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Abstract

This study examines the dynamics of vannamei shrimp (Litopenaeus vannamei)
cultivation in low salinity aquaculture systems, focusing on water quality
parameters, plankton diversity, and shrimp growth rates. Vannamei shrimp are
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favored in aquaculture due to their disease resistance, rapid growth, and high
survival rates. Key water quality parameters, including dissolved oxygen (DO),
temperature, light intensity, pH, and salinity, were monitored over a 30-day
period in low salinity ponds. The results showed significant fluctuations in these
parameters, influencing shrimp health and growth. DO levels varied from 5.8 to
8.39 ppm in the morning and from 5.14 to 7.8 ppm in the afternoon. Water
temperature ranged from 27.3°C to 32.3°C, light intensity from 3,170 to 66,300
lux, pH from 7.72 to 8.73, and salinity from 5 to 6 ppt. Plankton diversity and
density, including species like Microcystis, Cyclotella, and Rhizosolenia, were
also assessed, highlighting their role in the aquatic ecosystem. The specific
growth rate (SGR) of the shrimp was calculated, showing a favorable growth rate
of 2.32% per day. These findings indicate that maintaining stable water quality
and diverse plankton populations is crucial for optimizing shrimp growth in low
salinity aquaculture systems. This research provides valuable insights into the
environmental conditions necessary for successful vannamei shrimp cultivation,
emphasizing the importance of regular monitoring and management to ensure
sustainable aquaculture.

censes/by-nc-sa/4.0/)

1. Introduction

The fishery production in Indonesia has increased in
both capture fisheries and aquaculture sectors. One of the key
aquaculture commodities is shrimp, which serves as a
significant source of protein. Among the various types of
shrimp cultivated in Indonesia, vannamei shrimp has become
a leading production commodity Rasyidah et al. (2024).
Vannamei shrimp is considered a superior variety due to
several advantages: higher resistance to diseases, faster
growth rates, tolerance to environmental fluctuations, shorter
cultivation periods, higher survival rates, and efficient feed
conversion. Although vannamei shrimp is smaller than tiger
shrimp, its market price remains highly fluctuating. The
Ministry of Marine Affairs and Fisheries (KKP) has reported
continuous growth in both capture fisheries and aquaculture,
with shrimp playing a vital role in export contributions (FAO,
2022, 2024; Fisheries, 2023; Wijaya et al., 2021).

Low salinity aquaculture is a strategy aimed at
addressing challenges arising from water quality fluctuations
in aquaculture systems (Istiqomah et al., 2024). The adoption
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of low salinity systems not only brings several advantages but
also mitigates potential problems in shrimp farming. One
major benefit is the ability to reduce toxicity levels from
harmful gases such as ammonia and nitrite in pond
environments, creating a safer habitat for shrimp.
Additionally, low salinity systems help prevent oxygen
deficits that can negatively impact shrimp and ultimately
reduce the risk of mass mortality. Maintaining stable water
quality in ponds is easier, protecting shrimp populations from
stress that can affect their growth and well-being (Nan et al.,
2024; Roy et al., 2010).

Based on recent research, optimal water quality is
crucial for the cultivation of Litopenaeus vannamei. Key
parameters include temperature (28-32°C), turbidity, pH (7.5-
8.5), alkalinity (80-140 mg/L), ammonia content (0-0.12
mg/L), hardness, carbon dioxide content, and iron content.
These factors significantly impact the growth and survival
rates of the shrimp. Additionally, plankton diversity and
density are essential for shrimp growth, serving as a natural
and beneficial feed source (Schock et al., 2013).
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Phytoplankton, including zooplankton, play a
crucial role in aquatic systems, particularly in shrimp
farming, especially under low salinity conditions. As primary
producers, phytoplankton generate organic substances that
sustain various aquatic organisms, forming the base of the
aquatic food chain, with shrimp being significant consumers
(Burford, 1997). Adequate availability of phytoplankton in
shrimp ponds is essential for ensuring the necessary food
resources for shrimp growth and health (Neori et al., 2004).
Understanding the role and importance of phytoplankton in
such environments is vital for optimizing environmental
conditions and achieving successful shrimp cultivation.
Furthermore, methods for pond water control, plankton
density calculation, and shrimp weight measurement are
crucial aspects to consider in shrimp farming (Yang et al.,
2020). This study aims to contribute to a comprehensive
understanding of the dynamics within low salinity shrimp
farming environments, ultimately ensuring optimal
productivity and sustainability.

2. Material and methods
2.1 Materials

During the research, we observed vannamei shrimp
(Litopenaeus vannamei) and water in low salinity circular
ponds. We utilized various tools, including microtubes,
scissors, micropipettes, pipettes, measuring cups, gloves,
cameras, microscopes, haemacytometers, luxmeters, pH
meters, refractometers, DO meters, and analytical balances.
We observed shrimp weight, plankton density, and water
quality. Samples used included water from circular ponds,
shrimp, formalin, and alcohol.
2.2 Methods
2.2.1 Water quality sampling procedure
Sampling of water quality carried out is measuring
temperature, salinity, pH, dissolved oxygen (DO), and light
intensity. Data collection is carried out twice/day at 08:00
AM (morning) and 04:00 PM (afternoon).

2.2.2 Plankton density

Plankton algae are counted using a haemocytometer
under a microscope at varying magnifications based on their
size (Afianti and Endrawati, 2024). Larger forms are counted
under low magnification, while smaller or more challenging-
to-identify forms are observed under higher magnification,
facilitated by an immersion oil to ensure accuracy even for
very small algae. When larger plankton organisms are scarce,
it's advisable to count them across the entire chamber bottom
for reliability. However, in cases of high plankton density,
counting only a portion of the chamber bottom, such as
several diagonal fields, is sufficient to cover any irregularities
while still providing representative data. This adaptable
approach ensures accurate and reliable estimation of plankton
density, tailored to the characteristics of the sample being
analyzed (LeGresley and McDermott, 2010; Willén, 1976).
These identification guides were for various common
phytoplankton species in the waters, using Genkal (2012);
Kilham and Hecky (1988); Reynolds (1984).

2.2.3 Specific Growth Rate (SGR)

The shrimp were randomly selected from the
population in semi mass circular tank C2. During the rearing
period, the shrimp's weight was measured using an analytical
scale (OHauss, USA) on days 0 and 30. After the
measurements were completed, the weight data could be used
to calculate the specific growth rate (SGR) as follows :
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SGR% = fxmo%
SGR = Specific Growth Rate
Wt = Final weight
Wo = Initial weight

3. Results
3.1 Water Quality
3.1.1 Dissolved Oxygen (DO)

Based on Figure 1, the changes in Dissolved Oxygen
(DO) levels in the shrimp circular tank over 30 days were
observed at 08:00 AM (Figure 1a) and at 04:00 PM (Figure
1b). The highest DO value in the morning in pond C2 was on
the 16th day at 8.39 ppm, while the lowest DO value in the
morning in pond C2 was on the 8th day at 5.8 ppm. The
highest DO value in the afternoon in pond C2 was on the 8th
day at 7.8 ppm, while the lowest DO value in the afternoon in
pond C2 was on the 30th day at 5.14 ppm. DO levels
fluctuated in the morning and afternoon each day. The highest
fluctuations in the morning and afternoon occurred on the
14th and 15th days. The morning DO values on the 14th and
15th were 5.99 ppm and 8.03 ppm, respectively, while the
afternoon DO values on the 14th and 15th were 5.36 ppm and
7.59 ppm, respectively.
3.1.2 Temperature levels

Based on Figure 2, the changes in temperature levels
in the shrimp pond over 30 days were observed at 08:00 AM
(Figure 2a) and at 04:00 PM (Figure 2b). The highest morning
temperature in pond C2 was on the 3rd day at 29.6 °C, while
the lowest morning temperature in pond C2 was on the 29th
day at 27.3 °C. The highest afternoon temperature in pond C2
was on the 5th day at 32.3 °C, while the lowest afternoon
temperature in pond C2 was on the 4th day at 29.2 °C.
Temperature levels fluctuated in the morning and afternoon
each day. The highest morning fluctuations occurred on the
13th and 14th days with values of 28.1 °C and 29.3 °C, and
the highest afternoon fluctuations occurred on the 4th and 5th
days with values 0f 29.2 °C and 32.3 °C.
3.1.3 Light intensity

Based on Figure 3, the changes in light intensity in
the shrimp pond over 30 days were observed at 08:00 AM
(Figure 3a) and at 04:00 PM (Figure 3b). The highest morning
light intensity in pond C2 was on the 26th day at 66,300 lux,
while the lowest morning light intensity in pond C2 was on
the 6th day at 20,600 lux. The highest afternoon light intensity
in pond C2 was on the 3rd day at 28,500 lux, while the lowest
afternoon light intensity in pond C2 was on the 29th day at
3,170 lux. Light intensity levels fluctuated in the morning and
afternoon each day.
3.1.4pH

Based on Figure 4, the changes in pH in the shrimp
pond over 30 days were observed at 08:00 AM (Figure 4a)
and at 04:00 PM (Figure 4b). The highest morning pH value
in pond C2 was on the 7th day at 8.12, while the lowest
morning pH value in pond C2 was on the 14th day at 7.72.
The highest afternoon pH value in pond C2 was on the 5th
day at 8.73, while the lowest afternoon pH value in pond C2
was on the 25th day at 7.93. The pH levels fluctuated in the
morning and afternoon each day. The highest morning
fluctuations occurred on the 6th and 7th days with values of
7.93 and 8.12, respectively, and the highest afternoon
fluctuations occurred on the 4th and 5th days with values of
8.00 and 8.74, respectively.
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Figure 1. DO in shrimp pond C2 at 08:00 AM (a) and at 04:00 PM (b).
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Figure 2. Temperature levels in shrimp pond C2 at 08:00 AM (a) and at 04:00 PM (b).
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Figure 3. Light intensity in shrimp pond C2 at 08:00 AM (a) and at 04:00 PM (b).
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Figure 4. pH in shrimp pond C2 at

08:00 AM (a) and at 04:00 PM (b).




3.1.5 Salinity

Based on Figure 5, the changes in salinity in the
shrimp pond over 30 days were observed at 08:00 AM (Figure
5a) and at 04:00 PM (Figure 5b). The highest salinity levels
in the morning in pond C2 were on the 2nd, 11th, 22nd, and
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23rd days, at 6 ppt, while the other values remained the same
at 5 ppt. The highest salinity levels in the afternoon in pond
C2 were on the 21st and 22nd days, at 6 ppt, while the other
values remained the same at 5 ppt. Salinity levels fluctuated
in the morning and afternoon each day.
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Figure 5. Salinity in shrimp pond C2 at 08:00 AM (a) and at 04:00 PM (b).

3.2 Diversity and plankton density

Through routine research and identification of
plankton conducted weekly in each pond, a variety of
phytoplankton species present in the environment were
discovered, as presented in Table 1. Within this
phytoplankton community, several species stand out due to
their abundance. One notable phytoplankton genus is
Microcystis, which belongs to the group of blue-green algae

Table 1. Diversity and plankton density

or cyanobacteria. Microcystis often produces characteristic
blue-green pigments and is commonly found in various water
bodies. Additionally, two genera of diatoms, Cyclotella and
Rhizosolenia, were also identified in the plankton population
in these ponds. Diatoms, with cell walls rich in silica, exhibit
unique shapes and characteristics (Afianti and Endrawati,
2024).

No Genus Plankton Density (x 10%cell mLt)
7 Days 14 Days 21 Days 28 Days
1 Microcystis 2.2 5.2 74.1
2 Cyclotella 40 31.5 7.6 1.9
3 Rhizosolenia 1.1 1.1 11.1 2.2

3.3 Specific Growth Rate (SGR)
Based on Table 2, the Initial weight and Final
weight showed results of 2.94 + 0.62 and 11.76 + 0.65,

Table 2. Weight of Litopaneus vannamei

respectively. The Specific Growth Rate showed a result of
2.32% per day.

Initial weight (gr)

Final weight (gr)

Specific Growth Rate (%)

2.94 +0.62

11.76 + 0.65

2.32

4. Discussion

The observed variations in water quality parameters,
including dissolved oxygen (DO), temperature, light
intensity, pH, and salinity, in the shrimp pond over a 30-day
period provide valuable insights into the environmental
conditions influencing shrimp growth and health
(Avnimelech, 2009; Boyd and Gautier, 2000; Boyd, 2019;
Carbajal-Hernandez et al., 2013; Hargreaves, 2006).

Dissolved oxygen levels exhibited fluctuations
throughout the day, with the highest values observed in the
morning and the lowest values in the afternoon. This pattern
may be attributed to photosynthetic activity and respiratory
processes of aquatic organisms, as well as factors such as
temperature and water movement (Hargreaves, 2006).

Temperature fluctuations, both diurnally and
throughout the observation period, suggest dynamic thermal
conditions within the pond. Temperature is a critical factor
influencing shrimp metabolism, growth, and behavior (Boyd,

2019). Light intensity variations reflect changes in natural
light exposure throughout the day, which can influence
primary productivity and photosynthesis in the aquatic
ecosystem (Hargreaves, 2006). pH fluctuations observed in
the pond indicate variations in acidity or alkalinity levels over
time. pH influences various biological processes, including
nutrient availability, toxin solubility, and microbial activity,
which can ultimately impact shrimp health and growth (Boyd,
2019). Salinity levels fluctuated between morning and
afternoon samplings, potentially influenced by factors such as
water exchange rates, and weather conditions (Ariadi et al.,
2019).

The diversity and density of plankton species
identified in the pond ecosystem provide insights into the
trophic dynamics and nutrient cycling within the aquatic
environment (Hargreaves, 2006; Rasyidah et al., 2024). The
specific growth rate (SGR) of shrimp, calculated based on
initial and final weight measurements, indicates the rate of



biomass increase over time. The observed SGR of 2.32% per
day suggests favorable growth conditions within the pond
environment (Avnimelech, 2009).

5. Conclusions

The water quality parameters and phytoplankton
diversity observed in semi mass circle pond culture were
conducive to supporting healthy shrimp growth, as evidenced
by the favorable specific growth rate. Maintaining these
conditions through regular monitoring and management is
crucial for continued success in shrimp aquaculture.
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