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Abstract  The importance of live feed as a beginning 
diet in marine shrimp (Penaeus sp.) is largely dependent on 
careful management during the early stages of larval 
growth. The COVID-19 pandemic has a significant impact 
on Malaysian aquaculture, which is critical for seafood 
supply and security. Cladocerans are an alternative live 
feed species that outperform Artemia nauplii in terms of 
nutritional value, economic value, availability, and 
reproduction rate. In terms of supplying live feed for 
commercial aquaculture, cladoceran culture and cultivation 
can therefore be an economically viable, sustainable, and 
desirable live feed species. The purpose of this study is to 
collect information on low-cost live feed for marine shrimp 
used in aquaculture and how COVID-19 affects the sector. 
Thus, a survey was conducted at a private hatchery and 
farm in Pekan and Badong, Pahang, Malaysia to 
investigate the importance of low-cost live feed culture 
technology to the marine shrimp industry during 
COVID-19. A total of 20 respondents took part in the 
survey. During the COVID-19 period in Malaysia, data 
were gathered using a questionnaire that was planned to be 
completed via an online form from August 2020 through 
December 2020. The software utilised was a Google 
application (Google Form). The data gathered revealed the 

importance of utilising live feed for maintaining shrimp 
larvae production in the sector. The current data are critical 
for developing policy actions to support seafood industries 
affected by the pandemic at both the national and 
international levels. 
Keywords  Live Feed, Low-Cost, COVID-19, Marine 
Shrimp, Malaysia, Aquaculture Industry 

1. Introduction
Aquaculture is an internationally prosperous sector that 

yields many important species of fish, crustaceans, and 
other aquatic organisms. It is one of the most significant 
industries in the world for providing the population with 
essential nutritional sources of protein, fat, minerals, and 
vitamins [1]. Aquaculture has the potential to boost the 
community's socioeconomic conditions by assuring food 
security [2]. In 2019, Malaysia's aquaculture business 
produced farmed organisms weighing in at 391,000 metric 
tonnes, with an estimated economic worth of USD 700 
million. Larger size, higher nutritional content, and broad 
demand as a gourmet delicacy make the marine shrimp, 
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Penaeus sp., one of the most commercially significant 
native-farmed species in Malaysia.  

COVID-19's effects have yet to be seen and are 
unpredictable due to its size and nature. However, it is 
well understood that these effects will have an impact on 
both small-scale agriculture and other production chain 
links [3]. Shrimp production was cut in half due to the 
COVID-19 pandemic, which had a major impact on 
market pricing and therefore on farmers' ability to make a 
living. Costs of production went up and income from 
farming went down as a consequence of the nationwide 
lockdown, which restricted both exports and movement 
inside the country. In response, farmers reduced personnel 
by an average of 42.8 percent, but even with the sale of 
co-cultured finfish, income fell by a similar amount [4]. 
Since COVID-19 has discouraged the well-to-do from 
going out to the store [5], lower-income consumers have 
favoured finfish over shrimp [6]. Since then, sales of 
shrimp at local stores have dropped.  

In summary, COVID-19 threatens the incomes of tens 
of thousands of people who have no other means of 
support, deepening poverty and threatening future food 
supplies [5]. This study would investigate the effects of 
COVID-19 on the shrimp industry and the economy. 
Kembang Subur Sdn. Bhd. is a private corporation that 
manages shrimp hatcheries in Malaysia and Vietnam. In 
order to produce and sell specified pathogen free (SPF) 
nauplii and post larvae, the company primarily engages in 
shrimp grow-out farming and operates a marine shrimp 
hatchery. Hatcheries need a wide range of dietary 
resources for SPF broodstocks, such as Artemia, microdiet, 
and low-cost live feed [7].  

The global transportation system has almost ground to a 
standstill owing to the restrictions imposed by the 
COVID-19 virus. It is challenging to import shrimp 
broodstocks with a higher SPF because of restricted 
borders and/or local limits. Having processing facilities, 
hatcheries, and farms in close proximity to one another 
may improve the efficacy of lockdown in countries that 
produce shrimp. The shrimp feed business is highly 
dependent on on-farm activities; as a consequence, a lack 
of on-farm activity has led to the reduction or closure of 
feed mills [7]. Shrimp still need frequent feeding to 
develop healthily and without illness. Inadequate or 
delayed feeding of shrimp might affect their mean 
harvested weight and, by extension, the total biomass 
collected [8].  

The type of live feed used at different stages of the 
shrimp's life cycle is crucial for appropriate growth, 
survival, and nutrition. Live feed organisms have several 
benefits that make them preferable to artificial feeds in 
aquaculture. It is usual to employ Artemia nauplii, fairy 
shrimps, rotifers, cladocerans, copepods, and other live 
feeds. Although Artemia sp. has long been the most 
common live feed organism worldwide, because of its 
expensive cost and restricted availability, other potential 
alternatives, such as cladocerans, have long been explored. 

Cladocerans are a notable class of planktonic crustaceans 
since they are among the most common primary 
consumers group found in water bodies ranging from 
freshwater to marine with wide tolerance to wide salinity 
[9]. According to research, alternative live feed species 
such as cladocerans have superior nutritional levels, better 
economic values, more availability, and a higher 
reproduction rate than Artemia nauplii. Cladocerans such 
as Moina macrocopa have been employed as larval 
nutrition all over the world due to their rapid population 
growth, range of sizes from neonates to adults, and high 
protein content (70%) among other factors [10, 11]. Thus, 
the cladocerans are an excellent choice for a live feed to be 
cultured, and it has been claimed that they can partially 
replace the more expensive Artemia sp. and other seasonal 
zooplankton, like copepods, in larviculture [11, 12, 13]. 
Culture and cultivation of cladocerans species can thus be 
an economically viable, sustainable, and desirable activity 
in terms of live feed supply in commercial aquaculture. 
As a result, greater emphasis should be made on creating a 
superior mass culture and live feed cultivation techniques 
for the benefit of aquaculture worldwide. 

This study aims to gather data on low-cost live feed for 
the marine shrimp in aquaculture industry and how the 
industry was affected during COVID-19. 

2. Material and Method 

2.1. Study Area 

The study area was Kembang Subur (KS) Sdn. Bhd. at 
KS Pekan and KS Badong, Pahang, Malaysia. Kembang 
Subur Sdn. Bhd. operates shrimp hatcheries in Malaysia 
and Vietnam. Its principal activities involve the business 
of marine shrimp hatchery operation for the production 
and sale of specific pathogen free (SPF) nauplii and post 
larvae, as well as shrimp grow-out farming. 

2.2. Survey 

A questionnaire was used to collect data, and it was 
designed to be filled out using the online form, from 
August 2020 until December 2020 during the COVID-19 
term in Malaysia; the software used was a Google 
application (Google Form). The questionnaire link was 
distributed via social media channels such as WhatsApp 
and e-mail. The questionnaire was distributed in both 
English and Malay languages. Twenty respondents from 
Kembang Subur Sdn. Bhd. hatchery at KS Pekan and KS 
Badong, Pahang, Malaysia, were selected to answer 
questions in four sections: Section A (personal 
information), Section B (live feed), Section C (use of live 
feed and its effect), and Section D (impact of COVID-19 
on aquaculture) (Figure 1). All of the twenty staff from 
Kembang Subur Sdn. Bhd. hatchery at KS Pekan and KS 
Badong were selected to conduct this descriptive analysis. 
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2.3. Data Collection and Analysis 

The survey is completely anonymous, and it is carried out based on the flowchart in Figure 1. There were numeric 
and narrative facts in some of the data. The data was then coded, summarised, processed, tabulated using simple 
statistical methods such as averages and percentages, and analysed using Microsoft Excel, as well as Statistical Package 
(SPSS) for Windows version 20.0. 

 

Figure 1.  Flowchart of the study 

3. Result 

3.1. Demography of Respondents 

A total of 20 responses were captured (Table 1). The results on the demographic status showed that most respondents 
were in the range of age from 20 to 29 years old. Age range among staff in the company may depend on the job scope 
and also the different department in both farms. Respondents were mostly male (70%) and Malay (95%). 14 
respondents equal to 70% were still unmarried or single. More than half of the respondents had completed their 
university bachelor’s degree (55%). The percentage of respondents is based on the occupational status in the hatchery. 
Most respondents were breeders in the hatchery (60%, 12 respondents), followed by sellers, lab technicians and lab 
assistants (15%, 3 respondents each) and students (interns) (10%, 2 respondents). 
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Table 1.  Respondent’s demography data 

Age Sex Race Marital_status Education Occupational 

20 - 29 Female Malay Married Master degree Intern student 

30 - 39 Male Malay Married Bachelor degree Breeder 

30 - 39 Male Malay Single Bachelor degree Breeder 

30 - 39 Male Indian Married Bachelor degree Breeder 

20 - 29 Male Malay Single Bachelor degree Breeder 

20 - 29 Male Malay Single Bachelor degree Seller 

30-39 Male Malay Married Bachelor degree Breeder 

20 - 29 Male Malay Single Secondary school Seller 

20 - 29 Male Malay Single Secondary school Breeder 

20 - 29 Male Malay Single Secondary school Breeder 

20 - 29 Female Malay Single Bachelor degree Lab technician 

20 - 29 Male Malay Single Bachelor degree Breeder 

20 - 29 Female Malay Single Bachelor degree Lab technician 

40 - 49 Male Malay Single Secondary school Breeder 

20 - 29 Male Malay Single Secondary school Breeder 

20 - 29 Female Malay Single Bachelor degree Lab assistant  

20 - 29 Male Malay Single Bachelor degree Breeder 

20 - 29 Male Malay Married College degree Seller 

20 - 29 Female Malay Married Bachelor degree Breeder 

20 - 29 Female Malay Single Bachelor degree Intern student 

3.2. Commonly Used Live Feed 

Based on Figure 2, the percentage of responses for commonly used live feed by hatchery staff is the use of 
zooplankton, Artemia sp. (20 respondents; 50%) and followed by the use of phytoplankton, which is microalgae from 
the genus of Chaetoceros sp. (35%), Skeletonema sp. (7%), Chlorella sp. (5%) and Thalassiosira sp. (3%). 

 

Figure 2.  Percentage of responses for commonly used live feed in the hatchery 
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3.3. Important Parameters Regulating Zooplankton and Microalgae Growth 

The most responded answer on important parameters that regulated the zooplankton growth population cultured in 
the hatchery was ‘seed quality’ (Figure 3) chosen by 13 respondents (65%). The least stated parameters were ‘light’ and 
‘salinity’ chosen by one respondent (5%) each. 

 

Figure 3.  Percentage of responses on the important parameters regulating zooplankton growth 

 

Figure 4.  Percentage of responses on the important parameters regulating microalgae growth 
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Figure 5.  Percentage of responses on the recommendations for improvement and development of live feed culture in the hatchery 

Apart from that, the most important parameter that 
regulated the growth of microalgae culture in the hatchery 
was also ‘seed quality’ (75%; Figure 4). The choosing of 
seed quality for pure stock culture of microalgae is very 
important to ensure the sustainability of microalgae 
production in the hatchery. While, the least important 
parameters for the growth of microalgae that were chosen 
are light (15%) and medium culture (10%) when only 3 
and 2 people had responded to the answer respectively. 

3.4. Recommendations for Improvement and 
Development of Live Feed Culture in Hatchery 

The highest recommendation answered by respondents 
is ‘suitable culture method’ (12 respondents; 60%). The 
other option ‘to obtain pure stock culture’ for the 
improvement and development of live feed culture in the 

hatchery was chosen by eight respondents (40%) (Figure 
5). 

3.5. The Impact of Using Low-Cost Live Feed in 
Hatchery 

In Section C of the questionnaire, seventeen questions 
were asked to identify the effect of using the low-cost live 
feed in the hatchery. Respondents were asked to express 
their answer using a 5-point Likert scale (1 = strongly 
disagree, 2 = disagree, 3 = not sure, 4 = agree and 5 = 
strongly agree). The mean score, standard deviation, 
frequency and percentage of respondents’ responses are 
shown in Table 2. Based on the descriptive data in Table 2, 
respondents have generally positive responses to all of the 
questions (mean = 4.40, SD = 0.60). 
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Table 2.  Respondents’ frequency and percentage of mostly chosen agree level on the questions of Section C: The use of live feed and its effect 

Respondents’ Knowledge of the Use of Live Feed and Its 
Effect 

Most responses (1 
– 5; Strongly 

disagree – 
Strongly agree) 

Mean ± SD Frequency Percentage (%) 

Does the introduction of new species of live feed can give a 
beneficial impact on your hatchery? 5 4.45 ± 0.61 10 50 

Does the isolation of culture is a normal practice? 4 4.15 ± 0.59 13 65 

Does produce live feed individually are economically 
beneficial in your hatchery? 5 4.50 ± 0.61 11 55 

Does the nutritional quality of live feed adequate for good 
growth and survival of the target species? 5 4.50 ± 0.61 11 55 

Does the live feed you produce is sufficient for the yield of 
your cultured animal? 4 and 5 4.35 ± 0.67 9 45 

Advances in live food enrichment technique help to boost 
the importance and potential of a live food organism in the 

rearing of aquatic larvae species. 
5 4.60 ± 0.60 13 65 

Food nutrition is very important for the development of fish 
larvae and crustaceans. 5 4.75 ± 0.44 15 75 

Providing appropriate live food at the proper time plays a 
major role in achieving maximum growth and survival of 

the young ones of finfish and shellfish. 
5 4.60 ± 0.50 12 60 

What is the range of difficulties for culturing live feed in 
hatcheries? 4 3.75 ± 1.02 8 40 

The relationship between industry and IPTA can further 
improve learning outcomes in IPTA by applying the 

conditions of the aquaculture industry in Malaysia in the 
learning system. 

5 4.55 ± 0.51 11 55 

Train skilled workers in the cultivation and production of 
live food in larvae-rearing hatcheries. 5 4.50 ± 0.61 11 55 

The goal of this collaboration has been to meet the needs of 
the industry to increase and enhance sustainable live food 

production. 
5 4.55 ± 0.51 11 55 

All of the hatcheries’ workers successfully achieved live 
feed culture technique skills. 4 4.25 ± 0.64 11 55 

The industry has learned new cultural techniques and 
understands the importance of using the new live feed to 

fully or partially substitute conventional live feed 
(Artemia). 

5 4.40 ± 0.68 10 50 

Can the introduction of new live feed species by university 
researcher help farmers and aquaculture industry practice? 4 4.30 ± 0.57 12 60 

Does the survival and growth of cultured animal increase 
after using self-culture live feed as a food supplement? 4 4.45 ± 0.51 11 55 

Can research data on live feed nutrition that potentially can 
be cultured and produced by the researcher encourage you 

to use it at the hatchery? 
4 4.25 ± 0.55 13 65 

Overall  4.41 ± 0.60   

*Numbers 4, and 5 indicated the scale of agreement with the statement provided. 
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3.6. Impact of COVID-19 On Industry (Before and 
After the Pandemic) 

3.6.1. Cultured Species 
The percentage of cultured species was not significantly 

impacted by the COVID-19 pandemic. Kembang Subur 
hatchery has increased and decreased the production of 
cultured species before and after Movement Control Order 
(MCO). According to Figure 6, the production of 
crustacean increased from before COVID-19 to after 
COVID-19 (90% to 95%). While, for the production of 
fish, the production decreased by half from 10% to 5% 
before COVID-19 and after COVID-19 respectively. 

3.6.2. Production 
On the other hand, the percentage of production costs 

before and after the COVID-19 pandemic have different 
results (Figure 7). The production cost of less than 
RM10k decreased by 5% from before COVID-19 to after 
COVID-19 (35% to 30%), while the production cost of 
higher than RM50k until RM80k was increased by 5% 
from 5% before COVID-19 to 10% after COVID-19. This 
increase might be because of limitations that occurred 
during MCO. The industry needed to buy a lot of artificial 
live food to ensure no difficulties during MCO. The 
production cost from RM10k to RM50kremained 
unchanged before and after COVID-19.  

 

  

Figure 6.  Percentage of cultured species before COVID-19 (A) and after COVID-19 (B) 

 

Figure 7.  Percentage of production cost before COVID-19 (A) and after COVID-19 (B) 
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Figure 8.  Percentage of live feed production sampled from the natural environment during MCO 

 

Figure 9.  Percentage of live feed sources obtained by staff in the hatchery 

During MCO, the percentage of sampled live feed 
increased up to 45% compared to decreased (15%), no 

production (15%) and stationary (25%) (Figure 8). These 
results show that there is a relationship between the staff 
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duties and department with the production of species that 
can be sampled. Laboratory staff chose no production as 
they could not have any microalgae pure stock culture to 
maintain microalgae growth in their lab. 

3.7. Sources of Live Feed during COVID-19 Pandemic 

Based on Figure 9, the percentage of live feed sources 
obtained from self-culture and purchased shows a 
comparable result when half of the respondents responded 
to ‘self-culture’ (50%) and the other half chose ‘to 
purchase’ (50%). 

4. Discussion 
In the aquaculture sector, live food culturing is vital as 

the primary food for fish and crustacean seed farming. 
The problems with the feed, particularly the high price 
and nutritional level, are factors in the decline of shrimp 
farming [2]. Understanding the effect of feed on the 
efficiency of shrimp and prawn rearing is critical. Thus, 
Universiti Malaysia Terengganu (UMT) and Kembang 
Subur Sdn. Bhd. worked together to effectively introduce 
low-cost live food species that could be cultivated in 
hatcheries. The development and survival of cultured 
animals can be implemented by improving and 
manipulating live food nutrition. According to the current 
study, the global pandemic of COVID-19 had a negative 
influence on shrimp production and supply [14]. 
Department Statistics, Malaysia 2022, stated that the 
production of crustacean and molls decline until 2018 and 
slightly increased (19.9%) in 2019 compared to 2018. 
However, it tends to decrease during the COVID-19 
pandemic [15].  

COVID-19 is a health concern, but if appropriate 
actions are not implemented, it might also pose a threat to 
food security. Previous pandemics have demonstrated that 
quarantines and fear not only harm human activities and 
the economy but also damage aquatic food systems and 
all types of agricultural operations [6]. In addition to the 
high cost of commercial feeds, which fluctuates over time, 
the production of shrimp is hampered by the 
aforementioned issue [16]. However, via cooperation 
between UMT and Kembang Subur Sdn. Bhd., the usage 
of cladoceran has aided the shrimp industry in supplying a 
sustainable feed for the raising of shrimp larvae by 
substituting 50% of purchased live feed with 
self-cultivation. The selection of zooplankton as live feed 
for larvae is complemented by important considerations 
such as availability, nutritional requirements of fish and 
shellfish larval and size of feed that suits the mouth gape 
[17]. Cladocerans constitute over 620 different species 
and generally fall in the size ranges of 0.2–18 mm [18]. 
Daphnia magna (small, 1.4 mm), (medium, 2.5 mm), and 
(large, 3.1 mm), Daphnia pulex (2–3 mm), and 
Ceriodaphnia dubia (<1.4 mm) [19, 20]. While, the 

average length of shrimp larvae size was 0.65 mm, and 
the body length of the females reached 2.37 mm at 
maturity [21]. 

According to the survey data, COVID-19 had no effect 
on shrimp output at the Kembang Subur hatchery; 
nonetheless, production grew by just 5 % from before 
COVID-19 to after COVID-19. However, the output of 
fish as a side culture species in the hatchery decreased by 
around 5 % during the pandemic. Previously, live feed 
organisms such as Artemia sp. (brine shrimps) were 
preferred for rearing fish larvae, but the use of other live 
feed species such as cladocerans has been underexplored 
despite their various advantages [22]. Based on Figure 2, 
the most used live feed by hatchery staff was Artemia sp. 
(50%) followed by phytoplankton, which is microalgae 
from the genus of Chaetoceros sp. (35%), Skeletonema sp. 
(7%), Chlorella sp. (5%) and Thalassiosira sp. (3%). In 
industrial larviculture, feeding of penaeid shrimp begins 
with live microalgae, and brine shrimp supplementation 
often starts at the mysis stage. According to de Moraes 
[23], microalgae used in shrimp larviculture belong to the 
genera Chaetoceros, Tetraselmis, Isochrysis, Pavlova, 
Phaeodactylum, Dunaliella, Skeletonema, and 
Conticribra (Thalassiosira). Microalgae species such as 
Chlorella sp. may be used as a natural food for freshwater 
zooplankton such as cladocerans. Zooplankton enriched 
with Chlorella sp. can be used as food for fish, shrimp, 
and shellfish, which can considerably increase the growth 
and development index of cultured animals [24]. The 
most common recommendation for sustained feed 
production that was answered by respondents was 
‘suitable culture technique’ (60%) compared to ‘pure 
stock culture’ (40%) for the enhancement and 
development of live feed culture in hatcheries. Live feed 
culture methods in the hatchery can be improved and 
developed through the use of a suitable culture method 
[25]. Further advancements in enrichment technology and 
bio-encapsulated diet formulation are likely to lead to a 
gradual substitution of live feeds for alternative sources in 
the future. Supplying healthy and cost-effective postlarvae 
is critical to the success of the shrimp industry. 
Alternative live feeds are gaining popularity due to the 
high expense of Artemia in larval production [26]. 

COVID-19 has substantial challenges, including 
production, product demand, culturing techniques, 
parameters, and pure seed supply. Employee-related 
issues, on the other hand, were found to be less common. 
The largest problem for the Malaysian aquaculture 
industry is a drop in sales owing to the pandemic. 
According to Dao [27], the pandemic appeared to have an 
impact on the supply chain, lowering fish imports and 
distribution, as well as aquaculture product supply and 
distribution [27]. Domestic demand for luxury seafood 
had decreased, and markets for Vietnamese shrimp and 
other aquaculture products had collapsed. The 
implementation of the Movement Control Order (MCO) 
had a significant impact on domestic demand for fish and 
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seafood as a result of food service closures, a halt in 
tourism, and a shift in consumer spending patterns.  

COVID-19 is expected to reduce household wages by 
12% for more than 2.4 million Malaysians [28]. Stanciu 
and Mihăilescu [29] found that as household income falls, 
so does purchase power [28]. A study by Kongmanee and 
Ahmed [3] found that, during COVID-19, 93.6% of 
farmers had decreasing incomes, 47.7% had adequate 
household incomes, and 38.5% had an economic 
dependency, such as borrowing money from the system. 
Seafood products, which are generally more expensive 
than poultry and beef meat, would no longer be deemed 
requirements and might be skipped in favour of the less 
expensive protein option. As a result of the epidemic, 
global demand for marine products fell. China is the 
world’s third-largest seafood importer [28]. As China 
implemented a state-wide lockdown, international fish 
trade between China and other seafood-supplying 
countries, notably Malaysia, has declined [30]. Due to the 
termination of seafood export contracts and selective 
purchases from importing countries, Malaysia's seafood 
export business experienced uncertainty, as did that of 
most other countries. Malaysia's aquaculture sector has 
already begun to experience the effects of declining 
worldwide seafood demand, with seafood exports from 
Malaysia to Singapore down by 50% by mid-February 
2020 [31]. 

5. Conclusions 
COVID-19 had a direct impact on sales, which altered 

aquaculture demand in Malaysia. Shrimp aquaculture has 
a wide range of environmental and social benefits. The 
shrimp industry has been marketed as a viable alternative 
to fisheries production, providing rural residents with a 
variety of job options. Relationship and cooperation 
between universities and industry is very crucial to sustain 
better food production in aquaculture sectors. Knowledge 
transfer of new culture protocols and feed technology to 
hatcheries staff in industries can help industries improve 
and develop their production, especially in marine shrimp 
production. The collaborations between Universiti 
Malaysia Terengganu and Kembang Subur Sdn Bhd on 
the use of low-cost live feed technology has developed 
new ideas and potential for the industry to explore new 
feed that can sustain their farming operations and reduced 
the cost of relying on highly cost imported Artemia cyst, 
especially during COVID-19 pandemic. Therefore, future 
development and collaborations of researchers and 
industry still need to ensure sustainable production of 
food sources such as fish and crustaceans’ production in 
order to fulfil human demand around the world. 
Cladocerans have the potential to be an effective live feed 
in aquaculture and can be enhanced nutritionally using 
low-cost enrichment techniques. In both marine and 
freshwater larval rearing, the characteristics of live 

feeding are crucial. Therefore, nutrition for the larval 
rearing stage must be increased, and better nutritional 
sources must be used, in order to boost growth 
productivity and bring new livestock species into the 
aquaculture industry. In addition, the natural eating 
patterns of fish necessitate protein-rich, living food for 
enhanced growth, reproduction, and survival. Common 
enrichment techniques, such as oil emulsion, are often 
expensive, which raises hatcheries' overall production 
costs. The issues have prompted scientists to focus their 
efforts on the development of low-cost live feed 
substitutes to assure the success of larval feeding in 
aquaculture. The performance of larval feed is directly 
impacted by improvements in low-cost live feed 
technologies for enhanced zooplankton and phytoplankton 
production. The increased need for seafood as a source of 
protein for human consumption necessitates 
advancements in the development of aquaculture 
technology, with a focus on enhancing the availability of 
live food organisms to aid in the larval growth process. 
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