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Abstract. The Savu Sea in East Nusa Tenggara Province is an area that is the location of fishing activities
for most fishermen in East Nusa Tenggara. Behind all the potential possessed by the Savu Sea, the
knowledge of the fishing ground is still conventional even though at this time various prediction maps of
fishing ground have been issued which aim to help fishermen determine their fishing area when planning
a voyage. This fishing ground forecast map is based on chlorophyll-a, sea surface temperature, salinity
and current data obtained from NASA which is processed by the Marine Research and Observation Center
which then displays potential fishing ground that have a box view with an accuracy level of 5 square miles.
After that the forecast map of the fishing area will be compared with the fishing positions used by the
fishermen. Through this scientific work, it is hoped that it will be able to become material for study by
fishermen and become data validation by the agency that issued the map. The data collection method is
a survey method and the data analysis method uses descriptive analysis and linear regression analysis.
The results of the observation resulted in a map matching with the fishing position of the fishermen of
13.6% and the highest chlorophyll-a concentration of 1.29 mg m? and the lowest 0.07 mg m* where during
the observation the West Flores area showed the highest concentration constantly. Partially chlorophyll-a
has an effect of 62.2% on the catch, with the catch is dominated by Katsuwonus pelamis by 52%.

Keywords: MODIS, Sea Surface Temperature, Catch Composition, Skipjack tuna (Katsuwonus pelamis).

Introduction. Indonesia is the largest archipelagic country in the world, has a coastline
length of 81,000 km? and a sea area of about 3,100,000 km? (Kusumastanto 1996;
Darsono 1999; Latif et al 2019). An important information that needs to be known in terms
of fisheries resource management, is determining fish growth patterns and catch period,
so fisherman catching only feasible fish category (Nugraha et al 2020b). The province of
East Nusa Tenggara has a sea area of 200,000 km? with a coastline of 5,700 km? (MMAF
2016). In the fisheries and marine sector, Savu Sea which has good fishery potential
(Asagabaldan 2017).

A fishing ground is an area in the waters where there are many fish that are targeted
to be caught and fishing gear can be operated technically and safely (Panjaitan 2014). The
Katsuwonus pelamis is a fast swimming fish and has a greedy eating character and includes
opportunistic predators with food types ranging from small fish (Clupeidae and
Engraulidae), squids, crustaceans and Zooplankton (Tuli et al 2015). K. pelamis live in
groups pelagically in coastal areas to the open sea (Nainggolan 2012). Schooling fish
should be kept as close to the boat as possible so that they can be easily caught using pole
and line fishing rods (Sudirman & Mallawa 2004). The determination of fishing ground can
be expected from the condition of the waters where the habitat of a species. Water
conditions are usually described by oceanographic parameters (Nugraha et al 2020a).

The characteristics of the Sea Surface Temperature (SST) of the K. pelamis fishing
ground are in the range between 29.75 to 30.25°C (Zainuddin et al 2015; Nugraha et al
2020b; Zainuddin 2011). Meanwhile, the potential area has a characteristic chlorophyll-a
concentration of around 0.125 mg m3. This condition is mainly seen in May. The catch of
K. pelamis tends to decline outside of this range, as happened in April (SST conditions are
highest in the Bone-Sea Flores bay). Likewise, when the chlorophyll-a concentration in the
fishing ground has increased significantly, the catch tends to decrease. This means that



there is a certain range of values for the two oceanographic factors that are very suitable
for the presence and abundance of K. pelamis. To knowing the distribution of chlorophyll-
a can be a parameter in identifying the presence of fish in an area of water (Hasyim &
Zainuddin 2008; Laurs et al 1984).

Forecast Maps of Fishing Ground (PPDPI) is the result of research conducted by
Institute for Marine Research and Observation (IMRO) which is an effort to facilitate the
search for fishing grounds in the form of internet information services based on fishing
areas (Sugiari 2015; Panjaitan 2014). PPDPI have been produced and distributed since
2000 for fishing communities in Indonesia (Tambun et al 2018; Farda & Jatisworo 2019).

PDPPI was compiled using remote sensing data which is also widely used to detect
water conditions such as the thermal front (Cayula & Cornillon 1992; Wibawa 2011;
Jatisworo & Murdimanto 2013) and the concentration of chlorophyll-a (Seki et al 2002)
which is one of the indicators of water fertility and school of fish. PDPPI preparation was
carried out using SST and water fertility data (chlorophyll-a) generated from MODIS Aqua
level 3 composite 3 daily with Hierarchical Data Format (HDF) (Komang et al 2015).

Map of prediction of fishing ground that already exists in Indonesia there are still
many weaknesses including the spatial aspect of the point of forecasting far from the coast
and the unclear type of fish predicted. The lack of understanding of the type of fish
predicted, the risk of fishermen carrying the wrong fishing gear so that when reaching the
forecasting location, fishermen can not catch fish that are abundant (Kunarso et al 2019).

Chlorophyll-a is an indicator of the abundance of phytoplankton in waters that play
a role in the photosynthesis process (Huot et al 2007; Zhang & Han 2015). Phytoplankton
contributes to a large extent to determine primary productivity in waters. Organic carbon
production during photosynthesis is defined as primary productivity or Net Primary
Productivity (Lee et al 2016).

Linear regression analysis was carried out on the model of the relationship between
chlorophyll-a concentration and primary productivity. The results of this equation can be
applied to satellite imagery so that it can help in monitoring water quality conditions
(Nuzapril et al 2017). This abundance of phytoplankton will result in the creation of food
chain clusters from phytoplankton to large pelagic fish schools (Sato et al 2015; Behrenfald
et al 2005).
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Figure 1. Map of chlorophyll-a concentration (IMRO 2020).

Remote sensing data can show the variables used in determining fish catchment
areas. One of the remote sensing images used to extract SST and chlorophyll-a information
is @ MODIS image (Nurman 2010; Hakim et al 2006).

Satellite imagery is one of the results of remote sensing technology. One of the
technologies used is the Moderate-resolution Imaging Spectroradiometer (MODIS) which
is one of the sensors belonging to the Earth Observing System (EOS) and is carried by two
vehicles produced by the National Aeronautics and Space Administration (NASA), namely
Terra and Aqua (http://modis.gsfc.nasa.gov 2007).
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The MODIS sensor is a derivative of the Advanced Very High Resolution Radiometer
(AVHRR) sensor, Sea-viewing Wide Field of View Sensor (SeaWIFS) and High Resolution
Imaging Spectrometer (HRS) owned by EOS which has previously orbited, so it can be used
to measure parameters that are in at sea level to the atmosphere, among others, measures
the sea surface temperature, chlorophyll-a concentration, water vapor content and marine
phenomena, such as the occurrence of upwelling, thermal fronts and others
(http://modis.gsfc.nasa.gov 2007).

Material And Method

Description of the study sites. This research was conducted on a pole and line fishing
boat operating in the Flores Sea, East Nusa Tenggara. For satellite image data retrieval is
carried out at the Southeast Research and Ocean Observation Center (SeaCORM)
Jembrana, Bali. The material used is sea water as an object for measuring oceanographic
elements. The methods used in data collection are literature study, interview,
documentation, observation.

Data analysis method

Regression analysis is a statistical analysis that studies the relationship between
two or more variables. In linear regression analysis it is assumed that the form of a linear
relationship in the parameters applies. The simplest linear regression module is linear
regression with one independent variable (Pangestu 2016).

Linear regression is a statistical method used to model the relationship between the
dependent variable (dependent; response; Y) and one or more independent variables
(independent, predictor, X). If there are only one independent variable, it is called simple
linear regression, whereas if there is more than one independent variable, it is called
multiple linear regression. Regression analysis has at least three uses, namely for the
purpose of description of the data phenomenon or the case being studied, for control
purposes, and for predictive purposes.

Simple regression is carried out in stages, namely by connecting the independent
variable (chlorophyll-a) with the dependent variable (tuna catch). In the use of Microsoft
Office Excel to process data, namely by using data analysis then choosing data regression
analysis (Kurniawan 2008). This simple regression analysis was conducted to determine
the relationship between the dependent variable Y (K. pelamis catches) and the
independent variable X (chlorophyll-a). The regression model used is:

Y =a+ bX

Where:

X = Chlorophyll-a

Y = Pole and Line catch

a = constant (intercept), the value of a intersects the Y axis
The value of Y, when X =0

b = regression coefficient

Chlorophyll-a image analysis

Determination of the fishing ground forecast can be predicted from the parameters
of sea surface temperature and chlorophyll-a. The analysis of the distribution of sea surface
temperature and chlorophyll-a can use level 1b and level 2 Modis images. The Algorithm
Theoretical Basic Document Modis (ATBD) 25 is used to determine sea surface temperature
and the Morel 4 Algorithm is used to determine chlorophyll-a. Modis image level 1b and 2
using the RMSE test calculation (Chavula 2012).

From the two Root Mean Squared Error (RMSE) tests carried out between the field
data and the Modis image data level 1b and level 2, the better and more accurate RMSE
value is obtained from the smallest RMSE sum value, namely the Level 2 Modis image with
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an RMSE value of chlorophyll-a of 0.090315. So in determining the best fishing ground
forecast is to use Level 2 Modis Image (Febriani & Sukojo 2016).

Results and Discussion

Fishing Ground. In this study we used pole and line fishing boat (figure 2) that operates
in Savu sea, Flores, East Nusa Tenggara.

r.

Figure 2. Pole and Line fishing boat

Composition and comparison of catches with the number of settings.
1. In November 2019 the ship made one trip with a catch of K. pelamis 1,020 kg.

2. In December 2019 the ship made 16 trips with a catch of 28,220 kg. The fishing season
generally reaches a turning point in the middle of January and in December, according
to the graph, the catch will decrease as the wind season has entered.

3. InJanuary 2020 the catch obtained was 7,990 kg. January is generally the start of the
wind season, so ships rarely go to sea.

4. In February 2020 the catches were dominated by K. pelamis and T. albacares. In
February, fishermen said it was generally the peak of the wind season so that the catch
was not good, this lasted until the middle or end of March.

5. In March 2020 the catches were dominated by K. pelamis and T. albacares, but unlike
the previous month, this month, C. hippurus and E. bipinnulata were obtained. In
March 2020 the fishermen began to increase the intensity of their trips, but taking into
account the strength of the wind and the availability of bait.

The composition of the catch for 5 months can be seen in table 1 below:

Table 1
Comparison of catching with the number of settings

Period / Kg November December  January February March

Number of setting (times) 2 43 14 15 13

K. pelamis 1,020 15,300 2,890 6,290 7,480
T. albacares 0 9,520 2,040 5,440 4,250
C. hippurus 0 1,870 1,870 0 1,360
E. bipinnulata 0 1,530 1,190 0 1,870
Total 1,020 28,220 7,990 11,730 14,960
Catch rate per setting 510 656.28 570.71 782 1,150

or we can be seen in the figure 3 below:
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Figure 3. Total catch (November 2019 to March 2020)

Based on the graph above, there is a decrease in the catch during the 4 months
fishing. The lowest catch was obtained in January with a total catch of 7,990 kg consisting
of K. pelamis 2,890 kg, T. albacares 2,040 kg and others were E. bipinnulata and C.
hippurus. Meanwhile, the highest catch was obtained in December is 28,220 kg, dominated
by K. pelamis with 15,300 kg and T. albacares 9,520 kg. In 2016, Kupang Regency was
the largest supplier of K. pelamis in East Nusa Tenggara (MMAF 2018)

Catch Composition. If we see in Table 2 and figure 4 below, it is shown that K. pelamis
is the most dominant catch that lands at Tenau port and fishing port around Kupang city,
East Nusa Tenggara. This is in accordance with the statement and validating data from the
Fisheries Service of the Province of East Nusa Tenggara that K. pelamis 52% is one of the

main commodities produced in Kupang, followed by 33% T. Albacares, 7% C. hippurus and
8% E. bipinnulata.

Table 2
Catch rated per setting
Name of Fish Amount (kg) Catch Percentage (%)
K. pelamis 32,980 52
T. albacares 21,250 33
C. hippurus 4,590 7
E. bipinnulata 5,100 8
Total Catching 63,920 100
Catch rate per setting 734.71 1.14

The percentage Catching composition can see in Figure 4 below:

Percentage of Catch
Composition
B K. pelamis
m T. Albacares
C. hippurus

B E. bipinnulata

Figure 4. Catch composition diagram
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Conformity between of the Fishing ground and PPDPI. Fishing is carried out on FADs
that have been installed and with the position of FADs stored on the GPS of each ship. The
following is a map of the fishing grounds with the positions of the FADs. Figure 5 below
shows the fishing ground for 5 months of fishing:
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Figure 5. Fishing ground

Forecast Map of Fishing Ground (PPDPI)

1.

In November the PPDPI that can be used is 29 to 30 November 2019. On this map the
potential fishing ground are around the northwest of Timor Island with an area of 150
NM.

In December, 15 files were issued with an interval of 2 days. At PDPPI 11 to 12
December 2019, the recommended fishing areas are south of Savu Island, northeast
of Sumba Island and north of Rote Island, as well as many other areas with an area of
more than 300 NM (IMRO 2019).

In January the PPDPI issued which corresponds to the time of the Catching trip, only 1
file out of 7 uploaded files. On the 31 December to 01 January map, the potential fishing
grounds are around the southeast of Sumba Island which is one with the western area
of Savu Island with an area of more than 300 NM (IMRO 2020).

In February the PPDPI uploaded as many as 10 files and there are 3 files that
correspond to the time of the catching trip. One suitable file is on the 26 to 27 February
map with the recommended fishing area just north of Sumba Island with an area of
300 NM. Other areas do not show signs of potential fishing grounds (IMRO 2020).

In March there were 4 files that were used because they matched the time of the
catching trip. March should be the turning point of the monsoon season that occurs in
East Nusa Tenggara but each region has a different time. One of the maps is the 16 to
17 March map, the areas that are recommended for fishing activities are in the south
of Sumba Island and northeast of Sumba Island with an area of more than 300 NM,
there is also one point with an area of 50 NM located on Semau and Kupang islands
(IMRO 2020).
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Figure 6. PPDPI period in November (1), Desember (2) (IMRO 2019); Januari (3),
Februari (4), Maret (5) (IMRO 2020).

Compatibility between the Fishing Ground and PDPPI. The total trips was made and
matched with the availability of PDPPI, there were only 17 files that matched the time of
the fishing trip. For 4 months there were 17 map files forecasts of fishing ground used with
a total of 44 settings (table 3).
Table 3
Compatibility positions of fishing ground with PPDPI

No Settin Position Klorofil-a Information
9 Latitude Longitude (mg m-3)
1 100 12' 27" S 121940' 16" E 0.41 Inappropriate
1 2 10°09' 43" S 1210 37' 40" E 0.31 Inappropriate
1 099 56' 38" S 1220 25' 03" E 0.3 Appropriate
2 2 109 42' 09" S 121950' 28" E 0.27 Inappropriate
3 100 26' 28" S 122047' 58" E 0.27 Appropriate
1 090 32' 11" S 123920'42" E 0.24 Inappropriate
3 2 099 45' 37" S 1230 13'20" E 0.22 Inappropriate
1 10904' 18" S 122032' 21" E 0.27 Appropriate
4 2 100 28' 31" S 1220941' 16" E 0.31 Inappropriate
3 100 12' 31" S 122005 10" E 0.33 Appropriate
1 10940' 10" S 1220 15'30" E 0.29 Inappropriate
5 2 09° 40' 33" S 122055' 15" E 0.39 Inappropriate
6 1 090 31'40" S 123905'09" E 0.21 Inappropriate
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2 092 05' 45" S 123900' 41" E 0.28 Inappropriate
3 09047' 16" S 1220 58' 34" E 0.13 Inappropriate
1 09°940'08" S 1230 22' 31" E 0.29 Inappropriate
7 2 092 50' 28" S 122053'17" E 0.30 Inappropriate
1 100 38' 15" S 121940' 30" E 0.41 Inappropriate
8 2 10°42' 09" S 121050' 28" E 0.38 Inappropriate
3 100 49' 25" S 121901' 51" E - Inappropriate
1 090 32'11" S 123020'42" E 0.28 Inappropriate
9 2 09945'37" S 123°913' 20" E 0.24 Inappropriate
3 099 54' 26" S 123901' 51" E - Inappropriate
1 10021'15" S 122035' 07" E 0.45 Inappropriate
10 2 10°910'35" S 122005' 37" E - Inappropriate
3 10003'47" S 122045'10 " E 0.54 Appropriate
1 099 40' 36" S 1220 05' 15" E 0.8 Inappropriate
11 2 09° 50' 17" S 1210 35' 20" E 1.1 Inappropriate
1 092 30' 14" S 122050' 33" E - Inappropriate
12 2 090 21' 52" S 123900' 16" E - Inappropriate
1 109 40' 16" S 1239 41'40" E - Inappropriate
13 2 109 39'13" S 123945' 36" E - Inappropriate
3 109 40' 41" S 1230940' 22" E - Inappropriate
1 099 50' 20" S 122010' 31" E - Inappropriate
14 2 090 18' 50" S 1229 46' 15" E - Inappropriate
3 092 30' 16" S 123901' 51" E - Inappropriate
1 100 03' 15" S 122045' 17" E 0.31 Inappropriate
15 2 10° 03' 40" S 1210 48' 29" E - Inappropriate
1 10° 08' 36" S 123907' 12" E - Inappropriate
16 2 100 15' 53" S 122046' 41" E - Inappropriate
3 100 03'09" S 1220 53' 08" E - Inappropriate
1 090 29' 21" S 122030' 14" E 0.6 Inappropriate
17 2 090 50' 15" S 1220 30' 35" E 0.54 Inappropriate
3 099 55' 23" S 1210 20' 54" E 0.49 Appropriate

The method used to determine the suitability of fishing grounds with PDPPI issued
by IMRO uses a comparison method between the position of the fishing area that has been
carried out with the position of the forecast map of the appropriate fishing area on that
date. After being matched from 44 setting positions, there are 6 positions that are in
accordance with PDPPI, so it can be concluded by calculating the suitable position points
compared to the total number of positions carried out multiplied by 100%, the level of
compatibility of the fishing ground of fishermen with PDPPI which has a current reference
is obtained, chlorophyll-a and sea surface temperature have a match rate of 13.6%. Not
all fishing trips can be used as a reference in determining suitability, because PDPPI cannot
be uploaded every day because it is limited by the availability of images obtained from the
NASA website.

With a match rate of 13.6%, it can be said that fishermen using FADs have sufficient
accuracy in determining fishing grounds.

Concentration and Distribution of chlorophyli-a. Chlorophyll-a concentrations can be
obtained by downloading data levels 1, 2 and 3 on the NASA website. Data needs in a
longer time span such as months and years can use level 3 image data with better quality
than others, but level 3 images only contain one specific information depending on what is
needed. In this study, the basis used is a level 3 image which only requires chlorophyll-a
information with a time span of months. In Figure 7 and Table 4 the following is image
data for chlorophyll-a concentration level 3:
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Figure 7. Concentration of chlorophyll-a map (www.oceancolour.gsfc.nasa.gov)

By looking at the distribution map of chlorophyll-a concentrations (table 4) that
has been obtained from November to March, it shows that around the west of Flores Island,
Sumba Island and also Larantuka have very thick chlorophyll-a concentrations and it is
indicated that a food chain occurs in the area.
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Table 4
Concentration and Distribution of chlorophyll-a

Period November December January February March
Concentration
of chlorophyll-a

(mg m3)
a. Lowest 0.07 0.08 0.08 0.08 0.08
b. Highest 1.29 1.14 1.15 1.19 1.17
Average Value 0.2 0.3 0.2 0.2
(mg m3)
Distribution North of West of Flores Kupang city, Kupang city, = Kupang city,
Center Kupang city, Sabu Island, Rote Island, west of
Sabu Island, Rote Island, and west of Flores
and west of and west of Flores
Flores Flores
Compatibility Appropriate Inappropriate Appropriate Appropriate  Inappropriate
Level
Conclusion

Based on the results of the study it can be concluded:

1. Simultaneously, chlorophyll-a had an effect of 62.2% on the catch. The highest
concentration of chlorophyll-a recorded was 1.29 mg m™3 and the lowest was 0.07 mg
m-3,

2. The fishing area used by fishermen has a level of conformity with the forecast map for
fishing areas of 13.6%.

3. Not all fishing trips can be used as a reference in determining the suitability of fishing
grounds with PDPPI, because not every day PPDPI can be uploaded because it is limited
by the availability of images obtained from the NASA website.
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Comparison between fisherman fishing ground

and the forecast map of fishing ground (PPDPI)
based on chlorophyll-a in the Savu Sea, Indonesia

IMaman Hermawan, I Nyoman Radiarta, 'I Gusti B. E. K. Bayu, 'Erick
Nugraha

! Faculty of Fishing Technology, Jakarta Technical University of Fisheries, Pasarminggu,
South Jakarta, Indonesia; 2 Institute for Marine Research and Observation, Negara,
Jembrana, Bali, Indonesia. Corresponding author: E. Nugraha,
nugraha_eriql@yahoo.co.id

Abstract. The Savu Sea in East Nusa Tenggara Province is the location of fishing activities for most
fishermen in East Nusa Tenggara. Despite its potential, the knowledge of the fishing ground is still
conventional. Currently, predictive methods for trips planning are available, such as the fishing ground
forecast maps based on the chlorophyll-a, sea surface temperature and salinity. The related data are
provided by NASA, being processed by the Marine Research and Observation Center to display the
potential fishing ground as a box view with an accuracy level of 5 square miles. Eventually, the forecast
map of the fishing area will be compared with the fishing locations known by the fishermen, for
validation The data collection used a survey method and the data analysis used both a descriptive
analysis and the linear regression. The forecast maps matched with the observed fishing locations at
only 13.6%. The highest recorded chlorophyll-a concentration was of 1.29 mg m= (constantly observed
in the West Flores) and the lowest was of 0.07 mg m3. The chlorophyll-a has an effect on 62.2% of the
catch and 52% of the catch is composed of Katsuwonus pelamis

Key Words: MODIS, sea surface temperature, catch composition, Katsuwonus pelamis.

Introduction. Indonesia is the largest archipelagic country in the world, having a
coastline length of 81,000 km? and a sea area of about 3,100,000 km? (Kusumastanto
1996; Darsono 1999; Latif et al 2019). Managing the fisheries resource requires to
determine the fish growth patterns and the catch period, in order to avoid over-
exploitation (Nugraha et al 2020b). The province of East Nusa Tenggara has a sea area of
200,000 km? with a coastline of 5,700 km? (MMAF 2016). Savu Sea has a good potential
for the fisheries and the whole marine sector (Asagabaldan 2017). A-fishinggreund-isan

the-fishing—gear-can-be-operated-technicaly—and-safely-{(Panjaitan—2014)- Fishing area is
an area where fish are caught in maximum amount and fishing gear can be operated
economical. Assessment and mapping of fishing areas are needed in fishing effort
(Nusantara et al 2014). The Katsuwonus pelamis is a fast swimming fish and has the
greedy character of an opportunistic predator, with food types ranging from small fish
(Clupeidae and Engraulidae), squids, crustaceans and zooplankton (Tuli et al 2015). K.
pelamis is a pelagic fish living in groups, from the coastal areas to the open sea
(Nainggolan 2012). Schooling fish should be kept as close to the boat as possible so that
they can be easily caught using pole and line fishing rods (Sudirman & Mallawa
}2994\20 12). The fishing grounds are determined by the waters’ condition in the habitat of

Commented [A1]: Please reformulate to be clear: the idea is to
confirm the chlorophyll maps-predicted fishing grounds via field
observation and fishermen consultation.

AACL Bioflux, 2021, Volume 14, Issue x. 1
http://www.bioflux.com.ro/aacl

[" d [WU2]: 2012 in the references.

[Commented [A3R2]: Corrected thank you




a species. Water conditions are usually described by oceanographic parameters (Nugraha
et al 2020a).

The Sea Surface Temperature (SST) of the K. pelamis fishing ground ranges from
29.75 to 30.25°C (Zainuddin et al 2015; Nugraha et al 2020b; Zainuddin 2011).
Meanwhile, the potential area has a characteristic chlorophyll-a concentration of around
0.125 [mg m-3. This condition is mainly seen in May. Outside of this range, the catch of K.

pelamis tends to decline, as it happens in April (when the SST values in the Bone-Sea
Flores bay are the highest). Likewise, when the chlorophyll-a concentration in the fishing
ground significantly increase and the catch tends to decrease. This means that there is a
certain range of values for the two oceanographic factors that are very suitable for the
presence and abundance of K. pelamis. The distribution of chlorophyll-a can be a
parameter used for identifying the presence of fish in a water area (Hasyim & Zainuddin
2008; Laurs et al 1984).

The Forecast Maps of Fishing Ground (PPDPI) is the result of a research conducted
by the Institute for Marine Research and Observation (IMRO) in order to identify fishing
grounds, based on an internet service of information on the fishing areas characteristics
(Sugiari 2015). PPDPI have been produced for and distributed to the fishing communities
of Indonesia, since 2000 (Tambun et al 2018; Farda & Jatisworo 2019). PDPPI was
compiled using remote sensing data which is also widely used to detect water conditions
such as the thermal front (Cayula & Cornillon 1992; Wibawa 2011; Jatisworo &
Murdimanto 2013) and the concentration of chlorophyll-a (Seki et al 2002) which is one
of the indicators of water fertility and school of fish. PDPPI preparation was carried out
using SST and water fertility data (chlorophyll-a) generated from MODIS Aqua level 3
daily composites, in the Hierarchical Data Format (HDF) [(Kemang Suniada et al 2015)|
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The predictive maps of fishing grounds that already exists in Indonesia still have
many weaknesses, including the spatial aspect of the points of forecasting located far
from the coast and the uncertainty of the predicted type of fish. Thus, if inappropriate
gear is selected for the fishing trip, the catch productivity is negatively affected, even in
presence of abundant fish populations (Kunarso et al 2019).

Chlorophyll-a is an indicator of the abundance of phytoplankton in waters, playing
a role in the photosynthesis process (Huot et al 2007; Zhang & Han 2015).
Phytoplankton contributes to a large extent to determine primary productivity in waters.
Organic carbon production during photosynthesis is defined as primary productivity or
Net Primary Productivity (Lee et al 2016).

Linear regression analysis was carried out on the model of the relationship
between chlorophyll-a concentration and primary productivity. The results of this
equation can be applied to the satellite imagery so that it can help to monitor the water
quality conditions (Nuzapril et al 2017). This abundance of phytoplankton will result in
the creation of food chain clusters from phytoplankton to large pelagic fish schools (Sato
et al 2015; Behrenfald et al 2005).

Chlarophyll a concentration ( mg

o om0l 03 1 3

AACL Bioflux, 2021, Volume 14, Issue x. 2
http://www.bioflux.com.ro/aacl

Commented [A7R6]: Corrected : full named is Iwan Komang
Suniada. Thank you.




Figure 1. Map of chlorophyll-a concentration (IMRO 2020).

Remote sensing data can show the variables used in determining fish catchment areas.
Certain remote sensing images used to extract SST and chlorophyll-a information are
provided by the MODIS program (Nurman 2010; Hakim et al 2006).

Satellite imagery is one of the applications of the remote sensing technology. The
Moderate-resolution Imaging Spectroradiometer (MODIS) technology uses sensors
belonging to the Earth Observing System (EOS), carried by two satellites produced by the
National Aeronautics and Space Administration (NASA), namely Terra and Aqua
(http://modis.gsfc.nasa.gov 2007).

The MODIS sensor is a derivative of the Advanced Very High Resolution
Radiometer (AVHRR) sensor, Sea-viewing Wide Field-of-View Sensor (SeaWIFS) and High
Resolution Imaging Spectrometer (HRS) owned by EOS, which has previously orbited, so
it can be used to measure sea and atmosphere-level parameters (such as the sea surface
temperature, chlorophyll-a concentration and water vapor content) and marine
phenomena (such as the occurrence of upwelling, thermal fronts and others)
(http://modis.gsfc.nasa.gov 2007).

Material and Method

Description of the study sites. This research was conducted on a pole and line fishing
boat operating in the Flores Sea, East Nusa Tenggara. The satellite image data retrieval
was carried out at the Southeast Research and Ocean Observation Center (SeaCORM)
Jembrana, Bali. The material used consisted of sea water samples for measuring
oceanographic elements. The methods used in data collection are literature study,
interview, documentation and observation.

Data analysis method. Regression analysis is a statistical analysis that studies the
relationship between two or more variables. In the linear regression analysis it is
assumed that the this relationship is a linear combination, the simplest case consisting of
one independent variable (Pangestu 2016).

Linear regression is a statistical method used to model the relationship between
the dependent variable (dependent; response; Y) and one or more independent variables
(independent, predictor, X). If there is only one independent variable, it is called simple
linear regression, whereas if there is more than one independent variable, it is called
multiple linear regression. Regression analysis has at least three use cases, namely for
data description, for control and for predictive purposes.

Simple regression is carried out in stages, namely by connecting the independent
variable (chlorophyll-a) with the dependent variable (tuna catch, using the data
regression analysis function of Microsoft Office Excel (Kurniawan 2008). This simple
regression analysis was conducted to determine the relationship between the dependent
variable Y (K. pelamis catches) and the independent variable X (chlorophyll-a). The
regression model used is:

Y=a+ bX
Where:
X - chlorophyll-a;
Y - pole and line catch;
a - the constant (intercept) is the value of Y, when X = 0 which equals the value of a
where it intersects the Y axis;
b - regression coefficient.

Chlorophyll-a image analysis. The fishing ground forecast can be predicted from the
parameters of SST and chlorophyll-a. The analysis of the distribution of SST and
chlorophyll-a can use level 1b and level 2 Modis images. The Algorithm Theoretical Basic
Document Modis (ATBD) 25 is used to determine SST and the Morel 4 Algorithm is used
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to determine the chlorophyll-a. The Modis image levels 1b and 2 use the RMSE test
calculation (Chavula 2012).

From the two Root Mean Squared Error (RMSE) tests carried out between the field

data and the Modis image data levels 1b and level 2, more accuratevalues were obtained
from the smallest RMSE sum value, namely the Level 2 Modis image, with an RMSE value
of chlorophyll-a of 0.090315. So the best fishing ground forecast can be determined
through Level 2 Modis Images (Febriani & Sukojo 2016).

Results and Discussion

Fishing ground. In this study we used a pole and line fishing boat (Figure 2) that
operates in Savu sea, Flores, East Nusa Tenggara.

I —

Figure 2. Pole and line fishing boat.

Composition and comparison of catches with the number of settings.

1.
2.

In November 2019 the ship made one trip with a catch of K. pelamis of 1,020 kg.

In December 2019 the ship made 16 trips with a catch of 28,220 kg. The fishing
season generally reaches a turning point in the middle of January and in December,
according to the graph, the catch will decrease as the wind season arrives.

In January 2020 the catch obtained was of 7,990 kg. January is generally the start of
the wind season, so ships rarely go to sea.

In February 2020 the catches were dominated by K. pelamis and T. albacares.
According to the fishermen, February was generally the peak of the wind season, so
that the catch was not good, until the middle or end of March.

In March 2020 the catches were dominated by K. pelamis and T. albacares, but
unlike in the previous month, C. hippurus and E. bipinnulata were also obtained. In
March 2020 the fishermen began to increase the intensity of their trips, but taking
into account the strength of the wind and the availability of bait.

The composition of the catch for 5 months can be seen in Table 1 below:

Table 1
Comparison of catch volumes with the number of settings
Volumes / Period November  December January February March
Number of setting (times) 2 43 14 15 13
K. pelamis (kg) 1,020 15,300 2,890 6,290 7,480
T. albacares (kg) 0 9,520 2,040 5,440 4,250
C. hippurus (kg) 0 1,870 1,870 0 1,360
E. bipinnulata (kg) 0 1,530 1,190 0 1,870
Total (kg) 1,020 28,220 7,990 11,730 14,960
Catch rate per setting 510 656.28 570.71 782 1,150
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Catch frequencies can also be visualized in Figure 3, below(:|

Total Catch from Novemberto March

18000
16000
14000
12000
10000

8000

6000
4000 I
2000

" = i

MNovember December January February March

Amount catch (kg}

W K. Pelamis T. Albacares Coryphaena hippurus Elagatis bipinnulata

Figure 3. Total catch (November 2019 to March 2020).

Based on the graph above, there is a decrease in the catch volumes during the 4 months
of fishing. The lowest catch was obtained in January with a total of 7,990 kg, consisting
of: K. pelamis (2,890 kg), T. albacares (2,040 kg) and others, such as E. bipinnulata and
C. hippurus. Meanwhile, the highest catch was obtained in December is 28,220 kg,
dominated by K. pelamis with 15,300 kg and T. albacares with 9,520 kg. In 2016,
Kupang Regency was the largest supplier of K. pelamis in East Nusa Tenggara (MMAF
2018).

Catch composition. If we see in Table 2 and figure 4 below, it is shown that K. pelamis
is the most dominant catch that lands at Tenau port and at the fishing port around
Kupang city, East Nusa Tenggara. This is in accordance with the data from the Fisheries
Service of the Province of East Nusa Tenggara, suggesting that K. pelamis is one of the
main commodities produced in Kupang, with 52%, followed by T. albacares, with 33%,
C. hippurus, with 7% and E. bipinnulata, with 8%.

Table 2
Catch rated per setting
Name of fish Amount (kg) Catch percentage (%)
K. pelamis 32,980 52
T. albacares 21,250 33
C. hippurus 4,590 7
E. bipinnulata 5,100 8
Total catching 63,920 100
Catch rate per setting 734.71 1.14

The catch compositions (in %) can be seen in Figure 4, below.
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Figure 4. Catch composition diagram.

Conformity between of the fishing ground and PPDPI. Fishing is carried out on
FADs that have been installed, with the position of the FADs stored on the GPS of each
ship. The following is a map of the fishing grounds with the positions of the FADs. Figure
5 below shows the fishing ground for 5 months of fishing:
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Figure 5. Fishing ground.

Forecast map of fishing ground (PPDPI).
1. In November the PPDPI that can be used correspond to 29 to 30 November 2019. On
this map, the potential fishing ground are around the northwest of Timor Island with

an area of 150 [N ML [f' ted [A10]: ? area unit, please.

Commented [A11R10]: Ya, NM or nautical mile is a unit of
length used in air, marine, and space navigation, and for the

2. In December, 15 files were issued with an interval of 2 days. AtPBPPI 11 to—12

© thba a ahd ethe e th—an a definition of territorial waters.

of more—than—300-NM [[In the PDPPI 11 to 12 December 2019, the fishing areas that [r. ted [A12]: Please reformulate

recommended are in the south of Sawu Island, northeast of Sumba Island and north
of Rote Island, as well as many other areas with an area of more than 300 NM (IMRO
2019).

3. In January, only 1 file out of 7 uploaded PPDPI files issued corresponded to the time
of the fishing trip. On the 31 December to 01 January map, the potential fishing
grounds were located around the southeast of Sumba Island, west of Savu Island,

with an area of more than 300 NM (IMRO 2020). (c d [A13]: Please correct the unit
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4. 1In February, as many as 10 PPDPI files were uploaded and 3 files corresponded to the
time of the fishing trip. One of the suitable map files was issued on the 26 to 27
February recommending fishing zones located north of Sumba Island with an area of
300 NM. Other areas do not seem to be potential fishing grounds (IMRO 2020).

5. In March there were 4 files matching, at the time of the fishing trip. March should be
the turning point of the monsoon season that occurs in East Nusa Tenggara, but each
region has a different time. One of the maps is the 16 to 17 March map, the areas
that are recommended for fishing activities are in the south of Sumba Island and
northeast of Sumba Island, with an area of more than 300 [NM. There was also one
point with an area of 50 NM located on Semau and Kupang islands (IMRO 2020).

Hindia Ocean

Foggimdio L
{ Hindia Ocean

(5)
Figure 6. PPDPI period in November (1), December (2) (IMRO 2019); January (3),
February (4), March (5) (IMRO 2020).

Compatibility between the fishing ground and PDPPI. Of all trips with available
PDPPI, there were only 17 files that matched, at the time of the fishing trip. For the 4
months period, 17 maps of fishing ground forecasts were used, with a total of 44 settings
(Table 3).

The method used to determine the suitability of fishing grounds with PDPPI,
issued by IMRO, uses a comparison method between the position of the actual fishing
area and the status of the same location on the forecast map, on that date. From 44
setting positions, 6 positions were in accordance with the PDPPI, which corresponds to a
match rate of 13.6%, in terms of chlorophyll-a and SST. When the daily PDPPI images
from the NASA website are not available, the fishing trips cannot be used as a reference
in determining their suitability.

With a match rate of 13.6%, it can be said that fishermen using FADs have
sufficient accuracy in determining fishing grounds
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Compatibility of the fishing ground with the PPDPI

Table 3

Position

Chllorophyll-a

No  Setting Latitude Longitude (mg m™3) Information
1 1 100 12' 27" S 121940' 16" E 0.41 Inappropriate
2 10°09'43"S 121°937' 40" E 0.31 Inappropriate
1 09°56' 38" S 1220 25' 03" E 0.3 Appropriate
2 2 10°42' 09" S 121950' 28" E 0.27 Inappropriate
3 100 26' 28" S 122047'58"E 0.27 Appropriate
3 1 09°32'11"S 123°20'42" E 0.24 Inappropriate
2 09945'37"S 123913' 20" E 0.22 Inappropriate
1 10°04'18"S  122032' 21" E 0.27 Appropriate
4 2 10° 28' 31" S 122041' 16" E 0.31 Inappropriate
3 100 12' 31" S 122005 10" E 0.33 Appropriate
5 1 10040' 10" S 122015'30"E 0.29 Inappropriate
2 09°40'33"S 122055' 15" E 0.39 Inappropriate
1 09° 31'40" S 123°05' 09" E 0.21 Inappropriate
6 2 09° 05' 45" S 123°00' 41" E 0.28 Inappropriate
3 09°47'16" S 122058' 34" E 0.13 Inappropriate
7 1 09°40' 08" S 123922'31"E 0.29 Inappropriate
2 09° 50' 28" S 122053'"17"E 0.30 Inappropriate
1 100 38' 15" S 121°40' 30" E 0.41 Inappropriate
8 2 10042' 09" S 121°950' 28" E 0.38 Inappropriate
3 100 49' 25" S 121°01' 51" E - Inappropriate
1 099 32'11"S 123920'42" E 0.28 Inappropriate
9 2 09°45'37" S 123°13' 20" E 0.24 Inappropriate
3 09°54' 26" S 123°01'51"E - Inappropriate
1 10021' 15" S 1220 35' 07" E 0.45 Inappropriate
10 2 100 10' 35" S 122005'37"E - Inappropriate
3 10°03'47" S 12294510 " E 0.54 Appropriate
11 1 09°40' 36" S 122°005' 15" E 0.8 Inappropriate
2 09°50'17"S 121°35' 20" E 1.1 Inappropriate
12 1 09° 30' 14" S 122950' 33" E - Inappropriate
2 09° 21' 52" S 123°00' 16" E - Inappropriate
1 100 40' 16" S 123941'40"E - Inappropriate
13 2 10039'13"S 123945' 36" E - Inappropriate
3 10040'41" S 123940' 22" E - Inappropriate
1 09°50' 20" S 1220910'31"E - Inappropriate
14 2 09° 18' 50" S 122046' 15" E - Inappropriate
3 09° 30' 16" S 123°01' 51" E - Inappropriate
15 1 10°03' 15" S 122945' 17" E 0.31 Inappropriate
2 10°03'40" S 121°948' 29" E - Inappropriate
1 10°08' 36" S 123907' 12" E - Inappropriate
16 2 100 15' 53" S 122046' 41" E - Inappropriate
3 10°03' 09" S 122053' 08" E - Inappropriate
1 09° 29' 21" S 122°30' 14" E 0.6 Inappropriate
17 2 09°50' 15" S 1220 30' 35" E 0.54 Inappropriate
3 09° 55' 23" S 121°20' 54" E 0.49 Appropriate

Concentration and distribution of chlorophyll-a. Chlorophyll-a concentrations can be
obtained by downloading data levels 1, 2 and 3 on the NASA website. Data needs in a
longer time span such as months and years can use level 3 image data with better
quality than others, but level 3 images only contain one specific information depending
on what is needed. In this study, the basis used is a level 3 image which only requires
chlorophyll-a information with a time span of months. In Figure 7 and Table 4 the
following is image data for chlorophyll-a concentration level 3.
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Chlorophyll-a concentrations can be obtained by downloading data levels 1, 2 and 3 from
the NASA website. Data needs in a longer time span such as months and years can use
level 3 image data with better quality than the others, but only containing one specific
information, depending on what is needed. In this study, the basis used is a level 3 image
which only requires chlorophyll-a information with a time span of months. Figure 7
images and Table 4 data correspond to level 3 chlorophyll-a concentration.
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Figure 7. Concentration of chlorophyll-a map (www.oceancolour.gsfc.nasa.gov).
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The distribution map of chlorophyll-a concentrations (Table 4) from November to March,
shows elevated values around the west of Flores Island, Sumba Island and also
Larantuka, suggesting that food chain occur in the area.

Table 4
Concentration and distribution of chlorophyll-a
Period November December January February March
Concentration
of chlorophyll-
a (mg m3)
a. Lowest 0.07 0.08 0.08 0.08 0.08
b. Highest 1.29 1.14 1.15 1.19 1.17
Average Value 0.2 0.3 0.2 0.2 0.2
(mg m~)
North of Kupang
o Kupang city, Sabu  Kupang city, .
Distribution city, Sabu West of Island, Rote Rote Island, Kupang city,
center west of
Island, and Flores Island, and and west of
Flores
west of west of Flores
Flores Flores
ComIZ?/te'F'“ty Appropriate Inappropriate Appropriate Appropriate Inappropriate

Conclusions. Based on the results of the study it can be concluded: simultaneously,
chlorophyll-a had an effect of 62.2% on the catch. The highest concentration of
chlorophyll-a recorded was 1.29 mg m™ and the lowest was 0.07 mg m3; the fishing
area used by fishermen has a level of conformity with the forecast map for fishing areas
of 13.6%; Not all fishing trips can be used as a reference in determining the suitability of
fishing grounds with PDPPI, because not every day PPDPI can be uploaded because it is
limited by the availability of images obtained from the NASA website.
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The suitability of the fishing ground with the
forecast map of the fishing ground (PPDPI) in

- H H Commented [A1]: Please reformulate to be clear: the idea is to
terms Of Chlorophyll a In the Savu Sea’ IndoneSIa‘ confirm the chlorophyll maps-predicted fishing grounds via field
!Maman Hermawan, 2I Nyoman Radiarta, I Gusti B. E. K. Bayu, Erick observation and fishermen consultation.

Nugraha

! Faculty of Fishing Technology, Jakarta Technical University of Fisheries, Pasarminggu,
South Jakarta, Indonesia; 2 Institute for Marine Research and Observation, Negara,
Jembrana, Bali, Indonesia. Corresponding author: E. Nugraha,
nugraha_eriql@yahoo.co.id

Abstract. The Savu Sea in East Nusa Tenggara Province is the location of fishing activities for most
fishermen in East Nusa Tenggara. Despite its potential, the knowledge of the fishing ground is still
conventional. Currently, predictive methods for trips planning are available, such as the fishing ground
forecast maps based on the chlorophyll-a, sea surface temperature and salinity. The related data are
provided by NASA, being processed by the Marine Research and Observation Center to display the
potential fishing ground as a box view with an accuracy level of 5 square miles. Eventually, the forecast
map_of the fishing area will be compared with the fishing locations known by the fishermen, for
validation The data collection used a survey method and the data analysis used both a descriptive
analysis and the linear regression. The forecast maps matched with the observed fishing locations at
only 13.6%. The highest recorded chlorophyll-a concentration was of 1.29 mg m= (constantly observed
in the West Flores) and the lowest was of 0.07 mg m-. The chlorophyll-a has an effect on 62.2% of the
catch and 52% of the catch is composed of Katsuwonus pelamis

Key Words: MODIS, sea surface temperature, catch composition, Katsuwonus pelamis.

Introduction. Indonesia is the largest archipelagic country in the world, having a
coastline length of 81,000 km? and a sea area of about 3,100,000 km? (Kusumastanto
1996; Darsono 1999; Latif et al 2019). Managing the fisheries resource requires to
determine the fish growth patterns and the catch period, in order to avoid over-
exploitation (Nugraha et al 2020b). The province of East Nusa Tenggara has a sea area of
200,000 km? with a coastline of 5,700 km? (MMAF 2016). Savu Sea has a good potential
for the fisheries and the whole marine sector,(Asagabaldan 2017).Indenesia-is-thetargest

i gie-cotn inthe-werldh 0 e o 000- 1t —and-a-sea—area-ot
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A fishing ground is an area in the waters with an abundance of fish that are

targeted to be caught and where the fishing gear can be operated technically and safely
(Panjaitan 2014). The Katsuwonus pelamis is a fast swimming fish and has the greedy

character of an opportunistic predator, with food types ranging from small fish (Clupeidae

and Engraulidae), squids, crustaceans and zooplankton (Tuli et al 2015). K. pelamis is a

pelagic fish living in _groups, from the coastal areas to the open sea (Nainggolan 2012).

(Formatted: Font: Not Italic

'[Formatted: Font: Not Italic

are determined by the waters’ condition in the habitat of a species. Water conditions are
usually described by oceanographic parameters (Nugraha et al 2020a).

Afishing—ground—is—an—area—in—the—waters—wherethere aremanyfish-thatare

The Sea Surface Temperature (SST) of the K. pelamis fishing ground ranges from 29.75
to 30.25°C (Zainuddin et al 2015; Nugraha et al 2020b; Zainuddin 2011). Meanwhile, the

[Commented [WU2]: 2012 in the references.

[Formatted: Font: Not Italic

potential area has a characteristic chlorophyll-a concentration of around 0.125 [mg m‘3|,m,,,

This condition is mainly seen in May. Outside of this range, the catch of K. pelamis tends
to decline, as it happens in April (when the SST values in the Bone-Sea Flores bay are the
highest). Likewise, when the chlorophyll-a concentration in_the fishing ground
significantly increase and the catch tends to decrease. This means that there is a certain
range of values for the two oceanographic factors that are very suitable for the presence
and abundance of K. pelamis. The distribution of chlorophyll-a can be a parameter used
for identifying the presence of fish in a water area (Hasyim & Zainuddin 2008; Laurs et al

The Forecast Maps of Fishing Ground (PPDPI) is the result of a research conducted
by the Institute for Marine Research and Observation (IMRO) in order to identify fishing
grounds, based on an internet service of information on the fishing areas’ characteristics
(Sugiari_2015; Panjaitan 2014). PPDPI have been produced for and distributed to the
fishing communities of Indonesia, since 2000 (Tambun et al 2018; Farda & Jatisworo

AACL Bioflux, 2021, Volume 14, Issue x. 2
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PDPPI was compiled using remote sensing data which is also widely used to detect
water conditions such as the thermal front (Cayula & Cornillon 1992; Wibawa 2011;
Jatisworo & Murdimanto 2013) and the concentration of chlorophyll-a (Seki et al 2002)
which is one of the indicators of water fertility and school of fish. PDPPI preparation was
carried out using SST and water fertility data (chlorophyll-a) generated from MODIS Aqua

level 3 daily composites, in the Hierarchical Data Format (HDF) [(Komang et al

ted [WU4]: Not listed in the references

The predictive maps of fishing grounds that already exists in Indonesia still have
many weaknesses, including the spatial aspect of the points of forecasting located far
from the coast and the uncertainty of the predicted type of fish. Thus, if inappropriate
gear is selected for the fishing trip, the catch productivity is negatively affected, even in

Chlorophyll-a is an indicator of the abundance of phytoplankton in waters, that
playing a role in the photosynthesis process (Huot et al 2007; Zhang & Han 2015).
Phytoplankton contributes to a large extent to determine primary productivity in waters.
Organic carbon production during photosynthesis is defined as primary productivity or
Net Primary Productivity (Lee et al 2016).

Linear regression analysis was carried out on the model of the relationship
between chlorophyll-a concentration and primary productivity. The results of this
equation can be applied to_the satellite imagery so that it can help irn-to_monitoring_the
water quality conditions (Nuzapril et al 2017). This abundance of phytoplankton will
result in the creation of food chain clusters from phytoplankton to large pelagic fish
schools (Sato et al 2015; Behrenfald et al 2005).

Chlurophylllcnnunu:l\en(mglm‘a .

” . A <
MRO 2020).

e om0 03 1 3 10

Figure 1. Map of chlorophyll-a concetration' (I

Remote sensing data can show the variables used in determining fish catchment areas.
CertainGre—of—the remote sensing images used to extract SST and chlorophyll-a
information are provided by theis—= MODIS programimage (Nurman 2010; Hakim et al
2006).

Satellite imagery is one of the applications of the remote sensing technology. The
Moderate-resolution Imaging Spectroradiometer (MODIS) technology uses sensors
belonging to the Earth Observing System (EQS), carried by two satellites produced by the
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National Aeronautics and Space Administration (NASA), namely Terra and Aqua

(http: //modls qsfc nasa.gov 2007).

The MODIS sensor is a derivative of the Advanced Very High Resolution
Radiometer (AVHRR) sensor, Sea-viewing Wide Field-—of-—View Sensor (SeaWIFS) and
High Resolution Imaging Spectrometer (HRS) owned by EQOS, which has previously
orbited, so it can be used to measure sea and atmosphere-level parameters (such as the
sea surface temperature, chlorophyll-a concentration and water vapor content) and
marine phenomena (such as the occurrence of upwelling, thermal fronts and others)

(http://modis.gsfc.nasa.gov 2007).

Material and Method

Description of the study sites. This research was conducted on a pole and line fishing
boat operating in the Flores Sea, East Nusa Tenggara. The satellite image data retrieval
was carried out at the Southeast Research and Ocean Observation Center (SeaCORM)
Jembrana, Bali. Fer-satellite-image-dataretrievalis—carried-out-at-the-SoutheastResearch
anrd—Ocean—ObservationCenter {SeaCORM)Jembrana;—Bal- The material used consisted
of is—sea water samples as—an—ebject—for measuring oceanographic elements. The
methods used in data collection are literature study, interview, documentation;_and
observation.

Data analysis method. Regression analysis is a statistical analysis that studies the
relationship between two or more variables. In the linear regression analysis it is
assumed that the this relationship is a linear combination, the simplest case consisting of

one mdeDendent vanable (Panqestu 2016) Reg%essren—anaﬁsns—os—a—staﬂsﬂeat—aﬁat-yﬁs

Linear regression is a statistical method used to model the relationship between
the dependent variable (dependent; response; Y) and one or more independent variables
(independent, predictor, X). If there are—is only one independent variable, it is called
simple linear regression, whereas if there is more than one independent variable, it is
called multiple linear regression. Regression analysis has at least three use cases, namely

for data descrlptlon for controI and for predlctlve purposesRegFeSSJren—aﬂayss—has—at

Simple regressnon is carried out |n stages namely by connectlng the independent
variable (chlorophyll-a) with the dependent variable (tuna catch, using the data
reqre55|on analv5|s functlon of Mlcrosoft Office Excel (Kurnlawan 2008) Hﬁ—t—he—use—ef

Th|s S|mple regression analy5|s was conducted to
determine the relationship between the dependent variable Y (K. pelamis catches) and
the independent variable X (chlorophyll-a). The regression model used is:

Y=a+bX
Where:
X - chlorophyll-a;
Y - pole and line catch;
AACL Bioflux, 2021, Volume 14, Issue x. 4
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a-
the constant (intercept) is the value of Y, when X = 0 which equals the value of a where it
intersects the Y axis;

G ) £ o -
—TFhevalbeof YwherXx=0
b - regression coefficient.

Chlorophyll-a image analysis. . The fishing ground forecast can be predicted from the

Darameters of sea surface temDerature and chIoroothI -a. Determ+natreﬁ—ef—t—he—ﬁshmg

ehlereﬁhy—l—l—a—The anaIy5|s of the dlstrlbutlon of sea surface temperature and chIorophyII-
a can use level 1b and level 2 Modis images. The Algorithm Theoretical Basic Document
Modis (ATBD) 25 is used to determine sea surface temperature and the Morel 4 Algorithm
is used to determine the chlorophyll-a. The Modis image levels 1b and 2 usirg-use the
RMSE test calculation (Chavula 2012).

From the two Root Mean Squared Error (RMSE) tests carried out between the field
data and the Modis image data levels 1b and level 2, the-betterand-more accurate-RMSE
values is—-were obtained from the smallest RMSE sum value, namely the Level 2 Modis
image, with an RMSE value of chlorophyll-a of 0.090315. So the best fishing ground
forecast can be determined through Level 2 Modis ImagesSe—in—determining—thebest
fishing-ground-forecastisto-usetevel 2-Medis Image (Febriani & Sukojo 2016).

Results and Discussion

Fishing ground. In this study we used a pole and line fishing boat (Figure 2) that
operates in Savu sea, Flores, East Nusa Tenggara.

Figure 2. Pole and line fishing boat (original).

Composition and comparison of catches with the number of settings.

1. In November 2019 the ship made one trip with a catch of K. pelamis of 1,020 kg.

2. In December 2019 the ship made 16 trips with a catch of 28,220 kg. The fishing
season generally reaches a turning point in the middle of January and in December,
according to the graph, the catch will decrease as the wind season arriveskas
entered.

3. In January 2020 the catch obtained was of 7,990 kg. January is generally the start of
the wind season, so ships rarely go to sea.

4. In February 2020 the catches were dominated by K. pelamis and T. albacares.
According to the fishermen, February was generally the peak of the wind season, so
that the catch was not good, unt|I the mlddle or end of March }H—February—ﬁshermeﬁ
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5. In March 2020 the catches were dominated by K. pelamis and T. albacares, but
unlike in_the previous month, this—menth,—C. hippurus and E. bipinnulata were also
obtained. In March 2020 the fishermen began to increase the intensity of their trips,
but taking into account the strength of the wind and the availability of bait.

The composition of the catch for 5 months can be seen in Table 1 below:

Table 1
Comparison of catch volumeseatehing with the number of settings
Volumes / Period-kg™* November  December January February March
Number of setting (times) 2 43 14 15 13
K. pelamis_(kg) 1,020 15,300 2,890 6,290 7,480
T. albacares_(kg) 0 9,520 2,040 5,440 4,250
C. hippurus_(kg) 0 1,870 1,870 0 1,360
E. bipinnulata_(kg) 0 1,530 1,190 0 1,870
Total_(kg) 1,020 28,220 7,990 11,730 14,960
Catch rate per setting 510 656.28 570.71 782 1,150

(kg)

Catch frequencies can also be visualized in Figure 3, belowbleeeaﬁ%e%eeﬁﬂ%%heﬁgufe

3 below!|

(c

d [WU5]: Please reformulate, using scientific English. ]

Total Catch from November to March
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Figure 3. Total catch (November 2019 to March 2020).

Based on the graph above, there is a decrease in the catch volumes during the 4 months
of fishing. The lowest catch was obtained in January with a total of 7,990 kg, eateh
consisting of:ef K. pelamis (2,890 kg), T. a/bacares (2,040 kq) and others, such as E.
bipinnulata and C. hippurus?;

Meanwhlle the h|ghest catch
was obtained in December is 28 220 kg, domlnated by K. pelamls with 15,300 kg and T.
albacares with 9,520 kg. In 2016, Kupang Regency was the largest supplier of K. pelamis
in East Nusa Tenggara (MMAF 2018).

Catch composition. If we see in Table 2 and figure 4 below, it is shown that K. pelamis
is the most dominant catch that lands at Tenau port and_at the fishing port around
Kupang city, East Nusa Tenggara. This is in accordance with the data from the Fisheries
Service of the Province of East Nusa Tenggara, suggesting that K. pelamis is one of the

main_commodities produced in Kupang, with 52%, followed by T. albacares, with 33%,
C. h/ppurus with 7% and E. b/p/nnu/ata wzth 8%¥h+s—is—%ﬁ—aec—efdaﬁee—w+€h—the
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Table 2
Catch rated- per setting

Name of fish Amount (kg) Catch percentage (%)
K. pelamis 32,980 52
T. albacares 21,250 33
C. hippurus 4,590 7
E. bipinnulata 5,100 8
Total catching 63,920 100
Catch rate per setting 734.71 1.14

The pereentage-catching compositions (in %) can be seen in Figure 4, below.

[Commented [WUB6]: Please display the full name of the species. ]

Percentage of Catch
Composition
u K. pelamis
T. Albacares

C. hippurus
E. bipinnulata

Figure 4. Catch composition diagram.

Conformity between of the fishing ground and PPDPI. Fishing is carried out on
FADs that have been installed, and-with the position of the FADs stored on the GPS of
each ship. The following is a map of the fishing grounds with the positions of the FADs.
Figure 5 below shows the fishing ground for 5 months of fishing:

es | Floresiisland

SAVU SEA ~ =R

y = n
Sumba lsland u

"
- (L] "

(1] & -Kupang
m = ; §

. Ll - — W November
L B Desember
INDOMNES |2 a = B
. = e B February
[ - -~ Rote lsfond [ March

Figure 5. Fishing ground.

Forecast map of fishing ground (PPDPI).

1. In November the PPDPI that can be used correspond tois 29 to 30 November 2019.
On this map, the potential fishing ground are around the northwest of Timor Island
with an area of 150 [NM]. [Commented [A7]: ? area unit, please. J

2. In December, 15 files were issued with an interval of 2 days. At PDPPI 11 to 12
December 2019, the recommended fishing areas are south of Savu Island, northeast
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of Sumba Island and north of Rote Island, as well as many other areas with an area

of more than 300 NM (IMRO 2019). (c ted [A8]: Please reformulate

3. In January, only 1 file out of 7 uploaded PPDPI files issued corresponded to the time
of the fishing trip. On the 31 December to 01 January map, the potential fishing
grounds were located around the southeast of Sumba Island, west of Savu Island,

W|th an area of more than 300 [nM\ }H—JaﬁuaFy—the—PPBP{—nssued—wmeh—eeﬁespeﬁés—te (c d [A9]: Please correct the unit

a Decembe
O a D7 O O & =

SGO—NM—(IMRO 2020)
4. In February, as many as 10 PPDPI files were uploaded and 3 files corresponded to the

time of the fishing trip. One of the suitable map files was issued on the 26 to 27
February recommending fishing zones located north of Sumba Island with an area of

300 nM. Other areas do not seem to be Dotentlal ﬁshlnq qrounds}ﬁ—FebF&aFy—t-he

(IMRO 2020)

5. In March there were 4 files matching, at the time of the fishing trip. March should be
the turning point of the monsoon season that occurs in East Nusa Tenggara, but each
region has a different time. One of the maps is the 16 to 17 March map, the areas
that are recommended for fishing activities are in the south of Sumba Island and

northeast of Sumba Island, W|th an area of more than 300 INM|.IrMareh-there-were—4 [r d [A10]: Please correct the surface unit

i ' Tthere ts-was | also
one pomt W|th an area of 50 NM Iocated on Semau and Kupang |sIands (IMRO 2020).
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Figure 6. PPDPI period in November (1), December (2) (IMRO 2019); January (3),
February (4), March (5) (IMRO 2020).

Compatibility between the fishing ground and PDPPI. Of all trips with available
PDPPI, there were only 17 files that matched, at the time of the fishing trip. For the 4
months period, 17 maps of fishing ground forecasts were used, with a total of 44 settings
(Table 3).

The method used to determine the suitability of fishing grounds with PDPPI,
issued by IMRO, uses a comparison _method between the position of the actual fishing
area and the status of the same location on the forecast map, on that date. From 44
setting positions, 6 positions were in accordance with the PDPPI, which corresponds to a
match rate of 13.6%, in terms of chlorophyll-a and sea surface temperature. When the
daily PDPPI images from the NASA website are not available, the fishing trips cannot be
used as a reference in determining their suitability.
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from-the NASA-website:
With a match rate of 13.6%, it can be said that fishermen using FADs have
sufficient accuracy in determining fishing grounds

Table 3
Compatibility-pesitiens of the fishing ground with the PPDPI
. Position Chllorophyll-a .
No  Setting Latitude Longitude (mg m-3) Information
1 1 100 12' 27" S 121940' 16" E 0.41 Inappropriate
2 10°09'43" S 121°37' 40" E 0.31 Inappropriate
1 099 56' 38" S 1220 25'03" E 0.3 Appropriate
2 2 10042' 09" S 121°950' 28" E 0.27 Inappropriate
3 10° 26' 28" S 122047' 58" E 0.27 Appropriate
3 1 09°32'11"S 123920'42"E 0.24 Inappropriate
2 09°45'37"S 123913'20"E 0.22 Inappropriate
1 10°04' 18" S 122032' 21" E 0.27 Appropriate
4 2 100 28' 31" S 122941' 16" E 0.31 Inappropriate
3 10012'31"S 122005 10" E 0.33 Appropriate
5 1 10°40' 10" S 1220 15'30" E 0.29 Inappropriate
2 09°40'33"S 122055' 15" E 0.39 Inappropriate
1 09° 31'40" S 123905' 09" E 0.21 Inappropriate
6 2 09° 05' 45" S 123°00' 41" E 0.28 Inappropriate
3 09°47' 16" S 122058' 34" E 0.13 Inappropriate
7 1 09° 40' 08" S 123°22' 31" E 0.29 Inappropriate
2 09° 50' 28" S 122053"17"E 0.30 Inappropriate
1 100 38' 15" S 121°40' 30" E 0.41 Inappropriate
8 2 10042' 09" S 121°950' 28" E 0.38 Inappropriate
3 100 49' 25" S 121°01'51"E - Inappropriate
1 09°32'11"S 123920'42"E 0.28 Inappropriate
9 2 09°45'37"S 123913'20"E 0.24 Inappropriate
3 09° 54' 26" S 123°01'51"E - Inappropriate
1 100 21' 15" S 122°35' 07" E 0.45 Inappropriate
10 2 10°10' 35" S 122005'37"E - Inappropriate
3 10°03'47"S 122945'10 " E 0.54 Appropriate
11 1 09°40' 36" S 122°005' 15" E 0.8 Inappropriate
2 09°50'17"S 121°935' 20" E 1.1 Inappropriate
12 1 09° 30' 14" S 122050'33"E - Inappropriate
2 09°21'52"S 123°00' 16" E - Inappropriate
1 100 40' 16" S 123941' 40" E - Inappropriate
13 2 10039'13"S 123945'36" E - Inappropriate
3 10040'41"S 123940' 22" E - Inappropriate
1 09° 50' 20" S 122°910'31"E - Inappropriate
14 2 09° 18' 50" S 1220946' 15" E - Inappropriate
3 09° 30' 16" S 123°01'51"E - Inappropriate
15 1 10°03' 15" S 122045' 17" E 0.31 Inappropriate
2 10° 03' 40" S 121048' 29" E - Inappropriate
1 10°08' 36" S 123°07' 12" E - Inappropriate
16 2 100 15' 53" S 122°46' 41" E - Inappropriate
3 10°03' 09" S 122053' 08" E - Inappropriate
1 09° 29' 21" S 122030' 14" E 0.6 Inappropriate
17 2 09° 50' 15" S 122030'35"E 0.54 Inappropriate
3 099 55' 23" S 1219 20' 54" E 0.49 Appropriate

Concentration and distribution of chlorophyll-a. Chlorophyll-a concentrations can be
obtained by downloading data levels 1, 2 and 3 on the NASA website. Data needs in a
longer time span such as months and years can use level 3 image data with better
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quality than others, but level 3 images only contain one specific information depending
on what is needed. In this study, the basis used is a level 3 image which only requires
chlorophyll-a information with a time span of months. In Figure 7 and Table 4 the
following is image data for chlorophyll-a concentration level 3.

Chlorophyll-a concentrations can be obtained by downloading data levels 1, 2 and 3 from
the NASA website. Data needs in a longer time span such as months and years can use
level 3 image data with better quality than the others, but only containing one specific
information, depending on what is needed. In this study, the basis used is a level 3 image
which only requires chlorophyll-a information with a time span of months. Figure 7
images and Table 4 data correspond to level 3 chlorophyll-a concentration.
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March 2020
Figure 7. Concentration of chlorophyll-a map (www.oceancolour.gsfc.nasa.gov).

The distribution map of chlorophyll-a concentrations (Table 4) from November to March,
shows elevated values around the west of Flores Island, Sumba Island and also

Larantuka, suggesting that food chain occur in the area.

Table 4
Concentration and distribution of chlorophyll-a
Period November December January February March
Concentration
of chlorophyll-
a (mg m3)
a. Lowest 0.07 0.08 0.08 0.08 0.08
b. Highest 1.29 1.14 1.15 1.19 1.17
Average Value
(mg m-3) 0.2 0.3 0.2 0.2 0.2
North of Kupang
o Kupang city, Sabu  Kupang city, .
Distribution city, Sabu West of Island, Rote Rote Island, Kupang city,
center west of
Island, and Flores Island, and and west of
Flores
west of west of Flores
Flores Flores
ComIZ?/te'F'“ty Appropriate Inappropriate Appropriate Appropriate Inappropriate

Conclusions. Based on the results of the study it can be concluded: simultaneously,
chlorophyll-a had an effect of 62.2% on the catch. The highest concentration of
chlorophyll-a recorded was 1.29 mg m™ and the lowest was 0.07 mg m3; the fishing
area used by fishermen has a level of conformity with the forecast map for fishing areas
of 13.6%; Not all fishing trips can be used as a reference in determining the suitability of
fishing grounds with PDPPI, because not every day PPDPI can be uploaded because it is
limited by the availability of images obtained from the NASA website.
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Abstract. The Savu Sea in East Nusa Tenggara Province is the location of fishing activities for most
fishermen in East Nusa Tenggara. Despite its potential, the knowledge of the fishing ground is still
conventional. Currently, predictive methods for trips planning are available, such as the fishing ground
forecast maps based on the chlorophyll-a, sea surface temperature and salinity. The related data are
provided by NASA, being processed by the Marine Research and Observation Center to display the
potential fishing ground as a box view with an accuracy level of 5 square miles. Eventually, the forecast
map_of the fishing area will be compared with the fishing locations known by the fishermen, for
validation The data collection used a survey method and the data analysis used both a descriptive
analysis and the linear regression. The forecast maps matched with the observed fishing locations at
only 13.6%. The highest recorded chlorophyll-a concentration was of 1.29 mg m= (constantly observed
in the West Flores) and the lowest was of 0.07 mg m-. The chlorophyll-a has an effect on 62.2% of the
catch and 52% of the catch is composed of Katsuwonus pelamis

Key Words: MODIS, sea surface temperature, catch composition, Katsuwonus pelamis.

Introduction. Indonesia is the largest archipelagic country in the world, having a
coastline length of 81,000 km? and a sea area of about 3,100,000 km? (Kusumastanto
1996; Darsono 1999; Latif et al 2019). Managing the fisheries resource requires to
determine the fish growth patterns and the catch period, in order to avoid over-
exploitation (Nugraha et al 2020b). The province of East Nusa Tenggara has a sea area of
200,000 km? with a coastline of 5,700 km? (MMAF 2016). Savu Sea has a good potential
for the fisheries and the whole marine sector,(Asagabaldan 2017).Indenesia-is-thetargest
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A fishing ground is an area in the waters with an abundance of fish that are

targeted to be caught and where the fishing gear can be operated technically and safely
(Panjaitan 2014). The Katsuwonus pelamis is a fast swimming fish and has the greedy

character of an opportunistic predator, with food types ranging from small fish (Clupeidae

and Engraulidae), squids, crustaceans and zooplankton (Tuli et al 2015). K. pelamis is a

pelagic fish living in _groups, from the coastal areas to the open sea (Nainggolan 2012).

(Formatted: Font: Not Italic

'[Formatted: Font: Not Italic

are determined by the waters’ condition in the habitat of a species. Water conditions are
usually described by oceanographic parameters (Nugraha et al 2020a).

Afishing—ground—is—an—area—in—the—waters—wherethere aremanyfish-thatare

The Sea Surface Temperature (SST) of the K. pelamis fishing ground ranges from 29.75
to 30.25°C (Zainuddin et al 2015; Nugraha et al 2020b; Zainuddin 2011). Meanwhile, the

[Commented [WU2]: 2012 in the references.

[Formatted: Font: Not Italic

potential area has a characteristic chlorophyll-a concentration of around 0.125 [mg m‘3|,m,,,

This condition is mainly seen in May. Outside of this range, the catch of K. pelamis tends
to decline, as it happens in April (when the SST values in the Bone-Sea Flores bay are the
highest). Likewise, when the chlorophyll-a concentration in_the fishing ground
significantly increase and the catch tends to decrease. This means that there is a certain
range of values for the two oceanographic factors that are very suitable for the presence
and abundance of K. pelamis. The distribution of chlorophyll-a can be a parameter used
for identifying the presence of fish in a water area (Hasyim & Zainuddin 2008; Laurs et al

The Forecast Maps of Fishing Ground (PPDPI) is the result of a research conducted
by the Institute for Marine Research and Observation (IMRO) in order to identify fishing
grounds, based on an internet service of information on the fishing areas’ characteristics
(Sugiari_2015; Panjaitan 2014). PPDPI have been produced for and distributed to the
fishing communities of Indonesia, since 2000 (Tambun et al 2018; Farda & Jatisworo
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PDPPI was compiled using remote sensing data which is also widely used to detect
water conditions such as the thermal front (Cayula & Cornillon 1992; Wibawa 2011;
Jatisworo & Murdimanto 2013) and the concentration of chlorophyll-a (Seki et al 2002)
which is one of the indicators of water fertility and school of fish. PDPPI preparation was
carried out using SST and water fertility data (chlorophyll-a) generated from MODIS Aqua

level 3 daily composites, in the Hierarchical Data Format (HDF) [(Komang et al

ted [WU4]: Not listed in the references

The predictive maps of fishing grounds that already exists in Indonesia still have
many weaknesses, including the spatial aspect of the points of forecasting located far
from the coast and the uncertainty of the predicted type of fish. Thus, if inappropriate
gear is selected for the fishing trip, the catch productivity is negatively affected, even in

Chlorophyll-a is an indicator of the abundance of phytoplankton in waters, that
playing a role in the photosynthesis process (Huot et al 2007; Zhang & Han 2015).
Phytoplankton contributes to a large extent to determine primary productivity in waters.
Organic carbon production during photosynthesis is defined as primary productivity or
Net Primary Productivity (Lee et al 2016).

Linear regression analysis was carried out on the model of the relationship
between chlorophyll-a concentration and primary productivity. The results of this
equation can be applied to_the satellite imagery so that it can help irn-to_monitoring_the
water quality conditions (Nuzapril et al 2017). This abundance of phytoplankton will
result in the creation of food chain clusters from phytoplankton to large pelagic fish
schools (Sato et al 2015; Behrenfald et al 2005).

Chlurophylllcnnunu:l\en(mglm‘a .

” . A <
MRO 2020).

e om0 03 1 3 10

Figure 1. Map of chlorophyll-a concetration' (I

Remote sensing data can show the variables used in determining fish catchment areas.
CertainGre—of—the remote sensing images used to extract SST and chlorophyll-a
information are provided by theis—= MODIS programimage (Nurman 2010; Hakim et al
2006).

Satellite imagery is one of the applications of the remote sensing technology. The
Moderate-resolution Imaging Spectroradiometer (MODIS) technology uses sensors
belonging to the Earth Observing System (EQS), carried by two satellites produced by the
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National Aeronautics and Space Administration (NASA), namely Terra and Aqua

(http: //modls qsfc nasa.gov 2007).

The MODIS sensor is a derivative of the Advanced Very High Resolution
Radiometer (AVHRR) sensor, Sea-viewing Wide Field-—of-—View Sensor (SeaWIFS) and
High Resolution Imaging Spectrometer (HRS) owned by EQOS, which has previously
orbited, so it can be used to measure sea and atmosphere-level parameters (such as the
sea surface temperature, chlorophyll-a concentration and water vapor content) and
marine phenomena (such as the occurrence of upwelling, thermal fronts and others)

(http://modis.gsfc.nasa.gov 2007).

Material and Method

Description of the study sites. This research was conducted on a pole and line fishing
boat operating in the Flores Sea, East Nusa Tenggara. The satellite image data retrieval
was carried out at the Southeast Research and Ocean Observation Center (SeaCORM)
Jembrana, Bali. Fer-satellite-image-dataretrievalis—carried-out-at-the-SoutheastResearch
anrd—Ocean—ObservationCenter {SeaCORM)Jembrana;—Bal- The material used consisted
of is—sea water samples as—an—ebject—for measuring oceanographic elements. The
methods used in data collection are literature study, interview, documentation;_and
observation.

Data analysis method. Regression analysis is a statistical analysis that studies the
relationship between two or more variables. In the linear regression analysis it is
assumed that the this relationship is a linear combination, the simplest case consisting of

one mdeDendent vanable (Panqestu 2016) Reg%essren—anaﬁsns—os—a—staﬂsﬂeat—aﬁat-yﬁs

Linear regression is a statistical method used to model the relationship between
the dependent variable (dependent; response; Y) and one or more independent variables
(independent, predictor, X). If there are—is only one independent variable, it is called
simple linear regression, whereas if there is more than one independent variable, it is
called multiple linear regression. Regression analysis has at least three use cases, namely

for data descrlptlon for controI and for predlctlve purposesRegFeSSJren—aﬂayss—has—at

Simple regressnon is carried out |n stages namely by connectlng the independent
variable (chlorophyll-a) with the dependent variable (tuna catch, using the data
reqre55|on analv5|s functlon of Mlcrosoft Office Excel (Kurnlawan 2008) Hﬁ—t—he—use—ef

Th|s S|mple regression analy5|s was conducted to
determine the relationship between the dependent variable Y (K. pelamis catches) and
the independent variable X (chlorophyll-a). The regression model used is:

Y=a+bX
Where:
X - chlorophyll-a;
Y - pole and line catch;
AACL Bioflux, 2021, Volume 14, Issue x. 4
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a-
the constant (intercept) is the value of Y, when X = 0 which equals the value of a where it
intersects the Y axis;

G ) £ o -
—TFhevalbeof YwherXx=0
b - regression coefficient.

Chlorophyll-a image analysis. . The fishing ground forecast can be predicted from the

Darameters of sea surface temDerature and chIoroothI -a. Determ+natreﬁ—ef—t—he—ﬁshmg

ehlereﬁhy—l—l—a—The anaIy5|s of the dlstrlbutlon of sea surface temperature and chIorophyII-
a can use level 1b and level 2 Modis images. The Algorithm Theoretical Basic Document
Modis (ATBD) 25 is used to determine sea surface temperature and the Morel 4 Algorithm
is used to determine the chlorophyll-a. The Modis image levels 1b and 2 usirg-use the
RMSE test calculation (Chavula 2012).

From the two Root Mean Squared Error (RMSE) tests carried out between the field
data and the Modis image data levels 1b and level 2, the-betterand-more accurate-RMSE
values is—-were obtained from the smallest RMSE sum value, namely the Level 2 Modis
image, with an RMSE value of chlorophyll-a of 0.090315. So the best fishing ground
forecast can be determined through Level 2 Modis ImagesSe—in—determining—thebest
fishing-ground-forecastisto-usetevel 2-Medis Image (Febriani & Sukojo 2016).

Results and Discussion

Fishing ground. In this study we used a pole and line fishing boat (Figure 2) that
operates in Savu sea, Flores, East Nusa Tenggara.

Figure 2. Pole and line fishing boat (original).

Composition and comparison of catches with the number of settings.

1. In November 2019 the ship made one trip with a catch of K. pelamis of 1,020 kg.

2. In December 2019 the ship made 16 trips with a catch of 28,220 kg. The fishing
season generally reaches a turning point in the middle of January and in December,
according to the graph, the catch will decrease as the wind season arriveskas
entered.

3. In January 2020 the catch obtained was of 7,990 kg. January is generally the start of
the wind season, so ships rarely go to sea.

4. In February 2020 the catches were dominated by K. pelamis and T. albacares.
According to the fishermen, February was generally the peak of the wind season, so
that the catch was not good, unt|I the mlddle or end of March }H—February—ﬁshermeﬁ
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5. In March 2020 the catches were dominated by K. pelamis and T. albacares, but
unlike in_the previous month, this—menth,—C. hippurus and E. bipinnulata were also
obtained. In March 2020 the fishermen began to increase the intensity of their trips,
but taking into account the strength of the wind and the availability of bait.

The composition of the catch for 5 months can be seen in Table 1 below:

Table 1
Comparison of catch volumeseatehing with the number of settings
Volumes / Period-kg™* November  December January February March
Number of setting (times) 2 43 14 15 13
K. pelamis_(kg) 1,020 15,300 2,890 6,290 7,480
T. albacares_(kg) 0 9,520 2,040 5,440 4,250
C. hippurus_(kg) 0 1,870 1,870 0 1,360
E. bipinnulata_(kg) 0 1,530 1,190 0 1,870
Total_(kg) 1,020 28,220 7,990 11,730 14,960
Catch rate per setting 510 656.28 570.71 782 1,150

(kg)

Catch frequencies can also be visualized in Figure 3, belowbleeeaﬁ%e%eeﬁﬂ%%heﬁgufe

3 below!|

(c

d [WU5]: Please reformulate, using scientific English. ]

Total Catch from November to March
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WK Pelamis M T. Albacares Coryphaena hippurus Elagatis bipinnulata

Figure 3. Total catch (November 2019 to March 2020).

Based on the graph above, there is a decrease in the catch volumes during the 4 months
of fishing. The lowest catch was obtained in January with a total of 7,990 kg, eateh
consisting of:ef K. pelamis (2,890 kg), T. a/bacares (2,040 kq) and others, such as E.
bipinnulata and C. hippurus?;

Meanwhlle the h|ghest catch
was obtained in December is 28 220 kg, domlnated by K. pelamls with 15,300 kg and T.
albacares with 9,520 kg. In 2016, Kupang Regency was the largest supplier of K. pelamis
in East Nusa Tenggara (MMAF 2018).

Catch composition. If we see in Table 2 and figure 4 below, it is shown that K. pelamis
is the most dominant catch that lands at Tenau port and_at the fishing port around
Kupang city, East Nusa Tenggara. This is in accordance with the data from the Fisheries
Service of the Province of East Nusa Tenggara, suggesting that K. pelamis is one of the

main_commodities produced in Kupang, with 52%, followed by T. albacares, with 33%,
C. h/ppurus with 7% and E. b/p/nnu/ata wzth 8%¥h+s—is—%ﬁ—aec—efdaﬁee—w+€h—the
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Table 2
Catch rated- per setting

Name of fish Amount (kg) Catch percentage (%)
K. pelamis 32,980 52
T. albacares 21,250 33
C. hippurus 4,590 7
E. bipinnulata 5,100 8
Total catching 63,920 100
Catch rate per setting 734.71 1.14

The pereentage-catching compositions (in %) can be seen in Figure 4, below.

[Commented [WUB6]: Please display the full name of the species. ]

Percentage of Catch
Composition
u K. pelamis
T. Albacares

C. hippurus
E. bipinnulata

Figure 4. Catch composition diagram.

Conformity between of the fishing ground and PPDPI. Fishing is carried out on
FADs that have been installed, and-with the position of the FADs stored on the GPS of
each ship. The following is a map of the fishing grounds with the positions of the FADs.
Figure 5 below shows the fishing ground for 5 months of fishing:

es | Floresiisland

SAVU SEA ~ =R

y = n
Sumba lsland u

"
- (L] "

(1] & -Kupang
m = ; §

. Ll - — W November
L B Desember
INDOMNES |2 a = B
. = e B February
[ - -~ Rote lsfond [ March

Figure 5. Fishing ground.

Forecast map of fishing ground (PPDPI).

1. In November the PPDPI that can be used correspond tois 29 to 30 November 2019.
On this map, the potential fishing ground are around the northwest of Timor Island
with an area of 150 [NM]. [Commented [A7]: ? area unit, please. J

2. In December, 15 files were issued with an interval of 2 days. At PDPPI 11 to 12
December 2019, the recommended fishing areas are south of Savu Island, northeast
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of Sumba Island and north of Rote Island, as well as many other areas with an area

of more than 300 NM (IMRO 2019). (c ted [A8]: Please reformulate

3. In January, only 1 file out of 7 uploaded PPDPI files issued corresponded to the time
of the fishing trip. On the 31 December to 01 January map, the potential fishing
grounds were located around the southeast of Sumba Island, west of Savu Island,

W|th an area of more than 300 [nM\ }H—JaﬁuaFy—the—PPBP{—nssued—wmeh—eeﬁespeﬁés—te (c d [A9]: Please correct the unit

a Decembe
O a D7 O O & =

SGO—NM—(IMRO 2020)
4. In February, as many as 10 PPDPI files were uploaded and 3 files corresponded to the

time of the fishing trip. One of the suitable map files was issued on the 26 to 27
February recommending fishing zones located north of Sumba Island with an area of

300 nM. Other areas do not seem to be Dotentlal ﬁshlnq qrounds}ﬁ—FebF&aFy—t-he

(IMRO 2020)

5. In March there were 4 files matching, at the time of the fishing trip. March should be
the turning point of the monsoon season that occurs in East Nusa Tenggara, but each
region has a different time. One of the maps is the 16 to 17 March map, the areas
that are recommended for fishing activities are in the south of Sumba Island and

northeast of Sumba Island, W|th an area of more than 300 INM|.IrMareh-there-were—4 [r d [A10]: Please correct the surface unit

i ' Tthere ts-was | also
one pomt W|th an area of 50 NM Iocated on Semau and Kupang |sIands (IMRO 2020).
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Hindia Ocean
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(5)

Figure 6. PPDPI period in November (1), December (2) (IMRO 2019); January (3),
February (4), March (5) (IMRO 2020).

Compatibility between the fishing ground and PDPPI. Of all trips with available
PDPPI, there were only 17 files that matched, at the time of the fishing trip. For the 4
months period, 17 maps of fishing ground forecasts were used, with a total of 44 settings
(Table 3).

The method used to determine the suitability of fishing grounds with PDPPI,
issued by IMRO, uses a comparison _method between the position of the actual fishing
area and the status of the same location on the forecast map, on that date. From 44
setting positions, 6 positions were in accordance with the PDPPI, which corresponds to a
match rate of 13.6%, in terms of chlorophyll-a and sea surface temperature. When the
daily PDPPI images from the NASA website are not available, the fishing trips cannot be
used as a reference in determining their suitability.
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from-the NASA-website:
With a match rate of 13.6%, it can be said that fishermen using FADs have
sufficient accuracy in determining fishing grounds

Table 3
Compatibility-pesitiens of the fishing ground with the PPDPI
. Position Chllorophyll-a .
No  Setting Latitude Longitude (mg m-3) Information
1 1 100 12' 27" S 121940' 16" E 0.41 Inappropriate
2 10°09'43" S 121°37' 40" E 0.31 Inappropriate
1 099 56' 38" S 1220 25'03" E 0.3 Appropriate
2 2 10042' 09" S 121°950' 28" E 0.27 Inappropriate
3 10° 26' 28" S 122047' 58" E 0.27 Appropriate
3 1 09°32'11"S 123920'42"E 0.24 Inappropriate
2 09°45'37"S 123913'20"E 0.22 Inappropriate
1 10°04' 18" S 122032' 21" E 0.27 Appropriate
4 2 100 28' 31" S 122941' 16" E 0.31 Inappropriate
3 10012'31"S 122005 10" E 0.33 Appropriate
5 1 10°40' 10" S 1220 15'30" E 0.29 Inappropriate
2 09°40'33"S 122055' 15" E 0.39 Inappropriate
1 09° 31'40" S 123905' 09" E 0.21 Inappropriate
6 2 09° 05' 45" S 123°00' 41" E 0.28 Inappropriate
3 09°47' 16" S 122058' 34" E 0.13 Inappropriate
7 1 09° 40' 08" S 123°22' 31" E 0.29 Inappropriate
2 09° 50' 28" S 122053"17"E 0.30 Inappropriate
1 100 38' 15" S 121°40' 30" E 0.41 Inappropriate
8 2 10042' 09" S 121°950' 28" E 0.38 Inappropriate
3 100 49' 25" S 121°01'51"E - Inappropriate
1 09°32'11"S 123920'42"E 0.28 Inappropriate
9 2 09°45'37"S 123913'20"E 0.24 Inappropriate
3 09° 54' 26" S 123°01'51"E - Inappropriate
1 100 21' 15" S 122°35' 07" E 0.45 Inappropriate
10 2 10°10' 35" S 122005'37"E - Inappropriate
3 10°03'47"S 122945'10 " E 0.54 Appropriate
11 1 09°40' 36" S 122°005' 15" E 0.8 Inappropriate
2 09°50'17"S 121°935' 20" E 1.1 Inappropriate
12 1 09° 30' 14" S 122050'33"E - Inappropriate
2 09°21'52"S 123°00' 16" E - Inappropriate
1 100 40' 16" S 123941' 40" E - Inappropriate
13 2 10039'13"S 123945'36" E - Inappropriate
3 10040'41"S 123940' 22" E - Inappropriate
1 09° 50' 20" S 122°910'31"E - Inappropriate
14 2 09° 18' 50" S 1220946' 15" E - Inappropriate
3 09° 30' 16" S 123°01'51"E - Inappropriate
15 1 10°03' 15" S 122045' 17" E 0.31 Inappropriate
2 10° 03' 40" S 121048' 29" E - Inappropriate
1 10°08' 36" S 123°07' 12" E - Inappropriate
16 2 100 15' 53" S 122°46' 41" E - Inappropriate
3 10°03' 09" S 122053' 08" E - Inappropriate
1 09° 29' 21" S 122030' 14" E 0.6 Inappropriate
17 2 09° 50' 15" S 122030'35"E 0.54 Inappropriate
3 099 55' 23" S 1219 20' 54" E 0.49 Appropriate

Concentration and distribution of chlorophyll-a. Chlorophyll-a concentrations can be
obtained by downloading data levels 1, 2 and 3 on the NASA website. Data needs in a
longer time span such as months and years can use level 3 image data with better
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quality than others, but level 3 images only contain one specific information depending
on what is needed. In this study, the basis used is a level 3 image which only requires
chlorophyll-a information with a time span of months. In Figure 7 and Table 4 the
following is image data for chlorophyll-a concentration level 3.

Chlorophyll-a concentrations can be obtained by downloading data levels 1, 2 and 3 from
the NASA website. Data needs in a longer time span such as months and years can use
level 3 image data with better quality than the others, but only containing one specific
information, depending on what is needed. In this study, the basis used is a level 3 image
which only requires chlorophyll-a information with a time span of months. Figure 7
images and Table 4 data correspond to level 3 chlorophyll-a concentration.
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March 2020
Figure 7. Concentration of chlorophyll-a map (www.oceancolour.gsfc.nasa.gov).

The distribution map of chlorophyll-a concentrations (Table 4) from November to March,
shows elevated values around the west of Flores Island, Sumba Island and also

Larantuka, suggesting that food chain occur in the area.

Table 4
Concentration and distribution of chlorophyll-a
Period November December January February March
Concentration
of chlorophyll-
a (mg m3)
a. Lowest 0.07 0.08 0.08 0.08 0.08
b. Highest 1.29 1.14 1.15 1.19 1.17
Average Value
(mg m-3) 0.2 0.3 0.2 0.2 0.2
North of Kupang
o Kupang city, Sabu  Kupang city, .
Distribution city, Sabu West of Island, Rote Rote Island, Kupang city,
center west of
Island, and Flores Island, and and west of
Flores
west of west of Flores
Flores Flores
ComIZ?/te'F'“ty Appropriate Inappropriate Appropriate Appropriate Inappropriate

Conclusions. Based on the results of the study it can be concluded: simultaneously,
chlorophyll-a had an effect of 62.2% on the catch. The highest concentration of
chlorophyll-a recorded was 1.29 mg m™ and the lowest was 0.07 mg m3; the fishing
area used by fishermen has a level of conformity with the forecast map for fishing areas
of 13.6%; Not all fishing trips can be used as a reference in determining the suitability of
fishing grounds with PDPPI, because not every day PPDPI can be uploaded because it is
limited by the availability of images obtained from the NASA website.
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Comparison between fisherman fishing ground

and the forecast map of fishing ground (PPDPI)
based on chlorophyll-a in the Savu Sea, Indonesia
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nugraha_eriql@yahoo.co.id

Abstract. The Savu Sea in East Nusa Tenggara Province is the location of fishing activities for most
fishermen in East Nusa Tenggara. Despite its potential, the knowledge of the fishing ground is still
conventional. Currently, predictive methods for trips planning are available, such as the fishing ground
forecast maps based on the chlorophyll-a, sea surface temperature and salinity. The related data are
provided by NASA, being processed by the Marine Research and Observation Center to display the
potential fishing ground as a box view with an accuracy level of 5 square miles. Eventually, the forecast
map of the fishing area will be compared with the fishing locations known by the fishermen, for
validation The data collection used a survey method and the data analysis used both a descriptive
analysis and the linear regression. The forecast maps matched with the observed fishing locations at
only 13.6%. The highest recorded chlorophyll-a concentration was of 1.29 mg m= (constantly observed
in the West Flores) and the lowest was of 0.07 mg m3. The chlorophyll-a has an effect on 62.2% of the
catch and 52% of the catch is composed of Katsuwonus pelamis

Key Words: MODIS, sea surface temperature, catch composition, Katsuwonus pelamis.

Introduction. Indonesia is the largest archipelagic country in the world, having a
coastline length of 81,000 km? and a sea area of about 3,100,000 km? (Kusumastanto
1996; Darsono 1999; Latif et al 2019). Managing the fisheries resource requires to
determine the fish growth patterns and the catch period, in order to avoid over-
exploitation (Nugraha et al 2020b). The province of East Nusa Tenggara has a sea area of
200,000 km? with a coastline of 5,700 km? (MMAF 2016). Savu Sea has a good potential
for the fisheries and the whole marine sector (Asagabaldan 2017). A-fishinggreund-isan

the-fishing—gear-can-be-operated-technicaly—and-safely-{(Panjaitan—2014)- Fishing area is
an area where fish are caught in maximum amount and fishing gear can be operated
economical. Assessment and mapping of fishing areas are needed in fishing effort
(Nusantara et al 2014). The Katsuwonus pelamis is a fast swimming fish and has the
greedy character of an opportunistic predator, with food types ranging from small fish
(Clupeidae and Engraulidae), squids, crustaceans and zooplankton (Tuli et al 2015). K.
pelamis is a pelagic fish living in groups, from the coastal areas to the open sea
(Nainggolan 2012). Schooling fish should be kept as close to the boat as possible so that
they can be easily caught using pole and line fishing rods (Sudirman & Mallawa
}2994\20 12). The fishing grounds are determined by the waters’ condition in the habitat of
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a species. Water conditions are usually described by oceanographic parameters (Nugraha
et al 2020a).

The Sea Surface Temperature (SST) of the K. pelamis fishing ground ranges from
29.75 to 30.25°C (Zainuddin et al 2015; Nugraha et al 2020b; Zainuddin 2011).
Meanwhile, the potential area has a characteristic chlorophyll-a concentration of around
0.125 [mg m-3. This condition is mainly seen in May. Outside of this range, the catch of K.

pelamis tends to decline, as it happens in April (when the SST values in the Bone-Sea
Flores bay are the highest). Likewise, when the chlorophyll-a concentration in the fishing
ground significantly increase and the catch tends to decrease. This means that there is a
certain range of values for the two oceanographic factors that are very suitable for the
presence and abundance of K. pelamis. The distribution of chlorophyll-a can be a
parameter used for identifying the presence of fish in a water area (Hasyim & Zainuddin
2008; Laurs et al 1984).

The Forecast Maps of Fishing Ground (PPDPI) is the result of a research conducted
by the Institute for Marine Research and Observation (IMRO) in order to identify fishing
grounds, based on an internet service of information on the fishing areas characteristics
(Sugiari 2015). PPDPI have been produced for and distributed to the fishing communities
of Indonesia, since 2000 (Tambun et al 2018; Farda & Jatisworo 2019). PDPPI was
compiled using remote sensing data which is also widely used to detect water conditions
such as the thermal front (Cayula & Cornillon 1992; Wibawa 2011; Jatisworo &
Murdimanto 2013) and the concentration of chlorophyll-a (Seki et al 2002) which is one
of the indicators of water fertility and school of fish. PDPPI preparation was carried out
using SST and water fertility data (chlorophyll-a) generated from MODIS Aqua level 3
daily composites, in the Hierarchical Data Format (HDF) [(Kemang Suniada et al 2015)|
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The predictive maps of fishing grounds that already exists in Indonesia still have
many weaknesses, including the spatial aspect of the points of forecasting located far
from the coast and the uncertainty of the predicted type of fish. Thus, if inappropriate
gear is selected for the fishing trip, the catch productivity is negatively affected, even in
presence of abundant fish populations (Kunarso et al 2019).

Chlorophyll-a is an indicator of the abundance of phytoplankton in waters, playing
a role in the photosynthesis process (Huot et al 2007; Zhang & Han 2015).
Phytoplankton contributes to a large extent to determine primary productivity in waters.
Organic carbon production during photosynthesis is defined as primary productivity or
Net Primary Productivity (Lee et al 2016).

Linear regression analysis was carried out on the model of the relationship
between chlorophyll-a concentration and primary productivity. The results of this
equation can be applied to the satellite imagery so that it can help to monitor the water
quality conditions (Nuzapril et al 2017). This abundance of phytoplankton will result in
the creation of food chain clusters from phytoplankton to large pelagic fish schools (Sato
et al 2015; Behrenfald et al 2005).

Chlarophyll a concentration ( mg
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Figure 1. Map of chlorophyll-a concentration (IMRO 2020).

Remote sensing data can show the variables used in determining fish catchment areas.
Certain remote sensing images used to extract SST and chlorophyll-a information are
provided by the MODIS program (Nurman 2010; Hakim et al 2006).

Satellite imagery is one of the applications of the remote sensing technology. The
Moderate-resolution Imaging Spectroradiometer (MODIS) technology uses sensors
belonging to the Earth Observing System (EOS), carried by two satellites produced by the
National Aeronautics and Space Administration (NASA), namely Terra and Aqua
(http://modis.gsfc.nasa.gov 2007).

The MODIS sensor is a derivative of the Advanced Very High Resolution
Radiometer (AVHRR) sensor, Sea-viewing Wide Field-of-View Sensor (SeaWIFS) and High
Resolution Imaging Spectrometer (HRS) owned by EOS, which has previously orbited, so
it can be used to measure sea and atmosphere-level parameters (such as the sea surface
temperature, chlorophyll-a concentration and water vapor content) and marine
phenomena (such as the occurrence of upwelling, thermal fronts and others)
(http://modis.gsfc.nasa.gov 2007).

Material and Method

Description of the study sites. This research was conducted on a pole and line fishing
boat operating in the Flores Sea, East Nusa Tenggara. The satellite image data retrieval
was carried out at the Southeast Research and Ocean Observation Center (SeaCORM)
Jembrana, Bali. The material used consisted of sea water samples for measuring
oceanographic elements. The methods used in data collection are literature study,
interview, documentation and observation.

Data analysis method. Regression analysis is a statistical analysis that studies the
relationship between two or more variables. In the linear regression analysis it is
assumed that the this relationship is a linear combination, the simplest case consisting of
one independent variable (Pangestu 2016).

Linear regression is a statistical method used to model the relationship between
the dependent variable (dependent; response; Y) and one or more independent variables
(independent, predictor, X). If there is only one independent variable, it is called simple
linear regression, whereas if there is more than one independent variable, it is called
multiple linear regression. Regression analysis has at least three use cases, namely for
data description, for control and for predictive purposes.

Simple regression is carried out in stages, namely by connecting the independent
variable (chlorophyll-a) with the dependent variable (tuna catch, using the data
regression analysis function of Microsoft Office Excel (Kurniawan 2008). This simple
regression analysis was conducted to determine the relationship between the dependent
variable Y (K. pelamis catches) and the independent variable X (chlorophyll-a). The
regression model used is:

Y=a+ bX
Where:
X - chlorophyll-a;
Y - pole and line catch;
a - the constant (intercept) is the value of Y, when X = 0 which equals the value of a
where it intersects the Y axis;
b - regression coefficient.

Chlorophyll-a image analysis. The fishing ground forecast can be predicted from the
parameters of SST and chlorophyll-a. The analysis of the distribution of SST and
chlorophyll-a can use level 1b and level 2 Modis images. The Algorithm Theoretical Basic
Document Modis (ATBD) 25 is used to determine SST and the Morel 4 Algorithm is used
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to determine the chlorophyll-a. The Modis image levels 1b and 2 use the RMSE test
calculation (Chavula 2012).

From the two Root Mean Squared Error (RMSE) tests carried out between the field

data and the Modis image data levels 1b and level 2, more accuratevalues were obtained
from the smallest RMSE sum value, namely the Level 2 Modis image, with an RMSE value
of chlorophyll-a of 0.090315. So the best fishing ground forecast can be determined
through Level 2 Modis Images (Febriani & Sukojo 2016).

Results and Discussion

Fishing ground. In this study we used a pole and line fishing boat (Figure 2) that
operates in Savu sea, Flores, East Nusa Tenggara.

I —

Figure 2. Pole and line fishing boat.

Composition and comparison of catches with the number of settings.

1.
2.

In November 2019 the ship made one trip with a catch of K. pelamis of 1,020 kg.

In December 2019 the ship made 16 trips with a catch of 28,220 kg. The fishing
season generally reaches a turning point in the middle of January and in December,
according to the graph, the catch will decrease as the wind season arrives.

In January 2020 the catch obtained was of 7,990 kg. January is generally the start of
the wind season, so ships rarely go to sea.

In February 2020 the catches were dominated by K. pelamis and T. albacares.
According to the fishermen, February was generally the peak of the wind season, so
that the catch was not good, until the middle or end of March.

In March 2020 the catches were dominated by K. pelamis and T. albacares, but
unlike in the previous month, C. hippurus and E. bipinnulata were also obtained. In
March 2020 the fishermen began to increase the intensity of their trips, but taking
into account the strength of the wind and the availability of bait.

The composition of the catch for 5 months can be seen in Table 1 below:

Table 1
Comparison of catch volumes with the number of settings
Volumes / Period November  December January February March
Number of setting (times) 2 43 14 15 13
K. pelamis (kg) 1,020 15,300 2,890 6,290 7,480
T. albacares (kg) 0 9,520 2,040 5,440 4,250
C. hippurus (kg) 0 1,870 1,870 0 1,360
E. bipinnulata (kg) 0 1,530 1,190 0 1,870
Total (kg) 1,020 28,220 7,990 11,730 14,960
Catch rate per setting 510 656.28 570.71 782 1,150
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Catch frequencies can also be visualized in Figure 3, below(:|
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Figure 3. Total catch (November 2019 to March 2020).

Based on the graph above, there is a decrease in the catch volumes during the 4 months
of fishing. The lowest catch was obtained in January with a total of 7,990 kg, consisting
of: K. pelamis (2,890 kg), T. albacares (2,040 kg) and others, such as E. bipinnulata and
C. hippurus. Meanwhile, the highest catch was obtained in December is 28,220 kg,
dominated by K. pelamis with 15,300 kg and T. albacares with 9,520 kg. In 2016,
Kupang Regency was the largest supplier of K. pelamis in East Nusa Tenggara (MMAF
2018).

Catch composition. If we see in Table 2 and figure 4 below, it is shown that K. pelamis
is the most dominant catch that lands at Tenau port and at the fishing port around
Kupang city, East Nusa Tenggara. This is in accordance with the data from the Fisheries
Service of the Province of East Nusa Tenggara, suggesting that K. pelamis is one of the
main commodities produced in Kupang, with 52%, followed by T. albacares, with 33%,
C. hippurus, with 7% and E. bipinnulata, with 8%.

Table 2
Catch rated per setting
Name of fish Amount (kg) Catch percentage (%)
K. pelamis 32,980 52
T. albacares 21,250 33
C. hippurus 4,590 7
E. bipinnulata 5,100 8
Total catching 63,920 100
Catch rate per setting 734.71 1.14

The catch compositions (in %) can be seen in Figure 4, below.
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Figure 4. Catch composition diagram.

Conformity between of the fishing ground and PPDPI. Fishing is carried out on
FADs that have been installed, with the position of the FADs stored on the GPS of each
ship. The following is a map of the fishing grounds with the positions of the FADs. Figure
5 below shows the fishing ground for 5 months of fishing:
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Figure 5. Fishing ground.

Forecast map of fishing ground (PPDPI).
1. In November the PPDPI that can be used correspond to 29 to 30 November 2019. On
this map, the potential fishing ground are around the northwest of Timor Island with
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recommended are in the south of Sawu Island, northeast of Sumba Island and north
of Rote Island, as well as many other areas with an area of more than 300 NM (IMRO
2019).

3. In January, only 1 file out of 7 uploaded PPDPI files issued corresponded to the time
of the fishing trip. On the 31 December to 01 January map, the potential fishing
grounds were located around the southeast of Sumba Island, west of Savu Island,

with an area of more than 300 NM (IMRO 2020). (c d [A13]: Please correct the unit
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4. 1In February, as many as 10 PPDPI files were uploaded and 3 files corresponded to the
time of the fishing trip. One of the suitable map files was issued on the 26 to 27
February recommending fishing zones located north of Sumba Island with an area of
300 NM. Other areas do not seem to be potential fishing grounds (IMRO 2020).

5. In March there were 4 files matching, at the time of the fishing trip. March should be
the turning point of the monsoon season that occurs in East Nusa Tenggara, but each
region has a different time. One of the maps is the 16 to 17 March map, the areas
that are recommended for fishing activities are in the south of Sumba Island and
northeast of Sumba Island, with an area of more than 300 [NM. There was also one
point with an area of 50 NM located on Semau and Kupang islands (IMRO 2020).

Hindia Ocean

Foggimdio L
{ Hindia Ocean

(5)
Figure 6. PPDPI period in November (1), December (2) (IMRO 2019); January (3),
February (4), March (5) (IMRO 2020).

Compatibility between the fishing ground and PDPPI. Of all trips with available
PDPPI, there were only 17 files that matched, at the time of the fishing trip. For the 4
months period, 17 maps of fishing ground forecasts were used, with a total of 44 settings
(Table 3).

The method used to determine the suitability of fishing grounds with PDPPI,
issued by IMRO, uses a comparison method between the position of the actual fishing
area and the status of the same location on the forecast map, on that date. From 44
setting positions, 6 positions were in accordance with the PDPPI, which corresponds to a
match rate of 13.6%, in terms of chlorophyll-a and SST. When the daily PDPPI images
from the NASA website are not available, the fishing trips cannot be used as a reference
in determining their suitability.

With a match rate of 13.6%, it can be said that fishermen using FADs have
sufficient accuracy in determining fishing grounds
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Compatibility of the fishing ground with the PPDPI

Table 3

Position

Chllorophyll-a

No  Setting Latitude Longitude (mg m™3) Information
1 1 100 12' 27" S 121940' 16" E 0.41 Inappropriate
2 10°09'43"S 121°937' 40" E 0.31 Inappropriate
1 09°56' 38" S 1220 25' 03" E 0.3 Appropriate
2 2 10°42' 09" S 121950' 28" E 0.27 Inappropriate
3 100 26' 28" S 122047'58"E 0.27 Appropriate
3 1 09°32'11"S 123°20'42" E 0.24 Inappropriate
2 09945'37"S 123913' 20" E 0.22 Inappropriate
1 10°04'18"S  122032' 21" E 0.27 Appropriate
4 2 10° 28' 31" S 122041' 16" E 0.31 Inappropriate
3 100 12' 31" S 122005 10" E 0.33 Appropriate
5 1 10040' 10" S 122015'30"E 0.29 Inappropriate
2 09°40'33"S 122055' 15" E 0.39 Inappropriate
1 09° 31'40" S 123°05' 09" E 0.21 Inappropriate
6 2 09° 05' 45" S 123°00' 41" E 0.28 Inappropriate
3 09°47'16" S 122058' 34" E 0.13 Inappropriate
7 1 09°40' 08" S 123922'31"E 0.29 Inappropriate
2 09° 50' 28" S 122053'"17"E 0.30 Inappropriate
1 100 38' 15" S 121°40' 30" E 0.41 Inappropriate
8 2 10042' 09" S 121°950' 28" E 0.38 Inappropriate
3 100 49' 25" S 121°01' 51" E - Inappropriate
1 099 32'11"S 123920'42" E 0.28 Inappropriate
9 2 09°45'37" S 123°13' 20" E 0.24 Inappropriate
3 09°54' 26" S 123°01'51"E - Inappropriate
1 10021' 15" S 1220 35' 07" E 0.45 Inappropriate
10 2 100 10' 35" S 122005'37"E - Inappropriate
3 10°03'47" S 12294510 " E 0.54 Appropriate
11 1 09°40' 36" S 122°005' 15" E 0.8 Inappropriate
2 09°50'17"S 121°35' 20" E 1.1 Inappropriate
12 1 09° 30' 14" S 122950' 33" E - Inappropriate
2 09° 21' 52" S 123°00' 16" E - Inappropriate
1 100 40' 16" S 123941'40"E - Inappropriate
13 2 10039'13"S 123945' 36" E - Inappropriate
3 10040'41" S 123940' 22" E - Inappropriate
1 09°50' 20" S 1220910'31"E - Inappropriate
14 2 09° 18' 50" S 122046' 15" E - Inappropriate
3 09° 30' 16" S 123°01' 51" E - Inappropriate
15 1 10°03' 15" S 122945' 17" E 0.31 Inappropriate
2 10°03'40" S 121°948' 29" E - Inappropriate
1 10°08' 36" S 123907' 12" E - Inappropriate
16 2 100 15' 53" S 122046' 41" E - Inappropriate
3 10°03' 09" S 122053' 08" E - Inappropriate
1 09° 29' 21" S 122°30' 14" E 0.6 Inappropriate
17 2 09°50' 15" S 1220 30' 35" E 0.54 Inappropriate
3 09° 55' 23" S 121°20' 54" E 0.49 Appropriate

Concentration and distribution of chlorophyll-a. Chlorophyll-a concentrations can be
obtained by downloading data levels 1, 2 and 3 on the NASA website. Data needs in a
longer time span such as months and years can use level 3 image data with better
quality than others, but level 3 images only contain one specific information depending
on what is needed. In this study, the basis used is a level 3 image which only requires
chlorophyll-a information with a time span of months. In Figure 7 and Table 4 the
following is image data for chlorophyll-a concentration level 3.
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Chlorophyll-a concentrations can be obtained by downloading data levels 1, 2 and 3 from
the NASA website. Data needs in a longer time span such as months and years can use
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which only requires chlorophyll-a information with a time span of months. Figure 7
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Figure 7. Concentration of chlorophyll-a map (www.oceancolour.gsfc.nasa.gov).
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The distribution map of chlorophyll-a concentrations (Table 4) from November to March,
shows elevated values around the west of Flores Island, Sumba Island and also
Larantuka, suggesting that food chain occur in the area.

Table 4
Concentration and distribution of chlorophyll-a
Period November December January February March
Concentration
of chlorophyll-
a (mg m3)
a. Lowest 0.07 0.08 0.08 0.08 0.08
b. Highest 1.29 1.14 1.15 1.19 1.17
Average Value 0.2 0.3 0.2 0.2 0.2
(mg m~)
North of Kupang
o Kupang city, Sabu  Kupang city, .
Distribution city, Sabu West of Island, Rote Rote Island, Kupang city,
center west of
Island, and Flores Island, and and west of
Flores
west of west of Flores
Flores Flores
ComIZ?/te'F'“ty Appropriate Inappropriate Appropriate Appropriate Inappropriate

Conclusions. Based on the results of the study it can be concluded: simultaneously,
chlorophyll-a had an effect of 62.2% on the catch. The highest concentration of
chlorophyll-a recorded was 1.29 mg m™ and the lowest was 0.07 mg m3; the fishing
area used by fishermen has a level of conformity with the forecast map for fishing areas
of 13.6%; Not all fishing trips can be used as a reference in determining the suitability of
fishing grounds with PDPPI, because not every day PPDPI can be uploaded because it is
limited by the availability of images obtained from the NASA website.
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Identifying fishing grounds in the Savu Sea,
Indonesia: fishermen’s experience compared with

the chlorophyll-a forecast maps
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! Faculty of Fishing Technology, Jakarta Technical University of Fisheries, Pasarminggu,
South Jakarta, Indonesia; 2 Institute for Marine Research and Observation, Negara,
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Abstract. The Savu Sea in East Nusa Tenggara Province is the location of fishing activities for most
fishermen in East Nusa Tenggara. Despite its potential, the knowledge of the fishing ground is still
conventional. Currently, predictive methods for trips planning are available, such as the fishing ground
forecast maps based on the chlorophyll-a, sea surface temperature and salinity. The related data are
provided by NASA, being processed by the Marine Research and Observation Center to display the
potential fishing ground as a box view with an accuracy level of 5 square miles. Eventually, the forecast
map of the fishing area will be compared with the fishing locations known by the fishermen, for
validation The data collection used a survey method and the data analysis used both a descriptive
analysis and the linear regression. The forecast maps matched with the observed fishing locations at
only 13.6%. The highest recorded chlorophyll-a concentration was of 1.29 mg m= (constantly observed
in the West Flores) and the lowest was of 0.07 mg m3. The chlorophyll-a has an effect on 62.2% of the
catch and 52% of the catch is composed of Katsuwonus pelamis

Key Words: MODIS, sea surface temperature, catch composition, Katsuwonus pelamis.

Introduction. Indonesia is the largest archipelagic country in the world, having a
coastline length of 81,000 km? and a sea area of about 3,100,000 km? (Kusumastanto
1996; Darsono 1999; Latif et al 2019). Managing the fisheries resource requires
determining the fish growth patterns and the catch period, in order to avoid over-
exploitation (Nugraha et al 2020b). The province of East Nusa Tenggara has a sea area of
200,000 km? with a coastline of 5,700 km? (MMAF 2016). Savu Sea has a good potential
for fisheries and the whole marine sector (Asagabaldan 2017). A fishing area is an area
where fish are caught in maximum amount and fishing gear can be operated
economically. Assessment and mapping of fishing areas are needed (Nusantara et al
2014). The Katsuwonus pelamis is a fast swimming fish and has the greedy character of
an opportunistic predator, with food types ranging from small fish (Clupeidae and
Engraulidae), squids, crustaceans and zooplankton (Tuli et al 2015). K. pelamis is a
pelagic fish living in groups, from the coastal areas to the open sea (Nainggolan 2012).
Schooling fish should be kept as close to the boat as possible so that they can be easily
caught using pole and line fishing rods (Sudirman & Mallawa 2012). The fishing grounds
are determined by the waters’ condition in the habitat of a species. Water conditions are
usually described by oceanographic parameters (Nugraha et al 2020a).

The Sea Surface Temperature (SST) of the K. pelamis fishing ground ranges from
29.75 to 30.25°C (Zainuddin et al 2015; Nugraha et al 2020b; Zainuddin 2011).
Meanwhile, the potential area has a characteristic chlorophyll-a concentration of around
0.125 mg m3. This condition is mainly seen in May. Outside of this range, the catch of K.
pelamis tends to decline, as it happens in April (when the SST values in the Bone-Sea
Flores bay are the highest). Likewise, when the chlorophyll-a concentration in the fishing
ground significantly increase and the catch tends to decrease. This means that there is a
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certain range of values for the two oceanographic factors that are very suitable for the
presence and abundance of K. pelamis. The distribution of chlorophyll-a can be a
parameter used for identifying the presence of fish in a water area (Hasyim & Zainuddin
2008; Laurs et al 1984).

The Forecast Maps of Fishing Ground (PPDPI) is the result of a research conducted
by the Institute for Marine Research and Observation (IMRO) in order to identify fishing
grounds, based on an internet service of information on the fishing areas’ characteristics
(Sugiari 2015; Panjaitan 2014). PPDPI have been produced for and distributed to the
fishing communities of Indonesia, since 2000 (Tambun et al 2018; Farda & Jatisworo
2019). PDPPI was compiled using remote sensing data which is also widely used to detect
water conditions such as the thermal front (Cayula & Cornillon 1992; Wibawa 2011;
Jatisworo & Murdimanto 2013) and the concentration of chlorophyll-a (Seki et al 2002)
which is one of the indicators of water fertility and school of fish. PDPPI preparation was
carried out using SST and water fertility data (chlorophyll-a) generated from MODIS Aqua
level 3 daily composites, in the Hierarchical Data Format (HDF) (Suniada et al 2015).

The predictive maps of fishing grounds that already exists in Indonesia still have
many weaknesses, including the spatial aspect of the points of forecasting located far
from the coast and the uncertainty of the predicted type of fish. Thus, if inappropriate
gear is selected for the fishing trip, the catch productivity is negatively affected, even in
presence of abundant fish populations (Kunarso et al 2019).

Chlorophyll-a is an indicator of the abundance of phytoplankton in waters, playing
a role in the photosynthesis process (Huot et al 2007; Zhang & Han 2015).
Phytoplankton contributes to a large extent to determine primary productivity in waters.
Organic carbon production during photosynthesis is defined as primary productivity or
Net Primary Productivity (Lee et al 2016).

Linear regression analysis was carried out on the model of the relationship
between chlorophyll-a concentration and primary productivity. The results of this
equation can be applied to the satellite imagery so that it can help to monitor the water
quality conditions (Nuzapril et al 2017). This abundance of phytoplankton will result in
the creation of food chain clusters from phytoplankton to large pelagic fish schools (Sato
et al 2015; Behrenfald et al 2005).

Chioraphyll a concentration 3 iﬁ :

phyll-a concentration (IMRO 2020).

om om0 03 7

Figure 1. Map of chloro

Remote sensing data can show the variables used in determining fish catchment areas.
Certain remote sensing images used to extract SST and chlorophyll-a information are
provided by the MODIS program (Nurman 2010; Hakim et al 2006).

Satellite imagery is one of the applications of the remote sensing technology. The
Moderate-resolution Imaging Spectroradiometer (MODIS) technology uses sensors
belonging to the Earth Observing System (EOS), carried by two satellites produced by the
National Aeronautics and Space Administration (NASA), namely Terra and Aqua
(http://modis.gsfc.nasa.gov 2007).
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The MODIS sensor is a derivative of the Advanced Very High Resolution
Radiometer (AVHRR) sensor, Sea-viewing Wide Field-of-View Sensor (SeaWIFS) and High
Resolution Imaging Spectrometer (HRS) owned by EOS, which has previously orbited, so
it can be used to measure sea and atmosphere-level parameters (such as the sea
surface temperature, chlorophyll-a concentration and water vapor content) and marine
phenomena (such as the occurrence of upwelling, thermal fronts and others)
(http://modis.gsfc.nasa.gov 2007).

Material and Method

Description of the study sites. This research was conducted on a pole and line fishing
boat operating in the Flores Sea, East Nusa Tenggara. The satellite image data retrieval
was carried out at the Southeast Research and Ocean Observation Center (SeaCORM)
Jembrana, Bali. The material used consisted of sea water samples for measuring
oceanographic elements. The methods used in data collection are literature study,
interview, documentation and observation.

Data analysis method. Regression analysis is a statistical analysis that studies the
relationship between two or more variables. In the linear regression analysis it is
assumed that this relationship is a linear combination, the simplest case consisting of one
independent variable (Pangestu 2016).

Linear regression is a statistical method used to model the relationship between
the dependent variable (dependent; response; Y) and one or more independent variables
(independent, predictor, X). If there is only one independent variable, it is called simple
linear regression, whereas if there is more than one independent variable, it is called
multiple linear regression. Regression analysis has at least three use cases, namely for
data description, for control and for predictive purposes..

Simple regression is carried out in stages, namely by connecting the independent
variable (chlorophyll-a) with the dependent variable (tuna catch, using the data
regression analysis function of Microsoft Office Excel (Kurniawan 2008). This simple
regression analysis was conducted to determine the relationship between the dependent
variable Y (K. pelamis catches) and the independent variable X (chlorophyll-a). The
regression model used is:

Y=a+bX

Where:

X - chlorophyll-a;

Y - pole and line catch;

a - the constant (intercept) is the value of Y, when X = 0 which equals the value of a
where it intersects the Y axis;

b - regression coefficient.

Chlorophyll-a image analysis. The fishing ground forecast can be predicted from the
parameters of sea surface temperature and chlorophyll-a. The analysis of the distribution
of sea surface temperature and chlorophyll-a can use level 1b and level 2 Modis images.
The Algorithm Theoretical Basic Document Modis (ATBD) 25 is used to determine sea
surface temperature and the Morel 4 Algorithm is used to determine the chlorophyll-a.
The Modis image levels 1b and 2 use the RMSE test calculation (Chavula 2012).

From the two Root Mean Squared Error (RMSE) tests carried out between the field
data and the Modis image data levels 1b and level 2, more accurate values were obtained
from the smallest RMSE sum value, namely the Level 2 Modis image, with an RMSE value
of chlorophyll-a of 0.090315. So the best fishing ground forecast can be determined
through Level 2 Modis Images (Febriani & Sukojo 2016).
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Results and Discussion

Fishing ground. In this study we used a pole and line fishing boat (Figure 2) that
operates in Savu sea, Flores, East Nusa Tenggara.

Figure 2. Pole and line fishing boat (original).

Composition and comparison of catches with the number of settings.

1.
2.

In November 2019 the ship made one trip with a catch of K. pelamis of 1,020 kg.

In December 2019 the ship made 16 trips with a catch of 28,220 kg. The fishing
season generally reaches a turning point in the middle of January and in December,
according to the graph, the catch will decrease as the wind season arrives.

In January 2020 the catch obtained was of 7,990 kg. January is generally the start of
the wind season, so ships rarely go to sea.

In February 2020 the catches were dominated by K. pelamis and T. albacares.
According to the fishermen, February was generally the peak of the wind season, so
that the catch was not good, until the middle or end of March.

In March 2020 the catches were dominated by K. pelamis and T. albacares, but
unlike in the previous month, C. hippurus and E. bipinnulata were also obtained. In
March 2020 the fishermen began to increase the intensity of their trips, but taking
into account the strength of the wind and the availability of bait.

The composition of the catch for 5 months can be seen in Table 1.

Table 1
Comparison of catch volumes with the number of settings
Volumes / Period November December  January February March
Number of setting (times) 2 43 14 15 13
K. pelamis (kg) 1,020 15,300 2,890 6,290 7,480
T. albacares (kg) 0 9,520 2,040 5,440 4,250
C. hippurus (kg) 0 1,870 1,870 0 1,360
E. bipinnulata (kg) 0 1,530 1,190 0 1,870
Total (kg) 1,020 28,220 7,990 11,730 14,960
Catch rate per setting 510 656,28 570,71 782 1,150

(kg)

Catch frequencies can also be visualized in Figure 3.
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Total Catch from November to March
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Figure 3. Total catch (November 2019 to March 2020).

Based on the graph above, there is a decrease in the catch volumes during the 4 months
of fishing. The lowest catch was obtained in January with a total of 7,990 kg, consisting
of: K. pelamis (2,890 kg), T. albacares (2,040 kg) and others, such as E. bipinnulata and
C. hippurus. The highest catch was obtained in December is 28,220 kg, dominated by K.
pelamis with 15,300 kg and T. albacares with 9,520 kg. In 2016, Kupang Regency was
the largest supplier of K. pelamis in East Nusa Tenggara (MMAF 2018).

Catch composition. Table 2 and Figure 4 show that K. pelamis is the most dominant
catch that lands at Tenau port and at the fishing port around Kupang city, East Nusa
Tenggara. This is in accordance with the data from the Fisheries Service of the Province
of East Nusa Tenggara, suggesting that K. pelamis is one of the main commodities
produced in Kupang, with 52%, followed by T. albacares, with 33%, C. hippurus, with 7%
and E. bipinnulata, with 8%. The catch compositions (in %) can be seen in Figure 4.

Table 2
Catch rated per setting

Commented [WU1]: Please use the full name for all the species.
Please use English: March

Name of fish Amount (kg)

Catch percentage (%)
52

K. pelamis 32,980
T. albacares 21,250 33
C. hippurus 4,590 7
E. bipinnulata 5,100 8
Total catch 63,920 100
Catch rate per setting 734.71 1.14

Percentage of Catch Composition

Figure 4. Catch composition diagram.

Conformity between of the fishing ground and PPDPI. Fishing is carried out on
FADs that have been installed, with the position of the FADs stored on the GPS of each
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ship. The following is a map of the fishing grounds with the positions of the FADs. Figure

5 below shows the fishing ground for 5 months of fishing.
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1. In November the PPDPI that can be used correspond to 29 to 30 November 2019. On
this map, the potential fishing grounds are around the northwest of Timor Island with
an area of 150 NM.

2. In December, 15 files were issued with an interval of 2 days. In the PDPPI 11 to 12
December 2019, the fishing areas that recommended are in the south of Sawu Island,
northeast of Sumba Island and north of Rote Island, as well as many other areas with
more than 300 NM (IMRO 2019).

3. In January, only 1 file out of 7 uploaded PPDPI files issued corresponded to the time
of the fishing trip. On the 31 December to 01 January map, the potential fishing
grounds were located around the southeast of Sumba Island, west of Savu Island,
with an area of more than 300 NM (IMRO 2020).

4. In February, as many as 10 PPDPI files were uploaded and 3 files corresponded to the
time of the fishing trip. One of the suitable map files was issued on the 26 to 27
February recommending fishing zones located north of Sumba Island with an area of
300 NM. Other areas do not seem to be potential fishing grounds (IMRO 2020).

5. In March there were 4 files matching, at the time of the fishing trip. March should be
the turning point of the monsoon season that occurs in East Nusa Tenggara, but each
region has a different time. One of the maps is the 16 to 17 March map, the areas
that are recommended for fishing activities are in the south of Sumba Island and
northeast of Sumba Island, with an area of more than 300 NM. There was also one
point with an area of 50 NM located on Semau and Kupang islands (IMRO 2020).

Compatibility between the fishing ground and PDPPI. Of all trips with available
PDPPI, there were only 17 files that matched, at the time of the fishing trip. For the 4
months period, 17 maps of fishing ground forecasts were used, with a total of 44 settings
(Table 3).

The method used to determine the suitability of fishing grounds with PDPPI,
issued by IMRO, uses a comparison method between the position of the actual fishing
area and the status of the same location on the forecast map, on that date. From 44
setting positions, 6 positions were in accordance with the PDPPI, which corresponds to a
match rate of 13.6%, in terms of chlorophyll-a and sea surface temperature. When the
daily PDPPI images from the NASA website are not available, the fishing trips cannot be
used as a reference in determining their suitability. With a match rate of 13.6%, it can be
said that fishermen using FADs have sufficient accuracy in determining fishing grounds.

Table 3
Compatibility of the fishing ground with the PPDPI
. Position Chllorophyll-a .
No  Setting Latitude Longitude (mg m) Information
1 1 100 12' 27" S 121°40' 16" E 0.41 Inappropriate
2 10°09'43"S 121°937'40"E 0.31 Inappropriate
1 09° 56' 38" S 1220 25' 03" E 0.3 Appropriate
2 2 10042' 09" S 121°950' 28" E 0.27 Inappropriate
3 100 26' 28" S 122047' 58" E 0.27 Appropriate
3 1 09°32'11"S 123920'42"E 0.24 Inappropriate
2 09°45'37"S 123°13' 20" E 0.22 Inappropriate
1 10°04' 18" S 122032' 21" E 0.27 Appropriate
4 2 100 28' 31" S 122941' 16" E 0.31 Inappropriate
3 10°12' 31" S 122°05 10" E 0.33 Appropriate
5 1 10°40' 10" S 1220 15' 30" E 0.29 Inappropriate
2 09°40'33"S 122055' 15" E 0.39 Inappropriate
1 09° 31'40" S 123°05' 09" E 0.21 Inappropriate
6 2 09° 05' 45" S 123°00'41"E 0.28 Inappropriate
3 09°47' 16" S 122058' 34" E 0.13 Inappropriate
7 1 09°40' 08" S 123922'31"E 0.29 Inappropriate
2 09° 50' 28" S 122053'17"E 0.30 Inappropriate
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Position

Chllorophyll-a

No  Setting Latitude Longitude (mg m-3) Information
1 100 38' 15" S 121940' 30" E 0.41 Inappropriate
8 2 10042' 09" S 121950' 28" E 0.38 Inappropriate
3 100 49' 25" S 121°01' 51" E - Inappropriate
1 09°32'11"S 123920'42"E 0.28 Inappropriate
9 2 09°45'37"S 123°13' 20" E 0.24 Inappropriate
3 09° 54' 26" S 123°01' 51" E - Inappropriate
1 100 21' 15" S 122°35' 07" E 0.45 Inappropriate
10 2 100 10' 35" S 122005' 37" E - Inappropriate
3 10°03'47" S 122°45'10 " E 0.54 Appropriate
11 1 09° 40' 36" S 122005' 15" E 0.8 Inappropriate
2 09°50'17"S 121935' 20" E 1.1 Inappropriate
12 1 09° 30' 14" S 122°50' 33" E - Inappropriate
2 09%921'52"S 123°00' 16" E - Inappropriate
1 100 40' 16" S 123%41' 40" E - Inappropriate
13 2 10°39' 13" S 123°45' 36" E - Inappropriate
3 10°040'41" S 123940' 22" E - Inappropriate
1 09° 50' 20" S 122°10' 31" E - Inappropriate
14 2 09° 18' 50" S 122°46' 15" E - Inappropriate
3 09° 30' 16" S 123°01' 51" E - Inappropriate
15 1 10°03' 15" S 122045 17" E 0.31 Inappropriate
2 10° 03' 40" S 1210 48' 29" E - Inappropriate
1 10°08' 36" S 123°07' 12" E - Inappropriate
16 2 100 15'53" S 122046' 41" E - Inappropriate
3 10°03' 09" S 122053' 08" E - Inappropriate
1 09° 29' 21" S 122°30' 14" E 0.6 Inappropriate
17 2 09° 50' 15" S 122°30' 35" E 0.54 Inappropriate
3 09° 55' 23" S 1210 20' 54" E 0.49 Appropriate

Concentration and distribution of chlorophyll-a. Chlorophyll-a concentrations can be
obtained by downloading data levels 1, 2 and 3 on the NASA website. Data needs a
longer time span such as months and years can use level 3 image data with better
quality than others, but level 3 images only contain one specific information depending
on what is needed. In this study, the basis used is a level 3 image which only requires
chlorophyll-a information with a time span of months. Figure 7 images and Table 4 data

correspond to level 3 chlorophyll-a concentration.
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Figure 7. Concentration of chlorophyll-a map (www.oceancolour.gsfc.nasa.gov).

The distribution map of chlorophyll-a concentrations (Table 4) from November to March,
shows elevated values around the west of Flores Island, Sumba Island and also
Larantuka, suggesting that food chain occur in the area.

Table 4
Concentration and distribution of chlorophyll-a
Period November December January February March
Concentration
of chlorophyll-
a (mg m3)
a. Lowest 0.07 0.08 0.08 0.08 0.08
b. Highest 1.29 1.14 1.15 1.19 1.17
Average Y3a1lue 0.2 0.2
(mg m)
North of Kupang
I Kupang city, Sabu  Kupang city, .
Dlsé:;:)tl.é?on city, Sabu West of Island, Rote Rote Island, Kuevaer;gt; g;ty,
Island, and Flores Island, and and west of Flores
west of west of Flores
Flores Flores
Comlze\l/télblllty Appropriate Inappropriate Appropriate Appropriate Inappropriate

AACL Bioflux, 2021, Volume 14, Issue 4.
http://www.bioflux.com.ro/aacl



Conclusions. Based on the results of the study it can be concluded: simultaneously,
chlorophyll-a had an effect of 62.2% on the catch. The highest concentration of
chlorophyll-a recorded was 1.29 mg m™ and the lowest was 0.07 mg m3; the fishing
area used by fishermen has a level of conformity with the forecast map for fishing areas
of 13.6%; Not all fishing trips can be used as a reference in determining the suitability of
fishing grounds with PDPPI, because not every day PPDPI can be uploaded because it is
limited by the availability of images obtained from the NASA website.

Acknowledgments. The authors would like to thank to Director and staff of Institute for
Marine Research and Observation (IMRO), Agency for Marine and Fisheries Research and
Development, Ministry of Marine Affair and Fisheries, Indonesia. For the support to
sharing and processing of the satellite data related to the distribution of SST and
chlorophyll-a in fishing ground and to all other parties for their help and contributions.

Conflict of interest. The authors declare no conflict of interest.
References

Asagabaldan M. A., 2017 Law and the role of Lilifuk Amid Government Regimes: Legal
analysis and sustainability of local wisdom in Kuanheun Village, West Kupang
Regency, East Nusa Tenggara. SABDA 12(2):136-145.

Behrenfeld M. J., Boss E., Siegel D. A., Shea D. M., 2005 Carbon-based ocean
productivity and phytoplankton physiology from space. Global Biogeochemical
Cycles 19(1):1-14.

Cayula J. F., Cornillon P., 1992 Edge detection algorithm for SST Images. Journal of
Atmospheric and Oceanic Technology 9(1):67-80.

Chavula G., Sungani H., Gondwe K., 2012 Mapping potential fishing grounds in Lake
Malawi using AVHRR and MODIS satellite imagery. International Journal of
Geosciences 3(03):650-658.

Darsono P., 1999 [Utilization of marine resources and its implications for fishing
communities]. Oceana 24(4):1-9. [In Indonesian].

Farda N. M., Jatisworo D., 2019 [Mining space-time patterns on forecast maps of fishing
areas in fisheries management areas (FMA) 712, 713, and 573]. Scientific
Magazine GLOBE 21(2):117-128. [In Indonesian].

Febriani E. R., Sukojo B. M., 2016 [Comparative analysis of the use of level 1b and level
2 MODIS imagery in determining forecasting fishing areas (Case Study: South
Coast of Blitar)]. ITS Engineering Journal, Surabaya 5(2):439-442. [In
Indonesian].

Hakim D. M., Wikantika K., Widiadnyana N., Napitu A. M., Darmawan S., 2006 The
identification of fishing ground area with MODIS satellite image (Case Study: South
Coast of West Java) Proceeding. ITB Engineering Science 38B(2):147-158.

Hasyim S., Zainuddin M., 2008 Predictions of skipjack fishing areas based on
oceanographic conditions in the waters of Takalar regency and surrounding areas.
Journal of Science and Technology 8(2):158-162. [In Indonesian].

Huot Y., Babin M., Bruyant F., Grob C., Twardowski M. S., Claustre H., 2007 Does
chlorophyll-a provide the best index of phytoplankton biomass for primary
productivity studies? Biogeosciences Discussions, Proxies of Biomass For Primary
production 4(2):707-745.

Jatisworo D., Murdimanto A., 2013 [Identification of thermal fronts in the Makassar Strait
and Banda Sea]. Proceedings of the National Symposium on Geoinformation
Science III. Marine Research and Observation Institute, 8 p. [In Indonesian].

Kunarso, Zainuri M., Sugianto D. N., Marwoto J., Hariyadi, Muslim, 2019 Prediction of
demersal fishing ground associated with coral reefs in the Coastal Jepara Regency,
Central Java, Indonesia based on Sentinel 2a imagery. Advances in Science,
Technology and Engineering Systems (ASTES) Journal 4(6):263-269.

AACL Bioflux, 2021, Volume 14, Issue 4. 10
http://www.bioflux.com.ro/aacl


https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Behrenfeld%2C+Michael+J
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Boss%2C+Emmanuel
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Siegel%2C+David+A
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Shea%2C+Donald+M
https://agupubs.onlinelibrary.wiley.com/journal/19449224
https://agupubs.onlinelibrary.wiley.com/journal/19449224
https://agupubs.onlinelibrary.wiley.com/toc/19449224/2005/19/1

Kurniawan D., 2008 [Linear regression]. Academia accelerating the world's research.
Research Development Core Team R: A language and environment for statistical
computing, 14 p. [In Indonesian].

Kusumastanto T., 1996 [An evaluation of government policies on the development of
fisheries in Indonesia]. AGRIS, Fisheries Economy Bulletin 2(3):27-41. [In
Indonesian].

Latif B., Noor S. M., Sumardi J., Irwansyah, 2019 Sustainable development and sea
protection: Trade on fish and fishery product. ICROEST. IOP Conference Series:
Earth and Environmental Science 343(1):1-6.

Laurs R. M., Fiedler P. C., Montgomery D. R., 1984 Albacore tuna catch distribution
relative to environmental features observed from satellites. Deep-Sea Research
31:1085-1099.

Lee Y. J., Matrai P. A., Friedrichs M. A. M., SabaV. S., Aumont O., Babin M.,
Buitenhuis E. T., Chevallier M., Mora L., Dessert D., Dunne J. P., EllingsenI. H.,
Feldman D., Frouin R., Gehlen M., Gorgues T., IlyinaT., Jin M., JohnlJ. G,
Lawrence J., Manizza M., Menkes C. E., Perruche C., FouestV. L., Popova E. E.,
Romanou A., Samuelsen A., Schwinger ]., Séférian R., Stock C. A., Tjiputra J.,
Tremblay L. B., Ueyoshi K., Vichi M., Yool A., Zhang J., 2016 Net primary
productivity estimates and environmental variables in the Arctic Ocean: An
assessment of coupled physical-biogeochemical models. Journal of Geophysical
Research: Oceans 121(12):8635-8669.

Nainggolan C., 2012 [Fishing methods]. Open University, Jakarta, 61 p. [In Indonesian].

Nugraha E., Gunawan R., Danapraja S., Yusrizal, Kusdinar A., Waluyo A. S., Hutajulu J.,
Prayitno H., Halim S., Sutisna D. H., 2020b The sea surface temperature effect on
the length and size of skipjack tuna (Katsuwonus pelamis) catches in the Banda
Sea, Indonesia. AACL Bioflux 13(1):1-18.

Nugraha E., Yudho G. S., Jaenudin A., Yusrizal, Kusmedy B., Kusnidar A., Husen E. S.,
2020a Relationship between length and weight of skipjack tuna (Katsuwonus
Pelamis) purse seine catching in the Maluku Sea, Indonesia. AACL Bioflux
13(1):330-345.

Nurman A., 2010 [Utilization of fashionable data to detect fishing grounds on the east
and west coasts of North Sumatra]. Medan State University. Geography Journal
2(2):17-30. [In Indonesian].

Nusantara R. A., Rosyid A., Boesono H., 2014 [Analysis of differences in depth of fishing
area towards fish composition on Danish seine in Rembang waters]. Journal of
Fisheries Resources Utilization Management and Technology 3(3):96-104. [In
Indonesian].

Nuzapril M., Susilo S. B., Panjaitan J. P., 2017 Relationship between chlorophyll-a
concentration with primary productivity rate using Landsat 8 imagery. Journal of
Fisheries and Marine Technology 8(1):105-114.

Pangestu S., 2016 [Simple linear regression. Applied linear model]. Digital Library of a
Open University of Indonesia, 398 p. [In Indonesian].

Sato K., Matsuno K., Arima D., Abe Y., Yamaguchi A., 2015 Spatial and temporal changes
in zooplankton abundance, biovolume, and size spectra in the neighboring waters
of Japan: Analyses using an optical plankton counter. Zoological Studies. A
Springer Open Journal 54(18):1-15.

Seki M. P., Polovina J. J., Kobayashi D. R., Bidigare R. R., Mitchum G. T., 2002 An
oceanographic characterization of swordfish (Xiphias gladius) longline fishing
grounds in the springtime subtropical North Pacific. Fisheries Oceanography
11(5):251-266.

Sudirman, Mallawa A., 2012 [Fishing techniques]. Rineka Cipta, Jakarta, Indonesia, 168
p. [In Indonesian].

Sugiari, Anshori M. A., Kusumawardani M., 2015 [Coordinate information system for
estimated tuna fishing grounds for fishermen]. Journal of JARTEL State Polytechnic
of Malang 1(1):74-84. [In Indonesian].

AACL Bioflux, 2021, Volume 14, Issue 4. 11
http://www.bioflux.com.ro/aacl


https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Lee%2C+Younjoo+J
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Matrai%2C+Patricia+A
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Friedrichs%2C+Marjorie+A+M
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Saba%2C+Vincent+S
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Aumont%2C+Olivier
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Babin%2C+Marcel
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Buitenhuis%2C+Erik+T
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Chevallier%2C+Matthieu
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=de+Mora%2C+Lee
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Dessert%2C+Morgane
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Dunne%2C+John+P
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Ellingsen%2C+Ingrid+H
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Feldman%2C+Doron
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Frouin%2C+Robert
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Gehlen%2C+Marion
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Gorgues%2C+Thomas
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Ilyina%2C+Tatiana
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Jin%2C+Meibing
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=John%2C+Jasmin+G
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Lawrence%2C+Jon
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Manizza%2C+Manfredi
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Menkes%2C+Christophe+E
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Perruche%2C+Coralie
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=le+Fouest%2C+Vincent
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Popova%2C+Ekaterina+E
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Romanou%2C+Anastasia
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Samuelsen%2C+Annette
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Schwinger%2C+Jörg
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Séférian%2C+Roland
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Stock%2C+Charles+A
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Tjiputra%2C+Jerry
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Tremblay%2C+L+Bruno
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Ueyoshi%2C+Kyozo
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Vichi%2C+Marcello
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Yool%2C+Andrew
https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Zhang%2C+Jinlun
https://agupubs.onlinelibrary.wiley.com/journal/21699291
https://agupubs.onlinelibrary.wiley.com/journal/21699291
https://agupubs.onlinelibrary.wiley.com/toc/21699291/2016/121/12
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Seki%2C+Michael+P
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Polovina%2C+Jeffrey+J
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Kobayashi%2C+Donald+R
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Bidigare%2C+Robert+R
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Mitchum%2C+Gary+T

Suniada K. I., Susilo E., Hastuti A. W., 2015 [Validation of forecast map of fishing
grounds (PPDPI) in Java Sea Waters (FMA-RI 712)]. Proceedings of the National
Marine and Fisheries Science and Technology Forum 87-96. [In Indonesian].

Tambun R., Simbolon D., Wahju R., Supartono, 2018 [Potential zones of fishing ground
based on season at FMA RI 718]. Journal of Tropical Marine Science and
Technology 10(3):757-768. [In Indonesian].

Tuli M., Mennofatria B., Adrianto L., 2015 [Analysis of skipjack fish (Katsuwonus pelamis)
resources in the waters of Pohuwato Regency, Gorontalo Province]. Marine Fisheries
Journal 6(2):109-117. [In Indonesian].

Wibawa T. A., 2011 [Utilization of oceanographic satellite data for prediction of potential
fishing grounds for bigeye tuna (7. obesus) in the South Indian Ocean, Java and
Bali]. SEGARA Journal 7(1):29-41. [In Indonesian].

Zainuddin M., 2011 Skipjack tuna in relation to sea surface temperature and chlorophyll-
a concentration of Bone Bay using remotely sensed satellite data. Journal of
Tropical Marine Science and Technology 3(1):82-90.

Zainuddin M., Safruddin, Farhum S. A., Nelwan A., Selamat M. B., Hidayat S., Sudirman,
2015 [Characteristics of potential areas for catching skipjack tuna in the Bone-Sea
Bay of Flores based on satellite data on sea surface temperature and chlorophyll-a
in the period January-June 2014 Makassar]. Journal of Science and Technology
Utilization of fisheries resources. Hasanuddin University 2(3):228-237. [In
Indonesian].

Zhang C., Han M., 2015 Mapping chlorophyll-a concentration in Laizhou Bay using
Landsat 8 OLI data. E-proceedings of the 36 IAHR World Congress, The Hague,
The Netherlands, pp. 12-17.

*** Institute for Marine Research and Observation, IMRO, 2019 [Forecast map of fishing
ground]. Bali. http://bpol.litbang.kkp.go.id/ [In Indonesian].

*** Institute for Marine Research and Observation, IMRO, 2020 [Forecast map of fishing
ground]. Bali. http://bpol.litbang.kkp.go.id/ [In Indonesian].

*** Ministry of Marine Affairs and Fisheries, MMAF, 2016 [East Nusa Tenggara Provincial
annual report 2016]. East Nusa Tenggara Provincial Marine and Fisheries Service.
[In Indonesian].

*** Ministry of Marine Affairs and Fisheries, MMAF, 2018 [East Nusa Tenggara Provincial
annual report 2018]. East Nusa Tenggara Provincial Marine and Fisheries Service.
[In Indonesian].

*** http://modis.gsfc.nasa.gov 2007

*** www.oceancolour.gfsc.nasa.gov

Received: 24 May 2021. Accepted: July 2021. Published online: July 2021.

Authors:

Maman Hermawan, Jakarta Technical University of Fisheries, Faculty of Fishing Technology, AUP Street
Pasarminggu 12520, South Jakarta, Indonesia, e-mail: mhermawan60@gmail.com

I Nyoman Radiarta, Institute for Marine Research and Observation, Agency for Marine and Fisheries Research
and Development Baru Street, Perancak, Negara, Jembrana 82251 Bali, Indonesia, e-mail: radiarta@kkp.go.id
I Gusti Bagus Ega Krisna Bayu, Jakarta Technical University of Fisheries, Faculty of Fishing Technology, AUP
Street Pasarminggu 12520, South Jakarta, Indonesia, e-mail: egabayu91@gmail.com

Erick Nugraha, Jakarta Technical University of Fisheries, Faculty of Fishing Technology, AUP Street Pasarminggu
12520, South Jakarta, Indonesia, e-mail: nugraha_erigl@yahoo.co.id

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source
are credited.

How to cite this article:

Hermawan M., Radiarta I. N., Bayu I. G. B. E. K., Nugraha E., 2021 Identifying fishing grounds in the Savu Sea,
Indonesia: fishermen’s experience compared with the chlorophyll-a forecast maps. AACL Bioflux 14(4):

AACL Bioflux, 2021, Volume 14, Issue 4. 12
http://www.bioflux.com.ro/aacl



€& Kembali 44 <& =p Ba Arsipkan B Pindahkan @ Hapus ¥ Spam  eee T av

Revision 4

][]

Eni Kovacs <ekbioflux@gmail.com> s Min, 18Jul 2021 jam 00.21 g
Kepada: erick nugraha

Cear Dr. Nugraha,
Regarding vour manuscript submitted to AACL Bioflux, the editorial team has some requests prior to acceptance (please see the attachment).

Please note: Always operate corrections/additions (or deletions) in the manuseript we are sending vou, by highlighting with a bright color (for an easy identification). We never work on the
manuscript vou send back, just identify the corrections and operate them on our document (to avoid any undesirable accidental operations like changed page set up, otherwise the editors have to start
all the work from the beginning, and we cannot ask them to re-check everv manuscript word by word to identify unmarked modifications).

Thank you for understanding!

Kind regards,
Editor AACL Bioflux
Eniko Kovacs

&

Nugrzha_PP....doc

LAMB

« <« * wes
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the chlorophyll-a forecast maps
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Abstract. The Savu Sea in East Nusa Tenggara Province is the location of fishing activities for most
fishermen in East Nusa Tenggara. Despite its potential, the knowledge of the fishing ground is still
conventional. Currently, predictive methods for trips planning are available, such as the fishing ground
forecast maps based on the chlorophyll-a, sea surface temperature and salinity. The related data are
provided by NASA, being processed by the Marine Research and Observation Center to display the
potential fishing ground as a box view with an accuracy level of 5 square miles. Eventually, the forecast
map of the fishing area will be compared with the fishing locations known by the fishermen, for
validation The data collection used a survey method and the data analysis used both a descriptive
analysis and the linear regression. The forecast maps matched with the observed fishing locations at
only 13.6%. The highest recorded chlorophyll-a concentration was of 1.29 mg m= (constantly observed
in the West Flores) and the lowest was of 0.07 mg m3. The chlorophyll-a has an effect on 62.2% of the
catch and 52% of the catch is composed of Katsuwonus pelamis

Key Words: MODIS, sea surface temperature, catch composition, Katsuwonus pelamis.

Introduction. Indonesia is the largest archipelagic country in the world, having a
coastline length of 81,000 km? and a sea area of about 3,100,000 km? (Kusumastanto
1996; Darsono 1999; Latif et al 2019). Managing the fisheries resource requires
determining the fish growth patterns and the catch period, in order to avoid over-
exploitation (Nugraha et al 2020b). The province of East Nusa Tenggara has a sea area of
200,000 km? with a coastline of 5,700 km? (MMAF 2016). Savu Sea has a good potential
for fisheries and the whole marine sector (Asagabaldan 2017). A fishing area is an area
where fish are caught in maximum amount and fishing gear can be operated
economically. Assessment and mapping of fishing areas are needed (Nusantara et al
2014). The Katsuwonus pelamis is a fast swimming fish and has the greedy character of
an opportunistic predator, with food types ranging from small fish (Clupeidae and
Engraulidae), squids, crustaceans and zooplankton (Tuli et al 2015). K. pelamis is a
pelagic fish living in groups, from the coastal areas to the open sea (Nainggolan 2012).
Schooling fish should be kept as close to the boat as possible so that they can be easily
caught using pole and line fishing rods (Sudirman & Mallawa 2012). The fishing grounds
are determined by the waters’ condition in the habitat of a species. Water conditions are
usually described by oceanographic parameters (Nugraha et al 2020a).

The Sea Surface Temperature (SST) of the K. pelamis fishing ground ranges from
29.75 to 30.25°C (Zainuddin et al 2015; Nugraha et al 2020b; Zainuddin 2011).
Meanwhile, the potential area has a characteristic chlorophyll-a concentration of around
0.125 mg m3. This condition is mainly seen in May. Outside of this range, the catch of K.
pelamis tends to decline, as it happens in April (when the SST values in the Bone-Sea
Flores bay are the highest). Likewise, when the chlorophyll-a concentration in the fishing
ground significantly increase and the catch tends to decrease. This means that there is a
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certain range of values for the two oceanographic factors that are very suitable for the
presence and abundance of K. pelamis. The distribution of chlorophyll-a can be a
parameter used for identifying the presence of fish in a water area (Hasyim & Zainuddin
2008; Laurs et al 1984).

The Forecast Maps of Fishing Ground (PPDPI) is the result of a research conducted
by the Institute for Marine Research and Observation (IMRO) in order to identify fishing
grounds, based on an internet service of information on the fishing areas’ characteristics
(Sugiari 2015; Panjaitan 2014). PPDPI have been produced for and distributed to the
fishing communities of Indonesia, since 2000 (Tambun et al 2018; Farda & Jatisworo
2019). PDPPI was compiled using remote sensing data which is also widely used to detect
water conditions such as the thermal front (Cayula & Cornillon 1992; Wibawa 2011;
Jatisworo & Murdimanto 2013) and the concentration of chlorophyll-a (Seki et al 2002)
which is one of the indicators of water fertility and school of fish. PDPPI preparation was
carried out using SST and water fertility data (chlorophyll-a) generated from MODIS Aqua
level 3 daily composites, in the Hierarchical Data Format (HDF) (Suniada et al 2015).

The predictive maps of fishing grounds that already exists in Indonesia still have
many weaknesses, including the spatial aspect of the points of forecasting located far
from the coast and the uncertainty of the predicted type of fish. Thus, if inappropriate
gear is selected for the fishing trip, the catch productivity is negatively affected, even in
presence of abundant fish populations (Kunarso et al 2019).

Chlorophyll-a is an indicator of the abundance of phytoplankton in waters, playing
a role in the photosynthesis process (Huot et al 2007; Zhang & Han 2015).
Phytoplankton contributes to a large extent to determine primary productivity in waters.
Organic carbon production during photosynthesis is defined as primary productivity or
Net Primary Productivity (Lee et al 2016).

Linear regression analysis was carried out on the model of the relationship
between chlorophyll-a concentration and primary productivity. The results of this
equation can be applied to the satellite imagery so that it can help to monitor the water
quality conditions (Nuzapril et al 2017). This abundance of phytoplankton will result in
the creation of food chain clusters from phytoplankton to large pelagic fish schools (Sato
et al 2015; Behrenfald et al 2005).

Chioraphyll a concentration 3 iﬁ :

phyll-a concentration (IMRO 2020).

om om0 03 7

Figure 1. Map of chloro

Remote sensing data can show the variables used in determining fish catchment areas.
Certain remote sensing images used to extract SST and chlorophyll-a information are
provided by the MODIS program (Nurman 2010; Hakim et al 2006).

Satellite imagery is one of the applications of the remote sensing technology. The
Moderate-resolution Imaging Spectroradiometer (MODIS) technology uses sensors
belonging to the Earth Observing System (EOS), carried by two satellites produced by the
National Aeronautics and Space Administration (NASA), namely Terra and Aqua
(http://modis.gsfc.nasa.gov 2007).
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The MODIS sensor is a derivative of the Advanced Very High Resolution
Radiometer (AVHRR) sensor, Sea-viewing Wide Field-of-View Sensor (SeaWIFS) and High
Resolution Imaging Spectrometer (HRS) owned by EOS, which has previously orbited, so
it can be used to measure sea and atmosphere-level parameters (such as the sea
surface temperature, chlorophyll-a concentration and water vapor content) and marine
phenomena (such as the occurrence of upwelling, thermal fronts and others)
(http://modis.gsfc.nasa.gov 2007).

Material and Method

Description of the study sites. This research was conducted on a pole and line fishing
boat operating in the Flores Sea, East Nusa Tenggara. The satellite image data retrieval
was carried out at the Southeast Research and Ocean Observation Center (SeaCORM)
Jembrana, Bali. The material used consisted of sea water samples for measuring
oceanographic elements. The methods used in data collection are literature study,
interview, documentation and observation.

Data analysis method. Regression analysis is a statistical analysis that studies the
relationship between two or more variables. In the linear regression analysis it is
assumed that this relationship is a linear combination, the simplest case consisting of one
independent variable (Pangestu 2016).

Linear regression is a statistical method used to model the relationship between
the dependent variable (dependent; response; Y) and one or more independent variables
(independent, predictor, X). If there is only one independent variable, it is called simple
linear regression, whereas if there is more than one independent variable, it is called
multiple linear regression. Regression analysis has at least three use cases, namely for
data description, for control and for predictive purposes..

Simple regression is carried out in stages, namely by connecting the independent
variable (chlorophyll-a) with the dependent variable (tuna catch, using the data
regression analysis function of Microsoft Office Excel (Kurniawan 2008). This simple
regression analysis was conducted to determine the relationship between the dependent
variable Y (K. pelamis catches) and the independent variable X (chlorophyll-a). The
regression model used is:

Y=a+bX

Where:

X - chlorophyll-a;

Y - pole and line catch;

a - the constant (intercept) is the value of Y, when X = 0 which equals the value of a
where it intersects the Y axis;

b - regression coefficient.

Chlorophyll-a image analysis. The fishing ground forecast can be predicted from the
parameters of sea surface temperature and chlorophyll-a. The analysis of the distribution
of sea surface temperature and chlorophyll-a can use level 1b and level 2 Modis images.
The Algorithm Theoretical Basic Document Modis (ATBD) 25 is used to determine sea
surface temperature and the Morel 4 Algorithm is used to determine the chlorophyll-a.
The Modis image levels 1b and 2 use the RMSE test calculation (Chavula 2012).

From the two Root Mean Squared Error (RMSE) tests carried out between the field
data and the Modis image data levels 1b and level 2, more accurate values were obtained
from the smallest RMSE sum value, namely the Level 2 Modis image, with an RMSE value
of chlorophyll-a of 0.090315. So the best fishing ground forecast can be determined
through Level 2 Modis Images (Febriani & Sukojo 2016).
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Results and Discussion

Fishing ground. In this study we used a pole and line fishing boat (Figure 2) that
operates in Savu sea, Flores, East Nusa Tenggara.

Figure 2. Pole and line fishing boat (original).

Composition and comparison of catches with the number of settings.

1.
2.

In November 2019 the ship made one trip with a catch of K. pelamis of 1,020 kg.

In December 2019 the ship made 16 trips with a catch of 28,220 kg. The fishing
season generally reaches a turning point in the middle of January and in December,
according to the graph, the catch will decrease as the wind season arrives.

In January 2020 the catch obtained was of 7,990 kg. January is generally the start of
the wind season, so ships rarely go to sea.

In February 2020 the catches were dominated by K. pelamis and T. albacares.
According to the fishermen, February was generally the peak of the wind season, so
that the catch was not good, until the middle or end of March.

In March 2020 the catches were dominated by K. pelamis and T. albacares, but
unlike in the previous month, C. hippurus and E. bipinnulata were also obtained. In
March 2020 the fishermen began to increase the intensity of their trips, but taking
into account the strength of the wind and the availability of bait.

The composition of the catch for 5 months can be seen in Table 1.

Table 1
Comparison of catch volumes with the number of settings
Volumes / Period November December  January February March
Number of setting (times) 2 43 14 15 13
K. pelamis (kg) 1,020 15,300 2,890 6,290 7,480
T. albacares (kg) 0 9,520 2,040 5,440 4,250
C. hippurus (kg) 0 1,870 1,870 0 1,360
E. bipinnulata (kg) 0 1,530 1,190 0 1,870
Total (kg) 1,020 28,220 7,990 11,730 14,960
Catch rate per setting 510 656,28 570,71 782 1,150

(kg)

Catch frequencies can also be visualized in Figure 3.
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Total Catch from November to March

18000
16000
14000
12000
10000

8000

6000
4000 I I I
2000

° m [ | ]

November December January February Maret

Amount catch (kg)

B K. Pelamis MT. Albacares Coryphaena hippurus Elagatis bipinnulata

Figure 3. Total catch (November 2019 to March 2020).

Based on the graph above, there is a decrease in the catch volumes during the 4 months
of fishing. The lowest catch was obtained in January with a total of 7,990 kg, consisting
of: K. pelamis (2,890 kg), T. albacares (2,040 kg) and others, such as E. bipinnulata and
C. hippurus. The highest catch was obtained in December is 28,220 kg, dominated by K.
pelamis with 15,300 kg and T. albacares with 9,520 kg. In 2016, Kupang Regency was
the largest supplier of K. pelamis in East Nusa Tenggara (MMAF 2018).

Catch composition. Table 2 and Figure 4 show that K. pelamis is the most dominant
catch that lands at Tenau port and at the fishing port around Kupang city, East Nusa
Tenggara. This is in accordance with the data from the Fisheries Service of the Province
of East Nusa Tenggara, suggesting that K. pelamis is one of the main commodities
produced in Kupang, with 52%, followed by T. albacares, with 33%, C. hippurus, with 7%
and E. bipinnulata, with 8%. The catch compositions (in %) can be seen in Figure 4.

Table 2
Catch rated per setting

Commented [WU1]: Please use the full name for all the species.
Please use English: March

Name of fish Amount (kg)

Catch percentage (%)
52

K. pelamis 32,980
T. albacares 21,250 33
C. hippurus 4,590 7
E. bipinnulata 5,100 8
Total catch 63,920 100
Catch rate per setting 734.71 1.14

Percentage of Catch Composition

Figure 4. Catch composition diagram.

Conformity between of the fishing ground and PPDPI. Fishing is carried out on
FADs that have been installed, with the position of the FADs stored on the GPS of each
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ship. The following is a map of the fishing grounds with the positions of the FADs. Figure

5 below shows the fishing ground for 5 months of fishing.
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1. In November the PPDPI that can be used correspond to 29 to 30 November 2019. On
this map, the potential fishing grounds are around the northwest of Timor Island with
an area of 150 NM.

2. In December, 15 files were issued with an interval of 2 days. In the PDPPI 11 to 12
December 2019, the fishing areas that recommended are in the south of Sawu Island,
northeast of Sumba Island and north of Rote Island, as well as many other areas with
more than 300 NM (IMRO 2019).

3. In January, only 1 file out of 7 uploaded PPDPI files issued corresponded to the time
of the fishing trip. On the 31 December to 01 January map, the potential fishing
grounds were located around the southeast of Sumba Island, west of Savu Island,
with an area of more than 300 NM (IMRO 2020).

4. In February, as many as 10 PPDPI files were uploaded and 3 files corresponded to the
time of the fishing trip. One of the suitable map files was issued on the 26 to 27
February recommending fishing zones located north of Sumba Island with an area of
300 NM. Other areas do not seem to be potential fishing grounds (IMRO 2020).

5. In March there were 4 files matching, at the time of the fishing trip. March should be
the turning point of the monsoon season that occurs in East Nusa Tenggara, but each
region has a different time. One of the maps is the 16 to 17 March map, the areas
that are recommended for fishing activities are in the south of Sumba Island and
northeast of Sumba Island, with an area of more than 300 NM. There was also one
point with an area of 50 NM located on Semau and Kupang islands (IMRO 2020).

Compatibility between the fishing ground and PDPPI. Of all trips with available
PDPPI, there were only 17 files that matched, at the time of the fishing trip. For the 4
months period, 17 maps of fishing ground forecasts were used, with a total of 44 settings
(Table 3).

The method used to determine the suitability of fishing grounds with PDPPI,
issued by IMRO, uses a comparison method between the position of the actual fishing
area and the status of the same location on the forecast map, on that date. From 44
setting positions, 6 positions were in accordance with the PDPPI, which corresponds to a
match rate of 13.6%, in terms of chlorophyll-a and sea surface temperature. When the
daily PDPPI images from the NASA website are not available, the fishing trips cannot be
used as a reference in determining their suitability. With a match rate of 13.6%, it can be
said that fishermen using FADs have sufficient accuracy in determining fishing grounds.

Table 3
Compatibility of the fishing ground with the PPDPI
. Position Chllorophyll-a .
No  Setting Latitude Longitude (mg m) Information
1 1 100 12' 27" S 121°40' 16" E 0.41 Inappropriate
2 10°09'43"S 121°937'40"E 0.31 Inappropriate
1 09° 56' 38" S 1220 25' 03" E 0.3 Appropriate
2 2 10042' 09" S 121°950' 28" E 0.27 Inappropriate
3 100 26' 28" S 122047' 58" E 0.27 Appropriate
3 1 09°32'11"S 123920'42"E 0.24 Inappropriate
2 09°45'37"S 123°13' 20" E 0.22 Inappropriate
1 10°04' 18" S 122032' 21" E 0.27 Appropriate
4 2 100 28' 31" S 122941' 16" E 0.31 Inappropriate
3 10°12' 31" S 122°05 10" E 0.33 Appropriate
5 1 10°40' 10" S 1220 15' 30" E 0.29 Inappropriate
2 09°40'33"S 122055' 15" E 0.39 Inappropriate
1 09° 31'40" S 123°05' 09" E 0.21 Inappropriate
6 2 09° 05' 45" S 123°00'41"E 0.28 Inappropriate
3 09°47' 16" S 122058' 34" E 0.13 Inappropriate
7 1 09°40' 08" S 123922'31"E 0.29 Inappropriate
2 09° 50' 28" S 122053'17"E 0.30 Inappropriate
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Position

Chllorophyll-a

No  Setting Latitude Longitude (mg m-3) Information
1 100 38' 15" S 121940' 30" E 0.41 Inappropriate
8 2 10042' 09" S 121950' 28" E 0.38 Inappropriate
3 100 49' 25" S 121°01' 51" E - Inappropriate
1 09°32'11"S 123920'42"E 0.28 Inappropriate
9 2 09°45'37"S 123°13' 20" E 0.24 Inappropriate
3 09° 54' 26" S 123°01' 51" E - Inappropriate
1 100 21' 15" S 122°35' 07" E 0.45 Inappropriate
10 2 100 10' 35" S 122005' 37" E - Inappropriate
3 10°03'47" S 122°45'10 " E 0.54 Appropriate
11 1 09° 40' 36" S 122005' 15" E 0.8 Inappropriate
2 09°50'17"S 121935' 20" E 1.1 Inappropriate
12 1 09° 30' 14" S 122°50' 33" E - Inappropriate
2 09%921'52"S 123°00' 16" E - Inappropriate
1 100 40' 16" S 123%41' 40" E - Inappropriate
13 2 10°39' 13" S 123°45' 36" E - Inappropriate
3 10°040'41" S 123940' 22" E - Inappropriate
1 09° 50' 20" S 122°10' 31" E - Inappropriate
14 2 09° 18' 50" S 122°46' 15" E - Inappropriate
3 09° 30' 16" S 123°01' 51" E - Inappropriate
15 1 10°03' 15" S 122045 17" E 0.31 Inappropriate
2 10° 03' 40" S 1210 48' 29" E - Inappropriate
1 10°08' 36" S 123°07' 12" E - Inappropriate
16 2 100 15'53" S 122046' 41" E - Inappropriate
3 10°03' 09" S 122053' 08" E - Inappropriate
1 09° 29' 21" S 122°30' 14" E 0.6 Inappropriate
17 2 09° 50' 15" S 122°30' 35" E 0.54 Inappropriate
3 09° 55' 23" S 1210 20' 54" E 0.49 Appropriate

Concentration and distribution of chlorophyll-a. Chlorophyll-a concentrations can be
obtained by downloading data levels 1, 2 and 3 on the NASA website. Data needs a
longer time span such as months and years can use level 3 image data with better
quality than others, but level 3 images only contain one specific information depending
on what is needed. In this study, the basis used is a level 3 image which only requires
chlorophyll-a information with a time span of months. Figure 7 images and Table 4 data

correspond to level 3 chlorophyll-a concentration.
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Figure 7. Concentration of chlorophyll-a map (www.oceancolour.gsfc.nasa.gov).

The distribution map of chlorophyll-a concentrations (Table 4) from November to March,
shows elevated values around the west of Flores Island, Sumba Island and also
Larantuka, suggesting that food chain occur in the area.

Table 4
Concentration and distribution of chlorophyll-a
Period November December January February March
Concentration
of chlorophyll-
a (mg m3)
a. Lowest 0.07 0.08 0.08 0.08 0.08
b. Highest 1.29 1.14 1.15 1.19 1.17
Average Y3a1lue 0.2 0.2
(mg m)
North of Kupang
I Kupang city, Sabu  Kupang city, .
Dlsé:;:)tl.é?on city, Sabu West of Island, Rote Rote Island, Kuevaer;gt; g;ty,
Island, and Flores Island, and and west of Flores
west of west of Flores
Flores Flores
Comlze\l/télblllty Appropriate Inappropriate Appropriate Appropriate Inappropriate
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Conclusions. Based on the results of the study it can be concluded: simultaneously,
chlorophyll-a had an effect of 62.2% on the catch. The highest concentration of
chlorophyll-a recorded was 1.29 mg m™ and the lowest was 0.07 mg m3; the fishing
area used by fishermen has a level of conformity with the forecast map for fishing areas
of 13.6%; Not all fishing trips can be used as a reference in determining the suitability of
fishing grounds with PDPPI, because not every day PPDPI can be uploaded because it is
limited by the availability of images obtained from the NASA website.
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Identifying fishing grounds in the Savu Sea,
Indonesia: fishermen’s experience compared with

the chlorophyll-a forecast maps
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Abstract. The Savu Sea in East Nusa Tenggara Province is the location of fishing activities for most
fishermen in East Nusa Tenggara. Despite its potential, the knowledge of the fishing ground is still
conventional. Currently, predictive methods for trips planning are available, such as the fishing ground
forecast maps based on the chlorophyll-a, sea surface temperature and salinity. The related data are
provided by NASA, being processed by the Marine Research and Observation Center to display the
potential fishing ground as a box view with an accuracy level of 5 square miles. Eventually, the forecast
map of the fishing area will be compared with the fishing locations known by the fishermen, for
validation The data collection used a survey method and the data analysis used both a descriptive
analysis and the linear regression. The forecast maps matched with the observed fishing locations at
only 13.6%. The highest recorded chlorophyll-a concentration was of 1.29 mg m (constantly observed
in the West Flores) and the lowest was of 0.07 mg m™=. The chlorophyll-a has an effect on 62.2% of the
catch and 52% of the catch is composed of Katsuwonus pelamis

Key Words: MODIS, sea surface temperature, catch composition, Katsuwonus pelamis, PPDPI.

Introduction. Indonesia is the largest archipelagic country in the world, having a
coastline length of 81,000 km? and a sea area of about 3,100,000 km? (Kusumastanto
1996; Darsono 1999; Latif et al 2019). Managing the fisheries resource requires
determining the fish growth patterns and the catch period, in order to avoid over-
exploitation (Nugraha et al 2020b). The province of East Nusa Tenggara has a sea area of
200,000 km? with a coastline of 5,700 km? (MMAF 2016). Savu Sea has a good potential
for fisheries and the whole marine sector (Asagabaldan 2017). A fishing area is an area
where fish are caught in maximum amount and fishing gear can be operated
economically. Assessment and mapping of fishing areas are needed (Nusantara et al
2014). The Katsuwonus pelamis is a fast swimming fish and has the greedy character of
an opportunistic predator, with food types ranging from small fish (Clupeidae and
Engraulidae), squids, crustaceans and zooplankton (Tuli et al 2015). K. pelamis is a
pelagic fish living in groups, from the coastal areas to the open sea (Nainggolan 2012).
Schooling fish should be kept as close to the boat as possible so that they can be easily
caught using pole and line fishing rods (Sudirman & Mallawa 2012). The fishing grounds
are determined by the waters’ condition in the habitat of a species. Water conditions are
usually described by oceanographic parameters (Nugraha et al 2020a).

The Sea Surface Temperature (SST) of the K. pelamis fishing ground ranges from
29.75 to 30.25°C (Zainuddin et al 2015; Nugraha et al 2020b; Zainuddin 2011).
Meanwhile, the potential area has a characteristic chlorophyll-a concentration of around
0.125 mg m3. This condition is mainly seen in May. Outside of this range, the catch of K.
pelamis tends to decline, as it happens in April (when the SST values in the Bone-Sea
Flores bay are the highest). Likewise, when the chlorophyll-a concentration in the fishing
ground significantly increase and the catch tends to decrease. This means that there is a
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certain range of values for the two oceanographic factors that are very suitable for the
presence and abundance of K. pelamis. The distribution of chlorophyll-a can be a
parameter used for identifying the presence of fish in a water area (Hasyim & Zainuddin
2008; Laurs et al 1984).

The Forecast Maps of Fishing Ground (PPDPI) is the result of a research conducted
by the Institute for Marine Research and Observation (IMRO) in order to identify fishing
grounds, based on an internet service of information on the fishing areas’ characteristics
(Sugiari 2015; Panjaitan 2014). PPDPI have been produced for and distributed to the
fishing communities of Indonesia, since 2000 (Tambun et al 2018; Farda & Jatisworo
2019). PDPPI was compiled using remote sensing data which is also widely used to detect
water conditions such as the thermal front (Cayula & Cornillon 1992; Wibawa 2011;
Jatisworo & Murdimanto 2013) and the concentration of chlorophyll-a (Seki et al 2002)
which is one of the indicators of water fertility and school of fish. PDPPI preparation was
carried out using SST and water fertility data (chlorophyll-a) generated from MODIS Aqua
level 3 daily composites, in the Hierarchical Data Format (HDF) (Suniada et al 2015).

The predictive maps of fishing grounds that already exists in Indonesia still have
many weaknesses, including the spatial aspect of the points of forecasting located far
from the coast and the uncertainty of the predicted type of fish. Thus, if inappropriate
gear is selected for the fishing trip, the catch productivity is negatively affected, even in
presence of abundant fish populations (Kunarso et al 2019).

Chlorophyll-a is an indicator of the abundance of phytoplankton in waters, playing
a role in the photosynthesis process (Huot et al 2007; Zhang & Han 2015).
Phytoplankton contributes to a large extent to determine primary productivity in waters.
Organic carbon production during photosynthesis is defined as primary productivity or
Net Primary Productivity (Lee et al 2016).

Linear regression analysis was carried out on the model of the relationship
between chlorophyll-a concentration and primary productivity. The results of this
equation can be applied to the satellite imagery so that it can help to monitor the water
quality conditions (Nuzapril et al 2017). This abundance of phytoplankton will result in
the creation of food chain clusters from phytoplankton to large pelagic fish schools (Sato
et al 2015; Behrenfald et al 2005).

Chigrophyll a cencentration ( mg / m®

LTI Y I YR 1 1 3 10 4§

Figure 1. Map of ch"IorophyIi-a concentration (IMRO 202)_.

Remote sensing data can show the variables used in determining fish catchment areas.
Certain remote sensing images used to extract SST and chlorophyll-a information are
provided by the MODIS program (Nurman 2010; Hakim et al 2006).

Satellite imagery is one of the applications of the remote sensing technology. The
Moderate-resolution Imaging Spectroradiometer (MODIS) technology uses sensors
belonging to the Earth Observing System (EQS), carried by two satellites produced by the
National Aeronautics and Space Administration (NASA), namely Terra and Aqua
(http://modis.gsfc.nasa.gov 2007).
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The MODIS sensor is a derivative of the Advanced Very High Resolution
Radiometer (AVHRR) sensor, Sea-viewing Wide Field-of-View Sensor (SeaWIFS) and High
Resolution Imaging Spectrometer (HRS) owned by EOS, which has previously orbited, so
it can be used to measure sea and atmosphere-level parameters (such as the sea
surface temperature, chlorophyll-a concentration and water vapor content) and marine
phenomena (such as the occurrence of upwelling, thermal fronts and others)
(http://modis.gsfc.nasa.gov 2007).

Material and Method

Description of the study sites. This research was conducted on a pole and line fishing
boat operating in the Flores Sea, East Nusa Tenggara. The satellite image data retrieval
was carried out at the Southeast Research and Ocean Observation Center (SeaCORM)
Jembrana, Bali. The material used consisted of sea water samples for measuring
oceanographic elements. The methods used in data collection are literature study,
interview, documentation and observation.

Data analysis method. Regression analysis is a statistical analysis that studies the
relationship between two or more variables. In the linear regression analysis it is
assumed that this relationship is a linear combination, the simplest case consisting of one
independent variable (Pangestu 2016).

Linear regression is a statistical method used to model the relationship between
the dependent variable (dependent; response; Y) and one or more independent variables
(independent, predictor, X). If there is only one independent variable, it is called simple
linear regression, whereas if there is more than one independent variable, it is called
multiple linear regression. Regression analysis has at least three use cases, namely for
data description, for control and for predictive purposes..

Simple regression is carried out in stages, namely by connecting the independent
variable (chlorophyll-a) with the dependent variable (tuna catch, using the data
regression analysis function of Microsoft Office Excel (Kurniawan 2008). This simple
regression analysis was conducted to determine the relationship between the dependent
variable Y (K. pelamis catches) and the independent variable X (chlorophyll-a). The
regression model used is:

Y=a+ bX

Where:

X - chlorophyll-a;

Y - pole and line catch;

a - the constant (intercept) is the value of Y, when X = 0 which equals the value of a
where it intersects the Y axis;

b - regression coefficient.

Chlorophyll-a image analysis. The fishing ground forecast can be predicted from the
parameters of sea surface temperature and chlorophyll-a. The analysis of the distribution
of sea surface temperature and chlorophyll-a can use level 1b and level 2 Modis images.
The Algorithm Theoretical Basic Document Modis (ATBD) 25 is used to determine sea
surface temperature and the Morel 4 Algorithm is used to determine the chlorophyll-a.
The Modis image levels 1b and 2 use the RMSE test calculation (Chavula 2012).

From the two Root Mean Squared Error (RMSE) tests carried out between the field
data and the Modis image data levels 1b and level 2, more accurate values were obtained
from the smallest RMSE sum value, namely the Level 2 Modis image, with an RMSE value
of chlorophyll-a of 0.090315. So the best fishing ground forecast can be determined
through Level 2 Modis Images (Febriani & Sukojo 2016).
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Results and Discussion

Fishing ground. In this study we used a pole and line fishing boat (Figure 2) that
operates in Savu sea, Flores, East Nusa Tenggara.

Figure 2. Pole and line fishing boat (original).

Composition and comparison of catches with the number of settings.

1.
2.

In November 2019 the ship made one trip with a catch of K. pelamis of 1,020 kg.

In December 2019 the ship made 16 trips with a catch of 28,220 kg. The fishing
season generally reaches a turning point in the middle of January and in December,
according to the graph, the catch will decrease as the wind season arrives.

In January 2020 the catch obtained was of 7,990 kg. January is generally the start of
the wind season, so ships rarely go to sea.

In February 2020 the catches were dominated by K. pelamis and T. albacares.
According to the fishermen, February was generally the peak of the wind season, so
that the catch was not good, until the middle or end of March.

In March 2020 the catches were dominated by K. pelamis and T. albacares, but
unlike in the previous month, C. hippurus and E. bipinnulata were also obtained. In
March 2020 the fishermen began to increase the intensity of their trips, but taking
into account the strength of the wind and the availability of bait.

The composition of the catch for 5 months can be seen in Table 1.

Table 1
Comparison of catch volumes with the number of settings
Volumes / Period November  December January February March
Number of setting (times) 2 43 14 15 13
K. pelamis (kg) 1,020 15,300 2,890 6,290 7,480
T. albacares (kg) 0 9,520 2,040 5,440 4,250
C. hippurus (kg) 0 1,870 1,870 0 1,360
E. bipinnulata (kg) 0 1,530 1,190 0 1,870
Total (kg) 1,020 28,220 7,990 11,730 14,960
Catch rate per setting 510 656,28 570,71 782 1,150

(kg)

Catch frequencies can also be visualized in Figure 3.
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Figure 3. Total catch (November 2019 to March 2020).

Based on the graph above, there is a decrease in the catch volumes during the 4 months
of fishing. The lowest catch was obtained in January with a total of 7,990 kg, consisting
of: K. pelamis (2,890 kg), T. albacares (2,040 kg) and others, such as E. bipinnulata and
C. hippurus. The highest catch was obtained in December is 28,220 kg, dominated by K.
pelamis with 15,300 kg and T. albacares with 9,520 kg. In 2016, Kupang Regency was
the largest supplier of K. pelamis in East Nusa Tenggara (MMAF 2018).

Catch composition. Table 2 and Figure 4 show that K. pelamis is the most dominant
catch that lands at Tenau port and at the fishing port around Kupang city, East Nusa
Tenggara. This is in accordance with the data from the Fisheries Service of the Province
of East Nusa Tenggara, suggesting that K. pelamis is one of the main commodities
produced in Kupang, with 52%, followed by T. albacares, with 33%, C. hippurus, with 7%
and E. bipinnulata, with 8%. The catch compositions (in %) can be seen in Figure 4.

Table 2
Catch rated per setting
Name of fish Amount (kg) Catch percentage (%)
K. pelamis 32,980 52
T. albacares 21,250 33
C. hippurus 4,590 7
E. bipinnulata 5,100 8
Total catch 63,920 100
Catch rate per setting 734.71 1.14

Percentage of Catch Composition

W Katsuwonus pelamis ™ Thunnus albacares

B Coryphaena hippurus B Elagatis bipinnulata

Figure 4. Catch composition diagram.
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Conformity between of the fishing ground and PPDPI. Fishing is carried out on
FADs that have been installed, with the position of the FADs stored on the GPS of each
ship. The following is a map of the fishing grounds with the positions of the FADs. Figure
5 below shows the fishing ground for 5 months of fishing.
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Figure 5. Fishing ground.

Forecast map of fishing ground (PPDPI).
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Figure 6. PPDPI period in November (1), December (2) (IMRO 2019); January (3),
February (4), March (5) (IMRO 2020).
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1. In November the PPDPI that can be used correspond to 29 to 30 November 2019. On
this map, the potential fishing grounds are around the northwest of Timor Island with
an area of 150 NM.

2. In December, 15 files were issued with an interval of 2 days. In the PDPPI 11 to 12
December 2019, the fishing areas that recommended are in the south of Sawu Island,
northeast of Sumba Island and north of Rote Island, as well as many other areas with
more than 300 NM (IMRO 2019).

3. In January, only 1 file out of 7 uploaded PPDPI files issued corresponded to the time
of the fishing trip. On the 31 December to 01 January map, the potential fishing
grounds were located around the southeast of Sumba Island, west of Savu Island,
with an area of more than 300 NM (IMRO 2020).

4. In February, as many as 10 PPDPI files were uploaded and 3 files corresponded to the
time of the fishing trip. One of the suitable map files was issued on the 26 to 27
February recommending fishing zones located north of Sumba Island with an area of
300 NM. Other areas do not seem to be potential fishing grounds (IMRO 2020).

5. In March there were 4 files matching, at the time of the fishing trip. March should be
the turning point of the monsoon season that occurs in East Nusa Tenggara, but each
region has a different time. One of the maps is the 16 to 17 March map, the areas
that are recommended for fishing activities are in the south of Sumba Island and
northeast of Sumba Island, with an area of more than 300 NM. There was also one
point with an area of 50 NM located on Semau and Kupang islands (IMRO 2020).

Compatibility between the fishing ground and PDPPI. Of all trips with available
PDPPI, there were only 17 files that matched, at the time of the fishing trip. For the 4
months period, 17 maps of fishing ground forecasts were used, with a total of 44 settings
(Table 3).

The method used to determine the suitability of fishing grounds with PDPPI,
issued by IMRO, uses a comparison method between the position of the actual fishing
area and the status of the same location on the forecast map, on that date. From 44
setting positions, 6 positions were in accordance with the PDPPI, which corresponds to a
match rate of 13.6%, in terms of chlorophyll-a and sea surface temperature. When the
daily PDPPI images from the NASA website are not available, the fishing trips cannot be
used as a reference in determining their suitability. With a match rate of 13.6%, it can be
said that fishermen using FADs have sufficient accuracy in determining fishing grounds.

Table 3
Compatibility of the fishing ground with the PPDPI
. Position Chllorophyll-a .
No  Setting | atitude Longitude (mg m3) Information
. 1 10°12'27"S  121°40' 16" E 0.41 Inappropriate
2 10°009'43"S 1210 37' 40" E 0.31 Inappropriate
1 09° 56' 38" S 1220 25' 03" E 0.3 Appropriate
2 2 10042' 09" S 121°50' 28" E 0.27 Inappropriate
3 100 26' 28" S 1220 47' 58" E 0.27 Appropriate
3 1 09°32'11" S 12302 20' 42" E 0.24 Inappropriate
2 09° 45' 37" S 123°13' 20" E 0.22 Inappropriate
1 10°004' 18" S 1220 32' 21" E 0.27 Appropriate
4 2 100 28' 31" S 122°41' 16" E 0.31 Inappropriate
3 100 12' 31" S 122005 10" E 0.33 Appropriate
5 1 10°40' 10" S 1220 15' 30" E 0.29 Inappropriate
2 09°40'33" S 1220 55' 15" E 0.39 Inappropriate
1 09° 31'40" S 123°05' 09" E 0.21 Inappropriate
6 2 09° 05' 45" S 123°00' 41" E 0.28 Inappropriate
3 09°47' 16" S 122058' 34" E 0.13 Inappropriate
2 1 09°40' 08" S 1239 22' 31" E 0.29 Inappropriate
2 09° 50' 28" S 122°53' 17" E 0.30 Inappropriate
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Position

Chllorophyll-a

No  Setting Latitude Longitude (mg m3) Information
1 10° 38' 15" S 121°40' 30" E 0.41 Inappropriate
8 2 10°42' 09" S 121°50' 28" E 0.38 Inappropriate
3 100 49' 25" S 121°01' 51" E - Inappropriate
1 09°32'11" S 1239 20' 42" E 0.28 Inappropriate
9 2 09°45' 37" S 123°13' 20" E 0.24 Inappropriate
3 09° 54' 26" S 123°01' 51" E - Inappropriate
1 100 21' 15" S 1220 35' 07" E 0.45 Inappropriate
10 2 100 10' 35" S 122°05' 37" E - Inappropriate
3 10° 03'47" S 122°945'10 " E 0.54 Appropriate
11 1 09° 40' 36" S 1229 05' 15" E 0.8 Inappropriate
2 09°50'17"S 1210 35' 20" E 1.1 Inappropriate
12 1 09° 30' 14" S 122°950' 33" E - Inappropriate
2 090 21'52" S 123°00' 16" E - Inappropriate
1 10°40' 16" S 123941' 40" E - Inappropriate
13 2 100 39'13"S 123°45' 36" E - Inappropriate
3 10° 40' 41" S 123°40' 22" E - Inappropriate
1 09° 50' 20" S 122910' 31" E - Inappropriate
14 2 09° 18' 50" S 122°46' 15" E - Inappropriate
3 09° 30' 16" S 123°01' 51" E - Inappropriate
15 1 10° 03' 15" S 122°45' 17" E 0.31 Inappropriate
2 109 03' 40" S 121°48' 29" E - Inappropriate
1 10° 08' 36" S 123°07' 12" E - Inappropriate
16 2 10° 15' 53" S 122°46' 41" E - Inappropriate
3 10° 03' 09" S 122°53' 08" E - Inappropriate
1 099 29' 21" S 1220 30' 14" E 0.6 Inappropriate
17 2 09° 50' 15" S 122°930' 35" E 0.54 Inappropriate
3 09° 55' 23" S 121°920' 54" E 0.49 Appropriate

Concentration and distribution of chlorophyll-a. Chlorophyll-a concentrations can be
obtained by downloading data levels 1, 2 and 3 on the NASA website. Data needs a
longer time span such as months and years can use level 3 image data with better
quality than others, but level 3 images only contain one specific information depending
on what is needed. In this study, the basis used is a level 3 image which only requires
chlorophyll-a information with a time span of months. Figure 7 images and Table 4 data

correspond to level 3 chlorophyll-a concentration.
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Figure 7. Concentration of chlorophyll-a map (www.oceancolour.gsfc.nasa.gov).

The distribution map of chlorophyll-a concentrations (Table 4) from November to March,
shows elevated values around the west of Flores Island, Sumba Island and also
Larantuka, suggesting that food chain occur in the area.

Table 4
Concentration and distribution of chlorophyll-a
Period November December January February March
Concentration
of chlorophyll-
a (mg m3)
a. Lowest 0.07 0.08 0.08 0.08 0.08
b. Highest 1.29 1.14 1.15 1.19 1.17
Average value 0.2 0.3 0.2 0.2
(mg m™)
North of Kupang
S Kupang city, Sabu  Kupang city, .
Dlscterftitr'on city, Sabu West of Island, Rote Rote Island, Kusv?aggtj g;ty,
Island, and Flores Island, and and west of
Flores
west of west of Flores
Flores Flores
Comlz?/t;:)lllty Appropriate Inappropriate Appropriate Appropriate Inappropriate
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Conclusions. Based on the results of the study it can be concluded: simultaneously,
chlorophyll-a had an effect of 62.2% on the catch. The highest concentration of
chlorophyll-a recorded was 1.29 mg m™3 and the lowest was 0.07 mg m=3; the fishing
area used by fishermen has a level of conformity with the forecast map for fishing areas
of 13.6%; Not all fishing trips can be used as a reference in determining the suitability of
fishing grounds with PDPPI, because not every day PPDPI can be uploaded because it is
limited by the availability of images obtained from the NASA website.
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