sp. 

Plankton abundance exhibits a higher biomass 

growth ratio compared to Vibrio sp. This study 

indicates that plankton abundance is significantly 

greater than that of Vibrio sp. 

The similarity between plankton and organic 

matter is due to the habitat shared by both 

organisms. Here, competition for oxygen and 

nutrients will also occur, as plankton have a faster 

capacity to absorb nutrients (Soeprapto et al., 

2023). Both Vibrio sp. and plankton have long life 

cycles that heavily depend on the biotic and 

abiotic conditions of their environment (Ariadi et 

al., 2019). 

 

 
Figure 7. The results of the correlation modeling of the Vibrio sp. abundance with plankton 
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Stable water conditions and the addition of 

fertilizers or accumulated feed waste will 

positively impact the enrichment of the water 

(Islam et al., 2024). Such conditions will 

significantly affect the increase in populations of 

both Vibrio sp. and plankton. Effective feed 

management is necessary, such as using auto-

feeders and adjusting feeding programs (Madusari 

et al., 2022). The presence of Vibrio sp. that can 

infect shrimp may lead to vibriosis. Additionally, 

Vibrio sp. can co-infect with other toxic bacteria 

that have similar life cycles (Chandran et al., 

2023). 

Intensive shrimp farming ponds with high 

waste output will correlate with the growth 

patterns of both Vibrio sp. and plankton (Ariadi et 

al., 2019). Technical efforts must be made in 

managing pond water to prevent plankton blooms. 

Vibrio sp. has a deadly impact on the shrimp life 

cycle (Chandran et al., 2023). Modeling results 

also indicate that the growth patterns of Vibrio sp. 

and plankton will affect the increasing levels of 

dissolved oxygen consumption. In aquatic 

ecosystems, dissolved oxygen acts as a limiting 

factor for microorganisms (Wafi et al., 2021). 

Oxygen is utilized for the decomposition and 

breakdown of nutrients present in pond 

ecosystems (Panigrahi et al., 2018). The processes 

of oxygen consumption and distribution will 

involve both bacteria and plankton in the pond 

water (Pimentel et al., 2023). 

The intensive abundance of Vibrio sp. beyond 

8 weeks in the shrimp farming cycle poses 

significant risks to shrimp growth rates. At this 

age, shrimp will rapidly consume feed as they are 

in the peak growth phase (Ariadi et al., 2019). 

During this stage, shrimp are also more 

susceptible to stress due to fluctuations in water 

quality (Qu et al., 2024). As shrimp age, they 

become increasingly vulnerable to environmental 

stress. Moreover, shrimp are highly sensitive to 

changes in environmental conditions (Zhang et al., 

2024). 

The novelty of this research lies in providing 

information related to the life cycle of Vibrio sp. 

bacteria and plankton in the intensive shrimp pond 

ecosystem through dynamic modeling analysis. 

Currently, there are no studies in the fields of 

microbiology or aquaculture that present detailed 

information on the life cycle of Vibrio sp. bacteria 

and plankton in pond ecosystems. The results of 

this study could serve as valuable information for 

aquaculturists in managing pond environments. 

Vibrio sp. bacteria and plankton blooms are 

primary issues that contribute to the emergence of 

various diseases in pond ecosystems. 

Additionally, the findings of this study provide the 

foundation for future research ideas related to 

developing a model for estimating shrimp farm 

environmental management based on a 

collaborative approach involving pathology and 

modeling. 

CONCLUSION 

Based on the results of this study, it can be 

concluded that the bacteria Vibrio sp. exhibits a 

dynamic growth cycle over a period of 30 weeks. 

Throughout these 30 weeks, the growth rate of 

Vibrio sp. can be divided into four phases: the 

early growth phase (Phase 1), the logarithmic 

growth phase (Phase 2), the exponential growth 

phase (Phase 3), and the decline phase (Phase 4). 

The growth patterns of Vibrio sp. show a high 

level of similarity to the growth patterns of 

plankton in the aquaculture ecosystem in a 

correlational manner. Based on the results of this 

study, the information that can be developed for 

future research is the need for the development of 

causal relationship analysis between Vibrio sp. 

abundance and specific plankton species at the 

species level in shrimp pond ecosystems, as a 

foundation for the development of dynamic 

system modeling analysis applications in the field 

of aquaculture. 

ACKNOWLEDGMENTS 

This research is funded by a collaborative 

research grant between the Faculty of Fisheries at 

Pekalongan University and the Faculty of 

Agriculture at Tidar University, under contract 

number 2541/UN57/HK.03.01/2024.  

REFERENCES  

Alam M.I., Debrot A.O., Ahmed M.U., Ahsan 

M.N., Verdegem M.C.J. (2021). 

Synergistic effects of mangrove leaf litter 

and supplemental feed on water quality, 

growth and survival of shrimp (Penaeus 

monodon, Fabricius, 1798) post larvae. 

Aquaculture 545, 737237. 

Anand P.S.S., Aravind R., Balasubramanian C.P., 

Kumar S., Antony J., Biju I.F., Sangeetha 

V.L., Ambasankar K., Vijayan K.K. 

(2023). Growth, survival, and osmo-ionic 

regulation in post larval and juvenile 



459 

Heri Ariadi, et al. / Biosaintifika 16 (3) (2024): 449-463 

 

Indian white shrimp, Penaeus indicus, 

reared under three levels of salinity in a 

semifloc system. Aquaculture 564, 

739042. 

Ariadi H., dan Wafi A. (2020). Water quality 

relationship with FCR value in intensive 

shrimp culture of vannamei (Litopenaeus 

vannamei). Samakia: Jurnal Ilmu 

Perikanan 11(1),, 44-50. 

Ariadi H., Mahmudi M., Fadjar M. (2019). 

Correlation between density of vibrio 

bacteria with Oscillatoria sp. abundance 

on intensive Litopenaeus vannamei 

shrimp ponds. Research Journal of Life 

Science 6(2), , 114-129. 

Ariadi H., Fadjar M., Mahmudi M., Supriatna. 

(2019). The relationships between water 

quality parameters and the growth rate of 

white shrimp (Litopenaeus vannamei) in 

intensive ponds. Aquaculture, Aquarium, 

Conservation & Legislation 12(6), , 2103-

2116. 

Ariadi H., Syakirin M.B., Mardiana T.Y., 

Soeprapto H., Linayati., Madusari B.D. 

(2023). Kelimpahan plankton 

Prorocentrum sp. pada tambak intensif 

udang vaname (Litopenaeus vannamei). 

AGROMIX 14(2), , 215-220. 

Ariadi H., Linayati., Mujtahidah T. (2023). 

Oxygen Transfer Rate Efficiency of 

Paddle Wheel Aerators in Intensive 

Shrimp Ponds. BIO Web of Conferences 

74, 01012. 

Ariadi H., Azril M., Mujtahidah T. (2023). Water 

Quality Fluctuations in Shrimp Ponds 

During Dry and Rainy Seasons. Croatian 

Journal of Fisheries 81(3), 127-137. 

Aryawati R., Bengen D.G., Prartono T., Zulkifli H. 

(2016). Harmful Algal in Banyuasin 

Coastal Waters, South Sumatera. 

Biosaintifika 8(2), 231-239. 

Ayini U., Harnina S., Dewi T.C. (2014). Efek 

Antibakteri Ekstrak Daun Mimba 

(Azadirachta indica A. Juss) terhadap 

Bakteri Vibrio algynoliticus Secara In 

Vitro. Biosaintifika 6(1), 67-75 

Best R.M., Swan A.L., Ellsworth S.A., Levitan 

D.R. (2023). The Sexually Dichromatic 

Use of Chromatophores for Cryptic 

Coloration in the Shrimp Neopontonides 

beaufortensis. The Biological Bulletin 

245, 120-128. 

Binet S., Charlier J.B., Jozja N., Defarge C., 

Moquet J.S. (2022). Evidence of long 

term biogeochemical interactions in 

carbonate weathering: The role of 

planktonic microorganisms and riverine 

bivalves in a large fluviokarst system. 

Science of The Total Environment 842, 

156823. 

Chandran A., Priya P.S., Meenatchi R., Vaishnavi 

S., Pavithra V., Kumar T.T.A., Arockiaraj 

J. (2023). Insights into molecular aspects 

of pathogenesis and disease management 

in acute hepatopancreatic necrosis disease 

(AHPND): An updated review. Fish & 

Shellfish Immunology 142, 109138. 

Chirdchoo N., Mukviboonchai S., Cheunta W. 

(2024). A deep learning model for 

estimating body weight of live pacific 

white shrimp in a clay pond shrimp 

aquaculture. Intelligent Systems with 

Applications 24, 200434. 

Cruz-Moreno D.G., Hernandez-Aguirre L.E., 

Peregrino-Uriarte A.B., Leyva-Carrillo 

L., Gomez-Jimenez S., Contreras-Vergara 

C., Hernandez-Lopez J., Yepiz-Plascencia 

G. (2024). Changes of glycolysis and 

gluconeogenesis key enzymes in the 

muscle of the shrimp Penaeus vannamei 

in response to hypoxia and reoxygenation. 

Journal of Experimental Marine Biology 

and Ecology 580, 152052. 

Dien L.D., Hiep L.H., Hao N.V., Sammut J., 

Burford M.A. (2018). Comparing nutrient 

budgets in integrated rice-shrimp ponds 

and shrimp grow-out ponds. Aquaculture 

484, 250-258. 

Dumont S., Bedard S., Achim A. (2023). Growth 

response and survival of American beech, 

yellow birch, and sugar maple 

regeneration to partial harvest. Forest 

Ecology and Management 549, 121476. 



460 

Heri Ariadi, et al. / Biosaintifika 16 (3) (2024): 449-463 

 

Fitri L., Meryandini A., Iswantini D., Lestari Y. 

(2017). Characterization of Ethanolic 

Extract of Streptomyces sp. as a 

Pancreatic Lipase Inhibitors Produced by 

Endophytic Streptomyces sp. AEBg12. 

Biosaintifika 9(2), 177-184.  

Guo Y., Zhang P., Chen J., Xu J. (2022). 

Freshwater snail and shrimp differentially 

affect water turbidity and benthic primary 

producers. Water Biology and Security 

1(1), 100004. 

Imtiyaz F.D., Ngernson S., Kristina., Yatip P., 

Nurhayati., Unagul P., Preedanon S., 

Klaysuban A., Sangtiean T., Sakayaroj J., 

Budiharjo A., Suetrong S., Soowannayan 

C. (2023). Reduced vibriosis mortality in 

shrimp fed culture fluids from endophytic 

fungi correlated with Vibrio biofilm 

inhibition. Aquaculture 566, 739236. 

Intriago P., Medina A., Cercado N., Arteaga K., 

Montenegro A., Burgos M., Espinoza J., 

Brock J.A., McIntosh R., Flegel T. (2024). 

Passive surveillance for shrimp pathogens 

in Penaeus vannamei submitted from 3 

regions of Latin America. Aquaculture 

Reports 36, 102092. 

Islam M.S., Das M., Chakroborty K., Lee J.M., 

Islam M.R., Rafiquzzaman S.M. (2024). 

Aquamimicry improves the growth 

performance and immunity of black tiger 

shrimp (Penaeus monodon) in low saline 

ponds. Aquaculture Reports 36, 102082. 

Jarvio N., Maljanen N.L., Kobayashi Y., 

Ryynanen T., Tuomisto H.L. (2021). An 

attributional life cycle assessment of 

microbial protein production: A case 

study on using hydrogen-oxidizing 

bacteria. Science of The Total 

Environment 776, 145764. 

Jones L.O., Willms R.J., Xu X., Graham R.D.V., 

Eklund M., Shin M., Foley E. (2023). 

Single-cell resolution of the adult 

zebrafish intestine under conventional 

conditions and in response to an acute 

Vibrio cholerae infection. Cell Reports 

42(11), 113407. 

Kalvaitienė G., Vaiciute D., Bucas M., gyraite G., 

Katarzyte M. (2023). Macrophytes and 

their wrack as a habitat for faecal indicator 

bacteria and Vibrio in coastal marine 

environments. Marine Pollution Bulletin 

194, 115325. 

Kangze X., Zhang S., Pang A., Wang T., Dong S., 

Zhikuan X., Zhang X., Liang J., Fang Y., 

Tan B., Zhang W. (2024). White feces 

syndrome is closely related with 

hypoimmunity and dysbiosis in 

Litopenaeus vannamei. Aquaculture 

Reports 38, 102329. 

Lemonnier H., Courties C., Mugnier C., Torreton 

J.P., Herbland A. (2010). Nutrient and 

microbial dynamics in eutrophying 

shrimp ponds affected or unaffected by 

vibriosis. Marine Pollution Bulletin 60, 

402–411. 

Li C., Wen H., Liu H., Xiong W., guo P., Zhong 

K., Liang H. (2024). Controls of water 

salinity on biological diversity and 

productivity in the Late Paleozoic alkaline 

lake, NW Junggar Basin, NW China. 

Journal of Asian Earth Sciences 275, 

106288. 

Linayati., Nhi N.H.Y., Ariadi H., Mardiana T.Y., 

Fahrurrozi A., Syakirin M.B. (2024). 

Relationship Between Abundance of 

Clamydomonas spp and Chlorella spp on 

Clinical Performance of Red Tilapia 

Oreochromis niloticus in Silvofishery 

Ponds. Croatian Journal of Fisheries 

82(1), 33-42. 

Ljubesic Z., Mihannovic H., Matek A., Mucko M., 

Achterberg E.P., Omand M., Pestoric B., 

Lucic D., Cizmek H., Colic B., Balestra 

C., Casotti R., Janekovic I., Orlic M. 

(2024). Marine plankton community and 

net primary production responding to 

island-trapped waves in a stratified 

oligotrophic ecosystem. Heliyon 10(18), 

e37788. 

Lu X., Zhang Y., Liu Y., Fan Y. (2023). Differences 

in planktonic and benthic diatoms reflect 

water quality during a rainstorm event in 

the Songhua River Basin of northeast 



461 

Heri Ariadi, et al. / Biosaintifika 16 (3) (2024): 449-463 

 

China. Ecological Indicators 144, 

109547. 

Luthfi O.M., Rijatmoko S., Isdianto A., Setyohadi 

D., Jauhari A., Lubis A.A. (2019). 

Geochronology of Cadmium (Cd), 

Cuprum (Cu), and Arsenics (As) in 

Annual Band of Coral Porites lutea at 

Pantai Kondang Merak, Malang. 

Biosaintifika 11(2), 264-271. 

Madusari B.D., Ariadi H., Mardhiyana D. (2022). 

Effect of the feeding rate practice on the 

white shrimp (Litopenaeus vannamei) 

cultivation activities. AACL Bioflux 15(1), 

, 473-479. 

Mardiana T.Y., Ariadi H., Linayati., Wijianto., 

Fahrurrozi A., Maghfiroh. (2023). 

Estimation of Water Carrying Capacity 

for Floating Net Cage Cultivation 

Activities in Pekalongan Coastal Waters. 

Jurnal Perikanan Universitas Gadjah 

Mada 25(1), 19-24. 

Mardiana T.Y., Ariadi H., Ramadhani F.M.A., 

Syakirin M.B., Linayati. (2024). Dynamic 

Modeling System of Cholorophyceae 

Abundance in Pen-Culture Ponds During 

the Dry Season. Ecological Engineering 

& Environmental Technology (EEET) 

25(8), 47-56. 

Narayana S., Tapase S., Thamke V., kodam K., 

Mohanraju R. (2020). Primary screening 

for the toxicity of marine cyanobacteria 

Lyngbya bouillonii (Cyanophyceae: 

Oscillatoriales) recorded for the first time 

from Indian Ocean. Regional Studies in 

Marine Science 40, 101510. 

Nunes A.J.P., Dalen L.L., Leonardi G., Burri L. 

(2022). Developing sustainable, cost-

effective and high-performance shrimp 

feed formulations containing low fish 

meal levels. Aquaculture Reports 27, 

101422. 

Panigrahi A., Saranya C., Sundaram M., Kannan 

S.R.V., Das R.R., Kumar R.S., Rajesh P., 

Otta S.K. (2018). Carbon: Nitrogen (C:N) 

ratio level variation influences microbial 

community of the system and growth as 

well as immunity of shrimp (Litopenaeus 

vannamei) in biofloc based culture 

system. Fish & Shellfish Immunology 81, 

329-337. 

Pazmino M.L., Chico-Santamarta L., Boero A., 

Ramirez A.D. (2024). Environmental life 

cycle assessment and potential 

improvement measures in the shrimp and 

prawn aquaculture sector: A literature 

review. Aquaculture and Fisheries, 1-19. 

Pimentel O.A.L.F.P., de Oliveira V.Q., de andrade 

R.J.V., de Oliveira C.Y.B., dos Santos 

E.P., Pereira A.M.L., Brito L.O., Galvez 

A.O. (2023). Plankton community in 

Penaeus vannamei nurseries with 

synbiotic system under different 

frequencies of adjustment on Ca:Mg:K 

ratio in low salinity water. Aquaculture 

and Fisheries, 1-9. 

Prakash S., Maas R.M., Fransen P.M.M.M., 

Kokou F., Schrama J.W., Philip A.J.P. 

(2023). Effect of feed ingredients on 

nutrient digestibility, waste production 

and physical characteristics of rainbow 

trout (Oncorhynchus mykiss) faeces. 

Aquaculture 574, 739621. 

Purgar M., Gavrolovic A., Kapetanovic D., 

Klanjscek J., Jug-Dujakovic J., Kolda A., 

Zunic J., Kazazic S., Smrzlic I.V., Lusic 

D.V., Pikelj K., Listes E., El-Matbouli M., 

Lillehaug A., Loncarevic S., Knezevic D., 

Hengl B., Gecek S., Klanjscek T. (2023). 

Assessment of Vibrio spp. abundance as a 

water quality indicator: Insights from 

Mali Ston Bay in the Adriatic Sea. 

Estuarine, Coastal and Shelf Science 295, 

108558. 

Qu K., Xiong S., huang C., Jiang X., tian L., Xie 

S. (2024). Dietary supplementation of 

ornithine improved the growth, immune 

response and acute NH3 stress tolerance of 

Pacific white shrimp, Penaeus vannamei. 

Aquaculture Reports 36, 102095. 

Saha S., Aggarwal S., Singh D.V. (2023). 

Attenuation of quorum sensing system 

and virulence in Vibrio cholerae by 



462 

Heri Ariadi, et al. / Biosaintifika 16 (3) (2024): 449-463 

 

phytomolecules. Sec. Infectious Agents 

and Disease 14, 1-14. 

Satanwat P., Tapaneeyaworawong P., 

Boonprasertsakul T., Maksee A., 

Kotcharoen W., Adlin N., Watari T., 

Yamaguchi T., Pungrasmi W., 

Powtongsook S. (2023). Sustainable 

practice for a zero-discharge outdoor 

earthen shrimp pond based on biological 

nitrogen waste carrying capacity. 

Aquaculture 574, 739734. 

Setiabudi G.I., Bengen D.G., Effendi H., Radjasa 

O.K. (2016). The Community Structure of 

Phytoplankton in Seagrass Ecosystem and 

its Relationship with Environmental 

Characterstics. Biosaintifika 8(3), 257-

269. 

Seto M., Takamura N., Iwasa Y. (2013). Individual 

and combined suppressive effects of 

submerged and floating-leaved 

macrophytes on algal blooms. Journal of 

Theoretical Biology 319, 122-133. 

Soccodato A., d'Ovidio F., Levy M., Jahn O., 

Follows M.J., Monte S.D. (2016). 

Estimating planktonic diversity through 

spatial dominance patterns in a model 

ocean. Marine Genomics 29, 9-17. 

Soeprapto H., Ariadi H., Badrudin U., Soedibya 

P.H.T. (2023). The abundance of 

Microcystis sp. on intensive shrimp 

ponds. Depik 12(1), , 105-110. 

Soeprapto H., Ariadi H., Badrudin U. (2023). The 

dynamics of Chlorella spp. abundance 

and its relationship with water quality 

parameters in intensive shrimp ponds. 

Biodiversitas Journal of Biological 

Diversity 24, 2919-2926. 

That and Hoang. (2024). Utilizing a settling pond-

based constructed wetland for the 

treatment of shrimp aquaculture 

wastewater – From laboratory to field 

scale: A case study in Ben Tre Province, 

Vietnam. Ecological Engineering 199, 

107172. 

That L.T., and Hoang H.Y. (2024). Utilizing a 

settling pond-based constructed wetland 

for the treatment of shrimp aquaculture 

wastewater – From laboratory to field 

scale: A case study in Ben Tre Province, 

Vietnam. Ecological Engineering 199, 

107172. 

Tulsankar S.S., Cole A.J., Gagnon M.M., Fotedar 

R. (2021). Feeding juvenile marron 

(Cherax cainii Austin, 2002) exclusively 

on live mixed plankton improves growth, 

total haemocyte count and pigmentation. 

Aquaculture Reports 21, 100792. 

Vinasyiam A., Ekasari J., Schrama J.W., 

Verdegem M.C.J., Kokou F. (2024). 

Wheat bran addition methods in Pacific 

white shrimp (Litopenaeus vannamei) 

biofloc systems. Aquacultural 

Engineering 106, 102437. 

Wafi A., Ariadi H., Muqsith A., Mahmudi M., 

Fadjar M. (2021). Oxygen consumption 

of Litopenaeus vannamei in intensive 

ponds based on the dynamic modeling 

system. Journal of Aquaculture and Fish 

Health 10(1), , 17-24. 

Wechprasit P., Panphloi M., Thitamadee., 

Sritunyalucksana K., Prachumwat A. 

(2019). Complete Genome Sequence of 

Shewanella sp. Strain TH2012, Isolated 

from Shrimp in a Cultivation Pond 

Exhibiting Early Mortality Syndrome. 

Microbiology Resources Announcements 

8(13), 1-3. 

Xu Q., Wang P., Huangleng J., Su H., chen P., 

Chen X., Zhao H., Kang Z., tang J., Jiang 

G., Li Z., Zou S., Dong K., Huang Y., Li 

N. (2022). Co-occurrence of 

chromophytic phytoplankton and the 

Vibrio community during Phaeocystis 

globosa blooms in the Beibu Gulf. 

Science of The Total Environment 805, 

150303. 

Yamsomphong K., Xu H., Yang P., Yotpanya N., 

Yokoi T., Takahashi F. (2025). 

Transforming waste into wealth in 

sustainable shrimp aquaculture: Effective 

phosphate removal and recovery using 

shrimp shell-derived adsorbents. 



463 

Heri Ariadi, et al. / Biosaintifika 16 (3) (2024): 449-463 

 

Separation and Purification Technology 

357, 129982. 

Yang Y., and Fan M. (2023). Impact of selective 

grazing on the dynamics of a diffusive 

plankton model with component Allee 

effect and additional food. Chaos, 

Solitons & Fractals 175, 114004. 

Zabbey N., Akokhia F., Nwipie G.N., Nkeeh D.K., 

Keke U.N., Okoro C.M., Eziefule G.C. 

(2024). Relationship between habitat 

factors, nutrient loads, and plankton 

community structure in varied mangrove 

swamps. Ecohydrology & Hydrobiology, 

1-10. 

Zhang P., Zhang X., Li J., Huang G. (2006). The 

effects of body weight, temperature, 

salinity, pH, light intensity and feeding 

condition on lethal DO levels of whiteleg 

shrimp, Litopenaeus vannamei (Boone, 

1931). Aquaculture 256(1-4), 579-587. 

Zhang R., Shi X., Guo J., Mao X., Fan B. (2024). 

Acute stress response in hepatopancreas 

of Pacific white shrimp Litopenaeus 

vannamei to high alkalinity. Aquaculture 

Reports 35, 101981. 

Zhao W., Chen X., Liu R., Tian P., Niu W., Zhang 

X.H., Liu J., Wang X. (2023). Distinct 

coral environments shape the dynamic of 

planktonic Vibrio spp. Environmental 

Microbiome 18, 1-14. 

Zhu B., Lu X., Liu Y., Wu Z., Cai H., Jin S., Li Z., 

Xie J., Li X., Sun F., Ma R., Qian D. 

(2022). Effects of Enterocytozoon 

hepatopenaei single-infection or co-

infection with Vibrio parahaemolyticus 

on the hepatopancreas of Penaeus 

vannamei. Aquaculture 549, 737726. 

 


