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ABSTRACT

Small-scale fisheries play an important role in
supporting coastal livelihoods, including in
Pangandaran waters. Skipjack tuna (Katsuwonus
pelamis) distribution is strongly influenced by sea
surface temperature (SST). This study aims to
map the optimal SST range for skipjack tuna in
2024 and analyze its spatial-temporal dynamics
as an indicator of potential fishing grounds. SST
data from Copernicus Marine Service (0.083°
resolution, monthly) were analyzed descriptively
based on optimal temperature ranges from
previous studies. Results show SST ranged from
26.21 °C to 30.02 °C with clear seasonal patterns.
Suitable conditions occurred mainly in January,
May, July, and August, particularly during the
southeast monsoon associated with upwelling.
SST can serve as an initial indicator for fishing
ground identification but should be combined
with other oceanographic parameters
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INTRODUCTION

Small-scale capture fisheries play a strategic role in supporting food
security and the livelihoods of coastal communities in Indonesia (Amura &
Pirhel, 2021; Kusdiantoro et al., 2019), including in Pangandaran waters. These
tisheries contribute approximately 80% of total domestic fish consumption
(Saksono et al., 2023). One of the main target species is skipjack tuna (Katsuwonus
pelamis), which has high economic value and makes a significant contribution to
pelagic fisheries production (Maruanaya et al., 2025). However, the success of
skipjack fishing is strongly influenced by complex oceanographic dynamics,
particularly sea surface temperature (SST) (Gaol & Sadhotomo, 2007; [rwansya et
al., 2026). As a result, small-scale fishers often face uncertainty in determining
optimal fishing locations.

Sea surface temperature (SST) is a key oceanographic parameter that
influences fish distribution and behavior (Freitas et al., 2021). Temperature
regulates physiological processes, prey distribution, and fish movement and
migration patterns (Tadjuddah, 2005). In addition, SST serves as an indicator of
upwelling, where nutrient-rich waters stimulate phytoplankton growth. Skipjack
tuna are known to prefer a specific optimal temperature range that supports
metabolic activity and feeding (Sala & Manuhutu, 2020; Pratama et al., 2022).
Therefore, spatial and temporal variations in SST can be used as potential
indicators for identifying productive fishing grounds.

Several studies have examined the relationship between SST and skipjack
tuna distribution (Suhermat, 2024; Irwansya et al., 2026; Pratama et al., 2022).
These studies indicate that the relationship between temperature and fish
abundance is nonlinear and location-specific. However, most research has
focused on statistical relationships without producing practical spatial outputs,
such as optimal temperature maps that can be directly utilized by fishers,
particularly in small-scale fisheries.

In contrast, studies specifically mapping optimal temperature for skipjack
tuna in southern Java waters, especially in Pangandaran, remain limited. This
region exhibits distinctive oceanographic dynamics, including the influence of
the southeast monsoon, which triggers upwelling and causes significant
temperature variability throughout the year (Sundoko et al, 2025).
Understanding this variability at a temporal scale is crucial, as it affects fish
distribution and fishing success during specific periods.

Based on these conditions, an approach is needed that not only identifies
the relationship between temperature and catch but also maps the spatial
distribution of optimal temperature within a defined time period. This study
proposes mapping the optimal temperature for skipjack tuna in Pangandaran
waters during 2024 by integrating high-resolution SST data with small-scale
fishers” catch data. This approach is expected to produce more operational and
practical spatial information for fishing activities.

This study aims to map the optimal temperature range for skipjack tuna in
Pangandaran waters in 2024 and to analyze its relationship with small-scale
fishers’ catches. The results are expected to provide a scientific basis for
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developing oceanography-based fishing ground information, thereby improving
the efficiency and sustainability of small-scale capture fisheries.

LITERATURE REVIEW

The relationship between sea surface temperature (SST) and pelagic fish
abundance is a key aspect in fisheries oceanography. SST plays an important role
in regulating physiological processes in fish, including metabolism, growth, and
migration activity. Changes in SST can trigger pelagic fish to move toward more
suitable environmental conditions, thereby influencing their distribution and
abundance. Several studies have shown that oceanographic parameters such as
SST, chlorophyll-a, salinity, and ocean currents significantly affect the
distribution patterns and abundance of pelagic fish (Saifudin et al., 2014; Sadly &
Awaluddin, 2017; Ma’'mun et al., 2019).

In skipjack tuna (Katsuwonus pelamis), SST is closely related to both
abundance and catch rates. Previous studies indicate that skipjack exhibit a
preference for specific temperature ranges that support their biological activities,
with an optimal range of 27-29°C and an ideal condition around 28°C (Rahman
et al., 2019). In addition, seasonal SST variability influences fishing productivity,
where increased skipjack catches are often associated with periods of suitable
thermal conditions (Pratama et al.,, 2022). This suggests that SST not only
determines spatial distribution but also contributes to variations in fishery
productivity.

Furthermore, the effect of SST on skipjack abundance is closely linked to its
interaction with chlorophyll-a. SST influences plankton distribution, which
forms the base of the marine food web. Although skipjack do not directly
consume phytoplankton, higher chlorophyll-a concentrations enhance the
availability of zooplankton and small fish as their primary prey (Simbolon &
Girsang, 2009). Optimal conditions for skipjack abundance generally occur when
suitable SST coincides with chlorophyll-a concentrations of approximately 0.2-
0.25 mg/m3 (Rahman et al., 2019). Therefore, SST plays both direct and indirect
roles in determining skipjack abundance through its influence on habitat
conditions and marine productivity.
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METHODOLOGY

This study was conducted in Pangandaran waters, which are part of the
southern Java Sea and are known as one of the fishing grounds for pelagic species
exploited by small-scale fishers. The analysis focused on the period from January
to December 2024 to describe the spatial and temporal variability of sea surface
temperature (SST) over a full annual cycle.

The primary dataset used in this study was SST obtained from the
Copernicus Marine Service, specifically the Global Ocean Physics Reanalysis
(GLORYS) product. This dataset is generated using the NEMO (Nucleus for
European Modelling of the Ocean) model, which integrates satellite observations
and in situ measurements to produce a comprehensive representation of ocean
conditions. The SST data have a spatial resolution of 0.083° x 0.083° and a
monthly temporal resolution, making them suitable for regional-scale analysis in
the study area (Pratama et al., 2025). The data were downloaded in raster format
and used to describe SST distribution throughout 2024.

Optimal Temperature for Skipjack Tuna

This study did not use catch data as an analytical variable but instead
focused on interpreting environmental conditions based on the optimal
temperature range for skipjack tuna derived from previous studies. The optimal
temperature range for Katsuwonus pelamis was determined through a synthesis of
relevant literature, as summarized in Table 1.

Table 1. Optimal Temperature Range for Skipjack Tuna

Study Area H Optimal Temperature H Reference ‘
Southern Java Southeast monsoon: 24-28.5 °C Suhermat (2024)
waters Northwest monsoon: 28.3-29.2 °C

Pamungkas et al.

Maluku Sea Transitional season: 28-28.9 °C (2020)

The temperature range from southern Java waters was used as the primary
reference due to its similar oceanographic characteristics to the study area, while
data from the Maluku Sea were used as a comparison to strengthen biological
interpretation.

Data Processing and Analysis

Data processing involved extracting SST values within the study area
boundaries and classifying them into southeast and northwest monsoon periods
to account for seasonal variations in optimal temperature ranges. Each SST value
was then compared with the predefined optimal range. Areas with SST values
within this range were interpreted as suitable habitats for skipjack tuna, while
areas outside the range were considered less suitable.

The processed results were presented as monthly thematic maps
illustrating the spatial distribution of suitable and unsuitable temperature
conditions for skipjack tuna throughout 2024. The analysis was conducted
descriptively by examining spatial patterns of optimal temperature, monthly
variability, and seasonal differences. This exploratory approach aims to provide
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an initial assessment of temperature suitability in supporting fishing activities,
particularly for small-scale fisheries.

RESEARCH RESULT
Sea Surface Temperature Dynamics in 2024

Throughout 2024, sea surface temperature (SST) in Pangandaran waters
exhibited noticeable variability. The monthly mean SST dynamics are presented
in Figure 1.
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Figure 1. Monthly mean sea surface temperature in Pangandaran waters during

2024

The average SST in Pangandaran waters during 2024 showed clear
monthly variations, ranging from 26.21 °C to 30.02 °C. During the early-year
period (January-April), SST remained relatively high, with average values of
29.25 °C, 30.02 °C, 29.79 °C, and 29.83 °C, respectively. The highest temperature
was recorded in February, while the other months in this period also exhibited
warm conditions exceeding 29 °C.

Entering May and June, SST began to decrease to 28.82 °C and 29.08 °C,
respectively. A more pronounced decline occurred from July to September, with
average temperatures of 27.48 °C in July, reaching the lowest value in August at
26.21 °C, and slightly increasing again in September to 26.88 °C. SST then
increased toward the end of the year, with values of 28.17 °C in October, rising
significantly to 29.98 °C in November, and remaining relatively stable at 29.78 °C
in December.

1389



Pratama, Aisyah

Spatial Distribution of Optimal Sea Surface Temperature in 2024
The spatial distribution of SST in Pangandaran waters at the beginning of
2024 (January-April) is presented as monthly maps in Figure 2.
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Figure 2. Spatial distribution of sea surface temperature (SST) from January to
April 2024

SST distribution during January-April was dominated by relatively warm
conditions. In January, temperatures were lower in the northern (coastal) areas
and increased toward the south. During this period, only January showed coastal
areas with SST conditions suitable for skipjack tuna. In February, SST increased
across the study area, particularly in the eastern region, where the highest values
were observed. In March, a clearer temperature gradient appeared, with lower
temperatures in the west and higher temperatures toward the east. This pattern
continued into April, where high SST expanded across the central to eastern parts
of the waters.

The spatial distribution of SST during the mid-year period (May-August)
is presented in Figure 3.
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Figure 3. Spatial distribution of sea surface temperature (SST) from May to
August 2024

SST in May was still dominated by warm conditions with relatively
homogeneous distribution, although a decrease began to appear in the eastern
part of the waters. A more distinct change occurred in June, where a strong west-
east gradient developed, with higher temperatures in the west and lower
temperatures toward the east. This cooling pattern intensified in July, when SST
decreased more extensively, particularly in the southern and eastern parts of the
study area. During July, SST conditions were predominantly within the optimal
range for skipjack tuna, extending from the eastern coastal areas toward offshore
(southern) waters. The cooling reached its peak in August, with lower SST values
widely distributed, especially in offshore areas.

The spatial distribution of SST at the end of 2024 (September-December)
is presented in Figure 4. SST in September remained relatively low, particularly
in the northern and central parts of the waters, with temperatures increasing
toward the south. In October, SST increased significantly and was dominated by
warmer conditions, although some cooler areas remained in the eastern region.
In November, the distribution became more homogeneous, with high
temperatures dominating most of the study area, especially in the central and
eastern waters. This pattern continued into December, when SST reached higher
values and became widely distributed, showing a general increase from west to
east. Throughout the September-December period, SST conditions were
generally not within the optimal range for skipjack tuna.
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Figure 4. Spatial distribution of sea surface temperature (SST) from September
to December 2024

DISCUSSION

Sea surface temperature (SST) variability in Pangandaran waters during
2024 exhibited a clear seasonal pattern consistent with the oceanographic
dynamics of southern Java waters. This pattern was characterized by higher
temperatures at the beginning and end of the year, and a significant decrease
during the mid-year period. These changes are closely associated with the
monsoon system, where the northwest monsoon tends to produce warmer
waters, while the southeast monsoon induces upwelling that lowers SST
(Sundoko et al., 2025).

During the early-year period (January-April), relatively high SST reflects
the dominance of warm water masses due to weak vertical mixing. This
condition leads to a more stable water column but is generally associated with
lower productivity. Although SST during this period falls within or near the
upper optimal range for Katsuwonus pelamis, excessively high temperatures may
limit vertical fish distribution and reduce prey availability in surface layers
(Pratama et al., 2025). According to Adnan (2010), higher temperatures tend to
reduce fish presence in surface waters, as fish migrate to deeper layers, resulting
in decreased catch rates because fishing gear cannot effectively reach deeper
distributions.

In the mid-year period (May-August), SST decreased significantly,
reaching its lowest value in August. This condition is associated with intensified
upwelling along the southern Java coast, which brings colder, nutrient-rich
waters to the surface (Susilo & Wibawa, 2016; Yuhendrasmiko et al., 2016; Wisha
et al., 2017). This cooling enhances habitat suitability for skipjack tuna,
particularly due to increased primary productivity that supports food
availability (Pratama et al., 2025). SST during this period generally falls within
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the lower optimal range (24-28.5 °C), which supports feeding activity and
aggregation of pelagic fish (Azwar, 2016).

During the late-year period (September-December), SST increased again
as upwelling weakened and conditions transitioned toward the northwest
monsoon (Lasut et al.,, 2022; Latifah et al., 2024). This warming led to a more
homogeneous temperature distribution dominated by warm conditions across
the study area. However, the transitional period, particularly in September and
October, still exhibited relatively suitable temperature conditions combined with
moderate productivity, making it a potentially important phase for skipjack
presence.

When compared with previously reported optimal temperature ranges,
January, May, July, and August 2024 were identified as periods with suitable SST
conditions for skipjack tuna, although spatial suitability varied. The southeast
monsoon period tends to provide more favorable conditions in terms of
productivity, while the northwest monsoon offers more stable but less
productive conditions. These findings are consistent with previous studies on
skipjack fishing seasons in the Indian Ocean, including Pangandaran waters,
where peak fishing seasons generally occur during the late northwest monsoon
and the southeast monsoon (Nurani et al., 2021; Siringoringo et al., 2024).

Overall, these results indicate that SST can be used as an initial indicator
for identifying potential fishing grounds. However, skipjack distribution is
influenced not only by temperature but also by other factors such as food
availability, ocean currents, and broader oceanographic structures. Therefore,
SST-based information should be integrated with other oceanographic
parameters to improve the accuracy of fishing ground predictions, particularly
to support small-scale fisheries.

CONCLUSIONS AND RECOMMENDATIONS

Sea surface temperature (SST) in Pangandaran waters during 2024
exhibited a clear seasonal pattern, ranging from 26.21 °C to 30.02 °C. This pattern
was characterized by higher temperatures at the beginning and end of the year
and a decrease in mid-year due to upwelling processes. This variability has direct
implications for the habitat suitability of skipjack tuna. Suitable temperature
ranges for skipjack were generally observed during specific periods, particularly
in January, May, July, and August, with spatial variability influenced by
oceanographic dynamics. The southeast monsoon tends to provide more optimal
conditions due to increased ocean productivity associated with cooler SST, while
the northwest monsoon offers more stable but less productive conditions.

Overall, SST can be used as an initial indicator for identifying potential
skipjack fishing grounds. However, to produce more accurate and operational
information, SST analysis should be integrated with other oceanographic
parameters such as chlorophyll-a, ocean currents, and additional environmental
factors. This integrated approach is essential to support the efficiency and
sustainability of small-scale capture fisheries.
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ADVANCED RESEARCH

This study is limited by the use of a single oceanographic parameter,
namely sea surface temperature (SST), as the primary indicator for identifying
potential fishing grounds. Future research should integrate additional
oceanographic variables such as chlorophyll-a, ocean currents, sea surface height,
and thermal fronts to improve the accuracy of habitat identification for skipjack
tuna. More advanced modeling approaches, including species distribution models
(SDM), generalized additive models (GAM), and machine learning techniques,
should also be explored to better capture the nonlinear relationships between
environmental variables and fish abundance.

Furthermore, the integration of real-time fishery catch data with satellite-
based oceanographic data is essential to develop more operational and practical
tishing ground information systems. Future studies should also consider
interannual variability and the influence of large-scale climate phenomena such
as ENSO and the Indian Ocean Dipole (IOD) on temperature dynamics and fish
distribution. A more comprehensive approach is expected to support the
development of adaptive and accurate fishing ground prediction systems,
contributing to sustainable fisheries management, particularly for small-scale
tisheries.
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