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Abstract. It is necessary to identify potential fishing areas to achieve maximum marine fishery
production value in the Riau Islands. Remote sensing application is considered to be the more accurate,
effective, efficient and responsive in accommodating the determination of potential fishing ground
locations over a large area. The potential fish ground areas were obtained through three stages of
analysis with remote sensing technology, on the Aqua MODIS platform. The first analysis was the
preprocessing analysis using the SeaDas software to reproject image data. The second stage was
processing data through ER Mapper software for the cropping process. Two primary data variables,
particularly Sea Surface Temperature (SST) and chlorophyll-a (Chl-a) concentration, where input is
related to a suitable habitat for pelagic fish. The last stage was a post-processing analysis to obtain a
contour image of the fishing ground location by mapping the crossover from SST and the chlorophyll-a
concentration variables, using the Arc-GIS software. The remote sensing analysis of the sea surface
temperature and chlorophyll-a concentration, based on the monsoon differences, using the Aqua MODIS
satellite imagery, showed that most of the fishing ground points located in Riau Islands were in the
northern monsoon zone. In comparison, the lowest number of fishing grounds occurs in the southern
season. Bintan, Batam, Karimun, and Lingga (BBKL) is an area that has the most fishing ground
compared to Natuna and Anambas among the three research areas in the Riau Islands.
Key Words: chlorophyll-a, fishing ground, sea surface temperature, Riau Islands, remote sensing.

Introduction. The potential of fisheries production in the Riau Islands province is
included in the Fisheries Management Area of the Republic of Indonesia (WPP-NRI)
designated by the Minister of Marine Affairs and Fisheries Regulation Number PER.01/
MEN/2009 concerning the Fisheries Management Area of the Republic of Indonesia. Data
on the study of marine resource potential in Riau Archipelago Province in 2018 indicates
that from the seawater area of 24,121.530 ha (95.79%), the fisheries production in Riau
Islands was estimated to reach 1,500.000 tons year-1 (Bobby 2017). The potential high
fishery product in the Riau Archipelago seawaters is located in the Coral Triangle area.
This region is located along the equator between the Indian and Pacific Oceans and is a
global hotspot for the marine biodiversity in the world (Asaad et al 2018; Putra et al
2018; Teh et al 2018).
This marine biodiversity plays a crucial role in both fishery and tourism activities
(Licuanan et al 2016). Unfortunately, marine biodiversity, marine ecosystems and fishery
resources in the Coral Triangle region, including in the Riau Archipelagos seawater area,
are at risk, due to the anthropogenic pressures, among which an intensive exploitation,
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and their environmental sustainability is declining (Hoegh-guldberg et al 2018; Mcleod et
al 2019; Putra et al 2018). The industrialization of fishing vessels, the excessive
exploitation of marine products and the rampant illegal fishing in the North Natuna Sea
have caused a decline in the marine products, especially in the Riau Archipelagos
Province seawaters area. Previous research has confirmed that the main factor driving
this drastic decline in marine products was illegal fishing (Haridhi et al 2016; Mohanty et
al 2017).
According to the Ministry of Marine Affairs and Fisheries (MMAF), apart from the
anthropogenic threats in the Riau Archipelago seawaters area, another fundamental
problem is that the utilization of marine and fishery resources of the area by local fishers
was still deficient, with a production of only around 5% of the total potential. The low
utilization of fisheries production in the Riau Archipelago region did not support the
marine sector's economy. Based on data reported from the MMAF (2020), the production
of marine fisheries in the Riau Archipelago was still far from the maximum potential
value: only 407,235.91 tones were utilized. On the other hand, the Natuna island part of
Riau Archipelago Province has one of Indonesia's largest potentials for fishery resource,
with an estimated yield of fishery products of 148,879.23 tons. Several factors contribute
to the sub-optimal resource exploitation in Riau Islands, such as the use of a
conventional fishing gear, a limited fishing technology and a lack of appropriate fishing
vessels, causing local fishermen to have a limited access to the fishing grounds. Seasonal
changes in the Riau Islands also significantly impact the decline in local fishery products
by constraining the traditional fishing activities.
It is necessary to identify the potential fishing grounds’ location to reach the
maximum value production and to increase marine fishery products in the Riau
Archipelago. Remote sensing is the fastest and most responsive method to localize the
potential fishery grounds. Offshore fisheries monitoring using remote sensing has been
developed over the last few decades (Rowlands et al 2020). Several algorithms based on
remote sensing techniques have been introduced to detect and monitor oceanographic
phenomena, to identify the marine areas fishing potential (Babu et al 2016; Mohanty et
al 2017; Putra et al 2018). The high spatial and temporal resolution of remote sensing
can define large fishing zones (Mohanty et al 2017). The remote sensing satellites have
helped identifying surface features such as changes in seawater temperature, chlorophyll
concentration, upwelling phenomena, eddies, gyres, tidal patterns and all variables
influencing the discovery of Potential Fishing Ground locations, globally (Mohanty et al
2017). This study uses a remote sensing approach using satellite imagery of the
Moderate Resolution Imaging Spectroradiometer (MODIS)-AQUA and data from Global
Fishing Watch (GFW) to determine the potential fishing ground areas and the proper
fishing time in Riau Archipelago seawater area based on the monsoons influence.
Material and Method
Description of the study sites. The Riau Islands seawaters are an extensive area in
Indonesia. The location is the border with Singapore, Malaysia, and Thailand. Among the
six main islands in the Riau Archipelago, the seawater depth reaches more than 300 m in
Natuna and Anambas. Both seawaters location is the strategic area for fishing small and
big pelagic fishes. The selection of research locations was based on the location of the
productive fishing area by local fishermen (Solanlki et al 2001). Particularly in this study,
the research location conducted in the six main islands in the Riau Archipelago with three
large group seawater areas, including in Monitoring Area 1 (Bintan, Batam, Karimun
Lingga), Monitoring Area 2 at the Anambas seawater location, and monitoring Area 3 at
the Natuna seawater location (Figure 1).
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Figure 1. The research location of potential fishing ground area in Riau Archipelago based
on different monitoring area, inculidng area 1 (Bintan, Batam, Karimun, Lingga), area 2
(Anambas Islands) and area 3 (Natuna).
The remote sensing image source. Satellite image data used to determine potential
fishing locations is a product derived from MODIS (Resolution Imaging Spectrometer
resolution) sensors using NASA satellite images record in every monsoon during one-year
analysis in 2019 downloaded from http://daac.gsfc.nasa.gov/data. The collected data
were analyzed based on the monsoon seasons differences. The primary data used were
sea surface temperature and chlorophyll-a concentration. The remote sensing data set
from the MODIS satellite, obtained on the Aqua platform, is used to detect global
differences in the ocean's color, by analyzing the variables Sea Surface Temperature
(SST) and chlorophyll-a concentration. Changes in sea surface temperature (in oC) and
chlorophyll-a concentration variables (in mg m-3) are caused by oceanographic processes
that also trigger changes of the potential fishing areas. SST data and chlorophyll-a
concentration were observed in L3 format (Level 3) mapped in HDF format with a
resolution of 4 km. The data was processed through three stages of analysis: preprocessing, processing and post-processing of image data, using the softwares SeaDass,
ER Mapper and Arc-GIS, respectively.
The data analysis. Sea surface temperature and chlorophyll-a concentration data were
analyzed in three stages. The first analysis was the pre-processing analysis to ensure
that the downloaded satellite image data has the World Geodetic System (WGS) 84
format, used as the cartography standard (Boucher & Altamimi 2001). SeaDas software
was used for reprojecting the analytical data in the form of GeoTiff format. The second
stage was the data processing through the ER Mapper software for the cropping process.
The model variables are used to input the two-primary data of SST and chlorophyll-a
concentrations (Chl-a), suitable for pelagic fish detection. The last step is the postprocessing analysis, intended to obtain a contour image of the potential fishing zone
location by mapping the intersecting SST and chlorophyll-a concentration variables, using
the Arc-GIS Software. The estimation of fishing grounds is a confluence between sea
surface temperature and corresponding chlorophyll-a concentration (Santos 2000).
Results
The distribution of chlorophyll-a (Chl-a) concentration. The distribution of
chlorophyll-a (Chl-a) concentration in the Riau Archipelago (Figure 2) in the north
monsoon shows that the Chl-a concentration in area 1 - Bintan Batam Karimun Lingga
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(BBKL) tends to be higher in the western side, ranging between 0.37 and 0.43 mg m-3.
The distribution of Chl-a concentrations in area 2-Anambas shows a higher chlorophyll-a
concentration value in the southern part, ranging between 0.31 and 0.43 mg m-3. The
Natuna Island had a higher concentration of Chl-a directly to the mainland, ranging
between 0.29 and 0.43 mg m-3. East monsoon changes the distribution of chlorophyll-a
concentrations in the monitoring area 2 (Anambas Islands) and shows that the
distribution of Chl-a tends to be more even in almost all seawaters areas, with Chl-a
concentrations of 0.10-0.23 mg m-3. The southern monsoon shows a similar distribution
pattern of the Chl-a concentration as the previous monsoon, but the value of the Chl-a
concentration was increased: 5.42-9.41 mg m-3 in BBKL, 0.13-0.40 mg m-3 in the
Anambas Islands and 2.18-3.22 mg m-3 in the Natuna Island. The peak of the Chl-a
concentration increase in the Riau Islands was observed in the west monsoon, cncerning
almost all areas.

Figure 2. The distribution of chlorophyll-a (Chl-a) concentration: in north and east
monsoons (top); in south and west monsoons (bottom); at each research location: Area
1 (Bintan, Batam Karimun Lingga), Area 2 (Anambas Islands) and Area 3 (Natuna).
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The distribution of sea surface temperature (SST). The distribution of sea surface
temperature in BBKL is higher in the western part, with SST values ranging from 29.19 to
30.19oC. In contrast, the SST distribution in the Anambas and Natuna Islands tends to be
more even, with SST values ranging from 27.66 to 30.19oC and 27.66 to 30.19oC,
respectively. The distribution of SST in BBKL locations tends to be higher in the northern
part, in the southern season, whereas in the eastern part of BBKL, the SST distribution
tends to be lower, with concentration values ranging from 27.77 to 29.98 oC. Based on
Figure 3, in the southern season, the SST distribution in the BBKL locations tends to be
higher in the western part, with SST values ranging from 31.21 to 32.99 oC. The SST
distribution in the Anambas and Natuna Islands locations was similar to the western
season: more evenly distributed in each Island location, with SST values ranging from
27.90 to 32.99oC and 27.91-32.99oC, respectively.

Figure 3. The distribution of sea surface temperature concentration for the north
monsoon, east monsoon, south monsoon and western monsoon (from top to the
bottom), in each research location Area 1 (Bintan, Batam Karimun Lingga), Area 2
(Anambas Islands) and Area 3 (Natuna).
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The distribution of potential fishing ground in the Riau Archipelago. In the
northern monsoon (December-February), 764 fishing points were found scattered
throughout the Natuna seawaters. In this season, the rainfall is higher, and the sea
surface temperature in Natuna was suitable for several pelagic fish species’growth. The
northern season shows that seawaters in Natuna receive an additional nutrient content
from land, due to the rainfalls. The Anambas seawaters counted 413 fishing ground
points scattered in almost all seawaters location, bordering both the coast and the
offshore region. The analysis counted 884 points of fishing ground located around the
BBKL seawaters, the largest number of the three mapping areas in Riau Archipelago, for
the northern monsoon (Figure 4).

Figure 4. The fishing ground point during the northern monsoon, at each research
location: Area 1 (Bintan, Batam Karimun Lingga), Area 2 (Anambas Islands) and Area 3
(Natuna).
The number of fishing grounds in Natuna during the eastern monsoon (March-May) was
of 124, based on the data analysis. This monsoon tends to be dry due to the lack of rain
intensity, which affects the plankton development by photosynthesis and causes a
decrease in the land's nutrient intake. During the eastern monsoon period, the Anambas
Islands had 162 fishing ground points, tending to decrease, compared to the northern
monsoon, due to the rising sea surface temperatures and to the low rainfall. The fishing
ground locations for the Bintan, Batam, Karimun and Lingga (BBKL) regions in the
eastern season also decreased, compared to the northern monsoon. The number of
fishing ground points found in BBKL during the easter monsoon was of 439 points (Figure 5).

Figure 5. The fishing ground point during the eastern monsoon, at each research location:
Area 1 (Bintan, Batam Karimun Lingga), Area 2 (Anambas Islands), and Area 3 (Natuna).
The southern period (June-August) made the transition from the dry season to the rainy
season, and affected the oceanographic factors influencing the fishing zone (Figure 6).
The southern monsoon increased the chlorophyll-a condition in Natuna seawaters, but
decreased the SST, rendering the pelagic fish habitat optimal. There has been an
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increase in the count of fishing ground locations in Natuna from the previous monsoon
with 201 fishing ground points, almost evenly distributed throughout the Natuna
seawaters. In Anambas seawaters, 237 fishing points were found scattered along the
coast and in the the offshore area, more than in the eastern monsoon. The distribution of
Chl-a in Anambas increased in this monsoon and the SST decreased drastically,
compared to the previous monsoon. In the seawaters of Bintan, Batam, Karimun and
Lingga (BBKL), there were found 252 fishing ground points, with most of the fishing
points being found in Lingga waters. The distribution of fishing points in this season,
throughout the BBKL waters, did not significantly differ of the Anambas and Natuna
Islands.

Figure 6. The fishing ground point during the southern monsoon, at each research location:
Area 1 (Bintan, Batam Karimun Lingga), Area 2 (Anambas Islands), and Area 3 (Natuna).
In the western monsoon period (September-November), at the beginning of the rainy
season with an increasing rainfall intensity, in the Natuna seawaters were counted 124
fishing points. The increased rainfall in this monsoon affects the fishing grounds.
However, the sea surface temperature was still warm enough this monsoon.
Consequently, the potential of the fishing grounds did not record a significant increase. In
the western monsoon period, in Bintan, Batam, Karimun and Lingga, there were found
387 points of fishing ground. The dominant distribution points of fishing ground locations
in BBKL were scattered in the Lingga seawaters. During this season, the sea surface
temperature in BBKL is lower than in Natuna and Anambas, and also lower than in the
previous season. In the Anambas seawaters, there were discovered 138 points with
fishing potential, scattered in almost all areas of the Anambas seawaters. In this
monsoon, in the Anambas Islands there was an increased intensity of rainfalls and of
chlorophyll concentrations. Fishing grounds point in the western monsoon are shown in
Figure 7.

Figure 7. The fishing ground points during the western monsoon, at each research location:
Area 1 (Bintan, Batam Karimun Lingga), Area 2 (Anambas Islands), and Area 3 (Natuna).
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Discussion. Our results show that seasonal changes strongly influence each fishing
grounds area in the Riau Islands (BBKL, Anambas Islands, and Natuna) (Figure 8). These
results also support a previous research of Sachoemar (2015), which shows that fishing
grounds are very dynamic being influenced by the seawater conditions’ fluctuations. The
always changing aquatic environmental conditions determine fish migratory movements
for finding the more suitable habitat for living, growing and foraging (Tesfay 2016). A
previous research from Laevastu & Hayes (1981) emphasized that the surrounding
aquatic environment influences the pelagic fish distribution, according to the most
appropriate environmental conditions that suit their organisms. The existence of a
suitable fish habitat depends on several factors, such as the adequate food availability
and safety level, in terms of predators and competitors (Aadland 1993) and the suitable
oceanographic conditions, including the water flow, dissolved oxygen, chlorophyll-a
concentration, density of macro-benthic sediment, pH and particulate organic carbon
(POC) (Ansari et al 2003).
Previous research from Chavula et al (2012) stated that several oceanographic
conditions such as the sea surface temperature, chlorophyll, salinity, ocean depth, and
currents significantly influence the fish habitat and are suitable for an accurate
identification of the fishing ground area. The sea surface temperature and chlorophyll-a
concentration are the two most significant factors for mapping the distribution of fishing
grounds. The chlorophyll-a concentration variable for quantifies the distribution of
phytoplankton biomass which the main fish food, being consideredan indicator of the
trophic state index (Robles-Tamayo et al 2020). The sea surface temperature level (SST)
serves to identify the suitability of the fish habitat distribution (Nurdin et al 2017) for an
increased productivity (Khrystenk et al 2015). The multiple regression of the sea surface
temperature and chlorophyll-a concentration with the catch of pelagic fish in the eastern
monsoon resulted in a correlation coefficient of 0.86 (Masturah et al 2014). The value
means that the relationship between sea surface temperature and chlorophyll-a
concentration with pelagic fish was high. A similar result was obtained by Welliken et al
(2018), using the squared polynomial analysis method between chlorophyll-a and
mackerel fish catch, with a coefficient of determination (R2) of 0.890. The value means
that a proportion of 89% of the mackerel fish catches in the Arafura Sea is affected by
the chlorophyll-a. The correlation coefficient (r) was 0.934, which indicates that the
relationship between chlorophyll-a and mackerel fish catches was strong.

Figure 8. The sea surface temperature value ranges in Riau Archipelago area (Natuna,
Anambas, BBKL), for each monsoon.
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Our results show that the northern monsoon is correlated to the largest number of fishing
ground point locations in the Riau Islands. The distribution of SST in this monsoon has a
significant influence on the distribution of fishing grounds in the Riau Islands because the
sea surface temperature in this monsoon is optimalfor the pelagic fish habitat. In
comparison, the sea surface temperatures in the western monsoon, in most of the Riau
Islands seawaters, increased significantly, causing a decrease of the number of potential
fishing grounds. Nurdin et al (2017) explained that an increase of 1.80°C in the SST
resulted in a drastic decrease in the pelagic fishing potential. Temperature plays an
essential role in the pelagic fish distribution, determining changes in the chlorophyll
concentration in seawaters and acts as an indicator of the fish schooling locations in
tropical oceans (Dutta et al 2016).
In the east and south monsoons, chlorophyll concentration dramatically affects
the potential points of fishing ground (Figure 9). The increase in the number of fishing
grounds in the eastern monsoon in most of the Riau Islands is due to an increase in the
chlorophyll-a concentrations. Sachoemar (2015) showed that the increase of chlorophylla concentration correlates significantly with the fish catch and Nurdin et al (2017)
explained that the increase in the potential fishing zone is caused by a high chlorophyll
concentration (Chla-a). Our results show that an increase in the chlorophyll concentration
the eastern monsoon is due to the effect of high precipitation. Precipitation affects the
enrichment of the coastal area in the BBKL area, due to the enhancement of the nutrient
concentration through several rivers. Sachoemar (2015) also explained that high
precipitation caused the nutrient concentration enrichment. Our study results indicate
that the concentration of chlorophyll-a, especially in the BBKL area, tends to be higher in
in the coastal seawaters and lower in the offshore area. The distribution pattern of
chlorophyll tends to be high in the coastal areas due to the supply of large amounts of
nutrients through run-off from land. Our research also supports the previous research of
Prasetiahadi (1994), which explains that chlorophyll-a in seawater tends to be higher in
the coastal areas than in the offshore areas.

Figure 9. The chlorophyll-a concentration (Chl-a) values range in Riau Archipelago area
(Natuna, Anambas, BBKL), for each monsoon.
Based on our research results, we concluded that a high chlorophyll-a concentration in
the seawater increased the number of potential fishing ground points. During the
observation of the fishing grounds distribution in the Riau Islands area, the chlorophyll-a
concentration values ranged between 0.1-9.41 mg m-3. A too-high value of chlorophyll
concentration can cause eutrophication and algal blooming, impacting the seawater
quality. According to Bohlen & Boynton (1966), the seawaters with a chlorophyll-a
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concentration <15 mg m-3 are categorized as being in good conditions (normal), between
15-30 mg m-3 they are considered as in moderate categories and >30 mg m-3 they are
categorized as poor, indicating the occurrence of eutrophication (polluted). Based on this
classification, the Riau Islands seawaters have a chlorophyll-a concentration suitable for
fisheries. Gower (1972) showed that chlorophyll concentrations above 0.2 mg m-3
indicate the presence of sufficient planktonic biomass to sustain a viable commercial
fishery. Semedi & Hadiyanto (2013) also show that some highly abundant pelagic fish are
mostly captured in the seawater areas with chlorophyll-a concentrations ranging from 0.3
to 2.8 mg m-3.
A comparative study showed that Chl-a concentration are higher near Sumatera
Island, due to the nutrients from the river mouths, the main factor regulating the
phytoplankton development especially nearshore (Damar et al 2020). The distribution of
Chl-a in Anambas and Natuna showed no difference between the monsoon season and
shows that only land on the two islands affects the chlorophyll-a concentration in the two
islands' seawater area. This also indicates that the mainland of Kalimantan and Malaysia
with high chlorophyll-a concentrations and close to the Anambas and Natuna Islands did
not influence chlorophyll-a concentrations in both of seawaters area. This result is similar
to Yu et al (2019), who found a higher Chl-a level near the coast and lower in the South
China Sea. Hao et al (2019) suggest that high Chl-a patterns not only rely on the nutrient
supply, but also relate to light conditions controlled by vertical mixing and suspended
matter. The different Chl-a annual cycles are mainly caused by the fluctuationsof nutrient
concentrations and of light intensity, and thus their distributions tend to vary with the
water depth. According to Martin (2014), phytoplankton is at the base of the marine food
web, also contributing to the global carbon cycle. Chlorophyll-a is an indicator of the
productivity of the waters which has an indirect relationship with the fishing ground.
Siregar & Waas (2006) reported that monsoons and sea surface temperature determined
the distribution of Chl-a, but other environmental factors also influenced it (such as the
atmospheric conditionsand the sea level fluctuations).
The Riau Islands seawaters belong to one of the tropical oceanscharacterized by a
thin, permanent, shallow layer of warm water over deeper, colder water (Stewart 2008).
The variation of the atmospheric circulation in the tropical ocean finds its parallel in a
corresponding variation of the oceanic circulation. Because of the high constancy of the
monsoons and of their regular appearance, the ocean currents show the same
characteristics. The monsoon changes its direction twice a year reversing the winds at
the time of their strongest development, and the oceanic circulation is also reversed in
large areas. Thus, this complete reversal is really typical of the circulation in these waters
(Wyrtki 1961). The sea surface temperature distribution in determined by the rain
intensity. The SSTs during the south and western monsoon were higher than during the
north and eastern monsoon. This phenomenon happens because the north and eastern
monsoon is the rain season, with decreasing SSTs. The annual variability of the SST and
Chl-a is influenced by the monsoon systems (Mashita & Lumban-Gaol 2019). High
concentrations of chlorophyll generally occur during the same monsoon period as the
lowest SST values, although the locations can be different. Low SST and high chlorophyll
indicate upwelling (Mashita & Lumban-Gaol 2019). That’s why many fishing ground spots
occur in western part of Lingga and southern part of Batam. Wyrtki (1961) stated that
over shallow waters, the regeneration of the sinking material occurs at the bottom and
the nutrients can easily be brought into the euphotic zone by vertical mixing.
Consequently, a continuous supply of nutrients to the water masses takes place, enabling
a continuous production. This process makes large parts of the shelves quite fertile and
maintains a big stock of fish.
Conclusions. The remote sensing cross-analysis results between sea surface
temperature and chlorophyll-a concentration, based on differences in monsoons and
using Aqua MODIS satellite images, found that the largest number of fishing ground
spots in the Riau Islands were in the northern season. BBKL was the region with the
largest count of fishing grounds compared to Natuna and Anambas based on three
research areas (Natuna, Anambas, and BBKL) in Riau Islands.
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