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Abstract 

Chlorophyll-a has been considered an indicator of pelagic fish abundance in wa-
ters. Although a high nutrient load causes eutrophication, leading to fish mortal-
ity, global-scale climate anomalies will also influence the oceanographic condi-
tions of the seas. This study aimed to investigate spatial patterns and trends of 
chlorophyll-a, the relationship between chlorophyll-a and pelagic fish catch pro-
ductivity, and the effect of ENSO and IOD on pelagic fish catch productivity. The 
chlorophyll-a data were obtained from the SeaWiFS and Terra-Aqua MODIS 
time-series datasets of ocean color satellites. The results indicated that Jakarta 
Bay had the highest chlorophyll-A concentration. The Chlorophyll-A concentra-
tions declined as the distance between the estuary and the coast grew. From 1997 
to 2021, the regional pattern of increasing chlorophyll-a concentrations in the 
Citarum and Cisdane estuaries was continuous. Since 2001, the concentration of 
chlorophyll-a in Jakarta Bay has declined, whereas it has begun to climb in the 
seas of the North Seribu Islands. The increasing chlorophyll-A trend in the Seribu 
Islands is attributed to rising nitrate levels induced by human-driven coral degra-
dation. Between 1997 and 2021, the concentration of chlorophyll-a in the Muara 
Bendera fishing region grew by +0.013 mg/m3/year, or 1.43 percent each year. 
The correlation between chlorophyll-a and pelagic fish catch productivity was 
-0.13. ENSO does not affect the productivity of pelagic catches in this region. 
However, it was discovered that IOD reduced the productivity of low-category 
pelagic catches.
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1. Introduction
Chlorophyll-a is the primary pigment of phy-

toplankton, which has been considered to reflect the 
abundance of pelagic fish in water whose existence is 
affected by pollution and climate change. The main 
pigment used by phytoplankton to capture light ener-
gy and convert this energy into biomass is known as 
chlorophyll-a (Jakobsen and Markager, 2016). Fish 
catch areas can be predicted with high concentrations 
of chlorophyll-a because it has been proven that chlo-
rophyll-a has a strong to very strong correlation with 
the number of catches of pelagic fish such as macker-
el (Welliken et al., 2018), small pelagic fish (Tangke 
and Senen, 2020), and male mackerel (Tangke et al., 
2021). Estuaries are productive environments used by 
many fish as nurseries (James et al., 2019) and whose 
existence is influenced by abiotic, biotic, and anthro-
pogenic factors (Rodrigues et al., 2019). The sustain-
ability of fish habitats is affected by climate change, 
built infrastructure, destructive fishing practices, and 
pollution. The chlorophyll-a level is influenced by nu-
trient supply and global climate anomalies (Hu et al., 
2021).

Annually, Citarum River pollution causes 
eutrophication to trigger the occurrence of an algae 
bloom, which can disturb and even cause the death 
of fish habitats in the Muara Bendera catchment area. 
Muara Bendera Fishing Port is located in the Citarum 
River Estuary, Pantai Bahagia Village, Muara Gem-
bong District, Bekasi Regency, West Java. Muara 
Gembong waters have poor water quality and contin-
ue to decline every year due to pollution of the Ci-
tarum River (Nastiti et al., 2020; Ihsan et al., 2023), 
the sources of which come from industrial waste, 
households, agriculture, animal husbandry, fisher-
ies, and other activities (Ramadhiani and Suharyan-
to, 2021; Sholeh et al., 2018). About 3,000 industries 
dump their waste into the Citarum River (Sembiring et 
al., 2020), and, as a result of this, several fish species 
have died in the river’s reaches of the Citarum River-
The increased nutrient load in estuaries will impact 
the risk of eutrophication (Yu et al., 2018). Nutrients 
Nitrate (N) and Phosphate (P) will increase the algae 
biomass of a body of water, including phytoplankton 
(Van Meerssche and Pinckney, 2019). Furthermore, 
many dead algae will settle at the bottom of the waters 
and be decomposed by bacteria into inorganic material 
that requires much oxygen, resulting in oxygen lev-
els decreasing drastically (Devlin and Brodie, 2023). 
Even in the worst conditions, when anoxia occurs, the 
cessation of oxygen intake causes the death of fish 
(Pitcher and Jacinto, 2020). This phenomenon, known 
as algae bloom, once occurred in the waters of Jakarta 
Bay during the dry season of 2014–2015, which is the 

catchment area of Muara Bendera fish. Algae bloom 
due to biomass accumulation in the aquatic column 
is due to high nutrient factors, sufficient sunlight, and 
minimal currents (Ajani et al., 2018).  

Climate variability in Indonesia will affect 
the primary productivity of the waters. Global climate 
change will affect oceanographic conditions or the 
aquatic environment (Ghosh et al., 2021). The climate 
in Indonesia is influenced by El Nino Southern Oscil-
lation (ENSO) and Indian Ocean Dipole (IOD), and 
there has been a shift in fish catchment areas in the 
Java Sea throughout the year due to the influence of 
the seasons (Apriansyah et al., 2023). Some marine 
species’ catches are influenced by climate variations, 
especially El Niño, sea surface temperatures, and high 
rainfall (Alms and Wolff, 2020). Seabed water will 
flow upwards, forming upwelling areas essential to 
high-productivity fishing grounds (Hsiao et al., 2021), 
as phytoplankton will take nutrients from upwelling 
(Paparazzo et al., 2021). IOD will increase the abun-
dance of small pelagic fish in Indian Ocean waters, 
including the southern waters of Java, during the up-
welling process (Lumban-Gaol et al., 2021). 

As a consequence of this pollution in the wa-
ters, the number of Muara Bendera fishermen caught 
has decreased. Muara Gembong waters have poor wa-
ter quality and continue to decline, but they remain the 
mainstay for fishermen to find fish (Ihsan et al., 2023). 
According to Pantai Bahagia Village fishermen, in 
the late 1990s, the Citarum River Estuary was still in 
its prime. However, after the turn of the century, fish 
catches began to decline. As fish nurseries, mangroves 
will be harmed by solid waste pollution, while black 
and putrid liquid waste causes massive fish deaths 
(Akram et al., 2023). 

Remote sensing data can be used for ocean-
ographic monitoring information, including chloro-
phyll-a as input for fisheries resource management. 
Some of the multispectral images that have been used 
in research to obtain chlorophyll-a information in 
waters include SeaWiFS (Haridhi et al., 2018), Ter-
ra MODIS (Daqamseh et al., 2019; Yin et al., 2021), 
Aqua MODIS (Ciancia et al., 2018; Daqamseh et al., 
2019; Muskananfola et al., 2021), MERIS (Attila et 
al., 2018), Landsat (Fu et al., 2018; Mukhtar et al., 
2021; Poddar et al., 2019), and Sentinel (Poddar et al., 
2019; Vanhellemont and Ruddick, 2021). Aqua MO-
DIS and Terra MODIS are the solutions for monitoring 
oceanographic conditions because they have an excel-
lent temporal resolution of one day, as do SeaWiFS. 
Using these three data that can monitor water quality, 
such as (chlorophyll-a) with a fairly wide spatial range 
through harmonization of reflectance values, is inter-
esting to obtain a broader chlorophyll-a time series. 
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In addition, creating a spatial trend model of chloro-
phyll-a is needed to analyze its changes. Assessing 
chlorophyll-a and its impacts is critical to evaluating 
the resilience of marine biodiversity (Ser-Giacomi et 
al., 2018). In addition, it can be used to evaluate en-
vironmental status in marine spatial planning, such as 
for marine conservation areas and sectoral licensing 
(Tweddle et al., 2018). However, all previous research 
focused on describing the use of remote sensing for 
water quality mapping, whereas this research thor-
oughly examines the spatial patterns and trends of 
chlorophyll-a and its relationship with pelagic fish 
abundance. Beyond the conventional understanding 
of this connection, the study delves into the influence 
of global-scale climate anomalies such as ENSO and 
IOD on these ecological dynamics. Through detailed 
investigation, the study identifies specific concentra-
tions of chlorophyll-a in different regions, with Jakarta 
Bay standing out as a key area with the highest lev-
els. Additionally, temporal trends are uncovered, in-
cluding a decrease in chlorophyll-a concentration in 
Jakarta Bay since 2001 and an increase in the North 
Seribu Islands linked to human activities. This study 
aims to analyze chlorophyll-a’s spatial patterns and 
trends in 1997 - 2021, the correlation between chloro-
phyll-a and pelagic fish productivity, and the influence 
of ENSO and IOD phenomena on the productivity of 
pelagic fish in the Muara Bendera fishing area.

2. Materials and Methods

2.1 Materials 

 The materials used in this study are SeaWiFS, 
Terra MODIS, and Aqua MODIS level 3 monthly; 
ONI data; DMI data; and fish catch data. The equip-
ment used is a Dell Latitude E5470 Laptop that can 
run the Google Earth Engine platform, ArcGIS 10.8 
software, and R Studio software version 4.1.1.

2.1.1 Ethical approval

 This study does not require ethical approval 
because it does not use experimental animals.

2.1.2 Chlorophyll-a data of SeaWiFS, terra MODIS, 
and aqua MODIS

Chlorophyll-a was obtained from SeaWiFS, 
Terra MODIS, and Aqua MODIS level 3 monthly 
from the Ocean Biology Processing Group - National 
Aeronautics and Space Administration (OBPG-NA-
SA). Level 3 MODIS and SeaWiFS are stored at a 
resolution of 4.6 km and 9.2 km. Based on NASA, 
chlorophyll-a is obtained using a global algorithm, 
which is a combination of the OC3/OC4 ratio band 
(OCx) algorithm from O’Reilly with the Color Index 

(CI) Algorithm from (Hu et al., 2012). Chlorophyll 
retrieval at <0.15 mg/m3 was using the CI algorithm, 
and chlorophyll retrieval >0.2 mg/m3 using the OCx 
algorithm. Taking chlorophyll between the two values 
was performed using a combination of CI and OCx 
algorithms with a weighting approach. The time se-
ries uses SeaWiFS data from October 1997 – February 
2000, Terra MODIS from March 2000 – December 
2002, and Aqua MODIS from January 2003 – Decem-
ber 2021. Meanwhile, the data for processing spatial 
distribution and spatial trend models uses SeaWiFS 
October 1997 – December 2000, Terra MODIS March 
2001 – December 2021, and Aqua MODIS January 
2011 – December 2021.

The accuracy of the global algorithm is as-
sessed using bias and mean absolute error (MAE) val-
ues, following the recommendation of Seegers et al., 
(2018). MAE accurately reflects the magnitude of er-
rors with spatial and temporal consistency, while bias 
values estimate systematic errors. Typically, model ac-
curacy calculations involve root mean square (RMSE) 
and determination value (R2), but both are not recom-
mended. RMSE depends heavily on the number and 
distribution of validation samples, and R2 is inflated 
by random errors. According to the ocean color web-
site, SeaWiFS has a bias value of 1.02610, Terra MO-
DIS of 1.09015, and Aqua MODIS of 1.18374. MAE 
values for SeaWiFS, Terra MODIS, and Aqua MODIS 
are 1.64047, 1.67414, and 1.67632, respectively. For 
instance, a bias value of 1.02610 indicates that the av-
erage model is 2.61% greater than the observed val-
ue. The MAE value always exceeds one, so an MAE 
of 1.64047 indicates a relative measurement error of 
64%.

2.1.3 Data on the productivity of pelagic fish catches 
at the Muara Bendera fishing port

From January 2015 to June 2017, the Fishing 
Port Information Center, Directorate General of Cap-
ture Fisheries, and Ministry of Maritime Affairs and 
Fisheries successfully collected data on pelagic fish 
production. Fish that are the object of research include 
Blackfin barracuda (Sphyraena qenie), Indo-Pacific 
king mackerel (Scomberomorus guttatus), Dogtooth 
tuna (Gymnosarda unicolor), black skipjack tuna (Eu-
thynnus lineatus), Squaretail mullet (Liza vaigiensis), 
Short mackerel (Rastrelliger brachysoma), Savalai 
hairtail (Lepturacanthus savala), and Needlefish (Be-
lonidae).

2.1.4 Oceanic nino index (ONI) data

ENSO monitoring uses ONI data from the Na-
tional Center for Environmental Prediction - Nation-
al Oceanic and Atmospheric Administration (NCEP 
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- NOAA). According to NCEP – NOAA, ONI is an 
anomaly sea surface temperature NINO3.4 (5°N - 5°S, 
120°W-170°W), which is averaged over three months 
and ends in the current month. Weak El Niño (ONI 
values of 0.5 to 0.9°C), moderate El Niño (1 to 1.4°C), 
strong El Niño (>1.5°C); La Nina is weak (ONI val-
ues are -0.5 to 0.9° C), La Nina moderate (ONI values 
are -1 to -1.4°C), La Nina is strong (ONI values are < 
-1.5°C).

2.1.5 Dipole mode index (DMI) data

IOD monitoring uses DMI data obtained from 
NOAA (https://psl.noaa.gov/gcos_wgsp/Timeseries/
DMI/). The Bureau of Meteorology Australia men-
tions that DMI is the difference between sea surface 
temperature between the East Indian Ocean (90° E - 
110° E and 10° S - 0° S) and the West Indian Ocean 
(50° E - 70° E and 10° S - 10° N). The DMI value 
>0.4° C is a positive phase, <-0.4 °C is the negative 
phase, while the DMI value between the two is the 
neutral phase.

2.2 Methods

2.2.1 Determination of research areas

The research area is the farthest reach of 
Muara Bendera fishermen catching fish, as obtained 
from fishermen’s interviews at the Muara Bendera 
Port. This method was chosen because the typical 
vessel owned by fishermen is a wooden vessel with 
a capacity of 5 GT that is not equipped with a glob-
al positioning system (GPS), so the ship’s coordinate 
data are unavailable or not archived—considering that 
this is a small fishing port. This is due to the lack of 
available equipment, including ships, which becomes 
an obstacle to data collection. The interview questions 
emphasize the farthest ranges guided by an island or 
continent, the length of travel, and the ship’s speed. A 
printed map aids in conducting interviews by making 
it easier for sources to indicate the location of the fish 
caught. After completing the interview, the distance 
was plotted on a map for validation. Generally, the 
source knows the area of the catch of fellow fishermen 
because they often meet and gather at the port (van 
Trijp, 2021). Interview methods depend on the infor-
mant’s geographic behavior, including psychology 
and geography knowledge, cognitive geography, and 
perception. The results of the interview were stated on 
a map of the research area with the boundaries of the 
research area at 5° 34 ́ 48.75 ̋ S - 5° 59 ́ 28.19 ̋ S and 
106° 29 ́ 53.57 ̋ E – 107° 10 ́ 11.80 ̋ E (Figure 1).   

2.2.2 Calculation of catch per unit effort (CPUE)

Fish catch productivity reflects the primary 
productivity of a body of water expressed in Catch Per 

Unit Effort (CPUE), defined as follows (Wang et al., 
2020):

CPEU =  C/B...........................................................(i)
Where : 
CPUE = catch per unit of effort (ton/operational day) 
C = catch (ton)
B = operational day of the catch (operational day)

2.2.3 Chlorophyll-a spatial distribution map genera-
tion

The map of the spatial distribution of chlo-
rophyll-a shows the monthly average value of 
chlorophyll-a obtained from the median value of 
chlorophyll-a. Then, interpolation of kriging and clas-
sification is carried out. The results of the interpola-
tion of chlorophyll-a MODIS kriging show good ac-
curacy can be seen from the R2 of in situ data in some 
waters, such as the waters of Tien Yen Bay Vietnam by 
0.78 (Ha et al., 2013), global waters by 0.81 (Saulquin 
et al., 2019), and the West Sea of Korea has an R2 of 
0.939 – 0.996 (Mohebzadeh et al., 2020). Kriging can 
provide an excellent chlorophyll-a prediction model 
(Ha et al., 2013). 

2.2.4 Data harmonization

SeaWiFS, Terra MODIS, and Aqua MODIS 
data obtained from different sensors will produce dif-
ferent reflectance values at the same wavelength, so 
harmonizing is necessary. Products of various sen-
sors, such as Aqua MODIS and Terra MODIS, have 
different reflectance values due to different geometric 
and atmospheric conditions (Miura et al., 2021). For 
example, research in the Arabian Sea shows that the 
value of chlorophyll-a Aqua MODIS is higher than 
SeaWiFS by 25 – 32% in coastal eutrophic waters and 
lower by 25% in the open sea, as well as lower than 
Terra MODIS by 29–31% in the open ocean (Arun 
Kumar et al., 2015). Like the Landsat generation for 
NDVI, which has different acquisition conditions and 
sensors, it will produce reflectance inconsistencies in 
the same wave, so it is necessary to harmonize to com-
pile time series data (Roy et al., 2016). Rrs 443, Rrs 
555, and Rrs 670 are bands that need to be harmonized 
because they are used to calculate the chlorophyll-a 
global algorithm. The characteristics of the reflectance 
value of SeaWiFS and Terra MODIS are processed 
to have the same reflectance value characteristics as 
Aqua MODIS.

2.2.5 Calculation of the average value of chlorophyll-a

After obtaining the harmonized chlorophyll-a 
results, the average value of chlorophyll-a in the study 
area was calculated. Chlorophyll-a is sorted into a
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monthly average by applying the following equation 
(Wirasatriya et al., 2017):

X(x,y) = 1/n ∑n
i=lxi(x,y,t)........................................(ii)

Where :

Xx, y = the average value of the monthly chlorophyll-a 
data at the position (x, y)
xi = the ith value of the data at the position (x, y)
t = the time t
n = the amount of data in one month

If xi has a hollow pixel, that pixel is not included in 
the calculation.

2.2.6 Time series decomposition 

A time series is a series of observational data 
arranged sequentially across time (Casolaro et al., 
2023). When the time series data are parsed, there are  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
main components, namely: Trends are general or non-
linear (most frequent) systematic linear components 
that change over time and do not recur; Seasonality is 
a nonlinear (most frequent) systematic linear compo-
nent that changes over time and repeats, usually within 
a year; meanwhile, random components are non-sys-
tematic b trends and seasonality. In the adaptive time 
series model, there are four main components:

Yt = St+Tt+Rt..........................................................(iii) 

Where: 
Yt = the value of the time series in the period t
St = a seasonal component in the t period
Tt = a trend component in the t period
Rt is a reminder or fault component in the t period

If the time series monthly chlorophyll-a average value 
has an empty value, it is necessary to interpola9te to 
get the full-time series data.

Figure 1. Research Area Map
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2.2.7 Spatial trend model 

The non-parametric Mann-Kendall trend test 
was applied to identify linear trends in the monthly 
Chl-a time series (Colella et al., 2016). The magnitude 
of the slope was determined using the Sen method, 
where it was shown to have a significantly skewed 
distribution of Chl-a values and strong serial autocor-
relations in the monthly Chl-a time series (Saulquin et 
al., 2013). The analysis of this model is for each pixel. 
The trend (β) is the median of the individual slope of 
each monthly sub-sample:

β = median [(Xjm-Xim)/(j-i)]....................................(iv)

Where : 

the trend is expressed as the slope of chlorophyll-a, 
change per year (unit: mg/m3/year) (Wang et al., 
2021). 

2.3 Analysis Data 
 The purpose of simple linear regression analy-
sis is to evaluate a free variable’s relative impact on a 
bound variable. A simple linear regression model with 
one independent variable can be written using the fol-
lowing equation:

Yi = a + bXi + ei........................................................(v)

Where :
Yi = a dependent variable
a = an intercept
b = a slope, 
Xi = an independent variable
ei is a relative error not correlated assumed. 

The relationship between chlorophyll-a and the catch 
productivity of pelagic fish was calculated using the 
Pearson correlation test:

r =  ∑xy - ((∑x) (∑y)) / n) / ((∑x2- ((∑x2)) / n) - (∑y2- 
((∑y2)) / n))............................................................(vi)

Where :
r = the correlation coefficient, 
x = the average value of chlorophyll-a (independent variable)
y = the CPUE of pelagic (dependent variable)

The degree of correlation based on the correlation val-
ue includes very low (0 - 0.29), low (0.3 – 0.49), me-
dium (0.5 – 0.69), strong (0.7 – 0.89), and very strong 
(0.9 – 1).

3. Results and Discussion

3.1 Spatial Distribution of Chlorophyll-a

The result showed the median value of chlo-
rophyll-a over the three periods has the same pattern, 

i.e., the highest concentration is at the mouth of the 
river, and the further away from the mouth of the river 
and the coast, the concentration decreases (Figure 2). 
The highest concentration is in the interior part of Ja-
karta Bay. In the central part of Jakarta Bay, the chlo-
rophyll-a concentration is lower than in the Citarum 
River Estuary and the Cisadane Estuary to the east and 
west, respectively. Chlorophyll-a around the estuary 
had a median value of >2 mg/m3 from 2001 - 2021. 
This could be because river estuaries are places where 
nutrients from rivers meet seawater, creating condi-
tions that are very suitable for the growth of phyto-
plankton, which is the main source of chlorophyll-A 
in waters. Shallow waters such as estuaries and coasts 
tend to have a high concentration of chlorophyll-a be-
cause there is a process of nutrient supply from riv-
ers, and a mixing process occurs (Muskananfola et al., 
2021). Aside from that, river water carries sediment 
and organic material, which can supply additional nu-
trients to phytoplankton. As a result, chlorophyll-A 
concentrations are typically elevated around river 
mouths. In the interior of Jakarta Bay, nutrient sourc-
es may come from other factors, such as upwelling 
or thermal stratification, that influence local oceano-
graphic conditions. These differences cause variations 
in chlorophyll-a concentrations at different locations 
within the bay. Dense contour intervals surround estu-
aries and shorelines for every 0.25 mg/m3 increment. 
This phenomenon demonstrates that chlorophyll-a 
concentrations are highest near estuaries and the coast, 
gradually decreasing toward the sea. High nutrition is 
always around the estuary, while offshore nutrition is 
rapidly declining (Damar et al., 2019). 

Eutrophication rates in coastal waters based 
on chlorophyll-a values are divided into four groups: 
oligotrophic (<2 mg/m3), mesotrophic (2 - 6 m/m3), 
eutrophic (6 – 20 mg/m3), and hypertrophic (>20 mg/
m3) (Håkanson et al., 2007).The highest chlorophyll-a 
median value was in the interior of Jakarta Bay, 
namely around the East Flood Canal Estuary, Cakung 
Drain, and Sunter River at 41.71 mg/m3, and occurred 
in February 2003. The water of Jakarta Bay is eutro-
phic-hypertrophic waters. Meanwhile, the highest 
chlorophyll-a median value around the Citarum Es-
tuary of 9.31 mg/m3 occurred in March 2015, so the 
waters around the mouth of the Citarum River include 
mesotrophic–eutrophic waters.   

3.2 Chlorophyll-a Trend in Fishing Area of Muara 
Bendera

The general data trend from 1997 to 2021 
shows an overall increase in chlorophyll-a concentra-
tions in pelagic fishing areas. The harmonized chlo-
rophyll-a monthly median data are displayed in Fig-
ure 3. Over the 24 years, there was an average annual 
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increase of +0.013 mg/m3 in chlorophyll-a concen-
tration, equating to a growth rate of 1.43% per year. 
The average chlorophyll-a concentration from 1997 to 
2021 was recorded at 1.08 mg/m3. Notably, the chlo-
rophyll-a concentration in 1997 started at 0.93 mg/
m3 and rose to 1.24 mg/m3 by 2021. In October 1997, 
the median chlorophyll-a concentration stood at 0.45 
mg/m3, indicating a significant increase over time. 
The highest monthly chlorophyll-a concentration ob-
served was 3.07 mg/m3, recorded in February 2003. 
This upward trend in chlorophyll-a concentrations 
suggests potential changes in the ecosystem dynam-
ics of pelagic fishing areas over the studied period. 
 

 
 
The trend component shows that from 1997 – 2021, 
chlorophyll-a generally increased (Figure 4), which 
may be associated with favorable environmental con-

ditions that promote phytoplankton growth, such as 
increased nutrient availability and optimal tempera-
ture regimes. These conditions could result from fac-
tors such as enhanced river runoff, coastal upwelling 
events, or changes in ocean circulation patterns. In the 
segments of 1997 – 2000 and 2013 – 2021, there was 
a significant increase in the value of chlorophyll-a. 
Conversely, the periods of stable or declining chlo-
rophyll-a values, such as 2000-2004 and 2006-2009, 
could be influenced by environmental factors that lim-
it phytoplankton productivity, such as nutrient deple 
tion, unfavorable temperature regimes, or changes in 
light availability. Anthropogenic influences, including  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
pollution and eutrophication, may also play a role in 
shaping chlorophyll-a dynamics over time (Niu et al., 
2020). Pollution from urban and agricultural runoff 

Figure 2.  Spatial Distribution of Chlorophyll-a
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can introduce excess nutrients into marine environ-
ments, leading to eutrophication and algal blooms, 
which may contribute to increased chlorophyll-a con-
centrations during certain periods Figure 5 indicates 
that in the rainy season, the highest chlorophyll-a val-
ues occur in February, and the lowest in April. In the 
dry season, the highest chlorophyll values occur in 
July and the lowest in October.

3.3 Spatial Trend Model of Chlorophyll-a
The result of the study showed that in 1997 

– 2000, almost the entire region experienced an in-
crease in the chlorophyll-a trend of 91.98% of the total 
fishing area (Figure 5). The increase in chlorophyll-a

 
 
 

 

 
trend >+0.02 mg/m3/year covers an area of 72.97% of 
the total fishing area. The extent of the increased trend 
in 2011 – 2021 is larger than in 2001 – 2010, and this 
is consistent with the declining linear trend chart from 
2006 to 2009. The area around the Citarum River Estu-
ary that increased from 2001 to 2010 is larger than that 

of the waters of the Cisadane River Estuary from 2011 
to 2021. The waters around the Citarum River Estuary 
and the Cisadane River Estuary consistently have an 
increasing trend every year from 1997 to 2021.

 Since 2001, the waters of the North Seribu Is-
lands have begun to experience an increasing trend, 
while the central part of Jakarta Bay has decreased. 
The waters of the South Seribu Islands in 2001 – 2010 
experienced a decline, but in 2011 – 2021 they showed 
an increase. From 2001 – 2010, the chlorophyll values 
trend at the Citarum River’s mouth increased by more 
than 0.02 mg/m3/year. Furthermore, from 2011 to 2021 
the trend of chlorophyll-a values at the mouth of the  
Citarum River increased by 0.01 – 0.015 mg/m3/year.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
In 2001 – 2000, regions that experienced an increase 
in chlorophyll-a trend accounted for 60.08% of the 
total fishing area. A decrease or increase with a not 
very large value exists during this period. For exam-
ple, areas that experience an increase in the trend of 0 
to 0.005 mg/m3/year cover 27.16% of the total fishing 

Figure 3. Linear of chlorophyll-a trend

Figure 4. Chlorophyll-a: a) trend, and b) seasonal pattern
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area. Another example is a region where the trend de-
creased from -0.005 to 0 mg/m3/year, accounting for 
28.65% of the fishing area.

 From  2011  to  2021, the  trend  increased  from Terra 
MODIS by 96.10% and Aqua MODIS by 93.93% of the 
total fishing area. The difference lies in the percentage 
 

 
 
 
of the area of each trend class. The trend from Terra 
MODIS data, the most dominant class, is an increase 
of 0 – 0.005 mg/m3/year and 0.005 - 0.01 mg/m3/year, 
respectively – an area of 24.68% and 31.61% of 
the total area of the fishing area. Meanwhile, for 
data from Aqua MODIS, the most dominant class 
is an increase of 0 - 0.005 mg/m3/year and 0.005 
- 0.01 mg/m3/year, covering an area of 40.26% 
and 30.56% of the total fishing area, respectively.  
The spatial trend of chlorophyll models-a Figure 6 (c) 
Terra MODIS and Figure 6 (d) Aqua MODIS exhibit 
almost the same spatial pattern. In addition, the Terra 
MODIS data indicate that the chlorophyll-a trend of 

a small portion of the waters above the Citarum Riv-
er Estuary has increased. In contrast, it has decreased 
in Aqua MODIS due to the different recording times.  
Terra MODIS and Aqua MODIS cross the equator at 
different times, namely 10:30 and 13:30, respectively 
(Frouin et al., 2012).

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.4 Relationship between chlorophyll-a and the 
CPUE of pelagic fish

 The results of the correlation analysis in Fig-
ure 6 show chlorophyll-a and the CPUE of pelagic fish 
negatively correlated (-) or inversely proportional to 
-0.13 (very low). A negative correlation value (R) in-
dicates that the upward trend of chlorophyll-a in the 
pelagic fishing area of   the Muara Bendera was not off 
set by an increase in pelagic catches, instead indicat-
ing a decrease. Figure 7 shows the CPUE of Square-
tail mullet and tuna has a negative correlation with 
chlorophyll-a of -0.11 and –0.04, respectively. While  

Figure. 5 Spatial trend model of chlorophyll-a
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the CPUE of Blackfin barracuda, Short mackerel, 
Indo-Pacific king mackerel, Needlefish, and Savalai 
hairtail had a positive correlation with chlorophyll-a, 
which was 0.11 (very low); 0.13 (very low); 0.22 (very 
low); 0.22 (very low); and 0.36 (low) respectively. 
 
3.5 Effect of ENSO phenomenon on CPUE of pe 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
lagic fish

 The result indicates that the maximum peak  
season of pelagic catch at the Muara Bendera Fish 
ing Port occurs from October to December (Fig-
ure 8). There is a shift in the maximum peak of  the 
of the catch, originally from December 2015, when 

Figure 6. Correlation Analysis between Chlorophyll-a and CPUE of Pelagic

Figure 7. Correlation analysis between chlorophyll-a and CPUE of each pelagic
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the El Nino phase was strong, to November 
2016, when the La Nina phase was weak. The CPUE 
of pelagic fish is lower during the El Nino phase than 
during the weak or neutral La Nina, which is contrary 
to the theory that El Niño will increase the catch of 
pelagic fish due to the abundant availability of phy-
toplankton. However, The catches of some marine 
species are affected by El Niño (Alms and Wolff,  
 

 
 
 
 

 
 
 

 
 

2020). The upwelling area is a fishing ground with high 
productivity (Hsiao et al., 2021) because phytoplank 
ton will utilize it (Paparazzo et al., 2021). However 
there was no effect of ENSO on the CPUE of Muara 
Bendera pelagic fish because ENSO cannot evoke chlo-
rophyll-a in this region. The ENSO only affects pelagic  
CPUE in large water areas such as oceans. The result 
also indicates an upward trend in the value of ONI in 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 

Figure 8. Graph the relationship between the ENSO index and pelagic CPUE of pelagic with monthly data (left) 
and quarterly data (right)

Figure 9. Graph the relationship between the ENSO index and chlorophyll-a with monthly data (left) and quarterly 
data (right)

Figure 10. Graph the relationship between the IOD index and pelagic CPUE (Left) and relationship between IOD 
index and chlorophyll-a (right).
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the weak to strong El Nino phase, not offset by an in-
crease in the value of chlorophyll-a (Figure 9). ENSO 
has physical and physiological impacts on the Pacific 
Ocean and other oceanic basins through atmospheric 
teleconnection (Lehodey et al., 2020). For example, 
skipjack fish catches in the South Atlantic and West-
ern Indian Oceans are closely related to the Northern 
Oscillation Index and the ENSO Index (Dahlet et al., 
2019). ENSO dramatically affects pelagic fish popu-
lations but not as a major factor, and this dynamic is 
also influenced by continuously declining ocean con-
ditions and fishing pressures (Lehodey et al., 2020). 
 
3.6 Effect of IOD phenomenon on CPUE of pe-
lagic fish

 The result shows that the IOD index and CPUE 
have an almost similar trend (Figure 10). At the time 
of positive IOD, the DMI value gets bigger, which is 
always followed by an increase in the CPUE of pe-
lagic fish. And vice versa. However, the same DMI  
values in different positive phases indicate a significant 
difference in CPUE values. The analysis continued by 
conducting a correlation analysis between DMI data 
and pelagic CPUE during the neutral to positive IOD 
phase. The results showed a positive correlation with 
the low category of 0.47. There has been no research 
on the effect of the IOD phenomenon on the produc-
tivity of pelagic catches in the Java Sea. In Indonesian 
waters, IOD significantly only affects pelagic catches 
in waters directly adjacent to the Indian Ocean, such 
as small pelagic in Pelabuhanratu Bay (Lumban-Gaol 
et al., 2021) and lemuru fish (Sardinella lemuru sp) in 
the Bali Strait (Setyohadi et al., 2021). Chlorophyll-a 
concentrations on the southern coasts of Java and west 
Sumatra are influenced by monsoon-driven upwelling 
and river discharge caused by rainfall in the Indian 
Ocean (Xu et al., 2021). 

4. Conclusion 
In conclusion, this research offers valuable in-

sights for local governments working on sustainable 
fisheries. The increasing nutrient load in Jakarta Bay 
poses a threat to pelagic species by raising eutrophica-
tion levels. Proposed measures include stricter permits 
for industrial waste and improving river boundaries to 
reduce household waste. For the North Seribu Islands, 
a National Park, it’s crucial to ban destructive fishing 
and limit sand/coral mining while promoting environ-
mental awareness. Future research should use pelag-
ic fish vessel data for the study area and longer-term 
productivity data for a comprehensive analysis. These 
recommendations aim to support sustainable fisheries 
and environmental preservation efforts.
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