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Abstract. Mariculture is one form of an effort to increase fishery production, in addition to capture fisheries. The waters north of
Java, Tuban Regency are developing Mariculture using floating net cages with the main commaodities of grouper fish. The current
problem is the limited supporting industries that meet the needs of seeds, fish feed and mariculture equipment. In addition, the
availability of land is limited because it requires quality waters that are clean and free of pollution. Mariculture development
requires government policies to encourage the emergence of supporting industries. As a large investment, a supporting industry
can only be created if the Mariculture industry is proven to have high economic value. Thus, it is necessary to develop a
Mariculture model to identify (1) the size of the industry based on available marine resources (land area and water conditions)
and (2) to develop an optimization model with linear programming. The result of this research is a linear programming model and
the optimal value of each cultivation commodity. Cultivation commaodities consist of grouper.

Keywords: linear programing, high economic value, supporting industries.

1. INTRODUCTION

The demand for seafood is currently increasing, this
condition will not be fulfilled from capture fisheries
activities. Based on the latest review regarding the
condition of global fishery resources by FAO, it is
estimated that of the 523 fish species in the world that
were carried out by a stock assessment, 52% of fish
resources were fully exploited, 17% were overexploited
and only 3% were underexploited [1], so that sea is an
alternative to meet the increasing demand for seafood.

Mariculture in Indonesia is still being developed [2]
as well as mariculture around the world is also
experiencing rapid development [3], but there are still
many obstacles and problems in developing mariculture,
to anticipate mariculture activities can continue to
develop, it is very necessary several studies to reduce or
minimize the constraints and problems that will occur,
such as a study of water quality and marine pollution

levels [4], [5], determining the location of marine
culture[6], [7], overcoming seed availability[8], disease
management techniques [9], [10]. Mariculture methods
with floating net cages (KJA) such as the structure of the
floating net cages[11], the strength of the marine cage
against the influence of waves and wind [12], [13],[14],
determination of stocking density in floating net cages
[15] and the impact of floating net cages on the marine
environment [16]. Supporting factors for the smooth
running of mariculture activities such as mariculture
development spatial planning [17], [18], rules of
competitive global market competition [19], [20], quality
requirements and food safety from countries importer
[21].

Mariculture with the floating net cage system in
Tuban Regency has begun to be developed, to be precise
in 2018 with sepsis cultivants, namely, grouper, grouper,
tiger, and humpback grouper placed in the waters of
Bancar beach, Tuban coastal waters, the quality of the
waters is still good for mariculture activities [6]. The

Copyright © 2021 The Authors. Published by Atlantis Press B.V.
Thisis an open access article distributed under the CC BY -NC 4.0 license -http://creativecommons.org/licenses/by-nc/4.0/. 335



ATLANTIS

PRESS

catch from capture fisheries in the sea waters of Tuban
Regency obtains cultivant species that have the potential
to be cultivated with high economic value. These include
beronang, grouper, snapper, seaweed and crustaceans
[22]. Based on data on the potential of fish resources and
water conditions in Tuban Regency, its function is still
possible as a mariculture development, even though it
has varying characteristics in its hydroooseanographic
conditions [23]

The problem is that good cultivation results will be
obtained if the density of the species does not exceed the
limit, so that the number of fish cultivated depends on the
variable land available and the intrinsic characteristics of
the species being cultivated. Based on these two things,
an estimate can be made of the number of fish seeds, fish
feed and equipment for cultivation such as floating net
cages and other infrastructure. So this research aims to
(1) identify the potential for mariculture development
based on land availability, (2) develop an optimization
model for mariculture in Tuban waters to determine the
products that provide maximum profit.

2. RESEARCH METHOD

2.1 Research Location

The location of floating net cages in Tuban Regency
is located in the coastal waters of Bancar District,
precisely in Figure 1

Figure 1. Location of floating net cage (KJA) cultivation
in Tuban Regency

The quality of the coastal waters of Tuban Regency
is still good for mariculture activities. In June (east
season) the productivity of the waters really supports the
growth of cultivated biota, while in February (the
transitional season) and December (the west season) the
productivity of the waters is also good, although not as
good as the eastern season. Based on spatial analysis or
location area for coastal mariculture activities in Bancar
district, it shows the highest value [6].

The production capacity of grouper seedlings from
the hatchery is sufficient, because the seeds are produced
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at IBL Boncong and several hatcheries in Tuban
Regency at a price of 1000 per cm per fish, but it is also
less than the potential market for fishery products
considering that Tuban is located in the northern part of
Java. Rembang, and Lamongan, where there are grouper
cultivation in ponds

Cultivation time for tiger grouper (Epinephelus
fuscoguttatus), humpback grouper (Chromileptes
altivelis) and grouper (Epinephellus fuscoguttatus-
lanceolatus) with 6 months of KJA. Generally, the
grouper harvested from KJA Cultivation is 3-4 fish per
kg, with an average selling price of Rp. 75,000 kg, while
the grouper cantang Rp. 80,000.

2.2 Linear Programming

The mathematical model of general problem
formulation of allocating resources to share activities is
known as the Linear Programming Model.

The stages in linear programming research or linear
programming include (1) problem formulation, (2) linear
equation input in the Quant System software, (3)
Running software, (4) Sensitivity analysis. Sensitivity
analysis is an analysis carried out to determine the effect
| effect of changes in LP parameters on the optimal
solution that has been achieved. Research on the impact
of changes in linear parameter values is known as
sensitivity analysis [24].

To develop a linear programming model for
mariculture, the model parameters are assumed to be
deterministic and constant. Parameters involved in the
marine culture fishery model with the floating net cage
system with a case study in
1. Assumption of financing capital (IDR / year). The

value of capital for land use projects for mariculture
is assumed.

2. Types of commodities that are tested are
commodities that are physically, chemically, and
biologically suitable for cultivation in the case study
waters.

3. The area of mariculture land is suitable based on the
identification of land suitability (in research is the
size of KJA)

4. Hatchery availability, number of seeds used for
mariculture

5. Economic parameter, is the value of the coefficient
of the following input variables (n is the type of
commodity):

a. Profit/kg of commodity
__ production profit/yr/ha

C =
" production amount/yr/ha

(D)

b. Cost/kg of commodity
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anual invesrment costs+operational cost

Qin = production amount/yr

.. (2
c. Landuse/kg of commaodity

1
aon = :
production amount/yr/ha
.3
d. Requirement of seeds from Hatchery/kg of
comodity
__ jthe number of seeds needed /yr

in = production amount/yr

—=-(4)

Objective Function: Maximize the Z value
Z=C1X1+C2X2 + C3 X3
...

The constraint functions are as follows:

1) Limited funds
a1 X1 + aeXe + a13Xs< by

... (6)

2) The maximum potential land capacity for grouper
cultivation in KJA
a1 X1 + a2Xz + 42Xz <hy

e (7)

3) Availability of seeds
231Xy + apXo + a:3Xa<bs

..(8)

Where

C1 = profit / kg Humpback grouper

C2 = profit / kg tiger crabs

C3 = profit / kg grouper

all = production cost / kg Humpback grouper
al2 = production cost / kg tiger grouper

al3 = production cost / kg grouper cantang
a21 = land requirement / kg Humpback grouper
a22 = land requirement / kg tiger grouper

a23 = land requirement / kg grouper cantang
a31 = seed requirements / kg Humpback
grouper

a32 = seed requirements / kg tiger grouper
a33 = seed requirement / kg grouper cantang
b1: assumption of total capital or investment
(IDR)

b2: land capacity according to the fish in the
cage

b3: the number of seeds available
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3. RESULTS AND DISCUSSION

3.1 Cultivation of floating net cages (KJA) in Tuban
Regency

KJA cultivation in Tuban Regency with three types of
cultivation, more precisely by enlarging groupers with the
floating net cage system, is located in the coastal waters
of Bancar District, 300 m from the coastline with a depth
of 10-15 m. Analyzed from the determination of the
location of cultivation the location of the marine cage is
very affordable in terms of feed and marketing access.
This is in accordance with the requirements of floating
net cages [25], including water depth of at least 7 meters
from the lowest tide, the location is protected from waves
(not located on the high seas), the wave height is not more
than 2 meters, the quality of the waters is not polluted and
high fertility productivity. The coastal waters of the
Bancar sub-district have plankton diversity compared to
other coastal waters in Tuban Regency, which means that
the primary productivity in these waters is high [6].

The size of the floating net cage used is 3m x 3m with
a depth of 3 meters, with 1 inch and 2 inch meshes which
are adjusted to the size of the fish being kept, so that the
fish do not come out of the rearing nets, made from PE
(polyethylene), and HDPE (aquatec ) 100% for the
foundation of each plot. This is in accordance with [26]
statement, that the nets must be made of polyethylene
nylon material that is safe for humans, fish and the
environment and is durable (Figure 2a)

Figure 2. (a) Shape and size of floating net cages (b) Size
of Cantang grouper at 2 months of age

Grouper seeds used in the rearing activity in floating
net cages are obtained from the Bancar Mutiara Pantai
hetchery division, IBL Boncong and if they do not meet
production needs, the seeds are taken from Situbondo.
The size of the seeds are first stocked measuring 8-12 cm.
This is done because at that size the seeds already have
perfect limbs, and are able to withstand ocean currents.
The maintenance period for grouper to consumption size
is 6 months. The standard for selecting seeds is carried
out before stocking in the sea, such as: fish seeds are not
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defective, free from disease, have uniform size, have
bright colors and have an active response to feed [27].

The factor that needs to be considered in planting
seeds is the density of stocking, because it is closely
related to the growth and survival of the cultivant. The
first fish seeds are stocked in the morning, when the water
temperature is not too high, first to acclimatize for 5-10
minutes in a new environment, namely floating net cages.
The first stocking density for silver measuring 3 x 3 x 3
m is 900 individuals [28]. When the seeds are 15 cm in
size, they are transferred with a maximum stocking
density of 500 individuals in cages of the same size
(3x3x3 m). After 1 week, grading activities are carried out
for the purpose of grouping fish and reducing
cannibalism. The next grading is done every month until
harvest (6 months).

The feed given is trash fish obtained from trash fish
collectors in the Bancar area for Rp. 3,500/kg. The main
feed in the form of trash fish is adjusted to the mouth size
of the grouper, and is given once a day, where the average
requirement for each plot consumes 5 kg of trash fish.
Feeding trash fish is carried out in the morning at 06.00
WIB, on the grounds that in the morning the water
temperature is still stable and not too high, because the
fish are sensitive to environmental changes, one of which
is temperature. If the water temperature is at a level that
is not optimal, it will reduce the appetite for fish so that it
can interfere with fish growth [29]. The method of giving
is the Ad satiation method, namely by spreading the feed
little by little continuously according to the appetite of the
fish. This is done so that there is no accumulation of
leftover feed at the bottom of the cage. Because grouper
fish tend to like food that is on the surface, usually when
it is at the bottom of the cage the food is left alone and is
not eaten by groupers.

Observation of water quality is also carried out by
monitoring, including temperature, pH and DO, which is
carried out once a week, during the rearing activity (6
months) where the average pH of the waters is 8.1 - 8.4,
temperature is 28 -30 oC, and DO 5.4 -6.44 mg/I, all of
which are still eligible for mariculture activities[6].

3.2 Linear Programming Formulation

The values of the parameters that have been identified
based on the linear programming model for mariculture
with the KJA system in the coastal waters of Tuban
Regency are as follows:

1. The area of land in the KJA is 0.027 hectares, (the
area of the compartments of the active KJA for
enlargement activities is 30 plots of the 48 existing
plots

2. Financing capital of IDR 1,549,000,000 with the
type of cultivant, namely grouper fish (duck, tiger,
and cantang)

3. Availability of seeds in the hatchery 54 000 heads.
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4. Economic parameters are calculated from the
analysis of the cost of each commodity based on the
cost of mariculture.

Linear programming model parameters are entered into

a mathematical formulation.

Obijective Function: Maximize the Z value
Z = 149710X; +155187X; + 188276 X3

....(9)

The constraint functions are as follows:
1) Limited funds

332454X; + 336898X, + 349885X5<
1549000000 (10

2) The maximum potential land capacity for grouper
cultivation in KJA

1,781.10 8X1 + 1,805.10 X, + 7,448.10 X
<0,027 ...(11)

3) Availability of seeds
0,036X1 + 0,0362X; + 0.149X5<54000

3.3 Analysis of Optimization Results

The problem of mariculture optimization model using
linear programming is then solved with the help of QS
software. Based on the QS output, the marine culture
optimization model achieves the optimal solution with a
value of Rp. 2,278,000,000. This value is achieved by the
decision variables produced, namely X1 = 2500 kg, X2 =
2375 kg and X3 = 9200 kg

These results illustrate that from an economic
perspective, the average production activity generates the
same profit. If it is seen from the amount of production, it
is cantang grouper, because the cultivation activity is
carried out in 20 plots, while grouper and duck grouper
are 5 plots each, which produces maximum profit is
kerapu production

When viewed from the relative profit value of
seaweed farming using return cost ratio (R / C) analysis,
cantang grouper obtained the greatest value compared to
other commodities, namely 1.64, while grouper
humpback grouper was 1.43 and grouper variety 1.40
with survival rates. the highest number of humpback
grouper (75.8%), tiger grouper (74.6%) and the lowest
grouper cantang (72.5%)

3.4 Changes to the right side of a constraint
The results of the sensitivity analysis of the B value

(right hand side) of the QS software for each limiting
function:
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1. Investment capital: it is known that the current
base solution will remain optimal if the price of
the right side of the first bounding is between
IDR 256,500,000 to 1,036,000,000. This means
that the investment capital value above IDR
2,278,000,000 and below IDR 10,154,000,000
will not change the current optimal solution.

2. The value of the right side of the second
delimiter is between 0.0288 and infinity. This
means that if the land area suitable for
mariculture in KJA is reduced to below 0.0288
ha, then this can change this optimal solution.

3. The price of the right side of the third barrier is
between 0 and 86400. This means that if the
hatchery availability increases to above 86400
birds then this will change the current optimum
solution.

The model developed in this study does not involve

a limit on the demand for each commaodity. This is
because it is still very difficult to capture the demand for
each commaodity. The approach taken is to compare the
potential for production with the potential for
consumption in the region. Mariculture in Tuban
Regency only started in 2018. Likewise, grouper hatchery
businesses only exist because of the need for grouper fish
cultivation in the floating net cage system. This situation
is to meet the needs of groupers which have high
economic value. Based on the trial, if the value of the
availability of seeds is reduced and you have to take them
from another city, the total profit is reduced by 20%. This
indicates that the limitations of the hatchery affect the
decisions as well as potential benefits. For this reason,
hatcheries need to be developed so that fishery production
results are more stable. Further research is needed on
production efficiency so as to increase the profit margin
of commodities. Mariculture development requires
proper planning and management so that the business
system can be carried out in a sustainable manner. The
success of sustainable cultivation can be seen, among
others, in terms of economic efficiency, social equility,
and ecological sustainability. In developing this
mariculture linear optimization model, the focus will be
on the aspect of economic efficiency without paying
attention to the value chain at the next level.

4. CONCLUSION

The potential for mariculture development based on
the availability of land in Tuban Regency still really
needs to be developed, this can be seen in the area of
coastal waters at a distance of 300 m from the coastline
which is still untapped and only utilized by the floating
net cage system with an area of 0.0432 ha but with the
area of the active plot used was only 0.027 ha

The mariculture linear optimization model with the
linear programming approach developed is a model with
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the objective of maximizing profits and with limitations
in the form of availability of funds, limited cultivation
land (floating net cage area), and hatchery limitations.
With three types of grouper cultivar commodity, namely
tiger grouper (Epinephelus fuscoguttatus), humpback
grouper (Chromileptes altivelis) and grouper
(Epinephellus fuscoguttatus-lanceolatus). The optimal
solution with a value of IDR 2,278,000,000. This value
is achieved by the decision variables produced, hamely
humpback grouper = 2500 kg, tiger grouper = 2375 kg
and cantang grouper = 9200 kg, with a record of survival
rate for humpback grouper (75.8%), tiger grouper
(74.6%) and cantang grouper. (72.5%)
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