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Introduction

Marine aquaculture, also known as mariculture, still 
has enormous potential for development in Indonesia. 
One such commodity is the vannamei shrimp 

(Litopenaeus vannamei), which has excellent prospects 
for development. Vannamei shrimp farming began 
to grow in popularity in 2000, and the production 
of farmed vaname shrimp in 2024 is expected to 
reach 786,382 tons (KKP, 2024). Shrimp including 
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vannamei is the main commodity dominating 
Indonesia’s fisheries exports, with a value of USD 
1.68 billion in 2024 (Nurmafita and Asrofillah, 2025).

Vannamei shrimp production has mostly been 
carried out in ponds, and intensification has been 
implemented in an effort to increase production. 
However, intensification can have a negative impact 
on the environment, such as water pollution if feed 
utilization is not optimal due to the accumulation of 
organic matter (Effendi, 2016). Water management 
in shrimp grow-out ponds is often not carried out 
optimally, making it difficult to create an environment 
with good and stable water quality parameters 
as required during the maintenance period. As a 
result, water quality parameters become low, which 
ultimately causes shrimp to suffer from disease and 
crop failure. 

Seeing the many problems of shrimp farming 
in ponds, one solution is to cultivate vannamei 
shrimp using a floating cage system in the sea. This 
floating cage system for vannamei farming can be 
an environmentally friendly alternative to shrimp 
farming (Witoko et al., 2026). In addition, this farming 
system has the potential to become an applicable 
shrimp farming technology in the future, considering 
that Indonesia’s marine potential reaches 12,123,383 
hectares, of which only 325,825 hectares have been 
utilized (KKP, 2015). The utilization of marine areas 
as aquaculture sites needs to be increased, as it will 
directly reduce the burden on land and mangrove and 
coastal areas as aquaculture sites (Fendjalang et al., 
2016).

Efforts to cultivate vannamei shrimp in the sea have 
been carried out for several decades (Lombardi 
et al., 2006; Zarain-Herzberg et al., 2006, 2010; 
Effendi, 2016). However, reported outcomes remain 
highly variable, particularly in terms of survival, 
growth, feed conversion ratio (FCR), and overall 
productivity. Growth performance has ranged from 
0.06–0.26 g day-¹, survival from 19.7–100.0%, and 
FCR from 0.72–5.44, indicating a strong influence of 
environmental conditions and the limited stability of 
existing sea-based cultivation technologies (Effendi, 
2016). 

Although sea based culture of Litopenaeus vannamei 
has been widely studied, the optimization of feeding 
tray numbers in sea floating cages remains poorly 

understood. Previous research has mainly focused on 
stocking density, environmental suitability, feeding 
frequency, and feed management strategies to improve 
shrimp performance (Reis et al., 2020; Barreto et al., 
2023; Said et al., 2024). In addition, recent studies 
have demonstrated that feeding management plays a 
critical role in determining growth, feed utilization 
efficiency, survival, and production sustainability in 
intensive shrimp culture systems (Weldon et al., 2021; 
Zhang et al., 2025). However, scientific evidence 
regarding the optimal number of feeding trays as a 
feed distribution mechanism in offshore sea floating 
cages is still lacking. This knowledge gap highlights 
the need for practical feeding strategies to enhance 
growth performance, survival, and production 
efficiency under marine culture conditions.

Materials and Methods

This experiment was carried out in the floating cage 
of the Sea Farming Centre of the Centre for Coastal 
and Marine Resources Studies (CCMRS), IPB 
University, which is situated on Semak Daun Island, 
Thousand Islands, Jakarta, Indonesia. The process of 
sampling and measurements was carried out for 90 
days. The equipment used included 12 units of 3x3x3 
m HDPE floating cages with 2 layers of netting. The 
outer net had a mesh size of 2.5 cm and the inner 
net had a mesh size of 0.5 cm. Other supporting 
equipment included scales, scoop nets, and buckets for 
feeding. The materials used included Post Larvae (PL 
10) vannamei shrimp fry, which were first reared in 
fiber tanks for 45 days. Subsequently, 43,200 shrimp 
with an average weight of 0.4 grams were released 
into the floating cage with a stocking density of 3,600 
shrimps per cage or 400 shrimps per m2. 

The study utilized a completely randomized design 
(CRD) with four treatments of feeding tray numbers 
per cage unit. These were treatment A (one feeding 
tray per floating cage), treatment B (two feeding trays 
per floating cage), treatment C (three feeding trays 
per floating cage), and treatment D (four feeding 
trays per floating cage). There were 12 experimental 
units because each treatment was done three times. 
All cage units had uniform size, stocking density, and 
maintenance conditions to minimize the influence 
of non-treatment factors. The feeding trays used 
measured 80x80x10 cm. The frame of the feeding tray 
was made of 0.5-inch diameter PVC pipe, and the 
surface was made of net with a mesh size of 0,5 mm. 
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The feeding trays were placed in the floating cage in 
accordance with each treatment. 

The maintenance period lasted 90 days under 
standard conditions of cultivation. Shrimps were 
provided with commercial feed pellets (32% protein, 
6% fat, and 4% fiber) four times a day (at 06:00, 
11:00, 16:00, and 21:00). The rationing of the food 
supplied was calculated as 10 percent of the biomass 
of the shrimps, which gradually decreased to about 
2 percent of biomass by the end of the culture cycle. 
Rationing was recalculated every 10 days according to 
the biomass of shrimps determined during sampling.

Feeding trays were employed as a feed management 
and monitoring tool throughout the experiment. After 
every feeding time, the feed tray was examined to 
determine the level of feeding response of the shrimps 
and to estimate the quantity of feeds consumed. The 
quantity of the uneaten feeds was estimated, which 
helped in determining the feed residues and adjusting 
the feeding rate accordingly. More or less feeds would 
be fed depending on the shrimp response to feeding 
and the quantity of the residual feed.

Body weight measurements of shrimp were taken 
every 10 days during cultivation. Twenty shrimp 
were sampled from each container. Shrimp weight 
was measured using digital scales with an accuracy of 
0.01 g. The weight data obtained was used to calculate 
growth parameters. The parameters tested during 
the study were production performance, consisting 
of survival rates, final weight, average daily growth 
(ADG), absolute growth, feed conversion ratio 
(FCR), and feed efficiency. 

Water quality monitoring was conducted weekly 
by measuring temperature, pH, dissolved oxygen, 
and salinity using a multiparameter water quality 
meter (AZ Instrument 86031, AZ Instrument 
Corp.) at a depth of 1 m within each experimental 
cage. In addition, water samples were collected and 
transported to the laboratory for the determination of 
ammonia and nitrite concentrations according to the 
standard methods described by APHA (2017).

The growth performance and survival rate of 
Litopenaeus vannamei were calculated using the 
following equations:

Survival rate

Average daily growth 

Absolute growth

AG = Wt – Wo 

Feed conversion ratio

Feed efficiency

Description of variables
Where: SR = survival rate (%); Nt = number of shrimp 
at the end of the culture period; N₀ = number of 
shrimp at the beginning of the culture period; ADG = 
average daily growth (g day-¹); ABWt = average body 
weight at time t (g); ABW₀ = average body weight at 
the beginning of the culture period (g); H = culture 
period (days); AG = absolute growth (g); Wt = final 
body weight (g); W₀ = initial body weight (g); FCR = 
feed conversion ratio; F = total feed supplied during 
the culture period (g); Bt= total biomass at the end 
of the culture period (g); B₀ = total biomass at the 
beginning of the culture period (g); Bm = biomass of 
dead shrimp during the culture period (g); FE = feed 
efficiency (%); D = biomass of dead shrimp during the 
culture period (g).

All data obtained were tabulated for further testing. 
Growth performance and survival rate were examined 
using Analysis of Variance (ANOVA). If the results 
were significantly different, Least Significant 
Difference (LSD) test at 95% confidence was used. 
Data analysis was performed using Microsoft Excel 
2019 and SPSS software.

Results and Discussion

Based on the results of study conducted during 90 days 
of rearing, it was found that the number of feeding 
trays significantly affected the survival rate and 
growth performance of vannamei shrimp (Litopenaeus 
vannamei) (p < 0.05), including final weight, average 
daily growth (ADG) and absolute growth. However, 
varying feeding tray numbers in floating cages did 
not affect the feed conversion ratio (FCR) and feed 
efficiency. The best results for the ADG and absolute 
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growth were in treatment C and D (three and four 
feeding trays per floating cage). Growth performance 
and survival of vannamei shrimp during this study is 
shown in Table 1.

Table 1: The growth performance and survival of van-
namei shrimp with varying feeding tray numbers in 
floating cage
Parame-
ters

Treatment
A (1 feed-
ing tray)

B (2 feed-
ing trays)

C (3 feed-
ing trays)

D (4 feed-
ing trays)

Initial 
weight (g)

0,32 ± 
0,09

0,37 ± 
0,13

0,33 ± 
0,06

0,38 ± 
0,09

Final 
weight (g)

11,25 ± 
0,94b

12,29 ± 
1,63b

14,78 ± 
0,92a

15,12 ± 
1,48a

ADG (g 
day-1)

0,12 ± 
0,01b

0,13 ± 
0,02b

0,16 ± 
0,01a

0,16 ± 
0,02a

Absolute 
growth (g)

10,92 ± 
0,85b

11,92 ± 
1,65b

14,45 ± 
0,99a

14,74 ± 
1,40a

FCR 1,56 ± 
0,13

2,05 ± 
0,30

1,62 ± 
0,19

1,65 ± 
0,20

Feed effi-
ciency (%)

64,57 ± 
5,29

49,48 ± 
7,65

62,45 ± 
7,38

61,28 ± 
7,83

Survival 
rate (%)

53,25 ± 
4,18b

52,92 ± 
5,51b

67,58 ± 
7,34a

67,83 ± 
7,38a

Note: Different superscript letters in the same row indicate that 
there is a significantly different effect between treatments (P<0.05) 
and the ± sign indicates the standard deviation number. ADG = Av-
erage Daily Growth, FCR = Feed Conversion Ratio

Growth performance 
The results of the analysis in Table 1 show that 
differences in the number of feeding trays have a 
significant effect (P<0.05) on growth performance, 
including final weight, ADG, and absolute growth 
of vannamei shrimp (Litopenaeus vannamei). The 

average growth trend of vannamei shrimp during the 
culture period under different feeding tray treatments 
is presented in Figure 1.

Figure 1 illustrates the mean shrimp growth recorded 
at each sampling event (Sampling 1–9) during the 
90-day culture period in treatments with different 
numbers of feeding trays. Sampling was performed 
at 10-day intervals to monitor growth progression 
throughout the experiment. Treatments with three 
and four feeding trays produced consistently higher 
growth compared with treatments with one and 
two feeding trays throughout the sampling period. 
Furthermore, as presented in Table 1, treatments with 
a higher number of feeding trays resulted in better 
growth performance compared to treatments with 
fewer feeding trays. 

This effect was evident in the final weight, ADG, 
and absolute growth data in Treatments C (3 feeding 
trays) and D (4 feeding trays), which differed 
significantly from Treatments A (1 feeding tray) and 
B (2 feeding trays). This difference is closely related to 
feed distribution efficiency, shrimp feeding behavior, 
and environmental stability in the cultivation area. 
Treatments C and D with a density of 400 shrimp m-2 
produced an ADG of 0.16 g day-1. This ADG value is 
higher than the results reported by Zarain-Herzberg 
et al. (2010), which was 0.13 g day-1 (stocking density 
of 420 shrimp m-2), Effendi (2016), which ranged 
from 0.11 to 0.14 g day-1, and Effendi et al. (2016) 
on the production performance of white shrimp 
(Litopenaeus vannamei) in sea net cages of grow-out 
rearing using periphyton juveniles, which was 0.15 g 
day-1.

Figure 1: Average growth of Litopenaeus vannamei during each sampling period under different numbers of feeding 
trays in sea floating cages
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Although feed distribution was not directly measured 
in the present study, the superior growth observed in 
Treatments C and D may be associated with a more 
spatially distributed feed delivery system. In open 
sea environments characterized by continuous water 
movement and current-driven dispersion, multiple 
feeding points could potentially increase feed 
accessibility throughout the cage and reduce localized 
feed losses. Previous studies have demonstrated 
that feeding management strongly influences feed 
utilization efficiency, feeding activity, and growth 
performance in L. vannamei culture systems (Weldon 
et al., 2021; Tinh et al., 2023). Furthermore, shrimp 
feeding activity is known to be highly responsive 
to environmental conditions and feed availability, 
suggesting that improved feed distribution may 
contribute to enhanced feeding opportunities (Zhang 
et al., 2025).

Another possible explanation is related to shrimp 
behavioural interactions during feeding. The use 
of multiple feeding trays may have reduced the 
concentration of shrimp around a single feeding 
location, thereby potentially decreasing competition 
for feed. However, because behavioural observations 
were not conducted in this study, this mechanism 
should be considered speculative. Experimental 
evidence from L. vannamei indicates that feeding 
behaviour is influenced by density dependent 
interactions and dominance hierarchies, which can 
affect feed access and feeding efficiency among 
individuals (Bardera et al., 2021). Therefore, providing 
several feeding locations may allow a more even 
distribution of feeding activity within the cage, 
contributing to the more uniform growth observed in 
Treatments C and D. 

Similarly, the potential effects of feeding tray number 
on stress levels and shrimp behaviour were not 
evaluated in the present study and therefore cannot 
be confirmed. Nevertheless, previous studies have 
reported that feeding practices and feed allocation 
strategies can influence feed wastage, nutrient loading, 
and overall culture conditions, which ultimately affect 
shrimp performance (Weldon et al., 2021; Tinh et 
al., 2023). Future studies should directly quantify 
feed distribution patterns, feeding behaviour, and 
feed losses to clarify the mechanisms underlying 
the growth responses observed in sea floating cage 
systems.

In addition to these technical factors, the use of four 
feeding trays also increases the effectiveness of feed 
management. Feeding trays serve not only as a place to 
feed but also as a means of monitoring shrimp feeding 
response. With four observation points, farmers 
can more easily assess the consumption and activity 
levels of shrimp in various parts of the net so that 
feed doses can be dynamically adjusted according to 
the daily needs of the shrimp. This condition supports 
the principle of efficient and sustainable adaptive 
feeding. Recent studies have highlighted that feeding 
response-based management and precision feeding 
strategies can significantly improve feed utilization 
efficiency, reduce feed waste, and minimize nutrient 
discharge into the surrounding environment, thereby 
enhancing the sustainability of shrimp farming 
systems (Nunes et al., 2022; Wang et al., 2024).

However, this ADG appears to be lower than the 
standard growth of vannamei cultivation in intensive 
ponds. Vannamei shrimp can achieve a daily growth 
of 0.20–0.25 g day-¹ in ponds (Effendi, 2016). 
The relatively lower ADG observed in the present 
study may be associated with the environmental 
characteristics of sea floating cages, including stronger 
water currents, greater swimming activity, and higher 
maintenance energy requirements compared with 
pond systems. The lower growth observed in sea 
cages may reflect a trade-off between enhanced 
environmental exchange and increased energetic costs 
associated with swimming activity and adaptation 
to hydrodynamic conditions, compared with the 
relatively stable conditions found in intensive pond 
systems. Similar findings have been reported in recent 
studies indicating that environmental conditions 
and culture systems can influence energy allocation 
patterns in shrimp, whereby a greater proportion of 
assimilated energy is directed toward maintenance 
and adaptation processes rather than somatic growth. 
Consequently, growth performance may be reduced 
even when water quality remains within suitable 
ranges for culture (Dong et al., 2022; Emerenciano 
et al., 2022).

Vannamei shrimp farming in sea floating cage with 
a higher ADG than the results of this study has also 
been achieved by Zarain-Herzberg et al. (2010), 
reaching 0.17-0.18 g day-1 when raising shrimp with 
an initial size of 0.5-1.0 g at a density of 200-300 
shrimp m-2 for 58 days. Similarly, research by Effendi 
et al. (2016) on the production performance of white 
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shrimp in sea net cages of grow-out rearing using 
biofloc, which were reared for 120 days at a stocking 
density of 550 shrimp m-2, produced an ADG of 
0.19 g day-1. In cultivation in sea floating cages with 
a salinity of 35, it appears that vannamei shrimp are 
able to grow well. There are reports of poorer growth 
achieved by vannamei shrimp raised in waters with 
low salinity compared to those raised in waters with 
high salinity (Yan et al., 2007; Pan et al., 2007).

Furthermore, the results of the study show that 
differences in the number of feeding trays used in 
the vannamei shrimp farming system in sea floating 
cages do not have a significant effect on the feed 
conversion ratio (FCR) and feed efficiency. This 
condition indicates that the number of feeding trays 
is not a dominant factor determining the level of feed 
utilization efficiency in aquaculture systems in open 
sea waters, where environmental factors tend to have 
a stronger influence.

Additionally, vannamei shrimp have a high capacity 
for adaptive feeding behavior. They are benthic and 
actively search for food at the bottom of the net, both 
near and far from the feeding trays. Therefore, even 
with varying numbers of trays, the shrimp are still 
able to obtain sufficient food through their natural 
foraging activities (benthic feeding behavior).

Other factors that play a role are feed quality, feeding 
frequency, and relatively homogeneous environmental 
conditions between treatments. Feed nutrition, 
protein content, and feed digestibility have a greater 
influence on feed conversion ratio than the number 
of feeding points. In addition, stable environmental 
conditions in the sea, such as temperature, salinity, 
and dissolved oxygen (DO) levels, support efficient 
feed utilization by shrimp, so that variations in the 
number of feeding trays do not result in significant 
differences in FCR and feed efficiency parameters.

The average FCR of all treatments in this study 
was 1.7. This value is almost the same as the study 
conducted by Setiawan et al. (2017), which used 
a stocking density of 300 shrimp m-2 and a 60-day 
rearing period, resulting in an FCR of 1.65. A higher 
FCR value was produced by Effendi et al. (2016), 
which was more than 2.8. A better FCR value was 
produced by Zarain-Herzberg et al. (2010), with a 
stocking density of 420 shrimp m-2 and reared for 62 
days, resulting in an FCR of 1.32.

Survival rate
The findings revealed that the feeding trays in 
treatment with 3 and 4 had better survival compared 
to those with 1 and 2 feeding trays. Although survival 
increased with an increase in the number of feeding 
trays used, the highest survival attained was about 
68% only, which is still below the survival rates found 
in many commercial shrimp farms and past studies. 
Thus, while the feeding tray arrangement seems to have 
played a positive role in enhancing shrimp survival, 
there were certainly other mortality determinants 
involved as well. Because feed distribution, 
competition, stress responses, and environmental 
conditions were not directly measured in this study, 
these factors should be considered as potential rather 
than confirmed mechanisms explaining the observed 
survival differences (Emerenciano et al., 2022; 
Mustafa et al., 2023).

This survival rate is higher than that reported in a 
study conducted by Effendi et al. (2016), which was 
58.93%. However, this survival rate is still lower than 
that reported in other studies, which reached more 
than 70% (Lombardi et al., 2006; Setiawan et al., 
2017; Zarain-Herzberg et al., 2006, 2010; Ghosh et 
al., 2016; Radulovich and Fuentes-Quesada, 2019; 
Campa-Córdova et al., 2022). The main cause of 
low survival rate in this study was the presence of 
predators, namely Terapon jarbua fish, which entered 
the floating net cages. These predatory fish are 
difficult to control because they enter the nets from 
the juvenile stage until they grow large alongside the 
shrimp. In addition, mortality was also caused during 
sampling, especially when the shrimp were over 60 
days old. After sampling, the shrimp appear stressed 
and weak, leading to mortality. Similar observations 
have been reported in marine aquaculture systems 
where predator interactions and handling stress can 
significantly reduce survival and production efficiency 
(Emerenciano et al., 2022; Campbell et al., 2026).

The relatively low survival rate observed in this study 
has important practical implications for commercial-
scale production. In intensive shrimp farming, 
survival rates above 70–80% are generally considered 
desirable to ensure economic viability and efficient 
feed utilization. Consequently, the survival levels 
obtained in the present study indicate that factors 
beyond feeding management may still constrain 
production under sea floating cage conditions. Based 
on field observations, predator intrusion was identified 
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as a major source of mortality. If records of shrimp 
losses attributable to predatory fish are available, 
quantifying the proportion of mortality associated 
with predator attacks would provide stronger evidence 
for this conclusion. Future studies should therefore 
incorporate direct monitoring of predator abundance 
and predator-related losses to better estimate their 
impact on production performance (Mustafa et al., 
2023; Campbell et al., 2026).

Table 2: The water quality parameters in sea floating 
cage of vannamei shrimp
Parame-
ters

Treatments
A (1 tray) B (2 trays) C (3 trays) D (4 trays)

Tempera-
ture (oC)

29.99± 
0.00

30,04± 
0.05

30,04± 
0.04

30,00± 
0.01

pH 8,12±0.01 8,10± 0.01 8,11 ±0.01 8,12± 0.00
DO (mg 
L-1)

5,25±0.02 5,24± 0.02 5,25 ±0.04 5,20± 0.07

Salinity 35,80 
±0.20

35,66± 
0.09

35,73 
±0.22

35,71 
±0.01

Ammonia 
(mg L-1)

0,047 0,044 0,044 0,042

Nitrite 
(mg L-1)

0,060 0,062 0,061 0,063

Note: Different superscript letters in the same row indicate that 
there is a significantly different effect between treatments (P<0.05) 
and the ± sign indicates the standard deviation number

Although there was no direct study on shrimp 
behavior in this experiment, the increased survival 
rate seen in treatments C and D might be linked to 
improved feed availability due to the use of many 
feeding trays. The use of many trays for feeding may 
help prevent shrimps from clustering around one 
point for feeding, thereby giving them more chances 
to access feeds. Prior research studies indicate that 
feeding management and feed accessibility have been 
found to affect shrimp welfare, growth, and survival. 
Nevertheless, behavioural observations are required 
to verify whether reduced feeding competition 
contributed to the higher survival observed in the 
present study (Weldon et al., 2021; Bardera et al., 
2021; Zhang et al., 2025).

In addition to feeding management, modifications 
to cage design may be required to reduce mortality 
associated with predator intrusion. The occurrence 
of Terapon jarbua inside the cages suggests that the 
mesh size or cage configuration may have allowed 
juvenile predators to enter the culture unit before 

reaching a larger size. The use of predator-exclusion 
nets, double-net systems, finer external mesh panels, 
and routine net inspection programs could potentially 
reduce predator access and improve survival rates. 
Similar biosecurity-oriented approaches have been 
recommended as best management practices for 
intensive shrimp farming and marine aquaculture 
systems to minimize external biological threats and 
enhance production stability (Emerenciano et al., 
2022; Khanjani et al., 2024; Campbell et al., 2026).

Given that treatment D showed only a slight 
improvement over treatment C in growth and survival 
performance, the use of three feeding trays may 
represent a more cost-effective management strategy 
by achieving comparable production outcomes while 
reducing additional investment and operational costs.

Water quality parameters
Based on Table 2 shows that the results of the 
ANOVA and LSD tests indicated no significant 
differences (P>0.05) in water quality parameters 
among treatments. Temperature, pH, dissolved 
oxygen, salinity, ammonia, and nitrite remained within 
narrow ranges throughout the experimental period, 
demonstrating that all treatments were conducted 
under similar environmental conditions. Therefore, 
water quality was unlikely to confound the observed 
effects of feeding tray strategies on the performance 
of Litopenaeus vannamei cultured in sea floating cages.

The water quality parameters in the cages under all 
treatments still showed values within the optimum 
range for vannamei shrimp farming. Water quality 
parameters for intensive vannamei shrimp farming 
are temperature >27, pH 7.5-8.5, dissolved oxygen 
(DO) ≥ 4, salinity 26-32, ammonia ≤ 0.1, and nitrite 
≤ 1 (Permen KP, 2016). Salinity in floating cages 
ranged from 35.66 to 35.80. This value is higher than 
the standard optimum range, but vannamei shrimp 
are a euryhaline shrimp group and can live in very 
low to high salinity ranges of 0.5–40 (Supono et al., 
2022). According to Prasetyo et al. (2024), optimal 
salinity can increase feed utilization efficiency, 
nutrient availability, and metabolic processes, 
ultimately affecting shrimp growth. The results of this 
study also suggest that shrimp can adapt effectively to 
cultivation in sea floating cages. Habitat adaptation 
is usually the fish looking for suitable niches to grow 
and get food (Yonvitner et al., 2023).
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Conclusions and Recommendations

The use of three and four feeding trays in vannamei 
shrimp farming in sea floating cages has shown 
better growth and survival performance compared 
to one and two feeding trays. The use of more than 
two feeding trays per floating cage is recommended 
so that feed distribution is more evenly distributed 
throughout the net area. This aims to give all shrimp 
relatively equal opportunities to obtain feed. Further 
research should focus on improving survival rates and 
feed management to improve the FCR.
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