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Abstract

Whiteleg shrimp (Litopenaeus vannamei) is a major aquaculture commodity that
continues to be developed through intensive culture systems. This study aims to evaluate
the growth patterns and survival rates of L. vannamei reared in an intensive aquaculture
system at the Busmetik pond of the Sorong Marine and Fisheries Polytechnic during the
2021-2024 period. Observed parameters included average daily growth (ADG), average
body weight (ABW), survival rate (SR), feed management practices, and water quality
indicators. Data were analyzed using ANOVA and Kruskal-Wallis tests to identify
interannual differences. Results revealed a consistent increase in SR, from 78.05% in
2021 to 91.7% in 2024, along with a steady improvement in shrimp length and weight,
although the differences were not statistically significant (p > 0.05). Factors such as feed
quality, feeding frequency, water pH and dissolved oxygen (DO), as well as disease
control measures, were shown to influence culture performance. These findings suggest
that integrated and adaptive management practices play a critical role in enhancing the
growth efficiency and survival of L. vannamei in intensive aquaculture systems.

Keywords: Litopenaeus vannamei, intensive culture, growth performance, survival rate,
water quality

INTRODUCTION

The introduction should The whiteleg shrimp (Litopenaeus vannamei) is a major global aquaculture
commodity with high economic value in both domestic and international markets. In Indonesia, this species is
a central focus of aquaculture development, with national targets aiming for a 250% increase in shrimp
production and export value by 2024 (Mustafa et al., 2023). The growth and productivity of L. vannamei are
highly dependent on the availability of land with suitable water quality that is free from biological and non-
biological pollutants. Increases in shrimp biomass are influenced by both environmental carrying capacity and
growth performance, which often exhibit inconsistent trends across production cycles (Alauddin & Putra, 2023;
Hatje et al., 2016).

To enhance production efficiency and sustainability, intensive and super-intensive culture systems have
been developed. These systems apply strict biosecurity measures, including the use of lined ponds with High-
Density Polyethylene (HDPE) to prevent erosion and disease transmission, along with controlled water input.
Biofloc technology is also employed, utilizing heterotrophic bacteria to convert organic waste into nutritious
microbial biomass. This approach has been shown to support shrimp growth, enhance immune response, and
maintain water quality throughout the culture period (Li et al., 2024; McKay et al., 2023; Mirzaei et al., 2019).

Previous studies have reported that L. vannamei cultured under intensive systems exhibited an average
daily growth (ADG) of 0.17 + 0.01 g/day with feed conversion ratios (FCR) ranging from 1.36 to 1.55 (Syah
et al., 2017). Other findings indicate that higher stocking densities, such as 170—175 shrimp/m?, can yield
improved growth performance and survival. A density of 170 shrimp/m? resulted in an average weight of 29.23
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g/shrimp and a survival rate of 86.70%, while 175 shrimp/m? produced an average weight of 29.18 g/shrimp
and a survival rate of 82.35% (Purnamasari et al., 2017). The primary objective of this study is to analyze the
growth patterns of L. vannamei cultured under intensive pond systems at the Busmetik facility of the Marine
and Fisheries Polytechnic of Sorong over the period of 2021 to 2024.

MATERIALS AND METHODS
Location and time of research

This study was conducted at the Busmetik shrimp pond facility of the Marine and Fisheries
Polytechnic of Sorong, located in Sorong City, Southwest Papua Province, Indonesia. The pond was
constructed on red clay soil and lined with 0.5 mm thick high-density polyethylene (HDPE). The pond
dimensions are 50 m x 34 m, with a total surface area of 1,700 m? and a water volume capacity of 2,550 m?.
Data were collected from Litopenaeus vannamei grow-out activities conducted over four consecutive years
(2021-2024). The number of post-larvae (PL) stocked each year was as follows: 130,000 (2021), 100,000
(2022), 150,000 (2023), and 150,000 (2024), with uniform initial rearing conditions across all cycles.

Observed Parameters

The study observed both technical culture parameters and environmental water quality indicators.
Technical parameters included feed management practices, specific growth rate (SGR), survival rate (SR),
average body weight (ABW), and total body length. Water quality variables monitored consisted of
temperature, salinity, pH, dissolved oxygen (DO), nitrite (NO:"), nitrate (NOs"), and phosphate (PO+*).
Measurements were taken every 10 days from the start of the grow-out cycle up to day 80 to track shrimp
growth dynamics and environmental stability throughout the production period.

Data analysis

Statistical analyses were conducted to evaluate shrimp growth performance and culture conditions
during the 2021-2024 period. The Shapiro-Wilk test was used to assess the normality of data distribution,
while homogeneity of variance was tested as a prerequisite for parametric analysis. For normally distributed
and homogenous data, one-way analysis of variance (ANOVA) was applied to assess interannual differences.
For non-parametric data, the Kruskal-Wallis test was used. Post hoc comparisons were conducted using
Tukey’s Honest Significant Difference (HSD) test to determine specific differences between years.

consciousness marked by a response when given stimulation, and the fish were already swimming
actively. When the fish is unconscious until the fish is conscious, record the time to enter the gouramy
consciousness.

RESULTS AND DISCUSSION
Results
Feed Management
Feed management in Litopenaeus vannamei culture at the Busmetik Pond, Marine and Fisheries
Polytechnic of Sorong, was adjusted according to shrimp growth phases. During the initial stage (days 1-11),
feed was administered three times daily. This frequency increased to four times daily during the intermediate
phase (days 12-60), and to five times daily in the final phase (days 61-90), at scheduled times: 07.00, 11.00,
15.00, 19.00, and 23.00 WIT. Feeding was performed manually by evenly distributing feed throughout the
pond to minimize competition, improve feed efficiency, and support uniform growth and overall shrimp health.
Feed consumption trends across years displayed consistent age-related increases. In 2021 and 2022,
consumption rose steadily, with notable surges between days 60 and 80, peaking on day 80—higher in 2021.
The year 2023 recorded the highest overall consumption, especially between days 30—60, followed by a gradual
decline. In contrast, 2024 showed similar early-stage trends but lower consumption increases after day 40 and
a sharper decrease post-day 70, suggesting reduced feed demand in late stages. The most rapid increases
occurred between days 20 and 60 across all years (Figure 1), likely influenced by variations in feeding strategy
and environmental conditions.

Table 1. The Concentration of infused

Concentration Mortality (%)

of infused Sample 24 48

(ppm) h h
1000 6 0 0
2500 6 0 0
5000 6 0 0
7500 6 100 100
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Figure 1. Daily Feed Comparison in L. vannamei Culture (2021-2024)

The Shapiro-Wilk normality test indicated that the daily feed amount data from 2021 to 2024 followed
a normal distribution, satisfying the assumptions required for parametric analysis. Homogeneity of variances
across groups was also confirmed. The one-way ANOVA results showed no significant differences in feed
quantity among the years (p = 0.591), and the post hoc Tukey HSD test further confirmed that interannual
variations in feeding were not statistically significant (p > 0.05).

Growth Pattern of L. vannamei

The growth trends of L. vannamei from 2021 to 2024 are illustrated in Figure 2. Panel A displays
carapace length progression between days 20 and 80. Overall, carapace length increased consistently with age,
showing relatively stable trends each year. The highest average length was recorded in 2024, while 2022
showed slightly lower growth, particularly during the early phase (days 20-50). A slowdown in growth
between days 70—80 suggests that shrimp approached their maximum carapace length. These differences imply
a gradual improvement in culture management over time.

Panel B of Figure 2 presents body weight development over the same age range. Significant weight
gains were observed after day 50, peaking at day 80. Higher average weights were recorded in 2021 and 2023,
especially during the later stages, compared to 2022. Although 2024 exhibited strong early-stage growth,
weight gain appeared to slow between days 70-80. The relatively lower performance in 2022 may be attributed
to suboptimal environmental conditions, feeding strategies, or nutritional quality.

Collectively, these findings demonstrate annual variability in growth performance, likely reflecting the
effectiveness of specific management interventions. Such insights are valuable for refining and optimizing L.
vannamei culture practices in intensive aquaculture systems.
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Figure 2. Average growth of Litopenaeus vannamei during the cultivation period. (A) Mean carapace length
growth from day 20 to day 80. (B) Mean body weight growth from day 20 to day 80

Analysis of Growth Performance (ABW and ADG)

The analysis of average body weight (ABW) and average daily growth (ADG) of L. vannamei during
the 2021-2024 period revealed interannual variations in culture performance, as shown in Table 2. The highest
ABW was recorded in 2023 at 18.98 g with a corresponding ADG of 0.237 g/day, while the lowest values were
observed in 2024 with an ABW of 15.69 g and ADG of 0.196 g/day. In contrast, 2021 and 2022 exhibited
relatively stable outcomes, with ABW around 18.7 g and ADG of 0.234 g/day. The decline in growth observed
in 2024 may be attributed to suboptimal environmental or technical factors affecting culture conditions.

Table 2. Average body weight (ABW) and calculated average daily growth (ADG) of Litopenaeus vannamei
during the cultivation period (2021-2024)

Years ABW (gram) ADG (gram/day)
2021 18.72 0.234
2022 18.75 0.234
2023 18.98 0.237
2024 15.69 0.196

The Shapiro-Wilk normality test confirmed that the data on shrimp body weight and length from 2021
to 2024 followed a normal distribution, satisfying the assumptions for parametric testing. The homogeneity of
variance test also indicated that the data met the assumption of homoscedasticity. One-way ANOVA revealed
no statistically significant differences in shrimp length across the years (p-value = 0.990; F =0.038). This result
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was further supported by Tukey’s HSD post hoc test, which showed no significant pairwise differences (p >
0.05), indicating that the mean length and body weight of L. vannamei remained consistent across production
cycles.
Water Quality Conditions

The intensive culture of L. vannamei is known to require specific water quality parameters to support
optimal growth and survival. Reported standards include pH levels between 7.134—7.32 salinity ranging from
22-34 ppt, temperature between 26—33°C, dissolved oxygen (DO) levels of 3—6.2 mg/L, nitrite concentrations
between 0-0.5 mg/L, nitrate concentration ranging from 0-0.12 mg/L, and phospat level between 0.1-0.375
mg/L (Table 3).

Table 3. Water quality parameters during the cultivation period

Years
2021 2022 2023 2024
Temperature °C ~ 26-32 28-32 28-33 27-33
Salinity (ppt) 22-32 24-34 23-35 23-34

Parameters

pH 7.134 7.268 7.32 7.249
DO (ppm) 4,375 4,875 4,125 4
nitrite (ppm) 0 0 0.5 0.5
nitrate (ppm) 0 0 0.5 1
Phospat (ppm) 0.1 0.256 0.375 0.119

Water Quality Dynamics and Its Implications on Shrimp Growth

Water temperature within the range of 26-33°C plays a critical role in regulating the metabolic
processes of aquatic organisms. This range supports optimal enzymatic activity, influencing shrimp growth,
movement, and reproduction. Temperatures below the optimal range may suppress metabolism, while those
above may accelerate metabolic rates but increase thermal stress, reduce dissolved oxygen (DO), and disrupt
ecological balance. Temperature data from 2021-2024 showed relatively stable trends, with slight increases
observed in 2023 and 2024. Although elevated temperatures may promote growth, levels exceeding 32°C may
adversely affect shrimp health, underscoring the importance of continuous temperature monitoring to maintain
ecological stability and optimize productivity.

Water transparency, measured using a Secchi disk, ranged between 45-65 cm at pond depths of 1.5
meters. Ideal turbidity for shrimp culture is between 30—40% of total water depth (approximately 45-60 cm),
facilitating photosynthesis for plankton growth, which provides both oxygen and natural feed. Excessive
turbidity or clarity may signal poor water quality due to suspended solids or insufficient plankton density.
Statistical analysis using the Kruskal-Wallis test indicated no significant difference in temperature between
years (H=2.518, df = 3, p = 0.472), suggesting relative thermal stability across production cycles.

Salinity ranged from 22-35 ppt, with minor interannual fluctuations. Although changes in salinity did
not significantly affect shrimp survival or body mass, they may influence disease resistance and growth
uniformity. Salinity trends peaked in 2023 but remained within acceptable ranges. The Kruskal-Wallis test
showed no significant difference in salinity across years (H=1.238, df =3, p = 0.744), reflecting stable osmotic
conditions.

The pH of pond water remained within the optimal range (7.1-7.3) across all years, conducive to shrimp
health and enzymatic function. However, ANOVA results indicated a significant difference in pH values across
years (p = 0.016), suggesting sensitivity to environmental variation. Along with pH, DO showed annual
variability, with the highest levels recorded in 2022 and a decline to 4.0 mg/L in 2024. Low DO concentrations
can cause physiological stress in shrimp. DO also exhibited a statistically significant difference between years
(p = 0.024), reflecting environmental impacts on oxygen availability.

Nitrite and nitrate levels remained within the safe range (0—1 ppm), indicating effective waste
management. However, phosphate levels showed fluctuating trends, with a peak in 2023 possibly due to
nutrient runoff, which poses a eutrophication risk. Statistical tests revealed no significant differences in nitrite
(p = 0.462) or phosphate (p = 0.238) levels, indicating relative consistency in these parameters.

In intensive shrimp aquaculture, external factors such as water quality (including pH, salinity,
temperature), nutrition, and stocking density directly influence growth rates. Suboptimal conditions may impair
growth or elevate disease risk. Therefore, integrated and intensive monitoring of both shrimp condition and
environmental parameters is essential. Effective aquaculture management encompassing water quality
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regulation, optimized feeding strategies, and disease prevention—is key to ensuring maximum growth potential
and sustainable production outcomes.

Pests, Diseases, and Survival Performance of Litopenaeus vannamei

During the cultivation period at the Busmetik shrimp pond of the Sorong Polytechnic of Marine and
Fisheries, several competitor pests were identified, such as sea hares and small fish. Among pathogenic threats,
Vibrio spp. were the most frequently encountered bacteria in the shrimp culture environment. These
opportunistic pathogens are known to cause significant mortality in Litopenaeus vannamei, particularly under
suboptimal environmental conditions. Therefore, implementing a comprehensive risk management approach
is essential to maintaining system stability and survival in shrimp farming. The observed increase in survival
rate (SR) from 2021 to 2024 reflects improvements in pond management practices, including enhanced water
quality control, optimized feeding strategies, and external hazard mitigation. These findings underscore the
significance of adopting technological innovations and integrated management strategies to maximize survival,
thereby contributing to the overall success and sustainability of shrimp production.

Harvest and Survival Rate (SR)

Survival rate (SR) is a key performance indicator in shrimp aquaculture, directly reflecting the
effectiveness of cultivation practices. The results of this study showed a consistent upward trend in SR over
the 2021-2024 period, with values of 78.05%, 84.2%, 89%, and 91.7%, respectively. This progression indicates
substantial improvements in production efficiency, environmental control, feeding practices, and disease
prevention protocols. The peak SR recorded in 2024 demonstrates the successful implementation of adaptive
and optimized cultivation techniques. Despite the observed increase in SR, Kruskal-Wallis analysis of FCR,
ADG, SR, and ABW from 2021 to 2024 yielded a non-significant result (p = 0.392), indicating no statistically
significant differences in performance among years. This suggests relative stability in the culture system,
though further multivariate analyses may be necessary to identify additional variables that could influence
shrimp growth and survival more specifically.

Discussion

Feed is the dominant component of production costs in intensive shrimp farming, accounting for
approximately 70% of total expenditure. The type and pellet size were adjusted to shrimp developmental stages
and mouth size to optimize consumption efficiency. The formulated feed contained 32% protein, 6% lipid,
3.5% fiber, 13% ash, and 11% moisture, which falls within the optimal nutritional range for L. vannamei in
intensive systems (Strebel et al., 2023). Prior to application, feed underwent fermentation to improve nutrient
absorption, enhance protein digestibility, and facilitate the breakdown of fiber, while also suppressing Vibrio
populations and promoting biofloc formation (Mathan Muthu et al., 2024). The addition of probiotic bacteria
such as Lactobacillus spp. has also been shown to enhance nutrient uptake and growth performance (Syadillah
etal., 2020; Wahyudi et al., 2022). Improper feed management can degrade water quality, negatively impacting
survival, growth, and biomass yield (Budiardi et al., 2004). Conversely, appropriate probiotic supplementation
has been reported to improve average daily growth (ADG), feed conversion ratio (FCR), and survival rate (SR)
(Li et al., 2024). Inadequate nutrition may also directly or indirectly trigger disease outbreaks, mass mortality,
and production losses (Rosyida, 2019). As reported, optimizing feed efficiency simplifies control, thereby
reducing operational costs in Litopenaeus vannamei farming (Putra et al., 2023).

Previous studies have reported that, under intensive systems, L. vannamei reached an ABW of 21.98 g
at day 105 (DOC 105), with ADG ranging from 0.14 to 0.35 g/day and survival rates (SR) averaging 88.41%
(Yunarty et al., 2022). High stocking density has been identified as a limiting factor that negatively affects
shrimp growth performance (Yuan et al., 2023), and can also reduce final harvest size and body weight (Tinh
et al., 2023). In the context of precision aquaculture and Industry 4.0, modeling growth performance has
become essential for estimating harvest size, waste output, and feed/nutrient requirements, thereby enhancing
data-driven decision-making in aquaculture production systems (Zarzar et al., 2023)

Previous findings suggest that the concentrations of nitrogenous waste compounds, particularly nitrite
(NO:") and ammonia (NHs), tend to increase with shrimp age due to the accumulation of organic matter during
the production cycle (Wulandari et al., 2015). The water quality parameters in this study, including pH,
temperature, salinity, dissolved oxygen (DO), and nitrogenous compounds, align with the optimal ranges
recommended for shrimp culture (Linayati et al., 2023).

The presence of organic waste and nutrient loading can affect microbial activity and influence the
abundance of opportunistic pathogens such as Vibrio spp. Studies have shown that Vibrio populations in shrimp
ponds tend to fluctuate dynamically in response to metabolic activity and environmental conditions. Over
extended culture periods, these bacteria may become more virulent and pose a greater risk of infection (Ariadi
& Mujtahidah, 2022). The abundance of Vibrio spp. tends to fluctuate dynamically, following the metabolic
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activity of the bacterial population and surrounding environmental factors, which may increase infection rates
over extended cultivation periods (Syah et al., 2017). Common viral diseases affecting L. vannamei and
Penaeus monodon include White Spot Syndrome Virus (WSSV) and Infectious Hypodermal and
Hematopoietic Necrosis Virus (IHHNV) (Supriatna et al., 2014). However, no disease outbreaks were observed
during the grow-out phase in this study, suggesting that health management strategies were effective. Despite
L. vannamei's inherent resilience to disease, unfavorable environmental conditions can still lead to significant
mortality. In shrimp aquaculture, health challenges arise from both infectious and non-infectious causes,
highlighting the importance of integrated disease management. Disease control is a critical component of
intensive aquaculture systems. Pathogens, including bacteria, viruses, and parasites, can drastically reduce
shrimp survival rates if not properly managed. Previous studies have demonstrated that shrimp health can be
improved through vaccination programs and the administration of probiotics, which enhance immune
responses and support better survival outcomes (Azhdari et al., 2023; Gadhiya et al., 2025). Additionally, the
use of plant-based extracts, such as those derived from medicinal leaves, has been shown to improve disease
resistance in shrimp (Manguntungi et al., 2016).

Survival in shrimp culture is influenced by a complex interplay of environmental factors, including
water quality, stocking density, and overall shrimp health. Proper water quality management is key to
improving the survival rate (SR) (Ariadi et al., 2019). In addition, optimal nutrition plays a critical role, as feed
that meets the metabolic requirements of shrimp supports healthy growth and enhances disease resistance
(Tacon et al., 2022). For instance, a study conducted at PT Indokor revealed that effective water quality
management in intensive systems significantly enhanced shrimp growth rates, water parameters, and SR in L.
vannamei cultivation (Fuady et al., 2013).

Conclusion

The growth pattern of Litopenaeus vannamei under intensive aquaculture systems demonstrated stable
performance and adaptive responses to environmental and feeding management. These findings affirm that
integrated culture management significantly contributes to production efficiency and overall success. To
enhance sustainable aquaculture practices, the development of real-time water quality monitoring technologies
and growth-phase-based feeding optimization is highly recommended.
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