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Abstract
Oceanographic factor influences the number of fish catch in Bali Strait, in which global phenomena such as El-Nino Southern Oscillation (ENSO)
and the Indian Ocean Dipole (IOD) also have a role in influencing the migration of fish. This research aims to analysis annual variation of Sea
Surface Temperature (SST) and Sea Surface Chlorophyll-a (SSC) in Bali Strait, and its effect on fish catch. The method applied a quantitative
descriptive with correlation analysis and spatial analysis using Geographical Information System. The analysis described a significant impact of
oceanographic parameters on pelagic fish catch. SST described a negative correlation, in which the higher the SST, the lower the catch and vice versa.
There was a time lag between SST and catch when the upwelling process occurs which was followed by an increase in SSC concentration and catch.
SSC has a significant impact on the number of fish catch which describes a positive correlation, and it illustrated a time interval between the highest
concentration of SSC and the period of fishing peak season. The intensity of upwelling refers to the variability of SST by physical and dynamic
processes of water, which also affected by the ENSO and the Indian Ocean Dipole IOD.
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Introduction
Lemuru (Sardinella lemuru) fishery resource is the
most dominant and economically valuable fishery
resource in the Bali Strait, so that this commodity is
mostly exploited by fishermen who live around the Bali
Strait. In addition, lemuru fisheries have an important
role in the life of the local community. Another benefit
of the lemuru fishery business is as a source of regional
income, supporting local industries, and increasing
employment (Joesidawati et al., 2004). According to
Merta (2003) lemuru is a schooling species in shallow
sea waters, in coastal areas at a depth of less than 60
meters, and often migrate to lagoons, bays or river
estuaries. The distribution of lemuru fish in the Bali
Strait is spread along the west coast of Bali Island and
the east coast of Banyuwangi. The migration pattern of
lemuru is strongly influenced by oceanographic
conditions; with the peak migration is estimated on
December to January. Studies related to the observation
of oceanographic condition at lemuru fishing ground
around Bali Strait are limited. This information is very
important to identify environmental factors that affect the
existence and abundance of lemuru in the Bali Strait in
order to map the potential fishing ground of lemuru for
sustainable management.
Oceanographically, Indonesian waters, including the
Bali Strait, are influenced by the seasonal cycle, namely
the eastern monsoon (southeast monsoon) and west
monsoon (northwest monsoon). The east season occurs
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in June - September, while the west season occurs in
December - March. The oceanographic conditions of the
Bali Strait are also influenced by the El Niño Southern
Oscillation (ENSO) and the Indian Ocean Dipole (IOD).
This condition causes upwelling phenomena in the Bali
Strait. The upwelling area is a potential area for fisheries
activities due to the rich of nutrients for the survival of
larvae, juveniles, and adult fish (Hendiarti et al., 2004;
Hendiarti et al., 2005; Susilo, 2015).
The approaches for observing ocean and its
phenomena recently have been done through the
application of satellite imagery due to the ability of
satellites cover large areas. Ocean remote sensing is able
to provide data on a global scale on the surface layer of
the waters in near real time. Oceanographic satellite data
can be used to monitor various marine phenomena such
as upwelling, eddy, front and altimetry which are closely
related to fishery activities (Robinson, 2010). Ocean
remote sensing technology allows monitoring of the
variability of environmental conditions to be carried out
more efficiently and quickly.
Geographical differences are a major factor in finding
the existence of lemuru habitats. Lemuru fish are mostly
found in the Bali Strait with a migration pattern that
reaches its peak in June - November which is influenced
by the east monsoon winds so that in that month the
lemuru is very abundant in the Bali Strait. Temperature
and salinity have an inverse relationship where if the
temperature has a maximum value then the salinity has a
minimal value. These variations can determine the
density of seawater which affects the vertical motion of
the seawater masses. Chlorophyll-a also plays as an
important factor in phytoplankton during photosynthesis,
and together with other oceanographic factors can be
used in predictive studies of marine resources.
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Sea Surface Temperature (SST) is associated as an
index of the amount of water vapor that forms clouds in
the atmosphere. If the SST is hot, there is a lot of water
vapor in the atmosphere due to the convection or
evaporation process. Conversely, if the SST is cold,
water vapor in the atmosphere is reduced due to lack of
evaporation. The SST in the territory of Indonesia has a
fairly wide range of 26.0 °C to 31.5 °C (Syaifullah,
2018). Moreover, Chlorophyll-a is an active pigment in
plant cells that has an important role in the process of
photosynthesis in waters which can be used as an
indicator of whether or not there are many fish in an area
from the description of the food chain cycle that occurs
in the ocean. The concentration of chlorophyll-a in water
depends on the availability of nutrients and the intensity
of sunlight. If enough nutrients and sun intensity are
available, the chlorophyll-a concentration will be high
and vice versa (Effendi et al., 2012).
In order to create good management of lemuru fish in
Bali Strait, a holistic approach must be taken. This study
tries to analyze the inter-annual variability of
oceanographic factors and its relationship to lemuru
habitat in order to contribute in preparing basic
information for sustainable fisheries management in Bali
Strait.

Methods
The research was conducted in the Bali Strait with
the boundaries of 144° 21' - 115° 11' East Longitude and
8° 6' - 8° 6' South Latitude (Figure 1). Data collection
and initial data processing were carried out at the
Institute for Marine Research and Observation, Bali, as a
research partner. Advanced data processing and data
analysis were carried out in the Fisheries and Marine
Resources Exploration Laboratory, Faculty of Fisheries
and Marine Sciences, Universitas Brawijaya. Fish catch
data series was taken from fishing ports along coastal
area of the Bali Strait, and these applied also as the
parameter
in
mapping
processing.
Moreover,
oceanographic variables are obtained from MODIS
Aqua/Terra sensors with a spatial resolution of 4 km and
a global equidistant cylindrical geometric projection.
These variables include SST (°C) and Sea Surface
Chlorophyll-a/SSC (mg/m3). The data was obtained by
downloading from the Ocean Color homepage
(http://oceancolor.gsfc.nasa.gov/), and was processing
using SeaDAS and Geographical Information System
software.

Figure 1 Research area (Bali Strait)
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SST from MODIS Aqua/Terra sensors was calculated
using the algorithm derivation of brightness temperature
as below;
dBT = BT39 – BT40
in which, dBT is the brightness level of the color
temperature. The value of BT39 = 3.959 µm and the
value of BT40 = 4.050 µm. Furthermore, the SST value
can be obtained with the following equation;
SST4 = a0 + a1 x BT39 + a2 x dBT +a3 x 1.0/µ 1.0
µ is the Zenith angle level while the values a0, a1, a2
and a3 are in accordance with the values set by RSMAS
(Rosenstiel School of Marine and Atmospheric Science)
based on the values or brightness levels that have been
obtained.
The SST derived from measurements of the MODIS
infrared radiometers is commonly referred to as the skin
temperature of the ocean, in which the radiance
measured by infrared radiometers originates in the
surface skin layer of the ocean and not the body of water
below as measured by in situ measurement (Donlon et al.,
2007). The MODIS SST4 algorithm and quality
assessment are the responsibility of the MODIS Science
Team Lead for SST (currently P. Minnett of the RSMAS
at the University of Miami (Minnett et al., 2004).
In addition, SSC can be obtained from the Aqua
MODIS satellite using the following algorithm:

annual variability of oceanographic parameters and the
potential fishing ground of lemuru fish. Spatial analysis
is a type of geographical analysis which seeks to explain
patterns of geographical phenomena (in this study
includes oceanographic and fish habitat) and its spatial
expression in terms of mathematics and geometry, that is,
locational analysis.
In the mapping process for creating habitat suitability
of lemuru fish as the potential fishing ground, a mapping
analysis through weighted overlay was carried out.
Weighted overlay is a technique for applying a rating
scale to differentiate and unequal input into an integrated
analysis. Weighted overlay gives consideration to the
factors or criteria that are determined in a suitability
selection process (Willige, 2010; Sofyan et al., 2010).
The weighted overlay tool of Geographical Information
System applies one of the most used approaches for
overlay analysis to solve multi-criteria problems; in case
of this study is an analysis of habitat suitability models
of lemuru fish. The higher values as the result of
weighted overlay indicate that a location is more suitable.
In general, research flow diagram that described the step
of method applied as illustrated in Figure 2.

Ca = 10 (a0+a1R+a2R2+a3R3+a4R4)

In which, Ca is chlorophyll-a concentration (mg/m3),
R is reflectance ratio, and Rrs is Remote Sensing
Reflectance. Rrs has wavelengths ranging from 440 to 70
nm. The data of this study used Rrs (blue) with a range
of 443 and Rrs (green) with a range of 488, while Rrs551
was defined as a surface reflectance value at a
wavelength of 551 nm, and the values a0 is 547 and ai is
0.242.
Furthermore, correlation analysis in order to measure
the closeness of the relationship between research
variables was carried out. The strength of the relationship
between two variables can be measured. An index that
measures the closeness of the relationship between two
variables is called the correlation coefficient (Nugroho et
al., 2008). The calculated number correlation method is
the relation coefficient (r), as shown in the following
formula:
r=
r is correlation coefficient, x is oceanographic
parameters, and y is catch.
The correlation coefficient (r) varies from 0 to +1 or 1. When the r value approaches +1, the relationship
between the variables is strong and forms a positive
curve. R values close to –1 also indicate a strong
relationship between variables but forms a negative
curve. If the value of r approaches zero, the relationship
between variables is weak (Walpole, 2012).
Spatial analysis with Geographical Information
System approach was carried out in order to map the

Figure 2. Research flow diagram
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Results
Oceanographic Variability
The Bali Strait is one of the waters that separate the
islands of Java and Bali and has a fairly high fertility rate.
The highest water fertility level in the Bali Strait occurs
during the eastern monsoon where upwelling occurs so
that the dominant nutrients consisting of phosphate and
nitrate in the waters are quite high and the abundance of
phytoplankton. This is because the Bali Strait directly
connects the Indian Ocean in the south and the Madura
Strait in the north so that the water mass in the waters in
the Bali Strait is more dominantly influenced by water
masses from the Indian Ocean. The highest average of
SST value was found in 2012, namely 30.65 °C and the
lowest in 2017 of 27.63 °C. During the year of 2010 –
2019, the SST of Bali Strait is experiencing significant
fluctuations. In 2010 - 2013 the temperature range in the
Bali Strait was relatively high, namely ± 30 °C due to La
Nina phenomena which causes more warm water masses
to be carried to the western part of the Pacific Ocean so
that there is an increase in rainfall. The variation of SST
as described in Figure 3.

Figure 3. The variation of SST during 2010-2019 around Bali Strait

Moreover, chlorophyll-a is one of the most important
parameters that determine primary productivity at sea.
The distribution and level of SSC concentrations are
closely related to the oceanographic conditions. The
highest SSC concentration value in the Bali Strait was in
2015 (0.64 mg/m3) and the lowest was in 2012 (0.25
mg/m3). The concentration of SSC in the Bali Strait
during the period of 2010 - 2019 was quite stable, but in
2015 it experienced a high enough increase due to the
influence of El-Nino which caused the water temperature
in the Bali Strait to be quite low. The variation of SSC as
described in Figure 4.

The high and low SST and SSC were influenced by the
upwelling phenomenon which causes a decrease in SST
and the high nutrient content which is rich in nutrients
reaches the surface of the water, so that high amounts of
nutrients will be followed by an increase in the
chlorophyll-a content in these waters (Graph in Figure 5).

Figure 5. Relationship between oceanographic parameters during
2010-2019 around Bali Strait

Pearson correlation is a simple correlation involving
only the independent variable (independent) and the
dependent variable (dependent). The results of the
correlation value of the relationship between
oceanographic parameters carried out in this study are
presented in Table 1. SST and SSC have a very strong
correlation with a correlation value of 0.748 and the form
of the relationship is negative, meaning that the higher
the SST value, the lower the SSC value.
Lemuru catch and its relationship to oceanographic
parameters
Lemuru fish is a small pelagic fish that has high
economic value for the people of Pengambengan and
Muncar. Lemuru fish catch data was taken from
Pengambengan fishing port in Jembrana Bali and
Muncar fishing port in Banyuwangi (Figure 6). Catch
data obtained for a period of 10 years, starting from
2010-2019. The highest catch recorded at Pengambengan
fishing port was in 2017 (1702,525 tons) and the lowest
average value was in 2012 (209,308 tons), while the
highest catch recorded at Muncar fishing port was in
2014 (809,117 tons). The significant increase in 2017
was due to the distribution of fishing ground map around
Bali Strait areas done by the Institute for Marine
Research and Observation, Bali, Indonesia.
The results of the significant value of SST and catch

Figure 4. The variation of SSC during 2010-2019 around Bali Strait

Relationship between oceanographic parameters
The analysis of oceanographic relationship was done
for the period data of 2010 – 2019. The SST values in the
Bali Strait ranged from 27.63 - 30.65 °C while for SSC
values in the Bali Strait ranged from 0.25 to 0.64 mg/m3.
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Figure 6. Lemuru fish catch data from 2010-2019
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Table 1. Correlation result of oceanographic parameters
SST (°C)
SST (°C)

Pearson Correlation
Sig. (2-tailed)
N
Pearson Correlation
Sig. (2-tailed)
N

SSC (mg/m3)

SSC (mg/m3)
1

(-) .748**
.000
120
1

120
(-) .748**
.000
120

120

Table 2. The correlation between oceanographic parameters and the catch of lemuru fish in the Bali Strait
(a) SST (°C) and fish catch
SST (°C)
SST (°C)

Fish catch

Pearson Correlation

1

(-) .878**

Sig. (2-tailed)

.001

N

Fish catch

Pearson Correlation

10

10

(-) .878**

1

Sig. (2-tailed)

.001

N

10

10

(b) SSC (mg/m ) and fish catch
3

SSC (mg/m3)
SSC (mg/m )
3

Pearson Correlation

Fish catch
1

Sig. (2-tailed)
N
Fish catch

Pearson Correlation
Sig. (2-tailed)
N

The results of the significant value of SST and catch
in this study were 0.001. The value of less than 0.05
indicates that SST and catch had a correlation. The
pearson correlation of SST value and the catch was 0.878
and indicates very strongly correlated, but the type of
correlation was negative. It means that the higher the
SST, the lower the catch and vice versa. There was a
time lag between SST and catch when the upwelling
process occurs which is followed by an increase in SSC
so that the catch also increases. In addition, there was
also a correlation between SSC and lemuru catches in the
Bali Strait. The relationship between SSC and catch has
a strong correlation with the form of a positive
relationship. It means that the higher the value of SSC,
the higher the catch. The SSC concentration does not
directly affect lemuru catch but requires a time lag. The
correlation between SSC concentration and lemuru
production was positive and will be significant in two to
six months. The results of the correlation between
oceanographic parameters and the catch of lemuru fish in
the Bali Strait are presented in Table 2.
Potential lemuru fishing ground
Variations in oceanographic conditions play an
important role in natural fluctuations of fish stocks, SST
and SSC which have the greatest impact on the
distribution of small pelagic fish. Thus, SST is a good
indicator of a fishing ground and has been used for
decades by fishermen and researchers. In addition,

.657*
.039

10

10

.657*

1

.039
10

10

changes in environmental factors (physical and
biological) may have profound effects on fish migration
and growth patterns (Murase et al., 2009). The research
collected around 30 main fishing grounds in the Bali
Strait, which spread over a geographic location of 8° 30'
3.89 " S - 8° 54' 6.07" S and 114° 35' 15.61" E - 114° 44'
9.46" E (Table 3). This data was collected through
fishing trip activities. It shows that the point of fishing
setting tends to move to the south area close to the Indian
Ocean (Figure 7).
Together with oceanographic and fish catch data, the
fishing ground map applied in the modelling of potential
fishing ground in Bali Strait through mapping processing.
All of these parameters were processed through a weight
overlay approach to produce a lemuru fish suitability
habitat as shown in Figure 8. Almost the same as the
distribution of fishing grounds in the Bali Strait, the
results of potential fishing ground mapping of lemuru
fish in the Bali Strait in one year by considering the
annual variation in oceanographic factors also show that
the potential areas tend to spread to the south
approaching Indian Ocean, there were even some areas
that are included in the south waters of Java Island. The
map in Figure 8 showed that during June until August
the potential fishing ground of lemuru fish in Bali Strait
tent to increase. The widest potential fishing ground was
in July and declining slowly in September until the end
of year. This is closely related to the catch report. It was
reported from catch recorded at Pengambengan Fishing
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Port of Bali that the production of lemuru fish landed at
the fishing port started to increase in July and peaked in
August. The catch will start to decline slowly from
Table 3. Geographical position of fishing ground in Bali Strait
No
Latitude
Longitude
1
8°30'3.89"S
114°35'15.61"E
2
8°30'54.60"S
114°37'8.05"E
3
8°31'38.97"S
114°34'21.84"E
4
8°34'42.15"S
114°36'16.58"E
5
8°35'52.97"S
114°37'59.01"E
6
8°32'45.74"S
114°39'36.86"E
7
8°34'16.33"S
114°40'34.01"E
8
8°34'56.59"S
114°42'18.60"E
9
8°38'24.75"S
114°40'2.64"E
10
8°38'15.90"S
114°42'33.70"E
11
8°38'14.74"S
114°45'59.99"E
12
8°38'18.80"S
114°49'40.90"E
13
8°48'59.48"S
114°38'31.76"E
14
8°51'36.67"S
114°33'51.58"E
15
8°43'8.12"S
114°43'46.32"E
16
8°51'16.84"S
114°30'4.18"E
17
8°45'31.67"S
114°43'1.70"E
18
8°48'11.21"S
114°42'12.47"E
19
8°51'9.33"S
114°41'13.15"E
20
8°44'40.41"S
114°49'8.10"E
21
8°47'26.74"S
114°49'30.28"E
22
8°39'31.33"S
114°53'17.94"E
23
8°43'0.46"S
114°53'36.83"E
24
8°46'36.61"S
114°53'34.44"E
25
8°50'22.79"S
114°55'46.87"E
26
8°53'15.42"S
114°57'49.85"E
27
8°54'24.66"S
115° 1'24.05"E
28
8°55'37.82"S
115° 5'48.37"E
29
8°51'14.76"S
114°50'10.18"E
30
8°54'6.07"S
114°44'9.46"E

Figure 7. Fishing grounds in Bali Strait
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September to December. There was a time lag of about
one month between the modeling results of the potential
fishing ground mapping and the catch report.

the average of SST (°C)
30.29
30.15
29.97
29.45
29.78
29.34
29.45
28.30
29.05
28.55
28.34
28.23
29.03
28.76
27.89
28.93
28.34
27.67
27.55
28.04
27.43
28.44
27.69
27.23
28.13
28.53
27.77
28.76
29.34
28.12

the average of SSC (mg/m3)
0.30
0.36
0.39
0.23
0.22
0.44
0.27
0.42
0.28
0.28
0.24
0.35
0.57
0.61
0.69
0.77
0.54
0.30
0.41
0.94
1.21
1.04
1.58
0.88
0.71
0.90
1.00
1.67
0.80
0.66

Figure 8. Potential fishing grounds in Bali Strait
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Discussion
Temperature is an indication of the presence of fish
groups in an area, but sea surface temperature is greatly
influenced by changes in other environmental waters,
including: currents, winds, and exposure to direct
sunlight, while lemuru is a type of fish that is sensitive to
environmental changes (Rahadian et al., 2019). Sea
surface temperature and chlorophyll-a are the main
indicators in determining the occurrence of upwelling in
waters, where upwelling is characterized by lifting cold
water masses from the bottom to the surface which
causes a decrease in SST and an increase in the
concentration of water chlorophyll (Hendiarti et al.,
2005). According to Susanto and Marra (2005) during
the blowing of the southeast monsoon from April to
October, the southeast wind from Australia drives
upwelling, bringing cooler water and increasing nutrients
to sea level along the Southern Waters of Java-Bali.
Conditions reverse during the blowing of the west
monsoon (October-March). The intensity of upwelling
refers to the rate of decrease in surface temperature by
physical and dynamic processes of water, which can be
strengthened or weakened by phenomena such as the ElNino Southern Oscillation (ENSO) in the Pacific Ocean
and the Indian Ocean Dipole (IOD) in the Indian Ocean
(Kemili & Putri, 2012). Indonesia waters are very
vulnerable to climate or weather change. The weather
anomalies that happened in 2016/2017 was caused by
natural phenomena, namely the El Nino and La Nina and
also the changes in SST (Hayati, 2017)
Chlorophyll-a is a pigment from phytoplankton that
plays a role in the photosynthesis process. Chlorophyll-a
is also used as an indicator of water fertility, which is
indicated by the SSC concentration in these waters. The
waters of the Bali Strait have more diverse SSC
concentration stratifications in the southern part which
represent the Indian Ocean as the entrance and exit for
the circulation of water masses and the mixing of water
masses can affect the primary productivity of the waters.
The concentration of SSC in the waters of the Bali Strait
is influenced by the mass of water that enters and leaves
the strait, where the water mass comes from the surface
water mass, so that the availability of nutrients in the
deeper water column does not come out following the
movement of the water mass (Priyono et al., 2007).
In addition, particulate organic carbon is also can
used as a parameter for waters in the Bali Strait because
it has an indirect relationship with the distribution of
SSC. Particulate organic carbon is the form of carbon
most prone to sedimentation and plays an important role
in absorbing carbon and compounds. The range of SSC
and particulate organic carbon concentrations shows the
physical and biological diversity of the coast (rivers,
abundance of phytoplankton, areas affected by sediment
and upwelling) with particulate carbon concentrations
<100 µg L-1 (Tran et al., 2019). Thus, the particulate
carbon in the area close to chlorophyll-a has an impact
on the abundance of phytoplankton so that chlorophyll-a
is the main source of production particles (Furuya, 1990).
The photosynthesis process itself is influenced by the
concentration of SSC and the intensity of sunlight. The

value of aquatic productivity can be used as an indication
of the fertility level of waters. The value of water
productivity is directly proportional to the amount of
organic matter composition. This shows that the more
organic matter in waters, the higher the productivity of
the waters, where the productivity of the waters is a
process of forming organic compounds through the
process of photosynthesis (Yuningsih et al., 2014; Barus
et al., 2008).
The increase in the value of SSC concentration does
not directly affect the increase in the fish catch value, but
it takes some time so that the existing chlorophyll-a has
been used by zooplankton as a food source (Sartimbul et
al., 2010; Putra et al., 2012). Season and fishing ground
are closely related to fish migration. Fish will seek and
select a certain optimum combination of physical and
biological conditions in an aquatic environment. Lemuru
fish are schooling small pelagic fish, which can form a
high biomass in waters where upwelling occurs such as
in the waters of the Bali Strait (Merta & Nurhakim,
2017). The peak season for lemuru fishing occurs in
November (the East-West transitional season). The trend
of fishing season patterns that indicate the most
appropriate time or season to catch lemuru (Simbolon et
al., 2011). The fishing ground is based on several
indicators, namely the amount of catch and SST. Based
on the pattern of SST distribution, the temperature in the
western monsoon tends to be warm, especially from
February to April (Rahadian   et al., 2019).
Mapping of potential areas for pelagic fish can be
done with remote sensing technology. One of which is
by identifying SST with an optimum temperature of 2030 °C (Zahroh & Sukojo, 2016), and SSC concentrations
ranging from 0.2 to 3.5 mg/m3. The stratification of the
SSC distribution pattern at each depth shows that the
SSC concentration decreases with increasing depth
(Hastuti et al., 2016). These two oceanographic
parameters will then be analyzed according to their
suitability with the general fishing ground of fishermen
in the Bali Strait. Apart from these two parameters, the
spatial distribution of surface particulate organic carbon
concentrations in the sea can also be considered, and is
generally regulated by both biological processes,
especially in primary production and physical processes,
especially mixing and vertical advection (Stramska,
2014).
The Bali Strait has also been influenced by regional
phenomena such as the El Niño Southern Oscillation
(ENSO) and the Indian Ocean Dipole (IOD). The
characteristics of the waters of the Bali Strait are
characterized by low salinity and cold temperatures. The
Bali Strait has also been influenced by the Indonesian
Cross Flow (ARLINDO) and mixing in the Pacific
Ocean (Kunarso et al., 2011). The high concentration of
SSC in the Bali Strait is an interaction between ENSO
and IOD. ENSO and IOD climate phenomena are
increasingly occurring with increasingly extreme
conditions and longer duration; so that they have a very
significant impact on lemuru fish catch.
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