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 This study examines the seasonal association between aquatic productivity, 

fishermen’s catch, and income in the waters of Obi Island, South Halmahera 

Regency, Indonesia. Aquatic productivity was represented by chlorophyll a 

concentration and sea surface temperature (SST) derived from Aqua MODIS 

satellite imagery for the period 2022–2023. Satellite data were processed to 

describe variability across the east and west monsoons and the two transitional 

seasons. Fisheries data, including catch volume, fishing frequency, and income, 

were collected through surveys of active fishermen in Soligi and Kawasi Villages 

using a purposive sampling approach. All datasets were analysed descriptively to 

examine the correspondence between seasonal oceanographic conditions and 

fishing performance. The results show that chlorophyll a concentrations ranged 

from 0.01 to 1.50 mg/m³, with higher values during the east monsoon (May–June) 

and lower values during transitional season I (July–September). Sea surface 

temperature varied between 25.0 and 31.0 °C, with relatively lower temperatures 

observed during transitional season I. Periods characterised by higher 

chlorophyll-a concentrations were accompanied by increased fishing activity, 

during which catches reached approximately 100–500 kg per trip per month, 

whereas lower chlorophyll-a conditions were associated with reduced catches of 

about 10–50 kg per trip per month. The average monthly income of fishermen in 

Soligi Village is IDR 10,677,845, while in Kawasi Village, where fishermen earn 

IDR 11,948,611 per trip and average 12 trips per month, their monthly income 

reaches IDR 143,383,332. 

 
 

                                                                        Copyright ©2026 Journal of Marine Biotechnology and Immunology. 

1. Introduction 

The waters surrounding Obi Island can be 

characterised as a productive marine environment that 

supports pelagic fisheries and multiple life stages of fish. 

Numerous studies have shown that large pelagic species, such 

as tunas and billfishes, tend to concentrate spawning activities 

in areas and seasons with high plankton productivity, as 

favourable feeding conditions enhance larval survival and 

growth. In tropical regions, pelagic fishes may spawn 

throughout the year across broadly productive waters, 

responding to intermittent productivity pulses driven by 

physical processes such as vertical mixing and monsoonal 

circulation (Buenafe et al., 2025). Shallow coastal habitats 

adjacent to productive offshore waters, including seagrass 

meadows and other structured environments, also serve as 

important feeding and nursery areas for fish larvae and 

juveniles, where primary productivity and oxygen availability 

are closely linked to early-life-stage abundance (Ngisiange et 

al., 2024). Consequently, productive coastal and estuarine 

zones often serve simultaneously as feeding, spawning, and 

nursery grounds, supporting high fish biomass and a large 

proportion of immature or spawning individuals (Hashiguti et 

al., 2025). Because early life stages are particularly sensitive 

to environmental conditions, the quality and extent of nursery 

habitats strongly Influence population size, recruitment 

success, and fisheries yield, while habitat degradation can 

reduce stock productivity and resilience to fishing pressure 

(Champagnat et al., 2024; Walker-Milne et al., 2025). 

Chlorophyll a is widely applied as an indicator of 

phytoplankton biomass and a proxy for identifying potential 

fishing grounds, particularly when derived from satellite 

observations (Shahvaran et al., 2024; Ginanjar et al., 2025). 

In marine systems adjacent to Indonesia, elevated chlorophyll 

a concentrations combined with favourable sea surface 
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temperatures reliably indicate productive pelagic fishing 

areas, with strong seasonal variability driven by monsoonal 

circulation and upwelling (Nurmila et al., 2023). In North 

Maluku waters, which are administratively and ecologically 

part of the Fisheries Management Area of the Republic of 

Indonesia (WPPNRI) 715 and include Obi Island, higher mid-

year chlorophyll-a levels are associated with enhanced 

primary productivity and increased fish availability. In 

contrast, climate variability such as negative phases of the 

Indian Ocean Dipole can weaken upwelling and suppress 

productivity (Pratama et al., 2025). Previous studies in North 

Maluku and other small-island and coastal systems 

demonstrate the usefulness of chlorophyll a and related 

oceanographic indicators for identifying productive fishing 

grounds, but also highlight the vulnerability of small-scale 

island fisheries to water-quality degradation, environmental 

change, and limited adaptive capacity. Despite the strategic 

role of WPPNRI 715 in supporting pelagic fisheries and local 

livelihoods, empirical studies that integrate satellite-based 

productivity indicators with fisheries catch and fishermen’s 

income at the local scale remain limited. Therefore, this study 

aims to examine the seasonal association between aquatic 

productivity, fishing activities, and fishermen’s income in the 

waters of Obi Island, providing evidence to support adaptive 

and context-specific fisheries management within WPPNRI 

715. 

Despite this well-established ecological 

understanding and the recognised usefulness of chlorophyll a 

and sea surface temperature as indicators of productive 

fishing grounds, empirical evidence linking seasonal 

variability in aquatic productivity to realised fishing 

outcomes and fishermen’s income remains limited, 

particularly in remote island systems such as Obi Island. 

Previous studies have largely focused on biological responses 

or physical oceanographic processes, with comparatively 

little integration of satellite-derived productivity indicators 

and socio-economic data at the local scale. In small, isolated 

island waters, fishing activities are strongly constrained by 

limited fishing ranges, high dependence on seasonal 

environmental conditions, and the restricted adaptive 

capacity of fishing communities. However, the extent to 

which seasonal changes in chlorophyll a concentration and 

sea surface temperature correspond to variations in fishing 

activity, catch levels, and fishermen’s income has not been 

sufficiently documented. Therefore, this study aims to 

examine the seasonal association among aquatic productivity, 

fishing activities, and fishermen’s income in the waters of Obi 

Island, providing evidence to support adaptive, context-

specific fisheries management within WPPNRI 715. 

 

2. Material and methods 

2.1 Research Location and Time 

This research was conducted in Soligi Village and 

Kawasi Village, located on Obi Island, South Halmahera 

Regency, North Maluku Province. These two locations were 

selected based on their characteristics as centres of pelagic 

fishing activity and their proximity to mining industrial areas. 

The research lasted one year, from October 2022 to 

September 2023, thus encompassing seasonal variations in 

local waters. A map of the research locations is shown in 

Figure 1.  

 

Figure 1. Map of Research Locations in Soligi and Kawasi Villages, Obi Island, South Halmahera Regency 

 

2.2 Sampling Techniques 

Data collection is carried out through two main 

approaches: 

2.3 Oceanographic Data 

Spatial and temporal variations in chlorophyll a 

concentration and sea surface temperature (SST) were 

derived from Aqua MODIS satellite imagery using standard 

remote sensing approaches. Monthly composite products 

were employed to minimise cloud contamination and to 

represent seasonal conditions during the 2022–2023 period. 

Chlorophyll a data were obtained from the MODIS ocean 

colour product at approximately 4 km spatial resolution. In 

comparison, SST data were extracted from the MODIS 

thermal infrared product with a spatial resolution of 4 km. 

The satellite datasets had undergone standard atmospheric 

correction, radiometric calibration, and geometric correction 

as part of the MODIS Level-3 processing chain. Cloud-

affected pixels were excluded using quality control flags 
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provided within the MODIS products. Chlorophyll a 

concentrations were estimated using the OC3 algorithm, 

widely applied in open and coastal waters, whereas SST was 

derived using the standard MODIS split-window algorithm. 

These satellite-derived variables were analysed to 

characterise seasonal variability in aquatic productivity and 

thermal conditions in the waters surrounding Obi Island (Park 

et al., 2022). 

1. Fisheries Socio-Economic Data 

Fisheries socio-economic data were collected through 

structured surveys conducted in Soligi and Kawasi Villages. 

Respondents were selected using a purposive sampling 

approach targeting active small-scale fishermen who were 

directly involved in fishing activities during the study period. 

Selection criteria included: (1) regular engagement in fishing 

operations, (2) active fishing during the 2022–2023 seasons, 

and (3) willingness to provide information on catch volume, 

fishing frequency, fishing areas, and income. A total of n = 

20 fishermen were surveyed in Soligi Village and n = 20 

fishermen in Kawasi Village. The sample size represents a 

substantial proportion of the active fishing households in each 

village and was considered adequate to capture seasonal 

variability in fishing activities and income patterns 

(Mulyasari et al., 2023; Suryana and Nurezka, 2023). 

To enable comparison with satellite-derived 

productivity indicators, fisheries data were aggregated 

seasonally into the east monsoon, west monsoon, and two 

transitional seasons. Catch and income data were averaged 

for each season to match the temporal resolution of monthly 

composite Aqua MODIS chlorophyll a and sea surface 

temperature datasets. Spatially, reported fishing locations 

were confined to nearshore and offshore waters surrounding 

Obi Island, consistent with the spatial extent of the MODIS 

data. Satellite-derived chlorophyll a and SST values were 

extracted for the waters adjacent to each village fishing area 

and analysed at a seasonal scale, assuming minimal time-lag 

between changes in aquatic productivity and fishing 

outcomes. This approach enabled an integrated assessment of 

seasonal associations between oceanographic conditions, 

fishing activity, and fishermen’s income (Li et al., 2024; Putri 

et al., 2024). 

2.4 Data analysis 

Oceanographic data, including chlorophyll a 

concentration and sea surface temperature (SST), were 

analysed to describe seasonal, spatial, and temporal 

variability in the waters surrounding Obi Island. Monthly 

satellite-derived values were first organised and aggregated 

into seasonal means for the east monsoon, west monsoon, and 

the two transitional seasons. Fisheries survey data, including 

catch volume, fishing frequency, and fishermen’s income, 

were compiled, coded, and tabulated using Microsoft Excel 

(Ahmed et al., 2024; Pratama et al., 2025). 

Descriptive statistical analyses were conducted in 

Microsoft Excel to summarise patterns in aquatic 

productivity, fishing activity, and income, including 

calculation of means, ranges, and seasonal averages. To 

quantitatively assess the relationships between oceanographic 

conditions and fisheries outcomes, correlation analyses were 

performed using Excel’s built-in statistical functions. Pearson 

correlation coefficients were calculated to evaluate the 

strength and direction of associations between seasonal 

chlorophyll a concentration, SST, catch volume, and 

fishermen’s income, assuming approximately linear 

relationships among variables. When data distributions 

deviated from normality, correlation results were interpreted 

cautiously and used to indicate general associations rather 

than strict statistical inference (Ajrin and Heliani, 2025). 

Correlation analyses were conducted at the seasonal 

scale to ensure temporal consistency between satellite-

derived productivity indicators and fisheries data. The 

analyses aimed to quantify the degree of association between 

environmental variability and fishing outcomes, rather than to 

establish causal relationships. The use of Microsoft Excel was 

considered appropriate for the scope of this study, as it 

provides reliable tools for descriptive and correlation-based 

statistical analyses commonly applied in fisheries and 

environmental studies. Statistical significance was evaluated 

at a 95% confidence level (α = 0.05) (Ahkam and Tarya, 

2023). 

 

3. Results 

3.1 Seasonal Variability of Aquatic Productivity  

Chlorophyll a concentrations in the waters 

surrounding Obi Island showed clear seasonal variability, 

ranging from 0.01 to 1.50 mg/m³ across the study period. 

Seasonal interpretation is based on average ranges, while 

higher values represent localised spatial extremes. During the 

east monsoon (May–June), chlorophyll a exhibited higher 

seasonal averages (0.18–0.78 mg/m³), coinciding with the 

peak fishing season and indicating enhanced primary 

productivity. In contrast, Transitional Season I (July–

September) was characterised by lower average 

concentrations (0.01–0.50 mg/m³), despite occasional spatial 

hotspots. Spatial distribution maps (Figures 2 and 3) illustrate 

an expansion of productive zones during the east monsoon 

and a contraction during transitional periods, highlighting 

strong seasonal control on productivity, Table 1. 

The distribution map of chlorophyll a content in the 

waters around Obi Island is shown in Figures 2 and 3. 

3.2 Surface Temperature 

Sea surface temperature (SST) ranged from 25.0 to 

31.0 °C and also varied seasonally. Lower SSTs occurred 

during Transitional Season I (25.0–29.5 °C), while relatively 

higher and more stable temperatures were observed during 

the east monsoon (27.5–31.0 °C). Compared with chlorophyll 

a, SST exhibited weaker spatial gradients (Figures 4 and 5), 

suggesting that SST primarily modulates rather than directly 

drives seasonal productivity patterns in the study area (Table 

2). 

 

Table 1. Average Value of Chlorophyll-a Content in the Waters of Obi Island and its Surroundings in 4 Seasonal Conditions 

Season Month Chlorophyll-a content (mg/m3) 

East (Peak) May – June 0.18 – 0.78 

Transitional Season I (Normal) July – September 0.01 – 1.50 

West (Lean) December – January 0.18 – 0.52 

Transitional Season II (Normal) March – April 0.12 – 0.66 

(Source: Chlorophyll-a content data from Aqua MODIS Satellite Imagery in 2023, processed) 
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Figure 2. Map of the Distribution of Chlorophyll-a Content in the Waters of Obi Island and its Surroundings (a. East Season, May 

– June and b. Transitional Season I, July – September) 

 
Figure 3. Map of the Distribution of Chlorophyll-a Content in the Waters of Obi Island and its Surroundings (a. West Season, 

December – January and b. Transitional Season II, March – April) 

Table 2. Average Value of Sea Surface Temperature (SST) Distribution in the Waters of Obi Island and its Surroundings in 4 

Seasonal Conditions 

Season Month Sea Surface Temperature (⁰C) 

East (Peak) May – June 27.5 – 31.0 

Transitional Season I (Normal) July – September 25.0 – 29.5 

West (Lean) December – January 28.5 – 30.0 

Transitional Season II (Normal) March – April 29.0 – 30.8 

(Source: 2021 Aqua MODIS Satellite Imagery SPL distribution data, processed) 

Figures 4 and 5 show the spatial distribution of sea 

surface temperature in this region. 

3.3 Catch and Income Patterns 

Fishing activity and catch volumes varied 

consistently with seasonal productivity. During the east 

monsoon, catches increased to approximately 100–500 kg per 

trip per month, whereas during the west monsoon 

(December–January), catches declined to around 10–50 kg 

per trip per month. Correlation analysis conducted at the 

seasonal scale showed a moderate positive association 

between chlorophyll a concentration and catch volume. At the 

same time, SST showed a weaker, generally To ensure 

comparability, fishermen’s income was standardised on a 

monthly basis. Average monthly income in Soligi Village 

was IDR 10,677,845, while higher incomes in Kawasi Village 

were associated with higher fish prices and direct market 

access. Fishermen using fish aggregating devices (FADs) 

consistently recorded higher catches and incomes than those 

without FADs; however, these differences are interpreted 

descriptively as indicative patterns rather than statistically 

tested effects (Table 3).   

The survey results show that fishermen in Soligi and 

Kawasi Villages catch fish on average 12 times in 1 (one) 

month, with the highest production amount being fish 

aggregating device fishermen, namely 12 tons/month, while 

the production of fishermen without fish aggregating device 

is 3 tons/month for fishermen in Soligi Village and 84 

kg/month for fishermen in Kawasi. The highest income of 

fish aggregating device fishermen is Rp. 11,948.61/month or 

Rp. 143,383,333/year in Kawasi Village, while the highest 

income of fishermen without a fish aggregating device in 

Soligi Village is Rp. 4,000,000.00/month or 
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48,000,000.00/year. The income of these fishermen depends 

on the marketing of their catch; fish from fishermen in Soligi 

Village are sold through collectors in Kawasi Village at a 

price of Rp. 16,000/kg, while fishermen in Kawasi Village 

sell directly to local markets or to companies in Kawasi 

Village at a price of Rp. 30,000 /kg. 

 
Figure 4. Map of Sea Surface Temperature Distribution in the Waters of Obi Island and its Surroundings (a. East Season May – 

June and b. Transitional Season I July – September) 

 

Figure 5. Map of Sea Surface Temperature Distribution in the Waters of Obi Island and its Surroundings (a. West Season 

December – January and b. Transitional Season March – April) 

4. Discussion 

This study demonstrates that seasonal variability in 

aquatic productivity around Obi Island, as indicated by 

chlorophyll a concentration and sea surface temperature 

(SST), is closely associated with observed fishing activity and 

catch dynamics. However, the strength and expression of this 

association are shaped by local environmental and socio-

economic conditions. The observed chlorophyll a ranges 

during the east monsoon (0.18–0.78 mg/m³) are comparable 

to values reported for productive pelagic fishing grounds in 

other parts of Halmahera and eastern Indonesian waters, 

where optimal catches commonly occur within moderate 

chlorophyll a concentrations rather than at extreme values. 

This pattern is consistent with previous studies that identify 

favourable fishing conditions at intermediate productivity 

levels, reflecting efficient energy transfer through the food 

web rather than short-lived phytoplankton blooms (Kemarau 

et al., 2025; Pratama et al., 2025). 

Compared with earlier studies in North Maluku, the 

seasonal peak in productivity observed during May–June on 

Obi Island aligns with monsoon-driven mixing processes. 

However, the spatial extent of high chlorophyll a 

concentrations appears more localised. This suggests that 

local hydrographic conditions, coastal configuration, and 

nearshore habitat characteristics may modulate the broader 

monsoonal signal, resulting in spatially heterogeneous 

productivity patterns. Sea surface temperature exhibited a 

narrower seasonal range and weaker spatial gradients than 

chlorophyll a, supporting its role as a secondary, modulating 

factor rather than a direct driver of fish availability in the 

study area (Kim et al., 2023; Shampa et al., 2024; Anil et al., 

2025; Lestari et al., 2025; Pratama et al., 2025). 

In contrast to chlorophyll a, sea surface temperature 

exhibited a narrower seasonal range and weaker spatial 

gradients, indicating a relatively smooth seasonal response to 

regional atmospheric forcing. This divergence supports the 

interpretation that SST acts primarily as a modulating 

environmental condition. In contrast, chlorophyll a more 

directly reflects localised physical and biogeochemical 

processes such as mixing intensity, nearshore inputs, and 

habitat structure. Comparable satellite-based analyses in 

other coastal systems have shown that chlorophyll a displays 
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pronounced spatial heterogeneity even when SST varies more 

uniformly, reinforcing the differential sensitivity of these 

variables to local versus regional drivers (Kim et al., 2023; 

Anil et al., 2025). 

Temporal lag effects between phytoplankton 

productivity and fish availability are recognised as an 

important ecological mechanism. While this study did not 

explicitly model time-lagged responses, the seasonal 

aggregation of data suggests that increased catches during the 

east monsoon likely reflect productivity enhancement 

occurring in the preceding weeks to months. The alignment 

between seasonal increases in chlorophyll a and peak fishing 

activity implies that lag effects operate within the same 

seasonal window. However, finer temporal resolution would 

be required to quantify these dynamics more precisely 

(Setiawan et al., 2024; Mooney et al., 2025; Pratama et al., 

2025). 

From a socio-economic perspective, the results 

indicate that environmental variability directly translates into 

economic opportunities and vulnerabilities for fishing 

communities (Rahim et al., 2025; Sudhakaran and Varsha, 

2025). Higher productivity during the east monsoon 

corresponds with increased catches and improved income, 

whereas reduced productivity during the west monsoon 

coincides with substantially lower catches. However, income 

differences between Soligi and Kawasi Villages cannot be 

attributed solely to environmental factors. Market access, fish 

prices, and the use of fish aggregating devices (FADs) play a 

critical role in mediating the conversion of environmental 

productivity into economic benefits. This highlights the 

uneven capacity of fishing households to buffer seasonal 

downturns and underscores the importance of considering 

socio-economic structures alongside environmental drivers 

(Quezada-Escalona et al., 2025). 

In addition, access to fishing assets, including boats, 

gear, storage facilities, credit, and technologies such as fish 

aggregating devices (FADs), strongly influences income 

levels and the ability to engage in more market-oriented 

fishing activities (Kapapa et al., 2024). Households with 

limited physical and financial capital are less able to benefit 

from periods of high productivity, even when fish resources 

are locally abundant (Xu et al., 2023). Local price structures, 

buyer power, and value-chain arrangements further mediate 

the distribution of resource value, often constraining the share 

of benefits captured by small-scale fishers (Quezada-

Escalona et al., 2025). Together, these factors highlight that 

fisheries productivity alone does not determine livelihood 

outcomes; rather, the interaction between environmental 

variability and socio-economic structures shapes resilience 

and vulnerability in small island fishing communities. 

Although not directly analysed, anthropogenic 

pressures such as nickel mining activities represent an 

additional factor that may interact with productivity patterns 

and fisheries sustainability around Obi Island. Mining-related 

sedimentation and changes in water quality can affect 

nearshore habitats and the early life stages of fish, which are 

closely linked to local productivity dynamics. The presence 

of such pressures reinforces the need for integrated 

monitoring that combines satellite-based productivity 

indicators with fisheries and environmental assessments to 

support precautionary and adaptive management (Canete et 

al., 2024; Pagano et al., 2024). 

In the context of Obi Island, the coexistence of 

productive fishing grounds and mining activities highlights 

the potential for cumulative impacts on fisheries resources 

and fisher livelihoods. This reinforces the need for integrated 

and precautionary monitoring frameworks that combine 

satellite-based productivity indicators with fisheries and 

water-quality assessments, enabling adaptive management 

responses that account for both environmental variability and 

anthropogenic pressures. 

Overall, the findings suggest that while chlorophyll 

a and SST provide valuable indicators of seasonal fishing 

potential, fisheries outcomes in Obi Island waters are 

ultimately shaped by the interaction of environmental 

variability, fishing practices, and socio-economic conditions. 

Integrating these dimensions is essential for developing 

management strategies that enhance resilience and sustain 

livelihoods in small island fisheries (Al, 2025; Ginanjar et al., 

2025). 

 

5. Conclusions 

This study shows that seasonal variability in 

satellite-derived chlorophyll-a and sea surface temperature 

(SST) is consistently associated with fishing activity and 

fishermen’s income in the waters of Obi Island. Higher 

aquatic productivity during May–June coincides with 

increased catches and improved income, while lower 

productivity in December–January aligns with reduced 

fishing outcomes, indicating a clear seasonal correspondence 

between environmental conditions and fisheries performance 

without implying direct causality. Importantly, income 

differences between Soligi and Kawasi Villages cannot be 

explained by environmental variability alone, but reflect 

socio-economic factors such as market access, fishing 

strategies, infrastructure, and gear use that mediate how 

productivity is converted into economic benefits. The novelty 

of this study lies in integrating satellite-based productivity 

indicators with local fisheries and income data in a remote 

small-island setting within WPPNRI 715, where such 

empirical evidence remains limited. These findings support 

the use of seasonal oceanographic information to inform 

adaptive fisheries management, seasonal planning, and 

livelihood support strategies, emphasizing the need to 

combine environmental monitoring with socio-economic 

considerations to strengthen fisheries governance and 

community resilience in Obi Island waters.  
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