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Introduction

Abstract

The integrated multi-trophic aquaculture (IMTA) system, utilizing various organic and
inorganic extractors, was evaluated as a sustainable approach to improving shrimp
health, managing disease, and optimizing environmental conditions in semi-intensive
pond culture of Penaeus monodon. The experiment was conducted in four treatments,
with triplicates: (TO) monoculture of P. monodon (control), (T1) P. monodon in green
water technology (polyculture) with Oreochromis niloticus, (T2) P. monodon in IMTA
with Chanos chanos, Ulva fasciata, and Perna viridis, and (T3) P. monodon in IMTA with
C. chanos, Gracilaria verrucosa, and P. viridis. The study took place in Naawan, Misamis
Oriental, Philippines, using 12 ponds (250 m? each) with a 5% feeding rate based on
body weight. Microbial analysis revealed the presence of bacteria such as Vibrio,
Escherichia coli, Pseudomonas, and Staphylococcus aureus in water, soil, and shrimp
in some treatments, particularly TO, though all were within normal ranges. Acute
Hepatopancreatic necrosis disease was not detected, but white spot syndrome was
observed in TO. No significant differences (P>0.05) were found in growth and survival
across treatments, except for TO. IMTA treatments (T2, T3) showed higher total
production and net income, with T1 yielding the highest ROI. Results highlight IMTA's
potential to reduce pathogenic bacteria and improve shrimp production and
profitability.

However, this intensification led to the collapse of the
global P. monodon industry, particularly in the

The Philippines was the seventh-largest producer
of tiger shrimp in 2020, with an annual production of
almost 50,000 metric tons, following Vietnam,
Indonesia, China, Bangladesh, India, and Myanmar
(FAO, 2021). The culture of tiger shrimp (Penaeus
monodon) has received significant attention due to its
unique taste, high nutritional value, and sustained
demand in the global market (Primavera, 1997). The
commercialization of this species has driven farmers to
intensify farming practices to further boost production.

Published by Central Fisheries Research Institute (SUMAE) Trabzon, Tirkiye.

Philippines (Cruz et al., 2008), as recent production in
2020 failed to reach the 50,000 metric ton mark,
according to a report from the Philippine Statistics
Authority (PSA, 2022).

The intensification of shrimp farming has
accelerated environmental degradation, leading to poor
water and soil quality and creating a favorable
environment for pathogenic microbes (Leung et al.,,
2000). This has resulted in uncontrolled eutrophication
and a drastic increase in toxic nitrogenous compounds,
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causing stress, weakness, and fatalities among shrimp.
Moreover, it has triggered disease outbreaks, such as
luminous bacterial infections (caused by Vibrio harveyii),
white spot syndrome (caused by the white spot
syndrome virus [WSSV]), and acute hepatopancreatic
necrosis disease (AHPND, caused by Vibrio
parahaemolyticus), among others (Lavilla-Pitogo et al.,
1990; Magbanua et al., 2000; de la Pefia et al., 2015).

To address the environmental and production
challenges faced by the shrimp farming industry, various
studies and technologies have been developed,
including Integrated Multi-Trophic Aquaculture (IMTA).
IMTA is an engineering model that mimics the energy
cycle in intensive aquaculture systems (Chopin, 2006). It
involves the farming of species at different trophic
levels, enabling the uneaten feed, waste, and by-
products of one species to serve as fertilizers, feed, and
energy for other species, capitalizing on synergistic
interactions among them (Chopin et al., 2001, 2008;
Troell et al., 2003; Neori et al.,, 2004; Besofia et al.,
2024).

In the Philippines, the study by Arriesgado et al.
(2022) identified suitable IMTA species combinations
that enhanced the growth, survival, and profitability of
Penaeus monodon in pond aquaculture. However,
significant research gaps remain, particularly regarding
comparisons between P. monodon monoculture with
green-water technology, identifying the most effective
species combinations, and investigating the role of IMTA
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in  reducing microbial loads and improving
environmental conditions in semi-extensive pond

systems. Addressing these gaps is essential for
developing a scientifically grounded and comprehensive
protocol for sustainable P. monodon culture using IMTA.
This study aims to fill these gaps by specifically focusing
on microbial analysis and its implications for disease
management and environmental sustainability, an area
not fully explored in the previous work by Arriesgado et
al. (2022).

Therefore, this study seeks to evaluate the
effectiveness of IMTA technology in semi-intensive P.
monodon pond culture for disease and environmental
management, with a focus on improving microbial
management and health of P. monodon. The study also
aims to advance IMTA technology from its existing
applications for P. monodon farming.

Materials and Methods
Experimental Set-up

Culture trials were initiated to evaluate four
treatments with three replications following a
completely randomized experimental design (CRD). This
study utilized 12 ponds, each measuring 250 m?, at MSU
Naawan, Naawan, Misamis Oriental, Philippines (9023)
(Figure 1) for IMTA on microbial, health and
environmental management.
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Naawan, Misamis Oriental, Philippines

Figure 1. Location of the IMTA ponds in Naawan, Misamis Oriental. Philippines.
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Figure 2 illustrates the experimental setup with
different treatments, while Table 1 provides a detailed
summary of the species composition for each
treatment. The species selection was based on
commercial value, trophic levels, and the availability of
fry and seeds in the area, with the only difference being
the macroalgae species. The study was cleared and
approved by the institution's ethics committee before
its conduct.

Stocking

Size PLis P. monodon was stocked and cultured in
each treatment pond for four (4) months (120 days) with
a stocking density of 20 pcs m™2. U. fasciata and G.
verrucosa (density=0.5 kg m2) and P. viridis (density=30
g m2) were placed in a separate bamboo-net platform
at the bottom of the ponds. The milkfish C. chanos (7 cm
long, 10 g) was stocked a week later with a density of
0.25 pcs m=2.

Microbial and Molecular Analyses for Disease
Diagnosis

Shrimp samples were sent to a laboratory for
disease and microbial diagnosis using the methods of
morphological pathology, including direct light
microscopy and histopathology. Microbial profiling was
conducted by aseptically collecting water and soil
samples from the ponds and sending them to a nearby
microbiological laboratory. Sample collection for
diagnostic diseases followed the protocols specified by
the laboratory of the Bureau of Fisheries and Aquatic
Resources (BFAR) Region 12, General Santos City,
Philippines, where the samples were sent for analysis.
The prescribed number of P. monodon samples were
preserved in 90% ethanol and transported to the BFAR
Region 12 laboratory for the molecular analysis of the
most prevalent diseases in P. monodon, namely white
spot  syndrome  virus  (WSSV) and  acute
hepatopancreatic necrosis disease (AHPND).

NAAWAN EXPERIMENTAL SET-UP
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Figure 2. Experimental set-up of various treatments with replicates in the study.

Table 1. Species composition per treatment in the integrated multi-trophic aquaculture (IMTA) experiment

Treatment

Species Combination

Treatment O (Control)
Treatment 1 (T1)
Treatment 2 (T2)
Treatment 3 (T3)

Penaeus monodon

Penaeus monodon, Oreochromis niloticus
Penaeus monodon, Chanos chanos, Ulva fasciata, Perna viridis
Penaeus monodon, Chanos chanos, Gracilaria verrucosa, Perna viridis
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Water and Soil Analyses

Water, soil, and other laboratory analyses were
conducted after the methods of American Public Health
Association (APHA, 1989), and the Association of Official
Analytical Chemists (AOAC, 1990). Water analyses
include ammonia-nitrogen (NH3-N), nitrite-nitrogen
(NO2--N), nitrate-nitrogen (NO3--N), phosphates,
transparency, total dissolved solids (TDS), salinity,
temperature, and dissolved oxygen (D.0.). Phosphates,
nitrates, nitrites, and ammonia were analyzed following
the spectrophotometric method while the remaining
parameters used a multiparameter equipment (Hanna
Instruments HI9829).

Growth Parameters Analyses

Feeding rates were adjusted based on a 5% feeding
rate relative to the body weight of the shrimp, with
sampling conducted biweekly. The following growth
parameters were determined during sampling and
harvest: average body weight (ABW), average daily
growth (ADG), specific growth rate (SGR), and survival
rate (S.R.). These parameters were calculated using
established methods (Steffens, 1989; Hasan et al. 2011),
as detailed below:

ABW= + (1)

Where, ABW-is the average body weight (g) of the
shrimps and fish in a pond, Ws—weight (g) of the samples
in a pond, and n—is the number (pcs) of samples in a
pond.

Wit —Wo
ADG=s —MMM 2
Doc )

Where, ADG—is the average daily growth (g day?)
of the shrimps and fish in a pond, Wsfinal
weight/current of the samples in a pond, We—is the
initial weight/previous weight of the samples in a pond.
DOC —is the age/ days of culture of the shrimps.

Ln(Ws) — Ln (Wo)
Doc

SGR= x 100 (3)

Where, SGR-is the specific growth rate of the
shrimps and fish in a pond, W¢—is the final weight of the
samples in a pond, Wo—is the initial weight of the
samples, and DOC—is the age/ days of culture of the
shrimps.

% SR= Al x 100 (4)
No

Where, % SR is the survival rate of the shrimps and
fish in a pond, Nt+final number of shrimps and fish
during harvest in a pond, and No—initial number of the
shrimps and fish during stocking in a pond.

Production and Profitability

The economic return of each treatment was
calculated using the following formulae:

TP=Pshrimp+Pfish (5)

Where T.P.- is the total production of the shrimp
and fish in a pond, Pshrimp - is the total shrimp production
in a pond, and Psish is the total fish production in a pond.

N.P.=G.P.—P. C. (6)

Where N.P.-is the net profit of one pond, G.P.-is
the gross profit of a one pond, and P.C.-is the production
cost of a one pond.

NP
% ROI= o x 100 (7)

Where ROI- is the return of investment of a pond,
N.P. — is the net profit of a pond, and P.C. is the
production cost of a pond.

TPshrimp annual (kg 250 m2)=Pshrime2.5 crops (8)

Where TPshrimp annuai- is the total production of
shrimp in a year per 250 ™2 in a pond, and Pshrimp - is the
shrimp production in a pond per crop.

TPshrimp+fish annual (kg m2)=TPx2.5 crops (9)

Where TPshrimp+fish annual - is the total Shrimp and fish
production in a year per 250m? pond, and T.P.-is the
total production of the shrimp and fish in a pond per
crop.

For the economic evaluation, market prices for the
species involved in this study were sourced from local
market surveys and the price lists provided by the
Southeast Asian Fisheries Development Center
(SEAFDEC), Philippines. The market prices used to
calculate gross profit and return on investment were
based on the most current data available at the time of
the study.

Statistical Analysis

Prior to statistical testing, all growth, survival, and
microbial parameters were assessed for normality and
homogeneity of variances using the Shapiro-Wilk test
and Levene’s test, respectively. A one-way analysis of
variance (ANOVA) was performed to determine
significant differences among treatments for parametric
data, including growth performance (ABW, ADG, SGR,
and SR), water quality parameters, and microbial loads
in water, soil, and shrimp. Tukey’s Honestly Significant
Difference (HSD) test was applied for post hoc multiple
comparisons to identify specific treatment differences
when significant differences (P<0.05) were detected.
Non-parametric data were analyzed using the Kruskal-
Wallis test, followed by Dunn’s test for pairwise
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comparisons when applicable. All statistical analyses
were conducted using IBM SPSS Statistics (v.19). Data
are presented as meantstandard deviation (SD) unless
otherwise specified.

Results
Microbial Load Analysis for Disease Diagnosis

The bacterial profile of water in the control ponds
(TO), where P. monodon was cultured in monoculture,
exhibited the highest heterotrophic bacterial population
(Table 2). Vibrio harveyii was absent in all water samples
across treatments. However, V. cholerae, V.
parahaemolyticus, and V. alginolyticus were detected in
the water samples from various treatments. TO had the
highest counts of V. cholerae (7,600 cfu/mL), V.
alginolyticus (2,000 cfu/mL), and V. parahaemolyticus
(1,880 cfu/mL). In contrast, V. cholerae was the only
Vibrio species detected in T1, with a lower count of
6,600 cfu/mL, and no other Vibrio species were
observed. The IMTA treatments (T2 and T3)
demonstrated minimal to no presence of Vibrio species
in the water, especially in T3, which showed only a V.
cholerae count of 4,000 cfu/mL. Treatment 2 had V.
cholerae (3,940 cfu/mL), V. alginolyticus (1,000 cfu/mL),
and V. parahaemolyticus (20 cfu/mL). Additionally, an
unidentified Vibrio species (Vibrio sp.1) and Escherichia
coli were detected in TO, T2, and T3.

In soil samples, several Vibrio and Pseudomonas
species were detected across all treatments. TO
exhibited the highest counts for V. cholerae (4,600
cfu/mL), V. alginolyticus (5,116.67 cfu/mL), and

V. parahaemolyticus (500 cfu/mL), followed by T2,
which had V. cholerae (3,940 cfu/mL), V. alginolyticus
(1,000 cfu/mL), and V. parahaemolyticus (20 cfu/mL).
Treatment 1 showed V. cholerae (6,600 cfu/mL), while
T3 exhibited V. alginolyticus (150 cfu/mL). Another
unidentified species of Vibrio (Vibrio sp.2) was also
detected. Although Salmonella was not detected,
Pseudomonas species were notably present in the soil
samples of TO and T2.

In shrimp samples, the highest total heterotrophic
bacterial plate count was observed in T1 (32,000
cfu/mL), followed by T2 (16,000 cfu/mL), T3 (5,700
cfu/mL), and TO (2,500 cfu/mL). Vibrio species were not
detected in shrimp samples. E. coli was present in all
treatments at counts of less than 3 cfu/mL, while
Staphylococcus aureus was observed at 10 cfu/mL. No
Shigella or Salmonella were detected. All bacterial
counts remained within normal ranges, indicating no
significant pathogenic risk.

Molecular Analysis for Disease Diagnosis

Reverse transcription polymerase chain reaction
(RT-PCR) analyses confirmed that all treatments tested
negative for Acute Hepatopancreatic Necrosis Disease
(AHPND), despite the presence of V. parahaemolyticus
in water and soil samples (Table 3). However, TO tested
positive for White Spot Syndrome Virus (WSSV), which
likely contributed to the significantly lower survival rate
of P. monodon in this treatment (P<0.05). While V.
parahaemolyticus was present in all treatments, its
abundance remained low, suggesting that its role in
disease development was minimal in this study.

Table 2. Bacteria profiling for all treatments. Values with different superscripts are significantly different ((P<0.05). Values are lower
than the maximum recommended bacterial limits for good-quality products (ICMSF, 1986)

Bacteria Treatments
T0 T1 T2 T3

Water (CFU/mL):
Total Heterotrophs 4.76x103 5.03x103 4.435x103 5.4x103
Enterobacter 5.60x10?2 4.20%10? 3.80x102 6.225%10?
Total Coliform 4.30x102d 265.004 930.00 b 1.01x103b
E. coli 7.0x10bP 4.0x10pP 3.90x10% 4.0x10°b
V. cholerae 7.6x103 6.6x103 3.940x103 ND-0
V. alginolyticus 2.0x103 ND-0 1.0x103 ND-0
V. parahaemolyticus 1.88x103% ND-0 2.0x10b ND-0
Vibrio sp.1 1.0x103 ND-0 1.0x103 1.0x103
Soil (CFU/mL):
Total Heterotrophs 7.69x103b 2.825x103b 8.5x103b 3.32x10%2
Vibrio sp.2 8.133x1032 ND-0 6.7x1032 3.2x103b
V. cholerae 4.6x103b ND-0 2.78x103 b ND-0
V. alginolyticus 5.117x1032 9.50x102b 6.90x102b 1.50x102b
V. parahaemolyticus 5.0x1022 ND -0 1.50x102b ND -0
Pseudomonas sp.1 6.6x102bc ND-0 9.0x102be 1.6x103bc
Pseudomonas sp.2 2.0x102b 2.120x1032 2.5x103b 5.0x102b
Pseudomonas sp.3 ND - 0P ND - 0P 6.25x102b ND —0b
Harvested shrimp
(CFU/mL):
*Aerobic Plate Count 2.5x103 3.2x10* 1.6x10% 5.7x103
E. coli <3.0 <3.0 <3.0 <3.0
Staphylococcus aureus 10 10 10 10
Salmonella Absent Absent Absent Absent
Shigella Absent Absent Absent Absent

Note: ND — not detected
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Pond Water and Soil Parameters

Water quality parameters in all treatments were
within the recommended ranges for P. monodon culture
as defined by Mohanty et al. (2014), except for salinity,
which exceeded optimal levels and may have influenced
growth performance (Table 4). Ammonia levels in TO
reached the upper permissible limit, whereas the green-
water technology (T1) and IMTA treatments (T2 and T3)
maintained ammonia concentrations within acceptable
ranges. Statistical analyses showed significant
differences in ammonia levels between TO and the other
treatments (P<0.01).

Growth and Survival Parameters

Figure 3 presents the growth and survival data of
the cultured species. P. monodon from T1 (green-water
pond) exhibited the highest mean body weight
(21.81+1.45 g), followed by IMTA ponds (T2=19.01+1.12
g, T3=16.92+1.08 g), while TO (monoculture) produced
the shrimps with lowest body weight (13.21+1.03 g,
P<0.05). Specific growth rate (SGR) was significantly
higher in T1 (4.15% d™) compared to TO (3.72% d',
P<0.05). Survival rates were highest in T3 (58.87%),
followed by T2 (55.63%) and T1 (51.12%), while TO had
the lowest survival (16.64%, P<0.01). Growth and
survival in T1 and IMTA treatments (T2 and T3) were
significantly better than in monoculture (P<0.05).

For C. chanos (milkfish), T3 had the highest average
body weight (32248.71 g), followed by T2 (310+9.02 g),
without statistically significant differences between
these treatments (p=0.28). Survival rates were similar
across T2 and T3 (98.13%, p=0.92). O. niloticus (tilapia)
had an average body weight of 125.36+7.15 g, with a
survival rate of 31.20% (P<0.05).

Production and Profitability

The total biomass production in a 250 m? pond
showed that T1 (green-water technology) yielded the
highest shrimp biomass (30.53 kg), followed by T3
(27.61 kg) and T2 (27.22 kg), while TO had the lowest
production (6.51 kg, P<0.01). Fish biomass was highest
in T3 (91 kg, P<0.05) (Table 5).

Economic analysis showed that T2 and T3 had the
highest gross incomes (USD 258.43 and USD 265.37,
respectively). T3 yielded the highest net profit (USD
29.19), followed by T1 (USD 24.98), T2 (USD 22.26), and
TO, which recorded a financial loss (USD -41.49). Return
on investment (ROI) was highest in T1 (16.39%),
followed by T3 (12.36%) and T2 (9.42%), while TO
exhibited the lowest ROI (-53.92%). Annual production
estimates indicated that T1 had the highest shrimp
production (3.82 tons/ha), whereas T3 produced the
highest total biomass of shrimp and fish (11.38 tons/ha,
P<0.05). TO exhibited the lowest productivity and
economic performance among all treatments.

Discussion
Microbial Load Parameters for Disease Diagnosis

Several  studies have identified Vibrio
parahaemolyticus, V. alginolyticus, and other Vibrio
species as pathogenic bacteria commonly found in
shrimp hatcheries and ponds (Nonwachai et al., 2010).
Although V. cholerae is less virulent than V.
parahaemolyticus (Haldar et al., 2007), its infection can
still result in fatality for marine organisms like P.
monodon (Joseph et al., 2015). Our study observed the
absence of V. cholerae in both soil and water samples
from IMTA systems reared with green mussel and

Table 3. RT-PCR results for AHNP and WSSV using the shrimp samples

Diseases TO T2 T3
AHPND Negative Negative Negative Negative
WSSV Positive Negative Negative Negative
Table 4. Water parameter level range observed in all treatments

Treatments TO T1 T2 T3 Ideal Values (Mohanty et al., 2014)

NH3 (ppm) 0.01-0.1 0.01-0.05 0.01-0.04 0.01-0.02 <0.1

PO4 (ppm) 0.03-0.04 0.03-0.04 0.04-0.07 0.01-0.04 <0.1

NO3 (ppm) 0.03-0.05 0.03-0.04 0.03-0.05 0.02-0.05 <0.1

NO2 (ppm) 0.02-0.04 0.02-0.04 0.02-0.04 0.03-0.04 >0.5

D.O (ppm) 3.3-5.8 2.1-6.7 2.5-4.9 2.1-5.0 >2

TDS (ppm) 20.0-26.5 20.0-28.1 20.2-286 20.2-32.2 <100

pH 7.19-8.3 7.1-8.6 7.1-8.6 7.2-8.5 7.5-8.5

Transparency (cm) 30.5-45 35.1-45 35.5-40.5 35.5-40.3 35-45

Salinity (ppt) 29-32 28.6-32 28.2-32 28.4-32 15-25

Temperature (°C) 29-33 29.1-32.7 29.8-32.2 285-326 28-33
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Figure 3. Growth and survival of P. monodon, C. chanos and O.niloticus in IMTA pond.

G. verrucose (P<0.05). This finding supports the notion
that these organisms inhibit V. cholerae, potentially
improving disease resistance in shrimp. Notably,
statistical analysis (ANOVA, P<0.05) confirmed that
treatment groups T1 and T2 exhibited lower V. cholerae
counts compared to monoculture control (TO).

Additionally, V. parahaemolyticus and V.
alginolyticus are associated with diseases like AHPND
(Lai etal., 2015) and WSSV infection. Our results showed
that V. parahaemolyticus was absent in both water and
soil samples of T1 and T3 (P<0.05), suggesting that the
IMTA treatments, with the green mussel and G.
verrucosa combinations, helped mitigate the growth of
Vibrio species. The reduction of V. alginolyticus was
similarly significantin T1 and T3 (P<0.01), demonstrating
the effectiveness of these treatments in controlling
opportunistic pathogens. Our study corroborates the
findings by Peeler and Maturin (1992) and Kharisma and
Manan (2012), who noted that Vibrio populations above
10* CFU/mL increase disease susceptibility.

The microbial analysis conducted in this study
further validated the benefits of IMTA systems in
preventing pathogen growth, with significant reductions
in Vibrio, E. coli, Pseudomonas, and Staphylococcus
aureus counts (P<0.05) in T1 and T3 compared to TO.

Molecular Parameters for Disease Diagnosis

Biotic and abiotic stressors influence the
vulnerability of shrimp to diseases like WSSV. Among
these, Vibrio species play a critical role in disease
development (Tendencia et al., 2010). While all water
parameters in the treatments were similar, statistical
comparisons (P<0.05) revealed that higher Vibrio counts
in TO correlated with increased susceptibility to WSSV.
This suggests that high organic load in Control treatment
could exacerbate disease risks unless properly managed.
On the other hand, the absence of pathogenic Vibrio
species in T3 (P<0.01) highlights the role of IMTA
systems in disease prevention.
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Table 5. Production and profitability of the different treatments in one pond.

Treatments TO T1 T2 T3

Total shrimp production (kg 250m?2) 6.51 30.53 27.22 27.61
Total fish production (kg 250m?2) 6.51 38.26 87.97 91.00
Gross income (USD/pond) 35.45 177.29 280.51 288.39
Operating Cost (USD/pond) 76.95 152.46 236.18 236.18
Net profit (USD/pond) -41.49 24.83 44.33 52.21
Production Cycle 2.5 2.5 2.5 2.5

Estimated annual net profit (USD)/pond -103.73 62.07 110.82 130.52
ROI (%) -53.92 14.53 9.26 12.45
Annual shrimp production per pond (kg 250m?) 16.275 76.32 68.05 69.025
Annual total production per pond (kg 250m?2) 16.275 95.65 219.92 227.5

P. monodon selling price at USD 5.44, *O. niloticus selling price at USD 1.45, *C. chanos selling price at USD 2.18

Pond Water and Soil Parameters

Wang and Chen (2006) emphasized that 25 ppt is
the optimum salinity for shrimp immunity against
pathogens. In this study, all treatments had similar
salinity ranges but were beyond optimal and could
potentially hamper their growth and optimal immune
function towards disease susceptibility. Statistical
analyses (ANOVA, P<0.05) indicated that IMTA
treatments, particularly those utilizing macroalgae like
G. verrucosa, resulted in significantly lower levels of
ammonia, nitrites, and phosphates compared to
monoculture treatments. These findings suggest that
IMTA systems efficiently absorb excess nutrients,
contributing to improved water quality and disease
resistance.

The reduction of suspended solids observed in the
IMTA ponds was also statistically significant (P<0.01),
with P. viridis potentially effective in filtering
phytoplankton, zooplankton, and organic detritus,
preventing nutrient accumulation and potential
eutrophication.  This  highlights  better  waste
management capabilities of IMTA systems. Our results
align with previous studies by Pan and Wang (2004) and
Gao et al. (2006), which reported similar filtration
benefits from bivalves in integrated aquaculture
systems.

Growth and Survival of Cultured Species

The integration of C. chanos with P. monodon at
low density (0.25 pcs/m?2) resulted in significantly better
shrimp growth compared to monoculture (P<0.05),
aligning with previous studies by Pudadera and Lim
(1982). Additionally, our results demonstrated that
IMTA treatments with G. verrucosa provided optimal
growth conditions for P. monodon, as evidenced by the
significantly higher growth rates (P<0.01) compared to
control treatments. These results support the
recommendation of incorporating G. verrucosa into
IMTA systems to enhance shrimp production and
profitability.

Production and Profitability

The economic  evaluation showed that
monoculture (T0) resulted in the lowest and negative
profit from all other treatments. Treatment 3, despite
having higher costs, yielded the highest biomass and net
profit. The combined shrimp and fish production,
alongside the pricing of the three species, directly
influenced the overall profitability of the treatments. A
regression analysis (R?=0.89) confirmed that the IMTA
systems’ higher biomass production contributed
significantly to the increased profitability compared to
monoculture treatments.

In conclusion, this study provides compelling
evidence that IMTA systems, particularly those
incorporating G. verrucosa, not only improve water
quality and reduce disease susceptibility but also
enhance shrimp growth and profitability. The
statistically significant reductions in pathogenic Vibrio
species and improved survival and growth of P.
monodon in IMTA treatments underscore the system’s
potential for sustainable shrimp farming. Further
studies focusing on the optimization of IMTA pond
designs and feeding rates are recommended to enhance
the economic feasibility and ecological benefits of this
technology.
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