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ABSTRACT
Keywords: The longtail tuna (Thunnus tonggol) is one of the highest-producing

CPUE;
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Regression

fishery commodities in the waters of West Sumatra. Its abundance is
influenced by oceanographic conditions, particularly indicated by
chlorophyll-a concentration as a marker of water productivity. This
study aims to examine the distribution of chlorophyll-a in relation to
the catch of longtail tuna (Thunnus tonggol) using Aqua MODIS imagery
in the waters of West Sumatra. The method used in this research is
observational, involving data collection on chlorophyll-a distribution
and logbook records. Chlorophyll-a data was obtained from the Ocean
Color website, and logbook data for 2018-2022 was sourced from the
Bungus Oceanic Fisheries Port (PPS). The results show that
chlorophyll-a distribution in the waters of West Sumatra fluctuated
between 2018 and 2022, with an average range of 0.15 mg/m? to 0.33
mg/m?3. A simple linear regression analysis showed a significant F-value
of 0.0045, which is smaller than « (0.05), indicating that the regression
equation is valid. This suggests that the distribution of chlorophyll-a
has a significant effect on the longtail tuna catch in the waters of West
Sumatra. The average annual CPUE (Catch Per Unit Effort) of longtail
tuna was 0.44 tons/trip, with an average catch over the 2018-2022
period of 18.38 tons and an average of 41 trips per year.

INTRODUCTION

The production of longtail tuna (Thunnus tonggol) ranks fourth among other
fish species, with the highest production recorded at 1,380.04 tons in 2020 in the
waters of West Sumatra (PPS Bungus, 2020). This is further supported by research
from Nurlaela et al. (2021), which identified three primary catch species,
particularly from boat lift net vessels: Euthynnus affinis, Thunnus albacares, and
Decapterus macrosoma landed at the Bungus Oceanic Fisheries Port (PPS). Boat lift
nets are one of the fishing gears used for catching longtail tuna. According to Rumpa
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et al. (2021), the gross tonnage (GT) capacity of these vessels varies from 21 to 30
GT.

Longtail tuna generally feed on small fish, anchovies, crustaceans such as
crab larvae, stomatopods, and squid (Collette and Nauen, 1983; Froese and Pauly,
2010). The abundance of longtail tuna in a particular water body is often indicated
by a high concentration of chlorophyll-a, as this suggests an abundance of plankton,
which is a key food source. Phytoplankton-rich areas will attract zooplankton and
other organisms that are the primary prey of pelagic fish, making regions with high
chlorophyll-a concentrations potential hotspots for pelagic fish harvesting.

The potential of fish catch distribution in relation to chlorophyll-a
concentrations can be analyzed using remote sensing technology, particularly with
Aqua MODIS satellite imagery, which offers high resolution. Ulqodri and Aryawaty
(2013) highlighted that Aqua MODIS is widely utilized by researchers in remote
sensing studies. Determining fishing grounds can be achieved by predicting fish-
catching areas using a combination of physical and biological approaches, such as
identifying oceanographic parameters in a body of water. Phytoplankton-rich
regions serve as feeding grounds for small fish, which are consumed by the larger
fish (Kuswanto et al,, 2017).

Based on the above considerations, this study aims to: (1) Analyze the
influence of chlorophyll-a distribution on longtail tuna (Thunnus tonggol) catches in
the waters of West Sumatra; (2) Examine the annual fluctuations in chlorophyll-a
distribution in relation to longtail tuna (Thunnus tonggol) catches based on the
fishing season during 2018-2022; and (3) Assess the abundance of longtail tuna
(Thunnus tonggol) resources in the waters of West Sumatra.

LITERATURE REVIEW

Chlorophyll-a is an important indicator in aquatic ecosystems as it reflects
primary productivity, which plays a role in determining the abundance of pelagic
fish, including longtail tuna (Thunnus tonggol). Chlorophyll-a concentration shows
a significant relationship with fish catch results, where an increase in chlorophyll-a
levels may indicate a high availability of phytoplankton as a food source.

In addition, seasonal fluctuations in fish distribution are influenced by
environmental conditions such as salinity, temperature, and chlorophyll-a
concentration. Previous studies have shown that seasonal changes can affect the
migration patterns and abundance of pelagic fish. In the waters of West Sumatra,
factors such as rainfall and upwelling also contribute to changes in chlorophyll-a
concentration and fish catch results (Siregar et al, 2018; Priatna and Natsir, 2007).
This is important to analyze in the context of longtail tuna catch distribution, which
may experience significant variations during seasonal periods.

The utilization of satellite technology in monitoring marine environmental
parameters, including chlorophyll-a, has proven effective in estimating fish
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presence and enhancing the understanding of marine ecosystem dynamics.
According to Cassot et al. (2011), remote sensing can be used to predict fish
distribution based on variations in chlorophyll-a concentration and sea surface
temperature. Research by Ahkam and Tarya (2023) demonstrated that combining
satellite data with ecological models can improve the accuracy of pelagic fish
population estimates, making it an important tool in fisheries management.
Additionally, a study by Asri et al. (2024) suggested that the use of satellite
technology can provide broader and more accurate data for monitoring
environmental conditions that influence fish distribution.

METHOD

This research was conducted at the Bungus Ocean Fishing Port, West
Sumatra by collecting data on gray tuna (Thunnus tonggol) based on 5 years of data
starting from 2018 - 2022. The research location map is in Figure 1.
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Figure 1. Research Map location

This study employed an observational method with two primary data types:
chlorophyll-a distribution data and fishing logbook data. Chlorophyll-a data was
obtained from the Ocean Color Web (https://oceancolor.gsfc.nasa.gov/13/), which
provides satellite imagery for analyzing the distribution of chlorophyll-a in marine
environments. Meanwhile, logbook data was sourced from the archives of the
Bungus Oceanic Fisheries Port (PPS), containing detailed records of fishing
activities. The integration of these two data sets aims to understand the relationship

between chlorophyll-a distribution and longtail tuna catch distribution.
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In this study, several observational parameters were used as the basis for
data collection and result analysis. These parameters include:

Table 1. Observational parameters used in the study

Parameter unit Instrumen Resolution Tf)illze Keterangan
Measurement of
Klorofil-a mg/m® Aqua-MODIS 4kmx4km nc. Chlorophyl_l-a
Concentration
Distribution

CPUE Analysis

The Catch Per Unit Effort (CPUE) analysis was conducted to assess the abundance
of longtail tuna (Thunnus tonggol) resources based on the processing of catch data
and fishing effort over a 5-year period, from 2018 to 2022, using data obtained from
the Bungus Oceanic Fisheries Port (PPS). According to Widodo (1998), the CPUE
analysis is formulated as follows:

1

CPUE = (1)

Information:

Catch (Ci) = Total catch in the i-th fishing effort (tons)
Effort (Fi) = Total fishing effort in the i-th trip (trips)
CPUE = Amount of catch per unit of fishing effort in the i-th trip (tons/trip)

Simple Linear Regression Analysis
Simple linear regression was used to analyze the effect of chlorophyll-a distribution
on longtail tuna (Thunnus tonggol) catches. The regression analysis yields an F-value
and a coefficient of determination (R?). The regression equation is used to evaluate
the causal relationship between production factors and the resulting output
(Soekartawi, 2003). The simple linear regression equation can be written as follows
(Kuswanto and Syamsuddin, 2017):

Y =a+bx (2)
Information:
Y = Longtail tuna catch (tons)
a = Constant
b = Chlorophyll-a coefficient
x = Chlorophyll-a concentration (mg/m?)

RESULT AND DISCUSSION
Chlorophyll-a Distribution during the West Monsoon Season

Figure 2 shows the chlorophyll-a distribution during the west monsoon
season from 2018 to 2022. In the west monsoon season (December-February) of
2018, no longtail tuna (Thunnus tonggol) fishing occurred in the waters of West
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Sumatra. In 2019, there were 287 fishing points with an average chlorophyll-a
distribution ranging between 0.19 mg/m® and 0.23 mg/m3. Subsequently,
chlorophyll-a distribution increased in 2020, with an average range of 0.20 mg/m?
to 0.93 mg/m?, and 322 fishing points. In 2021, the chlorophyll-a distribution during
the west monsoon season decreased, with only 17 fishing points recorded, and an
average distribution ranging between 0.13 mg/m?® and 2.26 mg/m?> In 2022,
chlorophyll-a distribution further decreased, with an average range of 0.19 mg/m?
to 0.22 mg/m?, and 20 longtail tuna fishing points were identified. The fluctuation
of corrophyll-a distribution in this study appear to influence the number of fishing
trips and indirectly influence CPUE. Ramdhani et al (2024) stated that chlorophyll
abundance has a positive correlation to CPUE indicated by the increasing numbers
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Figure 2. Chlorophyll-a Distribution during the West Monsoon Season (2018-
2022)

The Meteorology, Climatology, and Geophysics Agency (BMKG, 2018)
reported that heavy rainfall, exceeding 300 mm per month, occurred in December
2018 along the west coast of Sumatra, including West Sumatra. This indicates that
during the west monsoon season, high rainfall frequently occurs. Chlorophyll-a
concentration during the west monsoon season is the highest compared to other
seasons, particularly in coastal and estuarine areas (Heltria et al, 2024).
Additionally, variations in chlorophyll-a levels in a water body are influenced by
river runoff into the sea (Auricht et al, 2022). In addition, chlorophyll-a
concentrations in the waters of West Sumatra are influenced by the Indian Ocean
Dipole (IOD) phenomenon, which induces upwelling as a result of negative sea
surface temperature (SST) anomalies (Dipo et al, 2011). The occurrence of
upwelling is indicated by a decrease in SST values and an increase in water fertility,
as reflected by elevated chlorophyll-a concentrations (Natalia et al., 2015).
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Chlorophyll-a Distribution during Transitional Season I (2018-2022)

Figure 3 shows the chlorophyll-a distribution during Transitional Season I
(March-May) from 2018 to 2022, with varying levels each year. In Transitional
Season I (March-May) of 2018, there were 81 fishing points, with an average
chlorophyll-a distribution ranging between 0.15 mg/m? and 0.26 mg/m?3. In 2019,
the chlorophyll-a distribution during Transitional Season I decreased, with an
average range of 0.14 mg/m?® to 0.19 mg/m?>, and 171 longtail tuna (Thunnus
tonggol) fishing points were recorded.
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Figure 3. Chlorophyll-a Distribution during Transitional Season I (2018-2022)

In Transitional Season [ (March-May) of 2020, chlorophyll-a distribution
increased again, with 84 longtail tuna (Thunnus tonggol) fishing points recorded and
an average chlorophyll-a distribution ranging between 0.14 mg/m® and 0.37
mg/m?3. Subsequently, in 2021, there were only 9 fishing points for longtail tuna,
with an average chlorophyll-a distribution ranging between 0.16 mg/m? and 0.18
mg/m>. By 2022, during Transitional Season I, chlorophyll-a distribution began to
rise again, with an average range of 0.11 mg/m? to 0.20 mg/m?>.

The number of fishing points during Transitional Season I was recorded as
lower compared to the West Monsoon season. This condition may contribute to
lower chlorophyll-a levels during the transition from the West Monsoon to
Transitional Season I. This pattern is primarily attributed to increased rainfall
during the West Monsoon, which enhances nutrient-rich river runoff into coastal
areas, thereby stimulating phytoplankton growth.

For instance, research along the western coast of South Sulawesi identified
two zones with elevated chlorophyll-a levels during the rainy season, with peaks in
January and April. These increases are linked to river runoff transporting nutrients
and organic matter into coastal waters, promoting phytoplankton proliferation
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(Wirasatriya et al., 2021).

Similarly, a study in Jakarta Bay, Musi Estuary, and Rokan Estuary found that
chlorophyll-a concentrations are significantly influenced by rainfall and climate
phenomena. The research highlighted that nutrient transport via rivers, driven by
rainfall patterns, plays a crucial role in determining chlorophyll-a levels in these
estuarine environments (Sudrajat, et al., 2024). Additionally, observations along the
west-south coast of Nanggroe Aceh Darussalam revealed higher chlorophyll-a
concentrations during the West Monsoon. This increase is attributed to elevated
rainfall leading to greater nutrient input from terrestrial sources into coastal waters
(Arafat and Siregar, 2021).

These findings align with Siregar's (2018) assertion that intensified rainfall
during the West Monsoon enhances nutrient runoff from land to sea, thereby
increasing chlorophyll-a concentrations in coastal regions. Consequently, the West
Monsoon season exhibits higher chlorophyll-a distribution compared to
Transitional Season I.

Chlorophyll-a Distribution during the East Monsoon Season (2018-2022)
Based on data obtained during the East Monsoon season (June-August) in
2018, as shown in Figure 4, there were 73 fishing points for longtail tuna, with an
average chlorophyll-a distribution ranging between 0.22 mg/m? and 0.32 mg/m?.
In 2019, chlorophyll-a distribution decreased, with an average range of 0.22 mg/m?
to 0.29 mg/m?3. In 2020, chlorophyll-a levels were significantly lower compared to
the previous year, with an average distribution ranging between 0.16 mg/m? and
0.23 mg/m?, and 150 fishing points recorded for longtail tuna. In 2021, chlorophyll-
a distribution increased again, with 133 fishing points and an average range of 0.19
mg/m? to 0.28 mg/m>. By 2022, there were 12 fishing points recorded in August,
with an average chlorophyll-a distribution of approximately 0.12 mg/m?>. This is
inversely proportional to studiy that chlorophyll-a concentrations in Indonesian
waters exhibit seasonal patterns, often peaking during the East Monsoon due to
upwelling processes that bring nutrient-rich waters to the surface. For instance,
research along the southern coast of the Lesser Sunda Islands has shown that strong
offshore Ekman mass transport during the southeast monsoon enhances upwelling,
leading to increased chlorophyll-a concentrations (Simanjuntak and Lin, 2022).
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Figure 4. Chlorophyll-a Distribution during the East Monsoon Season (2018-
2022)

The low chlorophyll-a distribution during the East Monsoon season
compared to previous fishing seasons can be attributed to several factors, including
weather, sunlight, and human activities. Siregar (2018) stated that chlorophyll-a
distribution during the East Monsoon is influenced by low rainfall and high sunlight
intensity, which can affect chlorophyll-a distribution patterns in the waters. High
rainfall significantly increases nutrient runoff from land to water bodies (Arta et al,,
2015). During heavy rainfall events, rainwater carries various nutrients, such as
nitrogen and phosphorus, from the soil and agricultural areas into the aquatic
system, including rivers and eventually to the estuary. This process leads to
increased nutrient accumulation in estuarine waters, which can subsequently
impact the aquatic ecosystem, such as accelerating phytoplankton growth and
potentially triggering eutrophication if left unchecked. Sari et al. (2022) stated that
during the east monsoon (June-August), intensified coastal upwelling along the
western coast of Sumatra enhances nutrient availability, leading to increased
chlorophyll-a concentrations. Conversely, during the northwest monsoon, reduced
upwelling results in lower chlorophyll-a levels.

Chlorophyll-a Distribution during Transitional Season I (2018-2022)

In Transitional Season II (September-November), there were 186 fishing
points recorded, with an average chlorophyll-a distribution ranging between 0.19
mg/m?> and 0.26 mg/m?>. Chlorophyll-a distribution increased in 2019, with an
average range of 0.32 mg/m? to 0.92 mg/m?® and 298 fishing points. In 2020,
chlorophyll-a distribution during Transitional Season II experienced a significant
decrease, with an average range of 0.21 mg/m? to 0.23 mg/m?® and 43 fishing points
recorded. In 2021, chlorophyll-a distribution began to increase again, with 70
fishing points and an average range of 0.17 mg/m?® to 0.26 mg/m3. By 2022,
chlorophyll-a distribution decreased again, with 39 fishing points and an average
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range of 0.13 mg/m? to 0.18 mg/m?>.
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Figure 5. Chlorophyll-a Distribution during Transitional Season Il (2018-2022)

The variation in chlorophyll-a distribution during Transitional Season II is
influenced by light factors. Light plays a crucial role in determining chlorophyll-a
distribution in the ocean through the photosynthesis process of phytoplankton,
which ultimately affects chlorophyll-a concentration in the waters during the
transitional season. Siregar (2018) indicated that chlorophyll-a distribution during
Transitional Season II is influenced not only by light factors but also by the
conditions of the preceding season, namely the East Monsoon, and the preparation
for the upcoming West Monsoon. The East Monsoon, typically characterized by
strong winds and upwelling, can enhance nutrient content in the waters, supporting
phytoplankton growth before entering Transitional Season II. Conversely, the
forthcoming West Monsoon brings changes in wind patterns, currents, and water
temperature, which also impact chlorophyll-a distribution patterns. These seasonal
changes create a complex environmental dynamic where light and season interact,
influencing chlorophyll-a distribution in marine waters during this transitional
period.

Chlorophyll-a Fluctuations from 2018 to 2022

Figure 6 illustrates the chlorophyll-a distribution in the waters of West
Sumatra from 2018 to 2022 based on data obtained from the Bungus Oceanic
Fisheries Port (PPS), which indicates year-to-year fluctuations. This variability is
influenced by seasonal monsoon patterns and large-scale climate phenomena such
as the Indian Ocean Dipole (I0D) and El Nifio-Southern Oscillation (ENSO) (Sari et
al,, 2022).



Grouper: Jurnal IImiah Perikanan 16(1), 2025

3.50
2.8

_3.00

%D 2.50

£ 2.00 L.79

P

= 150 05

2 1.00

o .

= oso 0.58
: 022 0:33 0.23 0.22 5
0.00 C=0:12 0=0:13 =011 =012 - 81

2018 2019 2020 2021 2022
=@ \/lin Rata-Rata e=@==|\ax

Figure 6. Chlorophyll-a Distribution Graph (2018-2022)

The highest average chlorophyll-a distribution occurred in 2018, measuring
0.33 mg/m?, while the lowest was recorded in 2022 at 0.15 mg/m>. Figure 6
indicates that the highest chlorophyll-a value ever recorded was in 2019, at 2.8
mg/m?3, which occurred during Transitional Season II, specifically in November
2019. Conversely, the lowest chlorophyll-a concentration was observed in 2022, at
0.1 mg/m?, occurring during Transitional Season I in April 2022. The average
chlorophyll-a distribution in the waters of West Sumatra indicates a low
concentration, with an average chlorophyll-a level of 0.28 mg/m? over the period
from 2018 to 2022.

The chlorophyll-a levels in West Sumatra from 2018 to 2022 fall into the
mesotrophic category. Research conducted by Seegers et al. (2018) classified
trophic regions based on chlorophyll-a concentration into three categories:
eutrophic (chlorophyll-a > 1 mg/m?), mesotrophic (0.1 mg/m?® < chlorophyll-a < 1
mg/m?3), and oligotrophic (chlorophyll-a < 0.1 mg/m?®). This indicates that
chlorophyll-a content in the waters of West Sumatra experiences fluctuations each
year. The variable chlorophyll-a distribution is attributed to water mass exchange
(upwelling).

Seasonal water mass exchange significantly influences the abundance and
distribution of pelagic fish in a water body. This process brings nutrients to the
surface through upwelling, supporting plankton growth as the primary food source
for pelagic fish. During seasons with active water mass exchange, food availability
increases, leading to a rise in pelagic fish populations. Conversely, during seasons
with minimal water exchange, fish abundance decreases or they migrate to more
productive areas. Therefore, the migration patterns and abundance of pelagic fish
are directly influenced by the seasonal dynamics of oceanographic factors in the
waters (Pratama et al, 2022).
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Longtail Tuna Catch Results

The decline in the number of longtail tuna (Thunnus tonggol) fishing trips
shown in Figure 7 for the years 2021 and 2022 indicates a lack of optimal fishing
activity during these two years. The number of trips recorded in 2021 was 212,
while it decreased to 104 trips in 2022. This decline is attributed to several periods
of no fishing activity, such as in March 2021 and from June to July 2022. The
reduction in the frequency of fishing trips directly affects the catch results, as the

less time spent fishing correlates to a lower opportunity for increasing the catch

quantity.
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Figure 7. CPUE Results for Longtail Tuna (2018-2022)

The average CPUE (Catch Per Unit Effort) obtained over two consecutive
years shows a declining trend in the productivity of longtail tuna fishing. In 2021,
the CPUE was recorded at 0.24 tons per trip, whereas in 2022, it decreased to 0.22
tons per trip. This decline indicates that although fishing efforts continued, the catch
per unit of effort decreased, reflecting suboptimal utilization of fishery resources.

This reduction in CPUE can be interpreted as a sign that the abundance of fish
available in the waters is not being maximally exploited, either due to high natural
mortality rates or because of the potential for these fish to be captured by foreign
fishermen. Tanjaya (2015) explains that suboptimal utilization can lead to
significant losses, both ecologically and economically, thus necessitating better

management strategies to prevent sharper declines in the future.

Relationship Between Chlorophyll-a and Catch Results
Based on the calculations performed using Microsoft Excel, the results of the

regression analysis are presented in Table 2.
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Table 2. Results of Simple Regression Analysis and F-test

Variabel coefisien
Multiple R 0,561619468
R Square 0,315416427
Fhitung 0,01234
Ftabel 4,45

The regression results displayed in Table 2 illustrate the extent of the
influence of chlorophyll-a as an independent variable on the catch of longtail tuna
(Thunnus tonggol) in the waters of West Sumatra. With a correlation coefficient (R)
of 0.56, it can be concluded that there is a moderate relationship between the
chlorophyll-a variable and the catch of longtail tuna, whereby 56% of the variation
in catch results can be explained by changes in chlorophyll-a levels. Although this
relationship is relatively strong, it indicates that chlorophyll-a is not the only factor
affecting catch results; other factors also need to be considered. Meanwhile, the
coefficient of determination (R?*) of 0.31 shows that approximately 31% of the
variation in longtail tuna catch is directly influenced by chlorophyll-a levels, while
the remaining 69% is attributed to other variables such as environmental factors,
weather, fishing effort, and other oceanographic conditions. Arta et al. (2023) also
reported a similar finding, demonstrating a moderately strong correlation between
chlorophyll-a concentration and the catch of longtail tuna (Thunnus tonggol), with a
coefficient of determination (R?) of 34.9%.

Furthermore, the results of the F-test analysis presented in Table 3 reinforce
the conclusion that chlorophyll-a has a significant impact on longtail tuna catch
results. With an F-value of 7.83, which is greater than the F-table value of 4.45, and
a significant F-value of 0.012, which is smaller than the confidence level a (0.05), it
can be concluded that chlorophyll-a plays an important role in determining
variations in longtail tuna catch. This means that changes in chlorophyll-a levels in
the waters can significantly affect the availability of longtail tuna, possibly related to
the availability of plankton as food in the area. These results suggest that monitoring
chlorophyll-a distribution could serve as a useful indicator in fisheries management
and in predicting future catch results. This is also supported by Munthe etal. (2018),
who stated that areas with high chlorophyll-a concentrations are typically nutrient-
rich zones, attracting a high abundance of marine biota, particularly pelagic fish such
as longtail tuna. Conversely, a decrease in chlorophyll-a concentration may lead to a
decline in longtail tuna production (Nurwani & Yusrudin, 2023)

CONCLUSION
Based on the research conducted, it is established that the distribution of
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chlorophyll-a affects the catch of longtail tuna (Thunnus tonggol) in the waters of
West Sumatra, using Aqua MODIS imagery. It can be concluded that chlorophyll-a
distribution has a significant impact on the catch of longtail tuna in the region. The
average annual CPUE for longtail tuna was recorded at 0.44 tons per trip, with an
average total catch of 18.38 tons over the period from 2018 to 2022, and an average
of 41 trips.
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