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Vannamei shrimp (Litopenaeus vannamei) holds significant economic importance in Shrimponesia as a prominent 
shrimp commodity. The post-larval stage often encounters challenges, primarily due to the shrimp's limited ability 
to adapt and survive in a new environment. Stocking density is a crucial factor influencing the growth and 
production performance of vannamei shrimp culture. This study aims to assess the optimal stocking density for 
achieving optimal growth and survival in L. vannamei. A 40-day maintenance trial was conducted at UD Mina 
Rahayu Kalianda to investigate the impact of different stocking densities on water quality in the maintenance 
media. The study utilized containers with varying stocking densities: treatment A (1 shrimp/L), treatment B (1.5 
shrimp/L), and treatment C (2 shrimp/L), each with three replications. The findings revealed survival rates (SR) 
of 83.33% for treatment A, 62.78% for treatment B, and 58.33% for treatment C. Mean Body Weight (MBW) 
values were recorded as 1.2592 g/shrimp for treatment A, 1.1216 g/shrimp for treatment B, and 0.7728 g/shrimp 
for treatment C. Average Daily Growth (ADG) results showed 0.0313 g/shrimp for treatment A, 0.0279 
g/shrimp for treatment B, and 0.0192 g/shrimp for treatment C. Based on the study, the recommended stocking 
density for white vannamei shrimp is 40 shrimp/L, demonstrating improved growth and survival rates for this 
species.  

 

 
Introduction 

Litopenaeus vannamei, commonly known as 
vannamei shrimp, stands out among shrimp species 
due to its significant  economic value, earning the 
status of a national superior  species (Danya and 
Naik, 2014). The aquaculture production of 
vannamei shrimp exhibited a positive trend from 
2016 to 2018, with figures reaching 40,381 tons in 
2016, 457,793 tons in 2017, and 498,174 tons in 2018 
(KKP, 2019). In comparison with tiger prawns, 
vannamei shrimp offers several advantages, such as 
adaptability to a wide salinity range (0.5-45 ppt), the 
ability to thrive at high density exceeding 150 
shrimp/m2, increased resistance to suboptimal 
environmental conditions, and shorter maintenance 
cycle of approximately 90-100 days per cycle (Hudi et 

al., 2005). Classified within the Penaeid genus of the 
Crustacean class, vannamei demonstrates 
execeptional productivity with white shrimp 
production reaching 13,600 kg/ha (Boyd and Clay, 
2002). Research by Samocha et al. (2013b), utilizing a 
super intensive-raceway system, reported white 
shrimp production at 9.2 kg/m3 (92,000 kg/ha), 
while Salas and Rendon (2013) documented white 
shrimp production reaching 4.5 kg/m3 (45,000 
kg/ha) under a hyper-intensive system within a 
controlled environment.  

The cultivation of Vannamei shrimp is driven by 
the growing market demand. Various approaches are 
employed for the maintenance of Vannamei shrimp 
larvae, and one notable method is the application 
intensive system cultivation technology. This 
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technique involves utilizing high stocking density 
treatment and optimal feeding practices. Vannamei 
shrimp exhibits robust growt under high stocking 
densities, ranging 60 to 150 shrimp/m2 (Briggs et al., 
2004), with a growth rate of 1-1.5 g/week. According 
to Wyban and Sweeney (1991), a stocking density of 
100 shrimp/m2 remains suitable for white shrimp 
growth. Cultivation of Vannamei shrimp at high 
stocking densities has been implemented through 
various systems, including a raceway system (271 m2) 
with stocking densities of 300-810 shrimp/m2 
(Venero et al., 2009); 658-1602 shrimp/m3 
(Lawrence, 2010); a raceway system (40 m3) with 
stocking densities of 530 shrimp/m3 (Samocha et al., 
2010); a raceway system (40-100 m3) with stocking 
densities of 390-500 shrimp/m3 (Samocha et al., 
2012); and a biofloc raceway system of 100 m3 with a 
stocking density of 500 shrimp/m3 (Samocha et al., 
2013a). The cultivation of Vannamei shrimp under 
high stocking density has been conducted in smaller 
containers (<100 m3) utilizing an indoor system. 
Since 2011, Indonesia has pioneered the 
development of super-intensive Vannamei shrimp 
culture in 1,000 m2 ponds with a stocking density 
ranging 312 to 1,000 shrimps/m2 (Atjo, 2013). The 
intensive cultivation system represents a shrimp 
cultivation technology characterized by a higher seed 
stocking rate than the semi-intensive system, 
incorporating natural and artificial feed alongside 
other production inputs (Nugroho et al., 2016). 

The implementation of high stocking 
densities in super-intensive cultivation systems is 
geared towards enhancing production, as indicated 
by the varying number of larvae stocked, namely 
1000, 1500 and 2000 shrimp/m3. However, a critical 
threshold exists where the carrying capacity of the 
pond can no longer sustain the well-being of the 
shrimp. The stocking density of Vannamei shrimp 
plays a pivotal role in determining the applied shrimp 
cultivation management system (Tahe & Makmur, 
2016). Consequently, it becomes imperative to 
ascertain the optimal stocking density to minimize 
production costs and enhance profits, ensuring the 
creation of sustainable and highly competitive 
products. Excessive stocking density can cause lead 
to heightened competition among for space, feed and 
oxygen, resulting  in uneven growth (Rakhfid et al., 
2017; Akbar and Fazli, 2023). Mangampa et al. (2014) 
recommend stocking densities for extensive 
cultivation techniques of white vannamei shrimp to 
be <5 shrimp/m2 and for extensive-plus stocking 
densities to range from 6 to 8 shrimp/m2. Vannamei 
shrimp exhibits favorable growth even at stocking 
densities exceeding 100 shrimp/m2, a notable 

contrast  to tiger shrimp, which has a maximum 
stocking density of 40 shrimp/m2 (Supono et al., 
2014). In line with this,  Nababan et al. (2015) 
emphasize that shrimp in ponds commonly adopt 
intensive and supra-intensive technologies, enabling 
them to achieve high stocking densities ranging from 
100 to 400 shrimp/m2.  

The elevated stocking density contributes to an 
increase in organic matter content, including 
ammonia derived from feed residues and shrimp. 
The accumulation of excess feed leads to an elevation 
in ammonia levels, posing toxicity risks to shrimp. 
Consequently, it is imperative to conduct a study 
addressing the optimal stocking density in shrimp 
cultivation, particularly during the post larval stages 
ranging from post-larva 10 to  post larva 50. The aim 
of this study was to assess the suitable stocking 
density that promotes optimal growth and survival in 
L. vannamei.  
 
Materials and Methods 
Research Location  

This study was conducted at UD Mina Rahayu, 
Merak Belantung District, Haringin Village, South 
Lampung, Lampung, Indonesia.  

  
Materials and Tools 
The utilized various equipment including tanks 
containers, concrete tubs, dippers, hoses, buckets, 
basins, blowers, and aeration stones. Additionally, it 
involved the use of leads, brushes, mugs, digital 
scales, feed sieves, tarpaulins, water pumps, filter 
bags, foam, cotton, and plastic packing. The 
equipment list also comprised oxygen hoses and 
oxygen tube,s thermometers, DO meters, pH meters, 
and NH3/NH4 test kits. The materials used included 
post-larva, artificial feed, virqon, and EDTA.  

 
Preparation of Tub and Maintenance of Larval 
Media  

The initial step involves cleaning the tub by 
scrubbing its walls and bottom uniformly using a 
sponge, along with the application of a disinfectant 
solution dissolved in water. Subsequently, the tub is 
left to dry in sunlight for a period of 3-4 days. This 
same procedure is replicated for the containers used 
as maintenance media. Once the tub is thoroughly 
dried, the containers are placed and arranged within 
the tub. 

The subsequent procedure involves the 
installation of aeration. Prior to usage, both the 
aeration stone and hose are immersed in a chlorine 
solution for a duration of 3-4 days. Following this, 
the aeration system is set up, with each container 
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being equipped with two aeration hoses. The 
subsequent step involves water filling. Reservoir 
water, which has undergone physical filtration and 
has been treated with 20 g/m3  of Virkon brand 
disinfectant, along with 100-150 g of Ethlene 
Diamine Tetra Acid (EDTA), is utilized. The water is 
then subjected to additional filtration through cotton, 
foam, and abalone. This process serves the purpose 
of filtering carrier organisms that may harbor viruses, 
act as competitors and sterilizing the incoming water. 
Each container is subsequently filled with 40 liters of 
sea water. 
 
Naupli Acclimatization and Stocking 

Temperature acclimatization was carried out by 
submerging the naupli bag containing seawater under 
circulating conditions for approximately 30 minutes. 
Once the water temperature inside the naupli bag 
equaled the water temperature in the acclimatization 
tank, the naupli was delicately transferred from the 
plastic bag to a container for subsequent salinity 
acclimatization. The acclimatization process in the 
container lasted approximately 20 minutes without 
water circulation, accompanied by aeration. A total of 
540 post larvae were utilized for stocking, referencing 
previous researc (Supono, 2006). 
 
Maintenance 

To maintain water quality, siphoning is carried out 
to eliminate debris and residual feed settled at the 
bottom of the aquarium. This procedure is 
undertaken when the water conditions deteriorate, 
using 0,5-inch diameter siphon hose. 
 
Feed Management 

The maintenance was carried out for 40 days, 
involving the administration of Prima Feed brand 
shrimp feed in granule form, containing 39% protein 
with a size ranging from 0.5 to 0.7 mm. Blind feeding 
was adopted, with feeding occurring four times daily 
at specific intervals: 07.00 WIB, 11.00 WIB, 15.00 
WIB, 19.00 WIB 

The initial step was to weigh the feed following 
the predetermined blind feeding guidelines. 
Adjustments were made based on considerations 
such as the larvae's number/density, appetite, tub 
water conditions, and larvae status. Subsequently, the 
feed underwent filtration using a 100-mesh feed filter 
with fresh water until fully dissolved (feeding with 
fresh water). Finally, the feed was evenly distributed 
across each larval rearing container at multiple 
points. 
 
 

 
Research parameters 

The parameters observed in the vannamei 
shrimp larvae rearing activities were as follows: 
a. Mean Body Weight (MBW) 

Mean body weight (MBW) represents the average 
weight of the shrimp based on the sampling results. 
MBW calculations are performed to assess shrimp 
growth over specific time intervals. In this final 
project, MBW is calculated every 14 days during the 
maintenance period. The calculation of MBW can be 
done using formula provided by Hermawan (2012). 

 

MBW =  
Total sample weight 

 number of sample
 

 
b. Average Daily Growth (ADG) 

Average Daily Growth (ADG) signifies the 
average daily weight gain of shrimp over a specific 
time frame, enabling determination of the shrimp’s 
growth rate. ADG can be calculated using the 
formula provided by  (Haliman and Adijaya, 2005). 

 

𝐴𝐷𝐺 =  
𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝐴𝐵𝑊 − 𝑝𝑟𝑒𝑣𝑖𝑜𝑢𝑠 𝐴𝐵𝑊 

 𝑚𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝑝𝑒𝑟𝑖𝑜𝑑
 

 
All acquired data underwent analysis using the SPSS 
program to derive average values and standard 
deviations. Subsequently, the data was presented in 
the form of tables and figures. 
 
c. Survival Rate (SR) 

The measurement of survival rate can be 
accomplished using the formula provided by 
Haliman and Adiwijaya (2005). The formula for 
calculating survival rate (SR) is as follows: 
 

𝑆𝑅 =  
𝑁𝑡

𝑁𝑜
 𝑥 100 

Description: 
SR = Survival Rate (%) 
Nt = Number of shrimps at harvest 
No = Number of initial stockings of shrimp 
 
Experimental design 

This research employed a completely randomized 
design consisting of three treatments, each with three 
replications. The treatments were as follows:  

• Treatment A : Stocking density of 1 shrimp/L  

• Treatment B : Stocking density of 1.5 shrimp/L  

• Treatment C : Stocking density of 2 shrimp/L 
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Results 
Mean Body Weight (MBW)  

Observations on the average weight of shrimp 
were conducted at 10-day intervals over a 40-day 
maintenance period. The outcomes of these 
observations regarding the growth of the average 
weight of shrimp are illustrated in Figure 1. 
                                 

 
Figure 1. Mean Body Weight (MBW) of vannamei 

shrimp reared for 40 days  
 

The initial average weight of white vannamei 
shrimp, stocked at a density of 1 shrimp per liter, was 
0.0054 g. By the 40th day of rearing, the weight had 
increased to 1.2592 g. Notably, the weight growth of 
white vannamei shrimp at this stocking density did 
not exhibit a decrease throughout 40-day period, 
resulting in absolute weight growth of 1.2538 g. 
Similarly, at a stocking density of 1.5 shrimp per liter, 
the average initial weight was 0.0054 g. On the 40th 
day, the growth led to an average weight of 1.1216 g. 
Furthermore, for a stocking density of 2 shrimp per 
liter, the initial weight was 0.0054 g, which increased 
to 0.7728 g by the 40th day. The absolute weight 
growth during this period of maintenance was 0.7674 
g. 
 
Average Daily Growth (ADG)  

Observation of the daily average growth rate of 
white vannamei shrimp was carried out at intervals of 
10 days. The outcomes of these observations are 
depicted in Figure 2. 

The Average Daily Growth (ADG) in this study 
yielded distinct outcomes among treatments A, B, 
and C. Treatment A exhibited the highest growth 
rate, with an ADG value of 0.0313 g/shrimp, 
surpassing the growth rates observed in the other 
treatments. Notably, during the period from Day of 
Culture (DOC) 0 to DOC 10, there was a variation 
in the growth rate among the three treatments, with 

treatment C demonstrating the highest growth rate at 
0.0057 g/shrimp. 

 

 
Figure 2. Average Daily Growth (ADG) of 

vannamei shrimp reared for 40 days  
 
Survival Rate (SR) 
Survival rate (SR) is defined as the percentage ratio 
between the number of organisms that survice at the 
end of the maintenance period and the number of 
organisms that were alive at the beginning of the 
rearing period (Cholik et al., 2005). The survival rate 
of vannamei shrimp over the 40-day rearing period is 
illustrated in Figure 3. 

 
Figure 3. Survival Rate (SR) during maintenance 

According to the provided illustration, it is evident 
that Treatment A exhibits the highest survival rate at 
83.33%, whereas the lowest survival rate is observed 
in Treatment B at 58.33%. 

 
Water Quality 

The findings of observations pertaining to water 
quality parameters are presented in Table 1. 
According to the observational findings, it is evident 
that the water quality parameters, particularly 
temperature, fluctuated in treatments B and C, 
surpassing the optimal range for elevated 
temperatures. Additionally, the pH values in 
treatments B and C were below the optimal range. 
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Conversely, the salinity parameters for all three 
treatments remained within the optimal value range. 
However, the ammonia parameters in treatments B 
and C exceeded the optimal values. 

 
Table 1. Water Quality Parameters 
Parameters A B C Optimum 

values 

Temperature 

(oC) 

28 27 - 29 27 - 29 26 – 28  

(Supono, 2017) 

pH 7.7 - 8.3 6.8 - 6.9 6.8 - 8.5 7.5 – 8.5 

(SNI7311:2009) 

DO (mg/l) 5.0 - 5.7 5.5 - 6.2 5.2 – 62 >4 

(Supono, 2017) 

Salinity (ppt) 25 25 25 10-30 

(Suprapto, 2005) 

Amonia 
(mg/L) 

0 - 0.1 0.25 - 1.5 0.25 - 3.0 <0,1  

(SNI8037.1:2014) 

 
Discussion 

The results of the average final weight of 
vannamei shrimp indicate that the stocking density of 
1 shrimp/L exhibits superior weight growth 
compared to the stocking densities of 1.5 shrimp/L 
and 2 shrimp/L. This implies that the stocking 
density of 1 shrimp/L demonstrates better growth. 
This finding aligns with the assertion by Li et al. 
(2020), which suggests that vannamei shrimp can 
achieve robust growth with a rate of 1-1.5 g/week. 
The lower stocking density results in reduced 
competition for feed, a more expansive space for 
prawns to move, and improved environmental 
conditions due to fewer accumulated by-product at 
the bottom of the rearing media. Consequently, 
shrimp in rearing media with a stocking density of 1 
shrimp/L exhibit superior growth and development 
compared to those in stocking densities of 1.5 
shrimp/L and 2 shrimp/L. This observation concurs 
with Li et al. (2020), statement that the stocking 
density influences competition for space, dietary 
requirements, and environmental conditions.   

The Average Daily Growth (ADG) in this study 
exhibited different results among treatments A, B 
and C. Treatment A recorded the highest growth 
rate, with an ADG value of 0.0313 g/shrimp, 
surpassing the other treatments. From Day of 
Culture (DOC) 0 to DOC 10, there was a divergent 
growth rate increase among the three treatments, 
with treatment C achieving the highest rate at 0.0057 
g/shrimp. It is hypothesized that shrimp adaptation 
varies based on their immune condition. A 
compromised immune state can lead to a reduced 
appetite, as observed in treatments A and B, whereas 
treatment C demonstrated better adaptability after 10 

days of maintenance. However, during the 
maintenance period from DOC 10 to DOC 40, the 
Mean Body Weight of white vannamei shrimp in 
treatment A, with a stocking density of 1 shrimp/L, 
exhibited a higher daily growth of 0.0313 g/shrimp. 
This is attributed to the low stocking density in 
treatment A, eliminating food competition and 
enabling cultured organisms to efficiently utilize the 
energy obtained from the provided feed for growth. 

The average daily growth of shrimp has not met 
the target, as evident from the ADG target (BSN, 
2006), which is set at 0.2 g/shrimp per day. This 
suboptimal daily growth rate may be attributed to 
water quality within the aquaculture system,  having 
undergone various phases, including sedimentation, 
oxygenation, and biological processes. Through 
these phases, the incoming water quality is 
consistently maintained to optimize absorption by 
cultivated organisms. Growth is influenced by several 
factors, categorized as internal and external. Internal 
factors, such as genetics and physiology, including 
health levels, impact growth. External factors 
encompass feed, stocking density and water quality 
(Watanabe, 1988). 

Based on the provided data, it is evident that the 
treatment A exhibits the highest survival rate at 
83.33%, while the lowest is recorded at 58.33%. The 
enhanced survival rate in treatment A, compared to 
other treatments, is likely attributed both the lower 
density and the broader range of movement, 
minimizing competition for space and optimizing 
food accessibility. Consequently, nutrients from the 
feed can be efficiently absorbed, supporting growth 
and maintaining biomass. This aligns with the Juarez 
et al. (2014) assertion that stocking density influences 
competition for space, food requirements, and 
environmental conditions. High stocking density 
fosters competition among shrimp for space, leading 
to increased energy expenditure on adapting to 
environmental conditions, with only a small portion 
allocated to growth. This concurs with the findings 
of Ding et al. (2018); Li et al. (2020), indicating that 
shrimp growth is indeed influenced by shrimp 
density.   

High stocking densities create conditions 
conducive to shrimp interactions, fostering 
cannibalism and intense competition for food 
resources.  This aligns with Ding et al. (2018) 
assertion that elevated stocking densities lead to 
decreased shrimp survival rates, intensifying 
competition for food, space, habitat, and oxygen. 
Shrimp, exhibiting cannibalistic tendencies, prey on  
conspecifics (Gao et al., 2019), particularly under 
conditions of stress induced  by high ammonia levels 
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and moulting. The weakened state of molting shrimp 
emits an aroma triggering cannibalistic behavior, 
often observed in the remains of deceased shrimp in 
specific areas.   

Cahyono (2009) highlights that factors influencing 
survival rates in aquaculture encompass both abiotic 
and biotic components. Abiotic factors, such as 
water quality, play a crucial role, with optimal 
conditions supporting physiological processes and 
overall biota growth and survival. Deviations from 
optimal conditions can disrupt ecological stability in 
the cultivation site (Wafi et al., 2021). 

Observations reveal fluctuating temperature 
values in water quality parameters, notably in 
treatments B and C, surpassing the optimum range 
for the highest temperature. pH values in these 
treatments also fall below the optimum range, with 
Makmur et al. (2018) recommending a suitable pH 
range of 7.4-8.9 for intensive vaname shrimp 
cultivation. Elevated daily pH fluctuations, beyond 
0.5, can induce stress in shrimp, potentially impacting 
their well-being (Yunarty et al., 2022). Additionally, 
ammonia levels in treatments B and C exceed optimal 
values, indicating suboptimal water quality.  

The link between high stocking densities, 
cannibalism, and heightened competition for 
resources is reinforced by Muzaki (2004), 
emphasizing the negative impact of increased 
stocking density on shrimp survival rates and 
competition for food, space, habitat, and oxygen. 
The cannibalistic behavior of shrimp, particularly 
directed at conspecifics of the same sex (Hidayat et 
al., 2013), is exacerbated under stress induced by high 
ammonia content and moulting. Cannibalism is often 
observed in decreased shrimp, especially in specific 
body parts.   

The observed variations in growth are attributed 
to intensified competition for food and limited space 
for movement at higher stocking densities. As 
stocking density increases, so does the competition 
for essential resources. Purba (2012) emphasizes that 
factors influencing organismal growth include 
heredity, sex, age, water quality, feed, density, 
parasites and disease. 
 
Conclusion 

The optimal stocking density for vannamei 
shrimp was determined to be 1 shrimp/L, resulting 
in a mean body weight (MBW) of 1.2592 grams, an 
average daily growth of 0.0313 g, and a survival rate 
of 83.33%.  
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