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ARTICLE INFO 
 ABSTRACT  

  Shrimp culture has become a part and parcel for continuing sustainable livelihood of the farmers in 
the coastal villages of Bangladesh. This study aimed to optimize stocking density for a disease-free 
and profitable Indian white shrimp (Penaeus indicus) farming. The experiment was conducted under 
three treatments each with three replications. Stocking density of 10 individuals m-2 was considered 
as treatment one (T1), 20 individuals m-2 as treatment two (T2) and 30 individuals m-2 as treatment 
three (T3) for farming Indian white shrimp. Generally, all the water quality parameters of the 
experimental ponds except the salinity were found within the optimum condition for Indian white 
shrimp culture. In modified extensive shrimp farming (MESF) system, T2 showed higher survival rate 
than any other treatments at a low salinity level. Besides, total production values were revealed very 
tiny gap between T2 and T3. Though the highest value of production was found in T3 but survival 
rate was lower than T2. Moreover, values of shrimp’s average body weight (ABW), daily weight gain 
(DWG), and specific growth rate (SGR) were the highest in T2. During 90 days of culture, the growth 
of the Indian shrimp was negative allometric (2.86), which value was about to the value (3.00) of 
isomerism. This study recommends MESF culture system for growing Indian white shrimp for a 
greater output in brackishwater farms. This investigation also suggests some future research by 
considering MESF system for other important indigenous shrimp species. 
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Introduction 

Mariculture has enormous potential to meet the world's 
growing food and livelihood demands in a sustainable 
manner (Wu et al., 2021). Mariculture is the cultivation 
of aquatic organisms in brackish or saline water, and has 
grown in popularity across the world, particularly in 
tropical nations (Troell, 2009). In Bangladesh, Shrimp 
farming is extremely widespread in brackishwater ponds 
of various aquaculture farms (Hasan et al., 2020). The 
socio-economic status of coastal communities is 
generally influenced by shrimp farming and business in 
this delta (Ray et al., 2021). 
 
Shrimps, Penaeus monodon (Black tiger shrimp), P. 
indicus (Indian white shrimp), Metapenaeus brevicornis 
(Yellow shrimp), Macrobrachium scabriculum (Goda 
River prawn), M. monoceros (Speckled shrimp), 
Exopalaemon styliferus (Roshna prawn), and P. 
semisulcatus (Green tiger prawn) are abundant in water 
having wide salinity range in the south-western 
Bangladesh (Mamun, 2020). In Bangladesh, the P. indicus 

has been recognized as one of the potential shrimp 
species for mariculture (Aftab Uddin et al., 2021). 
Moreover, this species can live in a broad range of 
salinities in captivity (Antony et al., 2019). Because of its 
great osmoregulatory capacity and ability to thrive in 
brackishwater ponds with considerable salinity 
fluctuations, the P. indicus is a highly desirable shrimp 
species for cultivation in many countries (Muthu et al., 
1986; Parado-estepa et al., 1987; Abdel‐Tawwab et al., 
2021). 
  
Since 2012, Bangladeshi shrimp producers have been 
utilizing better management methods. To enhance the 
production of shrimp farms, an intense culture method 
is gaining favour, and the average output has grown to 
3.7 ± 1.7 metric tons per hectare (Rahman et al., 2019). 
Nevertheless, disease outbreak is a barrier for shrimp 
production all around the world, including Bangladesh. 
Naturally, disease outbreak is caused by pathogen 
invasion or unlawful aquaculture operations. Viruses and 
bacteria, among the etiologic agents, had wreaked havoc 
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on the Bangladeshi shrimp industry (Aftab Uddin et al., 
2017). 
 
To improve the yield per unit area, farmers seek to raise 
the density of cultivated animals in ponds. This 
intensification may degrade water quality, resulting in 
environmental stress, which may reduce immune 
response and introduce opportunistic infections, 
lowering aquatic animal survival rates (Fazelan et al., 
2020; Rajabiesterabadi et al., 2020; Adineh et al., 2021; 
Yousefi et al., 2021). These unfavourable circumstances 
may also result in disease outbreaks, resulting in 
widespread death of farmed shrimp (Bondad-Reantaso 
et al., 2012; Tinh et al., 2021).  
 
In Bangladesh, disease outbreak is a nightmare for a 
shrimp farm owner since mass mortality of shrimp may 
lead a small farmer bankrupt within a short period of 
time. There are a few studies on the disease and 
nutrition of Indian white shrimp, but studies on stocking 
optimization of this species in establishing a profitable 
culture system in this delta are almost non-existent. 
Therefore, the situation compelled to conduct a study to 
understand the growth and production performance of 
P. indicus in different stocking densities. By considering 
the above facts, this study was designed to examine 
optimal stocking density to identify high growth and 
production of Indian white shrimp. 
 

Materials and Methods 

Animal ethics 
The authors were aware of animal ethics clearance from 
the concerned authorities. Therefore, this research was 
conducted by considering the guidelines of the ‘Animal 
Welfare Act 2019’ approved by the National Parliament 
of Bangladesh. Overall, protocols and findings of this 
research were approved by Bangladesh Fisheries 
Research Institute (BFRI) for publication in a journal. 
 

Study area and animals 
The present study was carried out with in nine earthen 
ponds (0.1 ha each) of different farms to optimize the 
stocking density of Indian white shrimp. Three marginal 
farmers were selected by conducting a formal meeting 
of shrimp farmers who were engaged in extensive 
shrimp farming activities with their family members and 
relatives for the last couple of decades as a prime family 
business. Selected farmers were requested to select and 
prepare experimental ponds for modified extensive 
shrimp farming in their own farms.  These ponds are very 
close to a river and therefore have a facility to exchange 
water during tidal events. The farms used in the 
experiment are quite adjacent to the Sundarbans 
mangrove forest territory (22°36'15.06''N, 
89°18'02.09''E). Generally, water salinity level remains 
very low at the transitional phase between autumn and 
winter seasons, late autumn. Considering the facts, a 
culture period (September-December) was chosen to 
continue entire trials for getting absolute findings 
according to the study objectives. 
 
Experimental design 
The study was designed with three different treatments 
and each of the treatment was replicated three times for 
standardizing stocking density of P. indicus. Stocking 
density of 10 individuals m-2 was considered as 
treatment one (T1), 20 individuals m-2 as treatment two 
(T2) and 30 individuals m-2 as treatment three (T3) for 
farming Indian white shrimp. During stocking period, the 
average initial lengths of P. indicus were 0.73 ± 0.05, 0.72 
± 0.05 and 0.72 ± 0.05 cm in T1, T2 and T3, respectively 
(Fig. 1). At the same time, the calculated mean initial 
weight of P. indicus was 0.003 ± 0.001 g in all treatments. 
All experimental earthen ponds were selected adjacent 
to a canal for pumping and discharging water. 
Discharged water were kept confined in the cannel by 
giving temporary sticky earthen barricade for a chemical 
treatment to avoid cross contamination. 

 

                
 

Figure 1. Lay-out of the experimental design in ponds 
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Pond preparation and Feeding 
Overall, optimum procedures were followed to prepare 
earthen ponds in accordance with a standard method 
(Lalramchhani et al., 2019). To begin with, the ponds 
were started to prepare with the step of complete drying 
the pond basin. While cracked bottom appeared, the 
ponds were filled with brackishwater from the adjacent 
canal. The ponds were disinfected with bleaching 
powder at the rate of 400 kg ha-1 after five days of water 
supply. Thereafter, lime (CaCO3) was applied to all ponds 
at the rate of 200 kg ha−1 just after seven days of applying 
bleaching powder. Moreover, liming and fertilization 
were provided throughout the culture period with an 
interval of 7-15 days. A squire shaped in-pond nursery 
was installed in one corner of each pond made up of 
bamboo and nylon net. After growing sufficient plankton 
within four days of fertilization, the shrimp post larvae 
(PL) were collected, acclimated and stocked in the 
nursery of each experimental pond according to the 
study objectives. The juveniles were released into the 
whole pond by opening one side of the nursery pen after 
two weeks of rearing of the postlarvae. A commercial 
shrimp feed, produced by Quality Feeds Ltd., was given 
to the shrimp during the culture period. First 15 days of 
shrimp farming was carried out with the prenursery feed 
having 36% protein content and feeding was continued 
at the rate of 100% of the body weight until their weight 
become 0.2 gm. Similarly, 36% protein-based nursery 
feed was supplied (10% of body weight) for next 30 days 
for gaining their body weight to 3 gm. Low-protein (32%) 
based feeding (Starter feed) was applied with the rate of 
7-4.5% of the body weight to grow them 9 gm shrimp 
between 45th and 75th days of culture. Thereafter, grow 
out feed (32% protein) was given as 4-3% of the body 
weight to make 10-20 gm individual in last 15 days of 
farming.  
 
Monitoring and sampling 
Pond water colour and quality were observed and tested 
within specific days of interval by taking samples and 
keeping records. Sampling for testing water quality 
parameters viz salinity, dissolved oxygen, pH, depth, 
temperature and alkalinity were done in every seven 
days interval during the culture period. Parameters were 
monitored regularly in the early morning at 8:00 am by 
following the methods of AOAC (1990) and APHA (1992).  
 
Growth assessment 
Shrimp was sampled every 15 days by using cast net and 
continued until the last day of culture period. The weight 
of shrimp from each replication was measured using a 
digital balance (Citizen, Model: CG 1202L) at a precision 
of 0.01 g and the length was estimated using ruler scale 
at a precision of 0.01 cm as the distance between the tip 
of the rostrum and the tip of the telson. The growth 
performance parameters were evaluated in terms of 

average body weight (ABW), daily weight gain (DWG), 
specific growth rate (SGR), total productivity (kg ha-1) and 
survival rate (SR). Among the parameters, DWG, SGR and 
SR were calculated by using the following formulae (1), 
(2) and (3): 

Daily weight gain, DWG (g day‐1) = 
mean final weight ‐ mean initial weight

days of culture
                         (1) 

Specific growth rate, SGR (% day‐1) = 
In (final weight) ‐ In (initial weight)

days of culture
 × 100                     (2) 

Survival rate, SR (%) = 
number of shrimp harvested

number of shrimp stocked
 × 100                                (3) 

Statistical analysis 
After ninety days of culture period, all shrimps were 
harvested and the collected data were primarily 
analyzed and tabulated by MS Excel to generate the 
research findings. Comparison of growth performance 
and production between different treatments were 
tested by one-way ANOVA and DMRT (Duncan, 1955). 
Both computer programs Microsoft Office Professional 
Plus 19 and SPSS (Statistical Product and Service 
Solutions) ver. 20 were used to perform all statistical 
analysis. 
 
Results 

Hydrological dynamics 
The recorded hydrological parameters viz., salinity, 
dissolved oxygen, pH, depth, temperature and alkalinity 
of water throughout the culture period are presented in 
Fig. 2. The salinity level of different experimental ponds 
varied between 1.0-4.0 ppt with a mean ± SD values of 
1.90 ± 0.64, 2.08 ± 0.67 and 1.98 ± 0.66 in T1, T2 and T3, 
respectively. Salinity level was maximum in 2nd week and 
then it sharply declined in 4th week. The lowest value of 
salinity was recorded in 8th week of the culture period for 
all the treatments. The DO level of the experimental 
ponds varied between 5.30-7.87 ppm with a mean ± SD 
values of 7.02 ± 0.42, 7.28 ± 0.32 and 7.20 ± 0.35 in T1, 
T2 and T3; respectively. The pH range of the 
experimental ponds were within 7.47-8.65 with a mean 
± SD values of 7.98 ± 0.22, 8.08 ± 0.20 and 8.06 ± 0.24 in 
T1, T2 and T3, respectively. The depth level of the 
experimental ponds varied from 115-126 cm with a 
mean ± SD values of 120.64 ± 1.58, 121.47 ± 1.49 and 
120.36 ± 1.63 in T1, T2 and T3, respectively.  
 
Temperature is also one of the crucial physical regulators 
that affects the growth, energy flow and biological 
effects of shrimp. Variation of temperature was found 
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among the experimental ponds due to seasonal changes. 
The temperature of the experimental ponds fluctuated 

between 24-35C with a mean ± SD values of 29.82 ± 
3.68, 29.85 ± 3.32 and 29.68 ± 3.57 in T1, T2 and T3, 
respectively. Maximum temperature was recorded in 3rd 
week and least temperature was observed in 8th week of 
culture period. The recorded alkalinity of the study 

ponds was within 96-180 mg l-1 with a mean ± SD values 
of 134.17 ± 23.57, 131.11 ± 27.74 and 135.75 ± 27.11 in 
T1, T2 and T3, respectively. Highest value of alkalinity 
observed in 5th, 6th and 7th week and then there was a 
sharp decrease in 8th week. The lowest alkalinity value 
was recorded in last two weeks of the experimental 
period. 

 

 
Figure 2. Water quality of different treatments during the culture period of P. indicus 

 
Growth performance  
The effect of stocking density on the growth 
performances are presented in Table (1). The recorded 
average body weight of P. indicus after 90 days of culture 
period were 16.17 ± 2.99 g, 18.68 ± 0.75 g and 14.73 ± 
1.02 g in T1, T2 and T3 respectively. The recorded daily 
weight gain (mean ± SD) in the three treatments were 
0.18 ± 0.03 g, 0.21 ± 0.01 g and 0.16 ± 0.01 g, 
respectively. The SGRs were recorded as 9.46 ± 0.13, 

9.64 ± 0.08 and 9.34 ± 0.27 in T1, T2 and T3, respectively 
which did not significantly differ from one another. The 
SR in the different treatments were recorded as 61.24 ± 
1.06, 64.08 ± 0.44 and 55.46 ± 0.70, respectively and 
differed significantly (p<0.05) among each other. The 
total production (kg ha-1) of cultured P. indicus was 
recorded as 992.09 ± 201.70, 2394.76 ± 112.65 and 
2451.91 ± 197.72 in T1, T2 and T3, respectively.  
 

 
Table 1. Growth performance (mean±SD) of P. indicus 

Treatments Final ABW 
(g) 

DWG 
(g) 

SGR 
(% day-1) 

Survival 
(%) 

Production 
(Kg ha-1) 

T1 16.17 ± 2.99 0.18 ± 0.03 9.46 ± 0.13 61.24 ± 1.06b 992.09 ± 201.70a 
T2 18.68 ± 0.75 0.21 ± 0.01 9.64 ± 0.08 64.08 ± 0.44c 2394.76 ± 112.65b 
T3 14.73 ± 1.02 0.16 ± 0.01 9.34 ± 0.27 55.46 ± 0.70a 2451.91 ± 197.72b 
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Figure 3. Growth performance of Indian white shrimp in modified extensive shrimp farming 

 
The ABW of P. indicus was recorded at every 15 days 
interval and presented accordingly in Fig. 3. The final 
average body weight of the Indian white shrimp sampled 
from T2 and T3 were comparable whereas growth of T1 
was not comparable with any of other two treatments. 
The ABW of T3 was significantly lower and this trend 
continued consistently throughout the culture period. 
The average body weight was always higher in T2 in 
comparison with T1 and T3. The increase of average 
body weight for the first 15 days was quite slower.  
 
Then a speedy growth increment was observed in T2 till 
30 days whereas, the growth increased slowly in other 
two treatments until 60 days of culture. Thereafter, a 
quick increase of body weight was observed till 90 days 
of culture period. On the first 15 days the average body 
weight was recorded as 0.15 ± 0.07 g, 0.16 ± 0.04 g and 
0.15 ± 0.05 g in T1, T2 and T3, respectively. Then, the 
average body weight 2.34 ± 0.75 g was observed in T2 
whereas, it was 1.57 ± 0.52 g and 1.45 ± 0.95 g in T1 and 
T3 after 30 days of culture. Afterwards, the growth 
achieved 4.55 ± 1.02 g, 5.31 ± 2.07 g and 4.05 ± 1.41 g in 

T1, T2 and T3, respectively until 60 days of culture 
period. Finally, at the end of the culture period the 
average body weight of T1, T2 and T3 was recorded as 
16.17 ± 2.99 g, 18.68 ± 0.75 g and 14.73 ± 1.02 g, 
respectively. 
 
Length-Weight relationship   
The relationship between length (L) and weight (W) of P. 
indicus were shown in Fig. 4. The logarithmic form of the 
equation (W = a*Lb) was considered to establish the L-W 
relationship. To get a curvilinear relationship between 
length and weight of P. indicus all the length values were 
plotted against the respective body weights for 
completing a scatter diagram (Fig. 4). Whereas, the 
values of log L were plotted against respective log W for 
getting the linear relationship. The estimated b value 
was 2.856 which revealed that Indian white shrimp 
showed negative growth allometry for 90 days of culture 
period. The Pearson correlation co-efficient (r) value was 
0.997 indicates existence of highly significant 
relationships between the length and weight of this 
species. 

 

 
 

Figure 4. The relationship between length (cm) and body weight (g) of P. indicus 
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Discussion 

Shrimp production has declined due to the loss of 
biodiversity, the buildup of pollutants, and the 
degradation of water and soil quality in the local coastal 
ecosystem (Macintosh and Phillips, 1992; Islam et al., 
2003; Paez-Osuna et al., 2003). This has been 
accompanied by a lack of natural food and frequent 
outbreaks of illnesses in the extensive farming system, 
which has had a detrimental impact on shrimp 
aquaculture output (Wahab, 2003; Karim, 2006). 
Besides, it is a low-cost/low-input system, the extensive 
farming system's output is heavily reliant on natural food 
availability to boost pond productivity (Rahman et al., 
2020). Therefore, MESF introduced with two key ideas 
such as providing supplementary commercial feeds to 
compensate poor growth and improved water exchange 
methods to reduce disease outbreak. 
 
In terms of aquaculture techniques, water quality factors 
might be quite significant (Brown et al., 2020). By 
maintaining a pleasant culture environment, suitable 
and congenial water quality factors enable a greater 
growth rate, survival, and productivity (Deswati et al., in 
press). According to FAO (1986), the optimum 
temperature (25-30°C), salinity (25-40), pH (7.5-8.5), and 
dissolved oxygen (>4) are very important factors for 
farming Indian white shrimp. Generally, all the 
hydrological parameters of the experimental ponds were 
observed within the optimum condition for Indian white 
shrimp culture except salinity (Fig. 2). Salinity is known 
as one of the key factors for shrimp culture. However, 
70.68% survival was found at 20 ppt salinity but only 
13.33% survival was observed at 10 ppt salinity in P. 
indicus farming (Kumlu and Jones, 1995). The salinity 
level in the brackishwater ponds were found below 5 ppt 
during entire experimental phase in the present study. 
Surprisingly, the survival rate (%) of the shrimp in T1, T2 
and T3 were recorded as 61.24 ± 1.06, 64.08 ± 0.44 and 
55.46 ± 0.70, respectively (Table 1). Similarly, the total 
production (kg ha-1) of P. indicus was documented as 
992.09 ± 201.70, 2394.76 ± 112.65 and 2451.91 ± 197.72 
in T1, T2 and T3, respectively. Thus, it reveals that T2 
performed well in keeping survival rate significantly 
higher than other treatments. Likewise, the highest 
values of shrimp’s ABW, DWG, and SGR were found in T2 
(Table 1).  
 
Apparently, a slow rise of average body weight was 
observed until 60 days of culture period but a sharp 
increase in average body weight was discovered during 
the last 30 days of culture. At the end, final body weight 
of the Indian white shrimp was found as 18.68 ± 0.75 g in 
T2, which was the highest value among all treatments 
(Fig. 3). The stocking density of 10 individuals m-2 of P. 
indicus was performed excellent in the cage culture with 
a survival rate of 98% (Sivanandavel and 

Soundarapandian, 2010) but in MESF mariculture system 
in the present study, stocking density of 20 individuals m-

2 in T2 showed higher survival rate than any other 
treatments. During 90 days of culture, the growth of the 
Indian white shrimp was negative allometric (b=2.86), 
which value was quite close to the value (3.00) of 
isomerism (Fig. 4). In Indian east coast wild stock, the 
Indian white shrimp exhibited negative allometric 
growth and b values varied between 2.4 and 2.6 for male 
and female, respectively (Anand et al., 2019). Similarly, 
the wild stock of Indian white shrimp showed negative 
allometric growth for both sexes and values of b found 
from 2.2-2.48 in females and males, respectively, at the 
coast of western central Java province in Indonesia 
(Saputra et al., 2019). In comparison to wild stock, 
heavier Indian White Shrimps were harvested from 
MESF's culture system in a brackishwater earthen pond 
with very low salinity. 
 
Conclusion 

In southern Bangladesh, shrimp farming is highly 
common in the brackishwater ponds of aquaculture 
farms.  The objective of this study was to determine the 
ideal stocking density for successful and disease-free 
Indian white shrimp (Penaeus indicus) farming. Except 
for the salinity, which was at such a low level, all of the 
experimental ponds' water quality characteristics were 
found to be within the ideal range for growing Indian 
white shrimp. Henceforth, the highest value of 
production was found in T3 but survival rate was lower 
than T2. Values of shrimp’s ABW, DWG, and SGR were 
higher in T2 than other two treatments. The Indian white 
shrimp's growth was negatively allometric (2.86), which 
was close to the isomerism value (3.00). By taking into 
account the MESF system for other significant 
indigenous shrimp species, this inquiry also provides 
potential future research directions. 
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