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ABSTRACT

Whiteleg shrimp (Litopenaeus vannamei) is one of the leading commodities in Indonesian brackishwater
aquaculture due to its high production efficiency and strong market demand. Water quality is a key factor determining
culture success, and aeration plays an essential role in maintaining dissolved oxygen (DO) levels while reducing the
accumulation of toxic nitrogen compounds such as ammonia and nitrite. This study aimed to evaluate the effects of
different aeration systems on water quality and the survival of whiteleg shrimp at the Brackish Water Aquaculture
Installation (IBAP) Banjar Kemuning, Sidoarjo, Indonesia. A comparative descriptive study was conducted using two
treatments: a complete aeration system consisting of paddle wheels, blowers, and diffusers, and a single aeration system
using paddle wheels only. The observed water quality parameters included temperature, pH, salinity, DO, ammonia, nitrite,
and nitrate. The results showed that the complete aeration system maintained more stable water quality, characterized by
higher DO levels and lower ammonia and nitrite concentrations than the single aeration system. The average survival rate
(SR) of shrimp cultured under the complete aeration system was 76.99%, compared with 73.28% in the single aeration
system. Overall, the complete aeration system was more effective in improving water quality and enhancing shrimp
survival. Nevertheless, unstable water quality conditions, particularly elevated ammonia and nitrite concentrations and low
DO levels, were associated with the occurrence of White Spot Syndrome Virus (WSSV). These findings highlight the
importance of optimizing aeration as part of an integrated water quality management strategy to support sustainable
whiteleg shrimp aquaculture.

Keywords: aeration system, dissolved oxygen, Litopenaeus vannamei, survival rate, water quality, White Spot Syndrome
Virus (WSSV)

INTRODUCTION nitrogen compound levels are strongly influenced by the

Vannamei shrimp is one of Indonesia’s leading effectiveness of the aeration system. Proper aeration
aquaculture commodities, possessing high economic value management plays a vital role in maintaining water quality
and broad market prospects. Its popularity is supported by stability, preventing the accumulation of organic matter,

competitive market prices and its ability to be cultured on and reducing the risk of stress and disease outbreaks in
a large scale at high stocking densities, thereby improving shrimp [5].
production efficiency. However, super-intensive culture Numerous studies have demonstrated that
systems with high stocking densities also increase the aeration systems significantly influence water quality and
organic load and oxygen demand in pond waters [1, 2]. the culture performance of whiteleg shrimp (Litopenaeus
Therefore, effective water quality management is a crucial vannamei). The combination of paddlewheel aerators and
factor in maintaining environmental stability and ensuring bottom aeration using diffusers has been shown to be more
successful production. Aquaculture is fundamentally an effective in maintaining dissolved oxygen stability and
effort to enhance productivity through the management of reducing water quality fluctuations than a single aeration
aquatic organisms, supported by appropriate facilities, system [6]. In addition, increasing the number of diffuser
infrastructure, and technological implementation [3, 4]. points has been reported to enhance dissolved oxygen
Maintaining optimal water quality is essential for concentrations, improve shrimp survival rates, and reduce
the growth, health, and survival of vannamei shrimp, nitrite  and dissolved organic matter levels [7].

particularly in brackish water environments. Key water Nevertheless, comparative studies evaluating complete
quality parameters include temperature (27-30°C), salinity aeration systems and single aeration systems under actual
(10-25 ppt), pH (7.5-8.5), dissolved oxygen (>4 mg/L), farming conditions with different operational settings
ammonia (<0.1 mg/L), and nitrite (<0.5 mg/L), as well as remain limited, particularly those that comprehensively
adequate water clarity, hardness, and alkalinity. Among examine the relationship between water quality parameters
these parameters, dissolved oxygen concentration and and shrimp survival rates within a single culture cycle.
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In addition to technical production aspects, super-
intensive shrimp farming should be managed within a
sustainability framework to preserve the environmental
carrying capacity of aquatic ecosystems. Poorly managed
production systems have the potential to increase nutrient
loading and degrade water quality, both within culture
ponds and in surrounding aquatic environments. Therefore,
optimizing aeration systems as part of water quality
management is an important strategy for improving
production efficiency while maintaining ecological
balance.

Despite the reported benefits of aeration systems,
comparative studies evaluating complete aeration systems
(paddlewheel, blower, and diffuser) and single aeration
systems (paddlewheel only) under commercial-scale
super-intensive farming conditions remain limited. Most
previous studies have focused on individual aeration
components or specific water quality parameters, with
limited attention to the integrated effects of different
aeration configurations on both water quality dynamics
and shrimp survival throughout an entire production cycle.
Furthermore, information regarding the effectiveness of
these aeration systems under operational conditions
representative of Indonesian shrimp farming is still scarce.
Addressing this knowledge gap is essential for developing
practical and sustainable aeration management strategies
that enhance production efficiency while maintaining
environmental quality.

Based on this background, the present study aims
to analyze the effects of two different aeration systems—a
complete aeration system (paddlewheel, blower, and
diffuser) and a single aeration system (paddlewheel
only)—on water quality and the survival rate of whiteleg
shrimp (Litopenaeus vannamei) cultured at IBAP Banjar
Kemuning, Sidoarjo. The findings of this study are
expected to provide a more comprehensive understanding
of the effectiveness of different aeration systems in
maintaining water quality stability and supporting efficient
and sustainable shrimp farming practices.

METHODS
Study Site and Study Design

This study was conducted from 27 February to 9
April 2025 at the Brackish Water Aquaculture Installation
(IBAP), Banjar Kemuning, Sidoarjo, East Java, Indonesia.
The study employed a descriptive comparative design to
evaluate the effects of different aeration system
configurations on water quality and the survival rate of
whiteleg  shrimp  (Litopenaeus vannamei)  under
commercial farming conditions.

Two production ponds operated under routine farm
management were selected for comparison. One pond was
equipped with a complete aeration system consisting of
paddlewheel aerators, a blower, and diffusers, whereas the
other pond utilized a single aeration system consisting
only of paddlewheel aerators.

Because this study was conducted under
commercial production conditions, several operational
parameters followed the standard practices of the research
facility and could not be standardized between ponds. In
particular, the initial stocking densities differed between
the two ponds. Therefore, the results should be interpreted
as a comparison of two commercial production systems
rather than as a fully controlled experimental evaluation.
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Materials and Equipment

The biological material used in this study was
whiteleg shrimp (Litopenaeus vannamei) post-larvae
stocked according to the standard operating procedures of
the research facility. The pond equipped with the complete
aeration system was stocked with 100,000 post-larvae,
whereas the pond using the single aeration system was
stocked with 79,000 post-larvae. Both ponds received
culture water from the same groundwater (bore well)
source to minimize differences in source water quality.

Each pond had an area of 314 m? with an
operational water depth of 1 m, resulting in an
approximate water volume of 314 m3. The complete
aeration system consisted of 2 paddlewheel aerators (1 HP
each), one blower with a capacity of 2.5 m? / min and 4
diffuser points, whereas the single aeration pond was
equipped with 2 paddlewheel aerators (1 HP each).

Water quality measurements were performed
using portable instruments for temperature, dissolved
oxygen (DO), and pH. Ammonia, nitrite, and nitrate
concentrations were measured using commercial water
quality test Kkits according to the manufacturer's
instructions.

Culture Procedure

The study compared two aeration system
configurations: (1) Treatment 1 (Complete Aeration
System) consisted of paddlewheel aerators, a blower, and
diffusers, with an initial stocking density of 100,000
whiteleg shrimp (Litopenaeus vannamei) post-larvae, and
(2) Treatment 2 (Single Aeration System) consisted solely
of paddlewheel aerators, with an initial stocking density of
79,000 post-larvae.

The culture process included pond preparation,
post-larvae stocking, routine feeding, water quality
management, and pond maintenance throughout the
production cycle. All management practices were
conducted according to the standard operating procedures
implemented at the research facility. The primary
operational difference between the two ponds was the
aeration system configuration.

Data Collection

Water quality observations included both physical
and chemical parameters. Temperature, DO, and pH were
measured daily, whereas ammonia, nitrite, and nitrate
concentrations were measured weekly using commercial
water quality test Kits.

Shrimp survival rate (SR) was determined at the
end of the culture period by comparing the number of
surviving shrimp with the initial stocking number using
the Equation (1) [8].

Number of shrimp at harvest

SR = X 100%

Initial number of stocked shrimp (1)
Data Analysis

The collected data were analyzed using a
descriptive comparative approach to compare water
quality parameters and the survival rate of whiteleg shrimp
(Litopenaeus vannamei) between the two aeration systems.

Because the study was conducted under
commercial farming conditions using operational ponds
with different initial stocking densities and without
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treatment replication, no inferential statistical analyses
were performed. Instead, the data were analyzed
descriptively and presented in tables and graphs to
illustrate trends and differences between the two culture
systems.

RESULT AND DISCUSSION
Whiteleg Shrimp Culture Method

The culture cycle of whiteleg shrimp (Litopenaeus
vannamei) at IBAP Banjar Kemuning began with pond
preparation, which included drying the ponds for 2-3 days
to eliminate residual organisms and evaporate toxic
organic compounds [9]. This was followed by pond
cleaning and washing for 1-2 days to remove sludge,
leftover feed, shrimp waste, and other organic materials
that could become toxic [10]. Pond repair was then carried
out for approximately one day to ensure that the pond liner
was in good condition and to prevent leakage [11].

Subsequently, water sterilization was conducted for
3-4 days using chlorination to eliminate predators,
competitors, and bacteria introduced through the water
source. Siphoning was performed to remove chemical
residues, sludge, uneaten feed, and dead organisms from
the pond bottom. Probiotics were applied for eight days
before stocking to stabilize water quality, reduce ammonia
and toxic gases, and prevent algal blooms.

Post-larvae were acclimatized for 30-60 minutes
before stocking to allow adjustment to temperature and
salinity, thereby minimizing osmotic stress. Stocking was
conducted at night, as shown in Figure-1. Feeding at IBAP
Banjar Kemuning was performed five times daily and
monitored using feeding trays (anco) to adjust feed
requirements and maintain water quality [3]. The feeding
strategy consisted of Blind Feeding during the early
culture phase (DOC 0-20) and a Feeding Rate (FR)
approach from DOC >20 until harvest [2].

Throughout the culture period, ponds were
routinely monitored, including the aeration system, water
quality, and shrimp health. Sampling was conducted every
seven days to evaluate growth performance, average body
weight, and survival rate. Harvesting was carried out
earlier, at DOC 41, due to an outbreak of White Spot
Syndrome Virus (WSSV), which caused a significant
decline in the shrimp population. Therefore, proper
management of aeration, feeding, and water quality was
essential for maintaining shrimp survival and overall
culture performance [12].

Figure-1. Acclimatization of whiteleg shrimp
(Litopenaeus vannamei) post-larvae
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Effect of Different Aeration Systems on Water Quality

Maintaining water quality within the recommended
range is a crucial aspect of whiteleg shrimp (Litopenaeus
vannamei) culture. As a reference for water quality
management throughout the culture cycle, this study
followed the standards outlined in the Regulation of the
Minister of Marine Affairs and Fisheries No. 75/2016. The
recommended water quality ranges for whiteleg shrimp
culture include temperature (>27 °C), salinity (26-32 g/L),
pH (7.5-8.5), dissolved oxygen (>4 mg/L), water
transparency (30-50 cm), ammonia (<0.1 mg/L), nitrite
(<1 mg/L), and nitrate (<20 mg/L). Maintaining these
parameters contributes to the stability of the pond
ecosystem and supports successful shrimp production.
Furthermore, aquaculture practices continue to evolve
through improvements in technology, management, and
cultivation techniques [13].

Water quality measurements from DOC 1 to 42
showed that temperature, pH, and water transparency
remained within the recommended ranges. However,
salinity and DO deviated from the optimal conditions
(Figure-2). The average salinity was lower than the
recommended range, while the DO concentration in the
single aeration treatment occasionally fell below the
minimum threshold. In addition, ammonia, nitrite, and
nitrate concentrations exceeded the recommended limits,
indicating the accumulation of organic matter and
suboptimal nitrification processes [2, 14].

The relatively stable temperature and pH suggest
that pond environmental conditions and weather
fluctuations remained relatively consistent throughout the
observation period, minimizing their effects on shrimp
metabolism and organic matter oxidation. Rainfall-
induced dilution likely reduced pond salinity in the
absence of salinity adjustment. Reduced salinity may
impair shrimp osmoregulation, resulting in osmotic stress
when salinity falls outside the optimal range, and may also

influence gas solubility and microbial biochemical
processes in the pond [15].
DO concentrations generally decrease as

temperature increases and are also influenced by salinity.
However, lower salinity does not necessarily result in
higher DO concentrations, particularly under conditions of
high organic loading. Oxygen consumption by
microorganisms and aquatic organisms, together with
temperature fluctuations, can reduce DO concentrations in
both surface and bottom waters.

The concentrations of ammonia, nitrite, and nitrate
in both treatments exceeded the recommended water
quality standards for shrimp culture (Table-1). The mean
concentrations of nitrite and nitrate were accompanied by
relatively high standard deviations, indicating considerable
fluctuations throughout the culture period. These
fluctuations were likely caused by the accumulation of
feed waste, shrimp metabolic activities, and dynamic
nitrification and denitrification processes in the culture
water. This finding is consistent with previous studies
showing that changes in dissolved oxygen levels and
microbial activity influence the concentrations of
inorganic nitrogen compounds, including nitrite and nitrate,
in aquaculture systems [16].
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Figure-2. Water quality measurements from DOC 1 to 42
for Treatment 1 and Treatment 2
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Survival Rate (SR)

Data on stocking and harvest populations are
presented in Table-2. The differences in aeration
configuration influenced harvest yield and the survival rate
of whiteleg shrimp.

In Treatment 1, which employed the complete
aeration system, SR values ranged from 72.21% to 83.35%.
Pond 3 produced the highest SR (83.35%), followed by
Pond 6 (75.40%) and Pond 1 (72.21%). The relatively
higher SR values obtained under this treatment suggest
that the combination of paddlewheel, blower, and diffuser
provided more effective oxygen distribution and
maintained more stable water quality throughout the
culture period.

In Treatment 2, which employed the single aeration
system, SR values ranged from 70.63% to 76.68%. Pond 4
exhibited the highest SR (76.68%), whereas Pond 2 and
Pond 5 recorded SR values of 72.53% and 70.63%,
respectively. Overall, the SR values in Treatment 2 were
slightly lower and less consistent than those observed in
Treatment 1. This difference may be associated with the
more limited oxygen supply and reduced water circulation
in ponds equipped only with paddlewheel aerators.

Overall, survival rates in both treatments were
classified as good because all values exceeded 50%.
Nevertheless, Treatment 1 consistently produced higher
and more stable SR values than Treatment 2. However,
these differences were likely influenced not only by the
aeration system but also by differences in stocking density.
The lower stocking density in Treatment 2 may have
reduced oxygen demand, organic waste accumulation, and
environmental stress, thereby contributing to relatively
acceptable survival rates despite the use of a single
aeration system.

These findings are consistent with previous
research reporting that, under stocking densities of 200
and 300 individuals m? with limited aeration systems,
shrimp survival rates could still reach 87-88% when water
quality was properly managed [17]. Furthermore,
combined aeration systems have been shown to effectively
maintain dissolved oxygen stability and suppress the
accumulation of toxic compounds, thereby improving
shrimp survival under different stocking densities [18, 19].

Other observations indicated that DO and salinity
occasionally deviated from the recommended ranges,
reducing water quality and increasing the risk of disease
outbreaks such as WSSV, which adversely affected shrimp
health and survival. These deviations emphasize the
importance of maintaining stable water quality in intensive
aquaculture systems, as fluctuations in DO, salinity,
ammonia, nitrite, and nitrate can increase physiological
stress and reduce metabolic efficiency. Sudden changes in
salinity and DO can induce osmotic stress, increasing
shrimp susceptibility to viral infections, including WSSV
[20]. Intensive aeration also improves dissolved oxygen
distribution and water quality in biofloc systems, thereby
reducing disease risk and mortality [17]. Similarly, uneven
aeration has been reported to create hypoxic zones at the
pond bottom, which can promote the proliferation of
pathogenic bacteria and viruses that negatively affect
shrimp health [21].
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Table-1. Comparison of ammonia, nitrite, and nitrate concentrations between complete and single aeration systems in
whiteleg shrimp (Litopenaeus vannamei) culture

Treatment 1 Treatment 2
No Parameters Standard Value ™"y Value | STDEV|  Mean Value | STDEV
1 | Amonia (mg/l) <01 1.19 1.04 1.23 0.30
2 | Nitrit (mg/l) <1 14.86) 18.08 12.33 20.24
3 Nitrat (mg/l) <20 71.60 73.77 51.10 64.10

Table-2. Survival rate of whiteleg shrimp (Litopenaeus vannamei) cultured under complete and single aeration systems

Treatment Pond Stocking Population Harvest Population Survival Rate (SR)
1 Pond 1 100,000 72,219 72.21 %
Pond 2 100,000 83,354 83.35 %
Pond 3 100,000 75,408 75.40%
2 Pond 4 79,000 60,583 76.68%
Pond 5 79,000 57,300 72.53%
Pond 6 79,000 55,800 70.63%

In general, the survival rate of whiteleg shrimp is
influenced by water quality, feed management, and
stocking density. Water quality is the primary determinant
of culture success because fluctuations in dissolved
oxygen, temperature, pH, salinity, and ammonia directly
affect shrimp metabolism, stress tolerance, and disease
resistance [3]. Excessively high stocking densities restrict
shrimp movement and increase competition for feed,
resulting in greater stress and reduced immunity [22].
Conversely, lower stocking densities allow shrimp to
move more freely, obtain sufficient feed, and achieve
better growth due to reduced environmental pressure and
lower competition for oxygen [23].

These findings are consistent with observations at
IBAP Banjar Kemuning, where ponds equipped with
combined aeration systems and appropriate stocking
densities achieved higher survival rates than ponds using a
single aeration system. Although the stocking density in
Treatment 1 was higher than that in Treatment 2,
comparable survival was maintained through the use of
combined aeration (paddlewheel, blower, and diffuser),
which improved dissolved oxygen distribution, reduced
organic matter accumulation, and enhanced water quality
stability. Therefore, effective water quality management,
appropriate aeration systems, suitable stocking densities,
and proper feed management are key factors for
maintaining the survival and productivity of whiteleg
shrimp in aquaculture systems [13].

White Spot Syndrome Virus (WSSV)

Although super-intensive water quality
management demonstrated a positive effect on the growth
performance of whiteleg shrimp (Litopenaeus vannamei),
the culture operation at the Brackish Water Aquaculture
Installation (IBAP) Banjar Kemuning was terminated at
DOC 41 due to an outbreak of WSSV. Consequently, the
observation period was shorter than the conventional
shrimp culture cycle of 60-90 days. This early termination
may have prevented the observation of long-term water
quality dynamics that typically occur during the later
stages of shrimp culture, particularly beyond day 60, such
as the accumulation of organic matter and the progressive
increase in nitrogenous compounds, including ammonia,
nitrite, and nitrate.
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WSSV is a highly virulent pathogen that affects a
wide range of crustaceans and is widely recognized as one
of the most devastating diseases in shrimp aquaculture.
Infection often results in rapid, mass mortality, leading to
severe economic losses for shrimp farmers. Currently, no
specific and effective treatment is available for WSSV,
making it a major constraint in the culture of Litopenaeus
vannamei [19].

The presence of WSSV in shrimp culture systems
substantially reduces production performance. Clinical
signs of infection include shrimp aggregating near pond
edges, a drastic reduction in feeding activity, decreased
responsiveness to external stimuli, and a milky or pale
body coloration. Infected shrimp may also exhibit
characteristic white spots on the carapace, broken
antennae, damaged eyes, reddish body coloration, and
abnormal swimming behavior toward the pond edges and
water surface, as shown in Figure-3.

WSSV infects cells in vital organs, including the
hepatopancreas, gills, intestine, stomach, and nervous
system. Mortality can occur rapidly, often within 1-3 days
after the onset of clinical symptoms. The infection process
begins when viral particles attach to susceptible host cells
by binding to specific proteins on the cell surface.
Detection of WSSV can be performed using polymerase
chain reaction (PCR) testing in the laboratory.

Figure-3. Comparison between healthy shrimp (field
photograph) and WSSV-infected shrimp (Mongabay,
2018)

This outbreak supports the hypothesis that WSSV
infection was triggered by unstable water quality
conditions, particularly elevated ammonia and nitrite
concentrations (exceeding safe thresholds of >1 mg/L
and >17 mg/L, respectively, at several observation points),
as well as dissolved oxygen levels that frequently fell
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below 4 mg/L. Environmental stress caused by
deteriorating water quality acts as a predisposing factor
that promotes viral proliferation and increases shrimp
susceptibility to WSSV infection [24].

CONCLUSION

Based on the research findings, differences in
aeration systems significantly affected water quality and
the survival rate of whiteleg shrimp (Litopenaeus
vannamei). Ponds equipped with a complete aeration
system, consisting of paddle wheels, blowers, and
diffusers, maintained relatively higher DO levels and
lower ammonia and nitrite concentrations than ponds
equipped with a single aeration system. However,
ammonia and nitrite concentrations in both treatments
exceeded the recommended thresholds, indicating that the
aeration system alone was insufficient to support optimal
nitrification throughout the culture period. This condition
was likely caused by the accumulation of organic matter,
uneaten feed, shrimp metabolic waste, and high stocking
density, all of which increased nitrogen loading in the
culture system. Therefore, although the complete aeration
system improved overall water quality, additional
management strategies are still required to maintain
nitrogen compounds within safe limits for shrimp culture.

Water temperature, pH, and transparency remained
within the recommended ranges throughout the study. In
contrast, salinity and DO levels in ponds with the single
aeration system tended to be suboptimal. The average SR
of shrimp reared in ponds with the complete aeration
system was 76.99%, which was higher than that observed
in ponds with the single aeration system (73.28%).

Unstable water quality conditions, particularly
elevated ammonia and nitrite concentrations and low DO
levels, were identified as contributing factors to the
occurrence of WSSV, thereby reducing aquaculture
productivity. Therefore, the implementation of a complete
aeration system, together with appropriate stocking density,
proper feeding management, and routine water quality
monitoring, is essential for maintaining shrimp health,
improving culture performance, and supporting the
sustainable production of Litopenaeus vannamei.
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