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ABSTRACT

Integrated Multi-Trophic Aquaculture (IMTA) research was conducted in the Banda Marine
Conservation Area to develop a sustainable farming system and preserve the environment.
Fish were cultured in three floating net cages (3m x 3m x 3m), with 300 fish per cage, totalling
900. Sea cucumbers were cultivated in three square net cages (3m x 3m, 50cm height) with
150 sea cucumbers per unit, totalling 450. Seaweed was grown using vertical long lines around
the KJA area, with horizontal distance treatments (5, 15, 2, 35, 45m) and vertical distance
between nodes at 2m. Over 180 days, Caranx ignobilis had a Relative Growth Rate (RGR) of
0.42 g/day, while Holothuria atra had 0.005 g/day. Kappaphycus alvarezii had an average RGR
of 0.11 g/day over four 45-day cycles. Specific Growth Rates (SGR) were 6.45%/day for C.
ignobilis, 2.91%/day for H. atra, and 6.29%/day for K. alvarezii. H. atra had the highest survival
rate (97.60%), while C. ignobilis had the lowest (96.17%). The NO3-N and PO4-P content in K.
alvarezii at the end of the cycle was highest on the northern raft, with NO3-N=4.62gN/m? and
PO4-P=1.06gN/m?.
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INTRODUCTION

Fish and shellfish production from aquaculture
activities in 2020 was reported to have contributed 49%
of the total production for human consumption
(Chambers et al, 2024). Fish and shellfish production
from aquaculture activities in 2020 was reported to have
contributed 49% of the total production for human
consumption (Chambers et al., 2024). Additionally, the
importance of diverse aquatic ecosystems, including
mangrove areas, has been highlighted in several studies.
For instance, checklists of mangrove snails have been
documented along the South Coast of Pamekasan,
Madura Island, and Lamongan District in East Java,
indicating the significance of mollusk biodiversity in
these regions (Islamy & Hasan, 2020; Isroni et al.,, 2023).
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Furthermore, the presence of non-native aquatic plants in
freshwater ecosystems such as the Brantas River has been
recorded, underscoring the ecological challenges posed
by these species (Islamy et al., 2024).

Aquaculture is still recognized as the fastest-growing
sector in animal food production, driven by the global
consumption of fish increasing almost twice as fast as the
growth of the world's population each year (FAO, 2022).
Asian countries have been noted as the largest producers
of aquaculture, contributing 89% of the total fish
production volume over the last 20 years. The global
capture fisheries production was observed to have
declined from a peak of 96.5 million tons in 2018 to 90.3
million tons in 2020. Overall, capture fisheries production
has stagnated since 1986, with a decrease in the number
of wild-caught species (FAO, 2022).
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Fishermen worldwide have been facing numerous
challenges, such as rising fuel costs, price fluctuations,
stock depletion, and the impacts of climate change
(Chambers et al, 2024). In the Banda Neira waters of
Indonesia, where this study was conducted, fishermen are
unable to fish during the early east and west wind seasons
due to large waves in the Banda Sea. Consequently, many
fishermen are required to seek alternative employment
during these seasons.

Some fishermen have shifted to aquaculture to
supplement their income. The skills and equipment needed
for fishing have been easily transferable to aquaculture.
The primary obstacles in aquaculture activities are high
production costs and the environmental impact of
aquaculture waste (Young et al,, 2019). Unutilized nutrients
in aquaculture that are released into the aquatic
environment have been known to cause hypernitrification.
The negative impacts of aquaculture have mainly
originated from particulate and dissolved nutrients from
animal waste and uneaten food (Quimpo et al., 2020).

The goal of IMTA has been to integrate the
production of species from different trophic levels within
the same system. In this system, fed fish are placed at the
top level, cultured alongside seaweed as a low-level filter
to extract inorganic and organic biological waste. Larger
organic waste, which typically sinks and accumulates at the
bottom, can be utilized by sea cucumbers (Qiu et al., 2022).
According to Widowati et al. (2020), IMTA can be
developed to increase the efficiency and productivity of an
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area by utilizing local organisms such as fish, sea
cucumbers, shellfish, and seaweed, and can serve as an
alternative livelihood for the community.

This research on IMTA implementation was conducted
in the aquaculture subzone of the Banda Marine
Conservation Area with the aim of providing a sustainable
cultivation system for the Banda community while preserving
the surrounding environment at the cultivation site. Three
organisms were utilized in the implementation of IMTA: giant
trevally, sea cucumbers, and seaweed. These organisms were
selected because they are easily obtained in the Banda
Islands waters. The application of the IMTA cultivation model
is expected to be adopted by the Banda Naira community.

MATERIALS & METHODS

The study was conducted from July to December 2023
in the Aquaculture Sub-Zone of the Banda Marine
Conservation Area (Fig. 1). The samples used in this research
included giant trevally, seaweed, and sea cucumbers (Fig.
2). The giant trevally fry was sourced from wild catches
with an average initial weight of 8.34g/individual. The
seaweed seedlings of the Kappaphycus alvarezii species
were purchased from local farmers in Langgur Village,
Southeast Maluku Regency. The average initial weight
used for each seaweed node was 100g. The sea cucumber
seedlings of the H. atra species were obtained from wild
catches by local communities in the Banda Islands. The
average initial weight used was 9.23g/individual.

Fig. 1: Research Location (Banda Marine

Conservation Area)

Description

Main Zone
Sustainable
Fishing Zone

Research sites

Fig. 2: (A). Charanx ignobilis;
Kappaphycus alvarezii; (C).
atra

(B).

Holothuria



Giant trevally was cultivated in floating net cages (KJA)
which serve as the central component of the IMTA system.
The KJA measured 3m x 3m, with a height of 3m, and a
total of three cages were used (Putro et al, 2015). The
stocking density for each KJA was 300 fish, totalling 900
fish for the three cages. Sea cucumbers were cultivated at
the bottom trophic level directly beneath the KIA
locations. The containers for sea cucumber cultivation were
staked net cages (KJT) in a square shape, measuring 3m x
3m with a height of 50cm from the seabed, and a total of
three units were used. The stocking density for each KIT
was 150 sea cucumbers, totalling 450 sea cucumbers for
the three units.

Seaweed was cultivated using a vertical long-line
floating raft model placed around the KJA area. The
horizontal distance treatments were A = 5m, B = 15m, C =
25m, D = 35m, and E = 45m. Seaweed was cultivated at
each trophic level, from the seabed to the water surface.
The vertical distance between seaweed nodes was 2m, with
5 nodes per line on each floating raft, while the horizontal
distance between nodes was 25cm, with 10 nodes on each
floating raft. This treatment aimed to measure the ability of
seaweed to absorb organic waste at each water trophic
level (Fig. 3).

The growth of fish, sea cucumbers, and seaweed was
measured using relative growth rate (RGR), specific
growth rate (SGR), length growth (GR), and survival rate
(SR). The growth measurements for giant trevally and sea
cucumbers were taken from the initial weight at the start
of the cultivation period (WO0) to the final weight at the
end of the cultivation period (Wt), which lasted 6 months
or 180 days (W180). Seaweed was cultivated for 4 cycles,
with each cycle lasting 45 days, and harvested at the end
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of each cycle. Growth measurements were taken biweekly
over the six-month period. Growth data were collected by
weighing the fish using a digital scale with an accuracy of
0.01g and measuring fish length using a ruler or
measuring tape.

The RGR was calculated using the formula by
Vidakovic (2015):

RGR(%) = (

W, Tt

W, — WO> 100
— | X
where:

e WO is the initial weight,

e Wtis the final weight,

e tisthe time in days.

The SGR was calculated using the formula by Busacker et
al. (1990):

L InW, — InW,
SGR (% /day) = (w) % 100

t

where:

e WO is the initial weight,

e Wtis the final weight,

e tisthe time in days.

This formula calculates the daily percentage increase
weight.

n

The GR was calculated using the formula by Busacker et al.
(1990):

_Li- L

i

GR

where:

e [0Ois the initial length,
e [tis the final length,
e tisthe time in days.

Fig. 3: IMTA Design
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The SR was calculated using the formula by Busacker et al.
(1990y:

SR(%) (:.) % 100
where:

NO is the initial number of individuals,

Nt is the number of individuals at the end of the
period.

This formula calculates the percentage of individuals
that survive from the beginning to the end of the study
period.

The uptake rate of nitrogen (N) and phosphorus (P) by
seaweed was calculated using the equation as follows
(Kitadai and Kadowaki 2007):

- C
Pob — (Cy !.(,)xa

where:

e  Pob is the uptake rate of phosphorus (P) or nitrogen
(N) by seaweed (gN or P/m? / day),

Ct is the concentration of nitrogen (N) or phosphorus
(P) at time tt (N or P/m?),

CO is the initial concentration of nitrogen (N) or
phosphorus (P) (gN or P/m?),

e o is the coefficient reflecting the increase in
concentration per unit increase in weight (gN or P/g DW),
e tisthe duration of the experiment (days).

The water quality parameters measured include

salinity, temperature, pH, dissolved oxygen (DO), water
flow velocity, water clarity, nitrate, and phosphate in the
water, as well as total nitrogen (N) and phosphate (P) in
the seaweed.

Data Analyses
The data on RGR, SGR, GR, and SR for C. ignobilis, K.
alvarezii, and H. atra, as well as the nitrogen (N) and

phosphorus (P) uptake by seaweed, were obtained.
Subsequently, they were analyzed using descriptive
analysis.

RESULTS

Results of the analysis of relative growth rate (RGR),
specific growth rate (SGR), length growth (GR), and survival
rate (SR) of C. ignobilis, K. alvarezii, and H. atra cultivated
using the IMTA system in the aquaculture sub-zone of the
Banda Marine Conservation Area are presented in Table 1.

Table 1: Value of SGR, SGR, GR and SR analysis results of Charanx ignobilis,
Kappaphycus alvarezii and Holothuria atra cultivated with the IMTA system.
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average RGR value for K. alvarezii per cycle (45 days of
cultivation) over 4 cycles was 0.11 g/day. The SGR values
were as follows: C. ignobilis 6.45%/day, H. atra 2.91%/day,
and K. alvarezii 6.29%/day. The highest survival rate was
observed in H. atra with SR value of 97.60%, while the
lowest SR was recorded for C. ignobilis at 96.17%.

Based on the SGR, SGR, GR values of C. ignobilis, K.
alvarezii and H. atra cultivated using the IMTA system, a
graph was made (Fig. 4). The results of water quality
monitoring at the cultivation subzone of the Banda Marine
Conservation Area are presented in Table 2.

Table 2: Descriptive statistics of water quality in the cultivation subzone of
the Banda Marine Conservation Area

Parameters Unit Minimum Maximum Average Standard Guidelines
Salinity g/L 32 34 33 28-34 **x
Temperature °C 26 29 27.5 25-30 ***

Water Clarity m 8.2 10 9.1 >5 *x

pH 74 7.6 75 7-8.5 ***

Dissolved Oxygen mg/L 7.13 7.56 7.35 >5%

Water Flow Rate m/s 0.21 1.03 0.62 0.20-0.40 ***
NO3-N mg/L 0.001 0.08 0.04 0.06 ***

PO4-P mg/L 0.002 0.013 0.007  0.015 ***

Organism Observed Variable

RGR (g/day) SGR (%/day) GR (cm) SR (%)
Charanx ignobilis 0.42+0.01°  6.45£0.24° 20.14£0.05° 96.17+0.37%
Kappaphycus alvarezii 0.11+0.02°  6.29+0.08° - 97.11£0.83°
Holothuria atra 0.005+0.002° 2.91+0.05* 8.03+0.26* 97.60+0.89°

Note: The superscript letters (a, b, c¢) following the values in the table
indicate statistically significant differences among the organisms for each
observed variable. When different superscript letters are present, it suggests
that the means of the respective organisms are significantly different from
each other based on a statistical test.

The research results indicate that the average RGR
values obtained over 180 days of cultivation were 0.42
g/day for C. ignobilis and 0.005g/day for H. atra. The

Standard guidelines based on regulations: *Ministry of Environment No. 51
of 2004; **Yuniarsih et al. (2014); ***Government Regulation of the Republic
of Indonesia No. 22 of 2021 concerning the Implementation of
Environmental Protection and Management.
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Fig. 4: Graphs of relative growth rate (RGR), specific growth rate (SGR),
length growth (GR), and survival rate (SR).

The water quality condition is an important factor to
consider in aquaculture activities using the IMTA system
because water directly affects cultivation activities
(Yuniarsih et al., 2014). Based on observations of water
quality during the research, it is evident that the water
quality in the aquaculture sub-zone of the Banda Marine
Conservation Area is still highly supportive of cultivation
activities (Table 2). The measurement results of NO3-N and
PO4-P data in the IMTA area waters are presented in Fig. 4.

The results of the measurement of nitrogen (N) and
phosphorus (P) uptake rates by seaweed are presented in
Fig. 5 and Fig. 6.

DISCUSSION

The growth, as one of the biological aspects of fish, is
a good indicator to assess the health of individuals,
populations, and the environment. Rapid growth can
indicate abundance of food and suitable environmental
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conditions (Muhammad, 2022). Mulkan et al. (2017) for the sandfish sea cucumbers. In the IMTA system,

explained that factors influencing growth include age and
water quality. The research results of C. ignobilis growth
showed a relative growth rate reaching 0.42%, while the
specific growth rate reached 6.45% per day. The specific
growth rate values from the research were much higher
compared to the specific growth rate values from Darfin et
al. (2022) research, which was conducted for 90 days with
treatments (snails) reaching a percentage of 1.9%, followed
by treatments (sea worms) reaching an average percentage
of 1.2%, and treatments (oysters) reaching 1.06%.

The growth of sea cucumbers is greatly influenced by
the nutrients available as a growth source for the sea
cucumbers. The research results showed that the RGR
value of the cultivated sea cucumbers reached 0.11%, while
the SGR value reached 2.91% per day. This growth rate is
better compared to the research by Padang et al. (2015),
which cultured sandfish sea cucumbers in pens with a
growth result of 0.069% over two months. Padang et al.
(2015) explained that sandfish sea cucumbers experience
nutrient deficiencies due to limited cultivation facilities,
resulting in limited availability of benthic diatoms as food

uneaten feed from C. ignobilis will settle on the seabed
and become additional feed for the cultivated sea
cucumbers.

For seaweed growth, there are internal factors
affecting seaweed growth, such as species, thallus part,
and age, while external factors include environmental
factors, initial seed weight, planting techniques, and
cultivation methods (Fikri et al., 2015). Pande et al. (2021)
explained that the success of seaweed cultivation can be
determined by the appropriate cultivation method, good
environmental quality, and the use of initial seed weights
used in seaweed cultivation. The specific growth rate in
seaweed is determined by weighing the wet weight of
seaweed at the end of the cultivation period minus the
initial weight of seaweed at the beginning of the
cultivation period divided by the duration of cultivation
and multiplied by 100% (Maulana et al., 2023). The SGR
value of seaweed from the research reached 6.29%.
Halimah et al. (2021) explained that in their research, the
specific growth of seaweed on the long-line method
averaged 3.5%, while on the bottom release method, the



specific growth averaged 2.9%. Anggadiredja et al. (2010)
suggested that the good daily growth rate for seaweed is
not less than 3%.

Survival rate is a key parameter that can indicate
success in aquaculture biota production (Dangmeka et al,
2018). The highest survival rate was observed in K. alvarezii
at 97.60%, followed by H. atra at 97.11% and C. ignobilis at
96.17%. Fish mortality occurs during the adaptation period
of the cultivated fish in the cultivation containers used. Fish
seeds obtained from nature must be able to adapt to the
cultivation containers prepared. The research results from
Suyatno et al. (2022) showed that the survival rate of
barramundi fish seeds cultivated for 28 days with different
feed reached 100%. Sea cucumber survival is influenced by
biotic factors such as competition, parasites, predators,
age, density, and human handling, as well as abiotic factors
such as physical and chemical properties in the water
(Kabelen et al.,, 2023).

The main impact of the presence of fish farming
activities using artificial feed on water quality in the
surrounding area is the accumulation of particles and
dissolved nutrients in the water column (Nordvarg &
Johansson, 2002). Nutrients play a significant role in
seaweed growth, especially nitrogen and phosphorus
content (Parenrengi et al., 2011; Isroni et al., 2019; Masithah
& Islamy, 2023). In the water, nitrogen exists in the form of
nitrate, nitrite, ammonium, and ammonia, as well as organic
nitrogen compounds such as urea and amino acids.
Dissolved Inorganic Nutrient (including NH4, NO3, and
NO2) is a limiting factor that determines seaweed
productivity in various marine environments (Troell et al.,
2009). The analysis results of NO3-N and PO4-P in the
water of the IMTA cultivation location showed that on day
30, the concentration distribution of NO3-N accumulated
most at the center of the IMTA KJA up to the northern part
of the research site. On day 180, the distribution of NO3-N
spread almost throughout the research location, ranging
between 0.001-0.8 mg/L. The highest distribution of PO4-P
concentration was found on the northern side of the IMTA
KJA with a range of values reaching 0.013mg/L (Fig. 5C). At
the end of the research period (day 180), the distribution
of dissolved nutrients, both NO3-N and PO4-P,
accumulated most on the northern side of the IMTA KJA.
The differences in nutrient distribution observed during
the research were caused by the current patterns at the
research location. Yuniarsih et al. (2014) explained that the
nutrient distribution pattern caused by the movement of
currents directly affects the cultivated.

Further research should be directed towards analyzing
the nutritional composition of various organisms cultured
within IMTA systems, as has been previously conducted on
inland aquatic species (Pratama et al, 2020; Islamy et al,
2024). Additionally, investigations into optimized husbandry
techniques are required to enhance the growth performance
of IMTA species, following the approaches outlined in
existing studies (Safir et al.,, 2024; Serdiati et al., 2024).

Conclusion
In this study, the growth of yellowtail fish (C. ignobilis),
sea cucumbers (H. atra), and seaweed (K. alvarezii) in the
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IMTA cultivation system in the Banda Sea Conservation
Area has been observed. The results show positive growth
for all three organisms, with sea cucumber and seaweed
growth outperforming that of yellowtail fish. Water quality
at the cultivation site is also well maintained, supporting
aquaculture activities. Additionally, the absorption of
nitrogen and phosphorus by seaweed also shows
promising results. Thus, the IMTA system has the potential
to be a sustainable aquaculture solution in the area,
providing alternative livelihoods for local communities and
reducing pressure on the marine environment.
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