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Introduction 
The concept of integrated aquaculture for aquaculture is relatively unexplored. The 

ecosystem approach to aquaculture formulated by the FAO (2010) is a concrete step to-
ward the application of environmentally sound aquaculture. Some aquaculture activities, 
such as polyculture, silvofishery, and integrated multitrophic aquaculture (IMTA), are ex-
amples of the application of the concept of the blue economy in several locations in Indo-
nesia. However, the concept is still not fully implemented since it is generally still in the 
learning phase. In the field, generally, the cultivator community is still focused on develop-
ing a single species (monoculture), and often, aspects of the environment are not a serious 
concern. 

Indonesia possesses an extensive aquaculture potential, estimated at 17.9 million 
hectares, distributed across freshwater (2.8 million hectares), brackish water (2.9 million 
hectares), and seawater (12.12 million hectares) environments. Despite this considerable 
resource availability, the utilization rates remain notably low, averaging ca 6.7% (The Indo-
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nesian Ministry of Marine Affairs and Fisheries, 2018). This low 
level of utilization is generally caused by environmental degra-
dation due to overexploitation in the intensive use of fishponds 
in the 1980s (Yayasan Inisiatif Dagang Hijau, 2018). According 
to the implementation in the area, in general farmers are still 
focused on cultivating a single species in one pond, which, as 
a result, can only harvest one species, and there are still many 
unutilized fishponds. To overcome the decline in production 
and the low level of utilization of this farmland, it is necessary 
to have a technological breakthrough (innovation) in aquacul-
ture that is environmentally friendly, productive, and continu-
ous (sustainable). The development of a concept of integrated 
aquaculture technology, IMTA, is expected to increase the 
productivity of ponds at the local, regional, and even national 
levels. 

IMTA is a form of mariculture that utilizes ecosystem ser-
vices by lower trophic organisms, which are adapted as miti-
gation against waste from higher trophic-level organisms 
(such as fish) (Loayza-Aguilar et al., 2023). IMTA is different 
from polyculture because polyculture involves cultivating 
more than one species without regard to the use of species in 
the ecosystem. On the contrary, IMTA focuses on the ability of 
species to maintain ecological balance so that each species 
has a different function, for example, as a carnivore, herbi-
vore, detritus, and filter feeder (particle absorber) so that eco-
system health is adequately maintained (Reid et al., 2018). 

The application of IMTA is based on the use of waste ma-
terials as a source of nutrients closely related to the food 
chain cycle in the culture system (Nederlof et al., 2021). 
Through this understanding, environmental problems caused 
by aquaculture activities can be minimized, including change 
and land use pollution, either externally or within the culture 
operation (Hossain et al., 2022). IMTA can be used in almost 
all marine and terrestrial aquaculture ponds due to the imple-
mentation of ecosystem balance (Azhar & Memiş, 2023). The 
potential of IMTA development in Indonesia can be imple-
mented through floating net cages or fishing net cages, which 
have been widely applied in Indonesia. This system can be 
modified by utilizing various organisms in an ecosystem; the 
used ecosystem is a natural or native habitat of these organ-
isms. The advantages of the IMTA system can be recognized 
on the basis of the economic, environmental, and food safety 
of cultured organisms and humans. 

In fact, the implementation of aquaculture development 
should be integrated with the entire existing ecosystem, such 
as milkfish (Chanos chanos), tiger shrimp (Penaeus mono-
don), and oysters (Crassostrea spp.) culture, in one pond/
maintenance tank to be sustained. Milkfish, tiger prawns, and 
oysters are aquaculture commodities that have comparative 
and strategic benefits compared to other fishery commodities 
because their enlargement and hatchery technology have 
been developed in farmer communities; their life conditions 
do not require high eligibility requirements because it is toler-
ant to changes in environmental conditions, and is a potential 

source of fish protein for the fulfillment of nutrition and farm-
ers' income. This study focused on applying an integrated mul-
titrophic aquaculture (IMTA) system with different fish stock-
ing densities to the survival of milkfish, prawns, and oysters. 
Stocking density is the number of fish stocked in a culture 
medium per unit of area or volume. 

 

Methods 

Experimental design 

The research method used in this study is an experi-
mental approach with data collection techniques carried out 
by direct observation, which directly measures the variables 
on the object studied. The experimental design used was a 
complete and non-factorial randomized design with four treat-
ments and three replicates. The treatments used are as fol-
lows: treatment (A) Stocking density of 10 milkfish, 15 tiger 
prawn fry and 20 oysters, (B) Stocking density of milkfish 15 
tails, tiger prawn fry 20 tails and oyster 30 tails, (C) Stocking 
density of milkfish 20 tails, tiger prawn fry 25 tails and oyster 
40 tails, and (D) Stocking density of 25 milkfish, 30 tiger prawn 
fry and 50 oysters.  

The experimental medium used in this study was a rec-
tangular net that was 1 m long, 1 m wide, and 1 m high (Figure 
1). The net was washed clean with detergent, dried, and stored 
for 24 hours. Before this investigation, all equipment used in 
this experiment was sterilized to ensure that it was hygienic 
and contamination-free. The test oysters, milkfish, and tiger 
prawns used in this study were obtained from a local farmer. 
Milkfish, tiger prawn, and oyster were housed in 12 rectangular 
nets with different densities per container. The oyster's size 
ranged from 23-36 mm in length and weighed 3-7 grams. The 
milkfish in this study measured 9-10 cm in length and weighed 
6-7.2 grams, while the fingerlings of the tiger prawn were 3-5 
cm long and weighed 2-3 grams. 

In this study, oyster rearing was carried out using a verti-
cal hanging method (so that oysters can use their food opti-
mally), where each oyster was placed in a net and then tied at 
the top, connected to a rope, and hung on top of a wooden net 
containing milkfish seeds and fingerlings of tiger prawn. The 
net will float in the aquaculture pond, which was given a bor-
der to experiment. The upper section of the net was covered 
with a fish mesh to prevent milkfish and tiger prawn fingerlings 
from escaping from the experimental pool. 

Milkfish, tiger prawns, and oysters that were used in the 
experiment were acclimatized for two days to ensure environ-
mental adaptability. During acclimatization, milkfish and tiger 
prawns were fed, while oysters used natural feed. The feeding 
of milkfish and tiger prawns was 3% of the body weight provid-
ed three times a day (7:00 am, 12:00 pm and 5:00 p.m.). The 
feed was administered as a pellet. 
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Observation parameters 

Growth of the test biota 

The growth of the length, width, and thickness of the shell 
was measured every 10 days. The length of the oyster shell 
was measured from dorsal to ventral and the width was meas-
ured from posterior to anterior using a Vernier caliper. The 
formula for measuring length, width, and thickness: P = Pt – 
Po; L = Lt – Lo; K = Kt – Ko, where P = absolute length growth, Pt 
= mean length of oysters on day t (cm), Po = mean length of 
oysters on day 0 (cm), L = absolute width growth, Lt = mean 
width of oysters on day t (cm), Lo = mean width of oysters on 
day 0 (cm), K = absolute width growth, Ko = mean thickness of 
oysters on day 0 (cm). 

To determine the growth rate, length and weight measure-
ments were taken. Length measurements were made using a 
roller measured from the leading edge to the outer end of the 
tail curve using the formula: P = Pt – Po, where: P = absolute 
length growth, Pt = mean length on day t (cm), Po = mean 
length on day 0 (cm). The weight was measured by weighing 
with analytical scales after measuring the length. The weight 
growth was calculated using the formula: 

W = Wt-Wo, where: W = growth of the absolute weight (gr), 
Wt = final weight (gr), Wo = initial weight (gr). 

The length measurements were made using a roller meas-
ured from the leading edge to the tip of the outer curve of the 
tail using the following formula P = Pt – Po, where: P = absolute 
length growth, Pt = mean length on day t (cm), Po = mean 
length on day 0 (cm). 

Weight was measured by weighing using analytical scales 
after length measurements. The weight growth was calculated 
using the formula: W = Wt-Wo, where: W = growth in absolute 
weight (gr),  Wt = final weight (gr), Wo = initial weight (gr). 

Survival rate 

Observations of the survival number of milkfish, tiger 
prawns, and oysters were measured at the beginning and end 

of the experiment by calculating the total number of survivors 
using the formula SR = Nt/No x 100%, where: SR = survival rate 
(%), Nt = number of living biota at the end of the study (tail), No 
= number of biota that live at the beginning of the study (unit 
species). 

Water quality 

Water quality measurements were taken once a day. The 
measured parameters were pH, temperature, dissolved oxy-
gen (DO), salinity, ammonia, nitrate, and nitrite. 

Data analysis 

The data used in this study were used as a nonfactorial 
completely randomized design (CRD) with four treatments and 
three replicates (Yitnosumarto, 1990), with the equation: 
Yij=m + αi + Ɛij, where: Yij= variables observed in milkfish, tiger 
prawns, and oysters growth in the i treatment (i = A, B, C, D) 
and j replication (j = 1, 2, 3), µ = general mean, αi = 1, 2, 3 
(replicates), Ɛij = error. 

The research data were presented in the form of tables 
and graphs and then analyzed by analysis of variance (ANOVA) 
using Microsoft Excel. If there are treatments that are signifi-
cantly different (F count > F table), then further tests are car-
ried out using the least significant difference (LSD). The data of 
the water parameters were descriptively analyzed. 

 

Result 

Survival rate  

The results of the 30-day experiment indicated that the 
application of the IMTA system had no effect on the survival 
rate of milkfish, tiger prawns and oysters. The mean survival 
rate (SR) of milkfish, tiger prawns, and oysters was 100% in 
treatments A, B, C, and D. Based on statistical analysis with 
the F test, the application of the IMTA system is not significant-
ly different from the survival of milkfish, tiger prawns, and oys-
ters (p > 0.05).  

Figure 1. Experimental design of the IMTA system. 
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Biota growth 

Milkfish 

The mean increase in the weight of the milkfish for each 
treatment is presented in Figure 2. The highest mean weight 
gain rate for milkfish is found in treatment B, which is 14.45 ± 
0.36 grams. Furthermore, treatment A is 8.92 ± 1.10 grams. 
Then, the lowest mean weight gain rate is found in treatment 
C, which is 6.01 ± 0.93 grams, and in treatment D, which is 
4.37 ± 0.77 grams. Statistical analysis with the F test showed 
that the application of the IMTA system in the maintenance of 
milkfish, tiger prawns, and oysters showed significantly differ-
ent results on the weight gain of milkfish with a value of Fcount 
(2431) > Ftable (0.01). The LSD test obtained the results that in 
each treatment there is a significant difference between treat-
ment B with A, C, and D, treatment A with C and D, and treat-
ment C with D. 

Furthermore, the application of the IMTA system showed 
a different result for each treatment in terms of the gain in 
length of the milkfish. The mean growth length of the milkfish 
for each treatment is presented in Figure 3. The highest mean 
length gain rate of milkfish was found in treatment B, which 
was equal to 0.90 ± 0.05 cm. Then, the length gain of treat-
ment A is 0.48 ± 0.08 cm, while the lowest length gain is in 
treatment C, which is 0.34 ± 0.05 cm, and in treatment D, 
which is 0.23 ± 0.07 cm. Based on statistical analysis with the 
F test, the IMTA application showed very significantly different 
results on milkfish length gain with the value of Fcount (1042) 
> Ftable (0.01). Then the results of the LSD test showed that 
the length gain of the milkfish was different between treat-
ments and the maximum length gain was found in treatment B. 

Tiger prawns 

The IMTA system was found to affect the weight and 
length gain rate of tiger prawns. The mean weight gain of tiger 

prawns for each treatment is shown in Figure 4. The highest 
mean weight gain of tiger prawns was found in treatment B, 
which was 4.26 ± 0.33 grams. Furthermore, the weight gain in 
treatment A was 2.71 ± 0.27 grams, while the lowest weight 
gain of tiger prawns was found in treatment C 1.99 ± 0.39 
grams and in treatment D 1.51 ± 0.38 grams. 

Statistical analysis of the F test showed that the applica-
tion of the IMTA system showed a significant effect on weight 
gain in tiger prawns with a value of Fcount (151) > Ftable (0.01). The 
results of further tests (LSD) obtained showed that in each 
treatment it was significantly different between treatment B 

Figure 3.  Mean length gain rate of milkfish. A = Stocking den-
sity of 10 milkfish, 15 tiger prawns and 20 oysters; 
B = Stocking density of 15 milkfish, 20 tiger prawns 
and 30 oysters; C = Stocking density of 20 milkfish, 
25 tiger prawns and 40 oysters; D = Stocking 
density of 25 milkfish, 30 tiger prawns, and 50 oys-
ters. M1, M2, M3, M4 = weeks of weight measure-
ment. 

Figure 4.  Mean weight gain rate of tiger prawns. A = Stocking 
density of 10 milkfish, 15 tiger prawns and 20 oys-
ters; B = Stocking density of 15 milkfish, 20 tiger 
prawns and 30 oysters; C = Stocking density of 20 
milkfish, 25 tiger prawns and 40 oysters; D = 
Stocking density of 25 milkfish, 30 tiger prawns, 
and 50 oysters. M1, M2, M3, M4 = weeks of weight 
measurement. 

Figure 2.  Mean weight gain rate of milkfish. A = Stocking 
density of 10 milkfish, 15 tiger prawns and 20 oys-
ters; B = Stocking density of 15 milkfish, 20 tiger 
prawns and 30 oysters; C = Stocking density of 20 
milkfish, 25 tiger prawns and 40 oysters; D = 
Stocking density of 25 milkfish, 30 tiger prawns, 
and 50 oysters. M1, M2, M3, M4 = weeks of weight 
measurement. 
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with A, C and D, treatment A with C and D, and treatment C 
with D. Furthermore, treatment B with A, C and D was signifi-
cantly different. 

The mean length gain of the tiger prawns during rearing for 
each treatment is shown in Figure 5. The highest mean in-
crease rate in the length of the tiger prawn was found in treat-
ment B, which was 1.07 ± 0.07 cm. Furthermore, in treatment 
A with a length of 0.67 ± 0.11 cm and the lowest gain in the 
length of the tiger prawn was found in treatment C 0.41 ± 0.09 
cm and in treatment D, which was 0.34 ± 0.08 cm. Based on 
statistical analysis with the F test, the application of the IMTA 
system shows the results of a very real effect on the length 
gain of tiger prawns with the value of Fcount (472) > Ftable (0.01). 
The results of the additional tests (LSD) showed that each 
treatment was different between treatments, and the best gain 
in tiger prawn length was also found in treatment B. 

Oyster growth 

The application of the IMTA system affected the weight 
gain and length of the oysters. The mean weight gain of the 
oysters from the initial to the end of the study for each treat-
ment is presented in Figure 6. The highest rate of weight gain of 
oysters was found in treatment B, which was 9.23 ± 0.80 g. 
Furthermore, treatment A was 5.69 ± 0.61 grams and treat-
ment C was 2.33 ± 0.71 grams. Then the lowest mean weight 
gain was found in treatment D, which was 1.50 ± 0.49 g. Based 
on statistical analysis with the F test, it shows that oyster 
growth showed a significant effect on oyster weight gain with a 
value of Fcount (2291) > Ftable (0.01). The results of further 
tests (LSD) showed that treatment B was different from treat-
ment A, C, and D, as well as treatment A was significantly 
different from treatment C and D.  

The application of the IMTA system showed the mean 
results of the increase in oyster length for each treatment, as 
presented in Figure 7. The highest mean length gain of oysters 
was found in treatment B, which was 0.66 ± 0.06 mm, then the 
length gain of treatment A, which was 0.39 ± 0.04 mm. The 
lowest length increase was found in treatment C, which was 
0.20 ± 0.06 mm and treatment D, which was 0.17 ± 0.04 mm. 
Statistical analysis with the F test showed that the IMTA sys-
tem has a significant effect on oyster length gain with the value 
of Fcount (282) > Ftable (0.01). The results of the LSD test 
showed that the length gain between treatments was signifi-
cantly different, with the best length gain also found in treat-
ment B. 

Figure 5.  Mean length gain rate of tiger prawns. A = Stocking 
density of 10 milkfish, 15 tiger prawns and 20 oys-
ters; B = Stocking density of 15 milkfish, 20 tiger 
prawns and 30 oysters; C = Stocking density of 20 
milkfish, 25 tiger prawns and 40 oysters; D = 
Stocking density of 25 milkfish, 30 tiger prawns, and 
50 oysters. M1, M2, M3, M4 = weeks of weight meas-

Figure 6.  Oyster mean weight gain rate. A = Stocking density of 
10 milkfish, 15 tiger prawns and 20 oysters; B = 
Stocking density of 15 milkfish, 20 tiger prawns and 
30 oysters; C = Stocking density of 20 milkfish, 25 
tiger prawns and 40 oysters; D = Stocking density of 
25 milkfish, 30 tiger prawns, and 50 oysters. M1, M2, 
M3, M4 = weeks of weight measurement. 

Figure 7.  Oyster length gain rate. A = Stocking density of 10 
milkfish, 15 tiger prawns and 20 oysters; B = 
Stocking density of 15 milkfish, 20 tiger prawns and 
30 oysters; C = Stocking density of 20 milkfish, 25 
tiger prawns and 40 oysters; D = Stocking density of 
25 milkfish, 30 tiger prawns, and 50 oysters. M1, M2, 
M3, M4 = weeks of weight measurement. 
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The application of the IMTA system affects the increase in 
the width and thickness of the oyster shell. The mean increase 
in oyster width for each treatment is shown in Figure 8. The 
mean increase rate in oyster width was found to be highest in 
treatment B, which was 0.65 ± 0.06 mm. Subsequently, the 
width increase in treatment A was 0.28 ± 0.07 mm and in treat-
ment C 0.22 ± 0.04 mm. The lowest increase in oyster width 
was found in treatment D, which was 0.15 ± 0.07 mm. Statisti-
cal analysis of the F test showed that the application of the 
IMTA system showed significant effects on the increase in 
oyster width with a value of Fcount (425) > Ftable (0.01). Fur-
ther test analysis (LSD) showed that treatment B was signifi-
cantly different from treatments A, C, and D, and treatment A 
was significantly different from treatment D. 

Mean increase in oyster shell thickness was highest in 
treatment B of 0.55 ± 0.03 mm (Figure 9). Subsequently, in 
treatment A with a shell thickness of 0.23 ± 0.03 mm. The low-
est increase in shell thickness was found in treatment C, 
which was 0.18 ± 0.04 mm and in treatment D, which was 0.13 
± 0.04 mm. Statistical analysis with the F test showed that 
IMTA significantly affected the increase in oyster shell thick-
ness with the value of Fcount (13) > Ftable (0.01). The results 
of the LSD test showed that treatment B was significantly 
different from treatments A, C, and D. 

Water parameter 

The physicochemical parameters of the water observed in 
the study (30 days) were temperature, pH, DO, salinity, ammo-
nia, nitrate, and nitrite. The quality of the water during the 
study showed a low fluctuation, which is presented in Table 1. 

 

Discussion  

Survival rate 
The survival rate of milkfish, tiger prawns, and oysters 

reared in the IMTA system did not significantly affect the sur-
vival of the respective biota. The high and low mean survival 
values of milkfish, tiger prawns, and oysters are attributed to 
the availability of food according to their needs, the suitable 
life following their natural habitat, and the quality of water 
during the experiment under favorable conditions for the de-
velopment of the biota. Furthermore, the three types of spe-
cies had different living habitats and feeding habits. Food 
availability factors (phytoplankton, zooplankton, suspended 
organic matter) and habitat support a species' survival and 
growth (Wotton, 2020). 

The horizontal arrangement did not hinder the oysters 
from filtering their food. Bivalves get their food by filtration with 
a siphon to prevent competition for food among species 
(Gosling, 2008). To maintain their survival, organisms interact 
with the surrounding environment and prefer to select optimal 
environmental conditions and habitat types to continue to 
grow and reproduce. Oysters can pump suspended particles 
using their gills; during pumping, the oyster shell is widely 
opened and the mantle is elongated, resulting in water pres-
sures and flows (Riisgård & Larsen, 2010). The suspended 
particles that are required, phytoplankton and organic matter, 
will enter the oral cavity and then the unneeded particles will 

Figure 8.  Mean oyster width gain rate. A = Stocking density of 
10 milkfish, 15 tiger prawns and 20 oysters; B = 
Socking density of 15 milkfish, 20 tiger prawns and 
30 oysters; C = Stocking density of 20 milkfish, 25 
tiger prawns and 40 oysters; D = Stocking density of 
25 milkfish, 30 tiger prawns, and 50 oysters. M1, M2, 
M3, M4 = weeks of weight measurement. 

Figure 9.  Oyster shell thickness gain rate. A = Stocking density 
of 10 milkfish, 15 tiger prawns and 20 oysters; B = 
Socking density of 15 milkfish, 20 tiger prawns and 
30 oysters; C = Stocking density of 20 milkfish, 25 
tiger prawns and 40 oysters; D = Stocking density of 
25 milkfish, 30 tiger prawns, and 50 oysters. M1, M2, 
M3, M4 = weeks of weight measurement. 

Table 1. Water quality parameter during the experiment. 

Parameter Range       Mean St. Dev. 

Temperature (°C) 25 - 29  27,1  0,74 

pH 7 - 7,5 7,26 0,12 

Dissolved oxygen 4,5 - 7   5,7 0,63 

Salinity (ppt) 20 - 25  23,2 1,29 

Ammonia (mg/L) 0,056 – 0,075 0,067 0,009 

Nitrate (mg/L 0,048 – 0,050 0,049 0,001 

Nitrite (mg/L) 0,131 – 0,154 0,139 0,01 
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be converted into pseudofeces and discarded (Beninger & 
Veniot, 1999). Furthermore, fish survival is primarily deter-
mined by the availability of good food and good water quality 
management. Fish survival is determined by several factors, 
including water quality, such as temperature, ammonia, nitrite 
levels, dissolved oxygen, acidity (pH) of the water, and the 
ratio between the amount of food and density (Verma et al., 
2022) 

Biota growth under IMTA system 

The application of the IMTA system in the rearing of milk-
fish, tiger prawns, and oysters significantly affects the growth 
of the three biota. Treatment B showed the highest growth 
mean of the biota tested because treatment B (stocking densi-
ty of 15 milkfish, 20 tiger prawns, and 30 oysters) has different 
habitats and feeding habits. The milkfish in the fingerling stage 
live in the water column, which causes extensive movement 
and active swimming in search of food, while the tiger prawns 
in the fingerling stage live at the bottom of the water, where 
their movement at the bottom of the water is influenced by its 
land contour. At the same time, the arrangement of hanging 
oysters prevents competition for food with milkfish and tiger 
prawns. Then, the hanging location of the oyster makes it easi-
er for oysters to utilize food directly, such as phytoplankton, 
which is carried by the current, as the current strongly affects 
the food supply; benefits of water currents are food supply, 
oxygen solubility, plankton distribution, and removing CO2 and 
remnants of marine biota products (Lalli & Parsons, 1997). The 
more food supplies in the water, the faster the growth. In addi-
tion, water currents play an important role in the success of 
culture activities in both water circulation and nutrient 
transport (Xuan et al., 2019). 

Growth is the total energy converted into body constitu-
ents; this energy requirement is obtained from food. Growth is 
also a process of increasing the weight and length of the body 
of the biota, whereas differences in growth rates can be 
caused by the influence of dense stocking and competition on 
food supply (Elliott & Hurley, 1995). Treatment B, with a 
maintenance container size of 1 m long, 1 m wide, and 1 m 
high, is the treatment with the best growth; it significantly 
affects the growth of the three test biota due to the absence of 
competition for food and space. Milkfish use food that is on 
the surface of the water; milkfish have a grouping nature and 
live in the water column so that they do not experience com-
petition in getting food due to a low stocking density, while 
tiger prawns utilize food at the bottom of the water because 
tiger prawns have an individual nature, with a low stocking 
density so that there is no competition. The higher the density 
of fish, the lower the growth rate per individual; a low density 
of fish has the ability to utilize food well compared to a high 
density, as food is an external factor that plays a role in growth 
(Goodrich & Clark, 2023). Meanwhile, oysters use phytoplank-
ton that drifts with the current; bivalves in nature consume 
various types of suspended particles such as bacteria, phyto-
plankton, microzooplankton, detritus, and dissolved organic 

matter; phytoplankton is the most popular food source 
(Gosling, 2008). 

The density of the stock dramatically affects the growth of 
the biota; this is the case in treatment D, which shows the 
lowest mean growth results due to unbalanced stocking fac-
tors. Treatment D had the highest stocking density of the other 
treatments. The density of prawns that are too dense leads to 
different variations in mortality due to cannibalism. If the bot-
tom of the container used is too narrow compared to the num-
ber of biota accommodated, it will cause the species to pile 
up on top of each other; as a result, there will be competition 
for space. The higher the stock density, the lower the growth of 
the test biota. The high stock density interferes with the growth 
rate despite the adequate food needs, a high stocking density 
will cause high competition for food and space, reducing the 
survival rate of organisms (Li et al., 2021). 

Water quality 

The application of the IMTA system did not have a signifi-
cant effect on water quality. The range of water quality during 
the study was temperature (25-29 °C), pH (7-7.5), DO (4.5-7 
ppm), salinity (20-25 ppt), ammonia (0.056-0.075 mg/L), ni-
trate (0.048-0.050 mg/L) and nitrite (0.131-0.154 mg/L). The 
availability of sufficient food and the quality of the supporting 
water greatly affects the survival rate of fish. Water quality also 
affects the survival and growth of cultured aquatic organisms 
(Nair & Nayak, 2023).  

Tiger prawns have a high tolerance to temperature chang-
es and can still grow and develop in the temperature range of 
26-32 °C. The salinity level for the rearing of tiger prawns in 
ponds is between 15-30 ppt. Tiger prawns are euryhaline, so 
they have a wide tolerance to salinity (Chaitanawisuti et al., 
2013). Changes in salinity in a body of water cause the molting 
process in prawns to be disrupted so that the growth of the 
prawns is inhibited. At a salinity of 5-10 ppt, molting prawns 
can be faster but more sensitive to disease attacks. The usual 
pH range for the rearing of tiger prawns ranges from 7.5 to 8.5. 
Prawns die at pH < 4 and > 10 (Robertson, 2006). Low pH val-
ues cause acidic waters and interfere with the absorption pro-
cess of chitin so that prawns become porous, while high pH 
causes alkaline waters, resulting in increased ammonia toxici-
ty (González-Vera & Brown, 2017). The optimal water tempera-
ture for the life of milkfish fingerlings is 27-30 ℃. Its life begins 
to be disrupted when the water temperature drops to 15-20 ℃ 
or increases above 35 ℃. Its activity stops in waters where the 
temperature is below 6 ℃ or above 42 ℃ (Hanke et al., 2019). 
The optimal dissolved oxygen content for milkfish is 3 to 7 mg/l 
(Su et al., 2002).  

Ammonia is a toxic compound that results from excretion 
or excretion of feces in the form of gas. Furthermore, ammonia 
can come from food that is not eaten by fish, so it dissolves in 
water. Ammonia will undergo a process of nitrification and 
denitrification according to the nitrogen cycle in water so that 
it becomes nitrite (NO2) and nitrate (NO3). The nitrification and 
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denitrification process can run smoothly if enough Nitrobacter 
and Nitrosomonas bacteria are available. Nitrobacter plays a 
role in the conversion of ammonia to nitrite, whereas Nitro-
somonas converts nitrite to nitrate (Hargreaves, 1998; Preena 
et al., 2021) 

Oyster growth and survival occur well at temperatures 
ranging from 15 to 33 °C, salinity ranging from 15 to 35 ppt, 
dissolved oxygen (DO) ranging from 3-6 ppm, and pH ranging 
from 6 to 8 (Le Moullac et al., 2007; Pourmozaffar et al., 2020). 
The high and low water quality parameters are influenced by 
temperature; if the temperature increases, the others will also 
rise. The pH value is significant in oyster culture because the 
pH of water is a limiting factor in the life of oysters and other 
microorganisms. The pH of the water suitable for oyster life is 
neutral to slightly alkaline 6-8, and the dissolved oxygen (DO) 
ranges from 3-6 ppm. Water quality is very influential on oyster 
growth because if changes occur, it forces bivalves to adapt 
(Quayle, 1980). Temperature plays an essential role in the 
physiological activities of oysters in water, such as filtration 
and metabolic activities (Lannig et al., 2006). Changes in pH in 
water can affect physiology, including oyster reproduction, 
breeding, and activities. Changes in dissolved oxygen in water 
can affect breathing, metabolic processes, or substance ex-
change, producing energy for growth (Mallya, 2007). It can be 
concluded that the water quality parameters at the time of the 
study were still within the standard water quality range for the 
survival of milkfish, tiger prawns, and oysters. 

 

Conclusions 
This study highlights that IMTA systems effectively sup-

port the survival and growth of milkfish, tiger prawns and oys-
ters. Key factors contributing to their success include ade-
quate food availability, emulation of suitable habitats, and 
maintenance of optimal water quality parameters. The IMTA 
configuration minimizes inter-species competition for food 
and optimizes environmental conditions, resulting in favorable 
outcomes for the cultured biota. Future research efforts could 
focus on several ways to further improve the understanding 
and implementation of IMTA systems. investigating the long-
term sustainability and resilience of IMTA systems under vary-
ing environmental conditions would be valuable. In addition, 
exploring the potential integration of additional species or 
trophic levels into IMTA arrangements could broaden the 
scope of benefits and optimize resource utilization. 
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