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Abstract

Integrated multi-trophic aquaculture (IMTA) system can increase production of
aquaculture with additional economic value in addition to a biological purification of
the effluent from the float net cage (KJA). This study aims to evaluate daily growth,
feed conversion rate, and survival rate of marine commodities in KJA that are
implemented through the IMTA system. This research was conducted in waters of
Karang Lebar Semak Daun Island, Seribu Islands, Jakarta, Indonesia. The IMTA model
developed is a combination of white shrimp (Litopenaeus vannamei), rabbit fish
(Siganus doliatus) and seaweed (Euchema cottonii). The results showed that for 60
days maintenance period of white shrimp cultivated by IMTA system showed better
effect than shrimp cultivation with monoculture system. The daily growth of white
shrimp, rabbit fish, and seaweed was 0,12+0,001 g day™, 0.10+0.013 g day™ and
14.30+4.33 g day™. The conversion rate of white shrimp feed was 2.73+0.73%, and the
survival rate of white shrimp was 71.00+14.53% and for rabbit fish was 84.39+£1.00%.
The results of this study indicate that IMTA model of IMTA system is more effective in
improving the performance of shrimp productivity and visible effects of mutual benefits
between organisms incorporated in IMTA system and can be applied as a model of
development of sea cultivation that is environmentally sound.
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Introduction

As one of the world's major shrimp
production countries, Indonesia needs
efforts to increase production through
intensification and extensification of
cultivation. One of the aims to improve
production by the government of
Indonesia is to develop shrimp farming
in the sea using floating net cages
(KJA) system to meet the high demand
of shrimp in the world market which
continues to increase every Yyear.
According to FAO (2017) world,
shrimp demand is rising with
significant importers coming from the
United States, European Union, Japan
and Vietnam with each growing market
by 8%, 12%, 7% and 30%, respectively
by 2017. Imports from the United
States 268,000 tons, 323,900 tons
European Union, Japan 100,000 tons
and China 49,200 tons in 2017. Shrimp
farming using KJA at sea has several
advantages compared to shrimp farming
in ponds. These advantages include
high water circulation resulting in good
water quality where suspended solid
waste does not accumulate around the
cages, then the availability of organic
materials can increase the shrimp
growth rate (Zarain-Herzberg et al.,
2010). By zoning, the cultivation of
white shrimp in sea KJA aims to exploit
the potential of the sea that is still very
wide, so it needs to be utilized
optimally (Effendi et al., 2016) water
quality in a thousand archipelagic
waters for shrimp aquaculture is within
the optimum range, but changing
dynamics of seawater can affect the
water quality.

In its application, marine aquaculture
activities have several obstacles which
include biofouling which inhibits water
circulation in cultivation containers,
causes of pathogens, and causes of
damage to cultivation containers
(Fitridge et al., 2012). Biofouling is the
attachment and accumulation of living
organisms attached to the surface of the
substrate; biofouling can be divided
into two, i.e., microfouling which forms
biofilms (bacterial colonization and
microalgae) and macrofouling or
macroorganism attachment of
invertebrate and macroalgae
colonization which can be destructive.
Another obstacle is the intensity of light
that can interfere with the growth of
shrimp. The sea water is relatively five
meters high in contrast to the ponds of
0.3-0.4m, the shrimps during the day
tend to hide in the base and when the
shrimp accumulate in the bottom of a
potential competition of space and feed
causing shrimp stress (Effendi et al.,
2016). The ecological problems of
cultivation activities can arise as a
result of metabolite waste disposal and
the waste of food wasted directly into
the water. Related to some of these
constraints, aquaculture cultivation with
the application of integrated multi-
trophic aquaculture (IMTA) system can
be a solution by utilizing biological
aspects and cultivation space that has
not been optimal (Lekang, 2013).
IMTA aims to balance the ecosystem
and cultivate a variety of species with
different trophic levels that can increase
economic added value and be able to
reduce cultivated waste (Chopin, 2006).
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White shrimp (Litopenaeus vannamei),
rabbit fish (Siganus doliatus) and
seaweed (Euchema cottonii) are
cultivated commodities that have good
economic value. If all three are
cultivated IMTA, it can increase the
productivity of cultivated land and
income. Rabbit fish is one of the marine
fish commodities that can be cultivated
and integrated with several other
commodities  (Suharyanto, 2008;
Abalos, 2015; Parunutu, 2015). Rabbit
fish is a herbivorous fish in the IMTA
system and can be used as a by-product
commodity which is expected to
increase  productivity and  other
functions such as the utilization of
residual feed and biofouling attached to
the net wall. Thus, rabbit fish in
addition to improving the reception also
serves to enhance the quality of KJA
media and minimize damages to
ecosystems caused by cultivation waste.
In the cultivation activity with IMTA
system, the addition of seaweed can
become a shelter from the high light
intensity, if the light intensity condition
decreases because there is a shelter
covering it, then the process of eating
will be well (Riani and Dana, 2003).
Seaweed acts as a natural substrate that
can provide a natural feed source for
shrimp growth, the impact on the
environment was reduce from shrimp
farming activities (Lombardi et al.,
2006). Seaweed has an ecological roles
in cultivation maintenance, which can
absorb nitrogen in the form of NH3 and
NOj3 through the thallus, and capable of
photosynthesis that can produce oxygen
(Boyajian and Carreira, 1997). On the
other hand, seaweed can also be a

source of the substrate where the
natural feed assembled and biomass
producers of economic value.

This study aims to evaluate daily
growth, feed conversion rate, and
survival rate of aquaculture
commodities in KJA applied through an
integrated marine aquaculture system or
IMTA. The results can be a superior
mariculture model for developing
aquatic commaodity cultivation in Seribu
Islands, Jakarta to increase food
security and nutrition, cultivation
income, and local revenue.

Materials and methods

The experiment has conducted for 60
days from August to October 2017 in
the Sea Farming Center for Coastal and
Marine Resources Studies — Bogor
Agricultural University, Karang Lebar,
Seribu Islands, Jakarta, Rep. of
Indonesia. Deep of water in this area is
about 7 to 10 m and the distance of
shoreline is about 1.5 km from Karya
Island. The geographic locations of
experimental are (106°35°0”E-
106°35°30”E, 5°43°30”S- 5°44°0”S)
Norhten Jakarta

IMTA culture model

IMTA model applied is the integrated
cultivation of white shrimp (L.
vannamei) as primary commodities
combined with rabbit fish (S. doliatus)
and seaweed (E. cottonii).

This research is a field experiment
using complete randomized design
(RAL) with three treatments, i.e.,
shrimp+seaweed+rabbit fish 0 tail m™
(A), shrimp+seaweed+rabbit fish three
tail m™ (B) and shrimp+seaweed-+rabbit
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fish six tail m® (C) for each plot of
KJA, each repeated three times. The
size of KJA have used in this study was
3x3 m with the deep and surface of
cage was 3 m? for the first net for rabbit
fish culture and for the second net the
deep and surface of cage was 2 m?
KJA has been used in this study, was
occupied two-tiered nets, consisting of
the low nets for shrimp and seaweed
cultivation and outer nets used for
rabbit fish cultivation. Substantial
stocking of rabbit fish with a density of
4-8 tail m™ (Parunutu, 2015). In each
plot of KJA, the shrimp is stocked with
500 heads m™ which refers to the best
stocking density on shrimp production
at sea KJA (Effendi, 2016) and seaweed
500 g m? installed using ropes one
meter deep in the shrimp culture KJA
net.

The mean weight of shrimp was
2.03£0.09 g and a length of 5.58+0.48
cm derived from a hatchery in Banten
Province, already maintained to DOC
62 in KJA. In this study, 18,000 shrimp
seeds have been used with stocking
densities of 500 heads m? for each
treatment replication. Rabbit fish used
for 1,026 heads for stocking solids (A),
3 (B), and 6 (C) tails m™ and Seaweed
seeds as much as six kilograms with a
weight of 500 g m™ installed using a
rope with a depth of one meter.

This study was conducted for 60 days
of maintenance. During maintenance,
water quality, feeding, and shrimp
sampling have been performed. The
feed is given by putting the feed into a
modified net using hapa at the bottom
of the net so that the feed has not easily
lost; daily feeding rates were 5-7%

biomass day™. Shrimps have been fed
by commercial feed with 30% crude
protein four times per day at 2 am., 8
a.m., 14 p.m. and 20 p.m.

Data collection

Shrimp sampling was done every ten
days; growth test parameters include
production parameters consisting of
survival rate, specific growth rate, daily
growth rate, feed conversion rate, and
coefficient of diversity. Water quality
test parameters include measurements
of temperature, pH, salinity, dissolved
oxygen (DO) and current have been
done in situ at morning, noon and night.
Total ammonia nitrogen (TAN), nitrites
and nitrates have been measured at the
beginning, the middle and the end of
the experiment.

Data analysis

Growth data of cultivation commodity
(shrimp, seaweed, and rabbit fish) used
in this research is statistically tested
and water quality parameters analyzed
descriptively is presented in a table.
The growth trends of each commodity
have been analyzed using several
calculations using formulas (Steel and
Torrie, 1993; Zonneveld et al., 1991).
Survival rate  (%)=(number  of
individuals at the end of testing
period/initial number of individuals
stocked)x100

Specific growth rate (SGR in weight)
(%/day)=[(final weight —initial weight)
x100]/days of experiment

Growth rate (GR) (g day™)=(final
weight-initial weight)/days of
experiment
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Feed conversion rate (FCR)=feed
consumed  (dry  weight)/[(  final
biomass+death biomass)-initial
biomass]

Coeficient of Variance (%)=(standar
deviation final weight/mean final
weight)x100

Production (kg/m?)= (Biomass/1000)

Statistical analysis

The results were expressed as the
meanzstandard deviation (SD). Data
were analyzed using one-way analysis
of variance (ANOVA). Mean
differences were compared by Duncan's

multiple range tests at the level of 0.05.
Statistical analyses were carried out
using a statistical package of SPSS
version 23.

Results

Production  performance  includes
survival rate, absolute growth rate,
daily growth rate, feed conversion ratio,
diversity coefficient and production on
white shrimp (L. vannamei), rabbit fish
(S. doliatus) and seaweed (E. cottonii)
in IMTA system, can be seen in Tables
1,2 and 3.

Table 1: Growth performance Litopenaeus vannamei in IMTA system

Parameters Treatment
A B C

Weight (g) Initial 2.15+0.04* 2.09 + 0.02° 2.00 +0.02°

ghtg Final 8.66 + 0.12° 9.63 + 0.03° 8.92 % 0.05°
Survival rate (%) 63.13 £ 4.89% 60.13 +7.90° 71.00 + 14.53%

Spesific growth Rate (%) 2.35 +0.05° 2.72 +£0.02° 2.51+0.02°
Growth rate (g day™) 0.11 +0.002° 0.13 +0.001° 0.12 +0.001°
Coeficient of variance (%) 20.74 £ 0.26% 18.54 +3.45% 23.95+5.23°

Feed convertion ratio (%) 3.17+£0.38% 2.84 +0.42° 2.73+0.73%

Production (kg m?) 1.98 +0.24° 2.42 +0.30° 2.73+0.33%

Values are expressed as mean+SD. Values in the same row with different letters are significantly different (p<0.05).

Table 2: Growth performance Siganus doliatus in IMTA system.

Parameters Treatment

A B [@
Weight (g) Initial - 23.60 + 0.83° 22.02 +0.85°
Final - 34.60 + 0.19°% 28.28 +0.10°
Survival Rate (%) - 60.13 + 7.90° 70.90 + 2.00°
Growth Rate (g day™) - 0.18 +0.015° 0.10 +0.013°
Coeficient of Variance (%) - 35.52 +0.81° 19.74 + 0,92
Production (kg m?) - 0.07 +2.12° 0.14 + 1.65°

Values are expressed as mean+SD. Values in the same row with different letters are significantly different (p<0.05).

Table 3: Growth performance Eucheuma cottonii in IMTA system.

Parameters Treatment
B C
Weight (g) Initial 2001.33 +1.67° 2002.67 + 2.02? 2012.00 + 1.63%
Final 2373.33 £8.36° 2434.67 +9.81° 2584.00 + 7.61°
Growth Rate (g day™) 9.30 + 5.24° 10.80 + 6.93% 14.30 + 4.332
Production (kg m™) 0.59 + 52,54° 0.61 +72.28° 0.65 + 43.49°

Values are expressed as mean+SD. Values in the same row with different letters are significantly different (p<0.05).

Table 1 shows that the average shrimp
weight at the end of maintenance has
increased in all treatments. The highest
end weight was obtained at B treatment

which increased by 7.54 g followed by
C (6.92 g) and A (6.51 g) treatments.
The mean value of survival rate based
on the analysis of variance did not
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differ significantly between treatments.
The highest survival rate has found in C
treatment at 71.00+14.53%, and the
lowest value in B treatment has found
60.13+7.90%. The average amount of
total shrimp growth rate was
significantly different in each treatment
(p<0.05). The highest value of absolute
growth rate has obtained at B treatment
of 2.72+0.02%, and the lowest has
obtained on A treatment of
2.35+0.05%.

The average daily growth rate was
significantly different in each treatment
(p<0.05). The highest value has
obtained at B treatment of 0.13+£0.001 g
day™, and the lowest in the A treatment
has found 0.11+0.002 g day™. The
average value of shrimp diversity
coefficient tends to increase with
different treatment. The highest value
of the ratio of diversity has found in C
treatment of 23.95+5.23%, and the
lowest in B treatment has found
18.54+3.45%. However, based on the
analysis of variance, the feed
conversion value of the A treatment is
not significantly different from B and C
treatments. The average of shrimp feed
conversion tends to decrease with
different treatment. The highest feed
conversion of this research is in A
treatment of 3.17+0.38% and the lowest
C treatment of 2.73+£0.73%. However,
based on the analysis of variance, the
conversion value of A treatment was
not significantly different from B or C
treatments.

In Table 2, the mean final weights of
rabbit fish increased in both treatments
(B and C) at the end of maintenance.
There was a significant increase in B

treatment (11 g) while the rise in the C
treatment (6.26 g).

Based on the analysis of variance, the
survival rate of rabbit fish on B
treatment was significantly different
with the C treatment (p<0.05). The
highest average survival rate of rabbit
fish has found in C treatment of
84.39£1.00%, and the lowest value in B
treatment has found 70.90£2.00%. The
highest average value of daily growth
rate of rabbit fish was obtained at B
treatment of 0.18+0.015 g day ™, and the
lowest at the C treatment was
0.10+0.013 g day™. Based on the
analysis of variance, the value of daily
growth rate of B treatment is
significantly different from the C
treatment (p<0.05).

Seen in Table 3, the final weights of
seaweed tend to increase with
maintenance. The highest increase has
obtained at the C treatment (572 Q)
followed by B (432 g) and A (372 Q)
treatments. The highest average value
of final weights of seaweed has
obtained at the C treatment of
2584.00+7.61 g and the lowest on the A
treatment of 2373.33+£8.36 g. Based on
the analysis of variance, the final
weight of treatment was significantly
different between A, and B or C
treatments. While the highest mean
value of daily growth rate of seaweed
that is at C treatment equal to
14.30+4.33 g day™ and the lowest that
is at A treatment of 9.30+5.24 g day™.
Based on the analysis of variance, the
daily growth rate of A treatment was
not significantly different from the C
treatment but significantly different
with B treatment (p<0.05).
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Of the three treatments given in this
IMTA system, obtained an increase in
shrimp production with an increasingly
dense stocking of rabbit fish. Shrimp
production results tend to increase with
treatment differences although these
three treatments are not significantly
different. The highest average value of
white shrimp production in this study
was obtained at the C treatment of
2.73+0.33 kg m™, and the lowest was in
A treatment of 1.98+0.24 kg m™?. The
highest yield of rabbit fish production is
at the C treatment of 0.14+1.65 kg m,
and the lowest value is in B treatment
of 0.07+2.12 kg m™. Based on the
analysis of variance, the result of B
treatment was significantly different
from the C treatment (p<0.05). While
the highest average value of seaweed
production is at the C treatment of

0.65+43.49 kg m and the lowest is on
A treatment of 0.59+52.54 kg m™.
Based on the analysis of variance, the
yield of A treatment was not
significantly different with B and C
treatments.

The value of water physico-chemical
parameters measured during the study
was directly in floating net cages (KJA)
for ten days. In cultivation of white
shrimp should always pay attention to
water quality because white shrimp will
be able to grow well if the
environmental conditions by the ability
of its life. The results of observation of
water quality during maintenance of
white shrimp at sea by using KJA
include DO, temperature, pH, salinity,
NHsj, NO,, NO3, and PO, can be seen in
Table 4.

Table 4: Water parameters measured in experimental treatments.

Parameters Treatment -
A B C Environment
Dissolved oxygen (mg L™) 6.2-6.4 6.1-6.3 6.1-6.2 6.3-6.4
Temperature (°C) 29.0-29.2 29.0-29.2 29.0-29.2 29.0-29.2
pH 7.9-8.,2 7.8-8.2 7.9-8.2 7.9-8.3
Salinity (ppt) 32-33 32-33 32-33 32-33
Ammonia (mg L™ 0.003-0.013 0.003-0.013 0.003-0.013 0.003-0.010
Nitrite (mg L™) 0.051-0.037 0.035-0.051 0.032-0.049 0.035-0.114
Nitrate (mg L) 0.060-0.153 0.052-0.142 0.042-0.120 0.040-0.084
Fosfor (mg L) 0.185-0.479 0.181-0.452 0.173-0.438 0.158-0.500
Discussion the study sites is feasible for white

Shrimp farming in the sea is one
solution to address the issue of
intensification and extensification of
shrimp ponds. The waters of Karang
Lebar, Semak Daun Island, Seribu
Islands, Jakarta is relatively more
dynamic that can be seen from changes
in temperature, salinity, and seawater
density. In general, the water quality at

shrimp so that the character of waters of
Karang Lebar can be said to support the
growth performance of white shrimp.
Performance of shrimp growth as the
primary commodity cultivated on KJA
in waters of Karang Lebar with IMTA
system showed good results. Increased
shrimp and fish growth shown in Table
1 results indicate that shrimp growth
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maintained for 60 days with IMTA
system with the density of rabbit fish
six tail m™® (C) is the best treatment
with an average weight gain of
8.92+0.05 g and SR 71.00+£14.53%.
These results have indicated that the
growth performance of white shrimp
cultivated in the sea with IMTA system
is better compared to cultivated shrimp
in monoculture system (Effendi, 2016)
FCR results of all treatments are still
above 2% different from the research
(Effendi, 2016; Zarain-Herzberg et al.,
2010) this is because the shrimp feed
have been contain 30% protein lower,
so that shrimp growth is not as fast as
the existing research.

As one of the marine commodities
that has an economic value, rabbit fish
farming needs to be developed to meet
market demand. In the application of
IMTA system, rabbit fish is used as a
side commodity capable of utilizing the
remaining shrimp feed and biofouling
which inhibit shrimp growth. Rabbit
fish in addition to increasing revenue
results, on IMTA cultivation activities,
serves to improve the quality of KJA
media because it utilizes biofouling that
grows in the net as one source of
natural food. Rabbit fish utilize algae as
a natural food source in the nets (Fox
and Bellwood, 2008). The results
showed that rabbit fish cultivated with
IMTA system with the density of three
tails m™ (B treatment) had significantly
different growth performance when
compared with rabbit fish cultivated
with the density of six tails m® (C
treatment) with a mean weight of end
28.2840.10 g and SR 84.39+1.00%.
The illustrates that rabbit fish can grow

and cultivate with IMTA system, this is
by (Shah et al., 2017) stating that fish
with different trophic levels can be
cultivated by the IMTA system. When
viewed from the final weight of rabbit
fish cultivated with a density of six tails
m=> (C treatment) is lower than the
density of three tails m® but has a
higher SR value, this is alleged because
the rabbit fish live in clusters so that the
survival is more elevated. Differences
in the growth of low the C treatment is
possible on food sources in the form of
biofouling that grows attached to the
net wall has been used up by the rabbit
fish as a source of food, it is also
assured at the end of maintenance
performed surgery to the hull rabbit fish
found that the contents of the stomach
are biofouling that has become small
particles. While in (A treatment)
without any rabbit fish, biofouling
grows and covers the net and disrupts
the water exchange cycle from outside
KJA media.

In the food chain of the IMTA
cultivation system, seaweed commodity
is the primary producer located at the
bottom of the trophic system and used
as a supplier of oxygen through the
process of photosynthesis during the
day and can absorb excess nutrients.
Seaweed integration into the cultivation
of shrimp polyculture and rabbit fish in
an integrated manner is one of the right
application. Aquaculture activities play
an essential role in the nutrient cycle in
the waters (Li et al., 2016). The
availability of nutrients in waters
dramatically affects the growth of
seaweed. The presence of additional
nutrients derived from shrimp and
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rabbit fish aquaculture in this system
can help the growth of seaweed, on the
other hand, the presence of seaweed can
also eliminate the negative impact of
nutrient  abundance  and  toxic
contaminants in the aquatic
environment. The effectiveness of
seaweed in absorbing nutrients from
cultivated wastes in the IMTA system
at sea has been proven by several
previous studies (Troell et al., 1997;
Hayasi et al., 2008; Akhrari, 2013;
Yuniarsih et al., 2014; Putro et al.,
2015).

Seaweed removes dissolved nitrogen
and other inorganic compounds from
water (Mata et al., 2010; Chopin et al.,
2012; Castelar et al., 2015). By
absorbing reactive nitrogen, seaweed
improves water quality and reduces the
environmental impact of nitrogen.
Nitrogen is a crucial component of the
plant growth cycle, and as a result,
seaweed uses nitrogen for growth.
Seaweed can remove up to 93% of
ammonium nitrogen from water in
intensive systems and over 50% in open
water systems (Wu et al., 2017). The
results of this study indicate that the
cultivation of seaweed can be done with
a  polyculture  system.  Seaweed
cultivated with shrimp and seaweed are
cultivated with shrimp and rabbit fish
both show growth that is not
significantly different. The proves that
seaweed can utilize nutrient from
cultivation waste in the waters for its
growth. Also, seaweed can become a
shelter from high light intensity during
the day and become a substrate where
the natural food gathered. The
reinforces the results of (Zhang et al.,

2010) stating that the shrimp survival
rate can increase with the addition of
substrate which is used as a place of
natural food gathered by shrimp.
According to Raja et al. (2014), seasons
also affect the survival, average weight,
and feed conversion ratio of shrimp
feed.

The cultivation process of white
shrimp which is the primary commodity
in the IMTA system is expected to
produce a trend of growth performance
which is almost same as the cultivation
of white shrimp in monoculture. From
the results of the study, it has been
showed that the growth performance of
white shrimp cultivated with the IMTA
system has a  better growth
performance. The existence of seaweed
and rabbit fish proved to affect the
growth performance of white shrimp as
the primary commodity. Secondary
commodity biomass of seaweed can
utilize organic waste from the
cultivation of white shrimp so that can
be added wvalue of cultivation
production which is added benefit from
IMTA system (Barrington et al., 2009).
Another factor that adds value is that
IMTA system was proven able to give
positive function to the aquatic
environment in reducing the pollution
caused by cultivation activities by
utilizing soft commodities of organic
and inorganic materials that can absorb
cultivated waste into the waters (lrisarri
et al., 2015). With better water
conditions expected shrimp as a
primary commodity on the IMTA
system can provide better performance
than the monoculture system. The
evidenced by the final weight of white
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shrimp in the IMTA system of
9.28+0.05 g and the final weight of
white shrimp with the monoculture of
8.66+0.12 g; this indicates that the
growth performance with IMTA system
is better than monoculture.

During the study, the appearance of
KJA nets in polyculture treatment has
seen as cleaner than KJA in the
monoculture system (control treatment),
this was caused by the eating habits of
rabbit fish eating biofouling attached to
the net, so the nets became cleaner and
water circulation in KJA being better.
On the contrary, the net condition of
shrimp cultivated with monoculture
system (without rabbit fish) has water
circulation which is not smooth in KJA
because the remaining feed which is not
eaten by shrimp and the rest of the
metabolism become the source of
nutrient for biofouling growth which
will cover the net wall and inhibit the
water exchange. Improper water quality
due to obstruction of water exchange
and accumulation of feed residue and
metabolic waste will affect shrimp
growth.

According to (Abreu et al., 2009),
the application of integrated cultivation
systems has the potential to reduce
water environmental problems caused
by the impact of feed have been used in
cultivation activities and combine
seaweed in the IMTA system can help
in utilizing high ammonia from the
aquatic environment which is a waste of
cultivation activities. Shrimp farming
using the IMTA system can promote
growth and sustainability to the
environment (Troell et al., 2003;
Sharawy et al., 2016; Aghuzbeni et al.,

2017). For 60 days the maintenance of
white shrimp cultivated by the IMTA
system have showed better results than
shrimp cultivated by monoculture
system, where daily growth of white
shrimp, rabbit fish, and seaweed was
0.12+0.001 g day™, 0.10+0.013 g day™
and 14.30+4.33 g day™, the conversion
rate of white shrimp feed was
2.73+0.73%, and the survival rate of
white shrimp was 71.00+£14.53% and
for rabbit fish was 84.39£1.00%.

IMTA model of IMTA system is
more effective in improving the
performance of shrimp productivity and
visible effect of mutual benefit between
organisms incorporated in IMTA
system and can be applied as a model of
development of sea cultivation with the
vision of environment.

Acknowledgments

The authors would like to thank
Leading Scholarship of The Ministry of
Education and Culture, Rep. of
Indonesia for the financial support and
also thanks to Director, Field staffs, and
Officer-in-Charge, the Sea Farming
Center for Coastal and Marine
Resources Studies — Bogor Agricultural
University, Karang Lebar, Seribu
Islands, Jakarta, Rep. of Indonesia for
providing the required facilities and
support to carry out the experiment.

References

Abalos, R.S., 2015. Growth vyield of
rabbit fish (Siganus guttatus) reared
in river floating net cages at various
stocking densities and feeding
scheme. Trends in  Fisheries
Research, 4(1), 32-37.


https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.3.23.9
https://mail.jifro.ir/article-1-3396-en.html

[ Downloaded from mail jifro.ir on 2026-06-10 ]

[ DOR: 20.1001.1.15622916.2020.19.3.23.9 ]

Iranian Journal of Fisheries Sciences 19(3) 2020 1425

Abreu, M.H., Varela, D.A.,

Henriquez, L., Villarroel, A,
Yarish, C., Sousa-Pinto, I. and
Buschmann, AH., 20009.
Traditional vs. integrated multi-
trophic aquaculture of Gracilaria
chilensis. Bird, C.J., McLachlan, J.,
& Oliveira, E.C.: Productivity and
physiological performance.
Aquaculture, 293, 211-220.

Aghuzbeni, S.H.H., Hajirezaee, S.,

Matinfar, A., Khara, H. and
Ghobadi, M., 2017. A Preliminary
study on polyculture of western
white shrimp (Litopenaeus
vannamei) with mullet (Mugil
cephalus): An assessment of water
quality, growth parameters, feed
intake efficiency, and survival.
Journal of Applied Animal Research,
45(1), 247-251.

Akhrari, H., 2013. Kemampuan serap

rumput laut Gracilaria sp. Terhadap
nitrogen hasil buangan limbah
budidaya udang windu Penaeus
monodon dalam sistem polikultur
(Skripsi). Bogor Agricultural
University, Bogor, Indonesia. 34-37.

Barrington, K., Chopin, T. and

Robinson, S., 2009. Integrated
multi-trophic aquaculture (IMTA) in
marine temperate waters. In Soto, D.
(Ed.). Integrated Mariculture: a
Global Review. FAO Fisheries and
Aquaculture Technical Paper. FAO.
Rome. pp. 7-46.

Boyajian, G. and Carriera, L.H.,

1997. Phytoremediation: A clean
transition  from laboratory to
marketplace. Nature Biotechnology,
3, 127-128.

Castelar, B., Pontes, M.D., Costa,

W.M., Moura, L.C.F., Dias, G.E.,
Landuci, F.S. and Reis, R.P., 2015.
Biofiltering efficiency and
productive performance of
macroalgae  with  potential  for
integrated multi-trophic aquaculture
(IMTA), Boletim do Instituto de
Pesca, Sao Paulo, 41(esp.), 763—
770.

Chopin, T., 2006. Integrated multi-

trophic aquaculture. What it is and
why you should care... and don’t
confuse it with polyculture. Northern
Aquaculture, 12(4), 4.

Chopin, T., Cooper, J.A., Reid, G.,

Cross, S. and Moore, C., 2012.
Open-water integrated multi-trophic
aquaculture: Environmental
biomitigation and economic
diversification of fed aquaculture by
extractive aquaculture. Reviews in
Aquaculture, 4, 209-220.

Effendi, 1., 2016. Budidaya intensif
udang vaname Litopenaeus
vannamei di Laut: Kajian Lokasi,
Fisiologis dan Biokimia.

(Dissertasi). Bogor  Agricultural
University, Bogor, Indonesia. pp.
55-74.

Effendi, 1., Suprayudi, M.A,

Nurjana, I.W., Surawidjaja, E.H.,
Supriono, E., Junior, M.Z. and
Sukenda. 2016. Oceanography and
water quality condition in several
waters of Thousand Island and its
suitability ~ for  white  shrimp
Litopenaeus vannamei. Jurnal limu
dan Teknologi Kelautan Tropis,
8(1), 403-417.


https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.3.23.9
https://mail.jifro.ir/article-1-3396-en.html

[ Downloaded from mail jifro.ir on 2026-06-10 ]

[ DOR: 20.1001.1.15622916.2020.19.3.23.9 ]

1426 Verdian et al., Production performance improvement of white shrimp Litopenaeus vannamei culture with...

FAO., 2017. GLOBEFISH 3" issue
2017  Shrimp: Jan-Juni 2017
Statistic. (IT): FAO. pp. 13-21.

Fitridge, 1., Dempster, T., Guenther,
J. and Nys, Rd., 2012. The impact
and control of biofouling in marine
aquaculture: A review. Journal of
Bioadhesion and Biofilm Research,
28(7), 649-669.

Fox, R.J. and Bellwood, D.R., 2008.
Remote video bioassays reveal the
potential feeding impact of the rabbit
fish  Siganus canaliculatus (f:
Siganidae) on an inner-shelf reef of
the great barrier reef. Coral Reefs,
27, 605-615.

Hayasi, L., Yokoya, N.S., Ostini, S.,
Pereira, R.T.L., Braga, E.S. and
Oliveira, E.C., 2008. Nutrients
removed by Kappaphycus alvarezii
(Rhodophyta,  Solieriaceae) in
integrated cultivation with fishes in
recirculating water. Aquaculture,
277, 185-191.

Irisarri, J., Fernandez-Reiriz, M.J.,
Labarta, U., Cranford, P.J. and
Robinson, S.M.C,, 2015.
Availability and utilization of waste
fish feed by mussels Mytilus Edulis

in a commercial integrated
multitrophic aquaculture (IMTA)
system: A multi-indicator

assessment approach. Ecological
Indicators, 48, 673-686.

Lekang, O.l., 2013. Aquaculture
engineering. Department of
Mathematical Sciences and
Technology, Norwegian University
of Life Sciences, Norway, Blackwell
Publishing Ltd. 354 P.

Li, R.,, Liu, S., Zhang, J., Jiang, Z.
and Fang, J., 2016. Sources and

export of nutrients associated with
integrated multi-trophic aquaculture
in Sanggou Bay, China.
Aquaculture Environment
Interactions, 8, 285-309.

Lombardi, J.V., Marques, H.L.A,

Pereira, R.T.L., Barreto, O.J.S.
and Paula, E.J., 2006. Cage
polyculture of the Pacific white
shrimp Litopenaeus vannamei and
the Philippines Seaweed
Kappaphycus alvarezii. Aquaculture,
258(1-4), 412-415.

Mata, L., Schuenhoff, A. and Santos,

R., 2010. A direct comparison of the
performance of the seaweed
biofilters, Asparagopsis armata and
Ulva rigida [electronic resource].
Journal of Applied Phycology, 22(5),
639-644.

Parunutu, C.P., 2015. Mariculture of

Grouper  (Epinephelus  tauvina
Forsskal, 1775) and rabbit fish
(Siganus canaliculatus Park, 1797)
in Floating Net with Policulture
System. Jurnal Budidaya Perairan,
3(1), 1-10.

Putro, S.P., Widowati, Suhartana

and Muhammad, F., 2015. The
application of integrated multi-
trophic aquaculture (IMTA) using
stratified double net rounded cage
(SDFNC) for aquaculture
sustainability. International Journal
of Science and Engineering, 9(2),
85-89.

Raja, R.A., Kalaimani, N., Panigrahi,

A. and Ponniah, A.G., 2014. Effect
of season and treatment of seed with
antibiotics on grow out culture of
tiger shrimp, Penaeus monodon
(Fabricius, 1798) at Sunderban,


https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.3.23.9
https://mail.jifro.ir/article-1-3396-en.html

[ Downloaded from mail jifro.ir on 2026-06-10 ]

[ DOR: 20.1001.1.15622916.2020.19.3.23.9 ]

Iranian Journal of Fisheries Sciences 19(3) 2020 1427

India. Turkish Journal of Fisheries
and Aquatic Sciences. 14, 1-2.

Riani, E. and Dana, D., 2003.
Pengaruh intensitas cabaya Terbadap
pertumbuhan, kelangsungan hidup
dan kualitas larva udang windu
(Penaeus monodon Fab). Jurnal
[Imu-ilmu Perairan dan Perikanan
Indonesia, 10(1), 41-45.

Shah, T.K., Nazir, I., Arya, P. and
Pandey, T., 2017. Integrated multi-
trophic aquaculture (IMTA): An
innovation  technology for fish
farming in India. International
Journal of Fauna and Biological
Studies, 4(1), 12-14.

Sharawy, Z., Hassaan, M.S. and
Goda, AM.A.S., 2016. Integrating
multi-trophic species to improve
nutrient  retention using closed
aquaculture system. World Journal
of Fish and Marine Sciences, 8(4),
164-1609.

Steel, G.D. and Torrie, J.H., 1993.
Prosedur dan prinsip statistika.
Jakarta, PT. Gramedia Pustaka
Utama. 772 P.

Suharyanto. 2008. Polyculture of
swimming crabs (Portunus
pelagicus) and rabbit fish (Siganus
gutatus) in the brackishwater pond.
Journal of Fisheries Science, X(2),
167-177.

Troell, M., Halling, C., Nilsson, A.,
Buschmann, A.H., Kautsky, N.
and Kautsky, L., 1997. Integrated
marine cultivation of Gracilaria
chilensis (Gracilariales, Rhodophyta)
and salmon cages for reduced
environmental impact and increased
economic output. Aquaculture, 156,
45-61.

Troell, M., Halling, C., Neori, A,
Chopin, T., Buschmann, A.H.,
Kautsky, N. and Yarish, C., 2003.
Integrated mariculture: Asking the
right questions. Aquaculture, 226, 69
—90.

Wu, H., Kim, J.K,, Huo, Y., Zhang, J.
and He, P., 2017. Nutrient removal
ability of seaweeds on pyropia
yezoensis aquaculture rafts in
China’s radial sandbanks. Aquatic
Botany, 137, 72-79.

Yuniarsih, E., Nirmala, K. and
Radiarta, I.N., 2014. Tingkat
oenyerapan nitrogen dan fosfor pada
budidaya rumput laut berbasis IMTA
(Integrated Multi-Trophic
Aquaculture) di Teluk Gerupuk,
Lombok Tengah, Nusa Tenggara
Barat. Jurnal Riset Akuakultur, 9(3),
487-501.

Zarain-Herzberg, M., Fraga, I. and
Hernandez-Llamas, A., 2010.
Advances in intensifying the
cultivation of the shrimp
Litopenaeus vannamei in floating
cage. Aquaculture, 300, 87-92.

Zhang, B., Lin, W., Huang, J. and
Wang, Y., 2010. Effects of Artificial
substrates on the growth, survival
and spatial distribution of
Litopenaeus vannamei in the
intensive culture condition. Iranian
Journal of Fisheries Sciences, 9(2),
293-304.

Zonneveld, N., Huisman, E.A. and
Boon, J.H., 1991. Prinsip-prinsip
Budidaya lkan. Jakarta, PT
Gramedia Pustaka Utama. 317 P.


https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.3.23.9
https://mail.jifro.ir/article-1-3396-en.html
http://www.tcpdf.org

