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Small pelagic fisheries are highly sensitive to oceanographic variability, 
particularly sea surface temperature (SST) and primary productivity. The 
Banda Sea, located in eastern Indonesia, represents one of the country’s most 
productive yet understudied pelagic fishing grounds. This study examines the 
relationship between satellite-derived SST and chlorophyll-a concentration and 
the catch variability of Decapterus spp. in the Banda Sea. Monthly fisheries 

landing data from Banda Fishing Port in 2024 were integrated with Aqua 
MODIS Level 3–4 SST and chlorophyll-a products using spatial analysis and 
multiple linear regression. SST ranged from 25.3 to 33.6 °C, while chlorophyll-
a concentrations varied between 0.04 and 13.78 mg.m-³, exhibiting strong 
seasonal patterns. The highest Decapterus catch (740,374 kg) occurred during 

the first transition season, coinciding with moderate SST and elevated 
chlorophyll-a levels. Regression analysis revealed strong correlations between 
catch and SST (r = 0.778) and chlorophyll-a (r = 0.775), indicating a significant 
influence of oceanographic conditions on fish availability. This study provides 
one of the first quantitative assessments linking satellite-derived 
environmental variability to small pelagic fisheries in the Banda Sea. The 
findings highlight the potential application of satellite-based monitoring to 
support ecosystem-based and climate-adaptive fisheries management in 
tropical marine environments. 
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INTRODUCTION  

The Banda Sea, located between Sulawesi and the Maluku Islands, is one of Indonesia’s 
most productive pelagic fishing grounds. Small pelagic species, particularly Decapterus spp., 
are vital for food security and livelihoods. The fisheries sector also contributes significantly to 
coastal economic development and fisheries-based communities in Indonesia (Sawir et al., 
2026). Their abundance is strongly influenced by oceanographic parameters such as SST and 
chlorophyll-a, which regulate primary productivity and fish distribution (Chassot et al., 2011; 
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Gustantia et al., 2021). Oceanographic variability in tropical seas is largely driven by 
monsoonal winds, upwelling, and nutrient dynamics. SST influences fish physiology, 
migration, and spawning, while chlorophyll-a serves as a proxy for phytoplankton biomass, 
the foundation of marine food webs (Ben Salah et al., 2025). Understanding the interaction 
between these parameters is crucial for predicting fish abundance and supporting ecosystem-
based fisheries management. Climate variability can disrupt marine ecosystem productivity 
and influence fish distribution patterns in Indonesian waters (Novi, Bimbi, et al., 2026). 

Remote sensing technologies, especially Aqua MODIS satellite imagery, provide 
efficient and cost-effective tools for monitoring oceanographic conditions across large spatial 
scales (Lai & Zhou, 2025). While previous studies have examined SST and chlorophyll-a 
dynamics in Indonesian waters (Mandhalika et al., 2025; Muksin et al., 2025), limited research 
has quantified their direct relationship with Decapterus catch in the Banda Sea, despite its 
importance as part of Fisheries Management Area (WPP 714). 

Despite extensive studies on sea surface temperature and chlorophyll-a dynamics in 
Indonesian waters, quantitative investigations linking these parameters directly to Decapterus 

catch variability in the Banda Sea remain limited. Most existing studies focus on western 
Indonesian waters or large pelagic species, leaving a critical knowledge gap for small pelagic 
fisheries in eastern Indonesia, particularly within Fisheries Management Area (WPP) 714. 
Addressing this gap is essential for improving fisheries forecasting and supporting 
sustainable management in one of Indonesia’s most productive yet understudied marine 
regions. This study aims to analyze the seasonal distribution of SST and chlorophyll-a and 
evaluate their influence on Decapterus catch in Banda Neira waters. By integrating satellite-

derived oceanographic data with fishery landing records, this research provides insights into 
the ecological drivers of pelagic fisheries and highlights the potential of remote sensing for 
sustainable fisheries management. 

METHOD  

Study Area 

 
Picture 1. Workflow of Research Method 

The Banda Sea is part of Fisheries Management Area (WPP 714), encompassing Tolo 
Bay and surrounding waters (Picture 1). Banda Neira Islands are located in Maluku Province, 
characterized by monsoonal climate with four distinct seasons: west monsoon (December–
February), transition season I (March–May), east monsoon (June–August), and transition 
season II (September–November). The Banda Sea is strongly influenced by the Indonesian 
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Throughflow (ITF) and seasonal upwelling, which play a crucial role in regulating nutrient 
availability and primary productivity in the region. These characteristics make the area 
suitable for examining interactions between environmental variability and pelagic fisheries 
dynamics. 

 
Picture 2. Workflow of research method 

Fishery Data Collection 

Monthly landing data of Decapterus spp. were obtained from Banda Fishing Port. The 
data represent aggregated catches from small-scale and semi-industrial fishing vessels 
operating in the surrounding Banda Sea. Total landed weight (kg) was used as a proxy for 
relative fish abundance, a common approach in fisheries–environment studies when fishery-
independent data are unavailable. Decapterus spp. were selected as the target species due to 

their ecological importance and economic value in the Banda Sea. As a small pelagic fish, 
Decapterus responds rapidly to changes in oceanographic conditions, making it an appropriate 
indicator species for examining environment–fishery relationships (Apriansyah et al., 2024; 
Yuniar et al., 2025). 

Satellite-Derived Oceanographic Data 

Satellite remote sensing data were used to characterize environmental conditions in the 
study area. Monthly sea surface temperature (SST) and chlorophyll-a concentration were 
obtained from the Moderate Resolution Imaging Spectroradiometer (MODIS) aboard the 
Aqua satellite. 

SST data were used to represent thermal conditions that influence fish physiology, 
behavior, and habitat suitability, while chlorophyll-a concentration served as a proxy for 
phytoplankton biomass and primary productivity (Hazen et al., 2018). Both variables were 
spatially averaged over the fishing grounds to match the temporal resolution of the fishery 
data (Setiawati et al., 2023). 

The use of Aqua MODIS Level 3–4 data allows for consistent, synoptic, and long-term 
observation of oceanographic variability, which is particularly valuable in data-limited 
tropical fisheries. 

Data Processing  

Satellite-derived SST and chlorophyll-a data were processed using SeaDAS software, 
followed by spatial analysis in ArcGIS. Monthly composite images were generated at a spatial 
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resolution of 4 km. Mean SST and chlorophyll-a values were extracted from the fishing ground 
area surrounding Banda Neira using zonal statistics. 
Statistical Analysis 

Multiple linear regression analysis was employed to assess the relationship between 
SST, chlorophyll-a, and catch yields. The regression model was expressed as (Montgomery et 
al., 2021): 

𝑌 = 𝛽0 + 𝛽1 ⋅ 𝑆𝑆𝑇 + 𝛽2 ⋅ 𝐶ℎ𝑙 − 𝑎 + 𝜖 

where 𝑌represents monthly catch (kg), SST is sea surface temperature (°C), and Chl-a is 
chlorophyll-a concentration (mg.m-3). Model assumptions, including normality and 
independence of residuals, were tested to ensure validity. Correlation coefficients (r) were 
used to evaluate the strength of relationships. 

Prior to regression analysis, multicollinearity between SST and chlorophyll-a was 

evaluated using Variance Inflation Factor (VIF). Although linear regression was applied, 

potential non-linear ecological responses were considered in the interpretation of results. 

RESULT AND DISCUSSION  

Results  

Seasonal Variability of Sea Surface Temperature 

 
Picture 3. Map of SST from December to May in Banda Sea 
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Picture 4. Map of SST from June-November in Banda Sea 

Sea surface temperature (SST) in the Banda Sea during 2024 exhibited clear seasonal 
variability, ranging from 25.3 to 33.6 °C (Picture 3 and 4). The highest SST values were 
recorded during the west monsoon season (December–February), with a peak of 33.6 °C 
observed in January. This period is characterized by weak wind stress and increased solar 
radiation, leading to enhanced surface heating and strong vertical stratification of the water 
column. 

In contrast, the lowest SST values occurred during the east monsoon season (June–
August), reaching a minimum of 25.3 °C in August. The marked cooling during this period 
reflects intensified southeasterly winds that enhance vertical mixing and promote upwelling 
of cooler subsurface waters. Such SST reductions are commonly associated with increased 
nutrient supply to surface waters in the Banda Sea and surrounding eastern Indonesian seas 
(Sprintall et al., 2019; Gordon et al., 2022). 

Spatially, lower SST values were more pronounced in offshore and southern Banda Sea 
waters during the east monsoon, indicating the influence of regional-scale oceanographic 
processes, including the Indonesian Throughflow and wind-driven circulation. 

Seasonal Variation of Chlorophyll-a Concentration 

 
Picture 5. Map of Chl-a from December to May in Banda Sea 
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Picture 6. Map of Chl-a from June-November in Banda Sea 

Chlorophyll-a concentrations showed substantial temporal variability, ranging from 
0.04 to 13.78 mg.m-³ throughout the study period (Picture 5 and 6). Low chlorophyll-a values 
(<0.2 mg.m-³) dominated during the west monsoon, reflecting oligotrophic conditions 
associated with strong stratification and limited nutrient input to surface waters. 

In contrast, elevated chlorophyll-a concentrations were observed during the east 
monsoon and transition season I, particularly in July and September. These peaks coincide 
with periods of intensified upwelling and vertical mixing, which transport nutrient-rich 
subsurface waters into the euphotic zone, stimulating phytoplankton growth. Chlorophyll-a 
concentrations exceeding 1 mg.m-³ indicate highly productive conditions, which are relatively 
rare in tropical open-ocean environments but characteristic of upwelling-influenced regions 
such as the Banda Sea (Ware et al., 2016; Chen et al., 2021). 

The spatial distribution of chlorophyll-a revealed higher concentrations near productive 
fishing grounds surrounding Banda Neira, suggesting that localized oceanographic processes 
enhance primary productivity in these areas. 

Variability of Decapterus Catch 

Picture 7. Graph of Decapterus Cath Results in 2024 
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Picture 8. Graph of Seasonal Decapterus Catch Results 

 
Total annual landings of Decapterus spp. at Banda Fishing Port reached 3,763,961 kg in 

2024, indicating the continued importance of small pelagic fisheries in the region (Picture 7). 
Monthly catch data exhibited pronounced variability, with the highest catch recorded in April 
(740,374 kg) during transition season I, while the lowest catch occurred in June (80,865 kg) 
during the early east monsoon. 

Seasonal aggregation of catch data showed that transition season I contributed the 
highest cumulative catch compared to other seasons, followed by the east monsoon and 
transition season II (Picture 8). The west monsoon consistently yielded the lowest catches. This 
pattern suggests that optimal fishing conditions for Decapterus occur during periods when 
oceanographic conditions balance enhanced productivity with suitable thermal habitat. 

The observed mismatch between peak chlorophyll-a concentration and maximum catch 
indicates a potential time lag between primary production and fish availability, reflecting 
trophic transfer processes from phytoplankton to zooplankton and subsequently to pelagic 
fish populations. 

Relationship Between SST, Chlorophyll-a, and Catch 

Picture 9. Graph of relationship between SST dan Catch 
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Picture 10. Graph of relationship between Chl-a dan Catch 

Multiple linear regression analysis revealed strong positive correlations between 
Decapterus catch and SST (r = 0.778) as well as chlorophyll-a concentration (r = 0.775) (Picture 
9 and 10). The ANOVA test confirmed that both environmental variables significantly 
influenced catch variability (p < 0.05). 

The strength of these relationships indicates that Decapterus distribution and availability 

are closely linked to seasonal oceanographic dynamics. Moderate SST conditions combined 
with elevated chlorophyll-a concentrations appear to provide favorable habitat conditions, 
enhancing feeding efficiency and fish aggregation. Although the regression model assumes 
linear relationships, the observed patterns suggest more complex ecological responses, 
potentially involving threshold effects and temporal lags. 

Discussion  

Oceanographic Control of Primary Productivity 

The seasonal variability of chlorophyll-a concentration observed in this study reflects 
the strong influence of monsoon-driven oceanographic processes in the Banda Sea. Elevated 
chlorophyll-a levels during the east monsoon and transition season I indicate enhanced 
primary productivity associated with intensified wind forcing, vertical mixing, and upwelling 
processes that transport nutrient-rich subsurface waters into the euphotic zone (Sprintall et 
al., 2019; Gordon et al., 2022). 

Recent studies in eastern Indonesian waters have shown that monsoon-induced 
upwelling and current variability play a dominant role in regulating phytoplankton biomass 
and productivity, particularly in semi-enclosed seas such as the Banda Sea (Pratama et al., 
2025; Apriliani et al., 2024). These productivity pulses are especially important in tropical 
marine ecosystems, where background nutrient levels are typically low and biological 
production is highly episodic. 

Consequently, the Banda Sea functions as a seasonally productive system, characterized 
by short periods of elevated biological activity capable of sustaining both small and large 
pelagic fish populations. Such seasonally driven productivity regimes are increasingly 
recognized as key features of tropical fisheries systems influenced by monsoon variability 
(Yuniar et al., 2024). 
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Bottom-Up Control of Decapterus Fisheries 

The strong association between chlorophyll-a concentration and Decapterus catch 
supports the concept of bottom-up ecological control in pelagic ecosystems, whereby 
increased primary productivity enhances food availability at higher trophic levels (Ware et 
al., 2016; Chen et al., 2021). Elevated phytoplankton biomass promotes zooplankton 
production, which constitutes the primary food source for small pelagic fishes such as 
Decapterus spp., ultimately leading to increased fish biomass and catchability. 

The highest catches recorded during transition season I, rather than during periods of 
peak chlorophyll-a concentration, suggest the presence of a trophic time lag between 
phytoplankton production and fish aggregation. This delay reflects the time required for 
energy transfer through the pelagic food web, from primary producers to zooplankton and 
subsequently to planktivorous fish (Chen et al., 2021; Yuniar et al., 2024). 

Such time-lagged responses have been widely documented in recent fisheries–
environment studies and highlight the importance of considering temporal offsets when using 
satellite-derived chlorophyll-a as an indicator for fisheries prediction and management 
(Syahdan et al., 2023; Putri et al., 2022). 

Influence of Sea Surface Temperature on Habitat Suitability 

Sea surface temperature plays a critical role in regulating fish physiology, behavior, and 
spatial distribution. In this study, extremely high SST values during the west monsoon were 
associated with lower Decapterus catches, suggesting that thermal conditions may exceed the 

optimal habitat range for the species. Elevated SST can induce physiological stress, increase 
metabolic demands, and alter vertical and horizontal habitat use, ultimately reducing fish 
aggregation and catchability (Pörtner et al., 2017; Tanaka et al., 2019). 

High SST conditions are also associated with increased water-column stratification, 
which suppresses nutrient mixing and limits primary productivity, thereby indirectly 
reducing prey availability for pelagic fish (Free et al., 2019; Gordon et al., 2022). Conversely, 
moderate SST values observed during transition season I appear to provide favorable thermal 
conditions that support feeding efficiency and schooling behavior. 

Similar relationships between intermediate SST ranges and enhanced pelagic fish catch 
have been reported in recent studies across tropical and subtropical fisheries, emphasizing the 
importance of thermal habitat suitability in determining fishing success (Syahdan et al., 2023; 
Pratama et al., 2025). 

Implications of Climate Variability and Change 

The sensitivity of Decapterus catch to SST and chlorophyll-a variability underscores the 
vulnerability of small pelagic fisheries to climate-driven oceanographic change. Recent 
assessments indicate that ongoing ocean warming and increasing variability in monsoon 
systems may alter productivity regimes in tropical seas, potentially shifting the timing, 
location, and magnitude of pelagic fish availability (Free et al., 2019; IPCC, 2023). 

In the Banda Sea, projected increases in SST and changes in wind patterns could weaken 
seasonal upwelling and disrupt established productivity cycles, posing challenges for 
fisheries that depend on predictable environmental conditions (Sprintall et al., 2019; Gordon 
et al., 2022). Understanding environment–fish relationships at seasonal scales is therefore 
critical for anticipating climate impacts and developing adaptive management strategies. 

Satellite-based monitoring offers a valuable and cost-effective approach for tracking 
climate-related environmental change and supporting dynamic fisheries management in 
data-limited tropical regions (Hobday et al., 2016; Chen et al., 2021). 
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Relevance for Fisheries Oceanography and Management 

The integration of satellite-derived SST and chlorophyll-a data with fisheries landing 
records demonstrates the practical value of remote sensing for fisheries oceanography. By 
identifying periods of favorable environmental conditions, such approaches can support 
fishing-ground forecasting, optimize fishing effort, and reduce fuel consumption, thereby 
minimizing environmental and economic costs (Hobday et al., 2016; Kittinger et al., 2017). 

Furthermore, the findings reinforce the importance of incorporating environmental 
indicators into fisheries management frameworks, particularly for small pelagic fisheries that 
respond rapidly to oceanographic variability. The application of satellite-based indicators 
aligns with ecosystem-based fisheries management principles and enhances the resilience of 
fisheries systems under increasing climate variability and change (Free et al., 2019; Yuniar et 
al., 2024). 

CONCLUSION  

Seasonal variations in SST and chlorophyll-a significantly influenced Decapterus catch 
in the Banda Sea. The first transition season yielded the highest catch, coinciding with elevated 
chlorophyll-a concentrations, while the west monsoon season recorded the lowest catch. 
Regression analysis confirmed strong relationships between oceanographic parameters and 
catch abundance, underscoring the importance of phytoplankton productivity in sustaining 
pelagic fisheries. 

This study demonstrates the utility of satellite-derived data for identifying potential 
fishing grounds, offering a cost-effective approach to improve fishing efficiency and support 
sustainable fisheries management in Indonesia’s tropical waters. The application of satellite-
derived SST and chlorophyll-a offers a practical tool for developing early warning systems for 
fisheries productivity and supports ecosystem-based and climate-adaptive fisheries 
management in tropical marine ecosystems. 
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