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Site selection of aquaculture location in Indonesia Sea
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ABSTRACT

Aquaculture is one of the methods of fish farming  that can be developed at rivers, lakes or seas. To determine
a proper location for aquaculture site, there are some requirements that need to be fulfill to maintain
sustainibility of floating cages. Those requirements are bathymetry, meteorology or climate, water quality
parameters, and quality of environmental and biological information as well as the legal framework. This
paper will discuss the site selection of aquaculture activities using geographical information system based
on environmental factors and water quality. The study take place on Prigi Bay, Trenggalek, East Java,
Indonesia. The result show that the Prigi bay generally suitable for aquaculture activities. The result of
weighted overlay analysis show that 23.13% of the water area (about 8.33 km2 ) considered as “very suitable”
and the rest area of 76.87% of water area considered as “ suitable”.
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Introduction

In the future, mariculture activity  is likely to be fur-
ther offshore in more exposed waters. One of the
reasons the future of mariculture is likely to be fur-
ther offshore is a variety pressures on environments
impacts and pollution (Fearn, 1990; Beveridge,
1996). Also, with continually rising world demand
for food, and declining stocks of fish make the move
offshore inevitable. Added, it has been reported that
profits are slightly higher in offshore cages than in-
shore or sheltered waters (Myrseth, 1991).

Recent technological advances in offshore cage
systems allow for the development of aquaculture
operations in the open ocean. The technology is in
place, as over the past decade a variety of modern
submersible, semisubmersible, and locating cages
have been designed and built to “conform” with
waves and strong currents associated with the high-
energy environment generally associated to off-

shore areas.
Before the establishment of any fish farming op-

eration nearshore or offshore using floating or sub-
merged cage systems, a site assessment must be
conducted to carefully evaluate parameters related
to infrastructure, topography, bathymetry, meteo-
rology, annual ranges of water quality parameters,
and environmental and biological information as
well as the legal framework. Because a suitable site
selection for an aquaculture location determines the
ultimate success of the resulting aquaculture
activitiy beside investment and running cost
(Lawson, 1995).

This study will discuss the site selection of aquac-
ulture activities using geographical information sys-
tem based on environmental factors and water qual-
ity parameters. By utilizing Geographic Information
Systems (GIS) and remote sensing technology and
overlaying the processed images containing those
factors and parameters, an information about the
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spatial and temporal information for the suitable
site of aquaculture location can be presented in form
of thematic map. Recenly, Geographical informa-
tion systems (GIS) have become widely used in en-
vironmental planning and assessment. Extensive lit-
erature is available on the use of GIS, remote sens-
ing/mapping in site surveying, environmental
planning, development and management of open
ocean aquaculture  (Ervik et al., 1997; Hansen et al.,
2001; Kapetsky and Aguilar-Majarrez, 2007; Kiefer
et al., 2008; Pérez et al., 2002; Rensel et al., 2006;
Stigebrandt et al., 2004, Ross et al. (1993). (Aguilar-
Manjarrez and Ross, 1995); Nath et al. (2000) and
Welcome (2001).

Materials and Methods

Area of Study

Prigi Bay is located on the southern coast in the edge
of the Indonesian Ocean. Administratively, the Prigi
Bay included in the area territory of Tasimadu Vil-
lage, Watulimo District, Trenggalek Regency, East
Java, Indonesia. Prigi Bay located at coordinates
8°19’39" S and 111° 43’43" E as shown in Figure 1.
This area has a lot of potential, especially the poten-
tial of fisheries and tourism. Beside as beautiful
natural tourism object in Trenggalek regency, Prigi
Bay has been established as one of the center of the
fishing industry in East Java which equiped with

the Prigi Nusantara Fishery Port.

Data

The data in this study is collected from various
sources. The image data processed in this study was
the MODIS level 1b obtained from NASA Ocean
Color Web on area of  8°19’39" S - 111°43’43" E.
Wind data obtained from the Agency of Meteorol-
ogy, Climate and Geophysics (BMKG). Oceano-
graphic data such as depth of the sea, the sea bright-
ness, current speed, salinity, dissolved oxygen and
acidity collected from Prigi Fishing Port and the
Oceanographical Research Center – Indonesian In-
stitute of Science (LIPI).

Method

The evaluated parameters used for classification of
aquaculture suitability in this study were based on
environmental factors such as turbidity, depth, cur-
rent speed, and wave as presented in Table 2, and
water quality such as temperature, salinity, pH, and
dissolved oxygen as presented in Table 3. The
weight values for environmental and water quality
factors were presented in Table 4.

Furthermore, scoring method is used in determi-
nation of the criteria and the division suitability
class (3 for very suitable, 2 for suitable, and 1 for not
suitable) for floating cage aquaculture activities us-
ing physical and chemical parameters by reducing
some parameters such as sheltering location, sub-
strate condition and distance from pollution. The
weighting is performed by Pair Wise Comparison
analysis as presented in matrix form as presented in
Table 5 (Adipu et al., 2013). Parameters that have
strong influence to the aquaculture activities have
higher weighting factors than those with less influ-
ence.

Determination of Class Classification

The total score of each class is defined by multiply-
ing the suitability level score with the parameter
weight as presented in Table 5 using the following
expression (FAO, 1976).

Y =  (ai x Xn) .. (4)
where:
Y = Total Score
ai = Weighting factors
Xn = Suitability level score
Furthermore, the interval calss for suitabilityFig. 1. Location of Prigi Bay and Fishing Port
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Table 2. Weight values based on Environment Factors

Environment Turbidity Depth Current Wave Weight

Turbidity 1 2 4 7 0.53
Depth 1/2 1 2 3 0.26
Current 1/4 1/2 1 2 0.14
Wave 1/7 1/3 1/2 1 0.07

Consistency ratio 0.0029

Table 3. Weight values based on Water Quality

Water quality Temperature Salinity pH Oxygen Weight

Temperature 1 2 7 4 0.52
Salinity 1/2 1 4 2 0.27
pH 1/7 1/4 1 1/2 0.07
Oxygen 1/4 1/2 2 1 0.14

Consistency ratio 0.0008

Table 4. Weight values based on Environment Factors and Water Quality

Kriteria Kelayakan Lahan Environment Water quality Bobot

Environment 1 3/2 0.6
Water Quality 2/3 1 0.4
Consistency ratio 0.0000

Table 5. Parameter Suitability for Floating Cage Aquaculture

No Parameters Weight Unit Very Suitable Suitable Not Suitable
(%) (Score 3) (Score 2) (Score 3)

1 Turbidity 31,8 NTU <11 11–40 40>
2 Temperature 20,8 oC 27–29 26–27 and 29–32 <26 and >32
3 Depth 15,6 m 15–25 5–15 and 25–40 <5 and >40
4 Salinity 10,8 ‰ 30–35 20–30 <20 and >35
5 Current Speed 8,4 cm/s 15–35 10–15 and 35–100 <10 and >100
6 Dissolved Oxygen 5,6 mg/L >6 4–6 <4
7 Wave 4,2 cm <20 20-40 >40
8 pH 2,8 - 7,0–8,5 4–7 and 8,5–9 <4 and >9

level were estimated using Equal Interval method
(Ariyanti et al., 2007) to divide the range of attribute
values into sub-range with the same size. Math-
ematically it can be expressed as follows:

I = ( (ai x Xn)max – (ai x Xn)min)/k ..(5)

Where:
I = Interval of suitability classes
k = Number of the desired suitability classes
As presented in Table 5 above, there are three

suitability classes: “very suitable”, “suitable” and
“not suitable”. Based on equation 5, if the value of
Nmax is 3 and the Nmin is 1, and the desired suitabil-
ity classes is 3, it is found that the class interval was

0.667, and the score of suitability were:
2.333 to 3 = Very Suitable (S1)
1.668 to 2.332= Suitable (S2)
1 to 1.667 = Not Suitable (S3)
The level of suitability is defined as [13]:

Very Suitable (S1)
This grade indicates that the reviewed location is
potentially suitable for aquaculture activities. At
this location there are minor to no limiting factor
and will not affect the productivity of aquaculture
significantly.

? Suitable (S2)

This grade indicates that the aquaculture activities
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can be implemented in this location, but less suit-
able because it has a considerable limiting factor
that affecting the productivity. Therefore, it re-
quired additional treatment and modification for
aquaculture activities.

Not Suitable (S3)

This grade indicates that the location is unsuitable
for aquaculture due to limiting factors that affect the
productivity of aquaculture activities.

Sampling Data Interpolation

The interpolation method called Inverse Distance
Weighted (IDW) was employed to considers the
spatial distance as “weights”. The distance meant in
this study here is the distance of the sample points
to a block of data to be estimated. So, the closer the
distance between sample points and a block to be
estimated, the greater the “weight”, and vice versa.
The IDW method assumes that the estimated value
at the point which is not recorded is a function of
the distance and the average value point located
nearby. The interpolation depends on how strong a
data point affects the area around it. It is also the
number of points in the vicinity which are used to
calculate the average value, and the pixel size / ras-
ter desired. IDW interpolation method provides
more accurate results than Kriging method
(Pramono, 2004). This is because the value of data
generated in IDW, are close to the minimum and
maximum value of the sample data. While the
method of interpolation Kriging sometimes results
in a low range and have less influence on the sam-
pling variation.

Results

Sea Surface Temperature

The sea surface temperature distributions are shown
in Figure 2 below. The sea-surface temperatures in
March and October 2016 did not have a significant
differences, although in the month of October, the
sea surface temperatures tend to be lower compared
to March. Sea surface temperature in March has the
lowest temperature and the highest temperature of
30.25 oC and 30.96 oC, while the average tempera-
ture was 30.54 oC. Meanwhile on October the sea
surface temperatur has 29.47 oC as lowest tempera-
ture and 30.43 oC as highest temperature with aver-
age value of 30.1 oC. The sea surface temperatures
are very feasible for aquaculture in the range of tem-
perature 28-32 oC . Therefore, based on spatial
analysis shown in Figure 2, the sea surface tempera-
tures in the Prigi bay are very suitable for aquacul-
ture activities.

Turbidity

Turbidity is one of the main environmental factors
that influence the determination of the location of
floating net cage cultivation because it affects the
amount of light entering the waters needed by
plants or phytoplankton to photosynthesize. The
results of spatial analysis with IDW interpolation
method showed turbidity characteristics in the wa-
ters of the Prigi Bay in March and October 2016
tended to be low. Even so, turbidity in October
tended to be higher than in March with an average
turbidity level of 0.89 NTU with a value of a maxi-
mum of 3.25 NTU. Meanwhile in March the average

(a) (b)
Fig. 2. Map Distribution of Sea Surface Temperature  (a) March  (b) October 2016
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turbidity level was 0.56 NTU with a maximum
value of only 1.17 NTU.

This indirectly indicates that the content of sus-
pension or pollution content in Prigi Bay waters
tends to be low because according to Adipu et al.
(2013) the turbidity level that is very suitable for
aquaculture of floating net cages is less than 11
NTU. If the turbidity level of the waters reaches
more than 40 NTU, then the waters are not suitable
for aquaculture.

Bathymerty

The depth contour map is obtained from field sur-
vey. The results of the bathymetry map can be seen
in the Figure 4. The depth that is very suitable for
aquaculture with floating net cages is around 10-20
m (Radiarta et al., 2006) while the depth of 20-30
meters is still quite feasible for the development of
aquaculture. Depth that is too shallow can cause

accumulation of feces from the metabolism of fish
that will be cultivated and can cause turbidity that
causes a lack of dissolved oxygen supply, while for
depths that are more than 30 meters less efficient to
do floating net cages and will require more levels
and operational costs high.

Salinity

The level of salinity in the waters of Prigi Bay in
March and October 2016 is not much different. But
in October, it has a slightly higher distribution of
salinity. For the average salinity level from March
and October, the difference is very thin, which is
only around 0.15 ppt with an average of 32.6 ppt in
March and 32.75 ppt in October. The ideal salinity
level for floating net cage cultivation is around 30-35
ppt (Adipu et al., 2013). In this case the spatial analy-
sis of data by interpolation of data in the site shows
that the waters in Prigi Bay have a level of salinity
that is suitable for the development of floating net
cage cultivation.

Current Speed

The current speed of the Prigi Bay in March and
October 2016 has an uncertain direction and tends
to be weak, this is due to the two periods season in-
cluding the transitional season (Nontji, 2006). The
results of spatial analysis by interpolation of data in
the site from the sample point show that the current
speed in October is stronger compared to March,
especially at depths of 40 meters and above. But at
some points, the current speed is lower in the west
coast of the Prigi Bay. In general, the current speed

(a) (b)

Fig. 3. Map Distribution of Turbidity  (a) March  (b) October 2016

Fig. 4. Bathymerty Map in Prigi Bay



ZIKRA ET AL S13

in March has an average speed of 13.38 cm/s, while
in October the average speed reached 20.38 cm/s.
The difference between the two is quite significant
but based on the classification of the two periods in
general it is still suitable for the development of
floating net cages that range from 15-35 cm/s (Sari,
2011). This is indicated by the map of the results of
the following reclassification method as shown in
Figure 6.

Dissolved Oxygen

Dissolved oxygen is an indicator of water quality.
Dissolved oxygen levels in sea waters are generally
8 mg/L (Sari, 2011). Spatial analysis results with in
situ data interpolation showed no significant differ-

ence between oxygen levels in March and October
2016. Both had levels in the range of 6 mg/L but dis-
solved oxygen levels in October were slightly
higher at around 6.6 mg/L compared to March
which had dissolved oxygen levels of 6.1 mg/L.

The level of dissolved oxygen that is very suit-
able for the development of floating net cage culture
is more than 6 mg/L, therefore both periods accord-
ing to the dissolved oxygen parameters are suitable
for floating net cage cultivation. The results of spa-
tial analysis of dissolved oxygen levels can be seen
in the Figure 7.

Waves

Waves as one indicator of the aquatic environment

(a) (b)

Fig. 5. Map Distribution of Salinity  (a) March  (b) October 2016

(a) (b)

Fig. 6. Map Distribution of Current Speed  (a) March  (b) October 2016
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has an influence on the process of air exchange and
the resistance of fish to be cultivated against waves.
The results of spatial analysis of 10 sample points
processed by the IDW interpolation method show a
significant difference in wave height in the period
March and October 2016. In March, the wave height
was only around 0.38 to 0.44 meters while in Octo-
ber the wave height reaching 1.28 to 1.33 meters.

Wave height which is very suitable for conduct-
ing aquaculture is less than 0.2 meters, but can still
be tolerated if the height is below 0.4 meters
(Radiarta, 2006). Therefore, wave height in October
is not suitable for floating net cage cultivation be-
cause it can endanger the survival of fish to be cul-
tivated, but wave height does not have a significant
effect based on Table 3.4 which is 4.2% of the devel-

opment of net cage cultivation floating. The results
of spatial analysis of wave height can be seen in the
following Figure 8 below.

The degree of acidity

The degree of acidity or pH in sea waters usually
ranges from 7.7 to 8.4 (Sari, 2011). The results of spa-
tial analysis show that the average of acidity degree
in Prigi Bay is 10.25 in March and 10.65 in October.
In March 2016 the degree of acidity tended to be
homogeneous with a range of 10.25 to 10.45. But in
October, the distribution of acidity degree was quite
heterogeneous. The waters area in Prigi Bay in
terms of the acidity level parameter are not suitable
for conducting aquaculture, but this parameter has
a very small effect based on Table 3 and 4 which is

(a) (b)

Fig. 7. Map Distribution of Disoved Oxcigen  (a) March  (b) October 2016

(a) (b)

Fig. 8. Map Distribution of Wave Height  (a) March  (b) October 2016
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only around 2.8%. The appropriate level of acidity
for the development of floating net cage cultivation
is 7 to 8.5. Distributuion maps of Ph produced from
spatial analysis can be seen in the Figure 9.

Suitability Location using Weighted Overlay
Method

The spatial analysis using various parameters pre-
sented in Table 5 above can be reclassified based on
three interval suitability classes as discussed previ-
ously; i. Very Suitable (S1), ii.Suitable (S2) and iii.
Not Suitable (S3). A suitability score can be evalu-
ated using equation 4, and the result of aquaculture
suitability location is shown in Figure 10.

The green color in Figure 10 represents the very
suitable location and yellow colors indicate suitable

(a) (b)
Fig . 9. Map Distribution of Ph  (a) March  (b) October 2016

(a) (b)
Fig. 10. Map of Suitability for Aquaculture Location in Prigi bay. (a) March and (b) October 2016

Fig. 11. Map of Suitability for Aquaculture Location in
Prigi bay

location for floating cages aquaculture. In general,
the waters of the Prigi Bay quite suitable for floating
cage aquaculture activities. By weighted overlay
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methods and combining March and October 2016
analysis results, the average suitablity score was
2.18 of 3 and categorized as “suitable”. Further
analysis shows that “very suitable”area in Prigi Bay
was 8.33 km2 (23.13% of the water area) while “suit-
able” area was 27.67 km2 (76.87% of the total water).
The most suitable location for Aquacuture activities
are stations 5, 6 and 10 in Figure 11.

Conclusion

This study presents a simple methodology for fish
cage site selection based on environmental factors
and water quality using geographical information
system. The study case take place in Prigi Bay,
Trenggalek, East Java, Indonesia. Based on spatial
analysis results, the Prigi bay generally suitable for
aquaculture activities. The result of weighted over-
lay analysis show that 23.13% of the water area
(about 8.33 km2 ) considered as “very suitable” and
the rest area of 76.87% of water area considered as “
suitable”.
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