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Abstract 

 

Chlorophyll-a concentration is a critical indicator of marine ecosystem health, reflecting primary productivity and 

potential ecological changes. However, the occurrence of outlier data in the Banda Sea and its surroundings has 

not been sufficiently studied. This study aims to investigate the dynamics of chlorophyll-a concentration outliers in 

the Banda Sea, focusing on their spatial and temporal patterns from 2010 to 2022. Data were acquired from 

MODIS satellite imagery and analyzed using R Studio for time series decomposition, while spatial patterns were 

explored with ArcGIS 10.8 and Google Maps to pinpoint key hotspots of outlier activity. The findings reveal 

fluctuating chlorophyll-a outliers with extreme concentrations ranging from 14.39 to 81 mg·m⁻³. Temporally, these 

outliers are predominantly observed in the western Banda Sea during January to March and December, while in 

the eastern Banda Sea they occur from June to September. Spatially, these anomalies are concentrated in areas 

of significant human activity, particularly in Tolo Bay, suggesting a potential link between anthropogenic influences 

and ecological disruptions. Field monitoring in areas with persistent outliers is strongly recommended to verify 

actual conditions and assess their ecological impacts. While chlorophyll-a plays a vital role in marine productivity, 

excessive concentrations can disrupt ecosystems, potentially leading to harmful algal blooms or hypoxic conditions. 

This study underscores the importance of integrating remote sensing, field validation, and spatial analysis to 

effectively monitor and manage these anomalies. Enhanced understanding of these dynamics is critical for 

informed decision-making and sustainable marine management practices in the Banda Sea. 
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Introduction 
 

The Fisheries Management Area is a reference 

area set by the Ministry of Marine Affairs and 

Fisheries to support fisheries management policies in 

Indonesia (Habibullah et al., 2023). This policy aims 

to improve fisheries management sustainably 

(Purwanto et al., 2022). One of the WPPs with great 

potential is WPP 714, which covers the Banda Sea 

and its surroundings. This area is known as an area 

with sizeable pelagic fishery resources, especially 

tuna (Suharti et al., 2023). A deep understanding of 

oceanographic factors that affect fisheries 

productivity is needed to make the most of this 

potential. Oceanographic factors are known to have a 

major influence on fish catches (Villaseñor-Derbez et 

al., 2019; Manuhutu et al., 2021). By understanding 

the dynamics of oceanography, policies for protecting 

and managing marine resources can be designed 

more effectively (Scharffenberg et al., 2019; Sala et 

al., 2021). One of the important indicators used to 

evaluate the quality of aquatic ecosystems is the 

concentration of chlorophyll-a (Gittings et al., 2019; 

Pérez-Ruzafa et al., 2019; Safruddin et al., 2022). 

 

Chlorophyll-a is a photosynthetic pigment that 

plays an important role in aquatic ecology. Its 

concentration reflects the health of aquatic 

ecosystems and is an important indicator for 

monitoring water quality (Xu et al., 2020; Pérez-

Gómez et al., 2020; Alizamir et al., 2021). However, 

the distribution of chlorophyll-a is often uneven, 

resulting in outliers, i.e., data that are significantly 

higher or lower than the mean value (Xu et al., 2019; 

Alizamir et al., 2021). These outliers can be caused 

by various factors, including pollution, eutrophication, 

or natural fluctuations in phytoplankton populations 

(Carballeira et al., 2019; Lusiana et al., 2019). In this 
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context, understanding the spatial and temporal 

outlier distribution of chlorophyll-a concentrations is 

essential to support the management of aquatic 

resources. However, research on seasonal patterns 

and ecosystem dynamics through time series analysis 

and decomposition function in chlorophyll-a outlier 

data is still limited, especially in the Banda Sea area 

and its surroundings. 

 

Previous studies suggest that observations of 

chlorophyll-a concentration outliers can provide 

helpful information in monitoring water quality and 

understanding aquatic ecosystem dynamics (Pompêo 

et al., 2021). Another study also shows the 

importance of monitoring chlorophyll-a concentrations 

for marine resources and environmental management 

(Matus-Hernández et al., 2019; Tapilatu et al., 2022). 

However, studying ecosystem dynamics through time 

series and seasonal patterns through the 

‘decompose function’ of chlorophyll-a outlier -was still 

limited.  

 

This study aims to describe the dynamics of 

outlier data on chlorophyll-a concentrations in the 

Banda Sea and its surroundings from 2010–2022. 

The research focuses on the analysis of trends, 

seasonal patterns, and residuals of time series data, 

as well as their spatial and temporal distribution. With 

this approach, this research is expected to make a 

theoretical contribution to understanding aquatic 

ecosystem dynamics and practical benefits in 

supporting the sustainable management of aquatic 

resources. The data generated can also be an 

essential reference in formulating marine 

environmental management policies in WPP 714. 

Several research questions are formulated to guide 

the analysis. First, what are the dynamics of outlier 

concentrations of chlorophyll-a in the Banda Sea and 

its surroundings in the period 2010–2022? Second, 

what are the trend, seasonal, and residual patterns of  

chlorophyll-a outlier data in time series analysis in this 

region? Third, what is the spatial and temporal 

distribution of the outlier of chlorophyll-a 

concentration, and what environmental factors affect it? 

 

Materials and Methods 
 

The research location in FMA 714, a 

designated location according to Marine Affairs and 

Fisheries Regulation No. 18/PERMEN-KP/2014 on 

the Republic of Indonesia Fishing Management Area 

(KKP, 2014), covering the waters of Tolo Bay and the 

Banda Sea (KKP, 2021b, 2021a), as shown in Figure 1. 

 

Chlorophyll-a data retrieval 

 

Chlorophyll-a concentration data for the Banda 

Sea and its surroundings was obtained from Aqua 

Modis at https://oceancolor.gsfc.nasa.gov (NASA 

Official, 2023). 

 

Processing of chlorophyll-a raw data 

 

Processing of chlorophyll-a raw data using 

Ocean Data View (ODV). The chlorophyll-a ocean color 

data used in this study has a resolution of 4 km from 

2010 to 2022. The chlorophyll-a dataset from the 

ODV is tidied up through R Studio, and then the data 

frame is processed into a map via ArcGIS 10.8, 

visualized every month of the year. 

 

 

 

Figure 1. Study area 
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Chlorophyll-a dataset processing through Machine 

Learning 

 

We have advanced data processing through 

the R Studio version 4.3.0. The initial processing of 

data is carried out by 1) Enabling the required 

libraries (Jeelani et al., 2022): library(dplyr), 

library(lubridate), library(forecast), library(tseries), 

library(TSstudio), library(ggplot2), and library(tidyr); 2) 

Operate R Studio functions for data wrangling and 

data cleaning. 

 

Determination of chlorophyll-a outliers 

 

Detection of outliers on chlorophyll-a 

concentration data using machine learning methods 

in R Studio. Outlier determination using the 

interquartile range (IQR) method. IQR scores are 

considered outliers. If below Q1 - 1.5*IQR or above 

Q3 + 1.5*IQR. IQR is the difference between Q3 and 

Q1 to measure data spread (Fernando and 

Wickramasuriya, 2021). This study limited the 

number of outliers to the top 120 data. 

 

Data analysis 

 

Machine learning methods were employed in 

this study to identify outliers, as they can handle 

complex data and high levels of noise (Du et al., 

2023; Taghribi et al., 2023). Meanwhile, the spatial 

analysis describes the spatial distribution of outliers 

(Cai and Kwan, 2022; Sogacheva et al., 2022). The 

analysis results will provide helpful information for 

identifying changes in the condition of aquatic 

ecosystems and monitoring the quality of marine 

waters in the Banda Sea and its surroundings. 

Analysis of chlorophyll-a concentration data using 

time series and decompose methods to identify 

trend, seasonal, and residual patterns from the data 

(remainder). Next, the distribution of spatial outliers 

is analyzed using spatial analysis. Spatial analysis 

using ArcGIS 10.8. The analysis results were 

interpreted to comprehend the dynamics and 

distribution of chlorophyll-a concentration outliers 

within the Banda Sea and its surroundings. Details on 

the location of chlorophyll-a concentration outliers 

using Google Maps. 

 

Results and Discussion 
 
Chlorophyll-a data outliers checking 

 

After data processing and cleaning, 4,815,096 

rows were obtained, covering monthly chlorophyll-a 

concentration values from 2010 to 2022, with 

columns including Station, Longitude, Latitude, Moon 

(Date), and Chlo (Chlorophyll-a). Data representation 

was derived by detecting outliers in 120 out of 134 

months across 30,866 stations. Based on quartile 

analysis, the outliers considered were values more 

significant than 0.44139, as no values below the 

lower limit of -0.07497 were found. From the outlier 

search results, several stations showed recurring 

outliers, including stations 30761, 878, 779, and 

778, which were further analyzed using time series 

functions. 

 

The distribution of chlorophyll-a by year shows 
that 2022 there were 11 outliers, with the highest 
concentrations recorded in August across six 
stations. In 2021, there were three outliers, while in 
2020, there were 15 outliers, with the highest 
concentrations in December and April. In 2019, nine 
outliers were detected, mainly in September and July, 
whereas in 2018, three outliers were found in July. 
Similar patterns were observed in previous years, with 
the highest recorded value in 2010 at 81.09 mg·m⁻³. 

 
Overall, the spatial and temporal distribution of 

chlorophyll-a concentration outliers in the Banda Sea 

demonstrates significant annual and seasonal 

variation, which is essential for a deeper 

understanding of the dynamics of this aquatic 

ecosystem. This analysis is expected to support the 

development of more effective fisheries management 

policies in Indonesia.  

 
There is a significant correlation between 

satellite data and field measurements of chlorophyll-

a concentrations (Moutzouris-Sidiris and Topouzelis, 

2021). Numerous studies show a correlation 

between ocean color data and field data (Lavigne et 

al., 2021; Zhang et al., 2022). Research results from 

Tang and Huang (2021) show that the correlation 

coefficients of the two are 0.8836, while according to 

Kusumawati et al. (2019), the correlation between 

the two shows R²= 0.7851. 

 

Time series of outlier’s chlorophyll-a in the Banda Sea 

and its surroundings 

 

The ten highest outliers were found at Stations 

30761, 13385, 4699, 539, 540, 4698, 416, 476, 

8638, and 8748, with chlorophyll-a concentration 

values (in mg·m⁻³) of 81.09, 73.76, 57.93, 41.33, 

41.33, 41.33, 41.33, 40.43, 40.43, 36.45, and 

36.45, respectively. Meanwhile, the ten lowest 

outliers were recorded at Stations 879, 9380, 779, 

683, 10272, 9379, 778, 11402, 683, and 780, with 

chlorophyll-a concentrations of 14.71, 14.67, 14.66, 

14.65, 14.64, 14.62, 14.54, 14.53, 14.47, and 

14.39 mg·m⁻³, respectively. Figure 2 below is a time 

series graph showing chlorophyll-a concentration 

outlier data in the Banda Sea and its surrounding 

areas for the 2010-2022 period. 

 
Outlier data on chlorophyll-a concentrations in 

the Banda Sea show significant differences between  
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Figure 2. Time series outliers’ graph of chlorophyll-a in the Banda Sea and its surroundings year 2010-2022: (a) Sta 415, (b) Sta 416, 
(c) Sta 476, (d) Sta 477, (e) Sta 478, (f) Sta 539, (g) Sta 540, (h) Sta 605, (i) Sta 681, (j) Sta 682, (k) Sta 683, (l) Sta 684, (m) 
Sta 778, (n) Sta 779, (o) Sta 780, (p) Sta 878, (q) Sta 879, (r) Sta 982, (s) Sta 3251, (t) Sta 3365, (u) Sta 4289, (v) Sta 4698, 
(w) Sta 4699, (x) Sta 4702, (y) Sta 4703, (z) Sta 4741, (aa) Sta 4831, (ab) Sta 5487, (ac) Sta 5488, (ad) Sta 5665, (ae) Sta 
8538, (af) Sta 8748, (ag) Sta 8749, (ah) Sta 9379, (ai) Sta 9380, (aj) Sta 10272, (ak) Sta 10506, (al) Sta 10724, (am) Sta 
11402, (an) Sta 11885, (ao) Sta 13133, (ap) Sta 13385, (aq) Sta 25444, (ar) Sta 26138, and (as) Sta 30761  
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the stations with the highest and lowest values, which 
can reflect the influence of environmental factors. 
Stations with the highest concentrations, such as 
30761 and 13385, show high phytoplankton 
productivity, usually associated with seasonal 
phenomena such as upwelling and El Niño that 
increase nutrient supply in waters (Marpaung et al., 
2020). In contrast, stations with the lowest 
concentrations, such as 879 and 9380, reflect less 
favorable environmental conditions, such as weaker 
circulation or low nutrient inputs during a given 
season (Rachman et al., 2020). Trends in satellite 
data corroborate that seasonal variability and global 
climate change play a role in the region's spatial and 
temporal distribution of chlorophyll-a (Park et al., 
2022). 
 

Graph of specific outliers of chlorophyll-a in the 

Banda Sea and its surroundings 

 

Figure 2 is a time series plot showing changes 

in chlorophyll-a concentration values at observation 

stations over 13 years in the Banda Sea and 

surrounding areas. The differences between the raw 

data plot, trend, seasonal, and remainder 

components of chlorophyll-a concentration can be 

visually observed in the time series diagram in Figure 3.  

 

The graphs in Figure 3 above show the 

seasonal pattern of chlorophyll-a concentration 

outliers, with the highest frequency in April (25 

occurrences), May (24 occurrences), August (16 

occurrences), and July (14 occurrences). Outliers 

most frequently occurred in May (6 times), followed 

by April (5 times), August and September (4 times 

each), and July (3 times) during the 2010–2022 

period. Rarely occurring outliers were recorded in 

March, November, and December, each appearing 

only once. 

 

Chlorophyll-a concentration outliers, as shown 

in Figure 3, show strong seasonal patterns, with the 

highest frequencies in April, May, August, and July. 

This pattern reflects the influence of a combination of 

environmental factors such as thermal stratification, 

nutrient supply, and sea surface temperature that 

contribute to the seasonal dynamics of chlorophyll-a 

concentrations, especially in subtropical and coastal 

waters that have striking spatial variations (Liu et al., 

2020; Muskananfola et al., 2021). In coastal waters, 

the availability of light and changes in the stability of 

the water column also affect the concentration of 

chlorophyll-a, in contrast to offshore areas that are 

more environmentally stable (Wang and Gao, 2020). 

 

In addition, meteorological factors such as 

ocean current patterns and human activities also 

determine the spatial and temporal variation of 

chlorophyll-a. These trends show the influence of 

seasonal variability and climate change, both at the 

local and global levels (Rousseaux et al., 2021). 

Pattern analysis through the decomposition function 

shows the existence of irregular fluctuations 

(remainder). Pattern analysis through the 

decomposition function shows the existence of 

irregular fluctuations (Lin et al., 2021). This 

combination underscores the complexity of the 

interaction between environmental factors and 

human activities on the distribution of chlorophyll-a. 

 

The distribution of chlorophyll-a outliers in the Banda 

Sea and its surroundings: temporal and spatial  

 

Based on the description above, outliers 

appear spatially and temporally distributed. To 

examine more specifically how the outliers are 

distributed, they are visualized spatially and 

temporally as the map per month in Figure 4 below 

using ArcGIS 10.8. 

 

Based on this study, no outliers were found in 

January, February, and October. The selected outliers 

from 120 stations had values >14.39 mg·m⁻³. 

Chlorophyll-a concentrations in the western Banda 

Sea and surrounding areas were higher from January 

to March and December, while the eastern region 

showed higher concentrations from June to 

September. These findings align with previous 

studies indicating that chlorophyll-a concentrations 

vary seasonally (Kotsiuba et al., 2022). 

 

The location of outliers was identified using 

'Sta' coordinates on Google Maps. Outliers in March 

(Sta 682, 683, 778, and 779), May (Sta 416, 476, 

477, 478, 539, 605, 681, 682, 683, 778, 779, and 

878), and June (Sta 477, 478, 539, 540, 682, and 

778) were found in the waters of Tolo Bay, Central 

Sulawesi, adjacent to an industrial area. Additionally, 

an outlier was identified in the waters of Riangeba, 

East Nusa Tenggara (Sta 30761). 

 

The distribution of outliers in July includes the 

waters of Tolo Bay, Bahubulu, Kolono, Bombana, 

Tanjung Kamponea, Onemea, Buru Island, Ungar 

Island, and Lutur Island. In August, outliers are spread 

across Tolo Bay, Mataindaha waters, Patinea, Osi 

Island, and Ambon Bay. Outliers in September appear 

in Tolo Bay, Napabale waters, Ereke, Botolino, Liang 

Ambon, and Haruku Island. Meanwhile, outliers in 

April, November, and December are in the waters of 

Tolo Bay. 

 

These findings reveal higher chlorophyll-a 

concentrations than previous studies in the Madura 

Strait and East Nusa Tenggara, which reported 

chlorophyll-a levels around 0.18–3 mg·m⁻³ 
(Muskananfola et al., 2021). This study’s high 

chlorophyll-a outlier values reinforce the view that
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Figure 3. Graph of decomposed chlorophyll-a concentration in the Banda Sea and its surroundings: (a) Sta 415, (b) Sta 416, (c) Sta 476, 
(d) Sta 477, (e) Sta 478, (f) Sta 539, (g) Sta 540, (h) Sta 605, (i) Sta 681, (j) Sta 682, (k) Sta 683, (l) Sta 684, (m) Sta 778, (n) Sta 
779, (o) Sta 780, (p) Sta 878, (q) Sta 879, (r) Sta 982, (s) Sta 3251, (t) Sta 3365, (u) Sta 4289, (v) Sta 4698, (w) Sta 4699, (x) 
Sta 4702, (y) Sta 4703, (z) Sta 4741, (aa) Sta 4831, (ab) Sta 5487, (ac) Sta 5488, (ad) Sta 5665, (ae) Sta 8538, (af) Sta 8748, 
(ag) Sta 8749, (ah) Sta 9379, (ai) Sta 9380, (aj) Sta 10272, (ak) Sta 10506, (al) Sta 10724, (am) Sta 11402, (an) Sta 11885, 
(ao) Sta 13133, (ap) Sta 13385, (aq) Sta 25444, (ar) Sta 26138, and (as) Sta 30761 
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Figure 4. Horizontal distribution of chlorophyll-a in the Banda Sea and its surroundings in 2010-2022: (a) January, (b) February, 

(c) March), (d) April, (e) May, (f) June, (g) July, (h) August, (i) September) (j) October, (k) November, and (l) December 

 

 
chlorophyll-a concentration anomalies are often 

associated with human activities, such as industrial 

or agricultural waste disposal, which can lead to 

marine pollution (Mandal et al., 2022). 

 

Chlorophyll-a concentration outliers can serve 

as important indicators in understanding the quality 

of aquatic ecosystems and levels of primary 

productivity (Ahmadi et al., 2020). Increased 

chlorophyll-a outliers in waters near industrial or 

agricultural activity may indicate eutrophication risks, 

negatively affecting marine ecosystem health 

(Tishchenko et al., 2020). Therefore, continuous 

monitoring is necessary to maintain the balance of 

marine ecosystems. 

 

This study is limited by satellite data and 

statistical analysis with the IQR method, which may 

not fully capture the complexity of marine 

environments. The historical data may also be subject 

to time bias, potentially affecting long-term trend 

interpretation (Shin et al., 2023). This limitation has 

Value

14.39 1e-05
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also been noted in other studies that emphasize the 

need for direct observations to validate satellite data 

results (Owings et al., 2019). 

 

Future research should incorporate field 

observations to verify satellite data results and 

identify additional factors contributing to increased 

outliers. Moreover, an approach that considers the 

long-term impact of climate change on chlorophyll-a 

variability can provide further insights into marine 

ecosystem adaptation (Punyapornwithaya et al., 

2020). 

 

Conclusion 
 

This study successfully identified chlorophyll-a 

concentration outliers in the Banda Sea (2010–

2022) using the IQR method, uncovering significant 

spatial and temporal variations influenced by 

seasonal factors and human activities. Outliers were 

more prominent in the western region during January 

to March and December, and in the eastern region 

during June to September, with concentrations 

reaching up to 81 mg·m⁻³. These findings highlight 

the ecological implications of chlorophyll-a as an 

indicator of environmental disturbances, offering 

valuable insights into marine ecosystem quality. The 

practical application of this study lies in detecting 

outliers to monitor human impact, while its 

theoretical contribution emphasizes the importance 

of integrating satellite data into marine monitoring 

efforts. However, the study’s reliance on historical 

satellite data and basic statistical methods presents 

limitations. Future research should address these 

gaps by incorporating field measurements and 

employing advanced analytical approaches for a 

deeper understanding of chlorophyll-a dynamics and 

their ecological significance. 

 

Acknowledgement 
 

We thank the Faculty of Fisheries, Hasanuddin 

University, South Sulawesi Province, Indonesia, for 

providing the opportunity to continue studying and 

conducting the research. We would also like to thank 

dataset provider Ocean Color for making an 

invaluable contribution to our research. The quality 

and relevance of the data provided have enabled us 

to conduct in-depth and accurate analyses. 

 

References 
 

Ahmadi, B., Gholamalifard, M., Kutser, T., Vignudelli, 

S. & Kostianoy, A. 2020. Spatio-temporal 

variability in bio-optical properties of the 

southern Caspian Sea: A historic analysis of 

ocean color data. Remote Sens., 12(23): 1–22. 

https://doi.org/10.3390/rs12233975 

Alizamir, M., Heddam, S., Kim, S. & Mehr, A.D. 2021. 

On the implementation of a novel data-

intelligence model based on extreme learning 

machine optimized by bat algorithm for 

estimating daily chlorophyll-a concentration: 

Case studies of river and lake in USA. J. Clean. 

Prod., 285: p.124868. https://doi.org/10.10 

16/j.jclepro.2020.124868 

Cai, J. & Kwan, M.P. 2022. Detecting spatial flow 

outliers in the presence of spatial 

autocorrelation. Comput. Environ. Urban Syst., 

96: p.101833. https://doi.org/10.1016/j. 

compenvurbsys.2022.101833 

Carballeira, C., Carballeira, A., Aboal, J.R. & 

Fernández, J.A. 2019. Biomonitoring freshwater 

FISH farms by measuring nitrogen 

concentrations and the Δ15N signal in living and 

devitalized moss transplants. Environ Pollut., 

245: 1014–1021. https://doi.org/10.1016/j. 

envpol.2018.11.087 

Du, X., Zuo, E., Chu, Z., He, Z. & Yu, J. 2023. 

Fluctuation-based outlier detection. Sci. Rep., 

13(1): p.2408. https://doi.org/10.1038/s415 

98-023-29549-1 

Fernando, W.C.D.K. & Wickramasuriya, S.S. 2021. 

Concept of Threshold in the Estimation of 

Probable Maximum Precipitation: Hershfield’s 

Method Revisited. J. Hydrol. Eng., 26(3): 

p.04020069. https://doi.org/10.1061/(asce) 

he.1943-5584.0002045 

Gittings, J.A., Raitsos, D.E., Kheireddine, M., Racault, 

M.F., Claustre, H. & Hoteit, I. 2019. Evaluating 

tropical phytoplankton phenology metrics using 

contemporary tools. Sci. Rep., 9(1): p.674. 

https://doi.org/10.1038/s41598-01 8-37370-4 

Jeelani, M.I., Danish, F. & Khan, S. 2022. Predictive 

Modelling: An Assessment Through Validation 

Techniques. J. Reliab. Stat. Stud., 15(1): 37–60. 

https://doi.org/10.13052/jrss0974-8024.1513 

KKP. 2014. Minister of Marine Affairs and Fisheries 

Regulation No. 18/PERMEN-KP/2014 on the 

Republic of Indonesia Fishing Management 

Area. Ministry of Marine Affairs and Fisheries of 

the Republic of Indonesia., https://peraturan. 

bpk.go.id/Details/158314/permen-kkp-no-18 

permen-kp2014-tahun-2014 

KKP. 2021a. Minister of Marine Affairs and Fisheries 

Regulation No. 22 of 2021 on the Preparation of 

Fisheries Management Plans and Fisheries 

Management Institutions in the Republic of 

Indonesia Fishing Management Area. Ministry of 

Marine Affairs and Fisheries of the Republic of 

https://doi.org/10
https://doi.org/10.1016/
https://doi.org/10
https://doi.org/10.1038/
https://doi.org/10.106
https://doi.org/10.1038/s41598-01%208-373
https://doi.org/10.13052/jrss0974-802
https://peraturan/


  

 

ILMU KELAUTAN: Indonesian Journal of Marine Sciences December 2024 Vol 2(4):445-455 

 

Chlorophyll-a Outliers in the Banda Sea: Ecosystem Implications (Asuhadi et al.) 453 

 

Indonesia.,https://peraturan.bpk.go.id/Details/ 

190267/permen-kkp-no-22-tahun-2021 

KKP. 2021b. Minister of Marine Affairs and Fisheries 

Regulation No. 29 of 2021 on the Management 

Plan for Capture Fisheries in the Republic of 

Indonesia Fishing Management Area 714. 

Ministry of Marine Affairs and Fisheries of the 

Republic of Indonesia., https://peraturan. 

bpk.go.id/Details/190258/permen-kkp-no-18-

tahun-2021 

Kotsiuba, I., Lukianova, V., Anpilova, Y., Yelnikova, T., 

Herasymchuk, O. & Spasichenko, O. 2022. The 

Features of Eutrophication Processes in the 

Water of the Uzh River. Ecol. Eng. Environ. Tech., 

23(2): 9–15. https://doi.org/10.129 12/27197 

050/145613 

Kusumawati, E., Susilo, S.B. & Agus, S.B. 2019. 

Analysis of determination of chlorophyll 

concentration and primary productivity in the 

Saleh Bay using Landsat OLI 8 Imagery. J. Nat. 

Resour. Environ. Manag., 9(3): 671–679. 

https://doi.org/10.29244/jpsl.9.3.671-679 

Lavigne, H., Van der Zande, D., Ruddick, K., Cardoso 

Dos Santos, J.F., Gohin, F., Brotas, V. & Kratzer, 

S. 2021. Quality-control tests for OC4, OC5 and 

NIR-red satellite chlorophyll-a algorithms applied 

to coastal waters. Remote Sens. Environ., 255: 

p.112237. https://doi.org/10.1016/j.rse.20 

20. 112237 

Lin, H., Cui, J. & Bai, X. 2021. Feature extraction of 

marine water pollution based on data mining. 

Symmetry., 13(2): 1–15. https://doi.org/10.33 

90/sym13020355 

Liu, M., Zhang, Y., Shi, K., Melack, J., Zhang, Y., Zhou, 

Y., Zhu, M., Zhu, G., Wu, Z. & Liu, M. 2020. 

Spatial Variations of Subsurface Chlorophyll 

Maxima During Thermal Stratification in a Large, 

Deep Subtropical Reservoir. J. Geophys. Res. G: 

Biogeosciences., 125(2), p.e2019J G005480. 

https://doi.org/10.1029/2019JG0 05480 

Lusiana, E.D., Arsad, S., Kusriani, Buwono, N.R. & 

Putri, I.R. 2019. Performance of Bayesian 

quantile regression and its application to 

eutrophication modelling in Sutami Reservoir, 

East Java, Indonesia. Ecol. Quest., 30(2): 69–

77. https://doi.org/10.12775/EQ.2019.010 

Mandal, S., Susanto, R.D. & Ramakrishnan, B. 2022. 

On investigating the dynamical factors 

modulating surface chlorophyll-a variability 

along the South Java Coast. Remote Sens., 

14(7): p.1745. https://doi.org/10.3390/rs140 

71745 

Manuhutu, J.F., Wiadnya, D.G.R., Sambah, A.B. & 

Herawati, E.Y. 2021. The presence of whale 

sharks based on oceanographic variations in 

Cenderawasih Bay National Park, Papua, 

Indonesia. Biodiversitas, 22(11): 4948–4955. 

https://doi.org/10.13057/biodiv/d221129 

Marpaung, S., Faristyawan, R., Purwanto, A., 

Asriningrum, W., Suhada, A., Prayogo, T. & 

Sitorus, J. 2020. Analysis of water productivity in 

the banda sea based on remote sensing satellite 

data. Int. J. Remote Sens. Earth Sci., 17: 25-34. 

https://doi.org/10.30536/j.ijreses.2020.v17.a

3280 

Matus-Hernández, M.Á., Martínez-Rincón, R.O., Aviña-

Hernández, R.J. & Hernández-Saavedra, N.Y. 

2019. Landsat-derived environmental factors to 

describe habitat preferences and 

spatiotemporal distribution of phytoplankton. 

Ecol. Modell., 408: p.108759. https://doi.org/ 

10.1016/j.ecolmodel.2019.108759 

Moutzouris-Sidiris, I. & Topouzelis, K. 2021. 

Assessment of chlorophyll-a concentration from 

Sentinel-3 satellite images at the Mediterranean 

Sea using CMEMS open source in situ data. 

Open Geosci., 13(1): 85–97. https://doi.org/ 

10.1515/geo-2020-0204 

Muskananfola, M.R., Jumsar & Wirasatriya, A. 2021. 

Spatio-temporal distribution of chlorophyll-a 

concentration, sea surface temperature and 

wind speed using aqua-modis satellite imagery 

over the Savu Sea, Indonesia. Remote Sens. 

Appl.: Soc. Environ., 22: p.100483. https://doi. 

org/10.1016/j.rsase.2021.100483 

Muskananfola, M. & Wirasatriya, A. 2021. Spatio-

temporal distribution of chlorophyll-a 

concentration, sea surface temperature and 

wind speed using aqua-modis satellite imagery 

over the Savu Sea, Indonesia. Remote Sensing 

Applications: Society and Environment., 22, 

100483. https://doi.org/10.1016/J.RSASE.20 

21.100483 

NASA Official. 2023. NASA Ocean Color. 

https://oceancolor.gsfc.nasa.gov/l3/ 

Owings, A.C., Fernandes, S.B., Olatoye, M.O., 

Fogleman, A.J., Zahnd, W.E., Jenkins, W.D., 

Malhi, R.S. & Lipka, A.E. 2019. Population 

Structure Analyses Provide Insight into the 

Source Populations Underlying Rural Isolated 

Communities in Illinois. Hum Biol., 91(1): 31–

47.https://doi.org/10.13110/humanbiology.9 

1.1.05 

https://peraturan.bpk.go.id/
https://peraturan/
https://doi.org/10.129
https://doi.org/10.1016/j.rse
https://doi.org/
https://doi.org/10.1029/2019JG0
https://doi.org/10.30536/
https://doi.org/
https://doi.org/
https://doi.org/10.1016/J.RSASE.20
https://doi.org/10.13110/


  

 

ILMU KELAUTAN: Indonesian Journal of Marine Sciences December 2024 Vol 2(4):445-455 

454 Chlorophyll-a Outliers in the Banda Sea: Ecosystem Implications (Asuhadi et al.) 

 

Park, K., Park, J. & Kang, C. 2022. Satellite-Observed 

Chlorophyll-a Concentration Variability in the 

East Sea (Japan Sea): Seasonal Cycle, Long-

Term Trend, and Response to Climate Index. 

Front. Mar. Sci., 9: p.807570. https://doi.org/ 

10.3389/fmars.2022.807570 

Pérez-Gómez, J.A., García-Mendoza, E., Olivos-Ortiz, 

A., Paytan, A., Rebolledo-Vieyra, M., Delgado-

Pech, B. & Almazán-Becerril, A. 2020. Indicators 

of nutrient enrichment in coastal ecosystems of 

the northern Mexican Caribbean. Ecol. Indic., 

118: p.106756. https://doi.org/10.1016/j.eco 

lind.2020.106756 

Pérez-Ruzafa, A., Campillo, S., Fernández-Palacios, 

J.M., García-Lacunza, A., García-Oliva, M., 

Ibañez, H., Navarro-Martínez, P.C., Pérez-

Marcos, M., Pérez-Ruzafa, I.M., Quispe-Becerra, 

J.I., Sala-Mirete, A., Sánchez, O. & Marcos, C. 

2019. Long-term dynamic in nutrients, 

chlorophyll a, and water quality parameters in a 

coastal lagoon during a process of 

eutrophication for decades, a sudden break and 

a relatively rapid recovery. Front. Mar. Sci., 6: 

p.26. https://doi.org/10.3389/fmars.2019.00 

026 

Pompêo, M., Moschini-Carlos, V., Bitencourt, M.D., 

Sòria-Perpinyà, X., Vicente, E. & Delegido, J. 

2021. Water quality assessment using Sentinel-

2 imagery with estimates of chlorophyll a, Secchi 

disk depth, and Cyanobacteria cell number: the 

Cantareira System reservoirs (São Paulo, Brazil). 

Environ. Sci. Pollut. Res., 28(26): 34990–

35011. https://doi.org/10.100 7/s11356-021-

12975-x 

Punyapornwithaya, V., Sansamur, C., Singhla, T. & 

Vinitchaikul, P. 2020. Application of statistical 

process control for monitoring bulk tank milk 

somatic cell count of smallholder dairy farms. 

Vet. World, 13(11): 2429–2435. https://doi. 

org/10.14202/VETWORLD.2020.2429-2435 

Purwanto, P., Franklin, E.C., Mardiani, S.R. & White, A. 

2022. Stock Assessment and Overexploitation 

Risk of Small Pelagic Fish in Fisheries 

Management Area 715 of Indonesia. Asian Fish. 

Sci., 35(1): 76–89. https://doi.org/10.33997/ 

j.afs.2022.35.1.007 

Rachman, H., Gaol, J., Syamsudin, F. & As-Syakur, A. 

2020. Influence of coastal upwelling on sea 

surface temperature trends Banda Sea. IOP 

Conf. Ser.: Earth Environ. Sci., 429(1): 

p.012015. https://doi.org/10.1088/1755-131 

5/429/1/012015 

Rousseaux, C.S., Gregg, W.W. & Ott, L. 2021. 

Assessing the skills of a seasonal forecast of 

chlorophyll in the global pelagic oceans. Remote 

Sens., 13(6): p.1051. https://doi.org/10.3390/ 

rs13061051 

Safruddin, Hidayat, R., Farhum, S.A. & Zainuddin, M. 

2022. The use of statistical models in identifying 

skipjack tuna habitat characteristics during the 

Southeast Monsoon in the Bone Gulf, Indonesia. 

Biodiversitas., 23(4): 2231–2237. https://doi. 

org/10.13057/biodiv/d230459 

Sala, E., Mayorga, J., Bradley, D., Cabral, R.B., Atwood, 

T.B., Auber, A., Cheung, W., Costello, C., Ferretti, 

F., Friedlander, A.M., Gaines, S.D., Garilao, C., 

Goodell, W., Halpern, B.S., Hinson, A., Kaschner, 

K., Kesner-Reyes, K., Leprieur, F., Mcgowan, J., 

Lubchenco, J. 2021. Protecting the global ocean 

for biodiversity, food and climate. Nature, 592: 

397–402. https://doi.org/10.10 38/s41586-

021-03371-z 

Scharffenberg, K., Whalen, D., Marcoux, M., Iacozza, 

J., Davoren, G. & Loseto, L. 2019. Environmental 

drivers of beluga whale Delphinapterus leucas 

habitat use in the Mackenzie Estuary, Northwest 

Territories, Canada. Mar. Ecol. Prog. Ser., 626: 

209–226. https://doi.org/10.3354/meps13 

011 

Shin, G.Y., Kim, D.W. & Han, M.M. 2023. Open Set 

Recognition with Dissimilarity Weight for 

Unknown Attack Detection. IEEE Access, 11: 

pp.102381-102390. https://doi.org/10.1109/ 

ACCESS.2023.3277871 

Sogacheva, L., Denisselle, M., Kolmonen, P., 

Virtanen, T. H., North, P., Henocq, C., Scifoni, S. 

& Dransfeld, S. 2022. Extended validation and 

evaluation of the OLCI-SLSTR SYNERGY aerosol 

product (SY_2_AOD) on Sentinel-3. Atmos. 

Meas. Tech., 15(18): 5289–5322. https://doi. 

org/10.5194/amt-15-5289-2022 

Suharti, R., Maulita, M., Setiawan, F., Rachmad, B., 

Zulkifli, D., Sayuri, M., Hermawan, M. & Nugraha, 

E. 2023. Status of the Thunnus albacares 

fishery in the Fisheries Management Area (FMA) 

714, Banda Sea, Indonesia. AACL Bioflux., 

16(2): 945-956.  

Taghribi, A., Bunte, K., Smith, R., Shin, J., 

Mastropietro, M., Peletier, R.F. & Tino, P. 2023. 

LAAT: Locally Aligned Ant Technique for 

Discovering Multiple Faint Low Dimensional 

Structures of Varying Density. IEEE Trans. Knowl. 

Data Eng., 35(6): 6014–6027. https://doi.org/ 

10.1109/TKDE.2022.3177368 

https://doi.org/10.1016/
https://doi.org/10.3389/fmars.2019.00
https://doi.org/10.100
https://doi/
https://doi.org/
https://doi.org/10.3390/
https://doi/
https://doi.org/10


  

 

ILMU KELAUTAN: Indonesian Journal of Marine Sciences December 2024 Vol 2(4):445-455 

 

Chlorophyll-a Outliers in the Banda Sea: Ecosystem Implications (Asuhadi et al.) 455 

 

Tang, X. & Huang, M. 2021. Inversion of chlorophyll-A 

concentration in Donghu lake based on machine 

learning algorithm. Water, 13(9): p.1179. 

https://doi.org/10.3390/w13091179 

Tapilatu, R.F., Wona, H., Mofu, B., Kolibongso, D., 

Alzair, N., Erdmann, M. & Maruanaya, B. 2022. 

Foraging habitat characterization of green sea 

turtles, Chelonia mydas, in the Cenderawasih 

Bay, Papua, Indonesia: Insights from satellite tag 

tracking and seagrass survey. Biodiversitas., 

23(6): 2783–2789. https://doi.org/10.13057/ 

biodiv/d230601 

Tishchenko, P.Y., Tishchenko, P.P., Lobanov, V.B., 

Mikhaylik, T.A., Sergeev, A.F., Semkin, P.Y. & 

Shvetsova, M.G. 2020. Impact of the 

transboundary Razdolnaya and Tumannaya 

Rivers on deoxygenation of the Peter the Great 

Bay (Sea of Japan). Estuar. Coast. Shelf Sci., 

239: p.106731. https://doi.org/10.1016/j.ec 

ss.2020.106731 

Villaseñor-Derbez, J.C., Aceves-Bueno, E., Fulton, S., 

Suarez, A., Hernández-Velasco, A., Torre, J. & 

Micheli, F. 2019. An interdisciplinary evaluation 

of community-based TURF-reserves. PLoS ONE., 

14(8): p.e0221660. https://doi.org/10.1371/ 

journal.pone.0221660 

Wang, Y. & Gao, Z. 2020. Contrasting chlorophyll-a 

seasonal patterns between nearshore and 

offshore waters in the Bohai and Yellow Seas, 

China: A new analysis using improved satellite 

data. Cont. Shelf Res., 203: p.104173. 

https://doi.org/10.1016/j.csr.2020.104173 

Xu, J., Gao, C. & Wang, Y. 2020. Extraction of spatial 

and temporal patterns of concentrations of 

chlorophyll-a and total suspended matter in 

poyang lake using GF-1 satellite data. Remote 

Sens., 12(4): p.622. https://doi.org/10.3390/ 

rs12040622 

Xu, W., Collingsworth, P.D. & Minsker, B. 2019. 

Algorithmic Characterization of Lake 

Stratification and Deep Chlorophyll Layers from 

Depth Profiling Water Quality Data. Water 

Resour. Res., 55(5): 3815–3834. https://doi. 

org/10.1029/2018WR023975 

Zhang, J., He, H., Fan, D., Fu, B., Wang, S. & Dong, S. 

2022. Research of chlorophyll-a concentration 

inversion at different depths in Hong Kong 

offshore waters based on gaussian process 

regression. IOP Conf. Ser.: Earth Environ. Sci., 

1087(1): p.012034. https://doi.org/10.1088/ 

1755-1315/ 1087/1/012034 

 


