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Abstract: Shrimp aquaculture plays the key role in Bangladesh seafood 
export industry.  It includes the species of Tiger prawn Penaeus monodon, 
and Giant river prawn Macrobrachium rosenbergii, which have been widely 
farmed after 1980s. The industry is severely damaged due to diseases 

outbreaks in hatcheries, nurseries and grow-out ponds since 2000, thus 
this sector shows shrinkage from global export market. However, the last few 
decades an alternate aquaculture decapod species, Whiteleg shrimp 
Litopenaeus vannamei has been recognized as the most important in world-
seafood export item.   Bangladesh aquaculture has very recently been 
introduced with the Whiteleg shrimp L. vannamei for shrimp production 

boost up.  This review focusses on the current state of arts for L. vannamei 
aquaculture techniques and their possible implication to farming in 
Bangladesh. Recently, several Whiteleg shrimp pilot scale farming were 
initiated which showed promising production ranged from 5.0 to 8.9 MT/ha. 
Private entrepreneurs now become interested and it is perceived that the 
Whiteleg shrimp could gear up shrimp production in near future in terms of 

better production performance, technology development and extension work 
besides other indigenous culture-shrimp species. By introducing this 
shrimp, we forecast that, depending upon the technology adoption in 
present culture areas, the export frozen seafood earnings from shrimp sector 
will increase up to 5 to 10 folds from the present. Thus, proper 
understanding and knowledge based innovative approach for its sustainable 
rapid extension and strategies is in need. This review suggests the regional 

reproducible pilot culture program for hatchery, nursery and grow-out under 
controlled environment ensuring better footprint and low residues impact to 
natural aquatic systems. Adaptive research should be initiated to develop 
intensive or super-intensive culture techniques besides the traditional 
practices in the selected confined areas. The pond culture, biofloc farming, 
aquamimicry farming and green water raceways could be excellent options 
for L. vannamei culture in Bangladesh.  

 
Key words: Pacific white shrimp, Aquamimicry, Biofloc technology, Flow-

through system, IMTA. 
 

INTRODUCTION 

Shrimp aquaculture is a billion-dollar food producing industry (Shekhar et al., 

2021). The shrimp commodity having high demand in the local and international 

markets due to its adorable taste and high nutritional values, that is being  
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exported in the numerous developing countries including Japan, United States 

of America and European Union. However, shrimp aquaculture industry is 

recognized for one of the important incomes generating seafood sector which is 

being supported to shrimp marginal or improvised farmers and shrimp value 

chain actors across the globe. Shrimp aquaculture production is being directed 

using few species i.e., whiteleg shrimp Litopenaeus vannamei, giant tiger prawn 

Penaeus monodon, oriental river prawn Macrobrachium nipponense and giant 

river prawn Macrobrachium rosenbergii; which contributed about of 52.9%, 8% 

and 2.5% of total crustacean production in 2018, respectively (FAO, 2020). 

       Pacific white shrimp or king prawn, L. vannamei is the most auspicious 

aquaculture shrimp species. This species is distributed in the Pacific Ocean 

from Northern Mexico to the coast of Northern Peru, in areas where water 

temperatures are usually above 20°C throughout the year (Krummenauer et al., 

2011). Not surprisingly, currently, L. vannamei has been cultured in different 

saline ecosystems of tropical, subtropical and temperate regions. Culture of this 

species is heavily affected by low temperature that causes mortality during the 

coldest months. Thus, the strategy of this shrimp culture in low temperature 

prone area (e.g., Southern Brazil) restrict to the pond culture periods that 

involving 6 to 8 months grow-out production. The best growth and survival of 

this species achieves at temperatures between 28 and 32 °C (Krummenauer et 

al., 2011). The major aquaculture production of L. vannamei is being occurred 

China, Thailand, Indonesia, Brazil, Ecuador, Mexico, Venezuela, Honduras, 

Guatemala, Nicaragua, Belize, Vietnam, Malaysia, Taiwan, Pacific Islands, Peru, 

Colombia, Costa Rica, Panama, El Salvador, the United States of America, India, 

Philippines, Cambodia, Suriname, Saint Kitts, Jamaica, Cuba, Dominican 

Republic and Bahamas. 

       Whiteleg shrimp L. vannamei is the best shrimp aquaculture candidate that 

can breed well in captivity (Jory and Cabrera, 2012). Small sizes postlarvae can 

be stocked in grow-out phase and having faster growth rates, uniform size could 

be obtained at the end of cultured when harvest. This species requires 

comparatively low protein-based feed (20-25%), they have higher adaptation 

ability in various environmental conditions. In hatcheries, overall survival is 

comparatively high at 50-60% postlarvae at the end of larvae culture. On 

contrary, black tiger shrimp P. monodon is very susceptible to two of the most 

fatal shrimp viruses, yellowhead virus (YHV) and white spot syndrome virus 

(WSSV). Induced breeding of P. monodon in captivity is difficult and mostly relies 

on wild brood stock. In hatcheries, post larval survival is low at 20-30% at the 

end of larvae culture.  This species requires high crude protein feed ~35% (Jory 

and Cabrera, 2012). In contrast, L. vannamei significantly has faster moulting 
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rate than P. monodon (Corteel et al., 2012).  They also found that total moult 

cycle duration was around 5 and 6.5 days for 2-g body weight as well as 11 and 

12 days for 15-g body weight of L. vannamei and P. monodon, respectively. 

       The whiteleg shrimp farming is used less resources and has given higher 

productivity compared to P. monodon. For example, Boyd et al. (2017) did find 

that Whiteleg shrimp production was 43.25-86.5 times higher at 17.3 MT/ha/yr 

in Thailand when compared to P. monodon production was at 0.2-0.4 MT/ha/yr. 

Also, In Vietnam, L. vannamei production was 3.027 times higher at 10.9 

MT/ha/yr than that of P. monodon production at 3.60 MT/ha/yr. The feed 

conversion ratio of L. vannamei was 1.49 and 1.33 in Thailand and Vietnam; 

respectively. They also stated that the production of 1 MT of L. vannamei has 

required 0.58 ha land, 5,400 m3 water, and 1218 kg wildfish in Thailand and 

1.76 ha land, 15,100 m3 water, and 1264 kg wild fish in Vietnam. While, the 

production of 1 MT of P. monodon has required 0.80 ha land, 36,000 m3 water 

and 1180 kg wild fish in Vietnam. Similarly, L. vannamei production in farms in 

India had two times higher at 7.86 MT/ha/yr than that of 3.88 MT/ha/yr for P. 

monodon (Boyd et al., 2018). The production of L. vannamei is required less land 

at 0.634 ha/MT compared to 0.716 ha/MT for P. monodon. They also stated that 

L. vannamei has required lower water volume usages and water exchanges 

compared to P. monodon production. Similarly, production of 1MT L. vannamei 

has required less wild fish to make fishmeal added in feed at 1209 kg compared 

to 1611 kg for P. monodon. More recently, Nisar et al. (2021) accounted that 

average net returns was 2.55 times higher at $41640.99 ha/yr for L. vannamei 

than P. monodon at $16313.13 ha/yr in India. Therefore, these studies are 

indicated that L. vannamei aquaculture industry can bring more benefit along 

with production and income that also usages lower resources in India, Thailand 

and Vietnam. 

      Pacific white shrimp L. vannamei is an excellent high-quality animal protein 

source that contains low-fat and low-cholesterol along with various unsaturated 

fatty acids, vitamins and minerals (David, 2019). Currently, the annual global 

production of this shrimp has accounted about 4.4 million MT, which 

contributing 80% of the total farmed shrimp production, having a market value 

of about 26.7 billion USD (FAO, 2020). This shrimp industry is considered a 

substantial profiTable aquaculture farming and commodity business worldwide 

and created 2.5 million direct jobs and many more indirect (Jory and Darryl, 

2018). The shrimp sector is improving the socio-economic condition and 

livelihood status of various value chain actors including shrimp farmers, 

equipment, aquafeeds, aqua-medicine and agrochemicals industry and trader, 

transport and marketing, research and developments and others (Jory and 
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Darryl, 2018; Kumaran et al., 2021). In recent years, India has been achieved a 

tremendous success for L. vannamei farming. About 12 lakh stakeholders are 

involved on this sector directly and indirectly for their employment and income 

generation and better subsistence (Kumaran et al., 2021). This great success of 

L. vannamei aquaculture is consequently due to favourable culture attributes 

and sustainable modern aquaculture technologies. These are included disease 

resistance and genetically improve specific pathogen free (SPF) brood stock, 

higher adaptability to culture conditions and eating various pelleted and live 

feeds and even small particles, as well as intensive and super-intensive modern 

culture systems like earthen/concrete ponds culture, recirculating aquaculture 

system, raceways and microbial/biofloc based systems (Wang et al., 2022). 

       Currently, whiteleg shrimp L. vannamei production has initiated in pilot 

scale in Bangladesh. It is assuming that this shrimp culture is likely booming in 

brackish and marine environment conditions of coastal regions in near future. 

However, the aim of this review was to identify the culture systems of L. 

vannamei for hatchery seed production, nursery phase and grow-out production 

in assessing the application perspectives in Bangladesh environment. 

Additionally, this review has identified the research and development work 

priorities and their experimental variables, and possible required environment 

features as well as future outlooks in brief. It is believed this review could be 

helped shrimp entrepreneurs, researchers, policy makers, academicians for 

proper understanding and protocol setting to develop and adopt L. vannamei 

culture in Bangladesh. 

      Brief history, research, development of Litopenaeus vannamei 

aquaculture: Whiteleg shrimp L. vannamei is the most important crustacean 

that are being cultured widely around the world. The aquaculture initiatives of 

this shrimp had started more than five decades ago. However, this shrimp was 

introduced widely around the world since the 1970s (Wyban, 2019). The first 

historical breakthrough on spawning/nauplii production of L. vannamei was 

achieved in Florida since 1973s from a wild-caught mated female, that was 

shipped from Panama. The commercial culture of L vannamei had begun in 

South and Central America following the better results in pond settings, 

broodstock maturation technique with adequate nutrition and the discovery of 

unilateral ablation in Panama in 1976. In the early 1980s, the aquaculture of 

this species spread around Hawaii, mainland United States of America, and 

much of Central and South America due to its intensive breeding and culture 

techniques development. In Asia, this shrimp was introduced between 1978 and 

1979 for experimental aquaculture. Taiwan and China were introduced this 

shrimp since 1996s for commercial aquaculture. Subsequently, this shrimp was 
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introduced to several southeast and south Asian countries between 1997 and 

2001; for example, 1997 in Philippines, 1998 in Thailand, 2000 in Vietnam and 

2001 in India, Indonesia and Malaysia due to decline of P. monodon aquaculture 

production (Liao and Chien, 2011). Then, it has become a prime cultured shrimp 

species in Asia. 

      The high-quality shrimp brood stocked includes specific pathogen free (SPF), 

specific pathogen resistant (SPR) and specific pathogen tolerant are widely using 

in commercial shrimp hatcheries for postlarvae production many countries 

globally. These L. vannamei broodstock are played imperative role in increasing 

shrimp productivity, profitability and sustainability in recent decades. Shrimp 

has accounted as prime seafood commodity. The first SPF stock of L. vannamei 

was developed in the US by an intensive shrimp farming company in Florida 

namely American Penaeid (API) (Wyban, 2019). They used the WSSV-Tolerant 

shrimp (WSSV: white spot syndrome virus) that was derived from the Ecuador 

(Wyban, 2019). The company acquired a non-SPF Ecuadorian stock and then 

developed them as SPF shrimp in the spirit of the ICES Code (The International 

Council for the Exploration of the Sea; Code of Practice to Reduce the Risks of 

Adverse Effects Arising from the Introduction on Non-indigenous Marine 

Species) (Lightner, 2011). These SPF shrimp stocked produced high health 

postlarvae were available to U.S. shrimp farmers, that has significantly 

augmented shrimp production in U.S. during 1992-1994 (Moss et al., 2003). In 

the mid-1995, Taura syndrome virus (TSV) was identified in south Texas 

whiteleg shrimp farm, that had declined shrimp production in Texas from 1994 

to 1995. In this devastating situation, the U.S. Marine Shrimp Farming Program 

(USMSFP) researchers have initiated a selective breeding program to develop 

TSV-resistant L. vannamei (Moss et al., 2003). These authors reported that the 

cultivation of high-health SPR stocks produced postlarvae with on-farm 

biosecurity practices have substantially enhanced shrimp production in U.S. 

from 1998 to the present.  Furthermore, National Aquaculture Group (NAQUA), 

a renowned shrimp company in Saudi Arabia was develop the SPT shrimp stock. 

NAQUA acquired non-SPF shrimp stocks from Ecuador that carry significant 

genetic resistance to WSSV. They then cleaned them up to be SPF and began 

using this SPF/SPT stock in 2014 (Wyban, 2019). These high-quality SPF/SPT 

broodstock produced postlarvae have given impressive production. Alday-Sanz 

et al. (2020) commented that shrimp stock lines are possibly developed as 

combined strategies such as SPF+SPR, SPF+SPT or SPF+SPR+SPT in order to 

help shrimp farmers prevent disease outbreaks in grow-out ponds. The success 

of these approaches is likely depended on the biosecurity strategy defined for 

each facility. Currently, shrimp are being cultured using extensive, semi-
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intensive, intensive and super-intensive, these systems are maintained low, 

medium, high and extremely high stocking densities, respectively. 

       Current status of Litopenaeus vannamei aquaculture in Bangladesh: In 

recent years, the cultivation of king shrimp L. vannamei in Bangladesh was an 

important issue in shrimp industries. Currently, the Department of Fisheries 

(DoF), Bangladesh Fisheries Research Institute (BFRI) and Non-government 

Organization include policy makers, academicians, researchers and experts from 

shrimp processing agencies are working in together for culture strategies, sites 

and feasibility to sustainable developments. In 2019, Bangladesh government 

has allowed trial scale production of L. vannamei, as the authority has been 

considered switching from the native tiger prawn P. monodon (The Fish Site, 

2019). The DoF permitted the first trial take place in ponds covering up to 20 

acres in the Cox's Bazar and Khulna districts under the DoF guidelines using 

imported specific pathogen-free (SPF) shrimp. Dao (2020) reported that 

government has approved another pilot scale of L. vannamei culture for Agri 

Business Enterprise in Chattogram. 

       The first consignment of one million L. vannamei postlarvae has bought by 

air from Thailand, these were released in four ponds at BFRI, Paikgachha, 

Khulna (Roy, 2021). This was a joint venture with MU Seafoods partnered with 

Sushilan, a local non-government organization (Haque, 2022; Roy, 2021). In this 

trial, the average production of L. vannamei was at 6.761 MT/ha (Haque, 2022). 

Furthermore, Ali (2022) reported that MU Seafood has cultivated L. vannamei in 

1.56 hectares of pond area with a controlled environment in Paikgachha, 

Khulna. The shrimp production was at 8.901 MT/ha, after 90 days of culture 

period. The figure 1 shows Whiteleg shrimp grow-out production in pond in 

Bangladesh. NEWAGE (2022) quoted BTTC (Bangladesh Trade and Tariff 

Commission) L. vannamei production report, it was ranged from 5.0 to 8.62 MT 

in pilot scale culture. BTTC has been seeking commercial cultivation approval 

for this shrimp. Currently, four companies in Chattogram region (MK Hatchery 

in Ukhia of Cox's Bazar, Dafa Feed and Agro Products Ltd under Karnaphuli in 

Chattogram, Niribili Hatchery in the Kalatali area of Cox's Bazar, and Midway 

Scientific Fisheries Ltd in Khurushkul of Cox's Bazar) and eight companies in 

Khulna, including MU Sea Foods have been permitted for L. vannamei culture 

(Islam, 2022; The Business Post, 2022). In addition, eight private entrepreneurs 

are awaiting for getting permission (Islam, 2022; The Business Post, 2022). 

Therefore, it is perceived that L. vannamei culture will be permitted for many 

aquacultures entrepreneurs in upcoming years. Thus, it is suggested that the 

culture system of this shrimp should be standardized for Bangladesh shrimp 

culture environment conditions and perspectives. 
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Fig. 1. Whiteleg shrimp Litopenaeus vannamei grow-out production in pond in Bangladesh, (a-b) a 

whiteleg shrimp culture pilot project, (c-d) partial harvested Litopenaeus vannamei.  

 

        Brood-stock rearing and spawning protocol: The white shrimp L. vannamei 

broodstock usually collected from a certified known source. For example, Yang 

et al. (2022) used the Hannan Liyang Inc, Wenchang, China source L. vannamei 

broodstock. Arshadi et al. (2020) reared the third-generation (SPF3, 

domesticated in Hawaii) families of L. vannamei in pond (0.1 acre). More 

recently, BFT system are being used to maturation and rearing of L. vannamei 

broodstock. In the BFT system, L. vannamei can be reared with stock at 100 ind. 

m-2 during first six months, then stocking density should be reduced at 50 ind. 

m-2 until the time of harvesting the specimens at 11 months (Magaña-Gallegos 

et al., 2021). L. vannamei broodstock usually fed with fresh-frozen invertebrates 

that consisted of squid (40%), polychaetes (10%), mussel (40%) and Artemia 
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(10%) (Corral-Rosales et al., 2018). The addition of dehydrated seaweed Ulva 

clathrata (20 g kg-1) in the squid fraction of a formulated fresh diet has increased 

ablated female survival compared to control feeding group. The broodstock fed 

with Ulva enriched diet has produced more eggs, and nauplii per female, that 

also increases hatching rates and spawns. Therefore, the dehydrated U. clathrate 

can be added in L. vannamei diets that promotes the reproductive performance 

at commercial hatcheries (Corral-Rosales et al., 2018). Yang et al. (2022) did find 

that Nereis vexillosa and Marphysa maxidenticulata can be a potential live feed 

in promoting L. vannamei broodstock maturation. These authors showed that 

the highest gonadal maturation of L. vannamei had found when broodstock fed 

with M. maxidenticulata. Additionally, the N. vexillosa fed group gave highest 

gonadal index as well as the progesterone and vitellogenin content in broodstock 

serum, these were probably due to the higher content of polyunsaturated fatty 

acids in N. vexillosa, particularly C18:2 n-6, C18:3 n-3, C20:4 n-6, and C20:5 n-

3. They also detected 2.5-8.0 times higher 20:5 n-3 content in N. vexillosa than 

those of M. maxidenticulata, Cheilonereis cyclurus, and Perinereis aibuhitensis.  

       The optimal level of vitamin E and astaxanthin were at 175 mg kg-1 and 250 

mg kg-1, that has increased L. vannamei broodstock growth, survival, 

maturation and spawning success (Maulana et al., 2017). Xu et al. (2017) stated 

that the optimal arachidonic acid supplementation was at 4.65% of total fatty 

acids in L. vannamei diets that has improved reproductive performance. This 

level of arachidonic acid is significantly enhanced gonadosomatic index, 

estradiol level, and fatty acid composition when compared to control. These 

authors also showed the optimal arachidonic acid supplementation has 

enhanced spawning rate, multi-spawning rate, average spawning frequency and 

fecundity of female, diameter of fertilized egg, hatching rate and metamorphosis 

rate of nauplii at 33 h post spawning compared to control and or a higher 

arachidonic acid supplementation level at 12.39% of total fatty acids in shrimp 

diets. 

        Eyestalk ablation in L. vannamei has substantially increased vitellogenin 

(Vg) gene expression (Arshadi et al., 2020). While an optimal dietary vitamin E at 

300 mg kg-1 feed are significantly improved reproductive performance include 

hepatopancreatic index, absolute fecundity, egg diameter, latency period, and Vg 

gene expression than control. Similarly, Zacarias et al. (2019) stated that L. 

vannamei mating success, mortality of female and number of eggs and nauplii 

per tank per day of non-ablated female have greatly lower than ablated female in 

commercial hatchery condition. However, non-ablated female has produced 

higher number of eggs and nauplii per spawned than ablated female, thus non-

ablated female can be used in commercial hatcheries (Zacarias et al., 2019). 
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Fig. 2. Schematic diagram of Litopenaeus vannamei male and female, spawning, larval stages, 

postlarvae and majour nursery and grow-out culture systems and some live and pelleted feeds that 

require for broodstock, larvae culture, nursery phase and grow-out production. Note:   N1 to N5: 

Nauplius1 to nauplius 5; Z1 to Z3: Zoea 1 to zoea 3; M1 to M3: Mysid1 to mysid 3; PL1: Postlarvae 1. 

The sources of images (Misamore and Browdy, 1996; Rojo-Arreola et al., 2020; Wei et al., 2014). 
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       Larvae culture: The larvae rearing protocol is prerequisite to initiate 

aquaculture for any candidate. Whiteleg shrimp L. vannamei larval stages 

includes five nauplius, three zoea, three mysis and postlarvae stages then it 

becomes a juvenile shrimp (Rojo-Arreola et al., 2020). Larvae culture uses sea 

water at 35±1 ‰ salinity with the temperature at 28±1 °C (Brito et al., 2001; 

DAbramo et al., 2006; Sangha et al., 2000). According to DAbramo et al. (2006), 

nauplius stage of L. vannamei larval does not require feeds. However, larval 

feeding should be started at zoea stage using mixed microalgae with Artemia or 

Microbound microparticulate diet or both. While, mysis stage should be added 

solely Artemia or Microbound microparticulate diet until postlarvae (DAbramo et 

al., 2006). The schematic diagram shows L. vannamei male and female, 

spawning, larval stages and postlarvae (Fig. 2). 

      The culture technology of Litopenaeus vannamei nursery and grow-out phase: 

Nursery operation is an intermediate phase between larvae culture and grow-out 

production, which being produced the advance size postlarvae or juveniles, that 

enabled the shrimp farmers to obtain three or more crops in a single production 

year. The grow-out production of L. vannamei are being widely performed in 

different aquaculture systems including pond culture, recirculating aquaculture 

system, raceway or flow-through system (Fig. 2). More recently grow-out 

production of whiteleg shrimp has used biofloc system, aquamimicry and 

integrated multitrophic aquaculture system. The optimal level of different water 

quality parameters for L. vannamei aquaculture is presented in the Table 1. 
 
Table 1. The optimal water quality parameters of Litopenaeus vannamei in different culture 

system 
 

Parameters References 

Mohanty et 
al. (2018) 

Mendoza-López 
et al. (2017)* 

Venkateswarlu 
(2019) 

Towers 
(2016) 

Water temperature (°C) 25-30 25.0-33.0  24-32 
Salinity (‰) 15-25 7.0-35.0 12-25 5-35 
pH 6-9 7.0-8.0 7.5-8.5 7.4-9.4 
Dissolved oxygen (mg L-1) >5 6.0-8.0 >4 3.6-6.5 

Ammonia-N (mg L-1) <1.0 1.0 <1.0 0.1-2.4 
Nitrite-N (mg L-1) <1.0 0.6 <0.5  
Nitrate-N (mg L-1) <0.8 3.0   
Total suspended solid (mg L-1) 500 200.0-600.0   

Transparency (cm) 35 to 45     
Total alkalinity (mg L-1) <140 200.0 >120  
Total hardness (mg L-1)   >1000  
Hydrogen sulfide (mg L-1) <0.1  <0.01  

PO4 (mg L-1)  2.0   

Superscript (*) work has described ideal water quality level for BFT system 
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  Pond culture of Litopenaeus vannamei: Pond aquaculture is being widely carried 

out at the beginning to till now in many countries like India, Malaysia, 

Myanmar, Indonesia, Thailand, Vietnam, Brazil, Mexico, Costa Rica and USA. 

This review shows L. vannamei survival and feed conversion ratios are varied 

from 12.2% to 136.2%, and 0.22 to 3, respectively (Table 2). This system can be 

performed using well water, pond water or riverine/estuarine and or seawater 

(Table 2). This system requires inorganic and organic fertilizers, vitamins, 

minerals, and artificial substrates in order to increase natural productivity 

including phytoplankton, zooplankton and benthos during the pond preparation 

or periodically which has found beneficial in augmenting the shrimp production. 

For example, Porchas-Cornejo et al. (2014) showed the best growth, productivity 

and feed conversion ratio in natural productivity pond group than control. In 

this study, natural productivity was enhanced two weeks before the beginning of 

the trial by applied of urea and triple super phosphate in enhancing of 

phytoplankton biomass. In order to enhanced the zooplankton, a 15 L marine 

water mixture was made including alfalfa (5 kg), fermented with fish oil (50 ml 

kg-1 alfalfa), molasses (0.5 L kg-1), and vitamins (vitamin premix + ascorbic acid; 

0.5 g kg-1) for 72 h; after that, this had added to increase zooplankton (Porchas-

Cornejo et al., 2014). However, Casillas-Hernández et al. (2007) added at a rate 

of 10 L ha-1 commercially available chemical-liquid fertilizer (10% nitrogen 

(NH4NO3), 5% phosphorus (HPO4) solely. Besides, they also applied additional 

fertilizers during the experiment when primary productivity in pond water was 

low in measuring as transparency level at > 40 cm determine with a Secchi disc. 

Currently, the pond culture uses sand filtered seawater that are being 

added activated carbon. Additionally, commercially high-quality probiotics could 

be supplemented weekly (2 g m-3) in enhancing a heterotrophic microbial 

community (Arambul-Muñoz et al., 2019). The probiotic mixture should be 

included Bacillus subtilis, B. lincheniformis, B. coagulans, Lactobacillus 

acidophilus and Saccharomyces cerevisiae. The nitrification process could be 

enhanced in adding 10% of molasses kg-1 shrimp feed daily (Arambul-Muñoz et 

al., 2019). In addition, pond treated with B. cereus, shrimp growth and survival 

as well as overall health includes immunity, total hemocyte count, total protein 

and lysozyme activity were better than control (Khademzade et al., 2020). The 

probiotic addition can substantially improve water quality status in eliminating 

the nitrogenous toxicants ammonia and nitrite, reactive-phosphorus, chemical 

oxygen demand and presumptive Vibrio’s; improved shrimp survival and feed 

conversion ratio. However, Maia et al. (2016) stated that shrimp final weight, 

survival, yield and feed conversion ratio were similar between molasses adding 

and molasses with probiotic adding pond culture systems. 
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Table 2. Growth performance of Litopenaeus vannamei in pond culture  
 

S IW FG  SGR  FCR SR P CP CT Treatments References 

28.32
-

29.40 

0.35 15.65  1.58 81.12  110 GP Control Khademzad
e et al. 

(2020) 

0.31 16.48  1.42 90.90    P. acidilactici 

0.28 17.0  1.23 94.50    Bacillus cereus 
38-43  26.8* 5.8 1.8 68 0.362* 98 GP With NP Porchas-

Cornejo et 
al. (2014) 

 21.7* 5.4 2.2 66 0.284*   Without NP 

33.59
-

33.65 

0.001 11.93 9.99 1.12 93.2  98 GP SD100 ind./m2 Arambul-
Muñoz et al. 

(2019) 

 9.73 9.77 1.15 91.4    SD 300 ind./m2 

 7.65 9.51 1.23 74.0    SD 500 ind./m2 
 5.40 9.14 1.44 65.7    SD 700 ind./m2 

 4.28 8.90 1.50 55.7    SD 900 ind./m2 
 0.001

1 

32.3  1.78 87.3 3325 203 GP Feeding trays Casillas-

Hernández et 
al. (2007) 

  29.5  1.77 87.0 2920   Mechanical feeding 

dispersion 

22.5-

22.9 

 15.55  1.40 87.3 7.9* 110 GP SD 750 ind./m2 Tantu et al. 

(2020)  16.33  1.36 82.9 10.7*   SD1000 ind./m2 
 15.48  1.55 79.1 12.2*   SD 1200 ind./m2 

11.7-
11.93 

0.07 23.55  0.94 75.8 3068.5   SF protocol Ullman et 
al. (2019)  24.65  1.04 72.2 3032.5   SF protocol+15% 

 28.66  0.98 66.9 3294.3   AD feeding system 
 35.91  1.14 73.9 4568.8   Timer feeding 

0.52-
0.88 

0.02 7.58 7.07 1.35 78.36 1.19* 84 GP LS (Tamazula) Héctor 
Manuel 

Esparza-
Leal et al. 

(2009) 

 7.25 7.02 1.51 77.55 1.12*   LS (El Pitahayal) 

 6.78 6.94 1.58 79.55 1.08*   LS (El Terahuito) 
 7.20 7.01 1.48 76.35 1.10*   LS (La Trinidad) 

34.0  8.85 7.25 1.38 85.55 1.51*   Seawater (control) 
38-47  12.93  1.68 86.89  112 GP Feed at 25% CP Martinez-

Cordova et 
al. (2002) 

 12.12  1.66 88.76    Feed at 40% CP 

0.7  19.3 2.3 3.0 47.0 3449 112 GP PL15 (39 PL/m2, 03) Green 
(2008)  5.5 3.1 1.9 82.3 988 55  PL25 (23 PL/m2, 03) 

 9.0 4.7 1.2 99.2 2462 65  PL25 (28 PL/m2, 03) 

 20.5 2.5 1.9 94.4 1379 134  PL15 (7 PL/m2, 04) 

 14.4 2.6 1.6 136.2 2674   PL15 (13 PL/m2, 04) 

 17.1 2.5 1.8 94.1 4966   PL15 (30 PL/m2, 04) 

4-16 0.12 7.98  2.03 93.0 742 75 GP SD10 ind./m2 (FC) Krummenau

er et al. 
(2010) 

 7.67  2.27 86.0 1649   SD 25 ind./m2 (FC) 

 6.67  2.43 82.0 2187   SD 40 ind./m2 (FC) 

0.17 12.94  1.72 94.0 1220   SD 10 ind./m2 (SC) 

 10.88  1.86 91.0 2475   SD 25 ind./m2 (SC) 

 9.34  1.92 79.0 2951   SD 40 ind./m2 (SC) 

0.12 14.53  1.94 91.0 1322 150  SD 10 ind./m2 (LC) 

 13.05  2.03 84.0 2740   SD 25 ind./m2 (LC) 

 13.21  2.12 80.0 4227   SD 40 ind./m2 (LC) 

21.1-
22 

2.09 11.28  1.51 84.88 8875 112 GP MO addition Maia et al. 
(2016)  10.69  1.53 75.05 8228   CP and MO 

15-19  21.2  1.4 82 8750 122  P1 (SD 50 ind./m2) Balakrishna
n et al. 

(2011) 

 18.9  1.34 92 9813 121  P2 (SD 56 ind./m2) 

 19.6  1.38 81 8138 119  P5 (SD 51 ind./m2) 

 17.5  1.35 80 8591 118  P6 (SD61 ind./m2) 

5.79-
6.32 

0.02 15.58 8.40 0.88 91.59 1455 79 GP Monoculture de Oliveira 
Costa et al. 

(2013) 

 12.86 8.14 1.18 74.59 1039   Polyculture with 

mullets 

45.56 0.008 15.7 2.38 1.8 91.0 2853 115 GP SM feed 38% CP Ghorbani 

Vaghei et al. 
(2017) 

 15.6 2.38 1.76 92.0 2865   Com. feed 39% CP 

Note: S: salinity (‰); IW: initial weight (g); FG: final weight (g); SGR: specific growth rate (%day-1); 

FCR: feed conversion ratio, SR: survival rate (%); CP: culture period; CT: culture type, GP: grow-out 

production; NP: nursery phase; P: Production (kg/ha); Values* in FGs are weight gain; Values* in P 

(kg) are production/m2; NP: natural productivity; SF: Standard feeding; AD: Acoustic demand; LS: 

Low salinity; CP: commercial probiotics; FC: First cycle; SC: Second cycle; LC: Long cycle. 
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Table 2. Growth performance of Litopenaeus vannamei in pond culture (continued) 

 
S IW FG FCR SR P CP CT Treatments References 

15-24  15.0 I .97 67.0 3525 112 GP Direct stocking PL10 de Yta et al. 

(2004) 0.018 13.9 2.03 77.0 3747   Stocking 10 days NS 
0.038 12.8 2.12 79.0 3533   Stocking 20 days NS 

22-25   1.13 81.0 8215 109 GP Probiotics Wang et al. 
(2005)   1.35 48.6 4985   Control 

11  17.88 1.37 60.0 17143 112 GP Farm 1  Fakhri et al. 
(2015) 20  14.36 1.3 85 18333   Farm 2  

13-22  21 1.33 91 1778 105-
112 

GP Pond 1 Junda (2018) 
  22.7 1.4 90 1881  Pond 2 

  23 1.35 90 2910  Pond 3 
  23 1.28 89 2507   Pond 4 

  21.5 1.34 90 2010   Pond 5 
  23 1.28 88 3664   Pond 6 

  23 1.3 90 2231   Pond 7 

 0.07 1.06    35  PL (WW) Otoshi et al. 

(2011)   4.97    35  PL (PW) 

 5.85 13.89    42  Juvenile (WW) 
  16.55    42  Juvenile (PW) 

 13.84 17.25    35  Sub adult (WW) 
  17.79    35  Sub adult (PW) 

 32.79 36.11    42  Adult shrimp (WW) 
  37.47    42  Adult shrimp (PW)  

41.8 0.98 6.3 2.95 42.9 651.9 79 GP 92 shrimps/m2 Junior et al. 
(2021) 46.0  9.4 1.44 12.2 332.0   14 shrimps/m2 

61.1  6.9 0.22 39.3 219.0   8 shrimps/m2 
36 0.16 11.17 1.71 88.3 1451 102 GP Pink shrimp Peixoto et al. 

(2003) 42-
42.5 

0.002 12.52 1.11 96.6 1790 133 GP L. vannamei 
 12.88  48.3 1866   F:  S30 ind./m2 Martinez-

Cordova and 
Martinez-

Porchas 
(2006) 

41-
41.5 

 12.61  63.5 2402   F(S30+O10+C8) ind./m2 

 13.45  61.2 2469   F(S30+O10+C10) 

ind./m2 

 13.69  63.1 2592   F (S30+O16+ C8) 
ind./m2 

 14.88  59.7 2665   F(S30+O16+C10) 

ind./m2 

 12.34  63.2 2356   Se: S 30 ind./m2 

 12.23  61.9 2271   Se (S30+O10+ C8) 

ind./m2 

 12.97  66.7 2595   S (S30+O10+C10) 
ind./m2 

 13.26  67.3 2677   Se (S30+O16+C8) 

ind./m2 

 13.11  65.2 2564   Se (S30+O16+C10) 

ind./m2 

0.52-
61 

  0.22-

3.0 

12.2-

136.2 
    Range 

Note: S: salinity (‰); IW: initial weight (g); FG: final weight (g); SGR: specific growth rate (%day-1); 
FCR: feed conversion ratio, SR: survival rate (%); CP: culture period; CT: culture type, GP: grow-out 
production; NP: nursery phase, SM: soybean meal, Com: Commercial, NS: Nursed shrimp, WW: Well 

water, PW: Pond water, F: First, S: Shrimp, O: Oyster, C: Clam, Se: Second 

 

It also rises dissolved oxygen level, ammonifying bacteria, and protein 

mineralizing bacteria (Khademzade et al., 2020; Wang et al., 2005). Moreover, a 

commercial probiotic having total bacterial counting at 109 CFU mL-1 that 

contain Bacillus sp., yeast, Saccharomyces cerevisiae, Nitrosomonas sp. and 

Nitrobacter sp. The addition of these consignment of that probiotic in L. 

vannamei pond culture had given 1.6 times higher production than control 

(Wang et al., 2005). Pond should be stocked nursed L. vannamei postlarvae 
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(PL)/juveniles that is likely enhanced the shrimp production performance. 

Although, de Yta et al. (2004) have achieved comparable growth performance 

when added 10 days nursed PL of whiteleg shrimp either pond or enclosed 

greenhouse and 20 days nursed PL of whiteleg shrimp in greenhouse at stocking 

density of 35 PL m-2. Survival was higher when whiteleg shrimp PL nursed with 

greenhouse at 10 or 20 days than those stocked directly. Not significantly, but 

slightly higher yield was in 10 days nursed with greenhouse room than other 

two groups, this was due to uniform harvest size. Thus, pond grow-out should 

be stocked 10 days indoor nursed PL (de Yta et al., 2004). Currently, several 

modern nursery systems have developed that include RAS, biofloc system, static 

greenhouse or flow-through/raceway which will be discussed in the specific 

section in this review. 

An optimal stocking density can bring numerous benefits include higher 

growth, survival, productivity as well as improving overall health status and 

reducing stress condition in an aquaculture system. A higher stocking density 

has increased total ammonia, nitrate and total phosphorus (Arambul-Muñoz et 

al., 2019). According to these authors, L. vannamei growth has gradually 

decreased as increased the stocking density, while survival began in decreasing 

trend drastically after stocking density at 300 ind. m-2. The good shrimp 

survivals (79-94%) were among 10, 25 and 40 ind. m-2 stocking density in terms 

of short cycles (75 days) and long cycles (150 days) (Krummenauer et al., 2010). 

Shrimp harvest weight had decreased with increasing of stocking density at 50 

ind. m-2 to 61 ind. m-2 and these range of stocking density did not different the 

survival while shrimp productivity was higher at 56 ind. m-2 stocking density 

(Balakrishnan et al., 2011). More recently, several researches tested very high 

stocking density of L. vannamei at 100, 300, 500, 700 and 900 ind. m-2 

(Arambul-Muñoz et al., 2019), and 750, 1000 and 1200 ind. m-2 (Tantu et al., 

2020), 150, 300 and 450 ind. m-2 (Krummenauer et al., 2010); but these studies 

gave in contrasting results. For example, whiteleg shrimp growth and survival 

have decreased with increasing of stocking densities (Arambul-Muñoz et al., 

2019; Krummenauer et al., 2011). In contrast, Tantu et al. (2020) stated 

comparable L. vannamei  production performance among various stocking 

densities. However, pond based super intensification of Whiteleg shrimp are 

warranted more studies to explore growth, health status, diseases and stress 

parameters as well as farm economics and water quality management.  

This review shows L. vannamei can be cultured using a wide range of 

salinities between 0.52 and 61‰ in earthen pond condition (Table 2).  Whiteleg 

shrimp growth, survival, production and feed conversion ratio was not different 

with low salinity (0.52-0.88‰) in various ionic composition and survival can be 
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considered as well (76.35 to 79.55%) (Esparza-Leal et al., 2009). But these 

survivals were lower than that of 85.55% in seawater at 34.0‰ salinity, and 

growth performance was greatly higher at seawater than low salinity groups 

(Esparza-Leal et al., 2009). Green (2008) conducted some experiments in 

culturing of L. vannamei in freshwater supplemented with major ions to a final 

salinity of 0.7‰. Among these experiments, one study exhibited worst shrimp 

survival (47.0%), and others experiments had revealed the better survival (83.3-

136.3%). These studies were considered as viable in terms of growth, production 

and survival. Thus, L. vannamei can be cultured using freshwater with mineral 

supplementation to market proximity where Whiteleg shrimp having high 

demand. 

     Whiteleg shrimp can culture with low and high protein feed. In addition, 

shrimp growth, survival, productivity and feed conversion ratio were not 

different between low and high protein feed at 25 and 40% crude protein 

(Martinez-Cordova et al., 2002). L. vannamei  is able to utilize the soybean meal-

based feed contained 42% crude protein, this feed has given similar shrimp 

survival, growth, production, feed conversion ratio and protein efficiency ratio 

when compared to commercial feed contained at 38% crude protein (Ghorbani 

Vaghei et al., 2017). Polyculture of shrimp and mullet in earthen ponds system 

has significantly decreased shrimp production and promoting the mullet growth 

(de Oliveira Costa et al., 2013). Martinez-Cordova and Martinez-Porchas (2006) 

examined the feasibility of a polyculture of whiteleg shrimp L. vannamei, giant 

oyster Crassostrea gigas, and black clam Chione fluctifraga in earthen ponds 

condition. They showed that a combine stocking density (shrimp 30 m-2 + oyster 

16 m-2 + clam 10 m-2) has significantly reduced total ammonium nitrogen and 

chlorophyll-a than lower stocking density groups. L. vannamei polyculture with 

mollusks was likely beneficial for shrimp productive performance. In this 

polyculture condition, the C. fluctifraga was likely a good candidate and may 

have substantial potentiality than that of C. gigas (Martinez-Cordova and 

Martinez-Porchas, 2006). Based on these current research, L. vannamei 

polyculture with fish or mollusks were feasible and having enormous potentiality 

in shrimp industry. 

      Raceways/ flow-through culture for Litopenaeus vannamei: A raceway/flow-

through system is an artificial tank setting that has inlet and outlet to receive 

the water and pass way. The culture tank receives water continuously from a 

higher located point using an inlet water flow, and then the outlet flows back 

into water reservoirs/pond/lake/rivers or the sea. This aquaculture system is 

widely used for finfish and shellfish production, broodstock maintenance, 

breeding and spawning, seed production, eggs hatching, larval rearing, nursery 
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operation of fish and shrimp. The details of L. vannamei production performance 

in raceway system is given in the Table 3. Cohen et al. (2005) showed an 

excellent shrimp survival, growth and feed conversion ratio after 50 days 

nursing in a greenhouse-enclosed raceways intensification. In the raceway 

system, the concentration of ammonia-N was not exceeded 2.0 mg L-1 during 

this period, whereas the nitrite-N spike exceeded 26.4 mg L-1 at the end of study 

(Cohen et al., 2005). L. vannamei final weight, survival, yield and feed conversion 

ratio were better in raceway system design with foam fractionator and 3.35% 

daily water exchange than that raceway without foam fractionator and 9.37% 

daily water exchange (Mishra et al., 2008). 

Whiteleg shrimp weight and growth rate were higher when shrimp fed 

with 40% crude protein diet than those fed with 30% crude protein feed (Correia 

et al., 2014).  While, shrimp and feed conversion ratio  have unaffected after  62 

days nursery period. Samocha et al. (2004) conducted five-week nursery with 

low salinity (18-2.6‰) groundwater using raceway, in which they obtained 

excellent L. vannamei survival (98.1%), FCR, and yield with a stocking density of 

about 20,000 postlarvae m-2. Izquierdo et al. (2006) showed that substitution of 

fish oil by olive oil in diets for L. vannamei reared in mesocosms have not 

affected growth or survival. These authors also stated that L. vannamei survival 

and growth was better reared in mesocosms than those reared in clear water 

flow-through and fed an olive oil diet. Whereas, docosahexaenoic acid or an 

arachidonic acid enrichment of non-fish oil diet have improved L. vannamei 

survival those reared in clear water flow-through system. 

      Pacific Whiteled shrimp L. vannamei survival was found to be higher in 

commercial feed contained 35% crude protein compared to feed that contained 

40% crude protein (Prangnell et al., 2022). While shrimp growth, yield and feed 

conversion ratio were not affected by high protein feed. But, the addition of high 

protein feed (40% CP) have increased nitrite and nitrate concentrations, and 

alkalinity consumption in a biofloc dominated raceway system (Prangnell et al., 

2022). L. vannamei survival, growth and productivity were greatly higher in 

raceways pond using nanobubble aeration system (Rahmawati et al., 2020). This 

system has increased dissolved oxygen, and decreased total virus-bacteria. A 

lower stocking density at 970 ind. m-2 in recirculating raceway had a higher 

survival (82%) than 48% at higher stocking density of 2132 ind. m-2 (Reid and 

Arnold, 1992), while these stocking densities have not affected productivity. The 

better L. vannamei growth, survival and feed conversion ratio was in lower 

stocking density groups (SD at 29 or 88 ind. m-2) than the higher stocking 

density groups (SD at 176 and 264 ind. m-2) (Roy et al., 2020). These authors 

have stated that the performance of L. vannamei was not different when shrimp  



Whiteleg shrimp Litopenaeus vannamei 159 
 

Table 3. Growth performance of Litopenaeus vannamei in raceways culture system 
 

S IW FG  SGR  FCR SR P CP CT Treatments References 

26.69-

33.65 

4.70 27.22  1.59 93.13 8.21 77 GP CF at 35% CP Prangnell et 

al. (2022)  28.80  1.72 83.35 7.79   CF at 40% CP 

 0.09 15.10  1.1 95 8.7 81 GP Nanobubble Rahmawati et 

al. (2020)   12.70  1.5 78 4.4   Diffuser aerator 

27.3-

29.7 

 1.12  0.86 97.5 4.25 50 NP Raceway 1 Cohen et al. 

(2005)  1.01  0.98 106.0 4.33   Raceway 2 

25-27 0.006 1.91  1.03 96.2 7.23 71 NP FF and 3.35% DWE  

Mishra et al. 

(2008) 

 2.00  1.03 96.2 7.23   FF and 3.35% DWE 

 1.73  1.50 68.9 4.33   Without FF and 9.37% DWE 

 1.43  1.50 68.9 4.33   Without FF and 9.37% DWE 

31.2-

31.5 

0.001 0.94 11.03 1.75 82.29  62 NP CF at 30% CP Correia et al. 

(2014)  1.03 11.19 2.15 84.13    CF at 40% CP 

16-35  10.8   48 11.4 146 GP SD at 2132 ind./m2 Reid and Arnold 

(1992)  14   82 11 173 GP SD at 970 ind./m2 

1.8-2.6 0.0025 0.1117  0.7 98.1  35 NP SD at 19800 ind./m2 Samocha et 

al. (2004) 0.091 0.3770  1.22 81.8  20 NP SD at 2670 ind./m2 

2.1 0.65 21.6  1.7 81.3  69 GP SD at 29 ind./m2 Roy et al. 

(2020)   17.4  2.3 75.1    SD at 88 ind./m2 

  14.5  4.1 53.1    SD at 176 ind./m2 

  13.6  5.4 43.9    SD at 264 ind./m2 

2.1 0.65 20.0  3.3 47.9  65 GP Diets at 5% fish meal 

  19.3  2.8 53.9    Diets at 10% FM 

  22.0  2.6 47.8    Diets at 20% FM 

  17.4  2.6 65.5    Control  

32.48-

32.84 

1.12 10.04 3.91 2.28 91.7  56 GP DMM 0% in diet Ju et al. 

(2012)  1.06 11.06 4.11 2.13 95.8    DMM 3% in diet 

1.09 10.12 3.93 2.21 97.9    DMM 6% in diet 

1.10 10.88 4.07 2.27 87.5    DMM 9% in diet 

1.08 10.28 3.96 2.22 95.8    DMM 12% in diet 

1.08 7.03 3.18 2.63 100    Commercial feed 

35 1.98 11.48  1.85 94.4  72 GP DM at 4.8 g/kg feed Façanha et al. 

(2018)   12.03  1.82 93.1    DM at 6.2 g/kg feed 

  11.92  1.73 97.8    DM at 7.2 g/kg feed 

  12.14  1.76 96.7    DM at 8.1 g/kg feed 

  12.42  1.71 95.0    DM at 9.2 g/kg feed 

32-35 0.71 7.88 4.34 1.24 96.0  56 NP Fish oil mesocosms Izquierdo et 

al. (2006)  7.40 4.15 1.27 96.3    Olive oil mesocosms 

 3.75 2.97 4.66 56.7    Olive oil flow-through 

 3.73 2.93 2.80 76.0    Docosahexaenoic  

 2.96 2.55 3.00 81.7    Arachidonic acid 

32.48-

32.84 

1.6 9.1  1.97 83.3  56 GP Control Ju et al. 

(2010)  9.1  2.17 70.8    Lutein 

 8.8  2.40 66.7    Fucoxanthin 

 9.3  2.45 75.0    Astaxanthins 

 8.8  2.52 66.7    Glucosamine 

 8.0  2.29 77.1    Carotenoid mix 

 9.0  2.45 87.5    Phytosterol mix 

 9.4  2.78 72.9    Bromophenol mix 

 8.0  2.45 55.4    Combination 

 5.1  3.83 65.2    Commercial feed 

Note: S: salinity (‰); IW: initial weight (g); FG: final weight (g); SGR: specific growth rate (%day-1); FCR: feed 

conversion ratio, SR: survival rate (%); CP: culture period; CT: culture type, GP: grow-out production; CF: 
commercial feed; NP: nursery phase; FF: Foam fractionator; DWE: daily water exchange; DMM: defatted microalgae 
meal; DM: dietary methionine; FM: Fish meal 

 

fed with various fish meal contained at 5, 10 and/or 20% in diets. In this study, 

shrimp survival was varying between 47.8% and 65.6%, these was likely due to 

a higher stocking density at 264 shrimp m-2 (Roy et al., 2020).According to Ju et 

al. (2012) defatted microalgae meal (a by-product of astaxanthin production 

from Haematococcus pluvialis that contained 40.3% crude protein and 0.9% 
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crude lipid) could a valuable alternative protein and pigmentation ingredient in 

shrimp feed. The addition of a 3% defatted microalgae meal in diet has greatly 

increased the shrimp growth and improved feed conversion ratio compared to 

control (Ju et al., 2012). While, shrimp production performance was similar 

among 6, 9 or 12% adding defatted microalgae meal in shrimp diets, these diets 

have ensured the higher shrimp production performance than those fed with a 

commercial feed (Ju et al., 2012). The addition of dietary methionine at 8.1 and 

9.1 g kg-1 feed have significantly increased shrimp body weight compared with 

4.8 to 7.2 g kg-1 feed groups in the raceway systems (Façanha et al., 2018). The 

supplementation of the bioactive compounds (lutein, fucoxanthin, astaxanthins, 

glucosamine, carotenoid mix, phytosterol mix, bromophenol) have not 

significantly improved whiteleg shrimp growth performance (Ju et al., 2010). 

       Recirculating Aquaculture System (RAS) for Litopenaeus vannamei: 

Recirculation aquaculture system (RAS) is basically employed on mechanical 

and biological filters that attribute to reduce heat and water demand through 

water reuse, and this system is notably more mechanize and expensive in 

operation (Bregnballe, 2015; Yogev and Gross, 2019). Currently, L. vannamei are 

being cultured using RAS for commercial nursery and grow-out production and 

or experimental aquaculture usages in order to determine ideal stocking density, 

feed type, the functioning light in aquaculture systems and effect of probiotic 

supplementation etc. (Table 4). For example, Cárdenas et al. (2015) showed that 

the addition of 4 and 8% of brown seaweed meal and/or green seaweed meal in 

L. vannamei pellet feed has provided adequate growth and higher survival 

compared to the control diet and 8% of brown seaweed meal and or 4% of green 

seaweed meal based shrimp feed. This study is confirmed a significantly higher 

apparent digestibility coefficients for dry matter and crude protein when shrimp 

feeds were added brown or green seaweed meal compared to control diet. 

Esparza-Leal et al. (2015) observed that a higher growth of L. vannamei was at 

stocking density 1500 and 3000 ind. m-3 than those of stocking density at 6000 

and 9000 ind. m-3. While survival was unaffected among all stocking density 

groups and all these stocking density groups have ensured excellent shrimp 

survivals (85-91.8%) in nursery phase. Similarly, Suantika et al. (2018) did find 

that an increasing of stocking density has significantly decreased growth and 

survival of L. vannamei in grow-out production. Thus, the optimal shrimp 

density could be at 500 PL m-3 compared to 750 and 1000 PL m-3, which also 

ensures the best feed conversion ratio. Recently, L. vannamei grow-out 

production performance has comparable between RAS and hybrid system 

(combination of RAS and carbon adding zero-water discharge system) (Chen et 

al., 2020; Suantika et al., 2020), and this 
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Table 4. Growth performance of Litopenaeus vannamei in recirculation aquaculture system 
 
S IW FG  SGR  FCR SR CP CT Treatments References 

33 1.42 3.42 3.03 1.91 73.33 29 FE Control Cárdenas et al. 
(2015)  3.61 3.23 1.77 84.44   NG4 % 

 3.71 3.30 1.92 55.56   NG8 % 
 3.64 3.25 1.90 64.44   NK4 % 

 3.69 3.22 1.78 93.33   NK8 % 
5  14.87 7.12 1.32 70.0 84 GP SD 500 PL/m3 Suantika et al. 

(2018)  12.94 6.95 1.45 53.67   SD 750 PL/m3 

 11.32 6.79 2.05 44.0   SD 1000 PL/m3 
5  14.86 7.12 1.32 70.0 84 GP RAS Suantika et al. 

(2020)  12.06 7.05 1.54 70.0   Hybrid 
29.5-

29.6 

 10.32 6.84  48.90 36 GP SA RAS Chen et al. 

(2020)  9.75 6.80  44.36   Control 

30.7-

31.2 

0.004 1.37 2.73 1.01 53.1 50 NP SD1500 PL/m3 Tierney et al. 

(2020)  1.52 3.03 0.99 50.3   SD1500 PL/m3+S 
 1.25 2.50 1.08 53.8   SD 3000 PL/m3 

 1.36 2.71 1.04 52.0   SD 3000 PL/m3+S 
15.7-

15.9 

1.2 25.0 3.5 1.4 74.1 84 GP Full light Fleckenstein et 

al. (2019)  24.2 3.4 1.8 57.2   Partial light 
 19.9 3.2 2.1 62.0   No extra light 

Seawa
ter 

0.009 1.26 11.8 1.1 85.0 42 NP SD1500 PL/m3 Esparza-Leal et 
al. (2015) 0.85 10.8 0.9 91.8   SD 3000 PL/m3 

0.66 10.2 1.2 88.3   SD 6000 PL/m3 
0.51 9.7 1.0 89.3   SD 9000 PL/m3 

34.68-
35.06 

3.5 12.54  1.76 92.13 53 GP Shrimp and Mullet Legarda et al. 
(2019)  12.58  1.87 91.50   Shrimp 

20 1.13 12.6  2.1 76.2 87 GP No probiotics (P) Kesselring et 
al. (2019)  14.9  1.6 78.1   P continuously 

 14.8  1.7 76.2   Alternating 1week P, 1 
week control, 

 14.9  1.7 75.2   Alternating 2 weeks P, 
2 weeks control 

 15.5  1.6 76.2   Alternating 2 weeks P, 

1 week control 
27.2 1.92 17.85  1.6 93.11 70 GP RAS with BFT  Xu et al. 

(2020) 
0.6 0.082 13.9  1.61 56.3 13

3 

GP Shrimp and tomato in 

a RAS 

Mariscal-

Lagarda et al. 
(2012) 

14.8-
15.1 

2.9 21.1  1.6 77.5 86 GP 100% least salt Fleckenstein et 
al. (2022)  20.7  1.5 84.3   97.5% least cost salt 

 21.9  1.4 81.1   95% least cost salt 
 21.7  1.5 79.2   90% least cost salt 

 22.2  1.4 76.7   80% least cost salt 
 21.9  1.4 82.3   75% least cost salt 

Note: S: salinity (‰) IW: initial weight (g); FG: final weight (g); SGR: specific growth rate (%day-1); 
FCR: feed conversion ratio, SR: survival rate (%); CP: culture period; CT: culture type, GP: grow-out 
production; NP: nursery phase; FE: feed experiment; NG4 %: 8 % inclusion of commercial green 

seaweed meal in shrimp diet; NG8 %: 8 % inclusion of commercial green seaweed meal in shrimp 
diet; NK4 %: 4 % inclusion of commercial brown seaweed meal in shrimp diet; NK8 %: 4 % 
inclusion of commercial brown seaweed meal in shrimp diet; S: substrate; SA: Sucrose Addition. 

 

      technology did not give better shrimp survivals (44.36-70%). Mariscal-

Lagarda et al. (2012) have been conducted an integrated culture of white shrimp 

L. vannamei and tomato Lycopersicon esculentum using low salinity (0.65‰) 

groundwater in RAS setting; in which, good shrimp growth, yield and feed 

conversion ratio had achieved. Although, shrimp survival (56.3%) was 

inadequate in considering a viable aquaculture, this was likely due to low 
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salinity (0.65‰) groundwater using RAS. Therefore, periodical mineral adding 

low salinity shrimp-tomato integration RAS could be initiated to improve shrimp 

survival. Adding different level of least cost salt at 100, 97.5, 95, 90, 80, and 

75% in RAS system when L. vannamei cultured, these were provided comparable 

growth, survival, biomass production and feed conversion ratio after 86 days 

grow-out culture (Fleckenstein et al., 2022). Although least cost salt has 

substantial influences on DO, pH, salinity, and turbidity; but these were not 

impacted shrimp performance (Fleckenstein et al., 2022). This study also shows 

that adding to least cost salt is substantially reduced the cost in artificial sea 

salt mixtures-based aquaculture technology. Xu et al. (2020) stated that RAS-

biofloc technology was viable for L. vannamei that has recorded better growth, 

survival (93.11%), yield and feed conversion ratio after 70 days grow-out culture. 

Furthermore, in a laboratory setting, the integration of Pacific white shrimp L. 

vannamei and white mullet Mugil curema in a biofloc based RAS was viable in 

terms of growth, production, feed conversion ratio and survival (Legarda et al., 

2019). Also, this technology is ensured an excellent shrimp and mullet survivals 

(>90%). Therefore, this technology is warranted more researches in large scale 

commercial application with analyzing of economic viability to understand their 

feasibility in aquaculture industry. Whiteleg shrimp L. vannamei growth was 

greatly higher at 24 hours lighting and 12 hours lighting groups than no extra 

lighting RAS (Fleckenstein et al., 2019), while shrimp survival was substantially 

better as well as growth was slightly good at 24 hours lighting  group than 12 

hours lighting RAS. Therefore, indoor aquaculture should provide adequate 

lighting during operation. 

       Biofloc technology (BFT) for Litopenaeus vannamei : A BFT system is an 

environment friendly because it can improve water quality conditions and, for 

some species, can provide instant food, nutrition and healthcare to culture 

species (Ahmad et al., 2017; Hosain et al., 2021a,b,c). Bioflocs are particles 

consisting of a mixture of bacteria, algae, uneaten food, zooplankton that may 

provide a constant supply of nutrition to the farmed animals. Moreover, there 

are additional benefits to the animal including better growth and feeding 

efficiencies as well as immunity and disease resistance (Ahmad et al., 2017; 

Panigrahi et al., 2018; 2019). Biofloc contains proteins, lipids, minerals, 

vitamins, amino acids, and fatty acids as well as enzymes, immunostimulants 

and natural probiotics (Ahmad et al., 2017; Hosain et al., 2021c).  

      Now, Litopeneaus vannamei BFT based system are being practiced in fresh, 

brackish and marine water environments (Table 5). The most of the brackish 

water BFT based studies have been carried out in moderate to higher saline 

levels brackish water, while few are deal in fresh or low salinity (Table 5). A 
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higher growth, survival and production of white leg shrimp has found in 25‰ 

salinity based BFT compared to 2-4‰ BFT (Maica et al., 2012). The low salinity 

(1-7‰) brackish water BFT is found feasible to L. vannamei. Liu et al. (2014) 

reported the better survival, FCR and production of L. vannamei was in 

polyculture BFT systems with spotted scat (Scatophagus argus) and water 

spinach (Ipomoea aquatica) than control groups at low salinity (1‰) brackish 

water BFT, where maize starch has added to nitrogen ratio of 15. A survival at 

72.73% has found in 4‰ salinity BFT system (Maica et al., 2012). Artificial 

brackish water with salinity 4‰ based BFT system has provided higher growth, 

survival and production of L. vannamei postlarvae, in which CN ratio of 10 was 

maintained by adding molasses (Zacarias et al., 2019). A higher growth, survival 

and better FCR of L. vannamei have obtained in 7‰ salinity based BFT system 

than control, PKE was added to maintain CN ratio of 15. In a 5‰ based BFT 

system, L. vannamei production performance has better in glucose and molasses 

carbon based BFTs than starch adding BFT system (Huang et al., 2022). 

        A total of 12 different carbon sauces have been added when culturing 

whiteleg shrimp is BFT systems, while the C-N ratios were between 6 and 22 

(Table 5). Sucrose, molasses and glycerol carbon based heterotrophic BFT 

systems have a higher removal of nitrate-N than chemoautotrophic system, 

when L. vannamei was cultured (Ray and Lotz, 2014). A higher growth of L. 

vannamei has been remained in wheat flour BFT than molasses, tapioca BFT 

and clear-water system, while survival was similar, these carbon sources were 

added to nitrogen ratio of 20 at 26‰ salinity based BFT (Rajkumar et al., 2016). 

This study detected a higher number of total heterotrophic bacteria in three 

carbon sources BFTs than control. Tinh et al. (2021) reported the addition of 

corn starch in BFT system has resulted in significantly higher whiteleg shrimp 

growth rate, production, average body weight, and lower FCR compared to 

molasses addition. Two different mixtures of molasses and wheat bran (50+50 

and 75+25) % and molasses were used to create a zero-water exchange BFT for 

L. vannamei in which C-N ratio had 16 (Zhao et al., 2016). These authors 

reported a higher growth had in the mixtures of 50% molasses and 50% wheat 

bran than molasses and the 75% molasses and 25% wheat bran while survival  

shows no differences among the groups. Similarly, a mixture of molasses 

and rice bran (50+50) % carbon source was added to nitrogen ratio at 12 

to 15 for the L. vannamei juvenile production (Effendi et al., 2016).Result 

shows that PLs growth, production, survival and FCR were better at BFT 

system than that of periphyton based system. The C-N ratio of 12 is 

suiTable in terms of good water quality, higher shrimp performance, and 

better FCR and production compared to C-N ratios of 15 and 18, when 

molasses was added for L. vannamei juveniles cultured in  
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Table 5. Growth performance of Litopenaeus vannamei in biofloc system 
 
S FG SGR SR  FCR P  

(Kg m-3) 
CS CN 

R 
Treatments References 

26.6-
26.9 

9.84  97.33 1.29 2.81   Control Xu et al.  
(2016) 9.75  97.50 1.30 2.79 MO 6 C-N-adjust 

9.99  95.50 1.27 2.83 MO 12 C-N-12 
9.20  97.83 1.40 2.64 MO 15 C-N-15 

9.03  95.67 1.47 2.53 MO 18 C-N-18 
32.98-
33.76 

6.26 2.61 84.38 1.75    Control Khanjani 
and 

Sharifinia 
(2022) 

6.65 2.79 91.67 1.45  MO 10 C-N-10 

6.88 2.88 94.79 1.33  MO 14 C-N-14 
6.67 2.80 91.67 1.44  MO 18 C-N-18 

6.44 2.70 88.02 1.58  MO 22 C-N-22 
2-25 1.87 5.13 22.50 0.86 91.25a MO 6 2‰ BFT Maica et al. 

(2012) 1.94 5.23 72.73 0.87 154.61a MO 6 4‰ BFT 
2.06 5.37 97.50 0.81 220.53a MO 6 25‰ BFT 

4 0.8 7.0 87.5  0.15 MO 10 K: Mg (1:5.4) Zacarias et 
al. (2019) 

 

0.7 6.4  81.2  0.12 MO 10 K: Mg (1:4.65) 

0.7 6.6 89.8  0.14 MO 10 K: Mg (1:3.77) 
1.7 9  65.0  0.22 MO 10 Control: K: Mg (1:4.57) 

26.7 6.80 3.24 78.3 1.71 WB, MO 20 One time feeding Nery et al. 
(2019) 7.35 3.34 79.8 1.56 WB, MO 20 Two times feeding   

8.07 3.46 81.8 1.38 WB, MO 20 Three times feeding 
6.52 3.18 85.2 1.82 WB, MO 20 Four times feeding 

7 3.55 3.64 84.6 1.86    Control Syamala et 
al. (2017) 4.99 4.56 88.6 1.61  PKE 15 PKE  

25 5.97  4.10 86.9     Control Rajkumar et 
al. (2016) 6.64 4.25 82.2   MO 20 Molasses  

7.25 4.43 85.6   TF 20 Tapioca flour  
8.49  4.57 90.3   WF 20 Wheat flour 

25 2.5  96 1.3  CS 12 Corn starch Tinh et al. 
(2021) 1.3  90 2.6  MO 12 Molasses 

5 12.0
4 

4.23  100  1.09 Gl 20 Glucose Huang et al. 
(2022) 

11.2

2 

4.13 100  1.01 MO 20 Molasses 

4.47 1.86 48.2  0.39 St 20 Starch 

19.8-
19.9 

10.5  81.7 1.8 2.2 MO 6 Control commercial 
(CS) 20‰ 

Pinto et al. 
(2020) 

11.2  82.0 1.7 2.4 MO 6 CS: low-cost prepared salt 

mixture (PS)=10:10‰ 

12.8  56.0 2.4 1.8 MO 6 CS:PS = 5:15‰ 

4.3  12.0 16.4 0.2 MO 6 CS:PS = 20:0‰ 
26.08 0.44  92.71 1.76  MO 20 One time feeding Peixoto et al. 

(2018) 0.43  90.87 1.75  MO 20 Two times feeding   
0.56  88.51 1.50  MO 20 Three times feeding 

0.43  89.84 1.67  MO 20 Four times feeding 
37.23-

38.49 

9.98  94.79 1.08 3.4 MO 20 TSS 100-300 mg L-1  Gaona et al. 

(2017) 8.85  84.17 1.21 2.98  MO 20 TSS 300-600 mg L-1  
7.60  20.73 5.28 0.65 MO 20 TSS 600-1000 mg L-1  

33.0-

33.5 

15.0  83.3 1.4 2.3 MO 15 Na2CO3 based BFT Furtado et 

al. (2011) 14.3  85.0 1.4 2.2 MO 15 Ca (OH)2 based BFT 
14.2  80.0 1.5 1.8 MO 15 NaHCO3 based BFT 

12.0  80.0 3.0 1.3 MO 15 Control/BFT 
 0.64 8.84 52.17 2.04 0.29 MO 15 0‰ salinity  Moura et al. 

(2021)  1.21 11.30 96.67 0.71 1.11 MO 15 3‰ salinity  

 1.19 11.25 97.0 0.84 1.10 MO 15 6‰ salinity  

 1.14 11.09 95.67 0.89 1.03 MO 15 10‰ salinity  
 1.24 11.40 92.83 0.84 1.10 MO 15 13‰ salinity  

Note: S: salinity (‰); FG: final weight (g); SGR: specific growth rate (%day-1); FCR: feed conversion ratio, SR: 

survival rate (%); CS: carbon sources; CN R: Carbon to nitrogen ratio; MO: Molasses; TF: Tapioca flour, WF: 

Wheat flour, Gl: Glucose; St: Starch 
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Table 5. Growth performance of Litopenaeus vannamei in biofloc system (continued) 

S FG  SGR SR  FCR P  
(Kg m-3) 

CS CN 

R 

Treatments Reference

s 

35.0-

35.4 

1.6  95.8 1.1  RB 20 RB and 25 mg L-1 TSS Vilani et al. 

(2016) 1.3  94.2 1.2  RB 20 RB and 100 mg L-1 TSS 
1.3  93.4 1.3  MO 20 MO and 25 mg L-1 TSS 

1.2  91.9 1.4  MO 20 MO and 100 mg L-1 TSS 
1   51.1 5.64 0.292   SM and fed 100% Liu et al. 

(2014)   56.6 4.43 0.304   SP and fed100% 
  95.6 1.02 0.495 MS 15 SP and fed 100% in BFT 

  94.3 1.15 0.423 MS 15 SP and fed 80% in BFT 
22.5 16.66  59.53 1.96 21.74b   Control  Llario et al. 

(2019) 17.48  65.7 1.91 23.0 SU 15 HB treatment 
17.83  66.19 1.81 21.07 SU 15 Low bacteria treatment 

26.5-

26.9 

8.52  98.5 1.55 2.46 MO 9 SI 35% CP feed with CN 9 Xu et al.  
(2018) 8.75  98.6 1.52 2.48 MO 12 SI 35% CP feed CN 12 

8.24  98.8 1.62 2.39 MO 15 SI 35% CP feed CN 15 

8.09  96.0 1.71 2.27 MO 18 SI 35% CP feed CN 18 
9.84  97.3 1.29 2.81 MO 9 HI 35% CP feed CN 9 

9.99  96.5 1.27 2.83 MO 12 HI 35% CP feed CN 12 
9.20  97.8 1.40 2.64 MO 15 HI 35% CP feed CN 15 

9.03  95.6 1.47 2.53 MO 18 HI 35% CP feed CN 18 
18.93-

18.99 

12.04 6.55  1.34 2.72 MO 6 SD 300 ind. m-3 Liu et al. 

(2017) 9.94 5.93  1.49 2.99 MO 6 SD 400 ind. m-3 
6.98 4.71  1.71 2.63 MO 6 SD 500 ind. m-3 

10.84-
11.77 

0.66  95.70 1.18 WB, MO 10 SD1500 ind. m-2 Silva et al. 
(2015) 0.52  94.90 1.34 WB, MO 10 SD 3000 ind. m-2 

0.56  54.26 2.19 WB, MO 10 SD 4500 ind. m-2 
0.34  46.26 3.99 WB, MO 10 SD 6000 ind. m-2 

31.0-
33.0 

18.0 1.03 83.96 0.76 MO+RB 12-
15 

Biofloc system Effendi et 
al. (2016) 

20.5 1.09 74.48 3.43    PB system 
31.8- 

32.3 

9.52 1.08 90.06     Control Zhao et al. 

(2016) 10.78 1.48 91.48   MO 16 100% MO 
11.36 1.69 89.56  MO+WB 16 50% MO + 50% WB 

10.22 1.35 87.56  MO+WB 16 75% MO + 25% WB 

43±2 8.78  88.20 2.03  RBP  RBP + FZ (Fr 90 g kg-1) 

BFT 
Leite et al. 

(2020) 
9.17  88.1 1.55  RBP  RBP + (Fr 110 g kg-1) BFT 

9.32  87.3 1.55  RBP  RBP + FZ (Fr 150 g kg-1) 
BFT 

9.52  82.1 1.56  RBP  RBP + FZ (Fr 200 g kg-1) 

BFT 

9.04  83.2 1.56  RBP  RBP + FZ (Fr 250 g kg-1) 

BFT 

8.75  88.1 1.55  MO  MO based BFT 

7.74  81.3 1.67    Control 
15.0-

18.4 

  88.7 1.63 2.8 SU added 

when NO2-N 

was above 2 
mg L-1 

Low solids  Ray et al. 

(2011) 

Note: S: salinity (‰); FG: final weight (g); SGR: specific growth rate (%day-1); FCR: feed conversion 

ratio, SR: survival rate (%); CS: carbon sources; CN R: Carbon to nitrogen ratio; RB: rice bran; 
MS: Maize starch; SM: Shrimp monoculture; SP: Shrimp polyculture; RBP: Rice by product, HB: 
High bacteria, PB: Periphyton based system; FZ: Fertilizer; Fr: fiber 

       brackish water BFT system (Xu et al., 2016; Xu et al., 2018). Similarly, the 

C-N ratio 12 has been found optimal for those the less and more expensive feed 

containing protein levels at 35.80 and 36.10% (Xu et al., 2018). These authors 

suggested that less expensive feed with C-N ratio of 12 could be used in BFT 

systems, this can be reduced feed cost and ensured economic viability. More 

recently, Khanjani and Sharifinia (2022) showed the higher L. vannamei final 
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weight, productivity and survival had in molasses adding to nitrogen ratio at 14 

based BFT than those molasses to nitrogen ratios at 10, 18 and 22 based BFT 

systems. 

       In BFT system, three times feeding frequency is optimal for L. vannamei 

grow-out phase that has given the best growth compared to those of one and 

four times feeding groups, and this group survival had higher than one and two 

times feeding groups and similar to four times feeding treatment (Nery et al., 

2019). Similarly, three times feeding frequency has resulted better growth for L. 

vannamei nursery phase, but survival was not different among the feeding 

frequency of one, two, three or four times a day (Peixoto et al., 2018). Whiteleg 

shrimp culturing BFT system should be maintained the total suspended solids 

(Gaona et al., 2017). These authors showed that the low (100-300 mg L-1) and 

medium (400-600 mg L-1) TSSs based BFT systems have improved water quality 

conditions and reducing feed cost, augment production, growth and survival as 

well as ensure overall animal health. In contrast, the higher solids (600-1000 mg 

L-1) based BFT system had decreased whiteleg shrimp productivity, growth and 

survival (Gaona et al., 2017). Overall, BFT system is a tremendous technology 

for whiteleg shrimp. This technology has ensured excellent survivals  and better 

FCRs and higher productivity in those successful BFT systems. This systems 

requirs optimal carbon sources, C-N ratio and TSS level to maximize the shrimp 

production. 

      Aquamimicry shrimp farming: Aquamimicry is a newly developed modern 

shrimp culture technique, it attempts to create a better balance between biofloc 

production and live feeds include microalgae, rotifers, cladocerans, copepods, 

amphipods etc. (Khanjani et al., 2022; Nisar et al., 2022; Romano, 2017). This 

system relies on organic carbon source without providing a specific carbon to 

nitrogen ratio and probiotic (Khanjani et al., 2022; Romano, 2017). The system 

is often adding Bacillus sp. probiotics with fermented rice or wheat bran 

regularly (Romano, 2017). This author suggested a dose of fermented carbon 

source at 50-100 ppm for first two weeks then it could be reduced at following 

order 4>2 ppm as daily addition throughout the culture cycle. The Aquamimicry 

system should be maintained an ideal turbidity around 30-40 (measured using a 

Secchi disk) (Romano, 2017). The shrimp stocking density can be at 30-100 ind. 

m-2 (Romano, 2017). Addition of  fermented carbon source with probiotics 

involves in blooming the bacteria, phytoplankton and zooplankton (Nisar et al., 

2022; Romano, 2017; Zeng et al., 2020). This system is usually stimulated in 

increasing of copepods blooming thus it is often known as biofloc-copefloc 

system (Santhanam and Perumal, 2020).  

This system does not require any chemical addition thus it is a 

completely organic shrimp farming. The Aquamimicry system was started in 

2013 by two renowned shrimp farmers Mr. Sutee Prasertmark and Mr. Veerasan 

Prayotamornkul in Thailand (Zeng et al., 2020). Currently, this innovative 
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shrimp farming system is adopted in many countries i.e., Bangladesh, Brazil, 

Brunei, China, Ecuador, Egypt, India, Korea, Malaysia, Mexico, Peru, Singapore, 

Sri Lanka, USA, and Vietnam. This system increases shrimp production as well 

as provides good water quality conditions and wellbeing to culture animals (Zeng 

et al., 2020). This aquaculture system is still in its initial stage and does not 

have much experimental research in optimizing the best organic carbon sources 

or its optimal administration level for shrimp or fish culture. Therefore, more 

researches are needed to optimize its system design and operation protocol 

includes suiTable carbon sources and its optimal level in semi-intensive and 

intensive shrimp production using pond setting.     

       Integrated multitrophic aquaculture system: Integrated multi-trophic 

aquaculture (IMTA) is resembled to polyculture, where multi-trophic aquatic 

species include plant, fishes, shrimp, mollusks and echinoderms do exist 

together in a farming condition within a culture mesocosm and or a separate 

mesocosm. This system is involved in improving of farm efficiency with more 

benefits such as increases productivity and profit, reduces waste, and provides 

ecosystem services along with bio-remediation. For example, whiteleg shrimp 

(SD at 300 ind. m-3) and Nile tilapia Oreochromis niloticus (SD at 344 ind. m-3) 

have been integrated with heterotrophic and mature biofloc systems (Martins et 

al., 2020). In which, shrimp production performance was unaffected by two 

systems and ensuring excellent survival (>88%) while tilapia production was two 

times higher in heterotrophic BFT system. Significantly higher sludge including 

total suspended solids and settleable solids as well as less bacterial community 

diversity and Vibrionaceae were in heterotrophic BFT system (Martins et al., 

2020). 

Integration of L. vannamei, mullet Mugil liza and sea lettuce Ulva fasciata 

in a biofloc system could be a viable system, in which shrimp and mullet growth 

and survival were unaffected while total yield was better in IMTA system than 

control (Legarda et al., 2021). Mullet Mugil curema stocked at 10-20% of  L. 

vannamei biomass in the IMTA systems that substantially increased mullet 

growth and survival compared to mullet stocked at 30% of  L. vannamei biomass 

(Legarda et al., 2020). Whereas, shrimp performance includes shrimp final 

weight, growth rate, feed conversion ratio and production were comparable 

between those treatments. Brito et al. (2016a) indicated that integration of L. 

vannamei with red seaweed Gracilaria birdiae in the BFT system has decreased 

dissolved inorganic nitrogen, nitrate-N and Vibrio density. This system is 

significantly increased shrimp overall performance including growth and 

productivity as well as crude protein content in whole body shrimp. Ge et al. 

(2019) demonstrated that the integration of L. vannamei (500 shrimp m-3) and 
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green seaweed Ulva prolifera (800 mg L-1) with 10% water exchange improve the 

water quality and enhance shrimp growth. Contreras-Sillero et al. (2020) showed 

that polyculture of L. vannamei and sea cucumber Holothuria inornata in a BFT 

based recirculation system was feasible, and this system provide the excellent 

growth, survival and productivity.  

        Prospects and future outlooks of Litopenaeus vannamei production in 

Bangladesh: Whiteleg shrimp L. vannamei can bring more prospects in coastal 

aquaculture in Bangladesh due to its ease culture technology and ability to 

grown in low salinity freshwater to high salinity marine environments, high 

market demand and its deliciousness and adorability to shrimp consumers. The 

development of L. vannamei aquaculture will help to enhance the high demand 

shrimp commodity, and having prospects its business in local and international 

markets. Despite these possibilities, the shrimp sector has some constraints 

when culturing in Bangladesh environments. For example, sustainable 

aquaculture production of this shrimp requires quality seeds that rely on 

specific pathogen free (SPF) and specific pathogen tolerant (SPT) broodstocks to 

overcome mass shrimp mortality owing to diseases. Furthermore, shrimp should 

be cultured using highly intensive or super intensive culture system. Also, the 

nitrogenous toxicants should be eliminated in L. vannamei culture systems. 

Moreover, the L. vannamei culture technology should be adopted using of 

environment friendly controlled aquaculture technology to ensure not to entire 

as new footprint of L. vannamei as well as their aquaculture residues (pollutants 

and aquaculture chemicals) in coastal estuarine environments. Therefore, the 

reproducible research should be warranted in hatcheries, nurseries, grow-out 

production and high-quality broodstock developments. The Table 6 is 

summarized and presented the current global progress and future research and 

development works for L. vannamei in Bangladesh in brief. 

The feasibility of modern aquaculture of L. vannamei as well as some 

traditional Bangladesh shrimp culture technologies should be compared with 

emphasized of shrimp production performance, carcass quality, benefit-cost 

analysis to identify the viable technology for local shrimp farmers. The larvae 

culture technology will be adopted by buying of SPF, SPR and SPT stocks from 

several countries. The broodstock developments in government and non-

government satellite hatcheries with cohort breeding protocol of respective 

broodstock of SPR, SRT and SPT for in each hatchery should be initiated using 

several stocks available in worldwide. Additionally, the hybrid broodstock of 

whiteleg shrimp should be developed with combined strategies such as 

SPF+SPR, SPF+SPT or SPF+SPR+SPT (proposed by Alday-Sanz et al., 2020). The 

broodstock developing activities could be initiated and managed with accordance 
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of proper scientific methods and biosecurity farming conditions to avoid the 

inbreeding problem with emphasized of higher growth and diseases resistant 

traits. The satellite nursery station should be established with modern indoor 

aquaculture system to ensure advanced shrimp juvenile in enhancing the 

Whiteleg shrimp production in Bangladesh. 

       The grow-out production of L. vannamei should be used confined outdoor 

pond or indoor modern aquaculture system to ensure high-quality L. vannamei 

shrimp production and not to escape in natural environments. Additionally, 

more experimental researches are needed on larval phase, nursery, grow-out 

production and broodstock feed and feeding regimes, and various stocking 

densities with enzyme activities and diseases challenges and carcass quality 

when used locally available feed or newly develop feed for L. vannamei in 

Bangladesh. Furthermore, these researches will be monitored the physio-

chemical features including salinity, temperature, pH, TAN, nitrite-N, nitrate-N, 

TSS and VSS. The effect of tank colour on larval performance should also be 

explored. Moreover, all aquaculture production experiments will be examined L. 

vannamei physiology in particularly digestive enzyme activity, immunity and 

diseases resistances with various pathogen challenge tests during culture 

protocol development in Bangladesh. The studies of probiotics addition in 

aquaculture systems and their impacts on culture environments and shrimp 

production performance researches are suggested in controlled indoor and out-

door systems.  

       In Bangladesh, the outdoor earthen ponds within the controlled 

environment of L. vannamei grow-out culture could be a great option. This 

system should be developed based on reproducible research findings or using 

feasible technologies as early as possible. Then, the developed viable technology 

should be demonstrated throughout the coastal regions where brackish and 

marine waters are available. During this pilot program, shrimp carcass quality 

and overall health status including immunity, diseases resistance and 

robustness will be examined. Additionally, the aquaculture attributes such as 

monoculture, intensification, polyculture with locally available finfishes, 

shellfishes could be initiated and its benefit-cost ratio will be estimated. Finally, 

the developed technology will be disseminated among the shrimp farmers. 

       Boosting seafood export earnings of Bangladesh: Historically, the exported 

shrimp commodities have been increased gradually from 13631.0 to 54891.0 MT 

between 1985-86 and 2010-11(Table 7). The following decade, the frozen seafood 

export from Bangladesh showed a declining trend and fallen to 30036.18 MT in 

2019-20. While, the prawn and shrimp farming area and its production have 

accounted for 2,76,492 ha and 669 kg ha-1, and 2,57,888 ha and 998 kg ha-1 for 

2010-11 and 2019-20, respectively (DoF, 2020; FRSS, 2012). Herein, the prawn 
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M. rosenbergii and shrimp P. monodon production per hectare have not improved 

during the decade. However, the L. vannamei production was higher at 5.0 to 

8.9 MT ha-1, i.e. 5 to 9 times more in pilot scale grow-out ponds in Bangladesh, 

compared to the present production rate of 998 kg ha-1 (DoF 2020). 

 
Table 7. Exported of frozen seafood commodities include prawn, shrimp and fishes from 1985-

86 to 2019-20.  Exported live fish data excluded. (DoF,2002,  2007 and 2020) 
 

Year Prawn and shrimp Fish  Total 1 USD 

equival
ence to 
BDT  

Export  
(MT) 

BDT 
(Million) 

Export  
(MT) 

BDT 
(Million) 

Export 
(MT) 

BDT 
(Million) 

1985-86 13631.0 2693.0 5017.0 365.0 18648.0 3058.0 26.0 
1990-91 17985.0 4512.9 5702.0 414.0 23687.0 4926.9 33.0 
1994-95 26277.0 10457.0 9267.0 1802.6 35544.0 12259.6 40.20 
2000-01 29713.0 18852.0 7965.0 948.9 37678.0 19800.9 50.82 

2005-06 49317.0 26984.0 17429.0 2941.4 66746.0 29925.4 61.39 
2010-11 54891.0 35682.0 33112.0 9111.0 88003.0 44793.0 69.18 
2015-16 40726.0 35987.0 18561.0 4373.0 59287.0 40360.0 77.67 
2019-20 30036.18 29489.0 21915.52 6250.0 51951.7 35739.0 84.78 

  

Based on the L. vannamei cultivation success in Bangladesh, this shrimp 

can boost up production from the coastal Bangladesh and can help in export 

earnings. In this stand point, if Bangladesh cultivate about 10% of shrimp 

culture area (27,000 ha) with L. vannamei, the projected production will be 

about 2,70,000 MT from two consecutive cycles in a year (calculation using the 

minimal production at 5 MT ha-1 under two cycle per year, that obtained a pilot 

scale culture in Bangladesh). Moreover, this shrimp production (2,70,000 MT) 

can be added great amount of money with the value of 1,35,000 million BDT to 

the national economy that will 4.57 times higher than that of current export 

earnings (BDT 29,489.0 million in 2019-20; Average shrimp price BDT 500/kg). 

Additionally, these shrimp commodity export earnings value could be about USD 

1319.50 (1 USD = BDT 102.34). Hence, the export earnings could boost from 5 

to 10 folds from the present scenario, that will depend upon the management 

techniques as well as expansion of shrimp culture area in the coastal region. 

 

CONCLUSION 

       This review shows the Pacific white shrimp L. vannamei could be a potential 

shrimp species in the coastal region of Bangladesh. This shrimp has more 

reliable aquaculture attributes like easy to culture in various environment 

conditions and technologies. This species able to tolerate a wide range of salinity 

in aquaculture conditions. Postlarval survival is significantly higher during 

hatchery phase. This species can be grown in higher stocking densities, and 

they are eating various feed and feed particles in culture environments. The 
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specific diseases resistance strains of this species are available in several 

countries. This shrimp can be cultured in numerous indoor and outdoor 

aquaculture systems i.e., earthen pond culture, tank culture, limited/zero 

discharge recirculating aquaculture system, clear-water or green water 

raceways, biofloc and aquamimicry culture system. For instance, the 

reproducible researches are needed to examine the culture profitability in 

Bangladesh coastal environment conditions. Hopefully, the current knowledge 

on culture technology could be very helpful for strategies and aquaculture 

systems design and development studies in various L. vannamei culture 

stations. Therefore, more researches and development activities of this shrimp 

are warranted. The outcomes of these research and development works could be 

helpful to enhance the shrimp production in Bangladesh, which will support to 

the increasing protein demand of rapid growing human populations globally and 

will create many job opportunities. 
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