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ABSTRACT  
Sea level is a key oceanographic variable that exhibits both spatial and temporal variability 
and serves as an important indicator of global and regional ocean–climate variability, 
which can influence fishery productivity. Using satellite observation data, this study aimed 
to identify patterns and fluctuations in sea level trends and variability, and to examine their 
effects on the catch rates of Eastern Little Tuna (Euthynnus affinis) in the Makassar Strait 
over a ten-year period (2013–2022). Sea level time series were generated through averaging 
calculations and spatial mean mapping to characterize sea level distribution. Histogram 
analysis was applied to determine the frequency of catch per unit effort (CPUE) across 
different sea level ranges. The results showed that mean sea level in the Makassar Strait 
during the study period ranged from 0.48 to 0.78 m. Clear annual and seasonal sea level 
variability was observed, with higher values (0.65–0.70 m) during the northwest monsoon 
and lower values (0.50–0.60 m) during the southeast monsoon. Over the ten-year period, 
sea level increased by approximately 0.13 m. The highest CPUE of Eastern Little Tuna was 
associated with sea levels between 0.60 and 0.65 m. Histogram analysis further indicated 
that this sea level range corresponded to the maximum CPUE values. In contrast, higher 
sea levels ranging from 0.75 to 0.80 m were associated with the lowest CPUE, value of 30 
kg/trip. 
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Introduction 

The Makassar Strait is connected to 
the Pacific Ocean in the north and to the 
Java Sea and the Flores Sea in the south. As 
a result, the hydrodynamic conditions of the 
Makassar Strait are strongly influenced by 
Pacific Ocean waters, particularly those 
originating from the western equatorial 
Pacific. The Makassar Strait is also 

recognized as a major pathway of the 
Indonesian Throughflow (ITF), which 
transports large volumes of warm water 
from the Pacific Ocean to the Indian Ocean 
[1]. Owing to its complex oceanographic 
characteristics and its crucial role in global 
thermohaline circulation, the ITF region in 
Indonesia has been extensively studied, 
including in previous investigations [2], [3]. 
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The Eastern Little Tuna (Euthynnus 
affinis) is a dominant catch in the Makassar 
Strait and represents a commercially 
valuable neritic tuna species. Eastern Little 
Tuna contributes substantially to national 
fisheries production, with a reported catch 
value of approximately USD 716,000 in 
2020 [4]. According to data from the 
Indonesian Central Bureau of Statistics, 
total Eastern Little Tuna landings from the 
Makassar Strait reached 40,352 tons by 
2020. Previous research [5], reported that 
the exploitation rate (E) of Eastern Little 
Tuna in the Makassar Strait was 0.64, 
indicating a high level of fishing pressure 
and a declining capture potential. As a 
pelagic species, the distribution and 
abundance of Eastern Little Tuna are 
strongly influenced by oceanographic 
variables, particularly sea surface height 
(SSH). SSH plays an important role in 
identifying potential fishing grounds. 
Several studies [6], [7], have shown that the 
relationship between SSH and catch per 
unit effort (CPUE) is associated with the 
presence of a warm mixed layer above the 
thermocline, which enhances habitat 
suitability and prey availability for pelagic 
fish species. 

The current rate of global warming 
has a significant influence on sea level rise. 
According to recent estimates [8], the mean 
annual rate of global sea level rise is 
approximately 3.1 mm, representing an 
increase of about 50% compared with the 
preceding two decades. The 
Intergovernmental Panel on Climate 
Change (IPCC) Sixth Assessment Report 
[9], reported that global mean sea level 
increased by 15–25 cm between 1901 and 
2018 as a consequence of climate change. 
In addition, in 2022, global mean sea level 
reached a new record high, rising by 
approximately 101.2 mm (0.101 m) above 
1993 levels. The rate of sea level rise is 
accelerating and is projected to continue 
increasing in the coming decades. A recent 
study [10], further indicated that across 
Indonesian waters, the average rate of sea 
level rise is approximately 5.84 mm per 

year, which is nearly twice the current 
global average. 

Sea level represents the vertical 
distance between the ocean surface and the 
Earth’s reference ellipsoid [11]. Sea level 
varies dynamically due to multiple 
processes, including tidal forcing [12], 
storm-induced waves, upwelling and 
downwelling [11], as well as long-term 
influences such as global warming, which 
contributes to polar ice melt [13]. 
Variations in sea level can be used to infer 
key oceanographic features, including 
ocean circulation patterns and frontal 
systems [14]. In particular, major ocean 
dynamic processes such as mesoscale 
eddies [15], convergence zones, and 
upwelling can be effectively identified 
through sea surface height (SSH) 
observations. 

As noted in [16], beyond its physical 
role, sea level serves as an important global 
and regional indicator of climate change. 
Projected future climate change is expected 
to exert substantial impacts on marine 
environments by altering key physical 
characteristics, including sea level [17]. 
Such changes influence horizontal sea level 
variability, which is closely associated with 
shifts in the thermocline and is often linked 
to the identification of preferred fish 
habitats [18]. Previous studies have also 
demonstrated that sea level variability 
affects the occurrence and distribution of 
marine species, such as whale sharks [19]. 
Accordingly, sea level observations are 
frequently used to describe ocean 
topographic dynamics [20]. Furthermore, 
sea level variability has been shown to 
reflect both local and large-scale climatic 
events [21]. 

The ability of synoptic remote 
sensing techniques to provide broad spatial 
coverage, high spatial resolution, and multi-
year time series through routine and 
repeated observations has greatly facilitated 
the application of satellite remote sensing in 
the marine sector, particularly for 
oceanographic parameter studies [22]. 
Spatial analysis enables more precise 



Jurnal Biota Vol. 12 No. 1 (2026) 

 57 

characterization of sea level variability and 
is commonly conducted using a Geographic 
Information System (GIS)  [23]. Previous 
investigations of sea level variability in 
Indonesian waters have been reported by 
[24], [25]. In this study, satellite-derived 
sea level data were used to examine decadal 
changes from 2013 to 2022, thereby 
improving understanding of dominant 
spatial sea level patterns in a key pathway 
of the Indonesian Throughflow, namely the 
Makassar Strait. In addition, this study 
aimed to identify patterns and temporal 

fluctuations in sea level trends and to assess 
their potential influence on the catch rates 
of Eastern Little Tuna in the Makassar 
Strait. 
 
Materials and Methods 

This research was carried out in the 
Makassar Strait, specifically at coordinates 
1°N–5°S and 115–121°E (Figure 1). The 
Makassar Strait was chosen as the primary 
research area due to its dynamic and 
distinctive oceanographic features. 

 
Figure 1.  A map illustrating the Makassar Strait as the study area. The inset box on the map 

delineates the study area within the Indonesian Seas. 
 

The Makassar Strait, which separates 
the islands of Kalimantan and Sulawesi and 
serves as a major gateway of the Indonesian 
Throughflow (ITF), reaches depths of 
approximately 1,500 m [26]. It is estimated 
that about 80% of the southward ITF 
transport from the Pacific Ocean to the 
Indian Ocean passes through this strait. 
However, the narrow geometry of the strait 
constrains the deeper layers of the ITF, as 

much of its southern section is shallower 
than 50 m [27]. The data processing period 
covered ten years, from 2013 to 2022. 
Monthly sea level data with a spatial 
resolution of 9 km were analyzed. Fishery 
data comprised total catch weight (kg), 
fishing locations (latitude and longitude), 
catch quantity, and the number of fishing 
days, as summarized in Table 1. 
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Satellite-derived sea level data in 
NetCDF (.nc) format were converted to 
Microsoft Excel (.xlsx) format using the 
“Make NetCDF Table View” tool in 
ArcGIS software. Subsequently, monthly 

mean sea level values were calculated to 
generate a continuous time series spanning 
ten years. Time series analysis was then 
applied to identify sea level variability and 
anomalies as a function of time. 

 
Table 1. Oceanographic data specification (Oceanographic Param) 

Parameter Sensor Unit Resolution Sources Temporal Spatial 
Sea level height CMES meter Monthly 9 km www.marine.copernicus.eu 

Fish catches - kg Monthly - Ministry of Marine Affairs and 
Fisheries Republic of Indonesia 

Sea level raster data were averaged on 
a monthly basis for the period 2013–2022 
using the “Cell Statistics” function in the 
Spatial Analyst tools of ArcGIS. Spatial 
analysis was performed by visualizing the 
distribution of mean sea level to assess 
spatial variability. Furthermore, sea level 
data were overlaid with catch per unit effort 
(CPUE) data to examine the spatial 
distribution of Eastern Little Tuna in 
relation to sea level patterns. 

The catch per unit effort (CPUE) 
approach was employed to assess changes 
in fishery production. Fishery production 
data were analyzed using Microsoft Excel 
and presented as bar charts. Subsequently, 

fishing locations were integrated with sea 
surface height (SSH) visualization maps to 
examine spatial relationships. CPUE values 
were calculated using the formula proposed 
by Gulland [28]. (Eq. 1). In addition, 
histogram analysis was conducted to 
determine the frequency distribution of 
Eastern Little Tuna catches across different 
sea level classes. 

 

𝐶𝑃𝑈𝐸 = 	 !"#$%
&''()#

 ……………….... (1) 
 
Where: 

CPUE: catch per fishing effort (kg/trip) 
Catch : catch on year t (kg) 
Effort : fishing effort in year t (trip) 

 

Figure 2. Time series plots of monthly mean sea level in the Makassar Strait for the 2013–
2022 period. The dashed red line represents the trendline. This data is sourced from CMES 
Marine Copernicus. The x-axis represents the month and year, and the y-axis shows the sea 

level (in meter). 
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Results and Discussion 
Temporal Variation of Sea Level Height 

To identify sea level variability, a ten-
year time series of mean sea level was 
plotted (Figure 2). Based on this time series, 
the temporal dynamics and variability of 
sea level in the Makassar Strait can be 
examined. The y-axis represents sea level 
values (m), while the x-axis represents the 
corresponding month and year. 

Sea level in the Makassar Strait 
ranged from 0.45 to 0.78 m during the study 
period. The highest mean sea level was 
recorded in December 2019, whereas the 
lowest mean value occurred in September 
2019. Overall, sea level exhibited 
pronounced variability from 2013 to 2022 
and followed a clear seasonal pattern. Sea 
level generally decreased during July–
August, corresponding to the southeast 
monsoon, and increased during January and 

December, associated with the northwest 
monsoon. The highest sea level (0.78 m) 
was observed during December 2014 and 
December 2022 (northwest monsoon), 
while the lowest value (0.45 m) occurred in 
August 2019 (southeast monsoon). Sea 
level also tended to decline toward the 
second transition season. However, sea 
level variability across Indonesian waters 
differs spatially, depending on dominant 
driving factors. Previous studies have 
shown that multiple processes contribute to 
sea level variability in Indonesian seas [28]. 
In particular, tidal forcing, wind stress, and 
the movement of water masses from the 
Pacific Ocean play major roles in 
modulating sea level [29]. To further 
elucidate the seasonal characteristics of 
mean sea level, monthly mean climatology 
was computed over the ten-year period 
from 2013 to 2022 (Figure 3). 

 

 
Figure 3. Time series plots of the monthly mean climatology of SSH (in m) during 2013-

2022. The dotted red line represents the trend line, while the black vertical bars indicate the 
standard deviation. 

 
Monthly mean sea level time series 

clearly illustrate year-round variability in 
the Makassar Strait. During the second 
transition season (September–November), 
sea level generally increased to 
approximately 0.68–0.69 m. Thereafter, sea 
level began to decline around March, a 
trend that persisted through the southeast 
monsoon and reached a minimum in 
August, when the mean sea level dropped 

to about 0.56 m. This seasonal pattern is 
consistent with previous findings [27], 
which reported higher sea levels during the 
Australia–Indonesia monsoon (December–
March) and lower sea levels during the 
southeast monsoon (June–September). A 
comparison between 2013 and 2022 
indicates a notable overall increase in sea 
level. Based on the mean monthly 
climatology of sea surface height (SSH), 
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the net sea level rise over the study period 
was approximately 0.13 m. This upward 
trend suggests that the Makassar Strait has 

experienced a general increase in sea level, 
in agreement with global sea level rise 
patterns reported in recent assessments [9]. 

 

 
Figure 4. Spatial distribution of the monthly mean climatology of sea level (in m) in the 

Makassar Strait in 2013–2022. 
 

Spatial Distribution of Sea Level Variation 
To better elucidate spatial patterns of 

sea level variability, the following results 
present the spatial distribution of mean 
monthly climatology of sea surface height 
(SSH) in the Makassar Strait during the 
period 2013–2022 (Figure 4). Color-coded 
scales ranging from 0.4 to 0.7 m (blue to 
red), with intervals of 0.05 m, represent 
variations in sea level. The spatial maps 
illustrate distinct color gradients that reflect 
monthly and seasonal differences in sea 
level across the Makassar Strait over the 
study period. During December–February 

(northwest monsoon), the SSH maps are 
dominated by red hues, indicating elevated 
sea levels of approximately 0.7 m. This 
pattern is consistent with previous findings 
[30], which reported increased sea levels in 
the Makassar Strait during December. In 
March, SSH values began to decline but 
remained relatively high, ranging from 0.6 
to 0.65 m. This decreasing trend continued 
through June, marking the onset of the 
southeast monsoon. From July to 
September, sea level reached its lowest 
values, with pronounced spatial gradients 
observed particularly in the southern 
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Makassar Strait between 3–5°S and 116–
118°E, where SSH ranged from 0.5 to 0.6 
m. In November, corresponding to the end 
of the second transition season, sea level 
increased again to approximately 0.6–0.65 

m. The southern portion of the Makassar 
Strait exhibits a stronger monsoonal 
influence on SSH, which progressively 
weakens toward the northern region [31]. 

 

 
Figure 5. Standard Deviation of the monthly mean of Sea Level in the Makassar Strait 2013-

2022. 
 

The sea level gradient across the 
Makassar Strait is primarily driven by 
pressure differences between water masses 
originating from the Pacific Ocean and the 
Indian Ocean. From the onset of the 
southeast monsoon to the beginning of the 
second transitional season (around 
September), this sea level gradient reaches 
its maximum. Regional sea level variability 

can differ substantially from global sea 
surface temperature (SST) patterns due to 
the combined influence of bathymetry and 
dynamic factors such as tides, storm 
activity, and large-scale climate modes 
including El Niño [32]. Topographic 
features strongly control sea level 
distribution within narrow coastal straits, 
effectively isolating them from sea level 
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signals observed outside the strait [27]. 
Seasonal sea level differences and 
monsoonal wind variability are closely 
correlated and jointly dominate the seasonal 
fluctuations of the upper-layer Indonesian 
Throughflow (ITF) in the southwestern 
Pacific region [33], [34]. The ITF transports 
large volumes of relatively warm and low-

salinity water from the western tropical 
Pacific to the cooler southern tropical 
Indian Ocean via the Makassar Strait. 
Consequently, strong correlations have 
been observed between sea surface height 
(SSH) variability and ITF transport at both 
the entrance and exit regions of the ITF 
pathway [35]. 

 

 
Figure 6. A map of average sea level variation in the Makassar Strait in 2022. 

 
The distribution map of standard 

deviation illustrates the months 
characterized by elevated sea level 
variability (Figure 5). The standard 
deviation map indicates that the Makassar 
Strait experiences relatively high sea level 
variability throughout the year. During the 

northwest monsoon, standard deviation 
values range from 0.04 to 0.05 m, with 
stronger variability observed in the 
southern part of the strait. Sea level 
variability then decreases during the first 
transitional season (March–May), with 
standard deviation values between 0.02 and 
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0.04 m. Variability reaches its maximum 
during the southeast monsoon and extends 
into the second transitional season, peaking 
at approximately 0.05 m, before declining 
again in November. These patterns 
highlight the strong influence of strait 

topography on sea level distribution and 
variability [27]. o provide a comparison 
with the long-term climatology (2013–
2022), Figure 6 presents the mean monthly 
sea level for 2022, representing more recent 
conditions. 

 

 
Figure 7. The spatial map displays an overlay of mean sea level and Eastern Little Tuna 

catches in the Makassar Strait from January to December 2017. Color bars represent sea level 
heights, and pink dots denote the precise fishing location along with the Catch Per Unit Effort 

(CPUE) for Eastern Little Tuna. 
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In 2022, sea level in the Makassar 
Strait remained relatively high throughout 
the year, ranging from approximately 0.5 to 
0.7 m. The maximum sea level (∼0.7 m) 
was observed in January and December 
2022. In February and March, slightly 
lower sea levels (∼0.65 m) were evident in 
the southern and central parts of the strait, 
while higher mean sea levels persisted in 
the northern region. Sea level decreased 
during the southeast monsoon (July–
August) and the second transitional season 
(September), when lower values (0.5–0.6 
m) were concentrated in the southernmost 
Makassar Strait, coinciding with the shift 
from the first transitional season to the 
southeast monsoon. During this period, the 
northern region remained dominated by 
relatively higher sea levels (∼0.65 m). Sea 
level increased again in November, 

corresponding to the end of the second 
transitional season. Overall, sea level in 
2022 was consistently higher than the ten-
year monthly mean climatology (2013–
2022), indicating a positive anomaly 
relative to the long-term average. This 
elevated sea level may be partly associated 
with regional climate variability linked to 
the El Niño–Southern Oscillation (ENSO) 
[13]. According to the National Oceanic 
and Atmospheric Administration (NOAA), 
La Niña conditions persisted throughout 
2022. During La Niña phases, the 
Indonesian Throughflow (ITF) transports 
relatively warmer water, which contributes 
to deepening of the thermocline [16]. This 
process plays an important role in 
modulating ocean–atmosphere interactions, 
thereby influencing regional weather 
patterns and marine ecosystem dynamics. 

 

 
Figure 8. Histogram analysis of sea level and average CPUE of Eastern Little Tuna. 

 
Spatial Distribution of Sea Level and 
Eastern Little Tuna 

The following results describe the 
spatial overlay of monthly and seasonal sea 
level variability with fishing locations in 
2017 in the Makassar Strait (Figure 7). Sea 
level reached its peak during the northwest 
monsoon (December–February), 
coinciding with relatively high catch per 
unit effort (CPUE) values ranging from 7.6 
to 25 kg trip⁻¹. During this period, fishing 
activities were predominantly concentrated 

in the central to western parts of the 
Makassar Strait. 

During the first transitional season, 
CPUE values ranged from 13.4 to 38 kg 
trip⁻¹. During this period, sea level 
remained relatively high (0.60–0.66 m) but 
showed a gradual decline toward the end of 
the season, decreasing to approximately 
0.56–0.60 m. Subsequently, during the 
southeast monsoon (June–August) and the 
second transitional season (September–
November), CPUE values decreased 
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concurrently with a reduction in sea level. 
During the southeast monsoon, sea level 
ranged from 0.52 to 0.58 m in the southern 
region and from 0.58 to 0.64 m in the 
northern region of the Makassar Strait, with 
corresponding mean CPUE values of 6.3 
and 7.2 kg trip⁻¹, respectively. In the second 
transitional season, CPUE values increased 
slightly to a range of 10–19 kg trip⁻¹, while 
sea levels varied from 0.48 to 0.60 m in the 
southern sector and from 0.64 to 0.68 m in 
the northern sector of the strait. The 
observed sea level contrast between the 
northern and southern regions of the 
Makassar Strait is attributed to opposing 

influences of water masses originating from 
the Pacific Ocean in the north and the 
Indian Ocean in the south [36]. The 
Indonesian Throughflow (ITF) plays a 
substantial role in shaping these patterns, 
with its influence becoming more 
pronounced during the eastern (southeast 
monsoon) season [37]. Overall, the 
northwest monsoon and the first transitional 
season are characterized by relatively 
higher sea levels, which coincide with the 
highest CPUE values. These conditions 
strongly influence the spatial distribution of 
Eastern Little Tuna through sea level driven 
habitat variability. 

 

 
Figure 9. Annual variation of CPUE of Eastern Little Tuna (grey bar) and sea level (red line) 

in 2013–2022 in the Makassar Strait. 
 

The El Niño Southern Oscillation 
(ENSO) exerts a strong influence on this 
region by modifying surface wind patterns 
and ocean circulation, and by inducing 
variability in sea surface temperature (SST) 
and salinity, as well as shifts in thermocline 
depth driven by wind forcing. These 
physical changes can subsequently alter sea 
surface height (SSH) [38]. Variations in the 
intensity of ENSO events can therefore 
affect interconnected marine ecosystems, 
leading to changes in the spatial and 
temporal distribution and abundance of 
tuna resources [39]. In addition, prey 
availability plays a key role in shaping tuna 
migratory behavior, as tuna tend to track 
favorable habitats that are often associated 
with sea level and thermocline variability 

[40]. Numerous studies have provided 
strong evidence that ENSO events 
significantly influence tuna distribution and 
abundance across different oceanic regions 
[41], [42]. 

To identify the sea level range 
associated with optimal fish yield, 
histogram analysis was conducted by 
extracting sea level values at fishing 
locations within the Makassar Strait. In the 
resulting histogram, the x-axis represents 
sea level values ranging from 0.4 to 0.8 m 
at 0.1 m intervals, while the y-axis 
represents catch per unit effort (CPUE), 
ranging from 30 to 120 kg trip⁻¹ (Figure 8). 

The histogram indicates that sea 
levels between 0.60 and 0.65 m are 
associated with the highest catch per unit 

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0

0,5

1

1,5

2

2,5

3

3,5

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
SS

H
 (m

)

C
PU

E 
(to

n/
tr

ip
)

CPUE (ton/trip) SSH (m)



Jurnal Biota Vol. 12 No. 1 (2026) 

  66 

effort (CPUE), reaching up to 120 kg trip⁻¹. 
In contrast, the lowest CPUE values 
(approximately 30 kg trip⁻¹) were observed 
at higher sea levels ranging from 0.75 to 
0.80 m. The optimal sea level range 
identified in this analysis is consistent with 
the maximum catch recorded in 2022, 
which reached 2.88 tons trip⁻¹ at an average 
sea level of approximately 0.68 m. Other 
notably high CPUE values, ranging from 
2.00 to 2.29 tons trip⁻¹, were recorded in 
2013, 2014, and 2017, corresponding to sea 
levels between 0.60 and 0.70 m (Figure 9). 

The lowest CPUE values were 
recorded in 2019, coinciding with the 
lowest observed sea level conditions. In 
contrast, CPUE tended to increase during 
La Niña phases, which are associated with 
elevated sea surface height (SSH). This 
pattern is illustrated in the graph above, 
where the average CPUE of Eastern Little 
Tuna peaked in 2022, corresponding to a 
prolonged La Niña event. Previous research 
Syamsuddin et al. [43], has similarly 
reported that Eastern Little Tuna catches 
increase during La Niña periods, following 
SSH enhancement linked to rising sea 
surface temperature (SST). 
 
Conclusion 

The Makassar Strait has experienced 
significant sea level trends and variations 
from 2013 to 2022, which revealed an 
annual and seasonal pattern with the highest 
values (0.65–0.7 m) during the northwest 
monsoon and the lowest during the 
southeast monsoon (0.5–0.6 m). Over this 
decade, sea levels have increased by 
approximately 0.13 m. The optimal sea 
level range for catching Eastern Little Tuna 
(Euthynnus affinis), with a catch per unit 
effort (CPUE) of 120 kg/trip, is between 0.6 
and 0.65 m, aligning with the peak catch in 
2022. However, the study does not account 
for regional climate impacts like the El 
Niño Southern Oscillation (ENSO) on sea 
levels in the Makassar Strait, indicating a 
need for further research to explore the 
relationship between sea level fluctuations 
and ENSO in this area. 

Acknowledgment 
The authors wish to thank the 

Ministry of Education, Culture, Research, 
and Technology of the Republic of 
Indonesia for the research grant 
(Fundamental Research Grant 2024, SK 
No. 0667/E5/AL.04/2024, Contract No. 
074/E5/PG.02.00.PL/2024). We thank the 
Copernicus Marine Environmental 
Monitoring Service for the satellite 
datasets, the Ministry of Marine Affairs and 
Fisheries Republic of Indonesia, and 
Universitas Padjadjaran for their valuable 
support. 
 
Conflict of interest 

Authors declare no conflict of interest 
regarding the study. 

 
References 
[1]  S. Koeshendrajana, I. W. Rusastra, 

and P. Martosubroto, Potensi Sumber 
Daya Kelautan dan Perikanan. 2019. 

[2]  A. L. Ahmad, M. L. Syamsuddin, N. 
P. Purba, and Sunarto, “Thermal front 
condition through El Niño and 
Indonesian throughflow phase in 
southern sea of East Java and Bali on 
the east monsoon,” IOP Conf. Ser.: 
Earth Environ. Sci., vol. 303, p. 8, 
2019. doi: 10.1088/1755-
1315/303/1/012002. 

[3]  S. Wijffels and G. Meyers, “An 
intersection of oceanic waveguide: 
Variability in the Indonesian 
Throughflow Region,” J. Phys. 
Oceanogr., vol. 34, pp. 1232–1253, 
2003. doi: 10.1175/1520-
0485(2004)034%3C1232:AIOOWV
%3E2.0.CO;2. 

[4]  MMF, Fish Statistics, Ministry of 
Marine Affairs and Fisheries, 2022. 

[5]  B. Yunus, Suwarni, and B. S. 
Parawansa, “Population dynamics of 
tuna (Euthynnus affinis, Cantor 1849) 
in western waters of South Sulawesi,” 
Int. J. Res., vol. 8, pp. 164–172, 2020. 
doi:10.29121/granthaalayah.v8.i8.20
20.1001. 

[6]  F. Nuzula, M. L. Syamsuddin, L. P. 

https://doi.org/10.1088/1755-1315/303/1/012002?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.1088/1755-1315/303/1/012002?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.1175/1520-0485(2004)034%3C1232:AIOOWV%3E2.0.CO;2
https://doi.org/10.1175/1520-0485(2004)034%3C1232:AIOOWV%3E2.0.CO;2
https://doi.org/10.1175/1520-0485(2004)034%3C1232:AIOOWV%3E2.0.CO;2
https://doi.org/10.29121/granthaalayah.v8.i8.2020.1001
https://doi.org/10.29121/granthaalayah.v8.i8.2020.1001


Jurnal Biota Vol. 12 No. 1 (2026) 

 67 

Yuliadi, and N. P. Purba, “Eddies 
spatial variability at Makassar Strait 
Flores,” IOP Conf. Ser.: Earth 
Environ. Sci., vol. 54, p. 012079, 
2017. doi: 10.1088/1755-
1315/54/1/012079. 

[7]  G. Harsono, A. S. Atmadipoera, F. 
Syamsudin, D. Manurung, S. B. 
Mulyono, and H. Eddy, “Features 
observed from multisensor satellite 
oceanography,” Asian J. Sci. Res., 
vol. 7, pp. 571–580, 2014. 

[8]  S. J. Williams, “Sea-level rise 
implications for coastal region,” J. 
Coastal Res., vol. 63, no. 63, pp. 184–
196, 2013. 

[9]  IPCC, Sixth Assessment Report – The 
Physical Science Basis, Cambridge 
Univ. Press, Cambridge, UK and 
New York, NY, USA, 2021, pp. 
1211–1362, doi: 
10.1017/9781009157896.011. 

[10]  B. Nababan, S. Hadianti, and N. M. 
N. Natih, “Dinamika anomali paras 
laut perairan Indonesia,” J. Ilmu 
Teknol. Kelaut. Trop., vol. 7, no. 1, 
pp. 259–272, 2015. 

[11]  S. Marpaung and T. Prayogo, 
“Analisis arus geostropik permukaan 
laut berdasarkan data satelit 
altimetri,” in Seminar Nasional 
Pengindraan Jauh, pp. 561–567, 
2014. doi:  
10.3923/ajsr.2014.571.580. 

[12]  M. F. Azis, “Gerak air di laut,” 
Oseana, vol. 31, no. 3, pp. 9–21, 
2006. 

[13]  I. Sofian and I. Nahib, “Proyeksi 
kenaikan tinggi muka laut dengan 
menggunakan data altimeter dan 
model IPCC–AR4,” Globe, vol. 12, 
no. 2, pp. 173–181, 2010. 

[14]  J. J. Polovina and E. A. Howell, 
“Ecosystem indicators derived from 
satellite remotely sensed 
oceanographic data for the North 
Pacific,” ICES J. Mar. Sci., vol. 62, 
no. 3, pp. 319–327, 2005. doi: 
10.1016/J.ICESJMS.2004.07.031. 

[15]  A. Tussadiah, W. S. Pranowo, M. L. 

Syamsuddin, I. Riyantini, B. 
Nugraha, and D. Novianto, 
“Characteristics of eddies kinetic 
energy associated with yellowfin tuna 
in southern Java Indian Ocean,” IOP 
Conf. Ser.: Earth Environ. Sci., vol. 
176, p. 10, 2018. doi:10.1088/1755-
1315/176/1/012004. 

[16]  R. D. Susanto, A. L. Gordon, and T. 
Zheng, “Upwelling along the coasts 
of Java and Sumatra and its relation 
to ENSO,” Geophys. Res. Lett., vol. 
28, no. 8, pp. 1599–1602, 2001. doi: 
10.1029/2000GL011844. 

[17]  Y. N. Kamaruzzaman and M. A. 
Mustapha, “An overview assessment 
of the effectiveness of satellite 
images and remote sensing in 
predicting potential fishing grounds 
and its applicability for Rastrelliger 
kanagurta in the Malaysian EEZ off 
the South China Sea,” Rev. Fish. Sci. 
Aquacult., pp. 1–22, 2023. doi: 
10.1080/23308249.2023.2183341. 

[18]  J. Lumban-Gaol, R. R. Leben, S. 
Vignudelli, K. Mahapatra, Y. Okada, 
B. Nababan, and M. Mei-Ling, 
“Variability of satellite-derived sea 
surface height anomaly and its 
relationship with bigeye tuna 
(Thunnus obesus) catch in the Eastern 
Indian Ocean,” Eur. J. Remote Sens., 
vol. 48, pp. 465–477, 2015. doi: 
10.5721/EuJRS20154826. 

[19]  M. Ranintyari, Sunarto, M. L. 
Syamsuddin, and S. Astuty, “Effects 
of oceanographic factors on spatial 
distribution of whale shark in 
Cendrawasih Bay National Park, 
West Papua,” IOP Conf. Ser.: Earth 
Environ. Sci., vol. 149, p. 10, 2018. 
doi: 10.1088/1755-
1315/149/1/012050. 

[20]  A. Gera, A. K. Mitra, D. K. 
Mahapatra, I. M. Momin, E. N. 
Rajagopal, and S. Basu, “Sea surface 
height anomaly and upper ocean 
temperature over the Indian Ocean 
during contrasting monsoons,” Dyn. 
Atmos. Oceans, vol. 75, pp. 1–21, 

https://iopscience.iop.org/article/10.1088/1755-1315/54/1/012079
https://iopscience.iop.org/article/10.1088/1755-1315/54/1/012079
https://doi.org/10.1017/9781009157896.011
https://doi.org/10.1017/9781009157896.011
https://doi.org/10.3923/ajsr.2014.571.580
https://doi.org/10.3923/ajsr.2014.571.580
https://doi.org/10.1016/J.ICESJMS.2004.07.031
https://doi.org/10.1016/J.ICESJMS.2004.07.031
https://iopscience.iop.org/article/10.1088/1755-1315/176/1/012004
https://iopscience.iop.org/article/10.1088/1755-1315/176/1/012004
https://doi.org/10.1029/2000GL011844
https://doi.org/10.1029/2000GL011844
https://doi.org/10.1080/23308249.2023.2183341
https://doi.org/10.1080/23308249.2023.2183341
https://doi.org/10.5721/EuJRS20154826
https://doi.org/10.5721/EuJRS20154826
https://iopscience.iop.org/article/10.1088/1755-1315/149/1/012050
https://iopscience.iop.org/article/10.1088/1755-1315/149/1/012050


Jurnal Biota Vol. 12 No. 1 (2026) 

  68 

2016, doi: 
10.1016/j.dynatmoce.2016.04.002. 

[21]  J. Gregory, J. Church, G. Boer, and K. 
Dixon, “Comparison of results from 
several AOGCMs for global and 
regional sea-level change 1900–
2100,” Clim. Dyn., pp. 225–240, 
2001. doi: 10.1007/s003820100180 

[22]  R. Rajeesh and G. S. Dwarakish, 
“Satellite oceanography – A review,” 
Aquatic Procedia, vol. 4, pp. 165–
172, 2015. doi: 
10.1016/j.aqpro.2015.02.023. 

[23]  R. Hamzah and T. Prayogo, 
“Interpolation methods for sea 
surface height mapping from 
altimetry satellites in Indonesian 
seas,” Int. J. Remote Sens. Earth Sci., 
vol. 11, pp. 33–40, 2014. doi: 
10.30536/ijreses.v11i1.13907. 

[24]  A. Fadlan, D. N. Sugianto, Kunarso, 
and Z. Muhammad, “Influence of 
ENSO and IOD to variability of sea 
surface height in the north and south 
of Java Island,” J. Phys.: Conf. Ser., 
vol. 755, no. 1, p. 011001, 2017, doi: 
10.1088/1742-6596/755/1/011001. 

[25]  S. Marpaung and T. Prayogo, 
“Analisis arus geostropik permukaan 
laut berdasarkan data satelit 
altimetri,” in Seminar Nasional 
Pengindraan Jauh, pp. 561–567, 
2014. doi: 
10.12962%2Fj24423998.v16i1.8564. 

[26]  A. Atmadipoera, R. Molcard, G. 
Madec, S. Wijffels, J. Sprintall, A. 
Koch-Larrouy, I. Jaya, and A. 
Supangat, “Characteristics and 
variability of the Indonesian 
throughflow water at the outflow 
straits,” Deep-Sea Res. Part I 
Oceanogr. Res. Pap., vol. 56, pp. 
1942–1954, 2009. doi: 
10.1016/j.dsr.2009.06.004. 

[27]  K. Ichikawa, “Mean seasonal sea 
surface height variations in and 
around the Makassar Strait,” Remote 
Sens., vol. 15, p. 4324, 2023, doi: 
10.3390/rs15174324. 

[28]  J. A. Gulland, Fish Stock Assessment: 

A Manual of Basic Method. New 
York, NY, USA: John Wiley & Sons, 
1983. 

[29]  N. P. Purba and A. M. A. Khan, 
“Upwelling session in Indonesian 
waters,” World News Nat. Sci., vol. 
25, pp. 72–83, 2019. 

[30]  C. H. Chow and Q. Liu, “Eddy effects 
on sea surface temperature and sea 
surface wind in the continental slope 
region of the northern South China 
Sea,” Geophys. Res. Lett., vol. 39, p. 
L02601, 2012. doi: 
10.1029/2011GL050230. 

[31]  A. R. Puspita, M. L. Syamsuddin, 
Subiyanto, F. Syamsudin, and N. P. 
Purba, “Predictive modeling of 
eastern little tuna (Euthynnus affinis) 
catches in the Makassar Strait using 
the generalized additive model,” J. 
Mar. Sci. Eng., vol. 11, no. 1, p. 165, 
2023. doi: 10.3390/jmse11010165. 

[32] I. M. Radjawane and F. Azminuddin, 
“Seasonal and semi-annual 
variability of sea surface height in 
Makassar Strait,” J. Phys.: Conf. Ser., 
vol. 739, p. 012067, 2016. doi: 
10.1088/1742-6596/739/1/012067.  

[33]  J. A. Church, N. J. White, C. M. 
Domingues, D. P. Monselesan, and E. 
R. Miles, “Sea-level and ocean heat-
content change,” Int. Geophys., vol. 
103, pp. 697–725, 2013, doi: 
10.1016/B978-0-12-391851-
2.00027-1. 

[34] R. D. Susanto and Y. T. Song, 
“Indonesian throughflow proxy from 
satellite altimetry and gravimetry,” J. 
Geophys. Res. Oceans, vol. 120, pp. 
2844–2855, 2015. doi: 
10.1002/2014JC010382. 

[35] V. Silimkar, H. Abe, M. K. Roxy, and 
Y. Tanimoto, “Projected future 
changes in the contribution of Indo-
Pacific sea surface height variability 
to the Indonesian throughflow,” J. 
Oceanogr., vol. 78, pp. 337–352, 
2022. doi: 10.1007/s10872-022-
00641-w. 

[36] K. Pujiana, M. J. McPhaden, A. L. 

https://doi.org/10.1016/j.dynatmoce.2016.04.002
https://doi.org/10.1016/j.dynatmoce.2016.04.002
https://doi.org/10.1007/s003820100180
https://doi.org/10.1016/j.aqpro.2015.02.023
https://doi.org/10.1016/j.aqpro.2015.02.023
https://doi.org/10.30536/ijreses.v11i1.13907
https://doi.org/10.30536/ijreses.v11i1.13907
https://doi.org/10.1088/1742-6596/755/1/011001
https://doi.org/10.1088/1742-6596/755/1/011001
http://dx.doi.org/10.12962%2Fj24423998.v16i1.8564
http://dx.doi.org/10.12962%2Fj24423998.v16i1.8564
https://doi.org/10.1016/j.dsr.2009.06.004
https://doi.org/10.1016/j.dsr.2009.06.004
https://doi.org/10.3390/rs15174324
https://doi.org/10.3390/rs15174324
https://doi.org/10.1029/2011GL050230
https://doi.org/10.1029/2011GL050230
https://doi.org/10.3390/jmse11010165
https://doi.org/10.1088/1742-6596/739/1/012067?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.1088/1742-6596/739/1/012067?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.1016/B978-0-12-391851-2.00027-1
https://doi.org/10.1016/B978-0-12-391851-2.00027-1
https://doi.org/10.1016/B978-0-12-391851-2.00027-1
https://doi.org/10.1002/2014JC010382
https://doi.org/10.1002/2014JC010382
https://doi.org/10.1007/s10872-022-00641-w
https://doi.org/10.1007/s10872-022-00641-w


Jurnal Biota Vol. 12 No. 1 (2026) 

 69 

Gordon, and A. M. Napitu, 
“Unprecedented response of 
Indonesian Throughflow to 
anomalous Indo-Pacific climatic 
forcing in 2016,” J. Geophys. Res. 
Oceans, vol. 124, pp. 3737–3754, 
2019. doi: 10.1029/2018JC014574. 

[37] J. Sprintall, S. E. Wijffels, R. 
Molcard, and I. Jaya, “Direct 
estimates of the Indonesian 
Throughflow entering the Indian 
Ocean: 2004–2006,” J. Geophys. 
Res., vol. 114, p. C07001, 2009, doi: 
10.1029/2008JC005257. 

[38] M. J. Widlansky, X. Long, and F. 
Schloesser, “Increase in sea level 
variability with ocean warming 
associated with the nonlinear thermal 
expansion of seawater,” Commun. 
Earth Environ., vol. 1, no. 9, pp. 1–
12, 2020. doi: 10.1038/s43247-020-
0008-8. 

[39] Z. P. Feng, W. Yu, Y. Zhang, Y. K. 
Li, and X. J. Chen, “Habitat 
variations of two commercially 
valuable species along the Chilean 
waters under different-intensity El 
Niño events,” Front. Mar. Sci., vol. 9, 
p. 919620, 2022. doi: 
10.3389/fmars.2022.919620. 

[40] K. Nimit, N. K. Masuluri, A. M. 
Berger, R. P. Bright, S. Prakash, T. V. 
S. Udayabhaskar, T. S. Kumar, P. 

Rohit, A. Tiburtius, S. Ghosh, and S. 
P. Varghese, “Oceanographic 
preferences of yellowfin tuna 
(Thunnus albacares) in warm 
stratified oceans: A remote sensing 
approach,” Int. J. Remote Sens., pp. 
1–19, 2020. doi: 
10.1080/01431161.2019.1707903. 

[41] P. Lehodey, M. Bertignac, J. 
Hampton, A. Lewis, and J. Picaut, “El 
Niño Southern Oscillation and tuna in 
the western Pacific,” Nature, vol. 
389, pp. 715–718, 1997. doi: 
10.1038/39575. 

[42] W. B. White, K. A. Gloersen, F. 
Marsac, and Y. M. Tourre, “Influence 
of coupled Rossby waves on primary 
productivity and tuna abundance in 
the Indian Ocean,” J. Oceanogr., vol. 
60, pp. 531–541, 2004. doi: 
10.1023/B:JOCE.0000038346.28927
.21. 

[43] M. L. Syamsuddin, A. R. Puspita, F. 
Syamsudin, Y. N. Ihsan, Sunarto, and 
M. Zainuddin, “Variation in eastern 
little tuna (Euthynnus affinis) catches 
related to El Niño Southern 
Oscillation (ENSO) events in the 
Makassar Strait,” IOP Conf. Ser.: 
Earth Environ. Sci., vol. 1289, p. 
012007, 2023. doi: 10.1088/1755-
1315/1289/1/012007. 

 
 
 

 
 

https://doi.org/10.1029/2018JC014574
https://doi.org/10.1029/2008JC005257
https://doi.org/10.1029/2008JC005257
https://doi.org/10.1038/s43247-020-0008-8
https://doi.org/10.1038/s43247-020-0008-8
https://doi.org/10.3389/fmars.2022.919620
https://doi.org/10.3389/fmars.2022.919620
https://doi.org/10.1080/01431161.2019.1707903
https://doi.org/10.1080/01431161.2019.1707903
https://doi.org/10.1038/39575
https://doi.org/10.1038/39575
https://doi.org/10.1023/B:JOCE.0000038346.28927.21
https://doi.org/10.1023/B:JOCE.0000038346.28927.21
https://doi.org/10.1023/B:JOCE.0000038346.28927.21
https://iopscience.iop.org/article/10.1088/1755-1315/1289/1/012007
https://iopscience.iop.org/article/10.1088/1755-1315/1289/1/012007

